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Dear Sir or Madam, 
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Loudon, TN 37774-6562 

w 
Division of 

Biotechnology and 
GRAS Notice Review 

B 
DuPont Tate & Lyle Bio Products is pleased to submit the attached GRAS Exemption Claim for 
Il3-propanediol for use as a food ingredient as an alternate to 1,Z-propanediol. 1,3- 
Propanediol has been determined by DuPont Tate & Lyle Bio Products to be Generally 
Recognized as Safe (GRAS), consistent with Section 201(s) of the Federal Food, Drug, and 
Cosmetic Act. This determination is based on scientific procedures and has been evaluated by 
experts qualified by scientific training and experience to assess the safety of l,&propanediol 
under the conditions of its intended use in food. Therefore, the use of 1,3-propanediol in food 
as described in this GRAS Exemwon Claim is exempt from the requirement of premarket 
approval. 

‘Ik , I .  

The attached GRAS Notification provides a review of the information related to intended uses, 
manufacturing and safety of DuPont Tate & Lyle’s 1 ,%propanediol product. Included with this 
GRAS Notification submission you’ll find three (3) hard copies of the GRAS Notification dossier 
which include the signed Expert Panel Consensus Statement and cited references. 

DuPont Tate & Lyle Bio Products looks forward to the Agency’s review of the accompanying 
dossier and is prepared to respond to any questions that arise in the review process. We are 
confident in our safety determination of 1,3-propanediol for its intended use as a food ingredient 
as an alternate to 1 ,Zpropanediol and trust that the Agency will concur with this conclusion. 

A 
spectfully sub itt d, 

David Wood 
Product Director 
DuPont Tate & Lyle Bio Products 
198 Blair Bend Road 

Q.*L * Loudon, Tennessee 37774 
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1. GRAS EXEMPTION CLAIM 

A. Claim of Exemption From the Requirement for Premarket Approval Pursuant to 
Proposed 21 CFR §170.36(~)(1) [62 FR 18938 (17 April 1997)] 

As defined herein, 1,3-propanediol has been determined by DuPont Tate & Lyle Bio Products, 
to be Generally Recognized As Safe (GRAS), consistent with Section 201 (s) of the Federal 
Food, Drug, and Cosmetic Act. This determination is based on scientific procedures as 
described in the following sections, under the conditions of its intended use in food. Therefore, 
the use of 1,3-propanediol in food as described below is exempt from the requirement of 
premarket approval. 

Signed, 

e h ( q  
Date 

David Wood 
DuPont Tate & Lyle Bio Products 
198 Blair Bend Road 
Loudon, Tennessee 
37774 

B. Name and Address of Notifier 

David Wood 
DuPont Tate & Lyle Bio Products 
198 Blair Bend Road 
Loudon, Tennessee 
37774 

C. Common Name of the Notified Substance 

1,3-propanediol 

D. Conditions of Intended Use in Food 

1,3-Propanediol is intended for use as a food ingredient as an alternate to 1,2-propanediol. The 
maximum individual intended food use levels of 1,3-propanediol in food, discussed in greater 
detail in Section 1V.B herein, are the same as the current GRAS use of 1,2-propanediol, as 
specified in 21 CFR 184.1666, except that DuPont Tate & Lyle BioProducts wishes to exclude 
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from this notification the following categories: animal food (feed), infant formula, and ingredients 
used in infant formula. This exclusion is for business considerations only. 

E. Basis for the GRAS Determination 

Pursuant to 21 CFR § 170.30, the composition of 1,3-propanediol intended for use in foods by 
DuPont Tate & Lyle Bio Products, as defined herenin has been determined to be GRAS based 
on scientific procedures. This determination is based on data that is generally available in the 
public domain, pertaining to the safety of 1,3-propanediol and is supported by a consensus 
among a panel of experts who are qualified by scientific training and experience to evaluate the 
safety of 1,3-propanediol as a component of food’ [see Appendix, Tab 1, entitled, “EXPERT 
PANEL CONSENSUS STATEMENT CONCERNING THE GENERALLY RECOGNIZED AS 
SAFE (GRAS) STATUS OF 1,3-PROPANEDIOL”. 

F. Availability of Information 

The data and information that serve as the basis for this GRAS Notification and that are 
referenced herein have been sent to the U.S. Food and Drug Administration (FDA) with this 
notification. 

II. DETAILED INFORMATION ABOUT THE IDENTITY OF THE SUBSTANCE 

A. Identity 

Il3-propanediol is a flammable, colorless, stable liquid. DuPont Tate & Lyle utilizes a 
fermentation process in the manufacturing of 1,3-propanediol. The organism utilized in the 
production of the 1,3-propanediol is a genetically modified microorganism, derived from a non- 
pathogenic strain of Escherichia coli K-12. E. coli K-12 has a history of safe use, including the 
commercial production of insulin (NovoNordisk), phenylalanine (NutraSweet), and various 
industrial enzymes. The strain has exempt status under EPA-TSCA and is viewed to have low 
potential impact on human health, based on EPA risk assessment (EPA, 1997). DuPont Tate & 
Lyle’s E. coli K-I 2 strain has been genetically modified to produce 1,3-propanediol. 

Common or Usual Name: 1,3-propanediol 

Chemical Name: Il3-propanediol 

The Panel consisted of Donald H. Hughes, Ph.D., Robert Nicolosi, Ph.D., C.N.S. (University of I 

Massachusetts Lowell) and David Bechtel, Ph.D., DABT. 
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Chemical Abstracts Service 504-63-2 

The structural formula of 1,3-propanediol is provided below in Figure 1. 

Figure 1 : Structural formula of 1,3-propanediol 

6. Method of Manufacture 

1,3-propanediol is manufactured by fermentation in accordance with food current Good 
Manufacturing Practices (cGMP; 21 CFRlIO) through a multi-step fermentation, separation, and 
distillation process using a genetically modified and non-pathogenic strain of Escherichia coli K- 
12. The fermentation organism is heat deactivated with a high-temperature water stream in a 
heat exchanger. The contact raises the temperature to  for a period of several 
minutes. This temperature is sufficient to achieve complete deactivation of the biomass as 
measured by viability assays. The fermentation biomass is then separated out through a series 
of membrane separation steps. The 1,3-propanediol moves with fermentation broth from the 
separation area and is separated out by a 3-step process involving (i) ion exchange to remove 
charged impurities; (ii) evaporation to remove water; and (iii) 4 stages of distillation to remove 
impurities. No solvents are used in the separation process. 

1. Raw Material Specifications 

a Escherichia coli K-I 2 

The strain utilized in the production of 1,3-propanediol is a genetically modified microorganism, 
derived from a non-pathogenic strain of Escherichia coli K-12. E. coli K-12 has a history of safe 
use, including the commercial production of insulin (NovoNordisk), phenylalanine (NutraSweet), 
and various industrial enzymes. The strain has exempt status under EPA-TSCA and is viewed 
to have low potential impact on human health, based on the EPA risk assessment (EPA, 1997). 
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DuPont Tate & Lyle's E. coli K-12 strain has been genetically modified to produce 1,3- 
propanediol. The nonpathogenicty and non-toxic nature of the genetically modified organism 
has been confirmed by DuPont Tate & Lyle. Additional information is provided in the Appendix 
(Tab 2). 

b Culture Medium 

Corn sugar is the primary raw material. Corn sugar, commonly called D-glucose or dextrose, is 
Generally Recognized as Safe in accordance with 21 CFR 184.1 857 for use with no limitation 
other than current good manufacturing practice. The feed to the production of 1,3-propanediol is 
a lower dry solids stream of a FCC compliant D-glucose finished product. 

A variety of vitamins, common salts, and inorganic acids are used in the culture medium. All 
components of the culture medium meet food grade specifications or are of adequate purity for 
food fermentation processes. 

C Biocatalyst 

Genetically modified Escherichia coli K12 

d Other ingredients? 

A polypropylene glycol anti-foaming agent is used to control foaming in the fermentation 
process. 

2. Manufacturing Process for I ,3-propanediol 

a Fermentation 

The production of 1,3-propanediol commences with fermentation of corn sugar by the 
genetically modified and non-pathogenic strain of Escherichia coli K-12. Standard media and 
aseptic lab practices are used to prepare the inoculums for the production process. The 
inoculums are aseptically transferred to pre-sterilized, production scale fermentors. Samples 
from production fermentors are routinely examined for contamination. 

b Separation and Refining 

Following fermentation, the fermentation organism is heat deactivated with a high-temperature 
water stream in a heat exchanger. The fermentation biomass is then separated out through a 
series of membrane separation steps. The 1,3-propanediol moves with fermentation broth from 
the separation area and is separated out by a 3-step process involving (i) ion exchange to 
remove charged impurities; (ii) evaporation to remove water; and (iii) 4 stages of distillation to 
remove impurities. No solvents are used in the separation process. 
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Distilled 1,3-propanediol undergoes quality control checks to determine purity, color, water, and 
appearance. Il3-propanediol is returned for further distilliation until specifications are met, at 
which time it is stored and transported in vessels suitable for food storage. An overview of the 
manufacturing process for 1,3-propanediol is shown in Figure 2. 
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Figure 2: 1,3-Propanediol Process Flow Chart 
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3. Chemical and Physical Characteristics of 1,3-propanediol 

The chemical and physical characteristics of I ,3-propanediol are presented in Table I .  

Table 1: Chemical and Physical Characteristics of of 1,3-propanediol 

Property I Value 1 Reference 

Physical State Liquid 

Melting Point -26.7"C Daubert, 1989 

Boiling Point 214.4"C Daubert, 1989 

Density 1.055 g/crn3 @ 20°C Clayton, 1994 

5.88 x 1 O9 hPa @ 25°C 
100 hPa @ 149.9"C 

Vapor Pressure Daubert, 1989; Lide, 2003 
I I 

Water Solubility I Infinitely soluble I Riddick, 1986 I 
Partition coefficient n- 
octanol/water (log value) 

-1.332 Wilfried, 1992 
I I 

Henry's Law Constant 

C. Specifications for Food-Grade Material 

1,3-propanediol is manufactured in accordance with current Good Manufacturing Practices 
(cGMP; 21 CFRl I O )  and meets appropriate food-grade specifications. In order to ensure a 
consistent product, DuPont Tate 8, Lyle Bio Products has established numerous physical and 
chemical analyses for the final preparation. An analysis of 5 non-consecutive, representative 
lots of 1,3-propanediol (Table 2) demonstrates compliance with final product chemical and 
physical specifications. Certificates of Analysis are provided in the Appendix (Tab 3). Additional 
analysis is provided in the Appendix (Tab 4). Complete anlaysis revealed the presence of 
materials commonly found in the diet (e.g., acetic acid, lactic acid, glycerol). Trace levels of 
other impurities were noted, primary among these 1,3-dipropylene glycol, alcohols, and 
pantolactone, generally at levels in the low parts per million. All of these impurities are 
anticipated to be without toxic effects at these levels. In-house data confirm the 
bacteriostatic/baceteriocidal nature of neat 1 ,3-propanediolI thus analysis for microorganisms 
was not conducted and is not part of the specifications and Certificate of Analysis. Although 
heavy metals are not anticipated to be present given the manufacturing process utilized, 
additional metal data was generated to confirm the absence of these metals in 1,3-propanediol 
(see Tab 4). 
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Table 2 Chemical and Physical Specifications plus Analyses of Il3-propanediol 71 Appearance 

1,3- 
propanediol 

(%I 
Water 

Lot Number 

AcceptlReject Properties Min: 99.80 
Max: 100 

Min: 0 1 Min: 0 
Max: 10 Max: 1000 

ZA80514ADZ 99.97 4.0 I 26.700 Pass (1 
ZA80429ADR 99.97 Pass I] 74.200 

74.200 

73.600 

47.600 

ZA80426ADZ 99.97 Pass 11 
ZA80223ADM 99.99 Pass I] 
ZA80422ADZ 99.97 Pass 11 

Further analysis of 5 non-consecutive, representative lots of 1,3-propanediol was performed to 
determine the level of various organic byproducts and metals. These data are presented in the 
Appendix (Tab 4). 

4. Stability 

Recommended storage conditions are 0-50 “C under a nitrogen blanket. With proper storage 
conditions, a 2-year shelf life is expected. 

111. SELF-LIMITING LEVELS OF USE 

The use of 1,3-propanediol will be based on the maximum use levels of 1,2-propanediol in 
specific food categories established by FDA. This ingredient is proposed for use in foods as a “1 
for 1” replacement at levels not to exceed current Good Manufacturing Practice for I ,2- 
propanediol. Current Good Manufacturing Practice results in maximum levels, as served, of 5% 
for alcoholic beverages, 24% for confections and frostings, 2.5% for frozen dairy products, 97% 
seasonings and flavorings, 5% for nuts and nut products, and 2.0% for all other food categories 
except that DuPont Tate & Lyle BioProducts wishes to exclude from this notification the 
following categories: animal food (feed), infant formula, and ingredients used in infant formula. 
This exclusion is for business considerations only. 

IV. BASIS FOR GRAS DETERMINATION 

A. Documentation to Support the Safety of 1,3-propanediol 
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The determination that 1,3-propanediol is GRAS is on the basis of scientific procedures; the 
information supporting the general recognition of the safe use of 1,3-propanediol includes: 

0 

0 

published scientific data assessing the safety of 1,3-propanediol; 

supporting unpublished data demonstrating that 1,3-propanediol was neither mutagenic 
nor genotoxic; likewise, it does not exhibit teratogenic properties; 

the safety of the source organism; 

0 comparison of the pharmacokinetics and toxicity ofl,3-propanediol to that of 1,2- 
propanediol, for which it is currently proposed as an alternative; and 

data pertaining to the identity, intended use, and estimated intake of 1,3-propanediol. 

A summary of these data is presented herein. Moreover, these data were reviewed by a panel 
of experts, qualified by scientific training and experience to evaluate the safety of 1,3- 
propanediol as a component of food, who concluded that the proposed uses of 1,3-propanediol 
are safe and suitable and would be GRAS based on scientific procedures [see Appendix, Tab 1, 
entitled, “EXPERT PANEL CONSENSUS STATEMENT CONCERNING THE GENERALLY 
RECOGNIZED AS SAFE (GRAS) STATUS OF 1,3-PROPANEDIOL”. 

B. Estimated Intake of 1,3-propanediol 

As mentioned, 1,3-propanediol is intended for use in a variety of food products as an alternate 
to 1,2-propanediol. The proposed maximum food uses and use levels are the same as those 
currently considered GRAS for 1,2-propanediol, as specified in 21 CFR 184.1666 except that 
DuPont Tate & Lyle BioProducts wishes to exclude from this notification the following 
categories: animal food (feed), infant formula, and ingredients used in infant formula. 
Specifically, 1,3-propanediol is proposed for use in place of 1,2-propanediol as follows: as an 
anticaking agent and free-flow agent, antioxidant, dough strengthener, emulsifier, flavoring 
agent and adjuvant, formulation aid, heat transfer fluid-incidental food contact, humectant, 
pharmaceutical excipient, processing aid, solvent and vehicle, stabilizer and thickener, surface- 
active agent, or texturizer. This ingredient is proposed for use in foods as a “1 for 1” 
replacement at levels not to exceed current Good Manufacturing Practice for 1,2-propanediol. 
Current Good Manufacturing Practice results in maximum levels, as served, of 5% for alcoholic 
beverages, 24% for confections and frostings, 2.5% for frozen dairy products, 97% for 
seasonings and flavorings, 5% for nuts and nut products, and 2.0% for all other food categories 
except animal food (feed), infant formula, and ingredients used in infant formula. DuPont Tate 8, 
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Lyle BioProducts wishes to exclude these cateogires from this notification for business 
consierations only. 
As part of The Center for the Evaluation of Risks to Human Reproduction (CERHR) of the 
National Toxicology Program (NTP)’s evaluation of 1,2-propanediol, it was estimated that adults 
(70 kg bw) are exposed to approximately 34 mg 1,2-propanediol/kg bw/day through food 
products (NTP, 2004). Data for per capita daily intake of propylene glycol in food products was 
estimated by the United Nations Joint Food and Agriculture OrganizationNVorld Health 
Organization (FAONVHO) Expert Committee on Food Additives by reviewing the annual volume 
of production. 

Given that 1,3-propanediol is proposed for use in the majority of the applications and at those 
use levels that are currently considered GRAS for 1,2-propanediol, it can be assumed if total 
substitution of 1,3-propanediol for 1,2-propanediol occurs, that exposure to 1,3-propanediol 
through these food uses would be comparable. Thus, assuming a complete replacement of 1,2- 
propanediol with 1,3-propanediol, the maximum exposure to 1,3-propanediol would be 
approximately 34 mg/kg b.w./day. Given that DuPont Tate & Lyle BioProducts wishes to exclude 
from this notification animal food (feed), infant formula, and ingredients used in infant formula, 
and that complete replacement across all food products is not anticipated, actual exposure is 
expected to be less than this value. 

C. Metabolic Fate of 1,3-propanediol 

No traditional ADME studies were available in the scientific literature. A metabolic pathway for 
1-3 propanediol is shown in Figure 3 (Pollitt et a/., 1987). 

10 
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HOCH2-CHz-CH20H 
Propane-I ,3-diol 

Alcohol 
Dehydrogenase 

Aldehyde 
Dehydrogenase 

i l  
I 

HOCH2-CH2-CHO OHC-CH2-CHO 
3-hydroxypropionaldehyde - - -  - - - - -b Malonaldehyde 

1 
- - - - - - - -b OHC-CH2-CO2H HOC i2-CH2-C0z.i 

Malonic semialdehyde + - - - - - - - 3-hydroxypropionic acid 

H02C-CH2-CO2H 
Malonic acid 

Figure 3: Metabolic Pathway of 1,3-Propanediol 

As shown above, some studies indicate that malonaldehyde, a reactive cross-linking agent, can 
be formed as one of the products of 1,3-propanediol metabolism (Summerfield and Tappel, 
1984). However, malonaldehyde would be expected to be a short-lived metabolic intermediate, 
with further metabolism to 3-hydroxypropionic acid and malonic acid (Gingell et a/., 2000). 

There is limited available evidence pertaining to the carcinogenicity of malonaldehyde in 
experimental animals, and no relevant epidemiological data. As a result, malonaldehyde is 
considered not classifiable as to its carcinogenicity in humans (IARC, 1999). Malonaldehyde is 
not known to be a human carcinogen according to the 1 lth Report on Carcinogens (NTP, 2005). 
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There are no quantitative data demonstrating what percentage of I ,3-propanediol is 
metabolized to form malonaldehyde, or what portion of malonaldehyde that is formed would be 
further metabolized to non-toxic substances, however, the metabolism of 1,3-propanediol to 
malonaldehyde is not expected to represent an inordinate risk beyond that seen from 
consumption of malonaldehyde in meat, poultry, and fish products, or the endogenous formation 
of malonaldehdye in vivo during prostaglandin synthesis. Importantly, in vitro and in vivo 
genotoxicity assays conducted with 1,3-propanediol (Section D) demonstrate an absence of 
genotoxic activity. Likewise, no evidence of oxidative stress or DNA cross-linking (e.g., 
hematopoiesis parameters and sperm production) or toxicity was observed in the 90-day study 
of 1,3-propanediol in rats at a dose level of up to 1000 mg/kg/day, the maximum dose tested. 
Such effects would have likely been apparent if malonaldehyde were generated in a significant 
amount since evidence of toxicity was reported in 90-day studies in rats with lower doses of 
malonaldehyde (1 25 mg/kg b.w./day, NTP, 1988). 

D. Preclinical Studies Pertaining to the Safe Consumption of 1,3-propanediol 

The safety of 1,3-propanediol under the proposed conditions of use is supported by a number of 
toxicological studies conducted in rats, specifically acute, subacute, subchronic, and 
developmental toxicity studies, as well as, mutagenicity studies conducted using Salmonella 
typhimurium (with or without metabolic activation), chromosomal aberration assays in Chinese 
hamster fibroblast cells, and an in vivo mouse micronucleus study. Summaries of these studies 
are presented in the following sections. 

1 Acute Toxicity Studies 

A single dose [0, 10.8, 13.0, 15.6, or 18.7 mUkg body weight (bw)] of Il3-propanediol was 
administered to male and female Wistar rats at doses by oral gavage. Within a few hours of 
treatment, signs of sluggishness, sedation, and ataxia were observed, however treatment 
groups were not specified. Unconsciousness was frequently observed; most deaths occurred 
between 8- and 23-hours post-dose. After 7 days of treatment, surviving rats recovered 
gradually and looked healthy at the end of the observation period. No treatment-related gross 
alterations were observed upon macroscopic examination. Based on these data, the oral LD50 of 
1,3-propanediol was estimated to be approximately 14.9 mUkg bw (Spanjers and Til, 1979). In 
a second unpublished rat study, the oral LD50 of 1,3-propanediol was estimated to be 
approximately 10 mUkg bw, equivalent to 10.5 g/kg bw (Coombs and Clark, 1977). 

2 Subacute Toxicity Studies 

DuPont Tate & Lyle Bio Products 
August, 2009 

12 



A 2-week oral toxicity study with 1,3-propanediol in rats (Crl:CD(SD)) was conducted. Groups of 
rats (5/sex/group) received 1,3-propanediol by gavage daily for 14 days at doses of 100, 250, 
500, and 1000 mg/kg/day (1 0 mUkg). A concurrent control group (5/sex) received the vehicle, 
deionized water. All animals survived to scheduled termination. No remarkable clinical signs 
were observed in any group. No treatment-related effects were observed in mean body weights, 
body weight gains, or food consumption values. There were no treatment-related differences in 
organ weights, findings at necropsy or microscopic findings of selected tissues (lungs, liver, 
kidneys, stomach, and testes). The no-observed-effect level (NOEL) of orally administered 1,3- 
propanediol was determined to be 1000 mg/kg/day (Mertens, 1997). 

3 Subchronic Toxicity Studies 

In a 90-day study, male and female Crl:CD(SD)BR rats were orally administered 1,3- 
propanediol or vehicle control at doses of 0, 100, 300, or 1,000 mg/kg. No compound-related 
effects were observed in clinical observations, food and water consumption, mortality, gross 
pathology and histopathology. Spermatogenic endpoints (mean testicular and epididymal sperm 
numbers, sperm production rate, and sperm motility and morphology) were unaffected. Under 
the conditions of the study, the NOEL for systemic toxicity of 1,3-propanediol administered orally 
via gavage to male and female rats for 90 consecutive days was 1000 mg/kg/day, the highest 
dose tested. Although the study was not designed to measure DNA cross-linking, if such cross- 
linking did occur, it did not cause any adverse functional effect on hematopoietic or 
spermatogenic systems, which because of the active DNA transcription and translation 
processes, might be expected to be susceptible. The authors also noted that there were no 
apparent pathological or toxicological effects on the liver, the organ in which the putative cross- 
linking agent malondialdehyde is most likely formed, as evidenced by the absence of 
histopathology and clinical chemistry changes (Gingell et al. , 2000). 

4 Developmental Toxicity Studies 

The reproductive and developmental toxicity ofl,3-propanediol was assessed by Mitterer 
(1992). Twenty pregnant Sprague Dawley rats received 1,3-propanediol at 250 or 1000 
mg/kg/day on gestation day (GD) 6 through 15. The control group (25 females) received 0.8% 
hydroxypropyl-methylcellulose under the same test conditions. On GD 20, the ovaries and 
uterus were removed and a macroscopic examination of the internal organs was conducted. All 
animals survived to scheduled termination. There were no treatment-related effects on clinical 
signs, food consumption, or water consumption at any dose level. Body weight gain was slightly 
but not significantly inhibited between GD 6 and 9 in the 1000 mg/kg group. There were no 
treatment-related observations recorded at necropsy for any of the groups. Gestation 
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parameters, fetal sex distribution, mean placental weights, and mean fetal weights were 
unaffected by treatment. The total incidence of fetal skeletal retardation was significantly higher 
in the 1000 mg/kg group compared to the control groups on an individual fetal basis, but was 
not different when compared on a per litter basis. The incidence of retardedldelayed ossification 
of the skull was significantly higher in the treatment groups compared to the control group. 
However, according to the authors, these differences were not considered to be treatment- 
related because the values for the control group were lower than the historical control data, and 
the increase among treated groups was within the range of historical control data. There were 
no skeletal or visceral malformations. No malformed or dead fetuses were seen. The authors 
concluded that the NOEL for maternal and fetal toxicity was greater than 1000 mg/kg bw, the 
highest dose tested, based on the lack of clear treatment-related effects on any parameter. 
Therefore, the authors concluded that 1,3-propanediol did not possess teratogenic properties. 

5 Mutagenicity/Genotoxicity Studies 

1,3-Propanediol was reported to produce negative results in the Ames assay using Salmonella 
fyphimuriurn strains strains TA 1535, TA 1537, TA 98, TA 100, and TA 102 with or without 
metabolic activation (Wollny, 1994a). Gudi and Brown (2001) reported that 1,3-propanediol 
failed to produce chromosomal aberrations in Chinese hamster V79 cells with or without 
metabolic activation, while Volkner (1 994) reported that 1,3-propanediol elicited positive 
clastogenic results without metabolic activation. In the Volkner study, the highest dose level 
(5000 ug/ml) could not be assessed due to cytotoxicity. The possibility that the recorded positive 
result at the next lower dose (2500 ug/ml) was due to less than optimal chromosome 
preparations could not be excluded. The Gudi and Brown study did not see cytotoxicity or 
clastogenicity at 2500 or 5000 ug/ml. Wollny (1994b) reported that 1,3-propanediol did not 
induce gene mutations at the hypoxanthine guanine phosphoribosyl transferase (HPRT) locus in 
V79 cells. 

Importantly, no genotoxic effects were seen in an in vivo mouse micronucleus test. Male and 
female HsdNVin: NMRl mice received the following orally: single dose with 21 50 mg/kg bw of 
1,3-propanediol (7/sex/group), physiological saline (negative control; 6/sex/group) or 31.6 mg/kg 
of cyclophosphamide (positive control; 6/sex/group). After 24 and 48 hours of treatment, 
animals were euthanized and femur bone marrow was collected for examination. Based upon 
the data of the initial assay, a single dose of 21 50 mg/kg 1,3-propanediol was not considered to 
induce chromosome mutations. A second part of the study examined the reproducibility of the 
statistically significant positive response at the 48-hour sampling time and assessed a possible 
dose relation in the increase of micronucleated polychromatic erythrocytes. Male and female 
mice (6/sex/group) orally received the negative or positive control or a single dose of 1,3- 
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propanediol at 1000, 1470, or 21 50 mg/kg. There were no signs of treatment-related toxicity 
with 1,3-propanediol. However, a statistically significant increase in micronucleated 
polychromatic erythrocytes (PCEs) with micronuclei was noted at 48 hours in the combined 
sexes (vs. negative control), which did not exclude a weak clastogenic effect. In the second 
assay, no statistically significant effects were observed at any dose. No dose-related increases 
in the number of micronucleated polychromatic erythrocytes were observed. 

F. Other Data Pertaining to the Safety of 1,3-propanediol 

I Compariative Data on 1,2-Propanediol 

As 1,3-propanediol is currently proposed as an alternative to Il2-propanediol, the metabolism 
and safety of 1,2-propanediol is compared to 1,3-propanediol in Table 3. 

Table 3: Comparison of 1,3-propanediol and I ,2-propanediol 

1,2-propanediol I Il3-propanediol I 
I U I Oral LD50 approximately 10 gkg Oral LD50 more than 8 gkg 

Metabolism to CodHz0 

Clearance is rapid 

Metabolism to C0dH20 

Half-life approximately 2 to 4 hours 

I I Non-mutagenic Non-mutagenic 

Not reprotoxin Not reprotoxin 

Oral rat NOEL is greater than 1000 mgkg (1 3 weeks) 
(highest dose tested) 

Oral rat NOEL is between 1700 to 21 00 g/kg 
(1 04 weeks) 

G. Summary and Basis for GRAS Conclusion 

The safety of 1,3-propanediol has been established in the literature. The results of a 90-day 
subchronic toxicity study available in the published scientific literature demonstrates that 1,3- 
propanediol produced no systemic toxicity at a level of 1000 mg/kg/day, the highest dose tested. 
These data are supported by several unpublished studies of Il3-propanediol. The results of 
other supporting preclinical toxicity studies demonstrate that 1,3-propanediol was not mutagenic 
or genotoxic. In a developmental toxicity study of 1,3-propanediol, the no-observed-effect-level 
(NOEL) for maternal and fetal toxicity was greater than 1000 mg/kg bw, the highest dose tested. 
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Based on the lack of clear treatment-related effects on any of the measured parameters, it was 
concluded that 1,3-propanediol did not possess teratogenic properties. 

The organism utilized in the production of the of 1,3-propanediol is a genetically modified 
microorganism, derived from a non-pathogenic strain of Escherichia coli K-I 2. E. coli K-I 2 has a 
history of safe use, including the commercial production of insulin (NovoNordisk), phenylalanine 
(NutraSweet), and various industrial enzymes. The strain has exempt status under EPA-TSCA 
and is viewed to have low potential impact on human health, based on an EPA risk assessment 
(EPA, 1997). DuPont Tate & Lyle's E. coli K-12 strain has been genetically modified to produce 
1,3-propanediol. The nonpathogenicty and non-toxic nature of the genetically modified organism 
has been confirmed by DuPont Tate & Lyle. Additional information is provided in the Appendix 
(Tab 2). 

Assuming a complete replacement of 1,2-propanediol with 1,3-propanediol, the intake of 1,3- 
propanediol through the intended food uses of 1,3-propanediol is estimated to be approximately 
34 mg/kg bw/day. This maximum-case intake provides nearly a 30-fold margin lower than the 
1000 mg/kg bw/day NOEL dose reported in rats. Given the comparable toxicity profile for these 
ingredients, this level of intake is considered safe. Therefore, DuPont Tate & Lyle Bio Products 
has concluded that 1,3-propanediol is GRAS under the intended conditions of use on the basis 
of scientific procedures. This determination is further supported by an Expert Panel evaluation 
of the safety of 1,3-propanediol under the intended conditions of use. 
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EXPERT PANEL CONSENSUS STATEMENT REGARDING THE GENERALLY RECOGNIZED AS SAFE (GRAS) 
STATUS OF 1,3-PROPANEDIOL 

'or.. 1" 

DuPont Tate & Lyle Bio Products 
August, 2009 



EXPERT PANEL CONSENSUS STATEMENT CONCERNING THE GENERALLY RECOGNIZED AS SAFE 
(GRAS) STATUS OF 1,3-PROPANEDIOL 

'%, ' 

The undersigned, an independent Panel of recognized Experts (hereinafter referred to as the Expert 

Panel), qualified by scientific training and relevant international experience to evaluate the safety of 

food and food ingredients, was commissioned by DuPont Tate & Lyle Bio Products to determine the 

Generally Recognized as Safe (GRAS) status of Il3-propanediol in various food use applications. 

I ,3-Propanediol is proposed for use as an alternate to 1,2-propanediol in the same applications and 
at the same use levels that are currently considered GRAS for 1 ,Z-propanediol, as specified in 21 

CFR 184.1666, 582.1666 and 582.4666. Specifically, I ,3-propanediol is proposed for use in place of 

I ,2-propanediol as follows: as an anticaking agent and free-flow agent, antioxidant, dough 

strengthener, emulsifier, flavoring agent and adjuvant, formulation aid, heat transfer fluid- incidental 

food contact, humectant, pharmaceutical excipient, processing aid, solvent and vehicle, stabilizer and 

thickener, surface-active agent, or texturizer, as an ingredient in animal feed. This ingredient is 
proposed for use in foods as a "1 for I " replacement at levels not to exceed current good 

manufacturing practice for I ,2-propanediol. Current good manufacturing practice results in maximum 

levels, as served, of 5% for alcoholic beverages, 24% for confections and frostings, 2.5% for frozen 

dairy products, 97% seasonings and flavorings, 5% for nuts and nut products, and 2.0% for all other 
4 ,- food categories. 

A comprehensive search of the scientific literature for safety and toxicity information on 1,3- 

propanediol was conducted and made available to the Expert Panel. This GRAS determination 

summarized the product, technical and safety information necessary for evaluation by this Expert 

Panel to evaluate the safety of I ,3-propanediol in the proposed food uses at the intended use levels. 

The Expert Panel independently evaluated the materials submitted by DuPont Tate & Lyle Bio 

Products, and other materials deemed appropriate. Fotlowing their independent and critical 

evaluation, the Expert Panel members conferred by telephone and unanimously agreed to the 

decisions described herein. A summary basis for the discussion of GRAS status is provided below 

and is eiaborated in the Expert Report. 

0 The results of 90-day subchronic toxicity study available in the published scientific literature 

demonstrate that 1,9propanediol produced no systemic toxicity at a level of 1000 mglkgfday, 

the highest dose tested. These data are supported by several unpublished studies of 1,3- 

propanediol; 
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EXPERT PANEL CONSENSUS STATEMENT CONCERNING THE GENERALLY RECOGNIZED AS SAFE 
(GRAS) STATUS OF I&PROPANEDIOL 

The results of other supporting preclinical toxicity studies demonstrate that Il3-propanediol 

was not genotoxic; 

In a developmental toxicity study of I ,3-propanediolI the no-observed-effect-level (NOEL) for 

maternal and fetal toxicity was greater than 1000 mg/kg b.w. the highest dose tested. Based 

on the lack of clear treatment-related effects on any of the measured parameters, it was 

concluded that 1,3-propanediol did not possess teratogenic properties; 

0 Batch analysis data demonstrate that the manufacturing process for Il3-propanediol results in 

a product that reproducibly meets specifications; and 

Assuming a complete replacement of Il2-propanediol with I ,3-propanediolI the maximum 

exposure to I ,3-propanediol would be approximately 34 mgkg b.w./day, or approximately 30- 

times less than the NOEL of 1000 mg/kg b.w./day observed in the 90-day rat study. This 30- 

fold safety margin provides adequate assurance of safety considering I) the NOEL represents 

the highest dose tested, with the true NOEL somewhere greater than this value; and 2) 

complete replacement of I ,2-propanediol by 1,3-propanediol is a worst-case assumption and 

in fact would not occur, resulting in actual consumer exposures considerably below the 34 

rng/kg b.w/day value. 

As I ,3-propanediol is currently proposed as an alternative to I ,2-propanediol, the Expert Panel 

carefully assessed the pharmacokinetic data and compared their toxicity profile. According to the oral 

rat NOEL for Il3-propanediol is greater than I000 mg/kg (13 weeks) and that for Il2-propanediol is 

between I .7 to 2.1 g/kg (I 04 weeks). The LD50 for I ,3-propanedioi is approximately 15 mL/kg and for 

I ,2-propanediol is more than 8 glkg. Both 1,3-propanediol and II2-propanediol are non-mutagenic, 

not reprotoxic, and are metabolized to C02IH20. The clearance of 1,3-propanedioI is rapid and the 

half-life of I ,2-propanediol is approximately 2 to 4 hours. 

After a critical independent evaluation of the available information pertaining to safety of 1,3- 

propanediol, I ,3-propanediol can reasonably be anticipated to be safe in the intended applications. 

Its use would entail a reasonable certainty of no harm and may be considered GRAS by scientific 
procedures when used as a food ingredient under the conditions specified. I ,3-Propanediol is 

proposed for use as an alternate to 1,2-propanediol in the applications and at those use levels that 

are currently considered GRAS for I ,2-propanediol, as specified in 21 CFR 184.1666, 582.1666 and 

2 
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EXPERT PANEL CONSENSUS STATEMENT CONCERNING THE GENERALLY RECOGNIZED AS SAFE 
(GRAS) STATUS OF 1,3-PROPANEDIOL 

li, I 
582.4666. The undersigned members of the Expert Panel conferred and unanimously determined 

that the use of I ,3-propanediol, meeting food-grade specifications, and manufactured according to 

current Good Manufacturing Practice (cGMP; 21 CFR 1 IO), is Generally Recognized as Safe (GRAS) 

for use as the following: as an anticaking agent and free-flow agent, antioxidant, dough strengthener, 

emulsifier, flavoring agent and adjuvant, formulation aid, heat transfer fluid- incidental food contact, 

humectant, pharmaceutical excipient] processing aid, solvent and vehicle, stabilizer and thickener] 

surface-active agent, or texturizer, as an ingredient in animal feed. 

, 
Robert @hi, 'Ph.D., C.N.S. Date 
Director 
Center for HeaIth and Disease Research 
University of Massachusetts Lowell, Lowell, MA 

Vice President & Senior Scientific Consultant 
CANTOX US. Inc., Bridgewater, NJ 



TOXICITY AND PATHOGENICITY DATA OF 1,3-PROPANEDIOL GENETICALLY MODIFIED ESCHERICHIA COL 
K12 STRAIN 

Acute oral toxicity (rat) 

Acute oral pathogenicity 

(rat) 

Skin irritation (rabbit) 

Summary of Studies 

Modified OPPTS 
885.3050 

Modified OPPTS 
885.3050 

Draize Test 

Study 

Endpoint 

Body Weights and BW Gains 

Clinical Observations 

Gross Pathology 

I Test Design 

Result 

No statistically significant changes 

No mortality/ no signs of toxicity 

No compound related observations 

Bacterial Clearance 

Year 

2000 

2000 

2000 

2000 

Detected in feces on day 1 in 4/10 animals at 4.1 x 
I O 2  to 8.7 x I O 3  CFU/g; not detected at days 2, 3, 

and 4, and 3 weeks 

Result 

Colonization/lnfectivity Potential 

Not acutely toxic up to 5.6 x I O y  
CFU/ml 

Not detected in blood or tissues after 3 weeks 

Not pathogenic up to 5.6 x I O y  
CFU/ml 

Mild skin irritant 

Not a skin sensitizer 

Summary of Acute Oral Pathogenicity Study 
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* DuPont Tate & Lyle BioProducts ., 
SQYD To: 

CERTIFICATE OF ANALYSIS 

ATTN : 

PRODUCT: Zemea#Propanediol 4401b drum 
PO #: 

ORDER #:  
REPORT DATE: 07/25/2008 DELIVERY # : 
CARRIER ID: - DATE SHIPPED: 

Page 1 of 1 

AEtALyTICAL DATA 
INSPECTION LOT 50000119827 

LOT NUMBER ZA80514ADZ 
MFG DATE 05/14/2008 

1,3 Propanediol % 99.97 
Hazen Color 4.0 
Water by Karl Fisher PPM 26.700 
Appearance, Suspende PASS 

REPORTED BY: 

- 
DuPont Tats L Lyle BioproductB, LLC 0 8 0 0 3 1 1  

Wichael J. B u d e r , P h . D .  
Ourlity Control YMager Product Director 
198 B l r i r  B e n d  D r i v a  191 Blair Bend Drive 
Loudoo, Ty 377'14 Loudon, ¶%I 37174 

-David W.  W o o d  

865 408-1964 865 408-1969 
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CERTIFICATE OF ANALYSIS 

ATTN : 

PRODUCT: Z e m e a # P r o p a n e d i o l  4401b drum 
PO #: 

ORDER #:  
REPORT DATE: 07/25/2008 DELIVERY # : 
CARRIER ID: - DATE SHIPPED: 

lcEuLLyTICAL DATA 
INSPECTION LOT 50000115842 

LOT NUMBER ZA80429ADR 
MFG DATE 04/29/2008 

1 3 Propanediol % 99.97 

A p p e a r a n c e  Suspende PASS 

Hazen Color 3.2 
Water by K a r l  Fisher PPM 74.200 

DuPont Tate & Lyle Bioproducts, LLC 
1Lichrel J. Barder,Ph.D. David W .  W o o d  
Quality Control Manager Product Director 
190 Blair Bend D r i v a  190 Blair Bead Drivr, 
Laudon. TIC 37174 Loudon, ~ l f  37774 
865 400-1964 06s 408-1969 
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CERTIFICATE OF ANALYSIS 

ATTN: 

PRODUCT: Zemea#Propanediol 4401b drum 
PO #: 

ORDER # :  
REPORT DATE: 07/25/2008 DELIVERY # : 
CARRIER ID: - DATE SHIPPED: 

ANALrrItAL DATA 
INSPECTION LOT 50000115381 

LOT NUMBER ZA80426ADZ 
MFG DATE 04/26/2008 

1,3 Propanediol % 99.97 

Appearance, Suspende PASS 

Hazen Color 3.2 
Water by Karl Fisher PPM 74.200 

REPORTED BY: 

Wont Tate & Lyle BiOprodUCtS. LLC 
llicbrel J. Bsrd8r.Ph.D. David W.  Wood 
Quality Control Manager Product Director 
198 B l a i r  Bend Drive 198 Blair Band Drive 
Loudon, Tw 37774 Loudon, l?? 37774 
865 408-1964 865 400-1969 
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SEND To: 

CERTIFICATE OF ANALYSIS 

ATTN : 

PRODUCT: Zemea#Propanediol 4401b drum 
Po #: 

ORDER #: 
REPORT DATE: 07/25/2008 DELIVERY # : 
CARRIER I D :  - DATE SHIPPED: 

Page 1 of 1 

ANALYTICAL DATA 
INSPECTION LOT 50000100381 

LOT NUMBER ZA80223ADM 
MFG DATE 02/23/2008 

1,3 Propanediol % 99.99 

Appearance, Suspende PASS 

Hazen Color 4.6 
Water by Karl Fisher PPM 73.600 

REPORTED BY: 

DuPont Tat. G Lyle  Bioproducte, U C  
Michael J. Buder,Ph.D. David W. Wood 
Quality Control Manager Product Director 
19B Blair Bend D r i v e  198 Blair Bond D r i v s  
Loudon, TI0 31714 Loudon, TR 37111 
865 408-1964 865 408-1969 

(b) (6)
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SEND To: 

CERTIFICATE OF ANALYSIS 

ATTN : 

PRODUCT: Zemea#Propanediol 4401b drum 
PO #: 

ORDER #: 
REPORT DATE: 07/25/2008 DELIVERY # : 
CARRIER ID: - DATE SHIPPED: 

Page 1 of 1 

ANALYTICAL DATA 
INSPECTION LOT 50000114480 

LOT NUMBER ZA80422ADZ 
MFG DATE 04/22/2008 

1,3 Propanediol % 99.97 

Appearance, Suspende PASS 

Hazen Color 3.7 
Water by Karl Fisher PPM 47.600 

REPORTED BY: 

DuPont Tat8 & fryla Bioproductm, W C  
Michael J. Buder,Ph.D. David If. Wood 
Quality Control Xmrgor Product Director 
199 B l a i r  Bend D r i v e  198 Blair Bend Drive 
Loudon, m 31771 Loudon, l" 37774 
865 108-1964 865 408-1969 
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ADDlTl ANALYSIS OF 1,3-PROPANEDIOL (TAB 4) 
t 

Item Lot Number (values in ppm) 

ZA70320BRA ZA70523BRA ZA70727ARA ZA70915BRA ZA71224CRA 
3/20/2007 5/23/2007 ma/2007 911 5/2007 12/24/2007 

pH, Neat 7.52 7.12 7.92 7.33 6.31 

Mono ROH & weak org 
acids 
Acetic acid 
EtOH 
I PA 

. .  __ - . 

I ___ __ -- - - - 

1 ,2-dipropylene _ _ _  - glycol 
1,3-dipropylene glycol 

_ 
- - - - - - . - - - - - - - 

. _.._ Pantolactone 
Ti 

_ __ _- - 

V 
Cr -_ - 

Mn . - 

_ _ _  ... 
7 

_ _  
0 

0 

0 ._. 
0 
0 -- 

0 
0 
0 
0 
3 

29 
0 

29 
< I  

< I  
< I  
<I 

__ 
- . _. 

- 

_ _  .- ._ 3 

. .  

- .  

<I- 

. 

_.. . 
11 

I 1  

0 
0 
d 
0 

_ .  
44 

4 

0 
- .. 

0 
0 
0 

- .  

0 

- .  0 
38 
0 
38 
0 
0 
0 
< I  
<I 

. .  . __ 

.. - _. . _  

. .  

35 
5 
0 
0 

._ . 
75 

0 

0 
0 
9 

0 
44 

0 
5 
5 
7 
0 
6 
< I  
< I  

- .  
22 

- ._ 

._ - 
_. . .  

.. . 

< I  . .  

0 b color 0.03 0.08 0.13 0.08 0.03 

W Results demonstrate the high purity of 1,3-propanediol and compliance with specifications. As shown above, complete anlaysis revealed the presence of materials 
-6 commonly found in the diet (e.g., acetic acid, lactic acid, glycerol). Trace levels of other impurities were noted, primiary among these 1,3-dipropylene glycol, 

alcohols, and pantolactone, generally at levels in the low parts per million. All of these impurities are anticipated to be without toxic effects at these levels. In-house 
data confirm the bacteriostatic/baceteriocidal nature of 1,3-propanediol, thus analysis for microorganisms was not conducted. Although heavy metals are not 
anticipated to be present given the manufacturing process utilized, additional metal data was generated to confirm the absence of these metals for non-food use. 

e 
0 
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EHPV 1,3-PROPANEDIOL 

1,3-Propanediol (CAS RN 504-63-2) Test Plan 
Extended High Production Volume Program 

Table 1 Test Plan 

1,3-Propsnediol 
CAS RN: 504-63-2 

ENVIRONMENTAL F4TJ% AN5 PA 

TOXICITY 

13.0 I Acute Toxicity I I N  

14.0 Genotoxicity In Vitro or 
In Vivo (Chromosome Y Y 
Aberration Test) 

Y Y 15.1 Genotoxicity In Vitro 
(Bacterial Test) 

Y Y 15.2 Genotoxicity In Vitro 
(Mammalian Cells) 

Repeated Dose Toxicity 

18.0 Developmental Toxicity / 

0 0 0 0 3 9  
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EHPV 1,3-PROPANEDIOL 

Property Value 

Physical state Liquid 

Melting point -26.7 "C 

1 IDENTITY 

Reference 

Daubert and Danner, 1989 

1.1 Identification of the Substance 

Density 

Vapour pressure 

Water solubility 

CAS Number: 504-63-2 
IUPAC Name: 1,3-Propanediol 
Molecular Formula: C3H802 
Structural Formula: H2 n H2 T+ 

1 .055 g/cm3 @ 20°C 

5.88 x lO-'hPa @ 25°C 
100 hPa @ 149.9"C 

Infinitely soluble 

Clayton and Clayton, 1994 

Daubert and Danner, 1989 
Lide, 2003 

Riddick et al., 1986 

HO 

~ 

Partition coefficient n- 
octanol/water (log value) 

Henry's law constant 

H2 

Molecular Weight: 76.10 
Synonyms: Trimethylene glycol 

1,3-Dihydroxypropane 
1,3-Propanediol 
1,3-Propylene glycol 
1,3-Propylenediol 
2-(Hydroxymethyl)ethanol 
2-Deoxygl ycerol 
beta-Propylene glycol 
omega-Propanediol 

-1.332 Wilfried, 1992 

4.416 x atm-m3 mole" @, 25°C U.S. EPA, 2006a 

1.2 Purity/Impurities/Additives 

1,3-Propanediol is sold as technical grade with a minimum purity of >99.5%. 

1.3 Physico-Chemical properties 

Boiling point ~ 1 214.4OC I Daubert and Danner, 1989 
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2 GENERAL INFORMATION ON EXPOSURE 

2.1 Production Volumes and Use Pattern 

The estimated total volume of lY3-propanediol production in North America in 2005 was 10,000- 
30,000 tons. lY3-Propanediol is 
produced commercially via either an ethylene oxide hydroformylation process or a biochemical 
fermentation route. 

lY3-propanediol is a flammable, colorless, stable liquid. 

Between 75 and 90% of lY3-propanediol is used in a polymerization process to manufacture 
Polytrimethylene terephthalate (PTT). lY3-Propanediol may also be a component of deicing 
fluids, engine coolants, heat transfer fluids, chemical intermediates, personal care products, or 
process solvents. 

2.2 Environmental Exposure and Fate 

2.2.1 Sources of Environmental Exposure 

Because of its primary use in the production of polymers, environmental exposure to 1,3- 
propanediol occurs principally through accidental spills. Other non-polymer uses of 1,3- 
propanediol at this time are considered minimal. 

2.2.2 Photodegradation 

The indirect photodegradation of lY3-propanediol by reaction with hydroxyl radicals in the 
atmosphere is estimated to occur with a half-life of approximately 1.099 days (12-hr day; 1 SE06 
OH/cm3,) (Reliability = 2, U.S. EPA, 2006b). The rate constant is 9.7 E-12 cm3/(molecule*sec). 

2.2.3 Stability in Water 

1,3-Propanediol does not react with water; the only functionality other than carbon-carbon and 
carbon-hydrogen bonds is the hydroxyl groups which do not hydrolyze. 

2.2.4 Transport between Environmental Compartments 

The environmental distribution of 1,3-propanediol has been examined using the Level 111 
fugacity model (Reliability = 2, U.S. EPA, 2006~). lY3-Propanediol is used in several different 
processes. Therefore, potential release scenarios were examined as outlined in the following 
table: 

6 
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Y O  % 
Distribution Predicted Predicted 

in Air in Water 

Y O  Y O  

Predicted Predicted 
in Soil in Sediment 

Y O  % 
Distribution Predicted Predicted 

in Air in Water 

Y O  Y O  

Predicted Predicted 
in Soil in Sediment 

2.2.5 Biodegradation 

In a biodegradation assay according to OECD Guide-line 301 B “Ready Biodegradability: COS. 
Evolution Test”, 1,3-propanediol was readily biodegradable meeting the 1 0-day window with 
71% biodegradation after 28 days (Reliability = I, Berti and Wolstenholme, 2007). 1,3- 
Propanediol was examined as one of a number of chemicals in a BOD5 (5-day test) and COD 
assay (Reliability = 2, Bridie et al., 1979a). The BOD5 values from two tests were 11% 
(unacclimated inoculum) and 16% (acclimated inoculum) of the ThOD. The COD value from 
the first test was 98% of the ThOD. While providing additional evidence of biodegradation, this 
BOD5 study is not considered to define the extent of biodegradation of 1,3-propanediol. 
Therefore, based on the results of the more robust study conducted to modern guidelines, 1,3- 
propanediol is ‘readily biodegradable’. 

Equal (Air, Water, Soil) 0.22 43.1 
100% to Air 0.64 22.9 
100% to Water < 0.1 99.9 
100% to Soil < 0.1 16.1 

2.2.6 Bioaccumulation 

56.6 < 0.1 
76.5 < 0.1 
< 0.1 0.15 
83.9 < 0.1 

No experimental data on bioaccumulation are available. With a measured log GW of -1.332, 
according to the Hansch and Leo Method (Reliability = 2, Wilfried, 1992; Hansch and Leo, 
1999, a low bioaccumulation potential is expected. 

Equal (Air, Water, Soil) 0.22 43.1 
100% to Air 0.64 22.9 
100% to Water < 0.1 99.9 
100% to Soil < 0.1 16.1 

2.3 Human Exposure 

56.6 < 0.1 
76.5 < 0.1 
< 0.1 0.15 
83.9 < 0.1 

2.3.1 Occupational Exposure 

There are no occupational exposure limits for 1,3-propanediol. 

2.3.2 Consumer Exposure 

The residual 1,3-propanediol in PTT polymer is very minimal, and consumer exposure is 
negligible. Other non-polymer uses of 1,3-propanediol at this time are considered minimal, with 
little possibility for exposures. 

7 
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3 HUMAN HEALTH HAZARDS 

3.1 Effects on Human Health 

3.1.1 Acute Toxicity 

Studies in Animals 

Inhalation 

To evaluate the “approximate lethal concentration (ALC),” six male rats were exposed nose-only 
for one, four-hour period to an aerosol of the lY3-propanediol at a single concentration of 5.0 
mg/L (1600 ppm; based on gravimetric analysis) (Kegelman, 1997; Reliability = 2). The mass 
median aerodynamic diameter for the aerosol was 3.2 pm. The animals were observed for 
clinical signs and body weights were measured over 14 days. All rats survived until scheduled 
sacrifice on day 14. Wet fudperineum and ocular discharge were noted in rats immediately 
following the exposure (only clinical signs observed). One rat had transient body weight loss but 
all animals gained weight over the 14-day observation period. The ALC of lY3-propanediol 
under the conditions of this study was > 5 mg/L (1 600 ppm). 

Oral 

An acute oral toxicity study was performed by administering lY3-propanediol via gavage to rats 
(5/sex) at doses of 9.0, 10.8, 13.0, 15.6 or 18.7 ml/kg body weight (Spanjers and Til, 1979; 
Reliability = 2). Sluggishness, ataxia, and sedation were observed in the rats within a few hours 
post-dose (the signs by treatment group were not reported). Most of the deaths (0, 10,20, 50 and 
100% for the 9.0, 10.8, 13.0, 15.6 or 18.7 ml/kg body weight doses, respectively) occurred 
between 8 and 23 hours post-dose although one female and one male died 4 and 7 days post 
dose, respectively. No individual animal observations were reported. After Day 7, the survivors 
recovered and looked healthy at study termination on Day 14. No treatment-related macroscopic 
findings were present at scheduled sacrifice. The LD50 of orally administered lY3-propanediol 
was determined to be approximately 14.9 ml/kg bw which was equivalent to 15.8 g k g  bw. 

A second acute oral toxicity test was conducted with lY3-propanediol (Coombs and Clark, 1977; 
Reliability = 2). For the preliminary test, lY3-propanediol was administered by oral gavage to 
rats (l/sex/group) at volumes of 0.63, 1.25, 2.5, 5.0 and 10.0 ml/kg body weight. All animals 
survived until Day 9. The definitive LDso test was performed with 4 rats/sex administered 1,3- 
propanediol by gavage at 10.0 ml/kg bw. Piloerection was observed in some animals 24 hours 
post-dose. Two females died on Day 2. The remaining animals survived until Day 9, study 
termination. No individual animal observations were reported. The LD50 of orally administered 
lY3-propanediol was determined to be approximately 10 ml/kg bw which was equivalent to 10.5 
g k g  bw. 

Dermal 

The acute dermal LD50 of lY3-propanediol was determined to be >4 mlkg bodyweight, 
equivalent to >4200 mg/kg bw (Coombs and Clark, 1977; Reliability = 2). Undiluted 1,3- 
propanediol was applied at 1.0, 2.0 or 4.0 mlkg bw to the shaved backs of Wistar rats 
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Species 
Rabbit 

Rabbit 

(2/sex/group) under occlusive conditions for 24 hours. After 24 hours, the bandage was 
removed, the test site washed and the animals observed over the next 9 days. All animals 
survived to scheduled sacrifice. 

Exposure Conditions Result Reference 
0.5 ml; undiluted; 24 hours; Mildly Coombs and Clark, 1977 
occluded; abraded and non- irritating* 
abraded skin 
0.5 ml; undiluted; 24 hours; Slightly van Beek, 1979 
occluded; abraded and non- irritating** 
abraded skin 

3.1.2 Irritation 

Species Exposure Conditions 

instillation; rinsed and not 
rinsed 

instillation; not rinsed 

Rabbit 0.2 ml; undiluted; single 

Rabbit 0.1 ml; undiluted; single 

Skin Irritation 

Studies in Animals 

Result Reference 
Practically Coombs and Clark, 
non-irritating* 1977 

Non-irritating** van Beek, 1979 

The available studies (Reliability = 2) evaluating skin irritation of 1,3-propanediol are 
summarized in the following table: 

Eve Irritation 

Studies in Animals 

9 
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Result 
Not a 
Sensitizer 

Not a 
Sensitizer 

3.1.3 Sensitization 

Reference 
Coombs and 
Clark, 1977 
Reliability = 2 
Til and Keizer, 
1979 
Reliability = 2 

Studies in Animals 

Guinea 
Pig 

Skin 

Magnusson Intradermal Induction: 2.5% 
and Kligman Topical Induction: 100% 
(Maximization) ToDical Challenge: 50% 

1 SDecies 1 Method 1 ExDosure Conditions 

Draize 25% 
Intradermal Inductions (#2-10): 0.1 

3.1.4 Repeated Dose Toxicity 

Studies in Animals 

Inhalation 

A 2-week inhalation toxicity study with lY3-propanediol (Reliability = 1) was conducted with 
male rats (Scott, 1998; Scott et al., 2005). In this study, groups of male rats (lO/group) were 
exposed by nose-only inhalation to either vapor only or a vapor/aerosol mixture of 1,3- 
propanediol in air at target concentrations of 0, 60, 600 or 1800 mg/m3 (mean aerosol 
concentrations were 0, 0,610 and 1800 mg/m3 and mean total concentrations were 0,41,650 and 
1800 mg/m3, respectively) for 9 exposures, 6 hours each over a 14-day period. A vehicle control 
group (10 male rats) was exposed to air under the same conditions. The day after the last 
exposure, five ratdgroup were euthanized and necropsied while the remaining animals were 
retained for a recovery period for 18 days then necropsied. Prior to necropsy of all test animals, 
urine was collected overnight and blood samples were collected the next day. All rats survived 
to scheduled termination and no treatment-related clinical signs of toxicity were observed during 
the study. No exposure-related changes in body weight, body weight gain, hematology, clinical 
chemistry or urinalysis were observed. No treatment-related changes were observed in findings 
at necropsy, organ weights, or at microscopic examinations. Under the conditions of this study, 
the NOEL for repeated inhalation exposure to lY3-propanediol in male rats was 1800 mg/m3. 

Oral 

A 2-week oral toxicity study with lY3-propanediol (Reliability = 1) was conducted with male and 
female rats (Mertens, 1997). In this study, groups of rats (5/sex/group) were administered 1,3- 
propanediol by gavage daily for 14 days at concentrations of 100,250,500 and 1000 mg/kg/day. 
A concurrent control group (5/sex) was administered the vehicle, deionized water. The dose 
volume for all groups was 10 ml/kg. All animals survived to scheduled termination. No 
remarkable clinical signs were observed in any group. No treatment-related effects were 
observed in mean body weights, body weight gains or food consumption values of the treated 
groups as compared to the control group. There were no treatment-related differences in organ 

10 
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CHO V79 - 
Chromosomal 
Aberration Assay 

CHO V79 - 
Chromosomal 
Aberration Assay 

CHO V79 - 
HGPRTassay 

weights, findings at necropsy or microscopic findings of selected tissues (lungs, liver, kidneys, 
stomach, testes). The NOEL of orally administered 1,3-propanediol under the conditions of this 
study was determined to be 1000 mg/kg/day. 

A 90-day oral toxicity study with 1,3-propanediol (Reliability = 1) was conducted with male and 
female rats according to the EPA TSCA 798.2650 and OECD 408 guidelines (Kirkpatrick, 1999; 
Gingell et al., 2000). In this study, rats (1 O/sex/group) were administered 1,3-propanediol by 
oral gavage daily for 91 or 92 days at concentrations of 100, 300 and 1000 mg/kg/day. A 
concurrent control group (1 Ohex) was administered the vehicle, deionized water. The dose 
volume for all groups was 10 mlkg. All animals survived to scheduled termination. No 
treatment-related clinical signs, body weight or weight gain changes, or food consumption 
differences were observed in any group. There were no ocular changes or treatment-related 
macroscopic findings observed in any of the treated animals at scheduled necropsy. There were 
no treatment-related effects observed in mean organ weight data or at microscopic examination. 
The NOEL of orally administered 1,3-propanediol under the conditions of this study was 
determined to be 1000 mg/kg/day. 

OECD Test 
Guideline 473; 
EEC B. 10 and 
OPPTS 870.5550 
OECD Test 
Guideline 473; 
EEC B. 10 

OECD Test 
Guideline 476; 
EEC Directive 
87/302 

3.1.5 Mutagenicity 

In vitro Studies 

1,3-Propanediol was tested in the bacterial reverse mutation assay (OECD TG 471 and EEC 
B.14) with Salmonella typhimurium TA1535, TA1537, TA98, TAlOO, and TA102 at 
concentrations up to 5000 pg/plate with and without metabolic activation in a plate incorporation 
assay followed by a pre-incubation assay (Wollny, 1994a). The cytotoxic concentration was 
>5000 pg/plate. Positive controls produced the expected result. 1,3-Propanediol was not 
mutagenic under the conditions of the assay 

A series of mammalian cell mutation assays with Reliability of 1 have been conducted with 1,3- 
propanediol. These are summarized in the following table: 

625, 1250,2500 
and 5000 
PdmL 

375, 1250, 
2500,3750 and 
5000 pg/mL 

250,1000,2500 
and 5000 
Pg/mL 

Negative with and 
without metabolic 
activation 

Negative with 
metabolic activation; 
Positive without 
metabolic activation 
Negative with and 
without metabolic 
activation 

Gudi and 
Brown, 
200 1 

Volkner, 
1994 

Wollny, 
1994b 
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In vivo Studies 

A mouse micronucleus study was performed with 1,3-propanediol (Reliability = 1) according to 
the OECD Directive 92/69/EEC, Method B.12 (Krauser, 1995). Male and female Hsd/Win: 
NMRI mice were orally dosed a single time with 2150 mgkg of 1,3-propanediol (7/sex/group), 
physiological saline (negative control; 6/sex/group) or 3 1.6 mgkg of cyclophosphamide 
(positive control; 6/sex/group). The volume administered was 10 ml/kg body weight. Animals 
were euthanized 24 and 48 hours after treatment and femur bone marrow was collected. In a 
repeat assay, performed to examine the reproducibility and possible dose-response of the initial 
assay results, male and female mice (6/sex/group) were orally dosed a single time with 1,3- 
propanediol (concentrations of 1000, 1470 or 2 150 mgkg), physiological saline (negative 
control) or 31.6 mgkg of cyclophosphamide (positive control) and euthanized 24 and 48 hours 
after treatment. All animals, in both assays, survived to scheduled sacrifice and no treatment- 
related toxic symptoms were observed in the animals treated with 1,3-propanediol. Based upon 
the results of the initial assay, 1,3-propanediol was not considered to induce chromosome 
mutations in mice by damage to chromosomes or the mitotic apparatus after a 24- and 48-hour 
interval following a single oral dose at 2150 mgkg. However, a statistically significant increase 
in micronucleated polychromatic erythrocytes (PCEs) with micronuclei at 48 hours in the sexes 
combined, as compared to the negative control, did not exclude a weak clastogenic effect. In the 
second assay, no statistically significant test substance-related increases in PCEs were observed 
in male or female mice, separately or combined, at any dose. No dose-related increase in the 
number of micronucleated polychromatic erythrocytes was present. The positive control animals 
exhibited a significant and clear increase in the number of micronucleated polychromatic 
erythrocytes as compared to the negative control animals and validated the study. Under the 
conditions of this study, lY3-propanediol was considered to be non-mutagenic. 

In conclusion, based on the overall weight of evidence, 1,3-propanediol is not mutagenic in vivo. 

3.1.6 Toxicity for Reproduction 

Studies in Animals 

EHects on Fertility 

There were no effects at any dose on reproductive organs or on spermatogenic endpoints (sperm 
count, sperm production rate, sperm morphology, or sperm motility) in the 90-day oral toxicity 
study of 1,3-propanediol in rats described above (Kirkpatrick, 1999; Gingell et al. , 2000). 

Developmental Toxicity 

A developmental toxicity study with pregnant rats orally administered 1,3-propanediol 
(Reliability = 1) was conducted according to OECD Test Guideline 414 (Mitterer, 1992). 
Female rats were dosed with 1,3-propanediol at 250 or 1000 mgkg bw by oral gavage on 
gestation day (gd) 6 through 15. A concurrent vehicle control group (25 females), administered 
0.8% hydroxypropyl-methylcellulose, was treated under the same test conditions. On gd 20, the 
ovaries and uterus were removed and a macroscopic examination of the internal organs was 
conducted. All animals survived to scheduled termination and no treatment-related effects were 
observed for clinical signs of toxicity, food consumption or water consumption at any dose. 
Body weight gain was slightly (-32%) but not significantly (at p I 0.01) inhibited between 

f l f l H 1 4 I  t-l 
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gestation days 6 and 9 in the high-dosed dams (1000 mgkg bw). There were no treatment- 
related obseivations recorded at necropsy for any of the dams. Gestation parameters were 
unaffected b:y treatment. There was no treatment-related effect on fetal sex distribution, mean 
placental weights and mean fetal weights or length. The total incidence of fetal skeletal 
retardation was statistically significantly increased in the 1000 mgkg bw/day group as compared 
to the control when compared on individual fetal basis but was not different when compared on a 
per litter basis (the more appropriate comparison). The incidence of retarded/delayed 
ossification of the skull was significantly increased in the treatment groups as compared to the 
control. These differences were not considered to be treatment-related because the values for the 
control group were lower than the historical control data and the increase among treated groups 
was within the range of historical control data. There were no skeletal or visceral malformations. 
Under the conditions of this study, the NOEL for maternal and fetal toxicity was 1000 mgkg bw 
based on the: lack of clear treatment-related effects in any parameter. lY3-Propanediol did not 
possess teratogenic properties. 

3.2 

lY3-Propanediol has very low toxicity in acute and subchronic toxicity studies. In rats, the acute 
oral LD50 was 10.5-15.8 g/kg and the acute dermal LD50 was >4200 mgkg. lY3-Propanediol is 
slightly irritating to rabbit skin and non-irritating to the eye. lY3-Propanediol was not a skin 
sensitizer in the guinea pig maximization test. There was no systemic toxicity following 
repeated dosing of rats via gavage or repeated exposure to aerosol with NOELS for subchronic 
exposure of 1000 mgkg bw/day (90-day) and 1800 mg/m3 (14-day), respectively. 

lY3-Propanediol was not mutagenic to Salmonella typhimurium (bacterial reverse mutation 
assay) in vitro, with or without metabolic activation. Two studies in mammalian cells 
(chromosom,al aberration) were negative with metabolic activation and a positive finding without 
metabolic activation was not repeated in a second study. An in vivo mouse micronucleus study 
was negative with and without metabolic activation. Overall, lY3-propanediol does not have a 
mutagenic potential in vivo based on available data. 

lY3-Propanediol had no effect on male or female reproductive organs following repeated oral 
dosing for 90 days. In addition, there were no effects on sperm evaluations conducted at the end 
of this 90-day study. In a gavage study exposing pregnant rats to lY3-propanediol from gestation 
days 6 to 15 at doses as high as 1000 mg/kg bw/day, there was no clear treatment-related 
maternal tox.icity, developmental or embryo toxicity or teratogenicity. Overall, based on the 
available animal studies, lY3-propanediol is not toxic to reproduction or development and is not 
teratogenic. 

There are no known effects of lY3-propanediol exposure in humans. 

Summary of Human Health Hazards 

0 0 0 0 4 8 
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4 HAZARDS TO THE ENVIRONMENT 

4.1 Aquatic Effects 

Acute Toxicity Test Results 

Acute toxicity to fish (Reliability = 1, Samel, 2000) yielded a 96-hour LCso and NOEC for 
Fathead minnow (Pimephales promelas) of > 9720 mg/L (the highest concentration tested). The 
study followed OECD Test Guideline 203, EEC Method C.1 and EPA TSCA EG-9 using a static 
renewal design. Nominal exposure concentrations ranged from 750 to 10,000 mg/L. The mean 
measured concentrations were 720 to 9720 mg/L. No mortality or sublethal effects were seen in 
any of the test concentration or the dilution water control fish. 1,3-Propanediol was examined as 
one of a number of chemicals in acute toxicity studies to the Goldfish, Carassius auratus (Bridie 
et al., 1979b; Reliability = 2). The study was terminated after 24 hours when no mortality was 
observed at the highest concentration tested. Therefore, the 24-hour LCso value was 
>5000 mg/L. 

Acute toxicity to Daphnia magna (Kuhn et al., 1989; Reliability = 2) yielded a 48-hour ECso of 
7417 mg/L, ECo of 2603 mg/L and an ECloo of > 10,000 mg/L. Details of the test concentrations 
used were not provided (test solutions were selected to provide 3 or 4 effect concentrations 
between 0 and 100% immobility). The study followed Din 38412, Part I1 (Daphnia short-term 
test) using a static design. 

Acute toxicity to the green algae, Scenedesmus subspicatus CHODAT, (Kamp, 1997; 
Reliability= 1) yielded a NOEC of I 500 mg/L. The EbClo and EbCSo values for biomass 
production were 700 and 1600 mg/L, respectively. The ErClo and ErCso values for growth rate 
production were 400 and >10,000 m a ,  respectively. The study followed OECD Test 
Guideline 201. Analytical 
recoveries of 1,3-propanediol in the test solutions ranged from 92.6% to 102%. Since the test 
substance remained stable within the 72-hr exposure period, the biological results were based on 
the nominal values of the test concentration. 

c 

Nominal exposure concentrations ranged from 0.5 to 10 g/L. 

4.2 Summary of Environmental Hazards 

1,3-Propanediol is of low toxicity to aquatic organisms with LCso and ECso values ranging from 
1600 to >9700 mg/L in fish, daphnia and algae. 

14 
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ATTACHMENT I--FINAL RISK ASSESSMENT OF 
ESCHERICHIA COLI K-12 DERIVATIVES 

(February 1997) 

I. INTRODUCTION 

Escherichia coli is one of a number of microorganisms which 
are normal inhabitants of the colons of virtually all warm- 
blooded mammals. E. coli belongs to the taxonomic family known 
as Enterobacteriaceae, which is one of the best-defined groups of 
bacteria. The strain E. coli K-12 is a debilitated strain which 
does not normally colonize the human intestine. It has also been 
shown to survive poorly in the environment, has a history of safe 
commercial use, and is not known to have adverse effects on 
microorganisms or plants. Because of its wide use as a model 
organism in research in microbial genetics and physiology, and 
its use in industrial applications, E. coli K-12 is one of the 
most extensively studied microorganisms. 

History of Commercial Use and Products Subject to TSCA 
Jurisdiction 

E. coli K-12 has a history of safe use. Its derivatives are 
currently used in a large number of industrial applications, 
including the production of specialty chemicals (e.g., L- 
aspartic, inosinic, and adenylic acids) and human drugs such as 
insulin and somatostatin (Dynamac, 1990). Further, E. coli can 
produce a number of specialty chemicals such as enzymes which 
would be regulated under TSCA. A n  insulin-like hormone for use 
as a component of cell culture media, resulting from a 
fermentation application in which E. coli was used as the 
recipient, has already been reviewed under TSCA (Premanufacture 
Notice P87-693). EPA recently reviewed a submission (94-1558) 
for use of E. coli K-12 to produce indigo for use as a dye. In 
general, E. coli K-12 is one of the most extensively studied 
bacteria, and has been used in genetic studies in laboratories 
worldwide. 

Experience with the use of E. coli is reflected in its 
classification under the National Institutes of Health Guidelines 
for Research Involving Recombinant DNA Molecules (NIH Guidelines, 
U.S. Department of Health and Human Services, 1986). With the 
exception of strains which are known to be pathogenic, E. coli is 
considered a Class 1 Agent under the NIH Guidelines. Class 1 
consists of all organisms which are not either human or animal 
pathogens. Most experiments involving E. coli K-12 have been 
exempted from the NIH Guidelines based on an analysis of safety, 
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except in certain circumstances (see Appendix C-I1 of the NIH 
Guidelines). Moreover NIH, under section 111-D-4 of the NIH 
Guidelines, exempts transfers of genetic material between species 
that exchange DNA by known physiological processes with the genus 
Escherichia. Included in this exemption are exchanges between 
Escherichia and the closely related genera of Shigella, 
Salmonella I Enterobacter, Ci trobact er, K1 ebsiell a I Erwinia , 
Pseudomonas aeruginosa; also included are the species Pseudomonas 
putida, Pseudomonas fluorescens, Serratia marcescens, and 
Yersinia enterocolitica. 

11. IDENTIFICATION AND TAXONOMY 

A. Overview 

E. coli belongs to the family Enterobacteriaceae. All 
Enterobacteriaceae are defined as Gram-negative, non-sporeforming 
rods that are facultative anaerobes. During the 1960's and 
19701s, large amounts of information were generated regarding the 
phenotypic characteristics of the Enterobacteriaceae. 
reasons for this increase in knowledge were two-fold. First, 
beginning in the early 1 9 7 0 ' ~ ~  a number of methods became 
available for the identification of enteric bacteria. These 
methods were based on biochemical or phenotypic reactions and 
could be performed with minimum labor and cost. 
shift in nosocomial infections from Gram-positive to Gram- 
negative bacteria occurred in hospital patients during the 1960's 
and the early 1970's. Therefore, clinical microbiology 
laboratories, faced with the pressing need for accurate 
identification systems for enteric bacteria, carried out an 
extensive characterization of the members of this group of 
bacteria, including E. coli. 

The 

Second, a major 

B. Taxonomy and Characterization 

Escherichia coli is a member of the family 
Enterobacteriaceae and has been described by Brenner (1984). 
Escherichia is a Gram-negative rod which can be motile by 
peritrichous flagella or nonmotile. Escherichia is also a 
facultative anaerobe which has both a respiratory and a 
fermentative type of metabolism, and commonly occurs in the 
intestinal tract of humans and other animals. 

E. coli K-12 was originally isolated from a convalescent 
diphtheria patient in 1922 (Bachmann, 1972). Because it lacks 
virulence characteristics, grows readily on common laboratory 
media, and has proven to be a valuable tool for microbial 
physiology and genetics research, it has become the standard 
bacteriological strain used in microbiological research and 
teaching. E. coli K-12 is now considered an enfeebled organism 
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as a result of being maintained in the laboratory environment for 
over 70 years (Williams-Smith, 1978). 

E. coli can be readily differentiated from closely related 
bacteria by a number of standard tests. Classically, this has 
been accomplished by testing for production of indole from 
tryptophan, production of acid from glucose media using the dye 
methyl red as an indicator, lack of production of acetoin as a 
metabolic endproduct (also known as the Voges-Proskauer 
reaction), and the inability to utilize citrate as a sole source 
of carbon. Collectively, these reactions are known as the IMViC 
battery. The IMViC battery was developed for the analysis of 
water samples where it was important to differentiate E. coli, 
which was found to be always associated with fecal contamination 
of water, from other closely related bacteria which could be 
found naturally in water sources. Further refinements of the 
IMViC tests are used today and are available as commercial test 
kits. 

C. Related Species of Concern 

Taxonomically, the four species of the genus Shigella are 
closely related to E. coli. Shigella species cause diarrhea in 
humans and are classified as Class 2 agents under the NIH 
Guidelines. The Shigella species and E. coli share a high level 
of DNA sequence homology and many protein and polysaccharide 
capsular antigens. [These capsular antigens can be used to 
distinguish between E. coli strains and the pattern of capsular 
antigens determine the organism’s llserotypell (Smith 1977) . I  The 
two genera can be distinguished based on the fact that E. coli 
has a unique colony morphology when grown on certain differential 
laboratory media (Jawetz et al., 1987). Commercially prepared 
kits for distinguishing between these organisms are available. 

Most E .  coli serotypes are benign and may even contribute to 
normal function and nutrition in the gastrointestinal tract. A 
few E. coli serotypes are pathogens. 

E. coli K-12 strains in use today are from standard culture 
collections (Bachmann, 1972), such as the American Type Culture 
Collection and are not recent environmental isolates. As a 
result, these K-12 strains are well-characterized and should be 
expected to remain as pure cultures under standard 
microbiological practices. K-12 strains are distinguishable from 
both Shigella and other Escherichia (Cooke, 1974, Orskov 1978, 
Schmidt 1973) . 

111. HAZARD ASSESSMENT 

The Proceedings of the Falmouth Workshop held in June 1977 
served as a primary source for this assessment (Gorbach, 1978). 
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A .  Human Health Hazards 

The potential of K-12 strains to present risks to human 
health are examined in this assessment by analyzing K-12 in terms 
of (1) the phenotypic traits relevant to colonization of the 
colon, and (2) toxin production. 

1. Colonization and Pathogenicity 

E. coli is an inhabitant of the human colon, and it is 
thought that the primary means through which humans acquire their 
intestinal flora is through ingestion. Workers in fermentation 
facilities would not be expected to ingest E. coli under standard 
good practice, which prohibits the ingestion of food in work 
areas; however, some inhaled bacteria could be swallowed. 

In order to evaluate K-12's potential to colonize the human 
intestine the following should be addressed: (1) the 
characteristics relevant to E. coli colonization of the human 
colon, and how K-12 compares to other E. coli in terms of these 
traits, and (2) data relevant to colonization potential of K-12 
strains. 

The binding of an E. coli to the mucosal surface of the 
colon requires two factors. The first factor is the production 
of a specific glycocalyx or fimbriae from the surface of the 
bacterium. This specific glycocalyx recognizes a specific lectin 
on the surface of the enterocyte lining of the human colon. The 
glycocalyxes appear to bind to structures such as the mucus 
glycoproteins elaborated from the goblet cells of the intestine. 
In Gram-negative bacteria, the polysaccharide chains arising from 
the core of the lipopolysaccharides in the outer membrane appear 
to be the major ones which affect binding to the colon. 

E. coli K-12 is defective in at least three cell wall 
characteristics. The outer membrane has a defective 
lipopolysaccharide core which affects the attachment of the 0- 
antigen polysaccharide side chains (Curtiss, 1978). Second, it 
does not have the type of glycocalyx required for attachment to 
the mucosal surface of the human colon (Edberg, 1991) as a result 
of the altered 0-antigen properties noted above. Finally, K-12 
strains do not appear to express capsular (K) antigens, which are 
heat-labile polysaccharides important for colonization and 
virulence (Curtiss, 1978) . 

K-12, thus, is not able to colonize the human intestinal 
tract under normal conditions, even after ingestion of billions 
of organisms (Anderson, 1975, Cohen et al., 1979., Levy and 
Marshall, 1981; Levy et. al, 1980, Smith, 1975). As noted above, 
K-12 is defective in cell wall components relevant to the ability 
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to recognize and adhere to the mucosal surface of colonic cells 
(Curtiss, 1978). The normal flora in residence in the colon thus 
can easily exclude K-12, and prevent it from colonizing the human 
colon. 

A number of experiments have been conducted to measure the 
ability of K-12 to colonize in comparison to other E. coli. 
These experiments basically fall into two categories. First, 
those in which the normal human and/or animal flora was 
substantially reduced in order to provide the best opportunity 
for K-12 to colonize. The second category, known as co- 
colonization experiments, were to determine which strains could 
out-compete which other strains (Anderson, Gillespie and 
Richmond 1973; Anderson 1974; Burton et al. 1974; Anderson 1975; 
Smith 1975; Freter 1978; Laux, Cabelli and Cohen 1982; Myhal, 
Laux and Cohen 1982; Levine et al. 1983). 

For the first category of experiments, normal flora were 
reduced through treatment with antibiotics or the experiments 
were performed using germ-free mice. In the second category, 
normal flora were reduced and two strains of E. coli were 
introduced to determine whether one strain could establish itself 
at the expense of the other. 

These sets of experiments indicate that K-12 is a poor 
colonizer. Most strains of E .  coli, including K-12, can colonize 
the intestine when the normal flora is substantially reduced. K- 
12 thus can colonize individuals whose normal intestinal flora is 
reduced through antibiotic therapy or is affected by other 
variables that can affect colonization such as anti-motility 
drugs. Similarly, E. coli K-12 can colonize germ-free mice, but 
is quickly displaced when the mice are fed other E. coli 
(Curtiss, 1978). In co-colonization experiments, E. coli K-12 
has consistently been outcompeted by other E. coli. These 
studies indicate that K-12 is a poor colonizer and that 
indigenous intestinal microorganisms have a large competitive 
advantage over K-12 strains. 

Aside from K-12's inherent decreased ability to colonize the 
gut, the culture conditions under which a K-12 strain is grown 
decrease the ability of the strain to colonize the 
gastrointestinal tract. Indeed, organisms grown under laboratory 
or fermentation conditions in general are not particularly 
competitive in comparison to microorganisms isolated from the 
environmental niche of the organism. Similarly, E. coli, which 
had been grown in continuous-flow cultures, were poor colonizers 
in mice with a normal cecal flora (Freter et al. 1983). 

The medium in which E .  coli are introduced to the GI tract 
is also important. Even in germ-free mice, the survival of K-12 
strains is minimal unless the cultures of bacteria are introduced 
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in a basic buffer such as bicarbonate, since K-12 strains are 
killed by stomach acidity (Freter et al., 1983). 

These two considerations further reduce the probability that 
K-12 strains grown under commercial fermentation conditions will 
be able to colonize the GI tract of workers. Such cultures would 
not be metabolically adapted to the human gut, and the 
microorganisms would not usually be grown in basically buffered 
fermentation media. 

In order to cause disease, a microorganism must colonize a 
site of the human body and express virulence characteristics. On 
the basis of colonization alone, E .  coli K-12 is innately 
defective as a pathogen, and a very low likelihood of acting as a 
pathogen of humans or animals. 

The ability of certain E .  coli serotypes to cause disease 
appears to be associated with certain specific capsular antigens. 
These serotypes of E .  coli cause diarrhea, urinary tract 
infection, bacteremia and neonatal meningitis (Silverblatt and 
Weinstein 1979). It appears that colonization of the colon by 
the pathogenic serotype is a precondition for these illnesses 
(Moxon, Glode, Sutton 1977; Silverblatt and Weinstein 1979). The 
likelihood of these types of infections occurring with K-12 is 
thus very low for two reasons. First, since E. coli K-12 is a 
very poor colonizer it is unlikely to establish itself in the 
colon. Second, K-12 lacks adhesion and other virulence factors 
necessary for pathogenesis (Curtiss, 1978, Gorbach 1978, Edberg, 
1991). 

2. Toxin Production 

A number of toxins affecting humans have been identified in 
E. coli: Shiga-like toxins (SLT-I and 11) and heat labile and 
heat stable toxins. The related genus Shigella produces Shiga 
toxin (ST). These toxins are factors through which pathogenic 
serotypes cause diarrhea. 

E. coli K-12 appears to lack the ability to produce 
significant quantities of toxins that affect humans 
1991). There are two studies on production of toxins in K-12 
strains. O'Brien and Holmes (1987) state that all strains of E. 
coli K-12 examined produced low levels of SLT as detected by 
monoclonal and polyclonal antibodies; however, DNA probes for 
SLT-I did not hybridize with DNA from these strains. 
conflicting results are still unexplained. Edberg (1992) noted 
that strain K-12 was found to be in the low level toxin producing 
category (2X102 - 6X102 CD50 per ml of sonic lysate). 
it is unclear whether this cell line-based assay is measuring an 
actual toxin or a protein that may exert activity against the 
cell. 

(Edberg, 

These 

However, 
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No records of K-12 enterotoxin-induced disease for 
fermentation workers were located in the literature. This is not 
surprising since the K-12 would have to colonize and invade the 
tissue of the GI tract of workers in order to deliver the toxin 
to its site of action. 

3 .  Conclusions 

E .  coli K-12 is not considered a human or animal pathogen 
nor is it toxicogenic. Any concerns for E .  coli K-12 in terms of 
health considerations are mitigated by its poor ability to 
colonize the colon and establish infections. 

B. Environmental Hazards 

1. Hazards to Animals 

A number of experiments with E .  coli K-12 have been 
conducted in animal models (Burton et al. 1974; Freter e t  al., 
1983; Cohen and Laux, 1985; Laux e t  al. 1982; Myhal e t  a l . ) .  

These experiments demonstrate that E .  col i  K-12 will not 
under normal conditions colonize the GI tract of animals. A 
number of researchers have tried in vain to implant K-12 in the 
GI tract of laboratory animals under normal conditions (Freter 
1978, Curtiss 1978). Negative results have been noted in mice, 
pigs, chickens, pigs and calves. K-12 is also unlikely to behave 
as a pathogen 
(Gorbach 1978). 

2. Hazards to Plants 

There are no data that suggest that E .  coli K-12 strains 
have adverse effects on plants. The genus E s c h e r i c h i a  is not 
considered a plant pest species by the U.S. Department of 
Agriculture (7 CFR 330, et seq.) . 

3 .  Hazards Posed to Other Microorganisms 

No evidence exists relative to hazardous effects of E .  coli 
K-12 strains on other microorganisms in the environment (Sayre, 
1991). 

4. Conclusions 

E .  coli  K-12 strains are very unlikely to pose a hazard to 
either animals, plants, or other microorganisms. 
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IV. EXPOSURE ASSESSMENT 

A. Worker Exposure 

E .  coli K-12 is considered an exempt host system under the 
NIH Guidelines. This microorganism also falls under the Class 1 
Containment under the European Federation of Biotechnology 
guidelines (Frommer et al., 1989). 

No data were available for assessing the release and 
survival specifically for fermentation facilities using E .  coli. 
Therefore, the potential worker exposures and routine releases to 
the environment from large-scale, conventional fermentation 
processes were estimated on information available from eight 
premanufacture notices submitted to EPA under TSCA Section 5 and 
from published information collected from non-engineered 
microorganisms (Reilly, 1991). These values are based on 
reasonable worst-case scenarios and typical ranges or values are 
given for comparison. 

During fermentation processes, worker exposure is possible 
during laboratory pipetting, inoculation, sampling, harvesting, 
extraction, processing and decontamination procedures. A typical 
site employs less than 10 workers/shift and operates 24 hours/day 
throughout the year. NIOSH has conducted walk-through surveys of 
several fermentation facilities in the enzyme industry and 
monitored for microbial air contamination. These particular 
facilities were not using recombinant microorganisms, but the 
processes were considered typical of fermentation process 
technology. Area samples were taken in locations where the 
potential for worker exposure was considered to be potentially 
greatest, i.e., near the fermentor, the seed fermentor, sampling 
ports, and separation processes (either filter press or rotary 
drum filter). The workers with the highest potential average 
exposures at the three facilities visited were those involved in 
air sampling. Area samples near the sampling port revealed 
average airborne concentrations ranging from 350 to 648 cfu/m3. 
Typically, the Chemical Engineering Branch would not use area 
monitoring data to estimate occupational exposure levels since 
the correlation between area concentrations and worker exposure 
is highly uncertain. Personal sampling data are not available at 
the present time. Thus, area sampling data have been the only 
means of assessing exposures for previous PMN biotechnology 
submissions. Assuming that 20 samples per day are drawn and that 
each sample takes up to 5 minutes to collect, the duration of 
exposure for a single worker will be about 1.5 hours/day. 
Assuming that the concentration of microorganisms in the worker's 
breathing zone is equivalent to the levels found in the area 
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sampling, the worst-case daily inhalation exposure is estimated 
to range up to 650 to 1200 cfu/day. The uncertainty associated 
with this estimated exposure value is not known (Reilly, 1991). 

B. Environmental and General Exposure 

1. Fate o f the Orsanism 

The natural habitat of E .  coli is the large bowel of 
mammals. However, E .  col i  K-12 has lost the ability to colonize 
the gut and cannot survive in the bowel for very long. The 
ability of E .  coli to survive under environmental conditions is 
also limited. In one study, E .  co l i  HBlOl introduced into non- 
sterile soil in saline declined to levels below detection (1-20 
cells/g soil) after 21 days. E. coli also declines rapidly in 
seawater. There are of course many factors that determine the 
survival of these organisms in the environment and it is unlikely 
that all the introduced E. coli would die. However, it is 
reasonable to assume that over the long term, populations of E .  
coli K-12 in soil would be very low. E .  coli released to air 
would not be expected to survive well because of the low nutrient 
levels and drying conditions (LaVeck, 1991). 

2. Releases 

Estimates of the number of E .  co l i  organisms released during 
production are tabulated in Table 1 (Reilly, 1991). The 
uncontrolled/untreated scenario assumes no control features for 
the fermentor off-gases, and no inactivation of the fermentation 
broth for the liquid and solid waste releases. The containment 
criteria required for the full exemption scenario assume the use 
of features or equipment that minimize the number of viable cells 
in the fermentor off-gases. They also assume inactivation 
procedures resulting in a validated 6-log reduction of the number 
of viable microorganisms in the liquid and solid wastes relative 
to the maximum cell density of the fermentation broth. 

TABLE 1. Estimated Number of Viable E .  col i  
Organisms Released During Production 

Uncontrolled/ Full 
Release Media Untreated Exempt ion Release 

(cfu/day) (cfu/day) (days /yr ) 

Air Vents 2X1O8 - lxloll <2X108 - 1x1O1l 350 
Rotary Drum Filter 250 250 350 
Surface Water 7x1 0l6 7x1 0'' 90 
Soil/Landfill 7x1 01* 7x1 O I 2  90 
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Source: Reilly, 1991  

These are ilworst-caseil estimates which assume that the maximum 
cell density in the fermentation broth for bacteria is 10” 
cfu/ml, with a fermentor size of 70,000 liters, and the 
separation efficiency for the rotary drum filter is 99 percent. 

3 .  Air 

Specific data which indicate the survivability of E .  coli in 
the atmosphere after release are currently unavailable. Survival 
of vegetative cells during aerosolization is typically limited 
due to stresses such as shear forces, desiccation, temperature, 
and W light exposure. Survival of E. coli K-12 after release is 
expected to be poor because its normal habitat is the human 
intestinal tract. However, as with naturally-occurring strains, 
human exposure may occur via inhalation as the organisms are 
dispersed in the atmosphere attached to dust particles, or lofted 
through mechanical or air disturbance. 

Air releases from fermentor off-gas could potentially result 
in nonoccupational inhalation exposures due to point source 
releases. To estimate exposures from this source, the sector 
averaging form of the Gaussian algorithm described in Turner 
(1970) was used. For purposes of this assessment, a release 
height of 3 meters and downward contact at a distance of 100 
meters were assumed. Assuming that there is no removal of 
organisms by controls/equipment for off-gases, potential human 
inhalation dose rates are estimated to range from 3 .0  x l o 3  to 
1.5 x l o 6  cfu/year for the uncontrolled/untreated scenario and 
less than that for systems with full exemptions. It should be 
noted that these estimates represent hypothetical exposures under 
reasonable worst case conditions (Versar, 1 9 9 2 ) .  

4. Water 

The concentrations of E .  coli in surface water were 
estimated using stream flow values for water bodies receiving 
process wastewater discharges from facilities within SIC Code 283 
(drugs, medicinal chemicals, and pharmaceuticals). The surface 
water release data (cfu/day) tabulated in Table 1 were divided by 
the stream flow values to yield a surface water concentration of 
the organism (cfu/l). The stream flow values for SIC Code 283 
were based on discharger location data retrieved from the 
Industrial Facilities Dischargers (IFD) database on December 5,  
1991,  and surface water flow data retrieved from the RXGAGE 
database. Flow values were obtained for water bodies receiving 
wastewater discharges from 154 indirect (facilities that send 
their waste to a POTW) and direct dischargers facilities that 
have a NPDES permit to discharge to surface water). Tenth 
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percentile values indicate flows for smaller rivers within this 
distribution of 154 receiving water flows and 50th percentile 
values indicate flows for more average rivers. The flow value 
expressed as 7Q10 is the lowest flow observed over seven 
consecutive days during a 10-year period. The use of this 
methodology to estimate concentrations of E .  coli in surface 
water assumes that all of the discharged organisms survive 
wastewater treatment and that growth is not enhanced by any 
component of the treatment process. Estimated concentrations of 
E .  coli in surface water for the uncontrolled/untreated and the 
full exemption scenarios are tabulated in Table 2 (Versar, 1992). 

TABLE 2. E .  coli Concentrations in Surface Water 

Flow 
Receiving 
Stream Flow 

(MLD*) 
Organisms 
(cfu/l) 

Mean 7Q10 Mean 7Q10 

Uncontrolled/Untreated 
10th Percentile 156 5.60 4.5~10' 1.25~10~' 
50th Percentile 768 68.13 9. 11x107 1.03~10~ 

Full Exemption 
10th Percentile 156 5.60 4.5~10' 1. 25x104 
50th Percentile 768 68.13 9.11~10~ 1. O3x1O3 

*MLD = million liters per day 
Source: Versar, 1992 

5. Soil 

Since E. coli is not a normal inhabitant of the soil, its 
survival would not be expected under these conditions. According 
to LaVeck (1991), E .  coli HBlOl introduced into non-sterile soil 
in saline declined to levels below detection (1-20 cells/g soil) 
after 21 days. Based on this study, and other studies cited in 
the section on environmental hazards and LaVeck (1991), survival 
of various strains of E .  coli could range from 0 - l o 4  cells/gram 
of soil. 

6. Summarv 

Although direct monitoring data are unavailable, worst case 
estimates do not suggest high levels of exposure of E .  co l i  K-12 
to either workers or the public resulting from normal 
fermentation operations. 

0 0 0 0 6 3  
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V. INTEGRATION OF RISK 

A .  Discussion 

E .  coli K-12 is a well-studied bacterium which has been the 
subject of extensive research in microbial physiology and 
genetics and commercially exploited for a variety of industrial 
uses. The natural habitat of the parent species, E .  coli, is the 
large bowel of mammals. E. coli K-12 has a history of safe use. 
Its derivatives are currently used in a large number of 
industrial applications, including the production of specialty 
chemicals (e.g., L-aspartic, inosinic, and adenylic acids) and 
human drugs such as insulin and somatostatin. An insulin-like 
hormone for use as a component of cell culture media, resulting 
from a fermentation application in which E .  coli was used as the 
recipient, has already been reviewed under TSCA (Premanufacture 
Notice P87-693). 

E. coli K-12 was originally isolated from a convalescent 
diphtheria patient in 1922 (Bachmann, 1972). Because it lacks 
virulence characteristics, grows readily on common laboratory 
media, and has proven to be a valuable tool for microbial 
physiology and genetics research, it has become the standard 
bacteriological strain used in microbiological research and 
teaching. E .  coli K-12 is now considered an enfeebled organism 
as a result of being maintained in the laboratory environment for 
over 70 years (Williams-Smith, 1978). As a result, K-12 strains 
are unable to colonize the intestines of humans and other animals 
under normal conditions. 

E. coli K-12 strains are not likely to pose a risk to human 
or animal health, to plants, or to other microorganisms. E .  coli 
K-12 has been utilized for 70 years, often in industrial settings 
with high volumes and cell densities. Moreover, E. coli K-12 has 
been employed extensively in research laboratories. In the 
industrial setting with the use of appropriate industrial 
practices for handling microorganisms, and with good laboratory 
practices in the research setting, the potential for K-12 strains 
to colonize the human colon is quite low. 

Likewise, the ecological risks associated with the use of E .  
coli K-12 are low. Industrial fermentation uses of this organism 
are expected to result in a low number of microorganisms released 
from the fermentation facility. Given its natural habitat of the 
large bowel of mammals, E. coli will not likely survive for long 
periods in soil, water, or air. E. coli K-12 has lost the 
ability to colonize the gut and has been shown to have poorer 
survival characteristics in soil and water than other E. coli. 
The ability of E. coli to survive under environmental conditions 
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is thus very limited. E .  coli K-12 has no known survival 
mechanisms in the environment, such as the ability to produce 
spores. 

In conclusion, the use of E .  coli K-12 under contained 
conditions in fermentation facilities present low risk. 

B. Recommendations 

E .  coli K-12 is recommended for the tiered exemption. 
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SUMMARY 

The test substance, H-24783, was tested in the chromosome aberration assay using 
Chinese hamster V79 cells in both the absence and presence of an Aruclor-induced S9 
activation system in order to evaluate the clastogenic potential of the test substance. The 
assay was conducted following the US EPA Health Effects Test Guidelines (OPPTS 870.5550, 
1998), the Commission Directive 87/302/EEC, EEC Part B and the OECD Guideline for the 
Testing of Chemicals, Guideline 473 (198). 

Water was determined to be the solvent of choice based on the solubility of the test 
substance and compatibility with the target cells. The test substance was soluble in water at a 
concentration of 50 mg/mL, the maximum concentration tested. 

In the chromosome aberration assay, the maximum dose tested was 5000 pg/m.L. The cells 
were treated for 4 and 20 hours in the non-activated test system and for 4 hours in the S9 
activated test system, and all cells were harvested at 20 hours after treatment initiation. The test 
substance was soluble in treatment medium at all dose levels in all treatment conditions. 

Selection of dose levels for the cytogenetics test was based upon post-treatment cell growth 
inhibition relative to the solvent control and solubility of the test substance. 

Y 

4 16 20 - NoneatSOOO 15% None None 
20 0 20 - 9%at5OOO 9% None None 
4 I 16 20 None None - * relative to solvent control at high dose evaluated for chromosome aberrations 

The positive and solvent controls fulfilled the requirements for a valid test. Based on the 
fmdings of this study, H-24783 was concluded to be negative for the induction of structural and 
numerical chromosome aberrations in Chinese hamster V79 cells in the presence and absence 
of Aroclor-induced rat liver S9. 
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PURPOSE 

The purpose of this study was to evaluate the clastogenic potential of a test substance based 
upon its ability to induce chromosome aberrations in Chinese hamster V79 cells, according to 
the guidelines set forth by the OECD Guideline for the Testing of Chemicals, Guideline 473 
(1998), the US EPA Health Effects Test Guidelines, OPPTS 870.5550 (1998) and the 
Commission Directive 87/3ouEEC, EEC Part B. 

The test substance, H-24783, was received by BioReliance on 8 February 2001 and was 
assigned the code number AA41BC. The test substance was characterized by the Sponsor as a 
colorless liquid that should be stored at ambient temperahue with an expiration date of 22 
December 2003, provided by the Sponsor. Upon receipt, the test substance was described as a 
clear colorless liquid and was stored at room temperature, protected from exposure to light. 

The solvent used to deliver H-24783 to the test system was sterile water (CAS 7732-18-5), 
from Life Technologies Company. Mitomycin C (MMC; CAS No.: 50-07-7), was obtained 
from Sigma Chemical Company, and was dissolved and diluted in sterile distilled water to 
stock concentrations of 1 and 2 MmL, for use as the positive control in the non-activated test 
system. Cyclophosphamide (CP; CAS No.: 6055-19-2), was obtained from Sigma Chemical 
Company, and was dissolved and diluted in sterile distilled water to stock concentrations of 100 
and 200 &mL for use as the positive control in the S9 activated test system. For each positive 
control one dose with sufficient scorable metaphase cells was selected for analysis. The solvent 
for the test substance was used as the solvent control at the same concentration as that found in 
the test substance-treated groups. 

Test System 

Chinese hamster V79 cells were obtained from Dr. George Krautter (cell freeze date: 
29 November 1999), Macon, GA. In order to assure the karyotypic stability of the cell line, 
working cell stocks were not used beyond passage 20. The freeze lot of cells was tested using 
the Hoechst staining procedure and found to be free of mycoplasma contamination. The 
Chinese hamster V79 cells were grown in 9% Dulbecco’s modified eagles medium (DMEM, 
Gibco BRL # 41965-039) containing sodium pyruvate, glucose and pyridoxine HCl. To 500 
mL of culture medium 50 mL of heat - inactivated fetal calf serum, 2.6 mL 
pnici1Wstreptomycin (10,000 I U / d  10,OOO p g / d ,  Gibco BRL # 35400-027) were added. 

Metabolic Activation System 

Aroclor 1254-induced rat liver S9 was used as the metabolic activation system. The S9 was 
prepared from male Sprague-Dawley rats induced with a single intraperitoneal injection of 
Aroclor 1254,500 mg/kg, five days prior to sacrifice. The S9 was batch prep& and stored at 

BioReliance 
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S7O"C until used. Each bulk preparation of S9 was assayed for sterility and its ability to 
metabolize 2-aminoanthracene and 7,12-dimethylbenz(a)anthracene to forms mutagenic to 
Salmonella typhimurium TA100. 

Immediately prior to use, the S9 was thawed and mixed with a cofactor pool to contain 2 
mM magnesium chloride, 6 mM potassium chloride, 1 mM glucose-6-phosphate, 1 mM 
nicotinamide adenine dinucleotide phosphate (NADP) and 20 pL, S9 per milliliter medium 
(serum-free DMEM supplemented with, 100 units penicillin and 100 pg streptomycin/mL, and 
2 mM Gglutamine). 

Solubility Test 

A solubility test was conducted to select the solvent. The test was conducted using purified 
water. The test substance was tested to determine the solvent that permitted preparation of the 
highest soluble stock concentration, up to 50 mg/mL. 

Chromosome Aberration Assay 

Selection of dose levels for the cytogenetics test was based upon post-treatment cell growth 
inhibition relative to the solvent control and solubility of the test substance. Whenever possible, 
the high dose to evaluate chromosome aberrations was selected to give at least 50% reduction in 
cell growth. The chromosome aberration assay was performed using standard procedures 
(Evans, 1976), by exposing duplicate cultures of V79 cells to the test substance as well as 
positive and solvent controls. For the chromosome aberration assay, V79 cells were seeded at 
approximately 5 x 16 cells/25 cm2 flask and were incubated at 37kl"C in a humidified 
atmosphere of 5*1% C@ in air for 16-24 hours. Treatment was carried out by r e f d g  
duplicate flasks with 4.5 mL complete medium (DMEM supplemented with 10% FBS, 100 
units penicillin and 100 crg StreptomycWmL, and 2 mM Lglutamine) for the non-activated 
study or 4.5 mL S9 reaction mixture for the S9 activated study, to which was added 500 pL of 
dosing solution of test or control substance in solvent or solvent alone. The osmolality of the 
highest concentration of dosing solution in the treatment medium was measured. The pH of the 
highest concentration of dosing solution in the treatment medium was measured using test tape. 

In the non-activated study, the cells were exposed to the test substance for 4 hours or 
continuously for 20 hours up to the cell harvest at 37kl"C in a humidified atmosphere of 5*1% 
C@ in air (Swierenga et al., 1991). In the 4 hour exposure group, after the exposure period, the 
treatment medium was removed, the cells washed with calcium and magnesium free phosphate 
buffered saline (CMF-PBS), refed with complete medium and retumed to the incubator. Two 
hours prior to the scheduled cell harvest, Colcemid@ was added to duplicate flasks for each 
treatment condition at a final concentration of 0.1 pg/mL and the flasks retumed to the 
incubator until cell collection. 

In the S9 activated study, the cells were exposed for 4 hours at 37kl"C in a humidified 
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atmosphere of 5*1% C& in air (Swierenga et al., 1991). After the exposure period, the 
treatment medium was removed, the cells washed with CMF-PBS, refed with complete 
medium and retuned to the incubator. Two hours prior to the scheduled cell harvest, 
Colcernid@ was added to duplicate flasks for each treatment condition at a h a l  concentration of 
0.1 pg/mL and the flasks were returned to the incubator until cell collection. 

A concurrent toxicity test was conducted in both the non-activated and the S9 activated test 
systems. After cell harvest an aliquot of the cell suspension was removed from each culture and 
counted using a Coulter counter. The presence of test substance precipitate was assessed using 
the unaided eye. Cell viability was determined by trypan blue dye exclusion. The cell counts 
and percent viability were used to determine cell growth inhibition relative to the solvent 
control. 

Collection of Metaphase Cells 

Two hours after the addition of Colcemid@, metaphase cells were harvested for both the 
non-activated and S9 activated studies by trypsinization. Cells were collected approximateJy 20 
hours after initiation of treatment (Galloway et al., 1994). The cells were collected by 
centrifugation at approximately 800 rpm for 5 minutes. The cell pellet was resuspended in 2-4 
mL 0.075 M potassium chloride (KCl) and allowed to stand at room temperature for 4-8 
minutes. The cells were collected by centrifugation, the supematant aspirated and the cells 
fixed with two washes of approximately 2 mL, Carnoy’s fixative (methano1:glacial acetic acid, 
3: 1, v/v). The cells were stored overnight or longer in fixative at approximately 2-8°C. 

Slide Preparation 

To prepare slides, the fmed cells were centrihged at approximately 800 rpm for 5 minutes, 
the supernatant was aspirated, and 1 mL fresh fmative was added. After additional 
centrifugation (at approximately 800 rpm for 5 minutes) the supernatant fluid was decanted and 
the cells resuspended to opalescence in fresh fixative. A sufficient amount of cell suspension 
was dropped onto the center of a glass slide and allowed to air dry. Slides were identified by 
the study number, date prepared and the treatmemt condition. The dried slides were stained with 
5% Giemsa, air dried and permanently mounted. 

Evaluation of Metaphase Cells 

Slides were coded using random numbers by an individual not involved with the scoring 
process. To ensure that a sufficient number of metaphase cells were present on the slides, the 
percentage of cells in mitosis per 500 cells scored (mitotic index) was determined for each 
treatment group. Metaphase cells with 2 W  centromeres were examined under oil immersion 
without prior knowledge of treatment groups. Initially, the non-activated and S9 activated 4 
hour exposure groups were evaluated for chromosome aberrations and if a positive result was 
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obtained in the non-activated 4 hour exposure p u p ,  the non-activated 20 hour continuous 
exposure group was not evaluated for chromosome aberrations. A minimum of 200 metaphase 
spreads (100 per duplicate flask) were examined and scored for chromatid-type and 
chromosome-type aberrations (Scott et al., 1990). The number of metaphase spreads that were 
examined and scored per duplicate flask was reduced when the percentage of aberraut cells 
reached a statistically significant level before 100 cells are scored. Chromatid-type aberrations 
include chromatid and isochromatid breaks and exchange figures such as quadriradials 
(symmetrical and asymmetrical interchanges), triradials, and complex rearrangements. 
Chromosom&w aberrations include chromosome breaks and exchange figures such as 
dicentrics and rings. Fragments (chromatid or acentric) observed in the absence of any 
exchange figure were scored as a break (chromatid or chromosome). Fragments observed with 
an exchange figure were not scored as an aberration but instead were considered part of the 
incomplete exchange. Pulverized chromosome(s), pulverized cells and severely damaged cells 
(210 aberrations) were also recorded. Chromatid and isochromatid gaps were recorded but not 
included in the analysis. The XY coordinates for each cell with chromosomal aberrations were 
recorded using a calibrated microscope stage. Polyploid and endoreduplicated cells were 
evaluated from each treatment flask per 100 metaphase cells scored. 

Controls 

Mitomycin C was used as the positive control in the non-activated study at final 
concentrations of 0.1 and 0.2 pg/mL. Cyclophosphamide was used as the positive control in the 
S9 activated study at final concentrations of 10 and 20 pg/mL. For both positive controls the 
dose level exhibiting a sufficient number of scorable metaphase cells was selected for analysis. 
The solvent vehicle for the test substance was used as the solvent control at the same 
concentration as that found in the test substance-treated groups. 

Evaluation of Test Results 

The toxic effects of treatment were based upon cell growth inhibition relative to the 
solvent-treated control and are presented for the aberration studies. The number and types of 
aberrations found, the percentage of structurally and numerically damaged cells (percent 
aberrant cells) in the total population of cells examined, and the mean aberrations per cell 
was calculated and reported for each group. Chromatid and isochromatid gaps are presented 
in the data but are not included in the total percentage of cells with one or more aberrations or 
in the frequency of structural aberrations per cell. 

Statistical analysis of the percent aberrant cells was performed using the Fisher’s exact test. 
Fisher’s test was used to compare pairwise the percent abemt  cells of each treatment group 
with that of the solvent control. In the event of a positive Fisher’s test at any test substance dose 
level, the Cochran-Armitage test was used to measure dose-responsiveness. 
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All conclusions were based on sound scientific basis; however as a guide to interpretation of 
the data, the test substance is considered to induce a positive response when the percentage of 
cells with abemtions was increased in a dose-responsive manner with one or more 
concentrations being statistically significant (pso.05). If the test substance did not demonstrate 
a statistically signilkant increase in abemtions it was concluded to be negative. 

Criteria for a Valid Test 

The use of the V79 cell line was based on the Sponsor’s request and this cell line is not 
commonly used in chromosome aberration studies. The frequency of cells with structural 
chromosome abemtions in the solvent control must be i 6%. The percentage of cells with 
chromosome abehons  in the positive control must be statistically i n c d  @.OS, Fisheis 
exact test) relative to the solvent control. 

Deviations 

No known deviations from the protocol or assay method SOPS occurred during the conduct 
of this study. 

All raw data, the protocol, all reports, and stained and coded slides will be maintained 
according to Standard Operating Procedure OFQP3040 by the BioReliance RAQA unit 
headquartered at: BioReliance, 14920 Broschart Road, Rockville, MD 20850. Paper records 
will be retained for at least three years after which time the Sponsor will be contacted for a 
decision as to the fmal disposition of the materials. All study materials returned to the Sponsor 
or destroyed will first be copied and the copy will be retained in the BioReliance archives for a 
minimuxi of 10 years. 

- 

Solubility 

RESULTS AND DISCUSSION 

Water was determined to -e the solvent of choice based on L e  solubility o the test 
substance and compatibility with the target cells. The test substance was soluble in water at a 
concentration of 50 mg/mL, the maximum concentration tested. 

Prehmuy Toxicity Assay . .  
In the absence of test substance precipitation and toxicity, 5000 p@mL was the highest dose 

selected for analysis. Two additional dose levels were also included. V79 cells were exposed to 
solvent alone and to nine concentrations of test substance ranging h m  0.5 pg/mL to 5000 
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p g / d  in the absence and presence of an S9 reaction mixture. The results of the evaluation of 
cell growth inhibition are presented in Tables 1, 2 and 3. The test substance was soluble in 
treatment medium at all dose levels tested in all treatment conditions. Based upon the results of 
the toxicity study, the dose levels selected for evaluation in the chromosome aberration assay 
were as follows: 

Treatment Treatment Recovery Dose levels 

@ours) olours) 
Condition Time Time WmL)  

4 16 625,1250,2500,5000 
-S9 non-activated 
-S9 non-activated 20 0 625,1250,2500,5000 

69activated 14 I 625,1250,2500, 5000 I 
Chromosome Aberration Assay 

In the non-activated chromosome aberration assays the osmolality in treatment medium of 
the highest concentration tested, 5000 pg/mL, was 323 mmoYkg. The osmolality of the solvent 
(water) in treatment medium was 299 mmolkg. The pH of the highest concentration of test 
substance in treatment medium was approximately 7. Changes of higher than 50 m o l  are not 
acceptable. 

No toxicity of H-24783 (cell growth inhibition, relative to the solvent control) in V79 cells 
when treated for 4 hours in the absence of S9 activation was observed at 5000 pg/d,  the 
highest test concentration evaluated for chromosome aberrations (Table 4). The activity of H- 
24783 in the induction of chromosome abedons  is presented by treatment flask in Table 5 
and summarized by group in Table 10. The mitotic index at the highest dose level evaluated for 
chromosome aberrations, 5000 p&nL, was 15% reduced relative to the solvent control. The 
dose levels selected for microscopic analysis were 1250,2500 and 5000 pg/mL. The percentage 
of cells with structural and numerical aberrations in the test substance-treated groups was not 
significantly increased above that of the solvent control (pM.05, Fisher's exact test). The 
percentage of cells with structurally damaged chromosomes in the MMC (positive control) 
treatment group (1 1.5%) was found to be statistically significant. 

No toxicity of H-24783 (cell growth inhibition relative to the solvent control) in V79 cells 
when treated for 4 hours in the presence of S9 activation was observed at 5000 pg/mL., the 
highest test concentration evaluated for chromosome aberrations (Table 6). The activity of H- 
24783 in the induction of chromosome aberrations is presented by treatment flask in Table 7 
and summarized by group in Table 10. The mitotic index at the highest dose level evaluated for 
chromosome aberrations, 5000 pg/mL, was 29% reduced relative to the solvent control. The 
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dose levels selected for microscopic analysis were 1250,2500 and 5000 pg/d. The percentage 
of cells with structural and numerical aberrations in the test substance-treated groups was not 
statistically increased above that of the solvent control (pfl.05, Fisher's exact test). The 
percentage of cells with structurally damaged chmosomes in the CP (positive control) 
treatment group (2 1 .O%) was found to be statistically signiiicanL 

In the absence of a positive response in the non-activated 4 hour exposure group, slides 
from the non-activated 20 hour exposure group were evaluated for chromosome aberrations. 
Toxicity of H-24783 (cell growth inhibition relative to the solvent control) was 9% at 5000 
p g / d ,  the highest test concentration evaluated for chromosome aberrations in the non- 
activated 20 hour continuous exposure group ("able 8). The activity of H-24783 in the 
induction of chromosome aberrations is presented by treatment flask in Table 9 and 
Summanzed * by group in Table 10. The mitotic index at the highest dose level evaluated for 
chromosome aberrations, 5000 pg/mL, was 9% reduced relative to the solvent control. The 
dose levels selected for microscopic analysis were 1250, 2500 and 5000 p d d .  The 
percentage of cells with structural or numerical aberrations in the test substance-treated groups 
was not significantly increased above that of the solvent control (pfl.05). The percentage of 
cells with structurally damaged chromosomes in the MMC (positive control) treatment group 
(29.0%) was found to be statistically significant. 

CONCLUSION 

The positive and solvent controls fulfilled the requirements for a valid test. 

Based on the findings of this study, H-24783 was concluded to be negative for the induction 
of structural and numerical chromosome aberrations in Chinese hamster V79 cells in the 
presence and absence of Arwlor-induced rat liver S9. 
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TABLE 1 
PRELIMINARY TOXICITY TEST IN V79 C E U S  TREATED WITH W4783 IN 

THE ABSENCE OF EXOGENOUS METABOLIC ACTIVATION 

4 HOUR TREATMENT, 16 HOUR RECOVERY PERIOD 

Treatment 
P m L  

Vi& cell cell 

(x1m (%) ( x m  (%I (%I 

Cell Cell CeW Growth Growth 
Count Wability Flask Index Inhibition 

Water 

H-24783 
0.5 

1.5 

5 

15 

50 

150 

500 

1500 

5Ooo 

0.84 

1.03 

1.12 

0.95 

1.18 

1.1 1 

0.94 

0.98 

0.83 

0.96 

98% 

99% 

100% 

98% 

99% 

100% 

100% 

98% 

97% 

96% 

0.82 

1.02 

1.12 

0.93 

1.17 

1.11 

0.94 

0.96 

0.01 

0.92 

100% 

124% 

136% 

113% 

142% 

135% 

114% 

118% 

98% 

113% 

-24% 

-36% 

-1 3% 

-42% 

-35% 

-14% 

-1 8% 

2% 

-13% 

Treatment V79 celk wem treated in the absance of an exogenous sou~c8 of 
metabolic activation for 4 hours at 37WC. 
Cell Vlabllky: determined by trypan blue dye exdusion. 
vipbk celklllark = cell count x % v i a b  cells 
Cell Growth Index - (cells per flask bated group/wlls per Rssk control group), 
expf8ssed as a percentage. 
Cell growth Inhibition = 100% - % cell growth index; not calculated for negative controls. 
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TABLE2 
PRELIMINARY TOXICITY TEST IN W9 CEUS TREATED WITH ti24783 IN 

THE PRESENCE OF EXOGENOUS METABOLIC ACTIVATION 

4 HOURTREATMENT, 16 HOUR RECOVERY PERIOD 

Tmatment 
rshnL 

Water 

I+-24783 
0.5 

1.5 

5 

15 

50 

150 

500 

1500 

5Ooo 

0.88 

0.95 

1.16 

0.97 

0.88 

0.91 

0.91 

0.91 

0.95 

0.98 

98% 

94% 

98% 

98% 

97% 

98% 

99% 

99% 

100% 

98% 

0.86 

0.89 

1.14 

0.96 

0.86 

0.89 

0.90 

0.91 

0.95 

0.W 

100% 

104% 

132% 

111% 

100% 

104% 

105% 

105% 

110% 

112% 

-4% 

-32% 

-11% 

0% 

-4% 

-5% 

-5% 

-1 0% 

-1 2% 

Tnrtnrmt: V79 celk wm treated in the pmsenco of an exogenous source d 
metabolic activation for 4 hwn at 37*1'C. 
Cell W8biiity: determined by trypan blue dye exdwkn. 
VIablo cell.ltlrrk = cell count x %viable cella 
Cell Growth Inda - (celk per flask treated grouplcells per flask control group). 
expressed as a percentage. 
Call ~ m w t h  inhibition = 100% - % -11 growth index; not calculated for negative controls. 
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TABLE 3 
PRELIMINARY TOXICITY TEST IN V79 CELLS TREATED Wrm H24783 IN 

MEABSENCEOF EXOGENOUS METABOUCACTNATON 

20 HOUR CONTINUOUS TREATMENT 

Water 

H.24783 
0.5 W L  

1.5 ~@ml 

5ushnL 

15 UglmL 

50 UglmL 

150 UglmL 

500 @mL 

15OOuglml 

5OOO WmL 

0.89 

0.86 

1 .oo 

0.99 

0.98 

1.13 

0.91 

0.92 

0.97 

1.21 

99% 

98% 

97% 

98% 

99% 

98% 

97% 

99% 

98% 

96% 

0.89 

0.85 

0.97 

0.97 

0.97 

1.11 

0.88 

0.92 

0.95 

1.16 

100% 

96% 

110% 

110% 

110% 

125% 

100% 

103% 

107% 

131% 

4% 

-10% 

-10% 

-1 0% 

-25% 

0% 

-3% 

-7% 

-31 % 

T- V79 cells were tmaM in the absence of an exogmoua source of 
n#tsbollc activation for 20 hours at 37i1.c. 
Cdl Vtblllty: determihad by trypan blue dye exclusion. 
VIablo ulk l lk .k  = cell wnt x % vfabb cell8 
Cell Growth Indox = (cells per thdc treated grouplcslb per llask control group), 
expressed as a percentage. 
Cdl growth lnhlbltlocr 5 100% - % cell growth index; not cablatad for mgativa controls. 
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TABLE 4 

M E  ABSENCE OF EXOGENOUS METABOLIC ACTIVATION 
CONCURRENT TOXICITY TEST IN V79 CELLS TREATED WITH H-24783 IN 

4 HOUR TREATMENT, 16 HOUR RECOVERY PERIOD 

Cell Count Cell MeanCelb CeIIorowth CellGrowth 
Average Viability perFlask Index Inhibition 

Flask (xlm (%) (xi 03 (%) (%I 

Water 

H-24783 
625 

1250 

2500 

MMC 
0.1 

MMC 
0.2 

A 2.07 
B 2.24 

A 2.45 
B 2.36 

A 2.48 
B 2.45 

A 2.64 
B 2.16 

A 2.44 
B 2.36 

A 1.85 
B 2.11 

A 2.03 
B 2.05 

98% 
94% 2.07 100% 

95% 
96% 2.29 111% -11% 

97% 
96% 2.38 115% -1 5% 

98% 
99% 2.36 114% -14% 

97% 
98% 2.34 113% -1 3% 

98% 
98% 1.94 94% 6% 

97% 
W% 1.97 95% 5% 

Treatmonk V79 celk were treated In the absence of an wogenous source of metabolic 
activation for 4 houn at 37kl.C. 
Wl vkblltty: determined by trypan Mw dye exclusion. 
Viable CdklFlask = cell count x % viabb cells, reported as mean of Flasks A and B. 
WI Growth I n k  = (mean calk per flask treated grwplmeon cells per flask control group), 
expmssed as a percentage. 
Wl Growth InhlMtion = 100% - % cell growth Index; not calculated for negative controls. 
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TABLE 5 
CYTOGENETIC ANALYSIS OF W9 CEUTREATED WTH K24783 IN THE 

ABSENCE OF EXOGENOUS METABOLIC ACTIVATION 

4 HOUR TREATMENT, 16 HOUR RECOVERY PERIOD 

Total Number of Structural Abenations 
Mitotic CdlswithAbefratiOns s=@* A - w  

Treatment Flask (%) Scored (%) (%I Br Ex Br Dic Ring Cells Per cell 
Index Cells Numsricel Structural Gaps Chromatid Chromosome Damaged Aberrations 

Water A 16.8 io0 2 0 0 0 0  0 0  0 0 O.OO0 
B 16.0 100 1 0 0 0 0  0 0  0 0 O.OO0 

H-24783 
1250 A 15.2 100 3 0 0 0 0  0 0  0 0 0.000 

B 15.0 100 2 1 1 1  0 0 0  0 0 0.010 

2500 

5000 

MMC 
0.2 

A 14.8 100 1 0 0 0 0  0 0  0 0 O.OO0 
B 15.0 100 0 0 0 0 0  0 0  0 0 O.Oo0 

A 14.2 100 2 1 0 0 0  0 1  0 0 0.010 
B 13.8 100 2 1 0 1  0 0 0  0 0 0.01 0 

A 11.8 io0 1 12 0 5 4  0 3  0 0 0.120 
B 12.4 100 2 11 0 5 5  0 2  0 0 0.120 

Treatment W9 cells were treated for 4 houn at 37kl.C in the absemce of an exogenous source of metabdii activation. 
An additional dose level of 625 pg/mL was tested as a safeguard against excessive toxicity at higher dose levels but was 
not required for mkmsuopk examination. 
Mitotk Index = number mitotic Lures x 1001500 celk counted. 
%Aberrant Cells: numerical cells indude polyploid and endoreduplicPted cells; structural cells exclude calls with only 
gaps. 
Chromatid Breaks (Br) indude chromatid and isochromatid breaks and fragments; chromatid etxchanga figures (Ex) 
indude quadriradiah, triradiab and m p k x  rearrangements. 
Chromosome Breaks (BO Include breaks and acentric fragments; Dic, dicentrk ch-. 
Sewnly Damtqpd Cdh includes celk with ona or mom pulverized chmmosome and cells with 10 or rncm structural 
aberrations. 
Average Abarmtlonr Per Cell: severely damaged cells and pulverizations WR counted as 10 aberrations. 
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TABLE 6 
CONCURRENT TOXlCrrY TEST IN V79 CELLS TREATED WITH H-247831N 

THE PRESENCE OF EXOOENOUS METABOUCACTIVATWN 

4 HOUR TREATMENT, 16 HOUR RECOVERY PERIOD 

Cell Count Cell Mean Cells Cell Growth Cell Growth 
Average Viability perFlask IfldOJt Inhibition 

Flask (xi@ ( x m  (%) (%) 

Water 

K24783 
625 

1250 

2500 

CP 
10 

CP 
20 

A 2.07 
B 2.23 

A 2.37 
B 2.42 

A 2.49 
0 2.23 

A 2.37 
B 2.26 

A 2.45 
B 2.59 

A 1.95 
B 2.41 

A 1.74 
B 1.94 

99% 
99% 2.13 100% 

100% 
98% 2.37 112% -1 2% 

97% 
96% 2.28 107% -7% 

98% 
99% 2.28 107% -7% 

94% 
96% 2.39 112% -12% 

99% 
98% 2.15 101% -1 % 

97% 
98% 1.79 84% 16% 

Tmatmsnt W9 cab  were treated in the presence of an exogenous source of metabolic 
activation for 4 hours at 37fl'C. 
Cell VkMlity: dete~nnined by trypan blw dye exckrrion. 
Vlabk Cdldflask = call count x % viable cells, reported as m a n  of Flasks A and 6. 
Cell Growth Index = (mean cells per flask treated grouplmean calls per flask control group), 
expressed as a percentage. 
Cell Growth InhiMtion = 100% - % cell growth index; not calculated for negative controls. 
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TABLE7 
CYTOGENrnC ANALYSIS OF V79 CEUSTREATED WITH H-24783 IN THE 

PRESENCE OF EXOGENOUS METABOLIC ACTIVATION 

4 mXlR TFEATMENT, 16 HOUR RECOVERY PERlOO 

Total Number of Structurai Aberrations 
Mitotic Cells with Aberrations Severely Average 

Treatment Index Cells Numerical St~ctuml Gaps Chmmatii ChKwnosome Damaged Abermtbns 
WmL Flask (%) Sand (%) (%I Br Ex Br Dic Rhg Cells Per Cell 

Water A 11.2 100 1 0 0 0 0  0 0  0 0 0.OOO 
B 10.6 100 1 0 0 0 0  0 0  0 0 0. OOO 

H-24783 
1250 A 13.6 100 1 0 0 0 0  0 0  0 0 O.OO0 

B 13.0 100 0 0 0 0 0  0 0  0 0 O.OO0 

2500 

CP 
10 

A 9.0 100 2 0 0 0 0  0 0  0 0 O.OO0 
B 10.6 100 1 0 0 0 0  0 0  0 0 O.OO0 

A 7.6 100 2 0 0 0 0  0 0  0 0 O.OO0 
B 7.8 100 1 0 0 0 0  0 0  0 0 O.OO0 

A 7.0 50 2 22 0 25 1 3 0  0 0 0.580 
B 6.2 50 1 20 0 17 1 3 0  0 1 0.620 

Tmatment: V79 celb wem treated for 4 hours at 37*1 ‘C in the presence of an exogenous source of metabolic activation. 
An additional dose level of 625 pg/mL was tested as a !safeguard against exawhm toxkity at higher dose levels but was 
not required for m m k  examination. 
MitotSc Index = number mitotic figures x 1001500 cells counted. 
%Aberrant Cells: numerical cells include polyploid and endoreduplicated cells; structural cells exclude cells with only 
gaps. 
Chromatid Broakr (Br) in- chromatid and isochromatid breaks and fragments; chromabid exchange tigum (Ex) 
indude quadriradiala, triradiab and compbx rearrangements. 
Chromosome Breaks (Br) indude breaks and acentric fragments; Dc, dicentric chromooome. 
Sevedy Damaged Cells indudes cells with one or mom puhrired chmmsom and cells with 10 or mom structural 
aberratiws. 
Avorage Abe~~atlonm Per Cell: severely damaged cells and pulverizations wers counted as 10 aberrations. 
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TABLE 8 
CONCURRENT TOXICITY TEST IN V79 CEUS TREATED WlTH H-247831N 

THE ABSENCE OF MOOENOUS METABOUCACTWATION 

20 HOUR CONTINUOUS TREATMENT 

Tmatment 
WmL 

Cell Cwnt Cell MeanCelk CellGrowth CellGrowth 
Average Viability perflask Indeu Inhibition 

Flask ( x l m  (W (xi 07 (%I (%I 

Water 

H-24783 
625 

1250 

2500 

MMC 
0.1 

MMC 
0.2 

A 2.51 97% 
0 2.07 96% 2.59 1009c 

A 2.45 98% 
0 2.06 99% 2.22 66% 14% 

A 2.47 98% 
B 2.23 97% 2.29 88% 12% 

A 2.42 97% 
0 2.24 95% 2.24 86% 14% 

A 2.54 95% 
0 2.37 96% 2.35 91 % Q% 

A 2.02 98% 
0 2.37 97% 2.53 98% 2% 

A 2.06 95% 
0 2.25 98% 2.08 80% 20% 

Tnatmmt: W9 cells wem tmsted in the absence of an exogenous soufw of mebbolic 
activation for 20 hours at 37kl.C. 
Cot1 Wabllky: ckttennined by trypan blue dye exclusion. 
Wablr CellrlFlrrk = cell count x % viabb ceb, reportad as mean of Flasks A and 0. 
Cell Growth Indox - (mean celk per flask treated grouphetan cells per flask control group), 
eupnwsed as a percentage. 
Cdl  Growth lnhibftion = 100% - % cell growth lndax; not calculated for negative controls. 
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TABLE9 
CYTOGENETK: ANALYSIS OF WQ CELLWREATED W H-24783 IN THE 

ABSENCE OF EXOGENOUS METABOLIC ACTIVATION 

M i i c  
Total Numb 

Cells with Aberrations 
K of Structural Aberrations 

Severely Average 
Treatment Index Cells Numerical Structural Gaps Chmatid Chromosom Damaged Aberrations 
P m L  Flask (%) Scored (%) (%I Br Ex : Ring Cells Psr Cell 

Water A 16.8 100 1 0 0 0 0  0 0  0 0 O.OO0 
6 17.4 100 2 1 0 1 0  0 0  0 0 0.010 

H-24783 
1 250 A 16.0 100 1 0 0 0 0  0 0  0 0 O.OO0 

6 16.8 100 1 0 0 0 0  0 0  0 0 O.OO0 

2500 

MMC 
0.1 

A 16.8 100 1 0 0 0 0  0 0  0 0 O.OO0 
6 17.8 100 2 0 0 0 0  0 0  0 0 O.OO0 

A 15.4 100 2 0 0 0 0  0 0  0 0 O.OO0 
B 15.8 100 2 1 0 1 0  0 0  0 0 0.010 

A 6.4 50 2 32 3 17 3 4 0  0 2 0.880 
6 5.8 50 1 26 2 12 4 5 0  0 0 0.420 

Treatment: V79 celb were treated for 20 houn at 37il.C in the absence of an exogenous source of metabolic activation. 
An additional dose level of 625 @nL was tested as a safeguard against excessive toxicity at higher dose h l s  but was 
not required for microscopic axamination. 
Mitotic Index = number mitotic figures x 1WSO cells counted. 
KAkmnt Cells: numerical cells indude polyploid and endoreduplicated cells; structural cells exclude celh with only 
gam. 
Chronutld Br#b (Br) indude chromatid and isochramat# breaks and fragments; chrunatid exchange tigums (Ex) 
include quadriradials, tritedials and complex rearrangements. 
Chmmsome 6mka (Br) indude breaks and acentric fragments; Dic, dicentric chromosome. 
Severely Damaged Cdl. Indudes cells with one or mom pulverized chrcunosorna and cella with 10 or more strudunl 
aberrations. 
Average Akrrat lm Per Coll: werely damaged cells and puhrerizations wem counted as 10 aknations. 
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TABLE 10 

SUMMARY 
Treatment Mean Aberrations Cells Wrth Aberrations 

Treatment s9 Time Mitotic Cells PerCell Numerical Structural 
IJglmL Activation (hours) Index Scored (Mean+/-SD) (%) (%I 

(%I 
Water 4 16.4 200 0.0oO H).OOO 1.5 0.0 

H-24783 
1250 
2500 
5Ooo 

MMC 
0.2 

4 15.1 200 0.005 M.071 2.5 0.5 
4 14.9 200 O.OO0 M.OO0 0.5 0.0 
4 14.0 200 0.010 M. lW 2.0 1 .o 

4 12.1 200 0.120 iO.341 1.5 1 1.5" 

Water + 4 10.9 200 o.oO0 H).oO0 1.0 0.0 

H-24783 
1250 
2500 
5000 

CP 
10 

+ 4 13.3 200 O.oO0 iO.OO0 0.5 0.0 
+ 4 9.8 200 0.OW iO.OO0 1.5 0.0 
+ 4 7.7 200 0.WO iO.OO0 1.5 0.0 

+ 4 6.6 100 0.600 k1.524 1.5 21 .o" 

Water 20 17.1 200 0.005 i0.071 1.5 0.5 

H-24783 
1250 
2500 
5000 

MMC 
0.1 

20 16.4 200 O.OO0 a.OOO 1.0 0.0 
20 17.3 200 O.OO0 M.000 1.5 0.0 
20 15.6 200 0.005 i0.071 2.0 0.5 

20 6.1 100 0.650 k1.629 1.5 29.0" 

Treat~nent Cells from all treatment conditions WBR hawested at 20 hours after the initiation of the 
treamnts. 
Aberrations per Cell: Severely damaged cells were counted as 10 aberrations. 
Percent Aberrant Cdk: ", ps0.01; using Fkhefs exad test. 
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APPENDIX A 

Study Protocol 
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PROTOCOL AMENDMENT 1 

E.I. du Pont de Nemours and C Sponsor. 

Tat  Substance: lJ-prOpanedi~l 

BioReliance Study No.: AA41BC.391.BTL 

Sponsor Project No.: DuPont-5683 

Protocol Title: €I-24783. In V i  M I’ Chromosome Aberration Test 

1. LOCATION Page 5 of 10,s 7.5.2; Positive Controls, first and second sentences 

AMENDMENT: Amend the section to, “Mitomycin C will be used at a concentration 
within 0.05-0.3 pglml as the positive control in the non-activated study. 
Cyclophosphamide will be used at a concentration within 10-50 pg/d as the positive 
control in the S9-activated study.” 

REASON FOR THE AMENDMENT: To correct the concentration ranges of 
mitomycin C and cyclophosphamide used in the study. 

APPROVALS: 

BIORJZLIANCE STUDY DIRECTOR 

f6V-71 

BIORELIANCE STUDY MANAGEMENT DATE 

3 b A m  Z O O (  
SPONSOR REPRESENTATIVE DATE 
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QQdWdbyRAIOAd,&3QW*' 
A &  Sponsor Project Number: W o n t  -5683 

BioReliance Study Number: AA41BC.391.BTL 
3lAsfol 

H-24783: In V i  Mammalian Chromosome Aberration Test 

1.0 PURPOSE 

The purpose ofthis study is to evaluate the clastogenic potential ofatest substaace based 
upon its ability to induce chromosome aberrations in Chinese hamster V79 cells 

2.0 SPONSOR 

2.1 Name: E.I. du Pont de Nemours and Company 

2.2 Address: Stine Haskell Research Center 
W o n t  Haskell Laboratory 
P.O. Box 50,1090 Elkton Road 
Newark, DE 197144050 

2.3 Representative: Maria h e r ,  PhD. 
Phone: 302-366-525 1 
F a :  302-3665207 
Email: mariadonne@u.adupont.com 

2.4 Sponsor Project #: DuPont-5683 

2.5 W R #  13615 

2.6 Haskell#: H-24783 

2.7 Servicecode: 53 I 

3.0 IDENTIFICATION OF TEST AND CONTROL SUBSTANCES 

3.1 TestSubstance: 1,3-hopanediol 

3.2 Test Substance I.D.: H-24783 (to be used in the report text) 

3.3 Controls: Solvent: Test Substance Solvent (or Vehicle) 
Positive: Mitomycin C (MMC) 

cyclophosphamide (CP) 

3.4 Test Substance Characterization 

Unless alternate arrangments are made, the testing facility at BioReliance will not 
perform analysis of the dosing solutions. The Sponsor will be directly responsible 
for - 'on and documentation of the analytical purity and composition of the 

Protocol No. SPGT391 March 14,2001 1 of 10 
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Sponsor Project Number: DuPont -5683 

BioReliance Study Number: AA41BC.391.BTL 

test substance, and the stabiity and strength of the test substance in the soIvent (or 
vehicle). 

3.5 Test Substance Retention Sample 

The retention of a reserve sample of the test substance will be the responsibility of 
the Sponsor. 

4.0 TESTING FACILITY AND KEY PERSONNEL 

4.1 Name: 

4.2 Address 

Toxicology Testing Facility 
BioReliance 

%30 Medical Center Drive 
Rochrille,MD 20850 

4.3 StudyDireCtor: Ramadcvi Gudi, Ph.D. 
phone: (301) 610-2169 

Email: rgudi@biorelh.com 
Fax: (301) 738-2362 

5.0 PROPOSED TEST SCHEDULE 

5.1 mrimental Start Date: April 3,2001 

5.2 J3qmhentalTerminationDate: May4,2001 

5.3 DraffReportDate: May 18,2001 

5.4 FiualReportDatc: 2 weeks after Sponsor approves draft 

6.0 TESTSYSTEM 

~ h c  chihese hamster ~ 7 9  cells ae grown in 9% Dulbecc&+oclified d e s  medium 
(oibco BRL # 41965-039) containing sodium pyruvate, glucose’and pyridoxine HCl. To 

peuiciiskeptomycin (10,OOOIUknL lO,OOOUG/mL, Gibm BUL # 35400027) a~ added. 
V79 cells double every 12-16 burs with a high cloning dficiency, bath necessary for the 
appropriak perfomance of the study. These cells have a stable karyotype with a modal 
chromosome n m k  of  22 + 1. 

500 mL Of culture d m  50 mL of heat - inactivated fetal calf 2.6 mL 

7.0 EXPERIMENTAL DESIGN AND METHoDoLoGY 

The chromosome abenation assay will be conducted using standard procedures (Evans, 
1976; Bradley et. al., 1981), by eqjoSing cultures of V79 cells to a minimUm of four 
concenimtious of the test substance as well as to positive and solvent controls. In the non- 

! 

BI ORELIANCE- 
h r n . r l y  Mlcroblolo#lcil AssoCI.tes 
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activatedtest system, treatment will be for 4 hours and for 20 hours, in the S9activated test 
system, treatment will be f a  4 hours (Swicrenga et al., 1991). To ensure evaluation of first 
division metaphase cells the dividing cells will be arrested in metaphase and harvested for 
microscopic evaluation of chromosome abemtions at approximately 20 horn (1 .5 normal 
cell cycles) after the initiation of tmahent (Galloway et al., 1994). l'be clastogeaic 
potential of the test substance will be measured by its abiiity to incmse structural 
chromosome abenations in a doseresponsive manner when corn@ to the solvent control 
group. In the event of a positive respouw in the 4 hour non-actjvated study, the prolonged 

for its ability to induce numerical chromosome abtrrations. 
treatment non-activated?jub/ may not be scored. Ihetestsubstance will also be Bssessed 

7.1 

7.2 

solubilityrkkmmtl ' 'on 

Unless the Sponsor has indicated the test substance solvent, a solubility 
detwmination will be conducted to detcnnine the solvent and the maximum soluble 
concentration up to a maximum of 500 mg/ml. Solvents compatiile with this test 
system, in order of pnference, include but are not l i t e d  to sterile wata (CAS 

(CAS 67-64-1). The solvent will be the test substance solvent, selected in order of 
preferemx, that permits preparation of the highest soluble stock concentration, up to 

7732-18-5). d h & y W ~ x i &  (CAS 67-68-5), ettvlnol (CAS 6417-5), and acetoae 

500 mgtml. 

preliminary Toxicity Test for Selection of Dose Levels 

Sclcction of the dose levels for the cytogenetics assay will be based upon post- 
treatnmt toxicity (cell p w t b  inhiition relative to the solvent control) and 
solubility of the test substance. W 9  cells will be exposed to solvent alone and to at 
least nine concentrations of test subsuince. The highest concentration tested will be 
5 4 m l  whichever is lower for freely soluble test substances, or the maximum 
concentration resulting in a workable suspension for poorly soluble test substanm 
not to exceed 5 m g / d  The pH will be measured at the highest test substance 
treatment condition and will be adjusted, ifnecessary, in order to maintain a neutral 
pH in the treatment medium. The osmolality of the highest dose level, lowest 
precipitating dose level (where applicable) and the highest duble  dose level (where 
applicable) in treatment medium will also be measured. Cells seeded 16-24 hours 
earlier will be exposed for 4 hours in the absence and presence of S9 and for 20 
hours in the absence of S9. Just prior to trypsinization the cell cultures will be 
visually inspected for the extent of monolayer wnfluency relative to the solvent 
control. Twenty hours after tmtment initiation the cells will be harvestsd by 
trypslarzatonandcountodusinganautbmaticcellcounterandthecell viability will 
be assessed using trypan blue dye exclusion. The cell counts and percent viability 
willbeusedtodetarmne * cell growth inhiiition relative to the solvent controL 

Whenever possible, the higb dose to evaluate chromosome abemtions will be 
selected to give at least SO?? toxicity (cell growth inhibition relative to the solvent 

. .  
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F 

control) hspectiw of solubility but not to exceed 5 mglml. At least two additional 
dose levels, demonstdng minimal or no toxicity will be included. In the event the 
test substance cannot be dissolved at a high enough concentration in an appropriate 
solvent to be toxic, then the highest dose to be tested in the chromosome abenation 
assay will be the concentration resulting in minimum precipitation in test medium. 
Ptecipitation will be detennuaed . bydirectvisualiospection Intheeventthetest 

exceed solubility in treatment medium, then the highest dose to be tested will be the 
maximum concentration tbat results in at least 50% toxicity. In the event that 
neither cytotoxicity nor insolubility is observed in the prehninary test, the highest 
dose in the chromosome abenation assay will be 5 mg/d whichever is lower. If 
excessive precipitation of the test s u w l v e n t  solution occurs upon addition to 
treatment medium, or if the osmolality o f  the treatment medium is considered 
excessive, the Sponsor will be consulted. 

Frequency and Route of  Administration 

Target cells will be treated for 4 hours in the absence and presence of S9 and for 20 
hours in the absence of S9, by incorporation of the test substance-solvent mixture 
into the treatment medium. This technique has been demomtrated to be an effective 
method of detection of chemical clastogcns in this test system @vans, 1976). 

If the Sponsor is aware of specific metabolic requirements, then this idomation 
will be utilized in the d o n  of the study design. Verification of a clear 
positive response is not required Negative results will not be confirmed when 
justification can be provided. F.quivd results may be confirmed, upon 
consultation with the Sponsor, and may employ a modification of the study design. 
This guidance is based on the OECD Guideline 473 (1997) and ICH Guidance on 

substance democmhtes a dose-responsive increase in toxicity at comxntmt~ 'om that 

7.3 

Specific Aspects of Regulatory Genotoxicity Tests for Phamweub 'cals(1996). 

7.4 Activation System 

Aroclor 1254-induced rat liver S9 will be used as the metabolic activation system. 
The S9 will be prepared from male Sprague-Dawley rats induccd with a single 
intraperitoneal injection of  Aroclor 1254, 500 mg/kg, five days prior to sacrifice. 

Each batch prepadon of S9 will be assayed for sterility and its abiity to 
metabolize 2-aminoan-e and 7 , 1 2 ~ e t h y l ~ a ) a n ~  to forms 
mutagenic to Salmonella whitnurim TAIOO. 

The S9 will be batch prepared and stored tiozen at approximately -70.C u t i 1  used. 

Immediately prior to use, the S9 will be thawed and mixed with cofactors to contain 
2 mM magnesium chloride @fgCl,) 6 mM potassium chloride (KCl), 1mM 
glucosed-phosphate, 1 mM nicotinamide adenine dinucleotide phosphate (NADP) 
and 20 pl S9 per ml serum free medium DMEM (serum-k medium 
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supplemented with, 100 units penicilli and 100 pg streptomycin/mL, and 2 mh4 
L-glutamine). 

7.5 Controls 

7.5.1 Solvent (or Vehicle) Control 

Tbe solvent for the test substance will be used as the solvent control. For 
solvents other than water, physiological Ma, or medium, the final 
co- ‘on in treatment medium will not e x d  1%. 

7.5.2 Positive controls 

Mitomycin C will be used at a concentration within 24 pg/ml as the 
positive control in the non-activated study. Cyclophosphamide will be used 
ataconcmtrab ‘on within 2-10 pg/ml as the positive control in the S9- 
activated study. 

7.6 heparation of T q e t  Cells 

Exponentidly growing V79 cells will be seeded in complete medium (Dulbecco’s 
modified eagles medium ( G i b  BRL. # 41965-039) containing sodium pyruvate, 
glucose and pyridoxine HCI and 50 mL of heat inactivated fetal calf serum, 2.6 
mL. of Pencillidstreptomycin (l0,OOO I U / d  l0,OOO mL,)) for each treatment 

at37k 1 4  in a humidified atmospheaeof 5 * l % C q  inair for 16-24 hours. 
condition at approximately 5 x 10s ceIW cm’ flask. Yz e flasks wiU be incubated 

7.7 Identification of Test System 

Using a permanent marking pen, the treatment flasks will be identified by the 
BioReliance study number and a code system to designate the treatment condition 
andtestphase. 

7.8 Treatment of Target Cells 

Treatment will be carried out in duplicate by refeeding the flasks with 5 ml 
complete medium for the non-activated treatment or 5 ml S9 reaction mixture for 
the S9-activated treatment, to which will be added 50 p1 of dosing solution of test or 
control article in solvent or solvent done. Larger volumes of  dosing solution may 
be used ifwater, physiological buffer, or medium is used as the solvent 

In the non-activated study, the cells will be treated for 4 hours and for 20 hours; in 
the S9-activated study the cells will be treated for 4 hours. Treatment will be carried 
out at 37-+ 14 in a humiditied atmosphere of 5 * 1% C02 in air. Mer the 4 hour 
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treatment period in the non-activated awl the S9-activated studies, the treatmeat 
medium will be aspirated, the cells washed with phosphate b u f f e r e d  di, refed 
with complete medium and returned to the incubator. 

A comumnt toxicity test to determine cell growth inhibition relative to the solvent 
control will be conducted in both the non-actkted and the S9-activated studies. 

7.9 Collection of Metaphase Cells 

cells will be collected appxitnately 20 hours after initiation of -t. This 
post-treatment harvest time np.esens appmximately 1.5 mwnaal cell cycles and was 
selected to ensure that the cells are analyzed in the first division metapbase after 
initiation of treatment. Two hours prior to cell harvest, Colcemid@ will be added to 
the cultures at a final concentdon of 0.1 pgM. 

i 

cells will be harvested by trypSinizati0~ collected by Centrifilgation and an aliquot 
will be removed for counting using an automatic * cell counkr and trypan blue dye 
exclusion. The remainder of the cells will be swollen with 0.075M KCI, wasbed 
with two^ 've changes of fixative (methawl:glacial acetic acid, 3:l v/v), 
capped and stored ovemight or longer at approximately 2-842. The cell counts and 
percent viability will be used to detarmne cell growth inhibition relative to the 
solvent control (% toxicity). To prepare slides, the cells will be collected by 
centrifugation aad resuspended in fie& fixative. The suspension of fixed cells will 
be applied to glass m i w p  slides and air-dried. The slides will be identified by 
the experiment number, treatment condition and date. The slides will be stained 
with Giemsa and permanently mounted. 

7.10 Scoring for Metaphase Aberrations 

To ensure that a sufficient number of metaphase cells are present on the slides, the 
percentage of cells in mitosis per 500 cells scored (mitotic index) will be determined 
and recorded for each coded treatment group selected for Scoring chrorwsome 
aberrations. Slides will be ded using random numbers by an individual not 
involved with the scoring process. In the event of a positive response in the 4 hour 
non-activated study, the prolonged treatment non-activated study may not be scored. 
Metaphase cells with 221 1 centromeres will be examined undex oil immersion 
without prior knowledge of treatment groups. Whenever possible, a minimum of 
200 metaphase q m d s  h m  each dose level (100 per duplicate aask) will be 
examined and scored for chromatid+pe and chromosome-type aberratons (Scott et 

duplicate flask may be reduced if the percentage of aberraut cells reaches a 
statistically significant level More 100 cells are scored Chromatid-type 
aberrations include chromatid and isochromatd breaks and exchange figures such as 
quadnradrals (symmetrical and asymmetrical interchanges), triradials, and complex 
rearrangements. Chromosome-type aberrations include chromosome breaks and 

al.,lW). Thenumberofmetaphasespreadsthatwiubeexaminedandscoredper 

. .  
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exchange figurea such as dicentrics and rings. Fragments (chromatid or acentric) 
observed inthe absence ofany exchange figure will be scored as abreak (chromatid 
or chromosome). Fragments observed with an exchange figure will not be scored as 
an aberration but will be consided part of the incomplete exchange. Pulverized 
c h ~ m e ( s ) ,  pulverized cells and severely damaged cells 6 10 abemtiom) will 
also be recorded. Chromatid and isochromatid gaps will be recorded but not 
included in the analysis. The XY coordinates for each cell with a structraal 
aberration will be recorded using a calibrated microscope stage. The percent 
polyploid and endoredqlicated cells will be evaluatcd per 100 cells for each dose 
level analyzed for sbuctml aberrations. 

CRITERIA FOR DETERMINATION OF A VALID TEST 

8.1 Solvent Control 

The frequency of cells with stntctural chromosome aberrations in the solvent corn1 
must be 6%. 

8.2 PositiveControl 

The percentage of cells with abenations must be statistically increased (plo.05, 
Fisheh exact test) relative to the solvent control. 

EVALUATION OF TEST RESULTS 

The toxic effects of treatment are based upon cell growth inhibition relative to the soIveat 
contml and will be presented for the toxicity and abcrration studies. The number and types 
of abetdons found, the percentage of stnactllrally and Iwmecicauy damaged cells (percent 
abefiant cdls) in the total population of cells examkd, and the mean abenrllions per cell 
will be calculated and reported for each treatment group. chromatid and isochromatid gaps 
are presented in the data but are not included in the total percentage of ceh with one or 
more aberrations or in the lkqueacy of stmctml aberrations per celL Statistical analysis of 
the percentage of abemmt cells will be performed using the Fisher's exact test. The Fishers 
test will beusedto compare pairwise the percent aberrant cells of each- p u p  with 
that of the solvent control. In the event of a positive F&s exact test at any test substance 
dose level, the Coctrr;tn-Annitage test will be used to measure dose-responsiveness. All 
conclusions will be based on sound scientific basis; bwever, as a guide to inteTpretaton of 
the data, the test substance will be considered to induce a positive response when the 
pemmtage of cells with abenations is increased in a doseresponsive manoer with one or 
more coMxntrati01ls being statistically significant w.05). However, values that are 
statistidy significant but do not exceed the range of historic negative or solvent controls 
may be judged as not bioiogically significant Tcst substawes not a 
statistically sigdicant increase in abenations will be concluded to be negative. 
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10.0 REPORT 

A report of  the results of this study will be prepared by BioReliauce and will accumtely 
describe all methods used for generation and analysis of the data 

Results presented will include, but not be limited to: 

Test substance: identification and CAS no., if known; physical nature and purity, if 
know physicochemical properties relevant to the conduct of the study, if know stabiity 
of test substance, if known. 

SolventNehicle: justification for choice of vehicle; solubiiity and stability of test 
substance in solvedvehicle. if known 

- _ _  

Source of cells, karyotype f m  (modal chromosome number) and suitability of the cell 
type used, absence of mycoplasma, cell cycle length, passage number. 

Test conditions: composition of  medium; CO, concentration; incubation time; cell seeding 
density; solvent and solvent selection rationale; concentration of test substance and 
concentration selection rationale; composition and acceptability criteria for the metabolic 
activation (S9) system; duration of treatment; duration of treatment with and concentration 
of Colcemid@; type of metabolic activation system used; positive and solvent controls; 
methods of slide prepadow number of cell c u l m ,  criteria for scoring abcrratons and 
criteria for considering studies positive, negative. 

Results: description of precipitatiow pH and osmolality of the treatment medium; cell 
growth inhibition relative to the solvent control; mitotic index and numbex of metaphases 
analyzed; type and number of aberration (sh.lcctural and numerical) given separately for 
each treated and control culture; concentration-response relationship; statistical analysis; 
historical control data. 

1 1 .O RECORDS AND ARCHIVES 

All raw data, the protocol and all reports will be maintained according to standard 
Operating Rocedure OPQP3040 by the B i o R e l i i  RAQA unit headquarteaed at: 
BioReliance, 14920 BroscM Road, Rockville, MD 20850. Per this SOP, paper records 
will be retained for at least three years after which time the Sponsor will be contacted for a 
decision as to the final disposition of the materials. All study materials returned to the 
Sponsor or destmyed will first be copied and the copy will be retained in the BioReliance 
archives for a minimum of 10 years. 
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12.0 REGULATORY REQUIREMENTS/GOOD LABORATORY PRACTICE 

This protocol has been written to comply with OED Guideline 473 (In Vitro Mammalian 
Chromosome Aberration Test), July 1997 and with the Intematiod conference on 
Harmonization of Technical Requirements for Registration of Pharmaceuticals for Human 
use (1996and 1997). 

This study will be performed in compliance with the provisions of the Good Laboratory 
Practice Regulations for Nonclical  Laboratory Studies. 

Will this study be submittedto aregulatoryagency ? 
If so, to which agency or agencies? OED, TSCA 

Unless arrangements m made to the contrary, unused dosing soildions will be disposed of 
following edministra tionto the test system and all residual test substance will be disposed 
of following finalization of the report. 

Yes 
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MALONALDEHYDE (MALONDIALDEHYDE) 

Data were last reviewed in IARC (1985) and the compound was classified in URC 
Monographs Supplement 7 (1 987). 

1. Exposure Data 

1.1 Chemical and physical data 
1.1.1 Nomenclature 

Chem. Abstr Sen! Reg. No.: 542-78-9 
Chem. Abstr Name: Propanedial 
IUPAC Systematic Name: Malonaldehyde 
Synonym: Malondialdehyde 

1.1.2 Structural and molecular formulae and relative molecular mass 

0 0 0 
II II II 

HO-CH=CH-C-H H-C-CH2-C-H 

C3H402 Relative molecular mass: 72.07 

1.1.3 Chemical and physical properties of the pure substance 
(a) Description: Solid (needles) (United States National Library of Medicine, 1997) 
(b) Melting-point: 72-74°C (IARC, 1985) 
(c)  Stability: Highly pure malonaldehyde is quite stable under neutral conditions but 

not under acidic conditions such as those used to prepare it by hydrolysis of its 
bis(dia1kyl)acetal. Since malonaldehyde has pK, = 4.46, it exists under physio- 
logical conditions as its conjugate base (-O-CH=CH-CHO), which is relatively 
stable to self-condensation (IARC, 1985). 
Conversion factor: mg/m3 = 2.95 x ppm (a) 

1.2 Production and use 

purposes (United States National Library of Medicine, 1997). 
Malonaldehyde is produced and used in small quantities, principally for research 

1.3 Occurrence 
1.3.1 Occupational exposure 

Exposure to malonaldehyde may occur in research laboratories. 

-1037- 
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1.3.2 Environmental occurrence 
Malonaldehyde has been detected in the leaves of pea and cotton plants. It is found 

in many foodstuffs and can be present at high levels in rancid foods. It has been detected 
in fish meat, fish oil, rancid salmon oil, rancid nuts, rancid flour, orange juice essence, 
vegetable oils, fats, fresh frozen green beans, milk, milk fat, rye bread and in raw, cured 
and cooked meats (United States National Library of Medicine, 1997). 

1.3.3 Human tissues and secretions 
Malonaldehyde is found in human and animal tissue as an end-product of lipid 

peroxidation. It is also a side-product of prostaglandin and thromboxane biosynthesis. 
Malonaldehyde is present in blood platelets and in serum (IARC, 1985). 

1.4 Regulations and guidelines 

has not proposed any occupational exposure limit for malonaldehyde in workplace air. 

(WHO, 1993). 

The American Conference of Governmental Industrial Hygienists (ACGIH) ( 1997) 

No international guideline for malonaldehyde in drinking-water has been established 

2. Studies of Cancer in Humans 

No data were available to the Working Group. 

3. Studies of Cancer in Experimental Animals 

Malonaldehyde and its bis(dimethylaceta1) and sodium salt were tested for carcino- 
genicity in mice by skin application. Its bis(dimethylaceta1) and sodium salt were tested 
in mice by oral administration in drinking-water. The two studies by oral administration 
were inadequate for evaluation. After topical application, no increase in the incidence of 
skin tumours was observed in one study. In one two-stage mouse-skin assay, a high dose 
of malonaldehyde (possibly containing impurities) showed initiating activity. In two 
other two-stage assays using lower doses, no initiating or promoting activity was 
observed (IARC, 1985). 

3.1 Oral administration 
3.1.1 Mouse 

Three groups of 50 male and 50 female B6C3F, mice, eight weeks of age, were 
administered 0 (vehicle control), 60 or 120 mg/kg bw malonaldehyde sodium salt (purity, 
63-79% malonaldehyde sodium salt; 2 2 4 8 %  water; and 1% impurities as chloride and 
acetone) in distilled water by oral gavage on five days per week for up to 105 weeks. 
Survival rates at termination for males were 23/50 control, 19/50 low-dose and 14/50 
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high-dose (p < 0.02, Cox's method) and for females were 41/50 control, 38/50 low-dose 
and 30/50 high-dose. Body weight was slightly (less than 10%) lower than that of the 
vehicle controls in high-dose males during the second half of the study. Body weight was 
slightly (approximately 10%) higher than that of the vehicle controls in high-dose 
females during most of the study. No tumour type was increased in incidence in malon- 
aldehyde-exposed mice compared with the vehicle controls (United States National 
Toxicology Program, 1988). [The Working Group noted the high mortality in high-dose 
males.] 

3.1.2 Rat 
Three groups of 50 male and 50 female Fischer 344/N rats, seven weeks of age, 

were administered 0 (vehicle controls), 50 or 100 mg/kg bw malonaldehyde sodium 
salt (purity, 63-79% malonaldehyde sodium salt; 22-38% water; and 1% impurities as 
chloride and acetone) in distilled water by oral gavage on five days per week for up to 
105 weeks, at which time the surviving animals were killed. Survival rates at 
termination for males were 37/50 control, 33/50 low-dose and 15/50 high-dose and for 
females were 37/50 control, 37/50 low-dose and 14/50 high-dose. The survival of the 
high-dose groups was significantly lower than that of the vehicle controls (p < 0.001). 
Mean body weights of high-dose male rats were 10-20% lower than those of the 
vehicle controls from week 33 to week 72 and 20-26% lower from week 72 to the end 
of the study. Mean body weights of low-dose male rats were 3-7% lower than those of 
vehicle controls from week 67 to the end of the study. Mean body weights of high-dose 
females were 10-20% lower than those of the vehicle controls from week 54 to week 
72 and 21-36% lower from week 72 to the end of the study. The incidences of thyroid 
follicular-cell adenomas were 3/50 control males, 3/49 low-dose males and 9/50 high- 
dose males (p < 0.05) and 2/50 control females, 0/50 low-dose females and 5/50 high- 
dose females (p < 0.05); the incidences of follicular-cell carcinomas were 1/50 control 
males, 5/49 low-dose males and 5/50 high-dose males (p < 0.05) and 0/50 control 
females, 1/50 low-dose females and 2/50 high-dose females. Overall rates of thyroid 
follicular-cell tumours were 4/50 control males, 8/49 low-dose males and 13/50 high- 
dose males (p = 0.015) and 2/50 control females, 1/50 low-dose females and 7/50 high- 
dose females (p = 0.03). The incidences of pancreatic islet-cell adenomas in males 
were 0/49, 9/50 (p < 0.002) and 1/49 in the control, low- and high-dose groups, 
respectively (United States National Toxicology Program, 1988). [The Working Group 
noted the high mortality and the strong reduction in body weights in the high-dose 
males and females, indicating that the maximum tolerated dose was exceeded and also 
that the increased incidences of pancreatic islet-cell adenomas in males were not dose- 
related.] 
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4. Other Data Relevant to an Evaluation of Carcinogenicity 
and its Mechanisms 

4.1 
4.1.1 Humans 

Absorption, distribution, metabolism and excretion 

No data were available to the Working Group. 

4.1.2 Experimental systems 
Two aldehyde dehydrogenases in the rat-liver cytosol fraction account for virtually 

all of the metabolizing activity for malonaldehyde (IARC, 1985). 
Twelve hours after oral intubation of [ 1,3-14C]malonaldehyde to rats, 60-70%, 5-1 5% 

and 9-17% of radioactivity was recovered in expired CO,, faeces and urine, respectively 
(Siu & Draper, 1982). 

After oral administration of malonaldehyde (158 mgikg bw) to rats, increased 
quantities of formaldehyde, acetaldehyde, acetone and malonaldehyde itself were found 
in the urine. Additionally, methyl ethyl ketone, not found in control rats, was present in 
the urine of the animals that had received malonaldehyde (Akubue et al., 1994). 

4.2 Toxic effects 
4.2.1 Humans 

No data were available to the Working Group. 

4.2.2 Experimental systems 
Malonaldehyde, given in the drinking-water, induced morphological changes in the 

liver and mild dysplasia at all doses tested (2-500 mgikg bw per day) in female ICR 
mice; pancreatic damage was observed at doses of 500 mgikg bw per day (IARC, 1985). 
Histological changes were observed in the liver only of female ICR Swiss mice given 
10-1000 pgikg bw malonaldehyde in the drinking-water for one year, but no dose- 
response relationship was observed (Bird et al., 1982a). 

4.3 Reproductive and developmental effects 
No data were available to the Working Group. 

4.4 Genetic and related effects 
4.4.1 Humans 

Malonaldehyde reacts with DNA to form an adduct with 2’-deoxyguanosine which 
has been characterized as 3-(2-deoxy-~-~-erythro-pentofuranosyl)pyr~m~do[ 1,2-a]purin- 
lO(3H)-one (M,G-dR) (Marnett, 1994). This adduct is present at quantifiable levels in 
DNA from many human tissues. 

Chaudhary et al. (1994) found M,G-dR in DNA from human liver samples (four 
males, two females) at levels ranging from 5 to 11 adducts/l07 bases, using gas chro- 
matography/electron capture negative chemical ionization mass spectrometry. 

0 0 0 1 1 7  
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Leuratti et al. (1 997) found M,G-dR in DNA from human gastric biopsy samples at 
levels ranging from 1 to 9 adductsll08 normal nucleotides, using a high-performance 
liquid chromatography/32P-postlabelling method (results presented as an abstract). 

Fang et al. (1996) found that levels of M,G-dR were influenced by dietary fats, with 
men and women consuming unsaturated fats having higher levels of the adduct in DNA 
from peripheral white blood cells than those who consumed saturated fats. 

4.4.2 
Malonaldehyde induced mutation in bacteria that were either DNA repair competent or 

were sensitive to oxidative DNA damage. It had been suggested previously that all or part 
of the activity might be attributable to impurities, which occur as a result of malonaldehyde 
instability. However, specially purified or specially synthesized malonaldehyde continued 
to show mutagenic activity in S. typhimurium his D3052 (Basu & Marnett, 1983). 

In one study in Drosophila melanogaster, malonaldehyde induced somatic mutations 
but not sex-linked recessive lethal mutations. 

Malonaldehyde formed adducts with purified rat liver DNA, dAMP and dGMP 
in vitro; these adducts were observed with the 3*P-postlabelling technique (Wang & 
Liehr, 1995). 

Malonaldehyde induced dose-dependent increases in sister chromatid exchanges but 
did not produce chromosomal aberrations in Chinese hamster ovary cells, but did induce 
chromosomal aberrations and micronuclei in rat primary skin fibroblasts. 

At concentrations of malonaldehyde which produce reversion to histidine proto- 
trophy in Salmonella typhimurium (TAlOO), characteristic adducts were found in bac- 
terial DNA. The adducts were formed in a dose-dependent manner. 

Injection of [W]malonaldehyde into male C57BL/6 mice resulted in covalent 
binding to liver DNA and haemoglobin. 

Agarwal and Draper (1 992) found background levels of malonaldehyde-guanine 
adduct in rat liver DNA, using high-performance liquid chromatography-fluorescence. 
Similar results were found by Vaca et al. (1992) and Wang and Liehr (1995) using 32P- 
postlabelling. Chaudhary et al. ( 1994) used gas chromatography/electron capture 
negative chemical ionization mass spectrometry to measure background levels in rat 
liver. The levels were significantly elevated following administration of carbon tetra- 
chloride (0.1 mLkg bw), which induced lipid peroxidation (Chaudhary et al., 1994; 
Wang & Liehr, 1995). 

Experimental systems (see Table 1 for references) 

5. Summary of Data Reported and Evaluation 

5.1 Exposure data 
Malonaldehyde is found in many foodstuffs and can be present at high levels in 

rancid foods. It is present as a lipid metabolite in human and animal tissues. It is probably 
used only as a research chemical. 
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Table 1. Genetic and related effects of malonaldehyde 
CD 

Test system Resultsa Dose Reference 

Without With 
exogenous exogenous 
metabolic metabolic 
system system 

(LED or  HID)^ 

ERD, Escherichia coli rec strains, differential toxicity 
SAO, Salmonella typhrmurrum TA100, reverse mutation 
SA2,  Salmonella typhrmurium TA102, reverse mutation 
S A 2 ,  Salmonella typhimurium TA102, reverse mutation 
SA4, Salmonella typhrmurrum TA104, reverse mutation 
SA5, Salmonella typhrmurium TA1535, reverse mutation 

NT 
NT 
NT 
NT 
NT 
NT 

72 
NG 
1000 
900 
2520 
N G ~  

Yonei & Furui (1981) 
Marnett & Tuttle (1980) 
Levin et al. (1982) 
Marnett et al. (1985) 
Marnett et al. (1 985) 
Mukai & Goldstein 
(1976) 
Marnett & Tuttle (1980) 
Mukai & Goldstein 
( 1976) 
Mukai & Goldstein 
( 1976) 
Marnett & Tuttle (1980) 
Marnett & Tuttle (1980) 
Mukai & Goldstein 
(1976) 
Mukai & Goldstein 
( 1976) 
Mukai & Goldstein 
(1976) 
Shamberger et al. (1979) 
Shamberger et al. (1979) 
Shamberger et al. (1979) 

SA5, Salmonella typhrmurium TA1535, reverse mutation 
SA7, Salmonella typhrmurium TA1537, reverse mutation 

SA8, Salmonella typhimurium TA1538, reverse mutation 

SA8, Salmonella typhimurruni TA1538, reverse mutation 
SA9, Salmonella typhimurium TA98, reverse mutation 
SAS, Salmonella typhrmurrum his G46, reverse mutation 

SAS, Salmonella typhrmurium his C3076, reverse mutation 

NT 
NT 

NG 
N G ~  

NGd NT 

NT 
NT 
NT 

NG 
NG 
NGd 

s! 

N G ~  + NT 

N G ~  SAS, Salmonella typhrmurrum his D3052, reverse mutation + NT 

SAS, Salmonella typhrmurrum TA1975, reverse mutation 
SAS, Salmonella typhimurrum TA1977, reverse mutation 
SAS, Salmonella typhrmurium TA1978, reverse mutation 

NT 
NT 
NT 

500 
500 
500 

+ 
+ 
+ 
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Table 1 (contd) 

Test system Results' Dose Reference 

Without With 
exogenous exogenous 
metabolic metabolic 
system system 

(LED or  HID)^ 

SAS, Salmonella typhimurium his C207, reverse mutation 
SAS, Salmonella typhimurium his C3076, reverse mutation 
SAS, Salmonella fyphimurium his D3052, reverse mutation 
SAS, Salmonella fphiniurium his G46, reverse mutation 
SAS, Salmonella typhimurium his D3052, reverse mutation 
SAS, Salmonella typhimurium his D3052, reverse mutation 
ECF, Escherichia coli Wr30 (uvr'rec'), forward mutation, streptomycin 

ECR, Escherichia coli Wr30 (uvr'rec'), forward mutation, arginine 

DMX, Drosophila melanogaster, sex-linked recessive lethal mutations 
DMM, Drosophila melanogaster, somatic mutations 
G5T, Gene mutation, mouse lymphoma L5178Y cells, tk locus in vitro 
G5 1, Gene mutation, mouse lymphoma L5 178Y cells, methotrexate resistance 

SIC, Sister chromatid exchange, Chinese hamster ovary CHO cells in vitro 
MIA, Micronucleus test, Sprague-Dawley rat primary skin fibroblasts in vitro 
CIC, Chromosomal aberrations, Chinese hamster ovary CHO cells in vitro 
CIR, Chromosomal aberrations, Sprague-Dawley rat primary skin fibroblasts 

BID, Binding (covalent) to calf thymus DNA in vitro 
BID, Binding (covalent) to DNA lkom Salmonella typhimiirium TAlOO in vitro 

resistance 

prototrophy 

in vitro 

in vitro 

+ 
+ 
+ 

+ 
+c 

+ 

NT 
NT 
NT 
NT 
NT 
NT 
NT 

500 
500 
500 
4000 
94 
72 
144 

Shamberger et al. (1979) 
Shamberger et a/. (1 979) 
Shamberger et a1 (1 979) 
Shamberger et al. (1979) 
Marnett & Tuttle (1980) 
Basu & Marnett (1983) 
Yonei & Furui (1981) 

F t- 

+ 

+ 
+ 
- 
+ 

+ 
+ 

NT 

NT 
NT 

+ 
NT 

NT 
- 

NT 
NT 

144 

6 125 feed 
6125 feed 
2 9  
3.6 

15 
7.2 
3270 
7.2 

7200 
72 1 

Yonei & Furui (1981) 

Szabad et al. (1983) 
Szabad et al. (1983) 
Yau (1 979) 
Yau (1 979) 

Anderson et al. (1990) 
Bird et a/. (1 982) 
Anderson ef  a1 (1990) 
Bird etal. (1982) 

Vaca et a/. (1992) 
Sevilla et al. (1997) 

* 
0 
P w 
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Table 1 (contd) 

Test system Resultsa Dose Reference 
(LED or HID)b 

Without With 
exogenous exogenous 
metabolic metabolic 
system system 

BVD, Binding (covalent) to liver DNA, male C57BL/6 mice in vivo 

BVD, Binding (covalent) to DNA, C57/BL6 mouse liver in vivo 

+ 
BVP, Binding (covalent) to haemoglobin, male C57BL/6 mice in vivo + 

+ 
22.5 ip x 1 Kautiainen et al. (1 993) cn 
22.5 ip x 1 
1 .3 ipx1  Vaca et al. (1992) 

Kautiainen et al. (1993) 
$ 
C 

a f, positive; -, negative; NT, not tested a 
LED, lowest effective dose; HID, highest ineffective dose; in-vitro tests, pg/mL; in-vivo tests, mgkg bw/day; ip, intraperitoneal injection 2 
Highly purified malonaldehyde 
Confusion over actual dose applied 
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5.2 Human carcinogenicity data 
No data were available to the Working Group. 

5.3 Animal carcinogenicity data 
Malonaldehyde sodium salt was tested for carcinogenicity in one experiment in mice 

and in one experiment in rats by oral administration. No increase in tumour incidence 
was found in mice. In rats, the incidence of follicular-cell tumours of the thyroid was 
increased in both sexes at the high dose and the incidence of pancreatic islet-cell ade- 
nomas was increased in low-dose males. 

Malonaldehyde, its bis(dimethylaceta1) and its sodium salts were tested for carcino- 
genicity in mice by skin application; no carcinogenic activity was observed. 

5.4 Other relevant data 
Background exposures to malonaldehyde occur in experimental animals and 

humans, as determined by the presence of specific DNA adducts in blood and other 
tissues. It is mutagenic to bacteria. 

5.5 Evaluation 

available. 

malonaldehyde . 

No epidemiological data relevant to the carcinogenicity of malonaldehyde were 

There is limited evidence in experimental animals for the carcinogenicity of 

Overall evaluation 
Malonaldehyde is not classijiable as to its carcinogenicity to humans (Group 3). 
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EXAMWlTION OF THE INFLUENCE OF 

GPROPANEDIOL, POLYMER GRADE 

ON THE PREGNANT RAT AND THE FENS BY ORALADh4INISlTW’IlON 

(according to OECD method no. 414) 

The study was performed according to 

- ’Good Laboratory Practice’ Regulations of the EEC enacted in Germany in the 
’ChemikaIicngesetz’ dated March 14th 1990, BGBL I, pp. 521,1990; 

- ’Nonclinical Laboratory Studies. Good Laboratory Practice Regulations’ of the 
FDA (USA); Federal Register, a No. 247, dated December Und, 1978, Federal 
Register, 

‘Good Laboratory Practice’ Regulations of the OECD, dated Fcbruary 4th, 1983; 

’Good Laboratory Practice’ Standards for Safety Studies on Drugs of Japan, 
Notification No. 3.3 of the Pharmaceutical Affairs Bureau, Ministry of Health 
and Welfare, dated March 31st, 1982 and subscqucnt amendment dated October 
5th. 19M. 

No. 172, dated September 4th 19bi; 

- 

- 

The management hereby certifies that in the course of controls conducted by QAU on 

quality, integrity and conformity to protocol, no findings were revealed which are 

considered to have an impact on the validity of the data or on thc interpretation of the 

results in this report. 

Prof.Dr.med.F.Leuschncr 
(Management) 

Dr.rer.na1.K.-E.Mittcrer 
(Study Director) 

Date 

J- 2 T 3  
Date 

0 0 0 1 2 9  Redderweg 8. D-2104 Hamburg 92. Germany 
Telephone: (040) 701 SO21 -23, Telefax: (040) 701 5026 

Directors: Prof. F. Leuschner M.D.. J. Leuschner D. Phil.. F. Hdbscner (QAU) 

(b) (6)

(b) (6)
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QUALITY ASSURANCE STATEMENT 

Based on a quality assurance review, it was concluded that this report accurately reflects 

the data for the 

EXAMINATION OF “E INFLUENCE OF 
. l&PROPANEDIOL, POLMMER GRADE 

ON THE PREGNANT RAT AND ??.IE FEIIJS BY ORAL ADMINISTRATION 

f 
(according to OECD method no. 413) 

The study w s  performed according to 
- ‘Good Laboratory Practice’ Regulations of the ‘EC enacted in Germany in the 

’Chemikalicngesetz’ dated March 141h, 1990, BGBL. I, pp. 521, lm, 

- ’Nonclinical Laboratory Studies. Good Laboratory Practice Regulalions’ of the 
FDA (USA); Federal Register, a, No. 117, dated December 22nd, 1978, Federal 
Register, 8, No. 172, dated September Ith, 1987; 

’Good Laboratory Practice’ Regulations of the OECD, dated February 4th. 1BS3; - 
- ’Good Laboratory Practice’ Srandsrds for Safety Studies on Drugs of Japan, 

Notification No. 3U of the Pharmaceu[ical Affairs Bureau, Ministry of Heal111 
and Welfare, dated hfarch 31st, 19S2 and subsequent amendment darcd October 
5th. 19SS. 

Protocol dated June 9th, 1992 and 1 amendments. 

Controls on accuracy and correspondence wirh the protocol were perforrncd on 17.03.1392, 

?s.O9.1%2, 13.10.1992, 10.11.1992 and 03.02.1933. The results were reported I O  the s:ud!, 

director and thc management on the samc or the next follo\ving working day. 

F. Hiibschcr 
Direcror of Quality 
Assurance Unil (QAU) 

Date 

Redderweg 6.0-2104 Hamburg 92. Germany 
Telephone: (040) 701 5021-23. Telefax: (040) 701 5026 

Directors: Prof. F. Leuschner M.D.. J. Leuschner D. Phil.. F. Hiibscher (OAU) 

(b) (6)
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EXAMINATION OF THE INFLUENCE OF 
1,3PROPANEDIOL, POLYMER GRADE 

ON THE PREGNANT RAT AND THE FETUS BY ORAL ADMINISTRATION 

(according to OECD method no. 414) 

Signature list of scientists and further professionals involved in this study/date: ' 

Study Director: 

i 

Management: 

Veterinarian: 

Animal Husbandry: 

Pathology 

Statistics: 

Dr.rer.nat.K.-EJMittcrerer 

Prof.Dr.med.F.Lcuscher 

Dipl.vet.medA.DBrr 

Dr.rer.nat.K-EMitterer 

Dr.rcr.natA.Leuschner 

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)
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EXPLANATIONS AND ABBREVIATIONS USED IN THIS REPORT 

s 

1. Abbreviations aod symbols 

b.w. = bodyweight 

m = male 

f = female 

M = meanvalue 

SD = standard deviation 

# = reference to foot-notes in the tables 

1 - n  = reference to foot-notes in the text 

2 Table 7 (pages 40 - 43) 

(1) = 

(2) = 20 pregnant rats/group were evaluated (dstudy protocol, 

to reach a total of 20 pregnant rats/group, 25 animaIs/goup 
were mated 

dated June 914 1992); 

3. Some units of measurcment 

absolute food consumption in grams 

relative food consumption in grarns/kg b.w./day 

body weight in grams 
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1. GENERAL INFORMATION 

1.1. Aim of upcrimcnt examination of the influcnce of l,IPropancdiol, 
Polymer Grade, administcrcd orally during the 
'critical' phase of organogenesis on the pregnant rat 
and the fetus 

12 Roulc of a&- 
istration oral, by gavage 

13. Scleclion of route 
of ahinismtion the oral route is a likely route for human exposure to 

the test material 
L4. Test substance 

Test compound 

Sample of the test 
substance for 
retention: 

Ve hicle: 

designation : 1,3-Propanediol, Polymer 
Grade (CAS 50443-2) 

abbreviated to 
'13-Propanediol' in this 
report 

batch no. : 22, control no. 2712 
(April 1991) 

characteristics : liquid, colourless, odourless 

storage conditions : in a closed container 

stability : stable until June 1997 

strength : 99.8% 

see appendix 1 for certificate of analysis 

stored at 
LPT Laboratory of Pharmacolog 
and Toxicoloey 
Prof.Dr.med.F.Ltuschner 
Redderweg 8 
D-210) Hamburg 92 

(after 1-2 years at branch station 
Mienenbutt el) 

0.8% aqucous hydroxypropyl-methylcellulose gel1 

batch no. MM90100512E 

Dose-levels: 

Conirol group: 

Administration volume: 10 ml/kg b.w. 

250 mg and lo00 mg/Jig b.w. 

10 ml vchiclc/kg b.w. 

METHOCEL E 4 M, supplier: SYKOPHARM Aporhcker Fritz Zimmerrnann 
D-2000 Barsbuttel b. Hamburg 

0 0 0 1 3 3  
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Species: 

Strain: 

Stock: 

Breeder: 

Selection of species: 

Number of animak: 

Groups: 

Course of treatment: 

1.6. Sponsorflcstbg 
facility/Respon- 
siile personnel 

Sponsor: 

Testing facility: 

Study director: 

Management: 

Vet e rin arian: 

Animal husbandry: 

Pathology 

rat 

Sprague-Dawley 

Hag: SD 

Lippkche Versuchstiemcht 
HAGEMANN GmbH 
D-4923 Extertal 1 

the rat is a commonly used rodcnt species 
for such type of studies 

75 females (in& 15 r e sem animals), surjicient 
number of animals to grant at least 60 pregnant rats 

1 control : 20prcgnant females
2 250 mg/kg b.w. : 20 pregnant females
3 loo0 mg/kg b.w. : 20 pregnant females

from the 6th to 15th day of pregnancy 

Initiative Urnweltrelevante 
Altstoffe e.V. 
Kennedyallee 93 
DdOOO Frankfurt 70 

CHR.FRED LEUSCHNER & Co. 
Laboratory for Toxicological 
and Pharmacological Examinations 
D-2355 Liihndorf/Post Wankendorf 

Dr.rer.nat.K.-E.Mitterer 
CHR.FRED LEUSCHNER & Co. 
Laboratory for Toxicological 
and Phannacologiwl Examinations 
D-2355 Uhndorf/Post Wankendorf 

Prof.Dr.med.F.Lcuschner 

Dip1.vet.mcdA.Dbrr 

W.Hartmmn 

'x4 

i,. 

b 

0 0 0 1 3 4  
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Statistics: Dr.rer.nat A.Lcuschner 

Quality Assurance Unit 
(QAU): F.Hubscher 

The study was performed according to the OECD method no. 414, the EEC guidelines and 
in compliance with the principles of 'Good Laboratory Practice' Regulations (cf Manase- 
ment- and QAU-Statement as well as the enclosed 5 pages of GLP-certificates for 
details). 

Archives of data and 
biological material: 

during the study 
i 

after reporting: 

Standard Operation 
Procedure (SOP): 

1.7. Study dates 

Start of study (first 
day of conception): 

1st administration: 

Termination of the 
experimental phase: 

Date of fin31 report: 

Dale of protocol: 

Amendment: 

all specimens, raw data and other documents 
generated at LPT during the course of this study, 
logether with the copy of the final report, were 
lodged in the LPT archives; duration of storage 
according to the periods laid down in the ChemG 

in archives 8 and 9 
CHR.FRED LEUSCHNER & Co. 
Laboratory for Toxicological 
and Pharmacological Examinations 
D-2355 Ghndorf/Post Wankendorf 

written raw data and 
biological material and 
the copy of the final report 
in the archive Uhndorf 
D-2355 GhndorflPost Wankendorf 

all works were carried out according to standard 
opcration procedures and during al l  stages of the 
study; thcy may be expected in those divisions which 
were engaged in the study and in the Quality 
Assurance Unit (QAU) 

September Znd, 1332 

September S t h ,  1331 

Nowunber 16th. l(B2 

Dcccnibcr Zlst. 1332 

June 9th. 1V12 

No. 1, dated August 
No. 2. dated September 
No. 3. dated Novcnibcr 
No. .)$ d a ~ c d  Now~cmbsr 

24th. lW2 
2 n d .  1'992 
4th. 1W3 

16th, EN2 

0 0 0 1 3 5  
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2 SUMMARY 

21. Condud of study: 

Test substance: 

Test species: 

Route of administration: 

DOSC-~CVC~S 

Vehicle: 

Volume of administration: 

2 2  Fm- 

Influence on Lhc dam 

Mo~taliy. 

CLiDiCal symptoms: 

Body weight, body weight 
change: 

l,3-Propanediol, Polymer Grade (CAS 504-63-2), batch 
no. 22, control no. 2712 - abbreviated to '13 
Propanediol' in this report. 

Rat/Sprague-Dawley Hag: SD/Lippische Vcrsuchstier- 
zucht HAGEMAN" GmbH, D-4923 Extertal 1. 
Three groups of 20 female rats each (plus 5 female 
rals/group as rest-). 

Oral, by gavage. 

Group 1: Control (vehicle) 
Group 2 250 mg 1,3-Propanediol/kg b.w. 
Group 3: lo00 mg 13Propanediol/kg b.w. 

(treatment from day 6 to 15 of gestation). 

0.8% aqueous hydroxypropyl-methylcellulose gel. 

10 ml/kg b.w. 

No substance-related mortality was observed. 

No clinical signs were observed in the low- and the 
high-dosed dams. 

Body weights remained within the normal range at 2.50 
mg and lo00 mg I,3-Propanediol/kg b.w., by gavage, 
body weight gain sbowcd no distinct influence of the 
test compound at 250 mg/kg b.w., also. 
Body weight gain was slightly (-32%) but not signiG- 
mntly (at p s 0.01) inhibited bctwcen gestation days 6 
and 9 in the high-dosed dams (loo0 rngfig b.w.). 

Food consum~on, 
drinking-water aonsum@*on: The food consumption was not hpaucd  at 1,3- 

Propanediol doses of 2.50 mg and 1000 mg/kg b.w., by 
gavage. 

Trcatment did not influence drinking-water consurnp- 
tion. 

Autopsy fin- No substance-rclatcd pathological changcs wcrc 
dctcctcd at autopsy. 
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InOucncc on thc fctus: No distinct influence on the prcnstal dcvclnpmcrrt \vas 
detccted. 
The fetal incidcnce of all rctardations \vas slightly 
and significantly increased (FISHER'S csnct test. p d 
0.05) at the skeletal ex~nination (staining of the 
skcleton according to DAWSON's method) for the high 
dose-level group, in particular the skull (retarded 
ossification): 250 nig/kg p I 0.05, IO00 mg/kp: p 5 
0.01. However, the significance observed is due io the 

. low incidence of retarded skull ossification found in 
the control group in this study which is much below 
the background incidence. The incidences found for 
the dose-level groups are within the range of the 
background hence no biological relevance was attached 
to this findins. All other fetal parameters were within 
the normal range of the control group. 
ExzernJ macroscopic inspection and exaniinstion of 
soft tissue (WILSON'S merhod) revealed no substance- 
related variations and/or retardations. 

No malformed fetuses were detected in the substance- 
treated groups (control: one fetus with shortened 
hindlimbs and missing toes at the right foot). 
No dead fetuses occurred in the substance treated 
and control dams. 

23. Conclusion. 

j .  Under the present test conditions, the no-observed-effect-level (NOEL) for the dams and 

,';v for the fetal organism was 250 mg lJ-Propancdiol/kg b.w, by gavage (tre3tmenr from 

the 6th to l j th day of pregnancy). 1OOO me& b.w. was within the beginning mrrternsl 

and fetotodc range. 

,Q .L 
,:' 

1,3-Propanediol did not possess teratogenic properties. 

(b) (6)
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3. INTRODUCTION 

The present paper reports on thc results of an cxperiment in which thc influence of 
1,3-Propanediol, Polymer Grade, batch no. 22, control no. 2712, abbreviated to '13- 

Propanediol', on the pregnant rat and the fetus was examined by oral administration. 

1.3-Propanediol was administered to pregnant rats during the 'critical' phase of or- 
ganogenesis. Particular attention was paid to possible teratogenic properties. The oral 

route of administration was chosen according to the potential exposure to man. 

The study was performed according to the OECD method no. 411, the EEC guidelines and 
in compliance with the principles of 'Good Laboratory Practice' Regulations (cf Manage- 
mcnt-Statement, QAU-Statement and the enclosed 5 pages - ind. 4 GLP-certificates of 
LPT for details). . 

4. IDENTIFICATION OF THE TEST SUB!XANCE 

After receipt at LIT the test compound was inspected. Batch number(s), amount and 

characteristics (Le. colow, consistency, form and size of particles) were recorded and 

compared with information given by the sponsor. An identification sheet is fded with the 

raw data. 

5. CHOICE OF DOSE-LEVELS 
\ 

T '  During a pilot study, u s i n g ' , p g n a n t  rats/group from the same strain as selected for 

the main experiment, 13-Propanediol dose-lcvels of 62.5 mg, 125.0 mg, *m.O mp, 500.0 

mg and 1OOO.O mg/kg b.w., by gavage, were administered from day 6 to 15 of pregnancy. 

In addition, a control group was trcated with 0.8% hydroxypropyl-methylcellulose gel for 

control purposes. 

1OOO.O mg/kg b.w. is the highest rcquested dose according to the OECD method 411 

(limit test for embryotoxicity). 

Except for a slight transient toxic cffcct after the first dosing (very slightly reduced 

food consumption), all dose-lcvels up to 1OOO.O mg/kg b.w. were well-tolerated by the 

dams. None of the doses innuenccd the prenatal development (cf separate LPT report . 

daled August M h ,  1992). 

Based on the dorc-describcd rcsults, 250.0 mg and 1OOO.O mg 1.3-Propanediol/k~ b.w./dsy, 

by gavage, treatment from the Gth to 1Sih day of prqnancy were selected by the 

sponsor 3s doses for the main cspcrimcnt. 
* --"* 
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6. STABILITY OF TEST COMPOUND/VEI.IICLE PREPARATIONS 

The test substance is stable until June 1337 according to written inform:lrion given by 

the sponsor on June 2nd. 1992. 

The substance-vehicle suspensions were freshly preparcd each day imniedi3tely before 

dosing. 

For the determination of the concentration and homogeneity in the substance-vehicle 

preparations the fo1lov;ing samples were taken at the time-points stated below and were 

stored at -20°C or colder until analysis by LPT. The rcsults are reported in appendix 4 

to this report. 

start of treatment 

Samples of approx 10 ml were taken for each dose group immediately after preparation 
of the test suspensions as well as 8 and 24 hours after storage at room temperature (3 
samples/dose-level). These samples were needed for determination of the concentration. 

! 

termination of trcatment 

Samples of approx. 10 ml were taken for each dose group during treatment with the test 
suspension always before administration to the last animaI/dose-level (1 sample/dose- 
level) for determination of the conanuation. 

7. MEIWODS 

7.1. Prinaple 

Pregnant rats are treated with the test substance durins the 'critical' phase of 
ganqenesis. Their development during the gestation period is observed. On d3y 
pregnancy the animals are laparotomised and csimined mauoscopic~lly for 
sites, resorprions in the uterus and for condition of the fctuscs. 

72. Animals 

For this experiment sexually mature, Fcmale Sprague-Dawlcy rats. Hag: SD, a m a i n  bred 

by Lippische Versuchstienucht HAGEMANN GmbH. D-493 Extcrtal 1,  \ w e  used. Thc 

animals had an adaptation period of 7 days. The body \wight of the anim:ils \KIS 193 g IO 

212' g :it the start of swdy (day 0 of prognmcy). at  his timc-point the :igc of thc 

animals was approx. 56 days. 
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d 

For idcntification, each rat receivcd a continuous number betwcen 1 and 75. A patfern 

of points was set on paws and/or tail by tattoo. Additionally, the animal cages were 

numbered. 

Fertile ('proved') 4 - 12 months old male rats of the same breed served as partners. 

They were repeatedly employed, at the earliest three days after successful copulation. 

The female breeding partners were randomly chosen. 

Mating were monogamous. 

73. Dose-lmL and adminictn tion 

T h e e  groups of pregnant Tats were established each obtained from mat ins  which were 

carried out on a daily basis. The rats were assigned to their respective group according 

to their mating day i.e. in a cyclic way following the listing of positive findings in the 

vaginal smear. Day 0 of pregnancy was the day on which sperm was found in the vaginal 

smears. 

Group 1,3-Propa.nediol dose in Number of Rat Nos. 
mg/kg b.w./day female rats 

by gavage used 

1 
female 
animals 

2 
female 
animals 

3 
female 
animals 

control: 10 mlO.8% 2.5 
aqueous hydroxypropyl- 
methylcellulose gel/ 
kg b.w./day by gavage 

250 25 

lo00 25 

1-25 

26 - 50 

51 - 75 

In order to obtain 20 prepant animals/group more animals (Z/group) were used at the 

start of the study. 

0 0 0 1 4 0  
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In all, 40 animals showing signs of pregnancy and treated with 1,3-Propanediol were 

compared with 20 pregnant control rats, employing always the first 20 suniving pregnant 

animals per group. 

0.8% aqueous hydroxypropyl-methylcellulose gel served as the vchide for the test 

substance. Administration by gavage was carried out from the 6th to the 15th day of 
pregnancy (constantly administered volume: 10 ml/kg b.w.). The control animals received 

10 ml of the vehide/kg b.w./day in the same manner. The amount of test compound was 

adjusted daily to the actual body weight. 

The male rats remained untreated. 

7.4. Food, water and accommodation 
i 

a T R O M I N  U14 (supplied by: ALTROMIN GmbH, P.O.Box 285, D-4937 Lage/Lippc, compo- 

sition: see 7.4.1.) served as food. This food and tap water (in bottles) were offered daiiy 

ad lib. Pcriodic analyses of food and bedding material (granulated wood, type A2, sup- 

plier: JRettcnmaier & SBhnc GmbH & Co., D-7092 EUwangen-Holrmiihle) for contaminants 

are conducted at least twice a year by the Landwirtschaftliche Untersuchungs- und 

Forschungsanstalt Gel, Gutenbergstr. ?7, D-2300 Gel 1. 

All analyses were based on EPA/USA, Proposed Health Effects Test Standards for Toxic 
Substances Control Act Test Rules, Federal Register fi 27334 - 27375, May 1979. T h e  
results were within the admissible limits (limitations for contaminants in the diet and the 
bedding material are given at 7.4.2. and 7.13.). 

Samples of drinking-water are taken twice a year by Wassenverk Wankendorf and 

periodic analyses are performed by the lnstitut fur Tiersesundheit und Lebensrnittel- 

qualitit der Landwirtschaftskammer Schleswig-Holstein, Gutenbergstrak 77, D-7300 Eel  

1. 

In addition, tha analyses are performed once a year by the Institut fiir Tiergesundheit 
und Lebensmittelqualit5t ( I n )  der Landwirtschaftskammer Schlcswig-Holstcin according 
to EPA/USA, Proposed Health Effects Test Standards for Toxic Substances Control Act 
Test Rules, Federal Register 44, 2733 - 27375, May 1979. The results were within the 
admissible limits. 

Limitation of contaminan~s in thc drinking-watcr sce 7.4.1. 
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The dams were kept singly in MAKROLON cages type JII. The room temperature was 

22’C 2 2°C (maximum range) and the relative humidity SQ% 2 15% (maximum iangc). 

Deviations from the maximum range caused for example during the cleaning procedure, 

are dealt with in SOPS. Rooms were lit (150 lux at 150 m room height) in a 1Zhour 

Iight/lthour dark cycle. 

The cages were cleaned and changed once a week. 

0 0 0 1 4 2  
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7.4.1. Composition of thc dict 

Standard Diet for R ~ I S  and Mice 

ALTROMIN 1314 

(ALTROMIN GmbH, D-4937 Lage/Lippe) 

AmiDo Adds 

(average % content 
in Ihe diet) 

crude protein 225 
crude fat 5.0 
crude fibres 4 5  
ash 65 
moisture I35 
nitrogen-free extract 48.0 

Metabolizable Energy 

MJ/kg 125 
kcal/kg 3Ooo .O 

Mine& 
(average % content 
in the diet) 

calcium 
phosphorus 
magnesium 
sodium 
potassium 

0.9 
0.7 
0.2 
0.2 
1 .o 

(average R content 
in the diet) 

lysine 
methionine 
cystine 
phenylalanine 

arginine 
histidine 
tryptophane 
threonine 
isoleucine 
leucine 
valine 

tyrosine 

Taw Elements 
(average content in mg 
per lo00 g of diet) 

manganese 45.0 
iron 160.0 
copper 13.0 
zinc 60.0 . 
iodine 1 .o 
fluorine 15.0 

\itamin A 
titamin D3 
\.itamin E 
\itamin K3 
kitamin Bi 
litamin 82 
titamin Bs 
titamin Bi 2 

nicotinic acid 
pantothenic acid 
folic acid 
biotin 
choline 
vitamin C 

120 
0.40 
030 
1.00 
0.70 
1.40 
0.50 
020. 
0.80 
1 -00 
1.80 
1-10 

Vitamins 
(additive per lo00 g of diet) 

15ooo.o IU 
600.0 IU 
75.0 mg 
3.0 rng 

18.0 mg 
12.0 mg 
9.0 mg 

3.0 rng 
21.0 mg 
2.0 mg 

600.0 rng 
36.0 mg 

24.0 pg 

60.0 PS 
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7.42 Limitation of contaminan& in thc d'ct 

Aflatoxin (BI, B2, GI, G2). ppb total 
Lindane, ppb 
Heptachlor, ppb 
Malathion, pprn 
DDT (total), ppb 
Dieldrin, ppb 
Cadmium, ppb 
Arsenic, ppm 
Lead. ppm 
M = w ,  PPb 
Seleoium, ppm 
PCB, PPb 

min. 

0.1 

m u .  

5.0 
20.0 
20.0 
25 

100.0 
20.0 

160.0 
1 .o 
15 

100.0 
0.6 

M.0 

7.43. Limitation ofanfaminanf~ in Lhc bedding matcrial (im mg/kg) 

Aflatoxin (BI) 
Chlordane 
Endrine 
Fluorine 
Lindane 
Heptachlor and epoxide 
DDT, DDE, DDD 
Dicldrine and aldrine 
Arsenic 
Lead 
Mercury 
Nitrite (Na-Nitrite) 
HCB 

Aflatoxin (BI, B2, G I ,  G2), ppb total 
Estrogenic Activity, ppb (DES eq.) 
Lindane, ppb 
Hcptachlor, ppb 
Malathion, ppm 
DDT (total), ppb 
Dieldrin, ppb 
Cadmium, ppb 
Arsenic, ppm 
Lead. ppm 
Sdercury, ppb 
Selenium, pprn 

Nimosaminc. ppb 
PCB. ppb 

0 0 0 1 4 4  

min. 

0.1 

max. 

0.01 
0.05 
0.02 

150.00 
0.10 
0.03 
0.05 
0.02 
2.00 
5.00 
0.10 

15.00 
0.03 

m a  

5.0 
1 .o 

20.0 
20.0 
2.5 

100.0 
20.0 

160.0 
1 .o 
1.5 

100.0 
0.6 

50.0 
10.0 
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75. Ilrccding t a t  

Mating was monogm~ous: 1 male and 1 fcniale animal were placed in one cage durins the 
dark period. Each morning a vaginal smear was taken to check for thc prescnce of 
sperm. If the smear was negative, mating was repealed. The day on whiclr sperm IWS 

found was considered the day of conception (day 0 of pregnancy). 
This procedure was repeated until enough prcgnant dams were available for \he groups. 
Rats which did not become pregnant were excluded from the analysis of the results and 
replaced by other animals. 

7.6. 

7.6.1. 

7.62 

7.63. 

7.6.4. 

E8minatiOIl.S 

Dams 

Daily checks (once in the morning and once as late on the day as practicable) 
were performed on behaviour, external appearance, mortality and faeccs. 

Body weight was ascertained d d y  - always at the same time in the morning - 
and these measurements were also used for calculating the daily amount of test 
compound to be administered. 
Body weight change: The difference beiween the body weights for the periods 
0-3,3-6,6-9,9-12, 12-15,518, 18-20 were calculated. 

Food consumption was determined daily by weighing the residue. Intake of 
drinking-water was observed daily. 

Dissection technique and evaluation: 
On the 20th day of gestation the surviving rats were laparotomised under ethcr 
narcosis. The ovaries and uteri were removed and examined. To check for 
possible drug effects a dissection was carried out which included macroscopic 
examination of internal organs. A full macroscopic inspection was carried out in 
the prematurely deceased dams as soon as possible after their exitus. 

Fetuses were removed and the following exarnin3tions performed: . 

A count was taken of fetuses and placentae. 

Sex and \iability of fetuses were determined. Animals are said to be viable 
when they are found alive (spontaneous breathing, spontaneous movement). 

Number and size of resorptions were deiermincd. 

Corpora lutea in the ovaries. in1pl:intations and localion of reruses in the 
uterus were dctcrrnincd. 

The gravid uterus weight was determined. 

Weights and length of fetuses and weight of die placcntie were dctcrmined 
(fetuses were considered 3s runts if thcir wight \vas less than 71)% of the 
mean litter weight). 

Fetuses were inspccred el\tern:illy for J:imagcs. cspcci;iIly for mdforniatic~ns. 

0 0 0 1 4 5  
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Fetuses \vert dissected and thc nunibcr and type of possible varialioiis (incl. 
retardations) or malformrc~ions- was dctermincd macroscopic ail^: 7 

In 50% of the number of fetuses/litter thorax and peritoneal cavity (uiihout 
damage to ribs and siernum) were opened: location, size and condition of the 
internal o rpns  were determined. Then the skeletons were stained with Alizarin 
according to DAWSON, the skeletal system was examined. Deierniinaiion of the 
number and an examination of retardations, variations as well as malformations 
was carried out. 

In 50% of the number of fe:uses/litter body sections were made and examined 
for variations according to WILSON. 

Evaluati on/paramet crs 

Corpora lutea per dam 

Implantations per dam 

Feiuses (alive and dead) per dam 

Resorptions per dam 

early resorptions: c 
late resorpiions: > 

resorption rate in % - - 
Runts per dam 

Malformed fetuses per dam 

malformation rate in %j = 

Variations ( i d .  rerardaiions) 

variation rate in % - - 

Pre-implantaiion loss in % 

Post-implantation loss in 5 

2 mm 
2 mm 
gesorntions 
implant aiions x loo 

x 100 malformed fetuseg 
fetuses 

x 100 
fetuses with v3ri:itions 
feruses 

cornora lurea-imnlant~tions 
corpora lutea s 100 - - 

x 100 - iiiin1~iir~tians-lit:in~ fetuses - 
implantations 

7.7. Statistical evaluation 

Thc following statistial methods were used: 

After randomisation of the animals an analysis of ciri:incc \viis carried out. 

? - far definition of 'maiformarions' and 'xirialions/ 
retard3rions' see appcndix 2 . d 
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Homogeneity of variances W ; ~ S  lcsted for mcm values by using the Bartle~t chi-square 

tcst. When the variances are homogencous. a one-way analysis of variance was applied. 

When the results indicate a significant difference among groups, the DUNXE7T tcst (p -< 

0.01) was used to compare the esperimental groups with the control group. 

In case of heterogeneity of variances, Student's t-test \vas carried out, limit of signi- 

ficance was p I 0.01. All data were evaluated statistically in this manner. In tables in 

which the individual results differ significantly from those of the control group, these 

data are stated. 

For the comparison of malformation-, resorption-, retardation- and variation rates the 

. Exact test of RA.RSHER's (p 50.05) or chi2-test 

were employed. 

i 

This experiment was carried aut from September 22nd, 1992 (first day of conception) IO 

November 16th, 19512 (termination of the experimental phase). 
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8. RESULTS 

8.L Examination of thc d a m :  

The results of this part of the study can be found in the summary tables 1 (innternaI 
clinical symptoms), 2 (maternal body weights), 3 (mean maternal body wight  change), 3 

(mean gravid uterine wights  and net maternal body wight  change), 5 ( maternal food consumption), 6 (maternal necropsy observations) and 7 (summary of reproduction data). 
The relevant individual \dues are to be found in tables A 1 - A 7. 

Synopsis of AnImals uamincd/cvaIuatcd 

Dosage Number of Animal nos. Deceased dams Not pregnant Resene 
rats mated of pregnant (nos.) dams3 (nos.) animals 

. rats (not ex- amined) 

Control 1-25 1-3,5-l5, 
17-22 

W)mg/kg 2 6 - 5 0  

(n = 20) 

26-27,29-35, 
37-47 
(n = 20) 

lo00 rng/kg 51 - 75 53 - 72 
(n = 20) 

0 

0 

0 

4, 16 

51,52 

23, 24, 2j 

8, 49, jO 

73. 7 4 7 5  

8.1.1. Bchaviour, external appearance, faces, mortality 

In the dams treated with 250 mg and loo0 mg 1,3-Propanediol/kg lxw.. by gavage 

(treatment from the 6th to 15th day of gestation) no substance-related influcnce ~ 3 s  

found on behaiiour, exrernal appearance and faeces. 

No dam died prematurely. 

' 

not pregnant = negative according to SALEWSKI, E.: Nrrunyn-Schmicdchcr~s 
arch. exp. paihol. and pharmacol., 217,367 (19M) 
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8.1.2 Food and drinking-watcr consumption 

Absolute and rclative food consumption remained unchanged at 3 0  nig and to(10 nlp 1.3- 

Propanediol/kg b.w., by gavage, treatment from the 6th to 15th day of gestation. 

Drinking-water consurn pion showed no substance-related changes. 

8.13. Body weight and body wcigbt'changc 

Body weight and body weight gain were within the normal range of the controls at 3 0  

rng 1.3-Propanediolfig b.w., by savage, treatment from the 61h to 15th day of gestation. 

This is also true for body weights of the high-dosed dams (loo0 mg 1,3-Propanediol/kg 

b.w., by gavage, treatment from the 6th to 15th day of gestation). However, there was a 

tendency towards an inhibition of body weight gain between the 6th and 9th day of 

pregnancy (-32%). The difference from the controls was not significant 3t p 5 0.01. 

8.L4- Examinations of the dams at termination 

8.1.4.1. Nccropsy Gndings 

There were no substance-related observations at necropsy in any of the dams. 

T h t  low-dosed dam no. 46 (30  mg 1,3-Propanediol/kg b.w./day, by garage, treatment 

from the 6th to 15th day of pregnancy) showed a spontaneous induration o l  the  right 

lobe of the lungs, in addition, the pericardium of this rat was adhered to the lungs and 

the thymus. 

8.1.42 Utcrus wcight 

The gravid uterus weights of the animals trcatcd with 250 mg and lo00 mg 1.3- 

Propanediol/kg b.w., by gavage, treatment from the 6th to 15th day of gestation were 

not influenced by the exposure to the test compound. 

8.1.43. Rcprodudion data of dams 

The fertility rate was !lO.9% for d l  three groups. 

Thcre were no substance-related and/or statistically significant diffcrcnccs bctwen rhe 

groups (control. 250 rng and IO00 mg IJ-Propanediol/kg b.w.. by gavagc) in conception 

r s c ,  in the mean nunibcr of corpora Iutca snd impl;int;ltion sires o r  in ~ h c  \*;tlucs 

c;llculatcd for the pre-irnplmtsiion loss and thc number of viablc Cctuscs. Ths nurn6cr of 

rcsorptions and consequently Ihc post-implantation loss wcrc not increvscd 31 3 0  t n ~  2nd 

is9 ng/kg b.w. (rcsorptioa u r c  low dost: 5 . 7 5 .  high dose: 7.6'; and ~ , ~ s r - ~ . ! ~ p ~ ~ ~ i i : . i t i ~ ~ ~ ~ i  
. .  

0 0 8 1 4 9  
wfamllon\ m d  abbrc\iaihns W: pnbre d ihc rcpn LPT Lboraloq csf phsmastilog) 2nd Toticiiliw HJmburg 
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loss low dose: j.SQ, high dose: 7.6%; resorption rate snd post-implantcrtion loss nl cnnrrol 

darns: 10.8% and lO.S%, respectively). 

8.2 Examination of the fetuses: 

Results of this part can be found in the summary tables 8 (mean placental \wights and 
fetal body weights), 9 (mean fetal lengths), 10 (summary of all classified fctnl cxrernnl 
observations), 11 (summary of fetal exrernal malformations), 12 (summary of f m l  
exrernal variations), 13 (summary of fetal skeletal retardations and/or variations), and 11 
(summary of fetal soft tissue variations). 
The relevant indkidual values or findings are to be found in tables B 1 - B 7. 

821. Sur distribulion of fetuses 

The sex distribution of the fetuses in test groups 2 and 3 (250 mg and loo0 mg 1:;- 

hopanediol/lig b.w, by gavage, treatment from the 6th to Uth day of gestation) was 

comparable with the control fetuses. The dilferences observed in comparison to the 

con~rol  are without any biological rcleuancc. 

8-22 Wcight of placentae 

The mean placental weights in test youps 2 and 3 (250 mg and lo00 mg 1.3-Propanc- 

diol/kg b.w., by gavage) were not influenced by the administration of the test compound 

to the dams. The differences observed in comparison to the control are without any 

biological relevance. 

8.23. Wcight and Icn& of fccuxs 

The mean fetal weights and length were not influenced by the test substance esposurc. 

All values were within the range of biological variation. 

82.4. J3crnal examination of he fctuscs 

The external examination of the fctuses rcvealcd no midformalions at [he two tested 

dose-levels of 250 mg and loo0 rng 1.3-Propmediol/kg b.w., by g m g e ,  ircniment from 

the 61h to 15th day of gestation. 

One control fetus from the d m  no. 5 showed shorrencd hindlimbs (biliitcral), toes of . 

the right foot were missing. 

No macroscopically visible varioiioa u'x found 31 250 nig and 1000 mg 1,3-Propcr1icdinl!kg 

b.\v., by 93v3~e. lreatment from thc Gth 10 15th day of gcsution. 

One varialion (haemorrhage bchind the lcns of thc right eye) was Jcicctcd in one 

control fctus of dam no. 1. 
"I 
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Dead fetuses did not occur in the substance treated and control darns. 

These changes belong to the spontaneous range as to their type and the number of 

affccted fetuses. 

825. Skeletal examination of b e  fctwcs 

No malformations were observed during skeletal examinations (according to the method of 
DAWSON) in fetuses from dams treated with 250 mg and IO00 mg 1,3-Propanediol/kg b.w.; 

by gavage (treatment from the 6th to 15th day of pregnancy). 

One malformed control fetus is described in section 8.2.4. ’fi.ernal examination of the 

fetuses’. 

The variations elicited were related to the ribs (accessory 14th n i ,  wavy ribs) and the 

sternum (sternebra(e) bipartite or misaligned) and were found in all goups - including 

the controls - to about the same exent. 

In all groups signs of retardations (incomplete or missing ossification of hyoid, skull 5th 

metacarpalia, vertebral bodies and/or sternebra(e)) were found without any clear 

differences of biological relevance between the groups (incl. the controls). The fetal 

incidence of all retardations \\.as slightly and significanlly increased (FISHER’S exact 

test, p I 0.05) at the highest tested dose (loo0 mg 1,3-Propanediol/kg b.w., by gavage). 

A significantly retarded ossification of the skull was seen at 29 mg l,IPropanediol/kg 

b.w., by gavage (FISHER’S exact test, p I 0.05) and at loo0 mg 1,3-Propanediol/kg b.w., 

by gavage (FISHER’S exact test, p 0.01). The sigdkance is due to the low incidence 

in the control group in ihis study which is much below the background incidence. The 

incidences found in the dose-level groups are within the range of the background data 

(45.7% t 17.4%) and hence the significance is not considered to be substance-relared. 

8.26 Soft Lissuc examination of the fetuses 

The examination of the organs of the fetuses (method according to WILSON) revealed no 

rnalfonnations in test groups 1 and 3 ( 5 0  mg and loo0 mg 1,3-Propanediol/kS b.w., by 
savage). 

VarkiLions were dctected in all groups. The very common findings (uni- or bilateral 

diistcd renal pelvis, hacmorrh3ges of the liver, 4th cerebral ventricle enlarged) in the r31 

strain used in this study occurred without any dose-response relationship. 

The type and number of vnridtions found in the 1,3-Propancdiol treated groups were 

similar IO those found in the control group. 

For ovcrall avxsrncni of Lhc above-mcntioncd tindings scc 8.27. 
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8.27. Abstract and asscssrnent ol  fctal cxtcrnal, soft tissuc and skclctal obscrvstionc 

A s  can be seen from tables 10-14 [here are no statisticaliy significant differences 

between the different test groups at all concerning summarised exrernd, soft tissue, 

skeletal and overall malformations and variations. Skeletal retardations (feral incidence) 

were slightly and significantly increased (FISHER’S exact test, p 5 0.05) at the highest 

test dose of lo00 rng/kg b.w.. No external findings were made in the low- and high-dosed 

fetuses (250 mg and loo0 mg l,IPropanediol/kg b.w., by gavage). 

All other differences between the control and the 250 mg and loo0 mg/kg b.w. fetuses 

are without any biological relevance, because they were found without any dose-response 

relationship. 



1,3 - Propanediol 
Examination of the Influence on tho Pregnant Rat and the Fetus by Oral Administration 

TABLE 1 Summary of Maternal Clinical Symptoms 

~ ~ ~ ~ ~ ~ ~ ~~~ ~ ~ 

Test Group 1 Test Croup 2 Test  Group 3 
Control 250 mg 1000 mg 
(10 ml METHOCEL E 4 H/kg 
b . v .  p . 0 . )  b.w. p . 0 .  b.w. p . 0 .  

1,3-Propanedi.ol/kg 1.3 - Propaned iol/kg 

D a m s  evaluated n =  

No remarkable 
observations n -  

r 

20 

20 
100.0 

20 

20 
100.0 

20 

20 
100.0 



w 
* TABLE 2 

1,3-Propanediol 
Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

Mean Maternal Body Weights during Gestation - Grams . 

Time-Point Test Group 1 
Control 250 mg 
(10 ml METHOCEL E 4 M/kg 
b.w. p . 0 . )  

Test Group 2 

1.3-Propanediol/kg 
b.w. p.0. 

Test Group 3 
1000 mg 
1,3-Propanediol/kg 
b.w. p.0. 

214.9 
9.7 
20 

210.5 
11.1 

20 

n 209 I 3 
SD 9.2 

20 n u  

Day 0 

Day 3 

Day 6 

Day 9 

Day 12 

M 221.7 
SD 9.4 
n -  20 

H 
SD 
n u  

H 
SD 
n -  

H 
SD 
n -  

235.5 
10.9 
20 

246.6 
12.4 

20 

261.1 
13.6 

20 

221.4 
10.9 
20 

236.0 
13.0 
20 

245.2 
14.5 

20 

260.6 
16.5 
20 

226.5 
10.8 
20 

239.7 
11.2 
20 

247.1 
14.7 
20 

262.4 
15.2 
20 

continued on next page 



1,3-Propanediol 
Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

TABLE 2 Hean Maternal Body Weights durin: Gestation - Crams 

Time - Po in t Test Group 1 Test Group 2 
Control 250 mg 
10 ml METHOCEL E 4 M/kg 
b.w. p.0.) b.w. p.0. 

1,3-Propanediol/kg 

Test Croup 3 
1000 mg 
1,3-Propanediol/kg 
b.w. p.0. 

Day 15 

Day 18 

Day 20 

Q 
c3 
Q 
b 

M 
SD 
n u  

M 
SD 
n -  

M 
SD 
n =  

277.0 
16.4 
20 

312.0 
20.9 
20 

339.9 
24.5 
20 

275.4 
18.4 

20 

311.6 
22.7 

20 

342.1 
25.2 

20 

278.3 
15.6 
20 

310.1 
19.6 
20 

341.1 
19.6 

20 
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1,3-Propanediol 
Exam-.lation of the Influence on the Pregnant Rat and the Fetus by Oral Administration 0 

TABLE 3 Mean Haternal Body Weight Change during Gestation - Crams 

Time- Period Test Group 1 
Control 250 mg 
(10 ml METtlOCEL E 4 W/kg 
b.w. p . 0 . )  b.w. p . 0 .  

Test  Group 2 

1,3-Propanediol/kg 

Test Croup 3 
1000 mg 
1,3-Propanediol/kg 
b.w. p . 0 .  

Days 0 t o  3 H 
SD 
n -  

Days 3 to 6 H 
SD 
n -  

Days 6 to  9 H 
SD 
n -  

Days 9 to 12 H 
SD 
n -  

Days 12 to 15 n 
SD 
n = =  

1 2 . 4  
3 . 5  

2 0  

1 3 . 8  
4 . 9  

2 0  

11.1 
5.1 

20 

1 4 . 5  
4 . 5  

2 0  

1 5 . 9  
5.1 

20  

11.0 
4 . 9  

2 0  

1 4 . 6  
4 . 6  

20 

9 . 2  
8 . 2  

20 

15.4 
6 . 2  

20 

1 4 . 8  
6 . 8  

2 0  

1 1 . 6  
4 . 2  

20 

13.2 
3 . 4  

20 

15.3 
4 . 3  
20 

1 5 . 9  
4 . 5  

20  

continued on next page 
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1,3-Propanediol 
Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

TABLE 3 Mean Maternal Body Weight Change during Gestation - Grams 

Time - Period T e s t  Croup 1 
Control 250 mg 
(10 ml METHOCEL E 4 M/kg 
b.w.  p . 0 . )  b.w. p . 0 .  

Test Group 2 

1,3-Propanediol/kg 

Test Croup 3 
1000 mg 
1,3-Propanediol/kg 
b.w.  Q . O .  

Days 15 to 18 H 
SD 
n -  

Days 18 to 20 n 
SD 
n -  

s 
0 
s 
ba 
CWQ 
-4 

35 I1  
7 . 3  
20 

27.9 
5.3 
20 

36 .2  
6 . 4  
20 

30.5 
4.7 
20 

31.9 
11.7 

20 

31.0 
10.5 

20 

-- 



FIGlJRE 1 EXAMINATION OF THE INFLUENCE OF 1,3-PROPANEDIOL 
ON THE PREGNANT RAT AND THE FETUS BY ORAL ADMIN- 
I STRATI 0 N 

body weight of female onimols 

daily mean volue of  20 animals each 

treatment from 6th - 15th day of  pregnancy 
, 

400 7 
rcI Test Group 1 :  Control (10 ml METHOCEL E 4 M/kg b.w. p.0.) 
0-0 Test Group 2: 250 mg/kg b.w. p.0. 
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1,3-Propanedio l  

Hean Gravid U t e r i n e  Weights arid Net Haterna l  Body Weight Change - Crams 
Examination of t h e  I n f l u e n c e  on t h e  Pregnant  Rat and t h e  Fe tus  by Oral  Adminis t ra t ion  

TAD1.E 4 

C r i  t e r i  a Test Group 1 
Cont ro l  250 rng 
(10 rnl  METHOCEL E 4 M/kg 
b.w. p . 0 . )  b.w. p . 0 .  

Test Group 2 

1 ,3-Propanedio l /kg  

Test Group 3 
1000 mg 
1,3-Propanediol /kg 
b.w. p . 0 .  

Gravid U t e r u s  M 
SD 
n -  

Carcn ss  W 
SD 
n u  

Net Uody I le ight  W 

Day 6 n -  
Cliairga from SD 

Q 
0 
F 
crt 
c;3 

73.9 
1 4  . O  

20 

266.0  
1 6 . 5  

20 

30.5 
9.4  

20 

77.4 
11.6 
20 

264.7 
17.8 

20 

28.7 
9.0  

20 

73.7 
9.7 

20 

267.4 
16.7 
20 

27.7 
9.3 
20 
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8 
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TABLE 5 

1,3-Propanediol 
Examination o f  the Infl ence on the Pregnant Rat and the Fetus by Oral Administration 

Maternal Absolute Food Consumption during Gestation - Crams/Day 

Time - Per iod Test Croup 1 
Control 250 mg 
(10 ml METHOCEL E 4 M/kg 
b.w. p.0.) b.w. p.0. 

Test Group 2 

1.3-Propanediol/kg 

Test Group 3 
1000 mg 
1,3-Propanediol/kg 
b.w. p.0. 

Days 0 to 3 M 
SD 
n =  

Days 3 to 6 M 
SD 
n u  

Days 6 to 9 M 
SD 
n u  

Days 9 to 12 M 
SD 
n =  

Jays 12 to 15 M 
SD 
n u  

21.1 
1.9 
20 

22.8 
1.7 
20 

23.1 
2.5 
20 

23.9 
2.8 
20 ' 

24.3 
2.2 
20 

20.9 
1.7 
20 

22.6 
2.3 
20 

23.1 
3.7 
20 

23.5 
3 .0  
20 

23.3 
3.9 
20 

22.4 
1.8 
20 

23.2 
2.0 
20 

22.4 
4.7 
20 

2 3 . 7  
2.4 

2 0  

2 3 . 6  
2 . 6  
20 

continued on next page 
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1,3-Propanediol 
Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

TABI.IS 5 Maternal Absolute Food Consumption during Gestation - Grams/Day 

Time - Pcr Lod Test Group 1 
Control 250 mg 
(10 ml METIiOCEL E 4 M/kg 
b.w. p . 0 . )  b.w.  p . 0 .  

Test Group 2 

1,3-Propanediol/kg 

Test Group 3 
1000 mg 
1,3-Propanediol/kg 
b.w. p . 0 .  

Days 15 to 18 M 
SD 
n -  

Days 10 to 20 M 
SD 
n =  

25.7 
2.7 

20 

25.0 
2 . 6  
20 

25.7 
2.8 

20 

2 5 . 0  
2 . 9  

20 

. 2 5 . 7  
3.1 

20 

2 4 . 9  
2 . 6  

20 

ca 
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FIGURE 2 EXAMINATION OF THE INFLUENCE OF 1,3-PROPANEDIOL 
ON THE PREGNANT RAT AND THE FETUS BY ORAL ADMIN- 
ISTRATION 

food consumption of female onimals 

doily mean value of 20 animals each 
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200 
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1,3-Propanediol 
Examinatiori of the Influence on t h e  Pregnant Rat and the Fetus by Oral Administration 

T A B L E  6 Summary of Maternal Necropsy Observations 

7 

4 
G 
'3 

5 
5 

2. 
*:! 

5 0) 

a 
, I3  
-4 
E' 

R' 

!? 

5 
V i  

Criteria 

Dams c x m i n e d  n =  20 20 20 

obscrvo t ions n u  20 19 20 
% LOO I O  9 5 . 0  100.0 

No remarkable 

Lungs: right n u  0 1 0 
Lobe indurated; y. 0.0 5.0 0 .0  
pericardium: 
adhered to lungs 
and thymus 

2 0  
2 s  
z a  

+ 
z a a  
2 - w  

Test Group 1 Test Croup 2 
Control 250 mg 
(10 m l  METHOCEL E 4 H/kg 
b . w .  p.0.) b.w. p.0. 

1,3-Propanediol/kg 

Test Croup 3 
1000 mg 
1,3-Propanediol/kg 
b.w. p . 0 .  



1,3-Propanediol 
Examination of  the Influence on the Pregnant Rat and the Fetus by Oral Administration 

TABLE 7 Summary of Reproduction Data 

Test Croup 1 Test Croup 2 Test Group 3 
Con t ro 1 250 mg 1000 mg 
(10 ml HETBOCEL E 4 H/kg 
b . w .  p.0.) b.w. p.0. 

1,3-Propanediol/kg 1,3-Propanediol/kg 
b.w. p . 0 .  

Females mated (1) 
surplus, not 

eva lua ted 

preenant ( 2 )  

aborted 

pr eina tu r e b i r t h s 

Dams w i t h  viable 

Dams with complete 
resorptions 

Femille mortality 

fetuses 

Pregnant a t  
Caesarean-section 

25 

3 

20/22 
90.9 

0 

0 

20 

0 

0 
0.0 

20 
100.0 

25 

3 

20/22 
90.9 

0 

0 

20 

0 

0 
0 . 0  

20 
100.0 

25 

3 

20/22 
90.9 

0 

0 

20 

0 

0 
0 . 0  

20 
100.0 

continued on next page 
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V 
-I 
c 
-5 a 

I? 

=. 
Z 
w 

; n 

E~ 
:g 
td 
E 
B 

6 

-I 

K 

It2 

8 -2 
0 ;  * ,: 
+ 

r 
3 

Test Group 2 Test Croup 3 s Control 250 mg 1000 mg c 

1,3-Propanediol/kg 1,3-Ptopanediol/kg ? 
b.w. p.0.) b.v. p.0. b.w. p.0. 4 

2 
r. 
3 Test Croup 1 

(10 ml METHOCEL E 4 W/kg x 

4.. 
LJ 
\ 
\c 
IJ 

d 

Pregnant a t  
Caesarcan- soction n u  20 20  2 0  

Corpora lutea M 1 3 . 8  13.8 13.9 
SD 2 . 2  1.8 1.4 
total 276 276 277 

13.3 L 
Implantation sites M 13.4 13.4 

+ SD 1 . 9  2 . 0  1 . 7  
total 267 268 266 

Pre-implantation 
Loss mean % 2 . 8  3.0 3 .8  

SD 6 . 6  6 . 1  9 .6  
Po s t - imp 1 a n t a t Lon 
loss mean % 1 0 . 8  5 . 8  7 . 6  

? 'c, 
E 

SD 1 2 . 6  6 . 3  8 . 4  2 

> c: 
O i  'continued on next page 0 2  
C' 
- y  
2 ? ?  

7, c s 1,' 

(n 

c\pl.iii:ilititi\ ;iiitt :iInluc\wiitm we pc~.tcc ot 111c t c p l t  
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Q3 1.3-Propanediol 

Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 
TABLE 7 Summary o f  Reproduction Data 

~~ ~~ ~ 

Test Group 1 Test Croup 2 
Con,trol 250 mg 
(10 ml HETHOCEL E 4 M/kg 
b.w. p . 0 . )  b.w.  p . 0 .  

1,3-Propanediol/kg 

Test Group 3 
1000 mg 
1,3-Propanediol/kg 
b.w. p . 0 .  

Pregnant at 
Caesarcan-section 

Resorptions : 
total 

early 

lnte 

Dead fetuses 

n -  

H 
SD 
total 
mean X 
SD 

total 
mean X 
SD 

total 
mean ft 
SD 

n -  

20 

. 5  
1.8 
30 

10.8 
12.6 

24 
0.7 
8.8 

6 
2.1 
6 . 6  

0 

20 

0 . 8  
0.9 

16 
5 . 7  
6 . 3  

15 
5.4 
5 . 5  

1 
0 . 4  
1.6 

0 

20 

0 . 9  
0.9 
18 

7 . 6  
8 .4  

15 
6 . 2  
6 . 1  

3 
1.4 
5.1 

0 

continued on next page 
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1,3-Propanediol 
Examinntion o f  the Influence on the Pregnant Rat and the Fetus by Oral Administration 

TABLE 7 Summary o f  Reproduction Data 

Test Croup 1 
Con t ro 1 
(10 ml HETHOCEL E 4 M/kg 
b .w .  p . 0 . )  b.w. p . 0 .  

Test Group 2 
250 mg 
1,3-Propanediol/kg 

Test Group 3 
1000 mg 
1,3-Propanediol/ke 
b.w. p.0. 

Dams with viable 
fetuses 

Live fetuses 

Female 

Hales 

n =  

M 
SD 
total 
mean X 
SD 
left X 11 
right X 

total 
mean X 
SD 

total 
mean X 
SD 

20 

11.9 
2.0 
237 
89.2 
12.6 
47,3 
52.7 

111 
47.4 
15.7 

126 
52.6 
15.7 

d distribution in the uterine horns 

20 

12.6 
1.8 
252 
94.3 
6.3 
47.6 
52.4 

119 
47.4 
1 5 . 9  

133 
5 2 . 6  
1 5 . 9  

20 

12.4 
1.7 
248 

92.4  
8.4 
42.3 
57.7 

115 
46.6 
11.1 

133 
53.4 
11.1 

continued on next page 
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: a 
*2 
4 
z 
3 :: 
o_ 

V 

d 
9 c 

$ 
i$ 

B in 

F 
z 3 

1;: 

(Summary of a l l  classffied fetal external, soft tissue, and skeletal observations) 

Test Croup 3 

1,3-Propanediol/kg 

Test Group ]. 

(10 ml METIIOCEL E 4 M/kg 
b.w. p . 0 . )  b . w .  p . 0 .  b .w .  p . 0 .  

Test Croup 2 

1,3-Propanediol/kg 
Con t ro 1 250 mg 1000 mg 

Litters evaluated n -  20 20 20 
Fetuses evaluated n -  237 252 248 

1 ive n u  237 252 248 
dead n -  0 0 0 

Total malformations 

fetal incidence n 9  1 0 0 
% 0.4 0 . 0  0.0 

1 0 0 
3: 5 . 0  0 . 0  0 . 0  

litter incidence n =. 

Total variations (externall 

fetal incidence n -  1 0 0 
x 0 . 4  0 . 0  0 . 0  

litter incidence n - 1 0 0 
% 5 . 0  0 . 0  0 . 0  

continued on next page 
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1,3-Propanediol 
Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

(Summary of all classified fetal external, soft tissue, and skeletal observations) 
TABLE 7 Summary of Reproduction Data 

Test Group 1 
Control 250 mg 
(10 ml METIIOCEL E 4 M/kg 
b.w. p.0.) b.w. p.0. 

Test Group 2 

1,3-Propanediol/kg 

Test Group 3 
1000 mg 
1,3-Propanediol/kg 
b.w, p.0. 

Total variations (soft tissue1 

Fetuses evaluated n -  
fetal incidence n =  

x 
litter incidence n -  

x 
Tote 1 var io t ions ( s ke le to 1 
observations1 

Fetuses evaluated n -  
fetal incidence n -  

% 

es 

e 
w 
83 
C G  

litter incidence n -  
x 

118 
31 
26.3 

16 
80.0 

119 
37 
31.1 

15 
75.0 

126 
25 
19.8 

15 
7 5 . 0  

126 
29 
23 . O  

11 
55.0 

* 124 
28 
22.6 

continued on next page 

15 
75.0 

124 
36 
29.0 

13 
65.0 
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-2 1,3-Propanediol 
8 Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

TABLE 7 Summary of Reproduction Data 
(Summary of a l l  classified fetal external, soft tissue, and skeletal observations) 

Test Group 1 
Control 250 mg 
(10 ml METHOCEL E 4 M/kg 
b.w. p . 0 . )  b.w. p.0. 

Test Croup 2 

1,3-Propanediol/kg 

Test Croup 3 
1000 mg 
1,3-Propanediol/kg 
b.w. p.0. 

Total retardations (skeletal observations1 

Fetuses evaluated n = 
fetal incidence n -  

x 

119 
76 

63.9 

litter incidence n - 18 
Y ,  9 0 . 0  

126 
80 

63.5 

19 
9 5 . 0  

124 
96 

77.411 

20 
1 0 0 . 0  

1) significantly different from the control ( p  I 0.05)  



1,3-Propanediol 
Examination of the Influence on the Prcgnont Rat and the Fetus by Oral Administration 

TABLE 8 Mcari Placental and Fetal Body Weights 

Test Croup 1 Test Group 2 
Control 250 mg 
(10 ml HETHOGEL E 4 M/kg 
b.w. p.0.) b.w.  p . 0 .  

1,3-Propanediol/kg 

Test Group 3 
1000 mg 
1,3-Propanediol/kg 
b.w. p.0. 

Placental Weights 
of male fetuses 

o f  female fetuses 

Fetal weights 
of male fetuses 

o f  female fetuses 

Units: Grams 
H 
SD 
n =  

H 
SD 
n -  

Units: Grams 
H 
SD 
n -  

H 
SD 
n =  

0 .56  
0.08 

20 

0.54 
0 .07 
20 

3.82 
0 . 44  

20 

3.66 
0 .43  

20 

0 .55 
0.07 
20 

0.54 
0.07 

20  

3.87 
0.31 
20 

3.68 
0.34 
20 

0 . 5 8  
0 . 0 7  

20 

0 . 5 6  
0 . 0 7  
20 

3 . 7 6  
0 . 2 2  

20 

3.57 
0.21 
20 
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-.. 
Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

TABLE 9 Mean Fetal Lengths 

Test Group 2 
250 mg 
1,3-Propanediol/kg 

Tost Group 1 
Control 
(10 mL METllOCEL E 4 H/kg 
b.w.  p.0.) b.w. p . 0 .  

Test Group 3 
1000 mg 
1,3-Propanediol/kg 
b . w .  p.0. 

Fetal lengths Units: mm 
male + female H 3 4 . 9  
fetuses SD 2.0 

n -  20 

35.0 
1.0 
20 

35.2 
1.1 
20 
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1,3-Propanediol 
Examination OP the Influence on the Pregnant Rat and the Fetus by Oral Administration 

TABLE 10 Summary of all Classified Fetal External Observations 

Test Group 1 
Control 250 mg 
(10 ml NETHOCEL E 4 M/kg 
b.w. p . 0 . )  b.w.  p.0. 

Test Group 2 

1,3-Propanediol/kg 

Test Group 3 
1000 mg 
1,3-Propanediol/kg 
b.w. p.0. 

Litters evaluated n =  20 20 20 

Fetuses evaluated n -  
1 ive n=- 
dead n u  

Total malformations 
fetal incidence n u  

litter incidence n = 

% 

% 

237 
237 
0 

1 
0 .4  

1 
5 . 0  

Total variations 
fetal incidence n -  1 

0 * 4 % 

Litter incidence n - a I. 
% e  5 . 0  

c=3 

w 
-3 

c*3 

252 
252 
0 

0 
0 . 0  

0 
0 . 0  

0 
0 . 0  

0 
0.0 

248 
248 
0 

0 
0 . 0  

0 
0 . 0  

0 
0 . 0  

0 
0.0 
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1,3-Propanediol 

Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

4 
cp 

TABLE 11 Summary of Fcta l  Extcriial Malformations 

Test Croup 1 
Control 250 mg 
(10 ml HETHOCEL E 4 M/kg 
b.w. p.0.) bow. p . 0 .  

Test Group 2 

1,3-Propanediol/kg 

Test Croup 3 
1000 mg 
1.3-Propanediol/kg 
b.w. p . 0 .  

Litters evaluated 
Fetuses evaluated 
1 ive 
dead 

Both hind1 imbs 
shortened; 
tight foot: 
toes missing 

fetal incidence 

litter incidence 

I1 

n =  
n u  
n -  

n -  x 

n -  
x 

20 
237 
237 

0 

I. 
0.4 

1 
5.0 

20 
252 
252 
0 

0 
0 . 0  

0 
0.0 

20 
248 
248 
0 

0 
0 . 0  

0 
0 . 0  
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1,3-Propnnediol 

Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 
TABLE 12 Summary of Fetal External Variations 

Test Group 1 
Control 250 mg 
(10 ml HETHOCEL E 4 H/kg 
b . w .  p.0.) b . w .  p.0. 

Test Group 2 

1.3-Propanediol/kg 

Test Group 3 
1000 mg 
1,3-Propanediol/k~ 
b . w .  p.0. 

Litters evaluated n =  

Fetuses evaluated n u  
1 ive n -  
dead n -  

Right eye: haemorrhage 
behind the lens 

fetal incidence n -  
Ye 

20 

237 
237 
0 

1 
0.4 

1 
5 . 0  

20 

252 
252 
0 

0 
0 .0 

0 
0.0 

. 20 
248 
248 

0 

0 
0 .0  

0 
0 .0  

litter incidence n - 
x 

6 
c9 
e3 
px 
-2 
Q-! 



1,3-Propanediol 
Examination of the Influence on the Preenant Rat and the Fetus by Oral Administration 

Summary of all Classified Fetal Skeletal Observations Qa TABLE 13 

Test Group 1 Test Group 2 
Control 250 m g  
(10 ml METHOCEL E 4 M/kg 
b.w. p . 0 . )  b.w. p . 0 .  

1,3-Propanediol/kg 

Test Group 3 
1000 mg 
l13-Propanediol/kg 
b.w. p . 0 .  

Litters evaluated 
Fetuses evaluated 
live 
dead 

Total malformations 
fetal incidence 

litter incidence 

Tota 1 variations 

fetal incidence 

litter incidence 

// but see  table 11 

n =  
n -  
n = =  
n u  

n -  
x 
n -  
y. 

n -  
y. 

n -  
x 

20 
119 
119 

0 

0 ii 
0 . 0  

0 
0 . 0  

37 
31.1 

15 
7 5 . 0  

20 
126 
126 

0 

0 
0.0 

0 
0 .0  

29 
23.0 

11 
5 5 . 0  

20 
124 
124 

0 

0 
0.0 

0 
0 . 0  

36 
2 9 . 0  

14 
7 0 . 0  
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1,3-Propanediol 
Examination o f  the Influence on the Pregnant Rat and the Fetus by Oral Administration 

TABLE 13 summary of all Classified Fetal Skeletal Observations 

Test Croup 1 
Control 250 mg 
(10 ml HETHOCEL E 4 M/kg 
b .v .  p . 0 . )  b.w. p . 0 .  

Test Croup 2 

1,3-Propanediol/kg 

Test Croup 3 
1000 mg 
1,3-Propanediol/kg 
b.w. p.0. 

Total retardations 

Eetal incidence 

litter incidence 

n -  
x 
n =  
x 

76 
63.9 
18 

90.0 

80 
63.5 
19 

95.0 

96l ) 
7 7 . 4  ' 

G 
100.0 

I significantly different from control (p s 0 . 0 5 )  ' 
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TABLE 1 3  Summary of  Petal  S k e l e t a l  R e t a r d a t i o n s  

T e s t  Croup 1 T e s t  Croup 2 T e s t  Group 3 
Con t ro l  250 mg 1000 mg 
(10 'pL METIIOCEL E 4 M/kg 1 ,3 -P ropaned io l /kg  1 ,3 -P ropaned io l /kg  
b.w. p . 0 . )  b.w. p . 0 .  b.w. p . 0 .  

2 
c. - 

1,; .* 
I 
3 
5 

c. 

7 

'I: 

Li t te rs  e v a l u a t e d  n e  
F e t u s e s  e v a l u a t e d  n -  

1 i v e  n =  
dead n =  

I/ s i g n i f i c a n t l y  d i f f e r e n t  from the control (p 5 0 . 0 5 )  
///I s i g n i f i c a n t l y  d i f f e r e n t  from t h e  c o n t r o l  (p _< 0 . 0 1 )  

con t inued  on nex t  page, 

20 
119 
119 
0 

S k u l l  i n c o m p l e t e l y  o s s i f i e d  
f e t a l  i n c i d e n c e  n =  

3 32J x Zk.. 9 

l i t t e r  i n c i d e n c e  n = 
i! 

15 
75 .0  

Hyoid bone incomple t e ly  o s s i f i e d  
f e t a l  i n c i d e n c e  n u  9 

x 7 . 6  

l i t t e r  i n c i d e n c e  n = 
i! 

6 
30.0 

20 
126 
126 

0 

--) 
52iI ' 

4 1 . 3  

1 7  
85 . O  

1 7  
1 3 . 5  

6 
30.0 

20 
124 
124 

0 

16 
80 .0  

1 3  
10 .5  

7 
35.0 

r 
3 

z c 
4 1- 

',J .. 
I J  

L 

. -  
I 

2, 
h 

I. .. ,---._.- 



1,3-Propanediol 
Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

TABLE 13 Summary o f  Fetal Skeletal Retardations 

5 
c B 
.;! 
% s 

f l l  s 
P 

d 
E .  0 

4 
02 *C 

F 

8 

5 
0 

Y 
u 

- 

3 

n2 
0- 

Test Group 1 
Control 250 mg 
(10 ml HETHOCEL E 4 H/kg 
b.w. p . 0 . )  b.w. p . 0 .  

Test Group 2 

1,3-Propanediol/kg 

Sternebra(e) not or incompletely ossified or reduced in size 
fetal incidence n -  55 4 9  58 

litter incidence n - 17 16 2 0  
x 8 5 . 0  8 0 . 0  100.0 

x 4 6 . 2  38.9 46.8 

Thoracic vertebral body/bodies dumb-bell-shaped, bipartite or incompletely ossified 
fetal incidence n -  17 20 18 

r. 14.3 1 5 . 9  14.5 

x 45 . 0  60.0 55.0 
litter incidence n - 9 12  11 

Lumbar vertebral body/bodies dumb-bell-shaped 
fetal incidence n -  1 0 2 

litter incidence n - 1 0 1 
x 0 . 8  0 . 0  1 . 6  

x 5 . 0  Q 0 . 0  5 . 0  
8 
8 '  

-2 
6B 

Netacarpalia (bilateral) not ossified 
fetal incidence n -  2 w 1 1 

x 1.7 0 . 8  0 .8  
litter incidence n - 1 1 1 

% 5 . 0  5.0 5 . 0  

Test Group 3 
1000 mg 
I, 3-Propanediol/ke 
b.w. p.0. 

z 
? 

P v: 
E 
'A .. 
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1,3-Propanediol 
Examination OE the Influence on tho Pregnant Rnt 6nd the Fetus by Oral Administration 

TABLE 13 Summary of Fetal Skeletal Variations 

~ _ _ _ _ _ _ _  ~~ 

Test Group 1 Test Group 2 Test Group 3 
Control 250 mg 1000 mg 
(10 ml METHOCEL E 4 H/kg 1,3 - Propanediol/kg 1,3-Propanediol/kg 
b.w. p . 0 . )  b.w. p.0. b.w. p . 0 .  

Litters evaluated n u  
Fetuses evaluated n -  
live n o  
dead n -  

Sternebra(e) misaligned 

i! 
fetal incidence n =  

litter incidence 

Accessory 14th rib(s 
fetal incidence 

litter incidence 

Rib(s)  wavy 
fetal incidence 

litter incidence 

Y x 

n -  x 

n =  
x 

n =  
x 
n -  
x 

20 
119 
119 
0 

13 
10.9 

8 
40.0 

11 
9 .2  

8 
40.0 

15 
12.6 

20 
126 
126 

0 

7 
5.6 
6 

3 0 . 0  

10 
7.9 

6 
30.0 

13 
10.3 

20 
1 2 4  
124 
0 

10 
8.1 
7 

35.0 

13 
10.5  

6 
30.0 

17 
13.7 

7 
35.0 

6 
30.0 

7 
35.0 
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L,3-Propanediol 
Examination o f  the Influence on the Pregnant Rat and the Fetus by Oral Administration 

TABLE 14 Summary of a l l  Classified Fetal Soft Tissue Observations 

3 ,I h 

litter incidence n 9 

% 

n 
s 
8 )  Total variations 

U . 0  

0 
0.0 

8 
fetal incidence n - 0 

litter incidence n - 
31 

X C S  26.3 

16 
r.60 80.0  
w 

0.0 

0 
0.0  

25 
19.8 

15 
7 5 . 0  

0 . 0  

0 
0 . 0  

28 
22.6 

15 . 
7 5 . 0  

r 
3 

I 

3 
0 
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TABLE 14 cx) Summary of  Fetal Soft Tissue Variations 
as 

Test Group 1 Test Group 2 
Con tro 1 250 mg 
(10 ml METIIOCEL E 4 M/kg 
b . w .  p.0.) b . w .  p.0. 

1,3-Propanediol/kg 

Test Group 3 
1000 mg 
lI3-Propanediol/kg 
b.w. p.0. 

Litters evaluated n -  
Fetuses evaluated n -  

1 ive n -  
dead n -  

20 
118 
118 
0 

Unilateral dilation o f  renal pelvis 
fetal incidence n =  8 

x 6.8 
litter incidence n = 7 

Ye 3 5 . 0  

Bilateral dilation of renal pelvis 
fetal incidence n -  9 

x 7 . 6  

litter incidence n - 
x 

7 
35.0 

20 
126 
126 

0 

6 
4.8 

5 
25.0  

9 
7.1 

7 
35.0 

20 
124 
124 

0 

12 
9 . 7  

11 
5 5 . 0  

11 
8 . 9  

7 
3 5 . 0  

continued on next page 
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1,3-Propanediol 
Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

TABLE 14 Summary of Fetal Soft Tissue Variations 

5 
3 
g 
.Y 

Test Group 1 Test Group 2 
Con t r 01 
(10 ml METIiOCEL E 4 M/kg 
b.w. p . 0 . )  b.w. p.0. 

250 tng 
1,3-Propanediol/kg 

Haemorrhages on the liver surface 
fetal incidence n -  6 

y. 5 . 1  

litter incidence n - 6 
x 30.0 

4th cerebral ventricle enlarged 
fetal incidence n -  8 

x 6 . 8  

Test  Group 3 
1000 mg 
1,3-Propanediol/kg 
b.w. p.0. 

o, 
W 

$ 
F, 
2 
2 
a 
5' 
% 

F 

Y 
Y 

E. n 

r,; 
*C 

3 
c, 
3- 

11: 

litter incidence n a 6 1 5 
x 30.0 5 . 0  25.0 

Unilateral hydro-ureter 
fetal incidence n -  1 3 1 

0 . 9  2.4 0 . 8  x 
litter incidence n = 8 1 3 1 

x e3 5 . 0  15.0 5.0 

0 

h * continued on next page 
G3 

7 
5 . 6  

7 
35.0 

1 
0 . 8  

5 
4 . 0  

4 
2 0 . 0  

5 
4 . 0  

> c 
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1,3-Propanediol 

Summary of Fetal Soft Tissue Variations 
Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

Test Group 1 Test Group 2 
Control 250 mg 
(10 ml METHOCEL E 4 M/kg 
b.w. p . 0 . )  b.w. p . 0 .  

1,3-F;opanediol/kg 

Test Group 3 

1,3-Propanediol/kg 
b.w. p.0. 

1000 mg 

Bilateral hydro-ureter 
fetal incidence n -  

litter incidence n - y. 

y. 

1 
0.9 

1 
5.0 

Slightly dislocated kidney (unilateral) 
fetal incidence n -  3 

x 2.5 
litter Incidence n = 3 

x 15.0 

0 
0 . 0  

0 
0 . 0  

0 
0 . 0  

0 
0 . 0  

0 
0 . 0  

0 
0 . 0  

1 
0 . 8  
1 

5.0  

.... ...L1_..-"-- 



1,3-Propanediol 
Examination o f  the Influence on the Pregnant Rat and the Fetus by Oral Administration 

TABLE A 1 Individual Maternal Clinical Symptoms 

Dam 
No. 

Observations 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

Test Group 1: Control (10 ml METHOCEL E 4 M/kg b.w. p.0.) 

No remarkable observations 
No remarkable observations 
No remarkable observations 
Not pregnant 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
Not pregnant 
No remarkable observations 
No remarkable observations 

cont,.iued on next page 
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1,3-Propanediol 
Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

TABLE A 1 43 Individual Mnternal Clinical Symptoms 

Dam 
No. 

Observations 

19 
20 
21 
22 
23 
24 
25 

T e s t  Group 1: Control (10 ml METBOCEL E 4 M/kg b.w. p . 0 . )  

No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
Not examined 
Not examined 
Not examined 



l,3 Propanediol 
Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

TABLE A 1 Individual Haternal Clinical Symptoms 

Dam 
No. 

Observations 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

Test Group 2: 250 mg lD3-Propanediol/kg b.w. p . 0 .  

No remarkable observations 
No remarkable observations 
Not pregnant 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
Not pregnant 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 

continued on next page 
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1,3-Propanediol 
Examination o f  the Influence on tho Pregnant Rat and the Fetus by Oral Administration 

TABLE A 1 Individual Maternal Clinical Symptoms 
00 

Dam Observations 
No. 

42 
43 
44 
45 
46 
47 
48 
49 
50 

Test Group 2:  250 mg 1,3-Propanediol/kg b.w. p . 0 .  

No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
Not examined 
Not examined 
Not examined 



1,3-Propanediol 
Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

TABLE A 1 Individual Maternal Clinical Symptoms 

Dam Observations 
No. 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

Group 3: 1000 mg 1,3-Propanediol/kg b.v. p.0. 

Not pregnant 
Not pregnant 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 

continued on next page 
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1,3-Propanediol 
Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administrotion 

TADLE A 1 Individual Maternal Clinical Symptoms 

Dam 
No. 

Observa t ions 

Test Croup 3 :  1000 mg 1,3-Propanediol/kg b.w. p.0. 

66 
6 7  
6 8  
69 
70 
71 
72 
7 3  
7 4  
7 5  

No remarkable observations 
no remarkable observe :ions 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
Not examined 
Not examined 
Not examined 
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Days of Gestation 

Dam 0 3 6 9 12 15 18 20 
No. 

1,3-Propanediol 
Examination of the Influence on tho Pregnant Rot and the Fetus by Oral Administration 

Individual Maternal Body Weights during Gestation - Grams TABLE A 2 

c 
4 
t 
T a 
5 
*? 

5 : 
2 
2 
*e 

2 
d 
E .  
2 

1,: 5 

L' 

*< 

T LI- 

2 u: 

Test Group 1: Control (10 ml METllOCEL E 4 M/kg b.w.p.0.) 

1 216 ' 230 240 252 263 288 328 358 
2 207 223 232 252 266 287 324 360 
3 198 2 10 2 18 228 236 247 277 306 
4 not pregnant 

208 217 227 239 253 267 294 315 5 
215 226 243 259 281 300 342 372 6 

8 
4 9  194 212 229 246 251 266 300 327 

22 3 2 30 245 262 277 304 345 380 10 
11 213 223 247 258 276 295 334 370 

212 220 233 251 261 276 300 326 12 

207 217 226 236 252 265 300 328 14 8 
206 222 232 237 252 271 300 330 15 8 
not pregnant > 16 

a i  213 230 246 * 256 266 286 320 351 17 +a+ 
221 235 245 258 27 5 292 316 (22 18 209 

i,r r.i. 

> 
7 202 219 246 259 278 290 329 356 4 

204 212 224 237 251 264 309 338 

13 233 246 257 267 278 288 327 347 El 
IC 
r 

A s - 
n 
..# 

0 ;  
,-I 

continued on next page + - ?  
5 

c 

r 
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1,3-Propanediol 
Examination of the  Influence on the Pregnant Rat and the Fetus by Oral Administration 

Q 

TABLE A 2 cD Individual Maternal Body Weights during Gestation - Grams 
E3 

Dam 
No. 

Days o f  Gestation 

0 3 6 9 1 2  15  1 8  20 

1 9  
2 0  
2 1  
2 2  
23  
24  
25 

M 
SD 

Test Group 1: Control (10 ml METHOCEL E 4 M/kg b.w. p . 0 . )  

1 9 4  202  213 219 235 244 273  2 9 1  
216 232 244 253 275 290 335 370 
208 222 239 2 4 1  257 272 3 1 4  . 338 
208 220 2 34 235 250 264 297 3 1 9  
not examined 
not examined 
not examined 

209.3  221 .7  235 .5  246 .6  2 6 1 . 1  277 .0  3 1 2 . 0  339.9 
9 . 2  9 . 4  1 0 . 9  12.4 1 3 . 6  1 6 . 4  2 0 . 9  24 .5  

cxpl;in;itioiis iind ;ibhtcviiitiolls wc prcfiicc of tlic rcpon 
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1,3-Propanediol 
Examina Lon of the Influence on the Pregnant Rat and the Fetus by Oral Ac..iin€stration 

Individual Maternal Body Weights during Gestation - Crams TABLE A 2 

Dam 
No, 

Days of Gestation 

0 3 6 9 12 15 18 20 

Test Group 2: 250 mg 1,3-Propnnediol/kg b.w. p . 0 .  

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

39 
40 
41 

38 63 

w 

201 222 
201 205 
not pregnant 
210 220 
204 217 
200 211 
218 231 
198 2 10 
230 240 
207 222 
not pregnant 
229 242 
193 207 
2 10 223 
2 12 220 
205 219 

229 
219 

235 
233 
221 
248 
231 
254 
239 

261 
214 
243 
239 
227 

235 
229 

252 
249 
239 
259 
238 
267 
251 

270 
226 
269 
240 
233 

244 
23 5 

254 
269 
249 
27 3 
25 6 
286 
264 

28 7 
235 
281 
259 
250 

248 
257 

275 
28 1 
265 
289 
276 
295 
286 

309 
244 
304 
269 
268 

282 
286 

313 
311 
294 
326 
317 
336 
323 

348 
276 
345 
296 
301 

continued on next page 

316 
3 13 

343 
333 
327 
360 
344 
374 
357 

376 
304 
380 
3 19 
337 
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1,3-Propanediol 
Exnmination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

Individual Maternal Body Weights during Gestation - Crams TABLE A 2 

I 42 
43 
44 
45 
46 
47 
48 
49 
50 

Dam 
No. 

I Days of Gestation 

0 3 6 9 12 15 18 20 

H 
SD 

Test Group 2: 250 mg 1,3-Propanedfol/kg b.w.  p.0. 

2 10 219 237 248 262 272 311 340 
204 218 235 246 271 294 332 367 
209 207 214 215 231 244 269 291 
225 230 246 251 275 285 337 370 
232 239 251 236 260 277 316 345 
211 226 244 251 271 270 312 345 
not examined 
not examined 
not examined 

210.5 221.4 236.0 245.2 260.6 275.4 311.6 342.1 
11.1 10.9 13 . O  14.5 16.5 18.4 22.7 25.2 

r 
2 



1,3-Propanediol 
Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

Individual Maternal Body Weights during Gestation - Crams TABLE A 2 

Dam 
No. 

Days of Gestation 

3 6 9 12 15 18 20 0 

Test Group 3: 1000 mg 1,3-Propanedfol/kg b.w. p . 0 .  

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 

not pregnant 
not pregnant 
213 230 
218 223 
214 223 
199 201 
228 237 
216 225 
212 222 
230 240 
227 247 
215 227 
2 10 225 
205 218 
201 214 
219 229 
226 235 

248 
240 
241 
217 
249 
233 
236 
256 
264 
235 
239 
2 34 
229 
239 
247 

255 
252 
244 
226 
261 
2 44 
249 
262 
280 
240 
244 
240 
240 
239 
258 

270 
264 
261 
239 
278 
250 
262 
285 
295 
249 
261 
262 
254 
253 
272 

288 
283 
278 
256 
295 
266 
271 
299 
314 
264 
283 
272 
266 
265 
292 

313 
276 
3 16 
299 
330 
284 
313 
341 
349 
293 
315 
309 
302 
282 
322 

continued on next page 

331 
346 
342 
327 
365 
304 
345 
371 
372 
320 
350 
342 
338 
310 
355 
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1.3-Propanediol 
Examination of the I~ifluence on the Pregnant Rat and the Fetus by Oral Administration 

Individual Maternal Body Weights during Gestation - Crams 

0 

a 
63 

TABLE A 2 

Dam 
No. 

Days of Gestation 

0 3 6 9 12 15 18 20 

68 
69 
70 
71 
72 
73 
74 
75 

H 
SD 

Test Croup 3: 1000 mg 1,3-Propanediol/kg b.w. p.0. 

210 227 239 217 240 268 299 330 
222 238 250 265 283 296 331 367 

225 235 246 258 270 285 326 352 
197. 211 221 231 245 256 293 319 
not examined 
not 'examined 
not examined 

210 222 230 237 254 268 309 335 

214.9 226.5 239.7 247.1 262.4 278.3 310.1 341.1 
9.7 10.8 11.2 14.7 15.2 15.6 19.6 19.6 

r 
3 

. I  
I ,  



c 

Days o f  Gestation 

18 - 20 12 - 15 15 - 18 Dam 0 - 3  3 - 6  6 - 9  9 - 12 
No. 

Test Group 1: Control (10 ml METHOCEL E 4 M/kg b.w. p.0.) 

1 14 10 12 11 25 40 30 
2 1 6  9 20 14 21 37 36 
3 12 8 10 8 11 30 29 
4 not pregnant 

9 10 12 14 14 27 21 6 
a. 17 27 13 19 12 39 27 

10 7 15 17 15 27 41 35 

in 13 13 11 LO 11 10 39 20 
10 9 10 16 13 35 28 

2 16 8 not pregnant 

IO Y 18 12 14 10 13 17 17 2 fk 

5 s  

g ;  11 17 16 22 19 42 30 

8 12 13 20 7 45 29 
0' 
-7 
0, 9 18 17 17 5 15 34 27 

g 11 10 24 11 18 19 39 36 
E 12 8 13 18 10 15 24 2 6  

*: 14 8 
2 15 0 16 10 5 15 19 29 30  

ii 17 + 17 16 10 . 10 20 34 31 

8 

-2 
continued on next page 3 
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1,3-Proponediol 
Examination o f  the Influence on the Pregnant Rat and the Fetus by Oral Administration 

Individual Haternnl Body Weight Chnnge during Gestation - Grams 

8 

cb 
00 

TABLE A 3 

Dam 
No. 

Days o f  Gestation 

0 - 3  3 - 6  6 - 9  9 - 1 2  12 - 15 15 - 18 18 - 20 

19 
20 
21 
22 
23 
24 
25 

H 
SD 

Test Croup 1: Control (10 ml METBOCEL E 4 M/kg b.w. p . 0 . )  

8 11 
16 12 
14 17 
12 14 
not examined 
not examined 
not examined 

12.4 
3.5 

13.8 
4.9 

6 16 
9 22 
2 16 
1 15 

11.1 
5.1 

14.5 
4.5 

9 
15 
15 
14 

15.9 
5.1 

29 
45 
42 
33 

35.1 
7.3 

18 
35 
24 
22 

2 7 . 9  
5 . 3  
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l I3 -P ropaned io l  
Examination of the  Inf luence  on the  Pregnant Rat and t h e  Fetus  by Oral Adminis t ra t ion 

Ind iv idua l  Hatoriial  Body Weight Change during Ges ta t ion  - Grams TADLE A 3 

Days of Ges ta t ion  

Dam 
No. 

0 - 3  3 - 6  6 - 9  9 - 12 12 - 1 5  1 5  - 18 18 - 20 

T e s t  Croup 2 :  250 mp, 1,3-Propanodiol/kg b . w .  p . 0 .  

26 
2 7  
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 a 
39 8 40 c3 4 1  

I--s. 
CD 
0 

21 
4 

n o t  pregnant  
10 
13 
11 
13  
1 2  
10 
15 
no t  pregnant  
13 
1 4  
13 
8 

1 4  

7 
14 

15 
16 
10 
17 
21 
14 
1 7  

19 
7 

20 
19 

8 

6 
10 

1 7  
16 
18 
11 

7 
13 
12 

9 
12 
2 6  
1 
6 

9 
6 

2 
20 
10 
14 
18 
19 
13 

17 
9 

12 
19 
17 

4 34 * 

22 29 

21 
12 
16 
16 
20 
9 

22 

22 
9 

23 
10 
18 

38 
30 
29 
37 
4 1  
41 
37 

39 
32 
4 1  
27 
33. 

cont inued on next  page 

34 
27 

30 
22 
3 3  
3 4 
2 7  
30 
34 

213 
28 
35 
23 
3 6  
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z 9  l13-Propanedi.ol 
0 Examination of the Influence 011 the Pregnant Rat and the Fetus by Oral Administration 

TADLE A 3 8 Individual Haternal Body Weight Change durlng Gestation - Crams 

Days o f  Gastoeion 

Dam 
No. 

18 - 20 15  - 1 8  0 - 3  3 - 6  6 - 9  9 - 1 2  12  - 15 

Test Group 2 :  250 mg l13-Propanediol/kg b.w. p . 0 .  

42 
4 3  
4 4  
45 
46 
47 
48 
4 9  
50 

H 
SD 

9 18 
1 4  17 

' 2  7 
5 16 
7 1 2  
15 18 
not  examined 
not examined 
not  examined 

11 .0  
4 . 9  

1 4 . 6  
4 . 6  

11 
11 
1 
5 

- 1 5  
7 

9 . 2  
8 . 2  

1 4  
25 
16 
2 4  
2 4  
20 

1 5 . 4  
6 . 2  

10 
23 
1 3  
10 
1 7  
. 1  

1 4 . 8  
6 . 8  

39 
38  
25 
52 
39 
42  

3 6 . 2  
6 . 4  

29 
3 5  
22 
33  
29 
33 

3 0 . 5  
4 . 7  

P 



1,3-Propanediol 
Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

Individunl Maternal Body Weight Change during Gestation - Grams TABLE A 3 

Dam 
No. 

Days of Gestation 

0 - 3  3 - 6  6 - 9  9 - 12 12 - 15 15 - 18 18 - 20 

51 
52 
53 
5 4  
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 

Test Group 3 :  1000 mg 1,3-Propanediol/kg b,w.  p.0. 

not pregnant 
not pregnant 
17 

5 
9 
2 
9 
9 

10 
10 
20 
12 

6 
0 

15 
13 
13 

18 
17 
18 
16 
12 

8 
14 
16 
17 

8 
14 
16 
15 
10 
12 

7 
12 

3 
9 

12 
11 
13 

6 
16 
5 
5 
6 

11 
0 

11 ' 

15 
1 2  
17 
13 
17 

6 
13 
23 
15 

9 
17 
22 
14 
14 
14 

18 
1 9  
17 
17 
17 
16 

9 
14 
19 
15 
22 
10 
1 2  
12 
20 

25 
' 7  
38 
43 
35 
18 
42 
42 
35 
2 9  
32 
37 
36 
17 
30 

18 
70 
26 
20 
35 
20 
32 
30 
23 
27 
35 
3 3  
36 
28 
33 

continued on next page 
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1.3-Propanediol 
Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

TABLE A 3 N Individunl Maternal Body Weight Change during Gestation - Crams 
~ ~~ 

Days of Gestation 

Dam 0 - 3  3 - 6 ,  6 - 9  9 - 12 12 - 15 15 - 18 18 - 2 0  
No. 

Test Group 3: 1000 mg 1.3-Propanediol/kg b.w. p.0. 

68 
69 
70 
71 
72 
73 
74 
75 

H 
SD 

17 12 
16 12 
12 8 
10 11 
14 10 
not examined 
not examined 
not examined 

-22 23 
15 18 
7 17 

12 12 
10 14 

11.6 13.2 7.5 15.3 
4.2 3.4 8.0 4 . 3  

28 
13 
14 
15 
11 

1 5 . 9  
4.5 

31 
35 
41 
41 
37 

31.9 
11.7 

31  
3 6  
26  
26  
26 

31.0 
10.5 



1,3-Propanediol  
Examination of the In f luence  on the  Pregnant Rat and the Fetus by Oral Administration 

TABLE A 4 Individual  Uterine Weielits and N c t  Maternal Body Wcight Chanse - Crams 

D a m  N o .  Uterus Weight Carcass Weight N e t  Body Weight Changc 
‘ (gravid)  f rom Day 6 

Test Group 1: Control (10 ml HETHOCEL E 4 M/kg b.w. p . 0 . )  

1 
2 
3 
4 
5 
6 
7 
8 
9 

LO 
11 
1 2  
13 
14  
15 
16 
17 
18 

0 
0 
Q 
h3 
0 
w 

87 .8  
76 .O 
66.7  
not pregnant 
61.7  
82 .8  
77 . O  
9 1 . 3  
7 1 . 6  
9 8 . 4  
9 2 . 5  
5 2 . 4  
67 .5  
7 4 . 5  
7 7 . 1  
n o t  pregnant 
7 4 . 7  
4 1 . 9  

2 7 0 . 2  
2 8 4 . 0  
239 .3  

2 5 3 . 3  
2 8 9 . 2  
2 7 9 . 0  
246 .7  
2 5 5 . 4  
281 .6  
277 .5  
2 7 3 . 6  
2 7 9 . 5  
2 5 3 . 5  
2 5 2 . 9  

2 7 6 . 3  
2 7 4 . 1  

30.2 
52 .0  
21 .3  

26.3 
46 .2  
3 3 . 0  
22.7 
2 6 . 4  
36 .6  
30 .5  
40 .6  
22 .5  
27.5 
20 .9  

30.3 
3 9 . 1  

continued on next  page 
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1,3-Propanediol  
Examination of t h e  Inf luence  on the  Pregnant Rat and t h e  Fetus  by Oral  Adminis t ra t ion 

Ind iv idua l  Uter ine Wciglrts and Net Maternal Dody Weight Change - Grams 

h3 
Q 

TABLE A 4 ~ 

Dam No. Uterus  Weight 
(grav id)  

Carcass Weight Net Body Weight Clrangc 
from Day 6 

19 
20 
21 
22 
23 
24 
25 

M 
SD 

Tes t  Group 1: Cont ro l  (10 ml HETIIOCEL E 4 H/kg b.w. p.0.) 

58.7 232.3 19.3 
86.8 283.2 3 9 . 2  
7 0 . 9  267.1 28.1 
68.0 251.0 17.0 
n o t  examined 
not  examined 
no t  examined 

I 

73.9 
14.0 

2 6 6 . 0  
1 6 . 5  

30.5 
9.4 
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1.3-Propanediol 
Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

TABLE A 4 Individual Uterine Weights and Nct Maternal Body Weight Change - Grams 

Dam No. Uterus Weight 
(gravid) 

Carcass Weight Net Body Weight Change 
from Day 6 

Test Group 2: 250 mg 1,3-Propanediol/kg b.w. p . 0 .  

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

0 
h 
8 
w 

75.3 
68.1 
not pregnant 
83.1 
65.4 
73.7 
75.2 

98.4 

not: pregnant 
80.4 
71.2 
94.6 
55.5 
78.2 

83.6 

9 3 . 8  

240.7 
244.9 

259.9 
267.6 
253.3 
284.8 
260.4 
275.6 
263.2 

295.6 
232.8 
285.4 
263.5 
258.8 

continue- on next page 

11.7 
25.9 

24.9 
34.6 
32.3 
36.8 
29.4 
21.6 
24.2 

34.6 
18.8 
42.4 
24.5 

' 31.8 
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TABLE A 4 43 

1,3-Propanediol  
Examination of the  Influence on the  Pregnant Rat and t h e  Fetus by Oral Administration 

Ind iv idua l  Uterine Weights and Net Maternal Body Weight Change - Grams 

Dam No. Uterus Weight 
(grav id)  

Carcass Weight Net Body Weight Cliangc 
from Day 6 

4 2  
4 3  
4 4  
4 5  
4 6  
47 
4 8  
4 9  
50  

M 
SD 

T e s t  Group 2 :  2 5 0  mg 1,3-Propanediol/kg b.w. p . 0 .  

76.3 
8 0 . 4  
5 9 . 5  
9 4 . 0  
7 0 . 2  
7 0 . 9  
n o t  examined 
n o t  examined 
n o t  examined 

7 7 . 4  
1 1 . 6  

2 6 3 . 7  
2 8 6 . 6  
2 3 1 . 5  
2 7 6 . 0  
2 7 4 . 0  
2 7 4 . 1  

2 6 4 . 7  
1 7 . 8  

2 6 . 7  
5 1 . 6  
1 7 . 5  
30 .0  
2 3 . 8  
30.1 

2 8 . 7  
9 .o 
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1.3-Propnnediol 
Examination of the Influence on the Pregnant Rat and t h e  Fetus by O r a l  Administration 

TABLE A 4 Ind iv idua l  Uterine Weights nnd Net Maternal Body Weight Change - Crams 

Dam No. Uterus Weight 
(grav id)  

Carcass Weight Net Body Weight Change 
from Day 6 

5 1  
52 
53  
54  
55 
56 
57 
58 
5 9  
6 0  
6 1  
6 2  
6 3  
64  
65 
66 
67 

Test  Croup 3 :  1 0 0 0  mg 1 , 3  Propanediol/kg b.w. p . 0 .  

n o t  pregnant 
n o t  pregnant 
5 9 . 3  
7 9 . 1  
57 .7  
8 3 . 9  
80 .2  
63 .6  
82 .7  
8 2 . 9  
70.1 
66 .6  
7 1 . 6  
7 8 . 9  
79 .7  
6 0 . 0  
89 .5  

271 .7  
266 .9  
284 .3  
2 4 3 . 1  
284  8 
240 .4  
262.3 
2 8 8 . 1  
301 .9  
253 .4  
278 .4  
2 6 3 . 1  
258 .3  
2 5 0 . 0  
2 6 5 . 5  

23.7 
26.9 
43 .3  
2 6 . 1  
35.8 

7 . 4  
26 .3  
3 2 . 1  
37 .9  
1 8 . 4  
39 .4  
2 9 . 1  
29.3 
1 1 . 0  
18.5  

continued on n e x t  page 
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0 1,3-Propanediol  

Examination of the  Influence on the Pregnant Rat and t h e  Fetus by Oral Administration 
Individual  Uterine Weights and Net Maternal Body Weight Change - Crams TADLI? A 4 a 

09 

Dam No. Uterus Weight 
(gravid)  

Carcass Weight Net Body Weight Change 
from Day 6 

T e s t  Croup 3: 1000 mg 1,3-Propanediol/kg b.w. p . 0 .  

6 8  
6 9  
7 0  
7 1  
7 2  
7 3  
7 4  
7 5  

M 
SD 

6 0 . 3  
7 6 . 7  
7 8 . 1  
8 3 . 0  
7 0 . 1  
n o t  examined 
not  examined 
not  examined 

7 3 . 7  
9 . 7  

2 6 9 . 7  
2 9 0 . 3  
2 5 6 . 9  
2 6 9 . 0  
2 4 8 . 9  

2 6 7 . 4  
1 6 . 7  

3 0 . 7  
4 0 . 3  
2 6 . 9  
2 3 . 0  
2 7 . 9  

2 7 . 7  
9 . 3  

f 



1,3-Propanediol 
Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

Individual Absolute Food Corisumption during Gestation - Crams/Day TAULE A 5 

Dam 
No. 

0 - 3  3 - 6  6 - 9  

Days of Gestation 

9 - 1 2  1 2  - 15  15  - 18 1 0  - 2 0  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13 
1 4  0 
1 5  
1 6  Z Q  
17 6> 
1 8  CB 

Test Group 1: Control (10 ml METHOCEL E 4 M/kg b.w. p . 0 . )  

23 .3  
23 .7  
1 8 . 7  
not pregnant 
1 9 . 0  
2 3 . 0  
18 .7  
1 9 . 7  
1 8 . 7  
20 .7  
23 .3  
1 6 . 0  
2 1 . 7  
2 0 . 0  
1 8 . 3  
not pregnant 
2 4 . 0  
2 1 . 3  

2 3 . 3  
2 5 . 0  
20 .3  

23 .3  
24 .0  
23.3 
21 .0  
20 .0  
21 .3  
24 .3  
23 .0  
23 .0  
21.7 
20 .3  

2 5 , 7  
23 .7  

2 3 . 7  
2 6 . 7  
1 9 . 0  

23 .0  
2 6 . 0  
2 4 . 7  
2 1 . 7  
21 .7  
22 .7  
2 4 . 7  
24 .7  
24.7 
22 .7  
2 0 . 0  

27.. 3 
24 .0  

2 4 . 3  
2 8 . 0  
19.3 

23.3  
2 9 . 7  
26 .0  
24 .3  
2 0 . 0  
2 5 . 0  
27.7 
25 .7  
2 5 . 0  
2 1 . 7  
20 .7  

2 5 . 0  
22.7 

26 .0  
26 .7  
1 9 . 7  

23 .3  
27 .3  
2 5 . 0  
22 .7  
2 3 . 7  
25 .3  
26 .7  
2 5 . 3  
24 .0  
23 .3  
2 1 . 3  

27 .3  
30.0 
21 .3  

23 .3  
28 .3  
26 .0  
24 .7  
1 9 . 0  
26.7 
27 .0  
26 .3  
27 .3  
24 .3  
23 .3  

2 5 . 7  28 .3  
22 .7  26 .3  

2 6 . 0  
2 9 . 0  
21 .5  

2 5 . 5  
28 .0  
2 7 . 0  
25 .5  
2'1.0 
26 .5  
20 .5  
26 .5  
24 .5  
2 3 . 0  
23.0 

2 0 . 0  
2 4 . 0  

continued on next page 



G3 1.3-Propanediol 
Examination of thc Influence on t h o  Preplnont Rot and the Fetus by Oral Administrotion 

TABLE h 5 8 Individual Absolute Food Consumption during Gestation - Grams/Day 

Dam 
No. 

0 - 3  , 

Days of Gestation 

3 - 6  6 - 9  9 - 12 12 - 15 15 - 18 18 - 20 

19 
20 
21 
22 
23 
24 
25 

H 
SD 

~ ~ ~ ~ ~ ~~ ~- ~~~ ~ 

Test Group 1: Control (10 ml METHOCEL E 4 M/kg b.w. p . 0 . )  

2 1 . 0  
2 2 . 7  
2 2 . 7  
2 1 . 7  
not examined 
not examined 
not examined 

21.1 
1 . 9  

2 1 . 3  2 1 . 7  20.7  
24.3  2 2 . 3  23.7 
24.3  2 3 . 3  2 5 . 0  
22.3  1 7 . 0  21.0  

22.8  23.1 23.9 
1 . 7  2 . 5  2 . 8  

2 0 . 7  
2 7 . 3  
2 5 . 7  
2 3 . 0  

2 4 . 3  
2 . 2  

23.3 
2 9 . 0  
2 6 . 7  
2 5 . 3  

2 5 . 7  
2 . 7  

2 1 . 0  
2 5 . 5  
2 2 . 5  
2 0 . 0  

2 5 . 0  
2 . 6  
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1,3-Propnnediol 
Examination of the Influence on the Pregnant Rat and the Fetus by O r a l  AdmFnLstratLon 

Individual Absolute Food Consumption during Gestation - G r a m s / D a y  TABLE A 5 

D a m  
No. 

Days of Gestation 

0 - 3  3 - 6  6 - 9  9 - 12 12 - 15 15 - 18 18 - 20 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

Test Croup 2: 

20.0 
17.7 
not pregnant 
21.0 
21.0 
18.3 
22.0 
22.0 
21.0 
23.7 
not pregnant 
24.0 

e 20.7 
e3 18.7 
a 20.3 
2 4  21.0 
+ 

250 rng 1,3-Propanediol/kg b.w. p . 0 .  

20.7 20.0 21.0 
19.0 19.3 20.3 

22.3 24.0 23.0 
21.0 23.7 25.3 
20.3 22.7 21.3 
24.3 24.7 25.7 
23.3 23 . O  24.3 
20.0 21.7 23.3 
25.7 26.0 26.3 

24.0 27.3 25.3 
19.3 21.0 19.0 
25 . O  28.0 27.0 
22.0 22.3 21.0 
21.3 22.0 22.3 

13.0 21.7. 
20.0 23.3 

24.0 
23.0 
21.3 
28.3 
26.3 
21.7 
24.7 

26.0 
25.3 
24.0 
21.3 
29.0 
25.3 
28.0 

26.3 27.3 
19.7 22.7 
27.7 29.0 
22.0 23.0 
22.7 25.3 

continued on next pace 

23.0 
22.0 

20.0 
23.5 
24 . O  
27.0 
25.0 
24.5 
26.0 

26.5 
21.5 
20.0 
22.5 
24.5 
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1,3-Propanediol 
Examination of the Inf luence  on the Pregnant Rat and the Fetus by Oral Administration 

Individunl  Absolute Food Consumption during Ges ta t ion  - Crams/Day 

Q 

TABLE A 5 * z 9  

Dam 
No. 

Days o f  Gesta t ion  

0 - 3  3 - 6  6 - 9  9 - 12 12 - 15 15 - 18 io - 20 

42 
43 
44 
45 
46 
47 
48 
49 
50 

N 
SD 

Test Group 2: 250 mg 1,3-Propanediol/kg b.w. p . 0 .  

19.3 24.3 25.3 26.0 
22.7 25.7 26.0 29.7 
20.0 19.3 20.3 20.0 
21.7 26.0 27.0 27.0 
20.3 24.0 11.7 19.7 
23.0 24.0 25.0 23.0 
not examined 
not examined 
not  examined 

20.9 22.6 
1.7 2.3 

23.1 
3.7 

23.5 
3.0 

24.0 
31.0 
21.0 
26.3 
22.3 
20.3 

27.7 
31.7 
21.7 
28.3 
25.7 
26.7 

23.3 
3.9 

25.7 
2.8 

28.0 
28.0 
20.5 
29.5 
30.0 
25.0 

25.0 
2.9 

f 



1,3-Propanediol 
Examination of the Influence on tlro Pregnant Rat nnd tho Foetus by Oral Administration 

Individual Absolute Food Consumption during Cestntion - Grams/Dny TAULE A 5 

Dam 
No. 

Days of Gestation 

0 - 3  3 - 6  6 - 9  9 - 12 12 - 15 15 - 18 18 - 20 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 e 
64 0 
65 0 
66 
67 b.i 
W 

Test Group 3: 

not pregnant 
not pregnant 
22.0 
21.0 
22.7 
19.0 
22.7 
20.0 
24.0 
23.0 
26.7 
20.7 
22.7 
23.0 
22.7 
21.7 
22.7 

1000 m g  1,3-Propanediol/kg b.w. p . 0 .  

23.0 
21.0 
23.0 
20.7 
24.7 
19.3 
22.3 
23.3 
26.3 
22.7 
24.7 
25.0 
23.7 
21.7 
23.3 

24.3 
24.3 
22.7 
20.7 
24.7 
20.3 
23.7 
21.7 
28.0 
19.3 
25.0 
26.7 
25 . O  
20.0 
24.0 

25.3 
22.3 
26.3 
22.7 
28.0 
20.3 
25.0 
25.7 
26.3 
20.0 
24.0 
25.0 
23.7 
19.0 
23.3 

23.3 27 . O  
24.3 19.7 
26.3 30.0 
22.0 26.3 
26.3 29.0 
24.0 21.7 
21.3 25.7 
24.7 28.3 
28.3 28.3 
20.7 23.0 
26.0 27.7 
20.3 27.0 
21.7 26.7 
20.0 18.7 
22.3 24.3 

continued on next page 

23.5 
27.0 
29.5 
23.5 
26.5 
19.5 
23.0 
27.0 
26.0 
21.5 
28 * 0 
27.5 
25.0 
23.5 
24.5 
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1,3-Propnnediol 
Examination o f  the Influence on the Pregnant Rat and the Fetus by Oral Administration 

Individual Absolute Food Consumption during Gestation - Grams/Day 
h9 

TABLE A 5 +  
rp 

Days of Gestation 

Dam 6 - 9  9 - 12 18 - 20 No. 
0 - 3  3 - 6  9 12 - 15 15 - 18 

Test Croup 3: 1000 mg 1,3-Propanediol/kg b.w.  p . 0 .  

68 
69 
70 
71 
72 
73 
74 
75 

ti 
SD 

25.3 27.3 
24.7 25.0 
21.3 23.0 
22.3 23.0 
20.3 20.3 
not examined 
not examined 
not examined 

22.4 
1.8 

23.2 
2.0 

22.4 
4.7 

5.3 
26.3 
22.3 
23.0 
20.0 

22.0 
27.3 
23.3 
23.7 
21.7 

23.7 
2.4 

27.7 
21.0 
26.0 
24.7 
21.7 

23.6 
2.6 

29.0 
26.7 
26.7 
25.3 
22.3 

25.7 
3.1 

28.0 
26.0 
22.5 
23.0 
22.5 

24.9 
2.6 
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1,3-Propanediol 
Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

TABLE A 6 Individunl Maternal Necropsy Observations 

Dam 
No. 

Observations 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

Test Group 1: Control  (10 ml. METHOCEL E 4 M/kg b.v. p . 0 . )  

No remarkable 
No remarkable 
No remarkable 
Not pregnant 
No remarkable 
No remarkable 
No remarkable 
No remarkable 
No remarkable 
No remarkable 
No remarkable 
No remarkable 
No remarkable 
No remarkable 
No remarkable 
Not pregnant 
No remarkable 
No remarkable 

observations 
observations 
observations 

observations 
observations 
observations 
observations 
observations 
observations 
observations 
observations 
observations 
observations 
observations 

observations 
observations 

continued on next page 



.". , e 
0 ,  
0 1,3-Propanediol 

TABLE A 6 ~ Individual Maternal Necropsy Observations 
Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

63 

Dam 
No. 

Observations 

19 
20 
21 
22 
23 
24 
25 

Test Group 1: Control (10 mL XETHOCEL E 4 H/kg b.w. p . 0 . )  

No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
Not examined 
Not examined 
Not examined 

i 
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1,3-Propanediol 

Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 
TABLE A 6 Individual Maternal Necropsy Observations 

Dam 
No. 

Observations 

Test Croup 2: 250 mg 1,3-Propanedlol/kg b.w, p . 0 .  

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

No remarkable observations 
No remarkable observations 
Not pregnant 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
Not pregnant 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 

zr 
continued on next page 
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8 

TADLE A 6 * Individual Maternal Necropsy Observations 
go 

Dam 
No. 

Observations 

Test Group 2: 250 mg 1,3-Propanediol/kg b.w. p.0. 

42 
43 
44 
45 

46 

47 
48 
49 
50 

No remarkable observations 
No remarkable observations 
No remarkable Observations 
No remarkable observations 

Lungs: right lobe indurated; 
Pericardium: partly adhered t o  lungs and thymus 

No remarkable observations 
Not examined 
Not examined 
Not examined 

i 



1,3-Propanediol 
Examination of the Influence on the Pregnant: Rat and the Fetus by Oral Administration 

TABLE A 6 Individual Maternal Necropsy Observations 

Dam 
No. 

Observations 

Test Group 3: 1000 mg 1.3-Propanediol/kg b.w. p.0. 

51 
52 
53  
5 4  
55 
56  
57 
58 
59 
60 
61 
62  
63 
64 C 
6 5  e 

A W 

+ 
CD 

Not pregnant 
Not pregnant 
No remarkable 
No remarkable 
No remarkable 
No remarkable 
No remarkable 
No remarkable 
No remarkable 
No remarkable 
No remarkable 
No remarkable 
No remarkable 
No remarkable 
No remarkable 

observations 
observations 
observations 
observations 
observations 
observations 
observations 
observations 
observations 
observations 
obs e N a  t ions 
Observations 
obse N a  t ions 

r 

continued on next page 
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w Examination of the Influence on the Pregnant Rut and the Fetus by Oral Administration 

TABLE A 6 Individunl Hnternol Necropsy Observations 
Q 

Dam 
No. 

Observations 

, 

Test Group 3: 1000 me 1,3-Propanediol/kg b.w. p.0.. 

66 
67 
68 
69 
70 
71 
72 
73 
7 4  
7 5  

No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
Not examined 
Not examined 
Not examined 

. . . . .. . . 
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1 , 3 - P r o p a n e d i o l  
Examination of t h e  I n f l u e n c e  on t h e  P regnan t  Rat and t h e  F e t u s  by Oral A d m i n i s t r a t i o n  

TABLE A 7 I n d i v i d u a l  Reproduc t ion  Data 

D a m  Corpora  Implant  R e s o r p t i o n s  F e t r * s e s  Sex Average f e t a  1 
No. l u t e a  s i t e s  e a r l y  l a t e  t o t a l  dead l i v e  male female body weight 

males fema les  

1 

T e s t  Group I: C o n t r o l  (LO ml METHOCEL E 4 M/kg b.w. p . 0 . )  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 2  
13 0 
1 4  Q 
1 5  9 
1 6  h3 
17 c13 

19 
1 4  
1 2  
not  p r e g n a n t  
1 2  
13 
1 5  
1 6  
13 
13 
1 4  
10 
1 2  
1 5  
1 4  
no t  p r e g n a n t  
1 3  
1 9  

1 9  
1 4  
12 

12 
1 3  
15 
16 
13  
13 
14 
10 
11 
13 
1 4  

13 
1 4  

4 
3 
0 

2 
0 
3 
1 
1 
0 
1 
2 
0 
0 
0 

1 
3 

0 4 
0 3 
0 0 

0 2 
0 0 
1 4 
0 1 
0 1 
0 0 
0 1 
0 2 
0 0 
0 0 
1 1 

0 .  1 
4 7 

0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

1 5  
11 
1 2  

1 0  
13 
11 
1 5  
12 
13  
13 
8 

11 
13 
1 3  

12 
7 

9 6 
7 4 
2 LO 

5 
9 
7 
6 
7 
6 

10 
3 
7 
5 
8 

5 
4 
4 
9 
5 
7 
3 
5 
4 
8 
5 

4 8 
3 4 

c o n t i n u e d  on next: page 

3.58 
4.23 
3.55 

3.72 
3.82 
4.20 
3.98 
3.90 
5.15 
4 .41  
3.73 
3 .77  
3.64 
3.68 

3.83 
3.03 

3.53 
4 .23  
3 .32  

3.02 
3.60 
4.10 
3.62 
3 . 0 0  
4.06 
4.00 
3 .70  
3 . 5 5  
3.71 
3.42 

3 .60  
2 .70  

3. 
t: 
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1.3-Proponediol 
Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

r9 

TABLE A 7 n3 Individual Reproduction Dota h3 

Resorptions Fetuses Sex Average fetal Dam Corpora Implnnr. 
No. lutea sites early late total dead live male female body weight 

males females 

Test Group 1: Control (10 ml METHOCEL E 4 M/kg b.w. p.0.) 

12 12 1 0 1 0 11 4 7 
14 14 0 0 0 0 14 9 5 
12 12 0 0 0 0 12 9 3 

13 2 0 2 0 11 6 5 

19 
20 
21 
22 14 
23 not examined 
24 not examined 
25 not examined 

267 24 6 30 0 237 126 111 

2.2 1.9 1.8 2.0 2.3 2.0 

n u  276 
U 13.8 13.4 1.5 11.9 6.3 5.6 

SD 

3.45 3.49 
3.64 3 * 44 
3 . 3 1  3.07 
3 * 78 3.40 

- 
3.82 3.66 
0.44 0 . 43  

I 



1,3-Propanediol 
Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

TABLE A 7 Individual Reproduction Data 

Dam Corpora Implant Resorptions Fetuses Sex Average fetal 
No. lutea ' sites early late total dead live male female body weight 

. males females 

26 
27 
28 
29 
30  
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

Test Group 2 :  250 m g  1,3-Propanediol/kg b,w. p.0. 

13 13 0 0 0 0 
11 11 0 0 0 0 
not pregnant 
1 7  17 2 0 2 0 
13 10 0 0 0 0 
12 12 0 0 0 0 
13 13 1 0 1 0 
14 13 1 0 1 0 
1 5  15 0 0 0 0 
1 5  15 0 0 0 0 
not pregnant 
15 15 1 0 I 0 
14 14 2 1 3 0 
15 15 0 0 0 0 
10 10 1 0 1 0 

w 15 14 1 0 .  1 0 

e3 
8 
0 

w 
c.4 

13 
11 

15 
10 
12 
12 
12 
15 
15 

14 
11 
15 
9 

1 3  

4 9 3.65 
6 5 4.00 

6 9 3 . 5 7  
2 8 4.15 
7 5 3.76 
6 6 3 . 9 7  
7 5 4.40 
6 9 4.25 

11 4 4.25 

9 5 3.36 
4 7 4.23 
12 3 3.86 

7 2 3 . 6 7  
8 5 3.85 

continued on next page 

3.58 
3 . 5 6  

3.27 
4.09 
3.60 
3 . 6 7  
4.30 
3 . 8 7  
4.28 

3.20 
3 .94  
3.73 
3.50 
3.66 



1.3 - Propnnediol 
Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

8 * 
cp TABLE A 7 b3 Individual Rcproduction Data 

Average fetal 

males females 

Corpora Implant Resorptions Fetuses Sex Dam 
No. lutea sites early late total dead live male female body weight 

42 
4 3  
4 4  
4 5  
46  
47 
4 8  
4 9  
5 0  

n -  

SD 
n 

Test Group 2 :  250 mg 1,3-Propanediol/kg b.w.  p . 0 .  

15 13 0 0 0 0 
14 1 4  1 0 1 0 
11 10 0 0 0 0 
16  1 6  1 0 1 0 
14 1 4  2 0 2 0 
14 1 4  2 0 2 0 
not examined 
not examined 
not examined 

1 3  5 a 
13 7 6 
10 6 4 
1 5  7 8 
1 2  5 7 
12  a 4 

276 2 6 8  1 5  1 1 6  
1 3 . 8  1 3 . 4  0 . 8  

1 . 8  2 . 0  0 . 9  

0 252 13 3 119 
1 2 . 6  6 . 7  6 . 0  

1 . 8  2 . 3  2 . 1  

3 . 9 8  3 . 7 6  
3 . 8 9  3 . 7 8  
3 . 9 7  4 . 0 8  
3 . 8 4  3 . 3 6  
3 . 3 0  3.19 
3 . 3 5  3 . 2 3  

- 
3 . 8 7  3 . 6 8  
0 . 3 1  0 . 3 4  
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1,3-Propanediol 
Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

TABLE A 7 Indfvidual Reproduction Data 

Dam Corpora Implant Resorptions Fetuses Sex Average fetal 
No. lutea sites early late total dead live male female body weight 

males females 

51 
52 
53 
5 4  
55  
56  
57 
58 
59 
6 0  
6 1  
62 
63  
6 4  e 
65 

8 6 6  
67 C3 m 
as 
cn 

Test Group 3: 1000 mg 1,3-Propanediol/kg b.w. p.0. 

not pregnant 
not pregnant 
12 
13 
13 
14 
14 
12 
14 
14 
1 7  
12 
13 
15 
14 
13 
1 6  

12 
13 
9 
14 
14 
12 
14 
1 4  
12 
12 
11 
15 
14 
13 
16 

1 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
2 
0 
2 
1 

2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
2 
0 
2 
1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

9 
13 
9 
14 
13 
11 
1 3  
13 
12 
12 
11 
13 
14 
11 
1 5  

3 
7 
5 
5 

10 
7 
7 
6 
7 
6 
7 
7 
8 
5 
9 

6 
6 
4 
9 
3 
4 
6 
7 
5 
6 
4 
6 
6 
6 
6 

3.93 
3 . 9 7  
3.98 
3 .80  
3.89 
3 . 6 1  
4.14 
4 . 0 0  
3 . 5 1  
3 . 6 5  
3 . 9 1  
3.80  
3 . 7 9  
3 .58 
3 . 9 6  

continued on next page 

3 . 5 5  
3 . 5 2  
3 . 7 3  
3 .78  
3.57 
3 . 7 0  
3 . 7 5  
3.93 
3.42 
3.32 
3 . 8 5  
3 . 6 0  
3 . 6 2  
3.40 
3.62 
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Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 
TABLE A 7 Individual Reproduction Data 

Dam 
No. Implant Resorptions Fetuses Sex Corpora 

lutea sites early late total dead live male female 
Average fetal 
body weight 

males females 

Test Croup 3: 1000 mg 1,3-Propanediol/kg b.w. p.0. 

68 14 
69 16 
70 13 
71 1s 
72 13 
73 not examin 
74 
75 

not examined 
not examined 

2 0 2 0 12 6 6 
1 1 0 15 9 6 

14 
16 0 
13 1 
15 1 
13 1 

0 1 0 12 8 4 
0 1 0 14 7 7 
0 1 0 12 4 8 

i 

n -  277 
H 13.9 
SD 1.4 

3 18 0 248 133 115 266 15 
13.3 
1.7 

0.9 12.4 6.7 5.8 
0.9 1.7 1.7 .1,4 

3.22 3.17 
3.78 3 . 6 5  
3.65 3.65 
3.60 3.33 
3.48 3.20 

3.76 3.57 
0.22 0.21 



I ,  3-  Propanediol 
Examination of  t h e  Inf luence  on the  Pregnant: Rat and t h e  Fetus  by Oral Adminis t ra t ion 

TABLE B 1 Ind iv idua l  F e t a l  S t a t u s  and Uter ine  Locat ion 

Dam Implant No. 
No. 

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19  1 2 3 4 

T e s t  Croup 1: Control  (10 ml WETHOCEL E 4 W/kg b.w. p . 0 . )  

1 
2 
3 
4 
5 
6 
7 
8 
9 
1c 
11 
12 
13 
14 
15 
16 
17 
18 

HA FA FA 
U A M A U A  
FA FA FA 
not pregnant 
HA FA FA 
H A M A H A  
H A E  HA 
FA FA FA 
HA HA FA 
FA FA HA 
H A M A M A  
F A  HA FA 
FA FA HA 
F A  FA FA 
FA HA HA 
not pregnant  
FA FA FA 
W E  FA 

H - male 
F - female 

FA FA MA E 
H A E  M A H A  
MA FA FA FA 

E FA MA MA 
Hn FA FA HA 
FA E L MA 
F A M A H A E  
FA MA FA MA 
k f A M A H A F A  
M A U A ~ M A  
E HA FA FA 
H A I l r ) H A F A  
HA FA FA MA 
L HA FA FA 

M A F A M A H A  
FA L FA L 

A = a l i v e  
E = e a r l y  r e so rp t ions  

E 
FA 
FA 

FA 
HA 
E 
FA 
FA 
HA 
FA 
FA 
HA 
FA 
FA 

FA 
M1\ 

E E 
MA FA 
FA MA 

E N1\ 
FA MA 
FA UA 
FA FA 
FA MA 
FA FA 
M A M A  
E HA 
MA FA 
FA MA 
FA HA 

FA MA 
E FA 

MA 
F. 
F A  

MA 
FA 
nA 
MA 
MA 
MA 
FA 

Hh 
EIA 
MA 

E 
E 

MA 
E 
FA 

FA 
HA 
MA 
MA 
MA 
FA 
E 

HA 
MA 

FA 
L 

HA 
FA 

MA 
MA 
FA 

FA 
HA 

F A  
MA 

F A  
HA 

FA 

F A  
F A  

FA 

HA 

L 

FA FA HA MA MA 

FA 
H A M A  

L = l a t e  r e so rp t ions  
continued on n e x t  page 

. .  



(3 

0 
c 

. .. 
-, r t "  

1.3-Propanediol 
Exam-.lation of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

TABLE B 1 E3 Individual Fetal  Status and Uterine Location 
013 

Dam Implant No. 
No. 

1 2 3 4 5 6 7 8 9 LO 11 12 13 14 15 16 17 18 19 

19 
20 
21 
22 
23 
24 
25 

Test Group 1: Control (10 ml METHOCEL E 4 H/kg b . v .  p . 0 . )  

MA FA MA MA FA FA MA FA FA E FA FA 
MA UA MA HA FA HA FA HA HA FA FA MA MA FA 
MA FA MA MA HA MA HA FA KA HA MA FA 
E F A U A U A H A F A E  FA FA MA MA MA FA 
not  examined 
not  examined 
not examined 

H - male 
F - female 

A - a l i v e  
E - early  resorptions 

L = l a t e  resorptions 

I 

1.I 

..._ 
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1,3-Propanediol 
Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

TABLE B 1 Individual Petal Status and Uterine Location 

Dam Implant No. 
No. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

26 
27 
28 
2 9  
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

Test Group 2: 250 mg 1,3-Propanediol/kg b.w. p.0. 

MA FA FA 
HA MA FA 
not pregnant 
H A E  MA 
FA MA FA 
HA MA FA 
E FA HA 
HA FA FA 
HA FA FA 
M A M A M A  
not pregnant 
FA FA HA 
MA FA FA 
MA FA MA 
FA E nA 
MA FA MA 

H - male 
F female 

FA FA FA FA 
FA FA MA MA 

FA HA FA F A  
FA FA MA FA 
MA FA MA FA 
MA MA FA FA 
M A F A M A M A  
F A  FA FA MA 
U A F A M A M A  

FA FA MA MA 
E E HA FA 
M A M A H A M A  
H A M A H A M A  
M A E  FA MA 

A alive 
E - early resorptions 

FA 
MA 

FA 
FA 
FA 
FA 
MA 
MA 
XA 

MA 
FA 
MA 
MA 
FA 

FA FA MA 
HA FA FA 

FA MA HA 
FA FA 
HA FA HA 
H A n A E I A  
E MA FA 
n h n A H A  
FA FA MA 

E FA MA 
MA FA MA 
MA MA FA 
HA FA 
MA MA FA 

UA 

FA 

HA 
F A  
HA 
FA 
MA 

MA 
FA 
FA 

HA 

MA 

FA 

FA 
FA 
FA 
FA 

HA 
L 
MA 

FA 

FA 

EA 
HA 

HA 
FA 
HA 

HA 

FA 

FA 
MA 

MA 

HA 

M A E  

L 6 late resorptions 
continued on next page 
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03 Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

TABLE E 1 Q Individual Fetal Status and Uterine Location 

Dam Implant No. 
No. 

10 11 12 13 14 15 16 17 18 19 I 2 3 4 5 6 7 8 9 

Test Group 2: 250 mg 1,3-Propanediol/kg b.w.  p . 0 .  

42 FA MA MA 
43 MA FA MA 
44 FA HA FA 
45 HA HA FA 
46 E HA FA 
47 FA HA UA 
48 not examined 
49 not examined 
50 not examhed 

H - male 
F = female 

FA FA FA MA FA FA FA MA FA HA 
E FA FA MA FA MA FA MA MA HA FA 
HA UA HA MA FA MA FA 
H A X A F A E  FA FA HA MA FA FA FA FA MA 
FA FA HA UA FA HA FA HA FA FA E 
M A E  H A M A M E  FA Mh FA FA HA 

A = alive 
E 9 early resorptions 

L - late resorptions 

t 



1,3-Proponediol 
ifluence on the Pregnant Rat and t e Fetus by 
Individual Fetal Status and Uterine Location 

r a l  Administration Examination o f  the 
TABLE B 1 

Dam Implant No. 
No. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

Test Croup 3: 1000 mg 1,3-Propanediol/kg b.w. p.0. 

51 not pregnant 
52 not pregnant 
53 L E FA 
54 F A  HA MA 
55 UA HA FA 
56 HA FA FA 
57  m H A m  
5 8  MA FA MA 
59 HA FA 
6 0  FA FA HA 
6 1  H1\ FA HA 
62 FA MA F A  
63  8 HA MA FA 
64 E H A H A  
65  FA FA HA 

E FA FA 
MA FA 66 ZM FA 

6 7  03 

clr H - male 
F - female 

FA FA HA MA 
FA FA MA FA 
HA FA FA MA 
FA FA FA FA 
FA FA HA MA 
HA FA FA FA 
E FA HA HA 
HA HA FA FA 
M A M A H A F A  
M A F A H A U A  
HA FA HA F A  
FA HA FA FA 
FA FA MA FA 
FA E M A M A  
M A H A F A H A  

A - alive 
E - early resorptions 

L 
HA 
FA 
HA 
MA 
MA 
MA 
MA 
F A  
MA 
HA 
HA 
HA 
F A  
E. 

FA MA EA 
H A M A H A  
HA 
FA HA MA 
E M A H A  
MA MA HA 
FA FA FA 
FA FA HA 
MA MA FA 
FA HA FA 
FA HA HA 
MA FA HA 
HA HA FA 
FA MA FA 
FA MA HA 

FA 
FA 

FA 
MA 
E 
HA 
FA 
FA 
FA 

FA 
MA 
MA 
MA 

F A  

MA F A  
HA FA 

F A  MA 
M A E  

E MA FA 
M A M A  
MA 
FA FA MA MA 

L late resorptions 
continued on next page 
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1 I 3 - Propanediol 
Examination of t h e  Inf luence on the  Pregnant Rat and the  Fe tus  by Oral  Adminis t ra t ion 

TABLE B 1 Ind iv idua l  F e t a l  S t a t u s  and Uter ine  Locat ion 

Tes t  Croup 3: 1000 mg lI3-Propanedio1/kg b.w. p . 0 .  

68 E M H h  
69 L M H A  
70 M A M M A  
71 MA FA HA 
72 MA FA FA 
73  n o t  examined 
74 no t  examined 
75 no t  examined 

H male 
F - female 

FA FA FA E MA FA MA FA MA FA HA 
FA FA MA FA FA MA MA FA MA FA MA MA MA 
MA FA FA FA MA HA FA MA MA E 
HA MA MA FA FA Kh FA HA FA FA FA E 
M E  MA FA FA FA FA FA FA MA 

A 9 a l i v e  
E - e a r l y  r e so rp t ions  

L = l u t e  r e so rp t ions  

i 

t .  



TMLE B 2 

1.3-Propanedlol 
Exaslnatlon o f  the Influence on the Pregnant Rat nnd the Fetus by O r s l  Admlnlstretlon 

lndlvldusl Placental  We18lit.a - Grms 

OMI 
No. 

Fetus 110. 

MQM 1 2 3 b 5 6  7 8 9 10 11 12 13 1 h  I5 16 17 18 19 

1 
2 
3 
4 
5 
6 
1 
8 
9 
IO 
I1  
I2 
I3 
I 4  
IS 
I6 
I 7  
I8 

Teat Group 1: Control (10 ml HETHOCEL E 4 H/kg b.w. p.0.) 

0.50 0.49 
0.62 0.57 
0.59 0.68 
not pceanant 
0.47 0.40 
0.54 0.48 
0.62 0.60 
0 .48  0.40 
0.W 0.60 
0.48 0.47 
0.73 0.10 
0.65 0.72 
0.59 0.61 
0. 49 0.54 
0.50 0.54 
not preunant 
0.54 0.47 
0.71 0.60 

0 . 5 4  
0.52 
0.53 

0.51 
0. 49 
E 
0.48 
0.50 
0.50 
0.87 
0.611 
0.58 
0.46 
0.47 

0.40 
t 

E - early rerorptlons 
L - late resorptlonr 

0.51 
0.65 
0.57 

0.48 
0.52 
0.80  
0.50 
0.50 
0.42 
0.75 
0.71 
0.55 
0.42 
0.59 

0 .18  
0.75 

0.60 0 . k 4  0.54 E E E 
0.79 E 0.69 0.51 0.52 0.58 
0.60 0.50 0.66 O . 6 h  0.62 0.60 

E 0.51 0.45 0.43 0.49 E 
0.51 0.51 0.52 0.79 0.52 0.45 
0.63 E L 0.75 t 0.49 
0.40 0.59 0.49 E 0.48  0.42 
0.40 0.50 0.55 0.45 0.50 0.57 
0.50 0.40 0.46 0.51 0.49 0.47 
0.80 0.78 0.68 0.82 0.57 0.75 
E 0.71 0.52 0.60 0.82 E 
0.59 0.55 0.53 0.61 0.59 0.71 
0 . U  0.50 0 . 5 4  0.48 0.43 0.47 
L 0.57 0.60 0.43 0.45 0.48  

0.52 0.53 0.58 0.66 0.56 0 . 6 8  
0.80 L 0.56 L 0.59 E 

E 
0.60 
0.57 

0.45 
0.60 
0.52 
0.50 
0.41 
0.51 
0.79 
0.67 
0.62 
0.57 
0.48  

0.58 
0.82 

0.59 
E 
0.59 

0.48 
0.58 
0.65 
0.62 
0.43 
0.50 
0.69 

0.60 
0.49 
0.41 

E 
E 

0.54 
E 
0.55 

0.41 
0.52 
0.69  
0.48 
0.46 
0.48  
E 

0.49 
0.50 

0.511 
t 

contlnued on next pa80 

0.42 
0.71 

0. 50 
0 , 6 0  
0.52 

0 .48  
0.82 

0.41 
0.44 

0.55 
0.86 

0.50 
0.63 

0.53 
0.40 

0.80 

0 . S  

L 

0.48 

0.54 
0.41 

0.55 

0.49 

0.47 0 . 6 4  O . 5 G  

I 

\ . 
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TABLE B 2 

1.3-Propnnedlol 
Examlnatlon oC the  Influence on tlie Pre(nent Rat and Lhe Fetus by Oral Admlnlstratlon 

Indlvldual Placental Wolgtits - Grmr 

DNn 
ria , 

FbLU5 NO. 

Mean 1 2 3 4 5 6 7 8 9 10 11 12 13 1 4  15 16 17 10 19 

18 
20 
21 
22 
23 
24 
25 

n -  
n 
SD 

Group 1: Control (10 ml HEIlICCEL E 4 H/Ls b.w. p .0 .1  

0.45 0.48 0 . 6 9  0.45  0 . 4 Q  0.k9 0 . 4 1  0 . 4 5  0 .40  0.42 E 0.65 0.39 
0.55 0.58 0 .48  0.49  0.55 0.61 0 . 5 4  0.61  0.67 0 .51  0.50 0.56 0.60 0.50 0.48 
0.53 0.60 0.62 0.63 0 . 6 9  0 . 5 0  0.50 0.55 0 , 5 1  0.51 0.50 0.49 0.51 
0.53 e 0.48 0 . 4 0  0.57 0.50 0 .56  E 0 . 4 7  0 .60  0 . 7 0  0.58 0 .69  0.50 
not rxanlned 
not, exnlnrd 
not exunlnod 

20 
0.55 
0.08 

E early resorptlons 
L - late resorptions 



TMLE e 2 

1,3- Propaned Lo 1 
Examlnntlon of tlro Lnlluanco on t h o  Preunnnt Rat and the Fetus by Oral Admlnlatcatlon 

I n d l v l d u a l  PlecenLal Welglits - Grms 

DUll 

No. 

Fetus No. 

Hean 1 2 .  3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

26 
27 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
4 0  
4 1  

2e 

Group 2: 250 m.3 1.3-Propanedlol/kg b.w. p . 0  

0.16 0.46 
0.52 0.71 
n o t  pregnant 
0.48 0.48 
0.58 0 . 5 9  
0.64 0.60 
0.52 E 
0.60 0.78 
0.67 0.63 
0.54 0.55 
not prc6nant 
0.59 0.56 
0.59 0.53 
0.48 0.43 
0.51 0.47 
0.57 0.49 

0.46 0.46 0.44 
0 . 4 0  0.59 0.53 

t 0 . k 5  0.43 
0.58 0.52 0.70 
0.52 0.51 0.11  
0.59 0.45 0.62 
0.67 0.52 0 . 4 6  
0.54 0.18 0.62 
0.68 0.47 0.52 

0.67 0.19 0.59 
0.52 0.51 E 
0 . 5 4  0.33 0.60 
E 0.52 0.56 
0.40 0.46 0.56 

Q E - e a r l y  rsaorpt lonr  

63 
L 3  
ch3 
es! 

L - l a t e  resorpt lonr  

0.39 
0.50 

0.49 
0.52 
0.50  
0.50 
0.60 
0.68 
0.51 

0 . 5 0  
E 
0 .43  
0.43 
E 

0.53 
0.43 

0.32 
0.69 
0.35 
0 . 4 1  
0.60 
0.70 
0.52 

0.67 
0.69 
0.43 
0.53 
0.26 

0.46  0 . b 6  0.40 0 . 5 1  
0.52 0 . 5 1  0.62 0 . 4 0  

0.69 0.70  0.45 0.53 
0.61 0.60 0.60  0.56 
0 . 3 8  0 .60  0.42 0.40 
0.60  0.42 0.56 0.51 
0.52 0.69 E 0.61 
0.85 0.71 0.63 0.65 
0.57 0.59 0.53 0.50 

0.50 0.70 E 0.45  
0.68 0.52 0.65 0.60 
0.35 0.55 0.46  0.62 
0.53 0.56 0.45 0.52 
0 .46  0.45 0.46 0.50 

0.48 
0.47  

0.45 

0.43 
0.55 
0.50 
0.65 
0.55 

0.56 
0.60 
0.60 

0.50 

0.44 

0.45 

0.36 
0.52 
0.59 

0.59 

0.52 
0.65 
0.40 

0.51 

0 .  eo 

0 . 4 7  

0.41 

0.45 
0.69 
0.69 
0.52 

0.59 
L 
0.51  

0.50 

0.19 

0.68 
0.50 

0.59 
0.55 
0.62 

0.51 

0.45 

0.69 
0.43 

0.58 

0.34 

continued on n e x t  pa&. 
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TABLE B 2 03 

1.3-Propanedlol 

I n d l v l d u a l  P lacenta l  Welghta - Grams 
Examlnatlcn ot  llre I n f l uence  on the Pregnant Rat and Win Fetus by Oral Admln i r t ra t l on  

I 

F O h 5  lb, 

D m  Hem 1 2 3 I 5 6 7 8 9 10 11 12 13 1 4  15 16 17 18 I9 
NO. 

Group 2: 250 eg 1, J - P r o p ~ e d l o l / k ~  b.w. p.0.  

42 
43 
44 
45 
46 
4 ?  
48 
4 9  
50 

n -  
H 
;D 

0.58 0.63 
0.58 0.48 
0.56 0.59 
0.68 0.68 
0.56 E 
0 . m  0.69 
not, rxm1n.d 
not, axmlnsd  
n o t  exanlnrd 

20 
0.55 
0.07 

0.66 0.57 0.66 0.85  0.52 0.5) 0.55 
0.50 0.54 E 0.62 0.64 0.52 0.59 
0.53 0.52 0.62 0.55 0.55 0.54 0.48 
0.83 0.60 0.74 0.61 0.69 E 0.82 
0.60 0.60 0.61 0 . 5 b  0.66 0.59 0.50 
0.50 0.59 0 .51  E 0.72 0.60 0.58 

E - early resorptlons 
L - Late reso rp t i ona  

0.53 0.48 
0.62 0.75 
0.63 0.58 
0.71 0.72 
0.60 0.56 
E 0.58 

0.55 
0.62 

0.80 
0.56 
0.59 

0.52 
0.56 

0.59 
0.55 
0.57 

0.42 
0.59 

0.58 
0.60 
0.51 

0.53 

0.63 0.61 0.56 
E 
0.48 
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TAELE B 2 

1.3-Propanadiol 
Examhation of the Influence on the Pta&nant Rat and the Fetus by Orsl Admlnlstratlon 

Indlvldual P lacenta l  Weights - Grams 

Fetus No. 

lam Me an 1 2 3 4 ' 5  6 7 8 9 10 11 12 13 14 15 16 17 18 19 
b . 

5 1  
52 
53 
54 
55 
56 
57 
58 
59 
60 
61. 
62 
63 
64 
65 
66 
67 

Group 3: 1000 w 1,3-Propenediol/kg b.w. p.0. 

not precnant 
not preenant 
0.56 t 
0.61 0 . 5 8  
0.56 0 . 7 5  
0.61 0 . 5 5  
0.52 0.60 
0.56 0.53 
0 .68  0.67 
0 . 6 3  0.65 
0.55 0.50 
0.52 0.42 
0.65 0.54 
0.46 E 
0.52 0 . 5 0  
0.51 t 
0.58 0 . 5 1  

E 
0.58 
0.57 
0.69 
0.50 
0.51 
0.62 
0.65 
0.62 
0.45 
0.56 
0.47 
0.49 
0.45 
0.56 

E - ear ly  resaeptions 
0 L = l a t e  resorptlons 
9 
ZxJ 
cd 
-3 

0.55 
0 .70  
0.49 
0.63 
0.51 
0.53 
0.58 
0.51 
0.72 
0.46 
0.12 
0.61 
0.45 
0 . 4 5  
0.56 

0.51 0 . 6 1  0.52 0 . 7 7  L 0.56 0.53 
0.65 0.69 0.67 0.52 0.60 0.50 0.70 
0.51 0.59 0.52 0.49 0.49 0.59 
0.62 0.66 0 . 5 5  0.61 0.64 0.61 0.62 
0.43 0.72  0.52 0.51 0.38 E 0.65 
0.52 0.50 0.53 0.56 0.59 0.68 0.62 
G 0.91 0.75 6 .78  0 . 7 5  0 . 6 5  0.61 
0 .62  0 . 4 8  0 .69  0.92 0 . 5 5  0.68 0.70  
0.51 0.59 0 . 4 5  (1.45 0.58 0 . 4 5  0.49 
0 . 4 0  0.39 0 .51  0 . 4 5  0.35 0 . 4 0  0 . 4 0  
0.62 0.57 0.62 0.59 0.88 0.58 0.81 
0.46 0.47 0 . 4 7  0 .56  0.41 0.36 0.35 

0.55 E 0.49 0.S6 0 .58  0 . 4 6  0 . 5 2  
0 . 5 5  0 .62  0.58 0.52 E 0.66 0.49 

0.53 0.55 0.65  0.50 0.50 0 . 4 8  0.63 

0.51 
0.60 

0.49 
0.50 
0.60 
0.72 
0.65 
0.67 
0.40 
0.65 
0.49 
0.56 
0.58 
0.60 

0.50 
0.55 

0.6B 
0.51 
E 
0.65 
0.50 
0.59 
0.37 

0.52 
0.52 
0.56 
0.66 

0.59 

0.51 
0.50 

0 . 8 0  
0 . 6 4  

E 
0.48 
0.46 
0.59 

0.71 
0.42 

0 .55  
E 

0 .48  
0.50 

0 .  h8 

0 . 4 7  

0.72 0 . 5 9  

contlnuad on next  page 
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1,J-Propnnadlol 
Examlnatlon aC the InCLuence on the Pre6nant Rat and the Fetus by Oral Admlnlstratlon 

TABLC B 2 Indlvldual Placental Walshta - Grams 

D m  
NO. 

Mean 

Fetus No 

1 2 3  4 5 6 7 8 g 10 11 12 13 14 15 16 17 18 10 

68 
69 
70 
71 
72 
?3 
7 b  
?5 

n -  
n 
SD 

Grwp 3: 1000 w 1.3-Propanadiol/k& b.w. p.0. 

0.59 E 0.55 0.80 0.50 0.55 0.61 E 0.70 0 .62  
0 . 5 4  L 0.63 0.61 0.62 0.61 0 .45  0.40 0.47 0.53 
0.63 1.09 0.62 0.68 0.64 0.50 0.56 0.61 0.70 0.81  
0.55  0.60 0.52 0.59  0.70 0 . 4 9  0.56  0.60 0.50 0.62 
0.56 0.50 0.54 0.50 0.59 E 0.70 0.62 0.50 0.51 
not oxmlned 
not oxmlnad 
not exmlned 

20 
0.56 
0.06 

E - early resorptlonr 
L - late resorptlonr 

0.51 0.78  0.60 0.40 0.42 
0.60 0 . 5 1  0.50 0.50 0.48 0.58  0.50 
0.72 0 .71  0.52 E 
0.43 0.60 0.50 0.50 0.59 E 
0.51 0.50 0.60 0.60 



p 

TADLE B 3 

1.3- Propmedlol 
Exnmlnatlon of the Influence on the Pre8nant Rot and the Fetus by Orat Aclmlnlstratlon 

Indlvidual Feta l  Body Flrlghts - Grams 

Fetus  No. 

Dam Mean 1 2 3 5 5 6 7 8 9 10 11 1 2  
no. 

13 14  15 16 17 18 19 

Test Croup 1 :  CoiittoL ( 1 0  mL MF;THC€EL E 4 Hlkg b.u. p.0.1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1 4  
15 
16 
17 
18 

3 . 5 6  4 . O  
4 . 2 3  4 . O  
3.36 3.5 
n o t  pregnant 
3.11 3 .B 
3.75 3 . 8  
4 . 1 6  4 . 2  
3 . 7 7  3 . 8  
3 .86  3 .8 
4.99  6 . 0  
4 . 3 2  4 . 1  
3 . 7 1  3 . 5  
3.6’3 3 . 4  
3.68 3.6 
3.58 3 . 4  
not pregnant 
3 . 6 8  3 . 3  

8 2 . 8 9  3 . 6  

e 

3 . 2  
4.1 
3 . 3  

3 . 9  
6 . O  
E 
3.6 
4 . 5  
4.6 
6 . 8  
3.7 
3.6 
3.7 
3.7 

3 . 6  
E 

E - early rerotptions 
L - l a t e  tesorptions 

3 . 8  
4 . 5  
3 . 8  

4 . 0  
3 . G  
4 . 0  
3 . 8  
3.9 

.5 .0  
4.2 
3 . 7  
3.9 
3 . 7  
4 . 0  

3.6  
2.9 

3.7 
4 . 5  
3,7 

E 
3.6 
4 . 1  
3 . 5  
3 . 9  
4 . 6  
4 . 3  
E 
3 . 9  
3.8 
L 

3 . 7  
2.0 

3 . 6  
E 
3 . 3  

4 .O 
3 . 6  
E 
3 . 9  
4 . O  
5 .O 
4.6 
4 .o  
3.7 
3 . 7  
4 .o 

3.7 
L 

3.7 
4 . 0  
3.2 

4 . 0  
3 . 7  
L 
4 . 1  
3 . 8  
5 . 3  
4 . 2  
3.7 
3 . 8  
3 . 6  
3.6 

3 . 6  
2 . 8  

E 
4 . 2  
3 . 2  

4 . 0  
4 . 1  
4 .2 
E 
3 . 9  
4 .3  
4 . 4  
3 . 7  
3 . 7  
3 . 6  
3.1 

3.9  
L 

E 
4 . 2  
3.2 

3 . 5  
4.1 
E 
3 . 4  
3 . 5  
5 . 0  
3 . 8  
3 . 9  
4 . 0  
4 .O  
3 . 7  

3.8 
2 . 8  

E 
4 . 3  
3 . 5  

E 
3 . 6  
4 . 1  
3.3 
3.9 
l . 9  
4 . 6  
E 
3 . 9  
3 . 4  
3 . 3  

3.5 
E 

E 
4 . 3  
3 . 4  

3 . 4  
3 . 9  
4 . 2  
4 . 0  
3 . 8  
4 . 9  
6.5 
3 . 5  
3 . 5  
3.7 
3.7 

4.1 
3.3 

4 . 0  
E 
3.3 

3.3  
3.5 
4.3 
4 . 1  
3.6 
6.0 
4 . 1  

3 . 2  
3 . 5  
3 . 6  

E 
E 

3.8 
E 
2.8 

3 .7  
3 . 7  
5 . 2  
3 . 8  
3 . 7  
4 . 7  
E 

3 . 6  
3.6 

3.6  
L 

continued on next page 

3 . 7  
4 . 2  

3.6 
4.3 
3.6 

4 . 6  
P . 4  

4 . O  
3.4 

3 . 6  
2 . 7  

3 . 5  
4 . 2  

4 . 4  
3 . 6  

4 . 1  

3.4 

L 

3 . 3  3 .6  3 . 2  3 . 0  3 . 2  

3.8 
3.9  4 . 0  
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9 
* lI3-Propanedlo1 

Exmlnat lon o f  the  Inf luence  on the Praunant Rat and t h e  Fetus  by O r e l  Admlnlrttatlon 
l n d l v l d u s l  F e t a l  Body Welghta - Gram TABL6 B 3 

D4Il! 
No. 

Mean 1 2 3 4 5 

Fetus No. 

6 7 8 9 10 11 12 13 14 15 16 17 18 19 

19 
20 
21 
22 
23 
24 
2s 

n -  
M 

SO 

Group 1: Control (10 ml MElHCCEL E 0 H/k& b.w. p . 0 . )  

3. k7 3.4 3.2 3 . h  3.6 3.4 3 . 6  3.4 
3.57 3 . 8  3.5 3.5 3.3 3.7 3.9 3.6 
3.25 3.4 3.1 3.3 3.4 3.3 3.3 3.2 
3.65 E 3.6  3.3 4 . 1  3.8 3.3 E 
n o t  r x m l n ~ d  
n o t  exmInrd 
n o t  r x a l n e d  

20 
3.7s  
0.44 

E - e a r l y  resorpt ions  
L - late resorpt ions  

3 . 6  3.5 E 3.7 3.4 
3.8 3 . 6  3.4 3.3 3 . 8  3 . 6  3.2 
3.2 3.5 3.1 3.3 2.9 
3.3 3.7 4.0  3.8  3.7 3.5 



c 
E 

TADLE n 3 
1,3- Propaned lo  1 

Exmlnat lon oC t h e  1nCLwnce on the Prennnnt Rnt  and the Fetus  by O r a l  Admlnlatration 
Indlv ldval  FeLnl Dacly Welglits - Gram 

Dam 
No. 

Mean 

Fetus So. 

1 2 3  4 5 6 7 8 9 10 11 12 13 1 4  15 16 17 18 19 

Group 2: 250 mg 1.3-Propanedlol/k& b.u. p . 0  

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
3? 
38 
39 
40 

4 1  es 
0 
A 
Z U  
CB 
Ca 

3.60 3 . 7  3 . 6  
3.80 4 . 1  3 . 9  
n o t  p r c ~ y ~ a n t  
3.39 3 . 6  E 
4 . 1 0  3 . 9  4 . 0  
3.69 3 . 9  4.2 
3.82 E 3 .8  
4.36 4.5  4 - s  
4.02  4.6  3 . 6  
4.26 4.3 4 . 4  
not  preinant 
3.30 3 . 1  3.2 
4.05  4.1 4.1 
3.83 4.0 3 . 6  
3.63 3.6 E 
3.78 3.8 3 . 6  

3.4 
3.8 

1 . O  
3 . 8  
3 . 7  
3.1 
4 . 2  
1 . 0  
4.1 

3 . 3  
3.9  
4 . 1  
3 . 8  
3 . 6  

3 . 6  
3.6  

3.7 
4 . 4  
3.5 
4 . 1  
4 . 4  
3 . 8  
4.2 

3-4 
E 
3 . 9  
3.8 
3.8 

3.7 
3 . 5  

3.1 
3 . 9  
3.5  
3 . 9  
4 . 3  
3 . 9  
4 . 3  

3 . 2  
E 
4.3 
3.4 
E 

3 . 9  
4 . 0  

3 . 7  
4.3 
3 . 9  
3.2 
4 . 4  
4.0 
4.7 

3 . 6  
4.2  
4 . 0  
3 . 5  
3.6 

3.4 
4 . O  

3 . 2  
4.2 
3 . 5  
3 . 9  
4 . 4  
4 . 3  
4 . 1  

3 . 6  
3.9  
3 . 8  
3.7 
3.9 

3.5  
4 .O 

2 . 8  
5 . 0  
3.6 
3 . 6  
1 .5  
4.2 
4.2 

3.2 
3.9 
3.5 
3.6 
3.6 

3.4 
4 . 0  

2 . 9  
1.3 
3.8 
3.8 
E 
4 .2 
4 . 5  

E 
4 . 1  
3.8 
3.9 
4 . 1  

3.7 
3.4 

3.4 
4.2 
3 . 7  
4 . 1  
4 . 5  
4.0 
4 . 2  

3.1  
3 . 8  
4.0 
3 . 8  
3 . 9  

3 . 4  
3 . 5  

3.7 

3.4 
4 . 1  
4.2 
5.2 
4.6 

3 . 5  
4 . 5  
3.9 

3.8 

3 . 8  

3.5 

3 . 6  
3 . 9  
4 . 1  
3.9 
4.1 

3 . 5  
3 . 9  
3.7  

3.8 

3.7 

3 . 2  

3.6  
4.3 
4.2 
4 . 1  

3.3 
L 
3.8 

3.7 

2.9 

3.7 
4.3 

3 . 1  
4 . 1  
3.1 

3.0 

3.5 

3.6 
3 . 8  

3.1 

3.4 

E - e a r l y  r a s o r p t l o n s  
t - Late r e s o r p t i o n r  

contlnuod on n e x t  pale  

3 . 0  E 
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1,J-Propmedlol 
Examlnatlon O K  the Influence on the Pre8nant Ret nnd the Fetus by Oral Admlnlrtratlon 

Indlvldual Fetal Body Hal8lits - Grams 

DMl 
No. 

Fetus No. 

He M 1 2 3 4 5 6 1 8 9 10 11 12 13 14 15 16 17 18 19 

42 
43 
4 4  
45 
46 
67 
48 
49 
50 

n =  
H 

SO 

Group 2: 250 m6 1,3-Propsnedlol/k8 b .w.  p . 0 .  

3.85 3 . 8  3.9 4 . 3  3 . 9  3.6  3 . 6  
3.78 3 . 8  3.9 4 . 1  t 4.2 3.8 
4.01 5.7 4.2 3 . 5  3.9 3 . 9  3.9 
3.59 3.7 3.7: 3 . 5  4 . 4  5 . 0  3 . 7  
3.23 E 3,s 3.5 3.3 3.2 3.4 
3.31 3.1 3.2 3 . 4  2 . 9  E 3 . 5  
not exantnod 
not exmlned 
not exmlnod 

20 
3.71 
0.31 

E - early rororptlonr 
L - late rasorpt.lons 

4 . 1  
4 .O 
4 .O 
E 
3 . 2  
3.6 

4 . 0  
3.4 
3.6 
4 . 0  
2 . 9  
3.5 

3.3 
3.e 
3.9 
2.2 
3 . 3  
E 

3.9 3.9 6 . 0  3.7 
3.0 3.8  3 . 6  h . 0  3.5 
3 . 5  
3.7 3.8 3.5  3 . 6  2 .8  3.6  3 . 6  
3.1 3 . 1  3.2  3 . 1  E 
3.3 3,5 3.4 3.1 3.2 



TABLE B 3 

1,3-Propanedlal 
Examlnatlon o f  the InCluencs on the Pre&nant Rat and tho Fotus by Oral Ahlnlstratlon 

Indlvidual Fetal Body Woi6hts - Grams 

Fetus No. 

D m  Mean 1 2 3  5 5 6 7 8 9 10 11 12 13 I4 15 18 19 16 17 
No. 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 

Group 3: 1000 1,3-Propanodiot/%~ b.w. p.0.  

not preenant 
not presnant 
3.68 L E  
3.76 3 . 7  3 . 9  
3.e7 4.3 3.9 
3.79 3.6  3.9 
3.82 3.8 4.1 
3.65 3.5 3-5 
3.96 4 . 1  3.8 
3.96 3.8 4.0 
3.46 3 . 6  3 . 7  
3.S8 3.2  3 . 8  
3.89 3.e  3.9 
3.71 E 4.1 
3.71 3.6 3 . 6  
3 . 4 8  E 3.4 
3.62 3.4 4.0 c 

Q 
a 
?4 
ca 
e3 

El - early resorptlas 
L - late resorptlons 

3.5 
4.2 
3.7  
3.8 
3.9 
3 . 5  
4.2 
4.1 
3.6 
3.1 
3.7 
4.2 
3.7 
3.3 
3.4 

3.6  
3 . 7  
3 .8  
3 . 6  
3.4 
3.5 
E 
4.1 
3,6 
3 . 6  
3.9 
3.5 
3.6 
3.4 
3.7 

3.6  
3.7 
3 . 8  
4.1 
3.6 
3.9  
3.8 
3.9 
3.5 
3.5 
3.9 
3 .7  
3 . 9  
E 
4 . 4  

3.9 
4.2 
3.8 
3.7 
3-8 
3.7 
4 . 0  
4 .0  
3.3 
3 . 6  
3.8 
3.3 
4.0  
3.8 
3.9 

3.s 
2.9 
4.0 
4.2 
4.0 
3.7 
4.0 
4.0 
3.3 
3 . 9  
3.9  
3.8 
3.4 
3.3 
3.8 

L 
4.0 
3 . 6  
4 . 2  
3.7  
3.7 
h . 3  
4.2 
3 . 6  
3.5 
4.0 
3.8 
4.1 
3.4 
E 

3.4 
3.8 
3 . 9  
3.7 
E 
3.6 
3 .8  
4.0 
3.3 
3.3 
3.9 
3.6 
3.7 
3.5 
3.8 

4.0 
3.9 

4 - 4  
4.4 
3.8 
3.8 
3.8 
3.5 
3.5 
4 . 0  
3.8 
3 , u  
3.7 
4.0 

3 . 6  
3.8 

3.3 
3.9 
3.7 
3.8 
h . 0  
3.3 
3.3 
4.0 
3.5 
3 . 6  
3.4 
3.8 

3 . 6  
3.5 

3.4 
3.8 
E 
4.2 
3.8 
3.2 
3.2 

3.4 
3 . 6  
3 .7  
4 .2  

3.8 

3 .5  
3 . 6  

3 .5  
3 .7  

E 
3.7 
3.4 
3.8 

3.6  
3 .7  

4 .2  
E 

4.0 
3.6 

3.4 

3.8 

3.7 

contlnued on next pa60 
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TADLE B 3 

1.3-Propanedl01 
Exmlnatlon of the Influence on the  Pre6nant R a t  end the Fetus by Oral Admlni8tratlon 

Indlvldual Fetal Body Wei&hta - Grams 

DMl  
No. 

Fetus No. 

He M 1 2 3 4 5 6  1 8 8 10 11 12 13 1 4  15 16 17 18 19 

68 
69 
70 
71 
72 
73 
76 
75 

n -  
N 

so 

Group 3: 1000 ny 1,3-PropanedIol/kg b.w. p.0 .  

3.20 E 
3.73 L 
3.6) 3.5 
3.46 3.4 
3.29 3.2 
not exmlnad 
not e x a l n e d  
not  exmlned 

20 
3.67 
0.21 

3.4 3.3  3.2  3.5 3.1 E 
3.8 3.6 3.7  3.1  3.9 3 . 8  
3.8 3.7 3 . 8  3 . 6  3.6 3.7 
3.3 3.5  3.7  3.4 3.6 3.2 
3.0 2 . 6  3 . S  E 3 . 6  3.3 

t - early resorptlons 
L l a ta  resorptionr 

2 . 4  
3 . 5  
3 . 6  
3 . 3  
3.2 

3.1 3 . 2  3 . 6  3.6 2 . 5  3.4 
3.7 1 . 0  3 . 6  4 . 0  3.6  3.1 4 .0  3 . 9  
3.8 3 . 7  3.3 3 . 7  E 
3 . 9  3.2  3.7 3 . 6  3.5 3.2 E 
3 . 2  3.3 3.3 3.7 3.6 
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TMLE B 4 

1.3-Propanrdiol 

Indivldual Fatal Lengths - mn Examlnotlon of the Influenco on the Proanant R a t  and tho Fetus by O r a l  Admlnlstratlon 

Om 
No. 

Fetus No. 

He an 1 ‘ 2  3 k 5 6 7 8 9  10 11 12 13 14 15 ’ 16 17 18 19 

1 
2 
3 
4 
5 
6 
J 
8 
9 

LO 
I 1  
12 
13 
14 
15 
16 
17 
10 

Test Group 1: Control (10 m l  METIlCCEL E 4 M/kr b.w. p . 0 . )  

34.0 35 30 
36.9 38 36 
33.6 34 32 
not pregnant 
36.5 36 35 
36.2 39 37 
36.3  36 E 
35.0 34 36 
33.3 30 32 
38.7 39 42 
36.9  35 37 
3 5 . 8  34 37 
34.2 35 36 
3 1 . 7  32 30 
3 i . a  36 34 
not pre~~nant  
3 k . S  36 35 
3 1 . 4  34 E 

E - e a r l y  resorptlons 
L - late rerorptlons 

31 
37 
38 

360 
35 
37 
35 
30 
38 
37 
38 
34 
33 
36 

32 
33 

35 
38 
35 

E 
35 
38 
36 
35 
38 
40 
E 
35 
30 
L 

31 
25 

34 3s E 
E 40 35 
34 34 31 

39 30 37 
36 35 36 
E L 35 
37 35 35 
32 34 34 
43 4 2  4 1  
35 37 37  
38  35 35 
34 33 35 
31 28 25 
32 35 30 

34 32 36 
L 30 L 

E 
37 
32 

3G 
36 
E 
33 
34 
40 
37 
37 
33 
34 
32 

35 
32 

E 
35 
35 

E 
36 
37 
35 
34 
38 
4 1  
E 
36 
34 
32 

36 
E 

E 

36 

36 
36 
37 
35 
33 
36 
3 7  
33 
33 
35 
32 

36 
33 

36 
36 
E 
32 

35 
35 
35 
34 
35 
36 
36 

32 
34 
32 

E 
E 

35 
E 
30 

3J 
38 
39 
35 
36 
36 
E 

32 
28 

35 
L 

36 
37 

37 
35 
33 

34 
35 

3s  
21 

36 
33 

34 
36 

34 
35 

36 

21 

L 

35 35 35 30 33 

36 
37 

continued on next  page 
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TABLE B 4 

..w' 

1,3-PropmedIol 

Indlvlduol F o t a l  Lengths - nn 
Examlnatlon o f  the InCluenca on the Pregnant Rat and tho Fatus by Oral Admlnlstratlon 

D m  
No. 

Fetus No. 

Hem 1 2 3 4 5 6 7 8 9  10 11 12 13 14 15 16 17 18 19 

19 
20 
21 
22 
23 
Z b  
25 

n -  
H 
SD 

Group 1: Control (10 ml WTHCCEL E 4 H/kg b.w. p . 0 . )  

32.9 32 31 32 34 29 32 3 4  35 34 E 35 34 
35.8 3 ?  36 38 37 35 3e 35 37 37 35 32 35 37 35 
35.8 34 36 38 35 35 37 33 36 36 39 37 35 
36.7 E 35 38 39 36 35 E 35 35 38 37 
not oxmlned 
not  oxanlnod 
not axanlnad 

36 38 

20 
34.9  

2.0  

E - ear ly  resorptlons 
L - l a t o  rororptlons 



TABLE B 4 

1,3 - Propaned lo1 
Exnmlnntlon O C  tlin Influence on Lhe Preunmt Rat nnmd tho Fetus by Oral Admlnistratlon 

Indlvldusl Fetal Lengths - mn 

DMl 
No. 

Fetus No. 

MOM 1 2 3 4 5 6 7 8 9  10 11 12 13 12 15 16 17 18 19 

26 
27 
28 
29 
30 
31 
32 
33 
34 
3s 
36 
37 
38 
39 
4 0  
41 

Group 2: 250 m6 1.3-PropancdLol/ks b.n. p.0. 

34.4 37 34 
36.1  36 34 
not  pre6nant 
35.3 35 E 
35.8 35 38 
32.8 34 35 
34 .Z E 36 
35.9 32 33 
34.5 39 38 
3 7 . 7  35 37 
not  prr6nant 
35.2 35 35 
34 . I  3E 3) 
35.0 33 35 
35.1 33 E 
3s.z 34 33 

d E - early rcsorptlonr 
Q L - latm resorptlons 

Q 
w + 
4 

34 
35 

36 
36 
30 
35 
32 
37 
40 

34 
33 
35 
34 
37 

35 
32 

37 
37 
31 
36 
32 
36 
38 

33 
E 
34 
36 
36 

35 
36 

36 
36 
35 
39 
34 
39 
38 

35 
E 
33 
35 
E 

36 
36 

38 
37 
34 
32 
34 
33 
35 

36 
36 
3E 
37 
37 

34 
38 

37 
37 
35 
38 
62 
36 
39 

36 
32 
35 
35 
30 

35 
37 

35 
35 
30 
32 
38 
33 
38 

37 
33 
35 
35 
36 

33 
40 

32 
34 
34 
32 
E 
32 
38 

E 
37 
35 
35 
35 

32 33 34 357 
37 35 

35 34 35 33 
33 
30 30 36 

31 32 34 33 
4 0  39 37 38 
33 32 33 30 
39 39 38 38 

38 31 33 37 
35 36 
36 37 36 35 
36 
35 35 37 36 

30 L 

37 36 

3h 33 
38 37 

32 35 
31 
33 

37 

contlnued on next page 
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1,3-Propanedlol 
Exnmlnatlon of the Influence on the Pregnant R a t  and t l ie Fetus by Oral Admlnlrtratlon 

Indlvlrlual Fetal LeniLha - mn 

Dam 
No. 

Fetus No. 

6 7 e Q 10 11 12 13 I4 15 16 17 18 19 Haan 1 2 3 & ?  

42 
b3 
44 
45  
46 
47  
4 8  
49 
M 

n -  
n 
iD 

Group 2: 250 m i  1.3-PtopanedIol/k~ b.u. p . 0 .  

33.6 30 35 35 33 35 32 33 35 32 36 33 3s 33 
33.8 35 34 33 E 36 33 32 34 37 35 33 32 35 31 
3S.6 35 36 35 36 37 37 35 35 36 34 
35.5 38 37 33 37 38 36 E 38 26 36 40 35 35 30 32 4 0  
35.1 E 35 35 36 35 35 36 34 36 35 32 37 35 E 
35.7 30 3 7  36 32 E 35 38 40 E 37 35 36 
not exuninad 
not, exalnad 
not oxmlned 

36 36 

PO 
35.0 

1.0 

E - early  resorptlons 
t - late rcsorptions 
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T U L E  B 4 

1.3-Propemedlol 
Exmlnatlon of the Influence on the PreEnmt Rat and the Fetus by Oral Admlnistratlon 

Indivldual Fetal Lm6th8 - mn 

D M l  
PO.  

Fetus No. 

We nn 1 z 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 10 

Group 3: 1000 mg 1.3-Propanediolfig b.w. p.0. 

51 
52 
J3 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 

not pre&nsnt 
not pregnant 
34.8 L 
36.0 36 
35.8 38 
34.7 35 
36.2 368 
34 . O  35 
37 .a 4 0  
36.0 35 
35.9  36 
34.7 37 
35.5 36 
3 5 . 6  E 
34.7 32 
33.1 E 
35.0 36 

E 
37 
35 
34 

32 
36 
35 
36 
36 
37 
35 
31 
32 
35 

3Q 

e E - early resorptions 
g L = late tesorptions 

3 

34 
38 
37 
35 
37 
33 
36 
36 
36 
31 
3s 
37 
3J 
33 
35 

35 
34 
37 
30 
35 
34 
E 
37 
37 
37 
34 
35 
34 
35 
34 

34 
34. 
33 
32 
36 
32 
37 
36 
36 
34 
35 
37 
36 
E 
36 

35 
37 
34 
36 
36 
32 
39 
35 
36 
35 
33 
34 
37 
33 
35 

36 
34 
37 
35 
37 
35 
39 
35 
35 
36 
37 
37 
31 
32 
36 

L 
37 
35 
36 
37 
37 
39 
40 
34 
34 
35 
35 
35 
33 
E 

34 
39 
36 
33 
E 
32 
38 
37 
37 
33 
36 
36 
34 
39 
37 

36 35 34 
36 36 33 35 

37 34 36 36 35 
37 36 37 34 34 
37 35 E 
37 38 38 38 38 
37 35 34 38 E 
34 31 37 
34 34 35 
3? 35 
37 33 31 E 38 37 
31 35 38 36 35 
35 35 31 31 
34 32 34 35 36 35 35 

continued an next page 
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TABLE B 4 

1 ,3-Cropanedlol 
Examlnntlon or the Influence on the Presnant R a t  nnd the Fatus by Oral AdmlnlstratIon 

Indlvldual Fetal LenEths - mn 

Felus No. 

D U i  
NO. 

Uoan 1 2 3  4 5 6 7 8 9 10 11 12 13 14 1s 16 17 18 19 

-~ 

68 
69 
70 
71 
72 
73 
74 
7 5  

n -  
w 
SD 

Group 3: 1000 m& 1.3-Propsnadlol/k& b.w. p.0. 

33.1 E 35 34 35 31 32 E 21 31 35 3s 36 31 36 
34.6 L 36 . 36 35 3s 34 36 35 3J 34 33 34 35 30 1 33 36 
36.4 3S 40 36 35 36 38 36 35 36 30 36 35 E 
34.0 35 35 34 35 34 37 34 34 36 33 36 34 35 37 E 
34.4 33 35 32 35 E 36 38 31 35 30 35 36 37 
not exa1n.d 
not exunlned 
not exmlned 

20 
3S.2 

1.1  

E - early resorptlona 
L - l a t e  resorptlons 



1,3-Propanediol 
Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

TABLE B 5 Individual Fetal External Observations 

Dam 
No. 

Number 
of fetuses 

Observations 

1 
2 
3 
4 
5 

6 
7 
8 
9 

11 
12 

14 8 
L5 
16 h3 
17 Q? 
18 + 

10 . 

13 Q 

Test Group 1: Control (10 ml METHOCEL E 4 M/kg b.w. p.0.) 

15 
11 
12 
0 
10 

13 
11 
15 
12 
13 
13 

8 
11 
13 
13 
0 
12 

7 

fetus no. 2, right eye: haemorrhage behind the lens, otherwise no remarkable Observations 
No remarkable Observations 
No remarkable observations 
not pregnant 

fetus n o .  11: both hindlimbs shortened, right foot: toes missing,, otherwise no remarkable 
observations 

No remarkable observations 
No remarkable observattons 
No remarkable observations 
No remarkable observations 
No remarkable observatfons 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
Not pregnant 
No remarkable observations 
No remarkable observations 

continued on next; page 
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c u  1,3-Propanediol 
W Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

TABLE B 5 C Q  Individual Fe ta 1 External Observations 

Dam 
No. 

Number 
of fetuses 

Observations 

Test Group 1: Control (10 ml HETHOCEL E 4 W/kg b.w. p . 0 . )  

19 
20 
21 
22 
23 
24 
25 

11 
14 
12 
11 

- 
.. 

No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
Not examined 
Not examfned 
Not examined 
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1,3-Propanediol 
Examination o f  the Influence on the Pregnant Rat and the Fetus by Oral Administration 

TABLE B 5 Individual Fetal External Observations 

Dam 
No. 

Number 
of fetuses 

Observations 

I 

Test Croup 2: 250 mg 1,3-Propanediol/kg b.w. p . 0 .  

2 6  
27 
28 
29 
30 
3 1  
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 1  

13 
11 
0 
15 
10 
12 
12 
12 
15 
15 

0 
14 
11 
15 

9 
13 

No remarkable observations 
No remarkable observations 
Not pregnant 
No remarkable obsenrations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
Not pregnant 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 

continued on next page 
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(3 1.3-Propanediol 
h3 

* 
Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

TABLE B 5 CJ! Individual Fetal External Observations 

Dam 
No. 

Number 
of fetuses . 

Observations 

Test Group 2: 250 mg 1,3-Propanediol/kg b.w. p . 0 .  

42 
43 
44 
45 
4 5  
47 
48 
49 
50 

13 
13 
LO 
15 
12 
12 - 

No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
Not examined 
Not examined 
Not examined 
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TABLE B 5 

1,3-Propanediol 
Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

Individual Fetal External Observations 

Dam Number 
No. of fetuses Observations 

51 
52 
53  
54 
5 5  
56 
5 7  
58 
59 
6 0  
61 
6 2  
63 
64 8 
6 5  

8 
w 
w 
u? 

Test Group 3 :  1000 rng 1,3-Propanediol/kg b.w. p . 0 .  

0 Not pregnant 
0 Not pregnant 
9 No remarkable observations 

13 No remarkable observations 
9 No remarkable observations 
14 No remarkable observations 
13 No remarkable observations 
11 No remarkable observations 
13 No remarkable observations 
13  No remarkable observations 
12 No remarkable observations 
12 . No remarkable observations 
11 No remarkable observations 
1 3  No remarkable observations 
14 No remarkable observations 

continued on next: page 
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1,3-Propanediol 
Examination of the Influence on the Pregnant Rat and the Fetus by Oral Administration 

TAIlIE B 5 cr? Individual Fetal External Observations 
cJ3 

Dam 
No. 

Number 
of fetuses 

Observations 

Test Group 3 :  1000 mg 1,3-Propanediol/kg b.w. p.0. 

66 
6 7  
68 
6 9  
70 
71 
72 
7 3  
74 
7 5  

11 
15 
12 
15 
12 
14 
12 - - 

N o  remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
N o  remarkable observations 
Not examined 
Not examined 
Not examined 
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1,3-Propanediol - Examination of the Influence on the 
TABLE B 6 Pregnant Rat and the Fetus by Oral Administration 

Individual Fetal Skeletal Observations 

Dam No. Fetus No. Observation 

Test Group 1: Control (10 ml METHOCEL E 4 H/kg b.w. p.0.) 

1 

2 

3 

1 Skull (parietal, interparietal): retarded 
ossification; Sternebra(e) not ossified, 5th 
or reduced in size, 6th 

3 S k u l l  (interparietal): retarded ossification; 
Sternebra(e) reduced in size, 6th; additional 
14th rib 

5 5th - llth rib (bilateral) wavy; 10th thoracic 
vertebra centre dumb-bell-shaped 

11 Skull (interparietal): retarded ossification; 
Sternebra(e) reduced in size, 6th 

13 Sternebra(e) incompletely ossified. 5th or 
reduced in size. 6th; 3rd - llth rib (bi- 
lateral) vavy 

shaped 

occipital): retarded ossification; Hyoid 
not ossified; Sternebra(e) incompletely 
ossified, 5th; 11th rib (right) wavy; 
12th thoracic vetebra centre dumb-bell- 
shaped 

o r  reduced in size. 6th 

15 11th thoracic vertebra centre dumb-bell- 

17 Skull (parietal, interparietal, supra- 

19 Sternebra(e) incompletely ossified, 5th 

2 
4 
7 
9 
13 

1 
3 

5 

7 

9 

No remarkable observations 
14 pairs of ribs 
No remarkable observations 
No remarkable observations 
14 pairs o f  ribs 

Sternebra(e) not ossified. 5th 
Sternebra(e) not  ossified, 5th or mis- 

Sternebra(e) not ossified, 5th; 4th - 11th 
S k u l l  (parietal, interparietal, supra- 

aligned, 3rd, 4th 

rib (bilateral) wavy 

occipital): retarded ossification; 
Sternebra(e) incompletely ossified. 5th; 
4th - 11th rib (bilateral) vavy 
or reduced in size, 6rh 
Sternebra(e) incompletely ossified, 5th 

- continued on the next page - 
0 0 0 2 5 ' 1  
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1,3-Propanediol - Exsnination of the Influence on  hi: 
TASLE B 6 Pregnant Rat and the Fe:us by Oral Administration 

Individual Fetal Skeletal Observations 

Dan No. Fetus No. Observation 

Test Group 1: Control (10 ml HETHOCEL E 4 M/kg b.w. p . 0 . )  

3 (continued) 
11 Sternebra(e) not ossified, 5th or reduced 

in size. 6th 

4 not pregnant 

5 

6 

1 Skull (interparietal, supraoccipital): 
retarded ossification; Sternebra(e) not 
ossified. 6th; 12th and 13th thoracic 
and 1st lumbar vertebra centre dumb-bell- 
shaped 

or reduced in size, 6th; 6th - 10th rib 
(right ) wavy 

3 Sternebra(e) incompletely ossified, 5th 

6 14 pairs of ribs 
8 Skull (parietal, supraoccipital): retarded 

ossification; 7th - 11th rib (right) wavy; 
10th - 13th thoracic vertebra centre duab- 
bell-shaped 

vertebra centre dumb-bell-shaped 
ll# 14 pairs of ribs; 11th end 12th thoracic 

1 Skull (parietal): retarded ossification; 

3 Sternebra(e) incompletely ossified. 5th or 

5 Skull (parietal): retarded ossification; 

Sternebra(e) reduced in size, 6th 

misaligned, 3rd - 5th 
Hyoid not ossified; Sternebra(e) not, 6th or 
incompletely ossified, 5th I 

7 Skull (parietal, interparietal): retarded 
ossification; Sternebra(e) misaligned, 4th. , 

5th 

6th 

occipital): retarded ossification; Hyoid not 
ossified; Sternebra(e) not ossified, 6th 

9 Hyoid not ossified; Sternebra(e) not ossified, 

11 Skull (parietal, interparietal, supra- 

13 Sternebra(e) not ossified, 2nd, 6th . 

3 Halformed foetus (shortened pelvic extremities, right phalanges 
missing) 

LPT L h o r ~ t o ~  d Pharmacology and ToAIcc~~I~;!. Hamburg 
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1,3-Propanediol - Exzmination of the Influence on the 
TABLE B 6 Pregnant Rat and the Fetus by Oral Administration 

Individual Fetal Skeletal Observations 

Dam No. Fetus No. Observation 

Test Group 1: Control (10 ml METHOCEL E 4 M/kg b.w. p . 0 . 1  

7 3 
7 
10 

8 

9 

10 

12 
14 

1 

3 
5 

8 

10 

12 

14 
16 

2 
4 
6 

10 
12 

a 

2 
4 

6 
8 
10 
12 

Sternebra(e) incompletely ossified, 5th 
No remarkable observations 
Skull (parietal) : retarded ossification; 
Sternebra(e) incompletely ossified, 2nd 

No remarkable observations 
Sternebra(e) incompletely ossified, 5th 

10th thoracic vertebra centre dumb-bell- 

No remarkable observations 
Skull (parietal): retarded ossification: 
Sternebra(e) reduced in size, 6th 
Skull (parietal, interparietal): retarded 
ossification; Sternebra(e) incompletely 
ossified, 5th 
Skull (parietal, supraoccipital): retarded 
ossification 

Sternebra(e) incompletely ossified, 2nd. 5th 
or misaligned, 2nd - 4th 
No remarkable observations 
Sternebra(e) incompletely ossified, 2nd or 

shaped 

misaligned, 3rd - 5th 

No remarkable observations 
Sternebra(e) incompletely ossified, 5th 
No remarkable observations 
Sternebra(e) incompletely ossified, 5th 
No remarkable observations 
No remarkable observations 

Sternebra(e) misaligned, 5th 
Sternebra(e) incompletely ossified, 5th or 

No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 

misaligned, 3rd, 4th 



1.3-Propanediol - Examination of the Influence on t h e  
Pregnant Rat and the Fetus by Oral Administration 

. 
TABLE B 6 

Individual Fetal Skeletal Observations 

Dam No. Fetus No. Observation 

12 

Test Group 1: Control 

11 1 
3 
5 
7 
9 
11 
14 

2 

13 

5 

7 

10 

2 

10 

0 0 0 2 6 0  

(10 ml HETHOCEL E 4 H/kg b.w. p.0.) 

additional 14th rib 
No remarkable observations 
No remarkable observations 
Sternebra(e) misaligned, 3rd. 4th 
No remarkable observations 
No remarkable observations 
No remarkable observations 

Sternebra(e1 incompletely ossified,’2nd 
or reduced in size, 6th or misaligned, 
3rd, 4th; 4th - 13th rib (bilateral) wavy; 
10th and 12th thoracic vertebra centre dumb- 
bell-shaped 
Skull (frontal, parietal, interparietal, 
supraoccipital): retarded ossification; 
5th - 12th rib (bilateral) wavy; 
9th, loth, 12th and 13th thoracic vertebra 
centre dumb-bell-shaped 

occipital): retarded ossification; 
5th - 12th rib (bilateral) wavy; 
8th. 9th and 11th thoracic vertebra centre 
dumb-bell-shaped 

9th. llth and 12th thoracic vertebra centre 
dumb-bell-shaped 

S k u l l  (parietal, interparieta1,‘supra- 

Skull (parietal): retarded ossification; 

Skull (parietal): retarded ossification; 
Hyoid not ossified; Sternebra(e) incompletely 
ossified, 5th 
14 pairs of ribs; 6th - 9th and llth - 13th 
rib (left) and 5th - 12th rib (right) vavy 
14 pairs of ribs 
Skull (frontal, parietal, interparietal, 
supraoccipital): retarded ossification; 
Hyoid not ossified: Sternebra(e) not 
ossified. 5th or reduced in size. 6th; 
5th - 13th rib (bilateral) wavy 
Sternebra(e) incompletely ossified, 5th 



LPT Rcpori No. 5113/92 

1,3-Propanediol - Examination of the Influence on the 
TABLE B 6 Pregnant Rat and the Fetus by Oral Administration 

Individual Fetal Skeletal Observations 

Dam No. Fetus No. Observation 

Test Group 1: Control (10 ml METHOCEL E 4 M/kg b.w. p . 0 . )  

14 

15 

16 

17 

18 

1 
3 Sternebra(e) misaligned, 4th. 5th 
5 Sternebra(e) incompletely ossified, 5th or 

7 Sternebra(e) not ossified, 2nd-or misaligned. 

9 Sternebra(e) reduced in size, 6th; additional 

13th thoracic vertebra centre bipartite 

reduced in size, 6th 

3rd - 5th 
14th rib 

11 No remarkable observations 
13 No remarkable observations 

2 Sternebra(e) incompletely ossified, 5th 
5 Skull (parietal, interparietal): retarded 

7 Sternebra(e) not ossified, 5th, 6th 
9 Hyoid not ossified; 14 pairs of ribs; 

ossification 

10th thoracic vertebra centre dumb-bell- 
shaped 

11 No remarkable observations 
13 Skull (interparietal): retarded ossification 

not pregnant 

1 Sternebra(e) incompletely ossified, 5th 
3 No remarkable observations 
5 Sternebra(e) not ossified, 2nd, 5th or 

7 No remarkable observations 
9 Sternebra(e) incompletely ossified, 5th 
12 Skull (parietal): retarded ossification; 

Sternebra(e) not ossified, 5th or mis- 
aligned, 3rd, 4th; 13th thoracic vertebra 
centre dumb-bell-shaped 

misaligned, 3rd, 4th 

1 Skull (parietal, interparietal): retarded 
ossification: Sternebra( e) incompletely 
ossified, 5th; 8th - 10th rib (right) 
wavy; 10th thoracic vertebra centre 
dumb-bell-shaped 

0 0 8 2 6 1  
- continued on the next page - 



LPT Rcpari So. 741:/92 

1.3-Propanediol - Examination of the Influence on the 
TAaLE B 6 Pregnant Rat and the Fetus by Oral Administration 

Individual Fetal Skeletal Observations 

Dam No. Fetus No. Observation 

Test Group 1: Control 

18 (continued) 
4 

19 

20 

21 

8 

13 

2 
4 
6 
8 
11 

1 
3 
5 
7 
9 
11 

13 

1 
3 

5 

7 
9 
11 

(10 ml HETHOCEL E 4 H/kg b.w. p . 0 . )  

Skull (parietal, interparietal, supra- 
occipital): retarded ossification; 
Sternebra(e1 not ossified, 2nd. 4th - 6th 
or reduced in size, 3rd; 9th and 10th 
thoracic vertebra centre dumb-bell-shaped; 
5th metacarpalia (bilateral) not ossified 

Sternebra(e1 not ossified, 5th or reduced 
in size, 6th 

5th. 6th; 6th - 11th rib (bilateral) wavy; 
5th metacarpalia (bilateral) not ossified 

Skull (parietal): retarded ossification; 

Hyoid not ossified; Sternebra(e) not ossified, 

Skull (interparietal): retarded ossification 
No remarkable observations 
Sternebra(e) incompletely ossified, 5th 
No remarkable observations 
Sternebra(e) incompletely ossified, 5th 

Skull (parietal): retarded ossification 
No remarkable observations 
No remarkable observations 
No remarkable observations 
Sternebra(e) incompletely ossified, 5th 
Skull (parietal, interparietal, supra- 

Skull (parietal, interparietal): retarded 
occipital): retarded ossification 

ossification 

No remarkable observations 
12th thoracic vertebra centre dumb-bell- 

Skull (parietal, interparietal, supra- 
shaped 

occipital): retarded ossification; 
Hyoid not ossified; 11th rib (right) wavy 

No remarkable observations 
14 pairs of ribs 
No remarkable observations 



LPT Rcpori No. 7413/!K! 

1.3-Propanediol - Examination of the Influence on the 
TABLE B 6 Pregnant Rat and the Fetus by Oral Administration 

Dam No. 

Individual Fetal Skeletal Observations 

Fetus No. Observation 

Test Group 1: Control (10 ml METHOCEL E 4 M/kg b . w .  p . 0 . )  

22 

23 

24 

25 

2 Sternebra(e) not ossified, 5th 
4 Skull (parietal): retarded ossification 
6 Sternebra(e) not ossified, 5th 
9 Sternebra(e) not ossified, 5th 
11 Sternebra(e) not ossified, 5th 
13 Sternebra(e) incompletely ossified, 5th 

or reduced in size, 6th 

not examined 

not examined 

not examined 

0 0 0 2 6 3  
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LFT Rcpori So. 7113/?1 1 4 J I  

h _" 

1,3-Propanediol - Examination of the Influence on the 
Pregnant Rat and the Fetus by Oral Administration TABLE B 6 

Individual Fetal Skeletal Observations 

Dam No. Fetus NO. Observation I 

Test Group 2: 250 mg 1,3-Propanediol/kg b.w. p.0. 

26 

27 

28 

29 

1 '  Sternebra(e) incompletely ossified, 2nd. 

Sternebra(e) incompletely ossified, 5th 3 
Skull (parietal): retarded ossification; 5 

No remarkable observations 7 
No remarkable observations 9 
Skull (parietal): retarded ossification; 11 
Sternebra(e) incompletely ossified, 5th 
Sternebra(e) incompletely ossified, 5th 13 
or Sternebra(e) misaligned, 3rd, 4th 

Sternebra(e) incompletely ossified, 2nd 
or reduced in size, 6th 
Skull (parietal): retarded ossification: 
Sternebra(e) incompletely ossified, 5th 
or reduced in size, 6th 
No remarkable observations 
13th thoracic vertebra centre bipartite 
13th thoracic vertebra centre bipartite 

5th or misaligned, 3rd, 4th 

Sternebra(e) not ossified, 5th 

2 

4 

6 
8 

10 

not pregnant 

Skull (parietal, interparietal, supra- 1 
occipital): retarded ossification; 
Sternebra(e) not ossified, 6th; 
11th rib (bilateral) wavy 

ossification; Sternebra(e) not, 6th or 
incompletely ossified, 5th 

ossification; Sternebra(e) not ossified, 
5th, 6th 

thoracic vertebra centre dumb-bell-shaped 

Skull (parietal, supraoccipital): retarded 

Skull (parietal, supraoccipital): retarded * 

Sternebra(e) not ossified, 5th; 10th 

Sternebra(e) not ossified, 5th 
Skull (interparietal, supraoccipital): 

ossified, 5th 

4 

6 

8 

10 
12 

retarded ossification; Sternebra(e) not 

- continued on the next page - 

0 0 0 2 6 5  



LPT Rcpori No. 7-113/!? 

Individual Fetal Skeletal Observations 

1,3-Propanediol - Examination of the Influence 03 che 
TABLE B 6 Pregnant Rat and the Fetus by Oral Administration 

I 

Dam No. Fetus No. Observation 

Test Group 2: 250 mg 1,3-Propanediol/kg b.v. p.0. 

2 9  (continued) 
14 

30 

31 

32 

33 

0 0 0 2 6 6  

16 

2 
4 

6 

8 
10 

2 
4 

6 
8 

10 

12 

3 
5 
7 

9 
11 
13 

2 
4 

Skull (interparietal, supraoccipital): 
retarded ossification; Sternebra(e) 
incompletely ossified, 5th or reduced 
in size, 6th 

additional 14th rib 

No remarkable observations 
12th thoracic vertebra centre dumb-bell- 

10th thoracic vertebra centre d&b-bell- 

No remarkable observations 
Skull (parietal, interparietal, supra- 

shaped 

shaped 

occipital): retarded ossification; 
Sternebra(e) not ossified, 5th 

Skull (parietal): retarded ossification 
Skull (parietal): retarded ossification; 

Hyoid not ossified 
Skull (parietal, supraoccipital): retarded 

Skull (parietal, supraoccipital): retarded 

Sternebra(e) not ossified, 5th 

ossification 

ossification; Sternebra(e) reduced in size, 
6th 

Skull (parietal, interparietal, supra- 
occipital): retarded ossification; 
Sternebra(e) reduced in size, 6th 

Sternebra(e) misaligned, 5th 
No remarkable observations 
12th thoracic vertebra centre incompletely 

No remarkable observations 
Sternebra(e) incompletely ossified, 5th 
No remarkable observations 

ossified 

No remarkable observations 
No remarkable observations 

- continued on the next F.age - 



1,3-Propanediol - Examination of the Influence 03 

TABLE B 6 Pregnant Rat and the Fetus by Oral Administration 

Individual Fetal Skeletal Observations 

Dam No. Fetus No. Observation 

Test Group 2: 250 mg 1,3-Propanediol/kg b.w. p.0. 

33 (continued) 
6 Skull (parietal): retarded ossification 
8 No remarkable observations 
11 No remarkable observations 
13 No remarkable observations 

34 

35 

36 

2 No remarkable observations 
4 No remarkable observations 
6 Skv1.l (parietal, interparietal, supra- 

occipital): retarded ossification: 
Sternebra(e) not ossified, 5th 

8 Skull (parietal, supraoccipital): retarded 
ossification; Sternebra(e) reduced in size, 
6th 

occipital): retarded ossification: 
12th thoracic vertebra centre dumb-bell- 
shaped 

occipital): retarded ossification 

10 Skull (parietal, interparietal, supra- 

12 Skull (parietal, interparietal, supra- 

14 No remarkable observations 

1 

3 
5 

7 
9 
11 
13 

15 

11th thoracic vertebra centre dumb-bell- 
shaped, 12th thoracic vertebra centre 
bipartite 
No remarkable observations 
S k u l l  (parietal): retarded ossification; 

No remarkable observations 
Sternebra(e) incompletely ossified. 5th . 
No remarkable observations 
Sternebra(e) incompletely ossified. 5th 
or misaligned, 3rd, 4th 
additional 14th rib 

Sternebra(e) not ossified, 5th 

not pregnant 



1,3-Propanediol - Examination of the Influence an rhe 
TABLE B 6 Pregnant Rat and the Fetus by Oral Adiinistraiion 

Individual Fetal Skeletal Observations 

Dam No. Fetus No. Observation 

Test Group 2: 250 mg 1,3-Propanediol/kg b.w. p . 0 .  

37 2 

4 

6 

8 

11 

13 

15 

38 2 
6 

Skull (parietal, interparietal, supra- 
occipital): retarded ossification; 
Hyoid not ossified; 10th and 11th rib 

Skull (supraoccipital): retarded ossi- 
fication; Sternebra(e) not, 2nd or 
incompletely ossified I 5th or reduced 
in size. 6th; 4th - 12th rib (bilateral) 
wavy 
Skull (parietal, interparietal, supra,- 
occipital): retarded ossification; 
Hyoid not ossified; Sternebra(e) in- 
completely ossified, 5th or reduced in 
size, 6th; 4th - 12th rib (bilateral) 
wavy; 10th thoracic vertebra centre dumb- 
bell-shaped 
Skull (parietal, interparietal): retarded 
ossification; Sternebrace) incompletely 
ossified. 5th o r  reduced in size, 6th; 
4th - 10th rib (bilateral) wavy 
Skull (parietal, interparietal, supra- 
occipital): retarded ossification; 
Hyoid not ossified; Sternebra(e) in- 
completely ossified, 5th 
Skull (parietal, interparietal, supra- 
occipital): retarded ossification; 
Hyoid not ossified; Sternebra(e) not 
ossified, 2nd, 3rd, 5th o r  reduced in 
size, 6th; 4th -.llth rib (bilateral) 
wavy 
Skull (parietal. interparietal, supra- 
occipital): retarded ossification; 
Hyoid not ossified; Sternebra(e) not 
ossified, 2nd. Sth, 6th; 4th - 11th 
rib (bilateral) wavy; 10th and 13th 
thoracic vertebra centre dumb-bell- 
shaped 

(right) wavy 

No remarkable observations 
6th - 10th rib (right) wavy 

- continued on the next pagd - 
0 0 0 2 6 8  



LPT Rcport No. 741_?/93 

1.3-Propanediol - Examination of the Influence on the 
TABLE B 6 Pregnant Rat and the Fetus by Oral Administration 

Individual Fetal Skeletal Observations 

Dam No. Fetus No. Observation 

Test Group 2: 250 mg 1,3-Propanediol/kg b.w. p . 0 .  

38 (continued) 
8 
10 
12 

1 

3 
5 

39 

7 

9 
11 

13 

15 

40 

41 

3 

6th - 10th rib (right) wavy 
14 pairs of ribs 
Sternebra(e) incompletely ossified, 5th 

Skull (parietal, interparietal, supra- 
occipital): retarded ossification; 
14 pairs o f  ribs 
14 pai..s of ribs 
Skull (parietal): retarded ossification; 
Hyoid not ossified; Sternebra(e) reduced 
in size. 6th 

14 pairs of ribs 
Skull (parietal): retarded ossification; 

No remarkable observations 
Skull (parietal, interparLeta1. supra- 
occipital): retarded ossification; 
5th - 13th rib (bilateral) wavy 
occipital): retarded ossification; 
5th - 13th rib (bilateral) wavy 
Hyoid not ossified; Sternebra(e) reduced 
in size, 6th; 12th thoracic vertebra centre 
dumb-bell-shaped 

Skull (parietal, interparietal. supra- 

Skull (parietal): retarded ossification; 

Skull (parietal, interparietal, supra- 
occipital): retarded ossification; 
Hyoid not ossified 
11th and 12th thoracic vertebra centre dumb- 
bell-shaped; additional 14th rib 
Sternebra(e) incompletely ossified, 5th or 
misaligned, 5th 
14 pairs of ribs 

Skull (parietal): retarded ossification; 
Sternebra(e) incompletely ossified. 5th; 
4th - 8ch rib (bilateral) wavy 

- continued on the next page - 
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LPT Rcport No. 7313/9:! 14s 

1,3-Propanediol - Examinztion of the Influence on the 
TABLE B 6 Pregnant Rat and the Fetus by Oral Administration 

Indiiridual Fetal Skeletal Observations 

Dam No. Fetus No. Observation 

Test Group 2: 250 mg 1,3-Propanediol/kg b.w. p.0. 

41 (continued) 
3 

6 

a 

42 

43 

44 

0 0 0 2 7 0  

10 
12 

14 

2 
4 

6 
8 
10 
12 

1 
3 
6 
8 
10 
12 
14 

2 

4 

Skull (parietal, supraoccipital): retarded 
ossification; 14 pairs of ribs 
Skull (interparietal): retarded ossification; 
Sternebra(e) not ossified, 5th 
Skull (parietal, interparietal): retarded 
ossification; Hyoid not ossified; 
Sternebra(e) incompletely ossified; 2nd, 
5th 

No remarkable observations 
Sternebra(e) incompletely ossified and 

No remarkable Observations 
misaligned, 5th; 14 pairs  of ribs 

No remarkable observations 
Skull (parietal, interparietal, supra- 
occipital): retarded ossification; 
4th thoracic vertebra centre bipartite; 
10th. 12th, 13th thoracic vertebra centre 
dumb-bell-shaped 

No remarkable observations 
No remarkable observations 
No remarkable observations 
12th thoracic vertebra centre dumb-bell- 
shaped 

No remarkable observations 
No remarkable observations 
No remarkablb observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 
No remarkable observations 

12th thoracic vertebra centre dumb-bell- 
shaped 
Skull (interparietal, supraoccipital): 
retarded ossification; 12th and 13th 
thoracic vertebra centre dumb-bell-shaped 

- continued on the next page - 



1,3-Propanediol - Exaninaiion of the Influence on the 
TABLE B 6 Pregnant Rat and the Fetus by Oral Administra:ion 

Individual Fetal Skeletal Observations 

Dam No. Fetus No. Observation 

Test Group 2: 250 mg 1,3-Propanediol/kg b.w. p.0. 

44 (continued) 
6 

8 
10 

4 5  2 

4 

6 
9 

11 

13 
15 

46 2 

4 

6 
8 

10 

12 

Skull (parietal, supraoccipital): retarded 
ossification; 4th - 12th rib (bilateral) 
wavy 
No remarkable observations 
Skull (parietal, interparietal, supra- 
occipital): retarded ossification 

10th and l?ch thoracic vertebra centre dunb- 

Skull (interparietal, supraoccipital): 

No remarkable observations 
Sternebra(e1 not ossified, 2nd. 3rd, 6th; 

bell-shaped 

retarded ossification 

llth and 13th thoracic vertebra centre dumb- 
bell-shaped; 5th metacarpalia (bilateral) no: 
ossified 

retarded ossification; Sternebra(e) in- 
completely ossified, 5th; llth and 13th 
thoracic vertebra centre dumb-bell-shaped 

Skull (interparietal, supraoccipital): 

No remarkable observations 
No remarkable observations . 

Skull (parietal, supraoccipital): retarded 

Skull (parieral): retarded ossification; 

Skull (parietal): retarded.ossification 
Skull (parietal, interparietal. supra- 

ossification 

Sternebra(e) not ossified. 2nd 

occipital): retarded ossification; 
Sternebra(e) not ossified, 5th or reduced 
in size. 6th 

Skull (interparietal): retarded ossification; 
Sternebra(e) not, 2nd, 6th or incompletely 
ossified, 5th 

ossified, 5th or  reduced in size, 6th 
Sternebra(e) not, 2nd or incompletely 



1,3-Propanediol - Examination of the Influence on the 
Pregnant Rat and the Fetus by Oral Administration TABLE B 6 

Individual Fetal Skeletal Observations 

Dam No. Fetus No. Observation 

Test Group 2: 250 mg 1,3-Propanediol/kg b.v. p.0. 

48 

49 

50 

47 1 Skull (parietal, interparietal, supra- 
occipital): retarded ossification; 
Hyoid not ossified; Sternebra(e) in- 
completely ossified, 5th or reduced 
in size, 6th 

3 Hyoid not ossified: Sternebra(e) in- 
completely ossified, 2nd, 5th 

6 Hyoid not ossified: Sternebra(e) in: . 
completely ossified, 5th 

8 Hyoid not ossified 
11 Skull (parietal, interparietal, supra- 

occipital): retarded ossification; 
Sternebra(e) incompletely ossified, 5th 
misaligned, 4th, 3rd 

Sternebra(e) incompletely ossified, 5th 
13 S k u l l  (interparietal): retarded ossification; 

not examined 

not examined 

not examined 

0 0 0 2 7 2  



'b".. 

1.3-Propanediol - Examination of the Influence on rhe 
Pregnant Rat and the Fetus by Oral Administration TABLE B 6 

Individual Fetal Skeletal Observations 

Dam No. Fetus No. Observation 

Test Group 3 :  1000 mg 1.3-Propanediol/kg b.w. p . 0 .  

51 not pregnant 

52 not pregnant 

53 

54 

5 5  

3 

5 

7 

10 

12 

2 
4 

6 

0 

10 
12 

1 

-3 

Skull (parietal, supraoccipital): retarded 
ossification 
Skull (parietal, supraoccipital): retarded 
ossification; Sternebra(e) incompletely 
ossified. 5 t h  
Skull (parietal, supraoccipital): retarded 
ossification; 9th - llth rib (right) wavy 
Skull (supraoccipital): retarded ossification; 
11th and 12th rib (left) and 5th - 12th rib 
(right) wavy 

No remarkable observations 

14 pairs of ribs 
Skull (parietal, interparietal).: retarded 
ossification; 12th thoracic vertebra centre 
dumb-bell-shaped; additional 14th rib 

ossification; Hyoid not ossified; 
Sternebra(e) incompletely ossified, 2nd, 5th 

occipital): retarded ossification; 
Sternebra(e) incompletely ossified, 5th 
or reduced in size, 6th 

S k u l l  (parietal, supraoccipital): retarded 

Skull (parietal. interparietal. supra- 

Skul l  (parietal): retarded ossification 
Skull (parietal, interparietal, supra- 
occipital): retarded ossification; 
Sternebre(e) not ossified, 5th 

Skull (parietal, supraoccipital): retarded 
ossification; Hyoid not ossified; 
8rh - llth rib (right) wavy; llth thoracic 
and 1st lumbar vertebra centre dumb-bell- 
shaped 

ossification 
Skull (parietal, interparietal) : retarded 

- continued on the next page - 
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LPT Rcport No. 7113/')7 I49 

1.3-Propanediol i Examination of the Influence on che 
TABLE B 6 Pregnant Rat and the Fetus by Oral Administration 

Individual Fetal Skeletal Observations 

Dam No. Fetus No. Observation 

Test Group 3: 1000 mg 1,3-Propanediol/kg b.w. p.0. 

5 5  (continued) 
5 

7 

9 

5 6  

57 

5 8  

2 
4 
6 
8 
10 
12 
14 

2 

4 
6 
8 
11 

13 

1 

3 

5 

S k u l l  (parietal, supraoccipital): retarded 
ossification; Sternebra(e) incompletely 
ossified, 5th; 9th - 11th thoracic and 1st 
and 2nd lumbar vertebra centre dumb-bell- 
shaped 
Sternebra(e) incompletely ossified, 5th or 
misaligned, 3rd, 4th 
Skull (parietal, interparietal, supra- 
occipital): retarded ossification; 
5th - 13th rib (bilateral) wavy: 10th and 
12th thoracic vertebra centre dumb-bell- 
shaped 

14 pairs of ribs 
14 pairs of ribs 
No remarkable observations 
14 pairs of ribs 
Skull (interparietal): retarded ossification 
12th thoracic vertebra centre dumb-bell-shaped 
Sternebra(e) incompletely ossified, 2nd or 
reduced in size, 6th 

Skull (parietal, interparietal, supra- 

Sternebra(e) incompletely ossified, 5th 
10th thoracic vertebra centre dumb-bell-shaped 
No remarkable observations 
Sternebra(e) not ossified, 5th or reduced 

Sternebra(e) reduced in size, 6th 

occipital): retarded ossification 

in size, 6th. 

Skull (parietal , interparietal, supra- 

Skull (supraoccipital): retarded ossification; 

Skull (parietal, interparietal, supra- 

occipital): retarded ossification 

Sternebra(e) incompletely ossified, 5th 

occipital): retarded ossification; 
Sternebra(e) incompletely ossified, 5th 

explatmiions and obbrcviaiions preface of the repon 
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1,3-Propanediol - Examination of the Influence on t h e  
TABLE B 6 Pregnant Rat and the Fetus by Oral Administration 

Individual Fetal Skeletal Observations 

Dam No. Fetus No. Observation 

Test Group 3: 1000 mg 1,3-Ptopanediol/kg b.v. p.0 .  

58 (continued) 
7 

9 

11 

5 9  

60 

61 

2 

5 

7 
9 
11 
13 

1 

3 
5 

7 
9 
11 

13 

2 

Skull (parietal, interparietal): retarded 
ossification: 6th - 12th rib (bilateral) 
wavy; llth thoracic vertebra centre dumb- 
bell-shaped 

ossification; 8th - llth rib (right) 
wavy 

S k u l l  (parietal, LJterparietal. supra- 
occipital): retarded ossification; 
5th - llth rib (bilateral) vavy; 12th 
thoracic vertebra centre dumb-bell-shaped 

Skull (parietal, interparietal): retarded 

Skull (parietal, interparietal, supra- 

13th thoracic vertebra centre dumb-bell- 

No remarkable observations 
No remarkable observations 
Sternebra(e) incompletely ossified, 5th 
Sternebra(e) not ossified,. 5th 

occipital): retarded ossification 

shaped 

11th thoracic vertebra centre dumb-bell- 

Sternebra(e) incompletely ossified, 5th 
Sternebra(e) incompletely ossified, 5th 
or misaligned, 3rd. 4th 
Sternebra(e) misaligned, 4th. 5th 
No remarkable observations 
Skull (interparietal, supraoccipital): 

Hyoid not ossified; Sternebra(e) incompletely 

shaped 

retarded ossification; Hyoid not ossified 

ossified. 5th 

S k u l l  (parietal, interparietal): retarded 
ossification; Sternebra(e) incompletely 
ossified. 5th or reduced in size, 6th;. 
11th thoracic verrebra centre dumb-bell- 
shaped 

- continued on the nexc page - 
0 0 0 2 ‘7 5 
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1,3-Propanediol - Examination of the Influence on che 
TABLE B 6 Pregnant Rat and the Fetus by Oral Administration 

Individual Fetal Skeletal Observations 

Dam No. Fetus No. Observation 

Test Group 3: 1000 mg 1,3-Propanediol/kg b.v. p.0. 

61 (continued) 
4 

6 

8 

10 

12 

6 2  

63 

0 0 0 2 1 6  

- 
10 

12 

2 

4 

6 
8 
10 

S k u l l  (parietal, interparietal): retarded 

S k u l l  (parietal): retarded ossification; 

Sternebra(e) not ossified, 2nd or reduced 

Skull (parietal, interparietal) : retarded 

ossification 

Sternebra(e) misaligned, 3rd - 5th 
in size, 6th; 14 pairs of ribs 

ossification; Sternebra(e) reduced in 
size, 6th; 11th rib (bilateral) wavy 
Skull (parietal): retarded ossification; 
Sternebra(e) incompletely ossified, 5th 
or reduced in size, 6th; 14 pairs of ribs 

Skull (interparietal, supraoccipital): 
retarded ossification; Hyoid not ossified; 
additional 14th rib 
Hyoid not os,sified; 14 pairs of 'ribs 
Sternebra(e) not ossified, 2nd 
Skull (parietal, interparietal, supra- 
occipital): retarded ossification; 
Sternebra(e) incompletely ossified, 2nd 
or misaligned, 3rd,  4th; 14 pairs of ribs; 
5th - llth rib (bilateral) wavy 
Skull (parietal, supraoccipital) : retarded 
ossification; Sternebra(e) incompletely 
ossified, 2nd 
No remarkable observations 

4th - llth rib (bilateral) wavy; 10th and 
13th thoracic vertebra centre dumb-bell- 
shaped 
6th - 10th rib (right) wavy; 12th thoracic 
vertebra centre dumb-bell-shaped 
Skull (interparietal): retarded ossification 
No remarkable observations 
Skull (parietal, interparietal, supra- 
occipital): retarded ossification; 
Sternebra(e) incompletely ossified, 5th 
or misaligned. 3rd. 4th; llth rib (right) 
wavy 



1.3-Propanediol - Examination of the Influence on the 
TABLE B 6 Pregnant Rat and the Fetus by Oral Administration 

Individual Fetal Skeletal Observations 

Dam No. Fetus No. Observation 

Test Group 3:  1000 mg 1,3-Propanediol/kg b.w. p.0. 

64 2 
4 
6 
8 
10 
12 
15 

65 

66 

6 7  

2 

4 

6 

8 
10 
12 

14 

3 
6 
8 

10 
12 

1 
3 

5 
7 

10 

12 
14 

16 

No remarkable observations 
No remarkable observations 
Sternebra(e) reduced in size, 6th 
No remarkable observations 
Sternebra(e) not ossified, 5th 
Sternebra(e) incompletely ossified, 5th 
Sternebra(e) incompletely ossified, 5th 
or reduced in size, 6th 

Skull (parietal): retarded ossification; 
Sternebra(e) not ossified, 5th or reduced 
in size. 6th 

occipital) : retarded ossification; 
Sternebra(e) reduced in size, 6th 
Skull (parietal, interparietal, supra- 
occipital): retarded ossification; 
Sternebra(e) not ossified, 5th; 6th 

Skull (parietal, interparietal, supra- 

Skull (parietal): retarded ossification 
Skull (parietal): retarded ossification 
Sternebra(e) incompletely ossified, 5th 
or reduced in size, 6th 

No remarkable observations 

No remarkable observations 
No remarkable observations 
No remarkable observations 
Stemebra(e) incompletely ossified, 5th 
Sternebra(e) not ossified, 5th - .  

No remarkable observations 
Sternebra(e) not ossified, 5th or reduced 

Sternebra(e) incompletely ossified, 5th 
Sternebra(e) incompletely ossifled, 5th or 
misaligned, 3rd, 4th 
Sternebra(e) not, 5th or incompletely . 
ossified, 2nd or misaligned, 3rd, 4th 

Hyoid not ossified 
Hyoid not ossified; Sternebra(e) not ossified, 

SterneJra(e) incompletely ossified, 5th 

in size, 6th 

5th 

0 0 0 2 7 7  
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1,3-Propanediol - Examination of the Influence on t h e  
TABLE B 6 Pregnant Rat and the Fetus by Oral Administration 

Individual Fetal Skeletal Observations 

Dam No. Fetus No. Observation 

Test Group 3: 1000 mg lI3-Propanediol/kg b.v. p . 0 .  

68 

6 9  

7 0  

71 

0 0 0 2 7 8  

3 

5 

8 
10 

12 

14 

3 
5 

7 
9 
11 
13 
15 

1 
3 
5 
7 
9 
11 

1 

3 

Sternebra(e) incompletely ossified, 5th 

Sternebra(e) not ossified, 5th or reduced 

Sternebra(e) not ossified, 5th 
Hyoid not ossified; Sternebra(e) reduced 

Skull (parietal, supraoccipital): retarded 

or reduced in size, 6th 

in size, 6th 

in size. 5th, 6th; 14 pairs of ribs 

ossification; Hyoid not ossified; 
Sternebra(e) not ossified, 5th, 6th; 
5th metacarpalia (bilateral) not ossified 
Skull (parietal, interparietal): retarded 
ossification; Hyoid not ossified: 
Sternebra(e) incompletely ossified, 5th 
or reduced in size, 6th; additional 14th rib 

Sternebra(e) incompletely ossified, 2nd 
Sternebra(e) incompletely ossified, 5th; 
llth thoracic vertebra centre dumb-bell- 
shaped 

No remarkable observations 
No remarkable observations 
Sternebra(e) incompletely ossified, 5th 
No remarkable observations 
Sternebra(e) incompletely ossified, 5th 

No remarkable observations 
Sternebra(e) not ossified, 2nd 

No remarkable observations 
No remarkable observations 
Skull (interparietal, supraoccipital): 
retarded ossification; Sternebra(e) 
misaligned, 5th 

. Sternebra(e) misaligned, 4th, 5th 

Skull (parietal, supraoccipital): retarded 
ossification; 11th rib (left) and llth and 
12th rib (right) wavy 

occipital): retarded ossification; 
10th rib (right) wavy 

Skull (parietal, interparietal, supra- 

- continued on the next page - 

cxplmations and obbrcrisiionx prcfxc uf rhc rcpon 
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1,3-Propanediol - Examination or' the Influence on the 
TAaLE B 6 Pregnant Rat and the Fetus by O r a l  Adxiniscration 

Individual Fetal Skeletal Observations 

Dam No. Fetus No. Observation 

Test Group 3: 1000 mg 1.3-Propanediol/kg b.v. p.0. 

71 (continued) 
5 Skull (parietal, interparietal, supra- 

occipital): retarded ossification; 
Hyoid not ossified; 10th - 12th rib 
(right) wavy 

7 Skull (interparietal): retarded ossification; 
Sternebra(e) incompletely ossified, 5th 
or reduced in size, 6th 

occipital): retarded ossification 

occipital): retarded ossification; 
11th and 12th rib (left) and 5th - 12th 
rib (right) wavy 

13 Skull (parietal): retarded ossification; 
Sternebra(e) incompletely ossified, 5th; 
11th rib (right) vavy 

9 Skull (parietal, interprrietal, supra- 

11 Skull (parietal, interparietal, supra- 

7 2  1 
3 

6 

8 
10 

12 

Sternebra(e) incompletely ossified, 5th 
Skull (parietal, supraoccipital): retarded 
ossification; Sternebra(e) incompletely 
ossified, 5th or reduced in size, 6th; 
12th thoracic vertebra centre bipartite 
Skull (parietal): retarded ossification; 
11th thoracic vertebra centre dumb-bell- 
shaped 
Sternebra(e) incompletely ossified, 2nd. 5th 
Skull (parietal, supraoccipital): retarded 
ossification; Sternebra(e) incompletely 
ossified, 2nd; 14 pairs of ribs; lOth'and 
11th thoracic vertebra centre dumb-bell- 
shaped 

10th thoracic vertebra centre dumb-bell- 
shaped 

Skull (parietal): retarded ossification; 
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1,3-Propanediol - Examination of the Influence pn t h e  
TABLE B 6 , Pregnant Rat and the  Fetus by Oral Administration 

0 0 0 2 8 0  

Individual Fetal Skeletal Observations 

Dam No. Fetus No. Observation 

Test Group 3 :  1000 mg 1,3-Propanedfol/kg b.w. p . 0 .  

73 not examined 

74 not examined 

75 not examined 
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1,3-Propanediol - Examination of the Influence on the 
TABLE B 7 Pregnant Rat and the Fetus by Oral Administration 

1 
Individual Fetal Soft Tissue Variations 

Dam No. Fetus No. Observation 

Test Group 1: Control (10 ml MTHOCEL E 4 H/kg b.v. p.0.) 

1 2 
4 
6 
12 
14 

16 
18 

2 

3 

4 

5 

6 

no remarkable observations 
no remarkable observations 

no remarkable observations 
bilateral dilation of renal pelvis 

slightly dislocated kidney, left (up to 
1.5 mm) with hydro-ureter 

no remarkable observations 
no remarkable observations , 

1 no remarkable observations 
no remarkable observations 3 

6 no remarkable observations 
8 no remarkable observations 
10 no remarkable observations 

bilateral dilation of renal pelvis 14 

bilateral dilation of renal pelvis 2 
4th cerebral ventricle enlarged. 4 
bilateral dilation o f  renal pelvis 6 

8 no remarkable observations 
no remarkable observations 10 

12 no remarkable observations 

not pregnant 

2 no remarkable observations 
5 no remarkable observations 
7 no remarkable observations 
10 no remarkable observations 
12 4th cerebral ventricle enlarged 

2 no remarkable observations 
4 no remarkable observations 
6 3 haemorrhages on liver surface (0 1 mm, 

2 mm); slightly dislocated kidney, left 

dilation of left renal pelvis 
(up to 2 mm) 

8 
10 no remarkable observations 
12 no remarkable observations 
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1,3-Propanediol - Examination of the Influence on the 
TABLE B 7 Pregnant Rat and the Fetus by Oral Administration 

Individual Fetal Soft Tissue Variations 

Dam No. Fetus No. Observation 

Test Group 1: Control (10 ml METHOCEL E 4 M/kg b.w. p . 0 . )  

7 1 
4 
9 
11 
13 
15 

no remarkable observations 
no remarkable observations 
no remarkable observations 

no remarkable observations 
no remarkable observations 

haemorrhage on liver surface (3x2~2 mm) 

8 

9 

10 

11 

2 
4 
6 
9 
11 
13 
15 

1 
3 
5 
7 
9 
11 

11 
13 

2 
4 
6 
8 
10 
13 

no remarkable observations 

no remarkable observations 
no remarkable observations 

no remarkable observations 
no remarkable observations 

bilateral dilation of renal pelvis 

dilation of left renal pelvis 

no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 

no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 

bilateral dilation of renal pelvis; 
haemorrhage on liver surface (0 2 nun) 
dilation of right renal pelvis 
bilateral dilation of renal pelvis 

no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 

0 0 0 2 8 2  I 



LPT Rcport No. 7413/92 

1,3-Propanediol - Examination of the Influence on the 
TABLE B 7 Pregnant Rat and the Fetus by Oral Administration 

Individual Fetal S o f t  Tissue Variations 

Dam No. Fetus No. Observation 

Test Group 1: Control (10 ml METHOCEL E 4 M/kg b.w. p . 0 . )  

12 

13 

14 

15 

16 

17 . 

ia 

1 no remarkable observations 
3 no remarkable observations 
6 no remarkable observations 
8 no remarkable observations 

1 no remarkable observations 
3 haemorrhage on liver surface (2x1~1 mm) 
5 no remarkable observations 
7 no remarkable observations 
9 no remarkable observations 
11 bilateral dilation of renal pelvis 

2 
4 
6 
8 
10 
12 

no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 

1 no remarkable observations 
3 no remarkable observations 
6 no remarkable observations 
8 no remarkable observations 
10 no remarkable observations 
12 no remarkable observations 
14 4th cerebral ventricle enlarged; 

slightly dislocated kidney, left (up to 2 mm> 

not pregnant 

2 no remarkable observations 
4 no remarkable observations 
6 no remarkable observations 
8 4th cerebral ventricle enlarged 
10 no remarkable observations 
13 no remarkable observations 

3 4th cerebral ventricle enlarged 
6 . 4th cerebral ventricle enlarged 
10 dilation of right renal pelvis 

0 0 0 2 8 3  
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1,3-Propanediol - Examination of the Inf luence  on the ._ is TABLE B 7 Pregnant Rat and the Fetus by Oral Administration 

I 
Individual Fetal Soft Tissue Variations 

Dam No. Fetus No. Observation 

Test Group 1: Control (10 ml HETHOCEL E 4 M/kg b.v. p . 0 . )  

19 

20 

21 

22 

23 

24 

25 

1 
3 
5 
7 
9 
12 

2 

4 
6 

10 
12 
14 

2 
4 
6 
9 
10 
12 

3 
5 

10 
12 

a 

a 

haemorrhage on liver surface (3~2x1 mm) 
no remarkable observations 
no remarkable observations 

dilation of left renal pelvis 
4th cerebral ventricle enlarged 
4th cerebral ventricle enlarged 

bilateral dilation of renal pelvis:, 
bilateral hydro-ureter 

no remarkable observations 
no remarkable observations 

no remarkable observations 
no remarkable observations 
no remarkable observations 

haemorrhage on liver surface (4x2~1 mm) 

no remarkable observations 
no remarkable observations. 
no remarkable observations 

no remarkable observations 
dilation of left renal pelvis 

dilation of right renal pelvis 

no remarkable observations 

no remarkable observations 
no remarkable observations 
no remarkable observations 

dilation of left renal pelvis 

not examined 

not examined 

not examined 

0 0 0 2 8 4  



LPT Rcporr No. 7113/92 

1.3-Propanediol - Exanination of the Influence on the 
TABLE B 7 Pregnant Rat and the Fetus by Oral Administration 

Individual Fetal Soft Tissue Variations 

Dam No. Fetus No. Observation 

Test Group 2: 250 mg 1,3-Propanediol/kg b.v. p . 0 .  

26 

27 

28 

29 

30 

31 

2 .  no remarkable observations 
4 no remarkable observations 
6 no remarkable observations 
8 no remarkable observations 
10 no remarkable observations 
12 haemorrhage on liver surface (3x1~1 mm) 

1 no remarkable observations 
3 no remarkable observations 
5 no remarkable observations 
7 no remarkable observations 
9 no remarkable observations 

11 no remarkable observations 

not pregnant 

3 no remarkable observations 
5 no remarkable observations. 
7 no remarkable observations 
9 no remarkable observations 

11 no remarkable observations 
13 haemorrhage on liver surface (2~1x1 nun) 
15 no remarkable observations 

no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 

1 no remarkable observations 
3 no remarkable observations 
5 no remarkable observations 
7 no remarkable observations 
9 no remarkable observations 
11 no remarkable observations 
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1.3-Propanediol - Examination of the Influence on the . 
TABLE B 7 Pregnant Rat and the Fetus by Oral Administration 

Individual Fetal Soft Tissue Variations 

Darn No. Fetus No. Observation 

Test Group 2: 250 mg 1,3-Propanediol/kg b.w. p.0. 

32 

33 

34 

35 

3 6  

37 

2 no remarkable observations 
4 no remarkable observations 
6 no remarkable observations 
8 
10 no remarkable observations 
12 

bilateral dilation of renal pelvis 

bilateral dilation of renal pelvis 

1 no remarkable observations 
3 no remarkable observations 
5 
7 

bilateral dilation of renal pelvis 
dilation of left renal pelvis 

10 no remarkable observations 
12 no remarkable observations 

1 no remarkable observations 
3 no remarkable observations 
5 

7 no remarkable observations 
9 no remarkable observations 
11 no remarkable observations 
13 no remarkable observations 
15 4th cerebral ventricle enlarged 

bilateral dilation of renal pelvis: 
haemorrhage on liver surface (3x1~1 mm) 

2 no remarkable observations 
4 no remarkable observations 
6 no remarkable observations 
8 
10 
12 hydro-ureter, left 
14 no remarkable observations 

dilation of left renal pelvis 
bilateral dilation of renal pelvis 

not pregnant 

1 no remarkable observations 
3 no remarkable observations 
5 no remarkable observations 
7 no remarkable observations 
10 no remarkable observations 
12 
14 no remarkable observations 

dilation of left renal pelvis 

0 0 0 2 8 6  
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1,3-Propanediol - Examination of the Influence on the 
TABLE B 7 Pregnant Rat and the Fetus by Oral Administration 

1 
Individual Fetal Soft Tissue Variations 

Dam No. Fetus No. Observation 

Test Group 2: 250 mg 1.3-Propanediolfig b.v. p.0 .  

38 1 
3 
7 
9 

11 
14 

39 

40 

41 

42 

2 
4 
6 
8 
10 
12 
14 

1 
4 
6 
8 
10 

2 
4 
7 
9 
11 
13 

1 
3 
5 
7 
9 
11 
13 

no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 

no remarkable observations . 
no remarkable observations 

no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 

bilateral dilation of renal pelvis 

no remarkable observations 
no remarkable observations 
no remarkable observations. 
no remarkable observations 

hydro-ureter, left 

no remarkable observations 

no remarkable observations 
dilation of right renal pelvis 

dilation of right renal pelvis 
hydro-ureter, left 

no remarkable observations 

no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 
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1,3-Propanediol - Examination of the Influence on the 
TABLE B 7 Pregnant Rat and the Fetus by Oral Administration 

Individual Fetal Soft Tissue Variations 

Dam No. Fetus No. Observation 

Tes.t Group 2: 250 mg 1,3-Propanediol/kg b.w. p . 0 .  

43 

44 

45 

46 

47 

2 
5 
7 
9 
11 
13 

1 
3 
5 
6 
10 
12 
14 
16 

3 
5 
7 
9 
11 
13 

2 
4 
7 
10 
12 
14 

no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 

haemorrhage on liver surface (3x2~1 mm) 

haemorrhage on liver surface (0 3 mm) 
no remarkable observations 

dilation of left renal pelvis 
no remarkable observations 
no remarkable observations 

no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations- 

bilateral dilation of renal pelvis 
bilateral dilation of renal pelvis 

no remarkable observations 

bilateral dilation of renal. pelvis 

haemorrhage on liver surface (3x2~2 mm) 
no remarkable observations 

no remarkable observations 
no remarkable observations 
no remarkable observations 

no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 

haemorrhage on liver surface (a 2 nun) 
no remarkable observations 

* -  



1.3-Propanediol - Examination of the Influence on the 
TABLE 8 7 Pregnant Rat and the Fetus by Oral Administration 

Individual Fetal Soft Tissue Variations 

Dam No. Fetus No. Observation 

Test Group 3: 1000 mg 1,3-Propanediol/kg b.v .  p.0. 

51 

5 2  

53 

54 

5 5  

5 6  

57 

not pregnant 

not pregnant 

4 
6 
9 
11 

9 
11 
13 

1 
3 
5 
7 
9 
11 
13 

. .  

1 
3 
5 
7 

10 
12 
14 

no remarkable observations 
no remarkable observations 
no remarkable observations 

dilation of left renal pelvis 

no remarkable observations 
bilateral dilation of renal pelvis 
bilateral dilation of renal pelvis 
bilateral dilation of renal pelvis; 
3 haemorrhages on liver surface (0 1 mm. 
0 2 mm) 

no remarkable observations 
no remarkable observations 

dilation of right renal pelvis;. 
haemorrhage on liver surface ( 4 x 2 ~ 2  mm) 

bilateral dilation of renal pelvis 
no remarkable observations 
no remarkable observations 
no remarkable observations 

no remarkable observations 
bilateral dilation o f  renal pelvis 
bilateral dilation of renal pelvis 
4th cerebral ventricle enlarged 

no remarkable observations 
no remarkable observations 
no remarkable observations 

no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 

no remarkable observations 
bilateral dilation o f  renal pelvis 

0 0 0 2 8 9  
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1.3-Propanediol - Examination of the Influence on the 
TABLE B 7 Pregnant Rat and the Fetus by Oral Administration 

Individual Fetal Soft Tissue Variations 

Dam No. Fetus No. Observation 

Test Group 3: 1000 mg 1.3-Propanediolfig b.v. p . 0 .  

58 2 
4 
6 
8 
10 

5 9  

60 

61 

62 

0 0 0 2 9 0  

1 
3 
6 
8 
10 
12 
14 

2 
4 
6 
8 
10 
12 

1 
3 

5 
7 
9 
11 

1 
3 
5 
7 
9 

11 

no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 

4th cerebral ventricle enlarged 
no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 

no remarkable observations 
dilation of right renal pelvis 

no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable Observations 
no remarkable observations 

dilation of left renal pelvis; 
hydro-ureter, left 

dilation o f  right renal pelvis 
4th cerebral ventricle enlarged; 
dilation of left renal pelvis 

no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observacions 

no remarkable observations 

no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 

dilation of right renal pelvis 



LPT Rtporl  No. 711.3/92 

1,3-Propanediol - Examination of the Influence on the  
TABLE B 7 Pregnant Rat and the Fetus by Oral Administration 

Individual Fetal Soft Tissue Variations 

Dam No. Fetus No. Observation 

Test Group 3:  1000 mg 1.3-Propanediolfig b.v .  p . 0 .  

6 3  

64 

65  

1 
3 
5 

7 
9 
11 

3 
5 
7 
9 
11 
14 

1 
3 
5 
7 
9 
11 
13 

66  2 
4 
7 
9 
11 
13 

67 2 
4 
6 
9 
11 
13 
15 

no remarkable observations 
no remarkable observations 

slightly dislocated kidney, left (up to 2 mm): 
2 haemorrhages on liver surface (0 1 min, 

no remarkable observations 
no remarkable observations 

3X2X2 mm) 

dilation of right renal pelvis 

no remarkable observations 
no remarkable observations 

4th cerebral ventricle enlarged 
no remarkable observations 

dilation of left renal pelvis 
bilateral dilation of renal pelvis 

no remarkable observations 
no remarkable observations. 
no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 

no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 

0 0 0 2 9 1  

no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 

no remarkable observations 
no remarkable observations 

haemorrhage on liver surface (4x2~1 mm) 
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1.3-Propanediol - Examination of the Influence on the 
TABLE E 7 Pregnant Rat and the Fetus by Oral Administration 

~ ~ -~ 

Individual Fetal S o f t  Tissue Variations 

Dam No. Fetus No. Observation 

Test Group 3: 1000 mg 1.3-Propanediol/kg b.w. p.0. 

68  

6 9  

70 

71 

72 

0 0 0 2 9 2  

2 
4 
6 
9 
11 

13 

2 
4 
6 
8 
10 
12 
14 
16 

2 
4 
6 
8 
10 
12 

2 
4 
6 

8 
10 
12 
14 

2 
4 
7 
9 
11 
13 

no remarkable observations 
no remarkable observations 

dilation of righc renal pelvis 
no remarkable observations 

4th cerebral ventricle enlarged 
bilateral dilation of renal pel.Ls 

no remarkable observations 

no remarkable 
no remarkable 
no remarkable 
no remarkable 
no remarkable 
no remarkable 
no remarkable 
no remarkable 

observations 
Observations 
observations 
observations 
observations 
observations 
observations 
observations 

no remarkable observations, 
no remarkable observations 
no remarkable observations 
n o  remarkable observations 
no remarkable observations 
no remarkable observations 

no remarkable observations 
dilation of right renal pelvis 
2 haemorrhages on liver surface (0 2 mm); 
bilateral dilation of renal pelvis . 
bilateral dilation of renal pelvis 

no remarkable observations 
no remarkable observations 
no remarkable observations 

no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 
no remarkable observations 

dilation of left renal pelvis 



1,3-Propanediol - Examination of the Influence on the 
TABLE B 7 Pregnant Rat and the Fetus by Oral Administration 

Individual Fetal Soft Tissue Variations 

Dam No. Fetus No. Observation 

Test Group 3: 1000 mg 1.3-Propanediol/kg b.w. p.0. 

73 

74 

7 5  

not examined 

not examined 

not examined 

0 0 0 2 9 3 '  
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to the study 

EXAhfWlTION OF THE INFLUENCE OF 
l,3-PROPANEDIOI, POLYMER GRADE 

ONTHEPREGNANTRATANDTHEFETUSBY O R A L A D ~ S T R A T I O N  

(according to OECD method no. 414) 

Certificate of Analysis 

of the Test Substance 

0 0 0 2 9 4  
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Test Substance/ 
Trede Nzxe/Identity 

Synonyz 

3 CAS No. 

aatch No./Date of 
Prcduction 

lnysical A?pearance 

P - x i t y  ( I-lethod ) / 
Xricwn 1r.purities 

s 01 ubi 1 icy 

._ Density 

sx--g a 1 u e 

Scorege 

SteSility 

St lAy  No. 

I .  

Provided the a.m. storaqe conditions ths tesz 

substance is s tab le  until 

Signature 

(b) (6)
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l,3PROPANEDIOb POLYMER GRADE 
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(according to OECD method no. 414) 

Differentiation of Malformations and Variations 
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DIFFERENTIATION OF MALFORMATIONS AND VARIATIONS 

The relationship betwccn ‘\-arialions and rciardations’ and ’malformaiions’ should be sccn 
under the aspect of cumulative historic data. 

1. Variations and retardations 

1.1. arc alterations which are dose to the normal anatomical and physiological 
fidings in embryos as well as fetuses and newborns; 

1.2 are alterations which - if occurring in men - do not cause social disadvantage; 
1.3. are alterations which occur also without substance-treatment 
1.4. and are no distinct symptoms of malformations. 

Variations and retardations mostly occur in the areas of: 

skull (e.g. enlarged fontanelle) 

brain slight ventricular 
enlargement 

sternebrae (e.g. unequal development of ossification 
centres, crippled sternal centre) 

ribs and veae- (eg. additional ribs, cervical ribs, 
bra1 body single wavy ribs, unilateral defective 

vertebral body and furcal ribs) 

extremities (e.g. slight abnormal position) 

situs (e.g. dislocation of testis) 

kidneys dilatation of rcnal pelvis 

varying regions hacmorrhages (old and ncw) 

2. Malformations 

are morphological and/or functional damages which - if occurring in men 
endanger the existence or social position. 

- would 

Typical classic malformations are: 

hydrocephalus - 
exencephaly 

schistasis (eg,. cleft palate, cleft jaw, cleft lip, 
omphalocele) 

micro- and macrophthalmia 

opaque lens 

- continucd- 
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Malformations conlinucd 

dcfecrive position 
of spinal cord 

(c.g short tail, spina bifida, dcfcaive 
ccnical vcrtebrac, scoliosis, kyphosis, 
lordosis) 

shifted and fused dorsal, 
lumbar and coccygeal vertebrae 

aplasia/hypoplasia 
of extremities 

hypoplasia of kidney 

gentralised oedema 

monster 

crossed legs 

Trousseau's phenomenon 

hernia 

heterotaxia 

(e.g. diaphragm) 

(e.g. heart, stomach, liver) 



LPT Report No. 7113/92 174 
Degussa AG-US-IT-No. 92-0063- 
DGC IUA-No. 5025 

i, .I 

The following pages 174 - 178 ( ind this page) contain 

A P P E N D I X  3 

to the study 

-TION OF THE t " C E  OF 
l,SPROPANEDIOL, POLYMER GRADE 

ONTHEPREGNANTRATANDTHEFATUSBY ORALADMINISTFblTION 

(according to OECD method no. 414) 

BACKGROUND DATA 

Summarized rcsulis of teratology studies in Sprague-Dawley rats 

0 0 0 2 9 9  
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B A C K G R O U N D  D A T A  

Summarizcd results of tcrstology studies in Sprague-Dswlcy rats 
from 1 9 s  l o  1!391 

1. Gcneral Renroductive Indices 

Indices . Control animals Animals not significantly 
influenced by any test 
compound . 

No. of groups examined 25 
No. of pregnant animals examined 580 

39 
911 

No. of living and dead fetuses 
absolute rs40 
per dam 127 t 0.6 

11517 
12.6 2 0 5  . -. 3 

No. of dead fetuses at laparotomy 
absolute 2 
at laparotomy 0.027 f 0.m 

5 
0.069 2 0.246 

No. of resorptions per dam 

Rate of early resorptions in lo 

No. of implantations per dam 

OS7 4 0.23 

s9.0 2 19.7 

135 f 0.6 

0.89 2 023 

79.6 f 12.7 

13.5 2 0.5 

No. of corpora lutea per dam l3.9 2 0.G 13.S = 0.5 

No. of malformations total 
in % 
per dam 

No. of runts total 
per dam 

Fetuses with variations 
of the skeleton mean in % 

3s 

0.061 2 O.OS9 
0.490 

42 
0.365 

0.057 t O.OS2 

26 
0.04 5 0.053 

26 
0.028 2 0.030 

U.4 d 6.3 13.1 2 5.7 

Foetuses with retardations 
of the skeleton mean in % 763 2 14.2 76.2 2 15.6 

Fetuses with visceral 
variations mean in % 129 2 5.3 

3 

1.032 2 0.135 

3.61 f 0.09 

0.566 c 0.018 

13.7 2 4.6 

S 

1.009 2 0.1% 

3.63 z 0.10 

0.513 z 0.016 

No. of twins total 

Sex ratio (m:r) 

Mean weigh of fetuscs in g 

Mean weight of placentae in g 

0 0 0 3 0 0  
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B A C K G R O U N D  D A T A  

Summarized results Of IeratoloEy studies in Sprague-Dawlcy rats 
from 1985 to 1391 

2. Skeletal Retardations and Variations 

Indices Control animals Animals not significantly 
influenced by any test 
compound 

No. of groups examined 
No. of fetuses examined 
No. of litters examined . 

R - Skull, retarded 
ossification 

1 

Sternebrae - one or more 
R - no or retarded ossi- 
fication 
V - one or more misaligned 
V - one or more bipartite 
V - one or more bipartite 

and misaliped 
V - on or more misaligned 

and partially fused 

25 
3677 
580 

39 
5759 
911 

Ribs 
V - uni- or bilateral 

absent Uth 
V - uni- or bilateral 

additional 14th 
V - one or more wa\y ribs 

Vertebrae 
- thoracic centra 
R - one or more not ossiried 
R - one or more bipartite 
R - one or more retarded 

ossification - sacral centra 
R - one or more bipartite 
R - one or more retarded 

ossification 
- caudal centra 
R - not ossified 
&Iremities 
R - one or both rnetacarpalia 

no. V not ossified 

total no. mean in 96 total no. mean in % 

R = retardation 
V = variation 

1667 

2608 
215 
18 

10 

1 

34 

69 
330 

1 
114 

51 

9 

3 

2 

215 

45.7 -+ 17.4 

70.9 -+ 13.0 

0.W t 0517 
5.77 -c 3.33 

0.267 2 0.500 

0.026 2 0.128 

0.8% f 1.967 

1.83 2 233 
8.96 f 5.93 

0.033 = 0.164 
3.09 f 206 

137 2 2.15 

0.249 2 0.967 

0.077 2 0.287 

0.065 2 0.224 

6.57 2 1056 

2562 

3551 
310 
22 

16 

3 

49 

96 
472 

0 
182 

90 

19 

4 

3 

267 

44.7 f 155 

66.9 2 13.7 
536 3 275 

0350 t om 
0.272 2 0.423 

0.051 2 0.1so 

0.823 'c 1.630 

1.66 lr 1.96 
s.11 2 1.39 

3.18 f 2.07 

158 2 2.13 

0.333 2 1.408 

OM9 f 0.299 

0.054 2 0.190 

4.41 t 7.02 



LPT Report No. 74 13/92 
Deyssa AG-US-IT-No. 93-0063- 

177 

DCC IUA-NO. 5025 

BACKGROUND D A T A  

Summarized results of teratology studics in Spraguc-Dawlcy rats 
from 19sS to 1991 

3. Eaernal/visceral Variations 

Indices Control animals Animals not significantly 
influenced by any test 

. compound 

No. of groups examined 
No. of fetuses examined 
No. of litters examined . 

25 
3663 
580 

39 
5737 
911 

total no. mean in I total no. mean in % 

uni- or bilateral in- 
creased renal pelvic 
cavitation 266 7.U f 4.78 453 7.73 2 4.97 

4th brain ventricle 
dilated 81 2.21 4 256 140 2-44 2 253 

unilateral misplaced 
kidney 

haemorrhagic liver 

11 0324 2 0.856 

3.69 5 2.00 

0.067 2 0.234 

0.026 2 0.130 

0.027 2 0.l33 

6 

244 

1 

0 

1 

1 

0.115 2 0367 

4.19 2 2.0s 

0.018 2 0.110 

l33 

haemorrhagic kidney 0 

haemorrhagic adrenal 2 

1 0.016 0.039 

0.018 2 0.110 

'. haemorrhagic cerebellum 

haemorrhagic lung 1 

ventricular haematorna 
(4th brain ventricle) 0.027 t 0.133 

0.064 2 0.221 

0.018 2 0.110 

thoracic haematoma 0.021 2 0.132 

0.017 2 0.105 abdominal hacmatoma 

0 0 0 3 0 2  
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B A C K G R O U N D  D A T A  

Summarized rcsulis of teratology studies in Spraguc-Dadcy rats 
from 1 9 s  to 1W1 

4. Malformations 

Indices Control animals Animals not significantly 
influenced by any test 
compound 

No. of groups examined 
No. of fetuses examined 
No. of litters examined. 

25 
7340 
580 

39 
11517 

911 

total no . mean in % total no. mean in % 

Acephalia, spina 
bifida, omphalocele, 
short extremities 

Microcephaly 

Encephalocele or 
preliminary ence- 
phalocele 

Encephalocele, spina 
bifida, deft palate 

1 0.016 2 O.Os0 

1 0.008 2 0.053 

2 0.03 t 0.101 1 0.005 t 0.052 

1 0.013 2 0 .M 0 

Open eyelid 0 2 0.021 2 0.332 

Brachygnathia 0 1 0.009 2 0.054 

Thoracic situs inversus# 1 0.036 2 0.179 1 0.021 -+ 0.132 

Omphalocele 0 

Short abdomen, short tail 20 0.1% t 0.430 

Short abdomen, short tail, 
uni- or bilateral 
tailor’s posture 10 0.145 2 0505 

Short abdomen, short tail, 
cleft palate 0 

Short  ail 2 0.029 2 0.101 

Tailor’s posture 0 

1 ’  

16 

23 

0.00s 2 0.050 

0.141 2 0.375 

0.196 2 0.472 

0.008 2 0.052 

0.025 0.0% 

0.00s t 0.019 

# examined in half the number of fetuscs 

rtplinJinmr and shbrevbiams wc prcbcc of ihc r c p n  

0 0 0 3 0 3  
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The following pages 179 - 180 (icl. this page) contain 

A P P E N D I X  4 

to the study 

EXAMINATION OF THE INFLUENUS OF 
Q-PROPANEDIOL 

ONTHEPREGNANTRATANDTHEFETUSBY ORALADhflM!XWiTlON 

(according to OECD melhod no. 414) 

Determination of the tcst substance concentration 

i 

0 0 0 3 0 4  
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Cclnccntration of thc tcst substmcc in  thc test substancc-vcliicle suspensions: 

Dose-lcvel Nominal Ac~ual  Yicld 
in mg/kg b.w. Concentration in mean 5 

in mg/ml in mg/ml 
M 

at the start of trcatrncnt (6th day of pregnancy of the fist mated females): 

i g  

250 2.5 21.27 91.05 

lo00 100 100.92 100.92 

8 hours after storage of the susnensinn at room temperature; 

250 25 24.98 99.90 

lo00 100 10135 10135 

24 hours afrer storaee of the susnension at room temnerature: 

250 25 22% 91;s 

1000 100 103.10 103.10 

at thc cnd of (rcatmcnt (15th day of pregnancy of the last mated females): 

before administration IO the last animal: 

250 25 23.65 9460 

lo00 100 96.17 96.41 

The analyses were performed by means of G C  

GC-System 
Integrator 
Column 
Coating 
Temperature 
Flow rate 
Injection volume 
Run length 
Evaluation 

H E W L E l T  PACKARD System 5890 S e k  I1 
HEWLETT PACKARD 33% Series I1 
Chrompadc 50 rn x 0.25 mm 
CP-Wax-52 CB, 0.2 pm 
250°C (FID) 
Helium 0.9 ml/min 
2 Pl 
20 min 
External standard calibraiion 

Analyses were carried ou[ by LPT. The analjiical raw data are filed with the project raw 
data. 



LABORATORY OF PHARMACOLOGY 
A N D  TOXICOLOGY LPT 

Since 1979, U T  has been inspected 4 times by the FDA, with regard to GLP standards, 
to their satisfaction, the latat inspection hving been carried out in 198s (24.10.- 
11.11.19ss). 

The certificates of the GLP inspection of Lbc central institute in D-2104 Hamburg- 
Neugraben and of the branches Mienenbitttcl and Liihndorf in accordance with Sectioa 
19b of the Chemic& Act are attached. 

0 0 0 3 0 6  
Redderweg 8. D-2104 Hamburg 92. Germany 

Telephone: (040) 701 5021 -23. Telefax: (040) 701 5026 
Directors: Prof. F. Leuschner M.D..]. Leuschner D. Phil., F. Hiibscher (QAU) 



GLP - Bescheinigung 

c"i. _, 

gem. Anhang 2 des Chemikaliengesetzes 
in der Bekenntmachung der Neufassung' 

vom 14.3.1990 ( B G a l .  I S. 521) 

win dcr fur dic obenvachung zustindigrn 
Bchnrdc ubcr dic Einhaltung dcr (irunddtzc 
der Ciuicn L;lhwpr;Lsis inspizicri wordcn ist 
(sinJ). 

Es wi:d hicrrnit besii\igt, dd3 folgcndc Priifun- 
Ecn in dicscr Priifcintichtung nach den Grund- 
b i z c n  dcr Guten Laborpruas durd-igrliihrt 
wcrdm. 

was (wert) inspcctcd by thc compcL:nt aulhori- 
ty rcgarding compliance with the Principles of 
Good Laboratory Practicc. 

I t  is hereby ccrtZcd that studies ja this lest 
facifitv arc conducted in cornpiimcc with the 
Principlcs of Good Laboratory Practic:. 

- ifbcrpruknccn ph~rm3knlnFisch-tcixikolnrtischtr Ei.;rnschaften von zrrtifiticrten. chemischen StofTen 
3u1' pliysinloCische bnv. anaIi)misch-patholoHischr Verindrtungm nach Applihtion a n  figetirrcn 
und kininchen, 
(kwinnung von Gewcbrprobrn zur histoloCischea Untersuchuog nach der Empkhlung S3/5il;EIYG 
Prulungrn in vitro am Darm irn O r p n b a d  

- - 
zur (kwinnung von Oatcn im Hiltmen von Priifungrn 3uf akute. subchronischc und chronischc 
Ttixizitiif. 

HxnburS, dcn 25.7.1Wl 

(b) (6)



- 
LPT - 
Laboratory of gham.scolo~y 
and  t o x i c o l o g y  
Redden~eg 8 

2103 Hamburg 92 

306 - riSOt)3/31/7 . 3450 ' 1 1 . 0 6 . 1 9 9 1  

B e t r .  : G u t e  Laborpraxis (GL?) 
h i e r  : GLP-I ns c e k t i  on Ihr er B e t r i  ebss t a t t  e Mienenbut t  el  

Bezcc: Xhre t e l e f o n i s c h e  A n f r a g e  von 0 7 . 0 6 . 9 1  

Sehr seehrte Damen u n a  Herzeri,. 

.auf Ihre 0.a. A n f r z g e  t e l l e  i c h  I h n e n  f o l g e n d e s  i n i t :  

Die N i e d e r s a c h s i s c h e  GLP-Kczaission, die auf I h r e h  A n t r a g  h i n  
zlil 30.01., 24 - 0 4 .  und 25 - 0 4 . 9 1  i n  I h r e r  i n  N i e d e r s a c h s e n  SeleSe- 
n e n  Setriczbsstatte Mienerbiittel cine I n s p e k t i o n  auf E i n h a l t u n c  
8er Grun&a:ze der GL? n a c h  Anhang 1 turn C h e m i k a l i e n q e s e t z  dur=:?- 
gef i ih r t  h a t ,  i s t  zu den E r g e b n i s  gekcmrr.en, daD i n  dieser Be- 

tr i e b s s t i i c e  GLP-gerecht gearbeitet w i s c 2 .  

M l t  f z e u n d l i c h e n  Griiaen . 

- (Dr. i r u n r t )  

c, 

8 

0 0 0 3 0 8  

(b) (6)



GLP-Bescheinicunq 

Bescheinigung Certif icate  

Hierxit wird bestatigt, daD die It is hereby certified that 
Prufungseinrichtung the test facility 

Lzborator iun fiir Pharnakoloaie und Toxikoloaie (LPT) 

D - 3355 Lohndorf 
(Ort,Anschrift/location,address) 

derlof Laboratorv of Pharnacoloav and Toxicolocfv;Prof.Dr.F.Leuschner 
(Firma/company name) 

B J / O ~  0 5 .  SeDtember 1991 
(Datum/date) 

von der fiir die uberwachung tu- 
stzndigen Fehorde uber die Ein- 
haltung der Grundsatte der Guten 
Laborsraxis inspiziert worden 
ist - 
Es wird hiemit bestatigt, dai3 
folgende Priifungen in dieser 
3rtifeinrichtung nach den Grund- 
saitzen der Guten Laborpaxis 
dul- ,~5efiifirt C. werden. 

was inspected by the 
competent authority regar- 
ding compliance with the 
Principles of Good Labora- 
tory Practice. 
It is hereby certified that 
studies in this test 
facility are conducted in 
compliance with the 
Principles of Good 
Laborat0r.y Practice. 

- Repzoduktionstoxizitat (Tierversuche) - Pexilitatstoxizitat, Teratogenitat, Peri- und Postnataltoxizitat - Kanterogenitat (Kurzzeit- und Langzeitprufung) - Okotoxizitat (Okotoxikologische Untersuchungen nach 
- Inhalationstoxizitat (Hund, Kaninchen, Nagetiere) Sektion '2 und 3 der OECD 

(b) (6)



FREIE UND HANSESTADT HAMBURG 
BEHORDE FUR ARBEIT, GESUNDHEIT UND SOZIALES 

GLP - Bescheinigmg 

gem. Anhang 2 d.es Chemikaliengesetzes 
in der Bekanntmachung der Neufassung 

vom 14.3.1990 (BGB1. I S .  521) 

BesckeMgung Certificate 

Hi:mit wird bestitigt, d d  die P r h g s -  
c k r i c S x q ( c n )  

It is hereby ctrtifcd that the test facitty(its) 

Reddenveg 8, 210-4 Hamburg 92 
in .......................-................_.................-................-......................... . ................................................ 

(Ort, Anschriir) / (Ivcation, address) 

h . s  Prof. Dr. med. F. !xuschnerfibomtory of Pharmakology and Tosikolog, (LpT) 
der ! of ................................................................................................................................ 

(Firma) / (company name) 

15.1.1992, 29.1.1992, 113.1991, 75.1392 
2do3  ............ I ........_........................-.............................-.-..-............ . ................-...........--.....................--- 

(Datum) / (date) 

~ o n  der fir  die aenvachung zusthdigen was (were) inspected by the competent surhori- 
BeLO:Ct uber die Einhdtung dcr GrundsStze ty regarding compliance with the Principles of 
der Gutcn Laborpraxis iaspizicrt worden ist Good Laboratory Practice. 
(sind). 

It is hereby certified that studies in this test 
Es \ ird  hiermit bestiitigt, daB folgendc P r h -  faciliv are conduucd in compliance with the 
gcn in aieser Priifcinrichnxag mch den Grund- Principles of Good Laboratory Practice. 
s i a c n  der Guten LaborprLxis durchgcfihrt 
werdcn. 
Pharm3knlocisch-toxikologische Prfifungen 

in toxisch rclcvantcn Doscn. 
Pharm3knlodsch-taxikalo~ische Yrirfungen 

JUT IIrr?- l i rc is lnul ’ - t~metcr  an 1 lunden zur Ilcstimmung der Sichcrlieitsplr3rmlll<oloSie 

in vitro an Zrllsysicrncn zur Erfassunq des mutagcncn I’otcntials mit IIilfe 
- des Arncs-testes (I’rolurynnlcn) - des Gcnmutaiionsicsics an Eukrynnlcn. - des S5uger qtogcnetischcn Tcstcs 

~ h ~ r m ~ k o l o ~ ~ s c h - l n x i l < n l r ~ ~ ~ s c ~ i e  I’rGfunren mit 1lXc 
(rll. I1 urnanl!m plinzytcn) sowir 

des tinochcnm;lrk yon h’agcrn zur Fcststcllung von Cl~rnmnsomcnllIc~tionm. 

0 0 0 3 1 0  
(b) (6)
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Preface 

The National Toxicology Program (NTP) 
established the NTP Center for the Evaluation 
of Risks to Human Reproduction (CERHR) 
in 1998. The CERHR is a publicly accessible 
resource for information about adverse repro- 
ductive and/or developmental health effects 
associated with exposure to environmental 
andor occupational chemicals. The CERHR is 
located at the National Institute of Environmen- 
tal Health Sciences (NIEHS) of the National 
Institutes of Health and Dr. Michael Shelby is 
the director. 

The CERHR broadly solicits nominations of 
chemicals for evaluation from the public and 
private sectors. The CERHR follows a formal 
process for review and evaluation of nominated 
chemicals that includes multiple opportunities 
for public comment. Chemicals are selected for 
evaluation based upon several factors including 
the following: 

potential for human exposure from use 

extent of public concern 
production volume 
availability of scientific evidence for repro- 

and occurrence in the environment 

ductive and/or developmental toxicity. 

The CERHR convenes a scientific expert panel 
that meets in a public forum to review, discuss, 
and evaluate the scientific literature on the 
selected chemical. Public comment is invited 
prior to and during the meeting. The expert panel 
produces a report on the chemical’s reproduc- 
tive and developmental toxicities and provides 
its opinion of the degree to which exposure to 

the chemical is hazardous to humans. The panel 
also identifies areas of uncertainty and where 
additional data are needed. The CERHR expert 
panels use explicit guidelines to evaluate the 
scientific literature and prepare the expert panel 
reports. Expert panel reports are made public 
and comments are solicited. 

Next, the CERHR prepares the NTP-CERHR 
monograph. The NTP-CERHR monograph 
includes the NTP brief on the chemical eval- 
uated, the expert panel report, and all public 
comments. The goal of the NTP brief is to pro- 
vide the public, as well as government health, 
regulatory, and research agencies, with the 
NTP’s interpretation of the potential for the 
chemical to adversely affect human repro- 
ductive health or children’s health. The NTP- 
CERHR monograph is made publicly available 
electronically on the CERHR web site and in 
hard copy or CD-ROM from the CERHR. 

Information about the CERHR is available on the 
web at <http://cerhmiehs.nih.gov> or by contact- 
ing the director: 

NIEHS, PO. BOX 12233, MD EC-32, 
Research Triangle Park, NC 27709 
919-541-3455 [phone] 
919-316-451 1 [fax] 
shelby@niehs.nih.gov [email] 

Information about the NTP is available on the web 
at <http://ntp-sevver.niehs.nih.gov> or by contact- 
ing the NTP Office of Liaison and Scientific Re- 
view at the NIEHS: 

liaison@starbase.niehs.nih.gov [email] 
9 19-541-0530 [phone] 
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Introduction 

In 1999, the CERHR Core Committee, an advi- 
sory committee composed of representatives 
from NTP member agencies, recommended 
propylene glycol and ethylene glycol for expert 
panel review. Propylene glycol was selected 
because it is a high production volume chemi- 
cal and there is widespread human exposure. 
Ethylene glycol is the subject of a separate 
monograph. 

Propylene glycol is used as a chemical inter- 
mediate in the manufacture of unsaturated 
polyester resins, and is found in cosmetics, 
personal care products, pharmaceuticals, food, 
liquid detergents, deicing fluids, antifreeze/ 
engine coolant, paints, coatings, and tobacco 
products. Propylene glycol also is used in the 
production of plasticizers, 2-methylpiperazine, 
1,2-propylene diamine, hydroxylated poly- 
ester, polyester-type fluorescent resin matrix, 
and polyether polyols. 

As part of the evaluation of propylene glycol, 
the CERHR convened a panel of scientific 
experts (Appendix I) to review, discuss, and 
evaluate the scientific evidence on the potential 
reproductive and developmental toxicities of 
the chemical. There was a public meeting of 
the CERHR Ethylene Glycol/Propylene Glycol 
(EG/PG) Expert Panel on February 11-13, 
2003. The CERHR received public comments 

throughout the evaluation process. 

The NTP has prepared an NTP-CERHR mono- 
graph for propylene glycol. This monograph 
includes the NTP brief on propylene glycol, 
a list of the expert panel members (Appendix 
I), the expert panel’s report on propylene gly- 
col (Appendix II), and all public comments 
received on the expert panel’s report on propyl- 
ene glycol (Appendix 111). The NTP-CERHR 
monograph is intended to serve as a single, col- 
lective source of information on the potential 
for propylene glycol to adversely affect human 
reproduction or development. Those interested 
in reading this monograph may include indi- 
viduals, members of public interest groups, and 
staff of health and regulatory agencies. 

The NTP brief included within this monograph 
presents the NTP’s interpretation of the potential 
for exposure to propylene glycol to cause adverse 
reproductive or developmental effects in people. 
It is based on information about propylene glycol 
provided in the expert panel report, the public 
comments, and additional scientific information 
available since the expert panel meetings. 
The NTP brief is intended to provide clear, 
balanced, scientifically sound information on 
the potential for propylene glycol exposures to 
result in adverse health effects on development 
and reproduction. 

vi 
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NTP Brief on Propylene Glycol 

What is Propylene Glycol? 
Propylene Glycol (PG) is a small, hydroxy- 
substituted hydrocarbon with the chemical 
formula C3HsO2 and the structure shown in 
Figure 1. 

Figure 1. Chemical structure of PG 
OH 
I 

H3C - CH - CH;, - OH 

PG is used as a chemical intermediate in the 
production of unsaturated polyester resins. 
PG is used in liquid detergents, deicing fluids, 
antifieezelengine coolant, paints and coatings. 
PG is one ofthe chemicals 'generally recognized 
as safe' (GRAS) by the U.S. Food and Drug 
Administration and is used in foods, cosmetics, 
pharmaceuticals and tobacco products. 

Commercial PG is manufactured by direct 
hydrolysis ofpropylene oxide by water. In 1999, 
1,083 million pounds of PG were produced in 
the U.S. with apparent consumption of 854 
million pounds. 

PG can be released into the environment from 
industrial disposal and PG-containing consumer 
products. PG is water-soluble and has the poten- 
tial to leach into groundwater, but is rapidly de- 
graded. The half-life of PG in water is estimated 
to be 1 to 4 days under aerobic conditions and 3 
to 5 days under anaerobic conditions. 

Are People Exposed to PG?" 
Yes. The general public is exposed to PG 
by dermal contact with or ingestion of PG- 
containing products. Inhalation of PG vapors 
from such products may also occur. Dermal 
exposure can result from contact with PG- 
containing products such as cosmetics, anti- 
freeze solutions, coolants, windshield deicers, 
or pharmaceutical creams. Oral exposure to PG 

can occur through its use in food and tobacco 
products and in prescription and over-the- 
counter medicines. PG is rapidly degraded in 
water; no information was located on PG levels 
in drinking water. 

There is limited information on average U.S. 
exposure levels and no information on exposure 
levels due to dermal contact was noted. The av- 
erage U.S. daily intake of PG from food prod- 
ucts is estimated at 34 mgkg bwlday for a 70 kg 
person. /NOTE: mgkg bw/day=milligrams per 
kilogram of body weight per day.] Since PG has 
G U S  status and may not be listed as a specific 
ingredient in some foods, dietary intake based 
upon product labeling could result in an under- 
estimation of intake. PG is also an ingredient in 
both over-the-counter and prescription pharma- 
ceuticals. In adult humans, the mean serum 
half-life of PG is approximately 2 to 4 hours. 

Occupational exposure to PG may occur through 
dermal contact or inhalation. Exposure studies 
indicate that exposure levels vary depending 
on protective gear worn, route of exposure, and 
length of exposure. A threshold limit value has 
not been defined for PG. However, the American 
Industrial Hygiene Association, Workplace 
Environmental Exposure Level recommended 
guide is "50 ppm as an eight-hour time-weighted 
average (TWA8) for total vapor and aerosol, 
and 10 mg/m3 as a TWA8 for aerosol alone." 

Can PG Affect Human Development or 
Reproduction? 
Probably Not. There are no studies available on 
the effect of PG on human reproduction or devel- 
opment. Laboratory animal studies reviewed by 
the expert panel showed no effect on develop- 

~ 

* Answers to this and subsequent questions may 
be: Yes, Probably, Possibly, Probably Not, No 
or Unknown 
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ment and/or reproduction at the highest doses 
tested (Figure 2). 

Scientific decisions concerning health risks are 
generally based on what is known as a “weight- 
of-evidence” approach. In this case, recognizing 
the lack of human data and lack of adverse 
effects in laboratory animals after exposure 
to high doses (Figure 2), the NTP judges the 
scientific evidence sufficient to conclude that 
PG probably does not adversely affect human 
development or reproduction. 

Supporting Evidence 
A s  presented in the Expert Panel Report 
on PG (see report for details and literature 
citations), the panel concluded that PG does 
not produce developmental toxicity in offspring 
of laboratory animals treated with the highest 
oral doses tested, i.e., 1,230 mg/kg bw/day in 
rabbits; 10,400 mg/kg bw/day in mice; 1,600 
mg/kg bw/day in rats; 1,550 mg/kg bwfday in 
hamsters. 

In an NTP continuous breeding study, no 
effects on fertility were observed in male or 
female mice that received PG in drinking water 
at doses up to 10,100 mg/kg bw/day. No effects 
on fertility were seen in either the first or second 
generation of treated mice. 

The expert panel noted that the pharmaco- 
kinetics of PG are reasonably well understood 
in animals and humans. Information on the 
absorption, distribution, metabolism, and excre- 
tion of PG indicates that the absence of adverse 
effects in laboratory animals is likely to be 
relevant to humans. The rate-limiting step in 
PG metabolism is its conversion to lactaldehyde 
by alcohol dehydrogenase. Studies indicate that 
this reaction saturates in humans at doses that 
are 8- 10 fold lower than needed to saturate the 
same step in laboratory animals. Saturation of 
this metabolic step is thought to be protective 
since PG has lower general toxicity than its 
metabolites. 

Are Current Exposures to PG High Enough 
to Cause Concern? 
Probably Not. Metabolism studies indicate that 
PG has a short half-life in humans. These data, 
combined with evidence that saturation of 
human metabolism occurs at doses 8-10 fold 
lower than observed in laboratory animals, 
suggest that human exposure levels are not 
high enough to cause concern. While there 
are no data on the PG exposures of the general 
U.S. population, it has been estimated that 
adults are exposed to approximately 34 mg/kg 
bw/day through food products. Limited data 
suggest that occupational exposures are not 

............................................................................................................................................................. 
Figure 2. The weight of evidence that PG causes adverse developmental or 

reproductive effects in laboratory animals 

Developmental and reproductive toxicity e I 

Clear evidence of adverse effects 

Some evidence of adverse effects 

Limited evidence of adverse effects 

Insufficient evidence for a conclusion 

Limited evidence of no adverse effects 

Some evidence of no adverse effects 

Clear evidence of no adverse effects 
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excessive. Based on the limited exposure data, 
pharmacokinetic studies, and laboratory animal 
studies the NTP offers the following conclusion 
(Figure 3): 

The NTP concurs with the CERHR EGPG 
Expert Panel that there is negligible concern 
for adverse developmental or reproductive 
toxicity from PG exposures in humans. 

Studies evaluated by the expert panel indicate 
that high oral doses of PG produced no adverse 
developmental or reproductive effects in multi- 
ple laboratory animal species. 

These conclusions are based on 
the information available at the 
time this brief was prepared. As 
new information on toxicity and 
exposure accumulate, it may form 
the basis for either lowering or 
raising the levels of concern ex- 
pressed in the conclusions. 

............................................................................................................................................................. 

Figure 3. NTP conclusions regarding the possibilities that human development 
or reproduction might be adversely aflected by exposure to PG 

Serious concern for adverse effects 

Concern for adverse effects 

Some concern for adverse effects 

Minimal concern for adverse effects 

Developmental and reproductive effects I Negligible concern for adverse effects 

0 Insufficient hazard and/or exposure data 

I 
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Appendix I. NTP-CERHR Ethylene 
Glycol/ Propylene Glycol Expert Panel 

A 9-member panel of scientists covering dis- 
ciplines such as toxicology, epidemiology, 
biostatistics and industrial hygeine was rec- 
ommended by the Core Committee, a federal 
oversight committee for CERHR, and approved 
by the Director of the National Toxicology 
Program. The panel critically reviewed docu- 
ments and identified key studies and issues for 
plenary discussions. At a public meeting held 
February 11-13,2003, the expert panel discussed 
these studies, the adequacy of available data, 
and identified data needed to improve future 
assessments. The expert panel reached con- 
clusions on whether estimated exposures may 
result in adverse effects on human reproduction 
or development. Panel assessments were based 
on the scientific evidence available at the time 
of the public meeting. The expert panel report 
was made available for public comment on May 
15,2003, and the deadline for public comments 
was July 14,2003 (Federal Register 68:94 [15 
May 20031 pp. 26325-26326). The Expert Panel 
Report on PG is provided in Appendix I1 and 
the public comments received on the report 
are in Appendix 111. Input from the public and 
interested groups throughout the panel’s delib- 
erations was invaluable in helping to assure 
completeness and accuracy of the reports. The 
Expert Panel Report on PG is also available on 
the CERHR website <http://cerhr.niehs,nih. 
gov>. 
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PREFACE 

The National Toxicology Program (NTP) and the National Institute of Environmental Health Sciences 
(NIEHS) established the NTP Center for the Evaluation of Risks to Human Reproduction (CERHR) in 
June, 1998. The purpose of the Center is to provide timely, unbiased, scientifically sound evaluations 
of human and experimental evidence for adverse effects on reproduction, including development, 
caused by agents to which humans may be exposed. 

Propylene glycol was selected for evaluation by the CERHR based on its high production and 
widespread public exposure due to its use as an antifreeze and deicing agent, as well as its use in 
paints, coatings, foods, drugs, and cosmetics. 

This evaluation results from the efforts of a nine-member panel of government and non-government 
scientists that culminated in a public expert panel meeting held February 11-13, 2003. This report 
has been reviewed by CERHR staff scientists and by members of the Ethylene Glycol/Propylene 
Glycol Expert Panel. Copies have been provided to the CERHR Core Committee, which is made up 
of representatives of NTP-participating agencies. This report is a product of the expert panel and is 
intended to (1) interpret the strength of scientific evidence that propylene glycol is a reproductive or 
developmental toxicant based on data from in vitro, animal, or human studies, (2) assess the extent 
of human exposures to include exposures of the general public, occupational groups, and other sub- 
populations, (3) provide objective and scientifically thorough assessments of the scientific evidence 
that adverse reproductive/developmental health effects may be associated with such exposures, and 
(4) identify knowledge gaps to help establish research and testing priorities to reduce uncertainties 
and increase confidence in future assessments of risk. 

The Expert Panel Report on Propylene Glycol will be a central part of the subsequent NTP CERHR 
Monograph. The monograph will include the NTP CERHR Brief, the expert panel report, and all 
public comments on the expert panel report. The NTP CERHR Monograph will be made publicly 
available and transmitted to appropriate health and regulatory agencies. 

The NTP-CERHR is headquartered at NIEHS, Research Triangle Park, NC and is staffed and 
administered by scientists and support personnel at NIEHS and at Sciences International, Inc., 
Alexandria, Virginia. 

Reports can be obtained fiom the website <http://cerhr.niehs.nih.gov/> or from: 
Michael D. Shelby, Ph.D. 

PO Box 12233 
Research Triangle Park, NC 27709 

shelby@niehs.nih.gov 

NIEHS EC-32 

919-541-3455 

0 0 0 3 3 0  

11-x 



A REPORT OF THE CERHR ETHYLENE GLYCOL AND 
PROPYLENE GLYCOL EXPERT PANEL: 

Name 
John A. Thomas, Ph.D., Chair 
John M. DeSesso, Ph.D. 
Bruce A. Fowler, Ph.D. 
Gary L. Ginsberg, Ph.D. 
Deborah Hansen, Ph.D. 

Cynthia J. Hines, M.S. 
Ronald Hines, Ph.D. 
Kenneth Portier, Ph.D. 
Karl K. Rozman, Ph.D. 

Affiliation 
Consultant, San Antonio, TX 
Mitretek Systems, Falls Church, VA 
ATSDR, Atlanta, GA 
Connecticut Department of Public Health, Hartford, CT 
Division of Genetic and Reproductive Toxicology, 
FDA/NCTR, Jefferson, AR 
NIOSH, Cincinnati, OH 
Medical College of Wisconsin, Milwaukee, WI 
Institute of Food and Agricultural Sciences, Gainesville, FL 
University of Kansas Medical Center, Kansas City, KS 

With the Support of CERHR Staff: 
NTPmIEHS 
Michael Shelby, Ph.D. Director, CERHR 
Christopher Portier, Ph.D. Director, Environmental Toxicology Program 

Sciences International, Inc. 
John Moore, D.VM, D.A.B.T. 
Annette Iannucci, M.S. Toxicologist 
Gloria Jahnke, M.S., D.VM. Toxicologist 

Principal Scientist 

Note to Reader: 
This report is prepared according to the Guidelines for CERHR Panel Members established by 
NTPMIEHS. The guidelines are available from the CERHR web site <http://cevhr niehs. nih.gov/>. 
The format for Expert Panel Reports includes synopses of studies reviewed, followed by an evalu- 
ation of the StrengthsAVeaknesses and Utility (Adequacy) of the study for a CERHR evaluation. 
Statements and conclusions made under Strengths/Weaknesses and Utility evaluations are those of 
the Expert Panel and are prepared according to the NTPMIEHS guidelines. In addition, the Panel 
often makes comments or notes limitations in the synopses of the study. Bold, square brackets are 
used to enclose such statements. As discussed in the guidelines, square brackets are used to enclose 
key items of information not provided in a publication, limitations noted in the study, conclusions 
that differ from authors, and conversions or analyses of data conducted by the panel. 

11-xi 0 0 0 3 3 1  



1.0 CHEMISTRY, USAGE, AND EXPOSURE 

7.7 Chemistry 

1.1.1 Nomenclature 

Melting Point 
Boiling Point 

I Vapor Pressure 10.07 mm Hg at 20"Cb I 
<-6OoC 

188.2OC 

Density 
Solubility in Water 

1.0361 g/cc at 20 OCb 

Soluble 

Stability 
Reactivity 

is 

Stable 
Can react with oxidizing agents 

7-  The Chemical Abstracts Service Registry Number (CAS RN) forpropy ,zne glyco .6. Synonyms 
or trade names for propylene glycol include: 1,2-propanedioI; ly2-dihydroxypropane; methylethylene 
glycol; trimethyl glycol; 1,2-propylene glycol; monopropylene glycol; propane- lY2-diol; alpha- 
propylene glycol; Dowfrost; PG 12; Sirlene; Solar Winter Ban; propanediol ( I ) ;  2-dihydroxypropanol; 
methylethyl glycol; methyl glycol; 2,3 propanediol; and alpha propylene glycol (2). The American 
Chemistry Council (ACC) (3) stated that the name Sirlene is no longer used. 

1. I. 2 Formula and Molecular Weight 

Figure 1-1: Chemical Structure of Propylene Glycol 
OH 
I 

H3C - CH - CHz - OH 

Chemical Formula: C3Hg02 
Molecular Weight: 76.095 

1. I. 3 Chemical and Physical Properties 
Viscous, colorless, odorless hydroscopic liquid with a low vapor pressure. Physicochemical properties 
are listed in Table 1-1. 

Table 1-1: Physicochemical Properties o f  Propylene Glycol a 

aHSDB (2), bATSDR (4) 

I. I. 4 Technical Products and Impurities 
According to the ACC (3), impurities of propylene glycol include chlorides (1 ppm max), iron (1.0 
ppm max), water (0.2 wt% max), and dipropylene glycol (<0.2%). 

11- 1 
000332 



Manufacturers of propylene glycol are The Dow Chemical Company, Freeport, TX and Plaquemine, 
LA; Lyondell Chemical Company in Pasadena, TX; Huntsman Corporation in Port Neches, TX; and 
Arch Chemicals, Inc., in Brandenburg, KY (3). 

1.2 Use and Human Exposure 

I. 2. I Production 
Commercial propylene glycol is manufactured by direct hydrolysis of propylene oxide by water (5). 
Propylene oxide is made using the chlorohydrin process where the propylene oxide is recovered as a 
pure product before conversion to the glycol. In 1999, 1,083 million pounds of propylene glycol were 
produced in the U.S. with apparent consumption of 854 million pounds (5). 

1.2.2 Use 
Of the 854 million pounds of propylene glycol consumed in the U.S., uses included (in million pounds 
and 9’0 wt) as a chemical intermediate in the manufacture of unsaturated polyester resins (228, 
26.7%), cosmetics and personal care products, pharmaceuticals, and human food (170, 19.9%), liquid 
detergents (135, 15.8%), deicing fluids (85, lo%), antifreeze/engine coolant (55, 6.4%), paints and 
coatings (40,4.7%), tobacco humectant (25,2.9%), other fluids (32,3.8%), and other applications (84, 
9.8%) (5). Propylene glycol is also used in the production of plasticizers (e.g., polypropylene adipate), 
2-methylpiperazine, 1,2-propylene diamine, hydroxylated polyester, polyester-type fluorescent resin 
matrix, and polyether polyols (2). 

The following summary obtained from the Agency for Toxic Substances and Disease Registry 
(ATSDR) (4) and the Hazardous Substances Data Bank (HSDB) (2) provides information about pro- 
pylene glycol uses and exposures: 

Propylene glycol is a colorless, odorless, water-soluble liquid considered safe for use 
in commercial formulations of foods, drugs, and cosmetics. Propylene glycol has been 
approved as safe in various food colors, flavorings, drugs, cosmetics, and as a direct 
additive to food. It is used as a humectant in tobacco, pet food, and in dentifrices; 
in veterinary medicine it is used as a glycogenic in ruminants. Propylene glycol is 
commonly used in the pharmaceutical industry as a solvent for drugs, as a stabilizer 
for vitamins, and in ointments for medicinal applications. It is used as a lubricant or 
heat transfer fluid in situations where leakage could lead to contact with food. It is 
used as an antifreeze, deicing solution, and as an additive to latex paints and coatings 
to improve fi-eeze-thaw capability. Propylene glycol is also used in the generation of 
artificial mists and fogs used in fire safety training, and theatrical and stage productions. 
This widespread use of propylene glycol stems from its low level of toxicity. 

Propylene glycol is used as a softener for cellulose films in the United Kingdom (2, 6). 

Propylene glycol is Food and Drug Administration (FDA) approved for use in food, tobacco, and 
pharmaceutical products as an inert ingredient (7). It is considered to be generally recognized as 
safe (GRAS) for direct addition to foods (7). GRAS substances, such as propylene glycol, are also 
permitted in packaging materials as long as the substances “are used in amounts not to exceed that 
required to accomplish their intended physical or technical effect” (7). Inert ingredients are required 
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to be listed in over-the-counter drugs (8). 

Propylene glycol is a humectant in pet food products, but not in cat foods. Because of the sensitivity of 
the cat erythrocyte to Heinz body formation (denatured proteins, primarily hemoglobin) by propylene 
glycol and the possibility of inducing anemia in cats, propylene glycol was removed from cat food 
products (semi-moist cat food) by the FDA in 1996 (9). 

I .  2.3 Occurrence 
Propylene glycol is released into the environment from industrial disposal and from consumer products 
containing this chemical. Airports are required by the Environmental Protection Agency (EPA) (2 0) 
to monitor storm water runoff and to recycle deicing solutions. Propylene glycol is water-soluble and 
has the potential to leach into groundwater, but is rapidly degraded. The half-life of propylene glycol 
in water is estimated to be 1-4 days under aerobic and 3 - 5 days under anaerobic conditions (4). No 
information was found on this compound in any environmental medium. Propylene glycol was not 
listed as an organic wastewater contaminant in a recent report by Kolpin et al. (22). 

1.2.4 Human Exposure 

1.2.4.1 General Population Exposure 
The general population can be exposed to propylene glycol through dermal contact with consumer 
products such as cosmetic products, antifreeze solutions, coolants, windshield deicers, or pharma- 
ceutical creams. Oral exposure to propylene glycol can occur through its use in food and tobacco 
products and as a solvent for pharmaceutical products (2). In Japan, average daily intake of propylene 
glycol as a food additive has been reported to be 43.0 mg/person (43 mg/60 kg=0.71 mg/kg bw/day] 
(Louekari et al. (22) [from Market Basket Study, Japan 19821). 

Data for per capita daily intake of propylene glycol in food products have been estimated for the 
United States in a recent report by the United Nations Joint Food and Agriculture Organizatioflorld 
Health Organization (FAONHO) Expert Committee on Food Additives (13). In reviewing the annual 
volume of production of 3 1 flavoring agents, propylene glycol per capita consumption was estimated 
at 2,400,000 pg/day [34.28 mg/kg bw/day for a 70 kg person]. (This value was based upon the 1995 
update of data collected since 1972 by the Flavor and Extract Manufacturers’ Association.) 

In a review by the Cosmetic Ingredient Review Expert Panel (24), data on the percent concentration 
and use of propylene glycol in cosmetics was summarized; these data are presented in Table 1-2. 
These data were based upon information provided to the FDA in 1984 on propylene glycol use in 
cosmetic formulations and consisted of a total of 5,676 cosmetic products in 74 categories, with 
2,597 product formulations containing between 1 and 10% propylene glycol. 

0 0 0 3 3 4  
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Table 1-2. Product Formulation Data for Propylene Glycol 
(Adapted from Cosmetic Ingredient Review (14)) 

Product Category 

Baby shampoos 
Baby lotions/oils/powders/creams 
Other baby products 
Bath oils/tablets/salts 
Bubble baths 
Other bath preparations 
Eyebrow pencil 
Eyeliner 
Eye shadow 
Eye lotion 
Eye makeup remover 
Mascara 
Other eye makeup preparations 
Colognes/toilet waters 
Perfumes 
Powders dusting/talcum, 

Sachets 
Other fragrance preparations 
Hair conditioners 
Hair sprays (aerosol fixatives) 
Hair straighteners 
Permanent waves 
Rinses (noncoloring) 
Shampoos (noncoloring) 
Tonics/dressings/other hair 

Wave sets 
Other hair preparations 
Hair dyedcolors 

Hair rinses (coloring) 
Hair shampoos (coloring) 
Hair lighteners with color 
Hair bleaches 

aftershave talc 

grooming aids 

(requiring caution statement) 

Other hair coloring preparations 
Blushers (all types) 
Face powders 
Foundat ions 
Leg and body paints 
Lipstick 
MakeuD bases 

Wumber L 
>50% 

1 

1 

'product formulations within each concentration rangt " 

50-10% 

5 
1 

10 
4 

3 

4 

2 

1 
2 

60 

1 
3 

45 

12 

11-4 

10-1 % 
3 
6 
2 
2 
21 
15 
1 

49 
89 
3 
9 
36 
27 
35 
7 

1 

14 
28 
24 
1 

22 
2 
4 
70 

18 

6 
6 

222 

22 
1 
1 
6 
3 

45 
16 

150 
3 
4 

26 1 

1-0.1 % 

18 
64 
25 

4 
44 
1 
4 
6 
7 

56 
20 

8 

4 
10 
20 
8 

27 
6 
83 

8 

11 
7 

1 

7 
2 

19 
13 
11 

633 
9 

Unknown 
3 
2 

3 
37 
5 

39 

14 
9 

1 

14 
1 

11 
3 

54 

3 

5 

1 
17 

56 

544 
52 

Total 
7 
8 
3 

29 
123 
48 
1 

55 
175 
4 
17 
60 
43 
96 
28 

10 

28 
43 
58 
10 
22 
43 
13 

21 1 

31 

18 
16 

288 

29 
3 
1 
6 
5 

85 
29 

262 
3 

1181 
334 
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Table 1-2 (continued) 

Product Category 

Rouges 
Makeup fixatives 
Other makeup preparations 
Cuticle softeners 
Nail creams/lotions 
Nail polish and enamel removers 
Other manicuring preparations 
Dentifrices 

(aerosol/liquid/paste/powder) 
Mouthwasheshreath fresheners 
Other oral hygiene products 
Bath soapddetergents 
Deodorants (underarm) 
Douches 
Feminine hygiene products 
Other personal cleanliness products 
Aftershave lotions 
Beard softeners 
Preshave lotions 
Shaving cream 

(aerosol brushless lather) 
Other shaving preparations 
Skin cleansing products 

Depilatories 
Faceihandhody 

Foot powders/sprays 
Hormone products 
Moisturizing products 
Night preparations 
Paste masks (mud packs) 
Skin lighteners 
Skin fresheners 
Wrinkle-smoothing products 

(removers) 
Other skin care preparations 
Suntan gels/creams/liquids 
Indoor tanning preparations 
Other suntan preparations 

Ingredient Total 

(cold creamsAotions/liquids/pads) 

(excl. shaving preparations) 

Vumber 0, 

19 

21 

product formulations within each concentration range " 

so-10% 

13 
5 

3 
1 
2 

2 

1 

17 

2 

15 

1 
7 
5 
2 
1 
1 

1 

5 
2 

1 
2 79 

25 
9 
6 

3 

1 

3 

11 
71 
1 
1 

33 
54 

1 

18 

5 

195 

2 

168 

1 
3 

269 
59 
15 
66 
8 

8 

76 
34 
10 
9 

2,597 

1-0.1 % 
9 
1 

31 
3 
1 
2 

1 
28 
12 
1 
1 
17 
36 

3 

9 

5 

35 

2 

79 

1 
58 
9 

32 
4 

4 

32 
15 

1 
1,579 

Jnknown 
8 
3 

41 

9 

6 
1 
4 

5 

2 

29 

55 

24 
10 
2 
37 
1 

1 

32 
15 
2 
4 

1,200 

Total 
30 
4 

131 
12 
7 
2 
6 

2 

3 
1 

39 
124 
7 
2 
53 
97 
3 
8 

34 

13 

276 

6 

417 

1 
5 

358 
83 
19 
136 
14 

14 

149 
76 
12 
15 

5,6 76 

11-5 

0 0 0 3 3 6  



Propylene glycol is rapidly degraded in water and CERHR was unable to locate any information on 
propylene glycol in drinking water. 

Propylene glycol may be released by some carpeting (2). In a technical study by Hodgson et al. 
( 1 9 ,  emissions of volatile organic compounds (VOC) from four different types of new carpets were 
measured. Exposure chamber air samples were collected onto multisorbent samplers packed with 
Tenax-TA, Ambersorb XE-340, and activated charcoal, in series. The chemicals were thermally 
desorbed from the sampler, concentrated, and injected into a capillary gas chromatograph with a 
mass spectrometer used as a detector. One carpet with a polyvinyl chloride backing emitted propylene 
glycol, vinyl acetate, formaldehyde, isooctane, and 2-ethyl- 1 -hexanol. Propylene glycol and vinyl 
acetate had the highest concentrations and emission rates for this carpet. The estimated emission rates 
ranged from 690 pg/m2/hr 24 hours after installation to 193 pg/m2/hr at 168 hours after installation. 
The other three carpet types did not emit propylene glycol. 

The FDA estimated that the human daily dietary intake of propylene glycol to be a ‘few mg per kg 
[body weight] per day’ (16). [No details were given on how exposures were estimated.] In a 2002 
report by the United Nations Joint FAO/WHO Expert Committee on Food Additives (13), per capita 
consumption of propylene glycol in the United States was estimated at 2,400,000 pg/day [34.28 mg/ 
kg bw/day for a 70 kg person]. The average daily dietary intake of propylene glycol in Japan was 
estimated to be 43 mg/person [0.7 mg/kg bw/day based on a 60 kg person] (12). The WHO food 
additive series (1 7) lists the acceptable human daily intake of propylene glycol at <25 mgkg bw/day. 

1.2.4.2 Medical Exposure 
Propylene glycol is used in some pharmaceuticals that are administered intravenously (see Table 2-8). 
This represents a unique exposure route for certain subpopulations. 

1.2.4.3 Occupational Exposure 
Occupational exposure to propylene glycol may occur through direct dermal contact while handling 
products containing this compound or through inhalation of airborne propylene glycol resulting from 
heating or spraying processes (2). 

Neither the Occupational Safety and Health Administration (OSHA) nor the American Conference 
of Governmental Industrial Hygienists (ACGIH) has established exposure limits for propylene glycol 
vapors. No Threshold Limit Value (TLV) has been defined for propylene glycol, but an American 
Industrial Hygiene Association (AIHA) Workplace Environmental Exposure Level (WEEL) guide of 
50 ppm (total exposure) and inhalation aerosol exposure of 10 mg/m3 has been determined (18). 

A 1981-1983 National Occupational Exposure Survey (NOES) of U.S. workers led NIOSH to 
estimate that 1,748,454 people were potentially exposed to propylene glycol at the workplace (2). 
Ninety-eight percent of exposures are with trade name products containing propylene glycol, rather 
than in the production of propylene glycol itself (2). 

Norback et al. (19) studied the exposure of Swedish painters to VOCs from indoor application of 
water-based paints. VOCs were sampled on different sorbents within the personal breathing zone of 
the painter and analyzed by gas chromatography (GC)/mass spectroscopy (MS). Propylene glycol was 
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one of the VOC constituents measured. Exposure measurements for propylene glycol were taken over a 
1 -hour period of water-based paint application for 20 batches of paint from 5 different manufacturers. 
Propylene glycol was detected in 12 of the 20 samples. Personal exposure to propylene glycol during 
application of water-based paints yielded a geometric mean of 350 pg/m3 with a maximum value of 
12,700 pg/m3. 

Laitinen et al. (20) examined exposure to ethylene and propylene glycol in Finnish motor servicing 
workers. Ten male mechanics from five different garages participated in the study. The only protective 
equipment used by some workers was leather gloves. Ten age-matched male office workers served 
as controls. Differences between groups were evaluated by Student’s t-test. Air concentrations of 
ethylene glycol and propylene glycol were measured during the entire shift. Neither ethylene glycol 
nor propylene glycol vapors were detected in the breathing zones of workers; detection limits for each 
compound were given as 1.9 cm3/m3 and 3.2 cm3/m3, respectively. Urine samples were collected after 
the work shift and analyzed for ethylene glycol, oxalic acid, and propylene glycol [method of urine 
collection, storage, and extraction and quality control not reported]. There were no differences 
found between controls and propylene glycol-exposed mechanics. 

Deicing fluids are low viscosity glycols used to remove ice or snow that would increase drag on the 
aircraft. The antifreeze components in a deicing solution vary with the manufacturer, usage, and 
environmental conditions. Commercial Type I fluid is applied hot as a mixture of fluid and hot water 
to deice the exterior of aircraft. Type IV fluids are usually applied after the aircraft is deiced to keep 
ice from reforming. Approximately 90% of Type I fluids and 50% of Type IV fluids are propylene- 
glycol based (3, 5). Performance criteria for deicing fluids are governed by specifications of the 
Aerospace Division of the Society of Automotive Engineers (SAE) (21). Both inhalation and dermal 
exposures to workers using deicing solutions can occur. 

The levels of propylene glycol in aircraft deicing workers (n=7, age 31-52 years, sex not given) 
using either undiluted or water-diluted propylene glycol heated to 60°C was measured in urine 
samples collected pre- and post-shift (22). Workers were wearing coats, rubber gloves, and masks. 
The detection limit for the method used to measure propylene glycol in urine was 20 pg/L. Urine 
samples were also collected from a comparison group of non-exposed persons (n=l6, sex and age not 
given). For the exposed workers, the median pre-shift urine level was 1.49 mg/L (range 0.72-13.44 
mgL) and 1.67 mg/g creatinine (range 0.41-10.58 mg/g creatinine) and the median post-shift urine 
level was 2.07 mg/L (range 0.77-9.04 mg/L) and 2.46 mg/g creatinine (range 1.22-10.27 mg/g 
creatinine). Propylene glycol concentrations in the post-shift worker urine samples were only slightly 
higher than those of the unexposed comparison group. 

In a study simulating concentrations of propylene glycol mist used in aviation emergency training, 
Wieslander et al. (23) concluded that short (1 minute), high exposure (geometric mean concentration 
of 309 mg/m3, range 176-851 mg/m3) to propylene glycol mist may cause acute ocular and upper 
airway irritation. The duration of these effects was not measured, as measurements were taken within 
15 minutes of exposure. 

A Health Hazard Evaluation (HHE) on occupational exposure to propylene glycol during aircraft 
deicing operations was conducted by NIOSH (24). Evaluation of deicing procedures was conducted at 
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the Denver International Airport (DIA) in March 1996. At DIA, United Airlines uses a 50% solution 
of propylene glycol in water, heated to 180” F for deicing aircraft. Trucks with dual 800-gallon tanks, 
spray hoses, and booms are used. The amount of fluid used for deicing each plane ranges from 50 to 
200 gallons. Personal breathing-zone air samples were collected from six ground sprayers, one basket 
man, and one truck driver. Air samples were collected on XAD-7 OVS tubes at a flow rate of 0.5 
L/min for 6 hours and analyzed by GCMS for propylene glycol according to NIOSH Method 5523. 
Seven workers (Table 1-3) had a range of exposures from 10 to 2 1 mg/m3 with a mean of 15 mg/m3, 
based on a 6-hour collection. 

Table 1-3. Exposure to Airborne Propylene Glycol HETA 95-0069 (24) 

Job 
Ground Sprayer 
Ground Sprayer 
Ground Sprayer 
Ground Sprayer 
Ground Sprayer 
Ground Sprayer 

Truck Driver 
Basket Man 

Concentration (mg/m3) 
14 

10 

16 

11 

17 

94* 

19 

21 
*Air sample was visibly contaminated with liquid propylene 

glycol. This was caused by a worker being accidentally 
sprayed with the deicing fluid during sampling. 

The author concluded that “there was no hazard from overexposure to deicing fluid. ... Airborne 
exposure to propylene glycol was low and propylene glycol has low toxicity.” 

Propylene glycol does not bioaccumulate in organisms and rapidly biodegrades in the soil and in 
water (25). However, this process is oxygen-demanding and can deplete dissolved oxygen levels 
in water (26). The Clean Water Act requires airports to implement plans for deicer management to 
control storm water contamination. Therefore, airports must monitor propylene glycol storm water 
runoff and scavenge and recycle deicing solutions ( IO).  

I. 3 Utility of Data 
Limited human exposure data for propylene glycol were available for Expert Panel review. The 
utility of the occupational exposure data available is limited by either the small sample size or a high 
proportion of non-detected values. Estimates of propylene glycol workplace exposures are based on 
a 1981-1983 NOES of U.S. workers and may not reflect current occupational exposure. These data 
are insufficient to evaluate occupational exposure to propylene glycol. 

An estimate of U.S. consumer exposure was available from a 2002 report by the United Nations Joint 
FAONHO Expert Committee on Food Additives (13). In reviewing the annual production volume 
of 31 flavoring agents, per capita consumption of propylene glycol was estimated at 2,400,000 
yglday [34.28 mg/kg bw/day for a 70 kg person]. This value exceeded the estimated per capita 
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consumption in Japan (1 982) by approximately 50-fold [43 mg/60 kg = 0.71 mg/kg bw/day]. These 
estimates of human exposure are for food products and do not include exposure from pharmaceutical 
products or exposure through inhalation. Propylene glycol is found in many pharmaceuticals that 
are administered intravenously. There are limited data on the effects and exposure levels of chronic 
(intravenous) administration of propylene glycol in infants and children and no information was 
found on chronic exposure in pregnant women. 

1.4 
In 1999,1,083 million pounds ofpropylene glycol were produced in the U.S. with apparent consumption 
of 854 million pounds (5). Of the apparent amount consumed, uses included, in million pounds 
and percentages, unsaturated polyester resins (228, 26.7%); cosmetics and personal care products, 
pharmaceuticals, and human food (170, 19.9%); liquid detergents (135, 15.8%); deicing fluids (85, 
10%); antifreeze/engine coolant (55, 6.4%); paints and coatings (40, 4.7%); tobacco humectant (25, 
2.9%); other fluids (32, 3.8%); and other applications (84, 9.8%) (5). Propylene glycol is approved 
by the FDA for use in food, tobacco, and pharmaceutical products and has GRAS status for direct 
addition to foods. 

Summary of Human Exposure Data 

The general population is exposed to propylene glycol by oral intake, dermal contact, and inhalation. 
The average daily intake ofpropylene glycol from food products in the United States has been estimated 
at 2,400 mg/day [34 mg/kg bw/day for a 70 kg person] (13). In Japan, the estimated average daily 
intake of propylene glycol as a food additive was reported to be 43 mg per person [43 mg/60 kg=0.71 
mg/kg bw/day] (Louekari et al. (22) [from Market Basket Study, Japan 19821). The Joint FAONHO 
Expert Committee on Food Additives (13) concluded that “the safety of these substances [propylene 
glycol and propylene glycol stearate] would ... not be expected to be of concern.” Since propylene 
glycol has GRAS status and may not be listed as a specific ingredient in some foods, dietary intake 
based upon product labeling would result in an underestimation of intake. Propylene glycol is an inert 
ingredient in some pharmaceutical preparations and is also found in many pharmaceuticals that are 
administered intravenously, which represents a unique exposure route for certain subpopulations. 

Occupational exposure to propylene glycol may occur through dermal contact or through inhalation 
of airborne propylene glycol from heating or spraying processes. No TLV has been defined for 
propylene glycol, but an AIHA WEEL guide of 50 ppm (total exposure) and an inhalation aerosol 
exposure of 10 mg/m3 have been determined. NIOSH estimated that 1,748,454 people (1 98 1-1 983 
NOES survey as cited in NIOSH report, 1983 (2)) are potentially exposed to propylene glycol in the 
workplace, primarily through contact with trade name products containing propylene glycol. 

Several small occupational exposure studies measuring propylene glycol were located. In a study by 
Laitinen et al. (20), motor-servicing worker exposure to propylene glycol and ethylene glycol was 
measured. Propylene glycol was below the detection level in air and levels in the urine of exposed 
workers did not differ from urinary levels in unexposed controls. As dermal exposure to workers was 
not measured, it was not possible to determine whether urinary levels of propylene glycol found in 
the workers were due to low exposure or to low dermal absorption. 

Norback et al. (29) measured airborne propylene glycol exposure of Swedish painters during indoor 
application of water-basedpaints. Propylene glycol was detected in 12 of 20 samples with a geometric 
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mean of 350 pg/m3 and a maximum value of 12,700 pg/m3 

The levels of propylene glycol in aircraft deicing workers (n=7, age 3 1-52 years, sex not given) using 
either undiluted or water-diluted propylene glycol heated to 6OoC was measured in urine samples 
collected pre- and post-shift (22). Urine samples were also collected from a comparison group of 
non-exposed persons (n=16, sex and age not given). For the exposed workers, the median pre-shift 
urine level was 1.49 mg/L (range 0.72-13.44 mg/L) and 1.67 mg/g creatinine (range 0.41-10.58 
mg/g creatinine). For the exposed workers, the median post-shift urine level was 2.07 mg/L (range 
0.77-9.04 mg/L) and 2.46 mg/g creatinine (range 1.22-10.27 mg/g creatinine). For the unexposed 
comparison group, the median urine level was 1.35 mg/L (range 0.29 -10.7 mg/L) and 1.18 mg/g 
creatinine (range 0.46 -1 8.77 mg/g creatinine). 

In a Health Hazard Evaluation (HHE) conducted by NIOSH on workers (n=8) using propylene glycol 
during aircraft deicing operations (24), personal breathing-zone air samples over a 6-hour period 
were collected. Seven workers had exposures ranging from 10 to 2 1 mg/m3 with a mean of 1 5 mg/m3 
(1 worker sample excluded due to a suspect high value). 
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2.0 GENERAL TOXICOLOGICAL AND BIOLOGICAL PARAMETERS 

2.1 Toxicokinetics and Metabolism 
The toxicokinetics and metabolism data for propylene glycol were initially examined by consulting 
authoritative reviews (4, 27) and an independent review (28). The toxicokinetics sections in those 
reviews were somewhat brief, and a decision was made by CERHR to review relevant original studies 
in humans and studies in animals pertinent to reproductive and developmental toxicity. 

2. I. 7 Absorption 

2.1.1.1 Human 
Studies of the pharmacokinetics of propylene glycol in humans have been conducted primarily in 
conjunction with on-going patient therapy where propylene glycol was administered as a vehicle for 
medications. 

Oral 
Yu et al. (29) examined the pharmacokinetic profile of propylene glycol during multiple oral-dosing 
regimens. The 22 subjects were outpatients who participated in a phenytoin bioavailability study 
where propylene glycol was used as a solvent. In one study, 16 adults received a 20.7 g/dose 3 times 
daily for a minimum of 3 days. In another study, 6 individuals received a 4 1.4 g/dose twice daily for 
a period of 3 days. These oral doses were given in conjunction with 100 mg phenytoin in 7.25 mL of 
alcohol USP, 6 pL of Peach Flavor, 5 mL of glycerin USP, and 8 mL of 70% (w/w) fructose. Propylene 
glycol was rapidly absorbed from the gastrointestinal tract with maximum plasma concentrations 
obtained within 1 hour of dosing. The average serum half-life of propylene glycol for the study with 
16 and 6 individuals was determined by the authors to be 3.8 and 4.1 hours, respectively. The average 
total body clearance was determined by the authors to be approximately 0.1 L/kg/hr, although there 
was significant variability in clearance rate among individuals. The apparent volume of distribution 
was determined by the authors to be approximately 0.5 L/kg, which approximates the volume of 
distribution of total body water (29). 

StrengWWeaknesses: This study by Yu et al. (29) provides data on the oral absorption of propylene 
glycol as well as on serum half-life, and apparent volume of distribution and total body clearance 
after repeated oral doses of either 20.7 g 3 times daily or 41.4 g 2 times daily, for a minimum of 3 
days. The results are in agreement with expectations for a highly water-soluble, small molecule: rapid 
absorption, distribution into total body water, relatively short half-life, and rapid total body clearance. 
One study limitation is the study subjects’ concomitant exposure to ethanol; propylene glycol and 
ethanol are substrates that compete for alcohol dehydrogenase in the initial step of metabolism. While 
the doses of propylene glycol were high, the data do indicate ready bioavailability of the chemical. The 
half-life estimates are generally consistent with the results of Speth et al. (30) to be discussed later. 

Utility (Adequacy) for CERHREvaluation Process: Data in theYuet al. (29) study are generally adequate 
to estimate kinetic parameters, but inadequate for quantitative determination of bioavailability. 

Rectal 
In a study using human volunteers, Kolloffel et al. (31) studied rectal absorption and other kinetic 

0 0 0 3 4 2  11-1 I 



4 

parameters in children and adults. Propylene glycol and water (1 : 1) were used as solvents in the 
formulation of a rectal solution of paracetamol. Absorption of propylene glycol through the rectum 
was rapid with peak concentrations obtained at 1 *0.6 hour (average f SD) in children (5-12 years 
old) and 1.5 +0.3 hours in adults. Peak plasma concentrations were measured at 171 mg/L [2.2 mM] 
in 4 children dosed with 0.173 g/kg bw propylene glycol and 119 mg/L [1.6 mM] in 10 adults 
dosed with 8.64 g propylene glycol [123 mg/kg bw assuming a 70 kg bw]. The serum half-life was 
determined to be 2.8*0.7 hours in adults and 2.6+0.3 hours in children. The apparent volume of 
distribution was 0.79 f 0.30 L/kg in adults and 0.77 f 0.17 L/kg in children (31). 

Strength/Weaknesses: Kolloffel et al. (31) determined C,,, and T,,, and then used a linear curve- 
fitting program to recalculate C,,, andT,,, values as well as half-life, apparent volume of distribution, 
and clearance after different doses of propylene glycol were administered per rectum to adults and 
children. The small number of children (n=4) and the age range (5-12 years) does not permit a 
judgment as to whether bioavailability may differ as a function of age within childhood or between 
children and adults. The values reported are in the expected range providing confirmatory evidence 
for the reliability of kinetic parameters determined by Speth et al. (30). Plasma levels in children (age 
5-12 years) were only slightly higher than in adults. The half-life was virtually the same in children as 
in adults, which is in agreement with alcohol dehydrogenase activity reaching adult levels by the age 
of 5 years (32). The extent of oral absorption cannot be judged from these data but a visual inspection 
of plasma concentrations after intravenous (IV) infusion (30) and rectal administration (31) indicate 
very high bioavailability. Thus, oral bioavailability will also be very high. Although it appears that 
children absorb propylene glycol significantly faster and attain higher peak plasma concentration than 
adults, the differences are modest and of doubtful toxicological significance. 

Utility (Adequacy) for CERHR Evaluation Process: The study by Kolloffel et al. (31) is usefkl to 
indirectly assess bioavailability. 

Dermal 
There is limited information on the absorption of propylene glycol through intact human skin. In a 
study of human skin biopsy specimens from adults 19-50 years of age, MacKee (33) found no pene- 
tration of radioactive tracer materials after up to 1 hour permeation time using propylene glycol alone 
as a vehicle [visual evidence of tracer uptake into biopsied skin, but no analytical confirmation 
provided]. Enhancers, such as surfactants, increased absorption. 

Three studies are described briefly below that involved patients with significant medical complications. 
In 45 patients (0.5-87 years old) with second- and third-degree burns on 2 1 -95% oftheir body, propylene 
glycol was absorbed through skin following dermal treatment with sulfadiazine in a propylene glycol 
vehicle; serum levels of propylene glycol in those patients ranged from 0 to 0.98 g/dL [0 to 129 mM] 
(4,34). In an 8-month-old infant with second- and third-degree burns and complicating toxic epidermal 
necrolysis over 78% of his body, dermal treatment with silver sulfadiazine in propylene glycol resulted 
in a peak propylene glycol blood level of 1.059 g/dL [139 mM] (35). A blood propylene glycol level of 
0.070 g/dL [9.2 mM] in an infant was attributed to Mycostatin cream usage for diaper rash (36). 

Strengths/Weaknesses: The MacKee study (33) showed what is expected of a highly water-soluble 
substance: that dermal absorption of propylene glycol through the intact skin is very limited. 
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Weaknesses of this study are the insensitive, non-quantitative method for assessing chemical 
uptake and the extensive manipulation of the skin following the permeation period (excision which 
apparently produced bleeding), which may have lead to losses of both skin and permeated chemical 
from handling the tissue. The three clinical studies (34-36) present evidence of propylene glycol 
bioavailability in circumstances that preclude confident extrapolation to a healthy general population. 
They do indicate that once the stratum corneum is impaired (removed such as in burns or irritated), 
dermal absorption may become a significant source of exposure. 

Utility (Adequacy) for CERHR Evaluation Process: The MacKee (33) study has minimal utility for 
drawing conclusions regarding propylene glycol penetration across healthy human skin. However, 
when combined with the rat dermal penetration in vitro study (37) also showing no uptake, and given 
the difficulty water soluble molecules generally have penetrating the stratum corneum, the Panel 
concluded that the dermal absorption rate across intact skin is likely to be slow. Therefore, it can also 
be expected that any dermal exposure to propylene glycol will result in systemic levels far below 
saturation of metabolic clearance. 

Inhalation 
Bau et al. (38) [as reported in HSDB (2)] reported that less than 5% of a technetium-labeled aerosol 
containing 10% propylene glycol [propylene glycol not directly measured] in deionized water was 
taken up by humans after inhalation for 1 hour in a mist tent. The authors measured the aerosol mass 
median diameter to be 4.8-5.4 microns, a size small enough to have enabled penetration to the deep 
lung. Ninety percent of the dose was found in the nasopharynx and it rapidly entered the stomach with 
very little entering the lungs. Propylene glycol was not measured. The low vapor pressure (0.07 m d g ,  
approx equal to -90 ppm or -270 mg/m3) of propylene glycol in combination with the short half-life 
before saturation of metabolism does not allow the build up of toxicologically relevant doses. 

Strength/Weaknesses: Since propylene glycol was not directly measured by Bau et al. (38), absorption 
through the nasal mucosa cannot be determined. However, the low dose rate from inhalation exposure 
and the small surface area would not lead to significant absorption of propylene glycol. 

Utility (Adequacy) for CERHR Evaluation Process: Since inhalation of chemicals is kinetically 
related to IV infusion, it is of interest to know if propylene glycol is efficiently absorbed from the 
lungs. As a small, water soluble molecule, it is reasonable to predict that propylene glycol would be 
absorbed by the lungs. However, with a low vapor pressure (0.07 mm Hg), inhalation of toxicologically 
relevant doses of propylene glycol is not possible unless heated to higher temperatures. Therefore, the 
remaining question is whether propylene glycol in a carrier medium could lead to significant exposure 
by inhalation. Bau et al. (38) provides a quantitative answer. Of an average of 263 mL of nebulized 
aerosol, 8.1 mL containing 10% propylene glycol was retained per hour, corresponding to about 0.8 g 
of compound, which in turn amounts to 0.09 g/kg per 8 hours. Therefore, it can be concluded that under 
normal conditions of exposure, propylene glycol via inhalation is of limited toxicological relevance. 
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2.1.1.2 Animals 

Oral 
Animal studies demonstrate that propylene glycol is rapidly absorbed following oral exposure. 
ATSDR (4) reports the findings of a study by Christopher et al. (39) in which plasma levels of 
propylene glycol were measured at 19.1 and 8.4 mM in 2 cats fed a diet with 12% propylene glycol 
[ 1.60 g k g  bw/day] for 5 weeks. Morshed et al. (40) found that propylene glycol blood concentration 
(41.04 mM) reached its maximum level 1 hour after 4 New Zealand White (NZW) rabbits were 
administered 38.66 mmolkg bw [2.942 g k g  bw] as a 28.4% aqueous solution by gavage. Morshed 
et al. (41) orally administered an aqueous solution of propylene glycol at 4.83-77.28 mmolkg bw 
[0.368-5.881 g k g  bw] to 6 male Wistar ratdgroup and found that absorption occurred by a first 
order process; time to peak absorption was related to dose and ranged from roughly 10 minutes at the 
low dose to 2 hours at the high dose. An older study by Lehman and Newman (42) demonstrated peak 
blood levels of propylene glycol approximately 2-3 hours after oral dosing in dogs. 

Strength/Weahesses: The Christopher et al. (39) study provides very limited data (one time point 
only) on plasma concentration of propylene glycol after repeated administration of one of two dose 
rates administered in the diet. It is impossible to derive any kinetic information from such a study 
other than the qualitative statement that propylene glycol is absorbed to some extent by the cat from 
the diet. 

In contrast, Morshed et al. (41) provided a more complete set of data indicating dose-dependent T,,, 
for propylene glycol in the dose range of 0.4-5.9 g/kg. The authors did not calculate absorption half- 
lives or determine the extent of absorption. They concluded that gastrointestinal absorption occurred 
by a first order process because of the linear rise of plasma concentration at each of the five doses. 
[This is an improper conclusion. Data are plotted on an arithmetic scale from which calculation 
of kinetic rate constants is not possible. There is no indication of curve stripping to calculate kabs. 
The fact that elimination appears linear on an arithmetic scale indicates a zero order process. If 
absorption were first order, the absorption rate should increase with increasing concentration in 
the gastrointestinal tract. The fact that absorption rate did not increase in this manner suggests 
some limitation with higher bolus doses-e.g., possible delayed gastric emptying. In any case, more 
complete information is needed to assess bioavailability from the oral route (e.g., Vd, AUC, total 
body clearance rate, or a comparison IV study in rats).] The other Morshed et al. (40, 43) papers 
and the Lehman and Newman (42) paper also do not provide data suitable for quantitative evaluation. 
There are reliable quantitative data for the gastrointestinal absorption of diethylene glycol in the rat 
(44) with absorption half-lives ranging from 5 to 40 min (average 16 min) amounting to 80-100% of 
the dose. Since diethylene glycol has a higher molecular weight but comparable hydrophilicity, it is 
likely that very rapid gastrointestinal absorption occurs also for propylene glycol. This is also the case 
for ethylene glycol as indicated by rapid urinary excretion (4.5). 

Utility (Adequacy) for CEIWR Evaluation Process: Available animal data are not well suited for 
quantitative estimation of gastrointestinal absorption of propylene glycol. Nevertheless, all data 
including structure-activity relationships point toward very rapid and complete absorption. This is 
plausible for a highly water-soluble small molecule which will cross membranes with bulk flow of 
water across aqueous pores. 
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Dermal 
Information on in vivo dermal absorption of propylene glycol in animals was not located. ATSDR 
notes that “In vitro studies of the penetration of propylene glycol through the rat abdominal 
stratum corneum have been conducted” (4). Fresh abdominal skin from male Wistar rats was used 
in experiments in which propylene glycol, or a mixture of propylene glycol and oleic acid, were 
evaluated for absorption properties (46). When propylene glycol was applied for up to 2 hours, no 
compound was detected in the dermis. However, when 0.15 M oleic acid was added to the propylene 
glycol, it was detected in the dermis after 30 minutes of exposure, but not after 5 or 15 minutes (46). 
ATSDR (4) reported that hairless mouse slun overestimates absorption of propylene glycol by human 
skin while shed snake skin underestimates absorption. Therefore, the authors concluded that human 
skin should be used for absorption studies if possible. 

2.7.2 Distribution 
Speth et al. (30) reported on the pharmacokinetics of IV administration of propylene glycol involving 
six cancer patients who were sufficiently healthy to care for themselves and had normal liver and 
kidney function. They reported that clearance decreased as dose increased over a dose-range of 3-1 5 
mg/m2. There was a first order elimination with an average terminal half-life of 2.3+0.7 hours. 
Considerable interpatient variation was noted. The apparent volume of distribution ranged from 
-0.55-0.94 Lkg. In other studies with oral or rectal exposure, apparent volumes of distribution 
ranged from -0.52-0.79 L k g  (29, 31). 

StwngthA%aknesses: This study (30) provides sound pharmacokinetic data from a limited number of 
individuals who were exposed intravenously to propylene glycol. However, the Speth et al. conclusion 
that clearance of propylene glycol in humans occurs by a first order process is questionable, as is the 
calculation of an average half-life of 2.3 +0.7 hours. 

Utility (Adequacy) for CERHR Evaluation Process: This human study with IV exposure and those 
with oral and rectal exposure indicate that propylene glycol is uniformly distributed in total body 
water without a significant distribution to specific tissues. It can be predicted with certainty that 
propylene glycol will distribute into the water compartment of the placenta and fetus. 

2. 7. 3 Metabolism 
In what is considered to be the main pathway of propylene glycol metabolism in mammals (4, 39, 
propylene glycol is oxidized by alcohol dehydrogenase to lactaldehyde, then to lactate by aldehyde 
dehydrogenase. The lactate is further metabolized to pyruvate, carbon dioxide, and water. Lactate also 
contributes to glucose formation through gluconeogenic pathways (39). Lactate, via phosphoenol 
pyruvate, can be detoxified into glucose and stored as glycogen, as has been demonstrated by Wittman 
et al. (47) for propylene glycol in rats. Excess production of lactic acid resulting from very large 
exposures to propylene glycol can produce a metabolic anion gap [anion gap=(Na+)-(Cl-+ total 
C0,)l and metabolic acidosis (4). Serum levels of >180 mg/L [2.37mM] can result in toxicity (48). 

In most mammals, part of the absorbed propylene glycol is eliminated unchanged by the kidney, 
while another portion is excreted by the kidneys as a glucuronic acid conjugate (2, 28). The amount 
of propylene glycol eliminated by the kidneys has been estimated for humans at 45% (48), for 
dogs at 5 5 8 8 %  (49), and for rabbits at 24-14.2% (50). Cats do not have the ability to produce the 
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glucuronidated metabolite (28). Alternate stereo-specific reaction pathways have been described for 
the metabolism of propylene glycol and are described below. 

In adult humans, the mean serum half-life of propylene glycol is approximately 2-4 hours (30). 
Kelner and Bailey (51) studied the pharmacokinetics of propylene glycol in humans in conjunction 
with the IV administration of medications. Propylene glycol concentrations were measured in sera 
and cerebral spinal fluids (CSFs) from five patients receiving medication containing propylene glycol 
as a vehicle; lactate and pyruvate concentrations were also measured. The authors stated that all 
patients had normal hepatic and renal function based upon laboratory tests. The authors found a 
significant (p < 0.01) correlation of lactate concentrations in the serum and CSF to the corresponding 
propylene glycol concentrations in these fluids. The authors concluded that although the increase in 
serum lactate could be due to the patients’ clinical conditions, it was unlikely in light of the correlation 
between propylene glycol and lactate concentrations. For two patients, the authors had propylene 
glycol/creatinine clearance ratios and were able to calculate the serum half-life of propylene glycol. 
The authors estimated this to be 4.7 and 5.6 hours, respectively, for these patients. [The dose was not 
stated, but because of the severe lactic acidosis, the results suggest that it must have been higher 
than the 2x41.4g dose/day for 3 days administered by Yu and Sawchuck (50), which did not 
cause lactic acidosis.] 

While it is clear that total body clearance of propylene glycol occurs by metabolism and by renal 
excretion of the parent compound, there are no data in humans from which to assess the percentage 
fate of propylene glycol by these mechanisms. In the rabbit, Yu and Sawchuck (50) observed that 
metabolic clearance accounts for 85.8-97.6% of total clearance at lower doses. Morshed et al. (41) 
provided evidence that the rate-determining step in the metabolic clearance of propylene glycol in 
the rat is the NAD-dependent alcohol dehydrogenase. Using the dehydrogenase inhibitor pyrazole, 
there was a dose-dependent inhibition of the dehydrogenase leading to a dose-dependent increase in 
urinary excretion of propylene glycol. They found that the maximum metabolizing capacity in the 
rat was 8.33 m o l e  of propylene glycol/kg bw/hour, which they stated would extrapolate to 1.06 kg 
bw/day for a 70 kg human. 

The Expert Panel believes that Speth et al. (30) supports the conclusion that humans clear propylene 
glycol similarly to rats and rabbits. However, saturation of metabolic clearance seems to occur at 
lower doses in humans than in rats and rabbits. Speth et al. (Table 2 of the study) (30) indicates that 
saturation of metabolic clearance seems to occur at a dose of about 7 g/day in some patients but not 
in others. Metabolic clearance does not seem to be affected at -5 g/day (although no lower dose was 
used to prove it conclusively) and is uniformly decreased above 12.6 g/day. Speth et al. (30) provide 
evidence of metabolic saturation in propylene glycol metabolism at doses of approximately 7 g/day as 
seen by lengthening half-life and nonlinear increases in AUC and C,,,. When this dose is converted 
to mmolkg based upon the body weights reported for the three subjects receiving this dose, the 
value is 1.6 mmolekg, which is considerably lower than the K, reported by Morshed et al. in rats. 
Therefore, the half-life of propylene glycol before saturation of metabolic clearance when it would 
occur by a first order process is 1.6 f 0.2 ( f SD) hours. This increased to above 3 hours after metabolic 
saturation of doses above 12 g/day, when metabolic clearance occurs by a zero order process. This 
is confirmed by Yu et al. (29) who found a “terminal elimination” half-life of -4 hours in patients 
administered even higher doses (3 x 20.7 and 2 x 41.4 g/day) of propylene glycol. Unlike the half-life 
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of a compound cleared by a first order process, which is constant, the half-life of a chemical cleared 
by a zero order process is dose-dependent as is amply documented for propylene glycol. 

2.1.3.1 Metabolism and Stereospecijicity 
Synthesis of propylene glycol results in a 1:1 ratio of D and L stereoisomer forms. There is some, 
although incomplete, information in the literature about stereospecificity of the enzymes in the 
propylene glycol metabolic pathways (Figure 2-1). 

Figure 2-1. Propylene Glycol Metabolism in Mammals 
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From Christopher et al. (39) 

In the main metabolic pathway, D and L forms of lactaldehyde and lactate are formed (4, 39). In the 
horse and rabbit, ADH will oxidize the L form of propylene glycol and lactaldehyde more efficiently 
than the D form (52). L-lactic acidosis has been observed in both humans and animals following 
exposure to propylene glycol (39, 40). 

The conversion of lactaldehyde to methylglyoxal by ADH and then to D-lactate by glyoxalase and 
reduced glutathione is thought to be an alternate route of metabolism (Figure 2-1). D-lactate is cleared 
more slowly than L-lactate and is considered a poor substrate for gluconeogenesis. 

Methylglyoxal synthetase can convert the substrate, dihydroxyacetone phosphate, to methylglyoxal. 
However, in conditions where ketone levels are high, such as diabetes or starvation, methylglyoxal 
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synthetase activity is increased, producing more methylglyoxal and D-lactate. Excessive production of 
D-lactate may result in its accumulation, especially in the brain, which has a low level of catabolizing 
enzymes (39). Therefore, in cases of ketosis, excess levels of D-lactate may be exacerbated by propylene 
glycol. 

In a third possible metabolic pathway, propylene glycol can be phosphorylated, converted to acetol 
phosphate, lactaldehyde phosphate, lactyl phosphate, and lactic acid (see Figure 2-2) (49). Metabolism 
of D and L forms of propylene glycol in this pathway is species-specific. The rabbit converts the L- 
form of phosphorylated propylene glycol to lactic acid, whereas the rat and mouse can convert both 
forms (52, 53). 

Figure 2-2. Phospho ylated Propylene Glycol Metabolism in Mammals 
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From Ruddick (49). 

A limited number of studies were summarized in detail since they demonstrate evidence of in vitro 
stereospecificity of ADH (52), L-lactatemia in rabbits (do), and increased D-lactate formation in cats 
(39). 

Stereospecificity ofADH was studied by Huff (52). In vitro rabbit liver ADH K, values were obtained 
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for ethanol, L-propylene glycol, and D-propylene glycol substrates and were 0.63, 3.6, and 33.3 
pmoles/mL, respectively. K, values obtained for acetaldehyde, L-lactaldehyde, and D-lactaldehyde 
were 3.6, 1.4, and 3.7 pmole/mL, respectively. A similar trend in values was observed with horse 
liver ADH. Therefore, ADH from horse and rabbit liver exhibited stereospecific preference for L- 
propylene glycol and L-lactaldehyde. 

Strength/Weaknesses: Stereospecificity of metabolism should be considered because technical grade 
propylene glycol contains the stereoisomers in a 1 : 1 ratio. Huff (52) determined the K, values for 
oxidation of the D- and L-forms by alcohol dehydrogenase and found that L-propylene glycol is 5-9 
times more readily metabolized to L-lactaldehyde by rabbit and horse alcohol dehydrogenase than is 
the D-form. Therefore, it is plausible that D-propylene glycol will be cleared more slowly since this 
is the rate-determining step in the metabolic clearance of these compounds. Moreover, accumulation 
of D-lactate has been documented in cats (39) and humans (541, which was partially attributed to D- 
lactate being a poor substrate for gluconeogenesis, a detoxification pathway for L-lactate. In addition, 
D, L-lactaldehydes are oxidized to methyl glyoxal with loss of the chirality center, which glyoxylase 
with GSH as co-substrate converts stereospecifically to D-lactate. 

Another pathway occurs by phosphorylation of propylene glycol followed by oxidation steps without 
loss of the chirality center. Here, species differences were found; rabbits converted the L-form 
more readily to lactic acid, but rats and mice did it equally well with both forms (52, 53). Due to 
incomplete time-point sampling and a lack of quantitative numbers regarding fluxes through the 
different pathways, it is not possible to put together a complete picture of stereospecific metabolism 
of D, L-propylene glycol. 

It is of no toxicological consequence whether L- or D-lactatemia develops because both can contribute 
to the development of lactic acidosis. The longer half-life of D-lactate can be easily factored in via 
the Michaelis-Menten equation into a physiologically based pharmacokinetic (PBPK) model. The 
weakness of this approach is that D-lactate was shown to be efficiently utilized in man (54), but its 
tubular reabsorption was shown to be retarded, particularly at higher concentrations (>3 meq/L). 
Since chirality is lost during oxidation of D, L-lactate, the preferential use of L-lactate must be 
due to a lower K, of lactate dehydrogenase for L- than for D-lactate. In any event, reduced tubular 
reabsorption enhances overall clearance of D-lactate, whereas reduced utilization for gluconeogenesis 
runs counter to this effect, apparently outweighing both its reduced tubular reabsorption and its 
utilization in the Krebs cycle that produces CO2. 

The overall conclusion from all data is that acute exposure to D, L-propylene glycol can cause L-lactic 
acidosis (if the dose is very high) due to the more rapid biotransformation (alcohol dehydrogenase 
being the rate-determining step) of L-propylene glycol to L-lactate, whereas subchronic/chronic 
exposure leads to D-lactic acidosis due to accumulation of D-lactate derived from the glyoxylase/ 
GSH pathway and from being a poor substrate for gluconeogenesis. 

Utility (Adequacy) for CERHR Evaluation Process: The database is sufficient to understand and 
predict metabolic clearance of D, L-propylene glycol in man. 

The role of propylene glycol metabolism in lactatemia in the rabbit was investigated by Morshed et al. 
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(40). Propylene glycol was administered to NZW rabbits by gavage in a single dose of 38.66 m o l /  
kg [2.942 gkg] (1 mL 28.4% (v/v)) aqueous solution per 100 g bw. Whole blood was withdrawn 
from the marginal ear vein after a 24 hour fast and at 0.25, 1, and 3 hours after administration of 
propylene glycol. Blood pH and the levels of propylene glycol and D- and L-lactate and pyruvate were 
determined. The level of propylene glycol was estimated colorimetrically and the levels of lactate and 
pyruvate were estimated enzymatically. Data were evaluated by analysis of variance for repeated 
measures and were expressed as mean* SD; a value of P < 0.05 was statistically significant. As noted 
in Table 2-1, blood propylene glycol concentrations were at a maximum 1 hour post-dosing. 

Parameter Fast 0.25 h l h  

(0) (0) (0) 
0 30.23 f 12.45*** 41.04*9.98*** Propylene Glycol 

L-Lactate 

D-Lactate 

Pyruvate 

1.04 f 0.22 2.55 f0.62** 2.03 f 0.48** 
(1 .OS f 0.25) (1.12f0.19) (1 .O f 0.25) 
0.005 f 0.005 0.025 f0.004*** 0.10f0.02*** 

(0.004 f 0.003) (0.005 f 0.005) (0.006 f 0.004) 
0.54 fO.10 0.60 f 0.14 0.63 f 0.13 
(0.51 fO.08) (0.57 4=0.10) (0.55 f 0.12) 
1.92 f 0.07 4.27 f0.18*** 3.22 f0.05*** 

Lactate/pyruvate (2.12 f0.10) (1.96 f 0.09) (1.82 *0.12) 

3 h  
36.55 f8.0*** 

(0) 
1.77*0.36** 
(1.07f0.18) 

0.15 f0.03*** 
(0.10 f 0.01) 
0.58 fO.10 

(0.50 f0.14) 
3.05 fO.lO*** 

(2.14 f 0.08) 

Treatment with propylene glycol significantly (P < 0.0 1) increased the concentration of L-lactate, which 
reached a plateau at 0.25 hours following exposure. D-lactate levels were significantly increased and 
reached maximum concentration at 3 hours after administration of oral propylene glycol. Although 
significant, the authors considered the increase in D-lactate to be negligible and noted that L-lactate 
levels were similar to total lactate levels. Levels of pyruvate remained unaffected before and after 
administration of propylene glycol. Blood pH was not significantly altered when compared to control 
values. The authors note that these findings are different than the results from oral administration of 
propylene glycol to the rat (55). 

Strength/Weaknesses: The Morshed et al. (40) paper provides some useful information about the 
early phase of metabolism of propylene glycol in rabbits; its usefdness for propylene glycol kinetics 
is limited because of poor sampling intervals. Blood levels of propylene glycol dropped from a 
maximum of 41.0 mM at 1 hour after dosing to 36.6 mM at 3 hours after dosing. A very rough 
estimate under the assumption of the first order one compartment model would indicate a half-life of 
about 12 hours in the rabbit. It must be emphasized that neither assumption may be correct, because 
the high dose and the very slow flux of L-lactate indicates that the system operated according to a 
zero order process. [In any event, neither Morshed et al. (4455) paper is properly interpreted.] 
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The study in rats (55) did not determine blood levels of propylene glycol although it used many doses 
and a sufficient number of time points. Lactate levels are plotted on an arithmetic scale, which allows 
half-life estimates by a visual inspection but no exact calculation. The statement “The elimination 
time ranged from 1.40 to 5.82 hour which followed apparent first order kinetics” is contradictory. The 
half-life of first order processes is a constant and independent of dose. Except for the two lower doses 
(0.4 and 0.8 mgkg), which were below saturation of metabolic clearance, the higher doses (1.6, 3.2, 
and 6.0 mlkg) were above saturation of metabolic clearance and therefore the metabolite (lactate) 
reflected the kinetics of the parent compound (saturation of alcohol dehydrogenase being the rate- 
determining step) with dose-dependent increase in its half-life. 

The time course evaluated for propylene glycol-induced lactatemia in rabbits was too short to allow 
for any conclusions regarding D- or L-lactate half-life in the study of Morshed et al. (40). That study 
also contains contradictory data in that blood L-lactate concentrations peaked at the earliest time 
point (0.25 hours) and declined thereafter (see Table 2-1 above). However, the propylene glycol 
concentration peaked at 1 hour and fell only slightly by 3 hours. This irregular decline of primary 
metabolite in the face of increasing parent compound concentrations is not readily interpretable. One 
might conclude from this paper that L-lactate is orders of magnitude more important as a metabolite 
of propylene glycol than is D-lactate. However, it should be made clear that this may only be true for 
the rabbit, as Morshed et al. point out that rat ADH is more efficient in metabolizing D-propylene 
glycol than is rabbit ADH, which leads to slightly greater overall lactate levels from propylene glycol 
metabolism in rats than in rabbits. The lack of information of D- vs. L-lactate formation in humans 
makes it unclear whether humans are more like the rat or rabbit. 

Utility (Adequacy) for CERHR Evaluation Process: The usefulness of the Morshed et al. (40,55) data 
is limited for reproductive and developmental considerations. It is clear from these papers that high 
doses of propylene glycol will result in sustained hyperlactemia, probably without lactic acidosis, 
because of the efficient removal of lactate via gluconeogenesis. 

In a study examining clinical chemistry abnormalities, 5 or 6 cats of each sex were fed a diet containing 
12% propylene glycol (low dose, 1.60 g/kg bw/day) for 5 weeks (a dose equivalent to that found in 
commercial soft-moist cat foods), or a high dose diet containing 41% propylene glycol (8.00 g/kg bw/ 
day) for 22 days (39). Propylene glycol (99.7% purity) was a racemic mixture of  D- and L-isomers. 
Predosing observations were made such that each group of cats served as its own control. Clinical 
chemistry analyses were conducted on serum samples. L- (+) lactate was determined enzymatically 
using L-lactate dehydrogenase and D- (-) lactate was determined on days 0, 1 0, and 24 of the low-dose 
diet and days 0,6, 10, and 24 of the high-dose diet. Data were analyzed by ANOVA and significance 
was at the p<0.05 level. Plasma levels of propylene glycol were measured in two of the low-dose 
cats. Propylene glycol levels on day 24 of dosing were 19.1 and 8.4 mM and propylene glycol was not 
detected in the control plasma. The authors reported a linear correlation between increases in anion 
gap [anion gap = (Na’) - C1-+ total CO,)] and D-lactate in cats fed the low dose. Serum levels of 
D-lactate increased with days of propylene glycol ingestion and levels of L-lactate decreased in low- 
dose cats (Table 2-2). The authors noted previous observations where propylene glycol was found 
to produce L-lactic acidosis in humans and animals including cats shortly after exposure. Because 
their study first measured lactic acid exposure at 1 week following exposure, it is unknown if acute 
increases in L-lactate concentration occurred in the cats. 
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Table 2-2. Serum Lactate Levels in Cats Ingesting 1.6 g or 8.0 g Propylene GlycoUkg bw/day** 

D-lactate (1.6 gkg) 
L-lactate (1.6 g/kg) 
D-lactate (8.0 glkg) 

I I 0 days ingestion I 10 days ingestion I 24 days ingestion I 
0.08 f 0.03 mmol/L 
1.02 f 0.18 mmol/L 

1.90 f 0.80 mmol/L 1.96 f 0.75 mmol/L 
0.60 (approx)* 

4.21 +1.95 mmol/L 7.12+0.14 mmol/L 
* 
** Christopher (39). 

Value taken from graph; 0.32h0.10 mmol/L lactate at 35 days ingestion. 

Strength/Weaknesses: The Christopher et al. (39) paper is important because it links the anion gap 
with D-lactate levels in plasma in cats after repeated doses of propylene glycol. Plasma levels of 
propylene glycol were determined in two low dose (1.6 g/kg bw/day) cats, which in itself is not suitable 
for any kind of kinetic modeling. Nevertheless these data (19.1 and 8.4 mmol/L) are in agreement 
with the Morshed et al. (41) results, which showed that administration of a single dose (1.6 g/kg) 
of propylene glycol resulted in peak plasma concentration in the same concentration range (about 
8 mmol/L). Thus, it appears that the half-life of propylene glycol is short in cats as well since there 
seems to be no accumulation of it after repeated administration. 

Utility (Adequacy) for CERHR Evaluation Process: Christopher et al. (39) is a useful study linking 
human data (54) with animal data regarding D-lactatemia. 

2.1.3.2 Overall Summary of Metabolism 
It appears that high, acute doses of propylene glycol can lead to lactic acidosis. Unless the dose is 
very high, L-lactate is efficiently converted (detoxified) to glucose. However, D-lactate is not readily 
converted in the gluconeogenic pathway and therefore tends to accumulate after subacute/chronic 
dosing leading to D-lactic acidosis. Logically, lactate dehydrogenase must have a much higher affinity 
for L-lactate than for D-lactate because chirality is lost at the level of pyruvate and D- and L-lactate 
derived intermediates become indistinguishable upstream of pyruvate. 

It may be more likely that at high propylene glycol doses and plasma lactate loads, lactate clearance via 
utilization in intermediary metabolism is saturated. Limited evidence for this is suggested in the D, L- 
lactate dosing study of Oh et al. (54). Ten male volunteers received one of two different infbsion rates 
(n= 5 per group) of D, L-lactate in which a doubling in the D-lactate blood level yielded only a 1 S-fold 
increase in D-lactate utilization rate but a 3 S-fold increase in D-lactate urinary excretion. The levels 
of D-lactate in this study were in the same range as those reported for total lactate at the high doses in 
rats (55). The rate of L-lactate excretion and utilization were not reported in the human study (54). 

2.1.3.3 Developmental and Species Specijic Variations in Metabolism and Enzyme Activities 
Activities of enzymes such as ADH and ALDH can affect how fast propylene glycol is cleared from 
the body, thus affecting potential toxicity. A number of studies examined both the activities of these 
enzymes in human placenta and the age-related activity of the enzymes. Although most studies 
focused on ethanol metabolism, they are still relevant to propylene glycol metabolism, since ADH 
and ALDH activities are investigated. Therefore, CERHR conducted a brief review of the data. 
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Placental Metabolic Capacity 
Studies in humans and rodents suggest that the placenta has extremely limited capacity to metabolize 
propylene glycol. Pares et al. (56) isolated Class I11 ADH from full term human placenta and found 
it had low activity for ethanol and a K, value for octanol that was 100-times higher than the Class I 
ADH enzyme found in human liver. Zorzano and Herrera (57) found that ALDH from full-term human 
placentas had a lower activity and V,,, and a higher K, value than ALDH isoenzymes from liver. 

In rats, placenta was found to have no ADH activity and ALDH activity in placenta was found to be 
4-7% of liver activity (58). 

Developmental Aspects of  Metabolic Capacity 
Activity of ADH and ALDH was found to vary with developmental stage. 

Sjoblom et al. (58) found that in Wistar rats ADH activity in liver was low before birth, being 5 and 
16 % of adult activity on gd 15 and 20, respectively. There was a rapid increase at birth: 53% of adult 
levels on postnatal (pnd) 1 with a continued gradual increase with age to 82% of adult activity on pnd 
47. Similar developmental patterns were noted for ALDH in rat liver. 

Pikkarainen and Raiha (32) measured in vitro ADH activity in the livers of human fetuses, children, 
and adults (n=l-3/age group) using ethanol as a substrate. The ADH activity in 2-month-old fetal 
livers was about 3 4 %  that of adults. In 4-5-month-old fetuses, ADH activity was roughly 10% that 
of adults, and in infancy, activity was about 20% that of adults. ADH activity increased in children 
with age, and at 5 years of age, activity reached a level within ranges noted for adults. Great variation 
was noted in adult ADH activity. 

Somewhat different results were reported subsequently by Smith et al. (59) who examined human 
liver ADH activity using ethanol as a substrate and also examined the ontogeny of individual ADH 
class I isoforms. They reported total ADH activity in 9 -22-week-old fetal liver that was 30% of adult 
values, and in premature infants and children less than 1 year old, activity was 50% of adult values. 
Individual enzyme activity was determined using starch gel electrophoresis with an in situ assay. A 
total of 222 liver samples were assayed, 56 from fetuses (9 -22 weeks gestation), 37 from premature 
infants and infants less than 1 year of age, and 129 from adults greater than 20 years of age. In fetal 
liver samples with a mean gestational age of 11 weeks, only the ADHlA enzyme was detectable. 
By 1 7 weeks, both ADH 1 A and ADH 1 B were measurable, although ADH 1 A predominated. By 19 
weeks, products from all three loci were observed, with ADH 1 A greater than ADH 1 B, and ADHl B 
greater than ADHlC. At 30 weeks, ADHlA and ADHlB levels were equivalent, but still greater than 
ADHl C, but by 36 weeks,ADHlB expression dominated. In the adult, hepatic ADHlA expression was 
nondetectable, whereas expression from the ADH 1 B and ADH 1 C loci were equivalent. Interestingly, 
this progressive change in expression was tissue-specific. In lung, there were no observed differences 
between the fetal and adult samples and only ADHl C was detectable. ADH expression in the intestine 
and kidney was low and did not change appreciably with age. 

Thus, it would appear that human liver ADH is expressed early in development and may well contribute 
to propylene glycol metabolic disposition. However, given the paucity of knowledge regarding isoform 
specificity towards propylene glycol, it is uncertain how these data on ethanol metabolism might be 
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extrapolated. Assuming the enzyme most active in ethanol metabolism, ADHlB, is also most active 
in propylene glycol metabolism, the significant fetal metabolism is not predicted to occur until later 
in gestational development (20-36 weeks). 

Strength/Weaknesses: There are consistent data in both animals and humans showing that alcohol 
dehydrogenase is much lower prenatally. In humans, adult levels were reached by the age of 5 years 
and in rats on day 47 after parturition. 

Utility (Adequacy) .for CERHR Evaluation Process: D, L-lactate, metabolites of D, L-propylene 
glycols, are postulated to be associated with toxicity in mammalian species. Therefore a lack of in 
situ conversion in the fetus would seem to decrease the toxicity of propylene glycol. Since lactate 
distributes into total body water, the fetus will share the mother’s metabolic load and associated 
acidosis, if present. The lower metabolism capability in newborns and infants, however, may partially 
protect them from metabolic acidosis after ingestion of propylene glycol. 

Hepatic Metabolic Capacity in Humans Versus Rats 
Zorzano and Herrera (60, 61) found different ADH isoenzymes in liver homogenates from humans 
(class I ADH) and rats (ADH-3), which differed greatly in kinetic properties. Using ethanol as a 
substrate at a pH of 10.5, activity, K,, and V,,, in humans was measured at 6.24 Units/g tissue, 
2.10 mM, and 7.70 Units/g tissue, respectively, while activity, K,, and V,,, in rats was measured 
at 2.72 Units/g tissue, 1.02 mM, and 2.96 Units/g tissue, respectively. Two different low K, ALDH 
isoenzymes were found in humans and rats but they had similar activities using acetaldehyde as 
the substrate at pH 8.8 (humans: Km=9 pM and V,,,=0.85 Units/g tissue; rats: K,= 10 pM and 
Vmax= 0.87 Units/g tissue). 

Inter-individual Variability Due to Generic Polymorphisms 
Reviews by Agarwal (62), Bosron and Li (63), Pietruszko (64), and Burnell et al. (65) discussed 
genetic polymorphisms for ADH and ALDH in humans. Class I ADH, the primary ADH in human 
liver, is a dimer composed of randomly associated polypeptide units encoded by three loci (ADHlA, 
ADHlB, and ADHlC). Polymorphisms resulting in altered phenotypes are observed at the ADHlB 
and ADHlC loci. 

There are two primary ALDH isoenzymes in human liver, ALDH2 (also referred to as E2, ALDHI, 
or ALDH2 ) and ALDHl (also referred to as an El, ALDHII, or ALDH1) (62-64). About 50% of 
Japanese and Chinese carry a phenotypically null variant of the ALDH2 enzyme. 

2.1.4 Elimination 
In mammals, part of the propylene glycol dose is eliminated unchanged by the kidney and part is 
metabolized by the liver to lactic acid and further metabolized to pyruvic acid; in mammals, with 
the exception of cats, the remainder is conjugated with glucuronic acid (2) and eliminated in the 
urine. The amount of propylene glycol eliminated by the kidneys has been estimated for humans at 
45% (48), for dogs at 55-88% (49), and for rabbits at 2.4-14.2% (50). Morshed et al. (41) provided 
evidence in the rat that increasing doses of propylene glycol increased elimination by the kidneys. 
Dosages of 19, 38, and 77 mmole/kg bw resulted in 2.3, 7, and 17% renal excretion of propylene 
glycol. Maximum urinary excretion of propylene glycol was determined using pyrazole (1 .O mmole/ 
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kg bw), a competitive inhibitor of propylene glycol. High urinary clearance was observed with 75% 
excretion of the ingested dose within 24 hours. 

2.1.4.1 Humans 
In human adults receiving 20.7 or 41.4 g propylene glycol 2-3 times daily for a minimum of 3 days, 
the total body clearance was dependent on serum concentration and was approximately 0.1 Lkg  bw/ 
hour; elimination half-life in those same subjects was about 4 hours (29). [The influence of ethyl 
alcohol administration must be considered when interpreting results since it will compete with 
propylene glycol for the dehydrogenase enzymes.] In a study where adults and children were rectally 
exposed once to -123-173 mgkg bw propylene glycol [blood levels 1.6-2.2 mM], the clearance 
rate was 0.2 L/hourkg and half-life was 2.6-2.8 hours (31). In 6 adults receiving propylene glycol 
intravenously, blood levels of propylene glycol were measured at 4 8 4 2 5  yglmL [0.63-5.6 mM] and 
an average half-life of 2.3 hours was estimated (30). 

A small number of studies suggest that elimination of propylene glycol in infants is slower than in 
adults. In an 8-month-old infant exposed to propylene glycol through medication applied to burns, the 
propylene glycol blood level was 1.059 g/dL [139 mM] and the elimination half-life was measured 
at 16.9 hours (35). Ten infants exposed to 10 mL [10.36 g] propylene glycol in a parenteral vitamin 
solution daily for 5 days had propylene glycol blood levels of -65-950 mg/dL [8.5-125mM] and 
elimination half-lives of 10.8-30.5 hours, with a mean of 19.3 hours (36). 

Excretion of propylene glycol has been studied in patients with second and third degree burns over 
more than 20% of their total body surface (34). According to ATSDR (4), “Sulfadiazine preparations 
containing propylene glycol were applied dermally over a period of 3 -7 days after admission to the 
hospital. Serum and urinary levels of propylene glycol were measured. Propylene glycol was detected 
in the serum of 24 of 45 patients and in the urine of 40 of 45 patients. Average urinary levels were 1.3 
mg/mL with a range of 0-17.9 mg/mL for patients who lived, and 2.9 mg/mL with a range of 0-23 
mg/mL for patients who died. Propylene glycol levels correlated with total burn surface area and total 
third degree burn surface area.” 

Strength/Weaknesses: Elimination kinetics of propylene glycol are well understood. Speth et al. (30) 
provides the major kinetic parameters needed for calculations. The saturation of metabolic clearance 
occurs in humans at about 7 g, which is somewhat lower than in animals. Kolloffel et al. (31) provide 
data in 10 adults which indicate that at a dose of 8.64 g, elimination of propylene glycol was zero order 
because it was nearly linear on an arithmetic scale. At a dose of 5.1 g/day the half-life of propylene 
glycol was 1.640.20 hours, at doses of 7.2 to 7.7 g/day it was 1.940.15 hours, and at doses of 12.6 to 
21.0 g/day it was 3.240.12 hours (30). The data of Kolloffel et al. (31) provide 2.6k0.2 hours as half- 
life in adults at a dose of 8.64 g/day. At a dose of 3 x 20.7 to 2 x 41.4 g/day, Yu et al. (29) estimated 
an elimination half-life of about 4 hours. Thus, the half-life of propylene glycol increased from 1.6 
to 4 hours as the dose increased from 5.1 to 2 x 41.4 g/day. The half-life of chemicals eliminated by 
first order processes is independent of dose. Therefore, it is certain that in humans propylene glycol is 
eliminated by zero order kinetics at or above a dose of 5.1 g/day. Clearance data and AUCs verify this 
conclusion. 

The infant studies suggest prolonged half-lives of propylene glycol (35, 36) in the range of 10.8-30.5 
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*‘. hours in infants receiving a dose of about 3 g propylene glycol. While such data are consistent with 
very low alcohol dehydrogenase activity perinatally (32), they cannot be considered definitive due 
to confounding effect(s) associated with the disease treatment and the drugs associated with such 
therapy. In addition, the Kulick et al. (34) paper is not suitable for determination of elimination kinetics 
because only one time point was measured. Prolonged half-life of propylene glycol in infants is also 
supported by a recent report showing that it accumulated to very high levels (up to 2,000 pg/mL) in 
serum of these children (66). 

The infant studies suggest prolonged half-lives ofpropylene glycol (35, 36) in the range of 10.8-30.5 
hours in infants receiving a dose of about 3 g propylene glycol. While such data are consistent with 
very low alcohol dehydrogenase activity perinatally (32), they cannot be considered definitive due 
to confounding effect(s) associated with the disease treatment and the drugs associated with such 
therapy. In addition, the Kulick et al. (34) paper is not suitable for determination of elimination kinetics 
because only one time point was measured. Prolonged half-life of propylene glycol in infants is also 
supported by a recent report showing that it accumulated to very high levels (up to 2,000 pg/mL) in 
serum of these children (66). 

Utility (Adequacy) for CERHR Evaluation Process: There are sufficient data available on the 
elimination kinetics of propylene glycol in humans to model elimination in adults; data in infants 
and in the fetus are less certain. 

2.1.4.2 Animals 
“Dose-dependent elimination of propylene glycol is seen in rats, with saturation of the pathways at 
doses above 5.88 g/kg. An apparent maximum elimination rate of 8.3 mmol/kg/hour (0.63 g/kg/hour) 
was observed” (4). 

Yu and Sawchuk (50) studied the metabolism and elimination of propylene glycol after acute or 
chronic IV administration to NZW male rabbits. Rabbits were exposed acutely by IV injection to 
either 0.5, 1.0, or 2.0 g/kg bw (three rabbits per dose group). There was evidence of a saturation of 
propylene glycol metabolism at the 2.0 g/kg bw acute dose, as evidenced by the decreased metabolic 
clearance. The half-life and the terminal elimination phase rate constant was not significantly 
affected over this dose range. An additional few rabbits were exposed by continuous IV infusion 
to propylene glycol delivered at various rates (2.8-6.3 mg/min/kg bw) over the course of 51-52 
hours. Both V,,, and K, were lower in the case of prolonged exposure, but the V,,,/K, ratio 
was approximately 3-fold greater than under acute dosing. Plots of metabolic clearance from single 
rabbits dosed acutely versus continuously indicate higher metabolic clearance rates from continuous 
exposure. [This raises the possibility of the induction of a second, low K, form of ADH during 
the 51-52 hours of infusion.] The authors concluded that metabolism of propylene glycol was the 
dominant disposition pathway with a concentration-dependent metabolic clearance; renal excretion 
of propylene glycol was only 2.4-14.2% of the total dose after acute administration, most likely due 
to kidney reabsorption. Authors also concluded that for both acute and chronic administration of 
propylene glycol, the clearance of propylene glycol is lower at higher plasma concentrations and the 
rate of elimination of propylene glycol was dependent upon urine flow. 

Ruddick (49) cited an earlier study by Lehman and Newman (42) where dogs were force fed 8 mL/kg 
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and 12 d / k g  of a 50% aqueous solution of propylene glycol. Blood concentrations were 1.3 g/dL 
[171 mM] 2 hours after dosing and 0.9 g/dL [118 mM] 4 hours after dosing. Recovery of 1245% 
of the unchanged administered dose in the urine led the authors to conclude that the compound was 
eliminated by the kidney and a large portion of unexcreted chemical was metabolized. 

Strength/Weahxesses: Animal data are consistent with human data regarding the elimination kinetics 
(practically the same elimination half-life before saturation of metabolic clearance) of propylene 
glycol, although minor species differences may be present. Saturation of metabolic clearance occurs 
at somewhat higher doses in animals; therefore, the half-life of elimination becomes dose-dependent 
(zero order) at higher doses. 

Utility (Adequacy) for CERHR Evaluation Process: It is useful to have mechanistic insight into the 
process of elimination of propylene glycol as represented by the Yu and Sawchuk (50) paper on the 
urinary flow dependence of elimination as well as on the dose-dependence of metabolic clearance. 

The Ruddick (49) and Lehman and Newman (42) papers are not suitable for quantitative kinetic 
evaluation. 

2.2 General Toxicity 
The majority of information in this section is summarized from the reviews by ATSDR (4) and LaKind 
et al. (28) and from the SIDS Initial Assessment Report for 1 It” SIAM (27) and the EPA Health and 
Environmental Effects Document on Propylene Glycol (67). No toxicity studies have been located on 
propylene glycol subsequent to the 2001 SIDS Initial Assessment Report. A very limited number of 
toxicity studies included an examination of the reproductive organs and those studies are discussed 
in detail. 

Propylene glycol has very low systemic toxicity in experimental animals and very high doses are used 
in most acute studies to determine a toxic level. It is primarily metabolized to lactic acid and pyruvic 
acid, both of which are normal constituents of the citric acid cycle. CNS, hematologic, hyperosmotic, 
and cardiovascular effects have been noted in humans and animals and high serum concentrations 
of propylene glycol may result in lactic acidosis and hyperosmotic changes in the blood (4, 27, 49). 
Symptoms of acute propylene glycol intoxication in animals include CNS depression and narcosis. 
Individuals with compromised hepatic or renal function would be less apt to clear propylene glycol, 
and hence would be more susceptible to toxicity due to high blood levels (2, 4, 68). No system or 
organ has been established as a target for the acute oral lethal effects of propylene glycol (69). 

Lactate can be detoxified into glucose and stored as glycogen as has been demonstrated by Wittman et 
al. (47) in propylene glycol-exposed rats. Doses of 0.5-2.0 g/kg of propylene glycol were administered 
to female rats and liver glycogen content and blood glucose were determined 90 minutes after dosing. 
Liver glycogen content nearly doubled and fasting blood glucose increased from 88 to about 140 
mg%. Lactic acidosis was not reported. [Lactic acidosis is not expected at these relatively low doses 
of propylene glycol. However, lactic acidosis can develop if these two detoxification pathways 
cannot remove excess lactic acid sufficiently.] 

ATSDR (4) stated that “The mechanism of action of propylene glycol is not well understood”. [In 
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fact, much is known about the mechanism of action.] Lactatemia has been well documented 
in animals and there are supporting human data. Cats administered 12 (1.6 g k g  bw/day) or 41% 
(8.0 g k g  bw/day) propylene glycol in the diet (dry weight) for 22 days, showed a time-dependent 
increase in plasma lactate and in anion gap (39). Morshed et al. (40, 43) produced more data on the 
dose-dependence of blood lactate andor pyruvate in rats and rabbits given propylene glycol orally. 
Finally, a human case report (48) demonstrated that repeated infusions of lorazepam dissolved in 
propylene glycol can lead to lactic acidosis with increased osmolar gap (21 mOsm/L). Furthermore, 
increased blood glucose (296 mg/dL) and elevated pyruvate level (1 .O 1 mg/dL) indicate that the same 
metabolic pathways of detoxification occur in humans as in animals. Glasgow et al. (36) reported a 
good correlation between osmolality gap and serum propylene glycol concentrations in ten infants. 
The half-life was reported as 19.3 hours (range 10.8-30.5 hours), which is about 10 times longer 
than in adults. Alcohol dehydrogenase activity is up to 10 times lower in infants (32) than in adults 
providing an explanation for the prolonged half-life in the latter and at the same time further evidence 
that this enzyme is the rate-determining enzyme in the clearance of propylene glycol. Other endpoints 
of toxicity are anesthesia, probably by the same mechanism as other alcohols, and hemolysis, which 
may be due to the osmolality gap. 

Strength/Weaknesses: There is an adequate database to assess the toxicity of propylene glycol 
(4, 27, 28, 67). Very high doses of propylene glycol cause CNS, hematologichyperosmotic, and 
perhaps cardiovascular effects, as well as lactic acidosis. Animals lethally intoxicated undergo CNS 
depression, narcosis, and eventual respiratory arrest. 

Utility (Adequacy) for CERHR Evaluation Process: There are sufficient reliable reviews to obtain 
any information needed for informed toxicological judgment. 

2.2. I Humans 

2.2.1.1 Oral Exposure 
A lethal oral dose of propylene glycol has not been reported for humans (28), but it is estimated that the 
human lethal oral dose is >15 gkg  or >32 fl oz for a 150 lb person (2). In adults, serum levels of >180 
mg/L [2.37 mM] have resulted in toxicity (48). In one case, an 1 1-year-old child receiving oral doses 
of 2-4 mL per day for 13 months as a component of a vitamin D preparation (estimated dose 4-8 gkg  
bw/day) resulted in seizures and CNS depression (28). In acutely ill infants, death has occurred after 
repeated exposure to propylene glycol in medication; CNS depression and seizures have been reported 
after multiple oral doses (36, 70) [see Section 2.5 Potentially Sensitive Subpopulations]. According to 
HSDB (2), the acceptable daily intake of propylene glycol as a food additive is 25 mgkg body weight. 

2.2.1.2 Dermal Exposure 
Contact dermatitis has been reported from propylene glycol exposure in a wide variety of topical 
preparations (28) and ingestion of propylene glycol in sensitized individuals has produced flares of 
dermatitis (28). Skin irritation resulting from topical exposure is manifest as erythematous reactions 
restricted to sites of exposure. The irritation potential is enhanced after prolonged dermal exposure, 
under dermal occlusion, and in combination with triethanolamine-stearate, a cosmetic emulsifier 
(71, 72). The nature of the skin reaction of propylene glycol-sensitive patients has been a matter of 
controversy (73, 74). In a study by Hannuksela and Forstrom (73), primary irritant reactions to the 

11-28 0 0 0 3 5 9  



skin and type IV delayed hypersensitivity reactions were observed following oral ingestion or topical 
application of propylene glycol. However, in most cases, the skin reaction was due to a primary 
irritation, not to an allergic reaction (72). 

2.2.1.3 Inhalation Exposure 
Propylene glycol is a component of theatrical fog and is used for special effects. The Actors’ Equity 
Association and the League of American Theaters and Producers sponsored a study which included 
an examination of the health effects of theatrical fog in response to actors’ concerns about exposure 
(75). The health endpoints selected for investigation were irritant effects to the respiratory tract and 
eyes. This study was conducted over 2 years with 439 actors from 16 musicals, and consisted of a 
baseline questionnaire, daily checklists, and medical evaluation. There was no clinically significant 
adverse impact on pulmonary function or in rates of asthma associated with exposure to propylene 
glycol. However, “peak exposures to elevated localized air concentrations following release of glycol 
smoke are associated with increased reporting of respiratory, throat, and nasal symptoms, and findings 
of vocal cord inflammation.” The study authors recommended that exposures to propylene glycol by 
actors not exceed peak or ceiling concentrations of 40 mg/m3. 

NIOSH conducted a study in 1990 on the use of theatrical fog in Broadway theaters (76). Personal 
breathing zone and general area air sampling and a questionnaire on irritant effects (130 questionnaires 
from productions with theatrical smoke, 90 questionnaires from productions without theatrical smoke) 
were collected from personnel from four productions using theatrical smoke and five productions 
without theatrical smoke. Air samples collected yielded propylene glycol concentrations < 2.1 mg/m3. 
However, there was a significant ( .OS) increase in the reporting of respiratory irritant symptoms such 
as runny nose, stuffy nose, and sneezing by personnel from productions using theatrical smoke. 

In a study by Cohen and Crandall (77) [reviewed by LaKind et al. (28)], propylene glycol was 
recommended as a vehicle for administration of bronchodilator drugs. No adverse clinical effects 
were observed after subjects were exposed to an inhalant mist of isoproterenol-HC1 containing 40% 
propylene glycol for 15 minutes at a temperature of 1 15 -1 24” E 

Wieslander, Norback, and Lindgren (23) examined experimental exposure of volunteers to propylene 
glycol mist simulating concentrations routinely used in aviation emergency training. Twenty-seven 
non-asthmatic volunteers (22 males, 5 females) were exposed in an aircraft simulator to propylene 
glycol mist over a 1-minute period (average concentration 360 mg/m3; range 176-851 mg/m3). 
Average age was 44 f 1 1 years. None of the subjects had previous occupational exposure to propylene 
glycol. Medical examinations were performed both within 15 minutes before and after the exposure. 
Exams included an estimate of tear film stability breakup time, nasal patency by acoustic rhinometry, 
lung function by dynamic spirometry, and a self-rated symptom questionnaire. After 1 minute of 
exposure there was a statistically significant difference when compared to pre-exposure levels in tear 
film stability (decreased; p = 0.02) and ocular and throat irritation ratings (both increased; P < 0.001) 
[P values determined by Student’s t test for paired comparisons]. The forced expiratory volume 
in 1 second over the forced vital capacity was slightly reduced and the self-rating of severity of 
dyspnea increased. There were no apparent changes in nasal patency, vital capacity, forced vital 
capacity, nasal symptoms, dermal symptoms, smell of solvents, or any other systemic symptoms. The 
authors concluded that short exposure to propylene glycol mist from artificial smoke generators may 
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cause acute ocular and upper airway irritation. 

Species 
Rat 

2.2.1.4 Parenteral Exposure 
Hemolysis, CNS depression, hyperosmolality, and lactic acidosis have been reported after IV 
administration of propylene glycol (68). Rapid IV infusion of concentrated propylene glycol-containing 
drugs has been associated with respiratory depression, arrhythmias, hypotension, and seizures. 
Propylene glycol is used as a vehicle for IV administration of drugs such as lorazepam, etomidate, 
phenytoin, diazepam, digoxin, hydralazine, esmolol, chlordiazepoxide, multivitamins, nitroglycerin, 
pentobarbital sodium, phenobarbital sodium, and trimethoprim-sulfamethoxazole. Therefore, patients, 
especially children and infants, receiving IV drugs can be at risk for propylene glycol toxicity (28) [see 
Section 2.5 Potentially Sensitive Subpopulations]. 

LDSO (gkg) Reference 
8-46 ATSDR (4) 

Information on the dose of propylene glycol necessary to induce toxicity is limited. Some reports 
describing the dose of propylene glycol given and the serum concentration measured in cases of 
toxicity in humans are contained in Table 2-8 in Section 2.5, Potentially Sensitive Subpopulations. 

Rabbit 

Don 

2.2.2 Experimental Animal Data 
General toxicity studies in animals are discussed in the sections below and summarized in Table 2-4 
on page 11-35. 

18-20 ATSDR (4) 
19 HSDB (2) 

2.2.2.1 Oral Exposure 
LDS0 oral toxicity values are listed in Table 2-3. 

Table 2-3. Propylene Glycol Oral Toxicity Values 

I Mouse I 25-32 I ATSDR(4) I 

Guinea Pig 1- 18-20 I ATSDR(4) I 
Human I >15 (estimated) I HSDB (2) 

A wide range of LD50 values has been reported for the rat. In a study by Morshed et al. (43), 6 male 
Wistar rats were dosed by gavage with saline or 2.942 g k g  bw/day propylene glycol in water for 10, 
20, or 30 days. No deaths occurred over any of the time intervals. However, a 41% reduction in body 
weight was noted at 10 days and an increase in body weight was noted at 20 and 30 days in treated 
animals as compared to respective saline controls. 

StrengtWWeaknesses: This study by Morshed et al. (43) does not have strengths, only weaknesses. 
Controls gained 16.9 g during the first 10 days (1.69 g/day on average), 23.3 g after 20 days (1.17 
g/day on average), and 40.1 5 g after 30 days (1.34 g/day on average). Well-maintained rats do not 
display such weight gain variability. 

Utility (Adequacy) for CERHR Evaluation Process: None. 
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In a study by Weatherby and Haag (78) [reviewed by OECD (27)] in rats, only minimal kidney 
changes were observed and the LDso value was determined to be 33.5 gkg. 

Strength/Weaknesses: This is an older study (78) which characterized acute toxicity of propylene 
glycol in rats and rabbits by various routes of administration. As expected, propylene glycol was most 
toxic when administered IV. Toxicity decreased IV> IM > subcutaneous > oral. There was no apparent 
species difference. Information provided on the chronic administration of propylene glycol is sparse 
but the hemolysis experiment with human blood in vitro demonstrates conclusively the hemolytic 
potential above 0.1 1 1 M. 

Utility (Adequacy) for C E M R  Evaluation Process: This study by Weatherby and Haag (78) is useful 
for the characterization of acute toxicity, but is less useful for chronic toxicity. 

Acute oral toxicity in rabbits was studied by administering a 20% aqueous solution of propylene 
glycol by stomach tube over a 1-hour period (15.75-21.00 g/kg) (79) [reviewed in LaKind et al. 
(28); OECD (27)]. Animals exhibited an increased respiratory rate, loss of equilibrium, depression, 
analgesia, coma, and died by 36 hours post dosing. The minimum fatal dose was determined to be 
18.9 g/kg (3 of 9 deaths), with 100% mortality at a dose of 21 g/kg (4 of 4 deaths). 

Strength/Weaknesses: The Braun and Cartland (79) paper predates the Weatherby and Haag (78) pub- 
lication and represents a less extensive but nevertheless reliable documentation o f  the acute toxicity 
of propylene glycol administered IM and subcutaneously to rats and orally to rabbits. Results of the 
two studies are very similar. Data on chronic toxicity are scant. 

Utility (Adequacy) for CERHR Evaluation Process: This report is useful for the characterization of 
acute, but not chronic, toxicity. 

Chronic toxicity studies reflect that propylene glycol has a very low order of toxicity. In the following 
toxicity studies by Morris et al. (80) and Gaunt et al. (82), reproductive tissues were examined. 

Albino rats (inbred strain, male and female, 20 ratdgroup) were administered 0, 2.45, and 4.9% of 
propylene glycol in the diet (0, 1.23, and 2.45 g/kg bw/day, respectively) for 2 years. Other glycol 
chemicals were also part of this chronic study. Body weights and food consumption were determined 
at weekly intervals. No changes were noted when compared to control animals for growth rate, food 
and water consumption, and animal survival. There were no differences between control and propyl- 
ene glycol groups in gross and microscopic lesions in the lung, heart, liver, spleen, kidney, adrenal 
glands, and testes [individual data or summary tables not reported]. The authors noted that there 
were no bladder stones or signs of chronic kidney damage and no change in the gross morphology of 
the testes when compared to control animals. “Slight liver damage” [authors’ words] was observed 
in the propylene glycol exposed group (80) [reviewed in LaKind et al. (28); OECD (27)]. [No statis- 
tical analyses were performed and the histopathology of the liver is not described.] 

Strength/Weaknesses: The Morris et al. (80) paper predates standardized chronic toxicity test proto- 
cols and some may view it as poorly controlled. However, the experiment is well-described including 
the limitations. Therefore, it appears reasonable to accept that daily doses of 4.9% propylene glycol 

0 0 0 3 6 2  11-3 1 



in the diet (-3 g/kg) caused centrilobular atrophy, bile duct proliferation, and fatty degeneration in 
the liver even though it is not stated in the paper at which dose slight liver damage was observed. The 
highest doses (1.7 to 2.lg/kg) used by Gaunt et al. (81) were close to the lower dose in this study and 
no liver effect was reported by Gaunt et al. Therefore, the lower dose probably did not cause liver 
damage. Failure to conduct statistical analyses weakens this study. 

Utility (Adequacy) for CERHR Evaluation Process: The Morris et al. (80) study can only serve as a 
modest indicator that 3 g/kg propylene glycol chronically might cause slight liver injury. 

In 2-year and 15-week toxicity studies in rats given propylene glycol in the diet @I), body weight, 
renal concentration tests, organ weights, histology, and incidence of neoplasms were described. 
Necropsy at the end of the study included gross and microscopic examination of the male and female 
reproductive tracts. Charles River CD rats from a Specific Pathogen Free (SPF) breeding colony 
were used in this study. At the start of the study, the weight range of the males was 120-150 g and 
of the females was 120-140 g. [Statistical methods were not described and standard errors for 
treatment groups were not presented.] The studies were run concurrently. 

For the short-term study, groups of 15 male and 15 female rats were fed diets containing 0, or 
50,000 ppm propylene glycol [Shell Co. Ltd., >99% purity] for 15 weeks. Body weights and food 
consumption were not recorded. During the last week of treatment, renal concentration tests were 
estimated over a 6-hour water deprivation period. At necropsy, blood was collected for hematology 
and blood concentrations of urea, glutamic-oxalacetic, and glutamic-pyruvic transaminases were 
determined. At necropsy, brain, heart, liver, spleen, kidneys, adrenals, gonads, and pituitary were 
weighed. In the short-term study, the authors reported no differences between the control rats and 
those fed the 50,000 ppm diet for the parameters measured, including the urine and serum analyses, 
blood chemistry, and organ weights [data not reported]. 

In the long-term study, groups of 30 male and 30 female rats were fed diets containing either 0,6,250, 
12,500, 25,000, or 50,000 ppm propylene glycol for 2 years. Animals and food consumption were 
monitored daily and body weights recorded at 2 week intervals. Blood was collected from the tail vein 
of 8 male and 8 female rats in the 0,25,000, and 50,000 ppm dose groups at 13,21,52, and 80 weeks of 
the study; and in the 0,6,250, and 12,500 ppm groups at week 54 of the study. A urinary concentration 
test was done on selected rats from the 0, 25,000, and 50,000 ppm dose groups. Measurements were 
made of both specific gravity and urine volume over a 6-hour water deprivation period, during a 2- 
hour period after a 25 mL/kg water load, and then during a 4-hour period beginning 16 hours after 
the water load. At necropsy, brain, heart, liver, spleen, kidneys, adrenals, gonads, stomach, small 
intestine, and cecum were weighed. Samples of these organs, the following organs, and any tissue that 
appeared abnormal were preserved in 10% buffered formalin: salivary gland, trachea, aorta, thymus, 
lymph nodes, pituitary, urinary bladder, colon, rectum, pancreas, uterus, and muscle. 

In the 2-year study, the mean daily intakes of propylene glycol were approximately 0, 0.2, 0.4, 0.9, 
and 1.7 gkg  in males and 0, 0.3, 0.5, 1.0, and 2.1 g/kg in females for the 0, 6,250, 12,500, 25,000, 
or 50,000 ppm propylene glycol dose groups, respectively. [The authors did not provide daily food 
consumption or bi-monthly animal weight data.] No abnormalities were observed among groups 
in deaths, behavior, or food consumption. The authors reported no significant differences between the 
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control and treated groups with respect to blood chemistry or renal concentration tests. Organ weights 
(including gonads) and organ weights relative to terminal body weight were similar between control 
and treated groups. Incidences of histological findings and the incidence of neoplasms in various 
tissues were presented, but the tabulated data did not include reproductive organs. Abnormalities 
cited were similar for the control and treated groups. The authors noted that the changes observed 
were consistent with those of aging rats and concluded that a “no-untoward-effect level” found in this 
study was 2.1 g/kg for male rats and 1.7 g k g  for female rats [highest dose used]. 

Strength/Weaknesses: Gaunt et al. (81) is a well-conducted carcinogenicity bioassay which clearly 
demonstrates that an average daily dose of 1.7 g/kg in male rats and an average daily dose of 2.lg/ 
kg in female rats had no adverse effect (NOAEL) on body weight gain, mortality, hematology, 
urinary cell excretion, renal function, serum chemistry, or absolute and relative organ weights. The 
histopathological changes were consistent with those expected in aging rats. No malignancy could 
be attributed to treatment. Although reference is made in the text to “no statistically significant 
differences,” it is not stated what statistical methods were used. However, the reputation of the British 
Industrial Biological Research Association (BIBRA) and of the authors of this paper lend credibility 
to the statement. It is unfortunate that a higher dose was not used, because as conducted, the Panel 
did not learn anything about the chronic toxicity in rats, only about propylene glycol’s safety. Up to 
78 weeks there is no discernible effect on body weight but thereafter, there might have been a slight 
body weight effect. Unfortunately, no standard error is given and mortality was high in all groups, 
which was at least partially due to a high rate of pulmonary infection. 

Utility (Adequacy) for CERHR Evaluation Process: This study by Gaunt et al. (81) establishes a 
highly credible NOAEL for propylene glycol in terms of chronic toxicity in both male and female 
rats. This information could be very useful when evaluating reproductive/developmental toxicity 
(Le., a maternal NOAEL). 

Propylene glycol administered in the drinking water of rats at doses >13.2 g/kg bw/day for 140 days 
resulted in CNS depression and minor liver injury (reviewed by Mortensen (72) and LaKind et al. 
(28)). In a 2-year dnnking water study in rats (dosed up tol.834 g k g  bw/day), no renal pathology and 
very slight liver damage was found (28). 

The Seidenfeld and Hanzlik (82) paper predates all other publications thus far evaluated. It includes 
detailed observation of the animals. A mix of acute and subchronic studies was conducted in rats 
and rabbits. Acute studies provided the dose ranges for the later, more detailed experiments of Braun 
and Cartland (759 and Weatherby and Haag (78). [The Panel notes that even though the style of the 
Seidenfeld and Hanzlik publication may appear outdated, the data seem reliable. In fact, the 
dose x time product for slight vacuolization of the liver is 1,8628 x day in this study and 2,160g 
x day in the Morris et al. (80) report. Thus, it can be concluded that slight hepatic injury could 
be expected in rats at a daily intake of 2 g/kg bw of propylene glycol. The study by Seidenfeld 
and Hanzlik is useful because now the Morris et al. (80) report can be viewed as confirmatory 
evidence for the slight liver damage as a high dose effect.] 

Utility (Adequacy) for CERHR Evaluation Process: This study is useful because now the Morris et al. 
(80) report can be viewed as confirmatory evidence for the slight liver damage as a high dose effect. 

11-33 

0 0 0 3 6 4  



Propylene glycol was fed to dogs as a carbohydrate source in the diet at a concentration of 8% (2 g/kg 
bw/day) and 20% (5 g k g  bw/day) for 2 years; a control group was fed an equal caloric amount of 
dextrose and a second control group did not receive the dextrose. No adverse effects were observed 
in the low-dose group. In the high-dose group, there was evidence of RBC destruction (packed cell 
volume and hemoglobin values were lower and reticulocytes were higher than control values). There 
were no differences in kidney weights compared to the control group and no other indications of 
toxicity (67, 83). 

Strength/Weaknesses: Weil et al. (83) studied the toxicity of propylene glycol in beagle dogs fed 
in the diet at 2 and 5 g k g  bw/day for 2 years. A roughly isocaloric diet to the propylene glycol 
containing dextrose was fed to a positive control group. After appropriate statistical evaluation, the 
authors concluded that 5 g/kg bw/day of propylene glycol in the diet resulted in enhanced erythrocyte 
destruction with signs of increased erythropoiesis. Use of a positive control group was useful to 
identify this effect as caused by propylene glycol. The NOAEL for chronic toxicity in dogs (2 g k g  
bw/day) was essentially identical to the rat NOAEL. 

Utility (Adequacy) for CERHR Evaluation Process: This paper is very useful because it has a dose 
that was actually toxic, which allows judgement of the ratio between LOAEL and NOAEL. 

No effects were found on the kidneys in studies by Vanwinkle and Newman (84) in dogs. Female dogs 
were administered 5% propylene glycol in drinking water two times a day for up to 9 months; male 
dogs were allowed to drink 600 mL of 10% propylene glycol daily. Kidney function was measured by 
phenosulfonphthalein excretion and liver function by rose bengal in the blood and galactose and uric 
acid in the urine. No pathological changes were found in these organs (28). 

Strength/Weaknesses: In these experiments (M), liver and kidney function of dogs provided drinking 
water containing 5% propylene glycol (5 .I cm3=5.3 g k g  body weight) were determined and found 
not to be effected. However, dogs given water with 10% propylene glycol died and those provided 
with 10% propylene glycol containing water in the morning and clean water in the evening showed 
impaired renal function as indicated by increased blood urea. Authors stated that control values ranged 
from 14 to 24 mg% and after drinking the glycol for 6 months the range was 12-33 mg%. Statistical 
analysis was not performed and if it had been, it certainly would have shown no difference. There are 
no hematology measurements. 

Utility (Adequacy) for CERHR Evaluation Process: The studies of Van Winkle and Newman (84) 
may be considered inadequate by today’s standards, but they still provide usefiil data as confirmatory 
evidence for the NOAEL of 2 g k g  bw/day established by Weil et al. (83) in dogs. 

M 
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Inhalation 0.17-0.35 mg/L for 
18 months continuous 
exposure 

Cat Oral 0.080-4.24 g k g  bwlday 
in feed for 2-3 months 

Dog 

Oral 6 or 12% in feed 
for 117 d 

Oral 1.6 g/kg bwlday for 5 wks 
or 
8.0 glkg bwlday for 22 d 

8 or 20% in feed for 104 Oral 

Table 2-4. Summary of Toxicity of Propylene Glycol in Experimental Animals 
(data from OECD (27) and ATSDR (4)) 

I Species I Route I DosdDuration 

Rat 1 % -50% in drinking I Oral I water for 140 d 
NOAEL 13.2 I Seidenfeld and 

(equiv to 10% in water) Hanzlik (82) 
Oral 0.625%-5% in feed for I I 103wk 

NOAEL 1.70 (m) 
NOAEL 2.10 ( f )  
(eauiv to 5% in feedl 

Gaunt et al. (81) 

Inhalation 32 1 ppm for 90 d I I  Enlarged goblet cells1 
thickened tracheal epi- 
thelium 

Suber et al. (85) 

LOAEL 1 12 ppm 
(50% increase in body 
weight) 

Robertson (86) 

Dermal 0.52 done time I (-0.17 gkg bw) 
Neat material not irritating I Clark et al. (87) Rabbit 

I Inhalation I l z n f o r  20 min or 120 Increased degenerated 
goblet cells @ 20 min 
and 120 min 

Konradova et al. 
(88) 

I Inhalation I 32-1 12 ppm 13 months LOAEL 1 12 m m  Robertson (86) 
Reviewed by 
OECD (27) 

LOAEL 0.424 
NOAEL 0.080 

lHeinz bodv formationI 
LOAEL 0.741-1.60 

(Heinz body formation) 
NOAEL < 0.741-1.60 

Bauer et al. (89) 

Low dose, anion gap; high 
dose polyuria/polydipsia, 
ataxia, depression 

Christopher et al. 
(39) 

Weil et al. (83) LOAEL 5.00 
(equiv 20% feed) 
(anemia) 

NOAEL 2.00 
(equiv 8% feed) 

I wks 
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2.2.2.2 Dermal Exposure 
Propylene glycol was tested on the clipped skin of NZW rabbits according to three protocols (the 
cosmetic protocol, the Association Francaise de Normalization protocol, and the OECD protocol); in 
all three tests, propylene glycol was classified as a nonirritant (28). 

Strength/Weaknesses: Irritation potential of propylene glycol, although minimal, has been established 
in man. 

Utility (Adequacy) for CERHR Evaluation Process: None. 

2.2.2.3 Inhalation Exposure 
The ATSDR review (4) states that studies available on inhalation exposure of animals to propylene 
glycol are inconclusive. An acute inhalation study with 10% propylene glycol [mg/L not stated] 
for 20 or 120 minutes in rabbits resulted in degenerated goblet cells in the trachea (88). However, 
a subchronic exposure study in rats (85) did not support these findings. Rats exposed to 321 ppm 
over 90 days had thickened respiratory epithelium and enlarged goblet cells (85). Monkeys (n=29) 
and rats [number not specified] were continuously exposed to propylene glycol vapor at doses of 
32-1 13 ppm for 13 months. At 113 ppm, hemoglobin levels were slightly increased; there were 
no adverse effects noted on body weight or on the renal, respiratory, gastrointestinal, hepatic, or 
endocrine systems (4). 

Strength/Weaknesses: Konradova et al. (88) demonstrated that a 10% propylene glycol mist inhaled 
by rabbits resulted in enhanced mucolytic activity (+69%) of respiratory goblet cells. This is not 
surprising from a surface tension lowering agent. In fact, the effect of pure propylene glycol was less 
pronounced than that of clinically used mucolytics (Broncholysin, Histabron). Other conclusions 
regarding ciliated cells are difficult to assess because of the smallness of the effect. Moreover, a much 
more thorough study of inhalation of a propylene glycol aerosol did not confirm these findings (85). 

Utility (Adequacy) for CERHR Evaluation Process: None 

The Suber et al. (85) paper appears to be a well-conducted subchronic, nose-only inhalation study by 
a contract laboratory. Nominal doses were 0.0,0.16, 1.0, and 2.2 mg/L of propylene glycol with an air 
flow rate of 1.0-1.5 L/min to each animal. Absorption was not determined, but system toxicity could 
not be expected even if 100% of the highest dose had been absorbed. As is clear in Bau et al. (38), 
only a fraction of inhaled propylene glycol will be absorbed into the systemic circulation through 
the lungs. Nasal hemorrhage is compatible with the known irritation potential of propylene glycol. 
Goblet cell score was significantly increased in the nasal turbinates, which is plausible for a surface- 
active agent facilitating the discharge of mucous from the swollen goblet cells. 

Utility (Adequacy) for CERHR Evaluation Process: This is a useful study (85) that confirms the 
view arrived at for kinetic reasons that exposure by inhalation to propylene glycol does not pose a 
significant toxicological problem. 

Robertson et al. (86) examined the chronic toxicity of propylene glycol by inhalation in Rhesus 
monkeys and rats. This is a very interesting study because both rats and monkeys were exposed 
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continuously to saturatedhpersaturated air of propylene glycol (55 -1 13 ppm) for up to 1 year. At the 
highest dose, hemoglobin levels seemed to have increased. However, since no standard error is given 
and no statistical analysis was performed, it is uncertain whether this is a real effect. Otherwise, no 
adverse effects were found in spite of extensive gross and histopathologic examination. In fact, both 
rats and monkeys inhaling propylene glycol gained more weight than the controls. The health status 
of monkeys was poor, which was not uncommon in 1947. Assuming Rhesus monkeys inhale about 
2 m3 of air per day, the data indicate that primates may safely inhale about 1 g of propylene glycol per 
day. Although this paper uses unusual reporting methods by today’s conventions, it certainly appears 
reliable and interpretable. 

Utility (Adequacy) for CERHR Evaluation Process: Continuous exposure to propylene glycol vapor 
(without vehicle) in a primate species provides important evidence. 

2.2.2.4 H e m  a tological effects 
Results from animal studies indicate that intermediate and chronic exposure to propylene glycol may 
lead to hemolysis of RBCs. After a 90-day inhalation exposure to 321 ppm of propylene glycol, female 
rats had decreased white blood cell count, while exposure to 707 ppm of propylene glycol decreased 
hemoglobin concentrations. No dose-related changes in RBCs were observed in male rats (85). After 
exposure of rats to 5% propylene glycol in the diet for 2 years, there were no hematological effects noted 
(81). However, Saini et al. (90) [reviewed by OECD (27)] found that a single oral dose of either 0.73 
or 2.94 g/kg bw given to female Wistar rats, produced a reversible, statistically significant decrease in 
hemoglobin, packed cell volume, and RBC counts for 2 days. Electron microscopy revealed a rough RBC 
surface. However, in an early study by Robertson et al. (86), Rhesus monkeys continuously exposed 
to concentrations of propylene glycol in air up to 112 ppm for 13 months had a slightly greater increase 
[statistical analyses not reported] in RBCs and hemoglobin content than the control animals. 

Cats exposed to oral administration of propylene glycol developed Heinz bodies in RBCs and 
experienced decreased RBC survival (89, 91). Heinz bodies are composed of denatured proteins, 
primarily hemoglobin. Cats exposed orally to 1.2,1.6,2.4, and 3.6 g k g  bw/day ofpropylene glycol for 
2,5, or 17 weeks developed increased numbers of RBCs with Heinz bodies. The cat is very sensitive to 
propylene glycol toxicity, with a 0.44 mgkg bw/day dose reported to result in Heinz body formation 
in erythrocytes (reviewed by OECD (27)). This sensitivity occurs at concentrations that were present 
in soft moist cat foods and lead the FDA to remove propylene glycol from cat foods in 1996 (9). 

In a study by Weil et al. (83) dogs were fed propylene glycol at 2 and 5 g/kg bw/day through the diet. 
Significant hematological changes were noted in the high dose group after two years; hemoglobin, 
hematocrit, and total erythrocyte counts were lower, whereas, poikilocytes and reticulocytes were 
increased. 

Strength/Weahesses: There are few and inconsistent changes in hematologic parameters in the Suber 
et al. (85) study. No inferences can be made for erythropoiesis. 

Utility (Adequacy) for  CERHR Evaluation Process: None 

StrengWWeahesses: Saini et al. (90) reported hematologic effects of propylene glycol in rats 
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administered single doses of 0.7 or 3 g/kg bw by gavage. There is sufficient experimental detail given 
to deem the results reliable. However, Gaunt et al. (81) did not find any hematologic effect after 
feeding about 2 g/kg bw/day for 2 years. It is very likely that the acute changes seen by Saini et al. 
(90) have been overcome by 2 years due to adaptation. 

Utility (2dequacy)for CERHR Evaluation Process: This is a useful report (90) that confirms that the 
hematopoietic system is also a target of propylene glycol in rats, albeit at higher chronic doses than 
in cats, dogs, and probably monkeys. 
Strength/Weaknesses: The Robertson et al. (86) study has a very large uncertainty attached to it, as 
discussed earlier, and provides marginal evidence of a hematologic effect in non-human primates. 

Utility (Adequacy) for CERHR Evaluation Process: The hemolytic capability of propylene glycol has 
been demonstrated in vitro in human erythrocytes (78). However, the primate data presented by Robertson 
et al. (86) do not provide evidence of a hematological effect of propylene glycol on primates. 

Strength/Weaknesses: Christopher et al. (91) reported D-lactic acidosis and Heinz body formation 
in cats administered daily 1.6 or 8 g/kg propylene glycol for up to 35 days. Authors conclusively 
demonstrated a dose-dependent reduction of erythrocyte survival. Bauer et al. (89) confirms in 
essence the findings of Christopher et al. (91) and refines the dose response on Heinz body formation 
and erythrocyte survival. 

Utility (Adequacy) for CERHR Evaluation Process: Christopher et al. (91) provide an excellent study 
that establishes a plausible mechanism for propylene glycol-induced hemolysis and the Bauer et 
al. (89) study provides important confirmatory evidence for the impairment of hematopoiesis by 
propylene glycol. Thus, the hemolysis potential of high doses of propylene glycol, which is a plausible 
effect, is firmly established in two species (cat and dog) and reasonably well substantiated in other 
species including man. 

2.3 Genetic Toxicity 

2.3. I Humans 
No studies were located regarding in vivo genotoxic effects in humans or animals. 

2.3.2 Experimental systems 

2.3.2.1 In Vitro 
ATSDR (4) states that “Propylene glycol was not mutagenic in S. typhirnuriurn strains TA 98, TA100, 
TA1535, TA1537, and TAl538 with and without metabolic activation. Propylene glycol was negative 
for sister chromatid exchange and changes in alkaline elution rate using Chinese hamster cells or 
human fibroblasts” (Table 2-5). 

11-38 0 0 0 3 6 9  



Table 2-5. Genotoxicity o f  Propylene Glycol In Vitro @om ATSDR (4)) 

Species 
(test system) 

Results with Results without Reference Endpoint activation activation 

S. typh imuriurn I Gene mutation I Negative Negative I Clark et al. (87) 

Mammalian cells: I 
S. typhimurium 

Human fibroblasts 

Pfeiffer and 
Dunkelberg (92) Gene mutation Negative Negative 

Chromosome 
aberrations Negative Negative Tucker et al. (93) 

Chinese hamster cells 

Propylene glycol was one of a number of chemicals evaluated for mutagenicity in a study of chemicals 
used and formed after the h i g a t i o n  of foodstuffs (92). A modified Ames test used histidine-dependent 
Salmonella typhimurium strains TA98, TA100, TA1535, and TA1537. Propylene glycol (98 % purity, 
diluted in water, test volume, 0.1 mL) was added to 2 mL distilled water and 0.1 mL, (1 0 s, bacteria. This 
mixture was added to 2 mL Topagar and poured into a Petri dish containing histidine-free agar, incubated 
for 48 hours at 37"C, and revertant colonies counted. Liver microsomes were not incorporated into the 
test mixture. The authors concluded that propylene glycol, as well as ethylene glycol and diethylene 
glycol, showed no mutagenic activity with any of the four Salmonella strains [data not shown by 
authors]. All experiments were performed 6-10 times [controls and statistics are not described]. 

Chromosome 
aberrations Negative Negative Tucker et al. (93) 

Strength/Weaknesses: Pfeiffer and Dunkelberg (92) studied mutagenicity of ethylene oxides, propylene 
oxide, various halo-alcohols, and several glycols. The test systems used were those normally used for 
S. typhimurium strains TA98, T4100, TA1535, and TA1537 without metabolic activation. The reaction 
mixture was modified to accommodate the low water solubility of ethylene oxide and propylene oxide. 
As expected, the epoxides gave strong positive results, the halo-alcohols variable responses, and the 
glycols were uniformly negative. There are no weaknesses apparent in these experiments. 

Chinese hamster lung cells 

Utility (Adequacy) for CERHR Evaluation Process: This study (92) provides experimental confirmation 
of the expected and the plausible. 

Swenberg et al. 
(94) 

DNA damage Negative Negative 

Propylene glycol was one of the chemicals evaluated by Swenberg et al. (94) using an in vitro assay to 
assess DNA damage and predict carcinogenic potential. Chinese hamster lung fibroblast (V79) cells 
were grown in tissue culture to which radioactive thymidine was added for 20-24 hours, then the 
radioactivity was removed and the cells were incubated for 4-20 hours in a non-radioactive medium. 
Cells were then exposed to test chemicals for up to 4 hours with or without the presence of a liver 
microsomal enzyme activation system (S-9). Cell viability was assessed by measurement of cellular 
ATP levels. DNA damage was measured by an increase in elution rate under alkaline conditions of 
single-stranded fibroblast DNA from polyvinyl filters. Propylene glycol exposure for 1,2, or 4 hours 
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with or without a rat microsomal activation system did not cause a significant increase in the elution 
rate from that of non-treated cells [statistical method not described or referenced]. 

Strength/Veaknesses: Clastogenicity of a large number of compounds was tested by an in vitro/ 
alkaline DNA elution assay (94). The complete lack of experimental detail regarding propylene 
glycol diminishes its value. 

Utility (Adequacy) for CERHR Evaluation Process: The study (94) is of very little use to CERHR, 
although it confirms the expected and the plausible. 

Propylene glycol is listed as a chemical giving negative results in the sister chromatid exchange assay 
using normal human fibroblast cells. The highest concentration tested was 0.1 M (93). [Details of this 
assay were not given.] 

Strength/Weaknesses: Sister chromatid exchange was tested with a high number of chemicals as 
reviewed by Tucker et al. (93). Propylene glycol was found to be negative in this test system. 

Utility ('dequacy)fov CERHR Evaluation Process: It is helpful to know that propylene glycol was 
negative in still another chromosomal test. 

Propylene glycol was included in the primary mutagenicity screening of food additives used in Japan 
(95). Salmonella/microsome tests (Ames tests) and chromosomal aberration tests using a Chinese 
hamster fibroblast cell line were performed. Propylene glycol (99% purity) was negative in the Ames 
test (dimethyl sulfoxide [DMSO] solvent, 32 mg/mL maximum non-cytotoxic dose) and positive in the 
chromosomal aberration test (maximum dose 32 mg/mL). A chemical is positive in the chromosomal 
aberration test if the total incidence of cells with aberrations is 10% or higher. For propylene glycol in 
saline, 38% of cells had aberrations after 48 hours and the incidence of polyploid cells was reported 
to be 1 %. These results were not discussed further by the authors. 

Strength/Weaknesses: A highnumber offoodadditives was screened for mutagenicity and clastogenicity 
(95). The Ames test was conducted in the usual S. typhimurium strains and chromosomal aberrations 
were tested in a Chinese hamster fibroblast cell line. There is sufficient experimental detail to deem 
the results reliable. Once again, propylene glycol was negative in the Ames test but positive in the 
clastogenicity test. 

Utility (Adequacy) for CERHR Evaluation Process: This study (95) is not useful because the biological 
significance of these in vitro data are unclear. 

The FDA (96) submitted propylene glycol for mutagenic evaluation [discussed in the In Vivo 
Section 2.3.2.21. Along with the in vivo assays, one in vitro cytogenetics study was performed. WI- 
38 cells (human embryonic lung cells) were exposed to concentrations of propylene glycol at 0.001, 
0.01, and 0.1 pg/mL. Concentrations of 0.1 pg/mL resulted in complete destruction of the cells. A 
negative control of saline and a positive control of 0.1 pg/mL triethylene melamine were used. The 
authors concluded that propylene glycol produced no significant aberrations in the anaphase [sic] 
chromosomes of the cells at the dosage levels employed in this study. 
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Strength/Weaknesses: This is a comprehensive evaluation of the mutagenicity of propylene glycol in 
vitro and in vivo (9Q. There is sufficient experimental detail to satisfy doubts that propylene glycol is 
neither mutagenic nor clastogenic. 

Propylene glycol, 
saline, IP 
0 mglkg bw 

2,500 

5,000 

10,000 

Utility (Adequacy) for CERHR Evaluation Process: The study (96) confirms the expected and is 
plausible. 

MNPCEs (99) PCEs PA) Mortality Trend Test 

0.20f0.19 43.9f 12.2 016 NS* 

0.20f0.18 53.6 f 9.2 016 

0.17 k0. 10 52.8 f 6.3 016 

Mortality Mortality 616 

2.3.2.2 In Vivo 
Propylene glycol was tested using the mouse micronucleus test with 38 other food additives (97). The 
micronucleus test was conducted in 8-week-old ddY mice (6/dose group). Animals were dosed by 
intraperitoneal (IP) injection, once/day for 5 days with propylene glycol. Femoral marrow cells were 
flushed with fetal bovine serum. Slides were fixed in methanol and stained with Giemsa. Preparations 
were coded so that the scorer was not aware ofthe treatment. One thousandpolychromatic erythrocytes 
(PCE) per mouse were scored under lOOx power and the number of micronucleated polychromatic 
erythrocytes (MNPCE) was recorded. Results were compared with control groups and historical 
negative control groups. The frequency of MNPCEs in each treatment group was compared with 
the binomial distribution specified by historical control data from that laboratory. Dose-response 
relationships were tested by the Cochran-Armitage trend test. A positive result was recorded when 
one or more treatment groups showed a statistically significant difference (P < 0.01). Dose groups 
and results with propylene glycol are given in Table 2-6 below. Test results were negative. 

Table 2-6. Results o f  the Micronucleus Test Using Mouse Bone Marrow Cells (97) 

Utility (Adequacy) for CERIYR Evaluation Process: This study (97) provides in vivo confirmation for 
the lack of clastogenicity of propylene glycol. 

The FDA submitted propylene glycol for mutagenic evaluation (96) in three genotoxicity test systems: host 
mediated assay, dominant lethal assay, and in vivo cytogenetic studies. The three in vivo assays are discussed 
below (Table 2-7) and the in vitro cytogenetics study is discussed in the In Vitro Section 2.3.2.1. 

In the host-mediated assay (in vivo, mice), doses of propylene glycol at 30,2,500, and 5,000 mg/kg bw 
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and negative control of saline, and positive controls of 350 mg/kg bw ethyl methane sulfonate and 100 
mgkg bw dimethyl nitrosamine were tested. Acute studies (1 dose by gavage of chemical, followed by 
IP injection with S. typhirnurium 30 min after dosing) produced no significant increases in mutation 
frequencies with Salmonella TA1530 and with all levels of Salmonella G46, except the 5,000 mgkg 
bw level, which produced a weak questionable positive response. Saccharomyces D3 showed increased 
recombinant frequencies at all levels except the acute high dose. Subacute studies (dosing once/day 
by gavage for 5 days, inoculating IP 30 minutes after last dose) produced increased recombinant 
frequencies at all levels. While some statistically-significant differences were noted in the mid- and 
high-dose animals from both phases of the investigation, comparison with historic data demonstrated 
that this was a consequence of unrepresentative low control data rather than a substance-specific effect. 
Therefore the authors concluded that propylene glycol has no capacity to induce mutations. 

Endpoint Dose o f  
Propylene Glycol Assay 

For the dominant lethal assay (in vivo, rats), propylene glycol was administered by gavage at 30, 
2,500, and 5,000 mgkg bw and a negative control of saline and a positive control of 0.3 mgkg bw 
triethylene melamine were tested. Propylene glycol was considered non-mutagenic in rats in this 
assay at these doses. 

Result 

For cytogenetics studies (in vivo, rats), propylene glycol was administered by gavage at 30,2,500, and 
5,000 mgkg bw, and a negative control of saline and a positive control of 0.3 mgkg bw triethylene 
melamine were tested. Propylene glycol produced no significant increases in aberrations of bone 
marrow cells when administered orally at these doses. 

Host Mediated Assay, 
mice 

Table 2-7. In Vivo Genotoxicity Results (96) 

Increase in mutation frequencies: 
Negative 30, 2,500, 5,000 salmonella ~ ~ 1 5 3 0  and ~ 4 6  

mgkg bw Saccharomyces D3 
Dominant Lethal Assay, 

male rats treated 

Cytogenetics studies, 
rats 

30,2,500, 5,000 Increase in % dead implants in 

30,2,500, 5,000 Chromosome aberrations 

Negative 

(bone marrow) Negative 

mgkg bw pregnant, untreated female 

mglkg bw 

Strength/Weaknesses: The Litton Bionetics, Inc. (96) report is a detailed and comprehensive in vitro 
and in vivo evaluation of propylene glycol for genotoxicity. There are no apparent weaknesses in this 
report. 

Utility (Adequacy) for CERHR Evaluation Process: The data in this report (96> demonstrate propylene 
glycol's lack of genotoxicity. 

2.4 Carcinogenicity 

2.4.1 Human Data 
No data on carcinogenicity in humans were identified 
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2.4.2 Experimental Animal Data 

2.4.2.1 Oral Exposure 
In a long-term dietary toxicity study in rats by Gaunt et al. (81) [see Section 2.2.2.1, General 
Toxicity], rats were fed propylene glycol up to 5% (2,500 mg/kg bw/day) in their diet for 103 weeks. 
Death rate, body weight gain, food consumption, hematology, and renal clearance were monitored. 
No significant differences were noted between control and treated rats for the parameters examined. 
There were no treatment-related increases in neoplasms. 

Charles River CD rats from a SPF breeding colony were used in this study. At the start of the study, 
the weight range of males was 120-150 g and of females was 120-140 g. [Statistical methods were 
not described and standard errors for treatment groups were not presented.] In a 2-year study, 
the mean daily intakes of propylene glycol were approximately 0, 0.2, 0.4, 0.9, and 1.7 g/kg bw in 
males and 0,0.3, 0.5, 1.0, and 2.1 g/kg bw in females for the 0,6,250, 12,500,25,000, and 50,000 ppm 
propylene glycol dose groups, respectively. [The authors did not provide daily food consumption or 
bi-monthly animal weight data.] No abnormalities were observed among groups in deaths, behavior, 
or food consumption. The authors reported no significant differences between the control and treated 
groups with respect to blood chemistry or renal concentration tests. Organ weights (including gonads) 
and organ weights relative to terminal body weight were similar between control and treated groups. 
Necropsy at the end of the study included gross and microscopic examination of the male and female 
reproductive tracts. Incidences of histological findings and the incidence of neoplasms in various 
tissues were presented, but the tabulated data did not include reproductive organs. Abnormalities 
cited were similar for the control and treated groups. The authors noted that the changes observed 
were consistent with those of aging rats and concluded that a “no-untoward-effect level” found in this 
study was 2.1 g/kg bw for male rats and 1.7 g/kg bw for female rats [highest dose used]. 

Strength/Weaknesses: Gaunt et al. (81) reported on a state-of-the-art carcinogenicity bioassay (four 
different doses) with propylene glycol. Average body weights of males were about 12% and those 
of females about 10% below controls, in the highest dose groups, although there is no statistical 
analysis of the data to know for sure if these are real differences. There were no treatment-related 
malignancies. 

Utility (Adequacy) for CERHR Evaluation Process: It is clear that propylene glycol does not cause 
cancer at or near a toxic level administered in the diet. 

2.4.2.2 Dermal Exposure 
In skin-painting studies, Stenback and Shubik (98) examined the potential carcinogenicity and toxicity 
of several commonly used cutaneous agents including propylene glycol. Seven-week-old female Swiss 
mice (50/concentration) were treated with 10, 50, and 100% propylene glycol in acetone over the 
lifetime of the animal. Propylene glycol (0.02 mL,) was dropped onto the shaved dorsum (1-inch square 
area) twice a week. Animals were allowed to die naturally or were sacrificed moribund. Complete 
necropsies were performed and all tumors were examined histologically. The skin tumor incidence seen 
in the treated animals (24%) was comparable to the values obtained with acetone controls (50 animals) 
and with untreated animals (135 animals). DMBA (10 pg 2 timedwk) treatment (positive control, 50 
animals) resulted in a 78% skin tumor incidence. The method of statistical evaluation was cited but not 
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described in the text by the authors. The authors concluded that there was no increase in dermal tumors 
or change in longevity in female Swiss mice after chronic treatment with propylene glycol. 

Strength/Weaknesses: Stenback and Shubik (98) conducted a skin-painting experiment with, among 
other chemicals, propylene glycol. A uniform protocol was followed, which is problematic for 
compounds as different in their kinetics and dynamics as propylene glycol and DMBA. The dose was 
0.02 mL pure propylene glycol or 50 and 10% solutions in acetone twice a week. It is in agreement 
with propylene glycol's low irritation potential that there were no skin tumors in treated mice, although 
this strain of mice (Swiss females) is exquisitely sensitive to the induction of skin tumors. The highest 
dose translates to approximately 0.8 g/kg bw twice a week. Systemic effects would not be expected 
from this dose rate even if absorption was 100%. 

Utility (Adequacy) for CERHR Evaluation Process: This is a useful study (98), with highly predictable 
outcomes. 

2.5 Potentially Sensitive Subpopulations 
A few case reports have been published suggesting exacerbation of clinical signs in hospitalized 
individuals as a result of propylene glycol. These cases are primarily associated with individuals with 
compromised liver or kidney function, with burn patients, and with overdosage of premature infants. 
As discussed in Section 2.1.4, after absorption, the kidneys eliminate 45% of propylene glycol with 
the remainder metabolized by the liver to lactic acid, pyruvic acid, or acetone. Therefore, patients with 
impaired liver or kidney function would be at increased risk for developing propylene glycol toxicity 
(48). In patients with renal insufficiency, high propylene glycol levels have been associated with 
lactic acidosis (hyperlactemia) (99, 100). Propylene glycol has been found in the blood of alcoholics 
with cirrhosis of the liver without detectable measurable blood alcohol levels (101). 

Propylene glycol toxicity has been suspected in patients with an abnormal serum osmolal gap'. In 
some cases, a review of the patient's medication history identified propylene glycol as a vehicle in the 
medications administered. The following information has been taken primarily from data presented in 
complex clinical case studies the cause of medical symptoms observed undetermined. Some examples 
of clinical cases of suspected propylene glycol toxicity are summarized in Table 2-8 below. 

2.5.1 Oral and Intravenous Use 
Oral or IV administration of propylene glycol may exacerbate dermatitis in some individuals (102). 

Propylene glycol is used as a vehicle for IV administration of drugs such as lorazepam, etomidate, 
phenytoin, diazepam, digoxin, hydralazine, esmolol, chlordiazepoxide, nitroglycerin, pentobarbital 
sodium, phenobarbital sodium, and trimethoprim-sulfamethoxazole and is a vehicle for some IV 
vitamin preparations. Serum concentrations of propylene glycol received through IV medications 
have been shown to correlate with serum lactate concentrations in patients with normal renal and 
hepatic function (51). In children, seizures and respiratory depression have occurred after taking liquid 
medications containing propylene glycol (1 03, 104). 

' osmolal gap =measured serum osmolality-calculated serum osmolality; normal gap < 10; calculated osmolality= 
2[Nat] +glucose/20 + BUN/3 ; an increased osmolal gap can be indicative of increased solute in the blood. 
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Table 2-8. Some Clinical Complications Associated with Propylene Glycol (PG) Use 

Dermal; silver sulfadiazine therapy 
in propylene glycol for burns, 78% 
surface area, 10.6 glL [139.5 mM] 
PG serum level 
IV, PG vehicle in enoximone and 
glyceryl trinitrate infusions 

IV, propylene glycol as part of a 
daily multivitamin preparation, 3gl 
day PG (alternative product deliver- 
ing 0.3glday PG had no effect on 
other premature infants) 

Patient; Reference 
Cardiopulmonary arrest, 
respiratory acidosis, 
increased osmolal gap 

Hyperosmolality 

Seizures 

8-month-old male infant; 
Fligner (35) 

IV, PG vehicle in pentobarbital and 
phenobarbital 

3.4 kg infant, cardiac surgery, 
heart failure; Huggon (70) 

Premature infants; 
MacDonald (106) 

Exacerbation of seizures, 
reversible acute renal failure 

Premature infant, 
27 wk gestation; 
Glasgow (36) 
1 l-year-old boy, 
candidiasis-endocrinopathy syn- 
drome with hypoparathyroidism; 
Arulanantham (1 04) 

16-year-old boy, onset of seizures; 
Yorgin et al. (107) 

39-year-old woman, history of 
seizures; Lolin (108) 

45-year-old man, 
respiratory distress, on ventilator; 
Arbour (109) 

58-year-old man, renal disease, 
chronic schizophrenia; 
Cate (68) 

60-year-old man, 
respiratory distress, on ventilator; 
Arbour (48) 

70-year-old woman, 
complications with surgery; 
Bedichek & Kirschbaum (110) 

Route I Findings 

IV, propylene glycol as part of a 
daily multivitamin preparation, 9.3 
g1L [122.4 mM] PG serum level 

Serum hyperosmolality, 
acute renal failure 

Oral, PG vehicle in 
dihydrotachysterol 

Seizures 

Most likely ingestion, 4 g/L [52.6 
mM] PG serum level 

IV, PG vehicle in lorazepam, 
1.7 glL t22.4 mM] PG serum level 

Status epilepticus, 
metabolic acidosis, 
plasma hyperosmolality, 
respiratory depression 

Hyperosmolality, 
metabolic acidosis 

Most likely ingestion, 
0.7 glL [9.21 mM] PG serum level 

Unconscious, lactic acidosis, 
azotemia 

IV, PG vehicle in lorazepam, 
infused for 5 d at 2.5 g PGhr Hyperosmolality 

IV, 479 g PG administered with 
etomidate and other medications 
over a 24 hr period 

Seizures, status epilepticus 

2.5.2 Infants 
The decreased size of premature infants and an increased serum half-life [see Section 2.1.4.11 for 
propylene glycol in premature infants (35,36) predispose them to a greater probability of toxic effects 
from over administration of propylene glycol. There is particular concern for very small infants and 
those receiving multiple IV medications containing propylene glycol. Absorption of propylene glycol 
from ointments applied to burns and injection of multivitamin products in infants has resulted in 
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serum hyperosmolality (36, 70), which was associated with cardiorespiratory arrest in one case (70). 

In one report, propylene glycol was shown to have a longer (1 6.9 h) half-life in a premature infant 
when compared with the half-life in adults (5 h) (35). Glasgow (36) measured the serum half-life in 
infants. Ten infants received 10 mL IV of daily multivitamin preparation (containing 30% propylene 
glycol) once a day for at least 5 days. Four infants had a serum level >3.0 g/L [39.5mM] propylene 
glycol. The range of serum propylene glycol values was 0.65-9.5 g/L [8.55-125mM]. In the control 
group, propylene glycol was not detected in six infants; two other infants had propylene glycol serum 
levels of 0.7gL [9.21mM]. The propylene glycol levels in the serum of the control infants were 
attributed to Mycostatin cream usage for diaper rash and phenobarbital therapy. Thirty-six hours 
later, serum levels were taken. The mean half-life in these infants was calculated to be 19.3 hours 
with a range of 10.8-30.5 hours. 

Propylene glycol serum concentration, serum lactate, and osmolar gap were measured in 11 intubated 
pediatric intensive care patients [ 1-15-month-old, 6 females] on continuous lorazepam infusion (66). 
Differences in propylene glycol concentration, serum lactate concentration, and osmolar gap at the 
beginning of therapy, 48 hours into therapy, and at the end of therapy were compared using repeated 
measures analysis of variance. Lorazepam infusion rates ranged from 0.1 to 0.33 mg/kg bw/hour and 
lasted 3-14 days. All patients in this study had normal renal function. At the end of therapy, serum 
levels of propylene glycol ranged from approximately 0.2 to 2 mg/mL. A significant correlation between 
the cumulative dose of lorazepam and propylene glycol serum concentration at the end of therapy 
was demonstrated (p < 0.005). However, propylene glycol accumulation was not associated with an 
elevation in serum lactate concentrations or osmolar gap. The authors caution that although “continuous 
lorazepam infusion seems to be a safe option for sedating patients with normal renal function in the 
pediatric intensive care unit, it would be prudent to monitor for lactic acidosis and hyperosmolality ... ”. 

Propylene glycol is commonly used as a vehicle in topical, oral, or injectable medications (16). The 
American Academy of Pediatrics recommends mandatory labeling of inactive ingredients [classified 
by the FDA as pharmaceutical excipients] for all prescription and over-the-counter products (2 0.5). 
At present, labeling is voluntary for prescription drugs, and since 1998, is required for over-the- 
counter drugs. This requirement was a result of the FDA Modernization Act of 1997 (8). 

2.6 Summary 

2.6. I Toxicokinetics and Metabolism 
The absorption, distribution, metabolism, and excretion of propylene glycol have been studied in 
humans, cats, rats, mice, and rabbits. The studies reviewed by the Panel identified no major differences 
between humans and animals in the toxicity of propylene glycol. Toxic effects of propylene glycol 
occur only at very high doses. The domestic cat is the most sensitive species to propylene glycol 
toxicity, producing Heinz body anemia in response to propylene glycol as an additive (at 6% w/w or 
above) to its diet. The toxicokinetic properties are very similar across species studied. A consideration 
in the selection of experimental species is the metabolism of D- and L-optical isomers. Commercial 
propylene glycol is a 1:l D, L mixture of both stereoisomers, and species differences in the rate of 
metabolism and excretion of D- and L- forms of propylene glycol are noted by the Panel. However, 
due to incomplete time point sampling and a lack of quantitative numbers regarding fluxes through 
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the different pathways, it was not possible for the Panel to provide a complete description of the 
stereospecific metabolism of D, L propylene glycol in different species. However, there are sufficient 
data in humans to conclude that acute exposure to D-, L-propylene glycol can cause L-lactic acidosis 
(if the dose is very high) due to the more rapid biotransformation (ADH being the rate determining 
step) of L-propylene glycol to L-lactate. However, with subchronic/chronic exposure to propylene 
glycol, D-lactic acidosis occurs due to the accumulation of D-lactate. D-lactate is derived from the 
glyoxylase/GSH pathway and since it is a poor substrate for gluconeogenesis, there would be a greater 
accumulation of the D-lactate than L-lactate with chronic exposures. 

Dermal absorption studies in humans have shown that absorption of propylene glycol through intact 
skin is very limited. However, once the dermal layers are disturbed (such as with burns or irritation), 
dermal absorption can be a significant source of exposure. 

In humans, absorption ofpropylene glycol after oral exposure reached maximum plasma concentrations 
within 1 hour of dosing and the average serum half-life was estimated to be from 1 to 4 hours. From 
rectal absorption studies, the half-life of propylene glycol was determined to be 2.8 0.7 hours in adults 
and 2.6 f 0.3 hours in children (5-12 years) (31). The similarity in the half-life for adults and children 
in this age range is in agreement with alcohol dehydrogenase reaching adult levels by 5 years of age 
(32). Glasgow et al. (36) reported an average half-life in 10 infants of 19.3 hours (range 10.8-30.5 
hours), which is about 10 times longer than in adults. Alcohol dehydrogenase activity is up to ten times 
lower in infants (32) than in adults, providing an explanation for the prolonged half-life of propylene 
glycol in infants. 

There are excellent data on the determination of the apparent volume of propylene glycol distribution 
in humans and animals; these data demonstrate that it distributes into total body water. In human 
studies, volumes of distribution were measured at 0.52 Lkg with oral dosing (29), 0.77-0.79 Lkg  with 
rectal exposure (31), and approximately 0.55-0.94 Lkg  with IV exposure (30). Therefore, it can be 
concluded that propylene glycol will distribute into the water compartment of the placenta and fetus. 

Since lactate distributes into total body water, the fetus will also experience the mother’s metabolic 
acidosis if present and lactate would be present in breast milk. However, newborns and infants may 
be protected from metabolic acidosis after ingestion of propylene glycol due to a slower metabolic 
conversion to lactate. 

Except for the amount entering the nasopharynx and being swallowed, under normal exposure con- 
ditions propylene glycol exposure by inhalation is not toxicologically relevant due to its low vapor 
pressure (0.07 mm Hg). 

Total body clearance occurs by metabolic clearance and by renal excretion. Morshed et al. (41) 
provide evidence in the rat that the rate-determining step in the metabolic clearance of propylene 
glycol is NAD-dependent alcohol dehydrogenase. The Panel concludes from the data of Speth et 
al. (30) that humans clear propylene glycol similarly to rats and rabbits, but saturation of metabolic 
clearance occurs at lower doses in humans than in rats and rabbits. From the data of Speth et al. (30) 
and Yu et al. (29) the Panel determined that metabolic clearance follows a first-order process (up to 
doses of approximately 12 g/day) with a constant half-life of 1.6A-0.2 h (hSD). Beyond this dose, the 
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serum half-life becomes dose dependent (zero order process) with a serum half-life above 3 hours. 
Propylene glycol is converted to lactic acid by ADH and further to pyruvate, which provides energy 
through the Krebs cycle; lactate can be detoxified into glucose and stored as glycogen, providing 
other sources of energy (47). 

The Panel concluded that the toxicokinetic data for propylene glycol are sufficient for evaluating the 
potential for propylene glycol to pose a risk to human reproduction. 

2.6.2 General Toxicity 
Propylene glycol has very low systemic toxicity in experimental animals and very high doses are 
required to determine a toxic level (4, 27, 28). CNS, hematologic, hyperosmotic, and cardiovascular 
effects have been noted in humans and animals and high serum concentrations of propylene glycol 
may result in lactic acidosis and hyperosmotic changes in the blood. Animals lethally intoxicated 
undergo CNS depression, narcosis, and respiratory arrest. In humans, a lethal oral dose has been 
estimated to be >15 g/kg for an adult (2). Mortality has occurred in hospitalized infants after repeated 
exposure to propylene glycol in medication (see Potentially Sensitive Subpopulations). 

Acute oral toxicity has been well characterized in the rat, mouse, rabbit, dog, and guinea pig with 
LD50 values, 8-46 g/kg bw (See Table 2-3), reported at very high oral doses. 

In a 2-year study by Gaunt et al. @I), an average daily dose of 1.7 g/kg bw in male rats and 2.1 g/kg 
bw in female rats had no adverse effect on body weight gain, mortality, hematology, urinary cell 
excretion, renal function, serum chemistry, or absolute and relative organ weights. Weil et al. (83) 
studied the toxicity of propylene glycol fed in the diet to dogs at 2 and 5 g/kg bw/day for 2 years. No 
adverse effect was noted in the low-dose group; there was evidence of RBC destruction in the high- 
dose group. The Panel concluded that in assessing toxicity from chronic exposure, 2 g/kg bw/day is 
a NOAEL for dogs and rats; 5g/kg bw/day is a LOAEL for dogs. 

In a continuous inhalation study, Robertson et al. (86) examined chronic toxicity of propylene glycol 
(55-1 13 ppm) in Rhesus monkeys and rats for up to 1 year. Both rats and monkeys inhaling propylene 
glycol gained more weight than the control group; no adverse effects were noted. The Panel estimates 
that the monkeys inhaled approximately 1 g of propylene glycol per day. 

Results from animal studies indicate that intermediate and chronic exposure to propylene glycol 
may lead to changes in hematological parameters and hemolysis of RBCs. Cats exposed to oral 
administration of propylene glycol developed Heinz bodies in RBCs and decreased RBC survival. 
Doses as low as 0.424 g/kg bw/day have resulted in Heinz body formation in cat erythrocytes (27). In 
a study in dogs fed 5 g/kg bw/day for 2 years (83), evidence of RBC destruction was noted. The Panel 
concluded that there is sufficient data on the hemolytic potential of high doses of propylene glycol in 
the cat and dog, and limited substantiated data in other species, including humans. 

The Panel concluded that there are sufficient data to characterize the acute and chronic toxicity of 
propylene glycol in laboratory animals, including non-human primates. In humans, information on 
toxicity is limited to medical case studies. However, because of the similarities in the toxicokinetic 
profile ofpropylene glycol across species, the toxicity data from the animal studies carrbe extrapolated 
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to human exposures. 

2.6.3 Genetic Toxicity 
No studies were located regarding in vivo genotoxic effects in humans. Propylene glycol was consis- 
tently negative in in vitro and in vivo animal tests. 

2.6.4 Carcinogenicity 
No data on carcinogenicity in humans were identified. 

Gaunt et al. (81) reported a 2-year bioassay where rats were fed up to 5% (2,500 mgkg bw/day) 
propylene glycol in their diet. No treatment-related neoplasms were noted. The Panel concluded that 
dietary administration of propylene glycol does not cause cancer at or near a toxic level. 

2.6.5 Potentially Sensitive Subpopulations 
There have been reports of propylene glycol toxicity in individuals with compromised liver or kidney 
fwnction and in infants who have inadvertently received an overdose of propylene glycol in conjunction 
with drug therapies. Serum half-life of propylene glycol in infants is longer than in adults. Fligner 
et al. (35) reported a half-life of 16 hours for a premature infant as compared to 5 hours in adults. 
Glasgow (36) measured serum half-life in ten infants. The range of serum values was 0.65-9.5 g/L 
[8.55-125mM]. Mean half-life of propylene glycol was calculated to be 19.3 hours with a range of 
10.8-30.5 hours which is about 10 times longer than in adults. Alcohol dehydrogenase can be up to 
ten times lower in infants, which would account for the prolonged half-life in infants. 
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3.0 DEVELOPMENTAL TOXICITY DATA 

3.1 Human Data 
No human developmental toxicity data were identified. 

3.2 Experimental Animal Data 

3.2.1 Oral Exposure 

3.2.1.1 Prenatal and Perinatal Toxicity Studies 
A prenatal oral developmental toxicity study of propylene glycol was performed by Bushy Run 
Research Center (111). The results are summarized in Table 3-2 (pg. 52). This study was conducted 
in compliance with Good Laboratory Practices. Propylene glycol was administered by gavage to 
Charles River CD-1 mice from gd 6 to 15 ( I l l ) .  Pregnant CD-1 mice (4 dose groups, 30 mice/dose 
group, pregnancy determined by presence of copulation plug [gd 01) received undiluted propylene 
glycol (99.9% purity) once a day in the following dosage volumes: 0.5, 5.0, or 10.0 mLkg bw/day 
[0.52, 5.2, or 10.4 gkg  bw day, respectively]. A control group of 30 pregnant females received 10.0 
mLkg bw/day of Milli-QTM water. Females were approximately 46 days old and males were 49 days 
old upon receipt. Animals were acclimated for approximately 2 weeks before cohabitation. The mice 
were maintained on a 12-hour, light-dark cycle and food and water were available throughout the 
study. Pregnancy rate ranged from 93.3 to 100% and there were no unscheduled deaths during the 
study. Maternal weight and food and water consumption were monitored at 3 day intervals. After 
initiation of treatment, all animals were observed twice daily for morbidity and mortality. 

At scheduled necropsy on gd 18, maternal body weight, liver and kidney weights, gravid uterine 
weight, number of corpora lutea, and number of implantation sites/resorptions were noted. All live 
and dead fetuses were sexed, weighed, and examined for external malformations; all live fetuses were 
examined for visceral malformations using a modification of methods described by Staples; 1/2 of live 
fetuses in each litter were decapitated and the heads were examined for craniofacial malformations 
using sectioning methods modified from Wilson; all live fetuses (1/2 intact and 1/2 decapitated) were 
stained with Alizarin Red S and examined for skeletal malformations [cartilage not stained]. 

Maternal Parameters 
Pregnancy rate ranged from 93.3 to 100% and there were no unscheduled deaths during the study. No 
treatment-related clinical signs were noted in any dose group; there were no treatment-related effects 
on maternal body weights or food consumption throughout gestation. Water consumption from gd 6 
to 15 showed a significant (p<O.Ol) increase over control values in the 10 mL/kg bw/day dose groups 
and for gd 15-18 in the 5 mL/kg bw/day (pC0.05) and 10.0 mLkg bw/day dose groups (p<0.05). 
Water consumption was also significantly higher in the high-dose group from gd 6 to 9 (p<O.O5) 
and gd 6 to 15 (p<O.Ol) (See Table 3-2 for water consumption data on gd 0-6, 6-15, 15-18). There 
were no treatment-related necropsy findings in the dams; no effects on body weight, gravid uterine 
weight, corrected body weight, corrected weight change, or relative and absolute liver and kidney 
weights. No effect was noted on the number of corpora lutea, resorptions, dead fetuses, or sex ratio. 
The percentages of preimplantation loss and live fetuses were similar across treatment groups. 
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Table 3-1. Summary of  Gestational Water Consumption (g/animal/day) (111) 

0 0.5 5.0 10.0 
Gd 0-6 (pre-treatment) I 10.90+4.298 I 10.91 h4.952 I 11.13h2.207 I 11.08*2.075 1 
Gd 6-15 (treatment period) 

Gd 15-1 8 (post-treatment) 

12.83*3.675 12.14k2.167 13.80*2.253 15.35 *2.925** 
1 1.4 1 h 1.574 11.46s 1.897 13.02 f 4.503 * 1 3.06 f 2.149* 

*p< 0.05; **p<O.Ol 

Fetal Parameters 
A statistically significant (p<O.O5) decrease (3%) in fetal body weight in the high-dose group was 
not considered biologically relevant due to the magnitude of the change and the lack of a dose- 
related trend. No differences were noted in malformations by category (external, visceral, skeletal) 
or in total malformations among all treatment groups. An increase in unossified cervical centra was 
noted in the high-dose group ( p<0.05, 9/29 litters vs 2/28 in control group). However, this was not 
considered biologically relevant by the authors, as this finding was similar to historical control values 
in this laboratory. Significant increases in fetal atelectasis, poorly ossified supraoccipital bone, and a 
decrease in the extra ossification site in the nasal fontanel in the low-dose group were not considered 
to be biologically relevant due to the lack of a dose-effect relationship. 

Statistical analyses used the pregnant dam or the litter as the unit of comparison. The authors of 
the Bushy Run Research Center Report noted that “the data for a quantitative continuous variables 
were inter-compared for the three treatment groups and the control group by use of Levene’s test 
for equality of variances, analysis of variance (ANOVA), and t-tests. The t-tests were used when 
the F value from the ANOVA was significant. When Levene’s test indicated equal variances, and 
the ANOVA was significant, a pooled t-test was used for pairwise comparisons. When Levene’s test 
indicated heterogeneous variances, all groups were compared by an ANOVA for unequal variances 
followed, when necessary, by the separate variance t-test or pairwise comparisons. Nonparametric 
data were statistically evaluated using the Kruskal-Wallis test, followed by the Mann-Whitney U test 
when appropriate. Incidence data were compared using the Fisher’s Exact Test. For all statistical tests, 
the probability value of <0.05 (two-tailed) was used as the critical level of significance” 

The authors concluded that “. . . dosages up to 10.0 mLkg bw/day were not associated with any 
treatment-related effects on endpoints such as clinical signs, body weight, body weight gain, food 
consumption, or pregnancy outcome. Increases in water consumption were observed in dams from 
the 5.0 and 10.0 mLkg bw/day groups and were probably a physiologic response to the high dosages 
given by gavage. There was no evidence of treatment-related effects on developmental parameters. 
Therefore, in this study, the “no-observed-effect level” (NOEL) [NOAEL2] for maternal effects was 
0.5 mLkg bw/day. The NOEL [NOAEL] for developmental toxicity was at least 10.0 mLkg bw/ 
day.” 

Since the Expert Panel is considering only adverse effects in the selection of effect levels, the terminology o f  NOAEL 
or LOAEL will be used throughout this document. 
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Table 3-2. Summary of Developmental Toxicity Study of Propylene Glycol 
Given by Gavage to CD-1 Mice on GD 6-15 (111) 

Effect 

Maternal corrected body weight 
change (body weight at sacrifice 
minus gravid uterine weight, g) 
Maternal liver weight (YO of cor- 
rected body weight) 
Maternal kidney weight (% of 
corrected body weight) 
% Live fetusesllitter 
Fetal body weighdlitter (g) 
Total # litters with live mal- 
formed fetuses/# examined 

Doses (mL/kg bwlday) [mean *SD] 
0 0.5 5.0 10.0 

6.21 * 1.87 6.46*2.05 6.89* 1.57 6.67*2.35 

7.585k0.5711 7.595*0.7563 7.540*0.6111 7.681 k0.7679 

1.21 7 f 0.1047 1.202 *O. 1248 1.202 f 0.0838 1.261 *O. 1235 

93.5 f 8.08 91.5 f 18.76 94.3 * 6.73 89.6* 19.45 
1.351 &0.0734 1.315*0.0799 1.361 k0.0947 1.306*0.0733* 

912 8 812 8 10128 13/29 

Utility (Adequacy) for CERHR Evaluation Process: This study (1 11) is usehl for risk extrapolation 
purposes, with the caveat that exposures were delivered as bolus doses by means of gavage administration, 
which is unlikely to mirror expected human exposure. The study design limits developmental toxicity 
conclusions to exposure during the prenatal period. 

The FDA (112) sponsored a “Teratologic evaluation of FDA 71-56 (Propylene Glycol) in mice, rats, 
hamsters and rabbits.” These prenatal studies were conducted under contract for FDA by the Food 
and Drug Research Laboratories, Inc. in East Orange, NJ. [This NTIS available report does not 
give detailed experimental protocol information (such as chemical purity, stability, or dose 
analysis). Protocol details such as gross necropsy and examination of uterine contents methods 
are not given.] 

Mice 
Timed-mated outbred CD-1 albino mice (25/group) were dosed by oral intubation with propylene glycol 
as a water solution from gd 6 to 15. Observation of the vaginal sperm plug occurred on gd 0. Dose 
groups were 0,16,74.3,345, and 1,600 mg/kg bw/day. Aspirin at a dose of 150 mg/kg bw was used as a 
positive control. Body weights of the dams were recorded on gd 0,6, 11, 15, and 17. Food consumption 
and clinical signs were also monitored [stated in text, but data not reported]. All but one pregnant 
dam in the 74.3 mglkg bw/day dose group survived to term. [No maternal deaths were reported 
in the other dose groups.] On gd 17 all dams were anesthetized and a Cesarean section performed. 
There were no apparent treatment-related differences in the number of implantation sites, resorptions, 
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fetal body weight, and viability among the dose groups. All fetuses were examined for external 
abnormalities, 1/3 of the fetuses from each litter were Wilson sectioned for visceral examination, the 
remaining 2/3 of each litter were examined for skeletal defects by clearing the tissue with potassium 
hydroxide and staining the bone with Alizarin Red S dye. [Cartilage was not stained.] 

Sham 

The following conclusion was reported for mice by the study authors (112): 
“The administration of up to 1,600 mg/kg body weight of the test material to pregnant mice for 
10 consecutive days had no clearly discernible effect on nidation or on maternal or fetal survival. 
The number of abnormalities seen in either soft or skeletal tissues of the test groups did not differ 
from the number occurring spontaneously in the sham-treated controls.” 

Aspirin PG 
(mg/kgbw) (mg& bw) 

150 16.0 74.3 345.0 1,600.0 

Results in mice are listed in Tables 3-3 and 3-4. 

Total # 

Died/aborted (before gd 17) 

To term (on gd 17) 

22 23 22 22 20 23 
0 0 0 1 0 0 
22 23 22 21 20 23 

Total # 

implantation Sites I 
22 22 22 21 20 21 

Avg/dam 11.8 12.5 11.8 11.8 11.3 11.0 

Live Fetuses 

45.5 34.8 

- 4.35 

% dams with partial 

% dams with complete 

resorptions 

resorptions 

31.8 14.3 50.0 17.4 

- 4.35 - - 

Dead Fetuses I 

Avg/dam 

Sex ratio (M/F) 
Avg Fetus wt, in grams 

10.4 11.5 11.4 11.4 10.5 10.2 
0.78 0.74 0.80 0.79 0.86 0.86 

0.90 0.84 0.88 0.90 0.91 0.96 

0 0 0 3 8 4  

% litters with dead fetuses 

% litters with all dead 
fetuses 
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31.8 - 9.09 19.1 20.0 4.35 
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Table 3-4. Summary of Mouse Fetal Skeletal and Soft Tissue Findings for PG" (112) 

Live Fetuses Examined 

Aspirin PG 
Sham (m&kgbW! (mg/kg bw! 

150 16.0 74.3 345.0 1,600.0 
161/22 185122 173122 17012 1 145120 16512 1 

Incomplete ossification 

Bipartite 

Extra 
Missing 

6611 6 3411 5 624 8 75/16 3911 1 28/12 

- 917 212 - 614 313 

- - 312 - - - 

22/10 2611 1 1417 1117 33/10 1316 

Incomplete ossification 
Fusedsplit 

- 111 - - - 111 
- - - 111 - - 

More than 13 37/13 41/18 30116 34/16 I 24/13 I 38/18 

Hyoid, reduced I 19/10 I 1117 I 19/11 I 27/13 I 27/11 I 16/12 

Soft Ti'isue 

Incomplete ossification I 3 12 816 21 1 111 1014 914 

Incomplete closure 

Rats 
Timed-mated Wistar albino rats (25/group) were dosed by oral intubation with propylene glycol as a 
water solution from gd 6 to 15. Observation of the vaginal sperm plug was gd 0. Dose groups were 
0, 16, 74.3, 345, and 1,600 mgkg bw/day. Aspirin at a dose of 250 mgkg bw was used as a positive 
control. Body weights of the dams were recorded on gd 0, 6, 11, 15, and 20. Food consumption and 
clinical signs were also monitored [stated in text, but data not reported]. All dams survived to 
term. On gd 20 all dams were anesthetized and a Cesarean section performed. There were no apparent 
treatment-related differences in the number of implantation sites, resorptions, fetal body weight, and 
viability among the dose groups. All fetuses were examined for external abnormalities, 1/3 of the 
fetuses from each litter were Wilson sectioned for visceral examination, the remaining 2/3 of each 
litter were examined for skeletal defects by clearing the tissue with potassium hydroxide and staining 

- 111 - - - 313 

11-54 

Incomplete ossification 

0 0 8 3 8 5  

- 716 - - 713 3 12 

I Gastroschisis 1 / 1 1  - I - I - 1 1 / 1 1  - 

Meningo-encephalocele I - - - - 111 - 



the bone with Alizarin Red S dye. [Cartilage was not stained.] 

Sham 

The following conclusion was reported for rats by the study authors (112): 
“The administration of up to 1600 mg/kg/ (body weight) of the test material to pregnant rats for 
10 consecutive days had no clearly discernible effect on nidation or on maternal or fetal survival. 
The number of abnormalities seen in either soft or skeletal tissues of the test groups did not differ 
from the number occurring spontaneously in the sham-treated controls.” 

Results in rats are listed in Tables 3-5 and 3-6. 

Table 3-5. Rat Maternal and Fetal Toxicity Data for PG [no statistical analyses reported] (112) 

Aspirin PG 
(mflgbw) (mg/kg bw) 

250 16.0 74.3 I 345.0 I 1,600.0 

Total # 22 21 
Died1 aborted (before gd 20) 0 0 

23 22 20 24 

0 0 0 0 

To term (on gd 20) 

I Total # - - I  22 I 2 0  I 2 3  I 2 2  I 2 0  I 2 4  

22 21 23 22 20 24 

Avgldam 11.4 10.7 11.2 I 11.1 12.3 10.7 

I Live Fetuses 

% dams with partial 
resorptions 

‘YO dams with complete 
resorptions 

18.2 42.9 17.4 4.55 10.0 - 

- - - - - 4.76 

-: No data presented in FDRL report. The reason for the lack of data was not specified. 

Avgldam 

Sex ratio (ME) 
Avg fetus wt, in grams 

0 0 0 3 8 6  

11.1 9.43 11.0 11.0 12.1 10.7 
0.90 1.06 1.02 1.05 0.83 0.98 

3.39 2.68 3.91 3.73 3.91 3.75 

11-55 
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Table 3-6. Summary of Rat Fetal Skeletal and Soft Tissue Findings for PG" (112) 

Ribs 

Scoliosis 

Incomplete ossification 

~~ 

- - - - - 111 

- 101119 111 1317 3 I3  1819 

Incomplete closure 

Missing 

Hamsters 
Timed-mated outbred Golden hamsters (25/group) were dosed by oral intubation with propylene 
glycol from gd 6 to 10. Observation of motile sperm in the vaginal smear was gd 0. Dose groups 
were 0, 15.5,72,334.5, and 1,550 mgkg bwlday. Aspirin at a dose of 250 mg/kg bwlday was used as 

26/14 4711 6 27/15 2311 1 22/11 25/13 
- - - 612 - - 
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- - - 311 - - 

Hydrocephalus - - - - 111 - 



a positive control. On gd 14, a Cesarean section was performed. There were no apparent treatment- 
related differences in the number of implantation sites, resorptions, fetal body weight, or viability 
among the dose groups. All fetuses were examined for external abnormalities, 1/3 of the fetuses 
from each litter were Wilson sectioned for visceral examination, the remaining 2/3 of each litter were 
examined for skeletal defects by clearing the tissue with potassium hydroxide and staining the bone 
with Alizarin Red S dye. [Cartilage was not stained.] 

Sham 

The following conclusion was reported for hamsters by the study authors (2 22): 
“The administration of up to 1550 mg/kg/ (body weight) of the test material to pregnant hamsters 
for 5 consecutive days had no clearly discernible effect on nidation or on maternal or fetal survival. 
The number of abnormalities seen in either soft or skeletal tissues of the test groups did not differ 
from the number occurring spontaneously in the sham-treated controls.” 

Aspirin PG 
(mflgbw) (mg/kg bw) 

250 15.5 72.0 I 334.4 1 1,550.0 

Results in hamsters are listed in Tables 3-7 and 3-8. 

Total # 

Diedlaborted (before gd 14) 
To term (on gd 14) 

Table 3-7. Hamster Maternal and Fetal Toxicity Data for PG [no statistical analyses reported] (112) 

21 21 24 25 22 22 
0 2 0 0 0 1 

21 19 24 25 22 21 

Total # 21 19 24 25 22 21 

Avgldam 14.3 15.2 13.8 13.8 14.2 13.7 

% dams with complete 
resorptions I - / -  1 - 1 - 1 - 1 1  
% dams with partial resorptions I 4.76 I 21.1 

Live Fetuses 

12.5 20.0 4.55 28.6 

Avgldam 
Sex ratio (ME) 

14.2 14.6 13.5 13.5 14.1 12.4 
0.95 0.79 1.12 1.07 0.91 0.94 

0 0 0 3 8 8  

Avg fetus wt, in grams 

11-57 

1.74 1.78 I 1.79 I 1.80 1.84 I 1.79 

% litters with dead fetuses 
% litters with all dead fetuses 

4.76 10.5 8.33 8.00 4.55 14.3 
- - - - - - 



Table 3-8. Summary of Hamster Fetal Skeletal and Soft Tissue Findings for PG" (112) 
I 

Sham 

Live Fetuses Examined 20712 1 

Aspirin PG 
( m d k b w )  (mg/kg bw) 

250 15.5 72.0 334.4 1,550.0 
193119 228124 233125 2 14/22 18412 1 

Incomplete ossification 6711 8 167119 51/17 58/19 63/16 

Bipartite 23/14 26/14 23/15 15/10 30115 

Extra 111 111 111 111 
Missing 37/13 45/15 47/17 2011 1 24/10 

57/15 

17/11 

614 

27/12 

Fusedsplit 
More than 13 41/17 30114 37/14 4712 1 63/19 

Rabbits 
Dutch-belted female rabbits were dosed by oral intubation with propylene glycol fiom gd 6 to 18. Dose 
groups were 0, 12.3,57.1 , 267, and 1,230 mgkg bw/day. 6-Aminonicotinamide (2.5 mgkg) dosed on gd 
9 was a positive control. On gd 0, each doe received an injection of human chorionic gonadotropin (400 
IU) and 3 hours later was artificially inseminated with diluted donor buck semen. On gd 29 a Cesarean 
section was performed. There were no apparent treatment-related differences in the number of corpora 

111 
31/13 
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- - Scoliosis 111 

Incomplete ossification 413 513 412 

0 0 0 3 8 9  

- - - 

312 212 111 

~~ 

Incomplete closure - - - - 212 - 

Incomplete ossification - 111 212 414 312 111 

Hyoid, missing 
Hyoid, reduced 

414 212 515 212 1/1 - 

916 25/10 715 111 513 - 



lutea, implantation sites, resorptions, fetal body weight, and viability among dose groups. All fetuses 
were examined for external abnormalities. The live fetuses from each litter were placed in an incubator 
for 24 hours for evaluation of neonatal survival. All surviving pups were sacrificed at the end of that time 
and examined by dissection for visceral abnormalities. All fetuses were cleared with potassium hydroxide 
and stained with Alizarin Red S dye and examined for skeletal defects. [Cartilage was not stained.] 

Sham 

The following conclusion was reported for rabbits by the study authors (112): 
“The administration of up to 1230 mg/kg/ (body weight) of the test material to pregnant rats 
[sic] for 13 consecutive days had no clearly discernible effect on nidation or on maternal or fetal 
survival. The number of abnormalities seen in either soft or skeletal tissues of the test groups did 
not differ from the number occurring spontaneously in the sham-treated controls.” 

6AN” PG 
(m@gbw! (mg& bw! 

2.5 12.3 I 57.1 I 267.0 I 1,230.0 

Results in rabbits are listed in Tables 3-9 and 3-10. 

Total # 
Died aborted (before gd 29) 
To term (on gd 29) 

Table 3-9. Rabbit Maternal and Fetal Toxicity Data [no statistical analyses reported] (112) 

11 10 11 12 14 13 
0 0 2 1 2 0 
11 10 9 11 12 13 

Total # 
Avddam 

156 176 182 190 198 199 
11.1 11.7 10.1 13.6 10.4 13.3 

Total # 
I Live Litters 

11 10 9 11 12 13 

% dams with complete 
resorptions 

* 

Avddam I 6.36 I 6.90 I 7.67 I 6.36 I 5.25 I 7.54 

- - - - - - 

Resorptions 
% dams with partial resorptions I 45.5 I 50.0 I 22.2 I 45.5 I 16.7 I 15.4 

Avgldam 

Avg fetus wt, in grams 
Sex ratio (MIF) 

5.91 5.00 7.33 5.00 5.08 7.31 
0.8 1 0.79 1.13 1.29 0.69 1.11 
42.3 32.5 36.4 39.9 42.9 39.0 

I Live Fetuses I 

- - - - Total - - 

* 6-Aminonicotinamidc, positive control 
-: No data presented in FDRL report. The reason for the lack of data was not specified. 

0 0 0 3 9 0  
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Table 3-10. Summary of  Rabbit Fetal Skeletal and Soft Tissue Findings for PG** (112) 

* 6-Aminonicotinamide, positive control 
**Number of fetuses affectedNumber of litters affected 
-: No data presented in FDRL report. The reason for the lack of data was not specified. 

Species 

Mice 

Rats 

Hamsters 

Rabbits 

Based upon the conclusions of the study authors, the NOAELs for maternal and fetal toxicity of 
propylene glycol were at the highest dose tested are summarized in Table 3- 1 1. 

NOAEL (mgkg bw/day) 
(at highest dose tested) 

L 1,600 
L 1,600 
21,550 
21,230 
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Strengths/Weaknesses: In general, adequate numbers of animals (2 5 dams per treatment group) were 
employed in these studies (112). In most cases, average and percent summaries were provided without 
associated standard errors, which prevented an assessment of the statistical significance of differences 
reported. Differences between the negative control and dose groups were small and not likely to be 
statistically different, but there were a few cases where formal analysis would have been helpful. 
The report provided detailed information only on fetal weights and resorptions but no corresponding 
information on malformations, nor was detailed information on maternal body weights over the 
course of the study presented. No historical control data were presented to allow assessment of the 
importance of observance of specific malformations. A variety of endpoints were assessed, including 
both maternal and fetal endpoints. Multiple doses of test compound were used in each species, so 
dose-response relationships could be assessed. 

Aspirin was used as the positive control treatment for mice, rats, and hamsters and 6-aminonicotin- 
amide was used for rabbits. Results indicate that aspirin is only mildly teratogenic for mice and 
hamsters but is strongly teratogenic for rats. 6-aminonicotinamide is clearly teratogenic for rabbits. 
The use of a weak positive control makes clear conclusions for mice and hamsters more difficult. 

The major limitation in the study is in the presentation. Very few experimental details were presented, 
and it is not clear if any formal statistical analysis was performed. For example, the rationale for 
the selection of the positive control and the doses used is not given. The sequence for necropsy of 
the dose groups is not known. Whether the necropsy was done on an entire dose group within the 
same time period or over the entire necropsy period can affect the findings of minor developmental 
delay (such as delayed ossification and wavy ribs). Such findings can be apparent in the first groups 
sacrificed, but not as apparent in later groups. Detailed necropsy information such as the number of 
unossified vertebrae is not reported. In some cases, it is not possible to reconstruct litter incidences 
of effects from the data presented. The same endpoints were not collected across all species; for 
example, the number of corpora lutea were apparently only recorded for rabbits and not for the other 
three species. While the average numbers of implantation sites across test groups in mice, rats, and 
hamsters suggest that propylene glycol did not have a large impact on pre-implantation loss, it would 
have increased confidence in the data if corpora lutea had also been counted. 

At the highest dose tested, propylene glycol did not seem to affect mice or hamsters in the parameters 
examined (maternal weight, number of implants per litter, fetal weight, death and resorptions, and 
malformations). A large number ofmalformations were observed inmice across all treatments, including 
positive and negative controls, causing concern about the validity of the whole study. Similar concerns 
are not present for hamsters. With rats, higher numbers of wavy ribs and incomplete ossification of the 
vertebrae were observed at the same level as the positive control, suggesting a propylene glycol effect. 
The incidences of these defects did not appear to be dose-related. No propylene glycol effects were 
observed in rabbits. 

Utility (Adequacy) for CERHR Evaluation Process: These data (112) would appear to be of limited 
use for the CERHR evaluative process. The lack of detail presented in the report as well as the 
lack of statistical analysis makes it difficult to form solid conclusions. The lack of formal statistical 
analysis suggests that these data might be more useful to help confirm results demonstrated in other 
studies. In two of the four studies, the choice of the positive control compound does not appear to be 
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appropriate. Generally, propylene glycol did not appear to have had major adverse effects in any of 
the four species tested and, when effects were present, they did not appear to be dose-responsive. The 
study suggests that the NOAEL level for mice, hamsters, and rabbits is at least 1,600, 1,550, 1,230 
mg/kg bw/day, respectively; the levels are given in Table 3-1 1. The appropriateness of the NOAEL 
level for rats (1,600 mg/kg bw/day) given in Table 3-1 1 depends on the importance attributed to 
the rib and vertebrae malformations observed. The general lack of effect gives some measure of 
comfort, but important observations may not have been made. The Panel judges the data in this report 
insufficient to predict human health effects. 

Compound 

Control (water) 
Propylene Glycol (in water) 

Kavlock et al. (113) employed an in vivo teratology screening procedure to evaluate propylene glycol 
along with 45 other chemicals. Timed-pregnant CD-1 mice (approx. 60-days-old) were dosed with 
propylene glycol in water [YO purity not stated] by oral gavage on gd 8-12 at a dose of 10,000 mgkg 
bw/day. In this assay, pregnant females were dosed at a level predicted to induce a mild degree of maternal 
toxicity or at a level stated in the literature to be teratogenic. In the propylene glycol experimental block, 
a control group was dosed with water (40 mice) and groups of 30 mice were exposed to propylene 
glycol or another substance (sucrose). Maternal toxicity endpoints examined were number pregnant, 
mortality, and number of animals with resorptions. For fetal toxicity, the number of live pups and their 
weights on pnd 1 and 3 were recorded. Data analysis was performed using the General Linear Models 
procedure on SAS. When a significant effect of treatment was detected by ANOVA analysis, individual 
group means were compared with a Student’s t-test on least-squares means. 

PND 1 PND 3 

# live wt (g) # live wt (s) 
* 10.08 *0.46 1.59*0.02 10.00*0.45 1.88*0.04 
10.60+0.44 1.53k0.03 10.52*0.44 1.84&0.03 

For propylene glycol, maternal and fetal parameters were not significantly different from values of 
control animals. Out of 30 animals dosed with propylene glycol, 83% were pregnant; no dams died 
and there were no resorptions. For 40 control animals dosed with vehicle, 68% were pregnant; no 
dams died and there were no resorptions. Neonatal values for pup survival and weight are included 
in Table 3-12. 

Table 3-12. Pup Survival and Weight after Treatment of Pregnant CD-1 Mice by 
Gavage with Propylene Glycol (10 g/kg bw/day) from gd 8 to 12 (113) 

*mean& standard error of the mean 

Strengths/Weaknesses: An adequate number of mice were used in this study (113) in the group exposed 
to propylene glycol. Only a single dose of propylene glycol was used, and the endpoints evaluated and 
the dosing period used are not those commonly evaluated in a comprehensive developmental toxicity 
study. 

Utility (Adequacy) for CERHR Evaluation Process: These data appear to be of limited value for the 
CERHR evaluative process. A high dose of propylene glycol was used with no apparent adverse 
effects on the offspring, which is reassuring. However, the lack of a dose-response, as well as the 
differences in measured endpoints, make these data less convincing. 
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3.2.2 Injection 

Dilution 

Undiluted 

Diluted 1:l  

3.2.2.1 Prenatal toxicity 

% Malformed 
I+ of Ems  % Surviving Embryos 

227 90 21 

165 82 27 

Chick eggs 
In an early study by Gebhardt (114), propylene glycol was found to be teratogenic when injected into 
chick eggs. Eggs (avg wt 59 g) from White Leghorn chickens were used in this study. Propylene glycol 
[0.05 mL, >99% purity] was injected into the air chamber or yolk sac of the egg. Control eggs had 
the same size needle inserted into the egg for 2 seconds, but were not injected. Eggs (1 8-30) were 
injected on one of incubation days 0 through 7 with either propylene glycol or sham treatment. Eggs 
were rotated hourly and incubated at 38°C and 55% relative humidity. Candling was done on the fourth 
and sixth days of incubation and all unfertilized eggs and eggs with dead embryos were recorded and 
removed. Gross morphology was studied on the 1 Sh day of egg incubation by clearing the skeleton and 
staining with Alizarin Red S. [Statistical methods were not reported.] The number of embryos that 
died within the first 15 days of development were recorded and malformations in the surviving embryos 
were determined. The authors noted that the embryos were most sensitive to propylene glycol injection 
into the air chamber on day 4 of development, when 90% of the embryos died within 2 hours and 20% 
of the surviving embryos had asymmetric malformations of the limbs [time/percent mortality graph 
provided, no other data provided]. In a second experiment, propylene glycol or propylene glycol 
diluted 1 : 1 and 1 :2 in water was injected into the air chamber of day 4 chick embryos [see Table 3-13 
below, controls were not described by the authors]. The authors speculated that the apparent toxic 
effect of propylene glycol on day 4 may be due to disruption of the embryo vasculature. 

Diluted 1:2 

Table 3-13. Teratogenic Effect of Propylene Glycol Injected into the Air Chamber 
of 4-Day-Old Chick Embryos (114) 

144 I 57 I 8 I 
Strengths/Weaknesses: The study (I  14) was performed in a non-mammalian species. An adequate 
number of embryos were evaluated in each group. 

Utility (Adequacy) for CERHR Evaluation Process: These data appear to be of little use in the CERHR 
evaluative process. Experiments performed in chick embryos are not relevant to assessing risks to 
humans. Additionally, the data in this study conflict with those reported by Landauer and Salam 
(115), further weakening their relevance. 

Propylene glycol and dimethyl sulfoxide were compared with water as solvents for teratogens in chick 
embryos (125). Chick embryos (White Leghorn chicken eggs) were injected (0.2 mL) into the yolk 
sac with teratogen on day 4 of incubation and fetuses examined on day 19. Teratogens tested were: 
bidrin, 6-aminonicotinamide, 3-acetylpyridine, sulfanilamide, 3-amino- 1,2,4 triazole, physostigmine 
sulfate, and nicotine sulfate. The authors found less teratogenicity of known human teratogens when 

0 8 0 3 9 4  11-63 



the solvent was either dimethyl sulfoxide or propylene glycol as compared to water. Although the 
data for solvent injection alone are not presented in this paper, the authors stated that they did not find 
propylene glycol toxic to day 4 chick embryos as Gebhardt (114) previously reported. 

Strengths/Wea&esses: The study (1 14) was performed in a non-mammalian species. 

Utility (Adequacy) for CERHR Evaluation Process: These data appear to be of little use in the CERHR 
evaluative process. Experiments performed in chick embryos are not relevant to assessing risks to 
humans. 

3.2.3 Mechanistic and In Vitro Studies 

3.2.3.1 Embryo culture 
Kowalczyket al. (116) examined by in vitro culture the effects ofpropylene glycol, glycerol, and several 
alcohols on mouse preimplantation development. Random-bred mice (Harlan Sprague-Dawley) were 
superovulated (5 IU PMSG IP followed in 48 hours with 5 IU HCG) and paired with B6SJL/J males. 
Female mice were sacrificed on gd 2 (day of vaginal plug=gd 1) for collection of two-cell embryos 
or on gd 3 for collection of eight-cell morulae. Oviducts were flushed with M2 medium and embryos 
were cultured in Ham’s F-10 media. Embryos at the two-cell stage were washed 3x in Ham’s F-10 
and cultured 24 hours in medium containing 6-13 1 mM propylene glycol (0,0.05,0.1 , 0.2, or 1 .O%). 
Embryos were then washed in Hams F-10 (three times) and cultured in propylene glycol-free medium 
for 5 days to observe development to the blastocyst stage. Embryos collected at the morulae stage were 
exposed to propylene glycol for 24 hours. The percentage of embryos cavitating and the blastocoel 
volume was recorded at 0,4, 8, and 24 hours after removal of the propylene glycol from the medium. 
All experiments were repeated at least 3 times (43 embryodtreatment group, avg.). Differences in 
the control and treatment groups were tested for significance (p < 0.01) using Chi-Squared analysis. 
Embryos exposed to propylene glycol or glycerol exhibited development to the blastocyst stage 
that was comparable with controls. Morulae cultured 24 hours in medium with 0, 0.05, 0.1, 0.2, 
or 1.0% propylene glycol or glycerol cavitated at a rate that was comparable with stage-matched 
controls [data not shown]. Blastocoel volume expansion was unaffected [method referenced, but 
not described]. The authors concluded that the progression of preimplantation embryo development 
to the blastocyst stage is not affected by propylene glycol at 0.05, 0.1, 0.2, or 1.0%. The authors 
found that ethanol stimulated embryo development and cavitation whereas the other alcohols tested 
(methanol, 2-propanol, 1 -propanol, and 1 -butanol) were toxic to blastocyst formation. 

Strengthdweaknesses: Several doses of propylene glycol were tested for their effects on blastocyst 
formation and cavitation rate using a mammalian species. 

Utility (Adequacy) for CERHR Evaluation Process: Although reassuring in that the doses of propylene 
glycol used in the study had little effect on murine preimplantation development, these data appear to 
be of little use in the CERHR evaluative process. 

3.2.3.2 Cryoprotectant 
Propylene glycol is a permeating cryoprotectant used to depress the temperature at which intracellular 
ice forms and to stabilize the plasma membrane. It is routinely used as a cryoprotectant in the cryo- 
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preservation of human oocytes. In an effort to optimize cryopreservation of oocytes, a number of studies 
examined methods to improve cryopreservation techniques (117-124) [not reviewed in this report]. 

DYE 
Fluorescein diacetate 

Acridine orange 

Studies by Damien et al. (125) evaluated the usage of propylene glycol with faster ultra rapid embryo 
freezing protocols. The purpose of this study was to identify the maximal concentration of propylene 
glycol and sucrose that will not adversely alter the development of the mouse pronuclear stage embryo 
and to determine the mechanism by which propylene glycol mediates embryotoxicity. Pronuclear 
mouse zygotes from superovulated B6D2Fi mice were evaluated. Each series of experiments was 
replicated 3-5 times. In both the control and 1.5 M propylene glycol-treated group, 78% of the 
zygotes developed into 2-cell embryos. With 3 M propylene glycol, 7% of the zygotes developed 
into 2-cell embryos (ANOVA, P<0.05). The zygotes were observed over a 20-minute period at 22°C 
under phase optics. In a second series of experiments, pronuclear mouse zygotes were incubated in 
either fluorescein diacetate or Acridine Orange and then transferred to either phosphate buffered 
saline or propylene glycol in water [‘YO purity not reported]. Fluorescence is maintained as long 
as the cell membrane is not damaged and was retained in 98% of the zygotes exposed to 1.5 M 
propylene glycol, 81% (Chi-Squared test, P<0.05) exposed to 3.0 M propylene glycol, and 5% 
(Chi-Squared test, P<0.05) exposed to 6.0 M propylene glycol (Table 3-14). A shift in fluorescent 
wavelength at 3.0 M propylene glycol also indicated that the pH of the embryos had decreased. The 
authors concluded that a 20-minute exposure to 1.5 M propylene glycol did not affect embryonic 
development, while concentrations greater than or equal to 3 .O M inhibited embryonic development 
through cell membrane damage and pH changes. 

OMPG I S M  PG 3.0M PG 6. OM PG 
1 OO(52) 98(50) 8 1 (53)* 5(64)* 

95(56) 95(40) 7(46)* 0(32)* 

Strengths/Weuknesses: The strengths of this study (125) are that 3 or 4 concentrations of propylene 
glycol covering a 12-fold concentration range were used in vitro to determine the effect of this 
compound on early embryonic development. Also, the authors carefully monitored volume changes 
and fluorescence. However, various concentrations of sucrose were also added to the zygotes. To 
determine the percentage of zygotes that developed into 2-cell embryos, the number of zygotes were 
pooled across sucrose concentrations, thereby ignoring any effect of sucrose. In addition, widely 
different numbers of zygotes were used in the experiments, from 66 in the 1.5 M propylene glycol 
group to 155 in the 0 M propylene glycol group. 

Utility (Adequacyjfor CERHR Evaluation Process: These data are of little use to the Panel in the 
CERHR evaluative process. 

3.2.3.3 Hydra Screening Assay 
In an evaluation of the utility of the hydra prescreening developmental assay to predict experimental 
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findings in laboratory animals (126), propylene glycol was one of 14 glycols and glycol ethers evaluated 
and compared to published animal data. Adult polyps of Hydru attenuata are grown under conditions 
[not specified] such that they will reproduce by asexual budding. For each assay, approximately 
700-1,000 adult hydra are dissociated mechanically into component cells and randomly re-associated 
into small pellets (-20 pellets) by gentle centrifugation. After 92 hours of incubation [conditions not 
specified], approximately 10-20 adult hydra will form from each pellet and form free-standing polyps. 
By incubation of adult hydra or pellets in the presence of test chemical at log increment dilutions, 
the minimum effective concentrations (MEC) of the test substance capable of producing adult (A) 
and developmental (D) toxicity can be determined. The A/D ratio will increase in size as embryo 
toxicity increases over adult toxicity [controls or further experimental details were not reported, no 
statistical methods were reported]. The A/D ratio reported by the authors for propylene glycol was 
1.3. [Results for propylene glycol and how toxicity detected or measured were not discussed by the 
authors.] Although no animal data or rank order are given, the authors conclude, “The results of these 
hydra assays of glycols and glycol ethers typify results to be expected in mammals’’ (Table 3-15). 

A=MEC (adult) 
m L L  Test Chemical Am D=MEC(‘embryo 9 

mUL 
Ethylene glycol (EG) 
Propylene glycol 

~ ~ 

Hexylene glycol 

50 30 1.7 
40 30 1.3 

I 20 I 6 I 3.3 
EG monomethyl ether 

EG monoethvl ether 
40 30 1.3 
30 6 5 

~~ ~ 

EG monobutyl ether 
EG monophenyl ether 

EG monomethyl ether monoacetate 
1 0.3 3.3 

0.7 0.7 1 .o 
Errnonoethyl ether monoacetate I 0.6 I 0.6 I 1 .o 

I Diethylene glycol 

EG diacetate I 0.2 I 0.2 I 1 .o 
30 30 1 .o 

I Diethylene glycol monomethyl ether I 30 I 20 I 1.5 

Strengths/Weaknesses: A major weakness in the Johnson et al. (126) study is the use of an invertebrate 
animal. 

Utility (Adequacy) for CERHR Evaluation Process: These data (126) are of little use in the CERHR 
evaluative process. These experiments were performed in artificial ‘embryos’ created from dissociated 
marine invertebrates. Data from this assay are not relevant to assessing risks to humans. 

3.3 Utility of Data 
No human data on developmental toxicity in humans were identified. Based upon the Driscoll et al. 
(I I I) study, the Panel concluded that the available data are sufficient to evaluate prenatal developmental 
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toxicity by the oral route in mice. Although data for other experimental animal species by the same 
route are inadequately presented, the finding of a lack of an effect is consistent with results of the 
Driscoll study. There were no acceptable postnatal developmental studies identified by the Panel. 
However, the lack of an effect on postnatal survival and reproductive performance after oral exposure 
of the pregnant mouse was determined for propylene glycol in a continuous breeding study addressed 
in Section 4.2 (127). These data are sufficient to assess prenatal, but insufficient to assess postnatal, 
developmental toxicity in humans. 

3.4 Summary 

3.4.1 Human Data 
No human data on developmental toxicity were identified. 

3.4.2 Experimental Animal Data 
A prenatal developmental toxicity study was conducted in mice orally exposed to propylene glycol at 
the Bushy Run Research Center (111). Under the conditions used in this study, which was performed 
in compliance with EPA GLP regulations, a developmental toxicity NOEL [NOAEL3] for fetuses of 
10.0 g k g  bwlday was reported; this was the highest dose tested. The maternal NOEL [NOAEL] was 
0.50 glkg bwlday based on increases in water consumption observed at 5.0 and 10.0 g k g  bwlday. It 
is reasonable to speculate that this effect was a physiological response to the high doses of propylene 
glycol administered. 

Prenatal developmental toxicity studies were conducted in mice, rats, hamsters, and rabbits orally 
exposed to propylene glycol at the Food & Drug Research Laboratories, Inc. (112) under contract for 
the FDA. NOAEL levels determined for maternal and fetal toxicity were at the maximum doses used: 
1.6 g k g  bwlday for rats and mice, 1.55 g k g  bwlday for hamsters, and 1.23 glkg bwlday for rabbits. 
Propylene glycol did not appear to have any major adverse effects in any of the four species tested. 
Unfortunately, detailed information on study design is not presented in this report, and no statistical 
information is presented. Although propylene glycol is apparently without detrimental effect to the 
fetus, the Panel concluded that these data, as presented, are inadequate to be used as the sole study to 
interpret developmental toxicity. 

Propylene glycol was also tested in a CD-1 mouse screening assay by Kavlock et al. (113). Timed- 
pregnant CD-1 mice were dosed with propylene glycol in water by oral gavage on gd 8-12 at a dose 
of 10 glkg bwlday. Endpoints examined were number of dams pregnant, mortality, and the number of 
dams with resorptions; the number of live pups and their weights on pnd 1 and pnd 3 were recorded. 
No significant adverse effects were noted for the maternal and fetal parameters evaluated. The Panel 
concluded that although an adequate number of animals were used, the endpoints evaluated and the 
dosing period used were not adequate for a comprehensive developmental toxicity study. 

The Panel concluded that the available data are sufficient to evaluate the developmental toxicity of 
propylene glycol in mice. Data from the Driscoll et al. (111) study indicate that oral prenatal exposure 

Since the Expert Panel is considering only adverse effects in the selection of effect levels, the terminology of NOAEL 
or LOAEL will be used throughout this document. 
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to propylene glycol is not a developmental toxicant at doses of up to 10 g/kg bw/day in mice. Data 
in several other species, while inadequately presented, are consistent with the findings in the mouse. 
The only data available to evaluate postnatal effects of propylene glycol are those from the continuous 
breeding study in mice conducted for an assessment of possible fertility effects (128). When mice 
were exposed throughout gestation and lactation and to 34 weeks of age with estimated doses as high 
as 10 g/kg bw/day, no adverse effects were observed on fertility indices. These data suggest that 
development was not significantly impaired. 
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4.0 REPRODUCTIVE TOXICITY DATA 

# 
females 

4.1 Human Data 
No human reproductive toxicity studies were identified. 

Avg # 

with born born pups(& weaned dam 
litters 

# 

of PUPS/ 
females #litters #pups Avg wtof #ofpups 

4.2 Experimental Animal Data 
An early report examined the toxicology and reproductive performance of rats [strain not specified] 
fed propylene glycol [purity not specified] or glycerol in the diet (129). Minimal experimental 
information is reported. However, some data are provided from this multigeneration reproductive 
study in which the animal diets were formulated so that an isocaloric amount of propylene glycol 
(from 0-30% (w/w)) replaced cornstarch in the feed. Animals were monitored and continued on 
the diet through three successive generations. Animals were fed ad libitum and body weights were 
measured weekly. Six dose groups and one control group (three males and six females per group) 
were used. Two females were housed with one male [length of time not reported]; a weekly record 
was made of the average amount of diet consumed. At 70-80 days of age, females were monitored 
for pregnancy and removed to individual cages before litter delivery. The number, date, and average 
weight of the young were recorded. Less thrifty pups were culled if the number exceeded six pups 
per litter. Litters were weighed at weekly intervals until weaning. Three males and six females were 
chosen per dose group from the first litter animals and retained on the same diet. The study was 
continued through three successive generations. The authors provide a summary table of “Composite 
responses of three generations of female rats produced on each of several diets” [food consumption 
data are not provided] (see Table 4-1). 

Table 4-1. Composite Responses of  Three Generations of  Female Rats 
Produced on PG in the Diet (129) 

0 

2.5 

5 .O 

7.5 

10.0 

20.0 

30.0 

36 I 36 I 91 I 689 I 6.0 I 422 I 19.1 

18 I 16 I 38 I 260 I 5.5 I 147 I 16.3 
18 I 18 I 40 I 315 I 5.4 I 193 I 17.5 
18 I 18 I 40 I 229 I 5.8 I 144 I 12.7 
18 I 16 I 46 I 280 I 5.8 I 158 I 17.5 
18 I 16 I 38 I 204 I 6.0 I 120 I 12.7 
18 I 9 I 18 I 113 I 6.0 I 77 I 12.5 

Avg # 

litter 
of PUPS/ 

7.4 

6.8 
7.8 
5.7 
6.1 
5.4 
6.3 

This data table shows that the percentage of females reproducing ranged from 88-100% for the 0 -20% 
propylene glycol dose groups and 50% for the 30% propylene glycol dose group, and the average 
number of young born per litter ranged from 5.4 to 7.8 pups for the 0-30% propylene glycol dose 
groups. The authors noted that in the 30% propylene glycol dose group, 18 females had 11 litters born 
from the first generation females, 6 litters from the second, and one litter from the third generation, 
and that “Rats receiving the 30% propylene glycol diet failed to produce the third generation of 
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young.” The authors conclude that “In view of the limited data available, it is difficult to state with 
any degree of certainty what effect the composition of the diet had on the ability of the females to 
reproduce.” [This report does not identify the specific statistical methods used.] 

% P G ~ / % P G ~  

1010 
10/10 
2010 
20120 

Following this study, some of the progeny from the third generation (9 males and 18 females each from 
the 10 and 20% propylene glycol dose groups) were continued through three additional generations. 
The animals from each of these groups were subdivided into three subgroups containing three males 
and six females. The animals of one subgroup were continued on the original diet of either 10 or 20% 
propylene glycol; the animals of the second subgroup were changed to control diet (0% propylene 
glycol); the animals of the third subgroup were changed to a corresponding dose of glycerol. Data 
reported for subgroups one and two are presented below (see Table 4-2). 

#females 

14 
16 
18 
18 

Table 4-2. Composite Responses of Three Generations of Female Rats 
Produced on PG in the Diet (129) 

# litters 
born 

#pups Avg wt oj  
born P U P S  (g) 

#females 
with 

litters 
14 
16 
18 
18 

32 226 5.5 
35 223 5.4 
39 361 5.6 
35 237 5.6 

# of PUPS 
weaned 

158 
158 
197 
154 

Avg # of  
pups/dam 

16.1 
14.0 
20.6 
13.2 

Avg # of 

6.4 
9.3 
6.8 

a Previously fed diet for three generations 
Diet during three-generation test period 

These data show that the percentage of females reproducing was 100% for the 0-20% propylene 
glycol dose groups and the average number of young born per litter ranged from 6.4 to 9.3 pups for 
the 0-20% propylene glycol dose groups. [The authors did not comment on these data and failed 
to provide information on their statistical analyses.] 

Strengths/Weaknesses: The rat study cited above (86, 129) was conducted more than 50 years ago, 
prior to GLP. Many experimental details (e.g., animal strain, statistics, and even some reproductive 
data) were not provided. 

Utility (Adequacy) for C E M R  Evaluation Process: Since many experimental details are not provided, 
this study (129) is not useful in assessing reproductive hazard. 

There has been one other multigeneration reproductive study on propylene glycol (127). 

NTP tested propylene glycol for reproductive/developmental toxicity in conjunction with testing of 
glycol ethers in order to examine structure-activity correlations. Using the reproductive assessment 
by continuous breeding (RACB) protocol, Lamb (127) investigated the reproductive function of 
male and female mice (COBS cr1:CD-1 (ICR) BR outbred albino) exposed to propylene glycol in 
drinking water. A quality assurance audit was done on all study records. Propylene glycol (>99% 
purity) was chemically characterized. Stability studies and mixing studies were performed; aliquots 
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of all formulations were analyzed. Concentrations were within 5% of the nominal value. Standard 
statistical analyses were done on the reproductive and fertility data. Statistical significance was at 
the P=O.O5 level. Reproductive data were evaluated by the Cochran-Armitage test for dose related 
trends in fertility and mating indices; pairwise comparisons between the control and dose groups 
were made using Fisher's Exact test. Pup and litter data were evaluated by the Kruskal-Wallis test and 
Jonckheere's test. Pairwise comparisons were made with Wilcoxon's rank-sum test. All analyses were 
performed on males, females, and both sexes combined; to remove any potential effect of number of 
pups in litter on pup weight, an analysis of covariance was performed. 

A dose range-finding study (Task 1) was done with mice exposed to propylene glycol in drinking 
water for 14 days. Dose groups (8 male and 8 female mice/group; 2 mice of the same sex housed per 
cage) were 0, 0.5, 1 .O, 2.5, 5.0, and 10.0% (w/v) propylene glycol. During the testing period, there 
was no mortality in any of the dose groups. However, in the high-dose group, males and females 
gained weight over control animals (2 and 7% heavier, respectively) and animals in the 10% dose 
group drank more water than the control group (60% more for males and 58% more for females). 
[Food consumption not reported; caloric intake among dose groups not standardized.] 

Task 2 is designed to determine the effect of the chemical on fertility and reproduction. Animals 
were exposed to propylene glycol (>99% purity) in drinking water for a total of 18 weeks: one week 
prior to cohabitation, 14 weeks during cohabitation, and 3 weeks after cohabitation. A vehicle control 
group (40 maled40 females) and 3 dose groups of 20 males and 20 females per dose group were 
used. Based upon the results of Task 1, Task 2 drinking water concentrations were set at 0, 1 , 2.5,5% 
(w/v) propylene glycol. Chemical consumption estimates in this study were 0, 1.82, 4.80, and 10.1 
g/kg bw/day for each of the respective dose groups; body weights of Fo parents were monitored on 
study days 0, 7, 28, 56, 84, and 112. Live litters born during the cohabitation phase were weighed, 
sexed, and examined for external abnormalities and then sacrificed. Approximate delivery time and 
number of dead and cannibalized pups were noted. Offspring from the last litter (5th litter) of the 
control and high-dose groups were allowed to mature and reproductive performance was evaluated 
(Task 4). During the cohabitation phase, no chemical-related deaths and no significant chemical- 
related clinical signs of toxicity were noted. Propylene glycol had no significant effect on any of the 
following reproductive parameters in Fo animals: number of litters per pair, number of live pups per 
litter, sex ratio, pup weights, number of days to litter, and dam weights at delivery. Fo parents were 
not necropsied. 

F1 pup survival and body weights through pnd 14 were monitored in the control (34/39 littersheeding 
pairs) and the high dose groups (1 9/20 littershreeding pairs) from the final litter (Sth litter). Propylene 
glycol had no effect on F1 pup survival or body weight gain [note that dams were still being exposed 
to propylene glycol from the drinking water during the preweaning period]. 

A Task 3 crossover study is done to determine the affected sex. Since there was no effect of propylene 
glycol on fertility, this study was not conducted. 

Task 4 was designed to evaluate the reproductive performance of the last litter (Sth litter) from Task 2. 
F1 males and females (20 eachldose group) were randomly selected from the control and high-dose 
groups (5% propylene glycol in drinking water) in Task 2 and mated on pnd 64-84 to animals from 
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the same dose group. Breeding pairs were separated after 7 days of cohabitation or after detection of 
a copulatory plug; the male and female were then housed singly. F1 animals were weighed at weaning, 
first day of cohabitation, and then weekly. Water consumption was monitored weekly starting the 
first week after cohabitation. The high-dose group animals received exposure to propylene glycol 
throughout Task 2: from their dosed dam and then continuous exposure from drinking water (author- 
estimated daily dose of propylene glycol, 14.4 g/kg bw/day). There were no differences between the 
control and high-dose groups with respect to body weights or water consumption. The mating index 
for control and treated groups was 85%; the fertility index was 75% for control and 80% treated groups 
(nonsignificant). There were no significant differences in F2 litter size, number of live pups, sex ratio, 
or pup weights. After delivery of the F2 pups, the F1 adults were necropsied. Sperm morphology and 
vaginal cytology evaluations [on females that did not have pups] were conducted. There were no 
significant differences in body or kidney and liver weights or serum calcium concentrations (both 
sexes). In males, there were no significant differences in the average weights of seminal vesicles, 
right cauda, prostate, right testis, and right epididymis. Sperm motility, sperm counts, or incidence of 
abnormal sperm did not significantly differ from control animals. In females, there was no difference 
in estrual cyclicity when compared to control animals. No organs were examined histologically. 
[Note that for Task 2 and Task 4 food consumption not reported; caloric intake among dose 
groups was not standardized.] 

From the NTP studies, the authors concluded that propylene glycol administered in the drinking 
water at up to the 5.0% dose level had “no effect on the fertility and reproduction in adult or second 
generation CD-1 mice. Furthermore, there was no apparent effect with respect to body and organ 
weights (both absolute and adjusted), sperm motility, sperm counts per g caudal tissue, incidence of 
abnormal sperm, estrual cyclicity, and calcium levels in blood-serum of second generation mice.” 

The results of this NTP study are briefly summarized and compared to 47 other continuous breeding 
studies in a publication by Morrissey et al. (128). 

Bolon et al. (230) assessed differential follicle counts in mouse ovaries (ten mice/group) in animals 
that had been exposed to propylene glycol using the NTP continuous breeding protocol and reported 
that it had no effect on follicular counts. 

Strengths/Weaknesses: The NTP multi-generational study (12 7) provided an acceptable toxicological 
protocol, and found that propylene glycol administered in the drinking water at up to a 5% dose level 
had no effect on fertility and reproduction in adult and second generation mice. Only the mouse and 
the rat have been studied, and findings from the two rat studies were inconclusive. The NTP study 
using mice reported no reproductive toxicity. 

Utility (Adequacy) for CERHR Evaluation Process: This GLP study (127) is adequate for assessing 
reproductive hazard. 

4.3 Utility of Data 
There are no available data on the reproductive toxicity of propylene glycol in humans. An NTP 
multigeneration study (127) in mice concluded that propylene glycol administered in concentrations 
up to 5% (w/v) in the drinking water of mice did not cause reproductive toxicity in males or females 
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or their progeny. These data were judged by the Panel to be relevant to consideration of human risk. 

4.4 Summary 

4.4.1 Human Data 
No human reproductive toxicity studies were identified. 

4.4.2 Experimental Animal Data 
The study by Guerrant et al. (129) in rats were conducted more than 50 years ago, prior to GLP 
protocols. Many experimental details were not provided and the results are judged inconclusive by 
the Panel. 

In the NTP multi-generation study (127), propylene glycol was administered in the drinking water 
to mice at 0, 1,2.5, and 5% (wh) dose level; there was no effect on fertility or reproduction in the 
first and second generation mice. There was no apparent effect with respect to body, kidney, and 
liver weights, pup survival, sperm motility, sperm counts, incidence of abnormal sperm, or estrual 
cyclicity. During the cohabitation phase, no chemical-related deaths and no significant chemical- 
related clinical signs of toxicity were noted. Propylene glycol had no significant effect on any of the 
following reproductive parameters in Fo animals: number of litters per pair; number of live pups per 
litter; sex ratio; pup weights; number of days to litter; and dam weights at delivery. 

The Panel concluded that there is adequate evidence in mice that propylene glycol does not cause 
reproductive toxicity in males and females when exposure is up to 5% propylene glycol in drinking 
water over an 1 8-week exposure period (1 week prior to cohabitation, 14 weeks during cohabitation, 
and 3 weeks after cohabitation) or in their progeny. The Panel judged these data relevant for assessing 
human risk. 
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5.0 SUMMARIES, CONCLUSIONS AND CRITICAL DATA NEEDS 

5.1 Summary and Conclusions of Reproductive and Developmental Hazards 

5. I .  I Developmental Toxicity 
Prenatal developmental toxicity was assessed in CD-1 mice (gd 6-15), Wistar rats (gd 6-15), Golden 
hamsters (gd 6-1 0), andDutch-beltedrabbits (gd 6-1 8) by daily oral intubation. Neither developmental 
nor maternal toxicity was detected at the highest dose used in each of these studies (mice- 1.6 g/kg 
bw/day or 10.4 g k g  bwlday; rats- 1.6 glkg bwlday; hamsters-1.55 g/kg bwlday; rabbits- 1.23 glkg 
bw/day). These data are sufficient to conclude that propylene glycol is not a developmental toxicant 
in these species under these treatment conditions. These data are assumed relevant for assessing 
human hazard. No human developmental toxicity data were identified. 

5.1.2 Kinetics 
The pharmacokinetics of propylene glycol are reasonably well understood in humans as well as 
animals. Data indicate rapid and extensive absorption followed by rapid distribution into total body 
water. The rate-determining step in its metabolism is alcohol dehydrogenase which, when saturated, 
switches from a first order process into a zero order process. Saturation of metabolism appears to 
occur in rats and rabbits at a dose of about 1.6 to 2 glkg bw, whereas in humans this seems to 
happen at a dose of about 0.2 g/kg bw. Since alcohol dehydrogenase activity is not fully developed 
in infants, saturation of metabolism occurs at lower doses. In accordance with a zero order process, 
the half-life of propylene glycol in humans and rats increases from about 1.5 hours to more than 
5 hours with increasing doses above metabolic saturation. By a NAD-dependent reaction, alcohol 
dehydrogenase converts propylene glycol to lactaldehyde, which is further metabolized to lactate. 
Since propylene glycol has a chiral center, technical grade propylene glycol results in the formation of 
50150 D, L-lactate. L-lactate is indistinguishable from endogenous lactate, which is a good substrate 
for gluconeogenesis. D-lactate is less readily converted to glucose than L-lactate, which prolongs 
its half-life leading, under conditions of prolonged exposure (e.g., IV infusion), to D-lactic acidosis. 
It is difficult to cause L-lactic acidosis even with very high doses of propylene glycol because of its 
efficient detoxification via gluconeogenesis. 

The second reason for lack of development ofL-lactic acidosis is the saturation of alcohol dehydrogenase, 
which results in a constant rate of lactate production. Due to removal of L-lactate by gluconeogenesis, 
a further increase in lactate levels is not possible after saturation of metabolism. 

The excretion of propylene glycol is species-dependent. Humans clear about 45% of propylene glycol 
via kidney, and in dogs, up to 88%. In rats and rabbits, very little of the parent compound is excreted 
by the kidney until saturation of metabolism occurs. Inhibition of alcohol dehydrogenase by pyrazole 
increases urinary excretion of propylene glycol to 75% in rats, as expected. 

Since propylene glycol has very low intrinsic toxicity, saturation of metabolism plays a protective 
role in its toxicity since the conversion of propylene glycol to the more toxic lactate (particularly 
D-lactate) is slowed. Because of low alcohol dehydrogenase activity in infants and children, this 
protective effect is more pronounced in infants and up to 5 years of age. 
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There are few uncertainties in the kinetics of propylene glycol. They all relate to the expression of 
various isoforms of alcohol dehydrogenase in various species and in different tissues. An investigation 
of the above question almost certainly will provide the answer for the 8 -1 0 times lower dose required 
for saturation of metabolism in humans compared to rats and rabbits. 

5.1.3 Reproductive Toxicity 
In an NTP continuous breeding study (123, propylene glycol was administered to mice in the 
drinking water at up to 5% (w/v) [10.1 g/kg bw/day]. This dose had no effect on fertility of either 
males or females in either the first or second generation. These data are sufficient to conclude that 
propylene glycol is not a reproductive toxicant in males or females or in their progeny under the 
conditions of this study. These data are assumed relevant for assessing human hazard. No data on 
human reproductive toxicity were found. 

5.2 Summary of Human Exposure 
In 1999,1,083 million pounds ofpropylene glycol were produced in the U.S. with apparent consumption 
of 854 million pounds (5). Of the apparent amount consumed, uses included, in million pounds 
and percentages: unsaturated polyester resins (228, 26.7%); cosmetics and personal care products; 
pharmaceuticals, and human food (170, 19.9%); liquid detergents (135, 15.8%); deicing fluids (85, 
10%); antifreeze/engine coolant (55, 6.4%); paints and coatings (40, 4.7%); tobacco humectant (25, 
2.9%); other fluids (32, 3.8%); and other applications (84, 9.8%) (5). 

The general population is exposed to propylene glycol by oral intake, dermal contact, and inhalation. 
The average daily intake ofpropylene glycol from food products in the United States has been estimated 
at 2,400 mg/day [34 mgkg bw/day for a 70 kg person] (13). Propylene glycol is an inert ingredient 
in some pharmaceutical preparations. Propylene glycol is also found in many pharmaceuticals that are 
administered intravenously, which represents a unique exposure route for certain subpopulations. 

Occupational exposure to propylene glycol may occur through dermal contact or through inhalation 
of airborne propylene glycol from heating or spraying processes. An ATHA WEEL Guide of 50 ppm 
(total exposure) and an inhalation aerosol exposure of 10 mg/m3, each an 8-hour TWA, have been 
recommended (18). Propylene glycol occupational exposure data are limited to several small studies. 
Laitinen et al. (20) measured propylene glycol exposure in motor servicing workers. Propylene glycol 
was not detected in air, and urinary propylene glycol levels did not differ between exposed workers 
and unexposed controls. Norback et al. (19) measured airborne propylene glycol exposure (geometric 
mean 350 pg/m3, maximum 12,700 pg/m3) among Swedish painters during indoor application of 
water-based paints. Propylene glycol levels were measured in urine samples collected pre- and post- 
shift from aircraft deicing workers (range: 0.72-13.44 mg/L; 0.41 -10.58 mg/g creatinine); and in 
urine samples from a comparison group (range 0.29-10.7 mg/L, 1.18 mg/g creatinine) (22). In a 
NIOSH HHE of aircraft deicing workers, personal breathing zone air samples for propylene glycol 
over a 6-hour period ranged from 10 to 2 1 mg/m3, with a mean of 15 mg/m3 (24). 

5.3 Overall Conclusions 
No human data on reproductive or developmental toxicity are available. Although the serum half- 
life of propylene glycol is greater in infants and children than in adults, the concern for postnatal 
developmental toxicity in infants and children younger than 5 years of age is diminished by low levels 
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of alcohol dehydrogenase. Furthermore, published data documenting high blood levels of propylene 
glycol during continuous therapeutic infusion in pediatric intensive care patients 15 months of age 
and younger were not associated with any acute toxicity (66). The knowledge that human metabolism 
of propylene glycol saturates at an 8-10 times lower dose than in rats or rabbits provides further 
confidence that human developmental or reproductive risks are of negligible concern. 

Available data are sufficient to conclude that this compound is not a reproductive or developmental 
toxicant in mice, rats, hamsters, or rabbits. The oral dose levels identified from animal studies are: 

0 NOAEL 2 10 g/kg bw/d in mice, highest dose tested 
0 NOAEL 2 1.6 g/kg bw/d in rats, highest dose tested 
0 NOAELr 1.55 g/kg bw/d in hamsters, highest dose tested 
0 NOAEL 2 1.23 g/kg bw/d in rabbits, highest dose tested 

There are no major differences in general toxicity between humans and animals (except the cat), and 
toxicity only occurs at very high doses (LD50 values of 8-46 g/kg in rats, and is estimated to be >15 
g/kg bw in humans). 

Based on these findings, the Panel concludes that current estimated exposures to propylene glycol are 
of negligible concern for reproductive or developmental toxicity in humans. 

5.4 Critical Data Needs 
Although the Panel has only negligible concern for developmental and reproductive effects, it suggests 
that there is a critical data need for long-term follow up of children and pregnant women exposed to 
high dose propylene glycol from continuous IV infusion. 

0 0 0 4 0 7  
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Members of the Propylene OxideA’ropylene Glycol Panel are The Dow Chemical Company, 
Huntsman Corporation, and Lyondell Chemical Company. 

Re: Comments of the Propylene Oxide/Propylene Glycol Panel on the 
NTP-CERHR Expert Panel Report on the Reproductive and Developmental 
Toxicity of Propylene Glycol (NTP-CERHR-PG-03, May 2003) 
68 Federal Register:26325 (Mav 15.2003). 

Dear Dr. Shelby: 

The Propylene OxidePropylene Glycol Panel (PO/PG Panel) of the American 
Chemistry Council submits the attached comments in response to the National 
Toxicology Program (NTP) Center for the Evaluation of Risks to Human Reproduction 
(CERHR) Expert panel Report on the Reproductive and Developmental Toxicity of 
Propylene Glycol (Report) and the May 15,2003 Federal Register Announcemnt. The 
member companies of the PO/PG Panel comprise the major domestic producers of 
propylene glycol in the United States. * 

The POPG Panel commends the CERHR and expert panel participants for 
conducting an open and collegial review meeting, focused on the robust and voluminous 
scientific literature relevant to evaluation of the reproductive and developmental toxicity 
of the glycols. The POPG Panel agrees with the expert panel’s conclusion that “current 
estimated exposures to propylene glycol are of negligible concern for reproductive or 
developmental toxicity in humans” (p. 76). While agreeing with the overall conclusions, 
the POPG Panel also notes that many of the deficiencies of the December 2002 draft 
Report, especially those in Chapter 2 (“General Toxicology and Biological Effects”) 
remain unchanged in the May 2003 Report. As a result of the failure to heed the earlier 
comments, the expert panel’s conclusions are not as strongly supported as the data 
demonstrate. 
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Dr. Michael Shelby 
July 10,2003 
Page 2 

In lieu of reiterating previously submitted comments, the POPG Panel incorporates the 
comments of January 23,2003 into these comments by reference, with a request that special 
attention be paid to the review by Dr. Mark Udden, a clinical hematologist at Baylor College of 
Medicine, of the failure to heed our earlier comments. 

The comments included in the following submission expand on three significant 
deficiencies in the May 2003 Report that remain little changed fiom the December 2002 draft: 

0 Analysis of the data relating to wavy ribs and incomplete ossification of the vertebrae 
noted in the older FDA developmental toxicity study conducted in rats indicates that 
this common finding is not attributable to propylene glycol. 

Interpretation of information on the hematological effects of propylene glycol is 
inconsistent. overall, evidence that propylene glycol adversely affects red blood cells 
in rats and humans is lacking. 

0 Evidence for the existence of potentially sensitive sub-populations is inconsistent, and 
the CERHR conclusion that such sub-populations exist is not justified. 

Unfortunately, the CERHR does not contemplate further revision of the expert panel’s 

0 

Report. The POPG Panel requests therefore, that the deficiencies of the Report be addressed in 
the NTP-CERHR Monograph on the Potential Human Reproductive and Developmental Eflects 
of Propylene Glycol that will be prepared to complete the CERHR review process. 

Anne P. LeHuray at (703) 741-5630 or anne-lehuray@americanchemistry.com. 
If you or your staff has any questions, please contact the PO/PG Panel Manager, Dr. 

Sincerely yours, 

 

Enclosures I Courtney M. Price 
Vice President, CHEMSTAR 
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INTRODUCTION 
The Propylene Oxide/Propylene Glycol Panel (POPG Panel) of the American Chemistry 

Council (ACC) submits these comments in response to the National Toxicology Program (NTP) 
Center for the Evaluation of Risks to Human Reproduction (CERHR) notice (68 Federal 
Register:26325, May 15,2003) indicating that CERHR released the Expertpanel Report on the 
Reproductive and Developmental Toxicity of Propylene GIycoZ (Report). As described in the 
Federal Register notice, the Report is intended to reflect “the summaries and conclusions of the 
expert panel’s evaluation of  the scientific data for potential reproductive andor developmental 
hazards associated with exposure to ... propylene glycol.” 

The expert panel met in February 2003 to review and evaluate reproductive and 
developmental toxicities of propylene glycol. In response to the draft Report released in 
preparation for the February meeting (67 Federal Register:236, Dec. 9,2002), the PO/PG Panel 
submitted detailed comments on the draft Report on January 23,2003. CERHR posted these 
comments on its web site (http:Ncer~.niehs.nih.~o~~/news/effpn/T>n D ubcomm.html) prior to the 
expert panel meeting. 

The POPG Panel commends the CERHR and expert panel participants for conducting an 
open and collegial review meeting, focused on the robust and voluminous scientific literature 
relevant to evaluation of the reproductive and developmental toxicity of the glycols. The PORG 
Panel agrees with the expert panel’s conclusion that “current estimated exposures topropylene 
glycol are of  negligible concern for reproductive or deveIopmentaI toxiciv in humans” (p. 76). 
While agreeing with the overall conclusions, the PO/PG Panel also notes that many of the 
deficiencies of the December 2002 draft Report, especially those in Chapter 2 (“General 
Toxicology and Biological Effects”) remain unchanged in the May 2003 Report. As a result of 
the failure to heed the earlier comments, the expert panel’s conclusions are not as strongly 
supported as the data demonstrates. 

In lieu of reiterating previously submitted comments, the POPG Panel incorporates the 
comments of January 23,2003 into these comments by reference, with a request that special 
attention be paid to the review by Dr. Mark Udden, a clinical hematologist at Baylor College of 
Medicine, of the failure to heed our earlier comments. 

This set of comments expands on three significant deficiencies in the May 2003 Report 
that remain little changed fiom the December 2002 draft: 

0 Analysis of the data relating to wavy ribs and incomplete ossification of the vertebrae 
noted in the older FDA developmental toxicity study conducted in rats indicates that 
this common finding is not attributable to propylene glycol. 
Interpretation of information on the hematological effects of propylene glycol is 
inconsistent. Overall, evidence that propylene glycol adversely affects red blood cells 
in rats and humans in lacking. 

0 Evidence for the existence of potentially sensitive sub-populations is inconsistent, and 
the CERHR conclusion that such sub-populations exist is not justified. 

Unfortunately, the CERHR does not contemplate further revision of the expert panel’s 
Report. The POPG requests therefore, that the deficiencies of the Report be addressed in the 
NTP-CERHR Monograph on the Potential Human Reproductive and Developmental Effects of 
Propylene Glycol that will be prepared to complete the CERHR review process. 
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NTP-CERHR Expert panel Report on the Reproductive and Developmental Toxicity of Propylene Glycol 
NTP-CERHR-PG-03 (May 2003) 

Comments of the POPG Panel 

1. 

COMMENTS 

Analysis of the data relating to wavy ribs and incomplete ossification of the 
vertebrae noted in the older FDA developmental toxicity study conducted 
in rats indicates that this common finding is not attributable to propylene 
glycol. 

In two instances, the Report contains discussion of a purported effect of propylene glycol 
on wavy ribs and incomplete ossification o f  the vertebrae in theolder FDA developmental 
toxicity study conducted in rats: 

Page 61: 
With rats, higher numbers of wavy ribs and incomplete ossification of the vertebrae were 
observed at the same level as the positive control, suggesting a propylene glycol effect. 
The incidences of these defects did not appear to be dose-related. 

The appropriateness of the NOAEL level for rats (1,600 mgkg bw/day) given in Table 3- 
1 1 depends on the importance attributed to the rib and vertebrae malformations observed. 

Page 62: 

Table 3-6 of the Report contains the data used to support these statements. Using the 
data in Table 3-6, the incidence and percentages for wavy ribs and incomplete ossification of the 
vertebrae have been calculated. The data is presented in the table below. 

Wavy ribs 
pup incidence 11173 461137 231179 271169 111167 151180 
litter incidence 1 122 16/20 9/23 11/22 5/20 8/24 

% pup 0.60% 34% 13% 16% 7% 8% 
‘YO litter 5% 80% 39% 50% 25% 33% 

Vertebrae - incomplete cwsiflcation 
pup incidence 010 1011137 1/179 131169 31167 181180 
litter incidence 010 19/20 1/23 7/22 3/20 9/24 

Yo pup 0% 74% 0.50% 8% 2% 10% 
% litter 0% 95% 4% 32% 15% 38% 

A s  demonstrated in the table, the data do not support the statement that “With rats, higher 
numbers of wavy ribs and incomplete ossification of the vertebrae were observed at the same 
level as thepositive control .... ” Clearly the positive control values (80%, 95%) are more than 
twice as high as those reported even in the 1,600 mg/kg high dose group (33%, 38%). 

~~ ~ 
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NTP-CERHR Expert panel Report on the Reproductive and Developmental Toxicity of Propylene Glycol 
NTP-CERHR-PG-03 (May 2003) 

Comments of the POPG Panel 

One may question whether there was an effect in these endpoints based upon comparison 
with the negative control (“Control”) group. Given the differences in the strains of rats used in 
the 1973 FDA study and those currently available, it would be inappropriate to conduct a 
quantitative comparison of the incidence of wavy ribs and incomplete ossification of the 
vertebrae fkom historical databases currently available in testing laboratories. However, as a 
qualitative comparison, it is important to note that historically, wavy ribs and incomplete 
ossification of the vertebrae are very common findings in developmental toxicity studies 
conducted with rats. The most striking finding, evident in the data in the table above, is the 
unusually low incidence of these lesions in the negative control population. 

Additional support for discounting the significance of these findings is the lack of any 
dose-response relationships for these endpoints. For example, in the case of the wavy ribs, the 
lowest dose level tested (16 mg/kg; 100-fold lower than the high dose group) had a higher 
incidence that the highest dose level tested (1,600 mgkg). 

2. Interpretation of information on the hematological effects of propylene 
glycol is inconsistent. Overall, evidence that propylene glycol adversely 
affects red blood cells in rats and humans in lacking. 

The PORG Panel previously (January 23,2003) submitted extensive comments to 
CERHR on the interpretation of hematological data for propylene glycol presented in the 
December 2002 drafi Report. The previous submission included an expert evaluation of 
publications cited in the draft Report, prepared by Dr. Mark Udden, a clinical hematologist at 
Baylor College of Medicine. The May 2003 Report contains little evidence that Dr. Udden’s 
review has been taken into account. Rather than repeat these comments (which remain valid and 
are presented again to CERHR for consideration), the focus here is instead on the inconsistencies 
in the Report text noted in the paragraphs that follow. 

Section 2.2.2.4, page 38, fourth paragraph 
Christopher et al. (91)’ provide an excellent study that establishes a plausible mechanism 
for propylene-induced hemolysis and the Bauer et al. (89) study provides important 
codhatory evidence for the impairment of hematopoiesis by propylene glycol. Thus 
the hemolysis potential of high doses of propylene glycol, which is a plausible effect, is 
firmly established in two species (cat and dog) and reasonably well substantiated in other 
species including man. 

This statement is an over-generalization of the available scientific data, and ignores the 
several established metabolic and physiological factors that predispose red blood cells ffom the 
cat to propylene glycol-induced toxicity. These are well known to the expert panel, because they 
are discussed at length by Christopher et al. (91) and also summarized by Dr. Udden. It is 
therefore difficult to understand why the expert panel Report appears to conclude that results 
obtained in the cat are indicative of a potential for propylene glycol to cause adverse 
hematological effects in humans: overall scientific evidence to support this is lacking. The work 
of Christopher, Bauer and co-workers focused on the susceptibility of  the cat to propylene 
glycol-induced Heinz body formation with no mention of ‘hemolysis’ (which appears to be the 

Numbers in parentheses refer to the refaence numbers of citations in the Report. 
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NTP-CERHR Expert panel Report on the Reproductive and Developmental Toxicity of Propylene Glycol 
NTP-CERHR-PG-03 (May 2003) 

Comments of the POPG Panel 

main end-point of interest to the expert panel). There also does not appear to be any evidence 
from either study for any inhibition of hematopoiesis (cited by the expert panel Report as a toxic 
response to propylene glycol). The POPG Panel strongly recommends that CERHR reconsider 
the basis for these conclusions, which are at variance with the published data. 

capability" of propylene glycol in humans is a 65-year old in vitro study by Braun and Cartland 
(79). The expert panel is referred to Dr. Udden's report which includes several more up-to-date 
references and which also serves to put these in vitro findings into context: the findings are an 
osmotic, not a toxiciological, phenomenon seen at propylene glycol concentrations of 30% or 
greater. This contrasts with human in vivo data cited elsewhere by the expert panel (e.g. , 
Chicella et al.; (66)), which indicates that the maximum concentration of propylene glycol in 
serwn from patients undergoing intravenous (IV) drug therapy is 763*660 mg/l (Le. , 
approximately 0.08-0.14%), which is several hundred fold lower than that shown to cause 
hemoloysis in vitro. This data suggest that red blood cell hemolysis in patients exposed to 
propylene glycol by IV infusion is unlikely to be an issue. 

Indeed, the only evidence presented by the expert panel in support of the "hemolytic 

With regard to the expert panel's view that the information fiom Saini et al. (90) 
t'conJimr that the haemotopoietic system is also a target ofpropylene gZyco1 in rats," the POBG 
Panel again questions the scientific reliability of hematological data obtained fiom animals 
subjected to four retro-orbital bleeds within two days with no concurrent control =OUR. 
Certainly there was a clear effect on some parameters that were measured, but with no controls it 
cannot be determined if this was due to propylene glycol or day-to-day experimental variability. 

Overall, the expert panel's conclusions on the potential hematotoxicity of propylene 
glycol in humans is unsupported. 

3. Evidence for the existence of potentially sensitive sub-populations is 
inconsistent, and the CERaR conclusion that such sub-populations exist is 
not justified. 

The POPG Panel previously submitted (January 23,2003) extensive comments on the 
expert panel's view that individuals with compromised liver or kidney function, burn patients or 
premature infants may be "at incrwed risk for developing propylene glycol toxicity." There is 
little evidence that the previous comments have been taken into account in revising the Report, 
apart fiom inclusion of some moderating words (i.e., "overdosage of premature infants"; 
"complex clinical case studies") in the introductory paragraph of Section 2.5 (page 44). Rather 
than repeat the previously submitted comments (which remain valid) the focus here instead is on 
inconsistencies in the report text described in paragraphs that follow. 

Section 2.5, paragraph 1 , line 6 (page 44) 
Patients with impaired liver or kidney function would be at increased risk for developing 
propylene glycol toxicity (48). 

T h i s  is a logical statement given the importance of hepatic metabolism and renal 
excretion in overall clearance of propylene glycol from the body. It also seems self-evident that 
the toxicolcinetics and toxicodynamics of propylene glycol will be altered in individuals with 
pre-existing liver or kidney disease or who develop hepatic or renal insufficiency as a result of 
clinical treatment. Against this background, interpretation of case reports of lactic acid acidosis, 
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NTP-CERHR Expert panel Report on the Reproductive and Developmental Toxicity of Propylene Glycol 
NTP-CERHR-PG-03 (May 2003) 

Comments of the PO/PG Panel 

increased osmolality and other clinical sequelae requires careful objective assessment: while 
propylene glycol may have been present in the circulation, there is only anecdotal evidence that 
propylene glycol was responsible for the effects reported in these individuals. This should be 
made clear in the Report, and the individual references cited by the expert panel should be 
assessed to determine if the references are scientifically reliable. 

Section 2.5.1, page 44, final sentence 
Serum concentrations of propylene glycol received through IV medications have been 
shown to correlate with serum lactate concentrations in patients with normal renal and 
hepatic function (51). 

The expert panel cites Kelner and Bailey (51), who reported serum propylene glycol and 
lactate concentrations in 5 subjects (two middle aged adults, three infants aged 4 months or 
younger) with 'normal' renal and liver function and who concluded that "propylene glycol 
administration may be an important cause of lactic acid acidosis" as support for this statement. 
In reaching this conclusion, Kelner and Bailey developed a regression model for relating serum 
concentrations of propylene glycol and lactate in their patients Le., 

Y= 0.034X + 2.97 
where Y is the lactate concentration in serum (mEqA) at a propylene glycol concentration of X 
(mgll). This suggests there is a clear (numerically positive) relationship between propylene 
glycol and lactate levels in serum. 

present in the earlier version of the Report) lead to a very different conclusion. In Chicella et al. 
(66), no conelation was observed between serum propylene glycol and lactate in 11 patients 
(aged-i- 15 months) receiving IV medication containing propylene glycol. Since Chicella et al. 
was a prospective study designed specifically to address issues of interest to the CERHR, it is 
unclear why its findings have been overlooked in favor of other less reliable data. 

As part of their investigation, Chicella et al. recorded serum propylene glycol 
concentrations in their subjects at various time points leading to mean values of 85 ,s  19 and 763 
mg/l at (roughly) the start, middle and end of treatment. These are consistent with measured 
serum propylene glycol concentrations reported by Kelner and Bailey (roughly in a range of 50- 
400 mg/l). Based on the data and modeling of Kelner and Bailey, equivalent mean serum lactate 
values of 5.9,21 and 29 mEqA would be predicted for the Chicella subjects. In fact Chicella et 
al. reported very modest measured lactate values of 1.9,1.7 and 1.7 mmoV1, respectively 
(consistent with their conclusion that no lactic acid acidemia was present in these patients). 

The expert panel should consider the data of Chicella et aL, rather than those of Kelner 
and Bailey, to support the conclusions of section 2.5: that propylene glycol is a low concern for 
lactic acid acidemia. 

However, other data cited in the Report, namely the publication by Chicella et al. (66; not 

Section 2.5.2, first line, page 45 
The decreased size of premature infants, and an increased serum half-life for propylene 
glycol in premature infants (35, 36), predispose them to a greater probability of toxic 
effects fiom over administration of propylene glycol. 

Studies reported by Fligner et al. (35), Glasgow et al. (36) and Huggon et al. (70) are 
used to support this and related statements present in this section of the Report. As discussed in 
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NTP-CERHR Expert panel Report on the Reproductive and Developmental Toxicity of Propylene Glycol 
NTP-CERHR-PG-03 (May 2003) 

Comments of the POPG Panel 

the POPG Panel's January 23,2003 submission, patients included in the cited case reports were 
already suffering from pre-exisiting clinical conditions that likely had a fundamental impact on 
the disposition of propylene glycol in the body, or they were administered powerful, potentially 
toxic pharmaceutical treatments as part of their therapy, or a combination of the two. This 
presumably explains in part the expert panel's observation (page 13, line 7 )  that data from 
Fligner et al. and Glasgow et al. reflect "circumstances that preclude confident extrapolation to a 
healthy general population." Huggon et al. also add a warning that impaired renal failure may 
have contributed to the increased osmolality recorded in their study. Given the unreliability of 
this information, the expert panel should re-evaluate whether these studies support the 
conclusion that premature infants are at greater risk of propylene glycol toxicity. 

adverse responses were 
reported in slightly older infants (age 1-1 5 months) following IV drug therapy that resulted in a 
mean serum propylene glycol concentration as high as 763 mglml. Therefore, the basis of  the 
expert panel's decision (Section 2.5.2, paragraph 3, final sentence) to "caution" that it may be 
necessary to monitor lactic acidosis and hyperosmolality in pediatric patients given IV infusions 
containing propylene glycol is unknown. 

January 23,2003 submission) the conclusion of the May 2003 Report, that the studies provide 
evidence of a sub-population with an enhanced sensitivity to propylene glycol related toxicity is 
questionable. 

It is also clear from data presented in Chicella et al. (66) that 

Given the considerable uncertainties in these studies (detailed in the POPG Panel's 

Section 2.5.2, first paragraph, last line (page 45): 

This statement, citing Huggon et al. (70) is factually incorrect: circulatory problems were 
. . ...p ropylene glycol.. ... was associated with cardiopulmonary arrest in one case (70). 

present in this individual before any exposure to propylene glycol. There is no mention of 
propylene glycol-induced "cardiopulmonary arrest" in the publication. 
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NATIONAL TOXICOLOGY PROGRAM 

The National Toxicology Program (NTP), established in 1978, develops and 
evaluates scientific information about potentially toxic and hazardous 
chemicals. This knowledge can be used for protecting the health of the 
American people and for the primary prevention of disease. By bringing to- 
gether the relevant programs, staff,  and resources from the U.S.  Public 
Health Service, DHHS, the National Toxicology Program has centralized 
and strengthened activities relating to toxicology research, testing and test 
developmenthalidation efforts, and the dissemination of  toxicological in- 
formation to the public and scientific communities and to the research and 
regulatory agencies. 

The NTP is made up of four charter DHHS agencies: the National Cancer 
Institute (NCI), National Institutes of Health; the National Institute of En- 
vironmental Health Sciences (NIEHS), Xational Institutes of Health; the 
National Center for Toxicological Research (NCTR), Food and Drug Ad- 
ministration; and the National Institute for Occupational Safety and 
Health (NOSH),  Centers for Disease Control. In July 1981, the Carcino- 
genesis Bioassay Testing Program, NCI, was transferred to the NIEHS. 
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NOTETOTHE READER 

This study was performed under the direction of the National Institute of Environmental Health Sci- 
ences as a function of the National Toxicology Program. The studies described in this Technical Re- 
port have been conducted in compliance with NTP chemical health and safety requirements and must 
meet or exceed all applicable Federal, state, and local health and safety regulations. Animal care and 
use were in accordance with the U.S. Public Health Service Policy on Humane Care and Use of Ani- 
mals. All NTP toxicology and carcinogenesis studies are subjected to a data audit before being pre- 
sented for public peer review. 

Although every effort is made to prepare the Technical Reports as accurately as possible, mistakes 
may occur. Readers are requested to identify any mistakes so that corrective action may be taken. 
Further, anyone who is aware of related ongoing or published studies not mentioned in this report is 
encouraged to make this information known to the NTP. Comments and questions about the 
National Toxicology Program Technical Reports on Toxicology and Carcinogenesis Studies should be 
directed to Dr. J.E. Huff, National Toxicology Program, P.O. Box 12233, Research Triangle Park, NC 
27709 (919-541-3780). 

These NTP Technical Reports are available for sale from the National Technical Information Service, 
US. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-4650). Single 
copies of this Technical Report are available without charge (and while supplies last) from the NTP 
Public Information Office, National Toxicology Program, P.O. Box 12233, Research Triangle Park, 
NC 27709. 
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MALONALDEHYDE, SODIUM SALT 

CAS NO. 24302-045 

C3H302Na Molecular weight 94.04 

Synonyms: malonaldehyde, enol, sodium salt; propanedial, sodium; 
3-hydroxy-2-propena1, sodium salt; sodium P-oxyacrolein 
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Malonaldehyde Enol tautomer 

CAS NO. 542-78-9 

C3H402 Molecular weight 72.06 

ABSTRACT 

Malonaldehyde occurs as a natural metabolic byproduct of prostaglandin biosynthesis and as an end 
product of polyunsaturated lipid peroxidation. Toxicology and carcinogenesis studies of malonalde- 
hyde were conducted by administering the chemical as malonaldehyde, sodium salt, a stabilized form 
of malonaldehyde, in distilled water by gavage to groups of F344/N rats and B6C3Fi mice of each sex 
for 14 days, 13 weeks, and 2 years. The study material was 63%-79% malonaldehyde, sodium salt, 
22%-38% water, and 1% or less other impurities. The water content was taken into account when the 
dose mixtures were prepared. 

Fourteen-Day and Thirteen-Week Studies: In the 14-day studies, groups of five rats and five mice of 
each sex were dosed with 250, 500,750,1,000, or 1,500 m&g malonaldehyde, sodium salt. Controls 
were untreated. Rats and mice that received 1,500 mg/kg malonaldehyde, sodium salt, did not sur- 
vive to the end of the 14-day studies. No compound-related gross lesions were seen in the dosed 
animals. 

In the lbweek studies, groups of 10 males and 10 females of each species were administered 0,30,60, 
125, 250, or 500 mg/kg malonaldehyde, sodium salt. Nine of 10 male rats, 10/10 female rats, 3/10 
male mice, and 1/10 female mice that received 600 mgkg malonaldehyde, sodium salt, died before the 
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end of the studies. Body weights were reduced by more than 15% in rats receiving 250 or 500 mgkg 
and in mice receiving 500 mg/kg. 

Compound-related nonneoplastic lesions were present in the stomach, testis, and kidney of rats and 
in the pancreas, stomach, and testis of mice. Focal and multifocal erosive lesions were observed in the 
gastric mucosa of the glandular stomach in the 500 mgkg groups of male and female rats. Dilatation 
of the gastric glands of the stomach mucosa occurred in the 500 mg/kg male mice. Lesions of the kid- 
ney included membranous glomerular nephropathy in the 250 and 500 mg/kg male rats and the 125, 
250, and 500 mgkg female rats and mineralization in the 250 and 500 mgfkg male rats and the 60, 
125, 250, and 500 mgkg female rats. Degeneration of the testicular germinal epithelium was ob- 
served in male rats and male mice receiving 250 and 500 mgkg. Atrophy of the exocrine pancreas 
was seen in the 125,250, and 500 mgkg male and the 250 and 500 mg/kg female mice. 

Based on these results, '&year studies of malonaldehyde, sodium salt, were conducted by exposing 
groups of 50 F344iN rats of each sex at  doses of 0,50, or  100 mgYkg, administered 5 days per week for 
103 weeks. Doses of 0,60, or 120 mg/kg were administered on the same schedule to groups of 50 male 
and 50 female B6C3F1 mice. 

Body Weight and Survival in the Two-Year Studies: Final mean body weights at the end of the study 
were reduced by 26% and 36% for high dose male and female rats compared with those for the vehicle 
controls. The final mean body weight of high dose male mice was 92% that of the vehicle controls. 
The final mean body weights of low dose male mice, low dose rats, and all groups of female mice were 
comparable to those of the vehicle controls. 

The survival of high dose male and female rats was significantly lower than that of the vehicle con- 
trols, with survival declining rapidly after week 76 for high dose males and after week 59 for high 
dose females (survival--male: vehicle control, 37/50; low dose, 33/50; high dose, 15/50; female: 37/50; 
37/50; 14/50). Survival of all groups of male mice was low (male: 24/50; 20/50; 14/50; female: 41/50; 
38/90; 30150). Survival of the high dose group of male mice was significantly lower than that of the 
vehicle controls; no other significant differences in survival were observed between any groups of 
mice. 

Normeopkrstic and Neoplastic Effects in the Two-Year Studies: The incidences of a variety of nonneo- 
plastic lesions were increased in dosed rats of each sex, primarily in the high dose male and female rat 
groups. These lesions were ulceration and inflammation of the glandular stomach; epithelial hyper- 
plasia of the forestomach; inflammation of the cornea, retinal atrophy, and cataracts of the crystalline 
lens; focal lipoid degeneration of the adrenal cortex; and diffuse pancreatic atrophy. Cytoplasmic 
vacuolization and cystic degeneration in the liver occurred at increased incidences in the high dose 
rat groups: in addition, the incidences of bile duct hyperplasia and bile duct fibrosis were increased in 
the high dose female and male rat groups. respectively. Bone marrow hematopoietic hyperplasia, he- 
matopoiesis of the spleen, and ultimobranchial cysts of the thyroid gland occurred with increased in- 
cidences in high dose female rats. 

The incidences of thyroid gland follicular cell adenomas or carcinomas (combined) were significantly 
increased in high dose male (vehicle control, 4/50; low dose, 8/49; high dose, 13/50) and female (2/50; 
1/50; 7/50) rats. Follicular cell hyperplasia of the thyroid gland also occurred at an increased inci- 
dence in high dose female rats (10/50; 10/50; 26/50) but not in male rats (9150; 7/49; 7/50). The inci- 
dence of pancreatic islet cell adenomas was increased in low dose male rats (0149; 9/50; 1/49). Adeno- 
mas and adenomas or carcinomas (combined) of the anterior pituitary gland occurred at significantly 
lower incidences in high dose rats than those in vehicle controls (combined incidence--male: 20f47; 
14/49; 8/49; female: 18/49; 10/49; 2/48). 
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Nonneoplastic lesions that occurred at increased incidences in dosed mice included atrophy of the 
pancreatic acinus and dilatation of the uterus. Depigmentation of hair shafts and change of coat color 
from agouti to gray were observed in high dose mice. No compound-related neoplasms were observed 
in dosed mice. 

Genetic Toxicology: Malonaldehyde, sodium salt, was not mutagenic in the Salmonella typhimuri- 
undmicrosome assay when tested at doses of up to 10,000 @plate in a preincubation protocol using 
the excision-repair deficient strains TA98, TA100, TA1535, and TA1537 with or without S9 metabolic 
activation. The chemical induced forward mutations in mouse L5178Y lymphoma cells in the ab- 
sence of S9; it was not tested with S9. Malonaldehyde, sodium salt, was not mutagenic in the Droso- 
phila rnelamgaster sex-linked recessive lethal mutagenicity test in which adult male flies were ex- 
posed either by feeding or by abdominal injection. In cytogenetic assays with cultured Chinese 
hamster ovary (CHO) cells, malonaldehyde, sodium salt, produced a dose-related increase in the fre- 
quency of sister chromatid exchanges both in the presence and absence of rat liver S9; no increase in 
the number of chromosomal aberrations was observed in CHO cells in the absence or presence of S9. 

Audit: The data, documents, and pathology materials from the 2-year studies of malonaldehyde, sodi- 
um salt, have been audited, The audit found no special circumstances or signifcant deficiencies in 
the conduct or documentation of the studies which needed to be taken into consideration for reporting 
purposes. 

Conclusions: Under the conditions of these 2-year gavage studies, there was clear evidence of carcino- 
genic actiuity* for male and female F344/N rats administered malonaldehyde, sodium salt, as shown 
by the increased incidences of follicular cell adenomas or carcinomas (combined) of the thyroid gland. 
Pancreatic islet cell adenomas were also observed at  an increased incidence in low dose male rats. 
There was no evidence o f  carcinogenic actiuity for B6C3F1 mice administered 60 or 120 mgkg mal- 
onaldehyde, sodium salt, in distilled water by gavage 5 days per week for 2 years. 

Chemically related increased incidences of nonneoplastic lesions included ulcers and inflammation of 
the glandular stomach and epithelial hyperplasia of the forestomach; corneal inflammation, retinal 
atrophy, and cataracts of the crystalline lens; and cystic degeneration of the liver, bile duct fibrosis, 
and bile duct hyperplasia in rats. Most of these nonneoplastic lesions as well as the thyroid gland fol- 
licular cell neoplasms occurred primarily in the high dose rat groups, in which survival and final body 
weights were reduced in high dose male and female rats. Increased incidences of atrophy of the pan- 
creatic acinus and pigmentation loss in hair shafts were seen in high dose mice. 

*Explanation o f  Levels of Evidence of Carcinogenic Activity is on page 9. 
A summary ofthe Peer Review comments and the public discussion on this Technical Report appearson pages 12-13. 
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SUMMARY OF THE TWO-YEAR GAVAGE AND GENETIC TOXICOLOGY STUDIES OF MALONALDEHYDE, 
SODIUM SALT 

Male F344/N Rats Female F344/N Rata Male B6C3FI Mice Female B8C3F1 Mice 

Doses (mglkg) 
0.50, or  100 in distilled 
water, 5 dlwk water, 5 dhvk water, 5 dhvk water. 5 dhvk 

Survival rates in the !&year study 
371W.3360; 15/50 37/50; 37/50; 14/60 24/50; 20150; 14/50 41/50; 38/50; 30160 

0.50, or 100 in dietilled 0.60. or 120 in distilled 0,60. or 120 in distilled 

Nonneoplastic effects 
Ulcers and inflammation 
of the glandular stomach; 
epithelial hyperplasia of the 
forestomach; corneal 
inflammation, retinal atrophy. 
cataracts of the crystalline 
lens; cystic degeneration of 
the liver; bile duct fibrosis; 
bile duct hyperplasia 

Neoplastic effects 
Thyroid gland follicular cell 
adenomae or carcinomas 
(combined) (460; 8/49; 13/60); 
pancreatic islet cell adenomas 
(Of49; 9/50; 1/49). 

Other considerations 
Decrease. in incidence of 
anterior pituitary gland 
adenomas or carcinomas 
(combined) (20/47;14/49; 8/49) 

Ulcers and inflammation Atrophy of the pancreatic Atrophy ofthe pancreatic 
of the glandular stomach; acinw, pigmentation loss acinus; pigmentation loss 
epithelial hyperplasia of the 
forestomach; corneal i d a m .  
mation, retinal atrophy, 
cataracts of the crystalline 
lens; cystic degeneration of 
the liver; bile duct hyperplasia 

in hair shafta in hair shafts dilatation 
of the uterus 

Thyroid gland follicular cell None 
adenomas or  carcinomas 
(combined) (2/50; 1/50; 7/50) 

Decrease in incidence of 
anterior pituitary gland 
adenomas or carcinomas 
(combined) (18/49;10/49; 
2/48 

Level of evidence of carcinogenic activity 
Clear evidence Clear evidence 

None 

No evidence No evidence 

Genetic toxicology 
Salmonella Mouse L5178Ytl'K*'- CHO Cells in Vitro DrosoDhila 

6cene mutation) k e n e  mutation) e Aberration Sex-linked Rec. Lethals 
Negative with and Positive without S9; Positive with and Negative with Negative 
without S9 no test with S9 without S9 and without S9 
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY 
These rtpdiea am de@med and conducted to characterize and evaluate the toxicologic potential, including carcinogenic activity, of aelected 
c h e w  in b r a t o r y  animala (uually two species, rata and mice). Chemic& selected for NTP toxicology and carcinogenesis studies are 
charsn p- on the bases of human expoeure, level of production. and chemical structure. Selection per re in not an indicator of a 
chemical'scmbogenic potential. 

Negative resaIh, in which the study animala do not have a greater incidence of neophia  than control animab, do not necessarily mean 
that a chemial is not a carcinogen, inumuch rn the experimenta are conducted under a limited ret of conditions. P d t i v e  resulte dem- 
onstrate that a chemical is carcinogenic for laboratory animab under the conditions of the study and indicate that exposure to the chemical 
bmthe potential fiw hazard to humans. 

!l'he National Toricology Program d e d b e s  the regults of individual experimenta on a chemical agent and notes the strength of the evi- 
dence for e0adUri0~ regarding each study. Other organizations, such ail the International Agency for bnearch on Cancer, assign a 
strength ofevidence for ~ O ~ C ~ U E ~ O M  based on an examination of all available evidence including. animal ntudiea such those conducted by 
the NTP, epidemiologic studies, and estimates of exposure. Thua, the actual determination of riek to humans from chemicals found to be 
carcinogenic inlaboratory animals requires a wider analysisthat ertendr beyondthe purview of these studies. 
Five cabgoria of evidence of carcinogenic activity are used in the Technical Report series to summarize the stmngth of the evidence ob- 
nerved in each experiment: two categories for positive results ("Clear Evidence" and "Some Evidendl; one category for uncertain finding8 
("Equivocal Evidence"); one category for no obEerVable effecta ("No Evidence"); and one category for experimenta that because of major flaws 
cannot be evaluated ("Inadequate Study"). These categories of interpretative concluaions were first adopted in June 1983 and then revised 
in March 1986 for use in the Technical Reporta series to incorporate more specifically the concept of actual weight of evidence of car- 
cinogenic activity. For each separate experiment (male rata, female rats, male mice, female mice), one of the following quintet is selected to 
describe the findings. These categoriea refer to the strength of the experimental evidence and not to either potency or mechanism. 

0 Clear Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing a dose-related (i) increase 
of m a l i t  neoplasms, (ii) increase of a combination of malignant and benign neoplasms, ot (iii) marked increase of benign neo- 
planma ifthere is an indication from this or other studies of the ability of such tumors to progress to malignancy. 

0 Some Evidence of Carcinogenic Activity is demolllltrated by studies that are interpreted as showing a chemically related in- 
creased incidence of nsoplasrrm (malignant, benign, or combined) in which the strength of the response is less than that required for 
clear evidence. 

0 Equivocal Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing a marginal increase 
of neophma that may be chemically relatad. 

0 No Evidence of Carcinogenic Activity k demolurtrated by studies that are interpreted as showing no chemically related in- 
creaoea in malignant or benign neoplasms. 
Inrdequate Study of Carcinogenic Activity is demonstrated by studies that because of m+r qualitative or quantitative 
limitations cannot be interpreted as valid for showing either the presence or absence ofcarcinogenic activity. 

When a conclusion statament for a particular experiment is selected, consideration must be given to key factors that would extend the ac- 
tual boundary of an individual category of evidence. This should allow for incorporation of scientifc experience and current understanding 
of long-term carcinogenesis studies in laboratory animala, especially for those evaluationa that may be on the borderline between two ad- 
jacent levels. Them considerations should include: 

'a, * *  

The adequacy ofthe experimental design and conduct; 
Occurrence of common versua uncommon neoplasia: 

0 Progreuion (or lack thereon from benign to malignant neoplasia as well as from preneopldc lesion% 
0 Some benign neoplasms have the capacity to regress but others (of the same morphologic type) progress. A t  present, it is impossible 

to identify the difference. Therefore, where progreasion is known to be a possibility, the most prudent course is to assume that be- 
nign neoplasma of those types have the potential to become malignant; 

0 Combining benign and mslignant tumor incidences knownor thought to represent stages of progression in the same organ or tissue; 
Latency in tumor induction; 

0 Multiplicity in rite-specific neoplasia; 
0 Metastases; 
0 Supporting information from proliferative lesion8 (hyperplasia) in the same site of neoplasia or in other experiments (same lesion in 

another mxor species); 
0 The presence or absence ofdoee relationship; 
0 The statistical significance ofthe observed tumor increase; 
0 The concurrent control tumor incidence as well as the hittorical control rate and variability for a specific neoplasm; 
0 Survival-adjusted analyses and false positive or false negative concerns; 
0 Structure-activity correlations; and 

Inaome cases,genetictoricology. 
These mnsiderations together with the definitions as written should be used as composite guidelines for selecting one of the five categories. 
Additionally, the following concepts (as patterned from the International Agency for Research on Cancer Monographs) have been adopted 
by the NTP to give further clarification of these issues: 

The term chemical arrcim~3enesiu generally means the induction by chemicals of neoplasm not uaually obsemd, the induction by 
chemical4 of more neoplasms than are generally found,or the earlier induction by chemicab of neoplasm that are commonly observed. 
W e r e n t  mechanisms may be involved in these situations. Etymologically. the term ~orcinoge~sis  means induction of cancer, that is. 
of malignant neoplaama; however, the commonly accepted meaning ia  the induction of  various types of neoplasms or of a combination of 
malignant and benign neoplasms. In the Technical Reports, the words tumor and neoplclrm are used interchangeably. 

9 
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SUMMARY OF PEER REVIEW COMMENTS 
ON THE TOXICOLOGY AND CARCINOGENESIS STUDIES OF 

MALONALDEHYDE, SODIUM SALT 

On March 4, 1987, the draft Technical Report on the toxicology and carcinogenesis studies of mal- 
onaldehyde, sodium salt, received peer review by the National Toxicology Program Board of Scientific 
Counselors’ Technical Reports Review Subcommittee and associated Panel of Experts. The review 
meeting was held at  the National Institute o f  Environmental Health Sciences, Research Triangle 
Park, North Carolina. 

Dr. J.W. Spalding, NIEHS, began the discussion by reviewing the experimental design, results, and 
proposed conclusions (clear evidence of carcinogenic activity for male or female rats, no evidence of 
carcinogenic activity for male or female mice). 

Dr. Hughes, a principal reviewer, agreed with the conclusions for male and female mice. He proposed 
that the conclusions for male and female rats be changed to some evidence of carcinogenic activity be- 
cause he felt that the maximum tolerated dose was exceeded in rats, possibly perturbing the endo- 
crine axis and perhaps leading to endocrine tumor response through an indirect mechanism, because 
the total incidence of adenomas and carcinomas of the thyroid gland was low, because both short-term 
studies and initiation/promotion studies yielded mixed results, and because there was not a dose re- 
sponse for pancreatic islet cell tumors in male rats. Dr. Spalding pointed out that thyroid gland neo- 
plasms are uncommon and the incidences in male and female rats at the top dose were well above the 
historical control range. Commenting on the inconsistencies in the short-term studies and initia- 
tiodpromotion data cited, Dr. Spalding said that pre-1980 studies used mixtures of malonaldehyde 
and intermediates in its synthesis which had mutational activity. Dr. J. Huff, NIEHS, commented 
that the conclusions for rats were based on the thyroid gland neoplasia, not on the low dose effect for 
pancreatic tumors. * $  

A s  a second principal reviewer, Dr. Popp agreed with the conclusions. He agreed with Dr. Hughes 
that the maximum tolerated dose had been exceeded for high dose male and female rats but felt that 
the implications were unclear. He suggested that the lower incidence of rats with pituitary gland 
neoplasms in high dose groups was probably due to reduced survival and was not a primary effect of 
the chemical, whereas the nonneoplastic eye lesions probably were chemically related. Dr. Spalding 
agreed that the eye lesions were chemically related and said that the discussion would be expanded. 

As a third principal reviewer, Dr. Gallo agreed with the conclusions but noted that when the maxi- 
mum tolerated dose is exceeded, interpretation of either positive or negative findings is sometimes 
difficult. He added, however, that based on the 13-week studies, the doses selected for the 2-year stud- 
ies were appropriate. Since the chemical is an intermediate in the biosynthesis of prostaglandins, he 
suggested that the toxicity may override control mechanisms in the synthetic pathway. Dr. Gallo 
thought that the rationale for deciding to study malonaldehyde was weak. 

In other discussion, Dr. Sivak proposed that a statement be included for the rat studies which indi- 
cates reduced survival and body weight gain in top dose groups. Dr. Hooper requested that all the 
genetic toxicology data be organized into a summary table to help the reader draw conclusions about 
the mutagenic activity of the malonaldehyde salt (see page 8 and Appendix E). 
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SUMMARY OF PEER REVIEW COMMENTS (Continued) 

Dr. Hughes moved that the Technical Report on malonaldehyde, sodium salt, be accepted with the 
conclusions as written for mice, no evidence of carcinogenic activity, but with the conclusions for rats 
changed to some evidence of carcinogenic activity, along with a statement that the maximum tolera- 
teddose had been exceeded. Dr. Sivak asked that the statement be amended to replace the expression 
maximum tolerated dose with a description of the biologic alterations themselves, i.e., that there was 
decreased survival and a greater than 10% decrease in body weight gain in high dose groups. Dr. 
Hughes agreed. Dr. Gallo seconded the amended motion, and after considerable discussion, it was de- 
feated by six votes to one (Dr. Hughes). Dr. Gallo moved that the Technical Report be accepted with 
the conclusions as written for mice, no evidence of carcinogenic activity, and for rats, clear evidence of 
carcinogenic activity, with Dr. Sivak‘s amendment. Dr. Sivak seconded the amended motion, and it 
was approved by six votes to one (Dr. Hughes). 
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I. INTRODUCTION 

'c -0 
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H-C - Na' 

MALONALDEHYDE, SODIUM SALT 

CAS NO. 24382-04-5 

C3H302Na Molecular weight 94.04 

Synonyms: malonaldehyde, enol, sodium salt; propanedial, sodium; 
3-hydroxy-2-propena1, sodium salt; sodium fl-oxyacrolein 

Malonaldehyde Enol tautomer 

CAS NO. 542-78-9 

C3H402 Molecular weight 72.06 

Malonaldehyde is a three-carbon dialdehyde 
that in dilute aqueous solution exists in equi- 
librium with its enol form (Mashio and Kimura, 
1960). Malonaldehyde exists in stable form as 
the enolate sodium salt (Huttel, 1941) and can 
be prepared from either 1,1,3,3-tetraethoxy- 
propane or 1,1,3,3-tetramethoxypropane by acid 
hydrolysis. 

Occurrence 

Malonaldehyde occurs as a natural byproduct of 
the cyclooxygenase reaction in prostaglandin 
biosynthesis (Draper et al., 1986) and i s  formed 
as an  end product of polyunsaturated lipid pe- 
roxidation (Bernheim et al., 1948; Hamberg and 
Samuelsson, 1967; Diczfalusy et al., 1977). The 
relative content of malonaldehyde in foods has 
been associated with oxidative rancidity; detec- 
tion of malonaldehyde at low or minimal levels 

has been used for many years as a measure of 
the wholesomeness and freshness of foods. The 
reaction of malonaldehyde with 2-thiobarbituric 
acid to form a chromogen of extremely high ab- 
sorptivity i s  the basis of a sensitive method for 
the qualitative measurement of malonaldehyde 
in food and food products (Crawford et al., 1965). 

Two surveys have been conducted in North 
America to measure the malonaldehyde content 
of food items. In a study of 96 samples of fresh 
meat and fish obtained from supermarkets in 
Ontario, Canada, Siu and Draper (1978) found 
that the malonaldehyde content ranged from 
0.14 pg/g in cooked ham to 10.05 pg/g in cooked 
chicken. The levels of malonaldehyde found by 
the Canadian study were somewhat lower than 
those described in a study by Shamberger e t  al. 
(19771, who reported that malonaldehyde levels 
ranged from 1 to 14 pg/g of tissue in food items 
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I. INTRODUCTION 

obtained from Cleveland, Ohio, supermarkets 
and that cooking of the meat resulted in small 
decreases or twofold to fivefold increases in mal- 
onaldehyde content. Assuming that the average 
U.S. citizen consumes 120 g of meat daily ( N U ,  
1981), and based on the malonaldehyde content 
of cooked meat reported by Shamberger et al. 
(19741, it is estimated that the amount of mal- 
onaldehyde ingested per person per day through 
meat consumption alone could range from 240 to 
1,200 pg from beef or turkey to 3,600 pg from 
chicken. 

The impact, if any, of malonaldehyde on human 
health a t  these concentrations is not known. 
However, reports on the potential mutagenic 
and carcinogenic character (Shamberger et al., 
1974) of this chemical have suggested the desira- 
bility of minimizing its occurrence during stor- 
age, marketing, and preparation of food. 

Malonaldehyde in the presence of nitrite has 
been reported to facilitate the formation of ni- 
trosamines from dimethylamine, diethylamine, 
piperidine, pyrrolidine, and morpholine (Kiku- 
gawa et al., 19801, although it is not clear 
whether malonaldehyde’s stimulation of nitrosa- 
mine formation is much greater than that ob- 
served for the unsaturated fatty acids from 
which malonaldehyde is derived (Goutefongea et 
al., 1977). 

Tosicity and Metabolism 

The mean LD50 value for malonaldehyde, sodi- 
um salt, administered by gavage was deter- 
mined to be 632 mgkg body weight in male Wi& 
tar rats (Crawford et al., 1965). The mean LDao 
value for malonaldehyde administered by ga- 
vage to female Swiss mice was 606 mgkg body 
weight (Apja, 1980). 

After intubation of two male Wistar rats with 
[1,3-Wlmalonaldehyde (approximately 27.5 
pg/kg), 84%-96% of the radiolabel was elimina- 
ted in 12 hours (Siu and Draper, 1982). Between 
60% and 70% of the total dose was expired as 
[Wlcarbon dioxide, 9%-17% was recovered in 
the urine, and 5%-1596, in the feces. In vitro 
studies with [1,3-14CJmalonaldehyde demon- 
strated that malonaldehyde is metabolized pri- 
marily in the mitochondria. The probable 

pathway of malonaldehyde metabolism involves 
oxidation by mitochondrial aldehyde dehydrog- 
enase followed by decarboxylation to produce 
carbon dioxide and acetate. 

Malonaldehyde reacts readily with sulfhydryl 
and amino groups of proteins (Shin et al., 1972). 
It produces intramolecular and intermolecular 
linkages that result in the inactivation and poly- 
merization of enzymes (Chio and Tappel, 1969). 
It can react with the nitrogenous bases of DNA 
(Brooks and Klamerth, 1968; Reiss et al., 1972) 
and thus inhibit DNA, RNA, and protein synthe- 
sis (Bird and Draper, 1980). 

Carcinogenicity Studies 

Groups of 50 female ICR Swiss mice were ex- 
posed for 12 months to a preparation of malonal- 
dehyde, sodium salt (greater than 98% pure), in 
drinking water (acidified to pH 4 to prevent mal- 
onaldehyde polymerization) at concentrations 
calculated to provide a daily dose of 0, 0.1, 1, or 
10 mgkg (Bird et al., 1982a). There was no sig- 
nificant increase in tumors observed at any site 
in the dosed animals. Compound-related lesions 
were confined to the liver, but the total liver le- 
sions were not dose dependent. The liver lesions 
included anisokaryosis, changes in cytoplasmic 
volume of hepatocytes, hepatocellular nodular 
hyperplasia (control, 0148; 0.1 mglkg. 1/49; 1 
mg/kg, 2/50; 10 mglkg, 2/48), and hepatomas 
(0148; 0149; 2/50; 0148). 

A malonaldehyde preparation of undefined puri- 
ty administered to 25 animals in each dose group 
for 100 weeks in drinking water at concentra- 
tions of 1,250, 2,500, or 5,000 ppm did not in- 
crease the tumor incidence in male or female 
Swiss mice (Apaja, 1980). More males than fe- 
males died at  all three concentrations. At the 
highest concentration, there were no surviving 
males at week 80, and only one female survived 
to the end of the study. In a two-stage dermal 
carcinogenesis study, application of a single dose 
of either 6 or 12 mg of malonaldehyde in acetone 
to the backs of female Swiss mice (30 mice per 
dose group) was followed 3 weeks later by the a p  
plication (6 days per week) of 0.1% croton oil for 
27 weeks (Shamberger et al., 1974). Fifty-two 
percent of the dosed mice developed keratoacan- 
thomas; the first tumors were seen a t  11 weeks. 
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I. INTRODUCTION 

The interpretation of these results is confounded 
because the malonaldehyde preparation used in 
this study was of undefined purity and the doses 
of 6 and 12 mg are estimates based on the as- 
sumption that malonaldehyde was the only hy- 
drolysis product of 1,1,3,3-tetramethoxypropane. 
Marnett and Tuttle (1980) subsequently demon- 
strated that the acid hydrolysis of 1,1,3,3-tetra- 
methoxypropane also produces several reactive 
chemical intermediate species, such as pmeth- 
oxyacrolein and 3,3-dimethoxypropionaldehyde, 
which are 20-30 times more mutagenic than the 
pure form of malonaldehyde or malonaldehyde. 
sodium salt. 

In a later two-stage dermal carcinogenicity 
study of 28-52 weeks' duration, purified mal- 
onaldehyde, sodium salt, in acetone:dimethyl 
sulfoxide (8020) was found to be inactive as a tu- 
mor initiator, promoter, or complete carcinogen 
for male and female SENCAR mice (40 mice per 
dose group) (Fischer et al., 1983). Doses of mal- 
onaldehyde, sodium salt, ranging from 20 to 
500 pg were administered as single applications 
in studies to detect activity as an  initiator or a 
complete carcinogen, and the same doses were 
administered in repetitive applications in a 
study designed to detect promoter activity. Ben- 
zo[alpyrene served as a positive control for tu- 
mor initiation and as the complete carcinogen in 
this study, whereas 12-0-tetradecanoyl phorbol- 
13-acetate was used as the positive control for 
promotion. However, the highest dose (500 pg) 
of malonaldehyde used in these studies was ten- 
fold less than the lowest dose applied in the 
study reported by Shamberger e t  al. (1974). 
Malonaldehyde, sodium salt, was also inactive 
in the in vitro Chinese hamster V-79 cell meta- 
bolic cooperation assay for promoters (Fischer et 
al., 1983). 

Genetic Toxicology 

Malonaldehyde was first shown to be mutagenic 
in several excision-repair-competent frameshift 
mutant strains of Salmonella in the absence of 
exogenous metabolic activation (Mukai and 
Goldstein, 1976; Shamberger et al., 1979). The 
tester strain D3052 was the most sensitive to 
malonaldehyde activity in both studies. How- 
ever, the purity of malonaldehyde in these stud- 
ies was undefined. In the earlier study (Mukai 
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and Goldstein, 19761, malonaldehyde was gener- 
ated by the acid hydrolysis of 1,1,3,3-tetra- 
methoxypropane, and the hydrolysate was used 
directly as the source of malonaldehyde; the 
quantification of malonaldehyde was based on 
the amount of starting material 1,1,3,3-tetra- 
methoxypropane and on the assumption that the 
reaction went to completion with malonaldehyde 
as the only end product. In the Shamberger et 
al. study (19791, neither the source nor method 
of malonaldehyde preparation was given, al- 
though in an earlier in vivo study reported by 
the same laboratory (Shamberger et al., 19741, 
malonaldehyde was prepared from 1,1,3,3-tetra- 
methoxypropane in the manner described above. 
Subsequent studies (Marnett and Tuttle, 1980; 
Basu and Marnett, 1983) demonstrated that the 
product of 1,1,3,3-tetramethoxypropane hydroly- 
sis included substantial amounts of reactive in- 
termediates such as p-methoxyacrolein and 3,3- 
dimethoxypropionaldehyde, which were 125- 160 
and 105-135 times more active, respectively, as 
Salmonella mutagens than was malonaldehyde. 
Therefore, the mutagenic activity attributed to 
malonaldehyde in the earlier investigations is 
suspect. The mutagenicity of a highly puriiied 
preparation of malonaldehyde, sodium salt, in 
Salmonella strain D3052 was confirmed by 
Marnett and Tuttle (19801, although the magni- 
tude of response was much less than that re- 
ported by the earlier investigators. Malonalde- 
hyde was also found to be inactive in Salmonella 
strains TA98, TAlOO, TA1535, and TA1538, 
which are deficient in excision-repair capability. 
These observations confirmed the earlier studies 
of Mukai and Goldstein (1976) and Shamberger 
et al. (1979). 

In a later study, further confirmation of the mu- 
tagenicity of malonaldehyde, sodium salt, in Sal- 
monella came from the results of plate incorpor- 
ation assays (Basu and Marnett, 1983) which 
demonstrated a dose-dependent increase in re- 
vertant colonies of the excision-repair-compe- 
tent frameshift mutant strain D3052 over a dose 
range of 0-20 pmoVplate. The mutation frequen- 
cy was low, about 5 revertantdpmol of malonal- 
dehyde. A similar mutation frequency in two 
recently developed excision-repair-competent 
Salmonella typhimurium strains TA102 and 
TA104, which are base-substitution mutants 
that are highly sensitive to carbonyl compounds, 
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was observed after exposure to malonaldehyde, 
sodium salt, in a liquid preincubation procedure 
without S9 metabolic activation (Marnett et al., 
1985). Malonaldehyde, sodium salt, was also re- 
ported to be an effective mutagen through base 
substitution in repair-competent Escherichia 
coli Hh30 but not in E. coli strains that were re- 
pair deficient (Yonei and Furui, 1981). The mu- 
tagenicity of malonaldehyde, sodium salt, was 
not observed by NTP in S .  typhirnurium assays 
with a preincubation protocol with the excision- 
repair-deficient strains TA98, TA100, TA1535, 
or TA1537 with or without Aroclor 1254induced 
liver S9 from male Sprague Dawley rats or Syri- 
an hamsters (Mcktelmans et al., 1986; Table El). 
These results reported by the NTP do confirm 
the earlier observations of Marnett and Tuttle 
(1980) that Salmonella tester strains that are 
deficient in excision-repair capability are not 
sensitive to malonaldehyde. 

In NTP tests with mouse L5178Y lymphoma 
cells, malonaldehyde, sodium salt, induced for- 
ward mutations at the TK locus aver a concen- 
tration range of 125-1,000 pg/ml in the absence 
of S9; it was not tested with S9 (Table E2). Yau 
(1979) also reported the induction of mutations 
in mouse L5178Y cells by malonaldehyde (un- 
determined purity and generated from the acid 
hydrolysis of tetramethoxypropane) within a 
concentration range of 10-100 pM and in the ab- 
sence of exogenous metabolic activation. Feed- 
ing malonaldehyde (unspecified purity) to Dro- 
sophila larvae at a dose that resulted in 50% 
lethality induced a low frequency of somatic mo- 
saicism that was detected in adult wing and eye 
tissue but did not induce sex-linked recessive 
lethal mutations (Szabad et al., 1983). Likewise, 
in NTP tests, no induction of sex-linked reces- 
sive lethal mutations was seen in Drosophila 
when malonaldehyde, sodium salt, was fed to 
adult males at a concentration of 25,000 ppm or 
injected as a 10,000-ppm solution (Woodruff et 
al., 1985; Table E5). Dose-related increases in 
micronuclei and chromosomal aberrations were 
observed in cultured rat  skin fibroblast cells 

treated with 10-4 to 10-2 M concentrations of 
malonaldehyde, sodium salt, generated by acid 
hydrolysis of tetramethoxypropane and judged 
to be approximately 98% pure (Bird et  al., 
1982b). In NTP cytogenetic assays with cul- 
tured Chinese hamster ovary (CHO) cells, mal- 
onaldehyde, sodium salt, produced a clear dose- 
related increase in the frequency of sister chro- 
matid exchanges both in the presence and ab- 
sence of Aroclor 1254-induced male Sprague 
Dawley rat liver S9. No increase in chromoso- 
mal aberrations was observed in CHO cells after 
treatment with up to 409 pg/ml of malonalde- 
hyde, sodium salt, in the absence of S9 or up to 
3,270 pg/ml in the presence of S9 (Tables E3 and 
E4). 

Study Rationale 

Malonaldehyde was nominated by the NCI for 
toxicology and carcinogenesis studies because of 
reports in the literature that this byproduct of 
lipid peroxidation of polyunsaturated fatty acids 
was mutagenic in bacteria (Mukai and Gold- 
stein, 1976) and active as an initiator in a two- 
stage dermal carcinogenicity study in rodents 
(Shamberger et al., 1974). Further, malonalde- 
hyde (I) has a structural resemblance to two 
known carcinogens, glycidaldehyde (11) and 
Ppropiolactone (111) (Van Duuren et a1 , 1963). 
The oral route of administration was chosen for 
the present studies because human exposure to 
exogenous malonaldehyde is through the diet 
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11. MATERIALS AND METHODS 

PROCUREMENT AND 
CHARACTERIZATION OF 
MALONALDEHYDE, SODIUM SALT 

3-Hydroxy-2-propena1, sodium salt (referred to 
in this report as malonaldehyde, sodium salt), 
was synthesized at the Midwest Research Insti- 
tute (MRI) (Kansas City, Missouri) by the hy- 
drolysis of 1,1,3,3-tetrarnethoxypropane. The 
starting material was obtained in 14 lots from 
Aldrich Chemical Company (Table 1). Each lot 
was converted to malonaldehyde, sodium salt, by 
mixing it with 1.0 N hydrochloric acid and stir- 
ring for 3 hours under nitrogen at 0" C. After 
storage for 48 hours under nitrogen at  5' C, sodi- 
um hydroxide was added to produce a reaction 
mixture with a pH of 10 which was maintained 
at 0" C. Malonaldehyde, sodium salt, was pre- 
cipitated from the reaction mixture by the addi- 
tion of acetone, separated by suction filtration, 
and dried in a desiccator over sodium hydroxide. 

The study material was characterized by ele- 
mental analysis, ultravioletlvisible and nuclear 

magnetic resonance spectroscopy, and Karl 
Fischer water analysis. The nuclear magnetic 
resonance spectrum agreed with that expected 
for the structure of malonaldehyde enolate for 
all the batches prepared (Figure 1). The nuclear 
magnetic resonance spectra did not detect the 
presence of 3,3-dimethoxypropionaldehyde or 
methoxyacrolein, which are potential toxic im- 
purities in the study material. Table 2 presents 
a summary of the analysis for each batch of 
study material. The analytical reports for the 
analyses performed in support of the malonalde- 
hyde, sodium salt, studies are on file at NIEHS. 

Stability studies of the bulk malonaldehyde, so- 
dium salt, were run for 3 weeks at  - 20" C. Puri- 
ty analysis by ultraviolet spectroscopy (266 nm) 
established that no degradation of the chemical 
occurred. Further confirmation of the stability 
of the bulk material during the toxicity studies 
(storage at -20' C) was obtained by Karl Fis- 
cher water analysis and ultraviolet spectroscopic 
analysis. No notable degradation was seen over 
the course of the studies. 

TABLE 1. IDENTITY AND SOURCE OF 1,1,3,3-TETRAMETHOXYPROPANE LOTS USED IN THE 
PREPARATION OF MALONALDEHYDE, SODIUM SALT, FOR THE GAVAGE STUDIES 

Fourteen-Day Studies Thirteen-Week Studies Two-Year Studies 

Lot Number 
JHWlI 

Data of Initial Use 
Rats--8/24~78; mice--8n1178 

Supplier 
Aldrich Chemical Co. 
(Milwaukee. WI) 

JHWll.DE 112776.DE 112978 DE 122078, DC80-23. GB32880, 
GB80-80-2A. CB80-80-5G. CB80-80-5F, 
CB80-80-8. GB8O-80-9-11, KK80-160-12, 
LK8O-160-13, GO-80-160-20 

DE 122078: 3/17/80; DC80-23: 4/14/80: 
CB32880: 5/1/80; GB80-80-2A 5/5/80; 
CB80-80-5G 5/19/80; GB80-80-5F 
7/10/80; GB80-80-8: 8/6/80; GB8O-80-9-11: 
rata--91:8/80, mice-- 10/2/80; 
KKBO- 160- 12: rats- 12/18/80, mice- 
1/22/81; LK80-160-13: rab-6/4/81, mice-- 
5/6/81; GO-80-160-20: 9/21/81 

Same as 14-d studies Same as 14-d studies 

0 0 0 4 5 1  
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(a)8/8 = 1.00 5.30 
(b) 17/8 = 2.12 8.68 
(c) water 4.72 

/ 

FIGURE 1. NUCLEAR MAGNETIC RESONANCE SPECTRUM OF MALONALDEHYDE, SODIUM SALT 
(LOT NO. LK80-160-13) 



TABLE 2. SUMMARY OF RESULTS OF PURITY ANALYSIS OF THE LOTS USED IN THE GAVAGE 
STUDIES OF MALONALDEHYDE, SODIUM SALT 

Lot No. of Malonaldehyde. Sodium Water Chloride Acetone 
Starting Material Salt (percent) (a) (percent) (b) (percent) (c) (percent) (d) 

JHWll 
DE 1 12778 
DE 112978 
DE 122078 

GB32880 
DC80-23 

GB80-80-2A 
CB80-80-5G 
GB80-80-5F 
GB80-80-8 
CB80-80-9-11 
KK80-160- 12 
LK80- 160-13 
GO-80-160-20 

70.1 f 1.4 
68.9 f 0.5 
70.3 f 0.3 
76.4 f 0.9 
78.9 f 0.4 
66.6 f 1.5 
64.3 f 2.2 
64.4 f 1.3 
64.8 f 0.5 
63.4 f 0.4 
65.6 f 0.3 
63.4 f 1.1 
71.2 f 0.5 
67.8 f 1.0 

30.0 f 0.0 
30.6 f: 0.5 
31.5 f 1.1 
24.4 f 0.3 
21.9 k 0.4 
32.2 k 0.6 
35.2 k 0.8 
37.3 f 0.8 
37.8 f 0.9 
36.0 f 0.2 
33.1 f 0.9 
35.2 * 0.3 
29.6 f 0.5 
35.0 k 1.5 

0.28 
0.74 
0.69 
0.28 
1 .o 
0.1 
0.5 
0.5 
0.87 
0.76 
0.3 
0.2 
0.6 

(a) Based on ultraviolet spectroscopic analysis at 266 nm; mean f standard deviation. 
(b) Karl Fischer titration; mean f standard deviation. 
tc) By elemental analysis 
td) By nuclear magnetic resonance spectroscopy 

PREPARATION AND 
CHARACTERIZATION OF DOSE 
MIXTURES 

Dose mixtures were prepared by dissolving 
enough study material in distilled water to give 
the desired concentration (w/v) of anhydrous 
malonaldehyde, sodium salt (Table 3). Dose 
mixture stability studies by ultraviolet spectros- 
copy indicated that a solution of 1% malonalde- 
hyde, sodium salt, in water was stable at - 20" C 
for 7 days. Aliquots of formulated solutions of 
malonaldehyde, sodium salt,  in water were 
stored at - 20" C for no longer than 7 days in the 
2-year studies. 

(100 mglml) during the 13-week studies indica- 
ted that the concentration (99.6 mglml) was  
within specifications (f 10% of the target con- 
centration). During the 2-year studies, the dose 
mixtures were analyzed once every 2 months; 
concentrations varied from 53.5% to 127.1% of  
the target concentrations (Table 4). All dose 
mixtures except those mixed on 9/25/80 were 
within 91.0%-110.4% o f  the target concentra- 
tions. The dose mixtures prepared on 9/25/80 
were outside of the specification limits and, 
therefore, not administered to the animals. The 
dose mixtures subsequently prepared on 9/26/80 
were within specifications and were adminis- 
tered to the animals. Because 48/52 dose mix- 

Periodic analysis for malonaldehyde, sodium 
salt, in dose mixtures was performed by the 
study and analytical chemistry laboratories by 
the same spectrophotometric method to deter- 
mine if the dose mixtures contained the correct 
concentrations of malonaldehyde, sodium salt. 
The results of analysis of one dose formulation 

tures analyzed were within 10% of the target 
concentration, it is estimated that the dose mix- 
tures were prepared within specifications 92% of 
the time. Results of periodic referee analysis 
performed by the analytical chemistry labora- 
tory indicated variable agreement with the re- 
sults from the study laboratory (Table 5 ) .  

0 0 0 4 5 3  
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TABLE 3. PREPARATION AND STORAGE OF DOSE MIXTURES IN THE GAVAGE STUDIES OF 
MALONALDEHYDE, SODIUM SALT 

Fourteen-Day Studies Thirteen-Week Studies Two-Year Studies 

Preparation 
A stock solution was prepared by placing a weighed 
portion of malonaldehyde, sodium salt, in a graduated 
cylinder, adding distilled water to the proper volume, 
and mechanically stirring for 40 min. Doae mixtures 
were prepared by serial dilution of the stock solution 

Similar to 14-d studies Similar to 14-d studies 

Maximum Storage Time 
17 d 7d  

Storage Conditions 
-20. C in the dark vials of dose mixture kept a t  room 
temperature for 30-60 min before gavage administration 

Same as 14-d studies 

7d  

Similar to 14-d studies 

TABLE 4. RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGE STUDIES OF 
MALONALDEHYDE, SODIUM SALT 

Date Mixed 

Concentration of Malonaldehyde, Sodium Salt, in Water 
for Target Concentration (rndml) (a) 

10 12 20 24 

02/21/80 
04/10/80 
06/06/80 
08/07/80 
09/25/80 
09/26/80 
11/20/80 
01/29/81 
0311 2/8 1 
OW1 4/8 1 

0911 7/8 1 
07/09/81 

immi 
0 1 1 0 ~ 2  

10.6 
9.6 
9.75 

10.0 
(b) 6.1 

(c) 10.1 
10.7 
9.71 

10.3 
9.8 
9.8 
9.7 
9.8 
9.1 

12.5 
12.15 
13.25 
11.9 

(b) 8.4 
(c) 12.5 

12.5 
11.39 
12.9 
13.0 
12.6 
12.0 
11.8 
11.4 

19.85 
19.85 
20.5 
19.8 

(b) 10.7. 
(c) 19.9 

18.6 
19.96 
20.5 
20.4 
19.2 
20.3 
19.6 
18.8 

25.15 
24.0 
24.35 
25.2 

(b) 30.5 
(c) 24.8 

24.2 
24.66 
26.2 
22.8 
24.3 
24.6 
24.0 
24.2 

Mean (mg/ml) 9.6 12.0 19.1 24.9 
Standard deviation 1.14 1.22 2.59 1.85 

Range (mg/ml) 6.1-10.7 8.4-13.25 10.7-20.5 22.8-30.5 
Coefficient of variation (percent) 11.9 10.2 13.6 7.4 

Number of samples 13 13 13 13 

(a) Resulta of duplicate analysis 
(b) Out of specifications, not administered to animals 
(c) Remix, not included in the mean 
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TABLE I. RESULTS OF REFEREE ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGE 
STUDIES OF MALONALDEHYDE, SODIUM SALT 

Date Mixed 

Determined Concentration (mdml) 

(mg/ml) Laboratory (a) Laboratory (b) 
Target Concentration Study Referee 

04/10/80 
09/25/80 
0311 2/8 1 
09/10/8 1 
01/08/82 

12 
10 
24 
20 
10 

12.15 8.8 
6.1 9.5 

26.2 24.3 
(c) 19.9 (c) 14.8 

9.1 8.9 

(a) Results of duplicate analysis 
(b) Results of triplicate analysis 
(e) Results from samples taken from animal room during dosing 

FOURTEEN-DAY STUDIES 

Male and female F344iN rats and B6C3F1 mice 
were obtained from Charles River Breeding Lab- 
oratories and held for 14 days (rats) and 17 days 
(mice) before the studies began. Groups of five 
males and five females of each species were ad- 
ministered 250, 500, 750, 1,000, or 1,500 m a g  
malonaldehyde, sodium salt, in distilled water 
by gavage for 14 consecutive days. (Dose mix- 
tures were adjusted for water content in the bulk 
chemical; animals were actually given 360,720, 
1,080,1,440, or 2,160 mgkg of the bulk malonal- 
dehyde, sodium salt.) Controls were untreated. 

Rats and mice were housed five per cage. Feed 
and water were available ad libitum. Details of 
animal maintenance are presented in Table 6. 
Rats and mice were observed two times per day 
and weighed initially and at  the end of the stud- 
ies. A necropsy was performed on all animals. 

dosed groups were assigned to cages according to 
another table of random numbers. 

Groups of 10 rats and 10 mice of each sex were 
administered 0, 30, 60, 125, 250, or 500 m a g  
malonaldehyde, sodium salt (anhydrous equiva- 
lent), in distilled water by gavage 5 days per 
week for 13 weeks. 

Rats and mice were housed five per cage in poly- 
carbonate cages. Feed and water were available 
ad libitum. Further expefimental details are 
summarized in Table 6. Animals were checked 
two times per day; moribund animals were 
killed. Individual animal weights were recorded 
once per week. 

At the end of the 13-week studies, survivors 
were killed. A necropsy was performed on all 
animals except those excessively autolyzed or 
cannibalized. Tissues and groups examined are 
listed in Table 6. 

THIRTEEN-WEEK STUDIES 
TWO-YEAR STUDIES 

Thirteen-week studies were conducted to evalu- 
ate the cumulative toxic effects of repeated ad- 
ministration of malonaldehyde, sodium salt, and 
to determine the doses to be used in the 2-year 
studies. 

Four- to five-week-old male and female F344/N 
rats and B6C3F1 mice were obtained from 
Charles River Breeding Laboratories, held for 17 
days, and then assigned to cages according to a 
table of random numbers. Vehicle control and 

Study Design 

Groups of 50 male and 50 female rats were ad- 
ministered malonaldehyde, sodium salt, at doses 
equivalent to 0, 50, or 100 mg/kg anhydrous 
malonaldehyde, sodium salt, in distilled water 
by gavage 5 days per week for 103 weeks. 
Groups of 50 male and 50 female mice were ad- 
ministered 0, 60, or 120 mg/kg on the same 
schedule. 
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TABLE 6. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES 
OF MALONALDEHYDE, SODIUM SALT 

Fourteen-Day 
Studies 

Thirteen-Week 
Studies 

Two-Year 
Studies 

EXPERIMENTAL DESIGN 

Size of Study Groups 
5 males and 5 femalesof each species 

Doses 
250.500.750.1.000, or 1,500 m a g  
malonaldehyde. sodium salt, in dis- 
tilled water by gavage; dose vol- 
10 mykg; controls were untreated 

Date of First Dose 
Rats--8nW8; mice--8/21R8 10/24/78 

Date of Last Dose 
Rats-91W78, mice--9/3178 1/22/79 

10 males and 10 females of each species 

0.30.60,125.250. or 500 mgkg  
malonaldehyde, sodium salt, 
in distilled water by gavage; 
dose vol -6 mVkg 

Duration of Dosing 
14consecutive d 5 d/w k for 13 wk 

Type a n d  Frequency of Observation 
Observed 2 X d; weighed 
initially and at the end of the studies 

Necropsy and Histologic Examination 
Necropsy performed on all animals. 
histologic examination not 
performed 

Observed 2 x d; weighed initially and 
I X wk thereafter 

Necropsy performed on all animals; 
the following tissues examined histo- 
logically for vehicle control and high 
dose groups, for all animals dying be- 
fore terminal kill. and for lower dose 
animals with compound-related lesions: 
adrenal glands, brain, colon, esophagus, 
femur, gallbladder (mice), heart, kid- 
neys, liver, lungs and mainstem bron- 
chi, mammary gland, mandibular lymph 
nodes, pancreas, parathyroids, pituitary 
gland, prostateltestes or ovarieduterus, 
salivary glands, small intestme, stom- 
ach, thymus, thyroid gland, trachea, 
and urinary bladder 

ANIMALS AND ANIMAL MAINTENANCE 

Strain and Species 
F344/N rats, B6C3Fi mice 

Animal Source 
Charles River Breeding 
Laboratories (Portage, MI) 

F344/N rata; B6C3F1 mice 

Same as 14-d studies 

Study Laboratory 
Battelle Columbus Laboratories 

Method of Animal Identification 
By cage Toe clip 

Time Held Before Study 
RatS--l4 d. mice-17 d 17d 

Age When Placed on Study 
6wk 7 wk 

BattPlle Columbus Laboratories 
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50 males and 50 females of each species 

Rats--O.50. or 100 mglkg malonaldehyde, 
sodium salt, in distilled water by gavage; 
mice--0,60, or 120 mg/kg; dose vel-5 mUkg 

RatS--2/18/80; mice--2/25/80 

Rats--2/5/82; mice--2/12/82 

5 d/wk for 102 wk 

Observed 2 X d; weighed initially, 1 X wk 
for 13 wk, and 1 X mo t h e r e a h r  

Necropsy and histologic examination per- 
formed on all animals; the following tlssues 
were examined: adrenal glands, brain, ce- 
cum, colon, duodenum, esophagus, eyes, fe- 
mur including marrow, gallbladder (mice), 
gross lesions, heart, kidneys. larynx, liver. 
lungs and mainstem bronchi. mammary 
gland, mandibular lymph nodes, pancreas, 
parathyroids. pituitary gland, prostate/ 
testes or ovarieduterus, salivary glands, 
skin, small intestine, spleen, stomach, 
thymus, thyroid gland. tissue masses, 
trachea, and urinary bladder 

F 3 W  rats, B6C3F1 mice 

Rata--Charles h v e r  Breeding Laboratories 
(Portage, MI); mice--Charles River 
Breeding Laboratories (Kingston, NY) 

Battelle Columbus Laboratories 

Toe clip and ear notch 

Rats--18 d; mice--20 d 

Rats-7 wk, mice--8 wk 

Maionaldehyde, Sodium Salt, NTP TR 331 
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TABLE 6. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES 
OF MALONALDEHYDE, SODIUM SALT (Continued) 

Fourteen-Day 
Studies 

Thirteen-Week 
Studies 

Two-Year 
Studies 

ANIMALS AND ANIMAL MAINTENANCE (Continued) 

Age When Killed 
8 wk 20 wk Rats--1 11 - 1 12 wk; mice-1 12-1 13 wk 

Necropsy Dates 
Rats--9/8/78; mice--9/5178 Rats--1/23/79; mice--l/24/79 Rats--2/16/82-2/19/82; 

mice--2/22/82-2/25/82 

Method of Animal Distribution 
Distributed according to tablesof 
random numbers 

Same as 14-d studies 

Feed 
Purina Lab Chow. pellets 
(Ralston Purina Co.. St. Louis, 
MO); available ad libitum 

Bedding 
Absorb-Dri (Lab Products, Inc.. 
Garfield. NJ) 

Water 
Automatic watering system 
t Edstrom Industries, Waterford. 
WI); available ad libitum 

Cages 
Polycarbonate (Lab Products, 
Inc.. Garfield. NJ) 

Cage Filters 
Reemay spun-bonded polyester 
filters (Snow Filtration, 
Cincinnati, OH) 

Same a s  14-d studies 

Same as  14-d studies 

Same as  14-d studies 

Same as 14-d studies 

Same as  14-d studies 

Animals per Cage 
5 5 

Other Chemicals on Study in the Same Room 
None None 

Animal Room Environment 
Temp--20°-23' C; 
humidity--40%-60%; 
fluorescent light 12 h/d; 
15 room air change& 

Same as 14-d studies 

Animalsdistributed to weight classes and 
then assigned to cages according to one 
table of random numbers and to groups 
according to another table 

NIH 07 Rat and Mouse Ration (Zeigler 
Bros., Inc., Gardners, PA) except for week 
of4/27/81 when Purina Lab Chow@ was 
used; available ad libitum 

Same as  14-d studies 

Same as  14-d studies 

Same as  14-d studies 

Same as  14-d studies 

5 

None 

Temp- 17326' C, humidity-- 15%-63%; 
fluorescent light 12 h/& 15 room air  
change& 
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11. MATERIALS AND METHODS 

Source and Specifications of Animals 

The male and female F344M rats and B6C3F1 
(C57BL/6N, female X C3H/HeN MTV-, male) 
mice used in these studies were produced under 
strict barrier conditions a t  Charles River Breed- 
ing Laboratories under a contract to the Carci- 
nogenesis Program. Breeding stock for the foun- 
dation colonies at the production facility 
originated at  the National Institutes of Health 
Repository. Animals shipped for study were 
progeny of defined microflora-associated parents 
that were transferred from isolators to barrier- 
maintained rooms. Rats were shipped to the 
study laboratory a t  4 weeks of age and mice a t  5 
weeks of age. The rats were quarantined at the 
study laboratory for 18 days and the mice for 20 
days. Thereafter, a complete necropsy was per- 
formed on five animals of each sex and species to 
assess their health status. The rats were placed 
on study at  7 weeks of age and the mice at 8 
weeks of age. The health of the animals was 
monitored during the course of the studies ac- 
cording to the protocols of the NTP Sentinel Ani- 
mal Program (Appendix F). 

A quality control skin grafting program has 
been in effect since early 1978 to monitor the ge- 
netic integrity of the inbred mice used to produce 
the hybrid B6C3F1 study animal. In mid-1981, 
data were obtained that showed incompatibility 
between the NIH C3H reference colony and the 
C3H colony from a Program supplier. In August 
1981, inbred parental lines of mice were further 
tested for genetic integrity via isozyme and pro- 
tein electrophoresis profiles that demonstrate 
phenotype expressions of known genetic loci. 

The C57BU6N mice were homogeneous at all 
loci tested. Eighty-five percent of the C3H mice 
monitored were variant at  one to three loci, indi- 
cating some heterogeneity in the C3H line from 
this supplier. Nevertheless, the genome of this 
line is more homogeneous than that of randomly 
bred stocks. 

‘“r 

Male mice from the C3H colony and female mice 
from the C57BU6N colony were used as parents 
for the hybrid B6C3F1 mice used in these stud- 
ies. The influence of the potential genetic non- 
uniformity in the hybrid mice on these results is 

not known, but results of the studies are  not 
affected because concurrent controls were in- 
cluded in each study. 

Animal Maintenance 

Rats and mice were housed five per cage. Feed 
and water were available ad libitum. Cages 
were not rotated during the studies (Figure 2). 
Details of animal maintenance are summarized 
in Table 6. 

Clinical Examinations and Pathology 

All animals were observed two times per day, 
and clinical signs were recorded once per day for 
the first 20 months and once per month thereaf- 
ter. Body weights by cage were recorded once 
per week for the first 13 weeks of the studies and 
once per month thereafter. Mean body weights 
were calculated for each group. Animals found 
moribund and those surviving to the end of the 
studies were humanely killed. A necropsy was 
performed on all animals including those found 
dead, unless they were excessively autolyzed or 
cannibalized, missexed, or found missing. Thus, 
the number of animals from which particular or- 
gans or tissues were examined microscopically 
varies and is not necessarily equal to the num- 
ber of animals that were placed on study. 

During necropsy, all organs and tissues were ex- 
amined for grossly visible lesions. Tissues were 
preserved in 10% neutral buffered formalin, em- 
bedded in paraffin, sectioned, and stained with 
hematoxylin and eosin. Tissues examined 
microscopically are listed in Table 6. 

When the pathology evaluation was completed, 
the slides, paraffin blocks, and residual wet tis- 
sues were sent to the NTP Archives for inven- 
tory, slidehlock match, and wet tissue audit. 
The slides, individual animal data records, and 
pathology tables were sent to an independent 
quality assessment laboratory. The individual 
animal records and tables were compared for ac- 
curacy, slides and tissue counts were verified, 
and histotechnique was evaluated. All tumor di- 
agnoses, all target tissues, and all tissues from a 
randomly selected 10% of the animals were eval- 
uated by a quality assessment pathologist. The 
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FIGURE 2. CAGE LOCATIONS FOR RATS AND MICE IN THE TWO-YEAR GAVAGE 
STUDIES OF MALONALDEHYDE, SODIUM SALT 
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11. MATERIALS AND METHODS 

quality assessment report and slides were sub- 
mitted to the Pathology Working Group (PWG) 
Chairperson, who reviewed all target tissues 
and those about which there was a disagreement 
between the laboratory and quality assessment 
pathologists. 

Representative slides selected by the Chairper- 
son were reviewed by the PWG without knowl- 
edge of previously rendered diagnoses. When 
the consensus diagnosis of the PWG differed 
from that of the laboratory pathologist, the labo- 
ratory pathologist was asked to reconsider the 
original diagnosis. This procedure has been de- 
scribed, in part, by Maronpot and Boorman 
(1982) and Boorman et al. (1985). The Anal di- 
agnoses represent a consensus of contractor pa- 
thologists and the NTP Pathology Working 
Group. For subsequent analysis of pathology 
data, the diagnosed lesions for each tissue type 
are  combined according to the guidelines of 
McConnell et  al. (1986). 

Slidedtissues are generally not evaluated in a 
blind fashion (i.e., without knowledge of dose 
group) unless the lesions in question are subtle 
or unless there is an inconsistent diagnosis of le- 
sions by the laboratory pathologist. Nonneo- 
plastic lesions are not examined routinely by the 
quality assessment pathologist or PWG unless 
they are considered part of the toxic effect of the 
chemical. 

Statistical Methods 

Data Recording: Data on this experiment were 
recorded in the Carcinogenesis Bioassay Data 
System (Linhart et al., 1974). The data elements 
include descriptive information on the chemi- 
cals, animals, experimental design, survival, 
body weight, and individual pathology results, 
a s  recommended by the International Union 
Against Cancer (Berenblum, 1969). 

Survival Analyses: The probability of survival 
was estimated by the product-limit procedure of 
Kaplan and Meier (1958) and is presented in the 
form of graphs. Animals were censored from the 
survival analyses at  the time they were found to 
be missing or dead from other than natural 
causes; animals dying from natural causes were 
not censored. Statistical analyses for a possible 
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dose-related effect on survival used the method 
of Cox (1972) for testing two groups for equality 
and Tarone's (1975) life table test for a dose- 
related trend. When significant survival differ- 
ences were detected, additional analyses using 
these procedures were carried out to determine 
the time point at which significant differences in 
the survival curves were first detected. All re- 
ported P values for the survival analysis are 
two-sided. 

Calculation of Incidence: The incidence of neo- 
plastic or nonneoplastic lesions is given as the 
ratio of the number of animals bearing such le- 
sions a t  a specific anatomic site to the number of 
animals in which that site was examined. In 
most instances, the denominators include only 
those animals for which the site was examined 
histologically. However, when macroscopic ex- 
amination was required to detect lesions (e.g., 
skin or mammary tumors) prior to histologic 
sampling, or when lesions could have appeared 
a t  multiple sites (e.g., lymphomas), the denomi- 
nators consist of the number of animals on which 
a necropsy was performed. 

Analysis of Tumor Incidence: Three statistical 
methods are used to analyze tumor incidence da- 
ta. The two that adjust for intercurrent mor- 
tality employ the classical method for combining 
contingency tables developed by Mantel and 
Haenszel (1959). Tests of significance included 
pairwise comparisons of high dose and low dose 
groups with vehicle controls and tests for overall 
dose-response trends. 

For studies in which compound administration 
has little effect on survival, the results of the 
three alternative analyses will generally be 
similar. When differing results are obtained by 
the three methods, the final interpretation of the 
data will depend on the extent to which the tu- 
mor under consideration is regarded as being the 
cause of death. Continuity-corrected tests are  
used in analysis of tumor incidence, and re- 
ported P values are one-sided. The procedures 
described below were also used to analyze the 
incidence of selected nonneoplastic lesions. 

Life Table Analyses--The first method of analy- 
sis assumed that all tumors of a given type ob- 
served in animals dying before the end of the 
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II. MATERIALS AND METHODS 

studies were “fatal”; i.e., they either directly or 
indirectly caused the death of the animal. Ac- 
cording to this approach, the proportions of tu- 
mor-bearing animals in the dosed and vehicle 
control groups were compared at each point in 
time at which an animal died with a tumor of in- 
terest. The denominators of these proportions 
were the total number of animals at risk in each 
group. These results, including the data from 
animals killed at the end of the studies, were 
then combined by the Mantel-Haenszel method 
to obtain an overall P value. This method of ad- 
justing for ihtercurrent mortality is the life table 
method of Cox (1972) and of Tarone (1975). The 
underlying variable considered by this analysis 
is time to death due to tumor. If the tumor is 
rapidly lethal, then time to death due to tumor 
closely approximates time to tumor onset. In 
this case, the life table test also provides a com- 
parison of the time-specific tumor incidences. 

Incidental Tumor Analyses--The second method 
of analysis assumed that all tumors of a given 
type observed in animals that died before the 
end of the studies were “incidental”; i.e., they 
were merely observed at necropsy in animals dy- 
ing of an unrelated cause. According to this ap- 
proach, the proportions of tumor-bearing ani- 
mals in dosed and vehicle control groups were 
compared in each of five time intervals: weeks 
0-52, weeks 53-78, weeks 79-92, week 93 to the 

week before the terminal-kill period, and the 
terminal-kill period. The denominators of these 
proportions were the number of animals actually 
examined for tumors during the time interval. 
The individual time interval comparisons were 
then combined by the previously described 
method to obtain a single overall result. (See 
Haseman, 1984, for the computational details of 
both methods.) 

Unadjusted Analyses-Primarily, survival-ad- 
justed methods are used to evaluate tumor inci- 
dence. In addition, the results of the Fisher 
exact test for pairwise comparisons and the 
Cochran-Armitage linear trend test (Armitage, 
1971; Cart et al., 1979) are given in the appen- 
dixes containing the analyses of primary tumor 
incidence. These two tests are based on the over- 
all proportion of tumor-bearing animals and do 
not adjust for survival differences. 

Historical Control Data: Although the concur- 
rent control group is always the first and most 
appropriate control group used for evaluation, 
there are certain instances in which historical 
control data can be helpful in the overall assess- 
ment of tumor incidence. Consequently, control 
tumor incidences from the NTP historical con- 
trol data base (Haseman et al., 1984, 1985) are 
included for those tumors appearing to show 
compound-related effects. 
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111. RESULTS: RATS 

FOURTEEN-DAY STUDIES 

All rats that received 1,500 mgkg mlonalde- 
hyde, sodium salt, Y5 males and 315 females 
that received 1,000 mgAcg, and 115 d e s  that re- 
ceived 760 mg/kg did before the end of the stud- 
ies (Table 7). Final mean body weights of rats 
that received 750 or 1,000 m a g  malonalde- 
hyde, sodium salt, were 15% or 7% lower than 
that of the controls for males and 24% or 26% 
lower for females. All dosed animals had rough 
hair coats. By day 4, the color of the urine of all 
dosed animals was a shade similar to that of the 
study material. By day 11, all surviving rats at. 
750 and 1,000 mgkg exhibited generalized body 
weakness. The tissues fram animals in the 1.4- 
day studies were not examined microso0picall.y. 

THIRTEEN-WEEK STUDIES 

Nine d 10 male rats and 10110 female rats that 
received 600 mg/kg malonaldehyde, sodium salt, 
died before the end of the studies (Table 8). Fi- 
nal mean body weights of males that received 
12.6, 260, or 500 mgkg were 696, 1696, or 39% 
lower than that of the vehicle controls. Final 
mean body weights of females that received 126 
or 260 mgkg were 5% or 14% lower than that of 
the vehicle controls. 

Dwing the course of the 13-week studies, the 
clinical signs preceding the early deaths or mori- 
bund termination in the highest dosed animals 
were rough hair coats, red exudate around the 
eyes, and impairment of hindleg motor ability to 
the extent of complete immobilization in some 
animals. 

TABLE 7. SURVIVAL AND MEAN BODY 'WEIGHT8 OF RATS IN THE FOURTEEN-DAY GAVAGE 
STUDIES OF IHALONALDEHYDE, SODIUM 8ALT 

Mean Bods Weinhta (grama) Final Weight Relative 
Dose S U d v a l ( a )  fnit'lol Find Change (b) to Control8 

( m a g )  (percent) 

MALE 

(c) 0 6m 117 177 + 60 
250 sm 115 165 +so 
600 6 6  123 178 + 55 
750 (d) U6 107 151 +44 

1 *OOo le) 3 6  124 165 +41 
1,500 (0 0 6  109 (g) k) 

FEMALE 

(c) 0 616 98 111 +43 
250 5 6  102 186 +54 
600 &5 102 129 +n 
750 6 6  97 107 + 10 

1.000 (h) 216 103 106 +3 
1.600 ti) 016 102 (e) (s) 

93.2 
100.6 

86.3 
93.2 
(g) 

96.5 
91.5 
75.9 
75.2 

(a) Number ewiving/number in group 
(b) Mean body weight change of the survivors 
(e) Controls were untreated. 
(d) Day of death: 16 (1 day after last dose) 
(e) Day of death: 4.7 
(0 Day of death: 4,4,5,6,8 
(g) No data are reported due to the 100% mortality in this group. 
(h) Day of death: 9.1 1.14 
(i) Day of death: 3.4,5,7,7 
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TABLE 8. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE THIRTEEN-WEEK GAVAGE 
STUDIES OF MALONALDEHYDE, SODIUM SALT 

Mean Body Weights (mama) Final Weight Relative 
Dose Survival (a) Initial (b) F M  Change (c) to Vehicle Controls 

(WW (percent) 

MALE 

0 
30 
60 
125 
250 
500 

FEMALE 

0 
30 
60 
126 
250 
500 

10/10 
loll0 
1011 0 

10110 
(d) 1/10 

ion0 

10/10 
lono 
10110 
10/10 
1011 0 

(e) 0110 

132 f 4 
137 f 6 
139 f 4 
142 f 4 
139 f 4 
138 f 3 

113 f 1 
107 k 2 
105 f 3 
110 f 3 
112 f 2 
110 f 2 

331 f 6 
347 f 2 
346 f 10 
314f 6 
278 f 8 
203 f 0 

195 f 3 
187f 4 
188 f 3 
186 f 6 
167f 4 

cn 

+199 f 4 
+210 f 5 
+206 f 8 
+172 f 6 
+139 f 9 
+68f0 

+82 f 2 
+80 f 2 
+83 f 1 
+75 f 3 
+65 k 4 

(0 

105 
104 
95 
84 
61 

96 
96 
95 
86 
cn 

(a) Number survivinghumber initially in group 
6) Initial mean group body weight f standard error of the mean. Subsequent calculations are based on those animals sur- 
viving to the end of the study. 
(e) Mean body weight change of the survivors f standard error of the mean 
(d)Weekofdeath: 3.6,7.8,8,8,8.10.12 
(e) Weekofdeath: 6,5,7.7,7.7.7,7,8,8 
(0 No data are reported due to the 100% mortality in this group. 

Compound-related lesions were present in the 
stomach, kidney, and testis, primarily in the two 
highest dose groups (Table 9). Lesions in the 
kidney consisted of thickenings in the glomeru- 
lar tuft, which appeared to involve basement 
membranes and mesangial areas. The designa- 
tion “membranous glomerular nephropathy” 
was given to the lesion for which evidence of 
thickening of Bowman’s capsule or proliferation 
of visceral or parietal epithelium was present 
without associated inflammation. These kidney 
lesions occurred in nine males and eight females 
a t  500 mg/kg, one male and nine females at 250 
mgkg, and six females at 125 mgkg. Mild min- 
eralization of the kidney was present in male 
rats from the two highest dose groups and in fe- 
male rats from the four highest dose groups. Re- 
nal tubular pigmentation and/or basophilia oc- 
curred in several rats from the 500 mgkg group. 
Renal tubular pigmentation was observed in 10 
females in the 250 mgkg group. Focal and 
multifocal erosive lesions were observed in the 
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gastric mucosa of the glandular stomach in 500 
mgkg male and female rats. A ditruse degen- 
eration of virtually all the testicular germinal 
epithelium was observed in 3/10 males that re- 
ceived 250 mg/kg and in 9/10 males that re- 
ceived 500 mgkg; the lesions in the 250 mgkg 
group were less severe than those in the 500 
mgkg group. Lymphoid depletion in the spleen, 
thymus, and mandibular lymph nodes occurred 
in the two highest male and female dose groups, 
and increased splenic extramedullary hemato- 
poiesis and bone marrow hyperplasia were ob- 
served in the 500 mgkg groups. 

Dose Selection Rationale: Because of reduced 
weight gain and compound-related lesions in the 
bone marrow, spleen, lymph nodes, thymus, 
stomach, kidney, and testis at the higher doses 
in the 13-week studies, doses selected for rats for 
the 2-year studies were 50 and 100 mgkg mal- 
onaldehyde, sodium salt, administered in dis- 
tilled water by gavage 5 days per week. 
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TABLE 9. NUMBER OF RATS WITH LESIONS IN THE THIRTEEN-WEEK GAVAGE STUDIES OF 
MALONALDEHYDE, SODIUM SALT 

MALE 

Number of rata examined 

Stomach. gastric mucosa 

Kidney 
Erosion 

Membranous glomerular nephropathy 
Mineralization 
Tubular pigmentation 
Tubular basophilia 

Hyperplasia 

Lymphoid depletion, B-cell area 
Lymphoid depletion 
Extramedullary hematopoiesis 

Mandibular lymph node 
Lymphoid depletion 

mymu 
Lymphocytic depletion 

Teatie, seminiferous tubulea 
Degeneration 

FEMALE 

Number of  rata examined 

Stomach, gastric mucosa 

Kidney 

Bone marrow 

Spleen 

Emion 

Membranous glomerular nephropathy 
Miemlization 
Tubular pigmentation 
Tubular basophilia 

Hyperplasia 

Lymphoid depletion, Bcell area 
Lymphoid depletion 
Extramedullary hematopoieaia 

Mandibular lymph node 
Lymphoid depletion 

Thymus 
Lymphocytic depletion 

Bone marrow 

Spleen 

10 10 

0 0 

0 0 
0 0 
0 0 
0 0 

0 0 

0 0 
0 0 
0 0 

0 0 

0 0 

0 0 

10 10 

0 0 

0 0 
0 2 
0 0 
0 0 

0 0 

0 0 
0 0 
0 0 

0 0 

0 0 

10 

0 

0 
0 
0 
0 

0 

0 
0 
0 

0 

0 

0 

10 

0 

6 
6 
0 
0 

0 

0 
0 
0 

0 

0 

10 

0 

1 
6 
0 
0 

0 

9 
0 
0 

0 

0 

3 

IO 

0 

10 
7 

10 
0 

0 

10 
0 
0 

0 

0 

10 

5 

9 
9 
4 
3 

5 

6 
4 
7 

2 

3 

9 

10 

4 

8 
5 
1 
6 

4 

7 
3 
9 

3 

5 

TWO-YEAR STUDIES 
Body Weights and Clinical Signs 
Mean body weights of high dose male rats were 
10%-20% lower than those of the vehicle controls 
from week 33 to week 72 and 20%-26% lower 
from week 72 to the end of the study (Table 10 
and Figure 3). Mean body weights of low dose 
male rats were 3%-7% lower than those of the 

vehicle controls from week 67 to the end of the 
study. Mean body weights of high dose female 
rats were 10%-20% lower than those of the vehi- 
cle controls from week 54 to week 72 and 21%- 
36% lower from week 72 to the end of the study. 
Mean body weights of low dose and vehicle con- 
trol female rats were similar throughout the 
study. No compound-related clinical signs were 
observed. 
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TABLE 10. MEAN BODY WEIGHTS AND SURVIVAL OF RATS IN THE TWO-YEAR GAVAGE STUDIES 
OF MALONALDEHYDE, SODIUM SALT 

Weeks Vehicle Control 50 m&g 100 mgkg 
on Av.Wt. No.of Av.Wt. Wt.(percent No.of Av. Wt. Wt. (percent No. of 

Study @rams) Survivors (grams) of veh. controlr) Survivors (grams) of veh. controls) Survivors 

MALE 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
10 
20 
25 
2s 
33 
37 
41 
40 
50 
54 
59 
03 
07 
I2 
70 
78 
81 
85 
90 
94 
99 
103 

FEMALE 

0 
1 
2 
3 
4 
5 
6 
7 
8 
B 
10 
11 
12 
13 
10 
20 
25 
29 
33 
37 
41 
40 
50 
54 
59 
03 
07 
72 
76 
78 
81 
85 
90 
94 
99 
103 

111 
171 
199 
219 
234 
250 
Za 
261 
280 
193 
304 
309 
318 
324 
342 
359 
991 
396 
108 
420 
425 
431 
4.4 
45s 
400 
451 
480 
409 
459 
450 
455 
452 
402 
401 
ua 
441 

98 

137 
143 
152 
le4 
184 
184 
167 
171 
174 
174 
170 
181 
189 
190 
205 
207 
208 
213 
2 16 
223 
234 
2 4  
245 
253 
280 
274 
209 
271 
212 
280 
288 
282 
288 
290 

im 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
so 
50 
50 
49 
40 
4a 
48 
48 
4a 
44 
43 
39 
39 
37 
37 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
W 
50 
49 
49 
49 
4a 
4a 
4a 
48 
48 
48 
47 
47 
47 
41 
40 
48 
44 
42 
42 
39 
37 

115 
170 
198 
219 
298 
255 
265 
209 

294 
305 
310 
317 
321 
340 
358 
380 
402 
401 
417 
429 
432 
445 
442 
447 
447 
440 
452 
427 
424 
429 
427 
445 
445 
434 
430 

mi 

102 
130 
139 
146 
150 
101 
168 
160 
189 
173 
175 
175 
179 
183 
187 
192 
207 
208 
211 
215 
220 
228 
243 
247 
251 
256 
262 
276 
272 
208 
267 
275 
280 
280 
286 
ms 

104 
99 
99 
100 
102 
102 
100 
101 
loo 
loo 
100 
loo 
loo 
99 
99 
100 
99 
102 
98 
99 
loo 
100 
99 
96 
97 
98 
97 
96 
93 
93 
94 
94 
90 
97 
97 
98 

104 
103 
101 
102 
103 
101 
101 
101 
101 
101 
101 
101 
101 
101 
99 
101 
101 
100 
101 
101 
102 
102 
104 
103 
102 
101 
101 
101 
101 
99 
98 
98 
9s 
99 

100 
100 

50 
50 
50 
so 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
so 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
48 
48 
47 
46 
42 
40 
30 
33 

50 
50 
so 
50 
50 
so 
so 
50 
50 
50 
so 
50 
49 
49 
49 
49 
49 
49 
49 
49 
49 
48 
47 
47 
47 
47 
40 
45 
45 
45 
45 
43 
42 
42 
39 
37 

112 
171 
200 
2% 
240 
259 
267 
271 
279 
295 
305 
302 
307 
313 

944 
387 
307 
309 
378 
372 
383 
391 
385 
381 
308 
375 
307 
350 
351 
345 
353 
347 
341 
334 
332 

sm 

101 
127 
136 
144 
152 
159 
164 
163 
106 
109 
173 
171 
173 
177 
184 
190 
209 
202 
203 
205 
207 
215 
214 
214 
206 
214 
215 
2 17 
211 
207 
215 
213 
207 
I99 
203 
187 

101 
100 
101 
102 
103 
104 
101 
101 
100 
101 
100 
98 
97 
97 
98 
96 
94 
93 
90 

88 
89 
87 
85 
8a 
81 
82 
78 
70 
77 
70 
78 
75 
74 
75 
74 

so 

103 
101 
99 
101 
100 
99 
100 
99 
99 
99 
99 
98 
97 
sa 
97 

100 
ss 
sa 
98 
96 
96 
96 
91 
89 
84 
85 
83 
79 
78 
70 
79 
70 
72 
71 
71 
64 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
48 
48 
4a 
48 
47 
47 
46 
45 
43 
37 
32 
21 
23 
19 
15 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
43 
39 
39 
37 
35 
34 
31 
20 
25 
23 
18 
14 

37 
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111. RESULTS: RATS 

survival 

Estimates of the probabilities of survival for 
male and female rats administered malonalde- 
hyde, sodium salt, at the doses used in these 
studies and for vehicle controls are shown in Ta- 
ble ll and in the Kaplan and Meier curves in 
Figure 4. Survival of the high dose groups of 
both male (&r week 88) and female (after week 
68) rats was significantly lower than that of the 
vehicle controls. 

Pathology and Statistical Analyses of 
Results 

This section describes the significant or note- 
worthy changes in the incidences of rats with 
neoplastic or nonneoplastic lesions of the thyroid 
gland, pancreatic islets, pancreas, subcutaneous 
tissue, hematopoietic system (bone marrow, 
spleen, or multiple organs), adrenal gland, an- 
terior pituitary gland, liver, stomach, and eye. 

Lesions in male rats are summarized in Appen- 
dix A. Histopathologic findings on neoplasms 

are summarized in Table A1 . Table A2 gives the 
survival and tumor status for individual male 
rats. Table A3 contains the statistical analyses 
of those primary tumors that occurred with an 
incidence of at least 5% in one of  the three 
groups. The statistical analyses used are dis- 
cussed in Chapter I1 (Statistical Methods) and 
Table A3 (footnotes). Historical incidences of tu- 
mors in control male rats are listed in Table A4. 
Findings on nonneoplastic lesions are summa- 
rized in Table A5. 

Lesions in female rats are summarized in Ap- 
pendix B. Histopathologic findings on neo- 
plasms are summarized in Table B1. Table B2 
gives the survival and tumor status for individ- 
ual female rats. Table B3 contains the statisti- 
cal analyses of those primary tumors that oc- 
curred with an  incidence of  at least 5% in one of 
the three groups. The statistical analyses used 
are discussed in Chapter I1 (Statistical Methods) 
and Table B3 (footnotes). Historical incidences 
of tumors in control female rats are listed in Ta- 
ble B4. Findings on nonneoplastic lesions are 
summarized in Table B5. 

TABLE 11. SURVIVAL OF RATS IN THE TWO-YEAR GAVAGE STUDIES OF MALONALDEHYDE, 
ODIUM SALT 

Vehicle Control SO mgkg 100 m%ke 

MALE (a) 

Animah initially in study 50 50 50 
Nonaccidental deaths before termination (b) 13 17 34 
Accidentally killed 0 0 1 
Killed at termination 37 33 15 
Survival Pvalues (c) <0.001 0.633 <0.001 

FEMALE (a) 

Animal8 initially in study 50 50 50 
Nonaccidental deaths before termination (b) 13 I2 34 
Accidentally killed 0 1 2 
Killed at termination 37 37 14 
Survival P valuea (c) <0.001 0.846 <0.001 

(a) Terminal-kill period: male--week lO&female--weeks 104-105 
(b) Iacludea anima& killed in a moribund condition 
(c) The result of the life table trend test is in the vehicle control column, and the results of the life table pairwise comparisons 
with the vehicle controla are in the dosed columns. 
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111. RESULTS: RATS 

Thyroid GZand: Follicular cell hyperplasia was 
observed at an increased incidence (P< 0.001) in 
high dose female rats (Table 12). Hyperplasia 
was characterized by micropapillary folds of 
columnar cells or microfollicle formation on the 
wall of slightly enlarged follicles that did not 
compress adjacent structures. 

Follicular cell adenomas, carcinomas, and ade- 
nomas or carcinomas (combined) in male and fe- 
male rats occurred with positive trends (Ta- 
ble 12). The incidences of adenomas in high dose 
male and female rats and carcinomas in high 
dose male rats were significantly greater than 
those in the vehicle controls by the life table test; 
the incidences of follicular cell adenomas or car- 
cinomas (combined) in high dose male and fe- 
male rats were significantly (PC0.05) greater 
than those in the vehicle controls by the life ta- 
ble and incidental tumor tests. Two high dose 
male rats had bilateral follicular cell tumors: 
one had a bilateral carcinoma, and the second 
had an adenoma in one lobe and a carcinoma in 
the other lobe. A third high dose male had two 
adenomas in one lobe. Follicular cell adenomas 
were usually wellcircumscribed masses consist- 
ing of variably sized follicles often with papillary 

fronds extending into the lumen. The follicular 
cell carcinomas (Figures 5-8) were more pleo- 
morphic (Figure 7) and consisted of irregular fol- 
licular structures lined by anaplastic epithelial 
cells; a scirrhous response (Figure 7) was com- 
monly seen with these tumors. 

An increased incidence of thyroid gland follicu- 
lar cell hyperplasia is often associated with an 
increased incidence of follicular cell adenomas 
andlor carcinomas. In this study, however, the 
increased incidence of follicular cell tumors in 
low and high dose male rats was not accom- 
panied by increased follicular cell hyperplasia. 
However, in high dose female rats, a significant 
increase in follicular cell hyperplasia was associ- 
ated with an increase in thyroid gland follicular 
cell tumors. 

Ultimobranchial cysts occurred at an increased 
incidence (P<O.OOl) in high dose female rats 
(male: vehicle control, 0/50 low dose, 0/49; high 
dose, 2/50; female: 1/50; 0150; 12/50). These em- 
bryologic remnants of the ultimobranchial bod- 
ies were unilocular or multilocular spaces lined 
by squamous epithelium. 
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TABLE la. ANALYSIS OF THYROID GLAND FOLLICULAR CELL LESIONS IN RATS IN THE 
TWO-YEAR GAVAGE STUDIES OF MALONALDEHYDE, SODIUM SALT (a) 

Hyperplasia 

Adenoma 

Overall Rates 

Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Tests 
Incidental Tumor Tests 

Carcinoma 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week o f  First Observation 
Life Table Tests 
Incidental Tumor Tests 

Adenoma or Carcinoma (b) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Tests 
Incidental Tumor Tests 

FEMALE 

Hyperplasia 
Overall Rates 

Adenoma 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Weekof First Observation 
Life Table Testa 
Incidental Tumor Tests 

Carcinoma 
Overall Rates 

Adenoma or Carcinoma (c) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week ofFirst Observation 
Life Table Tests 
Incidental Tumor Tests 

9/50 (18%) 

3/50 (6%) 
7.3% 
w37(5%) 
55 
P=0.003 
P=0.026 

1/50 (2%) 
2.1% 
OM7 (0%) 
79 
P = 0.01 9 
P=0.105 

4/50 (8%) 
9.2% 
2/37 (5%) 
55 
P co.00 1 
P=O.O08 

10/50 (20%) 

2/50 (4%) 
5.3% 
1/37 (3%) 
103 
P = 0.015 
P=0.069 

0/50 (0%) 

2/50 (4%) 
5.3% 
1/37 (3%) 
103 
P=O.OOl 
Pr0.026 

7/49 ( 14% ) 

3/49 (6%) 
9.1% 
3/33 (9%) 
104 
P=0.618 
P = 0.6 18 

5/49 (10%) 
13.3% 
3/33 (9%) 
87 
P = 0.099 
P=O.l09 

8/49 (16%) 
22.0% 
6/33 (18%) 
87 
P =0.154 
P = 0.168 

10150 (20%) 

0150 (0%) 
0.0% 
OM7 (0%) 

P = 0.240N 
P=0.240N 

1/50 (2%) 

1/50 (2%) 
2.7% 
1/37 (3%) 
105 
P=0.500N 
P = 0.500N 

7/50 (1 4% ) 

9/50 (1 8%) 
34.4% 
3/15 (20%) 
81 
P = 0.007 
P = 0.068 

5/50(10%) 
19.8% 
2/15(13%) 
79 
P=0.041 
P=0.116 

13/50 (26%) 
48.1% 
5/15 (33%) 
79 
P<O.OoL 
P = 0.01 5 

26/50 (52%) 

5/50 (10%) 
30.4% 
4/14 (29%) 
69 
P=0.020 
P30.083 

2/50 (4%) 

7/50 ( 14%) 
37.6% 
4/14 (29%) 
69 
P = 0.003 
P = 0.045 

(a) The statistical analyses used are discussed in Chapter I1 (Statistical Methods) and Table A3 (footnotes). 
(b) Historical incidence in water gavage controls (mean f SD): 2/144 (1% f 1%); historical incidence in untreated controls 
(mean rt SD): 27/1,928(1% 2 2%) 
(e) Historical incidence in water gavage controls (mean f SD): U146 (3% k 3%); historical incidence in untreated controls 
(mean f SD): 20/1,952 (1% f 1%) 
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Figure 5 Photomicrograph of thyroid gland n t h  a follicular n l l  camnoma from a mala rat @veri malonaldehyde, 
rodium salt Overhalfthe normal tissue i a  m p l a d  by neoplartiefollieular spithelium Normal thyroid 
fdbclar containing colloid a n  pnmnt in the nght hand porhon d t h o  gland HLE. ma(lnlFcation Ox 

Figure 8 Photomicrograph ofa thyroid follicular all camnoma that has totally obhbrnbd  the gland and invaded 
adjacsnt akalatal rnnlcla HLE. mgnfication Sx 
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Figure 7 Photomiemgraph of the thymid follicular cell camnoma shown in hgum 6 The neoplastic epithelium is 

response charnetenled by the formation of collagenous connective tissue that is inbrrparwd among the naopladic 

Figure 8 Photomicrognph of a moderately well dflnmntiatad thynnd follicular call camnoma This  neoplasm has not 

magnfication 25x 
2 arranged in pleomorphic tubular structums and IS invading the admeant muscle The neoplasm has elinted a snrrhous elmtad a mrrhous response. and the follicular epithelium uananged in tubularmd follicle 1h stt~ctuns HLE 
c, a w follinrlarepitbelium HLE, mapfieation 25X 
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111. RESULTS RATS 

Pancreatic Islets: The incidences of islet cell ade- 
nomas and adenomas or carcinomas (combined) 
in low dose male rats were significantly greater 
than those in the vehicle controls (Table 13) and 
exceeded the range for historical control males 
(0/50-7/49). Hematopoietic System: 

(combined) was slightly increased in low dose 
male rats, it was not significantly different from 
that in the vehicle controls (vehicle control, 2/50; 
low dose, 7/50; high dose, 3/50). 

Pancreas: An increased incidence and severity 
of diffuse atrophy of the acinar pancreas occur- 
red in dosed male and female rats (male: vehicle 
control, 8/49; low dose, 26/50; high dose, 38/49; 
female: 5/50; 27/50; 42/50). This lesion was 
characterized by reduction in the number of 
secretory granules and reduction in the size of 
pancreatic acini and lobules. This lesion was 
distinct from the spontaneously occurring focal 
atrophy that was also diagnosed and charac- 
terized by fibrosis and atrophy of a single lobule. 

Subcutaneous Tissue: Although the incidence of 
fibromas, fibrosarcomas, or myxosarcomas 

Bone Marrow--The incidences of hematopoietic 
hyperplasia in high dose female rats and reticu- 
lum cell hyperplasia in low dose female rats 
were greater (P C 0.01) than those in the vehicle 
controls (hematopoietic hyperplasia--male: ve- 
hicle control, 5/50; low dose, 2/50; high dose, 
5/50; female: 2/50; 4/50; 11/50; reticulum cell hy- 
perplasia--male: 5/50; 3/50; 1/50; female: 6/50; 
19/50; 7/50). 

Spleen--Hematopoiesis was observed at a n  in- 
creased incidence (PCO.01) in high dose female 
rats (male: vehicle control, 3/50; low dose, 4/50; 
high dose, 1/50; female: 1/50; 2/50; 9/50). 

TABLE 13. ANALYSIS OF PANCREATIC ISLET CELL TUMORS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT 

Vehicle Control 50 m a g  mg/kg 

Adenoma 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week ofFirst Observation 
Life Table Tests 
Incidental Tumor Testa 

Carcinoma 
Overall Rates 

Adenoma or Carcinoma (a) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Testa 
Incidental Tumor Testa 

0149 (0%) 9/60 (16%) 1149 (2%) 
0.0% 26.1% 6.7% 
0137 (0%) 8/33 (24%) 1/15 (7%) 

P= 0.092 P=0.002 P=0.320 
P=0.320 P=0.138 P=0.002 

97 104 

1/49 (2%) 0150 (0%) 0149 (0%) 

1149 (2%) 9/50 (18%) 1/49 (2%) 
2.7% 26.1% 6.7% 
1/37 (3%) 8/33 (24%) 1/15 (7%) 
104 97 104 
P=0.169 P-0.006 P=0.548 
P=0.235 P = 0.009 P=0.548 

(a) Historical incidence in water gavage controls (mean f SD): 121147 (8% ?: 4%); historical incidence in untreated controls 
(mean f SDk 10211,913(5% f 4%) 

0 0 0 4 7 3  
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111. RESULTS: RATS 

Multiple Organs--Mononuclear cell leukemia in 
male rats occurred with a significant positive 
trend by life table analysis; the incidences in low 
and high dose males were not significantly dif- 
ferent from that in vehicle controls and did not 
exceed the mean historical control incidence (Ta- 
ble 14). 

Adrenal Gland: The incidence of  lipoid degen- 
eration of the adrenal gland cortex was signifi- 
cantly (P < 0.06) increased in high dose male rats 
(vehicle control, 12/50; low dose, 13/50; high 
dose, 23/50) and in high dose female rats (19/50; 
2W50; 30/50). 

Pheochromocytomas in male rats occurred with 
a significant positive trend; the incidence in the 
high dose group was significantly greater than 
that in the vehicle controls by the life table test 
but not by the incidental tumor test (Table 151, 
which is the more appropriate test for this gen- 
erally nonfatal tumor. 
Anterior Pituitary Gland: Adenomas and adeno- 
mas or carcinomas (combined) in male and fe- 
male rats occurred with significant negative 
trends, and the incidences in the high dose 
groups were significantly lower than those in 
the vehicle controls by the incidental tumor test 
(Table 16). 

TABLE 11. ANALYSIS OF MONONUCLEAR CELL LEUKEMIA IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT (a) 

~ 

Vehicle Control 50 m@g 100 meflre 

Overall Rates 
Adjwtud Rates 
Terminal Rates 
Week ofFirst observation 
Lite Table Testa 
Incidental Tumor Testa 

7/50 (14%) 10150 (20%) 11/50 (22%) 
15.2% 23.7% 34.9% 

0115 (0%) 1/37 (3%) 3/33 (9%) 
55 74 79 
P = 0.039 P~0.306 P=0.067 
P = 0.245N P = 0.503 P= 0.272N 

(a) Histarical incidence of  leukemia in water gavage controls (mean f SD): 74150 (49% f 11%); historical incidence in 
untreated controls (mean f SD): 583/1,977 (29% f 12%) 

TABLE 15. ANALYSIS OF ADRENAL GLAND LESIONS IN MALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF MALONALDEHYDE, SODIUM SALT 

Vehicle Control 50 mgkg 100 mglkg 

Medullary Focal Hyperplasia 

Pheochromocytoma (a) 

Overall Rates 

Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Testa 
Incidental Tumor Testa 

18/60 (36%) 

5/50 (10%) 
13.5% 
5/37 (14%) 
104 
P=0.014 
P = 0.048 

21/50 (42%) 16/50 (32%) 

6/50 (12%) 8/50 (16%) 
16.8% 40.0% 
5/33 (15%) 5/15 (33%) 
74 76 
P= 0.430 P = 0.0 16 
P = 0.427 P =0.055 

(a) Hiatmica1 incidence of pheochromocytomas or malignant pheochromocytomas (combined) in water gavage controls 
(mean f SD): 631149 (42% k 4%); historical incidence in untreated controls: 45W1.950 (23% f 12%) 

O Q O 4 7 4  
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TABLE 16. ANALYSIS OF ANTERIOR PITUITARY GLAND TUMORS IN RATS I N  THE TWO-YEAR 
GAVAGE STUDIES OF MALONALDEHYDE, SODIUM SALT 

Vehicle Control !M mgkg 100 mg/kg 

MALE 

Adenoma 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Teste 
Incidental Tumor Testa 

Carcinoma 
Overall Rates 

Adenoma or Carcinoma (a) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Testa 
Incidental Tumor Testa 

FEMALE 

Adenoma 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Testa 
Incidental Tumor Testa 

Carcinoma 
Overall Rates 

Adenoma or Carcinoma (b) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Week of First Observation 
Life Table Testa 
Incidental Tumor Testa 

20147 (43%) 
50.8% 
16/35 (46%) 
80 
P=0.175N 
P=O.OlON 

0147 (0%) 

20147 (43%) 
50.8% 
16/36 (46%) 
80 
P=0.264N 
P-0.022N 

16/49 (33%) 
39.8% 
13/37 (35%) 
83 
P = 0.032N 
P = 0.006N 

2/49 (4%) 

18/49 (37%) 
43.7% 
14/37 (38%) 
83 
P=0.013N 
P=0.001N 

lU49 (29%) 
38.3% 
11/33 (33%) 
93 
P=0.189N 
P=O.O80N 

0/49 (0%) 

14/49 (29%) 
38.3% 
11/33 (33%) 
93 
P = O.189N 
P = 0.080N 

10149 (20%) 
26.2% 
8/36 (22%) 
102 
P-0.147N 
P= 0.146N 

0/49 (0%) 

10149 (20%) 
26.2% 
8/36 (22%) 
102 
Pt0.074N 
P=0.068N 

7149 (14%) 
30.7% 
3/15 (20%) 
84 
P= 0.242N 
P=0.016N 

1149 (2%) 

8/49 (16%) 
36.6% 
4/16 (27%) 
84 
P = 0.357N 
P =0.039N 

2/48 (4%) 
14.3% 
2/14(14%) 
104 
P= 0.060N 
P= 0.015N 

w48 (0%) 

2/48 (4%) 
14.3% 
2/14(14%) 
104 
P=0.034N 
P = 0.004N 

(a) Historical incidence in water gavage controls (mean f SD): 51/160 (34% f 9%); historical incidence in untreated controls 
(mean f SD): 428/1,861(23% f 11%) 
(b) Historical incidence in water gavage controls (mean f SD): 72/143 (50% f 2%); historical incidence in untreated controls 
(mean f SD): 931/1,952 (48% f 11%) 

0 0 0 4 7 5  
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111. RESULTS: RATS 

Liver: Cystic degeneration, cytoplasmic vacuoli- 
zation, bile duct hyperplasia, and bile duct fibro- 
sis occurred with increased incidence8 and/or se- 
verity in male and female rats (Table 17). Cystic 
degeneration (also referred to a8 spongiosis 
hepatis) consists of focal multilocular cystic for- 
mations containing granular material or, occa- 
sionally, erythrocytes. The cytoplasmic vacuoli- 
zation affected randomly distributed clusters of 
hepatocytes and probably represents lipid accu- 
mulation within the cells. Bile duct hyperplasia 
and fibrosis occur spontaneously in aged rats, 
and the lesions in dosed rats were qualitatively 
similar. In affected rats, some of  the portal tri- 
ads in sections of the liver contained increased 
numbers of bile ducts or ductules surrounded by 
dense collagenous connective tissue. 

Stomach: Acute and chronic inflammation, ne- 
crotizing inflammation characterized by epithe- 
lial necrosis and erosion of the glandular mu- 
cosa, and ulcers were observed a t  increased 

incidences in the glandular stomach of dosed 
male rata and high dose female rats (Table 18). 
Epithelial hyperplasia was observed at in- 
creased incidences in the forestomach near the 
junction with the glandular stomach in dosed 
male and high dose female rats. 

Eye: Corneal inflammation in high dose male 
and female rats and retinal atrophy and cat- 
aracts of the crystalline lens were observed at in- 
creased incidences in dosed male and female rats 
(Table 19). The incidences of eye lesions in the 
dosed groups were not related to the rack posi- 
tion, e.&, top row and outside columns of rack 
versus inside (see Figure 2). Cages were not ro- 
tated on racks during the studies. 

The increased incidences of stomach and eye le- 
sions in dos& rats are compound related and ap- 
pear to occur in response to the toxicity of the 
compound. 

TABLE 17. NUMBER OF RATS WITH LESIONS OF "HE LIVER, IN THE TWO-YEAR GAVAGE 
STUDIES OF MALONALDEHYDE, fiODIUM SALT 

Sibherion 

e Female 
Vehicle 5 0 5 s g  100 m g k d  
Control Control 

Vehicle 50 mgkg 100 mglkg 

Number o f  liver examined 50 50 50 50 so 50 

Cytaplmmic vacuolization 7 7 1.2 6 6 18 
Cystic degeneration 13 26 24 0 0 5 
Bile duct hyperplasia (a) 50 (2.5) 45 (2.9) 50 (3.5) 
Bile duct fibrosis (a) 4 (1.9) 8 (1.7) 28 (2.1) 1 0 1 

35 (2.6) lV(1.6) 15(2.1) 

(a) Mean grade of severity of hyperplmia or fibr0e.b for affected rata is given in parenthem: minimal= 1, mild "2, 
moderata=3.andmarked=4. 

0 0 0 4'7 6 
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TABLE 18. NUMBER OF RATS WITH LESIONS OF THE STOMACH IN THE TWO-YEAR GAVAGE 
STUDIES OF MALONALDEHYDE, SODIUM SALT 

SitelLeaion 

M.lO Female 
Vehicle 50mgkg 100mglkg Vehicle 50 mgkg 100 m& 
Control Control 

Number of stomachs examined 50 49 50 50 60 50 

Glandular stomach 
Inflammation 1 4 (a) 7 
Inflammation, necrotizing 1 (a) 7 4 
Ulcer 0 (a) 6 (b) 15 

Epithelial hyperplaeia 3 8 (b) 18 
Squamous cell papilloma 0 1 1 

Forestomach 

1 2 3 
0 1 (b) 9 
1 2 (b) 19 

4 6 (b) 18 
1 0 1 

(a) P<O.O6 VB. vehicle controls 
(b) PeO.01 vs. vehicle controls 

TABLE 18. NUMBER OF RATS WITH LESIONS OF THE EYE IN THE TWO-YEAR GAVAGE STUDIES 
OF MALONALDEHYDE, SODIUM SALT 

Mole Female 
Vehicle 50 mglkg 100 mgkg Vehicle 50 m&g 100 mrJke 

Sitenesion Control Control 

Number of rata examined 50 50 50 60 50 60 

Corneal inflammation 2 2 (a) 19 2 2 (a) 26 
Retinal atrophy 6 9 (a) 24 3 (a)31 (a) 30 
Cryetalline lene cataract 4 (a) 14 (a) 19 4 (a) 26 (a) 31 

(a) PCO.01 vs. vehicle controls 

' 0 0 0 4 ' 7 7  
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111. RESULTS: MICE 

FOURTEEN-DAY STUDIES 

All mice that received 1,500 mgkg malonalde- 
hyde, sodium salt, U5 males that received 1,000 
mg/kg, and 515 males that received 750 mg/kg 
died before the end of the studies (Table 20). The 
final mean body weights of males that received 
500 or 1,000 mgkg were 18% or 23% lower than 
that of the controls. The final mean body weight 
of females that received 1,000 m&g was 16% 
lower than that of the controls. 

After 8 days, the urine of all dosed mice was 
nearly the same shade of yellow as the dose 

mixture. Male mice that received 750 m&g or 
more and female mice that received 1,500 mgkg 
had rough hair coats and were inactive. No com- 
pound-related effects were observed at necropsy. 

THIRTEEN-WEEK STUDIES 

Three of 10 male mice and 1/10 female mice that 
received 500 mgkg and 1/10 males and 1/10 fe- 
males that received 125 mgkg died before the 
end of the studies (Table 21). The final mean 
body weights of mice that received 500 mg/kg 
were 38% lower than that of the vehicle controls 
for males and 18% lower for females. 

TABLE 20. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE FOURTEEN-DAY GAVAGE 
STUDIES OF MALONALDEHYDE, SODIUM SALT 

M e a  Body Weinbk b a m r  Find Weight Relative 
Dose Survival (3 Initial (b) Find Change (c) to Controls 

(m8tkg) (percent) 

MALE 

(d) 0 
250 
600 
750 

1.0oo 
1.500 

FEMALE 

(d) 0 
250 
500 
750 

1.000 
1,500 

5 6  

56 
5m 
5m 

(i) 015 

515 

25.4 
26.6 
27.8 
23.6 
24.8 
24.8 

19.6 
19.4 
20.0 
20.6 
18.6 
18.8 

27 .4 
26.0 
22.4 

(0 
21.0 

(f) 

20.8 
19.0 
19.8 
20.0 
17.4 

(n 

+2.0 
- 0.6 - 5.4 

(0 
-3.8 cn 

+ 1 2  - 0.4 - 0.2 - 0.6 
-1.2 

tn 

94.9 
81.8 
tn 
76.6 
(0 

91.3 
95.2 
96.2 
83.7 
(0 

(a) Number survivinghumber initially in the group 
(b) Initial mean group body weight 
(e) Mean body weight change of the survivom 
(d) Controls were untreated. 
(e)Dayofdeath. 7.7,7,8,13 
(n No data are reported due to the 100% mortality in thk group. 
@)Day ofdeath 10.10.11,11 
(h) Day of death: 4,4,4,5,6 
ti) Day ofdeath. 7,7.7,8,8 
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TABLE 81. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE THIRTEEN-WEEK GAVAGE 
STUDIES OF MALONALDEHYDE, SODIUM SALT 

Mean Body Weights (mama) Final Weight Relative 
Dose Survival (a) Initial (b) Final Change (c) to Vehicle Controls 
(mvw (percent) 

MALE 

0 1w10 22.9 f 0.6 34.1 f 0.7 +11.2 f 0.8 
30 loll0 24.4 f 0.6 35.6 f 0.7 +11.2 f 0.4 104.4 
60 lon0 23.7 f 0.8 33.6 f 0.8 +g.g f 0.a 98.5 
125 (d) 9/10 25.3 f 0.5 34.1 f 0.9 +8.7 f 0.7 100.0 
250 1w10 23.9 f 0.6 34.2 f 1.0 +10.3 f 1.0 100.3 
500 (e) 7/10 23.4 f 0.6 21.0 f 1.0 -2.9 f 1.3 61.6 

FEMALE 

0 loll0 18.8 f 0.4 26.0 f 0.7 +7.2 f 0.7 
30 loll0 19.1 f 0.4 25.3 f 0.5 +6.2 f 0.6 
60 loll0 19.1 f 0.4 24.9 f 0.6 +5.8 f 0.4 
125 (d)9/10 18.9 f 0.3 25.1 f: 0.6 +6.1 f 0.6 
250 loll0 19.1 f 0.3 25.3 f 1.0 +6.2 f 0.7 
500 0 9/10 18.8 f 0.4 21.4 f 0.5 +2.7 f 0.4 

97.3 
95.8 
96.5 
97.3 
82.3 

(a) Number aurvivinghumber initially in the group 
(b) Initial mean group body weight f standard error o f  the mean. Subsequent calculations are baaed on those animals sur- 
viving to the end of the study. 
(e) Mean body weight change of the survivors f standard error of the mean 
(d) Week of death: 9 
(e) Weekofdeath: 7J1.13 
(0 Week of death: 1 

Compound-related lesions were observed in the 
pancreas, stomach, and testis (Table 22). Le- 
sions 4 the pancreas diagnosed as exocrine atro- 
phy were characterized by an accumulation of 
a'ipose tissue in the interstitium, with a re- 
dbbed amount of normal-appearing Gancreatic 
acinar tissue. This lesion was present in most 
mice at 250 and 500 mg/kg and in one male at 
125 mg/kg. Mild dilatation of the gastric glands 

was observed in six males in the 500 mglkg 
group. Degeneration of the germinal epithelium 
was observed in the testis of 2/10 males that re- 
ceived 500 mgkg and 9/10 males that received 
250 mgkg. Lesions in lymphoid organs included 
lymphoid depletion. Increased splenic extra- 
medullary hematopoiesis was present in three 
males in the 500 mgkg group. 

0 0 8 4 7 9  
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TABLE 8%. NUMBER OF MICE WITH LESIONS IN THE THIRTEEN-WEEK GAVAGE STUDIES OF 
MALONALDEHYDE, SODIUM SALT 

Dose (mn/ka) 
SitdLesion 0 60 125 250 500 

MALE 

Number of mice examined 

Pancreas 
Exocrine atrophy 

Spleen 
Lymphoid depletion 
Extramedullary hematopoiesis 

Mandibular lymph node 
Lymphoid depletion 

Stomach mucosa, gastric glands 
Dilatation 

Testis, germinal epithelium 
Degeneration 

FEMALE 

Number of mice examined 

Pancreas 

Spleen 
Exocrine atrophy 

Lymphoid depletion 
Extramedullary hematopoiesis 

Mandibular lymph node 
Lymphoid depletion 

Stomach mucosa. gastric glands 
Dilatation 

10 

10 

10 

10 

10 

10 

10 

10 

0 
0 

0 

0 

9 

10 

10 

10 

Dose Selection Rationale: Because of compound- 
related lesions in the pancreas, spleen, lymph 
nodes, stomach, and testis, doses selected for 
mice for the 2-year studies were 60 and 120 
mgikg malonaldehyde, sodium salt, adminis- 
tered in distilled water by gavage 5 days per 
week. 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 

Mean body weights of dosed and vehicle control 

male mice were comparable throughout most of 
the study (Table 23 and Figure 9). After week 
93, mean body weights of the high dose male 
group were lower than those of the vehicle 
controls. Mean body weights of dosed female 
mice were greater than those of the vehicle 
controls throughout most of the study. Hair 
color of high dose mice changed from wild agouti 
to gray during the studies. Eczema, alopecia, 
rough hair coat, skin wounds, and genital in- 
flammation or infection observed in all groups of 
male mice were considered to be a consequence 
of fighting. 
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TABLE 83. MEAN BODY WEIGHTS AND SURVIVAL OF MICE IN THE TWO-YEAR GAVAGE STUDIES 
OF MALONALDEHYDE, SODIUM SALT 

Weeks Vehicle Control 0 rnn/kn 120 mnlka 
on Av.Wt. No.of - Av. Wt Wt hercent No. of ~~ -- . c - - - - - - -  -~ . - . . . . . . .c -~ - ~ ~~ 

IJtudJ (@-SI Survivors (pams) of veh. conh1.d Survivors (grams) of veh. controls) Survivorn 

MALE 

1 
2 
3 
4 
5 
0 
8 
9 

10 
11 
12 
la 
17 
21 
I 
30 
33 
38 
4!4 
40 
50 
!54 
58 
63 
87 
71 
70 
80 
84 
89 
93 
98 
104 

FEMALE 

1 
2 
3 
4 
5 
6 
8 
9 

10 
11 
12 
13 
17 
21 
n 
30 
33 
38 
42 
40 
50 
54 
58 
e3 
01 
71 
76 
80 
84 
89 
93 
98 
104 

279 
292  
31 0 
31 5 
31 7 
32 5 
342  
861 
330  
353 
360  
365  
37 9 
389  
409 
41 3 
42 1 

407 
42 0 
436 
437  
u 4  
432 
432 
439  
42 7 
437 
430 
41 9 
42 6 
400 
398 

41 2 

208 
207 
21 9 
224 
228 
231 
233 
238 
238 
1 0  
255 
2 5 0  
257 
26 8 
294 
290 
30 2 
30 9 
292 
304 
31 7 
328 
334 
336 
344 
30 8 
362 
36 6 
37 0 
37 7 
40 4 
30 0 
35 9 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
48 
48 
48 
48 
48 
47 
47 
47 
47 
47 
45 
45 
45 
45 
43 
39 
36 
35 
29 
u 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
49 
49 
48 
47 
46 
40 
43 
42 
41 

289 
ma 
30 9 
31 2 
31 6 
31 9 
32 4 
344  
31 8 
32 9 
349  
3 3 5  
307 
97 5 
41 0 
41 3 
433 
42 4 
41 9 
42 7 
u 7  
41 6 
u 3  
u 2  
u o  
45 1 
431 
u s  
42 4 
41 9 
436 
40 8 
39 7 

207 

220 
224 
226 
229 
240 
2.46 
228 
235 
u 4  
251 
283 
266 
2S6 
a s 5  
31 9 
31 7 
30 5 
32 3 
342  
335 
35 8 
35 7 
36 7 
39 5 
39 3 
389 
391 
41 5 
430 
385  
37 5 

ma 

104 
101 
100 
99 
100 
sa 
95 
98 
95 
93 
97 
92 
97 

100 
loa 
103 
100 
103 
102 
103 
% 
100 
102 
102 
103 
101 
101 

loa 
102 
102 
loa 

m 

m 

100 
100 
103 
loa 
100 
99 

106 
103 
98 
94 

97 
102 
99 

101 
102 
106 
103 
104 
108 
106 
102 
107 
106 
107 
107 
109 
106 
106 
110 
106 
105 
104 

m 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
4s 
49 
49 
49 
48 
4s 
45 
45 
45 
42 
42 
41 
41 
38 
33 
33 
31 
24 
20 

50 
50 
50 
50 
50 
50 
50 
50 
So 
50 
50 
50 
50 
50 
w 
50 
50 
49 
49 
49 
49 
49 
49 
49 
48 
48 
47 
46 
U 
U 
U 
42 
38 

292 
2 9 1  
30 3 
298 
30 3 
30 9 
3 3 1  
333 
31 6 
32 3 
337 
349 
381 
39 6 
42 8 
434 
446 
u o  
42 5 
433 
u o  
420 
u 1  
u o  
42 9 
438 
42 8 
42 7 
41 5 
401 
401 
37 1 
386  

20 4 
21 5 
222 
224 
2 3 0  
236  
232 
246  
238 
248 
243 
25 4 
26 9 
27 5 
30 0 
30 9 
337 
336 
32 6 
35 3 
36 9 
37 3 
37 7 
39 I 
40 2 
41 7 
41 0 
41 8 
40 8 
40 6 
37 8 
35 6 
35 7 

105 
100 
98 
95 
9.3 
95 
97 
95 
94 
92 
94 
96 

101 
102 
105 
105 
108 
104 
104 
10s 
101 
98 
99 

102 
99 
100 
100 
98 
e7 
m 
94 
93 
92 

98 
104 
101 
100 
101 
102 
100 
103 
100 
99 
95 
98 
105 
1 M  
101 
LO7 
112 
109 
112 
116 
116 
114 
113 
110 
117 
113 
113 
114 
110 
108 
94 
97 
99 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
so 
50 
50 
50 
50 
so 
50 
50 
50 
50 
50 
50 
50 
50 
48 
40 
U 
U 
43 
35 
25 
17 
14 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
49 
48 
46 
42 
41 

32 
30 

313 

. 0 0 0 4 8 1  
Malonaldehyde, Sodium Salt, NTP TR 331 52 



50.0 
! 

50.0  

4 5 . 0  

4 0 . 0  

35.0 

50.0 

25.0 

20.0 

1 I 1 15.0 
J 45 60 ?5 90 105 

WEEKS ON STUDY 

FIGURE 9. GROWTH CURVES FOR MICE ADMINISTERED MALONALDEHYDE, 
SODIUM SALT, IN WATER BY GAVAGE FOR TWO YEARS 

53 Malonaldehyde, Sodium Salt, NTP TR 331 

0 0 8 4 8 2  



111. RESULTS: MICE 

survival are summarized in Table C1. Table C2 gives the 
survival and tumor status for individual male 
mice. Table c3 contains the statistical analyses 
of those primary tumors that occurred with an 

groups. The statistical analyses used are dis- 
cussed in Chapter I1 (Statistical Methods) and 

lesions are summarized in Table c4. 

Estimates of the probabilities of survival for 
male and female mice administered malonalde- 

studies and for vehicle controls are shown in Ta- 
ble 24 and in the Kaplan and Meier curves in 

male mice was significantly lower than that of 
the vehicle controls after week 92. No other sia- 

hYde9 sodium at the doses used in these incidence of at least 546 in one of the three 

lo* The Of the high dose &roup Of Table C3 (footnotes). Findings on nonneoplastic 

nificant differences in survival were observed 
between any groups of either sex. Lesions in female mice are summarized in Ap 

pendix D. Histopathologic findings on neo- 
Pathology and Statistical Analyses of 
Results 

plasms are summarized Table DlI Table D2 
Pives the survival and tumor status for individ- 
La1 female mice. Table D3 contains the statisti- 
cal analyses of those primary tumors that oc- 

with an incidence ofat least 5s in one of 

are discussed in Chapter I1 (Statistical Methods) 

This section describes the significant or note- 
worthy changes in the incidences of mice with 

pancreatic acinus, and uterus. 
Or nonneoplastic lesions Of the skin, the three groups. The analyses used 

Lesions in male mice are summarized in Appen- 
dix C. Histopathologic findings on neoplasms 

and Table D3 (footnotes). Findings on nonneo- 
plastic lesions are summarized in Table D4. 

TABLE 24. SURVIVAL OF MICE IN THE TWO-YEAR GAVAGE STUDIES OF MALONALDEHYDE, 
SODIUM SALT 

Vehicle Control 60 m a g  120 mgkg 

MALE (a) 

Animals initially in study 
Nonaccidental deaths before termination (b) 
Accidentally killed 
Killed a t  termination 
Died during termination period 
Survival P values (c) 

FEMALE (a) 

Animals initially in study 
Nonaccidental deaths before termination (b) 
Accidentally killed 
Killed at termination 
Survival P values (c) 

50 
23 

3 
23 
1 
0.014 

50 
9 
0 

41 
0.297 

50 
28 

2 
19 

1 
0.333 

50 
11 
1 

38 
0.787 

50 
36 
0 

14 
0 
0.017 

50 
13 

(d) 7 
30 

0.368 

(a)Terminal-kill period: male--week 1Oll;female--weeks 104-105 
(b) Includes animals killed in a moribund condition 
(c)The result of the life table trend test is in the vehicle control column, and the results of the life table pairwise comparisons 
with the vehicle controls are in the dosed columns. 
(d) During week 94, five high dose female mice in one cage died from drowning because of a malfunction of the water- 
dispensing system. 
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111. RESULTS: MICE 

At no site was an increased incidence of neo- 
plasms observed in dosed mice. A signifcant in- 
crease in the incidence of nonneoplastic lesions 
occurred at the following sites: 
Skin: An increased incidence (PCO.001) of pig- 
mentation loss (listed as pigmentation, NOS, in 
Table C4) in hair shafts was observed in high 
dose mice (male: vehicle control, 0150; low dose, 
1/50; high dose, 31/50; female: 2/50; 0150; 27/50). 

Pancreatic Acinus: Atrophy was observed at in- 
creased incidences (PCO.001) in dosed mice 
(male: vehicle control, 5/43; low dose, 18/43; 
high dose, 31/45; female: 8/47; 26/50; 41/48). 

Uterus: Dilatation was observed at increased in- 
cidences (P<O.OOl)  in dosed female mice (vehi- 
cle control, 0149; low dose, 12/48; high dose, 
16/47. 
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IV. DISCUSSION AND CONCLUSIONS 

Malonaldehyde, sodium salt, was studied for po- 
tential toxicity and carcinogenicity in male and 
female F344/N rats and B6C3F1 mice. The 
chemical was administered by gavage in dis- 
tilled water. Since 115 male rats and 5/5 male 
mice that received 750 mgkg malonaldehyde, 
sodium salt, did not survive to the end of the 14- 
day studies, doses for rats and mice in the 13- 
week studies were set at 0,30,60,125, 250, and 
500 mgkg. 

Results of Thirteen-Week Studies 

Nine of 10 male rats and 10/10 female rats that 
received 500 mgkg malonaldehyde, sodium salt, 
did not survive to the end of the 13-week studies. 
The final mean body weights of male and female 
rats that received 125 and 250 mg/kg were lower 
than those of vehicle controls at the end of 13 
weeks. The final mean body weight of male rats 
administered 500 mg/kg was 61% that of vehicle 
controls. Both male and female rats had com- 
pound-related lesions in the stomach and kid- 
ney; these lesions occurred primarily in the two 
highest dose groups. Male rats at the two high- 
est doses also had lesions of the testis. Although 
degeneration of the testicular germinal epitheli- 
um i s  frequently observed in moribund or debili- 
tated rats, this lesion occurred in three male rats 
receiving 250 mg/kg, and all animals in this 
group survived until the end of the study. Thus, 
the testicular degeneration may have been com- 
pound related. The hyperplastic changes ob- 
served in the bone marrow and the spleen (he- 
matopoiesis) may be secondary to the acute 
inflammatory changes associated with necrosis 
and erosion in the glandular stomach. Lym- 
phoid depletion in the spleen, thymus, and man- 
dibular lymph nodes is frequently observed in 
moribund or debilitated rats, and it may not be a 
primary, compound-related lesion. 

Three of 10 male mice and 1/10 female mice that 
received 500 mg/kg died before the end of the 13- 
week studies. The final mean body weights of 
male and female mice that received 500 mgkg 
were lower than those of the vehicle controls. 
Atrophy of the exocrine pancreas occurred in 
most mice in the two highest dose groups. Other 
lesions occurred in the stomach, spleen, and 
lymph nodes of male mice in the highest dose 
group and in the testis of the two highest dose 

groups. Based on these results, the doses of mal- 
onaldehyde, sodium salt, selected for the 2-year 
studies were 50 and 100 mgkg for rats and 60 
and 120 mgkg for mice, administered in dis- 
tilled water by gavage, 5 days per week. 

Two-Year Studies in Rats 

Survival and weight gains were poor in high 
dose rats. Survival of the high dose groups of 
male rats (after week 88) and female rats (after 
week 68) was significantly reduced compared 
with that of the vehicle controls. A 10% reduc- 
tion in mean body weight was observed in the 
high dose groups as early as 33 and 54 weeks. 
Mean body weights of high dose males and fe- 
males were 26% and 36% lower than those of ve- 
hicle controls at the end of the studies. The final 
mean body weight of low dose males was 4% 
lower than that of the vehicle controls, and the 
survival rate was 8% lower. Mean body weights 
and survival rates of low dose female rats were 
similar to those of vehicle controls throughout 
the study. No compound-related clinical signs 
were observed. 

The incidences of thyroid gland follicular cell 
adenomas were increased in high dose rats (see' 
Table 12)- The Occurrence of bilateral follicular 
cell neoplasms in two high dose male rats is an 
unusual finding and provides additional support 
for a compound-related effect. It should also be 
noted that the incidence of combined adenomas 
and carcinomas in the male rat vehicle controls 
(8%) was greater than the historical incidence 
(1.4%) in water gavage controls in three other 
studies at Battelle Columbus Laboratories and 
greater than the overall historical incidence 
(1.4%) in all untreated controls (Table A4). Fol- 
licular cell hyperplasia and ultimobranchial 
cysts occurred a t  increased incidences in high 
dose female rats; the incidences of these nonneo- 
plastic lesions in dosed male rats were not mark- 
edly different from those in vehicle controls. Al- 
though follicular cell hyperplasia is a lesion that 
often precedes or is associated with the appear- 
ance of thyroid gland follicular cell neoplasms, 
analyses of thyroid tumor and follicular cell 
hyperplasia incidences in previous NTP/NCI 
studies indicate that there is no general pattern 
of correlation. Among four structurally related 
chemicals, 4,4'-thiodianiline (NCI, 19781, 
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IV. DISCUSSION AND CONCLUSIONS 

w 
4,4'-methylenedianilne dihydrochloride (NTP, 
19831, 4,4'-oxydianiline (NCI, 19801, and C.I. 
Basic Red 9 monohydrochloride (NTP, 19861, 
which all induced thyroid follicular cell tumors 
in both male and female rats, there was no con- 
sistent correlation between the induction of 
tumors and an increase in follicular cell hyper- 
plasia. However, most of the positive correla- 
tions did occur at the highest doses. 

The incidence of pancreatic islet cell adenomas 
or carcinomas (combined) in low dose male rats 
was significantly greater than that in vehicle 
controls (vehicle control, 1/49; low dose, 9/50; 
high dose, 1/49). Although the combined inci- 
dence of fibromas, fibrosarcomas, or myxosarco- 
mas was slightly increased in low dose male rats 
(2/50; 7/50; 3/50), it was not significantly differ- 
ent from that in the vehicle controls. Since this 
increase was observed only at the low dose, with 
no significant dose-response trend evident, it 
was not considered to be related to the adminis- 
tration of malonaldehyde, sodium salt. 

The incidences of bone marrow hematopoietic 
hyperplasia in high dose female rats (vehicle 
control, 2150; low dose, 4/50; high dose, 11/50) 
and reticulum cell hyperplasia in low dose fe- 
male rats (6150; 19/50; 7/50) were greater than 
those in the vehicle controls. Hematopoiesis of 
the spleen occurred at an increased incidence in 
high dose female rats (1150; 2/50; 9/50). This in- 
creased hematopoiesis in some animals may be 
related to the inflammation and erosion that oc- 
curred in the glandular stomach. Mononuclear 
cell leukemia in male rats (7150; 10/50; 11/50) oc- 
curred with a significant positive trend by the 
life table test, but the incidence in dosed males 
was not significantly different from that in vehi- 
cle controls. The historical incidence of leuke- 
mia in male water gavage control rats at 
Battelle Columbus Laboratories and in all un- 
treated controls is 49% and 29%, respectively; 
both of these values are greater than the 22% in- 
cidence for the high dose group in the present 
studies; therefore, this is probably not a chem- 
ically related effect. 

Pheochromocytomas of the adrenal gland in 
male rats occurred with a significant positive 
trend; the incidence (16%) in the high dose group 
was significantly greater than that in the 

vehicle controls by the life table test but not by 
the more appropriate incidental tumor test. 
Adenomas or carcinomas (combined) of the an- 
terior pituitary gland in male and female rats 
occurred with significant negative trends; the 
incidences in the male and female high dose 
groups, 16% and 496, respectively, were signifi- 
cantly lower than those in the vehicle controls, 
43% and 37%. The decrease in the incidences of 
anterior pituitary gland neoplasms in the high 
dose groups of male and female rats cannot be 
explained by reduced survival because the de- 
crease is still observed when the incidences in 
animals of the same age are compared at the end 
of the studies. The conclusion is that the re- 
duced incidence of anterior pituitary gland neo- 
plasms is chemically related. 
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Compound-related nonneoplastic lesions were 
observed in the liver. Cystic degeneration was 
observed at increased incidences in dosed male 
rats and high dose female rats (male: vehicle 
control, 13/50; low dose, 26/50; high dose, 24/50; 
female: 0150; 0/50; 5/50). Cytoplasmic vacuo- 
lization and bile duct hyperplasia were observed 
at  increased incidences and/or severity in high 
dose female rats. Bile duct fibrosis was seen at 
an increased incidence and/or severity in dosed 
male rats (4/50; 8/50; 28/50). 

The dose-related increase in diffuse pancreatic 
acinar atrophy in male and female rats may be 
secondary to debilitation, reduced feed consump- 
tion, or reduced weight gain in dosed animals. 

Inflammation, necrotizing inflammation, and 
ulcers were observed at increased incidences in 
the glandular stomach of dosed male rats and 
high dose female rats. The presence of focal epi- 
thelial necrosis, erosion, and ulceration, fibro- 
plasia, scarring, and chronic inflammation sug- 
gests a process of repeated injury and healing of 
the glandular mucosa. Since these lesions occur 
at the site of compound administration by water 
gavage, they a re  probably an  indication of 
chronic malonaldehyde toxicity. Epithelial hy- 
perplasia occurring near the junction of the 
glandular stomach and forestomach w a s  ob- 
served at increased incidences in the forestom- 
ach of dosed male rats and high dose female rats. 
Squamous cell papillomas were observed in one 
animal in the low and high dose groups of male 
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IV. DISCUSSION AND CONCLUSIONS 

rats and in the vehicle control and high dose 
groups of female rats. 

Corneal inflammation in high dose male and fe- 
male rats and retinal atrophy and cataracts of 
the crystalline lens were observed at increased 
incidences in dosed male and female rats. These 
eye lesions occurred in 28%-48% of dosed male 
and 50%-62% of dosed female rats. Although the 
cage positions were not changed during the 
course of the study, the increased incidences of 
eye lesions in the dosed groups were not related 
to the rack position of the cages (top row and out- 
side columns of rack vs. inside). When the cages 
and rack positions of the individual animals 
with eye lesions were identified (see Figure 21, it 
was clear that the eye lesions occurred at similar 
incidences whether the animals were located on 
the top and outside positions or on the interior 
positions of the rack; therefore, the increased in- 
cidences of eye lesions were considered to be 
chemically related. 

The increased incidences of thyroid follicular 
cell tumors and of most of the nonneoplastic le- 
sions were observed in high dose rats, groups in 
which malonaldehyde, sodium salt, toxicity was 
indicated by reduced survival rates of 59% and 
62% and by a reduction of 26% and 36% of final 
body weights in the high dose male and female 
rat groups, respectively. 

Two-Year Studies in Mice 

Malonaldehyde, sodium salt, was administered 
to mice by gavage at  60 mg/kg and 120 mgkg for 
2 years. No significant differences in survival 
were observed between any groups of female 
mice. Survival in all male groups was similar at 
89 weeks, but at the end of the study, high dose 
male mice showed reduced (P = 0.017) survival 
relative to that of the vehicle controls. Mean 
body weights of dosed and vehicle control male 
mice were comparable throughout most of the 
study, but after week 93, the mean body weights 
of the high dose male group were 6964% lower 
than those of vehicle controls. Mean body 
weights of dosed female mice were greater than 
those of the vehicle controls throughout most of 
the study. The only compound-related clinical 
sign was the change in hair color from wild 
agouti to gray in high dose mice. 

There was no increase in the incidences of neo- 
plasms a t  any site in dosed mice. Several non- 
neoplastic lesions appeared to be compound rela- 
ted. The incidence of depigmentation of hair 
shafts was markedly increased in high dose male 
and female mice vs. that in vehicle controls. An 
increase in the incidences of pancreatic acinar 
cell atrophy was dose related in male and female 
mice. Dilatation of the uterus was observed a t  
increased incidences in dosed female mice. 

The increase in the number of natural deaths 
and of animals killed because they were mori- 
bund in high dose male mice and the increased 
incidences of nonneoplastic lesions in dosed mice 
are indicative of the chronic toxic effects pro- 
duced by malonaldehyde, sodium salt, at the 
doses used in these studies. Even though there 
was poor survival in all groups of males a t  the 
end of the study (vehicle control, 24/50; low dose, 
20150; high dose, 14/50), the study was not con- 
sidered to be inadequate because there was no 
evidence of even marginal neoplastic lesions 
seen in the dosed groups of either male or female 
mice; survival of the male mice was 50% or more 
in all groups (35150; 31/50; 25/50) at week 93, af- 
ter which the rate of deaths accelerated; the 
mice were housed five per cage, and clinical ob- 
servations indicated fighting and bite wounds, a 
relatively common occurrence for group-housed 
B6C3F1 mice. (Currently, all mice in NTP 2- 
year studies are housed individually.) Thus, this 
long-term study, although somewhat reduced in 
biologic and statistical sensitivity, is considered 
to be adequate for assessment of carcinogenicity. 

Genetic Toxicology 

Malonaldehyde, sodium salt, exhibited genetic 
toxicity in two of five assays sponsored by the 
NTP (Appendix E). The chemical induced for- 
ward mutations in mouse L5178Y lymphoma 
cells in the absence of an exogenous metabolic 
activation component; it was not tested with S9 
in this assay. In the cytogenetic assays that de- 
tect chromosomal damage in cultured Chinese 
hamster ovary (CHO) cells, malonaldehyde, 
sodium salt, increased the frequency of sister 
chromatid exchanges, both in the presence and 
absence of rat  liver S9; no increase in chro- 
mosomal aberrations was observed in CHO cells 
in the presence or absence of rat liver S9. No 
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IV. DISCUSSION AND CONCLUSIONS 

induction of sex-linked recessive lethal muta- 
tions was seen in Drosophila after exposure to 
malonaldehyde. 

Malonaldehyde, sodium salt, was not mutagenic 
in any of the four Salmonella typhimurium 
strains (TA98, TA100, TA1535, or TA1538) used 
routinely in the NTP-sponsored Salmonelldmi- 
crosome assay. These results confirmed earlier 
reports by Marnett and Tuttle (19801, who also 
observed that malonaldehyde, sodium salt, was 
inactive in these strains. This inactivity can be 
attributed to the fact that these mutant tester 
strains are all deficient in excision-repair capa- 
bility, which has been shown to be a require- 
ment for the expression of malonaldehyde- 
induced mutagenicity in Salmonella (Mukai and 
Coldstein, 1976; Marnett and Tuttle, 1980). 

Independent studies of the genetic toxicity of 
malonaldehyde have yielded mixed results. 
Mukai and Goldstein (1976) were the first to re- 
port the mutagenicity of malonaldehyde p r e p  
arations in Salmonella but only in those tester 
strains that retained excision-repair capability; 
the tester strain D3052 was the most sensitive to 
malonaldehyde. These results were later con- 
firmed by Shamberger et al. (1979). In both of 
these studies, as in most investigations con- 
cerned with malonaldehyde toxicity conducted 
through 1980, the malonaldehyde preparations 
were of undefined purity and contained the more 
reactive intermediates, such as P-ethoxyacro- 
lein, &me thoxyacrolein, and 3,3-dimethoxypro- 
pionaldehyde, which along with malonaldehyde 

are the products of the acid hydrolysis of the te- 
traalkoxypropanes (Marnett and Tuttle, 1980). 
The quantifhtion of malonaldehyde in these 
hydrolysates was based on the amount of start- 
ing material and on the assumption that malon- 
aldehyde was the only end product of the reac- 
tion. Thus, interpretation of these earlier 
studies is confounded because no consideration 
was given to the mutagenic activity contributed 
by the active intermediates and no further puri- 
fication of malonaldehyde from the hydrolysis 
mixture was performed. Marnett and Tuttle 
(1980) were the first to report that the reaction 
intermediates produced by tetraalkoxypropane 
hydrolysis were more potent Salmonella muta- 
gens than the pure malonaldehyde, sodium salt. 
These investigators also confirmed that malon- 
aldehyde was mutagenic only in ihose Salmo- 
nella tester strains that retained excision-repair 
capability. 

Audit 

The experimental and tabulated data for the 
NTP Technical Report on malonaldehyde, sodi- 
um salt, were examined for accuracy, consis- 
tency, and compliance with Good Laboratory 
Practice requirements. As summarized in A p  
pendix H, the audit revealed no major problems 
with the conduct of the studies or with collection 
and documentation of the experimental data. 
No discrepancies were found that influenced the 
final interpretation of the results of these 
studies. 
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IV. DISCUSSION AND CONCLUSIONS 

Conclusions 

Under the conditions of these 2-year gavage 
studies, there was clear evidence of carcinogenic 
activity* for male and female F344N rats ad- 
ministered malonaldehyde, sodium salt,  as 
shown by the increased incidences of follicular 
cell adenomas or carcinomas (combined) of the 
thyroid gland. Pancreatic islet cell adenomas 
were also observed at  an increased incidence in 
low dose male rats. There was no evidence o f  
carcinogenic activity for B6C3F1 mice adminis- 
tered 60 or 120 mg/kg malonaldehyde, sodium 
salt, in distilled water by gavage 5 days per 
week for 2 years. 

Chemically related increased incidences of non- 
neoplastic lesions included ulcers and inflamma- 
tion of the glandular stomach and epithelial 
hyperplasia of the forestomach; corneal inflam- 
mation, retinal atrophy, and cataracts of the 
crystalline lens; and cystic degeneration of the 
liver, bile duct fibrosis, and bile duct hyperplasia 
in rats. Most of these nonneoplastic lesions as 
well as the thyroid gland follicular cell neo- 
plasms occurred primarily in the high dose rat 
groups, in which survival and final body weights 
were reduced in high dose male and female rats. 
Increased incidences of atrophy of the pancreatic 
acinus and pigmentation loss in hair shafts were 
seen in high dose mice. 

*Explanation of Levels of Evidence of Carcinogenic Activity is on page 9. 
A summary ofthe Peer Review comments and the public discussion on this Technical Report appears on pages 12-13. 
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TABLE Al.  SUMMARY OF THE INCIDENCE OF NEOPLASMS I N  MALE RATS I N  THE TWO-YEAR 
GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT 

~~ 

Vehicle Control Low Dose High Dose 

ANIMALS INITIALLY IN STUDY 50 
ANIMALS NECROPSIED 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 
+Skin 

Papilloma, NOS 
Squamous cell papilloma 
Squamous cell carcinoma 
Sebaceous adenoma 
Sebaceous adenocarcinoma 
Keratoacanthoma 

+Subcutaneous tissue 
Ftbroma 
Fibrosarcoma 
Myxosarcoma 

1 (2%) 
3 (6%) 

1 (2%) 

1 (2%) 

(50) 

(50) 

1 (2%) 

(50) 

2 (4%) 
1 (2%) 
1 (2%) 

3 (6%) 

2 (4%) 
1 (2%) 

(50) 

RESPIRATORY SYSTEM 
#Lung (50) 

Squamous cell carcinoma, metastatic 
Alveolarhronchiolar carcinoma 

HEMATOPOIETIC SYSTEM 
+Multiple organs (50) (50) 

Malignant lymphoma, histiocytic type 1 (2%) 
Leukemia, mononuclear cell 7 (14%) 10 (20%) 

(50) 
1 (2%) 

11 (22%) 

CIRCULATORY SYSTEM 
None 

DIGESTIVE SYSTEM 
+Tongue 

#Liver 
Squamous cell papilloma 

Neoplastic nodule 
Hepatocellular carcinoma 

Acinar cell adenoma 

Squamous cell papilloma 

#Pancreas 

#Forestomach 

(50) 

(50) 
1 (2%) 

1 (2%) 
2 (4%) 

(49) 

(50) 
1 (2%) 

URINARY SYSTEM 
#Kidney 

#Urinary bladder 
Tubular cell adenocarcinoma 

Transitional cell papilloma 

ENDOCRINE SYSTEM 
#Anterior pituitary 

Carcinoma. NOS 
Adenoma, NOS 

Cortical adenoma 

Pheochromocytoma 

#Adrenal 

#Adrenal medulla 

(47) (49) (49) 
1 (2%) 

20 (43%) 14 (29%) 7 (14%) 
(50) (50) (50) 

(50) (50) (50) 
1 (2%) 3 (6%) 

5 (10%) 6 (12%) 8 (16%) 
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TABLE AI. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT (Continued) 

ENDOCRINE SYSTEM (Continued) 

Follicular cell adenoma 
Folllcular cell carcinoma 
C-cell adenoma 
C-cell carcmoma 

#Parathyroid 
Adenoma, NOS 

#Pancreatic lslets 
Islet cell adenoma 
Islet cell carcinoma 

#Thyroid 

Vehicle Control Low Dose High Dose 

(50) 
3 (6%) 
1 (2%) 

10 (20%) 
2 (4%) 

2 (5%) 
(42) 

(49) 

1 (2%) 

(49) 
3 
5 

11 
4 

(37) 
4 

(50) 
9 

(50) 
(6%) 9 (18%) 
(10%) 5 (10%) 
(22%) 2 (4%) 
(8%) 

(11%) 1 (2%) 

( 18%) 1 (2%) 

(42) 

(49) 

REPRODUCTIVE SYSTEM 
+Mammary gland 

Fibroadenoma 
+Preputial gland 

Adenoma, NOS 
Adenocarcinoma, NOS 
Sebaceous adenoma 

Interstitial cell tumor 

Leiomyosarcoma 

#Testis 

+Epididymis 

NERVOUS SYSTEM 
#Brain 

Carcinoma, NOS, invasive 
Choroid plexus papilloma 

(50) 
1 (2%) 

SPECIAL SENSE ORGANS 
None 

MUSCULOSKELETAL SYSTEM 
None 

BODY CAVITIES 
+Tunica vaginalis 

Mesothelioma. NOS 
(50) 

2 (4%) 

ALL OTHER SYSTEMS 
*Multiple organs 

Mesothelioma. NOS 
(50) 

3 (6%) 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 

Natural death 
Moribund sacrifice 
Terminal sacrlfice 
Dosing accident 

50 
2 

11 
37 

50 
10 
7 

33 

50 
19 
15 
15 

1 

Malonaldehyde, Sodium Salt, NTP TR 331 72 



TABLE Al.  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT (Continued) 

Vehicle Control Low Dose High Dose 
- 

TUMOR SUMMARY 
Total animals with primary tumors** 

Total animals with benign tumors 

Total animals with malignant tumors 

Total animals with secondary tumors# # 

Total animals with tumors uncertain 

Total primary tumors 

Total benign tumors 

Total malignant tumors 

Total secondary tumors 

benign or malignant 
Total uncertain tumors 

49 
116 
47 
95 
16 
16 

5 
5 

49 
132 
48 

107 
19 
23 

2 
2 

41 
108 
46 
77 
22 
25 
2 
2 

6 
6 

Number ofanimals recelving complete necropsy examlnahons; all grossles~ons including masses examined microscopically 
** Primary tumors all tumors except secondary tumors 
# Number ofanimals examined microscopically at thissite 
## Secondary tumors metastatic tumors or tumors invasive into an adjacent organ 
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TABLE AB. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF MALONALDEHYDE. SODIUM SALT: VEHICLE CONTROL 

0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 - 0 0 0 0 0 0 0 0  
1 3 2 1 3 3 1 0 0 2 3 1 4 0 0 0 0 0 0 0 1 1 1 1 1  
0 3 8 4 1 7 2 2 4 9 2 5 7 1 3 5 6 7 8 9 1 3 6 ' 7 8  

5 6 7 8 8 8 8 8 8 8 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0  
5 0 9 0 0 0 5 7 7 9 0 5 8 4 4 4 4 4 4 4 4 4 4 4 4  

O O O O O O O O O O O O ~ ~ ~ ~ ~ ~ ~ ~ I ~ L ~ ~  

NUMBER 
0 

WEEKS ON 
STUDY 

Shn 
Papilloma NOS 
Sgnamoas'mll papilioma 
Sebsesonr adonocamnoma 
Keratorrcanthoma 

Heart 

Salivary gland 
Liver 

Bile duct 
Pancmaa 

EM"hag.lla 

Neoplastic ncdule 
Hepatocellular camnoma 

h u a r  cell adenoma 

%&ch 
Small intestine 
L a w  mtestine 

Kidney 
Unnarg bladder 

Tranmtional nrll papilloma 

Rzsma, NOS 
Adrenal 

Thyrod 
Phwchmmocytoma 

Fo1lunl.r cell adenoma 
Folluular cell camnoma 
C m1l adenoma 
C cnUcamnoma 

Parathyroid 
M ~ M Q I ~ .  NOS 

Pancreatic uleb 
Islet cell camnoma 

Mammary gknd 
Fibmadenoma 

Testu 
Intemtitml cell tumor 

Prostate 
Pm nballclitoral gland 

Sebaceous adenoma 
Epiddymu 
Leiomyosarcoma 

*Jenoma, NOS 

Brain 
Choroid plexus papilloma 

Multlple organs. NOS 
Memthelioma. NOS 
Leubm~a .  mononuclear cell 

+ + + + + + + + N + N + + + + + + + + + + + + + +  

X 

X 
+ + + + + + + + N + N + + + + + + + + + + + + + +  

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  + + + + + + + + + + + + + + + + + + + + + + + + +  
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X x x  x x x  x x x  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X X 

X 

X 
X X 

X 
+ + - + + - - + + + + + - - + + - + + + + t + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  X 

+ N + + N N N + N + N N N N N N N N N N + N + N +  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X x x x x x  x x x x x x x x x x x x x  . . . . . . . . . . . . . . . . . . . . . . . . .  

X N N N N N N N N N N N N N N N N N N N N N N N N  

Y N N N N N N N N N N N N N N N N N N N N N N N N  

X 

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

V N N N N N N N N N N N N N N N N N N N N N N N N  

c x x x x  x X 
X 

+ Rssue examined micmscopically - 
X. Tumor 1ncldenca 
N 
S Animal missexed 

Ibquuud tusua not examined micmaeopically 

Necropsy. no autolysis. no microscopic examination 
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No tissue information submitted 
Necropsy, no histology due to  protocol C 

A Autolysis 
M Animal missing 
B No necropsy performed 
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TABLE AB. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS VEHICLE CONTROL 
(Continued) 

ANIMAL 
NUMBER 

WEEKSON 
STUDY 

%' , 

0 0 0 0 0  0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 2 2 2 2 2 2 2 2 3 3 3 3 3 3 ( 4 4 4 4 4 4 4 4 5  
9 0 1 2 3 4 5 6 7 0 4 5 6 8 9 0 1 2 3 4 5 6 8 9 0  

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l l  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
4 ~ 4 4 ~ 4 4 4 r 4 4 r 4 4 c 4 4 4 4 4 4 4 1 4  

Skin 
Pap1llOrmr N o s  
~gmmous'csi~ papilloma 
Sabamous adsnocamnoma 
hratcsmanthoma 

Subcut~eous hssue 
Fibmnu 
Myxosammn 

Lun andbronchi 
Trae%fu 

Bone marrow 
Spleen 
L m p h d e s  
Tgymus 

Heart 

Salivary gland 
Liver 

Bile duct 
Pancrsas 

Neoplastic nodule 
Hepnbeellular camnoma 

Annarcelladenoma ::::r 
Small intestine 
Lam inhatine 

Kidney 
Unnary bladder 

M 

Trannhooal cell papilloma 

Pituitary 
Menoma. NOS 
P h e o c h m m ~ m a  

FollmSr cell adenoma 
Follicohr cell camnoma 
C call adanoma 
C call camnoma 

Adsnoma, NOS 
Islet cell camnoma 

M-4 

Thyroid 

Panthymld 

Pancnabc islets 

TOTAL 
TISSUES 
TUMORS 

. . . . . . . . . . . . . . . . . . . . . . . . .  '50 
X 1 

1 
X 1 

X X 3 . . . . . . . . . . . . . . . . . . . . . . . . .  *so 
X I 

1 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 . . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  w . . . . . . . . . . . . . . . . . . . . . . . . .  46 
+ - + + + - + + - - - + + + + + + + + - + + + - -  37 

. . . . . . . . . . . . . . . . . . . . . . . . .  so 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 . . . . . . . . . . . . . . . . . . . . . . . . .  50 
1 x x  2 . . . . . . . . . . . . . . . . . . . . . . . . .  50 

+ + + + + + + + + + + + + + + + + + + + + + + + +  49 
X 1 . . . . . . . . . . . . . . . . . . . . . . . . .  49 

+ + + + + + + + + + + + + + + + + + + + + + + + +  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 
. . . . . . . . . . . . . . . . . . . . . . . . .  48 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 . . . . . . . . . . . . . . . . . . . . . . . . .  47 
X 1 

. . . . . . . . . . . . . . . . . . . . . . . . .  47 x x  x x  20 X x x  x x x x  . . . . . . . . . . . . . . . . . . . . . . . . .  50 
X x x  X 5 . . . . . . . . . . . . . . . . . . . . . . . . .  50 

X 3 
1 

X X x x x  x x  x 10 
X 2 . . . . . . . . . . . . . . . . . . . . . . . . .  42 

X 2 . . . . . . . . . . . . . . . . . . . . . . . . .  49 
X 1 

N N N N N N N N N N N N N N N N N N N N N N N N N  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

P 
Mammary gland 

Fibroadenoma 
Testis 

1 
'50 

1 

50 
1 

Inb&itlalcell tumor 
Prostab 
Prs ntlaUchtoral gland 

&noma. NOS 
Sabanoun adenoma 

E ididymii 
Eeiom y o a m m a  

Brain 
Choroid plerur papilloma 

Mesothefoma. NOS 
Tunica va nahs 

Multiple organs. NOS 
Mesothehoma, NOS 
Laukemm. mononuclear cell 

N N N + N N N N N N N + + + + N N + + N N N N N N  
. . . . . . . . . . . . . . . . . . . . . . . . .  x x x x x x x x x x x x x x x x x x  x x  X . . . . . . . . . . . . . . . . . . . . . . . . .  
N N N N N N N N N N N N N N N N N N N N N N N N N  

X 

X X 

* 50 
2 
50 
40 
47 

'50 
3 

. . . . . . . . . . . . . . . . . . . . . . . . .  I x  X 

N N N N N N N N N N N N N N N N N N N N N N N N N  
X 

* Animals noempsiid 
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TABLE M. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF MALONALDEHYDE, SODIUM SALT: LOW DOSE 

Kidney 
Unnary bladder 

PitUltary 

Adrenal 

Thyroid 

Adenoma. NOS 

Cortical adenoma 
Pheochmrnaytoma 

Follicular cell adenoma 
Follicular cell camnoma 
C cell adenoma 
C cell camnoma 

Parathyroid 
Menoma, NOS 

Pancreatic ialetl  
Islet cell adsnorm 

Mammary gland 
Fibroadenoma 

Testu, 
Intsrstiturl cell tumor 

Prn8tA.a 
Pre utiaUclitoral gland 

Manocamnoma. NOS 
J'uoma, NOS 

m 
Brain 

Multiple organs NOS 
Malignant lydphoma hiatlocyhc type 
~aukemia, mononudar cell 

0 0 0 0 0 0 0 0  
NUMBER 

+ + + + + + + + + + + + + + + + + + + + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

X X X . . . . . . . . . . . . . . . . . . . . . . . . .  
X X X 

x x  x x  
X 

X 

X x x  
X - -  + + + + + + - - -  + + + - + + + - - t + + - +  

+ + + + + + + + + + + t t + + + + + + t t + + + t  
x x  

X 

N N N + + + + N + N N + + N + N + N + + N + + N N  
+ + + + + t + + + + + + + + t + t + + + + + + t +  
x x x x x x x  x x x x  x x x x x x  x x x x  . . . . . . . . . . . . . . . . . . . . . . . . .  
N N N N N N N N N N N N N N N N N N N N N N N N N  

. . . . . . . . . . . . . . . . . . . . . . . . .  

N N N N N N N N N N N N N N N N N N N N N N N N N  
X 

x x  x x x x x  X 

WEEKS ON 
r n D Y  

SlUn 
Squamous 811 papdloma 
Sebaceous &noma 
Keratoacanthoma 

Subnttaneow tvma 
Fibroma 
Fibmsammr 

Lungs and bronchi 

Trachea 
Alveolarlbmnchiolar camnoma 

Bone mama 
Splwn 
L mphnodes 
Tiymus 

€Teart 

Salivary gland 
Liver 

Bile duct 
Pancreas 

M 

Neoplashc nodule 

0 0 0 0 0 0  0 0 0  0 0 0 1 1 1 1 1 1 1 1 1 1 1  

4 4 9 4 6 1 8 8 2 3  7 8 9 3 3 3 4 4 4 4 4 4 4 4  
7 1 7 8 8 8 8 a 9 s  9 9 9 0 0 0 0 0 0 0 0 0 0 0  

I . . . . . . . . . . . . . . . . . . . . . . . . .  
X 

+ t t + t + + + + + + t + + + t + t + t + t + + +  
X i X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  + - + + - + + + + + + - + + - + - + + - - + - + -  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + + + t + + + + t + + t + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

- -  . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

I I 

0 8 0 5 8 5  
Malonaldehyde, Sodium Salt, NTP TR 331 76 



TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS LOW DOSE 
(Continued) 

0 0 0 0 0 0 0 0 0 0  
NUMBER 1 1 1 1 1 1 2 2 2 2  

WEEKS ON 1 1  1 1  1 1  1 1  1 1  1 1  
STUDY 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0  

3 4 5 1 8 9 0 4 a 7  

0 0 0 0 0 0 0 0 0 0 0 0 0 0  
3 3 3 3 3 4 4 4 4 4 4 4 4 5  
1 4 5 6 1 0 1 2 4 6 7 8 9 0  

TOTAL 
1 1  1 1  1 1  1 1  1 1  1 1  1 TISSUES 

0 0 0 0 0 0 0 0  TUMORS 
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

Teatir 
Interst~tml cell tumor 

4 4 4 4 4 4 4 4  
M 

Skm 
Sprumoua call papilloma 
Sabanour adenoma 
Keratoacanthoma 

Subcutaneour t m e  
Fibromn 
Fibrosarmma 

Lunp and bronchi 

Trachea 

Bone marrow 
Spleen 
L mphnodes 
Txymus 

Heart 

Alveolarbmnchiolar camnoma 

Salivary gland 
Liver 

Bile duct 
Pancreas 

Neoplastic nodule 

2%R"" 
Squamous cell papilloma 

Small intestine 
Large intestine 

Kidney 
Unnary bladder 

RtUitnry 
Adenoma. NOS 

Cortical adenoma 
Pheochromocytoma 

Follicularnll adenoma 
Follicular call camnomn 
C cell adanoma 
C cell camnoma 

Adenoma. NOS 

Islet cell adenoma 

AdraMl 

Thyroid 

Parathyrod 

Pancnatic isleta 

Mammary gland 
Fibroadenoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + *so 
i 

X 1 
X X x 3  

+ + t + + + + + + + + + + + + + + + t + + t + + +  *50 
X X X X 6 

1 

+ + + + + + + + + + + + + + t + + t + + + i + + +  50 
1 

+ + + + + + + + + + + + + + + + + t + + + + + + +  47 

+ + + + + + + + + + + + + + + + + t + + + + + + +  50 
+ + + + + + + + + + + + + + + + + t + + + + + + +  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  45 
- + + + - + + + + + + + + + - -  + + - + + + + - +  3s 

+ + + + + + + + + + + + + + + + + + + + + t + + +  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  47 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 
X X 2 

t i + + t +  + + + + + + + + +  + + +  + + +  + + + + 50 . . . . . . . . . . . . . . . . . . . . . . . . .  so 
+ + + + + + + + + + + + + + + + + + + + + + + + +  50 . . . . . . . . . . . . . . . . . . . . . . . . .  49 

1 
. . . . . . . . . . . . . . . . . . . . . . . . .  46 . . . . . . . . . . . . . . . . . . . . . . . . .  48 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  46 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 
R x x  x X x X X X X  14 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 
1 

X X X 6 . . . . . . . . . . . . . . . . . . . . . . . . .  49 
X X 3 

X X 5 
x x x  x x x  X X 11 

X x x  4 . . . . . . . . . . . . . . . . . . . . . . . . .  37 
X x 4  . . . . . . . . . . . . . . . . . . . . . . . . .  50 

X x x x x x  X X 9 

+ N  + + + N N  + N  + + N + N N  + + +  + N N  + N  + N  '50 
X 1 

0 0 8 5 0 6  
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. . . . . . . . . . . . . . . . . . . . . . . . .  
x x x x x x x  x x x x x x x x x x x x x x x x x  . . . . . . . . . . . . . . . . . . . . . . . . .  
N N N N N N N N N N N N N N N N N N N N N N N N N  
X 

X 

50 
45 
48 

'50 
1 
1 

Brain 

Multiple organs. NOS 
Malignant lymphoma histiocytic type 
Leukemia. mononucle'ar cell 

. . . . . . . . . . . . . . . . . . . . . . . . .  so 

N N N N N N N N N N N N N N N N N N N N N N N N N  *SO 
1 

X X LO 



TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF MALONALDEHYDE, SODIUM SALT: HIGH DOSE 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
NUMBER 3 0 0 4 4 2 2 1 3 1 0 1 1 3 4 2 1  

8 6 8 5 7 5 1 4 5 9 5 8 7 9 9 8 5  

WEEKSON 
STUDY 

Skm 
Squamous cell papllloma 
Eqmmous cell camnoma 
Sebaceous adenoma 
Keratoacanthoma 

Suhtaneous tissue 
Fibroma 
Fibrosarcoma 

Lungx end bronchi 

Trachea 

Bone marrow 
Spleen 
L mphnodea 
TEymus 

Heart 

amous cell camnoma, metastatic F vsolarkonchiolar camnoma 

Oral camty 

Salivary gland 
Squamous cell papilloma 

I.?”*. 
Neoplastic nodule 
Hepatocellular camnoma 

Bile duct 
Pancreea 

:0”:3Y 
Squamous cell papllloma 

Small intestine 
Large intestine 

- 
Kidney 

Unnary bladder 
Tubular cell adenocamoma 

PitUItary 
Camnoma NOS 
Menoma. hOS 
Cortical adenoma 
Pheochromocytoma 

Follicular call adenoma 
Follicular cell camnoma 
C cell adenoma 

Parathyroid 
Adenoma, NOS 

Pancreatic ialetr 
Islet call adenoma 

Adrenal 

Thyroid 

Mammary gland 
Testu 

Prostab 

Brain 

Interstitial cell tumor 

Carcinoma. NOS. invasive 

Mesothcfona. NOS 
Tunica va nalir 

~ .__ 

Multiple organs. NOS 
Mewthehoma. NOS 
Malignant lymphoma, histiocytic type 
Leukemia, mononuclear cell 

o o o o u  0 0 0 0 0 0 0  o o o o o o u o o  
3 4 6 7 7  7 7 7 7 8 8 8 8 8 8 8 8  8 ‘ 8 8 8 8 8 9 9  ~ ~ ~ ~ d ~ ] ] g / d  1 ( d  ~ 1 ( 3 / ~ d ~ / d 8 1 d 8 ( 8 1 ~ 3  

. . . . . . . . . . . . . . . . . . . . . . . . .  

X 
X 

X 
N + + + + + + + + + + + + + + + + + + + + + + + N  

X 

+ + + + + + + + + + + + + + + + + + + + + + + + +  
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
_ - -  + - - - -  + + + + + + - -  + + + + - + + + +  
+ + + - - + + + + + + + + + + + + + - - -  + + + -  

. . . . . . . . . . . . . . . . . . . . . . . . .  

N N N N N N N N N N N N N N N N N N N N N N N N N  

+ - + + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + + + + + + + + + + + + + + + +  
+ - + - + - + + + + + + + + - + - - -  + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + + - + + + + + + + + + + + + + + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + - + + - t - + + t - + + + + - + + + + + +  

+ + + + + + + + - + + + + + + + + + + + + + + + +  

N N N + N N N N N N + N N + N + N N N N N N N N N  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X x x x  x x x x  x x X Y X  

. . . . . . . . . . . . . . . . . . . . . . . .  + + I  
/ + + + + + + + + + + + + + + + + + + + + + + + +  + I  
N N N N N N N N N N N N N N N N N N N N N N N N N  

X x x  
X x x x  

’ 0 0 0 5 ’ 0 7  
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS HIGH M)SE 
(Continued) 

ANIWL 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0  
NUMBER 5 0 1 4 2 3 3 2 2 2 0 0 0 1 1 2 2 2 3 3 3 4 4 4 4  

0 3 3  7 6 0 6  0 9 1 2 9 1 8  2 3 1 4 1 3  7 0 4 6 9  

WEEKS ON 
STUDY 

o u o l l l l l l l l l l l l l l l l l l l  
9 9 0 0 0 0 0 0 0 0 0 0 0 0  
7 9 9 0 1 2 2 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

0 0 0 0 0  

Skin 
Squamous cell papdloma 
Squamous call camnoma 
Sabaceoua adenoma 
Keratoacanthoma 

Suh taneous  tissue 
Fibroma 
Fibrvsnreoma 

Lungs and bronchi 
uamoua coil camnoma, metastatic 
veolarhmnchiolar camnoma 2 

g$Lddes 

Trachea 

Bone marmw 
EM 

Spleen 

Heart 

Oral cavity 

Liver 

Bile duct 
PancI-9aa 

M. 
Squamous cell papilloma 

Naoplnrt~c nodule 
Hspatoeellular camnoma 

Salivary gland 

i%::2Y 
Squamous cell papilloma 

Small intestine 
Large 1ntestine 

Kidney 

Unnary bladder 

RtUltary 

Tubular cell adenocamnoma 

Camnoma NOS 

Cartiul adanoma 
Pheochmmocytoma 

Thymd 
Folhcukr call adenoma 
Follicuhrcdl camnoma 
C call adenoma 

Parathymid 
Adenoma. NOS 

Pancreatic islets 
Inlet eel1 adenoma 

Adenoma, kOS 
Mnnnl 

Mammary gland 
Testu 

Pmsbtn 

Brain 

Interstitial cell tumor 

Camnoma. NOS. invasive 

Tunica va nalir 
Mesothetoma. NOS 

s 
Multiple organs. NOS 

Mesothelioma NOS 
Malignant ly&phoma. hisbocytic type 
Leukemia. mononuclear call 

Animals necropsied 

$50 
2 
1 
1 
3 

'50 
2 
1 

. . . . . . . . . . . . . . . . . . . . . . . . .  x x  

X X 

x x  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X X . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  + - + + - - + - -  + t - t - + + - - -  + - + + + -  

. . . . . . . . . . . . . . . . . . . . . . . . .  

N N N N N N N N N N N N N N N N N N N N N N N N N  
. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

X 

X 
X X . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X + + + + + + + + + + + + + + + + + + + + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X x x  X . . . . . . . . . . . . . . . . . . . . . . . . .  

X 

X x x  x x x  . . . . . . . . . . . . . . . . . . . . . . . . .  
X X X X x x  x x  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  X 

X 

N + + + N + N + + N N N + + N + N N N + N N + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  x x x x x x x x x x x x x x x x x x x x x x x  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X X 
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TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
MALONALDEHYDE, SODIUM SALT 

Vehicle Control 50 mg/kg 

Skin: Keratoacanthoma 
Overall Rates (a) 
AdJusted Rates (b) 
Terminal Rates (c) 
Week ofFirst Observation 
Llfe Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran Armitage Trend Test (d) 
Fisher Exact Test (d) 

3/50 (6%) 
8 1% 
3/37 (8%) 
104 
P=O 230 
P=O 271 
P=O 583 

Skin: Squamous Cell Papilloma or Carcinoma 
Overall Rates (a) 1/50 (2%) 
Adjusted Rates (b)  2 7% 
Terminal Rates (c) 1/37 (3%) 
Week of First Observation 104 
Life Table Testa (d) P=0081 
Incidental Tumor Tests (d) P=O 163 
Cochran Armitage Trend Test (d) P=O 202 
Fisher Exact Test (d) 

Skin: Papilloma or Squamous Cell Papilloma or Carcinoma 
Overall Rates (a) 2/50 (4%) 

Terminal Rates (c) 2/37 (5%) 
Week of First Observation 104 
M e  Table Tests (d) P=O 188 
Incidental Tumor Tests (d) P=O 304 
Cochran Armitage Trend Test (d) P=O 399 
Fisher Exact Test (d) 

Adjusted Rates (b) 5 4% 

Subcutaneous Tissue: Fibroma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (e) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran Armitage Trend Test (d) 
Fisher Exact Test (d) 

Subcutaneous Tissue: Fibroma or 
Overall Rates (a) 
Adjusted Rates(b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran Armitage Trend Test (d)  
Fisher Exact Test (d) 

1/50 (2%) 
2 7% 
1/37 (3%) 
104 
P=O 092 
P=O 154 
P=O 417 

Fibrosarcoma 
1/50 (2%) 
2 7% 
1/37 (3%) 
104 
P=O 051 
P=O 136 
P=O 283 

Subcutaneous Tissue: Fibroma, Fibrosarcoma, or Myxosarcoma 
Overall Rates (a) 2/50 (4%) 

Terminal Rates (c) 1/37 (3%) 
Week of First Observation 60 
M e  Table Tests (d) P=O 124 
Incidental Tumor Tests (d) P=O 302 
Cochran Armitage Trend Test (d) P=O 427 
Flsher Exact Test (d) 

Adjusted Rates (b) 4 7% 

. 0 0 0 5 0 9  
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3/50 (6%) 
9 1% 
3/33 (9%) 
104 
P=O 610 
P=O 610 

P=O 661 

1/50 (2%) 
2 3% 
0/33 (0%) 
88 
P=O 756 
P=O 719 

P=O 753 

1/50 (2%) 
2 3% 
0/33 (0%) 
88 
P=O 518N 
P = 0 555N 

P=O 500N 

6/50 (12%) 
17 5% 
5/33 (15%) 
103 
P=O 044 
P=O 066 

P=O 056 

7/50 (14%) 
19 4% 
5/33 (15%) 
88 
P=O 026 
P=O 035 

P=O 030 

7/50 (14%) 
19 4% 
5/33 (15%) 
88 
P=O 070 
P= 0 088 

P=O 080 

100 mgkg 

3/50 (6%) 
15 4% 
2/15 (13%) 
81 
P=O 299 
P=O 355 

P=O 661 

3/50 (6%) 
15 2% 
2/15(13%) 
70 
P=O 107 
P=O 151 

P=O 309 

3/50 (6%) 
15 2% 
2/15 (13%) 
70 
P=O 200 
P=O 261 

P=O 500 

2/50 (4%) 
13 3% 
2/15 (13%) 
104 
P=O 205 
P=O 205 

P=O 500 

3/50 (6%) 
15 4% 
2/15(13%) 
81 
P=O 105 
P=O 139 

P=O 309 

3/50 (6%) 
15 4% 
2/15 (13%) 
81 
P=O 265 
P=O 396 

P=O 500 



TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
MALONALDEHYDE, SODIUM SALT (Continued) 

Vehicle Control 50 mgkg 100 m a g  

Hematopoietic System: Mononuclear Cell Leukemia 
Overall Rates (a) 7/50 (14%) 
Adjusted Rates (b) 15.2% 
Terminal Rates (c) 1/37 (3%) 
Week of First Observation 55 
Llfe Table Tests (d) P=O 039 
Incidental Tumor Tests (d) P = 0.245N 
Cochran-Armitage Trend Test (d) P=0.185 
Flsher Exact Test (d) 

Liver: Neoplastic Nodule or Hepatocellular Carcinoma 
3/50 (6%) Overall Rates (a) 

Adjusted Rates (b) 
Terminal Rates(c) 
Week of First Observation 
Llfe Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Flsher Exact Test (d) 

Pituitary Gland Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Llfe Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Pituitary Gland: Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Adrenal Gland Cortical Adenoma 
Overall Rates la) 
AdJusted Rates (b) 
Terminal Rates (c) 
Week ofFirst Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Adrenal Gland: Pheochromocytoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of Fust Observation 
Llfe Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

8 1% 
3/37 (8%) 
104 
P=0.216 
P=0.216 
P = 0.588 

20/47 (43%) 
50.8% 
16/35 (46%) 
80 
P=0.175N 
P=O.OlON 
P=O 002N 

20147 (43%) 
50.8% 
16/35 (46%) 
80 
P = 0.264N 
P = 0 022N 
P= 0.003N 

0/50 (0%) 
0 0% 
OM7 (0%) 

P=O 028 
P=0.203 
P=O.o60 

5/50 (10%) 
13.5% 
5/37 (14%) 
104 
P=0.014 
P = 0.048 
P= 0.226 

10150 (20%) 
23.7% 
3/33 (9%) 
74 
P=0.306 
P=0.503 

P = 0.298 

2/50 (4%) 
6.1% 
2/33 (6%) 
104 
P=0.552N 
P=0.552N 

P = O.6OON 

14/49 (29%) 
38.3% 
11/33 (33%) 
93 
P=O.l89N 
P =0.080N 

P=0.112N 

14/49 129%) 
38.3% 
11/33 (33%) 
93 
P =0.189N 
P =0.080N 

P =0.112N 

1/50 (2%) 
3.0% 
1/33 (3%) 
104 
P=0.477 
P=O.477 

P = 0.500 

6/50 (12%) 
16.8% 
5/33 (15%) 
74 
P = 0.430 
P=0.427 

P=0.500 

11/50 (22%) 
34.9% 
0/15 (0%) 
79 
P=0.067 
P= 0.272N 

P =0.218 

3/50 (6%) 
20.0% 
3/15 (20%) 
104 
P=0.233 
P=0.233 

P=0.661N 

7/49 (1 4%) 
30.7% 
3/15 (20%) 
84 
P=0.242N 
P=0.016N 

P=0.002N 

8/49 (16%) 
36.5% 
4/15(27%) 
84 
P=0.357N 
P= 0.039N 

P=0.005N 

3/50 (6%) 
8.8% 
0115 (0%) 
43 
P = 0.085 
P=0.500 

P=O.121 

8/50(16%) 
40.0% 
5/15 (33%) 
76 
P=0.016 
P=0.055 

P = 0.277 

0 0 0 5 1 0  
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TABLE A3. ANALYSIS O F  PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
MALONALDEHYDE, SODIUM SALT (Continued) 

Vehicle Control 50 mgkg 100 mgkg 

Thyroid Gland: Follicular Cell Adenoma 
Overall Rates (a ) 3/50 (6%) 
Adjusted Rates (b) 7 3% 
Terminal Rates (c) 2/37 (5%) 
Week of First Observation 55 
Life Table Tests (d) P=O 003 
Incidental Tumor Testa (d) P=O 026 
Cochran Annitage Trend Test (d) P-0 034 
Fisher Exact Test (d) 

Thyroid Gland Follicular Cell Carcinoma 
Overall Rates (a) 1/50 (2%) 
Adjusted Rates (b) 2 1% 
Terminal Rates (c) 0/37 (0%) 
Week of First Observation 79 
Life Table Testa (d) P=O 019 
Incidental Tumor Tests (d) P=O 105 
Cochran Armitage Trend Test (d) P=O 090 
Fisher Exact Test (d) 

Thyroid Gland: Follicular Cell Adenoma or Carcinoma 
Overall Rates (a) 4/50 (8%) 
Adjusted Rates (b) 9 2% 
Terminal Rates (c) 2/37 (5%) 
Week ofFirst Observation 55 
Life Table Tests (d) P<O 001 
Incidental Tumor Tests (d) P=O 008 
Cochran Armitage Trend Test (d) P=O 011 
Fisher ExactTest (d) 

Thyroid Gland: C-Cell Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates(c) 
Week ofFirst Observation 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Thyroid Gland C-Cell Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Llfe Table Tests (d) 
IncidentalTumor Tests (d) 
Cochran Armitage Trend Test (d) 
Fisher Exact Test (d) 

10150 (20%) 
27 0% 
10/37 (27%) 
104 
P = 0 296N 
P=O 231N 
P-0 019N 

2/50 (4%) 
5 4% 
2/37 (5%) 
104 
P=O 493N 
P=O 353N 
P=O 223N 

Thyroid Gland C-Cell Adenoma or Carcinoma 
Overall Rates (a) 11/50(22%) 
Adjusted Rates (b) 29 7% 
Terminal Rates (c) 11/37 (30%) 
Weekof Fust Observation 104 
Life TableTests(d) P=O 274N 
Incidental Tumor Tests (d) P=O 161N 
Cochran Armitage Trend Test (d) P=O 013N 
Fisher Exact Test (d) 

Malonaldehyde, Sodium Salt, NTP TR 331 
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3/49 (6%) 
9 1% 
3/33 (9%) 
104 
P=O 618 
P=O 618 

P=O 651 

5/49 (10%) 
13 3% 
3/33 (9%) 
87 
P=O 099 
P=O 109 

P=O 098 

8/49 (16%) 
22 0% 
6/33 (18%) 
87 
P=O 154 
P=O 168 

P=O 168 

11/49 (22%) 
32 0% 
10/33 (30%) 
97 
P=O 388 
P=O 440 

P=O 479 

4/49 (8%) 
1 1  5% 
3/33 (9%) 
98 
P=O 295 
PI0 377 

P=O 329 

13/49 (27% ) 
36 7% 
11/33 (33%) 
97 
P=O 296 
P=O 389 

P=O 385 

9/50 (18%) 
34 4% 
3/15 (20%) 
81 
P=O 007 
P=O 068 

P=O 061 

5/50 (10%) 
19 8% 
2/15 (13%) 
79 
P=O 041 
P=O 116 

P=O 102 

13/50 (26%) 
48 1% 
5/15 (33%) 
79 
P<O 001 
P=O 015 

P=O 016 

2/50 (4%) 
13 3% 
2/15(13%) 
104 
P=O 245N 
P=O 245N 

P=0014N 

0150 (0%) 
0 0% 
011 5 (0%) 

P=O 452N 
P=O 452N 

P=O 247N 

2/50 (4%) 
13 3% 
2/15 (13%) 
104 
P=O 191N 
P=O 191N 

P=O 007N 



TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
MALONALDEHYDE, SODIUM SALT (Continued) 

Vehicle Control 50 mgkg 100 m g k g  

Parathyroid Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Llfe Table Testa (d) 
Incidental Tumor Tests (d) 
Cochran Armitage Trend Test (d) 
Fisher Exact Test (d) 

2/42 (5%) 
6 1% 11 6% 
2/33 (6%) 2/26 (8%) 
104 79 
P=O 495 P=O 275 
P=O 566N P=O 266 
P = 0 408N 

P=O 279 

4/37 ( 1 1 %) 

Pancreatic Islets. Islet Cell Adenoma 
Overall Rates (a) 0149 (0%) 9/50 (18%) 
Adjusted Rates(b) 0 0% 26 1% 

OM7 (0%) 8/33 (24%) Terminal Rates (c) 
Week of First Observation 97 
M e  Table Testa (d) P=O 092 P=O 002 
Incidental Tumor Tests (d) P=O 138 P=O 002 
Cochran Armitage Trend Test (d) 
Fisher Exact Test Id) P=O 001 

P=O 420 

Pancreatic Islets. Islet Cell Adenoma or Carcinoma 
Overall Rates (a) 1/49 (2%) 
Adjusted Rates (b) 2 7% 
Terminal Rates (c) 1/37 (3%) 
Week of First Observation 104 
Llfe Table Tests (d) P=O 169 
Incidental Tumor Tests (d) P=O 235 
Cochran Armitage Trend Test (d) P=O 576 
Fisher Exact Test (d) 

9/50 (18%) 
26 1% 
8/33 (24%) 
97 
P=O 006 
P=O 009 

P=O 009 

Preputial Gland: Adenoma 
Overall Rates(a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests(d) 
Incidental Tumor Tests (d) 
Cochran Armitage Trend Test (d) 
Fisher Exact Test (d) 

3/50 (6%) 1/50 (2%) 
7 9% 3 0% 
2/37 (5%) 1/33 (3%) 
98 104 
P=O 147N P=O, 337N 
P=O 065N P=O 224N 
P = 0 060N 

P=O 309N 

Preputial Gland  Adenoma or Sebaceous Adenoma 
Overall Rates (a) 4/50 (8%) 1/50 (2%) 
Adjusted Rates (b) 10 5% 3 0% 
Terminal Rates (c) 3/37 (8%) 1/33 (3%) 
Week of First Observation 98 104 
Llfe Table Testa (d) P=O 081N P=O 210N 
Incidental Tumor Tests (d) P = 0 035N P=O 131N 
Cochran Armitage Trend Test td) 
Fisher Exact Test (d) P=O l8lN 

P=O 026N 

Preputial Gland  Adenoma, Sebaceous Adenoma, or Adenocarcinoma 
Overall Rates (a) 4/50 (8%) 2/50 (4%) 
Adjusted Rates (b) 10 5% 6 1% 
Terminal Rates (c) 3/37 (8%) 2/33 (6%) 
Week of First Observation 98 104 
Life Table Testa (d) P=O 125” P= 0 382N 
Incidental Tumor Tests (d) P=O 065N P=O 285N 
Cochran Armitage Trend Test td) 
Fuiher Exact Test (d) P=O 339N 

P=O 037N 

1/42 (2%) 
7 7% 
1/13 (8%) 
104 
P-0 676 
P=O 676 

P=O 500N 

1/49 (2%) 
6 7% 
1/15 (7%) 
104 
P=O 320 
P=O 320 

P=O 500 

1/49 (2%) 
6 7% 
1/15 (7%) 
104 
P=O 548 
P=O 548 

P=O 753 

0150 (0%) 
0 0% 
0/15 (0%) 

P=O 293N 
P=O 103N 

P=O 121N 

0150 (0%) 
0 0% 
O/l5tO%) 

P=O 213N 
P=O 077N 

P=O 059N 

0150 (0%) 
0 0% 
0115 (0%) 

P=O 213N 
P=O 077N 

P=O 059N 

0 0 0 5 1 2  
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TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
MALONALDEHYDE, SODIUM SALT (Continued) 

Vehicle Control SO m a g  100 m@s 

Testis: Interstitial Cell Tumor 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (e) 
Week of First Observahon 
Llfe Table Tests (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

AU Sites: Mesothelioma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of  First Observation 
Llfe Table Testa (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

All Sites: Benign Tumors 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observatlon 
Llfe Table Testa (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

All Sites: Malignant Tumors 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Flsher Exact Test (d) 

All Sites: All Tumors 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

40150 (80%) 
90.8% 
33/37 (89%) 
79 
P<O.OOl 
F = 0.278 
r = o . ~ N  

4/50 (8%) 
10.3% 
3/37 (8%) 
89 
P = 0.127 
P=0.304 
P=0.417 

47/50 (94%) 
97.9% 
36/37 (97%) 
55 
P<O.OOl 
P=0.335 
P=0.417N 

16/50 (32%) 
34.5% 
8/37 (22%) 
55 
P = 0.003 
P=0.328 
P = 0.129 

49/50 (98%) 
98.0% 
36/37 (97%) 
55 
P<O.OOl 
P = 0.407N 
P= 0.202N 

45/50 (90%) 
95.7% 
31/33 (94%) 
74 
P = 0.076 
P=0.072 

P=0.131 

0150 (0%) 
0.0% 
0133 (0%) 

P=O.O75N 
P =0.085N 

P=0.059N 

48/50 (96%) 
97.9% 
32/33 (97%) 
74 
P=0.257 
P=0.433 

P=O.500 

19/50 (38%) 
44.1% 
10/33 (30%) 
74 
P=0.305 
P = 0.399 

P = 0.338 

49/50 (98%) 
98.0% 
32/33 (97%) 
74 
P = 0.329 
P=0.736N 

P=0.753N 

36/50 (72%) 
97.1% 
14/15 (93%) 
70 
P<O.OOl 
P = 0.275 

P=0.242N 

5/50 (10%) 
27.2% 
3/15 (20%) 
90 
P=O.111 
P = 0.317 

P = 0.500 

46/50 (92%) 
100.0% 
15/15 (100%) 
43 
P<O.OOl 
P = 0.408 

P=0.500N 

22/50 (44%) 
68.6% 
7/15 (47%) 
70 
P = 0.005 
P=0.321 

P= 0.151 

47/50 (94%) 
100.0% 
15/15 ( 100%) 
43 
P<O.OOl 
P=0.616N 

P=0.309N 

(a) Number of tumor-bearing animaldnumber of animals examined at the site 
(b) Kaplan-Meter estimated tumor incidencesat the end of the study after adjusting for intercurrent mortality 
(c) Observed tumor incidence at terminal kill 
(d) Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The incidental tumor 
test regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence 
rates. A negative trend or lower incidence in a dosed group is indicated by (N). 

1 0 0 0 5 1 3  
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TABLE A4b. HISTORICAL INCIDENCE OF ADRENAL GLAND CORTICAL TUMORS IN MALE F344/N 
RATS (a) 

Study 
Incidence in Controls 

Adenoma Adenoma or Carcinoma 

Historical Incidence in Water Gavage Controls at Battelle Columbus Laboratories (b) 

Chlorpheniramine maleate 
Tetrakdhydroxymethy1)phosphonium chloride 
Tetrakls( hydroxymethy1)phosphonium sulfate 

TOTAL 
SD (e) 

Range (d) 
High 
LOW 

Overall Historical Incidence in Untreated Controls 

TOTAL 
SD (c) 

Range (d) 
High 
LOW 

0149 
Of50 
3/50 

31149 (2 0%) 
3 46% 

3/50 
0150 

28/1,950(1 4%) 
181% 

4149 
Oh0 

0149 
0150 
3/50 

3/149 (2 0%) 
3 46% 

3/50 
0150 

3011,950 (1 5%) 
184% 

4/49 
0150 

(a) Data as ofAugust 30,1985, for studies of at least 104 weeks 
(b) No other water gavage studies are included in the historical data base 
(cl Standard deviation 
(d) Range and SD are presented for groups of 35 or more animals 

” ( ) ( )0515 
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TABLE A4c. HISTORICAL INCIDENCE OF ADRENAL GLAND MEDULLARY TUMORS IN MALE F344/N 
RATS (a) 

Study 

Incidence in Controls 
Pheochromocytoma Malignant Pheochromocytoma 

Pheochromocytoma 
Pheochromocytoma or Malignant 

Historical Incidence in Water Gavage Controls a t  Battelle Columbus Laboratories (b) 

Chlorpheniramine maleate 21/49 
Tetrakis(hydroxymethy1)phosphonium chloride 19/50 
Tetrakis(hydroxymethy1)phosphonium sulfate 22/50 

TOTAL 
SD (c) 

Range (d) 
High 
LOW 

0149 
0150 
1/50 

21/49 
19/50 
23/50 

621149 (41.6%) 11149 (0.7%) 631149 (42.3%) 
3 19% 1.15% 4.03% 

22/50 
19/50 

1/50 
OJ50 

23/50 
19/50 

Overall Historical Incidence in Untreated Controls 

TOTAL 
SD (c) 

Range (d) 
High 
LOW 

42711,950 (21.9%) 3011,950 (1.5%) 45211,950 (23.2%) 
12.41% 2.00% 12.39% 

3 1/49 
2/50 

4/49 
0150 

32/49 
3/50 

(a) Data as of August 30,1985, for studies of at least 104 weeks 
(b) No other water gavage studies are included in the historical data base. 
(c) Standard deviation 
td) Range and SD are presented for groups of 35 or more animals. 

0 0 0 5 1 6  
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TABLE A4d. HISTORICAL INCIDENCE OF LEUKEMIA I N  MALE F344N RATS (a) 

Study Incidence in Controls 

Historical Incidence in Water Gavage Controls a t  Battelle Columbus Laboratories (b) 

Chlorpheniramine maleate 
Tetrakis(hydroxymethy1)phosphonium chloride 
TetrakdhydroxymethyOphosphonium sulfate 

TOTAL 
SD (e) 

Range (d) 
High 
LOW 

Overall Historical Incidence in Untreated Controls 

TOTAL 
SD (e) 

Range (d) 
High 
LOW 

25/50 
19/50 
30150 

741150 (49 3%) 
11 02% 

30/50 
19/50 

583/1.977(29 5%) 
11 59% 

30150 
5/50 

(a) Data asofAugust 30,1985, for studies ofat least 104 weeks 
(b) No other water gavage studies are included in the historical data base 
(c )  Standard deviation 
(d) Range and SD are presented for groups o f  35 or more animals 

0 0 0 5 1’7 
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TABLE A b .  HISTORICAL INCIDENCE OF PANCREATIC ISLET CELL TUMORS IN MALE F34W 
RATS (a) 

Incidence in Controls 
Adenoma Carcinoma Adenoma or Carcinoma 

- ~~~~- ~~ ~~ ~ 

Historical Incidence in Water Gavage Controls at Battelle Columbus Laboratories (b) 

Tetr akidhydroxymethy1)phosphonium chloride w49 0149 
Chlorpheniramina maleate 3/50 2/50 

Tetrabis(hydroxymethy1)phosphonium sulfate 440 1/40 

TOTAL 
SD (c) 

Range (d) 
High 
LOW 

91147 (6.1%) 31147 (2.0%) 
2.13% 2.009 

4ta 2/60 
2/49 w49 

Overall Hisbric.l Incidence in Untreated Controls 

TOTAL 
SD (c) 

Range (d) 
High 
LOW 

6311.913 (3.3%) 4011.913 (2.1%) 
3.36% 2.54% 

6/49 
0188 

4/49 
0160 

6/60 
2/49 
6/48 

12/147(8.2%) 
3.64% 

5/48 
2149 

102/1,913 (6.3%) 
3.68% 

7/49 
0150 

(a) Data aa of August 30,1986, for etudies of et  leaat 104 weeks 
(b) No other water gavage studies are included in the historical data base. 
(c) Standard deviation 
(d) Range and SD are presented for groups of 35 or more animals. 

.*" 
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TABLE A4t. HISTORICAL INCIDENCE OF PITUITARY GLAND TUMORS IN MALE F344N RATS (a) 

Study 
Incidence in Controls 

Adenoma (b) Carcinoma (c) Adenoma or Carcinoma (b,c) 

Historical Incidence In Water Gavage Controls at Battelle Columbus Laboratories (d) 

Chlorpheniramine maleate 12/60 WM) 
Tetrakia(hydroxymethy1lphosphonium chloride 17/50 1/60 
Tekakis(hydroxymethy1~~sphonium sulfate 21/50 OB0 

TOTAL 
SD (e) 

Ranse (0 
High 
LOW 

Overall Historical Incidence in Untreated Controls 

50/1M) (33.3%) ll160 (0.7%) 
9.02% 1.16% 

21/50 1/60 
12/50 oh50 

TOTAL 
SD (e) 

Range (0 
High 
LOW 

38711,861 (20.8%) 41/1,861(2.2%) 
1 1.25% 2.88% 

24/46 5/45 
2f39 om0 

12/50 
1wM) 
21/60 

51/150 (34.0%) 
9.17% 

2 1/60 
12/50 

428/1,861(23.0%) 
11.10% 

25/46 
2/39 

(a) Data as of August 30,1985, for studies of at least 104 weeks 
(b) Includes adenoma, NOS, chromophobe adenoma, and acidophil adenoma. 
(c) Includes carcinoma, NOS, and chromophobe carcinoma 
(d) No other water gavage studies are included in the historical data base. 
(e) Standard deviation 
(0 Range and SD are presented for groupsof 35 or more animals. 

0 0 0 5 1 9  
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TABLE A4g. HISTORICAL INCIDENCE OF INTEGUMENTARY SYSTEM TUMORS IN MALE F344/N 
RATS (a) 

Study 

Incidence in Controls 
Fibroma (b) Fibrosarcoma (e) Fibroma or 

Fibrosarcoma (b,c) 

Historical Incidence in Water Gavage Controls at Battelle Columbus Laboratories (d) 

Chbrpheniramine maleate 2/50 
TetraMhydroxymethyUphosphoniwn chloride 0150 
Tetrakis(hydroxymethy1)phosphonium sulfate 0150 

TOTAL 
SD (e) 

Range (0 
High 
LOW 

2/50 
1/50 
3/50 

4/50 
1/50 
3/50 

21150 (1.3%) 61150 (4.0%) W150 (5.3%) 
2.31% 2.00% 3.06% 

,2150 
0150 

3/50 
1/50 

4/50 
1/50 

Overall Historical Incidence in Untreated Controls 

TOTAL 
SD (e) 

Range (0 
High 
LOW 

11011,977 (5.6%) 3911,977 (2.0%) 148/1,977 (7.5%) 
3.15% 2.72% 4.27% 

6/50 
0150 

7/50 
0150 

12/50 
0149 

(a) Data as of August 30,1985, for studies of at least 104 weeks 
01) Includes neurofibroma 
(c) Includes sarcoma, NOS, and neurofibrosarcoma 
(d) No other water gavage studies are included in the historical data base. 
(e) Standard deviation 
(0 Range and SD are presented for groups of 35 or more animals. 
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TABLE AS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT 

Vehicle Control Low Dose Higb Dose 

ANIMALS INITIALLY IN STUDY M) 
ANIMALS NECROPSIED M) 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 
%kin 

Inflammation, NOS 
Ulcer. NOS 
Fibrosis 
Hyperplasia, NOS 

+subcutaneous tissue 
Epidermal inclusion cyst 

RESPIRATORY SYSTEM 

Inflammation, acute 
Inflammation. chronic 

Congestion, NOS 
Hemorrhage 
Inflammation, NOS 
Foreign material, NOS 
Pigmentation, NOS 
Alveolar macrophages 
Hyperplasia, alveolar epithelium 
Metaplasia, osseous 

#Trachea 

#Lung 

(50) (47) 
1 (2%) 
1 (2%) 

(50) (50) 

2 (4%) 
6 (12%) 3 (6%) 

1 (2%) 
3 (6%) 3 (6%) 

(49) 

HEMATOPOIETIC SYSTEM 
#Bone marrow 

Inflammation, granulomatous focal 
Atrophy, NOS 
Hyperplasia, hematopoietic 
Hyperplasia, reticulum cell 

Collapse 
Congestion, NOS 
Fibrosis 
Necrosis, coagulative 
Hemosiderosis 
Depletion, lymphoid 
Hematopoiesis 

#Mandibular lymph node 
Dilatationlsinus 
Epidermal inclusion cyst 
Hemorrhage 
Plasmacytosis 

Hemorrhage 
Inflammation, chronic diffuse 
Plasmacytosis 

#Pancreatic lymph node 
Inflammation, granulomatous focal 

#Lumbar lymph node 
Hemorrhage 

#Mesenteric lymph node 
Dilatatiodshua 
Inflamqtion. granulomatous 

#Spleen 

#Mediastinal lymph node 

0 0 0 5 2 1  

2 (4%) 

1 (2%) 
1 (2%) 

1 (3%) 

1 (3%) 

1 (3%) 

(39) 

(39) 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF YALONALDEHYDE, SODIUM SALT (Continued) 

~~ ~ ~ ~ 

Vehicle Control Low Dose High Dose 

HEMATOPOIETIC SYSTEM (Continued) 
#Ileum (49) 

#Thymus (37) 
Hyperplasia, lymphoid 

Cyst, NOS 

CIRCULATORY SY!3”EM 
#Brain 

#Heart 

#Headatrium 

#Headventricle 

#Myocardium 

#Cardiac valve 

Thrombosis, NOS 

Inflammation. acutdchronic 

Thrombosis, NOS 

Thrombosis, NOS 

Degeneration, NOS 

Intlammation, acute focal 

c ,, 

DIGESTIVE SYSTEM 
#Salivary gland 

Dilata tiodducts 
Focal cellular change 
Atrophy, NOS 

Abnormal curvature 
Inflammation. acute 
Inflammation, granulomatous 
Fibrosis. condensation 
Degeneration, cystic 
Necrosis. coagulative 
Hyperchromatism 
Cytoplasmic vacuoliaation 
Basophilic c y b  change 
Focal cellular change 
Hyperplasia, nodular 
Angiectasis 

#Bile duct 
Fibrosis 
Pigmentation, NOS 
Hyperplasia, NOS 

Dilatatiodducts 
Cyst, NOS 
Inflammation, chronic 

#Pancreatic duct 
Hyperplasia, NOS 

#Pancreatic acinus 
Necrosis, focal 
Focal cellular change 
Atrophy, focal 
Atrophy, diffuse 
Hyperplasia, NOS 

Inflammation. chronic 
Scar 

#Liver 

#Pancreas 

#Emphagus 

#Gastric fundal gland 
Dilatation. NOS 
Hyperplasia. NOS 

(49) 

4 (8%) 

1 (2%) 
I (2%) 

13 (26%) 
5 (10%) 
1 (2%) 
7 (14%) 

28 (56%) 
27 (54%) 
1 (2%) 
2 (4%) 

4 (8%) 

50 (100%) 

2 (4%) 

1 (2%) 

4 (8%) 

1 (2%) 
2 (4%) 
23 (47%) 
8 (16%) 
2 (4%) 

(50) 

(49) 

(49) 

(49) 

(49) 

(50) 

(47) 

2 (4%) 
1 (2%) 

1 (2%) 
1 (2%) 
2 (4%) 

26 (52%) 
1 (2%) 

7 (14%) 
23 (46%) 
24 (48%) 

1 (2%) 

8 (16%) 

45 (90%) 

(50) 

(50) 

(50) 

1 (2%) 
1 (2%) 

(50) 

(50) 

1 (2%) 
21 (42%) 
26 (52%) 
3 (6%) 

1 (2%) 
(50) 

(49) 

2 (4%) 

1 (2%) 

24 (48%) 
2 (4%) 

12 (24%) 
7 (14%) 

10 (20%) 

1 (2%) 

28 (56%) 
1 (2%) 

50 (100%) 

1 (2%) 

(50) 

(49) 

(49) 

(49) 

1 (2%) 
25 (51%) 
38 (78%) 
7 (14%) 

1 (2%) 
1 (2%) 

1 (2%) 
6 (12%) 

(49) 

(50) 
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TABLE AS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF YALONALDEHYDE, SODIUM SALT (Continued) 

Vehicle Control Low Dose High Dose 

DIGESTIVE SYSTEM (Continued) 
#Glandular stomach 

Inflammation, NOS 
Ulcer, NOS 
Inflammation, necrotizing 

#Forestomach 
Inflammation, NOS 
Ulcer, acuta 
Hyperplasia, epithelial 

Inflammation, chronic 

Inflammation, acutdchronic 
Ulcer, healed 

Epidermal inclusion cyst 
pamaitism 

#Jejunum 

#Ileum 

#Colon 

(49) 
4 (8%) 
6 (10%) 
7 (14%) 

3 (6%) 
3 (6%) 
8 (16%) 

(49) 

(46) 

(46) 

3 (6%) 

(47) 

2 (4%) 

URINARY SYSTEM 
#Kidney 

Cyst, NOS 
Multiple cy& 
Hemorrhagic cyst 
Pyelonephritis. acute 
Nephropathy 
Nephroeia, NOS 
Necrosis, coagulative 

PKidneylpelvis 
tnflammation, acute 

#Urinary bladder 
Calculus, gross observation only 
Mineralization 
Hemorrhage 
Inflammation, NOS 
Hyperplasia, epithelial 

(50) 

1 (2%) 
47 (94%) 
1 (2%) 

2 (4%) 
(50) 

(49) 

ENDOCRINE SYSTEM 
#Anterior pituitary 

Colloid cyst 
Congestion, NOS 
Pigmentation, NOS 
Clear cell change 
Atrophy, diffuse 
Hyperplasia, chromophobe cell 
hgtectasis 

#Adrenal 
Necrosis, coagulative 

#Adrenal cortex 
Degeneration, cystic 
Degeneration, lipoid 
Necrosis, coagulative 
Cytoplasmic vacuolization 
Eosinophilic cyto change 
Clear cell change 
Hypertrophy, focal 
Hyperplasia, focal 

Hyperplasia, focal 

Ultimobranchial cyst 
Follicular cyst, NOS 

#Adrsnal medulla 

#Thyroid 

(47) 
4 (9%) 

9 (19%) 
1 (2%) 

(50) 

(50) 

12 (24%) 
2 (4%) 
13 (26%) 
7 (14%) 
1 (2%) 
1 (2%) 

14 (28%) 

18 (36%) 
(60) 

(50) 

4 (8%) 

(49) 
1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 
12 (24%) 
1 (2%) 

(50) 

(50) 

13 (26%) 

9 (18%) 
6 (12%) 

3 (6%) 
14 (28%) 

21 (42%) 
(50) 

(49) 

6 (10%) 

(49) 

. 6  (12%) 
1 (2%) 

3 (6%) 

1 (2%) 
23 (46%) 

1 (2%) 
5 (10%) 
5 (10%) 

1 (2%) 
16 (32%) 

16 (32%) 

2 (4%) 
3 (6%) 

(60) 

(50) 

(60) 

(50) 

0 0 0 5 2 3  
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TABLE 1w. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT (Continued) 

Vehicle Control Low Dose High Dose 

ENDOCRINE SYSTEM 
#Thyroid (Continued) 

Focal cellular change 
Hyperplasia, C-cell 
Hyperplasia, follicular cell 

#Parathyroid 
Hyperplasia. NOS 

#Pancreatic isleta 
Atrophy, NOS 

(50) (49) (50) 
2 (4%) 

39 (78%) 39 (80%) 27 (54%) 
9 (18%) 7 (14%) 7 (14%) 

2 (5%) 3 (8%) 6 (14%) 

1 (2%) 

(42) (37) (42) 

(49) (50) (49) 

REPRODUCTIVE SYSTEM 
+Mammary gland 

Dilatatiodducta 
Galactocele 
Hyperplasia, NOS 
Hyperplasia, cystic 
Lactation 

+Mammary duct 
Hyperplasia, epithelial 

*Preputial gland 
Impaction, NOS 
Inflammation, NOS 

#Pro&ate 
Cyst, NOS 
Inflammation, NOS 
Necrosis, NOS 
Pigmentation, NOS 

Dilatation, NOS 
Inflammation, NOS 
Atrophy, NOS 

Mineralization 
Inflammation. NOS 
Infarct, NOS 
Atrophy, NOS 
Hyperplasia. interstitial ceY 
Allgiectasie 

Necrosis, coagulative 

Inflammation. NOS 
Fibrosis 

+ S e m i ~ l  vesicle 

#Testis 

#Testidtubule 

+Epididymis 

(50) 
2 (4%) 
1 (2%) 

1 (2%) 

(50) 

(50) 
1 (2%) 
3 (6%) 

(47) 

11 (23%) 

(50) 
1 (2%) 
1 (2%) 
1 (2%) 

2 (4%) 

5 (10%) 
24 (48%) 

(50) 

(50) 

(50) 

1 (2%) 

(50) 
2 (4%) 

4 (8%) 
4 (8%) 
1 (2%) 

1 (2%) 

1 (2%) 
2 (4%) 

2 (4%) 
15 (31%) 

(50) 

(50) 

(48) 

(50) 

3 (6%) 
(50) 

8 (16%) 
23 (46%) 
1 (2%) 

1 (2%) 

3 (6%) 

(50) 

(50) 

(50) 

2 (4%) 

1 (2%) 
(50) 

(50) 
1 (2%) 

3 (6%) 
16 (33%) 
1 (2%) 
2 (4%) 

1 (2%) 
1 (2%) 
4 (8%) 

1 (2%) 

1 (2%) 
17 (34%) 
21 (42%) 

(49) 

(50) 

(50) 

(50) 

(60) 
2 (4%) 

NERVOUS SYSTEM 
#Brain (50) (50) (50) 

Hydrocephalus, NOS 1 (2%) 
Cyst, NOS 1 (2%) 
Hemorrhage 2 (4%) 3 (6%) 2 (4%) 
Inflammation. granulomatous focal 1 (2%) 
Necrosis, ischemic 1 (2%) 

Atrophy, pressure 1 (2%) 
#Braidthalamus (50) (60) (50) 

SPECIAL SENSE ORGANS 
*Eye 

Inflammation. NOS 
Synechia, NOS 

*Eye/aqterior chamber 
Inflammation, chronic diffuse 

(50) 

(50) 

(50) 

(50) 

(50) 
4 (8%) 
1 (2%) 

1 (2%) 
(50) 
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TABLE AS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT (Continued) 

Vehicle Control Low Dose High Dose 

SPECIAL SENse ORGANS (Continued) 
*E yelcornea (50) (50) (50) 

*E yelretina (50) (50) (50) 

*Eyelccyst.alfine 101-18 (50) (50) (50) 

Inflammation, NOS 2 (4%) 2 (4%) 19 (38%) 
Hyperplasia, epithelial 1 (2%) 

6 (10%) 9 (18%) 24 (48%) Atrophy, NOS 

Cataract 4 (8%) 14 (28%) 19 (38%) 

MUSCULOSKELETAL SYSTEM 
+Femur 

*Skeletal muscle 
Fibrous oshdystrophy 

Degeneration, NOS 

BODY CAVITIES 
*Mediastinum (50) (50) (50) 

Vegetable foreign body 1 (2%) 
Inflammation, granulomatous 1 (2%) 

Inflammation, acute fibrinous 1 (2%) 

Inflammation, acute fibrinous 1 (2%) 

Inflammation, chronic 1 (2%) 

Hemorrhage 1 (2%) 
Inflammation, chronic 1 (2%) 1 (2%) 
Idlammation. granulomatous 1 (2%) 
Necrosis, fat 1 (2%) 8 (16%) 2 (4%) 

*Peritoneal cavity (50) (50) (50) 

*Pleural cavity (50) (50) (50) 

*Pleura (50) (50) (50) 

+Mesentery (60) (50) (50) 

ALL OTHER SYSTEMS 
*Multiple organa 

Mineralization 
Congestion, NOS 
Necrosis, coagulative 

SPECIAL MORPHOLOGY SUMMARY 
None 

* Number ofanimals receiving compleb necropsy examinations; all gross lesions including masses examined microscopically. 
C Number of animala examined microscopically a t  thia site 

Q0*0525 
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APPENDIX B 

SUMMARY OF LESIONS IN FEMALE RATS IN 

THE TWO-YEAR GAVAGE STUDY OF 

MALONALDEHYDE, SODIUM SALT 

PAGE 

TABLE B1 SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR TABLE 8 2  
GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT 

TABLE B3 ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF MALONALDEHYDE, SODIUM SALT 

HISTORICAL INCIDENCE OF THYROID GLAND FOLLICULAR CELL TUMORS 
IN FEMALE F344/N RATS 

HISTORICAL INCIDENCE OF LEUKEMIA IN FEMALE F344/N RATS 

HISTORICAL INCIDENCE OF PITUITARY GLAND TUMORS IN FEMALE F344/N RATS 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS 

TABLE B4a 

TABLE B4b 

TABLE B4c 

TABLE 85 
IN THE TWO-YEAR GAVAGE STUDY OF MALONALDEHYDE. SODIUM SALT 

99 

102 

108 

111 

112 

113 

114 

97 Malonaldehyde, Sodium Salt, NTP TR 331 

0 0 0 5 2 6  



0 0 0 5 2 7  
Malonaldehyde, Sodium Salt, NTPTR 331 98 



TABLE Bl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF MALONALDEHYDE. SODIUM SALT 

~ ~~ ~ 

Vehicle Control Low Dose High Dose 

ANIMALS INITIALLY IN STUDY 50 
ANIMALS NECROPSIED 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 

50 
50 
60 

50 
50 
50 

INTEGUMENTARY SYSTEM 
%kin 

Squamous cell carcinoma 
Banal cell tumor 

CSubcutaneous h u e  
Fibroma 

(SO) 

(50) 

RESPIRATORY SYSTEM 
#Trachea (48) 

#LW (60) 
Follicular cell carcinoma. invasive 

Alveolarhronchiolar adenoma 
C a l l  carcinoma, metastatic 

HEMATOPOIETIC SYSTEM 
*Multiple organa 

#Renal lymph node 
Leukemia, mononuclear cell 

Pheochromocytoma, metaststic 

CIRCULATORY SYSTEM 
None 

DIGESTIVE SYSTEM 
Vongue 

Squamous cell carcinoma 
#Liver 

Neoplastic nodule 
#Forestomach 

Squamous cell papilloma 
#Jejunum 

Leiomyoma 

URINARY SYSTEM 
# & b y  

Tubular cell adenoma 
(50) 

ENDOCRINE SYSTEM 
#Pituitary intermedin 

Adenoma, NOS 
#Anterior pituitary 

Carcinoma, NOS 
Adenoma, NOS 

Cortical adenoma 
#Adrenal medulla 

Pheochromocytoma 
Pheochromocytoma, malignant 

# k M l  

(49, 

(49) 

(50) 

(50) 

1 (2%) 

2 (4%) 
16 (33%) 

4 (8%) 
1 (2%) 

(49) 

(49) 

10 (20%) 2 (4%) 
(50) (50) 

(50) (50) 
1 (2%) 

2 (4%) 1 (2%) 

0 0 0 5 2 8  
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUIlY OF MALONALDEHYDE, ISODIUM SALT (Continued) 

High Dose Low Dose Vehicle Control 

ENDOCRINE SYSTEM (Continued) 
#Thymid (50) (50) (50) 

Follicular cell adenoma 2 (4%) 5 (10%) 
Follicular cell carcinoma 1 (2%) 2 (4%) 
k l l  adenoma 9 (18%) 6 (12%) 1 (2%) 
kll carcinoma 1 (2%) 

Islet cell adenoma 1 (2%) 
#Pancreatic islets (50) (50) (50) 

REPRODUCTIVE SY!Yl'EM 
'Mammary gland (50) (50) (50) 

+Clitoral gland (60) (50) (50) 

'Vagina (50) (60) (50) 

#UtaNS (50) (48) (50) 

CUtedendometrium (50) (48) (50) 

Adenocarcinoma. NOS 1 (2%) 
Fibroadenoma 6 (12%) 10 (20%) 1 (2%) 

Adenoma, NOS 1 (2%) 

Squamous cell papilloma 1 (2%) 
Sarcoma, NOS 1 (2%) 

Adenocarcinoma, NOS 1 (2%) 
Endometrial stromal polyp 9 (18%) 9 (19%) 5 (10%) 

Papilloma. NOS 1 (2%) 

NERVOUS SYSTEM 
#Brain (50) (M)) (50) 

Carcinoma. NOS, invaaive 2 (4%) 
Astrocytoma 1 (2%) 

SPECIAL SENSE ORGANS 
None 

MUSCULOSKELETAL SYSTEM 
None 

BODY CAVITIES 
None 

ALL OTHER SYSTEMS 
None 

ANIMAL DISPOSITION SUMMARY 
Animaln initially in study 

Natural death 
Moribund sacrifice 
Terminal sacrifice 
Dosing accident 

50 
4 
9 

37 

50 
5 
7 

37 
1 

50 
18 
16 
14 
2 
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TABLE 81. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT (Continued) 

Ve hide Control Low Dose High Dose 

TUMOR S W A R Y  
Total .nimalr with primary tumors** 

Totalaoimab with benign tumors 

Total mimrh with malignant tumors 

Total raimala with secondary tumors# # 

Total aoimah with tumors uncertain- 

Tdprimaryhunors 

TOWbenign tumors 

Total malignant tumors 

Tahlreeondarytumors 

Total uncertain tumors 
benign or malignant 

37 
64 
31 
52 
12 
12 
3 
3 

37 
68 
28 
42 
16 
16 

1 
1 

21 
26 
17 
I9 
6 
6 
1 
1 

1 
1 

Number ofanimals receiving complete necropsy examinations; all gross lesions including masses examined microscopically. 
** Rimug tumors: all tumors except eecondary tumors 
# Number of animals examined microllcopically at this Bite 
## See0ad.r~ tumors: metastatic tumors or tumors invasive into an adjacent organ 

b 
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TABLE BB. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF MALONALDEHYDE. SODIUM SALT VEHICLE CONTROL 

NUMBER 

WEEKS ON 
S N D Y  

Lun andbronchi 
Tnefaa 

Bone marrow 
S p l n n  
Lymph nodal 

Thymus 

Heart 

oral cavlty 

Sahvay gland 
Liver 
BiIa duct 
P a n c n u  

Phwchmmaytoma. nututahc 

M 

Sqmmoua nll mmnoum 

EEr 
Squamous nll papilloma 

Small inbatina 
Leiomyoma 

hrga intartine 

Kidnay 
Unmry b W a r  

RtUlhrg 
Camnonu NOS 
Adenoma. NOS 

Mnml 

Thymld 

Parathyroid 

Phaochmmocytoma 
Ph.ochromocytoma. malignant 

Folhcuhr NII adenoma 
C a l l  adanoma 

Yammay gland 
M~noumnoau. NOS 
Fibmadewma 

P n  utlallclibnl gland 
AiLlomn, NOS 

Va@M 
Squamoua nll papilloma 

PapiUomq NOS 
Manoulrcmonu. NOS 
Endommtnal stromal polyp 

UhnU 

ovary 

Bnin 
Camnoma. NOS. invanva 
htmcytoma 

Multi la organs, NOS 
L*&mu. moDonnc~earn~~ 

+ TI- axarmnad microlcopically - 
X Tumarmndmnm 

R.quimd huua not a x a m d  micmrcDplully 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

N N N N N N N N N N N N N N N N N N N N N N N N N  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

X 
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X x x  x x x  . . . . . . . . . . . . . . . . . . . . . . . . .  
X X 

X 

X 
X X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X X X X - -  + - - + + + + - + + - + + + + + + + + + - - -  

. . . . . . . . . . . . . . . . . . . . . . . . .  

N N N N N N N N N N N N N N N N N N N N N N N "  

N N N N N N N N N N N N N N N N N N N N N N N "  

. . . . . . . . . . . . . . . . . . . . . . . . .  X 

X 
X X X X . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

X 

N N N N N N N N N N N N N N N N N N N N N N N "  
X x x  X 

No tusua information submitted 
N.eropsy. no histology dua to protocol C 

A Autolyna 
M Animalrmaaing 
B No ~ c r o p i y  p.rformad 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RAW. VEHICLE CONTROL 
(Continued) 

WEEKS ON 
GTUDY 

Kdmy 
Unmy bladder 

Rtuitary 
Cunnoma. NOS 
M.noma. NOS 

Ph.oehmmoeg.ronu 
Ph.oebromocybnu. malignant 

C nll adenoma 

&MI 

Til md 

Parathymid 

Mammary gland 
M e n o u r c t n o ~  NOS 
Flbrocd.noma 

Pn trsllcllt€mlI*od 
&oma, NOS 

Vag- 
splvmoru a l l  d b r m  

dlhcukralladenoma 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
~ 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  + * + + + + + + + - + + + + + - + + + + - + + + +  
+ - - + + + + + - + + - + - - + + + - + + + + + -  

. . . . . . . . . . . . . . . . . . . . . . . . .  

N N N N N N N N N N N N N N N N N N N N N N N N N  
. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

~~~ ~~ ~ 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
~ 

+ + + + + + + + + + + + + + + + + + + + t + t t +  

X x x  x x x x  x x x  X . . . . . . . . . . . . . . . . . . . . . . . . .  
X X 
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

+ + X - + + + + + + X - X t + + + + + X + X + 
~ 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

X x x  X X X 
N N N N N N N N N N N N N N N N N N N N N N N N N  
X 
N N N N N N N N N N N N N N N N N N N N N N N N N  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X X x x x  . . . . . . . . . . . . . . . . . . . . . . . . .  

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

N N N N N N N N N N N N N N N N N N N N N N U N N  
X 

N n A L  
ISSUES 
'UMORS 

50 
48 

50 
50 
43 

1 
98 

50 

*so 
1 

50 
50 
50 
50 
50 
50 

1 
50 

1 
47 

50 
49 

- 

4s 
2 

17 
50 

4 
1 

50 
2 
9 

32 

*so 
1 
6 

*50 
1 

*so 
1 w 
1 
1 
9 

50 

50 
a 
I 

- 

- 

*so 
5 
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TABLE BB. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT LOW DOSE 

Sha 
~ m o o c  mll UIMomO 
8.nl a l l  tumor 

S U b C a ~ O U l  true. 
hbmnu 

Lnnp end bmncbi 

T m h  

BOlumamrr 
Spleen 

C mU MLMIM, mmtuL.trc 

s.llv8ry gland 
Liver 
8110 duct E 
S d  iatmhao 
h- intestine 

Y x i a r r r l l  d*nonu 
U n n y  bladder 

PltUiw 
Momme, NOS 

M n a d  
C o d  odenoma 
P h w c h r o m ~ n u  

Thmd 

Call &nonu 
Call amaonu 

P.nthyKd 
Paaclutlc islet. 
I.& mu abaomr 

& d r  o e ~  camaomo 

b m u y  gland 
Fibmedonoma 

VngllU 
Sumnu, NOS 

Ut0I-M 
Endometnd -mal polyp 

*vy 

Bnia 

Yulh hor(Fns NOS 
t.uEmm. mokonochr -11 

WEEKS ON 
STUDY 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  X 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
+ t + - + + + + - + + + + - - + + + + + + + + - -  + + + + + + + - + + + + + - + + + + + + + + + - +  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X X x x  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

x x  x x  
X x x  

X 
X 

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X X X 

N N N N N N N N N N N N N N N N N N N N N N N N N  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

x 
X x x  X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

N N N N N N N N N N N N N N N N N N N N N N N N N  
X x x x x  x X X 

1 1 1 1 1 1 1 1  
0 0  0 0 0 0 0  
3 5 5 5 5 5 5 5  
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TABLE BB. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS LOW DOSE 
(Continued) 

Shn 
Squamous cell carcinoma 
Baul mll tumor 

Suhcutaneour tiasue 
Fibroma 

Lun adbronchi 

Trachaa 

Bone marrow 
Spleen 

~afcarcmnoma. metastatic 

g;zt,deK 

Heart 

Sehvary gland 
Liver 
Bile duct 
P.ncnle.a 

Small intestma 
-intestine 

uid0.y 

Unnary bladder 

Pituitary 
Adenoma. NOS 

Adrenal 
Cort~ral adenoma 
Pheochromocytoma 

Thyroid 
Follicular cell camnoma 
Calladmama 
C - d l  arcinoma 

Panthyrod 
Pancreatic islets 

Mat call adanom 

Zkr 

Tubular cell adenoma 

"r, 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  - + - + + + + + + + - + - + + - + - + + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
x x  X x x x  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X X 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

- 

WEEKS ON 
STUDY 

Brain 

Hulti le organs, NOS 
LeuLmia. mononuclaarcell 

. . . . . . . . . . . . . . . . . . . . . . . . .  

N N N N N N N N N N N N N N N N N N N N N N N N N  
X x x  X 

TUMORS 

*50 
1 
1 

*50 
1 

1- 

I 5 0  
1 1  

49 

50 
50 
43 
41 

-I 50 

49 
50 
50 
50 
50 
60 
48 
40 

50 
1 

48 

49 
10 
50 
1 
2 

50 
1 
8 
1 

42 
50 
1 

/:I- I . . . . . . . . . . . . . . . . . . . . . . . . .  
N N N N N N N N N N N N N N N N N N ~ N N N N N N  

x x x  x x x  

. . . . . . . . . . . . . . . . . . . . . . . . .  48 I +  + +  + +  X + + +  + +  X + + + + X + + + + + + + + + + + I  x x  5i 1 
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TABLE B1. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT: HIGH DOSE 

NUMBER 

Thyrnd 
Follicular a l l  d m o m a  
FoIlicnLr a l l  camnomm 
C-all  d.sonu 

hrathyroid 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  - + + + - + - - -  + + - + + - + - + + - + - + + +  - - -  + + + + + + + + - - + - - + + - - - + + - +  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  X 

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + + + + + + + + + + + N + N N + + + + + + +  

+ + + + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

X X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

9 N N N N N N N N N N N N N N N N N N N N N N N N  
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TABLE 6% INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS HIGH DOSE 
(Continued) 

0 0  0 0 0  
3 3 9 3 3 3 4 4 4 4  
2 4 5 7 8 9 3 4 7 9  

NUMBER 
0 0 0 0 0  

WEEICS ON 
!3"UDY 

B O O O  1 1 1 1 1 1 1 1 1 1  
B S S S  0 0 0 0 0 0 0 0 0 0  

4 4 4 4 4 1 4 4 4 4  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  X 

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  + + + + + + + + + + + + + + + + + + + + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
x x X . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

x x  x x  
x x 

X + + + + + + - + - + - - -  + + + + + + + + + + + +  

+ + N + + N + + + + + N + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

~ N N N N N N N N N N N N N N N N N N N N N N N N  
K X  x x  

x x X 

- 
'mu 
ISSUES 
UMOBS 

- 
'50 
1 

50 
1 

49 
1 

50 
50 
39 
34 

- 

- 

50 

4a 
so 
1 

50 
50 
50 
50 
1 

44 
45 

50 
49 

48 
3 

50 
1 

50 
5 
2 
1 
42 

450 
1 

50 
5 

50 

50 

'50 
4 

- 

- 

- 

- 

- 
- 
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TABLE B3. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF MALONALDEHYDE, SODIUM SALT 

~ 

Vehicle Control !MI mg/kg 100 m a g  

fhmabpaie& Sysbm: Mononuclear Cell I.edcemia 
Overall Rata (a) 5/60(10%) 12/60 (24%) 4/50 (8%) 
A4ueted Rates 6) 
Terminal R a t a  (e) 
Week of Fint Observation 
Life Table Testa (d) 
Incidental Tumor Tests (d) 
Coehran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Pituitary Clad Adenoma 
Overall R a t a  (a) 
Adjwtad Ratea (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table T e a  (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Teat (d) 
Fisher Exact Test (d) 

Pituitary Gknd: Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (e) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher ExactTe&(d) 

Adrenal G l a d  Pheochromocytoma 
Overall Rates (a) 
Adjusted Rates (bl 
Terminal Rates (e) 
Week of Firclt Observation 
Life Table Teata (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test(d) 
Fisher ExactTest (d) 

1 1.2% 
1/37 (3%) 
62 
P=0.202 
P=O.!E?lN 
P=O.WN 

16/49 (33%) 
39.8% 
13/37 (35%) 
83 
P = 0.032N 
P =O.OOIN 
P < 0.00 1 N 

16/49 (37%) 
43.7% 
14/37 (38%) 
83 
P =0.013N 
P = 0.001 N 
P < 0.00 1 N 

4/50 (8%) 
10.1% 
3/37 (8%) 
83 
P=0.300N 
P=0.086N 
P=O.lMN 

27.6% 
6/37 (16%) 
67 
P=O.070 
P==0.034 

P=0.054 

1W49 (20%) 
26.2% 
8/36 (22%) 
102 
P=0.147N 
P=O.lMN 

P=0.126N 

10/49 (2056) 
26.2% 
8/36 (22%) 
102 
P = 0.074N 
P-0.068N 

P=0.058N 

2/50 (4%) 
4.9% 
0/37 (0%) 
98 
P=0.340N 
P-0.359N 

P=0.339N 

Adrenal C l a d  Pheochromocytoma or Malignant Pheochromocytoma 
Overall Rates (a) 5/50(10%) 2/50 (4%) 
Adjusted Rata (b) 12.7% 4.9% 
Terminal Rates (c) 4/37 (11%) 0/37 (0%) 
Week of First Observation 83 98 
Life Table Testa (d) P=O.l97N P = 0.222N 

P=0.235N Incidental Tumor Tests (d) P=O.OSlN 
Cochran-Armitage Trend Test (d) P=O.WN 
Fisher Exact Test (d) P=0.218N 

Thyroid G l d  Follicular Cell Adenoma 
Overall Rata (a) 
Adjutad Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher ExactTest(d) 

Malonaldehyde, Sodium Salt, NTP TR 331 

* 00053'7 

2/50 (4%) 
5.3% 
1/37 (3%) 
103 
P=0.015 
P =om9 
P = 0.1 18 

108 

060 (0%) 
0.0% 
0/37 (0%) 

P=0.240N 
P-0.24ON 

P =0.247N 

21.0% 
2/14 (14%) 
93 
P = 0.397 
P=0.317N 

P = 0.5OON 

2/48 (4%) 
14.3% 
2/14(14%) 
104 
P = 0.060N 
P=0.015N 

P<O.OOIN 

2/48 (4%) 
14.3% 
2/14(14%) 
104 
P =0.034N 
P =0.004N 

P<0.001N 

1/50 (2%) 
3.7% 
0/14 (0%) 
89 
P = 0.467N 
P=0.275N 

P=O.l81N 

1/50 (2%) 
3.7% 
0/14 (0%) 

P=0.364N 
P=0.210N 

P=0.102N 

a9 

5/50(10%) 
30.4% 
4/14 (29%) 
69 
P=0.020 
P=0.083 

P=0.218 



TABLE 83. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF MALONALDEHYDE, SODIUM SALT (Continued) 

Vehicle Control 50 mgkg 100 m g k g  

Thyroid Gland: Follicular Cell Adenoma or Carcinoma 
Overall Rates (a) 2/50 (4%) 
Adjusted Rates (b) 5.3% 
Terminal Rates (c) 1/37 (3%) 
Week of First Observation 103 
Life Table Testa (d) P = 0.001 
Incidental Tumor Testa (d) P = 0.026 
Cochran-Armitage Trend Test (d) P=0.036 
Fisher Exact Test Id) 

Thyroid Gland: C-Cell Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week o f  First Observation 
Life Table Testa (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (dJ 
Fisher Exact Test (d) 

9/50 (18%) 
23.5% 
8/37 (22%) 
95 
P=0.102N 
P = 0.050N 
P = 0.008N 

Thyroid Gland: C-Cell Adenoma or Carcinoma 
Overall Rates (a) 9/50 (18%) 
Adjusted Rates (b) 23.5% 
Terminal Rates (c) 8/37 (22%) 
Week &First Observation 95 
Life Table Testa (d) P = 0.126N 
Incidental Tumor Testa (d) P=0.065N 
Cochran-Armitage Trend Test (d) P=0.009N 
Fisher Exact Test (d) 

Mammary Gland: Fibroadenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Uterus: Endometrial Stromal Polyp 
Overall Rates(a) 
Adjusted Rates (b) 
Terminal Rates (cJ 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (dJ 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

All Sites: Benign Tumors 
Overall Rates (a) 
Adjusted Rates tb) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

6/50 (12%) 
16.2% 
6/37 (16%) 
104 
P =0.462N 
P = 0.278N 
P=0.078N 

9/50(18%) 
22.8% 
7/37 (19%) 
86 
P = 0.358 
P=0.508N 
P=0.167N 

3 1/50 (62%) 
72.0% 
25/37 (68%) 
83 
P = 0.2 10 
P = 0.085N 
P = 0.003N 

1/50 (2%) 
2.7% 
1/37 (3%) 
105 
P = 0.500N 
P=0.500N 

P = 0.500N 

6/50 (12%) 
15.8% 
5/37 (14%) 
103 
P=0.287N 
P=0.287N 

P=0.288N 

7/50 (14%) 
18.4% 
6/37 (16%) 
103 
P = 0.392N 
P = 0.392N 

P=0.393N 

10/50 (20%) 
26.3% 
9/37 (24%) 
102 
P=0.204 
P = 0.204 

P = 0.207 

9/48 (19%) 
25.0% 
9/36 (25%) 
105 
P=0.580 
P = 0.566 

P = 0.565 

28/50 (56%) 
66.6% 
23/37 (62%) 
67 
P=0.352N 
P = 0.356N 

P=0.342N 

7/50 (14%) 
37.6% 
4/14 (29%) 
69 
P = 0.003 
P=O.O45 

P = 0.080 

1/50 (2%) 
7.1% 
1/14(7%) 
104 
P = 0.156N 
P = 0.100N 

P=0.008N 

1/50 (2%) 
7.1% 
1/14 (7%) 
104 
P=0.156N 
P=0.100N 

P =0.008N 

1/50 (2%) 
2.4% 
0/14(0%) 
62 
P = 0.297N 
P =0.168N 

P =0.056N 

5/50(10%) 
26.4'10 
3/14(21%) 
72 
P = 0.43 1 
P=0.469N 

P=0.194N 

17/50 (34%) 
77.8% 
10/14(71%) 
59 
P=0.186 
P = O.179N 

P = 0.005N 

0 0 0 5 3 8  
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TABLE B3. ANALYSIS OF PRIMARY TUMORS I N  FEMALE RAT8 IN THE TWO-YEAR GAVAGE STUDY 
OF MALONALDEHYDE, SODIUM SALT (Confind) 

Vehicle Control 50 rngtkg 100 mgkg 

All Sites: Malignant Tumors 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (e) 
Week o f  First Observation 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

All Sites: All Tumors 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (e) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor Teste (d) 
Coehran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

12/60 (24%) 
26.2% 
6/37 (14%) 
36 
P = 0.474 
P- O.04lN 
P = O.094N 

37/50 (74%) 
78.6% 
27/37 (73%) 
36 
P=0.168 
P=O.O18N 
P<  0.001 N 

16/50(32%) 
36.9% 
9/37 (24%) 
45 
P=0.278 
P = 0.24 1 

P-0.252 

37/60 (74%) 
80.4% 
28/37 (76%) 
46 
P=O.S68N 
P-0.576 

P=0.590N 

6/50(12%) 
29.2% 
2/14(14%) 
93 
P-0467N 
P-0.048N 

P=0.097N 

21/60 (42%) 
86.3% 
11/14 (79%) 
69 
P = 0.184 
P=0.064N 

P=0.002N 

(a) Number of tumor-bearing animalstnumber of  animals examined at the sib 
(b) Kaplan-Meier estimated tumor incidences at the end of the study ofter at@mting for intercurrent mortality 
(c) Observed tumor incidence at terminal kill 
(d) Beneath the vehicle control incidence are the P values associated with the trend teat. Beneath the d& group incidence are 
the P values corresponding to pairwise comparisons between that dosed group and the vehicle eontroh The life table analysis 
regards tumora in animals dying prior to terminal kill as being (directly or indirectly) the cause ofdeath. The incidental tumor 
tat regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact testacompare directly the overall incidence 
rata. A negative trend or lower incidence in a dosed group is indicated by (N). 

Malonaldehyde, Sodium Salt, NTP TR 331 
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TABLE B4a. HISTORICAL INCIDENCE O F  THYROID GLAND FOLLICULAR CELL TUMORS IN FEMALE 
FSIUN RATS (a) 

Study 
Incidence in  Controls 

Adenoma Carcinoma Adenoma or Carcinoma 

Historical Incidence in Water Gavage Controls at Battelle Columbus Laboratories (b) 

Chlorpheniramine maleate 0147 

Tetrakis(hydrnxymethyhyl)phoni~ sulfate 0149 
T e t r a L i s ( h y d r o . y m e t h y l ~ ~ p ~ ~ ~  chloride 3/50 

0147 
0150 
1149 

0147 
3/50 
1/49 

TOTAL 
SD (e) 

Range (d) 
High 
LOW 

31146 (2.1%) 111 46 (0.7%) 4146 (2.7%) 
3.46% 1.18% 3.05% 

3150 
0149 

1/49 
0/50 

3/60 
0147 

Overall Historical Incidence in Untreated Controls 

TOTAL 
SD (c) 

Flange (d) 
High 
LOW 

(e) 1311.952 (0.7%) (0711.952 (0.4%) ( e a  2011,952 (1.0%) 
1.11% 0.78% 1.34% 

2/42 
0150 

1/47 
OB6 

2/42 
0150 

(a) Data as of  August 30,1985, for studies of at least 104 weeks 
(b) No other water gavage studies are included in the historical data base. 
(c) Standard deviation 
(d) Flange and SD are presented for groups of 35 or more animals. 
(e) Includes one papillary adenoma, one cystadenoma, and one papillary cystadenoma 
(0 Includes one papillary carcinoma and one papillary cystadenocarcinoma 

0 0 0 5 4 0  
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TABLE B4b. HISTORICAL INCIDENCE OF LEUKEMIA IN F E W  FS4uN RATS (a) 

Incidence in Controle studv 
~~ ~~ ~~~ ~~ 

Historical Incidence in Water Gavage Controls at Battelle Columbus Laboratories (b) 

Chlorpheniramine maleate 
Tetrakidhydrorymethyllphoephonium chloride 
Tetrakidhydroxymethyllphoephonium sulfate 

TOTAL 
SD (e) 

Range (d) 
High 
LOW 

Overall Historical Incidence in Untreated Controls 

TOTAL 
SD (c) 

Range (d) 
High 
LOW 

11/50 
4460 

23/49 

38/149 (26.6%) 
19.72% 

23/49 
4/50 

376/2,021(18.6%) 
6.55% 

1960 
3/60 

(a) Data as of  August 30,1985.for studies of at least 104 weeka 
(b) Nobther water gavage studies are included in the historical data base. 
(c) Standard deviation 
(d) Range and SD are presented for groups of 36 or more animals. 

Malonaldehyde, Sodium Salt, NTP TR 331 
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TABLE B4c. HISTORICAL INCIDENCE OF PITUITARY GLAND TUMORS IN FEMALE F344/N RATS (a) 

Incidence in Controls 
Adenoma (b) Carcinoma (c) Adenoma or Carcinoma (b,c) 

Historical Incidence in Water Gavage Controls at Battelle Columbus Laboratories (d) 

Chlorpheniramine maleate 24/48 1148 

Tetrakia(hydrolrymethy1)phosphoni~ sulfate 23/46 0146 
Tetrak2dhydroxymethyl)phphonium chloride 24/49 0149 

25/48 
24/49 
23/46 

TOTAL 
SD (e) 

Range (0 
High 
LOW 

Overall Historical Incidence 

TOTAL 
SD (e) 

Range (0 
High 
LOW 

71/143 (49.7%) 11143 (0.7%) 72/143 (50.3%) 
0.69% 1.20% 1.58% 

24/48 1148 
24/49 a149 

26/48 
24f49 

862/1,952 (44.2%) 7111.962 (3.6%) 93111,962 (47.7%) 
1 1.56% 3.97% 11.02% 

33/47 6/49 
7/39 0150 

33/47 
9/39 

(a) Datu asofAugust 30,1986, for studies of at least 104 weeke 
(b) Includes adenoma, NOS, chromophobe adenoma, and acidophil adenoma 
(e) lncludsa carcinoma, NOS, and chromophobe carcinoma 
(d) No other water gavage studies are included in the historical data base. 
(e) Standard deviation 
(0 Range and SD are presentad for groups of 35 or more animals. 

0 0 0 5 4 2  
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TABLE BS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT 

Vehicle Control Low Dose High Dose 

ANIMALS INITIALLY IN STUDY 
~ 

50 
ANIMALS NECROPSIED 60 
ANIMAIS EXAMINED HISTOPATHOLOGICALLY 50 

60 
60 
M) 

50 
50 
50 

INTEGUMENTARY SYSTEM 
*Skin 

Inflammation, NOS 
Hyperplasia, NOS 
Acanthosis 

*Subcutaneous tissue 
Epidermal inclusion cyst 
Inflammation, acuWchronic 
Inflammation, chronic 

1 (2%) 

RESPIRATORY SYSTEM 

Inflammation, acute 
Inflammation, acutelchronic 

Vegetable foreign body 
Congestion, NOS 
Hemorrhage 
Inflammation. NOS 
Pneumonia, aspiration 
Hyperplasia. alveolar epithelium 

#Trachea 

#Lung 

HEMATOPOIETIC SYSTEM 
#Bone marrow 

Inflammation. granulomatous 
Atmphy, NOS 
Hyperplasia, hematopoietic 
Hyperplasia, panruxyt ic  
Hyperplasia, reticulum cell 

Inflammation, granulomatous 
Hemosiderosis 
Depletion, lymphoid 
Angiectasis 
Hematopoiesis 

#Splenic capsule 
Hematoma. NOS 

#Mandibular lymph node 
Inflammation, a c u b  
Inflammation, granulomatous 

#Mediastinal lymph node 
Inflammation, granulomatous 

#Mesenteric lymph node 
Dilatatiodsinus 
Hemorrhage 

Hematopoiesis 

Ultimobranchial cyst 
Cyst, NOS 
Hemorrhage 
Inflammation, acute 
Fibrosis, focal 
Depletion, lymphoid 
Hypsrplssia, epithelial 

#Spleen 

#Lung 

#Thymus 

(43) 

(43) 
1 (2%) 

(50) 

(38) 
1 (3%) 
2 (5%) 

1 (3%) 

1 (3%) 

(50) 

4 (8%) 
1 (2%) 

19 (38%) 
(50) 

3 (6%) 

2 (4%) 
2 (4%) 

2 (4%) 
(50) 

(43) 

1 (2%) 

1 (2%) 

3 (7%) 

1 (2%) 

(43) 

(43) 

(50) 

(41 1 

I (2%) 
1 (2%) 

(50) 

1 (2%) 
11 (22%) 

7 (14%) 

1 (2%) 
1 (2%) 
1 (2%) 

9 (18%) 

(50) 

(50) 

(39) 
2 (5%) 

(39) 

(39) 

1 (3%) 
(50) 

(34) 
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TABLE BS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF MALONALJlEHYDE, SODIUM SALT (Continued) 

Vehicle Control Low h e  High Dose 

CIRCULATORY SYSTEM 
#Heart 

#Hearthtrium 

#Myocardium 

#Jejunum 

Thrombod., NOS 
InflarrmP.tioa, acuWchronic 

Thrombart. NOS 

Degeneration, NOS 
Necroob, coagulative 

Lymphangiectasia 

DIGESTIVE SY!TI" 
#blivary gland 

Edema. NOS 
Inflammation. chronic f o a l  
Focal cellular change 
Atrophy, NOS 
Atrophy, focal 
Hyperplasia. NOS 

Abnormal curvature 
Hemorrhage, chronic 
Infinnunation, acute 
Inflammation, acutdchronic 
Infinnunation, granulomatour 
Degeneration, cystic 
Degeneration, lipoid 
Necrosis, coagulative 
Cytoplasmic vacuolization 
Bnmphiliccyb change 
Foal cellular change 
Hyperplasia, nodular 
Angiactuir 

#Bile duct 
Fibroot 
Hyperpl.aia, NOS 

lPancreaa 
DilatatiolJduets 
Edema, NOS 
Infinmmation, acute focol 

#Pancreatic acinoe 
Edema, NOS 
CytopLrmic vacuolization 
Foes1 cellular change 
Eosinophilic cyto change 
Atrophy, NOS 
Atrophy, focal 
Atrophy, dHuse 
Hyperplasia, NOS 

Inflammation. acutdchronic 

Dilatatwn, NOS 
Inflammation, acute necrotizing 
Intlammation, acutdchronic 

#Cantric fundal gland 
Hyperplanin. NOS 

#Liver 

+Pharynx 

# E . S p W  

(SO) (49) (48) 
1 (2%) 

2 (4%) 
4 (8%) 3 (6%) 
1 (2%) 2 (4%) 
3 (6%) 

1 (2%) 

2 (4%) 2 (4%) 

1 (2%) 
3 (6%) 

2 (4%) 
6 (12%) 

36 (72%) 
8 (16%) 

(60) (50) 

(60) 

(60) 

1 (2%) 
17 (34%) 

2 (4%) 

1 (2%) 
(SO) 

3 (6%) 
8 (16%) 
5 (10%) 
1 (2%) 

1 (2%) 
(50) 

(60) 

(60) 

(50) 
1 (2%) 
1 (2%) 
1 (2%) 

3 (6%) 

1 t2%) 
2 (4%) 
6 (12%) 

40 (80%) 
7 (14%) 
2 (4%) 
2 (4%) 

60)  

(50) 
15 (30%) 

1 (2%) 

1 (2%) 
14 (28%) 
27 (64%) 

1 (2%) 
(50) 

(50) 
1 (2%) 

6 (10%) 
2 (4%) 

18 (36%) 
43 (86%) 
10 (20%) 
1 (2%) 

2 (4%) 

(50) 
1 (2%) 
1 (2%) 
2 (4%) 
1 (2%) 

12 (24%) 
42 (84%) 

(60) 

0 0 0 5 4 4  
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TABLE BS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT (Continued) 

Vehicle Control Low Dose High Dose 

DIGESTIVE SYSTEM (Continued) 
#Glandular rtomach 

Mineralization 
Inflammation, NOS 
Ulcer, NOS 
Inflammation, necrotizing 

#Forestomach 
Inflammation. NOS 
Hyperplasia, epithelial 

Inflammation, acute/ehronic 

Edema, NOS 
Inflammation, granulomatous 

Parasitism 

Edema. NOS 

#Duodenum 

#Jejunum 

#Colon 

#CWlIU 

(50) 
I (2%) 
2 (4%) 
2 (4%) 
1 (2%) 

5 (10%) 

(50) 

(48) 

(48) 

(49) 

(49) 
1 (2%) 

URINARY SYSTEM 
#Kidney 

Pyelonephritis. acute 
Nephropathy 

#Urinary bladder 
Edema, NOS 
Inflammation. NOS 

(50) (50 J (50) 

(49) (48) (49) 

1 (2%) 
38 (76%) 38 (76%) 48 (96%) 

1 (2%) 
1 (2%) 

ENDOCRINE SYSTEM 

Cyst, NOS 

Cyst, NOS 
Colloid cyst 
Follicular cyst, NOS 
Clear cell change 
Hyperplasia, chromophobe cell 
Angiectasis 

Congestion, NOS 
Necrosis, coagulative 

Degeneration, lipoid 
Necrosis, NOS 
Necrosis, coagulative 
Cytoplasmic vacuolization 
Eosinophilic cyto change 
Hypertrophy, focal 
Hyperplasia, focal 
Angiectasis 

#Adrenal medulla 
Hyperplasia, focal 

#Thyroid 
Ultimobranchial cyst 
Follicular cyst, NOS 
Focal cellular change 
Hyperplasia, C a l l  
Hyperplasia. follicular cell 

Hyperplasia, NOS 

#Pituitary intermedia 

#Anterior pituitarg 

#Adrenal 

#Adrenal cortex 

#Parathyroid 

(49) 

(49) 
1 (2%) 

14 (29%) 

15 (31%) 
3 (6%) 

(60) 

(50) 
19 (38%) 

5 (10%) 
5 (10%) 
5 (10%) 

12 (24%) 
1 (2%) 

10 (20%) 

1 (2%) 
4 (8%) 

43 (86%) 
10 (20%) 

(50) 

(50) 

(32) 

(49) 

(49) 
1 (2%) 

7 (14%) 

16 (33%) 
5 (10%) 

1 (2%) 
(60) 

(50) 
20 (40%) 
1 (2%) 
1 (2%) 
2 (4%) 

10 (20%) 
6 (12%) 

18 (36%) 
3 (6%) 

14 (28%) 
(50) 

(50) 

2 (4%) 

44 (88%) 
10 (20%) 

6 (14%) 
(42) 

(48) 

(48) 

1 (2%) 
1 (2%) 
1 (2%) 
3 (6%) 

4 (8%) 
1 (2%) 

30 (60%) 

3 (6%) 
2 (4%) 

1 (2%) 
14 (28%) 
4 (8%) 

4 (8%) 

12 (24%) 
2 (4%) 
4 (8%) 

27 (54%) 
26 (52%) 

1 (2%) 

(50) 

(50) 

(60) 

(50) 

(42) 
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TABLE BS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF YALONALDEHYDE, SODIUM SALT (Continued) 

Vehicle Control Lor Dow High Dose 

ENDOCRINE SYSTEM (Continued) 
#Pancreatic irleta 

Hyperplasia, focal 

REPRODUCTIVE SYSTEM 

Dilatatiodductr 
Hyperplasia, NOS 
Hyperplasia. focal 
Hyperplasia, cystic 

Epidermal inclusion cyst 

Impaction. NOS 
Inflammation, chronic 
Hyperplasia, NOS 

#Uterus 
Dilatation, NOS 

#Uteruelendometrium 
Cyst. NOS 
Inflammation, acute 
Inflammation, acutelchronic 
Hyperplasia, ys t ic  

Idlammation, granulomatous 

Cyst, NOS 
Inflammation, acute 
FibrmL 

%¶anunary gland 

*Nipple 

*Clitoral gland 

#Ovary/parovanan 

#Ovary 

(50) 
1 (2%) 
3 (6%) 
1 (2%) 

16 (32%) 
(50) 

(50) 

(50) 

(50) 
3 (6%) 

4 (8%) 
1 (2%) 
1 (2%) 
2 (4%) 

(50) 

(50) 
7 (14%) 

1 (2%) 

(50) 
1 (2%) 
3 (6%) 

24 (48%) 

1 (2%) 

1 (2%) 
1 (2%) 
1 (2%) 

6 (13%) 

4 (8%) 
2 (4%) 

(50) 

(50) 

(48) 

(48) 

(50) 

(50) 
1 (2%) 

7 (14%) 

(60) 

(50) 
11 (22%) 

NERVOUS SYSTEM 
#Braidmeninges 

#Brain 
Inflammation. acutelchronic 

Hydrocephalus, NOS 
Spongiosis 
Hemorrhage 

SPECIAL SENSE ORGANS 
*Eye 

Collapse 
Inflammation, NOS 

oEye/cornea 
Inflammation, NOS 

*Eye/retina 
Atrophy, NOS 

*Eye/crystalline lens 
Cataract 

*Zymbal gland 
Impaction, NOS 

(50) 

(50) 

(50) 

(50) 

(50) 

1 (2%) 
1 (2%) 

2 (4%) 

31 (62%) 

26 (52%) 

1 (2%) 

(50) 
1 (2%) 
3 (6%) 

25 (50%) 

30 (60%) 

31 (62%) 

(50) 

(50) 

(50) 

(50) 

MUSCULOSKELETAL SYSTEM 
*Femur 

*Skeletal muscle 
Fibrous ollteodystrophy 

Inflammation, chronic focal 

(50) 

(50) 
1 (2%) 
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TABLE BS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT (Continued) 

Low Dose High Dose Ve h i d e  Control 

BODY CAVITIES 
+Mediastinum 

Inflammation, acutelchronic 
Inflammation, chronic 
Abaceaa, chronic 
Granuloma, NOS 

Foreign material, NOS 

Inflammation, acute fibrinous 

Hemorrhage 
Inflammation, acutelchronic 
Granuloma, foreign body 

Inflammation, granulomatous 
Necrosis, fat 

+Pleural cavity 

+Pleura 

*Pericardium 

*Mesentery 

(50) 

1 (2%) 
1 (2%) 

(50) 

(50) 

(50) 
1 (2%) 
1 (2%) 

(50) 

5 (10%) 

(60) 
1 (2%) 

(50) 

6 (10%) 

(60) 

1 (2%) 

1 (2%) 
2 (4%) 

(50) 

ALL OTHER SYSTEMS 
+Multiple organa 

Congestion. NOS 
Hemorrhage 
Inflammation, fibrinous 

(50) 
2 (4%) 

1 (2%) 

(50) (50) 
3 (6%) 4 (8%) 

1 (2%) 

~ ~~~~~ ~ 

SPECIAL MORPHOLOGY SUMMARY 
None 

Number of animals receiving complete necropsy examinations; all gross lesions including masses examined microscopically. 
t Multiple occurrence of morphology in the same organ; tissue is counted once only. 
# Number of animals examined microscopically a t  thissite 
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TABLE C1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT 

Vehicle Control Low Do0 High Dose 

A N I W  INITIALLY IN STUDY 50 
ANIMALS NECROPSIED 50 
A N I U  EXAMINED HISTOPATHOLOGICALLY 50 

50 
60 
60 

50 
50 
50 

INTEGUMENTARY SYSTEM 
%kill (60) (60) (60) 

Lsubeutenao~tissue (60) (60) (50) 
Fibrosarcoma 1 (2%) 

Sucoma, NOS 2 (4%) 4 (8%) 1 (2%) 
Fibroma 2 (4%) 3 (6%) 
Fib-- 8 (16%) 6 (12%) 3 (6%) 
Neurofibrosarcoma 1 (2%) 1 (2%) 

RESPIRATORY SYSTEM 
#Lune (47) (60) (49) 

Hepatocellular carcinoma, metastatic 6 (13%) 2 (4%) 2 (4%) 
Alveolarhmnchiolar adenoma 7 (16%) 5 (10%) 4 (8%) 
Alveolar/bronchiolar carcinoma 6 (11%) 1 (2%) 4 (8%) 
Fibrosarcoma, metastatic 2 (4%) 2 (4%) 

HEMATOPOIETIC SYSTEM 
'Multiple organs (50) (60) (50) 

Malignant lymphoma, NOS 1 (2%) 1 (2%) 
Malignant lymphoma, undfler type 1 (2%) 1 (2%) 
Malignant lymphoma, hirtiocytic tJrpe 2 (4%) 4 (8%) 1 (2%) 
Malignant lymphoma, mixed type 1 (2%) 1 (2%) 

Malignant lymphoma, NOS 1 (2%) 
#Kidney (60) (47) (49) 

CIRCULATORY SYSTEM 
'Multiple organs 

'Lower extremity 

#Spleen 

#Heart 

+Liver 

Hemangiosarcoma 

Hemangiosarcoma 

Hemangioma 
Hemangiosarcoma, metastatic 

Hemangioma 

Hemangiosarcoma 
(49) (49) 

1 (2%) 

DIGESTIVE SYSTEM 
#Liver (50) 

Hepatmellular adenoma 4 (8%) 
Hepatocellular carcinoma 14 (28%) 
Mixed hepatocellular and bile duct carcinoma 
Fibrosarcoma. metastatic 

Adenocarcinoma. NOS 1 (2%) 

Menomatous polyp, NOS 

Squamous cell carcinoma 

#Pancreatic acinus (13) 

#Gastric fundal gland ( 4 4  

#Forestomach (44) 

(49) (49) 
6 (12%) 5 (10%) 

16 (31%) 14 (29%) 
1 (2%) 

1 (2%) 
(43) (45) 

(46) (39) 

(46) (39) 
1 (2%) 

1 (2%) 
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TABLE C1. SUMMABY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF MALONALDEHYDI, ODIUM SALT (Continuad) 

V.hicl. Control Law Doso High Dose 

URINARY SY!YCEM 
None 

ENDOCRINE SYSI'EM 
# A d r e d  

#Adrenal meddh 

#Thymid 

Phsoehromocyto~ 

-mocytomr 

Follicular call ademnu 

REPRODUCTIVE SYSTEM 

Adenoma, NOS 

Intermtitin1 cell tumor 

Leiomyoma 

#prwtata 

#TO& 

*Epididpia 

NERVOUS SYSTEM 
None 

SPECIAL SENSE ORGANS 
*Harderian gland 

Adenoma. NOS 
Adenocarcinonu, NOS 

MUSCULOSKELETAL SYSTEM 
*Maxilla 

Sara~lr.NOS 
(50) 

BODY CAWTlES 
* M W U n l  

Fibtwamma, metut.tic 
(50) 

1 (2%) 

ALL OTHER SYSlEMS 
.Mdtiph 0 r g . l ~  (60) (60) (60) 
Mixed hepato and bile ducturcinoma, met. 1 (2%) 
Alveolarhronchiolar accinoma, mtUt.t ic  1 (2%) 1 (2%) 
Sarcoma, NOS 1 (2%) 

~~ 

ANIMAL DISPOSITION SUMMARY 
Animab initially in rtudy 

Natural death 
Moribund m d c e  
Terminal raericice 
Accidentidly killed, nda 

60 
16 
8 

23 
3 

60 50 
22 25 
7 11 

19 14 
2 
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TABLE C1. SUMMABY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT (Continued) 

Vehicle Control Low Dose High Dose 

TUMOR SUMMARY 
Total aninub with primary tumors** 

Total a n i d  with benign tumors 

Total an- with malignant tumora 

Total animalwith secondary tumors## 

Total primary tumors 

Total benign tumon 

Total nulignant tumors 

Total secondary tumors 

39 
58 
19 
21 
30 
37 

9 
9 

37 
56 
16 
19 
31 
37 
4 
4 

31 
41 
11 
12 
25 
29 

5 
7 

Number of aoiaut receiving complete necropsy examinations; all gross lesions including masses examined microscopically. 
** Primary tumom all tumors except secondary tumors 
# Number of aniaula examined microscopically at this site 
## Secondary tumon: metastatic tumore or tumors invasive into an adjacent organ 

0 0 0 5 5 2  
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TABLE C3. INDIVIDUAL ANIMAL TUMOR PATHOLOCY OF MALE MICE IN THE TWO-YEAR GAVAGE 
STUDY OF MALONALDEHYDE, SODIUM SALT: VEHICLE CONTROL 

NUMBER 

WEEKS ON 
STUDY 

Skrn 
Subrutdneoua tusum 

Fibrosarcoma 

Samma, NOS 
Fibmme 
F ib roumma 
Neumfibmurmma 

Lungs and bronchi 
Hepatocellular carnnoms metastetic 
Alveolarfbmnch~oler adodoma 
Alvoolarlbmnchiolar arnnoma 
Fibmumma.  mmtast&x 

Trachea 

Bone marmw 
Spleen 

Heart 
Hrmanfpoma 

Salivary gland 
Liver 

Bib duct 
Gallbladder & common bile duct 
Panernas 

Hepatocellular adenoma 
Haptocellular camnome 

Minocarnnoma. NOS 

: t % r  
Small intastine 
hrp intestine 

Kiduey 
Unnay bladder 

Rtu1t.y 

Thymid 
Pan thyrod  

Mammary gland 
Taltu 

Pm8tata 

E ididymi; 

Adnnal 
Phooehmmoeyt4nu 

M 

Intontitml call tumor 

Mmnoma NOS 

Liomyoma 

B?SiU 

Hadenen  gland 
Adenoma. NOS 

Bone 
Sarcoma. NOS 

Multiple organs. NOS 
Alveolarlbronchiohr camnoma. mrtaatatie 
Malignant lymphoma u n d f i r  typa 
Malignant lymphoma’ histocyClc typo 
Malignant lymphoma: m i d  typa 

+ + + + + + + + N + + + + + + + + + t + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

X 
x x  x x x  x 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X X X x 

X X 
X X - + + + + + - - + + + - + - - + + - - + + + + + -  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  - + - + + + - + - + + + + + - + - -  - + + + + + -  
- + - + + - - - - - + - + + - - - - - -  + - + - -  

. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + + + - + + +  + + + + + + + + + +  
x x  + + + + + + + + + +  

+ + N + N N N + N N  
+ + - - + - - t + -  

+ + + + + + + + + +  + + + + + - - + + -  
+ + - + - - - -  + -  
+ + + + + + - 4 + -  

X 

+ + + + + + + + + +  + + + + + + - + + -  

+ + + + + + + + + + + + + + +  + + + + + + + + + + + + + + +  
x x  X x x  X + + + + + + + + + + + + + + +  

N N N N N + N N N N + + N N N  + - + + + + + + + + + + + + +  
+ + + + + + + - + + + + + + +  + - - + + + - + + + + + + + +  
- - -  + + + + + + + + + + + +  - -  + + - + + + + + + + + + +  

X 

+ + + + + + + + + + + + + + +  + - - + - + - + + + + + + - +  

+ - + + + + - + + + - - + - + + - + + + - + - + -  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
- - - + + - - - - - - - - + - + - - - - + - - - -  

N N N N N N N N N N N N N N N N N N N N N N N N N  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
N N N N N N N N N N N N N N N N N N N N N N N ”  

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

U N N N N U N N N N N N N N N N N N N N N N N N N  
X 

3 N N N N N N N N N N N N N N N N N N N N N N N N  
X 

X N N N N N N N N N N N N N N N N N N N N N N N N  
X 

X 
X 

+ Tiasua eramind micmreopically - R e q u n d  tiaiue not o u m i n d  microscopically 
X. Tumor irmdaum 
N Necmpy. no autolysu, no microacopc suminatron 
S. Animalmiusxd 

Malonaldehyde, Sodium Salt, NTP TR 331 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: VEHICLE CONTROL 
(Continued) 

I O  
2 2 2 3 3 3 3  
7 8 9 1 3 4 6  

NUMBER 
0 0 0 0  0 0 0 0 0  

Shn 
Fibmurmmr 

Sarcoma. NOS 
Fibroma 
Fibrosarcoma 
Neumfibruurmmr 

SUbCUhnOOUr hMU0 

Lungs and bronchi 
Hspatonlluhr camnoma metastatic 
Alvwohrlbmncbwhr adaioma 
Alwohrfbronchiolar camnoma 
Fiharsoma.  metastatic 

Trachea 

Bono marrow 
S p h n  
p ; o d o s  

Haart 
Homanpoma 

Salivary gland 
Liwr 

Bib duct 
Callbhddsr & common bile duct 
Pancreas 

Hspatocellular adenoma 
Hepatocellular camnoma 

Monocamnoma. NOS 

:t%:r 
Small intaatina 
Lam intartins 

1 1 1 1 1 1 1 1 1 1 1 1 1  
0 0 0 0 0 0 0 0 0 0  0 0  

M 
Kdnay 
Unmry bladder 

4 4 4 4 4 4 4 4 4 4 4 4 4  

Pituitary 
MNMI 

Thymid 
Paratbyrod 

Phuxhmmocytoma 

Pituitary 
MNMI 

Thymid 
Paratbyrod 

Phuxhmmocytoma 

Mammary gland 
Tastu 

Pmshta 

E ididymis 

lntamtihal call tumor 

Manoma. NOS 
tiomyoma 

&.l" 

Hardanan #land 
Menoma. NO5 

Bone 
Snmma. NOS 

Multlple organa, NOS 
Alvsolarlbronrhiolar earnnoma mota 
Malignant lymphoma undflsriypa 
Malignant lymphoma' histiocytic type 
Malignant lymphoma: mixad type 

' Animals nocroprid 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

X X 
X X 

X 

+ + + + + + + + + + - + - + + + + + + + + + + + +  x x  X 
X x x  x x  X 

X X X 
+ - - - - - + + + + - -  + + t t +  - - _  + - - - -  

+ + + + - + - + + + + + + + + + + + + + + + + + +  + + + + + + + + + + + + + + + + + + + + + + + + +  + + + + + + - + + + + + - - + + + + + + + + + - +  
+ + - + - - -  + + - + + + + - + + + + + + + + - -  

t t + + t + + + + + + + + + - + + + + + + + + + +  
X 

+ + + + + + + + + + + + + + + + + + + + + + + + +  
+ + + + + + + + + + + + + + + + + + + + + + + + +  x x  X x x  x X X X . . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + N N N + t N + + + + + N N N + + + + + N + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  + + + + + + + + + + + + + + + + + + + + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + + + + + + + + + + + + + + + + + + + + + +  
+ + - + + + + + + + + + + + + + + + + + - + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  - - -  + - - - -  + - - - -  + + - - + - - -  + + - +  
X 

~ 

N N N N N N N N N N N N N N N N N N N N N N N N N  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
N N N N N N N N N N N N N N N N N N N N N N N N N  

X 

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

N N N N N N N N N N N N N N N N N N N N N N N N N  x x  

N N N N N N N N N N N N N N N N N N N N N N N N N  

- 

'OTAL 
ISSUES 
UMORS 

__. 

'50 
1 

*50 
2 
2 
8 
1 

47 
6 
1 
S 
4 
27 

48 
41 
37 
23 

47 
1 

- 

- 

- 
49 
50 
4 

14 
50 

'50 
43 

1 
48 
44 
39 
43 

50 
41 

- 

39 
44 
1 

45 
13 

*50 
4s 
1 

42 
1 

'50 

'50 
1 
1 
2 
I 
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TABLE CS. INDIVIDUAL AMMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR GAVAGE 
LPTUDY OF MALONALDHYDE. SODIUM SALT LOW DOSE 

WEEKSON 
STUDY 

+ t + N + + + + + + t + + t t + ~ + N N + + ~ + t  
X X X 

X 
X X 

~~ ~~ ~- 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

+ + - - + - + * + - - + + - + - + - - + - + + + -  
+ * - - - + - + - - - - - - * + - - - - -  + - + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
X X X 

I( x x  x x x  x x x x  
. . . . . . . . . . . . . . . . . . . . . . . . .  
c N N N N N N + N N N N + N  + + + N N + N N  + + +  * + + + + + + + + - - + + + - - + - - + + + + + -  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

X 

, + + - -  + - + + - - + + + + + - + + + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + - + + + + - -  + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . . . .  

C + + - + + - + + + + - * + - + * + + + + + + + +  
k + + - + + + + + + - + + + + * + + - + + + + + +  
b + + t + + + + + + - + + + + + + + - + + + + + +  

- + - + - + + + - + + - + - - - + + + - + -  - - -  

~ ~~~~ -~ ~ 

I N N N N N N N N N N N N N N N N N N N N N N N N  

I N N N N N N N N N N N N N N N N N N N N N N N N  
X 

X 
X 

X 
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TABLE CI. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF WALE MICE: LOW DOSE 
(Continued) 

'r, 

NUMBER 

WEEKS ON 
SNDY 

P 
P1tUlt.W 

Thymod 

Parathyrod 

M m d  

FoiluuLrall adononu 

+ + + t + + t + + + t + t + + t + + t + + + t + t  
X x x  x x  X X 

t t t + + + + t + t t + t + + + t + + + + + + + +  
X 

X X x x  
X 

t t t t t + + + + t + + + + + + + t + t + + + t +  

+ t + t t t + + + + + t + + + + t t + + + t - + +  
+ + t t + t + + + t + t t t + + + + + + + t + + +  

X 
X 

- + t + t + + + + + + + t + - + + + + + + t + + +  
+ - - + t + + + + + - + t t + t - + + + + + t t +  

+ t t t t t + + t t t + + t t + + t + t t + + + t  

t + + + t + + t t + + t + t t + + + + + t + + + +  
t t t + + t + t t + t + + + + t t t + + t + t + t  x x  X 

X X x x  X 

t t t + t t + t t t + t t + + t + + + + + + + + +  
t t t t t t + t + + t t N + t + + t t + t N t t t  
t t t t + t + t + + t + t + t + + + + + + + + + t  
+ t t t t + t t + + t t + + t + + t + + + + + + t  
t t t t t t t t + + t t + + + + t t + + + + + + +  

X 
+ + + 4 + t + t t + t t t + + + t t + + t + t + +  
t t t + t t + t t + t + t + t + t t + + + + t + t  
~- 
t t t + t t + t t + t + t + t + + t + + t t + + +  
t 4 t t t t + t t t t + t t t t t t t t t + t + +  

~ 

t t - - -  t t t - + t t - t t t - + + + + t + + +  
t t t + t t + t + + - t - + t t t + + t + t + t +  
+ t t t t + + t + + t t t + t t t t + + t t + t +  

- t t - + - + - t + t t t t t + t + t t + + + - -  

N + N N N N N N N N N N N N N N N N N N N N N N N  
t + t t t t + + t - - - + t t t + - + t t + + t +  
- t t + t + + t t - + t t t t t t - + t t t + t +  

X 

-- _ _ ~ - -  
t t + t t t + t t + t t t + t + t t + C + + t + t  

N N N N N N N N N N N N N N N N N N N N N N N N N  

X 

N N N N N N N N N N N N N N N N N N N N N N N N N  

X X 

x x  X 
X 

mAL 
'ISSUES 
'UMORS 

*so 
4 
3 
0 

50 
1 
5 
1 

40 

47 
48 

1 
1 

97 
30 

so 

4.3 
49 
0 

15 
1 

49 
*50 
43 
50 
46 
1 
1 

44 
47 

47 
46 

40 
45 
48 
1 

31 

'50 
44 
44 

48 

'50 
2 
1 

'50 
1 
1 
1 
4 
1 

1 
-~ 

0 0 0 5 5 6  
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TABLE Ct. INDMDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR GAVAGE 
STUDY OF MALONALDEHYDE. SODIUM SALT: HIGH DOSE 

Kidney 

urinary b Z b  
Malignant1 ma,NOS 

Pltu1t.y 
MNMI 

Thymd 

Panthyrod 

Ph roch ro mocyto ma 

Follicuhrcall adonoma 

Pm*b 

Brain 

Hadamn gland 
Menunu. NOS 

S 

Medlutinnm 
Fibrosarcoma. matastnbc 

Multrpla OI~IU, NOS 
A l v . o l a k n & h r  u m o m  mmtaatahc 
Hanunumureom 
Malignant lymphoma NOS 
M.Lgnant lymphoma’ u n f i n n t u t o d  typ  
Malignant lymphoma: histiocytic typa 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X X 

X 

X + + + + + + + - + + + + + + - -  + - -  + + + + + -  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  + + - + + + + + + + - + + + - - + + + + - - - + +  
+ + - + + - - - - + - - - - - - - + - - -  + - - -  
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TABLE CS. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: HIGH DOSE 

NUMBER 

WEEKS ON 
GTUDY 
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TABLE C3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE LFIIJDY O F  
MALONALDEHYDE, S O D I U M  SALT 

Vehicle Control 80 mgkg 

Subcutaneous Tissue: Fibroma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Subcutaneous Tissue: Fibrosarcoma 
Overall Rates (a) 
Aausted Rates (b) 
Terminal Rates (c) 
Week o f  First Observation 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Subcutaneous Tissue: Fibroma or Fibrosarcoma 
Overall Rates (a) 
Adjustad Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor T e a  (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

2/60 (4%) 3/50 (6%) 
8.3% 12.6% 
2124 (8%) 2120(10%) 
104 91 
Pn0.333N P10.428 
P= 0.268N P=0.433 
P = 0.202N 

P = 0.500 

8/60(16%) 6/50(12%) 
26.0% 24.8% 
2/24 (8%) 4/20 (20%) 
93 61 
P=0.260N P = 0.627N 
P=O.O96N P=O.417N 
P=0.078N 

P-0.387N 

10150 (20%) 8/50 (1 6%) 
3 1.9% 31.5% 
4/24 (17%) 5/20 (26%) 
93 61 
P = 0.160N P = O.564N 
P = 0.044N P=O.UN 
P = 0.03 1N 

k0 .398N 

Integumentary System: Fibrosarcoma 
Overall Rates (a) gmo(i8%) 6/60 (12%) 
Adjusted Rates (b) 28.5% 24.8% 
Terminal Rates (e) 3/24(13%) 4/20 (20%) 
Week of First Observation 93 61 
Life Table Testa (d) P= O.189N P = 0.429N 
Incidental Tumor Testa (d) P= 0.063N P=0.320N 
Cocbran-Armitage Trend Test (d) 
Fisher Exact Test (d) P=0.288N 

P = 0.04SN 

Integumentary System: Fibroma or Fibrosarcoma 
Overall Rates (a) 11/60 (22%) 8/50 (16%) 
Adjusted Rates (b) 36.3% 31.6% 
Terminal Rates(c) 6/24(21%) 6/20 (26%) 
Week of First Observation 93 61 
Life Table Testa (d) P=O.l13N P=0.464N 
Incidental Tumor Testa (d) P = 0.028N P=0.364N 
Cochran-Armitage Trend Test (d) P=0.017N 
Fisher Exact Test (d) P=0.306N 

Integumentary System: Sarcoma, 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week ofFirst Observation 
Life Table Testa (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Fibrosarcoma, or  Neurofibrosarcoma 
12/50 (24%) 10150 (20%) 
35.1% 34.9% 
4/24(17%) 4/20 (20%) 
81 61 
P=0.227N P=0.669N 
P = 0.035N P=O.bLQN 
P=0.04!5N 

P=0.406N 

120 mgkg 

OIW (0%) 
0.0% 
0/14 (0%) 

P=0.362N 
P=0.362N 

P=O.247N 

3/60 (6%) 
11.8% 
1/14(7%) 
80 
P=0.307N 
P = O.OQ4N 

P=0.100N 

3/60 (6%) 
11.8% 
1/11 (7%) 
80 
P =0.184N 
P =0.047N 

P-0.036N 

3/60 (6%) 
11.8% 
1/14 (7%) 
Bo 
P = 0.239N 
P = 0.067N 

P=0.061N 

3/60 (6%) 
11.8% 
l/l4(7%) 
80 
P= 0.139N 
P=0.033N 

P=0.020N 

5/50 IlO'k) 
20.2% 
1/14(7%) 
80 
P=0.252N 
P=O.O42N 

P = 0.064N 
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TABLE C3. ANALYSIS OF PRIMARY TUHOUS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY OF 
MALONALDEHYDE, SODIUM SALT (Cwtinued) 

Vehicle Control 80 mrtrly 1m m a g  

Integumentary System: Fibroma, Sarcoma, Pibrourcoma, or Neurofibrorucoma 
Overall Rates (a) 14/50 (28%) 
&ultedRatar,(b) 41.6%- 
Terminal Rabr (e) 6/a4 (26%) 
Week of First Obaervation 81 
Life Table Tests (d) PeO.141N 
Incidental Tumor Testa (d) P=0.017N 
Cochran-Armityle Trend Test (d) P=O.O17N 
Piher Exact Test (d) 

Luns Alveolar/Bronchiolar Adenoma 
Overall Rates (a) 7/47 (16%) 
AdjWtadRat6a(b) 28.8% 
Terminal Ratedc) 6/22 (27%) 
Week of First Observation 68 
Life Table Tertr (d) P = 0.412N 
Incidental Tumor Testa (d) P=0.290N 
Cochran-Armitage Trend Teat (d) P= 0.187N 
Fisher Exact Teatt(d) 

Lung: AlveoluiBronchloltar Carclnoma 
Overall Rate8 (a) 6/47 (11%) 
Ad@ted R a h  (b) 18.2% 
Terminal Rater(c) 3/a2 (14%) 
Week of First Obaervation 79 
Life Table Teats(d) P=0.516 
Incidental Tumor Testa (d) P = 0.614N 
Cochran-ArmitageTrend Teat(d) P =0.398N 
Fiaher Exact Teat (d) 

Lung: AlveolulBtonchiolar Adenoma or Carcinoma 
Overall Rater (a) 10147 (21%) 
Adjurted Rater (b) 36.8% 
Terminal Rates (c) 7/22(32%) 
Week of First Observation 58 
Life Table Teats (d) P-0.466 
Incidental Tumor  test^ (d) P==0.446N 
Coehran-Armitage Trend Ted (d) P-0.306N 
Fiher ExactTest(d) 

Hematopoietic System: Wgnant Lymphoma, Hirtiocyth Typa 
Overall Rates (a) 2/80 14%) 
Adjusted Rates (b) 
Terminal Rates (e) 
Week of Cint Observation 
Life Table Tenta (d) 
Incidental Tumor Teats (d) 
Cochran-Armitage Trend Test (d) 
Fiaher Exact Teet(d) 

6.8% 
m4cO%, 
96 
P 0 0.663 
P=O.603N 
Pt0.406N 

Hematopoietic Syrtem: Lymphoma, AU Malignant 
Overall Ratea(a) 4/50 (8%) 
Adjusted Rates (b) 12.9% 
Terminal Rates (c) l n 4  (4%) 
Week of First Observation 86 
Life Table Tesb (d) P10.338 
Incidental Tumor Tglb (d) P==O.662N 
Cochran-Armitage Trend Teat (d) P=0.66a 
Fither Exact Teat (d) 

11/60 (2%) 
38.9% 
6/20 (25%) 
61 
P5O.M)QN 
PlO.386N 

Px0.322N 

5/50(10%) 
20.7% 
3/20 (15%) 
81 
P=0.461N 
P=0.393N 

P= 0.336N 

1/60 (2%) 
5.0% 
1/20 (6%) 
104 
P=0.131N 
P-O.116N 

P=O.O88N 

WM)(lO%) 
20.7% 
3/20(16%) 
81 
P= 0.184N 
P= 0.137N 

P= 0.106N 

44W (8%) 
18.1% 
3/20 (16%) 
97 
P= 0.261 
P = 0.296 

Pa0.339 

6/60 (12%) 
25.1% 
4/20 (20%) 
90 
P10.281 
P= 0.3 16 

P=0.370 

5/50 (10%) 
203% 
1/14 (7%) 
80 
P = 0.1 58N 
Pr0.021N 

P = 0.020N 

4/49 (8%) 
19.6% 
2/14(14%) 
70 
P=O.486N 
P = 0.38 1 N 

P=0.238N 

4d49 (8%) 
23.4% 
2/14(14%) 
96 
P=0.607 
P = 0.607N 

P -0.473N 

8/49 (16%) 
40.1% 
U14(29%) 
70 
P=0.457 
P=0.646N 

P=0.360N 

1/60 (2%) 
4.0% 
0/14 (0%) 
93 
P=0.681N 
P=O.MH)N 

P=O.MH)N 

4/50 (8%) 
16.6% 
1/14 (7%) 
86 
P-0.464 
P = 0.569N 

P10.643 
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TABLE C3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY OF 
MALONALDEHYDE, SODIUM SALT (Continued) 

Vehicle Control 60 mgkg la0 mgkg 

Liver: Hepatocellular Adenoma 
Overall Rates (a) u60 (8%) 
Adjusted Rates (b) 14.5% 
Terminal Rates (c) 3/24(13%) 
Week of First Observation 79 
Life Table Testa (d) P=0.196 
Incidental Tumor Tests (d) P = 0.225 
Coehran-Armitage Trend Test (d) P=0.421 
Fisher Exact Test (d) 

Liver: Hepatocellular Carcinoma 
Overall Rates (a) 14/50 (28%) 
Adjusted Rates (b) 40.5% 
Terminal Rates (c) 6/24 (25%) 
Week of First Observation 62 
Life Table Testa (d) P = 0.260 
Incidental Tumor Testa (d) P = 0 4 4 N  
Cochran-Armitage Trend Test (d) P=0.518 
Fisher Exact Test (d) 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall Rates (a) 17/50 (34%) 
Adjusted Rates (b) 48.3% 
Terminal Rates (c) 8/24 (33%) 
Week of First Observation 62 
Life Table Testa (d) P=0.194 
Incidental Tumor Testa (d) P=0.506N 
Cochran-Armitage Trend Test (d) P= 0.51 1 
Fisher Exact Test (d) 

Hderian Gland: Adenoma 
Overall Rates (a) 3/50 (6%) 
Adjusted Rates (b) 11.5% 
Terminal Rates (c) 2/24t8%) 
Week of First Observation 100 
Life Table Testa (d) P=0.405N 
Incidental Tumor Tests (d) P= 0.368N 
Cochran-Armitage Trend Test (d) P=0.222N 
Fisher Exact Test (d) 

Harderian Gland: Adenoma or Adenocarcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates(c) 
Week of  First Observation 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

All Sites: Benign Tumors 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal RatesW 
Weekof First Observation 
Life Table Tests (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test fd) 
Fisher Exact Test (d) 

0 0 0 5 6 1  
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3/50 (6%) 
11.6% 
2/24 (8%) 
100 
P=0.445N 
P=O.QOgN 
P=0.238N 

19/50 (38%) 
66.4% 
15/24 (63%) 
58 
P=0.418N 
P=0.223N 
P=O.O62N 

132 

W49(12%) 
20.9% 
2/20(10%) 
44 
P=0.287 
P=0.333 

P=0.357 

15/49(31%) 
42.7% 
5/20 (25%) 
17 
P = 0.350 
P=0.513 

P=0.474 

21/49 (43%) 
56.4% 
7/20 (35%) 
17 
P = 0.163 
P = 0.263 

P = 0.242 

2/50 (4%) 
10.0% 
2/20 (10%) 
104 
P= 0.584N 
P=0.567N 

P = O.5OON 

3/50 (6%) 
15.0% 
3/20 (15%) 
104 
P=0.576 
P = 0.592 

P=0.661 

16/50 (32%) 
56.2% 
9/20 (45%) 
44 
P-0.568N 
P = 0.472N 

P-0.338N 

8149 (10%) 
35.7% 
5/14 (36%) 
104 
P=0.214 
P=0.250 

P=0.487 

14/49 (29%) 
49.6% 
5/14 (36%) 
65 
P=0.264 
P= 0.490N 

P=0.563 

17/49 (35%) 
66.3% 
8/14(57%) 
65 
P=0.195 
P = 0.577N 

P=0.555 

1/50 (2%) 
7.1% 
1/14 (7%) 
104 
P=0.517N 
P=0.456N 

P =0.309N 

1/50 (2%) 
7.1% 
1/14 (7%) 
104 
P=0.517N 
P=0.456N 

P=0.309N 

11/50 (22%) 
62.5% 
8/14 (57%) 
70 
P= 0.491N 
P= 0.303N 

P = 0.063N 



TABLE C3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY OF 
MALONALDEHYDE, SODIUM SALT (Continued) 

Vehicle Control Bo mgkg 120 mgkg 

All Sites: Malignant Tumors 
Overall Rates (a) 
A&mtad Rates (b) 
Terminal Rates (e) 
Week of Fimt Observation 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Coehran-Armitage Trend Test (d) 
F i h r  Exact Test (d) 

All Sites: All Tumors 
Overdl Rates (a) 
Adjurted Rates (b) 
Tenninal Rates (c) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

30150 (60%) 31/50 (62%) 26/50 (50%) 
69.2% 79.6% 76.3% 
11/24 (46%) 13/20 (66%) 8/14 (57%) 
62 17 65 
P=0.279 P=0.256 P =0.3 12 
P = 0.O94N P=O.441 P=0.112N 
P=0.181N 

P=0.600 Pt0.211N 

39/50 (78%) 37/50 (74%) 
88.4% 91.8% 

17/20 (85%) 19/24 (79%) 
58 17 
P=0.273 P= 0.344 
P =0.061N P= 0.527N 
P= 0.049N 

P= 0.408N 

31/50 (62%) 
92.8% 
12/14(86%) 
65 
P = 0.289 
P=0.066N 

P= 0.063N 

(a) Number of tumor-bearing animaIs/number of animals examined at the site 
(b) &plan-Meier estimated tumor incidences at the end of the study after adjusting for intercurrent mortality 
(e) Observed tumor incidence at terminal kill 
(d) Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are 
the Pvdues corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill aa being (directly or indirectly) the cause of death. The incidental tumor 
test regards these leaions as nonfatal. The Cochran-Armitage and Fisher exact testa compare directly the overall incidence 
r a b a  A negative trend or lower incidence ia a dosed group is indicated by (N). 
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TABLE C4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT 

Ve hide Control Lon Dow High Dore 

ANIMALS INITIALLY IN STUDY 60 
ANIMALS NECROPSIED 50 
ANIMAIS EXAMINED HISTOPATHOLUGICALLY 50 

60 
60 
50 

60 
60 
60 

INTEGUMENTARY SYSTEM 
+Skin 

Mineralization 
Dilatation, NOS 
Uleer, NOS 
Lymphocytic inflammatory infiltrate 
Abacess. NOS 
Inflammation, acutelchronic 
Ulcer. chronic 
Inflammation, chronic focal 
Inflammation, chronic difFuse 
Inflammation, chronic suppurative 
Abscess, chronic 
Inflammation with fibrosis 
Fibrosis 
Fibrosis. focal 
Fibrosis. diffuse 
Pigmentation, NOS 
Atrophy, focal 
Atrophy, diffuse 
Hyperplasia, focal 
Hyperplasia, adenomatow 
Acanthosis 
Metaplasia, osseous 

Foreign body. NOS 
Inflammation. acute suppurative 
Inflammation, acutelchronic 
Inflammation, chronic suppurative 

+Subcutaneous tissue 

(50) 

2 (4%) 
3 (6%) 
1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 
4 (8%) 
3 (6%) 

2 (4%) 
1 (2%) 
1 (2%) 
1 (2%) 

1 (2%) 
(60) 

(60) 
1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 
3 (6%) 
5 (10%) 

1 (2%) 
4 (8%) 

2 (4%) 
6 (12%) 
1 (2%) 
1 (2%) 

1 (2%) 

a (4%) 

(50) 

1 (2%) 
3 (6%) 

1 (2%) 

1 (2%) 

1 (2%) 
3 (6%) 

31 (62%) 

1 (2%) 
1 (2%) 

2 (4%) 

(50) 

~~~~~~ 

RESPIRATORY SYSTEM 
#Trachea 

#Tracheal gland 
Inflammation. acute focal 

Hyperplasia, focal 
Dysplasia, NOS 

Vegetable foreign body 

Aspiration, foreign body 
Atelectasis 
Congestion, acute 
Hemorrhage 
Inflammation. interstitial 
Inflammation, acute focal 
Inflammation, acutelchronic 
Fibrosis, focal 
Foreign material, NOS 
Alveolar macrophages 
Hyperplasia, focal 
Hyperplasia, alveolar epithelium 
HietioeytoSis 

Hemorrhage 
Inflammation, interstitial 
Histiocytosis 

XLunghronchiole 

#Lung 

#Lung/alveoli 

(27) 

(27) 
1 (4%) 

1 (4%) 
(47) 

(47) 
1 (2%) 
1 (2%) 
6 (13%) 
4 (9%) 
1 (2%) 

(47) 
I (2%) 

1 (2%) 

(50) 

(60) 
1 (28) 

1 (2%) 
13 (26%) 
7 (14%) 
4 (8%) 

1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 
2 (4%) 

1 (2%) 

(SO) 

9 (18%) 
4 (8%) 
2 (4%) 
1 (2%) 

1 (2%) 

1 (2%) 

(49) 

u u l 5 6 3  
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TABLE C4. SUlldlldARY OF THE INCIDENCE OF NONNEOPWBTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF IWALONALDEHYDE, SODIUM SALT (Continued) 

Vebkl. Control LeW DOM High Dose 

HEMATOPOIETIC SYSTEM 
*Mdtiph organa 

Hematopoiesis 

Hematopoiesis 

LeuLoeytosis, neutrophilic 

Congestion, NOS 
Congeation. acute 
Hemorrhage 
A b c e ,  NOS 
Neetosyfoeal 
Hypoplasia, NOS 
Hyperplasia, diffuse 
Hyperplasia, erythroid 
Hyperplasia, granuloeytic 

#Spleen 
Depletion. lymphoid 
Hypoplasia, lymphoid 

#Splenic follicles 
Neeroeie,focal 
Atrophy, diffise 
Hyperplasia,difhe 
Hyperplasia, lymphoid 
Hypoplasia, lymphoid 

#Splenic red pulp 
Congestion, acute 
Hematopoieaia 

Congestion, acute 
Hemorrhage 
Hyperplasia, reticulum cell 
Hyperplasia, lymphoid 
Hematopoiesis 
Hypoplasia, lymphoid 

#Mandibular lymph node 
Hemorrhage 
Depletion, lymphoid 
Hyperplasia, reticulum cell 
MastoeJrtosis 
Hypoplasia. lymphoid 

#Tracheal lymph node 
Hemorrhage 

#Mediastinal lymph node 
HMOCybIliS 

#Mesenteric lymph node 
Edema, NOS 
Hemorrhage 
Necrosis. focal 
Histiocytosis 
Hyperplasia, reticulum cell 
Hyperplasia. lymphoid 
Hematopoieaia 
Hypoplasia, lymphoid 

#Renal lymph node 
Necrosis. focal 
Hyperplasia, lymphoid 

#Inguinal lymph node 
Inflammation. chronic focal 

*MedhtiIIUUl 

*Blood 

#Bone marrow 

#Lymph node 

(37) 

(37) 

(37) 

1 (3%) 

6 (16%) 

1 (3%) 
1 13%) 

1 (3%) 

(37) 

(37) (37) 

(41) 

(41 ) 

(41 ) 
1 (2%) 

1 (2%) 
7 (17%) 
1 (2%) 

2 (6%) 

1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 

(41 ) 

(41) 

0 0 0 5 6 4  
135 Malonaldehyde, Sodium Salt, NTP TR 331 



TABLE C4. SUMMARY OF THE INCIDENCE OF NONNEOPLAgllC LESIONS IN lllALE MICE M THE 
TWO-YEAR GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT (Continued) 

VehXcb Control Low Done High Dose 

HEMATOPOIETIC SYSTEM (Continued) 
#Lung 

#Alveolar wall 

#Liver 

Leukocybab. NOS 

Leukoeyto&, neutrophilic 

Leukocybsb. neutrophilic 
Hematopoiesis 

#Hepatic sinusoid 
Hematopoi& 

#Small intestine 
Hyperplaaia. lymphoid 

#Thymus 
Congeation, acute 
Hemorrhage 
Inflammation, active chronic 
Atrophy, ditfuw 

#Thymiccortex 
Necrosie, NOS 

#Thymic lymphocytes 
Degeneration, NOS 
Necrosis, NOS 
Necrosis,diftuee 

(30) 

(30) 
1 (3%) 

1 (3%) 

(49) 

(49, 

(49) 

(49) 

(38) 

(17) 

1 (2%) 

1 (2%) 

1 (3%) 

1 (6%) 

CIRCULATORY SYSTEM 
#Heart 

#Headatrium 
Inflammation. acutdchronic 

Thromboeie, NOS 
Thrombua, organized 

Mineralization 
HistiOCytoeis 

Inflammation. acutdchronic 
Degeneration, NOS 
Atrophy, focal 

Inflammation with fibroaia 

Thrombus, organized 

#Heart/ventricle 

#Myocardium 

+Renal vein 

#prostat43 

(47) 

DIGESTIVE S Y m M  
#Salivary gland (49) 

#Liver (SO) 

Atrophy, focal 
Atrophy, diffiee 3 (6%) 

Congestion, acute 
Congestion. chronic 
Hemorrhage 
Idlammation. acute focal 
Inflammation, granulomatow focal 
Inflammation with fibrosis 
Necrosis. focal 
Necrosis, coagulative 
Necrosis, khemic 
Focal cellular change 
Angiectaaie 

#Liver/centrilobular 
Degeneration, NOS 
Cytoplasmic vacuolization 

1 (2%) 
3 (6%) 

1 (2%) 
(60) 

(48) 

(49) 

5 (10%) 

1 (2%) 

1 (2%) 

2 (4%) 
2 (4%) 
2 (4%) 

(49) 

1 (2%) 
1 (2%) 
3 (6%) 

1 (2%) 
2 (4%) 

(49) 
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TABLE C4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LEBIONS IN WLE BUCE IN THE 
TWO-YEAR GAVAGE STUDY OF MALONALDEHYDE. SODIUM SALT (C~atbuOd) 

Vobiclo Control LOW D O M  High Dose 

DIGESTIVE SYSTEM (Continued) 
tLiverlhepataeyt6s 

Degeneration. lipoid 
Necrosin. roeal 
Focal cellular change 
Atmphy, focal 
Atrophy, diffwre 
Hyperplasia. focal 

*Gallbladder 
Cyst. NOS 

#Bile duct 
Dilatation, NOS 
Hyperplasia. cystic 

Multiple cysts 
Hemorrhage, chronic 
Idammation, suppurative 
Inflammation, chronic focal 
Necrosis. khemic 
Neerosie, fat 
HietiOCytoeiS 

#Pancreatic acinus 
Necrosis, focal 
Focal cellulu change 
Atrophy. focal 
Atrophy, d- 

+Esophageal lumen 
Hemorrhage 

#Esophagus 
Lacerated wound 

#Periesophageal t h u e  
Inflammation, active chronic 

#Stomach 
Idammation. suppurative 
Ulcer, acuta 
Inflammation. acutelehronic 
Inflammation, pyogranulomatous 
Hyperkaratasin 
Acanthosis 

#Castricmuawa 
Ulcer, acute 

iCastric fundal gland 
Metaplasia, NOS 
Metaplasia. squamous 

#Cardiac etomach 
Hyperkeratosia 
Acanthosis 

#Small intestine 
Inflammation. acute necrotizing 
Hint iOCW 

Atrophy, focal 
Atrophy, difibe 

#Intestinal villus 
Atrophy, NOS 
Atrophy, muse 

#Pancreas 

#Small intestin~ucous membrane 

(46) 

(46) 

(44) 

(44) 

1 (2%) 
1 (2%) 

1 (2%) 
2 (5%) 
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TABLE C4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS M MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF YALONALDEHYDE, SODIUM SALT (Continued) 

Vehicle Control Low Dose High Dose 

DIGESTIVE SYSTEM (Continued) 
#Won (19) (47) (42) 

#Colooic crypt of Lieberkuhn (43) (47) (42) 

rceeum (43) (477) (42) 

Paraaitiam 3 (7%) 4 (9%) 5 (12%) 

Atrophy, diffure 1 (2%) 

Inflammation, chronic necrotizing 1 (2%) 
Paraaitinm 1 (2%) 

URINARY SYSTEM 
#Urinary bladder/cavity 

#Kidney 
Hemorrhage 

Mineralization 
Hydronephrosis 
Congeation, acute 
Inflammation. interatitid 
Pyelonephritis. acute 
Pyelonephritis. chronic 
Nephropathy 
Hyperplasia, tubular cell 

#Kidney/cortar 
Mineralization 
Cy&, NOS 
Nephropathy 
Infarct, focal 
Infarct, healed 
Metaplaaia, OMWYUII 

#Kidney/glomerultu 
Atrophy, d i f f w  

#Kidney/tubule 
Mineralization 
Dilatation, NOS 
Iaflammation, acute ruppurative 
Cytoplasmic vacuolization 
Atrophy, f d  
Atrophy, U u m  

Hydronephrosis 
Inflammation, ruppurative 
Inflammation. chronic focal 

Inflammation chronic suppurative 

Lymphocytic inflammatory infiltrate 
Inflammation, acute difliw 
Inflammation, chronic focal 
Idammation. chronic M u w  
Inflammation, chronic necrotizing 
Hyperplmia, epithelial 

#Urinary bladderlmueous membrane 
Necmaie. dif€uae 

*Proahtic urethra 
Necrosis, NOS 

XKidneylpelvk 

*Ureter 

#Urinary bladder 

(411 

(60) 
1 (2%) 

1 (2%) 

(46) 

(47) 
1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 
3 (6%) 

1 (2%) 
(47) 

17 (36%) 

(47) 

(47) 
1 (2%) 

1 (2%) 
1 (2%) 
I (2%) 
1 (2%) 

3 (6%) 

2 (4%) 
1 (2%) 

1 (2%) 

(47) 

(60) 

(46) 

1 (2%) 
1 (2%) 

(46) 

(50) 

(41) 

(49) 

1 (2%) 

4 (8%) 
2 (4%) 

(49) 
3 (6%) 
1 (2%) 

22 (45%) 

1 (2%) 
(49) 

(49) 

1 (2%) 
2 (4%) 

(49) 
2 (4%) 

(50) 

(41) 
1 (2%) 

2 (6%) 

2 (5%) 
1 (2%) 

(41) 

(60) 
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TABLE C4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LB[IIOWS IN YALE MICE IN THE 
TWO-YEAR GAVAGE SiPuDY OF YAUINALDCHYDS, SODIUM SALT (CaatInud) 

Vehicle Control LorDom High Dare 

ENDOCRINE SYSTEM 

Cyst, NOS 
Multiple cynt.6 
Congestion, acute 
Hyperplasia. focal 

#Anterior pituitary 
Embryonal duct cyst 

Hyperphia, focal 

Lymphocytic inflauunatory infiltrate 
Hypertrophy, focal 

#Zona fanciculata 
Neemh, f d  

#Adrenalmedulla 
Degeneration, NOS 
Hyperplasia, focal 

CPsriadrenal tiesue 
Hemorrhage 

#Thyroid 
Cyst, NOS 
Hyperplaaia,cystic 
Hyperplasia, follicular cell 

#Thyroid follicle 
Atrophy, focal 
Hyperplasia. cystic 

#Parathyroid 
Thyrogloural duct cyrt 
Hyperplasia, diffum 

#p.nereatic bleb 
Hyperplasia. focal 

#Pituitary 

#&MI 
Hypertrophy, f o d  

# h M l  COrteI 

(39) 
2 (6%) 

(43) 

REPRODUCTIVE SYSTEM 
'Penin 

Inflammation. acute mppurative 
'PlWpuCe 

Epidermal inclusion cyst 
Inflammation withfibmin 

*Preputial gland 
Dilatation. NOS 
Cyst. NOS 
IanPmmation. acute 
Inflammation. acutdchronic 

Mineralization 
Hemorrhage 
Inflammation, suppurative 
Inflammation, .cub dmum 
Inflammation, acute suppurative 
Inflammation. a d c h r o n i c  
Inflammation, chronic focal 
Inflammation, chronic suppurative 
Atrophy, di&cle 

Weminal vesicle 
Dhtation, NOS 
Hemorrhage 
IanPmmation, chronic focal 
Inflammation with fhrooio 
Hyperplasia, focal 

#Restate 

(60) 
7 (14%) 
1 (2%) 
1 (2%) 
1 (2%) 
2 (4%) 

1 (2%) 
6 (14%) 
2 (6%) 
1 (2%) 

(60) 
2 (4%) 

1 (2%) 

(47) 

1 (2%) 

6 (13%) 
2 (4%) 
1 (2%) 
1 (2%) 
1 (2%) 

8 (16%) 
(60) 

1 (2%) 
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TABLE C4. SUMMARY OF THE INCIDENCE OF N O N N E O P W C  LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF W N A L D E H Y D E ,  SODIUM SALT (Contb-d) 

Vehicle Control Low Dow High Dose 

REPRODUCTIVE SYSTEM (Continued) 
#T& 

Hemorrhage 
Metaplaaia,ossso~ 
Dysplasia. NOS 

Mineralization 
Degeneration, NOS 
Atrophy, focal 
Atrophy, diffuae 

Lymphocytic inflammatory infiltrate 
Iatlammation, acu tdchnic  
Idammation, chronic focal 
Inflammation, chronic suppurative 
Granuloma, spermatic 
Inflammation with fibrosis 
Nucrosis, focal 
Atrophy, diffuse 
Hyperplasia. focal 

Inflammation. chronic focal 

#T&ubule 

*Epididymis 

+saotum 
1 (2%) 

(50) 

NERVOUS SYSTEM 
#Braidmeninges (48) (48) (46) 

CBrainlependyma (48) (48) (46) 

#Brain (48) (48) (46) 

Inflammation, acute/chronic 1 (2%) 1 (2%) 

Hemorrhage 1 (2%) 

Mineralization 14 (29%) 15 (31%) 21 (46%) 
Hydrocephalus. NOS 1 (2%) 
Hemorrhage 1 (2%) 1 (2%) 

Mineralization 1 (2%) 1 (2%) 

Mineralization 1 (2%) 1 (2%) 

#Cerebral white matter (48) (48) (46) 

#Braidthalamus (488) (488) (46) 

SPECIAL SENSE ORGANS 
*Eye (50) 

*Eydcornea (50) 
Phthisis bulbi 

Inflammation, chronic suppurative 
~ ~~~ 

MUSCULOSKELETAL SYSTEM 
*Joint of lower extremity (50) (50) (50) 

Intlammation, chronic suppurative 1 (2%) 
Abscess. chronic 1 (2%) 

Inflammation, necrotizing granulomatous 1 (2%) 
*Intarcostal muacle (50) (50) (50) 

BODY CAVITIES 
*Mediastinum (60) (50) ' (60) 

Foreign body, NOS 2 (4%) 1 (2%) 
Idlammation, acute euppurative 2 (4%) 1 (2%) 
Inflammation, pyopanulomatoua 1 (2%) 
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TABLE C4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT (Continued) 

Vehicle Control Low Dose High Dose 

BODY CAVITIES (Continued) 
+Peritoneum 

Necrosis. fat 
+Peritoneal cavity 

Abacess, chronic 
+Pleural cavity 

Foreign body, NOS 
Hemorrhage 
Inflammation, acute suppurative 

+Pleura 
Inflammation, pyogranulomatoua 

+Subpleural tissue 
Lymphocytic inflammatory infiltrate 

+Mediastinal pleura 
Hemorrhage 

+Pericardial cavity 
Hcmorrhage 
Inflammation, chronic suppurative 

Inflammation, chronic suppurative 

Hemorrhage 
Inflammation. acute suppurative 
Inflammation, necrotizing granulomatous 

+Pericardium 

*Epicardium 

ALL OTHER SYSTEMS 
+Multiple organs (50) (50) (50) 

Congestion. acute 2 (4%) 1 (2%) 1 (2%) 

Inflammation, chronic suppurative 1 1  -I 
- - Periorbital region - 

SPEClAL MORPHOLOGY SUMMARY 
None 

+ Number of animals receiving complete necropsy examinations; all gross lesions including masses eltamined microscopically. 
# Number of animals examined microscopically at this site 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NEOPLASM8 IN FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT 

Vehicle Control Low Dose High Dose 

ANIMALS INITIALLY IN STUDY 50 
ANIMALS NECROPSIED 60 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 
+Skin 

Trichoepithelioma 
*Subcutaneous tissue 

Fibrosarcoma 

(50) 

(50) 

RESPIRATORY SYSTEM 
#Lung (60) (50) (49) 

Adenocarcinoma. NOS, metastatic 2 (4%) 
Alveolarhronchiolar adenoma 4 (8%) 4 (8%) 2 (4%) 
Alveolarhronchiolar carcinoma 1 (2%) 3 (6%) 2 (4%) 
Fibrosarcoma, metastatic 2 (4%) 

HEMATOPOIETIC SYSTEM 
+Multiple organs 

Malignant lymphoma, NOS 
Malignant lymphoma, lymphocytic type 
Malignant lymphoma, histiocytic type 
Malignant lymphoma, mixed type 

Malignant lymphoma, histiocytic type 
Malignant lymphoma, mixed type 

Fibrosarcoma. metastatic 

Malignant lymphoma, lymphocytic type 

Sarcoma, NOS, unclear primary or metastatic 

#Splenic follicles 

#Mediastinal lymph node 

#Pancreatic lymph node 

#Mesenteric lymph node 

(50) 
3 (6%) 
1 (2%) 
5 (10%) 
3 (6%) 

1 (2%) 

(47) 

(45) 

(45) 

(46) 

(50) 
1 (2%) 
4 (8%) 
2 (4%) 
7 (14%) 

(50) 

*- 

CIRCULATORY SYSTEM 
+Multiple organs 

Hemangiosarcoma 
*Subcutanema tissue 

Hemangiosarcoma 
#Bone marrow 

Hemangiosarcoma 
#Spleen 

Hemangiosarcoma 
#Splenic red pulp 

Hemangiosarcoma 
#Ovary 

Hemangioma 

DIGESTIVE SYSTEM 
#Liver 

Hepatocellular adenoma 
Hepatocellular carcinoma 

Squamous cell papilloma 
#Cardiac stomach 

(50) 

2 (4%) 

1 (2%) 
(46) 

(50) 

3 (6%) 
(47) 

(50) 
2 (4%) 
3 (6%) 

(48) 

URINARY SYSTEM 
None 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT (Continued) 

~~ ~~~ ~~ 

Vehicle Control Lor DOM High Dose 

ENDOCRINE SYSTEM 
#Pituitary 

Adenoma, NOS 
#Pituitary intermedia 

Adenoma, NOS 
#MreIld 

Pheochromocytoma 
#AdrenaYcapsule 

Carcinoma, NOS 
Adenoma, NOS 

#Adrenal medulla 
F'heochromocytoma 

-paid 
Follicular cell adenoma 

#Pancreatic isleta 
blet cell carcinoma 

REPRODUCTIVE SYSTEM 
*Mammary gland (SO) 

#Ut%ruS (49) 

Adenocarcinoma. NOS 1 (2%) 
Rbroadenoma 

Squamous cell carcinoma, in situ 
Endometrial stromal polyp 1 (2%) 

Papillary cystadenoma, NOS 1 (2%) 
Papillary cyatadenoearcinoma NOS 
Teratoma. NOS 

*a? (44) 

NERVOUS SYSTEM 
None 

SPECIAL SENSE ORGANS 

Adenocarcinoma. NOS 
+Harderian gland (50) 

2 (4%) 

MUSCULOSKELETAL SYSTEM 
+Eondower extremity 

Ostctoma 
(60) 

BODY CAVITIES 
*Thoracic cavity (50) 

Alveolarhronchiolar carcinoma. metastatic 

ALL OTHER SYSTEMS 
None 

~ ~~ 

ANIMAL DISPOSITION SUMMARY 
Animals initially in atudy so 60 50 

Natural death 6 a 8 
Moribund sacrifice 3 7 6 
Terminal sacrifice 41 38 30 
Accidentally killed, nda 1 7 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT (Continued) 

Vehicle Control Low Dose High Dose 

TUMOR SUMMARY 
TOW animals with primary tumors++ 

TOW animals with benign tumors 

TOW animab with malignant tumors 

TOW aaimalawith secondary tumora## 

TOW animala with tumors uncertain- 

Total primary tumors 

Total benign tumon 

Total malignant tumors 

Total Mteondary tumors 

Total uncertain tumors 
benign or malignant 

primary or metastatic 
TOW anima& with tumors uncertain- 

Total uncertain tumors 

27 
36 
15 
15 
18 
20 

31 
44 
13 
14 
23 
29 

3 
4 

1 
1 

26 
31 
9 
9 

20 
21 

2 
2 

1 
1 

~ 

Number ofanimals receivingcomplete necropsy examinations; all gross lesions includingmasses examined microscopically. 
+* Rimilry tumom: all tumors except aecondary tumors 
I Number of animah examined microscopically at this site 
#I Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT: VEHICLE CONTROL 

STUDY 

Lunm and bronchi 

Tmchsa 

% z y m p h o m a .  mued t p  

Alnalarhmnehiolar adenoma 
Alvrolarhmnehiolar camnoma 

%Ed"' 
H a u t  

Salivary gland 
Liwr 

Gdlbladdar & common bile duct 
P- 

€Is toesllularcamnoma 
LLS L 
;:er 

Squamous call papilloma 
Small inhatine 
Law intestine 

Kidney 
Unnay bladder 

RtUlLary 

M n ~ l  

Th mid 

Parathyroid 
Pancreatic idsta 

Adenoma. NOS 
Cnmwma NOS 
Pb.ochro&cytoma 

dllleular call adenoma 

I&t call camnoma 

Mammary gland 

Ut4I.S 
Menocarcinoma, NOS 

Endometrial stromal polyp 

XYlhlky cyrtadenoma, NOS 
HarmDpoma 

Brun 

8 9 9 9 0 0  0 0  0 0 0 0  O O O O D  
s 3 3 s s 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

+ + + + + + + + + + + + + + + + + + + + + + + + +  
X . . . . . . . . . . . . . . . . . . . . . . . . .  

X X X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
- -  . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  + + - + - - - + - - + + + - + - + + + - + + - + -  

. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + - + + + + + + - + + + + + + + + + + - + +  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
N N N N + + + N + N N + + + + + + + + + + + + + +  - -  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
- - - -  . . . . . . . . . . . . . . . . . . . . .  _ - - -  . . . . . . . . . . . . . . . . . . . . .  

X 

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
- - _ - -  + - - + + + + + + + - - - + + + + - + -  _ -  . . . . . . . . . . . . . . . . . . . . . . .  

X X 

N N N N N N + N N N N N N N N N N N N N N N + N +  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

X 
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

HemanpO~reoma 
lulllslunt lymphoma. NOS 
Mahgnant lymphoma. lymphocytic type 
M a b u t  lymphoma, bistiocyhc typo 
Malignant lymphoma. mued t y p  

I N N N N N N N N N N N N N N N N N N N N N N N N N  I 
N N N N N N N N N N N N N N N N N N N N N N N N N  

x X X 
X 

X X X x 
X 

I I 

+: "Ihasue examinad micrormpically -. Requind tuisue not examined micm,lcopically 
X: Tumor incldenn 
N Necmm.  no autolysur. no mrcroscwpreexemination 
S Animal missorad 
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Necropsy. no histology due to protocol C 

A Autolysis 
M Animal missing 
B No necropsy performed 
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TABLE IIB. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: VEHICLE CONTROL 

. . . . . . . . . . . . . . . . . . . . . . . . . .  

WEEKSON 
STUDY 

50 Ha& 

pr . . . . . . . . . . . . . . . . . . . . . . . . .  
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  47 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  + + + - + + + + + - -  + + + + + + + - + + + + + -  
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TABLE M. INDIVEDUAL ANIMAL TUMOR PATHOUMY OF FEMALE MICE IN THE TWO-YEAR 
GAVAOR LCNDY OI HALONALDEHYDE, BoDfUM SALT: LOW DOSE 
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TABLE M. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: LOW DOSE 
(Continuadd) 

WEEK8 ON 
STUDY 

Kidney 
Urinary bladder 

Rtuitary 

Mnd 

Thymd 

Parathyroid 

Manoma. NOS 

Manoma. NOS 

Follicular all &noma 

Bnin 

Pleura 
A l ~ h r ~ m r h i o l u  earnnonu. 

Multipla orgum, NOS 
MaImant lrmpbomr NOS 
Maliannnt lymphoma. IymphaeytJc typo 
Malignant lymphoma hstmqtw typa 
Malignant lymphoma: m u d  typo 

Animals nemupsud 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X X 

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X X 

X 
X X . . . . . . . . . . . . . . . . . . . . . . . . .  

~~ ~~~~ 

+ + + + + + + + + + - - -  + + + + + + + + + + + +  
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+ + - + + + + - + + - - + - + + - + - + - + + + +  X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
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x X 
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. . . . . . . . . . . . . . . . . . . . . . . . .  
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H N N N + N N N N N N N N N N N N N + N N N N N N  
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X X X 

X 

X 

x 
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x x  X 
X 

x x x  X 

- 

TOTAL. 
PISSUEe 
NMOIU 

- 
a 5 0  
2 
1 

50 
4 
3 
2 

47 

43 
1 
50 
2 
41 
1 

s2 

M) 

- 

- 

- 

48 
50 
3 

50 
'50 
50 
49 
41 
4a 
48 

49 
41 
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5 

45 
1 

48 
3 

92 
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1 

- 

- 
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4a 
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1 
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TABLE D t .  INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF MUONALDEHYDE, SODIUM SALT: HIGH DOSE 

3 !  119 9 3 9 3 a 3 9 !I !I il !I O1 o / l  !I lI 9 l l I 9 9 9  0 0  0 0  
1 1 1 3 4  9 4 8 9  4 4  4 4  
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TABLE DI. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: HIGH DOSE 

Slun 
Tncbwpitbelmma 

Subcutanwua b w  
Rbrolamma 

Bone marrow 

% i L n t  lymphoma. hutiocytic t y p  
L mph0od.n 

Thy=- 

Lrcoma. NOS. uncbu pnmry or met. 
Malignant lymphoma, lymphocyt~~ typo 

% i & n t  lymphoma. hutiocytic t y p  
L mph0od.n 

Thy=- 

Lrcoma. NOS. uncbu pnmry or met. 
Malignant lymphoma, lymphocyt~~ typo 

Heart 

S.llVv.ry gland 
Liwr 

Hepabx.allular adenoma 
Ha bx.allulararnnoma 

Bile %t 
Ch1lbLdd.r & mmmon hla duct 
P r n m u  
kph"g.. 
StOmaC 
Small intertino 
Lam intestine 

Kidney 
Unnary bladder 

pltuatary 
Menoma, NOS 

Pb~hromocgtoma 
Mnnd 

T b p d  
Parathyroid 

Mammay gland 

Uterua 

0V.w 

M o n o a m n o w  NOS 

Squamous mll camnoma, in aitu 
Endornatrul llrmmrl polyp 

Brain 

H U ~ ~ M U  gland 
Manoamnoma. NOS 

Mnltiple organa, NOS 
Malignant lymphoma, NOS 
Malignant lymphoma, lymphocytic trp. 
Malignant lymphoma butmcytw t y p  
Malignant lymphoma: mud typ 

(Continuad) 
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TABLE W. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE STUDY 
OF MALONALDEHYDE, SODIUM SALT 

~ 

Vehicle Control 

Lung: AlveoladBronchiolar Adenoma 
Overall Rates (a) 450 (8%) 
Adjustea Rates (b) 9.4% 
Terminal Rates (e) 3/41 (7%) 
Week of First Observation 93 
Life Table Testa (d) P =0.400N 
Incidental Tumor Tests (d) P=0.243N 
Cochran-Armitage Trend Test (d) P =0.282N 
Fisher Exact Test (d) 

Lung: AlveoIarlBronchiolar Carcinoma 
Overall Rates (a) 1/50 (2%) 
AdjuatadRatestb) 2.4% 
Terminal Rates (e) 1/41 (2%) 
Week of First Observation 104 
Life Table Testa (d) P-0.270 
Incidental Tumor Tests (d) P=0.270 
Cochran-Armitage Trend Test (d) Pr0.391 
Fisher Exact Test (d) 

Lung: AlveolarAronchiolar Adenoma or Carcinoma 
Overall Rates (a) 5/50 (10%) 
Adjusted Rates(b) 11.8% 
Terminal Rates (c) 4/41 (10%) 
Week of First Observation 93 
Life Table Tests (d) 
Incidental Tumor Tests (d) P=O.495N 
Cochran-Armitage Trend Test (d) P=0.449N 
Fisher Exact Test (d) 

Overall Rates (a) 1/50 (2%) 
Adjuatd Rates (b) 2.4% 
Terminal Rates (c) 1/41 (2%) 
WeekofFirst Observation 104 
Life Table Tests (d) P = 0.088 
Incidental Tumor Testa (d) P=0.167 
Cochran-Armitage Trend Test td) P=0.146 
Fisher Exact Test (d) 

P = 0.495 

Hematopoietk System: Malignant Lymphoma, Lymphocytic Type 

Hematopoietic System: Malignant Lymphoma, Histiocytic Type 
Overall Rates (a) 5/50 (10%) 
Adjusted Rates (b) 11.4% 
Terminal Rates (e) 3/41 (7%) 
Week of First Observation 77 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P =0.206N 
P = 0.062N 
P = O.146N 

Hematopoietic System: Malignant Lymphoma, Mixed Type 
Overall Rates (a) 4/50 (8%) 
Adjusted Rates (b) 9.3% 
Terminal Rates (c) 3/41 (7%) 
WeekofFirst Observation 82 
Life Table Testa (d) P=0.446N 
Incidental Tumor Tests (d) P =0.192N 
Cochran-Armitage Trend Test (d) P=0.297N 
Fisher Exact Test (d) 

120 mgkg 

M50 (8%) 
9.9% 
3/38 (8%) 
80 
P=0.607 
P=0.638 

P = 0.643 

3/50 (6%) 
7.9% 
3/38 (8%) 
105 
P=0.278 
P=0.278 

P = 0.309 

7/50 ( 14% ) 
17.6% 
6/38 (16%) 
80 
P=0.335 
P=0.360 

P=0.380 

4/50 (8%) 
10.0% 
3/38 (8%) 
97 
P=0.165 
P= 0.187 

P=0.181 

2/50 (4%) 
4.2% 
0/38(0%) 
65 
P-0.238N 
P-0.161N 

P =0.218N 

7/50 (14%) 
17.2% 
5/38 (13%) 
95 
P = 0.233 
P = 0.273 

PpO.262 

2/49 (4% ) 
6.0% 
1/29 (3%) 
94 
P =0.470N 
P = 0.31 9N 

P=0.349N 

2/49 (4%) 
6.9% 
2/29 (7%) 
104 

P=0.380 

P = 0.492 

P = o . ~ ~ o  

4/49 (8%) 
12.7% 
3/29 (10%) 
94 
P =0.592 
P =0.561N 

P=0.513N 

4/50 (8%) 
10.9% 
2/30 (7%) 
74 
P=0.127 
P=0.210 

P=O.l81 

2/50 (4%) 
5.6% 
1/30(3%) 
84 
P =0.321N 
P=0.156N 

P=O.218N 

2/50 (4%) 
5.3% 
OB0 (0%) 
83 
P = 0.444N 
P=O.I8ON 

P=0.339N 
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TABLE W. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE STUDY 
OF MALONALDEHYDE, SODIUM SALT (Continued) 

Vehicle Control 60 mgkg 120 mgkg 

Hematopoietic System: Lymphoma, All Malignant 
Overall Rates (a) 13/50 (26%) 14/50 (28%) 
Adjusted Rates (b) 27.8% 3 1.9% 
Terminal Rates (c) 8/41 (20%) 9/38 124%) 
Week of First Observation 46 65 
Life Table Tests (d) P=0.519N P=0.442 
Incidental Tumor Testa (d) P=0.102N P=0.550 
Cochran-Armitage Trend Test (d) P=0.281N 
Fisher Exact Test (d) P = 0.500 

Circulatory System: Hemangiosarcoma 
Overall Rates (a] 
Adjusted Rates(b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

1/50 (2%) 3/50 (6%) 
2.4% 7.3% 
0141 (0%) 2/38 (5%) 
103 78 
P=O.455N P =0.288 
P=0.332N P=0.366 
P=0.378N 

P=0.309 

Circulatory System: Hemangioma or Hemangiosarcoma 
Overall Rates (a) 2/50 (4%) 3/50 (6%) 

Terminal Rates (c) 1/41 (2%) 2/38 (5%) 
Week of First Observation 103 78 
Life Table Tests (d) P= 0.272N P = 0.473 
Incidental Tumor Tests (d) P = 0.1 84N P=0.552 
Cochran-Annitage Trend Test (d) P=0.202N 
Fisher Exact Test (d) P=0.500 

Adjusted Rateslb) 4.8% 7.3% 

Liver: Hepatocellular Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests id) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d ) 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall Rates (a) 
Adjustad Rates (b) 
Terminal Rates (e) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests Id) 
Coehran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Pituitary Gland: Adenoma 
Overall Rates (a) 
Adjusted Rates lb) 
Terminal Rates IC) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test td) 

2/50 (4%) 3/50 (6%) 
4.4% 7.9% 

73 105 
P = 0.298 P = 0.469 
P=0.373 P = 0.509 
P = 0.41 2 

P = 0.500 

1/41 (2%) 3/38 (8%) 

2/50 (4%) 3/50 (6%) 
4.4% 7.9% 
1/41 (2%) 3/38 (8%) 
73 105 
P=0.085 P=0.469 
P=0.117 P=0.509 
P=0.158 

P = 0.500 

2/43 (5%) 
5.6% 
2/36 16%) 
104 
B = 0.355N 
P = 0.355N 
P =0.245N 

4/40 ( 10% 
12.9% 
4/31 (13%) 
105 
P = 0.269 
P = 0.269 

P = 0.304 

10/50 (20%) 
25.3% 
4/30 (13%) 
74 
P=0.534N 
P=O.llQN 

P= 0.3 18N 

0/50 (0%) 
0.0% 
0/30 (0%) 

P=0.567N 
P=0.338N 

P=0.500N 

0150 (0%) 
0.0% 
0130 (0%) 

P = 0.313N 
P = 0.182N 

P=0.247N 

3/50 (6%) 
9.5% 
2/30 (7%) 
98 
P=0.395 
P=0.522 

P = 0.500 

5/50 (10%) 
16.0% 
4/30(13%) 
98 
P=0.130 
P = 0.194 

P=0.218 

0140 (0%) 
0.0% 
OD4 (0%) 

P =0.331N 
P =0.331N 

P = 0.265N 
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TABLE D3. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE STUDY 
OF MALONALDEHYDE, SODIUM SALT (Continued) 

~ ~~ ~ 

Vehicle Control 60 mgkg 
~~ 

120 m g k g  

Thyroid Gland: Follicular Cell Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests(d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

All Sites: Benign Tumors 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

All Sites: Malignant Tumors 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
IncidentalTumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

All Sites: All Tumors 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher ExactTest (d) 

3/48 (6%) 
7.3% 
2/40 (5%) 
103 
P= 0.182N 
P=0.139N 
P = 0.115N 

15/50 (30%) 
33.9% 
12/41 (29%) 
73 
P =0.309N 
P=0.140N 
P=O.lOlN 

18/50 (36%) 
36.6% 
10141 (24%) 
46 
P=0.131 
P=0.472N 
P=0.380 

27/50 (54%) 
54.0% 
18/41 (44%) 
46 
P=0.175 
P =0.361N 
P=0.460N 

3/48 (6%) 
7.9% 
3/38 (8%) 
105 
P = 0.636 
P=0.651N 

P =0.66 1 

13/50126%) 
33.1% 
12/38 (32%) 
80 
P=0.499N 
P = 0.440N 

P=0.412N 

23/50 (46%) 
50.7% 
16/38 (42%) 
65 
P = 0.183 
P = 0.280 

P=0.208 

31150(62%) 
68.6% 
24/38 (63%) 
65 
P = 0.2 12 
P=0.329 

P = 0.272 

0144 (0%) 
0.0% 
On6 (0%) 

P = 0.202N 
P-0.126N 

P=0.138N 

9/50 (18%) 
26.4% 
6/30 (20%) 
83 
P=0.347N 
P=0.141N 

P=0.121N 

20150 (40%) 
49.9% 
11130 (37%) 
74 
P=0.172 
P = 0.484N 

P =0.418 

26/50 (52%) 
64.1% 
16/30 (63%) 
74 
P=0.230 
P = 0.346N 

P =0.500N 

(a) Number oftumor-bearing anirnaldnumber of animals examined at the site 
tb) Kaplan-Meier estimated tumor incidences at  the end of the study after adjusting for intercurrent mortality 
(c) Observed tumor incidence at terminal kill 
(d) Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The incidental tumor 
test regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact testa compare directly the overall incidence 
rates. A negative trend or lower incidence in a dosed group is indicated by (N). 
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TABLE M. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT 

Vehicle Control Low Dose High Dose 

ANIMALS INITIALLY IN STUDY 50 
ANIMALS NECROPSIED 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 
+Skin (50) 

Abscess, NOS 1 (2%) 
Inflammation, acutelchronic 
Ulcer, chronic 
Inflammation, chronic suppurative 
Fibrosis, d i f b e  
Pigmentation, NOS 2 (4%) 
Acanthosis 

Metaplasia, cartilaginous 1 (2%) 
+Subcutaneous tissue (50) 

RESPIRATORY SYSTEM 
#Peritracheal tissue 

t Lunghronchiole 

#Lung 

Inflammation, acute focal 

Vegetable foreign body 

Congestion, acute 
Hemorrhage 
Inflammation. interstitial 
Pneumonia. giant cell 
Pneumonia, aspiration 
Hyperplasia, alveolar epithelium 
Histiocytosis 

Histiocytosis 
XLung/alveoli 

(47) 

(50) 

(50) 
1 (2%) 
6 (12%) 

1 (2%) 

2 (4%) 
(50) 

(47) 

(50) 

(50) 
6 (12%) 
5 (10%) 
1 (2%) 

1 (2%) 
2 (4%) 

(50) 

HEMATOPOIETIC SYSTEM 
*Multiple organs 

+Skin 

#Bone marrow 

Hematopoiesis 

Hyperplasia, lymphoid 

Congestion. acute 
Necrosis, focal 
Hypoplasia. NOS 
Atrophy, focal 
Hyperplasia. focal 
Hyperplasia, diffuse 
Myelofibrosis 
Hyperplasia, granulocytic 

#Splenic follicles 
Atrophy, diffuse 
Hyperplasia, diffuse 
Hyperplasia, reticulum cell 
Hyperplasia, lymphoid 
Hypoplasia, lymphoid 

Congestion. acute 
Pigmentation, NOS 
Hyperplasia, lymphoid 
Hematopoiesis 

#Splenic red pulp 

2 (4%) 
1 (2%) 
2 (4%) 

9 (20%) 

3 (7%) 

4 (9%) 
2 (4%) 

6 (13%) 

(47) 

(47) 
2 (4%) 
2 (4%) 
1 (2%) 

18 (38%) 

4 (9%) 

3 (7%) 
1 (2%) 
1 (2%) 
5 (12%) 

6 (14%) 

4 (8%) 
2 (4%) 
1 (2%) 
9 (18%) 
2 (4%) 

(50) 

(50) 

20 (40%) 

(50) 

(50) 

(46) 

1 (2%) 

2 (4%) 

6 (13%) 

1 (2%) 
1 (2%) 
3 (7%) 

3 (6%) 
2 (4%) 

13 (27%) 
3 (6%) 

1 (2%) 

(49) 

(49) 

15 (31%) 

0 0 0 5 8 6  

157 Malonaldehyde, Sodium Salt, NTP TR 331 



TABLE D4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT (Continued) 

Vehicle Control Low Dose High Dose 

HEMATOPOIETIC SYSTEM (Continued) 
#Lymph node 

Congestion. acute 
Hemorrhage 
Inflammation, chronic focal 
Hyperplasia, reticulum cell 
Hyperplasia, lymphoid 

#Mandibular lymph node 
Hyperplasia, plasma cell 
Hyperplasia, reticulum cell 
Hyperplasia, lymphoid 

#Tracheal lymph node 
Hyperplasia. lymphoid 

#Mediastinal lymph node 
Hyperplasia, lymphoid 

#Mesenteric lymph node 
Hemorrhage 
Hemorrhage, chronic 
Inflammation, acute suppurative 
Inflammation, chronic suppurative 
Hematopoiesis 

#Renal lymph node 
Hemorrhage 
Hyperplasia, lymphoid 

#Lung 
Leukocytosis, NOS 
Hyperplasia, lymphoid 

Hyperplasia, lymphoid 
Hematopoiesis 

#Pancreas 
Hyperplasia, lymphoid 

#Pancreatic interstitial tinsue 
Hyperplasia, lymphoid 

#Peyer's patch 
Hyperplasia, lymphoid 

#Kidney 
Hyperplasia, lymphoid 

# Kidneylcortex 
Hyperplasia, lymphoid 

#Kidney/pelvis 
Hyperplasia, lymphoid 

#Ovary 
Hyperplasia, lymphoid 

#Adrenal 
Hematopoiesis 

#Thymus 
Cyst, NOS 
Hemorrhage 
Depletion, lymphoid 
Histiocytosis 

#Thymic medulla 
Hyperplasia, focal 
Hyperplasia, lymphoid 

#Thymic lymphocytes 
Necrosis, diffuse 

#Liver 

CIRCULATORY SYSTEM 
#Lung 

#Heart 
Arteriosclerosis, NOS 

Periarteritis 

(50) 

(50) 

(50) (49) 

(50) (49) 
1 (2%) 

1 (2%) 1 (2%) 
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TABLE M. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT (Continued) 

Vehicle Control Low Dose High Dose 

CIRCULATORY SYSTEM (Continued) 
#Heartlatrim 

Thrombus. organized 
#HearVventricle 

Inflammation, acutdchronic 
#Liver 

Thrombus, organized 
#Urinary bladder 

Periarteritis 
#Utedendometrium 

Thrombus, organized 
#Thyroid 

Periarteritis 

DIGESIlVE SYSTEM 
#Salivary gland 

Atrophy, focal 
Atrophy, serow 

#Salivary gland interstitial tissue 
Inflammation. acutdchronic 

#Liver 
Congestion, acute 
Hemorrhage 
Inflammation. acutelchronic 
Degeneration, lipoid 
Necrosis, focal 
Infarct, focal 
Pigmentation, NOS 
Focal cellular change 
Hyperplasia. nodular 
Hi&iocytooie 

#Liver/centrilobular 
Degeneration, lipoid 
Neeroris, diffuse 
Atrophy,diwlee 

# Liverlhepatocytea 
Hemorrhage 
Degeneration, lipoid 
Necrosis, focal 
Necrosis, coagulative 
Necrosis, ischemic 
Cytoplasmic vacuolization 
Foeal cellular change 
Atrophy, diffuse 
Dysplasia, NOS 

Hyperplasia. cystic 

Hyperplasia, focal 

Inflammation, acutdchronic 
Inflammation, chronic suppurative 
Necrosis, fat 

#Pancreatic duct 
Necrosis, NOS 

iplncreatic acinus 
Inflammation with fibrosis 
Atrophy, focal 
Atrophy, diffuse 
Hyperplasia, focal 

*Callbladder 

#Bile duct 

#Pancreas 

(47) 
4 (9%) 
1 (2%) 

1 (2%) 
(47) 

(50) 

2 (4%) 
11 (22%) 

1 (2%) 

1 (2%) 

(50) 

(50) 
1 (2%) 

5 (10%) 

1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 

(50) 

1 (2%) 

(50) 

1 (2%) 

(60) 
1 (2%) 

1 (2%) 

1 (2%) 
2 (4%) 

(50) 

1 (2%) 
2 (4%) 

1 (2%) 

1 (2%) 
2 (4%) 

1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 

(50) 

(50) 

(47) 

(47) 

(47) 

7 (15%) 
1 (2%) 

(50) 

(50) 

26 (50%) 
1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 
41 (85%) 

1 (2%) 

(48) 

(48) 

159 Malonaldehyde, Sodium Salt, NTP TR 331 

0 0 0 5 8 8  



TABLE M. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT (Continued) 

Vehicle Control Low Dose High Dose 

DIGESTIVE SYSTEM (Continued) 
XPerieaophageal tissue 

Foreign body. NOS 
Idammation, acute suppurative 

#Stomach 
Mineralization 
Ulcer, NOS 
Inflammation. acute suppurative 
Inflammation, acutdchronic 
Inflammation with fibrosis 
Hyperkeratosis 
Acanthosis 
Metaplasia, NOS 
Metaplasia, squamous 

#Gastric mucosa 
Idammation, acutelchronic 
Acanthosis 

#Gastric fundal gland 
Dilatation, NOS 
Edema. NOS 
Atrophy, focal 
Hyperplasia, focal 

#Forestomach 
Hyperplasia, epithelial 

#Cardiac stomach 
Inflammation, acutdchronic 

#Small intestine 
Parasitism 
Atrophy, focal 
Atrophy, pressure 

#Intestinal villus 
Atrophy, focal 

#Colon 
Parasitism 

(50) 

(46) 
1 (2%) 

(46) 

1 (2%) 

(48) 

(48) 
1 (2%) 

URINARY SYSTEM 
#Kidney 

Glomerulonephritis, membranous 
Glomerulonephritis. chronic 

X Kdney/cortex 
Glomerulonephritis, membranous 
Inflammation, acutelchronic 
Nephropathy 
Infarct. healed 
Metaplasia, osseous 

Mineralization 
Degeneration, NOS 
Degeneration, granular 
Atrophy. focal 

*Ureter 
Mineralization 

#Urinary bladder 
Congestion, acute 

#Kidney/tubule 

(SO) 

(50) 

1 (2%) 
2 (4%) 

1 (2%) 
11 (22%) 

1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

(50) 

(50) 

(46) 

(49) 

(49) 

1 (2%) 

(50) 

(47) 

(49) 

(49) 

(50) 

(45) 

ENDOCRINE SYSTEM 

Cyst, NOS 
Hemorrhage 
Hemorrhagic cyst 
Hemorrhage. chronic 

#pituitary (43) (40) 

3 (7%) 

(40) 
3 (8%) 

1 (3%) 
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TABLE M. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT (Continued) 

Vehicle Control Low Dose High Dose 

ENDOCRINE SYSTEM 
#pituitary (Continued) 

Hypertrophy, focal 
Hyperplasia, focal 
Hyperplasia. chromophobe cell 

#Anterior pituitary 
Hyperplasia. focal 

#Adrenal 
Hemorrhage 
Inflammation, acute suppurative 

XAdrenaUcapaule 
Fibrosis, focal 

#Adrenal cortex 
Congestion. NOS 
Congestion. acute 
Degeneration. NOS 
Hypertrophy, focal 

Embryonal duct cyst 
cyst. NOS 
Hyperplasia, follicular cell 
Histiocytosis 

#Thyroid follicle 
Atrophy, focal 
Atrophy. diffuse 

#Thymid 
1 (2%) 

(44) 

REPRODUCTIVE SYSTEM 

Dilatation, NOS 
Hemorrhage 
Inflammation, suppurative 
Inflammation, acute suppurative 
Polypoid hyperplasia 

Edema, NOS 
Hemorrhage 
Inflammation, acute suppurative 
Hypoplasia. NOS 
Atmphy, focal 
Hyperplasia, focal 
Hyperplasia, diffuse 
Hyperplasia. cystic 

# Uteruahnyometrium 
Inflammation, acutdchronic 

POvnryJparovarian 
Hemorrhagic cyst 

#Ovary 
Dilatation, NOS 
Cyst, NOS 
Follicular cyst, NOS 
Multiple cysts 
Hemorrhage 
Hemorrhagic cyst 
Inflammation, acute suppurative 
Necrosis, fat 
Pigmentation. NOS 
Atrophy, senile 
Hyperplasia. cystic 
Histiocytosis 

Hemorrhagic cyst 

#Ute- 

#Uteruslendometrium 

XOvarylfollicle 

(49) 

2 (4%) 

(49) 

1 (2%) 
2 (4%) 

46 (92%) 

1 (2%) 
(49) 

(44) 

(44) 

10 (23%) 

2 (6%) 
1 (2%) 
2 (5%) 
2 (5%) 

(48) 
12 (25%) 
2 (4%) 

1 (2%) 
(48) 

2 (4%) 

2 (4%) 

1 (2%) 

(47) 
16 (34%) 

1 (2%) 

(47) 
1 (2%) 

2 (4%) 

1 (2%) 
3 (7%) 
1 (2%) 

(46) 

0 0 0 5 9 0  
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TABLE M. SUMMARY OF THE INCIDENCE OF NONNEOPLAS'I'IC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF MUONALDEHYDE, SODIUM SALT (Continued) 

Vehicle Control Low Dose High Dose 

NERVOUS SYSTEM 
YBrainlmeningea 

Hemorrhage 
I&mmation, acutekhronic 
Fibrosis, multifocal 

Mineralization 
Inflammation, acute/chronic 

#Brain 

SPECIAL SENSE ORGANS 
+Eyelcornea 

Inflamtnation. acute diffuse 
(50) (50) (50) 

1 (2%) 

MUSCULOSKELETAL SYSTEM 
None 

BODY CAVITIES 
'Mediastinum 

Foreign body, NOS 
Hemorrhage 
Inflammation, acute suppurative 
Inflammation, chronic focal 

+Peritoneum 
Necrosis. fat 

*Peritoneal cavity 
Necrosis. fat 

*Pleural cavity 
Foreign body, NOS 
Hematoma. organized 
Inflammation. acute suppurative 

*Pleural mesothelium 
Inflammation, acutdchronic 

'Epicardium 
Inflammation, acutekhronic 

(50) 

(50) 

(50) 

(50) 

2 (4%) 

1 (2%) 

(60) 

(50) 

(50) 

ALL OTHER SYSTEMS 
None 

SPECIAL MORPHOLOGY SUMMARY 
None 

* Number of animals receiving complete necropsy examinations; all gross lesiom including maeaes examined microseopically. 
# Number of animals examined microscopically a t  thiesite 

162 
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TABLE El .  MUTAGENICITY OF MALONALDEHYDE, SODIUM SALT, IN SALMONfLLA WPHlMURlUM (a) 

Revertantablate- (b) 
Strain Dose -s9 + 89 (hamster) +S9 (rat) 

(pglplate) Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2 

TAlOO 0 141 f 10.7 

100 117 f 8.4 
333 1 2 0 f  6.0 

1.000 113 f 6.8 
3,333 113f 7.1 

10,000 116 f 0.3 

33 _ _  

Trial summary Negative 

control (c) 1,417 f 76.4 

TA1535 0 11 f 1.7 

100 14 f 1.2 
333 9 f 2.7 

1,000 12 f 3.7 
3,333 10 f 1.5 

10,000 6 f 0.3 

Positive 

33 -_ 

Trial summary Negative 

Positive 
control (c) 983 f 64.1 

TA1637 0 13 f 3.0 

100 14 f 1.3 
333 14 f 1.5 

1.000 16 f 0.3 
3,333 14 f 1.0 

10,000 7 f 1.2 

33 __ 

Trial summary Negative 

Positive 
control (c) 758f  40.5 

TG90 0 26 f 1.8 

100 31 f 4.2 
333 34 f 4.2 

1,000 26 f 3.2 
3,333 26 f 4.4 

10,000 15 f 0.3 

33 _ _  

Trial summary Negative 

Positive 
control (c) 162 f 7.1 

100 f 2.3 

99 f 9.7 
84 f 3.2 
98 f 2.7 
95 f 3.2 
97 f 2.0 

Negative 

.- 160 f 3.4 
163 f 4.3 
155 f 3.5 
160 f 6.7 
160 f 12.7 
I67 f 9.1 _ _  

161 f 20.5 
118 f 13.6 
125 f 7.2 
138 f 13.0 
169 Jr 10.7 
162 f 3.0 _ _  

161 f 7.8 
162 f 13.6 
164 f 10.8 
148 f 11.2 
167 f 16.3 
160 -+ 13.7 

150 f 3.8 
125 k 4.0 
142 f 5.8 
135 k 9.7 
158 f 2.7 
182 f 8.5 

Negative Negative Negative Negative 

1,034 k 140.2 

16 f 1.0 

14 f 0.6 
17 f 2.6 
12 f 1.5 
14 f 1.3 
8 f 1.7 

-- 

Negative 

2.712 k 147.0 

13 f 3.4 
19 f 3.0 
12 f 0.3 
9 f 2.4 

12 f 0.3 
11 f 2.6 

2,550 f299.1 

21 f 1.5 
18 f 3.6 
18 f 1.2 
12 f 1.0 
15 f 0.3 
17 f 1.6 

1.114 f 45.0 

10 f 1.2 
11 f 1.5 
15 f 1.8 
11 f 0.9 
12 f 1.3 
5 f 1.0 -. 

1,940 f 283.6 

13 f 2.2 
13 f 0.9 
13 k 0.6 
17 f 0.7 
16 & 1.9 
13 f 1.5 _- 

Negative Negative Negative Negative 

571 f 16.0 

7 f 1.7 

8 i 0.7 
7 f 0.0 
8 f 1.2 
6 f 0.9 
2 f 0.3 

-. 

Negative 

312 f 16.8 

13 f 0.3 
19 f 2.0 
18 f 3.2 
18 f 3.2 
17 f 2.4 
18 f 1.9 _- 

216 f 11.6 

12 f 4.1 
7 f 0.3 
6 f 1.8 

11 f 1.0 
11 f 2.0 
11 f 2.5 

193 i 10.5 

17 f 1.7 
21 f 2.0 
16 f 3.2 
18 f 2.1 
21 f 2.8 
14 f 4.7 .- 
Negative 

220 f 13.0 

10 f 2.9 
8 f 0.7 
6 f 2.3 
6 f 1.0 
6 f 1.2 
6 f 0.9 _ _  

Negative Negative Negative 

153 f 9.8 

24 f 2.9 
25 f 1.0 
22 * 2.2 
19 f 1.8 
24 f 3.5 
18 f 2.3 _ _  

164 f 7.0 

15 f 1.7 -. 

372 f 30.3 231 f 46.4 252 k 23.2 

39 f 3.1 
29 f 2.4 
33 f 3.4 
31 f 2.4 
36 f 1.5 
36 f 5.8 

38 f 7.2 
32 f 3.7 

26 f 2.5 
23 f 2.3 

16 f 1.2 

16 f 0.7 
la  f 0.6 

43 f 3.9 
42 k 4.9 
34 f 3.7 
44 f 3.7 _ _  

22 + 1.2 
29 f 4.7 
31 f 3.2 
27 f 1.2 _ _  16 i 3.8 

17 f 3.8 

Negative Negative Negative Negative Negative 

292 f 14.4 942 -+ 29.6 2.121 f390.8 463 f 15.3 1.162 f 175.6 

(a) Study performed at Case Weatern Reserve University. The detailed protocol is presented in Haworth et al. (1983 ). Cells and 
study compound or solvent (distilled water) were incubated in the absence of exogenous metabolic activation ( -S9) or with 
Aroclor 1254-induced S9 from male Syrian hamster liver or male Sprague Dawley rat liver. High dose was limited by toxicity 
or solubility but did not exceed 10 mg/plate; 0 &late dose is the solvent control. 
(b) Revertants are presented as mean f standard error from three plates. 
(e) Positive control; 2-aminoanthracene was used on all strains in the presence of s9. In the absence of metabolic activation, 4- 
nitro-o-phenylenediamine was used with TA98, sodium azide was used with TAlOO and TA1535, and 9-aminoacridine waa used 
withTA1537. 

0 0 0 5 9 3  
Malonaldehyde, Sodium Sslt, NTP TR 331 164 



”, , Y 

TABLE EP. MUTAGENICITY OF MALONALDEHYDE, SODIUM SALT, IN MOUSE L51’78Y LYMPHOMA 
CELLS (4b) 

Cloning Relative Mutant Mutant 
Compound Concentration Efficiency Total Growth Count Fraction (c) 

(ee/ml) (percent) (percent) 

Trill 1 

Distilled water 

Malonaldehyde, sodium salt 

Methyl methanesulfonate 

Trial 2 

Distilled water 

Malonaldehyde. aodium salt 

Methyl methanesulfonate 

125 
250 
500 

1,000 

5 

300 
400 
500 
600 
800 

1.000 

72.3 f 3.2 100.0 f 32.0 

71.3 f 9.2 128.7 f 10.5 
79.3 f 9.9 88.7 f 5.8 
63.0 f 12.0 59.0 f 4.0 

Lethal _ _  
46.3 f 10.2 46.7 f 9.8 

89.6 f 2.5 100.0 f 2.3 

83.7 f 3.3 69.7 f 3.6 
74.7 f 4.4 67.0 f 3.1 
84.3 f 2.4 54.0 f 1.5 
73.3 f 1.9 51.0 f 7.6 
58.0 f 4.0 36.3 f 2.8 
54.3 f 6.6 11.3 f 0.9 

5 52.0 f 8.6 28.7 f 3.5 

112.0 f 9.0 51.3 f 2.0 

166.7 f 11.3 fd)79.3 f 6.4 
157.7 k 10.7 67.0 f 5.0 
268.0 f 23.0 (d)145.6 f 15.5 _ _  _ _  
787.7 f122.0 (d)596.7 f 71.5 

106.8 k 7.0 39.8 f 2.3 

166.7 f 7.5 (d)66.0 f 1.2 
226.7 f 8.4 (dl101.7 f 3.7 
273.0 f 24.6 (d) 107.7 f 7.2 
222.7 f 15.2 (d)lO1.0 f 6.1 
360.3 f 11.3 (d1210.3 k 19.0 
442.0 f 21.4 (d1279.3 & 27.4 

- 610.0 f 46.5 (d)405.3 f 48.0 

(a) Study performed at Litton Bionetics, Inc. The experimental protocol is presented in detail by Myhr et a]. (1985) and follows 
the basic format of Clive et  al. (1979). The highest dose of study compound is determined by solubility or toxicity and may not 
exceed 5 mglml. Cells (6 X lOJ/ml) were treated for 4 hours at 37” C in medium, washed, resuspended in medium, and in- 
cubated for 48 hours at 37°C. After expression, 3 x lO6cells were plated in medium and soft agar supplemented with trifluoro- 
thymidine for selection of cells that were mutant at the thymidine kinase (TK) locus, and 600 cells were plated in nonselective 
medium and soft agar to determine the cloningefficiency. 
(b) Mean f standard error of replicate trials of approximately 3 X 106 cells each. All data are evaluated statistically for both 
trend and peak response fPC0.05 for at least one of the three highest dose sets). Both responses must be significantly (P<0.05) 
positive for a chemical to be considered mutagenic. If only one of these responsee is significant, the call is “equivocal”; the ab- 
sence of both trend and peak response results in a “negative”cal1. 
fc) Mutant fraction (frequency) is a ratio ofthe mutant count to the cloning efficiency, divided by 3 (to arrive at MF per 1 X 106 
cells treated); MF = mutant fraction. 
(d) Significant positive response; occurs when the relative mutant fraction (average MF of treated culture/average MF of sol- 
vent control) is greater than or equal to 1.6. 
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TABLE E3. INDUCTION OF SISTER CHROMATID EXCHANGES IN CHINESE HAMSTER OVARY CELLS 
BY MALONALDEHYDE, SODIUM SALT (a) 

No. of SCEd Relative 
T W  Chromo- No. of Chromo- SCEd Hours SCEdCell 

Compound Dose Cells somes SCEs some Cell in BrdU (percent) 
(pg/ml) (b) 

Trial No. I--Summary: Poeitive 

Medium 

Malonaldehyde, sodium salt 
14.9 
49.0 

149 

Mitomycin C 
0.002 
0.010 

"rial No. 8--Summary: Positive 

Medium 

Malonaldehyde. sodium salt 
15 
50 

150 
300 

Mitomycin C 
0.002 
0.010 

tS9 (d) 

Trial No. 1--Summary: Positive 

Medium 

Malonaldehyde, sodium salt 
149 
498 

1,490 

Cyclophosphamide 
0.500 
2.500 

Trial No. %-Summary: Positive 

Medium 

Malonaldehyde. d u m  salt 
150 
500 

1.000 
2.000 

Cyclophosphamide 
0.500 

50 

50 
50 
50 

50 
10 

50 

50 
50 
50 
50 

50 
10 

50 

50 
50 
60 

50 
10 

50 

50 
50 
60 
50 

100 
2.500 10 

1,042 

1,049 
1,044 
1,041 

1,045 
208 

1,040 

1.048 

1.038 

1.036 
1.045 

1,036 
209 

1.047 

1.043 
1,047 
1,042 

1.034 
206 

1,047 

1,049 
1.042 
1,039 
1,032 

2,092 
213 
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393 0.38 7.9 26.5 _ _  
394 0.38 7.9 26.5 100.0 
479 0.46 9.6 26.6 121.6 
596 0.57 11.9 26.5 160.6 

660 0.63 13.2 26.5 167.1 
331 1.59 33.1 26.6 419.0 

428 0.41 8.6 26.0 _ _  

629 0.60 10.6 26.0 123.3 
568 0.65 11.4 26.0 132.6 
726 0.69 14.5 26.0 168.6 

1.018 0.98 20.4 26.0 237.2 

496 0.48 9.9 26.0 115.1 
93 0.44 9.3 26.0 108.1 

453 0.43 9.1 26.0 -_ 

438 0.42 8.8 26.0 96.7 
533 0.61 10.7 26.0 117.6 
691 0.66 13.8 26.0 151.6 

416 0.40 8.3 26.0 91.2 
292 1.42 29.2 26.0 320.9 

470 0.45 9.4 26.0 __ 
543 0.52 10.9 26.0 116.0 
655 0.63 13.1 26.0 139.4 
613 0.69 12.3 26.0 130.9 
818 0.79 16.4 (e) 30.0 174.5 

2,049 0.98 20.5 26.0 218.1 
460 2.16 46.0 26.0 489.4 



TABLE ES. INDUCTION OF SISTER CHROMATID EXCHANGES IN CHINESE HAMSTER OVARY CELLS 
BY MALONALDEHYDE, SODIUM SALT (Continued) 

(a) &udy performed at Bioenaay Splltenu Corp. SCE = airbr chromatid exchaage; BrdU = bromodeoxyuridine. A detailedde- 
scription of the SCE protocol ia presentad by Calloway et al. (1986). Briefly, Chineae hmrter ovary cella were incubated with 
study compound or medium M described in (c) or (d) below and cultured for ruffieient time to reach second metaphase division. 
Cella were then collected by mitotic shake-off, fixed, airdried, and stained. 
(b) SCEdcell of culture exposed to study chemical relative tothose ofculture exposed to medium 
(e) In the absence of SQ, Chinese hamster ovary cella were incubated with study compound or medium for 2 hours at 37'C. Then 
BrdU WM added, and incubation WM continued for 24 h o w .  Cella were washed. fresh medium containing BrdU and colcemid 
WM added, and incubation WM continued for 2-3 horn. 
(d) In the presence of S9, cella were incubated with study compound or medium for 2 h o w  at 37' C. Then cells were washed, 
and medium containing BrdU was added. Cells were incubated for a further 20 hours, with colcemid present for the final 2-3 
hours. Sg WM from the liver ofAroclor 12Minduced male Sprague Dawley rats. 
(e) Becam some chemicals induce a delay in the cell division cycle. harvest timea are oeeasionally extended to maximize the 
proportion of second division cella available for analyak.. 
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TABLE El. INDUCTION OF CHROMOSOMAL ABERRATIONS IN CHINESE HAIUSTER OVARY CELLS 
BY MALONALDEHYDE, 9oDIUM SALT (a) 

Dow Total No.of Abd Percent Dose Total No. of Abd Percent 

with Abs with Abs 
(pghl) Cells Abs Cell Cells (pg/ml) Cells Ab8 Cell Cells 

-m (b) 
Trial l--Harvest time 10.6 hour8 

Medium 

100 8 0.08 

Malonaldehyde, sodium salt 

81.8 100 6 0.06 
245 100 6 0.05 
409 100 3 0.03 

Summary: Negative 

Mitomycin C 

5 100 69 0.69 

+SB (d) 
Trial 1-Harvest time 12.0 hours 

Medium 

100 2 0.02 

Malonaldehyde, sodium d t  

409 100 3 0.03 
1,640 100 2 0.02 
3370 100 5 0.05 

Summary: Negative 

Cyclophosphamide 

7 

6 
6 
3 

46 

2 

3 
2 
4 

-SB (b) 
Trial %-Harvest time 20.0 hours (c) 

MedilUU 

100 5 0.05 

Malonaldehyde, sodium salt 

42.9 100 4 0.04 
71.5 100 6 0.06 

143 100 5 0.05 
216 100 4 0.04 

Summary: Negative 

Mitomycin C 

1 10 13 
5 10 81 

1.3 
8.1 

4 

4 
6 
5 
3 

50 
90 

50 100 38 0.38 33 

(a) Study performed at Bioassay Syotama Corporation. Abs = aberrations. A detailed presentation of the technique for 
detecting chromosomal aberrations is found in Galloway et  al. (1985). Briefly, Chinese hamster ovary cells were incubated with 
study compound or solvent (medium) as indicated in (b) or (dL Cella were arreated in first metaphase by addition of colcemid 
and harvested by mitotic shake-off, fired. and stained in 6% Giemsa. 
(b) In the absence of S9, Chinese hamster ovary cells were incubated with study compound or solvent(medium)for 8-10 hours a t  
37. C. Cells were then washed. and fresh medium containing colcemid was added for an additional 2-3 h o r n  followed by 
harvest. 
(c) Because of significant chemically induced cell-cycle delay, incubation time before addition of colcemid was lengthened to 
provide sufficient metaphases at harvest. 
(d) In the presence of S9, cells were incubated with study compound or solvent (medium) for 2 hours at 37OC. Cells were then 
washed, medium was added, and incubation was continued for 8-10 hours. Colcemid was added for the last 2-3 hours of 
incubation before harvest. S9 was from the liver ofAroclor 1254-induced male Sprague Dawley rata. 
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TABLE E5. INDUCTION OF SEX-LINKED RECESSIVE LETHAL MUTATIONS IN DROSOPHILA BY 
MALONALDEHYDE, SODIUM SALT (a) 

Routs of Dose Incidence Incidence No. of LethdrJNo. of XChromosomes Teated Overall 
Exposrue (ppm) of Death6 of Sterility Mating 1 Mating B Mating 3 Total 

(percent) (percent) 09) 

Injection 10,000 22 8 312,388 3/2,105 111.472 7h.966 (0.12%) 
0 2/2,476 4!2,388 6I2.195 1217.059 (0.17%) 

Feeding 26,000 24 11 4/2,602 211,992 011,177 66,771 (0.10%) 
0 ll3.784 21'2,863 112,128 a . 7 7 5  (0.06%) 

(a) Study performed at Bowling Green State University. A detailed protocol of the sex-linked recesaive lethal assay ia presented 
in Zimmering et  al. (1986). (Exposure by feeding was done by allowing 24-hour-old Canton-S males to feed for 3 days on a 
solution of the study chemical dissolved in 6% 8ucrose. In the injection experimenta. 24-hour-old Canton-S males were treated 
with a solution of the chemical dissolved in 0.7% saline and allowed 24 hours to recover.) Exposed males were mated to three 
Baee females for 3 days and given fresh females a t  2-day intervale to produce three broods of 3.2. and 2 days; sample sperm from 
successive matinga were treated as spermatozoa (mating I). spermatids (mating 2). and spermatocytes (mating 3). F, 
heterozygous females were crossed to their siblings and placed in individual vials. F1 daughters from the same parental male 
were kept together to identify clueters; no clusters were found. After 17 days, presumptive lethal mutations were idenlified an 
viale containing no wild-type males; these were retested. Resulta were not significant atthe 5% level (Margolin e t  al., 1983). 
(b) Combined total of number of lethal mutationdnumber of X chromosomes tested for three matingtriale 
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APPENDIX F. SENTINEL ANIMAL PROGRAM 

I. Methods 

Rodents used in the Carcinogenesis Program of the National Toxicology Program are produced in o p  
timally clean facilities to eliminate potential pathogens that may affect study results. The Sentinel 
Animal Program is part of the periodic monitoring of animal health that occurs during the toxicologic 
evaluation of chemical compounds. Under this program, the disease state of the rodents is monitored 
via viral serology on sera from extra (sentinel) animals in the study rooms. These animals are un- 
treated, and these animals and the study animals are both subject to identical environmental condi- 
tions. The sentinel animals come from the same production source and weanling groups as the ani- 
mals wed for the studies of chemical compounds. 

Fifteen B6C3Fl mice and 15 F344lN rats of each sex are selected a t  the time of randomization and al- 
location of the animals to the various study groups. Five animals of each designated sentinel group 
are killed at 6, 12, and 18 months on study. Data from animals surviving 24 months are collected 
from 6/50 randomly selected vehicle control animals of each sex and species. The blood from each ani- 
mal is collected and clotted, and the serum is separated. The serum is cooled on ice and shipped to Mi- 
crobiological Associates' Comprehensive Animal Diagnostic Service for determination of the viral an- 
tibody titers. The following tests are performed 

Hemagglutination Complement 
ELISA Inhibition Fixation - 

Mice PVM (pneumonia virus of mice) M. Ad. (mouse adenovirus) MHV (mouse 
Reo 3 (reovirus type 3) LCM (lymphocytic hepatitis virus) 
GDVII (Theiler's choriomeningitis virus) (24 mol 

Poly (polyoma virus) 
MVM (minute virus of mice) 
Ectro (infectious ectromelia) 
Sendai 

encephalomyelitis virus) MHV (6,12,18 mol 

Rats PVM 
KRV (Kilham rat virus) 
H-1 (Toolan's H-1 virus) 
Sendai 

RCV (rat coronavirus) 

11. Results 

Results are presented in Table F1. 
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TABLE F1. MURINE VIRUS ANTIBODY DETERMINATIONS FOR RATS AND MICE IN THE TWO-YEAR 
GAVAGE STUDIES OF MALONALDEHYDE, SODIUM SALT (a) 

Interval (months) 
No. of 

Animals 
Positive Serologic 

Reaction for 

RATS 

6 
12 
18 
24 

MICE 

6 
12 
18 
24 

611 0 
5/10 
3/10 
4/10 

0110 
2/10 
If7 

5/10 

KRV 
KRV 
KRV 
KRV 

None positive 
MVM 
GDVII 
Re0 3 

(a) Blood samples were taken from sentinel animals at 6.12, and 18 months after the start of dosing and from the vehicle control 
animals just before they were killed; samples were sept to Microbiological Associates (Bethesda, MD) for determination of anti- 
body titers. 

173 Malonaldehyde, Sodium Salt, NTP TR 331 

0 0 0 6 0 2  



0 0 0 6 0 3  
Malonaldehyde, Sodium Salt, NTP TR 331 174 



APPENDIX G 

INGREDIENTS, NUTRIENT COMPOSITION, AND 

CONTAMINANT LEVELS IN 

NIH 07 RAT AND MOUSE RATION 

Pelleted Diet= December 1979 to January 1982 
(Manufactured by Zeigier Bros., Inc., Gardners, PA) 

TABLE G1 

TABLE G2 

TABLE C3 

TABLE G4 

INGREDIENTS OF NIH 07 RAT AND MOUSE RATION 

VITAMINS AND MINERALS IN NIH 07 RAT AND MOUSE RATION 

NUTRIENT COMPOSITION OF NIH 07 RAT AND MOUSE RATION 

CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION 
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TABLE G1. INGREDIENTS OF NIH 07 RAT AND MOUSE RATION (a) 

Ingredients (b) Pement by Weight 

Ground X2 yellow shelled corn 
G r o d  hard winter wheat 
Soybean meal (49% protein) 
Firh mad (60% protein) 
Wheat middliage 
Driedskim milk 
Alfalfa meal (dehydrated, 17% protein) 
Corn gluten meal (60% protein) 
soy oil 
Brewer's dried yeast 
Drymolasses 
Dicalcium phosphate 
Ground limestone 
salt 
Premixes (vitamin and mineral) 

24.50 
23.00 
12.00 
10.00 
10.00 
5.00 
4.00 
3.00 
2.50 
2.00 
1.50 
1.26 
0.50 
0.50 
0.25 

(a) NCI. 1976; NIH, 1978 
(b) Ingredients ground to paw through a U.S. Standard Screen No. 16 before being mixed 

TABLE GB. VITAMINS AND MINERALS IN NIH 01 RAT AND MOUSE RATION (a) 

-~ 

Amount 

Vitamins 

A 
Ds 
K3 
d-a-Tocopheryl acetate 
Choline 
Folic acid 
Niacin 
&Pantothenic acid 
Riboflavin 
Thiamine 
Bit! 
Sridoxine 
Biotin 

Minerals 

Iron 
Manganese 
Zinc 
Copper 
Iodine 
Cobalt 

S,soO,000 IU 
4,600,000 IU 

2.0 g 
20,000 I U  

660.0 g 
2.2 g 

30.0 g 
18.0 g 
3.4 g 

10.0 g 
4,000 pg 

1.7 g 
140.0 mg 

120.0 g 
60.0 g 
16.0 g 
4.0 g 
1.4 g 
0.4 g 

Stabilized vitamin A palmitate or acetate 
D-activated animal sterol 
Menadione activity 

Choline chloride 

d-Calcium pantothenate 

Thiamine mononitrate 

F'yridoxine hydrochloride 
d-Biotin 

Iron sulfate 
Manganous oxide 
Zinc oxide 
Copper sulfate 
Calcium iodate 
Cobalt carbonate 

(a) Per ton (2,000 Ib) of finished product 

Malonaldehyde, Sodium Salt, NTP TR 331 176 



TABLE G3. NUTRIENT COMPOSITION OF NIH 07 RAT AND MOUSE RATION (a) 

Nutrients 
Mean f Standard 

Deviation Range No. of Samples 

Crude protein (percent by weight) 
Crude fat (percent by weight) 
Crude fiber (percent by weight) 
Aah (percent by weight) 

Amino Acids (percent of total diet) 

24.29 f 0.81 
4.81 f 0.38 
3.31 f 0.50 
6.76 f 0.44 

Arginine 1.260 
Cystine 0.395 
Glycine 1.175 
Histidine 0.563 
Isoleucine 0.908 
Leucine 1.906 
Lysine 1.260 
Methionine 0.310 
Phenylalanine 0.967 
Threonine 0.834 
Tryptophan 0.175 
Tyrosine 0.587 
Valine 1.085 

Essential Fatty Acids (percent of total diet) 

Linoleic 2.37 
Linolenic 0.308 
Arachidonic 0.008 

Vitamin 
Vitamin A (IUlkg) 
Vitamin D (IU/kg) 
a-Tocopherol (ppm) 
Thiamine (ppm)(b) 
Riboflavin (ppm) 
Niacin (ppm) 
Pantothenic acid (ppm) 
Pyridoxine (ppm) 
Folic acid (ppm) 
Biotin (ppm) 
Vitamin B,, (ppb) 
Choline (ppm) 

Minerals 

Calcium (percent) 
Phosphorus (percent) 
Potassium (percent) 
Chloride (percent) 
Sodium (percent) 
Magnesium (percent) 
Sulfur (percent) 
Iron (ppm) 
Manganese (ppm) 
Zinc (ppm) 
Copper (ppm) 
Iodine (ppm) 
Chromium (ppm) 
Cobalt (ppm) 

10.192 f 2.534 
6,300 
37.6 

16.2 f 4.5 
6.9 
76 

30.2 
7.2 
2.1 
0.24 
12.8 

3,315 

1.34 f 0.20 
1.01 f 0.08 

0.809 
0.557 
0.304 
0.172 
0.278 
418 
90.8 
56.1 
12.68 
2.58 
1.86 
0.57 

22.7-26.1 
4.1-6.5 

6.83-7.43 
1.4-4.3 

1.21-1.31 
0.39-0.40 
1.15- 1.20 

0.630-0.576 
0.881 -0.934 

1.86-1.96 
1.20-1.30 

0.306-0.3 14 
0.960-0.974 
0.840-0.827 
0.171-0.178 
0.566-0.607 

1.05-1.12 

6,700-17,000 

31 .I-44.0 
7.4-27.0 
6.1-7.4 
65-85 

29.8-30.5 
5.6-8.8 
1.8-2.4 

0.21-0.27 
10.6-15.0 

3200-3.43 0 

0.81- 1.69 
0.82- 1.10 

0.772-0.846 
0.479-0.635 
0.258-0.349 
0.166-0.177 
0.270-0.285 

409-426 
86.0-95.5 
54.2-56.0 
9.65- 15.70 
1.52-3.64 
1.79-1.93 
0.49-0.65 

24 
24 
24 
24 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

24 
1 
2 

23 
2 
2 
2 
2 
2 
2 
2 
2 

24 
24 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

(a) One or two batches of feed analyzed for nutrients reported in this table were manufactured in January and/or April 1983. 
(b) One batch (7/22/81) WM not analyzed for thiamine. 
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TABLE GI. CONTAMINANT LEVELS IN NM 01 RAT AND MOUSE RATION 

Contaminanta 
Mean * Standard 

Deviation Range No. of Samples 

Arsenic (ppm) 
Cadmium (ppm) (a) 
Lead (ppm) 
Mercury (ppm) (b) 
Selenium (ppm) 

AflatOIiM (ppb) @.c) 

Nitrate nitrogen (ppm) ( d d  
Nitrite nitrogen (ppm) (d,e) 
BHA (ppm) (fa) 
BHT (ppm) (0 

Aerobic plate count (CFU/g) (h) 
Aerobic plate count (CFU/g) (i) 
Coliform (MPN/g) (1) 
Coliform (MPN/g) (k) 
E. coli (MPNlg) (1) 

Total nitrosamines (ppb) (qn) 
Total nitrosamines (ppb) (m.0) 
N-Nitrodimethylamine (ppb) (m,d 
N-Nitrosodimethylamine (ppb) h . 0 )  
N-Nitrosopyrrolidine (ppb) 

Pesticides (ppm) 

a-BHC (b.p) 
&BHC (b) 
y-BHC-Lindane (b) 
&BHC 01) 
Heptachlor (b) 
Aldrin (b) 
Heptachlor epoxide (b) 
DDE (b) 
DDD (b) 
DDT (b) 
HCB (b) 
Mirex (b) 
Methoxychlor (q) 
Dieldrin (b) 
Endrin (b) 
Telodrin (b) 
Chlordane (b) 
Toxaphene (b) 
Estimated PCBS (b) 
Ronnel (b) 
Ethion (b) 
Trithion (b) 
Diazinon (9) 
Methyl parathion tb) 
Ethyl parathion (b) 
Malathion (r) 
Endosulfan I (b) 
Endosulfan II (b) 
Endosulfan sulfate (b) 

0.39 f 0.23 
0.11 f 0.07 
0.91 f 0.51 

< 0.06 
0.29 f 0.09 

< 10 

7.00 f 3.70 
1.46 f 1.02 
3.83 f 3.88 
2.97 f 1.74 

48,786 f 32,701 
70,970 f 81,410 

39 f 67 
270 f 580 

<3 

7.63 f 6.67 
29.77 f 64.69 
5.81 f 6.30 

27.79 f 64.31 
1.44 2 0.89 

co.01 
c0.02 
co.01 
co.01 
co.01 
<0.01 
eo.01 
<0.01 
CO.01 
<0.01 
eo.01 
eo.01 
eo.05 
CO.01 
<0.01 
<0.01 
<0.06 
<0.1 
c0.2 
co.01 
C0.02 
<0.06 
<0.1 
<0.02 
< 0.02 

0.10 f 0.07 
<O.Ol 
co.01 
<0.03 
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<0.06-1.06 
<0.06-0.40 

0.50-2.66 

0.10-0.62 

<10-<5 

<0.1-13.0 
CO.1-4.0 

< 0.2-13 .O 
0.8-7.6 

6,600-1 20,000 
S,M)0-320,000 

C3-240 
<3-2,400 

2.2-24.5 
2.2-273 
1.1-20.0 
1.1-272 
0.5-3.5 

0.09(8/26/81) 

0.2 (4/27/81) 

< 0.05-0.27 

24 
24 
24 
24 
24 

24 

24 
24 
24 
24 

22 
24 
20 
24 
24 

21 
24 
21 
24 
24 

24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 



TABLE GI. CONTAMINANT LEVELS IN M H  07 RAT AND MOUSE RATION (Continued) 

(a) Three batchescontained more than 0.1 ppm. 
(b) All valuer were less than the detection limit, given in the table as the mean. 
(c) The detection limit was reduced from 10 ppb to 5 ppb after 7/81. 
(d) Source of contamination: alfalfa, grains, and fish meal 
(e) Two batches contained less than 0.1 ppm. 
(fMource of  eontamination: soy oil and fuh meal 
(g) Six batchescontained less than 0.5 ppm. 
(h) CFU=colony forming unite, mean, standard deviation, and range exclude two extreme values (300,000 and 320,000) 
obtained for batches produced on 12/21/79 and 2/26/00. 
(i) Mean, standard deviation, and range include the two extreme values given in footnote (h). 
(1) Mean, rtandard deviation, and range exclude four very high values in the range of 1,100-2,400 obtained for batches produced 
on 2/U80,2nBlBo, 6/29/80, and 12/16/80. 
(k) Mean, standard deviation. and range include the very high values listed in footnote cj). 
(1) MPN=most probable number; all values were less than 3 MPN/g. 
(m)All values were corrected for percent recovery. 
(n) Mean, standard deviation, and range exclude three very high values in the range of 115-280 ppb obtained for batches 
producedon 1/26/81,2123/81 and4/27/81. 
(0) Mean, standard deviation, and range include the very high values given in footnote (n). 
(p) BHC =I hexachlorocyclohexane or benzene hexachloride 
(q) One observation was above the detection limit. The value and the date it was obtained are listed under the range. 
(r) Ni batches contained more than 0.05 ppm. 
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APPENDIX H. AUDIT SUMMARY 

The experimental data, documents, pathology materials, and draft Technical Report for the 2-year 
toxicOlogy and carcinogenesis studies of malonaldehyde, sodium salt, in rats and mice were audited 
for accuracy, consistency, and completeness. Animal exposures for the 2-year studies began in Febru- 
ary 1980. The laboratory experiments were conducted for the NTP by Battelle Columbus Labora- 
tories (Columbus, Ohio) under a subcontract with Tracor J ib ,  Inc. The retrospective audit was con- 
ducted at the NTP Archives in May 1986 by Program Resources, Inc., William L. Oller, Ph.D., Prin- 
cipal Investigator. The other individuals who conducted the audit are listed in the full report that is 
on file at the NIEHS. 

The audit included, as minimum requirements, a review of: 

All records concerning animal receipt, quarantine, randomization, and disposition prior to 
study start. 
All chemistry records. 
Body weight and clinical observation data for a random 10% sample of the study animals. 
Ten percent random sample of the dose preparation records. 
All inlife records concerning environmental conditions, palpable masses, mortality, and ani- 
mal identification. 
All postmortem records for individual animals concerning identification, disposition codes, 
condition codes, and correlation between gross observations and microscopic diagnoses. 
Wet tissues from a random 10% sample of the study animals to verify animal identification 
and to examine for untrimmed potential lesions. 
Slides and blocks of tissues from all vehicle control and high dose animals to examine for 
proper match and inventory. 
Tabulated pathology diagnoses for a random 10% of study animals to verify computer data 
entry. 

Review of the inlife data revealed no discrepancies or problems that would influence the validity of 
the studies. The number of masses (10 in the rat and 9 in the mouse studies) that were observed clin- 
ically but did not correlate with necropsy findings was small. The review of analytical chemistry data 
revealed no discrepancies. Review of the pathology documents resulted in a change of the disposition 
code for one rat and eight mice from natural death or moribund kill to accidental death because of ga- 
vage trauma. Review of the pathology specimens revealed no discrepancies that would influence in- 
terpretation of the study results. 

The minor discrepancies identified in this audit were adequately resolved or were considered not to 
affect the interpretation of these studies of malonaldehyde, sodium salt. Thus, the records and speci- 
mens examined in the audit support the data and results presented in the NTP Technical Report. 

*U.S. Gorernr.mt Print ing  Office : 1988 - 241-221/80379  
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NATIONAL TOXICOLOGY PROGRAM TECHNICAL REPORTS 
PRINTED AS OF JULY 1988 

. "  TR No. CHEMICAL 

20 1 
206 
207 

209 
210 
211 
212 
213 
214 
215 
216 
217 
219 
220 
221 
222 
223 
224 
225 
226 
227 
229 
230 
23 1 
233 
234 
235 
236 
238 
239 
240 
242 
244 
245 
247 
248 
249 
250 
251 
252 
253 
255 
257 
259 
26 1 
263 
267 
269 
271 
272 
273 
274 

208 

2,3.7,8-Tetrachlorod1benzo-p-dioxin (Dermal) 
Dibromochloropropane 
C ytembena 
FD & C Yellow No. 6 
2,3,7,8-Tetrachlorodibenzo-p-dioxin (Gavage) 
1.2-Dibromoethane (Inhalation) 
C.I. Acid Orange 10 
Di(2-ethylheiyl)adipate 
Butylbenzyl Phthalate 
Caprolactam 
Bisphenol A 
11-Aminoundecanoic Acid 
Di(2-ethylheuy1)phthalate 
2.6-Dichloro-p phenylenediamine 
C.I. Acid Red 14 
Locust Bean Gum 
C I. Disperse Yellow 3 
Eugenol 
Tara Gum 
D & C  Red No. 9 
C.I.Solvent Yellow 14 
Gum Arabic 
Guar Gum 
Agar 
Stannous Chloride 
2-Biphenylnmine Hydrochloride 
Allyl Isothiocyanate 
Zearalenone 
D-Mannitol 
Ziram 
Bist2 chloro- 1-methylethy1)ether 
Propyl Gallate 
Diallyl Phthalate (Mice) 
Polybrominated Biphenyl Mixture 
Melamine 
L-Ascorbic Acid 
4,4'-Methylenedianiline Dihydroc hloride 
Amosite Asbestos 
Benzyl Acetate 
Toluene Dusocyanate 
Geranyl Acetate 
Allyl Isovalerate 
1.2-Dichlorobenzene 
Diglycidyl Resorcinol Ether 
Ethyl Acrylate 
Chlorobenzene 
1.2-Dichloropropane 
Propylene Oxide 
Telone 110 
HC Blue No 1 
Propylene 
Trichloroethylene (Four strains of rats)  
Tris(2-ethy1hexyl)phosphate 

TR No. CHEMICAL 

275 
276 
281 
282 
284 
285 
287 
288 
2R9 
291 
293 
294 
295 
296 

298 
299 
300 
301 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
332 
333 
334 
336 
337 
339 

2-Chloroethanol 
8-Hydroxyquinoline 
H.C. Red No. 3 
Chlorodibromomethane 
Diallylphthalate (Rats! 
C.I. Basic Red 9 Monohydrochlorrde 
Dimethyl Hydrogen Phosphite 
1 -3-Butadiene 
Benzene 
Isophorone 
HC Blue No 2 
Chlorinated Trisodium Phosphate 
Chrysotile Asbestos r Rats) 
Tetrakis(hydr0xymethy )phosphonium Sulfate and 

Tetrakisc hydror ymethy Iphosp honium Chloride 
Dimethyl Morpholinophosphoramidate 
C I Disperse Blue 1 
3-Chloro-2-methylpropene 
o-Phenylphenol 
4-Vinylcycloheuene 
Chlorendic Acid 
Chlorinated Paraffins (C?,, 43% chlorine) 
Dichloromethane 
Ephedrine Sulfate 
Chlorinated Paraffins (C12. 60% chlorine) 
Decabrornodiphenyl Oxide 
Marine Diesel Fuel and JP-5 Navy Fuel 
Tetrachloroethylene I Inhalation) 
n-Butyl Chloride 
Methyl Methacrylate 
Oxytetracycline Hydrochloride 
1-Chloro-2 rnethylpropene 
Chlorpheniramine Maleate 
Ampicillin Trihydrate 
1 .4-Dichlorobenzene 
Rotenone 
Bromodichlorome thane 
Phenylephrine Hydrochloride 
Dimethyl Methylphosphonate 
Boric Acid 
Pentachloronitrobenzene 
Ethylene Oxide 
Xylenes (Mixed) 
Methyl Carbamate 
1.2-Epouybutane 

Mercaptobenzothiazole 
.VV-Phenyl-2-nap hthylamine 
2-Amino-5-nitrophenol 
Penicillin VK 
Nitrofurazone 
2-Amino-4-nitrophenol 

4 Hexylresorcinol 

These NTP Technical Reports are available for sale from the National Technical Information Service, U S. Department of 
Commerce, 5285 Port Royal Road, Springfield. VA 22161 (703-387-4650). Single copies of this Technical Report are avail- 
able without charge land while supplies last) from the NTP Public Information Office, Sational Toxicology Program, P 0. 
Box 12233, Research Triangle Park, NC 27709. 
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GR I ll11111 I11111 II 111 
Carcinogens Listed in the Eleventh Report 
Part A. Known to be Human Carcinogens. 

Name or synonym 

Aflatoxins 8 
Alcoholic Beverage Consumption 10 
4-Aminobiphenyl 13 
Analgesic Mixtures Containing Phenacetin (See Phenacetin and Analgesic Mixtures Containing Phenacetin) 21 2 
Arsenic Compounds, Inorganic 18 
Asbestos 21 
Azathioprine 25 
Benzene 26 
Benzidine (See Benzidine and Dyes Metabolized to Benzidine) 28 
Beryllium and Beryllium Compounds 32 
1.3-Butadiene 37 
1 ,443utanediol Dimethanesulfonate (Myleran@) 39 
Cadmium and Cadmium Compounds 42 
Chlorambucil 47 
1 -(2-Chloroethyl)-3-(4-methylcyclohexyl)-l -nitrosourea (MeCCNU) 53 
bis(Chloromethy1) Ether and Technical-Grade Chloromethyl Methyl Ether 56 
Chromium Hexavalent Compounds 63 
Coal Tar Pitches (See Coal Tars and Coal Tar Pitches) 68 
Coal Tars (See Coal Tars and Coal Tar Pitches) 68 
Coke Oven Emissions 71 

Page No 111- 

Cyclophosphamide 74 
Cyclosporin A 75 
Diethylstilbestrol 98 
Dyes Metabolized to Benzidine (See Benzidine and Dyes Metabolized to Benzidine) 29 
Environmental Tobacco Smoke (See Tobacco Related Exposures) 251 
Erionite 114 
Estrogens, Steroidal 115 
Ethylene Oxide 118 
Hepatitis B Virus 131 
Hepatitis C Virus 133 
Human Papillomas Viruses: Some Genital-Mucosal Types 142 
Melphalan 164 
Methoxsalen with Ultraviolet A Therapy (PUVA) 165 
Mineral Oils (Untreated and Mildly Treated) 174 
Mustard Gas 176 
2-Naphthylamine 179 
Neutrons (See Ionizing Radiation) 150 

181 
Radon (See Ionizing Radiation) 152 
Silica, Crystalline (Respirable Size) 231 
Smokeless Tobacco (See Tobacco Related Exposures) 253 
Solar Radiation (See Ultraviolet Radiation Related Exposures) 266 
soots 233 
Strong Inorganic Acid Mists Containing Sulfuric Acid 234 
Sunlamps or Sunbeds. Exposure to (See Ultraviolet Radiation Related Exposures) 266 
Tamoxifen 239 
2.3.7.8-Tetrachlorodibenzo-pdioxin (TCDD). "Dioxin" 241 
Thiotepa 249 
Thorium Dioxide (See Ionizing Radiation) 154 
Tobacco Smoking (See Tobacco Related Exposures) 255 
Vinyl Chloride 272 
Ultraviolet Radiation, Broad Spectrum UV Radiation (See Ultraviolet Radiation Related Exposures) 266 
Wood Dust 276 
X-Radiation and Gamma Radiation (See Ionizing Radiation) 147 

Bold entries indicate new or changed listing in The Report on Carcinogens, Eleventh Edition. 

Nickel Compounds (See Nickel Compounds and Metallic Nickel) 
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DETERMINATION OF THE ACUTE OR4t TOXICITY OF PROPANE-I,3-DIOL IN RATS 

A t  t h e  request  o:? : Degussa, 

Frankfurt, W. Germany 

Test material : A I 1 sample of the t e s t  substance was received 

Test animals 

fran the p r inc ipa l  on the  J s t  hay, 1979. It was 
. a colourless l i qu id  designated propane-] &diol. 

Young adul t  albino rats (Wistar-derived) from the  

I n s t i t u t e ' s  colony w e r e  used. The body weights of 

males varied from 206 t o  292 g, those o f  females 

from 102 t o  139 g. 

The rats were housed in groups of f i v e  i n  screen- 

bottomed, s t a i n l e s s  s t e e l  cages i n  a well-ventilated 

room, maintained a t  22 - 2 L . ' C ,  

Before dosing the rats were f a s t ed  overnight. 

Experimental design : After some preliminary observations t h e ' t e s t  sub- 

stance was given undiluted by gavage t o  groups of 

f i v e  males and f i v e  females i n  s ing le  doses of 9.0, 

10.8, 13.0, 15.6 or 18.7 m l  per kg body weight. 

After treatment the rats received stock d i e t  and 

t a p  water ad libitum. They were observed f o r  s igns 

of intoxicat ion during a 14 day period, a f t e r  which 

autopsies were carried out on the survivors. The LD50 

vas calculated according t o  the method of Weil 

(Biometrics - 8 ( 1  952) 249-263). 

R e  su 1 ts : Within a few hours after dosing the  ra ts  showed 

s l ~ g g i s h n e s s ,  sedation and ataxia. Unconsciousness 

was frequently observed and preceeded death. Most 

of the  deaths occurred between 8 and 23 hours after 

treatment. 
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One female died on the 4th and one male on the 7 t h  

’ pos t-treatment day. 
After 7 days the survivors recovered gradually and 
looked quite healthy again at the end of the obser- 
.vation period. Macroscopic examination of the SUT- 

vivors d i d  not reveal any treatment-related gross 
alterations. 
The doses applied and the mortality figures are 
shown in the following table. 

. 

__ 

Mort a1 it y 

. number 
males females 

x 

9.0 

10.8 

13.0 
15.6 
18.7 

o/s 0/5 0- 

o/s 1 /5 10 

2/5 o/s 20 
3/5 2/5 50 
s / 5  5/5 100 

CIVOlRJO 
12-06-79/RV 

From the mortality figures the LD50 of propane-1,3- 
diol was calculated to be 14.9 ml per kg body weight 
with 13.7 and 16.3 as the 95 X confidence Limits. 
Therefore, the material can be classified as prac- 
tically am-toxic. 

CIVO - TNO 

Dr. d.b. T i l  M.Th. Spanjers 
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Test Report CCR Project 476902 

PREFACE 

GENERAL 

Sponsor: 

Study Monitor: 

Testing Facility: 

CCR Project No. : 

Test Article: 

Title: 

Initiative Urnweltrelevante 
Altstoffe e.V. 
Kennedyallee 93 
60596 Frankfurt 

Dr. Mayr 
DEGUSSA AG 
Industrielle Toxikologie 
Zweigniederlassung Wolfgang 
63403 Hanau-Wolfgang 

C C R  
CYTOTEST CELL RESEARCH GMBH & CO. KG 
D-64380 RoAdorf 

476902 

l13-Propanediol 

Chromosome Aberration Assay in 
Chinese Hamster V79 Cells in v i t r o  
with l13-Propanediol 

PROJECT STAFF 

Management: Markus Arenz 
Study Director: Dr. Wolfgang Volkner 
Head of Quality 
Assurance Unit 
until August 14, 1994: Dr. Christiane Helmrich 
since August 15, 1994: Frauke Hermann 

SCHEDULE 

Date of Protocol : July 06, 1994 

Dates of Amendments to Protocol: 
1 s t Amendment : August 12, 1994 
2nd Amendment: December 10, 1994 

Start of Pre-Test: July 14, 1994 

Start of Experiment: August 17, 1994 
End of Experiment: October 04, 1994 

Date of Draft: November 17, 1994 

Date of Report: December 13, 1994 
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~~ 

PROJECT STAFF SIGNATURES 

Study Director: Dr. Wolfgang Volkner 

Date: December 13, 1994 

Management: Markus Arenz 

I 

QUALI'I'Y ASSURANCE 

The study was performed in compliance with: 

"Chemikaliengesetz ("Chemicals Act") of the Federal Republic of 
Germany, Anlage 1 ("Annex l"), dated August 01, 1994 (BGB1. I 
1994 S. 1703)." 

"The OECD Principles of Good Laboratory Practice", Paris 1981. 

GUIDELINES 

This study was conducted according to the procedures indicated 
by the following internationally accepted guidelines and recom- 
mendations: 

First Addendum to the OECD Guideline for Testing of Chemicals, 
Section 4, No. .473, adopted May 2 6 ,  1983, in vitro Mammalian 
Cytogenetic Test" 

EEC Directive 92/69, L 383 A ,  Annex V, €3 10, dated December 29, 
1992. 
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ARCHIVING 

C C R will archive the following data for 30 years: 

raw data, protocol and copy of report. 

The following specimen and samples will be archived for at least 
12 years: 

sample of test article, microscopic slides. 

No raw data or material relating to the study will be discarded 
without the sponsor's prior consent. 

0 0 0 6 3 8  
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STATEMENT OF COMPLIANCE 

Project Number: 476902 

Test Article: 1,3-Propanediol 

Study Director: Dr. Wolfgang Valkner 

Title: Chromosome Aberration Assay in 
Chinese Hamster V79 Cells in vi tro 
with 1,3-Propanediol 

This study performed in the testing facility of CCR was conducted 
in compliance with the Good Laboratory Practice Regulations: 

Chemikaliengesetz ( "Chemicals Act" ) of the Federal Republic of 
Germany, Anlage 1 ("Annex l"), dated August 01, 1994 (BGB1. I 
S. 1 7 0 3 ) . "  

"The OECD Principles of Good Laboratory Practice", Paris 1 9 8 1 .  

There were no circumstances that may have affected the quality or 
integrity of the study. 

Study Director C C R  
Dr. Wolfgang Volkner 

ca7 9 12r 

Date : Jec  Lbr-  
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QUALITY ASSURANCE UNIT 

C C R ,  Cytotest Cell Research GmbH & Co KG, 
In den Leppsteinswiesen 19, D-64380 RoRdorf 

STAT- 

Project Number: 476902 

Test Article: 1,3-Propanediol 

Study Director: Dr. Wolfgang VSlkner 

Title: Chromosome Aberration Assay in 
Chinese Hamster V79 Cells in v i t ro  
with 1,3-Propanediol 

This report was audited by the Quality Assurance Unit and the 
conduct of this study was inspected on the following dates. 

Phases and Dates of QAU 
Inspections / Audits 

Dates of Reports to the Study 
Director and to Management 

Protocol Audit: July 06, 1994 Ju'ly 06, 1994 
Process Inspection: August 29,  1994 August 29, 1994 
Draft Audit: November 29, 1994 November 29, 1994 

Head of 
Qua 1 i ty Assurance Unit 

0 8 0 6 4 8  
ca7 9 12r 

Frauke Hermann 

page 8 of 32 

(b) (6)



Test Report CCR Project 476902 

SUMMARY 

The test article 1,3-Propanediol was assessed for its potentiai 
to induce structural chromosomal aberrations in V79 cells of the 
Chinese hamster in v i t ro  in two independent experiments. 

The chromosomes were prepared 18 h and 28 h (experiment 11) after 
start of treatment with the test article, which was dissolved in 
culture medium. The treatment interval was 4 h with metabolic 
activation, 18 h and 28 h without metabolic activation. In each 
experimental group two parallel cultures were set up. Per culture 
100 metaphases were scored for structural chromosomal aberra- 
tions. 

The following concentrations were evaluated: 

Experiment I 

without S9 mix: with S9 mix: 
18 h: 250; 1000; 2500 pg/ml 18 h: 500; 2500; 5000 pg/ml 

Experiment I1 

without S9 mix: with S9 mix: 
18 h: 375; 1250; 2500 pg/ml 18 h: 2500; 3750; 5000 Mg/ml 
28 h: 1250 pg/ml 28 h: 5000 pg/ml 

The concentration range of the test article had been determined 
in a pre-test using the XTT-test and a qualitative evaluation of 
cell densitiy and morphology as indicator for toxicity response. 
In the absence as well as in the presence of S9 mix no toxic 
effects could be observed up to the maximum recommended concen- 
tration of 5000 pg/ml. 
However, in the cytog.enetic experiments in the absence of meta- 
bolic activation an evaluation was only possible up to concentra- 
tions of 1250 pg/ml (28 h) and 2500 pg/ml, respectively (18 h) 
due to low cell and metaphase numbers combined with poor meta- 
phase quality after administration of higher concentrations. With 
S9 mix test groups treated with 5000 pg/ml were scorable in the 
respective preparation intervals. 
Within the evaluated concentration ranges (with and without S9 
mix) the mitotic indices were not substantially reduced. 

In both independent experiments, there were statistically signif- 
icant and biologically relevant increases in cells with structur- 
al aberrations after treatment with 2500 pg/ml of the test arti- 
cle at fixation intervals 18 h without S9  mix. 
In the presence of S 9  mix no increases of the aberration frequen- 
cies after administration of the test article were observed. 

ca7 91 2r page 9 of 32 
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In both experiments, no increase in the frequencies of polyploid 
metaphases was found after treatment with the test article ,****>” 

conpared to the frequencies of the Contiols. 

Appropriate reference mutagens were used as  positive controls. 
They induced significant increases in cells with structural 
chromosomal aberrations. 

CONCLUSION 

In conclusion, it can be stated that in the study described and 
under the experimental conditions reported, the test article 
induced structural chromosomal aberrations as determined by the 
chromosomal aberration test in the V79 Chinese hamster cell line. 

Therefore, 1,3-Propanediol is considered to be mutagenic in this 
chromosome aberration test. 

0 0 0 6 4 2  
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OBJECTIVE 

AIMS OF TKE STUDY 

This in v i t r o  assay was performed to assess the potential of ths 
test article to induce structural chromosomal aberrations by 
means of two independent chromosomal aberration experiments in 
the Chinese hamster cell line V79. 

REASONS FOR !l?HE STUDY 

In  v i t r o  methods are valuable when it is desirable to accurately . 
control the concentration and exposure time of cells to the test 
article under study. However, due to the limited capacity for 
metabolic activation of potential mutagens an exogenous metabolic 
activation system is necessary. 
This i n  v i t r o  test is an assay f o r  the detection of structural 
chromosomal aberrations. These aberrations are frequently lethal 
to the damaged cells. However, cytogenetic damage in somatic 
cells is an indicator of a potential to induce more subtle chro- 
mosomal damage that is compatible with cell division. Similar 
damage induced in germinal cells may lead to heritable cytogenet- 
ic abnormalities. Heritable cytogenetic abnormalities are known 
to have deleterious effects in man, e . g .  induction of neoplastic 
events or birth defects. Also, chromosome abnormalities in somat- 
ic cells may become one of the reasons, why a transformed cell 
population results possibly leading to neoplastic processes. 

Chromosomal aberrations are generally evaluated in first post 
treatment mitoses. With the majority of chemical mutagens, in- 
duced aberrations are of the chromatid type, but chromosome type 
aberrations also occur. 

For treatment, cells should be in exponential growth to ensure 
that there are cells in all stages of the cell cycle (i.e. an 
asynchronous population). Since the normal cell cycle time is 
12 h (see page 14) and the guidelines require fixation times of 
about 1.5-fold of the normal cell cycle, a fixation time of 
around 18 hours is appropriate. Because there may be chemicals 
which induce very extensive mitotic delay at clastogenic concen- 
trations or may be clastogenic only when cells have passed 
through more than one cell cycle since the beginning of treatment 
in the second experiment an additional later sampling time (28 h) 
should be included. 
A t  fixation time 18 h, a minimum of three doses of the test 
article should be used. The highest dose should cause a signifi- 
cant reduction in mitotic index (by 50 % - 80 % ) ,  the lowest dose 
should be on the borderline of toxicity, and the intermediate 
dose should give some degree of mitotic inhibition. In the addi- 
tional delayed fixetion tine (28 h) in L,.G S ~ C G E ~  experiment the' 
same dose, which induced a suitable degree of mitotic inhibition 
at the earlier fixation time, should be chosen. 
The frequency of polyploid and endoreduplicated cells should also 
be noted so that the level in control cultures can be monitored 
and their induction by the test agent can be recorded especially 
when a late sampling time is used. 
To validate the test, reference mutagens are tested in parallel 
to the test article. 

0 0 0 6 4 3 '  
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MATERIALS AND METHODS 

"HE TEST ARTICLE 

The test article and the infoxmation concerning the test article 
were provided by the sponsor. 

N a m e  : 

Batch No. : 

Aggregate State 
at RT: 

Colour : 

Purity : 

Analysis : 

Moidcular Weight: 

Stability: 

Storage : 

Expiration Date: 

1,3-Propanediol 

EK 33/92-1 

liquid 

colorless 

99.8 % / G C ,  area % 
H20 0.1 % / Karl Fischer titration 

4783/94 dated July 12, 1994 

not indicated by the sponsor 

Pure : stable for years 
In solvent: stable in H20 

room temperature 

July 01, 1996 

On the day of the experiment (immediately before treatment), the 
test article was dissolved in culture medium. The solvent was . 
chosen according to its solubility properties and its non-toxici- 
tY - 

ca7 912r 
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THE CONTROLS 

The Neqative Controls 

Concurrent solvent controls (culture medium) were performed. 

The Positive Control Substances 

Without metabolic activation 

Name : EMS; Ethylmethanesulfonate 
Supplier: Merck-Schuchardt, D-85662 Hohenbrunn 
Catalogue no.: 820774 (purity > 98 % )  
Dissolved in: nutrient medium 
Final Concentration: 6 0 0  pg/ml = 4.8 mM 
Solution prepared on day of experiment. 

The stability of the positive control substance in solution was 
proven by the mutagenic response in the expected range. 

. With metabolic activation 

Name : CPA; Cyclophosphamide 
Supplier: SERVA, D-69042 Heidelberg 
Catalogue no.: 17681 (purity 1 99.5 % )  
Dissolved in: nutrient medium 
Final Concentration: 0 . 4 7  pg/ml = 1.7’pM 

The stability of CPA at room temperature is good. At 25 OC only 
. 3 . 5  % of its potency is lost after 24 +hours (9). 

ca7 912r 
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THE TEST SYSTEM 

Reasons for the Choice of the Cell Line V79 

The V79 cell line has been used successfully for many years in in 
v i t r o  experiments. Especially the high proliferation rate (dou- 
bling time of clone V79/T5 in stock cultures: 12 h, determined on 
March 17, 1994) and a high plating efficiency of untreated cells 
(as a rule more than 5 0  2) both necessary f o r  the appropriate 
performance of the study, recommend the use of this cell line. 
The cells have a stable karyotype with a modal chromosome number 
of 22. 

Lacking metabolic activities of cells under i n  v i t r o  conditions 
are a disadvantage of assays with cell cultures as many chemicals 
only develop mutagenic potential when they are metabolized by the 
mammalian organism. However, metabolic activation of chemicals 
can be achieved at least partially by supplementing the cell 
cultures with liver microsome preparations ( S 9  mix). 

Cell C u l t u r m  

Large stocks of the V79 cell line (supplied by MI?, Technical ~ .* 
University Darmstadt, D-64287 Darmstadt) were stored in liquid 
nitrogen in the cell bank of C C R allowing the repeated use of 
the same cell culture batch in experiments. Before freezing, each 
batch was screened for mycoplasma contamination and checked for 
karyotype stability. Consequently, the parameters of the experi- 
ments remained similar because of the reproducible characteris- 
tics of the cells. 

Thawed stock cultures'were propagated at 37  OC in 8 0  cm2 plastic 
flasks (GREINER, D-72632 Frickenhausen). About 5 x lo5 cells per 
flask were seeded in 15 ml of MEM (minimal essential medium; 
SEROMED; D-12247 Berlin) supplemented with 10 % fetal calf serum 
(FCS; Boehringer Mannheim, D-68261 Mannheim). The cells were sub- 
cultured twice weekly. The cell cultures were incubated at 37 OC 
in an atmosphere with 4.5 % carbon dioxide (95.5 % air). 

0 0 0 6 4 6  
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MAMMALIAN MICROSOMAL FRACTION S9 MIX 

S9 (Prewration bv C C R1 

The S9 liver microsomal fraction was obtained from the livers 
of 8 - 12 weeks old male rats strain Wistar HanIbm* (BRL, CH-4414 
Fiillinsdorf; weight approx. 220 - 320 g) which received a single 
i.p. injection of 500 mg/kg b.w. Aroclor 1254 (Antechnika, D- 
76275 Ettlingen) in olive oil 5 days previously. 

After cervical dislocation the livers of the animals were re- 
moved, washed in 150 mM KC1 and homogenized. The homogenate, 
diluted 1+3 with KC1 was centrifuged twice at 9 .000  g for 10 
minutes ( 4  "C) . A stock of the supernatant containing the micro- 
somes was frozen in ampoules of 2 or 3 ml and stored at - 7 0  OC. 
Small numbers of the ampoules were kept at -20 OC for only sever- 
al weeks before use. The protein content was determined using 
the analysis kit of Bio-Rad Laboratories, D-80939 Munchen: Bio- 
Rad protein assay, Catalogue No. 500 000 6. 

The protein concentration in the S9 preparation is usually be- 
tween 20 and 45 mg/ml. In both experiments the protein concentra- 
tion was 29.3 mg/ml (Lot. No.: 060694). 

s9 Mix 

An appropriate quantity of S 9  supernatant was thawed and mixed 
with S3 cofactor solution to result in a final protein concentra- 
tion of 0.75 mg/ml in the cultures. Cofactors were added to the 
S9 mix to reach the following concentrations: 

8. mM MgC12 
33 mM KC1 

5 mM glucose-6-phosphate 
4 mM NADP 

in 100 mM sodium-ortho-phosphate-buffer, pH 7 . 4 .  

During the experiment the S9 mix was stored in an ice bath. The 
S9 mix preparation was performed according to Ames et al. ( 1 ) .  

ca7912r page 15 of 32 

0 0 0 6 4 7  



Test Report CCR Project 476902 

PRE-TEST FOR TOXICITY 
“0, 

A pre-test was performed in crder to determine t&e toxicity of 
the test article. The general culturing and experimental condi- 
tions in this pre-test were the same as described below for the 
mutagenicity experiment. 

The following two methods were used: 

Qualitative assessment: 

In a qualitative assessment, high density cultures (approx. 
200000 cells/slide) were treated with the test article for simu- 
lating the conditions of the main experiment. A qualitative 
evaluation of cell number and cell morphology was made 4 h and 18 
- 20 h after start of treatment. 
XTT-Assav: 

The XTT-assay is based on the cleavage of the yellow tetrazolium 
salt XTT to form an orange formazan dye by hydrogenase activity 
in active mitochondria. 18 - 20 h after treatment with the test 
article the XTT-assay was initiated by adding a mixture of XTT- 
labeling reagent with an electron coupling reagent (PMS) . After 
reference) using an ELISA reader (SLT, Labinstruments Austria, A- 
5082 Grodig). The viabilities of the cells were calculated as 
percentages of the solvent controls and reported tabularly. 

4 h of incubation the absorption was read at 450  nm (690 nm 4r 

DOSE SELECTION 

According to the results from this pre-test 6 concentrations 
(18 h interval) were chosen to be applied in the chromosomal 
aberration assay. 

The highest concentration used in the pre-test was (5000 pg/ml). 
As no toxic effects were observed up to this concentration the 
cytogenetic experiments were performed with the following concen- 
trations : 

Experiment I 

with and without S9 mix: 
18 h: 100; 250; 500; 1000; 2500; 5000 pg/ml 

0 0 0 6 4 8  
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Experiment I1 

with and without S9 mix: 
18 h: 3 7 5 ;  750; 1250; 2500; 3750; 5000 pg/ml 
28 h: 1250; 2500; 3750; 5000 pg/ml 

The treatment interval was 4 h with metabolic activation, 18 h 
and 28 h without metabolic activation. Per concentration dupli- 
cate cultures were used. 

Toxic effects (low number of remaining/surviving cells, low 
metaphase number, partially combined with poor metaphase quality) 
were determined qualitatively for a l l  test groups in both experi- 
ments. 

In cytogenetic experiment If in the absence of S9 mix cultures 
after treatment with 2500 pg/ml as highest concentration were 
evaluated for cytogenetic damage; in experiment 11, 2500 pg/ml 
(18 h) and 1250 pg/ml as highest concentrations were used. 

In the presence of S9 mix, in both experiments cultures treated 
with 5000 pg/ml (18 and 28 h [exp. 111) as top concentrations 
could be evaluated. 

The cytogenetic evaluation of higher concentrations in the re- 
spective intervals without S 9  mix was impossible due to toxic 
effects (reduced cell density and low metaphase number, partially 
combined with poor metaphase quality). 

ca7 912r 
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EXPWIMEETTAL PERFORMANCE 

Seedinu of the Cultures 

Zxponentially growing stock cultures more than 50 % confluent 
were trypsinized at 3 7  OC for approximately 5 minutes. Then the 
enzymatic digestion was stopped by adding complete culture medium 
and a single cell suspension was prepared. The trypsin concen- 
tration was 0.2 % in Ca-Mg-free salt solution (Trypsin: Difco 
Laboratories, Detroit, U S A ) .  

The Ca-Mg-free salt solution was composed as follows (per 
litre) : 

NaCl 8000 mg 
KC 1 400 mg 
Glucose 1000 mg 
NaHC03 350 mg 

Prior to the trypsin treatment the cells were rinsed with Ca-Mg- 
free salt solution containing 200 mg/l EDTA (Ethylene diamine 
tetraacetic acid). 

The cells were seeaed into Quadriperm dishes (Heraeus, D-63450 
. Hanau) which contained microscopic slides (at least 2 chambers 

were seeded with regard to preparation time. The medium was MEM + 
10 % FCS (complete medium). 

per dish and test group). In each chamber 1 x lo4 - 6 x lo4 cells 'r$ 

Treatment 

Exposure time 4 hours (with S 9  mix): 

' In both independent experiments, after 48 h (28 h preparation 
' 

interval) and 55 h (18 h preparation interval) the culture medium 
was replaced'with serum-free medium containing different concen- 
trations of the test article and 50 pl/ml S9 mix. 

After 4 h the cultures were washed twice with "Saline G" and then 
the cells were cultured in complete medium for the remaining 
culture time. 

ca7912r 
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The "Saline G" solution is composed as follows (per litre): 

NaCl 8000 mg 
KC 1 400 mg 
Glucose 1100 mg 
Na2HP04.7H20 290 mg 
KH2p04 150 mg 
pH is adjusted to 7.2 

Exposure time 18 and 28 hours (without S9  mix): 

In both independent experiments, after 48 h (28 h preparation 
interval) and 55 h (18 h preparation interval) the culture medium 
was replaced with complete medium (10 % FCS) containing different 
concentrations of the test article without S9 mix. This medium 
was not changed until preparation of the cells. 

All cultures were incubated at 37 OC in a humidified atmosphere 
with 4 . 5  % C02 (95.5 % air). 

PreDaration of the Cultures 

15.5 and 25.5 h after. the start of the treatment colcemid was 
added (0.2 jig/ml culture medium) to the cultures. 2.5 h later, 
the cells were treated on the slides in the chambers with hypo- 
tonic solution (0.4 % K C 1 )  for 20 min at 37 OC. After incubation 
in the hypotonic solution the cells were fixed with 3 + 1 metha- 
nol + glacial acetic acid. Per experiment both slides per group 
were prepared. After fixation the cells were stained with Giemsa 
(E. Merck, D-64293 Darmstadt). 

Analysis of Metaphase Cells 

Evaluation of the cultures was performed (according to standard 
protocol of the "Arbeitsgruppe der Industrie, Cytogenetik" ( 4 ) )  
using NIKON microscopes with lOOx oil immersion objectives. 
Breaks, fragments, deletions, exchanges and chromosomal disinte- 
grations were recorded as structural chromosomal aberrations. 
Gaps were recorded as well but not included in the calculation of 
the aberratim rstes. At l e a s t  103 --- I*F1l spread metaphases per 
culture were scored for cytogenetic damage on coded slides. Only 
metaphases with characteristic chromosome numbers of 22 k 1 were 
included in the analysis. To describe a cytotoxic effect the 
mitotic index ( %  cells in mitosis) was determined. In addition, 
the number of polyploid cells was scored ( %  polyploid metaphases; 
in the case of this aneuploid cell line polyploid means a near 
tetraploid karyotype ) . 
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DATA RECORDING 
. 9, 

The dsta generated were recorded in the raw data file.. The re- 
sults are presented in tabular form, including experimental 
groups with the test article, negative and positive controls. 

ACCEPTABILITY OF THE ASSAY 

The chromosomal aberration assay is considered acceptable if it 
meets the following criteria: 

a )  The number of aberrations found in the negative and/or solvent 
controls falls within the range of historical laboratory 
control data: 0.00  % - 4 . 0 0  8 .  

b) The positive control substances should produce significant 
increases of the number of cells with structural chromosomal 
aberrations. 

EVALUATION OF RESULTS 

A test 'article is classified as mutagenic if it induces reproduc- 
ibly either a concentration-related increase in the number of 
structural chromosomal aberrations or a significant and repro- 
ducible positive response for at least one of the test points. 

"?eh 

A test article producing reproducibly neither a concentration- 
related increase in the number of structural chromosomal aberra- 
tions nor a significant and reproducibly positive response at 
anyone ,of the test points is considered non-mutagenic in this 
sys tern.. 

This can be confirmed by means of the chi-square test. 

However, both biological and statistical significance should be 
considered together. 

ca7 9 12r 
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BI 0 M ETRY 

Statistical significance at the five per cent level (p c 0 . 0 5 )  
was evaluated by means of the chi-square test. Evaluation was 
performed only for cells carrying aberrations exclusive gaps. 

Experiment I 

Solvent control fixation 
versus in t erva 1 

Test group 250 pg/ml 18 h 
1000 pg/ml 18 h 
2500 pg/ml 18 h 

500 pg/ml 18 h 
2500 pg/ml 18 h 
5000 pg/ml 18 h 

It 

8 

#I 

0 

Negative control 
versus 

Positive controls 

EMS 600 pg/ml 18 h 
CPA 0.47 pg/ml 18 h 

S9 mix p-va 1 u e 

- n . t .  - ' n.t. 

+ n.t. 
- 0.01 > p > 0.001* 

+ 0.9 > p > 0.1 
+ 0.9 > p > 0.1 

- 0.001 > p > o*  
+ 0.001 > p > o*  

Experiment I I 

Solvent control fixation S9 mix p-value 
versus interva 1 

Test group 375 pg/ml 18 h - n.t. 
1250 pg/ml 18 h - n.t. ,I 

2500 pg/ml 18 h - 0.001 > p > o *  
2500 pg/ml 18 h + 0.9 > p > 0 . 1  
3750 pg/ml I8 h + 0.9 > p > 0.1 I, 

1s 5000 pg/ml 18 h + n.t. 

1250 pg/ml 28 h - .  n.t. 
1, 5000 c l g / m l  28 h + 0.9 > p > 0.1 

Negative control 
versus 

Positive controls 

EKS 509  ;;g/al 18 h - 3.co: > p > v̂' ' 

CPA 0.47 pg/ml 18 h + 0.001 > p > o *  

n.t. = not tested as the aberration rate is equal or lower than 

* 
the control rate 

= aberration rate is statistically significantly higher than 
the control rate 

0 0 0 6 5 3  
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RESULTS 

TABLES OF RESULTS 

Table &tbl&: Pre-test for toxicitv 

In the pre-test the toxicity of the test article was examined 
using the XTT-assay which is based on the cleavage of the yellow 
tetrazolium salt XTT to form an orange formazan dye by hydrogena- 
se activity in active mitochondria. 
Cytotoxicity of 
cell line V79. 

concentration 

per ml 

blank 
negative control 
solvent control 
culture medium 

10.0 pg 

100.0 pg 

1000.0 pg 

30.0 pg 

300.0 pg 
600.0 pg 

2500.0 pg 
5000.0 pg 

blank 
negative control 
solvent control 
culture medium 

10.0 pg 

100.0 pg 

1000.0 pg * 

30.0 pg . 

300.0 pg 
600.0 pg 

5000.0 pg 
2500.0 pg . 

* corrected for 

1,3-Propanediol to cultures of Chinese hamster 

blank 

ABBREVIATIONS 

The following abbreviations 
a1 chromosomal aberrations: 

XTT-absorption 

(OD 450/690 MI) 
( mean f SD ) 

0.168 f 0.007 
1.351 2 0.104 

1.386 f 0.081 
1.306 f 0.120 
1.412 f 0.089 
1.500 f 0.095 
1.501 f 0.104 
1.470 2 0.079 
1.581 f 0.097 
1.371 f 0.122 
1.589 i 0.096 

0.162 f 0.012 
1.391 f 0.087 

1.372 f 0.083 
1.494 k 0.081 
1.505 f 0.102 
1.543 f 0.145 
1.513 f 0.130 
1.576 i 0.147 
1.621 f 0.224 
1.551 ? 0.118 
1.489 * 0.173 

percentage of 
viable cells* 
relative to the 
solvent control 

97.1 

100.0 
93.4 
102.1 
109.4 
109.4 
106.9 
116.0 
115.2 
11'6. 7 

101.6 

100.0 
110.1 
111.0 
114.1 
111.7 
116.9 
120.6 
114.8 
109.7 

are used in the tables with structur- 

9 = gap; Fg = isc-ma =+; gaps are achroiiiatic lesions of chromatid 
or chromosome type where no dislocation of chromosomal material 
is visible (independent of the size of the achromatic region). 
b = break; ib = iso-break; f = fragment; if = iso-fragment; d 
= deletion; id = iso-deletion; ma = multiple aberratioil ( =  more 
than 4 events in one cell [excluding gaps]; only exchanges are 
recorded additionally in these cells); ex = chromatid type ex- 
change; cx = chromosome type exchange; cd = chromosomal disinte- 
gration ( =  pulverization) 

CR 

ca7 9 12r page 22 of 32 

0 0 0 6 5 4  



. .  
0 Experiment I 
D, 
4 
Io Table 2: Number of Polyploid Cells and Mitotic Index 

conc. S9 fixation 
per ml m i x  interval 

So 1 vent contro 1 MEDIUM - 18 h 
Positive control EMS 600.0 pg - 18 h 
Test article 250.0 - 18 h 

1000.0 pg - 18 h 
2500.0 pg - 18 h 

II 

II 

h) 
h) 
Y 

polyploid cells* 
culture total mean 
1 2 

2 4 6 3.0 
2 1 3 1.5 
3 1 4 2.0 
3 3 6 3.0 
4 3 7 3.5 

- .  
experiment I; fixation interval 18 h ;  without and with metabolic activation 

Solvent control MEDIUM t 18 h 

Test article 500.0 pg + 18 h 
2500.0 pg + 18 h 
5000.0 pg + 18 h 

Pos i ti ve contro 1 CPA 0.47 pg + 18 h 

II 

I1 

4 2 6 3.0 
3 1 4 2.0 
2 4 6 3.0 
0 3 3 1.5 
4 1 5 2.5 

mitotic index (%)** 
cu 1 ture abs. rel.*** 
1 2 

14.2 16.4 15.3 100.0 
14.3 14.7 14.5 94.8 
15.3 11.4 13.4 87.3 
13.6 11.2 12.4 81.0 
13.9 9.0 11.5 74.8 

14.1 14.5 14.3 100.0 
11.3 11.0 11.2 78.0 
16.4 14.4 15.4 107.7 
16.4 14.3 15.4 107.3 
17.3 17.6 17.5 122.0 

* The number of polyploid cells was determined in 100 cells per culture of each test group. 
** The mitotic index was determined in 1000. cells per culture of each test group. 
*** For the positive control groups, the relative values of the mitotic index are related'to the negative 

controls; for the test article treatment groups the values are related to the solvent controls 



Table 3: Structural chromosomal aberrations 
8 - 4  

conc. S9 cells mean % aberrant Cells 
per ml mix scored incl . excl. exchan- 

gaps gaps ges 

iolvent - cultl. 1 100 
:ontro 1 cult. 2 100 
IEDIUM -total- 200 1.5 1.0 0.0 

'ositive 600.0 pg - cult. 1 100 
:ontro 1 c u l t .  2 100 

'est 250.0 p,g - Cult. 1 100 
irt ic le cult. 2 100 

-total- 200 1.5 1.0 0 . 0  

1000.0 pg - cult. 1 100 
cult. 2 100 
-total- 200 1.5 1.0 0 . 5  

c u l t .  2 100 
-total- 200 9.5 7.0 1.0 

:MS -total- '200 25;O 17.0 10:5 

II 

I1 2500.0 pg - Cult. 1 100 

experiment I; fixation interval 18 h; without metabolic activation 

types of aberratlons found 
-gaps- -chmnatid type- -chromosome type- -other- 
g ig b f d ex ib if id cx ma cd 

1 0  1 0 0  0 0 0 0 0  0 0  
1 0  1 0 0  0 0 0 0 0  0 0  
2 0  2 0 0  0 0 0 0 0  0 0  

5 0 4 3 0 1 8  3 2 0 0  2 0  
1 8 0  1 3 0  9 1 0 0 0  0 0  
2 3 0 5 6 0 2 7  4 2 0 0  2 0  

0 0  0 0 0  0 0 0 0 0  0 0  
1 0 1 0 0 0  0 1 0 0  0 0  
I O  1 0 0  0 0 1 0 0  0 0  

1 0 1 1 0 0  0 0 0 0  0 0  
0 0  0 0 0  1 0 0 0 0  0 0  
1 0 1 1 0 1  0 0 0 0  0 0  

6 0 5 2 1 3  0 0 0 0  0 0  
3 1  2 7 0 0  1 0 0 0  0 0  
9 1  7 9 1  3 1 0 0 0  0 0  

For .abbreviation:; see RESULTS/ABBREVIATIONS 



4 
CD 
w 
N 
Y 

~~ 

COIIC. s9 c e l l s  mean % aberrant  c e l l s  
per m l  mix 'scored in'C1. exc l .  exchan- 

gaps gaps ges 

Solvent + c u l t .  1 100 
con t r o  1 c u l t .  2 100 
HED I UM -total-  200 1.5 0 . 5  0 . 0  

Posi t ive  0 .47  p g  + c u l t .  1 100 
con t r o  1 c u l t .  2 100 
CPA - t o t a l -  200 15.5 14 .0  10.0 

Test 500.0 pg + c u l t .  1 100 
a r t i c l e  c u l t .  2 100 

- t o t a l -  200 0.5 0.0 0.0  

2500.0 pg + c u l t .  1 100 
c u l t .  2 100 
- t o t a l -  200 3.0 1.0 0.0 

c u l t .  2 100 
- total-  200 1.5 1 . 0  0 .0  

I t  

$1 5000.0 pg + c u l t .  1 100 

0 Table 4: Structural chromosomal aberrations 
0, experiment I; fixation interval 18 h; with metabolic activation 

types of aberrations found 
-gaps- -chranatid type- -chrmsome type- -other- 
g ig b f d ex ib if id cx ma cd 

1 0 0 1 0 0  0 0 0 0  0 0  
0 1 0 0 0 0  0 0 0 0  0 0  
1 1 0 1 0 0  0 0 0 0  0 0  

1 0 4 2 0 1 9  2 0 0 0  0 0  
3 0  3 3 0  6 0 0 0 0  0 0  
4 0  7 5 0 2 5  2 0 0 0  a o  

1 0 0 0 0 0  0 0 0 0  0 0  
0 0  0 0 0  0 0 0 0 0  0 0 .  
1 0  0 0 0  0 0 0 0 0  0 0  

1 0 1 1 0 0  0 0 0 0  0 0  
3 0 0 0 0 0  0 0 0 0  0 0  
4 0  1 1 0  0 0 0 0 0  0 0  

0 0  0 0 0  0 0 0 0 0  0 0  
1 0 3 0 0 0  0 0 0 0  0 0  
1 0  3 0 0  0 0 0 0 0  0 0  

For abbreviat ions see RESULTS/ABBREVIATIONS ' 



Experiment I1  

Table 5: Number of Polyploid Cells and Mitotic Index 
experiment 11;  fixation intervals 18 h and 28 h; without and with metabolic activation 

conc. S9 fixation 
per ml mix interval 

- So 1 vent contro 1 ME0 IUM 18 h 
Positive control EMS 600.0 pg - 18 h 
Test article I1 375.0 pg - 18 h 

1250.0 pg - 18 h 
2500.0 pg - 18 h 

Solvent control MEDIUM + 18 h 
Positive control CPA 0.47 pg t 18 h 
Test article 2500.0 pg + 18 h 

I1 3750.0 pg + 18 h 
5000.0 pg' 't 18 h 

Solvent control MEDIUM 28 h 
Test article 1250.0 pg - 28 h 

Solvent control MEOIUM t 28 h 

I1 

I1 

- 

Test article 5000.0 pg t 28 h 
* The number of polyploid cells was determined in 100 cells per culture of  each test group. 
** The mitotic index was determined in 1000 cells per culture o f  each test group. 
*** For the positive control groups, the relative values o f  the mitotic index are related to the negative 

controls: for the test article treatment groups the values are related t o  the solvent controls . 

polyploid cells* mitotic index ('a)** 
culture total mean cu 1 ture abs. re l . * * *  
1 2 1 2 

13.0 100.0 3 2 5 2.5 10.7 15.2 
2 3 5 2.5 8.5 8.4 8.5 65.3 
2 0 2 1.0 13.3 14.4 13.9 106.9 
3 1 4 2.0 10.1 15.5 12.8 98.8 
1 3 4 2.0 13.1 13.6 13.4 103.1 

1 3 4 2.0 16.6 16.8 16.7 100.0 
3 2 -  5 2.5 8.3 10.4 9.4 56.0 
0 2 2 1.0 15.1 13.8 14.5 86.5 
2 1 3 1.5 16.9 18.1 17.5 104.8 
2 ' 2  4 2.0 14.5 15.6 15.1 90.1 

0 3 3 1.5 11.0 13.1 12.1 100.0 
4 3 7 3.5 11.1 13.8 12.5 103.3 

3 1 4 2.0 10.7 14.8 12.8 100.0 
15.0 117.6 2 2 4 2.0 12.2 17.8 

3 
9 
n, 
N 
01 

0 
t-h 

w 
N 



n Table 6: Structural chromosomal aberrations 

Sol vent 
Zontrol 
JEDIUM 

experiment 11; fixation interval 18 h; without metabolic activation 

- cult. 1 100 
cult. 2. 100 
- to ta l -  200 3.5 3 . 0  0.0 

1 0 1 0  
0 3 0  0 
1 3 1 0  

6 3 0  4 
8 7 0 4  

1 4 1 0  0 8 

0 0 0 0  
1 1 0 0  
1 1 0 0  

1 0 0 0  
1 0 0  0 
2 0 0 0  

7 5 1  4 
7 2 0 3  

1 4 7 1 7  

0 0 0 0  0 0  
1 0 0 0  0 0  
1 0 0 0  0 0  

2 0 0 0  0 0  
4 1 0 0  0 0  
6 1 0  0 0 0  

0 ' 0 0 0  0 0  
0 0 0 0  0 0  
0 0 0 0  0 0  

0 0 0 0  0 0  
0 0 0 0  0 0  
0 0 0 0  0 0  

1 0 0 0  3 0  
1 1 0 0  0 0  
2 1 0 0  3 0  

2500.0 pg - Cult. 1 100 
cult. 2 100 
-total- 200 15.0 13.0 3.0 

?ositive 
con t ro 1 
EMS 

Test 
article 

I1 

For abbreviations see RESULTS/ABBREVIATIONS 

. .  

~ ~~ ~ 

600.0 pg - cult. 1 100 
cul t .  2 100 
-total-  200 1 9 . 5  15.0 3 .5  

375.0 kg  - Cult. 1 100 
cult. 2 100 
- t o t a l -  200 4 .0  1.0 0.0 

1250.0 p,g - C u l t .  1 100 
cult. 2 100 
-total- 200 3.0 1.0 0.0  

types o f  aberrattons found I 
-gaps- 
9 ig 

1 0  
0 0  
1 0  

3 0  
10 0 
13 0 

4 0  
2 0  
6 0  

3 0  
3 0  
6 0  

4 0  
1 0  
5 0  

- c h r m t l d  type- -chromosome type- -otlier- 
b f d ex I tb i f  i d  cx 1 ma cd 1 



Table 7: Structural chromosomal aberrations 
experiment 11; fixation interval 18 h; w i t h  metabolic activation 

conc. s9 Ce l ls  mean % aberrant  C e l l s  
scored i n c l  . eXC1. exchan- per m l  m i x  

gaps gaps ges 

types of aberrations found 
-gaps- -chranatid type- -chromosome type- -other- 
g ig b f d ex ib if Id cx ma cd I I I 

So 1 vent 
con t r o  1 
MED I UM 

Posi t ive  
control  
CPA 

Test 
a r t  i c l c  

II 

II 

For  abbreviations see RESULTWABBREVIAT IONS 

~ ~~~~- ~ 
~ ~~ ~- ~ ~ ~~ 

+ c u l t .  1 100 1 0  1 1 0  2 0 0 0 0  0 0  
c u l t .  2 100 1 0  1 0 0  0 0 0 0 0  0 0  
-total- 200 3.0 2.0 0.5 2 0  2 1 0  2 0 0 0 0  0 0  

0.47 pg + c u l t .  1 100 4 1 1 1 9 2 4  5 1 0 0  0 0  
c u l t .  2 100 2 1 4 4 0 1 2  3 0 0 0  1 0  
-total- 200 22.5 21.0 8.0 6 2 1 5 1 3  2 16 8 1 0  0 1 0  

2500.0 pg + c u l t .  1 100 2 0 0 1 1  0 1 0 0 0  0 0  
c u l t .  2 100 2 0  3 1 0  0 0 0 0 0  0 0  
-total- 200 5.5 3.5 0.0 4 0 3 2 1  0 1 0 0 0  0 0  

3750.0 pg + c u l t .  1 100 1 0 2 2 0 0  0 0 0 0  0 0  
c u l t .  2 100 0 0  0 0 0  1 0 0 0 0  0 0  
-total- 200 3.0 2.5 0.5 1 0  2 2 0  1 0 0 0 0  0 0  

5000.0 IJ.9 + c u l t .  1 '  io0 2 0  1 1 0  0 0 0 0 0  0 0  
c u l t .  2 100 0 1  0 0 0  0 0 0 0 0  0 0  
-total- 200 2.5 1.0 0.0 2 1  1 1 0 0  0 0 0 0  0 0  - 

J 



. .  

conc. S9 cells mean 3 aberrant Cells 
per ml mix scored inC1. excl . exchan- 

gaps gaps ges 

Solvent - cult. 1 100 
control cult. 2 100 

1250.0 pg - Cult. 1 100 
cult. 2 100 
-total-. 200 4.5  1.5 0.5 

MEDIUM -total-  200 2 .0  2.0 0 .0  

article 

CI Table 8: Structural chromosomal aberrations 
D experiment 11; fixation interval 28 h; without and with metabolic activation 

types of aberrations fwnd 
-gaps- -chromatid type- -chromosm type- -other- 
g fg b f d ex ib if id cx ma cd 

0 0  1 0 0 0  0 0 0 0  0 0  
0 0  2 1 0  0 0 0 0 0  0 0  
0 0  3 1 0  0 0 0 0 0  0 0  

4 0  0 0 0  0 0 1 0 1  0 0  
4 0 0 0 0 0  2 0 0 0  0 0  
8 0 0 0 0 0  2 1 0 1  0 0  

4 
UJ 
N 
h, 
Y 

.t cult. 1 100 
cult. 2 100 
-total- 200 1.5 1.5 0.0 

0 0  
0 0  
0 0  

Solvent 
control 
MEDIUM 

Test 
article 

- -~ 

5000.0 pg + cult. 1 100 0 0  
cult. 2 100 1 0  
- total-  200 2.5 2.0 0.0 1 0  

I 

For abbreviations see RESULTS/ABBREVIATIONS 

0 0 0  0 
3 0 0  0 
3 0 0  0 

1 1 0 0  
1 0 0  0 

, 2 1 0  0 

0 0 0 0  
0 0 0 0  
0 0 0 0  

0 1 0 0  
0 0 0 0  
,Q 1 0  0 

0 0  
0 0  
0 0  

0 0  
0 0  
0 0  
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DISCUSSION 

The test article l,3-Propanediol was assessed for its potential _ 1  

to induce structural chromosomal aberrations in V79 cells of the 
Chinese hamster in vi tro in the absence and presence of metabolic 
activation by S9 mix. Two independent experimentsawere performed. 

- 7  'e& 

The chromosomes were prepared 18 h and 28 h (experiment 11 only) 
after start of treatment with the test article, which was dis- 
solved in culture medium. The treatment interval was 4 h with. 
metabolic activation, 18 h and 28 h without metabolic activation. 

In each experimental group two parallel cultures were set up. Per 
culture 100 metaphases were scored for structural chromosomal 
aberrations. 

The following concentrations were evaluated: 

Experiment I 

without S 9  mix: with S9 mix: 
18 h: 250; 1000; 2500 pg/ml 18 h: 500; 2500; 5000 pg/ml 

Experiment I1 

without S9 mix: with S9 mix: 
18 h: 375; 1250; 2500 pg/ml 18 h: 2500; 3750; 5000 pg/ml 
28 h: 1250 pg/ml 28 h: 5000 pg/ml 

In the pre-test on toxicity (XTT-test) in the absence and 
presence, of S9 mix' after treatment with concentrations up to 
5000 pg/ml no cytoxicity was observed. 

In the absence as well as in the presence of S 9  mix, in both 
experiments the mitotic indices were not substantially reduced 
after treatment with the test article. 

However, due to low number of cells and metaphases and poor 
quality of metaphases in the experiments without metabolic acti- 
vation only concentrations up to 2500 pg/ml (18 h) and 1250 pg/ml 
(28 h, exp. 11) leaded to scorable preparations. 

In both experiments, in the presence of S9 mix the test article 
did not increase the frequency of cells with aberrations. The 
aberration rates of the cells after treatment with the test 
article (exp.1: 0 . 0  6 - 1.0 % [18 h]; exp. 11: 1.0 % - 3.5 %, 
[18 h]; 2.0 % [28 h]) were near to the range of the solvent 
control values (exp. I:, 0 . 5  %; exp. 11: 2.0 % [lB h] 1.5 % 
[28 h ] )  and in the range of our historical control data: 0 . 0  % - .  

. "*b 
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4 . 0  %. In both experiments, in the absence of S9 mix the statis- 
tical evaluation revealed a significant difference between the. 
treatment group (2500 pg/ml [7.0 % and 13.0 % aberrant cells]) 
versus the corresponding controls (1.0 % and 3 . 0  %aberrant 
cells ) . 
Taking into account our historical negative control data range 
the statistical significance is regarded as being biologically 
relevant. The cells carrying exchanges observed in exp. 11 
( 3 . 0  % )  at a concentration of 2500 pg/ml give additional evidence 
for a clastogenic potential of the test article. 

Tables 2 and 5 show the occurrence of polyploid metaphases. In 
both experiments, no increase in the rate of polyploid metaphases 
(exp. I: 1.5 % - 3.5 %; exp. 11: 1.0 % - 3 . 5  % )  as compared to 
the rates of the controls (exp. I: 3 .0  %; exp. 11: 1.5 % - 2.5 % )  
were found after treatment with the test article. 

In both experiments, EMS (600 pg/ml) and CPA (0.47 pg/ml) were 
used a s  positive controls. They showed significant increases in 
cells with structural chromosomal aberrations. 

In conclusion, it can be stated that in the study described and 
under the experimental conditions reported, the test article 1,3- 
Propanediol induced reproducibly structural chromosomal aberra- 
tions in the V79 Chinese hamster cell line. 

ca79 12r 

0 0 8 6 6 3  
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PREFACE 

* -* 

GENERAL 

Sponsor: 

Monitor: 

Testing Facility: 

CCR Project No.: 

Test Article: 

Title: 

Initiative Umweltrelevante 
Altstoffe e.V. 
Kennedyallee 93 
D-60596 Frankfurt; Germany 

Dr. Mayr 
DEGUSSA AG 
Industrielle Toxikologie 
Zweigniederlassung Wolfgang 
63403 Hanau-Wolfgang 

C C R  
CYTOTEST CELL RESEARCH GMBH t CO. KG 
D-64380 RoRdorf, F.R.G. 

476901 

l13-Propanediol 

Salmonella typhimurium 
Reverse Mutation Assay 
with l13-Propanediol 

PROJECT STAFF 

Management: Markus Arenz 
Study Director: Eric Wollny 
Quality Assurance Unit: Frauke Hermann 

SCHEDULE 

Date of Protocol: July 

Date of Amendments 
to Protocol: August 12, 1994 (1st) 

December 10, 1994 (2nd) 

Start of Pre-Experiment: August 17, 1994 
End of Pre-Experiment: Auqust 19, 1994 

Start of Experiment I: August 1 7 ,  1994 
End of Experiment I: August 29, 1994 

Start of Experiment 11: August 30, 1994 
End of Experiment 11: September 01, 1994 

Date of Draft: November 28, 1994 

Date of Report: December 13, 1994 
st5r page 4 of 35 
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PROJECT STAFF SIGNATURES 

Study Director: Dr. Eric Wollny 

........... 
Date: Dec er 13, 1994 TP 

Management: Markug Arenz  .......... 
Date: Decher 13, 1994 

OUALITY ASSURANCE 

The study was performed in compliance with: 

Chemikaliengesetz ( "Chemicals Act" ) of the Federal Republic of 
Germany, Anlage 1 ( "Annex 1" ) , dated March 14, 1990 (BGBL. I S. 
521). 

"OECD Principles of Good Laboratory Practice", Paris, 1981 

GUIDELINES 

This study followed the procedures indicated by the following 
internationally accepted guidelines and recommendations: 

First Addendum to OECD Guidelines for Testing of Chemicals, 
Section 4, No. 471, "Salmonella typhimurium, Reverse Mutation 
Assay", adopted May, 26, 1983 and 

EEC Directive 92/69, L 383 A, Annex V, B 14, dated December 29, 
1 9 9 2 .  

ARCHIVING 

C C R, D-64380 RoBdorf/F.R.G. will archivq the following data for 
30 years: Raw data, protocol, and copy of report. 

The following sample will be archived for at least 12 years: 

Sample of test article. 

No raw data or material relating to the study will be discarded 
without the sponsor's prior consent. 
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STATEMENT OF COMPLIANCE 
"Bn 

Pro j ect Number : 4 7 6 9 0 1  

Test Article : 1,3-Propanediol 

Study Director: Dr; Eric Wollny 

Title Salmonella typhimurium 
Reverse Mutation Assay 
with 1,3-Propanediol 

This study performed in the testing facilities of CCR was con- 
ducted in compliance with Good Laboratory Practice Regulations: 

Chemikaliengesetz ("Chemicals Act") of the Federal Republic 
of Germany, Anlage 1 ("Annex l"), dated-March 14, 1990 

OECD Principles of Good Laboratory Practice, Paris, 1981 

There were no circumstances that may have affected the quality or 
integrity of the study. 

Study Director C C R  

Dr. Eric Wollny 
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QUALITY ASSURANCE UNIT 

C C R, Cytotest Cell Research GmbH & Co. KG, 
.In den Leppsteinswiesen 19, D-64380 RoAdorf, F.R.G. 

STATEMENT 

Project Number: 4 7 6 9 0 1  

Test Article : 1,3-Propanediol 

Study Director: Dr. Eric Wollny 

Title Salmonella typhimurium 
Reverse Mutation Assay 
with 1,3-~ropanediol 

This report was audited by the Quality Assurance Unit and the 
conduct of this study was inspected on the following dates: 

Phases and Dates of QAU 
Inspections/Audits 

Dates of Reports to the Study 
Director and to Management 

Protocol Audit: July 12, 1994 July 12, 1994 
Study Inspection: August 17, 1994 August 17,  1994 
Draft Audit: November 14,  1994 November 14 , 1994 

Head of Quality Assurance 
Unit 
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- ' %  

SUMMARY 

This study was performed to investigate the potential of 1,3- 
Propanediol to induce gene mutations according to the plate 
incorporation test (experiment I) and the pre-incubation test 
(experiment 11) using the Salmonella typhimuriuxn strains TA 1535, 
TA 1537, TA 98, TA 100, and TA 102. 

The assay was performed in two independent experiments both with 
and without liver microsomal activation. Each concentration, 
including the controls, was tested in triplicate. The test arti- 
cle was tested at the following concentrations: 

33.3; 100.0; 333.3; 1000.0; 2500.0; and 5000.0 pg/plate 

No toxic effects occurred in the test groups with and without 
metabolic activation. 

The plates incubated with the test article showed normal back- 
ground growth up to 5000.0 Hg/plate with and without S 9  mix in 
all strains used. 

No substantial increases in revertant colony numbers of any of 
the five tester strains were observed following treatment with 
1,3-Propanediol at any dose level, either in the presence or 
absence of .metabolic activation ( S 9  mix). There'was also no 
tendency of higher mutation rates with increasing concentrations 
in the range below the generally acknowledged border of 
significance. 

Appropriate reference mutagens were used as positive controls and 
showed a distinct increase of induced revertant colonies. 

CONCLUSION 

In conclusion, it can be stated that: during the described mutage- 
nicity test and under the experimental conditions reported, the 
test article did not induce gene mutations by base pair changes 
or frameshifts in the genome of the strains used. 

Therefore, 1,3-Propanediol is considered to be non-mutagenic in 
this Salmonella typhimurium reverse mutation assay. 

st5r page 8 of 35 
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OBJ ECTlVE 

AIMS OF THE STUDY 

Ma 

The experiments were performed to assess the potential of the 
test article to induce gene mutations by means of two independent 
Salmonella typhimurium reverse mutation assays. Experiment I was 
performed as a plate incorporation .assay. Since negative result 
was obtained in this experiment, experiment 11 was performed as 
a pre-incubation assay. 

REASONS FOR !lSE STUDY 

The most widely used assays for detecting gene mutations are 
those using bacteria. They are relatively simple and rapid to 
perform, and give reliable data on the ability of an agent to 
interact with DNA and produce mutations. 

In spite of great differences between bacterial and eukaryotic 
cells with respect to structure and function there is a relation- 
ship between mutagenicity in bacteria and carcinogenicity in 
mammals described in literature ( 7 , 8 ) .  
Reverse mutation assays determine the frequency with which an 
agent repairs or suppresses the effect of the forward mutation. 
The genetic target presented to an agent is therefore small, 
spciific and selective. Several bacterial strains, or a single 
strain with multiple markers are necessary to overcome the ef- 
fects of mutagen specificity. The reversion of bacteria from 
growth-dependence on a particular amino acid to growth in the 
absence of that amino acid (reversion from auxothrophy to proto- 
trophy) is the most widely used marker. 
The Salmonella typhimurium histidine (his ) reversion system 
measures his' --> his' reversions; The S .  typhimurium strains 
are constructed to differentiate between base pair (TA  1535, TA 
100, TA 102) and frameshift (TA 1 5 3 7 ,  TA 9 8 )  mutations. 

According to the direct plate .incorporation and the pre- 
incubation method the bacteria are exposed to the test article 
with and without metabolic activation and plated on selective 
medium. After a suitable period of incubation, revertant colonies 
are counted. - 
To establish a dose response effect five dose levels with ade- 
quately spaced intervals are to be tested. The maximum dose level 
was 5000.0 pg/plate, unless limited by toxicity or solubility of 
the test article. 

To validate the test, reference mutagens are tested in parallel 
to the test article. 

st5r page 9 of 35 
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MATERIALS AND METHODS 

THE TEST ARTICLE 

The test article and the information concerning the test article 
were provided by the sponsor. 

Name : 

Batch No. : 

Aggregate State 
at RT: 

Colour  : 

Analysis: 

Purity: 

Stability: 

1,3-Propanediol 

EK 33/92-1 

liquid 

colourless 

4783/94 dated July 12, 1994 

2 99.8 % / GC, &ea % 

€320 S 0.1 % / Karl Fischer titration , 

Pure : stable for years 
. In solvent: stable in H20 

room temperature 

July 01, 1996 

Storage : 

Expiration Date: 

02 the dey of the experiment, the t e s t  article 1,3-Propanediol 
was dissolved in aqua bidest.. 

st5r 
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TRE CONTROLS 

The Neqative Controls 

Concurrent untreated and solvent controls were performed. 

The Positive Control Substances 

Without metabolic activation 

Strains : TA 1535,  TA 100 
N a m e  : sodium azide, NaN3 
Supplier: SERVA, D-69042 Heidelberg, F.R.G. 
Catalogue No.: 30175 
Purity : at least 99 % 
Dissolved in: aqua dest. 
Concentration: 10 wg/plate 

Strains : T A ' 1 5 3 7 ,  TA 98  
Name : 4-nitro-o-phenylene-dia1nine~ 4-NOPD 
Supplier: SIGMA, D-82041 Deisenhofen, F.R.G. 
Catalogue No.: N 9504 
Purity : > 99.9 % 
Dissolved in: DMSO 
Concentration: 10 pg/plate 

St.rain : 
Name : 
Supplier: 
Catalogue No.: 
Purity: 
Dissolved in: 
Concentration: 
-.in devirr icn to protocol, 

TA 102 
methyl methane sulfonate, MMS 
MERCK-SCHUCHARDT, D-85662 Hohenbrunn, F.R.G. 
820775 
> 99.0 % 
aqua dest. 
5 . 0  pl/plate* 

updating 

With metabolic activation 

Strains : TA 1535, TA 1537, TA 98, TA 100, TA 102 
Name : 2-aminoanthracene, 2-AA 
Supplier: SIGMA, D-82041 Deisenhofen, F.R.G. 
Catalogue No.: A 1381 

Dissolved in: DMSO 
Concentration: 2.5 pg/plate (10.0 pg/plate in TA 102) 

Purity: 9 7 . 5  % 

The stability of the positive control substances in solution was 
unknown but a mutagenic response in the expected range is suffi- 
cient evidence of biological stability. The dilutions of %lie 
stock solutions were prepared on the day of the experiment and 
used immediately. 
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THE TEST SYSTEM 

Characterisation of the Salmonella tmhimurium Strains 

The strains are derived from S. typhimurium strain LT2 and 
due to a mutation in the histidine locus are histidine depen- 
dent. Additionally due to the "deep rough" (rfa-minus) mutation 
they possess a faulty lipopolysaccharide envelope which en- 
ables substances to penetrate the cell wall more easily. A 
further mutation causes a reduction in the activity of an exci- 
sion repair system. The latter alteration includes mutational 
processes in the nitrate reductase and biotin genes produced 
in a W-sensitive area of the gene named "uvrB-minus". In the 
strains TA 9 8 ,  TA 100 and TA 102 the R-factor plasmid pKM 101 
carries the ampicillin resistance marker. The strain TA 102 does 
not contain the uvrB'-mutation. Additionally TA 102 contains the 
multicopy plasmid pAQl, which carries the hisG428 mutation and a 
tetracycline resistance gene. TA 102 contains the ochre mutation 
in hisG gene. 

In summary, the mutations of the TA strains used in this 
study can be described a s  follows: 

.a ,?' 

Salmonella typhimurium 
TA 1537:  his C 3076;  rfa-; uvrB-; : frame shift mutations 
TA 9 8 :  his D 3052;  rfa'; uvrB';R-factor: I, 

TA 1535:  his G 46; rfa'; uvrB'; :base-pair substitutions 
TA 100: his G 46; rfa'; uvrB-;R-factor: 
TA 102: his G 428; rfa'; uvrB+; R-factor: 

Regular checking of the properties of the strains with regard to 
membrane permeability, ampicillin- and tetracycline-resistance as 
well as spontaneous mutation rates is performed in the labo- 
ratory of C C R according to Ames et al. (1). In this way it was 
ensured that the experimental conditions set down by Ames were 
fulfilled. 

The bacterial strains were obtained from Dr. Heinz Trager, Knoll 
AG, D-67008 Ludwigshafen, F.R.G. 
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Storaae 

The strain cultures were stored es s tock  cultiires in ampoules 
with nutrient broth + 5 % DMSO (MERCK, D-64293 Darmstadt) in 
liquid nitrogen. 

Precultures 

From the thawed ampoules of the strains 0 . 5  ml suspension was 
transferred to 250 ml Erlenmeyer flasks containing 20 ml nutrient 
medium. A solution of 20  p1 ampicillin was added to the strains 
TA 9 8 ,  TA 100 and TA 1 0 2  and, additionally, a solution of 20  p 1  
tetracycline was added to strain TA 1 0 2 .  This nutrient medium 
contains per litre: 

8 g 
5 g NaCl (MERCK, D-64293 Darmstadt) 

Merck Nutrient Broth (MERCK, D-64293 Darmstadt) 

The bacterial culture was incubated in a shaking water bath for 
10 hours at 37' C .  

Selective Aaar 

2.0 % Vogel-Bonner-Glucose-Minimal-Agar was used as selective 
agar. Each petri dish was filled with 2 0  ml of this nutrient 
medium. Sterilisations were performed at 121' C in an autoclave. 

Overlay Asar 

The overlay agar contains per litre: 
6 . 0  g Merck Agar Agar* 
6.0 g NaC1* 
10.5 mg 
12.2 mg biotin* 

L-histidine x H C 1  x H2O* 

* (MERCR, D-64293 Darmstadt) 

Sterilisations were performed at 121' C in an autoclave. 
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KAELMALIAN xrmosom FRACTION s9 MIX a* -% 

The bacteria used in these assays do not possess the enzyme 
systems which, in mam-als, =re k n c m  to convert promutagens into 
active DNA damaging metabolites. In order to overcome this major 
drawback an exogenous metabolic system is added in form of mama- 
lian microsome enzyme activation mixture. 

S9 (Preparation bv C C RL 

The S9 liver microsomal fraction was obtained from the livers . 
of 8 - 12 weeks o l d  male Wistar rats,. strain WU (Charles River 
Wiga GmbH, D-97633 Sulzfeld, F.R.G.; weight approx. 150 - 200 g) 
which received a single i.p. injection of 500 mg/kg b . w .  Aroclor 
1254 (Antechnika, D-76275 Ettlingen, F.R.G.) in olive oil 5 days 
previously. 

After cervical dislocation the livers of the animals were re- 
moved, washed in 150 mM KC1 and homogenised. The homogenate, was 
diluted 1+3 in KC1 and centrifuged cold at 9,000 g for 10 
minutes. A stock of the supernatant containing the microsomes was 
frozen in ampoules of 2, 3 or 5 ml and stored at -80" C. Small 
numbers of the ampoules are kept at -2OO C for only one week 
before use. The standardisation of the protein content was made 
using the analysis kit of Bio-Rad.Laboratories, D-BO939 Munchen: 
Bio-Rad protein assay, Catalogue 500 000 6 (6). 

The protein concentration in the S9 preparation was 45 mg/ml (lot 
240194 )  in the pre-experiment and in experiment It and 44.8 (lot 
291193) in experiment I and experiment 11. 

S9 Mix 

Before the experiment an 
was thawed and mixed with 
supernatant was 15% v/v. 
tion was concentrated to 
the S9 mix: 

appropriate quantity of S9 supernatant 
S 9  co-factor solution. The amount of S9 
The composition of the co-factor solu- 
yield the following concentrations in 

33 
5 
5 

in 100 

During 
S9 mix 

st5r 

L 

mM K C 1  
mM glucose-6-phosphate 
TI NADP 
mM sodium-ortho-phosphate-buffer, pH 7 . 4 .  

the experiment the S9 mix was stored in an ice bath. The 
preparation was performed according to Ames et a1.(2). 
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PRE-EXPERIMENT FOR TOXICITY 

To evaluate the toxicity of the test article a pre-experiment 
was performed with strains TA 9 8  and TA 100. 8 concentrations 
were tested for toxicity and mutation induction with each 3 
plates. The experimental conditions in this pre-experiment were 
the same as described below for the experiment I (plate incorpo- 
ration test). 

Toxicity of the test article can be evidenced by a reduction in 
the number of spontaneous revertants, a clearing of the bacterial 
background lawn, or by degree of survival of treated cultures. 

DOSE SELECTION 

According to the results of the pre-experiment the concentrations 
applied in the main experiments were chosen. 

The maximum concentration was 5 0 0 0 . 0  pg/plate. The concentration 
range included two logarithmic decades. In this study s i x  ade- 
quately spaced concentrations were tested. Two independent exper- 
iments were performed. 

As the results of the pre-experiment were in accordance with the 
criteria described. below (EVALUATION OF RESULTS), these data are 
reported as a part of the main experiment I. 

According to'the dose selection criteria the test article was 

tested at the following concentrations: 

33.3; 100.0: 333.3; 1000.0; 2500.0; and 5000 .0  pg/plate 
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For each strain and dose level, including the controls three 
plates were used as a minimum. 

The following materials were mixed in a test tube and poured onto 
the selective agar plates: 

100 p1 Test solution at each dose level, solvent 
control, negative control, or reference mutagen 
solution (positive control), 

500 p1 S9 mix (for test with metabolic activation) or 
S9 mix substitution-buffer (for test without 
metabolic activation), 

100 jl1 Bacteria suspension (cf. test system, pre-culture 
of the strains), 

2000 pl Overlay agar 

In the pre-incubation assay 100 p1 test solution, 500 pl S9 mix / 
S9 mix substitution buffer and 100 pl bacterial suspension were 
mixed in a test tube and incubated at 37OC for 60 minutes. After 
pre-incubation 2.0 ml overlay agar ( 4 5 O )  was added to each tube. 
The mixture was poured on minimal agar plates. 

After solidification the plates were incubated upside down f o r  at 
least 4 8  hours at 37' C in the dark. 

DATA RECORDING 

The colonies were counted using the AUTOCOUNT (Artek Systems 
Corporation, BIOSYS GmbH, D-61184 Xarben; F.R.G.). The counter 
was connected to an IBM AT compatible PC with printer which 
printed out the individual values and the means f r o m  the plates 
f o r  each concentration together with standard deviations and 
enhancement factors as compared to the spontaneous reversion 
rates (see  tables of results). If precipitation of the test 
article precluded automatic counting the revertant colonies were 
counted by hand. 
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EVALUATION OF RESULTS 

The generally accepted conditions f o r  the evaluation. of the 
results are: 
- corresponding background growth on both negative controls and 

- normal range of spontaneous reversion rates. 
test plates 

Range of spontaneous reversion frequencies* 

1535 1537 9 8  100 102 

10 - 29 5 - 28 15 - 57 77 - 189 121 - 293 

These valuer refer to  the negative conzrol without w u b o l i c  aecLo.ticm 
and represent our historical  control range i n  1993 

Due to international guidelines a statistical evaluation of the 
results is recommended. However, no evaluated statistical proce- 
dure can be recommended for analysis of data from the bacterial 
assays at this time (5). 

A test article is considered positive if either a dose related 
and reproducible increase in the number of revertants or a sig- 
nificant and reproducible increase for at least one test concen- 
tration is induced. 

A test article producing neither a dose related and reproducible 
increase in the number of revertants nor a significant and repro- 
ducible positive response at any one of the test points is con- 
sidered non-mutagenic in this system. 

. 

A significant response is described as follows: 

A test article is considered mutagenic if in strain TA 100.and TA 
102 the number of reversions is a t  least twice a s  high and in 
strains TA 1535, TA 1537, and TA 9 8  it is at least three times 
higher as compared to the spontaneous reversion rate ( 4 ) .  

Also, a dose-dependent and reproducible increase in the number of 
revertants is regarded as an indication of possibly existing 
mutagenic potential of the test article regardless whether the 
highest dose induced the above described enhancement factors or 
not. 
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BIOMETRY 

No appropriate statistical method is available (5). 
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RESULTS 

PRE-EXPERIMENT FOR TOXICITP 

To evaluate the toxicity of the test article a pre-study was 
performed with strains TA 98 and TA 100. 

The results are given in the following table: 

Substance Concentration 
per plate 

c19 

Negative control - 
Solvent control . -  

4 -NOPD 1 0 . 0  
Sodium azide 10.0 
2-aminoanthracene 2.5 
Test article 3 . 3  

1 0 . 0  
3 3 . 3  

1 0 0 . 0  
3 3 3 . 3  
1000.0 
2500.0 
5000.0 

(1 I1 

,I I. 

I, .I 

I, It 

It 

11 

- - withmat S9 mix; + - with S 9  mix 
I nor performed 

Revertants 
TA 9 8  
- + 

31 4 2  
26 4 0  

245 1 
1 1 
1 468 

24 4 1  
30 48  
25 45 
30 4 5  
26 50 
2 4  47 
26 43  
3 1  43  

per plate 
TA 100 - +* 

99 159 
99 158 
1 / 

619 / 
/ 965 

1 0 6  177  
98 168 

1 0 0  163 
9 3  160 
102 156 
93 172 
97 156 

105 1 7 0  

The plates with the test article showed normal background growth 
up to 5000.0 pg/plate in strain TA 98 and TA 100, respectively. 

According to the dose selection criteria, the test article was 
tested at the following concentrations: 

3 3 . 3 ;  1 0 0 . 0 ;  3 3 3 . 3 ;  1000.0; 2500.0; and 5000.0 pg/plate 
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St5r 
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TABLES OF RESULTS 

EXPERIMENT I 

PLATE INCORPORATION TEST 
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Test article: 1.3-Propanediol 

39 mix from : Rat liver (Batch R 291193) 

Test strain : TA 1535 

Concentration Plate 
pg/plate 1 2 3 

without S9 mix 

Negative control 
Solvent control 
33.3 
100.0 
333.3 
1000.0 
2500.0 
5000.0 
Positive control 
Sodium azide 
(10w/plate 1 

with S9 mix 

17 
17 
10 
24 
24 
18 
9 
8 

16 9 
21 18 
16 14 
11 16 
16 22 
17 14 
13 18 
14 13 

917 903 835 

Negative control 19 17 28 
Solvent control 17 18 18 
'33.3 . 18 17 12 
100.0 23 19 12 
333.3 17 22 27 
1000.0 21 22 29 
2500.0 22 25 13 
5000.0 16 24 17 
Positive control 

(2.5yg/plate) 
2-aminoanthracene 284 300 200 

1 revertants/concentr. test article 

1 revertants/solvent control 
+ enhancement factor = 

Revertants/plate 
mean s.d. factor+ 

14 4.4 
19 2.1 1.0 
13 3.1 0.7 
17 6.6 0.9 
21 4.2 1.1 
16 2.1 0.9 
13 4.5 0.7 
12 3.2 0.6 

885 43.9 47.4 

21 5.9 
18 0.6 1.0 
16 3.2 0.9 
18 5 . 6  1.0 
22 5 . 0  1.2 
24 4.4 1.4 
20 6.2 1.1 
1 9 .  4.4 1.1 

261 53.7 14.8 
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Test article: 1.3-Propanediol 

S9 mix f r o m  : Rat liver (Batch R 291193) 

Test strain : TA 1537 

Concentration 
pg/plate 

without  S9 mix 

Negative control 
Solvent control 
33.3 
100.0 
333.3 
1000.0 
2500.0 
5000.0 
Positive control 
4 -nitro-o 
phenylene diamine 
(4-NOPD) 10 pg/plate 

with S9 mix 

Negative control 
Solvent control 
33.3 
100.0 
333.3 
1000.0 
2500.0 
5000.0 
Positive control 
2-aminoanthracene 
(2.5pgiplate) 

Plate 
1 2 3 

24 24 
28 17 
19 27 
2 6  17 
18 15 
16 28 
2 0  31 
13 23 

6 5  70 

33 29 
17 . 25 
22 16 
22 26 
29 . 32 
20 ’ 29 
17 13 
16 31 

87  95 

19 
13 
26 
26 
12 
25 
15 
19 

50 

22 
27 
24 
30 
27 
20 
25 
24 

89 

Revertants/plate 
mean s.d. factor+ 

22 2.9 
19 7 . 8  1.0 
24 4 . 4  1.2 
23 5.2 1.2 
15 3.0 0.8 
23 6.2 1.2 
22 8.2 1.1 
18 5 . 0  0.9 

6 2  10.4 3.2 

28 5.6 
23 5.3 1.0 
21 4.2 0.9 
26 4.0 1.1 
29 2.5 1.3 
23 5.2 1.0 
18 6.1 0 .8  
24 7.5 1.0 

90 4.2 3.9 

I revettants/concentr . test e r t  i c le 

I revertants/solvent control 
+ enhancement factor * 

s tr5 

0 0 0 6 8 6  
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Test article: 1.3-Propanediol 

S9 mix from : Rat liver (Batch R 240194) 

Test strain : TA 98 

Concentration Plate 
pg/plate 1 2 3 

without S9 mix 

Negative control 
Solvent control 
33.3 
100.0 
333.3 
1000.0 
2500.0 
5000.0 
Positive control 
4-nitro-o- 
phenylene-diamine 
(4-NOPD) 19 pg/plate 

with S9 mix 

Negative control 
Solvent control 
33.3 
100.0 
333.3 
1000.0 
2500.0 
5000.0 
Positive control 
2-aminoanthracene 
( 2.5 w\plate) 

36 
23 
28 
27 
22 
20 
28 
28 

29 
25 
22 
32 
32 
29 
22 
37 

27 
31 
26 
31 
23 
22 
27 
29 

267 217 250 

40 

46 
43 
46 
49 
41 
40  

38 
41 
38 
50 
47 
45 
47 
49 
47 

45 
45 
39 
44 
59 
44 
40 
43 

485 425 494 

2 revertants/concentr. test article 

1 revertants/solvent control 
+ enhancement factor - 

Revertants/plate 
mean s . d .  factor+ 

31 
26 
25 
30 
26 
2 4. 
2 6  
31 

245 

4.7 
4.2 1 .o 
3.1 1.0 
2 . 6  1.1 
5 . 5  1.0 
4.7 0.9 
3.2 1.0 
4.9 1.2 

25.4 9.3 

42 2.6 
40 4 . 0  1.0 
45 5.6 1.1 
45 2.1 1.1 
50 7 . 8  1.2 
47 2.5 1.2 
43 4.9 1.1 
43 3.5 1.1 

468 37.5 11.6 
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Test article: 1.3-Propanediol 

S 9  mix from : R a t  liver (Batch R 240194) 

T e s t  strain : TA 100 

Concentration Plate 
pg/plate 1 2 3 

without S9 mix 

Negative control 
Solvent control 

33.3 
100.0 
333.3 
1000.0 
2500.0 
5000.0 
Positive control 
Sodium azide 
(10Mg/plate) 

102 106 90 
94 101 103 

108 100 93 
87 99 92 

101 100 105 
103 88 87 
110 103 79 
92 116 106 

610 596 651 

Revertants/plate 
mean s.d. factor+ 

99 8.3 
99 4.7 1.0 

100 7.5 1.0 
93 6.0 0.9 

102 2.6 1.0 
93 9.0 0.9 
97 16.3 1.0 

105 12.1 1.1 

619 28.6 6.2 

w i t h  S9 mix 

Negative control 
Solvent control 

33.3 
100.0 
333.3 

1000.0 
2500.0 
5000.0 
Positive control 
2-aminoanthracene 
(2.5pg/plate) 

148 158 170 
14 2 156 . 175 
172 161 156 
140 185 156 
154 153 162 
174 174 167 
151 139 177 
159 180 170 

968 972 954 

1 revertants/concentr. test article 

1 revertantslsolvent control 
+ enhancerrent factor - 

0 0 0 6 8 8  
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159 
158 
163 
160 
156 
172 
156 
170 

965 

11.0 
16.6 
8.2 

22.8 
4.9 
4 . O  
19.4 
10.5 

9.5 

1.0 
1.0 
1.0 
1.0 
1.1 
1.0 
1.1 

6.1 
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Test article: 1.3-Propanediol 

S9 mix from : Rat liver (Batch R 291193) 

Test strain : TA 102 

Concentration Plate 
pg/plate 1 2 3 

w i t h o u t  S9 mix 

Negative control 
Solvent control 
33.3 
100.0 
333.3 
1000.0 
2500.0 
5000.0 
Positive control 
methyl methane 
sulfonate, MMS 
(5vl/plate) 

with S9 mix 

Negative control 
Solvent control 
33.3 
100.0 
333.3 
1000.0 
2500.0 
5000.0 
Positive control 
2-aminoanthracene 
(lOpg/plate) 

170 157 179 
181 19 0 186 
187 178 186 
162 164 167 
159 181 196 
171 198 194 
203 181 198 
169 199 187 

. 730 744 715 

. 225 272 281 
239 235 259 
264 250 207 

. 218 24 9 24 0 
238 235 293 
273 303 297 
269 278 . 276 
276 245 245 

749 757 758 

I revertantslconcentr . test article 
1 revertantsho lvent control 

+ enhancement factor  = 

Revertants/plate 
mean s.d. factor+ 

169 11.1 
186 4.5 1.0 
184 4.9 1.0 
164 2.5 0.9 
179 18.6 1.0 
188 14.6 1.0 
194 11.5 1.0 
185 15.1 1.0 

73C 14.5 ' 3.9 

259 30.1 
244 12.9 1.0 
240 29.7 1.0 
236 15.9 ' 1.0 
255 32.7 ' 1.0 
291 15.9 1.2 
274 4.7 1.1 
255 17.9 1.0 

755 4.9 3.1 
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TABLES OF RESULTS 

EXPERIMENT II 

PRE-INCUBATION TEST 

st5r 

0 0 0 6 9 0  
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T e s t  article: 1.3-Propanediol 

S9 mix from : Rat liver (Batch R 291193) 

Test strain : TA 1535 

Concentration 
pg/plate 

without S9 mix 

Negative control 
Solvent control 
33.3 
100.0 
333.3 
1000.0 
2500.0 
5000.0 
Positive control 
sodium azide 
NaN3 
(IOvg/plate) 

with S9 mix 

Negative control 
Solvent control  
33.3 
100.0 
333.3 

1000.0 
2500.0 
5000 . 0  
Positive control 
2-aminoanthracene 
(2.5pg/plate) 

Plate 
1 2 3 

7 
7 
2 
3 
5 
7 
11 
6 

7 
4 
10 
5 
1 
3 
6 

13 

6 
5 

12 
4 
6 

10 
11 
8 

265 253 271 

4 

7 
9 
6 .  

11 . 
9 
14 

- 10 ' 

4 3  

13 12 
5 10 
4 11 
8 8 
8 10 
20 10 

8 11 
18 11 

38 36 

Z revertants/concentr. test crtic!e 

Z revertants/solvent control 
+ enhancement factor - 
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Revertants/plate 
mean s.d. fac tor+  

7 0.6 
5 1.5 1.0 
8 5.3 1.5 
4 1.0 0.8 
4 2 .6 0 .8  
7 3.5 1.2 
9 2.9 1.7 
9 3.6 1.7 

263 9.2 49.3 

10 4 . 9  
8 2.9 1.0 
7 3 . 5  0 . 9  
8 0 . 6  1 . 0  
8 2 .0  1 . 0  ' 

1 4  5 . 5  1.6 
9 1.5 1.1 

1 4  3 . 5  1 . 7  

39 3.6 4 . 7  
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,~ 

Test article: 1.3-Propanediol 

S9 mix from : Rat liver (Batch'R 291193) 

Test strain : TA 1537 

Concentration Plate 
pg/plate 1 2 3 

without S9 mix 

Negative control 
Solvent control 

33.3 
100.0 
333.3 
1000.0 
2500.0 
5000.0 
Positive control 
4-Nitro-o- 
phenylene-diamine 
(lOpg/plate) 

w i t h  S9 mix 

Negative control 
Solvent control 

33.3 
100.0 
333.3 

1000.0 . 
2500.0 
5000.0 
Positive control 
2-aminoanthracene 
(2.5pg/plate) 

21 
18 
18 
23 
19 
23 
28 
15 

25 
26 
17 
25 
24 
21 
21 
21 

19 
22 
29 
18 
20 
23 
19 
21 

127 154 134 

35 
32 
31 
29 
31 
34 
31 
28 

26 
35 
36 
27 
29 
28 
33 
32 

29 
28 
28 
26 
35 
30 
29 
31 

151 137 141 

1 reve:tsn:s/concentr. test article 

1 revertantr/solvent control 
+ enhancement factor - 

0 0 0 6 9 2  
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Revertants/plate 
mean s . d .  factor+ 

22 3.1 
22 4.0 1.0 
21 6.7 1.0 
22 3.6 1.0 
21 2.6 1.0 
22 1.2 1.0 
23 4.7 1.0 
19 3.5 0.9 

138 14.0 6.3 

3 0. 4.6 
32 3.5 1.0 
32 4.0 1.0 
27 1.5 0.9 
32 3.1 1.0 
31 3.1 1.0 
31 2.0 1.0 
30 2.1 1.0 

143 7.2 4.5 
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Test article: 1.3-Propanediol 

S9 mix from : Rat liver (Batch R 291193) 

Test strain : TA 98 

Concentration 
pg/plate 

without S9 mix 

Negative control 
Solvent control 

33.3 
100.0 
333.3 
1000.0 
2500.0 
5000.0 
Positive control 
4-Nitro-o- 
phenylene-diamine 
(10pg/plate) 

with S9 mix 

Negative control 
Solvent control 

33.3 
100.0 
333.3 
1000.0 
2500.0 
5000.0 
Positive control 
2-aminoanthracene 
2.5 pg\plate 

Plate 
1 2 3 

30 
17 
16 
20 
18 
17 
23 
19 

25 
20 
24 
25 
21 
18 
26 
28 

16 
22 
20 
18 
21 
22 
27 
28 

143 150 157 

19 17 24 
24 20 . 21 
20 21 30 
18 17 17 
24 18 . 25 
32 19 . 23 
21 29 18 
19 16 26 

179 191 221 

t revertants/concentt. test article 

1 revertants /so 1 vent con tro 1 
+ enhancement factor - 

no revertant colonies observed 

Revertants/plate 
mean s.d. factor+ 

24 7.1 
20 2.5 1 . o  
20 4.0 1.0 
21 3.6 1.1 
20 1.7 1.0 
19 2.6 1.0 
25 2.1 1.3 
25 5.2 1.3 

150 7.0 7.6 

20 3.6 
22 2.1 
24 5.5 
17 0.6 
22 3.8 
25 6.7 
23 5.7 
20 5.1 

197 21.6 

1.0 
1.1 
0.8 
1.0 
1.1 
1.0 
0 . 9  

9.1 
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Test article: 1.3-Propanediol 

S9 mix from : R a t  liver (Batch R 291193) 

Test strain : TA 100 

Concentration 
pg/plate 

without S9 mix 

Negative control 
Solvent control 
33.3 
100.0 
333.3 
1000.0 
2500.0 
5000.0 
Positive control 
sodium azide 
(lOpg/plate) 

with S9 mix 

Negative control 
Solvent control , 

33.3 
100.0 
333.3 
1000.0 
2500.0 
5000.0 
Positive control 
2-aminoanthracene 
(2.5pg/plate) 

Plate 
1 2 3 

94 
94 
73 

96 
69 
69 
6 9  

64 

80 
89 
95 
83 
73 
67 
77 
84 

63 
93 
77 
75 
85 
72 
58 
97 

221 231 258 

116 141 153 
145 119 119 
141 135 118 
124 154 131 
126 135 156 
128 121 125 
137 140 151 
126 138 114 

401 410 406 

Z revertants/concentr . test article 
Z revertants/solvent control 

+ enhancement faztcr = 

Revertants/plate 
mean s . d .  factor+ 

79 
92 
82 
81 
85 
69 
68 
83 

237 

15.5 
2.6 
11.7 
4.9 
11.5 
2.5 
9.5 
14.0 

19.1 

1.0 
0.9 
0.9 
0.9 
0.8 
0.7 
0.9 

2.6 

137 18.9 
128 15.0. 1.0 
131 11.9 1.0 
136 15.7 1.1 
139 15.4. 1.1 
125 3.5. 1.0 
143 7.4 1.1 
126 12.0 1.0 

406 4.5 3.2 

str5 
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Test article: 1.3-Propanediol 

S9 m i x  from : Rat liver (Batch R 291193) 

Test strain : TA 102 

Concentration 
pg/plate 

without S9 mix 

Negative control 
Solvent control 
33.3 
100.0 
333.3 

1000.0 
2500.0 
5000.0 

Plate 
1 2 3 

176 145 138 
139 152 163 
151 138 163 
158 151 167 
144 176 168 
159 144 150 
162 176 153 
159 147 138 

Positive control 
methyl methane 831 879 911 
s u 1 f ona te 
(5.0 wl/plate) 

w i t h  S9 mix 

Negative control 
solvent control 
33.3 

100.0 
333.3 
1000.0 
2500.0 
5000 .0  

231 185 140 . 

168 149 145 
165 187 177 
239 207 188 , 

176 198 194 . 
185 173 188 
175 190 188 
175 207 203 

Positive control 
2-aminoanthracene 610 587 636 
(lOvg/plate) 

Z revertants/concentr. test article 

Z revertants/solvent control 
+ enhancement factor - 

str5 page 31 of 35 

Revertants/plate 
mean sod. factor+ 

153 20.2 
151 12.0 
151 12.5 
159 8.0 
163 16.7 
151 7.5 
164 11.6 
148 10.5 

874 4 0 . 3  

1.0 
1.0 
1.0 
1.1 
1.0 
1.1 
1.0 

5 . 8  

185 45.5 
154 12.3 1.0 
176 11.0 1.1 
211 25.8 1.4 
189 11.7 1.2 
182 7.9 1.2 
184 8.1 1.2 
195 17.4 1.3 

6ii 24.5 4 . 0  
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SUMKARY OF RESIKLTS 

Test article: 1.3-Propanediol 

S9 mix from : r a t  liver 

without S9 mix 

(Batch R 291193 + R 240194)  

Revert ant s/p 1 ate 
mean from three plates 

Concentration TA 1535 TA 1537 TA 98 TA 100 TA 102 
I / I 1  I / 11 

Neg. contr. 14 7 22 22 31 24 99 79 169 153 
Solv. contr. 19 5 19 22 26 20 99 92 186 151 
33.3 13 8 24 21 25 20 100 82 184 151 

100.0 17 4 23 22 30 21 93 81 164 159 
333.3 21 4 15 21 26 20 102 85 179 163 

1000.0 16 7 23 22 24 19 93 69 188 151 
2500.0 13 9 22 23 26 25 97 68 194 164 
5000.0 12 9 18 19 31 25 105 83 185 148 
Positive control s 
Sodium azide 885 263 619 237 
( 1 Opg/p 1 ate 1 
4-Nitro-o- 

( 1 Opg / p 1 at e) 
methyl methane 730 a74 
sulfonate 5 pl/plate) 

pg/ p 1 ate I / I1 1 / 1 1  1 / 1 1  

pheny 'Tene-di ami ne 62 . 138 245 150 

with S9 mix 

Concentration TA 1535 
I / I 1  

Neg. contr. 21 10 
Solv .  contr. 18 8 
33.3 16 7 

100.0 18 8 

1000.0 24 14 
2500.0 20 9 
5000.0 19 14 
Positive control 
Z-amino- 
anthracene 261 39 
(2.5pg/plate, 10 pg/plate 

/ = not performed 

pg/p 1 a t  e 

333.3 22 a 

TA 1537 TA 98 
1 / 1 1  1 / 1 1  

28 . 30 42 20 
23 32 40 22 
21 32 45 24 
26 27 45 17 
29 32 50 22 
23 31 47 25 
18 31 43 23 
24 30 43 20 

Revertants/p 1 ate 
mean from three plates 

TA 100 
I / I 1  

159 137 
158 128 
163 131 
160 136 
156 139 
172 125 
156 143 
170 126 

965 406 

TA 102 
I / I 1  

259 185 
244 154 
240 176 
236 211 

291 182 

255 195 

255 189 

274 184 

755 611 

0 0 0 6 9 6  
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DI SCUSSl ON 

The test article 1,3-Propanediol was assessed for its potential 
to induce gene mutations according to the plate incorporation 
test (experiment I) and the pre-incubation test (experiment 11) 
using Salmonella typhimurium strains TA 1535,  TA 1537, TA 9 8 ,  
TA 100, and TA 102. 

The assay was performed in two independent experiments both with 
and without liver microsomal activation. Each concentration and 
the controls, were tested in triplicate. The test article was 
tested at the following concentrations: 

33.3; 100.0; 333.3; 1000.0; 2500.0; and 5000.0 pg/plate 

No toxic effects occurred in the test groups with and without 
metabolic activation. 

The plates incubated with the test article showed normal back- 
ground growth up to 5 0 0 0 . 0  pg/plate with and without S9 mix in 
all strairk used. 

No substantial increases in revertant colony numbers of any of 
the five tester strains were observed following treatment with 
1,3-Propanediol at any concentration level, either in the 
presence or absence of metabolic activation (S9 mix). There was 
also no tendency of higher mutation rates with increasing 
concentrations in the range below the generally acknowledged 
border of .significance. 

Appropriate reference mutagens were used as positive controls. 
They showed a distinct increase in induced revertant colonies. 

In conclusion, it can be stated that during the described mutage- 
nicity test and under the experimental conditions reported, the 
test article did not induce gene mutations by base pair changes 
or frameshifts in the genome of the strains used. 

st5r page 33 of 3 5  
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GEW& 
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CYTOTEST CELL RESEARCH GMBH €i CO. KG 
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CCR Project No. : 476903 

Test Article: 1,3-Propandiol 

Title: Gene Mutation Assay in Chinese Hamster 
V79 C e l l s  a vitro (V79/HPRT) w i t h  
1,3-Propandiol 
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Study Director: Dr. Albrecht Poth 
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PROJECT STAFF SIGNATURES 

Study Director : 

Management: 

Dr. Eric Wollny 

................ 
13, 1994 

.............. 
I 

QUALITY ASSmZANCE 

The study was performed in compliance with: 

"The OBCD Principles of Good Laboratory P r a c t i c e " ,  P a r i s  1981. 

Chemikaliengesetz [ "Chemicals Act" ) of the Federal Republic of 
Germany, Anlage 1 ("Annex I"), dated March 14, 1990 (BGBL. I S. 
521) (regulates Good Laboratory Practice) 

GUIDELINES 

This study was conducted according to the procedures indicated by 
the following internationally accepted guidelines and recommenda- 
tions : 

Second Addendum to the OECD Guideline for Testing of Chemicals, 
Section 4 ,  No. 476;adopted  April 4 ,  1 9 8 4 ,  "In vitro Mammhlian 
Cell Gene Mutation Tests" 

EEC Directive 87/302, L 133,  p. 61 - 6 3  

EPA; 40 CFR; Ch.1; Part 798 ;  Detection of gene mutation in somat- 
ic cells in culture; pp. 717-720 (7-1-86 Edition] 

ARCHIVING 

C C R, D-64380 RoRdorf/F.R.G. will archive the following data for 
30 years : 
r 8 w  data, ~ r o t o z o l  afid copy of report. 

The following sample will be archived for at least 12 years: 
sample of test article. 

No raw data or material relating to t h e  study will be discarded 
without the sponsor's prior consent. 
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STATEMENT OF COMPLIANCE 

project N u m b e r :  476903 

Test Article : 1,3-Propanediol 

Study Director: Dr. Eric Wollny 

T i t l e  : Gene Mutation Assay in ChhU3Se Hamster V 7 9  

Cells in vitro (V79/HPRT) with 
1,3-Propanediol 

This study, performed in t h e  testing facility of CCR was conduct- 
ed in compliance with Good Laboratory Practice Regulations: 

Chemikaliengesetz ("Chemicals A c t " )  of the Federal Republic 
of Germany, Anhang 1 ("Annex l"), dated March 14; 1990 

"OECD Principles of Good Laboratory Practice", Paris, 1981 

There were no circumstances that may have affected the quality or 
integrity of the study. 

* .  

Study Director C C R  
Dx. Eric Wollny 

. . . e . . . . .  
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QUALITY ASSURANCE UNIT 

C C R, Cytotest Cell Research GmbH & Co. XG, 
In den Leppsteinswiesen 19, D-64380 RoMorf, F.R.G. 

STATKMENT 

Project Number: 476903 

Test Article I . 1,3-Pxopanediol 

Study Director: Dr. Eric Wollny 

Title 1 Gene Mutation Assay in Chinese Hamster V79 
Cells An v i t ro  (V79/HPRT) w i t h  
1,3-Propanediol 

This report was audited by the Quality Assurance U n i t  and the 
conduct of t h i s  study was inspected on the following dates: 

Phases and Dates of QAU 
Inspections/Audits 

Dates of Reports to the Study 
Director and to Management 

Protocol Audit July 06, 1994 July 06, 1994 
Process Inspection August 29, 1994 August 29, 1994 
Process Inspection Sept. 06, 1994 Sept. 06 ,  1994 
Draft Audit NOV. 22, 1994 NOV. 22, 1994 

Head of 
Quality Assurance Unit Frauke Hermann 

........, 
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SUMMARY 

The study was performed to investigate the potential of 1,3- 
Propanediol to induce gene mutations at the HPRT locus in V79 
cells of the Chinese hamster, 

The assay was performed in two independent experiments, using 
identical procedures, both w i t h  and without liver microsomal 
activation. 

The test article was tested with the following concentrations: . 

Experiment I and 11: 

with and without S9 mixt 
250.0; 1000.0; 2500.0 and 5000.0 pg/ml 

According to the pre-test on toxicity the concentration ranges 
were selected to yield concentration-related toxic effects. The 
highest concentration produced a low level of survival (only 
without metabolic activation) and the survival at the lowest con- 
centration was approximately in the range of the negative con- 
trol. 

a 

Up to the highest investigated concentration no relevant increase 
in mutant colony numbers was obtained in two independent experi- 
ments. 

Appropriate reference mutagens were used as positive controls and 
showed a distinct increase in induced mutant colonies. 

CONCLUSION 

In conclusion it can be stated that during the described mutage- 
nicity test and under the experimental conditions reported the 
test article did not induce gene mutations at the HPRT l o c u s  in 
V79 cells. 

Therefore, 1,3-Propanediol is considered to be non-mutagenic in, 
this HPRT assay. 

page 8 of 30  
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OBJECTIVE 

AIMS OF THE S!LWDY 

This &n vitro assay is performed to assess the potential of the 
test article means of two independ- 
ent HGPRT experiments using the Chinese hamster cell line V79. 

to induce gene mutations by 

REfiEVANCE OF TBE !rE ST SYSTEM 

c- In vitro methods are valuable when it is desirable to accurately 
control the concentration and exposure. time of cells to the test 
article under study. However, due to the limited capacity for 
metabolic activation of potential mutagens an exogenous metabolic 
activation system is necessary. 

, 

This in vitro test is an assay for the detection of forward gene 
mutations in mammalian cells. Gene mutations are considered to be 
an initial step in the carcinogenic process (2). 

The V79 cells are exposed to the test article both with and 
without exogenous metabolic activation. At  a defined time inter- 
val after treatment the descendants of the treated original 
population are monitored for the loss of functional HPRT enzyme. 

HPRT (hypoxanthine-guanine phosphoribosyl transferase) catalyzes 
’ the conversion of the nontoxic 6TG’(6-thioguanine) to its tox ic  

ribophosphorylated derivative. Therefore, cells deficient in HPRT 
due to a forward mutation are resistant to 6TG. These cells are 
able to proliferate i n  the presence of 6TG whereas the non- 
mutated cells die. However, the mutant phenotype requires a 
period of time before it is completely expressed. The phenotypic 
expression is achieved by allowing exponential growth .of the 

- cells for 7 - 9 days. The expression period is terminated by 
adding 6TG to the culture medium (3). 

Mutant frequency is determined by seeding known numbers of cells 
a in medium containing the selective ‘agent to detect mutant cells, 
* and in medium without selective ageht to determine the surviving 

cells. After a suitable period the colonies are counted. Mutant 
frequencies are calculated from the number of mutant colonies 
corrected for cell survival. 

In order to establish a Concentration response effect of the test 
article a t  least four concentration levels are tested. These 
concentration levels should yield a concentration related t o x i c  
effect. The highest concentration level should induce a reduced 
level of survival. 

To demonstrate the sensitivity of the test system reference 
mutagens are tested in parallel to the test ar t ic le ,  

hgv79r page 9 of 30 0 0 0 ‘1 0 8 
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MATERIALS AND METHODS 

TIIE TEST ARTICLE 

The test article and the infomation concerning the test article 
were provided by the sponsor. 

Name : 

CAS No. 2 

Batch No. I 

Aggregate State 
a t  RT: 

Colour : 

Molecular Weig::t : 

Purity 2 

Analysis : 

Stability: 

Storage : 

Explration Date: 

1,3-Propanediol 

504-63-2 

EK 33/92-1 

liquid 

colourless 

n o t  indicated by the sponsor 

1 99.8 % / G C ,  area % 

H20 I 0 . 1  8 /Karl Fischer titration 

4783/94 dated: July 12,  94 

Pure : stable €or years 
In solvent: stable in H20 

room temperature 

July 01, 1996 

’*‘ 

On the day of the experiment (immediately before treatment), the.  
t e s t  article was dissolved in culture medium (MEM without FCS) .  

The solvent was chosen according to its solubility properties and 
its non-toxicity for the cells. 

0 0 0 ‘7 0 9 
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THE CONTROLS 

The Necrative Controls 

Concurrent negative and solvent controls  were performed. 

The Positive Control Substances 

Without metabolic activation 

Name : EMS; Ethylmethanesulfonate 
Supplier: Merck-Schuchardt, D-85662 Hohenbrunn, 

Catalogue no.: 820774; (Purity: > 98%) 
Dissolved in: nutrient medium (MEM without FCS) 
Final Concentrationt 
Solution prepared on day of experiment. 

F.R.G. 

0 .6  mg/ml - 4 . 8  mM 

With metabolic activation 

Name,: DMBA; 7,12-dimethylbe~z(a)anthracene 
Supplier: SIGMA CHEMIE GMBH, D-82041 Deisenhofen 
Catalogue no.: . D  3254; (Purity: appr. 95%) 
Dissolved in t DMSO, Dimethylsulfoxide; 

Final Concentration: 3 . 8 5  p g h l  = 15.0  MM 
f i n a l  concentration ih nutrient medium 1 % 

The stability of both positive control substances in solution is 
unknown, but a mutagenic.response in the expected mutatfon range 
is sufficient evidence of biologica l  stability. The dilUtfonS of. 
the stock solutions were prepared on the day of the experiment 
and used immediatelly. 

hgv79r page 11 of 30 0 0 0 ' 7 1 0  
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THE TEST SYSTEM 

Reasons for the choice o f  the Cell Line V79 

The V79 cell line has been used successfully in in experi- 
ments for many years. Especially t h e  high proliferation rate 
(doubling time 12 - 16 h in stock cultures) and a good cloning 
efficiency of negative control cells (as a rule more khan 5 0  % )  
both necessary for the appropriate performance of the study, 
recommend the use of this cell line. The cells have a stable ' 

karyotype with a modal chromosome number of 22 ( 3 ) .  

Cell Cultures 

Large stocks of the V79 cell line (supplied by Laboratory f o r  
Mutagenicity Testing; Technical University; D-64287 Darmstadt; 
F.R.G.) are stored in liquid nitrogen in the cell bank of C C R 
allowing the repeated use of the same cell culture batch in 
experiments. Before freezing, t h e  level o f  spontaneous mutants 
was depressed by treatment with HAT-medium as described in [3]. 
Each batch is screened for ,mycoplasma contamination and checked . 
for karyotype s t a b h i t y  and spontaneous mutant frequency. Conse- 
quently, the parameters of the experiments remain similar be- 
cause of the reproducible characteristics of the cells. 

Thawed stock cultures are propagated at 37  O C  i n  8 0  cm2 plastic 
flasks (GREINER, D-72632 Frickenhausen, F . R . G . ) .  About 5 x lo5 . 
cells are seeded into each flask with 15 ml of MEM (minimal 
essential medium; SEROMED, D-12247 B e r l i n ,  F . R . G . )  supplemented 
with 10 % fetal calf serum (FCS; Boehringer Mannheim, 68261- 
Mannheim, F.R.G.). The cells axe subcultured kwice weekly. The 
cell cul tures  are incubated at 37 OC in a 4 .5  % carbon dioxide 
atmosphere ( 9 5 . 5 %  air). 

For the selection of mutants the medium is supplemented with 
11 pg/ml thioguanine (6TG, SIGMA GmbH, D-82041 Deisenhofen, 
F.R.G. ) .  

0 0 0 ' 7 % 1  
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MAMMALIAN MICROSOMAL FRACTION S9 M I X  

Lacking metabolic activities of cel ls  under 6rr vitro conditions 
are a disadvantage of assays with cell cultures as many chemicals 
only develop a mutagenic potential when they are metabolized by 
the mammalian organism. However, metabolic activation of chemi- 
cals  can be achieved at least partially by supplementing the ce1.l 
cultures with mammalian liver microsome preparations (S9 mix). 

$9 IPreoaration bv C C R’I 

The S9 l i ver  microsomal fraction was obtained from the liver of 8 - 12 weeks old male rats, strain Wistsr ‘Hanfbm in. deviation to 
the protocol (BRL, CH-4414 Fiillingsdorf; body weight approx. 
220 I 320 g) which received a single i . p .  injection of 500 
mg/kg b.w. Aroclor 1254 (Antechnfka, D-76275 Ettlingen, F.R.G.) 
in olive oil 5 days previously. 

After cervical dislocation, the livers of the animals were re- 
moved, washed in 150 mM K C l  and homogenized. The homogenate was 
diluted 1:4 in K C f  and centrifuged twice at 9 , 0 0 0  g at 4 O C  for 
10 minutes.. A stock of the supernatant containing the microsomes 
was frozen in ampoules of 2 or 5 ml and stored at -70 O C .  Small 
numbers of the ampoules were kept a t  -20 O C  f o r  only one week 
before u s e .  The protein content was determined using the analy- 
sis kit of Bio-Rad Laboratories, D-80939 MUnchen: Bio-Rad protein 
assay, Catalogue 500 000 6. 

The protein concentration in the S9 preparation was 2 9 . 0  m.g/ml 
( l o t .  no.:  060694)in t h e  main experiments and 2 6 . 4  mg/ml ( l o t .  
no.: 190494) in the pre-test. 

A n  appropriate quantity of S9 supernatant was thawed and mixed 
with S9 cofactor solution to result in a final protein concentra- 
tion of 0 . 7 5  mg/ml in t h e  cultures. Cofactors were added to the 
S9 mix to 

8mM 
33 mM 
5mM 
4 m M  

in 100 mM 

reach following concentrations: 

MF12 
KC1 
glucose-6-phosphate 
NADP 
sodium-ortho-phosphate-buffer, pH 7 . 4 .  

During the experiment, the s9 mix was stored in an ice bath. 
The S 9  mix preparation was performed according to Ames et al.(l). 
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PRE-TEST ON TOXICITY 

A pre-test was performed in order to determine the  concentration 
range f o r  the mutagenicity experiments. The general culturing and 
experimental conditions in this pre-test were the same a s  de- 
scribed below f o r  the mutagenicity experiment. 
The following method was used in the pre-test: 

XTT-Assav: 

The XTT-assay is based on the cleavage of the yellow tetrazolium 
s a l t  XTT to form an orange formazan dye by hydrogenase activity 
in active mitochondria. 18 - 20 h after treatment with the test 
article the XTT-assay was initiated by adding a mixture of XTT- 
labeling reagent with an electron coupling reagent (PMS), After 
4 h of incubation the absorption was read at 450 nm ( 6 9 0  nm 
reference) using an ELXSA reader (SLT, Labinstzuments Austria, A- 
5082 Grbdig). The viabilities of the cells were calculated as 
percentages of the solvent controls and reported tabularly. 

. 

DOSE SELECTION 

According to the recommendations of the guidelines (see page S ) ,  
several concentrations (usually at least four) of the test  arti- 
cle should be used. These should yield a concentration-related 
toxic effect. The highest concentration should produce a low 

. level of survival and the survival in the lowest concentration 
should approximate the negative control .  Relatively insoluble 
substances should be tested up to t h e i r  limit of solubility under 
culture conditions. For freely-soluble nontoxic substances the 
maximum concentration should be a$ recommended in the in vitro 
cytogenetic assay, namely 5 mg/ml or 10 mM. If the maximum con- 
centration is based an cytotoxicity the cloning efficiency should 
be reduced to less than 50 % and/or culture growth at subcultiva- 
tion should be at least 2 0 8  of the corresponding solvent control, 

," 1.'" 

In the pre-test (XTT-Assay) no toxic effects could be observed up 
to t h e  h ighest  tested concentraton of 5.0  mg/ml neither with nor 
w i t h o u t  metabolic activetion (see table PRE-TEST Oh' TOXICITY; 
page 20). Therefore, the main experiments were performed with- 
four concentrations ranging from 250.0  to 5000.0 vg/ml without 
and with metabolic activation. 

hqv79r 
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The test article w a s  tested with the following concentrations: 

Experiment I and 11; 
with and without S9  mix: 
250,O; 1000.0; 2500.0 and 5000.0  pg/ml 

J3XPERIMENTAL P E R P 0 R " C E  

Seedincr 

Three days old exponentially growing stock cultures (more than 
50 % confluent) w e r e  trypsinized at 37 OC fo r  5 minutes, Then the 
enzymatic digestion w a s  stopped by adding complete culture medium 
and a single cell suspension was prepared. The t ryps in  concentra- 
tion f o r  all subculturing steps w a s  0 . 2  % i n  Ca-Mg-free salt 
solution (Trypsin: Dif co Laboratories, Detroit, USA) . 
The Ca-Mg-free salt solution was composed as follows (per l i tre):  

N a C l  
KC1 
Glucose 
NaHC 0 3 

8000 mg 
400 mg 
1000 rng 

350 mg 

Prior to the trypsin treatment the cells w e r e  rinsed w i t h  Ca-Mg- 
free salt solution containing 200 mg/l EDTA (ethylene diamine 
tetraacetic acid). . 

The cell  suspension was seeded into plastic culture flasks ( G r e i -  
nes, D-72632 Fricke.nhausen) . Approximately 1.5 x lo6 (single cul -  
ture) and 5 x l o 2  cells ( i n  duplicate) w e r e  seeded in MEM with 
10 % FCS (complete medium) for the determination of mutation rate 
and toxicity, respectively (see experimental scheme). 

T r e  a b e n t  

A f t e r  24 h the medium was replaced with serum-free nedium COR- 

taining the test article, either without S9 mix or w i t h  50 U m l *  
S9 mix. A f t e r  4 h t h i s  medium was replaced with complete medium 
following two washing steps with "saline G o ' .  

hgv79r page 15 of 30  
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The "saline G" solution was composed as follows (per lftreji 

Nac1 8000  rng 
XCl 400 mg 
Glucose 1100 mg 
Na2HP04 .7H20 290 mg 
KH2P04 150 mg 
pH is adjusted to 7.2 

Experimental Scheme : 

Segment a ) : procedure for determination of toxicity 
Segment b ) :  Procedure for determination of mutation rates .  . 

Day 1: Subculturing of a log-phase culture which showed an ini- 
tial spontaneous mutation rate at t h e  beginning of t h e  
experiment of 4.0  (experiment I) and 5.1 (experiment XI) 
mutants per 106. cells. 

a) About 500 cells in 5 mf medium/25 cm2-plastic-flask for 
cloning efficiency; in duplicate per ex erimental point  

f o r  the mutagenicity test, 1 flask per experimental 
point 

b) 1.5 x lo6 cells in 30 ml medium/l75 cm 3 -plastic-flask 

Day 2: Treatment of a) and-b) 

Day 5 ;  Subculturing of b) in 175 cm2-plastlc-ffasks 
1.5 x lo6 cells in 30 ml rnedfum/l75 crnz-plastic-flasks 

Day.9: Fixation and staining of colonies in.a)-flasks 
determination of concentrarion-related cloning efficiency 

Day 9: Subculturing of b) in five 80 cm2-plastic-flasks contain- 
* ing selective medium: mutant selection (about 3-5 x IO5 
* cells/flask); 

subculturing of b) in two 25 cm2-flasks fo r  cloning effi- 
ciency (about 500 cells/flask) 

Dayl6: Fixation and staining of colonies in b)  - derived flasks 
seeded on day 9 (cloning efficiency). 

Dayl8: Fixation and staining of colonies i r i  b) - derived flasks 
seeded on day 9 (mutant selection). 

The cultures were incubated at 37O C in a humidified atmosphere 
with 4 . 5  % COz. The colonies were stained with 10 % methylene 
blue in 0.01 % KOH solution (E. Merck, D-64293 Damstadt, 
F . R . G . , ) .  

The stained colonies with more than 50 cells were counted. In 
doubt t h e  colony size was checked with a preparation microscope 
(Nikon, D-40407 Diisseldorf, F . R . G . ) .  

hgv7 9r 
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&TA RECORDING 

The data generated were recorded in the raw data. The results 
are presented in tabular form, including experimental groups with 
the test article, negative and positive controls. 

ACCEPTABXLITP OF THE ASSAY 

The gene mutation assay is considered acceptable if it meets the 
‘following criteria: 

a )  t h e  numbers of mutant colonies per lo6 cells found in t h e  
negative and/or solvent controls fall within the laboratory 
historical control data range: 0 - 45 mutants/106 cells. 

b) t h e  positive control substances must produce a significant 
increase in mutant colony frequencies. 

c) the cloning efficiency (absolute value) of t h e  negative , 

and/or solvent controls must ekceed 50 %. 

The data of this Study comply with t h e  above mentioned criteria 
[a) and b) see mutation rate, tables 111 and VI, c) see tables XI 
and V ,  factor calculated re€erring to the C.E. of the untreated 
cultures]. 
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EVALUATION OF RESULTS 

A test article is classified as positive if it induces.either a 
concentration-related increase of the mutant frequency or a 
reproducible and positive response for one of the test points. 

A test article producing neither a concentration- related in- 
crease of the mutant frequency nor a and reproducible positive 
response at any of the test points is considered non-mutagenic in 
this system. 

A significant response is described as follows: 

The test article is classified as mutagenic if it induces repro- 
ducibly with one of the concentrations a mutation frequency that 
is three times higher than the spontaneous mutation frequency in 
the experiment. 

The test article is classified as mutagenic if there is a repro- 
ducible concentration-related increase of the mutation frequency. 
Such evaluation may be considered also i n  the case that a three- 
fold increase of the mutant frequency is not observed. 

However, in a case by case evaluation this decision depends on 
the level of the corresponding negative control data. If there is 
by chance a low spontaneous mutation rate in the range normally 
found ( 0  - 4 5  mutants per lo6 cells] a concentration-related 
increase of-the mutations within this range has to lie discussed. 

0 0 0 4 1 1  
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BIOMETRY 

Since the distribution of mutant cells does not follow known 
s t a t i s t i c a l  models, U R  adequate statistical method is n o t  avail- 
able.  

hgv7 9r page. 19 of 30  
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RESULTS 

PRE-TEST ON TOXICITY 

concentration 

without S9 mLx 

blancs 
negative 
control 
medium 
control 
10.0 
30.0 
100.0 
300 0 
600.0 
1000.0 
2500.0 
5000.0 

w i t h  S9 mix 

blancs 
negative 
control 
medium 
control 

10.0 
30.0 
100.0 
300.0 
600 0 
1000.0 
2500.0 
5000.0 

extinction 

mean 

0 161 

1 196 

1.250 
1.401 
1.379 
1.407 
I. 468 

1.433 
1.451 
1.416 

1.444 

0.162 

l.391 

1.372 

1.494 
1.505 -- 
1.543 
1.513 
1.576 
1.621 
1.551 
1.489 

* corrected w i t h  the blanc 

0 0 0 7 11 9 

hgv79r 

(450/690 nm) 
standard 
deviation 

0.032 

0.112 

0.087 
0.117 
0.092 
0.091 
0.093 
0.110 
0. I17 
0.186 
0.065 

0.012 

0.087 

0.083 

0.081 
0.102 
0 145 
0.130 
0.147 
0.224 
0.118 
0.173 

page 20 of  30 

% of the 
corresponding 
control * 

95.04 

100 * 00 
113.87 
111.85 
114.42 
120.02 
117.81 
116.80 
118.46 
115.24 

101.59 

100.0 

110 08 
110.99 
114 13 
111.65 
116.86 
120.58 
114.79 
109.67 
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TABLES OF RESULTS 

WITH 

I ,3-Propanediol 

EXPERIMENT I 
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8 Table I: Toxicity data; experiment I 
number o f  cells per flask* 

found 
CEX** CE%*** 
absolute relative 

conc. S9 
per ml m i x  

1 2 

cells Iml cell den- 
at 1st sub- s i t y ;  X of  
cultivation control 

seeded 
I /I1 

.. 

mean 

6 

442.5 

290.0  

224.0 
251.5 

25.5 

0.0 
0.0 

301.0 

279.5 

158.5 
279.0 
287.0 
284.0 
276.0 

1 
4 

455 

3 2 6  

201 
219 
29 
0 
0 

296 

280 

160 
288 
286 
286 
27 6 

I1 
5 

430 

254 

247 
28 4 

22 
0 
0 

306 

279 

157 
270 
288 
282 
276 

3 

527 

527 

527 
527 
527 

527 

527 

527 

527 

527 

527 

527 
527 

527 

10 . 

100.0 

94.9 
116.8  

97.7 
77.2 

37.8 

100.0 

100.0 

65.0 
150.7 
136.  G 
130.5 
136.4  

9 7 8 

84.0 Negative control 
(untreated cells) 

Solvent control 
with medium 0.00 llg - S5.0 100.0 3246667 
Positive contxol 
wzth EMS 0.60 mg - 42.5 77.2 

47.7 86.7 
3080000 

3793333 
3173333 
2506667 
1226667 

Test  article 250.00 wg - 
I, 1000.00 pq - 

2500.00 Mg .. z I 5000.00 Pg .. 
rq 
(D 

4.8 8 . 8  
070 . 0.0 
0.0 0.0 

h) Splvent control 

b Solvent control 
with medLum 0.00 pg + 

w i t h  DMSO 0.00 pg -I- 

h) 

0 Positive control 
with DMi3A 3.85 fig + 

57.1 100.0 2268667 

53.0  100.0 3200000 

30.1 56 .7  
52.9 92.7 
54 .5  95.3 
53.9 94.4 
52.4 91.7 

2 0 8 0 (1 0 0 
3420000 
3100000 
2960000 
3093333 

Test article 250.00 pg 4. 

I, 1000.00 pg 4- 

U 2500.00 pg. + 
" 5000.00 ug + 

* only colonies with mom than 50 cells 7 days after seedfng were scord  
** &E absolute value c o l m  6 / value column 3 x 100) 
**+,CE relative tvaTue c o l m  6 / vatue column 6 of corresponding control x 100) 

. .  t 

3 



Table 11: Mutagenicity data; experiment I (part. 1: cell survival) 
9 

Colunm 

Solvent control 
with medium 
Positive control 
w ~ t h  EMS 
Test article 

ll 

" 

Solvent contxol 
w i t h  medium 
Solvent control 
W l t h  DMSO 
P p s i t i v e  control 
with DMBA 
Test article 

., 
" 

conc . S? per ml mix 

1 2 

0.00 pg 7 .  

0 .60  mg - 
250.00 pg - 

100.0.00 pg - 
2500.00 vg - 
5000.00 pg - 

0.00 pg 4. 

0.00 Pg 4. 

3 .85  pg + 
250.00 ug 3. 

2500.00 ug + 
5000.00 pg + 

1000.00 ug 4. 

. .  

number o f  cells per flask* factor*" 
seeded gound mean calculated 
1/11 

3 

510 

509 
50 6 
509 
50 5 
504 

506 

502 

502 
510 
500 
500 
507 

A 

4 

365 

280 
37 6 

379  

402 
342 

317 

350 

238 
379 
305 

255 

317 

I1 
5 

424 

300 
320 

3 8 9  
3 57 
429 

321 

3 68 

292 
344 
336 
260 

303 

6 

394.5 

290.0 
348.0 
384 .0  

379.5  

385.5 

319.0 

359 .0  

265.0  

361.5  
320 5 

257.5 

310.0 

only colonies with more than 50 cells 7 days after seeding in normal medium were scored 
** factor  calculated (value column 6 / value column 3) 
*It cells survived after plating to TG containing medium (value column 8 x value column 7) 

7 

0.77 

0.57 
0.69 
0.75 
0.75 
0.76 

0.63  

0 .72  

0.53 

0 . 7 1  
0.64 
0.52 
0.61 

c e l l s  
seeded 

8 

404000 

404000 

384000 
399000 
399000 
402000 

483000 

478000 

426000 

486000 
426000 

469000 
435000 

cells*** 
survived 

9 

311080 

230280 

264960 

299250 
299250 

305520 

304290 

344160 

225780 
345060 
272640 

243880 
265350 
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Table 111:. Mutagenicity data; 'experiment I (part 2': mutation rates) 

Column 

number o f  mutant colonies ter flask* S? conc . 
per ml mix found after plating i n  TG me lllm 

I I1 111 IV v mean 
5 6 7 8 1 2 3 4 

Solvent  control 
3 . 2  2 4 

P o s i t i v e  control 
79.4 w i t h  EMS 0.60  mg - 75 86 73 71 92 

1 . 0  1 2 
2.6 1 1 

0 0  0.2 
0 . 8  

2 1  7 w i t h  m e d m m  0.00 wg - 

1 0 1  
3 2 6  
0 1 0 
0 1 1 1 1 

Pest article 250.00 pg - 
4 

" 
1000.00 pg - 
2500.00 Hg - 
5000.00 Hg - " 

Solvent control 

Solvent  control 

P p i t i v e  control  
wAth DMBA 3.85 pg 

with medium 0.00 pg 

w i t h  DMSO 0 . 0 0  pg . 

T e s t  article 250 .00  pg 
0 1000.00 pg 
U 2500.00 pg . 
I, 5000.00 pg 

+ 0 

+. 0 

4. 116 
4. 1 
+ 2. 
+ 0 
+ 3 

0 1 

1 0 .  

140 101 
0 1  
0 0  
4 3  
0 1  

0 0  0.2 

2 0  0 . 6  

134 103 118.8 
0 0 0.4 

0 . 6  0 1  
2.4 2 3  

0 0  0 .8  

standard mutant** 
deviation colonigs 

9 10 

per 10 c e l l s  

2.4 1 0 . 3  

9 . 1  344.8  
0 . 7  3.8 
2.1 8.7 
0 . 4  0.7  

0 . 4  2.6 

0 . 4  0.7 

0.9 1.7 

17.7 526.2 
0.5 1.2 
0.9 2.2 
1.5 9 . 8  
1.3 3.0 

* 
** value column 8 (this page) x IO6 / value column 9 of table I1 

only colonles with more than 50 cells 8 days after seedfng in TG medium were scored 
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TABLES OF RESULTS 
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h Table XV: Toxicity data; experiment I1 

Column 1 2'  

Negative control 
(untreated cells) 

Solvent control 
w i t h  medium 0.00 pg - 
Positive control 
with EMS 0.60 mg - 
Test article' 250.00  pg - 

I, 1000.00 pg - 
n 2500.00 pg - 

5000.00 Hg - " 

Solvent control, 
w i t h  medium 0.00 pg i- 

Solvent control 
w i t h  DMSO 0.00 vg 4. 

Positive control 
w i t h  DMBA 3.85 pg $. 

number o€  cells pet- Elask* 
seeded found mean 
f JII 11 

* 3  

560 

5 6 0  

560 
5 60 
560 
560 
560 

560 

560 

5 60 
Test article 250.00 pg +'  . 5 6 0  

II 1000..00 !.tg + 560 

U 5000.00 pg t. 560 
n 2500.00 pg f 560 

I 

e 4  

472 

383 

216 
305 

1 
0 
0 

342 

293 

195 
-321 
302 
268 
3 55 

5 ' 6  

456 

303 

262 
353 

1 
a 
0 

318 

352 

197 
328 
310 
30 9 
294 

* only colonies with more than 50 cells 7 days after  seeding were scored 
8*. CE absolute (value column 6 I v a h e  column 3 x 100) 
**8 CE re la t ive  (value c o l m  6 I value colm 6 of corresponding control x 100) 

464 

343.0 

239 .O 
329.0 
1.0 
0 . 0  
0 .0  

330.0 

322.5 

196.0 
324.5 
306.0 
288.5 
324.5 

CEX** CEX*** 
absolute relative 

7 

82.9 

61.3  

4 2 . 7  
58.8 

0 . 2  
0 . 0  

. 0 .0  

58.9 

57.6 

35.0 
57.9 
54.6 
51.5 
57.9 

8 

l o a .  o 

69.7 
95.9 
0.3 
0.0 
0.0 

100.0 

100.0 

60.8 
98.3 
92.7 
87.4  

98.3 

cellslml cell. den- 
a t  1st sub- sit - % of  
cultivation conk01 

9 

. 2457333 

2276667 
2520000 
2223333 
1846667 
354667 

* 3453333 

3126667 

2673333 
2826667 
2720000 
2820000 
2506667 

10 

100.0 

92.6 
102.6 
90.5 
75.1 
14.4 

100.0 

100.0 

85.5 
81.9  
78.8 
81.7 
72.6 



. .  

Table V: Mutagenicity data; experiment II (part 1: cel l  survival) 
3 

4 
w e 

Column 

Solvent Gontrol 
w i t h  medium 
Positive control, 
with EMS 
Test article 

I, 

11 

z 
14 
(0 Solvent control 

with medium 
Solvent control 
w i t h  DMSO 

4 

R 
Positive control 
wrCh DMBA w 

0 

T e s t  article 
n 

I, 

W 

conc . S? per r n l  m i x  

1 2 

0.00 pg - 
0.60 mg - 

250.00 vg - 
1000.00 pg. - 
2500.00 pg - 
5000.00 pig - 

. .  
0.00 pg 4- 

0.00 vg 3. 

3.85  pg i- 

~ 0 0 0 . 0 0  pg + 

5000.00 Jlg 3. 

250.00 pg $. 

2500.00 Kg + 

number of  cells per flask" 
seeded found _ _  mean 
If11 I 

factor** calculated 

3 4 

511 322 

503 213 
509 324 

505 310 
5 0 2  343 
503 327 

5 0 1  393 

502 440 

563 390 
601 466 
504 412 
572 390 
506 500 

A* 

5 6 

343 332.5 

198 205.5  

332 328.0 

329 319.5 
332 337.5  
3 4 2  334.5 

381 387.0  

427 433.5 

395 392.5  
446 456.0  
396 404.0. 
398 394.0 

487 493.5 

only colonies with more than 50 cells 7 days after seeding +n nom1 medim were scored 
** factor calculated (value column 6 I value colum 3) 
*** cells survived after plating In TC containing medium (value column 8 x value eoiunn 7 )  

Q 
9 
-2 
iu 
Q;a 

. I  

7 

0 . 6 5  

0 . 4 1  
0 . 6 4  
0 . 6 3  
.O. 67 
0.67 

0.77 

0.86 

0 .70  
0.76 
0.80 
0.69 
0.98 

cells 
seeded 

8 

395950 

400500 
418350 
410500 
442500 
427500 

470000 

420000 

4f3000 
480000 
391500 
489000 

390000 

cells*** 
survived 

9 

257x8 

164205 
267744 

258615 
296475 
286425 

361900 

361200 

317100 
364800 
313200 

337410 
382200 



Table VI: Mutagenicity data; experiment I1 (part 2: mutation rates) 
7 

standard mutant** 
deviation calonigs 

per 10 cells 

number of mutant colonies s$r flask* s 9 conc . 
per m i  nux found a f t e r  plating in TG me ~wm 

mean I I1 111 IV v 

2 tn 
r, 
3 

1 2 3 4 5 6 7 8 

9 
(4 
m 
h;) 
a3 

0 m 
u 
0 

Solvent qontxol 

Positive control 
w i t h  EMS 0.60 mg - 
Test article 

3 5.6 

1125 122 145 131 136 131.8 
250.00 ).Lg .. 0 0 2 2 0 0.8 

2 3 4 4 3 3.2 

w i t h  medium 0.0o.ug - .. .9 s 4 .  7 

” 
1000.00  pg - 1 2 0 0 4 . 1.4 

5 2 5 4 4 ‘4.0 

$1 2500.00 pg - 
5000.00 Kg - ” 

Solvent control 

Solvent control 

Positive control 
with DMBA 

0 2 1 0 2 1.0 w i t h  m e d l u m  0.00 Jq 4. 

w i t h  DMSO 0.00 pg -t. 0 1 I 0 0 0.4 

3.85 pg + 121 122 I19 127 112 120.2 
4 2 2.8 

I 0 1 2 1 1.0 
0 1 1.4 

1 3 0 1 1 1.2 

Test article 250.00 pg + 3 4 1  
1000.00 pg 4. 

2500.00 ug + 3 2 1  
5000.00 pg + 

U 

n 

” 

** . value colum 8 (this page) x IO6 / value column 9 of table V 
only colonies with more than 50 cells 8 days after seedtng in  TG medium were scored 

2.4 21.8 

9.1 802.7 
1.1 3 . 0  
1.7 5 . 4  
0.8 10.8 
1.2 14.0 

1.0 2.8 

0 .5  1.1 

5.4 379.1 
1.3 7.7 
0.7 3 . 2  
1.1 4.1 
1.1 3.1 

f 
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RESULTS AND DISCUSSION 
The t e s t  a r t i c l e  1,3-Propanebiol was assessed for its potential' 
to induce gene mutations at the HPRT locus using V79 cells of the 
Chinese hamster. 

The study was performed in t w o  independent experiments, using 
identical procedures, both with and without liver microsomal 
activation. 

In both experiments with liver microsomal activation, up to the 
highest concentration of 5000.0 pg/ml, neither a reduction of the- 
cloning efficiency of the cells nor a reduced cell density at the 
first subcultivation was observed (see Table I and XV, Column 8 
and 10; page 22 and 2 6 ) .  

Without metabolic activation the cloning efficiency of the cells 
in both experiments showed heavily toxic effects a t  1000.0, 
2500.0 and 5000.0 bg/ml in both experiments (see Table I and IV, 
Column 8 and 10; page 22 and 2 6 ) .  
However, the cell density a t  the first subcultivation was only 
slightly reduced at 2500.0 pg/ml (77.2 % in experiment I and 
75.1 % in experiment 11, respectively. At  the highest investigat- 
ed concentration a distinct reduction of the cell density at 
first subcultivation was observed (37.8 % in experiment I and 
14.4 % in experiment If, respectively). 

Taking into account the mutation rate6 found in the groups treat- 
ed with the test article compared to the negative and solvent 
controls it can be concluded that no relevant increase of gene . 
mutations was observed. The test article did not induce a repro- . 
ducible concentration-related increase in mutant colony numbers. 
The mutant values of the groups treated with the test article 
were in the range of the negative controls. 

* 

The more than three fold increases (compared to the corresponding 
solvent control) in mutant colony numbers at 2 5 0 0 . 0  (experiment I 
and 11) and at 250.0 pg/ml (experiment 11) with metabolic activa- 
tion axe considered not to be relevagt, since these effects are 

' due to the relatively low level of. the corresponding solvent 
' control and the obtained va ues are within our historical control 
data range (0-45 mutants/l& cells). 

In this study in both experiments ( w i t h  and without S 9  mix) the 
range %f the negative controls was from 0.7 up to 21.8 mutants. 
per 10 cells; the range of the groups treated with the test 
article was from 0 . 7  up to 14.0 mutants per lo6 cells. 

EM5 ( 0 . 6  mg/ml) and DMBA . [ 3 . 8 5  pg/ml) were used as posftive con- 
trols and showed a distinct increase in induced mutant colonies. , 

In conclusion, it can be stated that in this mutagenicity assay 
and under the experimental conditions reported the test article 
did not induce gene mutations at the HPRT locus in V 7 9  cells. 
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Food and Drug Administration 
Memorandum of Telephone conversation 

Date: August 26, 2009. 
Time: 3:OO pm 
Location: 4300 River Road, College Park, MD 20740- RM 2073. 
Subject: 173-propanediol submission. 

Participants: 

David Wood 
Erika Rath 

DuPont Tate & Lyle Bio Products (865-458-5681) 
CANTOX 

FDA/CFSAN/OFAS 

Susan Carlson HFS 255 
Bianca Farias 
Moraima Ramos Valle HFS 255 

HFS 255 (ORISE Fellow) 

On August 26,2009, FDA representatives called Mr. Wood, to discuss some issues 
regarding his GRAS submission for 1,3-propanediol. We explained Mr. Wood the 
following: the statement of the “availability of the data” needs to follow the language 
available in the proposed rule; and that since the intended use of the ingredient will be in 
accordance with 2 1 CFR 1 84.1666, a regulation that allows for use in meat and poultry 
products, we will need either a 4th copy of the submission or a statement saying that the 
intended use excludes the use in meat and poultry. In addition, we mentioned that the 
submission does not provide any contact information, so we asked them to please provide 
contact information as well to clearly state who should be contacted in case we have any 
questions. 

Mr. Wood clarify that the intended use does not include the use in meat or poultry and 
that they will send a letter providing contact information, a revised availability of 
information statement, as well as a statement excluding the use of the ingredient in meat 
and poultry. 

0 0 8 ‘7 3 1 
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"* DuPont Tate & Lyk Fiir". BiaProductr 

August 28,2009 

office of Food Additive Ssfty (HF5.225) 
Center for Food Safety and Applied Nutrition 
Food and Drug Administration 
5100 Paint Branch Pkwy 
College Park, MD 20740 

RE: GRAS EXEMPl'ION CLAIM: 1,3-PROPANERIOL 

Dear Sir or Madam, 

DuPM Tate & Lyle Bia Pmducts previously submitted a GRAS Exemption claim for I ,3- 
propanediol for use as a food ingmdient a$ an altermate to 9 ,ZpmpanedioI. Based an 
discussions with the agency, DuPont Tate & Lyte Bio Ptuducts respectfully submits the following 
additional infarmation to amend Section I (GRAS EXEMPTION CLAIM) of the original 
documents. 

* 

B Name and Address of Ndlfier 

David Wwd 
IsuPwd Tab & Lyle Bio Products 
198 Blair Bend Rood 
Loudon, Tennessee 
37774 
Telephone: (865) 4081969 
Email; Davig. W. Wclad@usa. du w n t .corn 

D. Conditions of Intended Use In Food 

I ,3-pmpanediol is intended for use as a faad ingredient as an alternate to I ,2*propanediol. The 
maximum individual intended food use levels of 1,3-propanediol in food, discussed in greater 
detail in Section 1V.B herein, are the same as the current GRAS use of I ,2-propanediol, as 
specified in 21 CFR 184.1686, except that DuPant Tab 8 Lyle BiO Products wishes to exclude 
From this notificatian the following mtegaries: meat$, fish and poultry, animal food (feed), infant 
Tannula, and ingredients used in infant Formula. This exclusion is for business considerations 
only. 

0 0 0 7 3 2  
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F. Availability of Information 
The data and information that serve as the basis for the GRAS debrminatim, as well as the 
information that has became available since the GRAS determination, will be sent to the FDA 
upon quest, or are available for the FDA's review and copying at reasonable times as 
arranged by DuPont Tate & Lyle Bio Producls,l38 Blair Bend Road, Loudon, Tennessee 37774 
(contact David Wood, telephone: (865) 408-1 969; email: David.W.Wood.~-u.~a.dup_qnt.cam). 

D&6d Wood 
dtjPont Tate & Lyle Bio Products 
198 Blair Bend Road 
Lcnuban, Tennessee 37'774 

000'733 
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