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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
and/or 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
and occurrence in the environment
* extent of public concern
* production volume
* availability of scientific evidence for repro-
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
priorto 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
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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://cerhr.niehs.nih.gov> or by contact-
ing the director:
NIEHS, P.O. Box 12233, MD EC-32,
Research Triangle Park, NC 27709
919-541-3455 [phone]
919-316-4511 [fax]
shelby@niehs.nih.gov [email ]
Information about the NTP is available on the web
at <http.//ntp-server.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]
919-541-0530 [phone]


http://cerhmiehs.nih.gov
mailto:shelby@niehs.nih.gov
http://ntp-sevver.niehs.nih.gov
mailto:liaison@starbase.niehs.nih.gov

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
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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 III). 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.
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NTP Brief on Propylene Glycol

What is Propylene Glycol?

Propylene Glycol (PG) i1s a small, hydroxy-
substituted hydrocarbon with the chemical
formula C3HgO, and the structure shown in
Figure 1.

Figure 1. Chemical structure of PG

OH

I
HazC — CH — CHp, — OH

PG is used as a chemical intermediate in the
production of unsaturated polyester resins.
PG is used in liquid detergents, deicing fluids,
antifreeze/engine coolant, paints and coatings.
PGis 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 of propylene 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
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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 1s estimated at 34 mg/kg bw/day for a 70 kg
person. [NOTE: mg/kg bw/day=milligrams per
kilogram of body weight per day.] Since PG has
GRAS 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 occurthrough
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 (TWAS) for total vapor and aerosol,
and 10 mg/m?3 as a TWAS 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

As 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 bw/day 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 » l Clear evidence of no adverse effects

® 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
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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 EG/PG
Expert Panel that there is negligible concern
for adverse developmental or reproductive
toxicity from PG exposures in humans.
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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 affected 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 » @ Negligible concern for adverse effects

® Insufficient hazard and/or exposure data
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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 2003] pp. 26325-26326). The Expert Panel
Report on PG is provided in Appendix II and
the public comments received on the report
are in Appendix III. 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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ABBREVIATIONS

ACC American Chemistry Council
ADH alcohol dehydrogenase
ALDH aldehyde dehydrogenase
ANOVA analysis of variance
ATP adenosine triphosphate
ATSDR Agency for Toxic Substances and Disease Registry
AUC area under the concentration versus time curve
Avg average
BIBRA British Industrial Biological Research Association
bw body weight
C Celsius
cc cubic centimeters
cm? centimeters squared
Crax peak concentration
CAS RN Chemical Abstracts Service Registry Number
CERHR Center for the Evaluation of Risks to Human Reproduction
CNS central nervous system
CSF cerebral spinal fluid
d day
® dL deciliter
X DMBA dimethylbenzanthracene
'.E DMSO dimethylsulfoxide
c DNA deoxyribonucleic acid
Q e.g. exempli gratia; “for example”
% EPA Environmental Protection Agency
< f female
FAO/WHO Food and Agriculture Organization/World Health Organization
FDA Food and Drug Administration
floz fluid ounces
g gram
GC gas chromatography
gd gestation day
GRAS generally recognized as safe
GSH glutathione
hr hour
HCG human chorionic gonadotrophin
Hg mercury
HPLC high pressure liquid chromatography
HSDB Hazardous Substances Data Bank
M intramuscular
IP intraperitoneal
IPCS International Programme on Chemical Safety
(9 international units
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v intravenous

Kabs absorption coefficient

kg kilogram

| - Michaelis constant

Kow octanol-water partition coefficient

Ks solubility constant

L liter

Ib pound

LDsq lethal dose, 50% mortality

LOAEL lowest observed adverse effect level

m male

M molar

max maximum

m? meters cubed

m? meters squared

meq milliequivalents

mg milligram

min minute

mL milliliter

mM millimolar

mmol millimole

MS mass spectroscopy -
mw molecular weight -L’
n, no., # number ge)
NAD nicotinamide adenine dinucleotide g
NZW New Zealand White o
ng nanogram >3
NIEHS National Institute of Environmental Health Sciences —
NIOSH National Institute of Occupational Safety and Health

nmol nanomole

NOAEL no observed adverse effect level

NTP National Toxicology Program

OECD Organization for Economic Cooperation and Development

OSHA Occupational Safety and Health Administration

Osm osmolal

PBPK physiologically based pharmacokinetic

PG propylene glycol

PMSG pregnant mare serum gonadotrophin

pnd postnatal day

pPpm parts per million

RBC red blood cell

RIA radioimmunoassay

SCE sister chromatid exchange

SD standard deviation

SEM standard error of the mean
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SIDS
SPF
TLV
Trnax
USDA
usp

Vmax

voC
wt
wk
wt%
ng
pmol

o
T
c
@
3
Q.
<

screening information data set
specific pathogen free

threshold limit value

maximum time

United States Department of Agriculture
United States Pharmacopeia
volume

maximal velocity of metabolism
volume of distribution

volatile organic compound
weight

week

weight percentage

microgram

micromole
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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 from the website <http://cerhr.niehs.nih.gov/> or from:
Michael D. Shelby, Ph.D.
NIEHS EC-32
PO Box 12233
Research Triangle Park, NC 27709
919-541-3455
shelby@niehs.nih.gov
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A REPORT OF THE CERHR ETHYLENE GLYCOL AND
PROPYLENE GLYCOL EXPERT PANEL.

Name Affiliation

John A. Thomas, Ph.D., Chair Consultant, San Antonio, TX

John M. DeSesso, Ph.D. Mitretek Systems, Falls Church, VA

Bruce A. Fowler, Ph.D. ATSDR, Atlanta, GA
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Michael Shelby, Ph.D. Director, CERHR
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Sciences International, Inc.
John Moore, D.VM, D.AB.T. Principal Scientist

Annette lannucci, M.S. Toxicologist
Gloria Jahnke, M.S., D.VM. Toxicologist
Note to Reader:

This report is prepared according to the Guidelines for CERHR Panel Members established by
NTP/NIEHS. The guidelines are available from the CERHR web site <htip.//cerhr.niehs.nih.gov/>.
The format for Expert Panel Reports includes synopses of studies reviewed, followed by an evalu-
ation of the Strengths/Weaknesses and Ultility (Adequacy) of the study for a CERHR evaluation.
Statements and conclusions made under Strengths/Weaknesses and Ultility evaluations are those of
the Expert Panel and are prepared according to the NTP/NIEHS 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.
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1.0 CHEMISTRY, USAGE, AND EXPOSURE
1.1 Chemistry

1.1.1 Nomenclature

The Chemical Abstracts Service Registry Number (CAS RN) for propylene glycolis 57-55-6. Synonyms
or trade names for propylene glycol include: 1,2-propanediol; 1,2-dihydroxypropane; methylethylene
glycol; trimethyl glycol; 1,2-propylene glycol; monopropylene glycol; propane-1,2-diol; alpha-
propylene glycol; Dowfrost; PG 12; Sirlene; Solar Winter Ban; propanediol (7); 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.

1.1.2 Formula and Molecular Weight

Figure 1-1: Chemical Structure of Propylene Glycol

OH

l
HsC — CH — CH, — OH

Chemical Formula:  C3HgO,
Molecular Weight: 76.095

1.1.3 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 of Propylene Glycol®

Property Value
Vapor Pressure 0.07 mm Hg at 20°CP
Melting Point <-60°C
Boiling Point 188.2°C
Density 1.0361 g/cc at 20 °CP
Solubility in Water | Soluble
Log Ko -0.912b
Stability Stable
Reactivity Can react with oxidizing agents

2aHSDB (2), PATSDR (4)

1.1.4 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%).
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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

1.2.1 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 % 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, 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 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 freeze-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).

1.2.3 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) (10)
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. (17).

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. (12) [from Market Basket Study, Japan 1982]).

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 Organization/World
Health Organization (FAO/WHO) Expert Committee on Food Additives (73). In reviewing the annual
volume of production of 31 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 (14), 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.

000334

II-3

@
°
@
=
o
=




-
2
)
c
o
o
Q
<

Table 1-2. Product Formulation Data for Propylene Glycol
(Adapted from Cosmetic Ingredient Review (14))

Number of product formulations within each concentration range

Product Category
>50% | 50-10% | 10-1% | 1-0.1% |Unknown| Total

Baby shampoos 3 1 3 7
Baby lotions/oils/powders/creams 6 2 8
Other baby products 2 1 3
Bath oils/tablets/salts 6 2 18 3 29
Bubble baths 1 21 64 37 123
Other bath preparations 3 15 25 5 48
Eyebrow pencil 1 1
Eyeliner 2 49 4 55
Eye shadow 3 89 44 39 175
Eye lotion 3 1 4
Eye makeup remover 4 9 4 17
Mascara 4 36 6 14 60
Other eye makeup preparations 27 7 9 43
Colognes/toilet waters 5 35 56 96
Perfumes 1 7 20 28
Powders dusting/talcum,

aftershave talf 1 8 I 10
Sachets 10 14 4 28
Other fragrance preparations 1 4 28 10 43
Hair conditioners 24 20 14 58
Hair sprays (aerosol fixatives) 1 8 1 10
Hair straighteners 22 22
Permanent waves 3 2 27 11 43
Rinses (noncoloring) 4 6 3 13
Shampoos (noncoloring) 4 70 83 54 211
Tonics/ dfessipgs/other hair 2 18 3 3 11

grooming aids
Wave sets 1 6 11 18
Other hair preparations 2 6 7 1 16
Hair dyes/colors 60 222 1 5 288

(requiring caution statement)
Hair rinses (coloring) 22 7 29
Hair shampoos (coloring) 1 2 3
Hair lighteners with color 1 1
Hair bleaches 6 6
Other hair coloring preparations 1 3 1 5
Blushers (all types) 1 3 45 19 17 85
Face powders 16 13 29
Foundations 45 150 11 56 262
Leg and body paints 3 3
Lipstick 4 633 544 1181
Makeup bases 12 261 9 52 334
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Table 1-2 (continued)

Number of product formulations within each concentration range

Product Category
>50% | 50-10% | 10-1% | 1-0.1% |Unknown| Total

Rouges 2 11 9 8 30
Makeup fixatives 1 3 4
Other makeup preparations 4 25 31 41 131
Cuticle softeners 9 12
Nail creams/lotions 6 1 7
Nail polish and enamel removers 2
Other manicuring preparations 3 3 6
Dentifrices. . 1 1 )

(aerosol/liquid/paste/powder)
Mouthwashes/breath fresheners 3 3
Other oral hygiene products 1 1
Bath soaps/detergents 11 28 39
Deodorants (underarm) 19 13 71 12 9 124
Douches 5 1 1 7
Feminine hygiene products 1 1 2
Other personal cleanliness products 3 33 17 33
Aftershave lotions 1 54 36 6 97
Beard softeners 2 1 3
Preshave lotions 1 3 4 8
Shaving cream

(aerosgol brushless lather) 2 13 9 > 34
Other shaving preparations 1 5 5 2 13
Skin cleansing products

(cold creamsg/]gtions/liquids/pads) 17 195 35 29 276
Depilatories 2 2 2 6
Face/hand/body . 15 168 79 55 417

(excl. shaving preparations)
Foot powders/sprays 1 1
Hormone products 1 3 1 5
Moisturizing products 7 269 58 24 358
Night preparations 5 59 9 10 83
Paste masks (mud packs) 2 15 2 19
Skin lighteners 1 66 32 37 136
Skin fresheners 1 8 4 1 14
Wrinkle-smoothing products 1 8 4 ] 14

(removers)
Other skin care preparations 5 76 32 32 149
Suntan gels/creams/liquids 2 34 15 15 76
Indoor tanning preparations 10 2 12
Other suntan preparations 1 9 1 4 15

Ingredient Total 21 279 2,597 1,579 1,200 5,676
II-5
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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.
(15), 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 ug/m2/hr 24 hours after installation to 193 ug/m?/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 (17) lists the acceptable human daily intake of propylene glycol at <25 mg/kg 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/m?3 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).

Norbick 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/m?3, 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=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) 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/m?3, range 176-851 mg/m?) 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 GC/MS for propylene glycol according to NIOSH Method 5523.
Seven workers (Table 1-3) had a range of exposures from 10 to 21 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 Concentration (mg/m>)

Ground Sprayer 14
Ground Sprayer 10
Ground Sprayer 16
Ground Sprayer 11
Ground Sprayer 17
Ground Sprayer 94*

Truck Driver 19

Basket Man 21

* Air sample was visibly contaminated with liquid propylene
glycol. This was caused by a worker being accidentally
sprayed with the deicing fiuid 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.”

L
o
=
c
o
Q.
Q
<

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 (70).

1.3 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
FAO/WHO 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
ug/day [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 (1982) 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  Summary of Human Exposure Data

In 1999, 1,083 million pounds of propylene 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.

The general population is exposed to propylene glycol by oral intake, dermal contact, and inhalation.
The average daily intake of propylene 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] (/3). 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. (72) [from Market Basket Study, Japan 1982]). The Joint FAO/WHO
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/m> have been determined. NIOSH estimated that 1,748,454 people (19811983
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.

Norbick et al. (79) measured airborne propylene glycol exposure of Swedish painters during indoor
application of water-based paints. Propylene glycol was detected in 12 of 20 samples with a geometric

I1-9

000340

@

c
@
S
=
>




2

T
c

0

Q.
Q.

<

mean of 350 pg/m3 and a maximum value of 12,700 ug/m?>.

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). 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—18.77 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 21 mg/m? with a mean of 15 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.

2.1.1 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 41.4 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 uL 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).

Strength/Weaknesses: 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 CERHR Evaluation Process: DataintheYuetal. (29) study are generally adequate
to estimate kinetic parameters, but inadequate for quantitative determination of bioavailability.

Rectal
In a study using human volunteers, Koll6ffel et al. (37) studied rectal absorption and other kinetic
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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 +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+0.30 L/kg in adults and 0.77+0.17 L/kg in children (31).

Strength/Weaknesses: Kolloffel et al. (37) determined C,,, and T, and then used a linear curve-
fitting program to recalculate C,,, and T ., 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 (37) 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. (37) is useful to
indirectly assess bioavailability.
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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.
In45 patients (0.5—87 years old) with second- and third-degree burns on 21-95% of their 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 mmHg,
approx equal to ~90 ppm or ~270 mg/m?3) 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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g 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/kg 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 mmol/kg bw [2.942 g/kg 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 mmol/kg bw
[0.368—5.881 g/kg bw] to 6 male Wistar rats/group 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/Weaknesses: 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. (4/) provided a more complete set of data indicating dose-dependent T,y
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 k.
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 (45).
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Utility (Adequacy) for CERHR 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 skin 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.

2.1.2 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—15
mg/mZ. 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 L/kg. In other studies with oral or rectal exposure, apparent volumes of distribution
ranged from ~0.52—0.79 L/kg (29, 31).

Strength/Weaknesses: 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.

2.1.3 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
CO,)] 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 55—88% (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 (57) 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 mmole 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 mmol/kg based upon the body weights reported for the three subjects receiving this dose, the
value is 1.6 mmole/kg, 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+0.2 (£ 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 Stereospecificity

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. Phosphorylated Propylene Glycol Metabolism in Mammals
OH
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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 (40), and increased D-lactate formation in cats
(39).

Stereospecificity of ADH 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
umoles/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 (54), 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 CO,.

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 mmol/
kg [2.942 g/kg] (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.

Table 2-1. Levels of Propylene Glycol and its Metabolites in New Zealand White Rabbits
after Oral Propylene Glycol (From Morshed et al. (40))

Parameter Fast 0.25h 1h 3h
Propylenc Glycol 0 3023 £12.45%%% | 4].04+0.98%** 36.55 £ 8.0%**

P ©) ©) 0) 0)
[ Lactate 1.04+0.22 2.55+0.62%* 2.03+0.48+* 1.77 £0.36**
(1.08 £0.25) (1.12+0.19) (1.0+0.25) (1.07 £0.18)
D-Lactate 0.005 +0.005 0.025£0.004*** | 0.1040.02%** 0.15 +0.03***
(0.004 +0.003) (0.005 +0.005) (0.006 +0.004) (0.10+0.01)
0.54 £0.10 0.60+0.14 0.63+0.13 0.58+0.10

Pyruvate

(0.51 £0.08) (0.57 £0.10) (0.55 £0.12) (0.50 £0.14)
L actate/ovruvate 1.92+0.07 427 £0.18%%* 3.22£0.05%** 3.05 £0.10%**
actate/pytu (2.12+0.10) (1.96+0.09) (1.82£0.12) (2.14+0.08)

Note: Values are means=+ SD obtained from four propylene glycol treated rabbits and are expressed as mmol/liter
except the lactate/pyruvate, which is a ratio. This ratio was calculated using the data in this table and considering
L-lactate as the total body lactate. Data in the parentheses indicate the values obtained from saline-administered
control rabbits (n=4); ** p<0.01; *** p<0.001.

Treatment with propylene glycol significantly (P <0.01) 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 usefulness 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. (40, 55) 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 mg/kg), which were below saturation of metabolic clearance, the higher doses (1.6, 3.2,
and 6.0 ml/kg) 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, 10, 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*)-Cl~+total CQO,)] 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 Glycol/kg bw/day**

0 days ingestion 10 days ingestion | 24 days ingestion
D-lactate (1.6 g/’kg) | 0.08 £0.03 mmol/L | 1.90+0.80 mmol/L. | 1.96+0.75 mmol/L
L-lactate (1.6 g/kg) [ 1.02 £0.18 mmol/L 0.60 (approx)*

D-lactate (8.0 g/kg) 4.21 £1.95 mmol/L. | 7.12+0.14 mmol/L

*

Value taken from graph; 0.32+0.10 mmol/L lactate at 35 days ingestion.
**  Christopher (39).

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. (4/) 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 infusion rates
(n=5 per group) of D, L-lactate in which a doubling in the D-lactate blood level yielded only a 1.5-fold
increase in D-lactate utilization rate but a 3.5-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 Specific 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 IIIl 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 ,x, 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—T7% 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=1-3/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 sifu 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 ADH1A enzyme was detectable.
By 17 weeks, both ADHIA and ADH1B were measurable, although ADH1A predominated. By 19
weeks, products from all three loci were observed, with ADH1A greater than ADH1B, and ADHIB
greater than ADHI1C. At 30 weeks, ADH1A and ADH1B levels were equivalent, but still greater than
ADHIC, but by 36 weeks, ADH1B expression dominated. Inthe adult, hepatic ADH1A expression was
nondetectable, whereas expression from the ADH1B and ADH1C 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 ADH1C 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, ADH1B, 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,;,x 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: K,,=9 uM and V,;,,,=0.85 Units/g tissue; rats: K,,=10 uM 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 (ADHIA,
ADHIB, and ADHIC). Polymorphisms resulting in altered phenotypes are observed at the ADHIB
and ADHIC loci.
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There are two primary ALDH isoenzymes in human liver, ALDH2 (also referred to as E,, ALDHI,
or ALDH, ) and ALDHI1 (also referred to as an E;, ALDHII, or ALDH,;) (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 (1.0 mmole/

11-24 000355


https://V,,,=0.85
https://Vmax=0.87

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 L/kg 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 mg/kg bw propylene glycol [blood levels 1.6-2.2 mM], the clearance
rate was 0.2 L/hour/kg and half-life was 2.6-2.8 hours (37). In 6 adults receiving propylene glycol
intravenously, blood levels of propylene glycol were measured at 48-425 pg/mL [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 023
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. Kolléffel et al. (37) 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 1.6+0.20 hours, at doses of 7.2 to 7.7 g/day it was 1.9+ 0.15 hours, and at doses of 12.6 to
21.0 g/day it was 3.2+0.12 hours (30). The data of Kolloffel et al. (37) provide 2.6+0.2 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

I11-25

000356

-@
o
@
S
Q
:



https://3.240.12
https://1.940.15
https://1.640.20

o
©
c
o
Q
Q.
<

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 of propylene 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 5152
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 mL/kg 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 12-45%
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/Weaknesses: 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 11t 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/kg bw/day) or 41%
(8.0 g/kg 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 and/or 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 mOsnm/L). Furthermore,
increased blood glucose (296 mg/dL) and elevated pyruvate level (1.01 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, hematologic/hyperosmotic, 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.

2.2.1 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 g/kg or >32 fl oz for a 150 1b person (2). In adults, serum levels of >180
mg/L [2.37 mM] have resulted in toxicity (48). In one case, an 11-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 48 g/kg
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 mg/kg 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
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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
(73). 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/m’.

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/m?.
However, there was a significant (.05) 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-HCI containing 40%
propylene glycol for 15 minutes at a temperature of 115-124° F.

Wieslander, Norbéck, 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/m’; range 176—851 mg/m?3).
Average age was 44 + 11 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.

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].

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.

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 II-35.

2.2.2.1 Oral Exposure
LDsq oral toxicity values are listed in Table 2-3.

Table 2-3. Propylene Glycol Oral Toxicity Values

Species LD50 (g/kg) Reference
Rat 846 ATSDR (4)
Mouse 25-32 ATSDR (4)
Rabbit 18-20 ATSDR (4)
Dog 19 HSDB (2)
Guinea Pig 18-20 ATSDR (4)
Human >15 (estimated) HSDB (2)

A wide range of LDs 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/kg 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.

Strength/Weaknesses: 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 40.15 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 LDy value was determined to be 33.5 g/kg.

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 I'V. 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 0.111 M.

Utility (Adequacy) for CERHR 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 of 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. (87), reproductive tissues were examined.

Albino rats (inbred strain, male and female, 20 rats/group) 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
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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 2.1g/kg) used by Gaunt et al. (87) 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 (87), 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 g/kg 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/kg for female rats [highest dose used].

Strength/Weaknesses: Gaunt et al. (8]) 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 2.1g/
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. (§/) 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
(i.e., 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 drinking water study in rats (dosed up to1.834 g/kg bw/day), no renal pathology and
very slight liver damage was found (2§).

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 (79) 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 1,862g 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 1s 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.
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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/kg 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/kg 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/kg
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 (84), liver and kidney function of dogs provided drinking
water containing 5% propylene glycol (5 .1 cm3=5.3 g/kg 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.
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Utility (Adequacy) for CERHR Evaluation Process: The studies of Van Winkle and Newman (§4)
may be considered inadequate by today’s standards, but they still provide useful data as confirmatory
evidence for the NOAEL of 2 g/kg bw/day established by Weil et al. (83) in dogs.
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Table 2-4. Summary of Toxicity of Propylene Glycol in Experimental Animals
(data from OECD (27) and ATSDR (4))

, . Findings
Species Route Dose/Duration (a/kg bw/day) Study
Rat Oral 1%—50% in drinking NOAEL 13.2 Seidenfeld and
water for 140 d (equiv to 10% in water) | Hanzlik (82)
Oral 0.625%—5% in feed for NOAEL 1.70 (m) Gaunt et al. (81)
103 wk NOAEL 2.10 (f)
(equiv to 5% in feed)
Inhalation |321 ppm for 90 d Enlarged goblet cells/ Suber et al. (83)
thickened tracheal epi-
thelium
Inhalation |0.17—0.35 mg/L for LOAEL 112 ppm Robertson (86)
18 months continuous (50% increase in body
exposure weight)
Rabbit Dermal |0.52 g/one time Neat material not irritating | Clark et al. (87)
(~0.17 g/kg bw)
Inhalation |10% for 20 min or 120 Increased degenerated Konradova et al.
min goblet cells @ 20 min (88)
and 120 min
Monkey Inhalation |32-112 ppm 13 months |[LOAEL 112 ppm Robertson (86)
Cat Oral 0.0804.24 g/kg bw/day | LOAEL 0.424 Reviewed by
in feed for 2-3 months | NOAEL 0.080 OECD (27)
(Heinz body formation)
Oral 6 or 12% in feed LOAEL 0.741-1.60 Bauer et al. (89)
for 117d (Heinz body formation)
NOAEL < 0.741-1.60
Oral 1.6 g/kg bw/day for 5 wks { Low dose, anion gap; high | Christopher et al.
or dose polyuria/polydipsia, |{(39)
8.0 g/kg bw/day for 22 d ataxia, depression
Dog Oral 8 or 20% in feed for 104 [LOAEL 5.00 Weil et al. (83)
wks (equiv 20% feed)
(anemia)
NOAEL 2.00
(equiv 8% feed)
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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
32-113 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).
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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 saturated/supersaturated air of propylene glycol (55-113 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 Hematological 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 arough RBC
surface. However, in an early study by Robertson et al. (§6), 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, 97). Heinz bodies are composed of denatured proteins,
primarily hemoglobin. Cats exposed orally to 1.2, 1.6, 2.4, and 3.6 g/kg bw/day of propylene 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 mg/kg 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/Weaknesses: 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

Strength/Weaknesses: 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. (8/) 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 (Adequacy) 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 inhuman 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. (97) 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

2.3.1 Humans
No studies were located regarding in vivo genotoxic effects in humans or animals.

2.3.2 Experimental systems

2.3.2.1 InVitro

ATSDR (4) states that “Propylene glycol was not mutagenic in S. typhimurium strains TA 98, TA100,
TA1535, TA1537, and TA1538 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).
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Table 2-5. Genotoxicity of Propylene Glycol In Vitro (from ATSDR (4))

Species Endpoint Results with | Results without Reference
(test system) P activation activation
Prokaryotic organisms:
S. typhimurium Gene mutation Negative Negative Clark et al. (87)
L . . . Pfeiffer and
S. typhimurium Gene mutation Negative Negative Dunkelberg (92)
Mammalian cells:
Human fibroblasts Chromospme Negative Negative Tucker et al. (93)
aberrations
Chinese hamster cells Chromo.some Negative Negative Tucker et al. (93)
aberrations
Chinese hamster lung cells | DNA damage Negative Negative Swent()ge‘rg ctal

Propylene glycol was one of a number of chemicals evaluated for mutagenicity in a study of chemicals
used and formed after the fumigation 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 (10 8) 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].

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.

Utility (Adequacy) for CERHR Evaluation Process: This study (92) provides experimental confirmation
of the expected and the plausible.

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/Weaknesses: 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 (Adequacy) for CERHR Evaluation Process: 1t 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: Ahighnumberof foodadditives was screened formutagenicity 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 2.3.2.2]. 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 (96). There is sufficient experimental detail to satisfy doubts that propylene glycol is
neither mutagenic nor clastogenic.

Utility (Adequacy) for CERHR Evaluation Process: The study (96) confirms the expected and is
plausible.

2.3.2.2 InVive

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 of the treatment. One thousand polychromatic erythrocytes
(PCE) per mouse were scored under 100x 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 of the Micronucleus Test Using Mouse Bone Marrow Cells (97)

P "’{g if":: %{ oL MNPCEs (%) PCEs (%) Mortality Trend Test
0 mg/kg bw 0.20+0.19 43.9+122 0/6 NS*
2,500 0.20+0.18 53.6+9.2 0/6
5,000 0.17+0.10 52.8+63 0/6
10,000 Mortality Mortality 6/6

*NS: non-significant

Strength/Weaknesses: Propylene glycol was negative in the micronucleus test (97). A wide dose range
(2.5-15.0 g/kg bw) was used, which covered the whole spectrum of effects including 50% mortality
at the highest dose. The study was conducted blind and analyzed by appropriate statistics. Chemicals
expected to have a positive response did indeed show a statistically significant increase in micronuclei.
There are no apparent weaknesses to this study.

Utility (Adequacy) for CERHR 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
mg/kg bw dimethyl nitrosamine were tested. Acute studies (1 dose by gavage of chemical, followed by
IP injection with S. typhimurium 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 mg/kg
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.

For the dominant lethal assay (in vivo, rats), propylene glycol was administered by gavage at 30,
2,500, and 5,000 mg/kg bw and a negative control of saline and a positive control of 0.3 mg/kg bw
triethylene melamine were tested. Propylene glycol was considered non-mutagenic in rats in this
assay at these doses.

For cytogenetics studies (in vivo, rats), propylene glycol was administered by gavage at 30, 2,500, and
5,000 mg/kg bw, and a negative control of saline and a positive control of 0.3 mg/kg bw triethylene
melamine were tested. Propylene glycol produced no significant increases in aberrations of bone
marrow cells when administered orally at these doses.

‘ : Table 2-7. In Vivo Genotoxicity Results (96)
.'5 Dose of ,
5 Assay Propylene Glycol Endpoint Result
Q . Increase in mutation frequencies:
o Host Mediated Assay, | 30, 2’5/?’5 000 1 G tmonella TA1530 and G46 Negative
< mice mg/kg bw Saccharomyces D3
Dominant Lethal Assay, | 30, 2,500, 5,000 | Increase in % dead implants in Negative
male rats treated mg/kg bw pregnant, untreated female &
Cytogenetics studies, 30, 2,500, 5,000 | Chromosome aberrations Negativ
rats mg/kg bw (bone marrow) gative

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
o e 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. (8]) [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. (8]) 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: 1t 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 (2-4%) was comparable to the values obtained with acetone controls (50 animals)
and with untreated animals (135 animals). DMBA (10 pg 2 times/wk) 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 (701).

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 (7102).

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 (5/). In children, seizures and respiratory depression have occurred after taking liquid
medications containing propylene glycol (103, 104).

Iosmolal gap=measured serum osmolality —calculated serum osmolality; normal gap<10; calculated osmolality=

2[Na*]+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

Patient; Reference

Route

Findings

8-month-old male infant;
Fligner (35)

Dermal; silver sulfadiazine therapy
in propylene glycol for burns, 78%
surface area, 10.6 g/L [139.5 mM]
PG serum level

Cardiopulmonary arrest,
respiratory acidosis,
increased osmolal gap

3.4 kg infant, cardiac surgery, IV, PG vehicle in enoximone and Hyperosmolality
heart failure; Huggon (70) glyceryl trinitrate infusions
Premature infants; IV, propylene glycol as part of a Seizures

MacDonald (106)

daily multivitamin preparation, 3g/
day PG (alternative product deliver-
ing 0.3g/day PG had no effect on
other premature infants)

Premature infant,
27 wk gestation;
Glasgow (36)

IV, propylene glycol as part of a
daily multivitamin preparation, 9.3
g/L [122.4 mM] PG serum level

Serum hyperosmolality,
acute renal failure

11-year-old boy,
candidiasis-endocrinopathy syn-
drome with hypoparathyroidism;
Arulanantham (/04)

Oral, PG vehicle in
dihydrotachysterol

Seizures

16-year-old boy, onset of seizures;
Yorgin et al. (107)

IV, PG vehicle in pentobarbital and
phenobarbital

Exacerbation of seizures,
reversible acute renal failure

39-year-old woman, history of
seizures; Lolin (108)

Most likely ingestion, 4 g/L [52.6
mM] PG serum level

Status epilepticus,
metabolic acidosis,
plasma hyperosmolality,
respiratory depression

45-year-old man,
respiratory distress, on ventilator;
Arbour (109)

IV, PG vehicle in lorazepam,
1.7 g/L [22.4 mM] PG serum level

Hyperosmolality,
metabolic acidosis

58-year-old man, renal disease,
chronic schizophrenia;
Cate (68)

Most likely ingestion,
0.7 g/L [9.21 mM] PG serum level

Unconscious, lactic acidosis,
azotemia

60-year-old man,
respiratory distress, on ventilator;
Arbour (48)

IV, PG vehicle in lorazepam,
infused for 5 d at 2.5 g PG/hr

Hyperosmolality

70-year-old woman,
complications with surgery;
Bedichek & Kirschbaum (/10)

1V, 479 g PG administered with
etomidate and other medications
over a 24 hr period

Seizures, status epilepticus

g
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2.5.2 Infants

The decreased size of premature infants and an increased serum half-life [see Section 2.1.4.1] 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 (16.9 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 0.7¢g/L [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 (705).
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

2.6.1 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 1:1 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.

Inhumans, absorption of propylene 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 +0.3 hours in children (5—12 years) (3/). 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 (.52 L/kg with oral dosing (29), 0.77—0.79 L/kg with
rectal exposure (3/), and approximately 0.55-0.94 L/kg 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 1.6 +0.2 h (£ SD). 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
LDsq 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. (8/), 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
(55-113 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 of propylene glycol across species, the toxicity data from the animal studies camr be 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 mg/kg 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
function 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.

000350
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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 (111). Pregnant CD-1 mice (4 dose groups, 30 mice/dose
group, pregnancy determined by presence of copulation plug [gd 0]) received undiluted propylene
glycol (99.9% purity) once a day in the following dosage volumes: 0.5, 5.0, or 10.0 mL/kg bw/day
[0.52, 5.2, or 10.4 g/kg bw day, respectively]. A control group of 30 pregnant females received 10.0
mL/kg bw/day of Milli-Q™ 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].
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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<0.01) 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 (p<0.05) and 10.0 mL/kg bw/day dose groups (p<0.05).
Water consumption was also significantly higher in the high-dose group from gd 6 to 9 (p<0.05)
and gd 6 to 15 (p<0.01) (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)

Doses (mL/kg bw/day) [mean +SD]
Group
0 0.5 5.0 10.0
Gd 0-6 (pre-treatment) 10.90+4.298 10.91+4.952 11.13+2.207 11.08+2.075
Gd 6-15 (treatment period) 12.83+3.675 12.14+2.167 13.80+2.253 15.35+£2.925%*
Gd 15-18 (post-treatment) 11.41+1.574 11.46+1.897 13.02+4.503* 13.06+2.149*

*p<0.05; **p<0.01

Fetal Parameters

A statistically significant (p<0.05) 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 mL/kg 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 mL/kg 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) [NOAEL?] for maternal effects was
0.5 mL/kg bw/day. The NOEL [NOAEL)] for developmental toxicity was at least 10.0 mL/kg bw/
day.”

2Since 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.

II-51

000382

-»
Y

=)
@
S
2
>




-
l§
T
c
@
o
Q.
<

Table 3-2. Summary of Developmental Toxicity Study of Propylene Glycol
Given by Gavage to CD-1 Mice on GD 6-15 (111)

Doses (mL/kg bw/day) [mean £SD]

Effect
I 0 0.5 5.0 10.0
Maternal corrected body weight
change (body weight at sacrifice 6.21+1.87 6.46+2.05 6.89+1.57 6.67+2.35

minus gravid uterine weight, g)

. —— -
Maternal liver weight (% of cor- | . soc . 5711 | 7505407563 | 7.54040.6111 | 7.681+0.7679

rected body weight)

; —
Maternal kidney weight (% of = 1 1 515, 1047 | 1.20240.1248 | 1.202+0.0838 | 1.261+0.1235
corrected body weight)
% Live fetuses/litter 93.5+8.08 91.5+18.76 94.3+6.73 89.6+19.45
Fetal body weight/litter (g) 1.351+£0.0734 | 1.315+£0.0799 | 1.361+0.0947 | 1.306+0.0733*

Total # litters with live mal-

formed fetuses/# examined 9/28 8/28 10/28 13/29

Dams were sacrificed on gd 18 and fetuses from 28-30 litters/group were evaluated for prenatal developmental toxicity.
*
p< 0.05

Strengths/Weaknesses: The Driscoll et al. (111) study is GLP-compliant with adequate numbers of
animals per group and follows a design that permits evaluation of dose-response relationships. The
Panel concurs that developmental and maternal NOAELs were determined under the conditions used
in the study.

Utility (Adequacy) for CERHR Evaluation Process: This study (111) is useful for risk extrapolation
purposes, withthe 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 mg/kg 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.]

The following conclusion was reported for mice by the study authors (712):
“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.”

Results in mice are listed in Tables 3-3 and 3-4.

Table 3-3. Mouse Maternal and Fetal Toxicity Data for PG [no statistical analyses reported] (112)

Aspirin PG
Sham |(mg/kg bw) (mg/kg bw)
150 16.0 74.3 345.0 1,600.0
Pregnancies
Total # 22 23 22 22 20 23
Died/aborted (before gd 17) 0 0 0 1 0 0
To term (on gd 17) 22 23 22 21 20 23 ®
Live Litters 'E
Total # | 2 | 22 | 2 | 2 | 20 | 2 L
Implantation Sites Q
Avg/dam | ns | 1s | nsg | ns | u3 [ 1o >
Resorptions -
% dams with partial 455 34.8 31.8 14.3 50.0 17.4
resorptions
%r‘iz?r;g(‘)gls complete - 4.35 - - - 435
Live Fetuses
Avg/dam 10.4 11.5 114 114 10.5 10.2
Sex ratio (M/F) 0.78 0.74 0.80 0.79 0.86 0.86
Avg Fetus wt, in grams 0.90 0.84 0.88 0.90 091 0.96
Dead Fetuses
% litters with dead fetuses 31.8 - 9.09 19.1 20.0 4.35
— ;
Af;ﬁzzss with all dead B _ B _ _ 435

—: No data presented in FDRL report. The reason for the lack of data was not specified.
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Table 3-4. Summary of Mouse Fetal Skeletal and Soft Tissue Findings for PG* (112)

Aspirin PG
Sham | (mg/kg bw) (mg/kg bw)
150 16.0 74.3 345.0 1,600.0

Live Fetuses Examined 161/22 185/22 173/22 170/21 145/20 165/21
Sternebrae V
Incomplete ossification 66/16 34/15 62/18 75/16 39/11 28/12
Bipartite - 9/7 22 - 6/4 3/3
Extra - - 372 - - -
Missing 22/10 26/11 14/7 11/7 33/10 13/6
Ribs

Incomplete ossification - 1/1 - - - 1/1
Fused/split - - - 1/1 - -
More than 13 37/13 41/18 30/16 34/16 24/13 38/18
Vertebrae

Incomplete ossification | 32 | 86 | 21 | 11 | 104 | o4
Skull

Incomplete closure l 3/3 | - | - l - | - ] 111
Extremities )
Incomplete ossification | - l 7/6 - I - 7/3 | 372
Other

Hyoid, missing 23/10 37/15 37/12 20/11 35/13 17/10
Hyoid, reduced 19/10 11/7 19/11 27/13 27/11 16/12
Soft Tissue

Gastroschisis /1 - - - 1/1 -
Meningo-encephalocele - 171 - - - -

*Number of fetuses affected/Number of litters affected
—: No data presented in FDRL report. The reason for the lack of data was not specified.

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 mg/kg bw/day. Aspirin at a dose of 250 mg/kg 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
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the bone with Alizarin Red S dye. [Cartilage was not stained.]

The following conclusion was reported for rats by the study authors (712):
“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
Sham |(mg/kg bw) (mg/kg bw)
250 16.0 74.3 345.0 1,600.0
Pregnancies
Total # 22 21 23 22 20 24
Died/aborted (before gd 20) 0 0 0 0 0 0
To term (on gd 20) 22 21 23 22 20 24
Live Litters
Total # | 22 | 20 | 23 | 2 20 | 24 :
Implantation Sites ‘L? '
Avg/dam | 114 | 107 | n2 | 111 123 | 107 =
Resorptions g-
:fsi?g:?o:;th partial 182 429 17.4 4.55 10.0 - ~3
% dams with complete _ 476 _ _ _ _ -
resorptions
Live Fetuses
Avg/dam 11.1 9.43 11.0 11.0 12.1 10.7
Sex ratio (M/F) 0.90 1.06 1.02 1.05 0.83 0.98
Avg fetus wt, in grams 3.39 2.68 391 373 3.91 375
Dead Fetuses
Total - - - — - -

—: No data presented in FDRL report. The reason for the lack of data was not specified.

000386

II-55



Table 3-6. Summary of Rat Fetal Skeletal and Soft Tissue Findings for PG* (112)

Aspirin PG
Sham |(mg/kg bw) (mg/kg bw)
250 16.0 74.3 345.0 1,600.0
Live Fetuses Examined 173/22 137/20 179/23 169/22 167/20 180/24
Sternebrae
Incomplete ossification 82/20 91/20 92/19 64/18 35/11 31/12
Bipartite 3/3 5/4 - 2/1 - 1
Missing 2/2 86/19 13/5 5/5 - 8/5
Ribs
Incomplete ossification - /1 - - - -
Fused/split - 1/1 - - - -
Wavy 1/1 46/16 23/9 27/11 11/5 15/8
Less than 12 2/2 2/1 - - - -
More than 13 7/3 91/19 3/1 1 6/4 3/3
Vertebrae
Scoliosis 1/1 - - - - -
Incomplete ossification - 101/19 1/1 13/7 3/3 18/9
> Skull
= Incomplete closure 26/14 47/16 27/15 23/11 22/11 25/13
g Missing - 6/2 - - - -
8_ Extremities
o Incomplete ossification - 3/1 - - - -
< Other
Hyoid, missing 15/8 65/18 19/10 16/8 13/9 15/7
Hyoid, reduced 20/9 19/10 17/9 9/6 16/8 15/8
Soft Tissue
Gastroschisis - 1/1 - - - -
Exophthalmos - 2/1 - - - -
Encephalo-myelocele - 8/3 - - - -
Meningo-encephalocele - 4/2 - - - -
Hydrocephalus - 1/1 - - - -

* Number of fetuses affected/Number of litters affected
—: No data presented in FDRL report. The reason for the lack of data was not specified.

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 mg/kg bw/day. Aspirin at a dose of 250 mg/kg bw/day was used as
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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.]

The following conclusion was reported for hamsters by the study authors (712):
“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.”

Results in hamsters are listed in Tables 3-7 and 3-8.

Table 3-7. Hamster Maternal and Fetal Toxicity Data for PG [no statistical analyses reported] (112)

Aspirin PG
Sham |(mg/kg bw) (mg/kg bw)
250 15.5 72.0 334.4 1,550.0

Pregnancies V

Total # 21 21 24 25 22 22

Died/aborted (before gd 14) 0 2 0 0 0 1

To term (on gd 14) 21 19 24 25 22 21
Live Litters

Total # | 21 | 1 | 24 | 25 | 22 | 2
Implantation Sites

Avg/dam | 143 | 152 | 138 | B8 | w2 | 137
Resorptions

% dams with partial resorptions 4.76 21.1 12.5 20.0 4.55 28.6

% darn§ with complete B B _ _ _ _

resorptions
Live Fetuses

Avg/dam 14.2 14.6 13.5 13.5 14.1 124

Sex ratio (M/F) 0.95 0.79 1.12 1.07 091 0.94

Avg fetus wt, in grams 1.74 1.78 1.79 1.80 1.84 1.79
Dead Fetuses

% litters with dead fetuses 4.76 10.5 8.33 8.00 4.55 14.3

% litters with all dead fetuses - - - - - -

—: No data presented in FDRL report. The reason for the lack of data was not specified.
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- Table 3-8. Summary of Hamster Fetal Skeletal and Soft Tissue Findings for PG* (112)

Aspirin PG
Sham |(mg/kg bw) (mg/kg bw)
250 15.5 72.0 334.4 1,550.0
Live Fetuses Examined 207/21 193/19 228/24 233/25 214/22 184/21
Sternebrae 4
Incomplete ossification 67/18 167/19 51/17 58/19 63/16 57/15
Bipartite 23/14 26/14 23/15 15/10 30/15 17/11
Extra /1 1/1 /1 /1 6/4
Missing 37/13 45/15 47/17 20/11 24/10 27/12
Ribs
Fused/split 1/1
More than 13 41/17 30/14 37/14 47/21 63/19 31/13
Vertebrae
Scoliosis 1/1 - - - - -
Incomplete ossification 4/3 5/3 4/2 372 2/2 /1
Skull
Incomplete closure | - | 2/2 I - I - l - -
- Extremities
'_g Incomplete ossification I - I 171 | 2/2 | 4/4 | 3/2 1/1
c Other
8L Hyoid, missing 4/4 202 5/5 22 11 -
o8 Hyoid, reduced 9/6 25/10 7/5 1/1 5/3 -
< Soft Tissue
Hydrocephalus 171 - - - - -
Atelocardia 1/1 - - - -
Fetal monster - - - 1/1 - -
Umbilical Hernia 2/2 - - - - -
Dephallia 1/1 - - - - -
Meningo-encephalocele - - 2/1 1/1 - -

* Number of fetuses affected/Number of litters affected
—: No data presented in FDRL report. The reason for the lack of data was not specified.

Rabbits

Dutch-belted female rabbits were dosed by oral intubation with propylene glycol from gd 6 to 18. Dose

groups were 0, 12.3, 57.1, 267, and 1,230 mg/kg bw/day. 6-Aminonicotinamide (2.5 mg/kg) 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
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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.]

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.”

Results in rabbits are listed in Tables 3-9 and 3-10.

Table 3-9. Rabbit Maternal and Fetal Toxicity Data [no statistical analyses reported] (112)

6 AN* PG
Sham | (mg/kg bw) (mg/kg bw)
2.5 123 | 571 | 267.0 | 1,230.0

Pregnancies

Total # 11 10 11 12 14 13

Died/ aborted (before gd 29) 0 0 2 1 2 0

To term (on gd 29) 11 10 9 11 12 13 >
Corpora Lutea .E

Total # 156 176 182 190 198 199 1

Avg/dam 11.1 11.7 10.1 13.6 10.4 13.3 g_
Live Litters X

Total # | o | 1w [ 9o | u | 12 | 13 —
Implantation Sites V -

Avg/dam | 636 | 690 | 767 | 636 | 525 | 754
Resorptions

% dams with partial resorptions 45.5 50.0 222 45.5 16.7 15.4

% dams with complete _ _ _ _ _ _

resorptions
Live Fetuses

Avg/dam 5.91 5.00 7.33 5.00 5.08 7.31

Sex ratio (M/F) 0.81 0.79 1.13 1.29 0.69 1.11

Avg fetus wt, in grams 42.3 325 36.4 39.9 42.9 39.0
Dead Fetuses

Total - - - - - -

* 6-Aminonicotinamidc, positive control
—: No data presented in FDRL report. The reason for the lack of data was not specified.
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o Table 3-10. Summary of Rabbit Fetal Skeletal and Soft Tissue Findings for PG** (112)

6 AN* PG
Sham |(mg/kg bw) (mg/kg bw)
2.5 12.3 57.1 267.0 1L,230.0
Live Fetuses Examined 65/11 50/10 66/9 55/11 61/12 95/13
Sternebrae
Incomplete ossification 171 5/2 1/1 - 2/2 10/6
Bipartite - - 11 - 2/2 -
Fused - 6/36 - - - -
Extra 171 171 2/2 373 1/1
Missing - 372 1/1 - - 11/3
Ribs
Incomplete ossification - - - - - -
Fused/split - 14/7 - - - -
Vertebrae
Fused - 111 - - — -
Scoliosis - 10/4 - - - -
Tail Defects - 48/9 - - - -
Scrambled - 22/6 - - - -
- Soft Tissue
o Anopia, short tail - 1/1 - - - -
-g Encephalocele - 7/1 - - - -
Q Med Rotation of Hindlimbs - 17/6 - - - -
%_ Umbilical Hernia - 1/1 - - — -
< Scoliosis - 1/1 - - - -
Harelip ~ 2/2 - - - -

* 6-Aminonicotinamide, positive control
** Number of fetuses affected/Number of litters affected
—: No data presented in FDRL report. The reason for the lack of data was not specified.

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 3-11.

Table 3-11. NOAEL Levels for Maternal and Fetal Toxicity of PG (summarized from (112))

Species | ol highes dose rested)
Mice =1,600
Rats =1,600
Hamsters =1,550
Rabbits 21,230

11-60 000391



Strengths/Weaknesses: In general, adequate numbers of animals (25 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 of malformations were observed in mice 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 3-11. The appropriateness of the NOAEL
level for rats (1,600 mg/kg bw/day) given in Table 3-11 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.

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 [% purity not stated] by oral gavage on gd 812 at a dose of 10,000 mg/kg
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.

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)

PND 1 PND 3
Compound - -
# live wt (g) # live wt (g)
Control (water) *10.08+0.46 1.59+0.02 10.00£0.45 1.88+0.04
Propylene Glycol (in water) 10.60+0.44 1.53+0.03 10.52+0.44 1.84+0.03

*mean + standard error of the mean

Strengths/Weaknesses: An adequate number of mice were used in this study (713) 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
3.2.2.1 Prenatal toxicity

Chick eggs

In an early study by Gebhardt (11/4), 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 (18-30) 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 15" 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.

Table 3-13. Teratogenic Effect of Propylene Glycol Injected into the Air Chamber
of 4-Day-0ld Chick Embryos (114)

Dilution #of Eggs % Mortality Su:/:i}:t{:;fg:tbet‘;os
Undiluted 227 90 21
Diluted 1:1 165 82 27
Diluted 1:2 144 57 8

Strengths/Weaknesses: The study (114) 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 (115). 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
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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/Weaknesses: The study (114) 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

Kowalczyk et al. (116) examined by in vitro culture the effects of propylene 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 —131 mM propylene glycol (0, 0.05, 0.1, 0.2, or 1.0%).
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 embryos/treatment 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.
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Strengths/Weaknesses: 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 (1/7-124) [not reviewed in this report].

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 [% 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 3.0 M inhibited embryonic development
through cell membrane damage and pH changes.

Table 3-14. The Effect of a 20-Minute Exposure of Propylene Glycol (PG) on the Percentage
of Zygotes Showing Fluorescein Diacetate and Acridine Orange Fluorescence (125)

DYE OM PG 1.5M PG 3.0M PG 6.0M PG
Fluorescein diacetate 100(52) 98(50) 81(53)* 5(64)*
Acridine orange 95(56) 95(40) 7(46)* 0(32)*

The total number of embryos is given in parentheses.
*The percentage of embryos that maintained fluorescence was significantly reduced (P <0.05).

Strengths/Weaknesses: The strengths of this study (725) 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 (Adequacy) for 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 Hydra 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).

Table 3-15. Developmental Toxicity of Glycols and Glycol Ethers in Hydra (126)

Test Chemical ASMEC (aduly | D=MEC(embryo?) A/D
Ethylene glycol (EG) 50 30 1.7
Propylene glycol 40 30 1.3
Hexylene glycol 20 6 33
EG monomethyl ether 40 30 1.3
EG monoethyl ether 30 6 5
EG monobutyl ether 4 09 44
EG monophenyl ether 1 0.3 33
EG monomethyl ether monoacetate 0.7 0.7 1.0
EG monoethyl ether monoacetate 0.6 0.6 1.0
EG diacetate 0.2 0.2 1.0
Diethylene glycol 30 30 1.0
Diethylene glycol monomethyl ether 30 20 1.5
Diethylene glycol dibutyl ether 0.9 04 22

Strengths/Weaknesses: A major weakness in the Johnson et al. (726) 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.
(111)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 (1/7). Under the conditions used in this study, which was performed
in compliance with EPA GLP regulations, a developmental toxicity NOEL [NOAELS3] for fetuses of
10.0 g/kg bw/day was reported; this was the highest dose tested. The maternal NOEL [NOAEL] was
0.50 g/kg bw/day based on increases in water consumption observed at 5.0 and 10.0 g/kg bw/day. 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. (1/2) under contract for
the FDA. NOAEL levels determined for maternal and fetal toxicity were at the maximum doses used:
1.6 g/kg bw/day for rats and mice, 1.55 g/kg bw/day for hamsters, and 1.23 g/kg bw/day 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. (1/3). Timed-
pregnant CD-1 mice were dosed with propylene glycol in water by oral gavage on gd 8-12 at a dose
of 10 g/kg bw/day. 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. (11]) study indicate that oral prenatal exposure

3Since 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

4.1 Human Data
No human reproductive toxicity studies were identified.

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 (/29). 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)

#
% PG # females | #litters | #pups | Avg wt of | # of pups 0}4‘)‘5 #s y 0}4v§ #s y
ww) | females with born born | pups (g) | weaned ; P pup
. am litter
litters
0 36 36 91 689 6.0 422 19.1 7.4
2.5 18 16 38 260 5.5 147 16.3 6.8
5.0 18 18 40 315 54 193 17.5 7.8
7.5 18 18 40 229 5.8 144 12.7 5.7
10.0 18 16 46 280 5.8 158 17.5 6.1
20.0 18 16 38 204 6.0 120 12.7 54
30.0 18 9 18 113 6.0 77 12.5 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.]

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).

Table 4-2. Composite Responses of Three Generations of Female Rats
Produced on PG in the Diet (129)

‘emales ,
wrGkpG| fmats| i | * | A |t |l upe| ool | bl
10/0 14 14 32 226 55 158 16.1 7.1
10/10 16 16 35 223 5.4 158 14.0 6.4
20/0 18 18 39 361 5.6 197 20.6 9.3
20/20 18 18 35 237 5.6 154 13.2 6.8

2 Previously fed diet for three generations
b 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 CERHR Evaluation Process: Since many experimental details are not provided,
this study (729) 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 (727) investigated the reproductive function of
male and female mice (COBS crl: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=0.05 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, 1.0, 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 males/40 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 F( 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 (5% 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 Fg 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. F parents were
not necropsied.

F1 pup survival and body weights through pnd 14 were monitored in the control (34/39 litters/breeding
pairs) and the high dose groups (19/20 litters/breeding pairs) from the final litter (5 litter). Propylene
glycol had no effect on F; 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 (5% litter) from Task 2.
F; males and females (20 each/dose group) were randomly selected from the control and high-dose
groups (5% propylene glycol in drinking water) in Task 2 and mated on pnd 6484 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. F; 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 F, litter size, number of live pups, sex ratio,
or pup weights. After delivery of the F; pups, the F; 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. (126).
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Bolon et al. (130) 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 1t had no effect on follicular counts.

Strengths/Weaknesses: The NTP multi-generational study (127) 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% (w/v) 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 Fy 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 18-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

5.1.1 Developmental Toxicity

Prenatal developmental toxicity was assessed in CD-1 mice (gd 6—15), Wistar rats (gd 6-15), Golden
hamsters (gd 6-10), and Dutch-belted rabbits (gd 6—18) 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/kg bw/day; rats—1.6 g/kg bw/day; hamsters—1.55 g/kg bw/day; rabbits—1.23 g/kg
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 g/kg 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
50/50 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 1s 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 of L-lactic acidosisis 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 —10 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 (727), 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 of propylene 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%) (3).

The general population is exposed to propylene glycol by oral intake, dermal contact, and inhalation.
The average daily intake of propylene 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). 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 AIHA WEEL Guide of 50 ppm
(total exposure) and an inhalation aerosol exposure of 10 mg/m3, each an 8-hour TWA, have been
recommended (78). 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. Norbick 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 21 mg/m?, with a mean of 15 mg/m? (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:

e NOAEL = 10 g/kg bw/d in mice, highest dose tested

e NOAEL = 1.6 g/kg bw/d in rats, highest dose tested

o NOAEL = 1.55 g/kg bw/d in hamsters, highest dose tested

e NOAEL =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 (LD5q values of 846 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 I'V infusion.
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Dr. Michael Shelby [
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P.O. Box 12233
MD EC-32 CEW

Research Triangle Park, NC 27709

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 (May 15, 2003).

Dear Dr. Shelby:

The Propylene Oxide/Propylene 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 PO/PG 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 PO/PG 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 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
demonstrate.

1 Members of the Propylene Oxide/Propylene Glycol Panel are The Dow Chemical Company,
Huntsman Corporation, and Lyondell Chemical Company.

NP responsivie cares 000419

1300 Wilson Boulevard, Arlington, VA 22209 = Tel 703-741-5600 » Fax 703-741-6091 « http://www.americanchemistry.com

III-1


http://www.americanchemistly.com

X
T
c
)
Q
Q
<
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In lieu of reiterating previously submitted comments, the PO/PG 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 from the December 2002 draft:

o 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.

e 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.

e 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 PO/PG Panel 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.

If you or your staff has any questions, please contact the PO/PG Panel Manager, Dr.
Anne P. LeHuray at (703) 741-5630 or anne_lehurav@americanchemistry.com.

Si,r\lcerely yours, A

Courtney M. Price
Vice President, CHEMSTAR
Enclosures
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INTRODUCTION

The Propylene Oxide/Propylene Glycol Panel (PO/PG 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 Expert panel Report on the
Reproductive and Developmental Toxicity of Propylene Glycol (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 and/or 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://cerhr.niehs.nih.gov/news/egpg/pg_pubcomm.html) prior to the
expert panel meeting.

The PO/PG 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 PO/PG
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 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 PO/PG 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 from the December 2002 draft:

e 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.

e 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.

¢ 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 PO/PG 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.

000422

111-4


http:Ncer~.niehs.nih.~o~~/news/effpn/T>n

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

COMMENTS

1. Analysis of the data relating to wavy ribs and incomplete ossification of the
vertebrae noted in the older FDA developmental toxicity stady 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 of the vertebrae in the older 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.

Page 62:
The appropriateness of the NOAEL level for rats (1,600 mg/kg bw/day) given in Table 3-
11 depends on the importance attributed to the rib and vertebrae malformations observed.

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 1/173 46/137 23/179 27/169 11/167 15/180
litter incidence 1/22 16/20 9/23 11/22 5/20 8/24
% pup 0.60% 34% 13% 16% 7% 8%
% litter 5% 80% 39% 50% 25% 33%

Vertebrae — incomplete ossification

pup incidence 0/0 101/137 1/179 13/169 3/167 18/180
litter incidence 0/0 19/20 1/23 7/22 320 9/24
% pup 0% 74% 0.50% 8% 2% 10%
% litter 0% 95% 4% 32% 15% 38%

As 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 the positive 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%).

20f6 July 2003
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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

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 from 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 mg/kg).

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 PO/PG Panel previously (January 23, 2003) submitted extensive comments to
CERHR on the interpretation of hematological data for propylene glycol presented in the
December 2002 draft 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. (9)! provide an excellent study that establishes a plausible mechanism
for propylene-induced hemolysis and the Bauer et al. (89) study provides important
confirmatory evidence for the impairment of hematopoiesis by propylene giycol. 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 from the
cat to propylene glycol-induced toxicity. These are well known to the expert panel, because they
are discussed at length by Christopher ef al. (91) and also summarized by Dr. Udden. Itis
therefore difficult to understand why the expert panel Report appears to conclude that resuits
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 reference mumbers of citations in the Report.

3of6 July 2003
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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

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 PO/PG Panel strongly recommends that CERHR reconsider
the basis for these conclusions, which are at variance with the published data.

Indeed, the only evidence presented by the expert panel in support of the "hemolytic
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
serum from patients undergoing intravenous (IV) drug therapy is 763+660 mg/l (i.e.,
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.

With regard to the expert panel's view that the information from Saini et al. (90)
"confirms that the haemotopoietic system is also a target of propylene glycol in rats," the PO/PG
Panel again questions the scientific reliability of hematological data obtained from animals
subjected to four retro-orbital bleeds within two days with no concurrent control group.
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 CERHR conclusion that such sub-populations exist is
not justified.

The PO/PG 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 increased risk for developing propylene glycol toxicity." There is
little evidence that the previous comments have been taken into account in revising the Report,
apart from 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).

This 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 toxicokinetics 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,

40f6 July 2003
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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 (57).

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 i.e.,

Y=0.034X +2.97

where Y is the lactate concentration in serum (mEq/1) at a propylene glycol concentration of X
(mg/1). This suggests there is a clear (numerically positive) relationship between propylene
glycol and lactate levels in serum.

However, other data cited in the Report, namely the publication by Chicella et al. (66; not
present in the earlier version of the Report) lead to a very different conclusion. In Chicella et al.
(66), no correlation was observed between serum propylene glycol and lactate in 11 patients
(aged 1-15 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, 519 and 763
mg/1 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 mEq/l 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 mmol/l, 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.

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 from 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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Comments of the PO/PG Panel

the PO/PG 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.

It is also clear from data presented in Chicella et al. (66) that no adverse responses were
reported in slightly older infants (age 1-15 months) following IV drug therapy that resulted in a
mean serum propylene glycol concentration as high as 763 mg/ml. 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.

Given the considerable uncertainties in these studies (detailed in the PO/PG Panel’s
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.

Section 2.5.2, first paragraph, last line (page 45):
.....propylene glycol.....was associated with cardiopulmonary arrest in one case (70).

This statement, citing Huggon et al. (70) is factually incorrect: circulatory problems were
present in this individual before any exposure to propylene glycol. There is no mention of
propylene glycol-induced "cardiopulmonary arrest” in the publication.

6of6 July 2003
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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
development/validation 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), National Institutes of Health; the
National Center for Toxicological Research (NCTR), Food and Drug Ad-
ministration; and the National Institute for Occupational Safety and
Health (NIOSH), Centers for Disease Control. In July 1981, the Carcino-
genesis Bioassay Testing Program, NCI, was transferred to the NIEHS.
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NOTE TO THE 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,
U.S. 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. 24382-04-5
C3H309Na Molecular weight 94.04

Synonyms: malonaldehyde, enol, sodium salt; propanedial, sodium;
3-hydroxy-2-propenal, sodium salt; sodium p-oxyacrolein

Malonaldehyde Enol tautomer
CAS No. 542-78-9

C3H409 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 B6C3F; 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 mg/kg 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 13-week 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 500 mg/kg 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 mg/kg
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 mg/kg 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 mg/kg female rats and mineralization in the 250 and 500 mg/kg male rats and the 60,
125, 250, and 500 mg/kg female rats. Degeneration of the testicular germinal epithelium was ob-
served in male rats and male mice receiving 250 and 500 mg/kg. Atrophy of the exocrine pancreas
was seen in the 125, 250, and 500 mg/kg male and the 250 and 500 mg/kg female mice.

Based on these results, 2-year studies of malonaldehyde, sodium salt, were conducted by exposing
groups of 50 F344/N rats of each sex at doses of 0, 50, or 100 mg/kg, 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 B6C3F; 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-
trots, 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;
38/50; 30/50). 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.

Nonneoplastic 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 (9/50; 7/49; 7/50). The inci-
dence of pancreatic islet cell adenomas was increased in low dose male rats (0/49; 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: 20/47;
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-
um/microsome assay when tested at doses of up to 10,000 pg/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 89; it was not tested with S9. Malonaldehyde, sodium salt, was not mutagenic in the Droso-
phila melanogaster 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 significant 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 activity* 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 of carcinogenic activity for B6C3F; mice administered 60 or 120 mg/kg 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 duect 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 of Levels of Evidence of Carcinogenic Activity is on page 9.
A summary of the Peer Review comments and the public discussion on this Technical Report appears on pages 12-13.
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SUMMARY OF THE TWO-YEAR GAVAGE AND GENETIC TOXICOLOGY STUDIES OF MALONALDEHYDE,
SODIUM SALT

Male F344/N Rais

Female F344/N Rats

Male B8C3F, Mice

Female B6C3F,; Mice

Doses (mg/kg)
0, 50, or 100 in distilled
water, 5 d/wk

0, 50, or 100 in distilled
water, 5 d/wk

Survival rates in the 2-year study

37/50; 33/50; 15/50

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
adenomas or carcinomas
(combined) (4/50; 8/49; 13/50);
pancreatic islet cell adenomas
(0/49; 9/50; 1/49)-

Other considerations
Decrease in incidence of
anterior pituitary gland
adenomas or carcinomas
(combined) (20/47;14/49; 8/49)

37/50; 37/50; 14/50

Ulcers and inflammation

of the glandular stomach;
epithelial hyperplasia of the
forestomach; corneal inflam-
mation, retinal atrophy,
cataracts of the crystalline
lens; cystic degeneration of
the liver; bile duct hyperplasia

Thyroid gland follicular cell
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

Genetic toxicology

Clear evidence

0, 60, or 120 in distilled
water, 5 d/wk

24/50; 20/50; 14/50

Atrophy of the pancreatic
acinus; pigmentation loss
in hair shafts

None

No evidence

0,60, 0r 120 in distilled
water, 5 d/wk

41/50; 38/50; 30/50

Atrophy of the pancreatic
acinus; pigmentation loss
in hair shafts; dilatation
of the uterus

None

No evidence

Drosophila

Sex-linked Rec. Lethals

Salmonella Mouse L5178Y/TK*'~ CHO Cells in Vitro
(gene mutation) (gene mutation) SCE Aberration
Negative with and Positive without S9; Positive withand  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 studies are designed and conducted to characterize and evaluate the toxicologic potential, including carcinogenic activity, of selected
chemicals in lsboratory animals (ususlly two species, rats and mice). Chemicals selected for NTP toxicology and carcinogenesis studies are
chosen primarily on the bases of human exposure, level of production, and chemical structure. Selection per se is not an indicator of a
chemicals carcinogenic potential.

Negative results, in which the study animals do not have a greater incidence of neoplagia than control animals, do not necessarily mean
that a chemical is not a carcinogen, inasmuch as the experiments are conducted under a limited set of conditions. Positive results dem-
onstrate that a chemical is carcinogenic for laboratory animals under the conditions of the study and indicate that exposure to the chemical
has the potential for hazard to humans.

The National Toxicology Program describes the results of individual experiments on a chemical agent and notes the strength of the evi-
dencs for conclusions regarding each study. Other organizations, such as the International Agency for Research on Cancer, assign a
strength of evidence for conclusions based on an examination of all available evidence including: animal studies such as those conducted by
the NTP, epidemiologic studies, and estimates of exposure. Thus, the actual determination of rigk to humans from chemicals found to be
carcinogenic in laboratory animals requires a wider analysis that extends beyond the purview of these studies.

Five categories of evidence of carcinogenic activity are used in the Technical Report series to summarize the strength of the evidence ob-
served in each experiment: two categories for positive results (“Clear Evidence” and "Some Evidence™); one category for uncertain findinga
("Equivocal Evidence”); one category for no observable effects ("No Evidence”™); and one category for experiments that because of major flawa
cannot be evaluated ("Inadequate Study™). These categories of interpretative conclusions were first adopted in June 1983 and then revised
in March 1986 for use in the Technical Reports series to incorporate more specifically the concept of actual weight of evidence of car-
cinogenic activity. For each separate experiment (male rats, female rats, male mice, female mice), one of the following quintet is selected to
describe the findings. These categories refer to the strength of the experimental evidence and not to either potency or mechanism.

o Clear Evidence of Carcinogenlc Actlvity is demonstrated by studies that are interpreted as showing a dose-related (i) increase
of malignant neoplasmas, (ii) increase of a combination of malignant and benign neoplasms, or (iii) marked increase of benign neo-
plasms if there is an indication from this or other studies of the ability of such tumors to progress to malignancy.

¢ Some Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing a chemically related in-
creased incidence of neoplasms (malignant, benign, or combined) in which the strength of the response is less than that required for
clear evidence.

¢ Equivocal Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing a marginal increase
of neoplasms that may be chemically related.

¢ No Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing no chemically related in-
creases in malignant or benign neoplasms,

¢ Inadequate Study of Carcinogenic Activity is demonstrated by studies that because of major qualitative or quantitative
limitations cannot be interpreted as valid for showing either the presence or absence of carcinogenic activity.

When a conclusion statement for a particular experiment ia selected, conaideration must be given to key factors that would extend the ac-
tusl boundary of an individual category of evidence. This should allow for incorporation of scientific experience and current understanding
of long-term carcinogenesis studies in laboratory animals, especially for those evalustions that may be on the borderline between two ad-
jacent levels. These congiderationa should include:

The adequacy of the experimental design and conduct;

Occurrence of common versus uncommon neoplasia;

Progression (or lack thereof) from benign to malignant neoplasia as well as from preneoplastic lesions;

Some benign neoplasms have the capacity to regresa but others (of the same morphologic type) progress. At present, it is impoasible
to identify the difference. Therefore, where progression is known to be a possibility, the most prudent course is to assume that be-
nign neoplasms of thoss types have the potential to become malignant;

Combining benign and malignant tumor incidences known or thought to represent stages of progression in the same organ or tissue;
Latency in tumor induction;

Multiplicity in site-specific neoplasia;

Metastases;

Supporting information from proliferative lesions thyperplasia) in the same site of neoplasia or in other experiments (same lesion in
another sex or species);

The presence or absence of dose relationships;

The statistical significance of the observed tumor increase;

The concurrent control tumor incidence as well as the historical control rate and variability for a specific neoplasm;
Survival-adjusted analyses and false positive or false negative concerns;

Structure-activity correlations; and

In some cases, genetic toxicology.

These considerations together with the definitions as written should be used as composite guidelines for selecting one of the five categories.
Additionally, the following concepta (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 carcinogenesis generally means the induction by chemicals of neoplasms not usually observed, the induction by
chemicals of more neoplasms than are generally found, or the earlier induction by chemicals of neoplasms that are commonly observed.
Different mechanisms may be involved in these situations. Etymologically, the term carcinogenesis means induction of cancer, that is,
of malignant neoplasms; however, the commonly accepted meaning is the induction of various types of neoplasms or of a combination of
malignant and benign neoplaams. Inthe Technical Reports, the words tumor and neoplasm are used interchangeably.
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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 of 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-
tion/promotion 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.

As 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-
ted dose 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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MALONALDEHYDE, SODIUM SALT

CAS No. 24382-04-5

03H302Na

Molecular weight 94.04

Synonyms: malonaldehyde, enol, sodium salt; propanedial, sodium;
3-hydroxy-2-propenal, sodium salt; sodium B-oxyacrolein
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CAS No. 542-78-9

C3H409

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 is 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
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Molecular weight 72.06

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 is 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 et al.
(1977), who reported that malonaldehyde levels
ranged from 1 to 14 pg/g of tissue in food items
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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 (NAS,
1981), and based on the malonaldehyde content
of cooked meat reported by Shamberger et al.
(1974), 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 ng from
chicken.

The impact, if any, of malonaldehyde on human
health at 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.,, 1980), 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).

Toxicity and Metabolism

The mean LDgg value for malonaldehyde, sodi-
um salt, administered by gavage was deter-
mined to be 632 mg/kg body weight in male Wis-
tar rats (Crawford et al., 1965). The mean LDgg
value for malonaldehyde administered by ga-
vage to female Swiss mice was 606 mg/kg body
weight (Apaja, 1980).

After intubation of two male Wistar rats with
{1,3-14CImalonaldehyde (approximately 27.5
pe’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
[14C]carbon dioxide, 9%-17% was recovered in
the urine, and 5%-16%, in the feces. In vitro
studies with [1,3-14C]malonaldehyde demon-
strated that malonaldehyde is metabolized pri-
marily in the mitochondria. The probable
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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 mg/kg (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, 0/48; 0.1 mg/kg, 1/49; 1
mg/kg, 2/50; 10 mg/kg, 2/48), and hepatomas
(0/48; 0/49; 2/60; 0/48).

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 ap-
plication (5 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 at 11 weeks.
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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 f-meth-
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 (80:20) 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 ug 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-
zolalpyrene served as a positive control for tu-
mor initiation and as the complete carcinogen in
this study, whereas 12-O-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 et 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

000447

Malonaldehyde, Sodium Salt, NTP TR 331

and Goldstein, 1976), 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 (1979), 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., 1974),
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 f}-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 purified
preparation of malonaldehyde, sodium salt, in
Salmonella strain D3052 was confirmed by
Marnett and Tuttle (1980), 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, TA100, 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 ymol/plate. The mutation frequen-
cy was low, about 5 revertants/umol 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 H/r30 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. typhimurium assays
with a preincubation protocol with the excision-
repair-deficient strains TA98, TA100, TA1535,
or TA1537 with or without Aroclor 1254-induced
liver S9 from male Sprague Dawley rats or Syri-
an hamsters (Mdrtelmans et al., 1986; Table E1).
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 over a concen-
tration range of 125-1,000 pg/ml in the absence
of 89; 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 uM 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
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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
EA4).

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 (II) and
B-propiolactone (III) (Van Duuren et al, 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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II. MATERIALS AND METHODS

PROCUREMENT AND
CHARACTERIZATION OF
MALONALDEHYDE, SODIUM SALT

3-Hydroxy-2-propenal, 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-tetramethoxypropane. 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, ultraviolet/visible 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 Kar! 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
JHW11

Date of Initial Use
Rats--8/24/78; mice--8/21/78

Supplier
Aldrich Chemical Co.
(Milwaukee, WI)

JHW11,DE 112778, DE 112978

10/24/78, 12/18/78, 1/5/79

Same as 14-d studies

DE 122078, DC80-23, GB32880,
GB80-80-2A, GB80-80-5G, GB80-80-5F,
GB80-80-8, GB80-80-9-11, KK80-160-12,
LK80-160-13, GO-80-160-20

DE 122078: 3/17/80; DC80-23: 4/14/80:
GB32880: 5/1/80; GB80-80-2A: 5/5/80;
GB80-80-5G: 5/19/80; GB80-80-5F:
7/10/80; GB80-80-8: 8/6/80; GB80-80-9-11:
rats--9/18/80, mice--10/2/80;
KK80-160-12: rats--12/18/80, mice--
1/22/81; LK80-160-13: rats--6/4/81, mice--
5/6/81; GO-80-160-20: 9/21/81

Same as 14-d studies
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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
Starting Material

Malonaldehyde, Sodium
Salt (percent) (a)

Water
(percent) (b)

Acetone
(percent) (d)

Chloride
(percent) (c)

JHW11 T0.1+ 14 30.0
DE 112778 68.9 £ 0.5 30.6
DE 112978 703+ 0.3 315
DE 122078 764 £ 0.9 244
DC80-23 789 £ 0.4 21.9
GB32880 66.6 £ 1.5 32.2
GB80-80-2A 643 £ 2.2 35.2
GBB80-80-5G 644 £ 1.3 373
GBB80-80-5F 648+ 05 37.8
GB80-80-8 634104 36.0
GB80-80-9-11 656 £ 0.3 33.1
KK80-160-12 634t 1.1 35.2
LK80-160-13 T1.2+05 29.6
GO-80-160-20 678 1.0 35.0

HHH+HHEHHFHHE IS
—O000OO0O0O0O0C=O0O
o NDbRIORL~ND

- 0.8
0.28 Trace
0.74 Trace
0.69 -
0.28 -
1.0 Trace
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 * standard deviation.

(b) Karl Fischer titration; mean t standard deviation.
(c) By elemental analysis
(d) 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.

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
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(100 mg/ml) during the 13-week studies indica-
ted that the concentration (99.6 mg/ml) was
within specifications (£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% of 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-
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).



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 Similar to 14-d studies Similar to 14-d studies

portion of malonaldehyde, sodium salt, in a graduated
cylinder, adding distilled water to the proper volume,
and mechanically stirring for 40 min. Dose mixtures
were prepared by serial dilution of the stock solution

Maximum Storage Time
174d 7d Td

Storage Conditions
—20°C in the dark; vials of dose mixture kept at room Same as 14-d studies Similar to 14-d studies
temperature for 30-60 min before gavage administration

TABLE 4. RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGE STUDIES OF
MALONALDEHYDE, SODIUM SALT

Concentration of Malonaldehyde, Sodium Salt, in Water
for Target Concentration (mg/ml) (a)

Date Mixed 10 12 20 24
02/21/80 10.6 125 19.85 25.15
04/10/80 9.5 12.15 19.85 24.0
06/05/80 9.75 13.25 20.5 24.35
08/07/80 10.0 11.9 19.8 25.2
09/25/80 (b)6.1 (b)8.4 (b)10.7- (b)30.5
09/26/80 (¢)10.1 (c)12.5 (c)19.9 (c)24.8
11/20/80 10.7 125 18.6 242
01/29/81 9.71 11.39 19.96 24 .66
03/12/81 10.3 129 20.5 26.2
05/14/81 9.8 13.0 20.4 228
07/09/81 9.8 12.6 19.2 24.3
09/17/81 9.7 12,0 20.3 24.6
11/06/81 9.8 118 19.6 24.0
01/08/82 9.1 114 188 24.2

Mean (mg/m1l) 9.6 120 19.1 249
Standard deviation 1.14 1.22 2.59 1.85
Coefficient of variation (percent) 119 10.2 13.6 T4
Range (mg/ml) 6.1-10.7 8.4-13.25 10.7-20.5 22.8-30.5
Number of samples 13 13 13 13

(a) Results of duplicate analysis
(b) Out of specifications, not administered to animals
(c) Remix, not included in the mean
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TABLE 5. RESULTS OF REFEREE ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGE
STUDIES OF MALONALDEHYDE, SODIUM SALT

Target Concentration

Determined Concentration (mg/ml)
Study Referee

Date Mixed (mg/ml) Laboratory (a) Laboratory (b)
04/10/80 12 12.15 8.8
09/25/80 10 6.1 9.5
03/12/81 24 26.2 243
09/10/81 20 (c)19.9 (c)14.8
01/08/82 10 9.1 8.9

(a) Results of duplicate analysis
(b) Results of triplicate analysis

(c) Results from samples taken from animal room during dosing

FOURTEEN-DAY STUDIES

Male and female F344/N rats and B6C3F; 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 mg/kg
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 mg/kg 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.

THIRTEEN-WEEK 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 B6C3F; 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
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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 mg/kg
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 experimental 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.

TWO-YEAR STUDIES
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.



TABLE 6. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES
OF MALONALDEHYDE, SODIUM SALT

Fourteen-Day Thirteen-Week Two-Year
Studies Studies Studies

EXPERIMENTAL DESIGN

Size of Study Groups
5 males and § females of each species 10 males and 10 females of each species 50 males and 50 females of each species

Doses

250, 500, 750, 1,000, or 1,500 mg/kg 0, 30, 60, 125, 250, or 500 mg/kg Rats--0, 50, or 100 mg/kg malonaldehyde,

malonaldehyde, sodium salt, 1n dis- malonaldehyde, sodium salt, sodium salt, in distilled water by gavage;

tilled water by gavage; dose vol-- 1n distilled water by gavage; mice--0, 60, or 120 mg/kg; dose vol--5 ml/kg

10 ml/kg; controls were untreated dose vol -5 mlkg

Date of First Dose

Rats--8/24/78; mice--8/21/78 10/24/78 Rats--2/18/80; mice--2/25/80

Date of Last Dose

Rats--9/6/78, mice--9/3/78 1/22/79 Rats--2/5/82; mice--2/12/82

Duration of Dosing

14 consecutived 5 d/wk for 13 wk 5 d/wk for 102 wk

Type and Frequency of Observation

Observed 2 X d; weighed Observed 2 X d; weighed imtiallyand ~ Observed 2 X d; weighed 1nitially, 1 X wk

initially and at the end of the studies 1 X wk thereafter for 13 wk,and 1 X mo thereafter

Necropsy and Histologic Examination

Necropsy performed on all amimals, Necropsy performed on all ammals; Necropsy and histologic examination per-

histologic examination not the following tissues examined histo- formed on all animals; the following tissues

performed logically for vehicle control and high were examined: adrenal glands, brain, ce-
dose groups, for all animals dying be- cum, colon, duodenum, esophagus, eyes, fe-
fore termunal kill, and for lower dose mur including marrow, gallbladder (mice),

amimals with compound-related lesions: groas lesions, heart, kidneys, larynx, hiver,
adrenal glands, brain, colon, esophagus, lungs and mainstem bronchi, mammary
femur, gallbladder (mice), heart, kid- gland, mandibular lymph nodes, pancreas,
neys, liver, lungs and mainstem bron- parathyroids, pituitary gland, prostate/
chi, mammary gland, mandibular lymph testes or ovaries/uterus, salivary glands,
nodes, pancreas, parathyroids, pituitary skin, small intestine, spleen, stomach,
gland, prostate/testes or ovariesfuterus, thymus, thyroid gland, tissue masses,
salivary glands, small intestine, stom- trachea, and urinary bladder

ach, thymus, thyroid gland, trachea,

and urinary bladder

ANIMALS AND ANIMAL MAINTENANCE

Strain and Species

F344/N rats; B6C3F, mice F344/N rats; B6C3F, mice F344/N rats; B6C3F; mice

Animal Source

Charles River Breeding Same as 14-d studies Rats--Charles River Breeding Laboratories
Laboratories (Portage, M) (Portage, MI); mice--Charles River

Breeding Laboratories (Kingston, NY)

Study Laboratory

Battelle Columbus Laboratories Battelle Columbus Laboratories Battelle Columbus Laboratories
Method of Animal Identification
By cage Toe chip Toe clip and ear notch
Time Held Before Study
Rats--14 d, mice--17d 17d Rats--18 d; mice--20d
Age When Placed on Study
6 wk 7wk Rats--7 wk, mice--8 wk
27 Malonaldehyde, 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 Thirteen-Week
Studies Studies

Two-Year
Studies

ANIMALS AND ANIMAL MAINTENANCE (Continued)

Age When Killed
8wk 20 wk

Necropsy Dates

Rats--9/8/78; mice--9/5/78 Rats--1/23/79; mice--1/24/79

Method of Animal Distribution
Distributed according to tables of
random numbers

Same as 14-d studies

Feed

Purina Lab Chow® pellets
(Ralston Purina Co., St. Louis,
MO); available ad libitum

Same as 14-d studies

Bedding
Absorb-Dri (Lab Products, Inc.,
Garfield, NJ)

Same as 14-d studies

Water

Automatic watering system
{Edstrom Industries, Waterford,
WI); available ad libitum

Same as 14-d studies

Cages
Polycarbonate (Lab Products,
Inc., Garfield, NJ)

Same as 14-d studies

Cage Filters

Reemay spun-bonded polyester
filters (Snow Filtration,
Cincinnati, OH)

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 changes/h

Same as 14-d studies

Rats--111-112 wk; mice--112-113 wk

Rats--2/16/82-2/19/82;
mice--2/22/82-2/25/82

Animals distributed 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
of 4/27/81 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

None

Temp--17°-26° C; humidity--15%-63%;
fluorescent light 12 h/d; 15 room air
changes/h
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II. MATERIALS AND METHODS

Source and Specifications of Animals

The male and female F344/N rats and B6C3F,
(C57BL/6N, female X C3H/HeN MTV ™, male)
mice used in these studies were produced under
strict barrier conditions at 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 at 4 weeks of age and mice at 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 B6C3F; 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 C57BL/6N 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.

Male mice from the C3H colony and female mice
from the C57BL/6N colony were used as parents
for the hybrid B6C3F; mice used in these stud-
ies. The influence of the potential genetic non-
uniformity in the hybrid mice on these results is
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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, slide/block 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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II. MATERIALS AND METHODS

quality assessment report and slides were sub-
mitted to the Pathology Working Group (PWQ)
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 final 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).

Slides/tissues 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,
as 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 at 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
at 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-
Jjusting for intercurrent 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
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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; Gart 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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III. RESULTS: RATS

FOURTEEN-DAY STUDIES

All rats that received 1,500 mg/kg malonalde-
hyde, sodium salt, 2/5 males and 3/5 females
that received 1,000 mg/kg, and 1/5 males that re-
ceived 750 mg/kg died before the end of the stud-
ies (Table 7). Final mean body weights of rats
that received 750 or 1,000 mg/kg 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 mg/kg exhibited generalized body
weakness. The tissues from animals in the 14-
day studies were not examined microscopically.

THIRTEEN-WEEK STUDIES

Nine of 10 male rats and 10/10 female rats that
received 500 mg/kg malonaldehyde, sodium salt,
died before the end of the studies (Table 8). Fi-
nal mean body weights of males that received
125, 250, or 500 mg/kg were 5%, 16%, or 39%
lower than that of the vehicle controls. Final
‘mean body weights of females that received 125
or 250 mg/kg were 5% or 14% lower than that of
the vehicle controls.

During 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 WEIGHTS OF RATS IN THE FOURTEEN-DAY GAVAGE
STUDIES OF MALONALDEHYDE, SODIUM SALT

— . Mean ng§ Weights (grams)_
Initial nal Change (b)

Final Weight Relative

Dose Survival (a) to Controls
(mg/kg) (percent)
MALE
Q)] 58 117 171 +60
250 58 115 165 +50 93.2
500 &5 123 178 +55 100.6
750 @5 107 151 +44 85.3
1,000 (0)3/5 124 165 +41 93.2
1,500 005 109 (®) ® (®)
FEMALE
0 5/56 98 141 +43
250 5/8 102 136 +34 96.5
500 &5 102 129 +27 91.5
750 5/5 87 107 +10 75.9
1,000 (h) 2/5 103 106 *3 75.2
1,500 1 0/5 102 () (g) g)

(a) Number surviving/number in group

(b) Mean body weight change of the survivors
(c) Controls were untreated.

(d) Day of death: 15 (1 day after last dose)

(e) Day of death: 4,7

(f) 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: 9,11,14
(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 (grams)

Final Weight Relative

Dose Survival (a) Initial (b) Final Change (¢) to Vehicle Controls
(mg/kg) (percent)
MALE
0 10/10 132t 4 31+ 6 +199 + 4
30 10/10 1375 347+ 2 +210%5 105
60 10/10 139 £ 4 345 £ 10 +206 £ 8 104
12§ 10710 142t 4 314t 6 +172+5 95
250 10/10 138 + 4 278+ 8 +139 9 84
500 (d)1/10 138+ 3 203+ O +68 0 61
FEMALE
0 10/10 1131 195+ 3 +82+2
30 10/10 107 £ 2 187+ 4 +80t2 96
60 10710 1056 £ 3 188+ 3 +83+1 96
125 10/10 1103 185+ 6 +75+3 95
250 10/10 112+ 2 167+ 4 +55+ 4 86
500 () 0/10 110+ 2 (47] ] ]

(a) Number surviving/number initially in group

(b) Initial mean group body weight + standard error of the mean. Subsequent caiculations are based on those animals sur-

viving to the end of the study.

(c) Mean body weight change of the survivors + standard error of the mean

(d) Week of death: 3,6,7,8,8,8,8,10,12
(e) Week of death: 5,5,7,7,7,7,7,7,8,8

(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
at 500 mg/kg, one male and nine females at 250
mg/kg, and six females at 125 mg/kg. 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 mg/kg group.
Renal tubular pigmentation was observed in 10
females in the 250 mg/kg group. Focal and
multifocal erosive lesions were observed in the
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gastric mucosa of the glandular stomach in 500
mg/kg male and female rats. A diffuse 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 mg/kg; the lesions in the 250 mgkg
group were less severe than those in the 500
mg/kg 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 mg/kg 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 mg/kg 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

Dosge (mg/kg)

Site/Lesion 0 60 128 250 500
MALE
Number of rats examined 10 10 10 10 10
Stomach, gastric mucosa

Erosion 0 0 0 0 5
Kidney

Membranous glomerular nephropathy 0 0 0 1 9

Mineralization 0 0 0 6 9

Tubular pigmentation 0 0 0 0 4

Tubular basophilia 0 0 0 0 3
Bone marrow

Hyperplasia 0 0 0 0 5
Spleen

Lymphoid depletion, B-cell area 0 0 0 9 6

Lymphoid depletion 0 0 0 0 4

Extramedullary hematopoiesis 0 0 0 0 T
Mandibular lymph node

Lymphoid depletion 0 0 0 0 2
Thymus

Lymphocytic depletion 0 0 0 0 3
Testis, seminiferous tubules

Degeneration 0 0 0 3 9
FEMALE
Number of rats examined 10 10 10 10 10
Stomach, gastric mucosa

Erosion 0 0 0 0 4
Kidney

Membranous glomerular nephropathy 0 0 6 10 8

Mineralization 0 2 6 7 5

Tubular pigmentation 0 0 0 10 1

Tubular basophilia 0 0 0 0 6
Bone marrow

Hyperplasia 0 0 0 0 4
Spleen

Lymphoid depletion, B-cell area 0 0 0 10 7

Lymphoid depletion 0 0 0 0 3

Extramedullary hematopoiesis 0 0 0 0 9
Mandibular lymph node

Lymphoid depletion 0 0 0 0 3
Thymus

Lymphocytic depletion 0 0 0 0 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
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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.



TABLE 10. MEAN BODY WEIGHTS AND SURVIVAL OF RATS IN THE TWO-YEAR GAVAGE STUDIES
OF MALONALDEHYDE, SODIUM SALT

Weeks Vehicle Control 50 m 100 m;
on Av. Wt No.of Av.Wt. Wt.(percent No.of Av.Wt, Wt.(percent No. of
Study (grams) Survivors (grams) of veh.controls) Survivors (grams) of veh. controls) Survivors
MALE
0 331 50 115 104 50 12 101 50
1 17 50 170 9 50 171 100 50
2 199 50 198 29 50 200 101 50
3 219 50 219 100 50 223 102 50
4 234 50 238 102 50 240 108 50
[ 250 50 255 102 50 259 104 50
6 264 50 265 100 50 287 101 50
7 267 50 269 101 50 27 101 50
8 280 50 281 100 50 279 100 50
9 293 50 294 100 50 295 101 50
10 304 50 305 100 50 308 100 50
1 309 50 310 100 50 302 o8 50
12 218 50 217 100 50 307 97 50
13 324 50 321 99 50 313 97 50
18 342 50 40 99 50 328 96 50
20 359 50 358 100 50 344 268 50
25 391 50 388 99 50 387 94 50
29 396 50 402 102 50 287 93 50
33 408 50 401 28 50 369 20 50
37 420 50 a7 99 50 378 20 50
4 425 50 423 100 50 ar2 88 49
48 431 50 432 100 50 383 89 48
50 “s 50 445 29 50 391 87 48
54 458 50 442 98 50 385 85 48
59 460 49 4“7 97 50 381 83 48
83 457 48 u7 98 50 368 81 47
67 460 48 448 97 50 378 82 47
72 469 48 452 98 50 367 78 48
78 459 48 427 93 48 350 78 45
78 458 48 2 93 48 as1 77 43
81 455 m 429 94 47 345 76 a7
8s 452 43 427 94 48 353 78 32
20 462 39 445 98 42 347 75 27
94 461 39 445 97 40 841 74 23
9 “s a7 434 97 38 334 75 19
103 4“7 37 430 98 a3 332 74 15
FEMALE
0 98 50 102 104 50 101 108 50
1 128 50 130 103 50 127 101 50
2 187 50 139 101 50 138 99 50
3 143 50 148 102 50 144 101 50
4 152 50 156 108 50 152 100 50
5 180 50 161 101 50 159 % 50
8 164 50 168 101 50 184 100 50
7 164 50 186 101 50 163 99 50
8 167 50 169 101 50 188 % 50
9 11 50 173 101 50 169 99 50
10 174 50 175 10t 50 178 59 50
11 174 50 178 101 50 171 a8 50
12 178 50 179 101 4@ 173 o7 50
13 181 50 183 101 49 177 98 50
18 189 50 187 99 49 184 97 50
20 190 50 192 101 49 190 100 50
25 208 49 207 101 49 208 9% 50
29 207 49 208 100 4 202 98 50
33 208 49 211 101 49 203 o8 50
37 213 48 215 101 49 205 ™ 50
41 218 48 220 102 49 207 96 50
46 223 48 228 102 8 215 %8 50
50 234 48 243 104 47 214 91 50
54 240 48 247 103 47 214 89 49
59 245 48 251 102 47 206 84 43
63 253 47 256 101 47 214 85 a9
87 260 47 262 101 4 215 83 39
72 274 47 276 101 4 217 79 37
7 269 47 272 101 45 211 78 35
78 27 48 268 99 45 207 76 34
81 272 48 267 98 45 215 79 31
8s 280 “ 215 98 43 213 76 26
90 288 42 280 98 42 207 72 25
94 282 42 280 99 42 199 71 23
9 280 39 286 100 39 203 4 16
103 290 87 289 100 87 187 84 14
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III. 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 11 and in the Kaplan and Meier curves in
Figure 4. Survival of the high dose groups of
both male (after 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 II (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 II (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,

SODIUM SALT
Vehicle Control 50 mg/kg 100 mg/kg

MALE (a)
Animals 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 P values (c) <0.,001 0.633 <{.001
FEMALE (a)
Animals initially in study 50 50 50
Nonaccidental deaths before termination (b) 13 12 34
Accidentally killed 0 1 2
Killed at termination 37 37 14
Survival Pvalues (c) <(0.001 0.846 <0.001

(a) Terminal-kill period: male--week 104; female--weeks 104-105

(b) Includes animals killed in a moribund condition

(¢) 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.
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III. RESULTS: RATS

Thyroid Gland: 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 (P <0.05) 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 well-circumscribed masses consist-
ing of variably sized follicles often with papillary
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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
and/or 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<0.001) in high dose female rats
(male: vehicle control, 0/50; low dose, 0/49; high
dose, 2/50; female: 1/50; 0/50; 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 12. ANALYSIS OF THYROID GLAND FOLLICULAR CELL LESIONS IN RATS IN THE
TWO-YEAR GAVAGE STUDIES OF MALONALDEHYDE, SODIUM SALT (a)

Vehicle Contrel 50 mg/kg 100 mg/kg
MALE
Hyperplasia
Overall Rates 9/50 (18%) 7/49 (14%) 7/50 (14%)
Adenoma
Overall Rates 3/60 (6%) 3/49 (6%) 9/50(18%)
Adjusted Rates 7.3% 9.1% 34.4%
Terminal Rates 2137 (5%) 3733 (9%) 3/15 (20%)
Week of First Observation 55 104 81
Life Table Tests P=0.003 P=0.618 P=0.007
Incidental Tumor Tests P=0.026 P=0618 P=0.068
Carcinoma
Overall Rates 1/50(2%) 5/49 (10%) 5/50(10%)
Adjusted Rates 2.1% 13.3% 19.8%
Terminal Rates 0737 (0%) 3733 (9%) 2/15 (13%)
Week of First Observation 79 87 79
Life Table Tests P=0.019 P=0.099 P=0.041
Incidental Tumor Tests P=0.105 P=0.109 P=0.116
Adenoma or Carcinoma (b)
Overall Rates 4/50(8%) 8/49 (16%) 13/50(26%)
Adjusted Rates 9.2% 22.0% 48.1%
Terminal Rates 2137 (5%) 6/33(18%) 5/15(33%)
Week of First Observation 55 87 79
Life Table Tests P<0.001 P=0.154 P<0.001
Incidental Tumor Tests P=0.008 P=0.168 P=0.015
FEMALE
Hyperplasia
Overall Rates 10/50 (20%) 10/50 (20%) 26/50 (52%)
Adenoma
Overall Rates 2/50 (4%) 0/50 (0%) 5/50 (10%)
Adjusted Rates 5.3% 0.0% 30.4%
Terminal Rates 1/37 (3%) 0/37(0%) 4/14 (29%)
Week of First Observation 103 69
Life Table Tests P=0.015 P=0.240N P=0.020
Incidental Tumor Tests P=0.069 P=0.240N P=0.083
Carcinoma
Overall Rates 0/50 (0%) 1/50 (2%) 2/50 (4%)
Adenoma or Carcinoma (c)
Overall Rates 2/50 (4%) 1750 (2%) 7/50 (14%)
Adjusted Rates 5.3% 2.1% 37.6%
Terminal Rates 1/37 (3%) 1737 (3%) 4/14 (29%)
Week of First Observation 103 105 69
Life Table Tests P=0.001 P=0.500N P=0.003
Incidental Tumor Tests P=0.026 P=0.500N P=0.045

(a) The statistical analyses used are discussed in Chapter Il (Statistical Methods)and Table A3 (footnotes).
(b} Historical incidence in water gavage controls (mean + SD): 2/144 (1% * 1%}; historical incidence in untreated controls

(mean + SD): 27/1,928 (1% * 2%)

(c) Historical incidence in water gavage controls (mean * SD): 4/146 (3% * 3%); historical incidence in untreated controls

(mean * SD): 20/1,952(1% % 1%)
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Figure 6 Photomicrograph of a thyrowd follicular cell carcinoma that has totelly ohliterated the gland and nvaded

Figure 5 Photomicrograph of thyroid gland wath a folhicular cell carcinoma from a male rat given malonaldehyde,
adjacant skeletal muscle H&E, magmfication 9 X

sodizm salt Overbalfthe normal tissue s replaced by lastic follicular epithelium Normal thyrod

folhel gcollod are p 1n the nght hand portion of the gland H&E, magmfication 89X

Figure 8 Photomicrograph of 8 mod ly well diffe d thyrowd follicular cell carcinoma ‘This neoplasm bas not
1 d a seirrhous resp and the follicular epithelium 1s arranged 1n tubular and follicle like structures H&E

magnification 25X

Figure 7 Photomicrograph of the thyroid follicular cell carcinoma shown in Figure 6 The neoplastic epithelium 15
arrenged 1o pleomorphic tubular structures and 1s invading the adjacent muscle The neoplasm has elicited a scirrhous
response charactented by the formation of collagenous connective tissue that 15 1nterspersed among the neoplastic

folhcular epithe) H&E, fication 25X




III. 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 vehiecle controls (Table 13) and
exceeded the range for historical control males
(0/50-7/49).

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
distinet 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

(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).

Hematopoietic System:

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<0.01) than those in the vehicle
controls (hematopoietic hyperplasia--male: ve-
hicle control, 5/60; 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 an in-
creased incidence (P <0.01) 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 mg/kg 100 mg/kg

Adenoma

Overall Rates 0/49 (0%) 9/60 (18%) 1/49 (2%)

Adjusted Rates 0.0% 26.1% 6.7%

Terminal Rates 0/37 (0%) 8/33 (24%) 115(7T%)

Week of First Observation 97 104

Life Table Tests P=0.092 P=0.002 P=0.320

Incidental Tumor Tests P=0.138 P=0.002 P=0.320
Carcinoma

Overall Rates 1/49 (2%) 0/50 (0%) 0/49 (0%)
Adenoma or Carcinoma (a)

Overall Rates 1/49 (2%) 9/50 (18%) 1/49 (2%)

Adjusted Rates 2.7% 26.1% 6.7%

Terminal Rates 137 (3%) 8/33 (24%) 1/15(7%)

Week of First Observation 104 97 104

Life Table Tests P=0.169 P=0.006 P=0.548

Incidental Tumor Tests P=0,235 P=0.009 P=0.548

(a) Historical incidence in water gavage controls (mean t SD): 12/147 (8% * 4%); historical incidence in untreated controls

(mean + SD): 102/1,913(5% £ 4%)
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III. RESULTS: RATS

Multiple Organs--Mononuclear cell leukemia in Pheochromocytomas in male rats occurred with
male rats occurred with a significant positive a significant positive trend; the incidence in the
trend by life table analysis; the incidences in low high dose group was significantly greater than
and high dose males were not significantly dif- that in the vehicle controls by the life table test
ferent from that in vehiele controls and did not but not by the incidental tumor test (Table 15),

exceed the mean historical control incidence (Ta- which is the more appropriate test for this gen-
ble 14). erally nonfatal tumor.

Anterior Pituitary Gland: Adenomas and adeno-
Adrenal Gland: The incidence of lipoid degen-  mas or carcinomas (combined) in male and fe-
eration of the adrenal gland cortex was signifi- male rats occurred with significant negative

cantly (P <0.05) increased in high dose male rats trends, and the incidences in the high dose
(vehicle control, 12/50; low dose, 13/50; high groups were significantly lower than those in
dose, 23/50) and in high dose female rats (19/50; the vehicle controls by the incidental tumor test

20/50; 30/50). (Table 16).

TABLE 14. ANALYSIS OF MONONUCLEAR CELL LEUKEMIA IN MALE RATS IN THE TWO-YEAR
GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT (a)

Vehicle Control 50 mg/kg 100 mg/kg
Overall Rates 7/50 (14%) 10/50 (20%) 11/50 (22%)
Adjusted Rates 15.2% 23.7% 34.9%
Terminai Rates 1/37(3%) 3/33 (9%) 0/15(0%)
Week of First Observation 55 74 19
Life Table Tests P=0.039 P=0.306 P=0.067
Incidentai Tumor Tests P=0.245N P=0.503 P=0.272N

(a) Historical incidence of leukemia in water gavage controls (mean * SD): T4/150 (49% + 11%); historical incidence in
untreated controls (mean + SD): 583/1,977 (29% + 12%)

TABLE 15. ANALYSIS OF ADRENAL GLAND LESIONS IN MALE RATS IN THE TWO-YEAR GAVAGE
STUDY OF MALONALDEHYDE, SODIUM SALT

Vehicle Control 50 mg/kg 100 mg/kg

Medullary Focal Hyperplasia

Overall Rates 18/50 (36%) 21/50 (42%) 16/50(32%)
Pheochromocytoma (a)

Overall Rates 5/50 (10%) 6/50 (12%) 8/50 (16%)

Adjusted Rates 13.5% 16.8% 40.0%

Terminal Rates 5/37 (14%) 5/33 (15%) 5/15(33%)

Week of First Observation 104 T4 76

Life Table Testa P=0.014 P=0.430 P=0.016

Incidental Tumor Tests P=0.048 P=0.427 P=0.055

(a) Historical incidence of pheochromocytomas or malignant pheochromocytomas (combined) in water gavage controls
(mean 1 SD): 63/149 (42% t 4%); historical incidence in untreated controls: 452/1,950(23% + 12%)
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TABLE 16. ANALYSIS OF ANTERIOR PITUITARY GLAND TUMORS IN RATS IN THE TWOQO-YEAR
GAVAGE STUDIES OF MALONALDEHYDE, SODIUM SALT

Vehicle Control 50 mg/kg 100 mg/kg
MALE
Adenoma
Overall Rates 20/47 (43%) 14/49 (29%) 7/49 (14%)
Adjusted Rates 50.8% 38.3% 30.7%
Terminal Rates 16/35 (46%) 11/33(33%) 3/15 (20%)
Week of First Observation 80 93 84
Life Table Tests P=0.175N P=0.189N P=0.242N
Incidental Tumor Tests P=0.010N P=0.080N P=0.016N
Carcinoma
Overall Rates 0/47 (0%) 0/49 (0%) 1/49 (2%)
Adenoma or Carcinoma (a)
Overall Rates 20/47 (43%) 14/49 (29%) 8/49 (16%)
Adjusted Rates 50.8% 38.3% 36.5%
Terminal Rates 16/35 (46%) 11/33 (33%) 4/15 (27%)
Week of First Observation 80 93 84
Life Table Tests P=0.264N P=0.189N P=0.357TN
Incidental Tumor Tests P=0.022N P=0.080N P=0.039N
FEMALE
Adenoma
Overall Rates 16/49 (33%) 10/49 (20%) 2/48 (4%)
Adjusted Rates 39.8% 26.2% 14.3%
Terminal Rates 13137 (35%) 8/36 (22%) 2/14 (14%)
Week of First Observation 83 102 104
Life Table Tests P=0.032N P=0.147N P=0.060N
Incidental Tumor Tests P=0.006N P=0.146N P=0.016N
Carcinoma
Overall Rates 2/49 (4%) 0/49 (0%) 0/48 (0%)
Adenoma or Carcinoma (b)
Overall Rates 18/49 (37%) 10/49 (20%) 2/48 (4%)
Adjusted Rates 43.7% 26.2% 14.3%
Terminal Rates 14/37(38%) 8/36 (22%) 2/14(14%)
Week of First Observation 83 102 104
Life Table Tests P=0.013N P=0.0T4N P=0.034N
Incidental Tumor Tests P=0.001N P=0.068N P=0.004N

(a) Historical incidence in water gavage controls (mean * SD): 51/150(34% t 9%); historical incidence in untreated controls
(mean * SD): 428/1,861(23% * 11%)
(b) Historical incidence in water gavage controls (mean + SD): 72/143 (50% t 2%); historical incidence in untreated controls
(mean * SD): 931/1,952 (48% * 11%)
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III. RESULTS: RATS

Liver: Cystic degeneration, cytoplasmic vacuoli-
zation, bile duct hyperplasia, and bile duct fibro-
sis occurred with increased incidenceg and/or se-
verity in male and female rats (Table 17). Cystic
degeneration (also referred to as spongiosis
hepatis) consists of focal multilocular cystie 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 at increased

incidences in the glandular stomach of dosed
male rats 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.g., 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 dosed 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 THE LIVER, IN THE TWO-YEAR GAVAGE
STUDIES OF MALONALDEHYDE, $8ODIUM SALT

Male Female
Vehicle 50 mgkg 100 mgkg Vehicle 50 mg/kg 100 mgkg
Site/Lesion Control Control

Number of liver examined 50 50 50 50 80 50
Cytoplasmic vacuolization 7 7 12 6 6 18
Cystic degeneration 13 26 24 0 0 5
Bile duct hyperplasia (a) 50(2.5) 45(2.9) 50(3.5) 17(1.6) 1522.H) 35(2.6)
Bile duct fibrosis (a) 4(1.3) 8(1.7) 28¢2.1) 1 0 1

(a) Mean grade of severity of hyperplasia or fibrosis for affected rats is given in parentheses: minimal=1, mild=2,

moderate =3, and marked=4.
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TABLE 18. NUMBER OF RATS WITH LESIONS OF THE STOMACH IN THE TWO-YEAR GAVAGE
STUDIES OF MALONALDEHYDE, SODIUM SALT

Male Female
Vehicle 50 mg/kg 100 mg/kg Vehicle 350 mgkg 100 mgkg

Site/Lesion Control Control
Number of stomachs examined 50 49 50 50 50 50
Glandular stomach

Inflammation 1 4 (a7 1 2 3

Inflammation, necrotizing 1 (a)7 4 0 1 b9

Ulcer 0 ()5 b 15 1 2 (b)18
Forestomach

Epithelial hyperplasia 3 8 (b 18 4 5 M) 18

Squamous cell papilloma 0 1 1 1 0 1

(a) P<0.05 vs. vehicle controls
(b) P<0.01 vs, vehicle controls

TABLE 19. NUMBER OF RATS WITH LESIONS OF THE EYE IN THE TWO-YEAR GAVAGE STUDIES
OF MALONALDEHYDE, SODIUM SALT

Male Female
. Vehicle 30 mgkg 100 mgkg Vehicle 350 mg/kg 100 mg/kg
Site/Leslon Control Control
Number of rats examined 50 50 50 50 50 50
Corneal inflammation 2 2 (a)19 2 2 (8)25
Retinal atrophy b 9 (a) 24 3 (a)31 (2)30
Crystalline lens cataract 4 (a) 14 (a)19 4 (a) 26 (a)31

(a) P<0.01 vs, vehicle controls
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III. RESULTS: MICE

FOURTEEN-DAY STUDIES

All mice that received 1,500 mg/kg malonalde-
hyde, sodium salt, 4/5 males that received 1,000
mg/kg, and 5/5 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 mg/kg were 18% or 23% lower than
that of the controls. The final mean body weight
of females that received 1,000 mg/kg 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 dase

mixture. Male mice that received 750 mg/kg or
more and female mice that received 1,500 mg/kg
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 mg/kg and 1/10 males and 1/10 fe-
males that received 125 mg/kg 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

Mean Welghts (grams Final Weight Relative
Dose Survival (a) Initial (b) Final Change (c) to Controls
({mg/kg) (percent)
MALE
@o 5/5 25.4 274 +2.0
250 5/5 26.6 26.0 -0.6 948
500 5/5 278 224 -54 818
750 (e)0/5 23.6 [4y) ® )
1,000 @15 24.8 21.0 -38 76.6
1,500 (h)0/5 24.8 4] o 4]
FEMALE
@o 55 19.6 20.8 +1.2
250 5/5 184 18.0 =04 91.3
500 5/5 20.0 19.8 -0.2 95.2
750 5/5 20.6 20.0 -0.6 96.2
1,000 5/5 18.6 17.4 -1.2 83.7
1,500 (i) o5 18.8 n 4] 6]

(a) Number surviving/number initially in the group
(b) Initial mean group body weight

(c) Mean body weight change of the survivors

(d) Controls were untreated.

(e) Day of death: 7,7,7,8,13

(0 No data are reported due to the 100% mortality in this group.

(g)Day of death: 10,10,11,11
(h)Day of death: 4,4,4,5,6
(i) Day of death: 7,7,7,8,8
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TABLE 21. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE THIRTEEN-WEEK GAVAGE
STUDIES OF MALONALDEHYDE, SODIUM SALT

Mean Body Weights (grams

Final Weight Relative

Dose Sarvival (a) Initial (b) Final Change (c) to Vehicle Controls
(mg/kg) (percent)
MALE
0 10/10 229 0.5 341 £0.7 +11.2 £ 08
30 10/10 244 £ 05 35.6 £ 0.7 +11.2 £ 04 104.4
60 10/10 23.7 £ 0.8 33.6+08 +99 108 98.5
125 d)9/10 253 05 34.1+09 +8.7 £0.7 100.0
250 10710 239 0.6 34210 +103 £1.0 1003
500 (e)7/10 23406 21.0+1.0 -29 13 61.6
FEMALE
0 10/10 188 £ 0.4 26.0 £ 0.7 +72 0.7
30 10/10 19.1 £ 0.4 253 05 +62 05 97.3
60 10/10 191+ 04 249 0.6 +58 £04 95.8
125 (d)9/10 189 £ 0.3 25.1 £ 06 +6.1 £06 96.5
250 10/10 19.1 £ 0.3 253 £ 1.0 +62 +0.7 973
500 910 188 £ 0.4 214105 +2.7 £ 04 82.3

(a) Number surviving/number initially in the group

(b) Initial mean group body weight + standard error of the mean. Subsequent calculations are based on those animals sur-

viving to the end of the study.

(c) Mean body weight change of the survivors + standard error of the mean

(d) Week of death: 9
(e) Week of death: 7,11,13
(f) Week of death: 1

Compound-related lesions were observed in the
pancreas, stomach, and testis (Table 22). Le-
sions the pancreas diagnosed as exocrine atro-
phy were characterized by an accumulation of
a’ipose tissue in the interstitium, with a re-
duced amount of normal-appearing pancreatic
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
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was observed in six males in the 500 mg/kg
group. Degeneration of the germinal epithelium
was observed in the testis of 2/10 males that re-
ceived 500 mg/kg and 9/10 males that received
250 mg/kg. Lesions in lymphoid organs included
lymphoid depletion. Increased splenic extra-
medullary hematopoiesis was present in three
males in the 500 mg/kg group.



TABLE 22. NUMBER OF MICE WITH LESIONS IN THE THIRTEEN-WEEK GAVAGE STUDIES OF
MALONALDEHYDE, SODIUM SALT

Dose (mg/kg)

Site/Lesion 0 60 125 250 500
MALE
Number of mice examined 10 10 10 10 10
Pancreas

Exocrine atrophy 0 0 1 10 8
Spleen

Lymphoid depletion 0 0 0 0 6

Extramedullary hematopoiesis 0 0 0 0 3
Mandibular lymph node

Lymphoid depletion 0 0 0 0 3
Stomach mucosa, gastric glands

Dilatation 0 0 0 0 6
Testis, germinal epithelium

Degeneration 0 0 0 9 2

FEMALE
Number of mice examined 10 10 10 10 10
Pancreas

Exocrine atrophy 0 0 0 8 9
Spleen

Lymphoid depletion 0 0 0 0 1

Extramedullary hematopoiesis 0 0 0 0 0
Mandibular lymph node

Lymphoid depletion 0 0 0 0 0
Stomach mucosa, gastric glands

Dilatation 0 0 0 0 0

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
mg/kg 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

51

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.

Malonaldehyde, Sodium Salt, NTP TR 331
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TABLE 23. MEAN BODY WEIGHTS AND SURVIVAL OF MICE IN THE TWO-YEAR GAVAGE STUDIES
OF MALONALDEHYDE, SODIUM SALT

Weeks Vehicle Control 80 mg/kg 120 m;
on Av. Wt No.of Av.Wt. Wt (percent No.of Av.Wt. Wt (percent No.of
Study (grams) Survivors (grams) of veh.controls) Survivors (grams) of veh.controls) Survivors

MALE
3 279 50 289 104 50 292 108 50
2 292 50 208 101 50 291 100 S0
3 810 50 309 100 50 3038 98 50
4 s 50 312 99 50 298 95 50
S 7 50 318 100 50 3038 98 50
[ 328 50 319 98 50 309 95 50
8 342 50 324 95 50 a1 97 50
9 a5l 80 44 98 50 333 95 50
10 336 50 318 95 50 e 94 50
11 353 50 329 93 50 323 92 S0
12 380 49 49 97 50 337 94 50
13 385 49 335 92 50 U9 98 50
17 379 49 387 97 50 381 101 50
21 389 48 378 2 49 986 102 50
26 409 48 410 100 49 428 105 50
30 413 48 413 100 49 434 105 50
33 421 48 433 108 49 4“e 108 50
38 422 48 424 100 49 40 104 50
42 407 47 419 108 48 425 104 50
46 420 47 4217 102 43 433 103 30
50 438 47 “uT 108 45 40 101 50
54 4317 47 418 95 45 428 98 50
58 H“u4 47 “s 100 45 4“1 99 50
] 432 45 442 102 42 40 102 50
87 432 45 40 102 42 429 99 48
71 439 45 451 103 41 438 100 48
78 4217 45 431 101 41 428 100 “
80 Q7 43 43 101 38 4217 98 4“4
84 430 39 424 99 33 415 87 43
89 419 36 419 100 33 401 98 35
23 42¢ 35 436 102 31 401 94 25
98 «©o 29 408 102 b2 371 93 17
104 398 4 397 100 20 38e 92 14
FEMALE

1 208 50 207 100 50 204 98 50
2 207 50 208 100 50 218 104 50
3 219 50 228 103 50 222 101 50
4 224 50 224 100 50 224 100 50
S 228 50 226 100 50 230 102 50
(] 231 50 229 99 50 238 102 50
8 233 50 26 108 50 232 100 50
9 238 50 248 103 50 248 103 50
10 238 50 228 98 50 238 100 50
11 250 50 235 4 80 248 99 50
12 255 50 244 98 50 243 95 50
13 259 50 251 97 50 254 98 50
17 257 50 283 102 50 289 108 50
21 288 50 288 99 50 278 103 50
26 294 50 26 101 50 300 102 50
30 290 50 295 102 50 309 107 50
33 302 50 319 108 50 as7 112 50
38 309 50 317 103 49 338 109 50
42 2902 50 305 104 49 32¢ 112 50
46 304 50 323 108 49 353 118 50
50 N7 49 342 108 49 39 118 50
54 328 49 335 102 9 373 114 49
38 834 49 358 107 49 377 113 49
a3 338 49 357 108 49 391 118 49
a7 344 49 387 107 48 402 117 49
7n 368 49 395 107 48 417 113 49
78 362 48 393 109 47 410 113 48
80 368 47 389 108 46 418 114 46
84 370 48 391 108 L) 408 110 42
89 377 48 415 110 4“4 w0e 108 41
93 404 Lo 430 108 L) 378 4 38
28 e 42 3835 108 42 ase 97 32
i04 359 41 378 104 38 357 99 30

- 000481

Malonaldehyde, Sodium Salt, NTP TR 331 52



50.0 $0.0
4%.0 . © 45.0
458 A 3 [ ] . o A Q (@]
A . @ 6 @ A a R a o) .
n o
= @ ® ° a j 0
< 40.0 .A. « @reessese 40.0
8 R
z o o ° & A
= .
2:-, 35.0 g& 35.0
2 e
* é 30.0
> 30.0 .
a ol
o P .
@
E 25.0 25.0
2 MALE MICE
s2 it
=
20.0 A=120 MG/KG 20.0
15.0 15.0
o 18 30 43 60 78 90 109
WEEKS ON STUDY
50.0 $0.0
45.0 45.0
o
n A
> | a A S .
< 40.0 4 o) 40.0
& a D ooO o
o A
z a b o Oe® |, 0° . ~
= 330 949 4B 350
(.:g A A o Q o *
; O o A °
> 30.0 $ 2a.t.Qle -1 s0.0
(=] [}
o
m
2 g8
g 280 c# 25.0
= L) FEMALE MICE
0= 86 ME/KG
20.0 A=120 MG/KG 20.9
15.0 1.0
0 15 30 48 60 78 80 108

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

000482



III. RESULTS: MICE

Survival

Estimates of the probabilities of survival for
male and female mice administered malonalde-
hyde, sodium salt, at the doses used in these
studies and for vehicle controls are shown in Ta-
ble 24 and in the Kaplan and Meier curves in
Figure 10. The survival of the high dose group of
male mice was significantly lower than that of
the vehicle controls after week 92. No other sig-
nificant differences in survival were observed
between any groups of either sex.

Pathology and Statistical Analyses of
Results

This section describes the significant or note-
worthy changes in the incidences of mice with
neoplastic or nonneoplastic lesions of the skin,
pancreatic acinus, and uterus.

Lesions in male mice are summarized in Appen-
dix C. Histopathologic findings on neoplasms

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
incidence of at least 5% in one of the three
groups. The statistical analyses used are dis-
cussed in Chapter II (Statistical Methods) and
Table C3 (footnotes). Findings on nonneoplastic
lesions are summarized in Table C4.

Lesions in female mice are summarized in Ap-
pendix D. Histopathologic findings on neo-
plasms are summarized in Table D1. Table D2
gives the survival and tumor status for individ-
ual female mice. Table D3 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 II (Statistical Methods)
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 mg/kg 120 mg/kg
MALE (a)
Animals initially in study 50 50 50
Nonaccidental deaths before termination (b) 23 28 36
Accidentally killed 3 2 0
Killed at termination 23 19 14
Died during termination period 1 1 0
Survival P values (c) 0.014 0.333 0.017
FEMALE (a)
Animals initially in study 50 50 50
Nonaccidental deaths before termination (b) 9 11 13
Accidentally killed 0 1 @7
Killed at termination 41 38 30
Survival P values (¢) 0.297 0.787 0.368

(a) Terminal-kill period: male--week 104; 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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III. RESULTS: MICE

At no site was an increased incidence of neo-
plasms observed in dosed mice. A significant in-
crease in the incidence of nonneoplastic lesions
occurred at the following sites:

Skin: An increased incidence (P <0.001) of pig-
mentation loss (listed as pigmentation, NOS, in
Table C4) in hair shafts was observed in high
dose mice (male: vehicle control, 0/50; low dose,
1/50; high dose, 31/50; female: 2/50; 0/50; 27/50).
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Pancreatic Acinus: Atrophy was observed at in-
creased incidences (P<0.001) 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<0.001) in dosed female mice (vehi-
cle control, 0/49; low dose, 12/48; high dose,
16/47.
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Malonaldehyde, sodium salt, was studied for po-
tential toxicity and carcinogenicity in male and
female F344/N rats and B6C3F; mice. The
chemical was administered by gavage in dis-
tilled water. Since 1/5 male rats and 5/5 male
mice that received 750 mg/kg 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 mg/kg.

Results of Thirteen-Week Studies

Nine of 10 male rats and 10/10 female rats that
received 500 mg/kg 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 is 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 mg/kg
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
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groups. Based on these results, the doses of mal-
onaldehyde, sodium salt, selected for the 2-year
studies were 50 and 100 mg/kg for rats and 60
and 120 mg/kg 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 B% 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 at 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, 1978),
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4,4'-methylenedianiline dihydrochloride (NTP,
1983), 4,4'-oxydianiline (NCI, 1980), and C.I.
Basic Red 9 monohydrochloride (NTP, 19886),
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, 2/50; low dose, 4/50; high dose, 11/50)
and reticulum cell hyperplasia in low dose fe-
male rats (6/50; 19/50; 7/60) were greater than
those in the vehicle controls. Hematopoiesis of
the spleen occurred at an increased incidence in
high dose female rats (1/50; 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 (7/50; 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
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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 4%, 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.

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: 0/50; 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 are probably an indication of
chronic malonaldehyde toxicity. Epithelial hy-
perplasia occurring near the junction of the
glandular stomach and forestomach was 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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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 2), 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 mg/kg 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 6%-8% 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.
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There was no increase in the incidences of neo-
plasms at 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 at
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 at the
end of the study (vehicle control, 24/50; low dose,
20/50; 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 (35/50; 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
B6C3F; 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 (CHQ) 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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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 Salmonella/mi-
crosome assay. These results confirmed earlier
reports by Marnett and Tuttle (1980), 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
Goldstein, 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 prep-
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, 8-methoxyacrolein, and 3,3-dimethoxypro-
pionaldehyde, which along with malonaldehyde
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are the products of the acid hydrolysis of the te-
traalkoxypropanes (Marnett and Tuttle, 1980).
The quantification 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 those 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 Ap-
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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Conclusions

Under the conditions of these 2-year gavage
studies, there was clear evidence of carcinogenic
activity* for male and female F344/N 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 of
carcinogenic activity for B6C3F; 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 of the 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 IN MALE RATS IN THE TWO-YEAR
GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT

Vehicle Control Low Dose High Dose
ANIMALS INITIALLY IN STUDY 50 50 50
ANIMALS NECROPSIED 50 50 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50
INTEGUMENTARY SYSTEM
*Skin (50) (50) 50)
Papilloma, NOS 1 (2%)
Squamous cell papilloma 1 (2%) 1 (2%) 2 (4%)
Squamous cell carcinoma 1 (2%)
Sebaceous adenoma 1 (2%) 1 (2%)
Sebaceous adenocarcinoma 1 (2%)
Keratoacanthoma 3 (6%) 3 (6%) 3 (6%)
*Subcutaneous tissue (50) (50) (50)
Fibroma 1 (2%) 6 (12%) 2 (4%)
Fibrosarcoma 1 (2%) 1 (2%)
Myzxosarcoma 1 (2%)
RESPIRATORY SYSTEM
#Lung (50) (50) (50)
Squamous cell carcinoma, metastatic 1 (2%)
Alveolar/bronchiolar carcinoma 1 (2%) 2 (4%)
HEMATOPOIETIC SYSTEM
*Multiple organs (50) (50) (50)
Malignant lymphoma, histiocytic type 1 (2%) 1 (2%)
Leukema, mononuclear cell 7 (14%) 10 (20%) 11 (22%)
CIRCULATORY SYSTEM
None
DIGESTIVE SYSTEM
*Tongue (50) (50) (50)
Squamous cell papilloma 1 (2%)
#Liver (50) (50) (50)
Neoplastic nodule 1 (2%) 2 (4%) 1 (2%)
Hepatocellular carcinoma 2 (4%) 2 (4%)
#Pancreas (49) (50) (49)
Acinar cell adenoma 1 (2%)
#Forestomach (50) (49) (50)
Squamous cell papilloma 1 (2%) 1 (2%)
URINARY SYSTEM
#Kidney (50) (50) (50)
Tubular cell adenocarcinoma 1 (2%)
#Urmary bladder 47) (46) (49)
Transitional cell papilloma 1 (2%)
ENDOCRINE SYSTEM
#Anterior pituitary 47) (49) (49)
Carcinoma, NOS 1 (2%)
Adenoma, NOS 20 (43%) 14 (29%) 7 (14%)
#Adrenal (50) (50) (50)
Cortical adenoma 1 (2%) 3 (6%)
#Adrenal medulla (50) (50) (50
Pheochromocytoma 5 (10%) 6 (12%) 8 (16%)
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR o
GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT (Continued)

Vehicle Control Low Dose High Dose
ENDOCRINE SYSTEM (Continued)

#Thyroid (50) (49) (50)
Follicular cell adenoma 3 (6%) 3 (6%) 9 (18%)
Follicular cell carcinoma 1 (2%) 5 (10%) 5 (10%)
C-cell adenoma 10 (20%) 11 (22%) 2 (4%)
C-cell carcinoma 2 (4%) 4 (8%)

#Parathyroid 42) (37) (42)
Adenoma, NOS 2 (5%) 4 (11%) 1 (2%)

#Pancreatic 1slets (49) (50) (49)

Islet cell adenoma 9 (18%) 1 (2%)
Islet cell carcinoma 1 (2%)
REPRODUCTIVE SYSTEM

*Mammary gland (50) (50) (50)
Fibroadenoma 2 (4%) 1 (2%)

*Preputial gland (50) (50) (50)
Adenoma, NOS 3 (6%) 1 (2%)

Adenocarcinoma, NOS 1 (2%)
Sebaceous adenoma 1 (2%)

#Testis (50) (50) (50}
Interstitial cell tumor 40 (80%) 45 (90%) 36 (72%)

*Epididymis (50) (50) (50)
Lelomyosarcoma 1 (2%)

NERVOUS SYSTEM

#Brain (50) (50) (50)
Carcinoma, NOS, invasive 1 (2%)
Choroid plexus papilloma 1 (2%) -

SPECIAL SENSE ORGANS

None

MUSCULOSKELETAL SYSTEM
None
BODY CAVITIES

*Tunica vaginalis (50) (50} 50

Mesothehoma, NOS 2 (4%) 2 (4%)
ALL OTHER SYSTEMS

*Multiple organs (50) (50) (50)

Mesothelioma, NOS 2 4%) 3 (6%)
ANIMAL DISPOSITION SUMMARY

Animals initially 1n study 50 50 50
Natural death 2 10 19
Moribund sacrifice 11 7 15
Terminal sacrifice 37 33 15
Dosing accident 1
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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** 49 49 47
Total primary tumors 116 132 108
Total animals with benign tumors 47 48 46
Total benign tumors 95 107 77
Total animals with malignant tumors 16 19 22
Total malignant tumors 16 23 25
Total animals with secondary tumors# # 2
Total secondary tumors 2

Total ammals with tumers uncertain
benign er malignant 5 2 6
Total uncertain tumors 5 2 6

® Number of animals receiving complete necropsy examinations; all gross lesions including masses examined microscopically

** Primary tumors all tumorsexcept secondary tumors
# Number of animals examined microscopically at thissite

## Secondary tumors metastatic tumors or tumors invasive 1nto an adjacent organ
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE
STUDY OF MALONALDEHYDE, SODIUM SALT: VEHICLE CONTROL
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X
Leukem.a, mononuclear cell X X X X X X

Tissue examined microscopically No tissue information submitted
Required ti1ssue not examined microscopically Necropsy, no histology due to protocol
Tumor incidence Autolysis

Necropsy, no autolysis, no microscopic examination Animal missing

Ammal missexed No necropsy performed
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: VEHICLE CONTROL

(Continued)
ANTMAL o] Of o Of of o 0f of O of of of Of o of O o of O ©
NUMBER 1 21 2| 2[ 2| 2 20 2 2| 3] 8 3 3f 8 31 4f 4 4 4| 4 4] 4| 4] 4| 5
9| 1 2 3| 4 s5{ 6 71 of 4 5 e 8 9 of i 2| 3 4 5 6 8 9 O
TOTAL
WEEKS ON I 1 1 0 o0 1171 1T 71 I I 1 M1 qgiIiil TISSUES
STUDY 0 o Of o of of of o of o O o O O O 0 O O of 0 Ol 0 TUMORS
4 4] ¢ 4 4l 4] 4] 4 4] 4] 4 41 4] 4] 4] 4 4] 4] 4 4 4 4
INTEGUMENTARY SYSTEM
Skin + + + + + + + + + + + + + + + + + + + + + 4+ + + + *50
Paplloma, NOS X 1
Squamous cell papilloma 1
Sebaceous adenocarcinoma X 1
Keratoacanthoma X X 3
Subcutaneous tissue + + + + + + + + + + + + + + + 4+ 4+ + 4+ 4+ + 4+ o+ o+ 4 *30
Fibroma X 1
Myxosarcoma 1
RESPIRATORY SYSTEM
Lungs and bronch: + + + + + + 4+ + o+ o+ o+ + o+ + o+ o+ o+ o+t o+ o+ o+ o+ 4 50
Trachea + + + + + + + + + 4+ + + + o+ o+ + 4+ + 4+ 4+ o+ o+ o+t 50
Bone marrow + 0+ + 4+ 4+ + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+t 30
Spleen + + + + + + + o+ o+ o+ o+ o+ + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 50
Lymph nodes + + + — + + + + + + + + 4+ + + 4+ 4+ 4+ 4+ + o+ o+ o+ o+ 4+ 46
Taymus + = + + + - + + - = - + + + + + + + + = 4+ + + - - 37
Heart + + + + + + + + + + + + + + + 4+ + + + + + + + + 0+ 50
Salivary gland + + 4+ + + + + + + + + + + + 4+ o+ 4+ + 4+ o+ + o+ o+ o+ 49
Liver + + + + + + o+ o+ o+ 4+ + o+ o+ o+t + o+ o+ o+ o+ o+ o+ 30
Neoplastic nodule 1
Hepatocsllular carinoma X X 2
Bile duct + + + + + + + + + + 4+ + + + + + o+ + + + 4+ o+ o+ o+ 0+ 50
Pancreas + + + + + o+ o+ o+ o+ o+ + o+ o+ + o+ o+ + o+ + + o+ o+ 0+ 49
Acinar cell adenoma X 1
Esophagus + + + + + + + + o+ o+ + o+ + + + 4+ o+ o+ o+ + o+ 4+ o+ o+ o+ 49
Stomac + 4+ + + + + + + + + + + + + + 4+ + + + + o+ o+ + + 4+ 50
Small intestine + o+ + + + + + F o+ o+ o+ o+ o+ 4+ F o+ o+ 4+ o+ o+ o+ o+ o+ o+ o+ 49
Large testine + + - + + + + + + + 4+ + + + + + 4+ + + + + + + + + 48
UHRINARY SYSTEM
Kidney + 4+ + + + + + + + + o+ o+ o+ o+ o+ o+ o+ o+ 4+ o+ o+ o+ 50
Unrnnary bladder - 4+ + 4+ + + + - + + + 4+ 4+ + + + + + - 4+ + + + + 0+ 47
Tranmntwonal cell papilloma X 1
Pituitary + — + + + + + 4+ + + + + + + + + + + o+ + + + + 47
Adenoma, NOS X X X X X X X X X X X 20
Adrenal + 0+ + + + F o+ o+ o+ + o+ o+ + o+ o+ + + + + + + + o+ o+ 50
Pheocbromocytoma X X X X 5
Thyroid + + + + + + + + + + + + 4+ + o+ + + + + o+ + 0+ 50
Follicular ¢sll adenoma X 3
Follicular cell carcinoma 1
C cell adenoma X X X X X X X 10
C cell carinoma X 2
Parathyrowd + + + + + + + -+ + - o+ o+ + + + + + + + + + + 42
Adenoma, NOS X 2
Pancreaticislets + o+ + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ + o+ 49
Islet cell carcinoma X 1
Mammary gland N NN + NN NNNUNUN S+ + + + NN + + NN NNNN *50
Fibroadenoma X 2
Testas + + + + + + + + + + + + + + + + + + 4+ + o+ o+ o+ o+ o+ 50
Iateratitial coll tumor X X X X X X XX X X XX X X X X X X X X X 40
Prostata + + + + + + + — + + + + + + + + + + - + + + + + + 47
Preputialiclitoral gland N NN NNNNNNNNUNNNNNNNNNNNNNN *50
enoma, NO! X X 3
Sebaceous adenoma 1
Epididymis N NNNNNUNNNNNNNINNNNNNNNNNNN *50
6l0myosarcoma X 1
NERVOUS SYSTEM
Brain + 0+ + + + + + + o+ o+ + 4+ + 4+ 0+ 4+ + o+ + o+ o+ o+ o+ 4+ 50
Choroid plexus papilloma X 1
BODY CAVITIES
Tunica vaginalis + + + 4+ + + + + + + + + + + + + + + + o+ 4+ o+ + o+ o+ *50
Mesothelioma, NOS X X 2
Multiple organs, NOS N NNNNNNNNNNNNNNNNNNNNNNNN *50
Maescthelhioma, NOS X 2
Leuksmia, mononuciear cell 7
* Animals necropsiad
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TABLE A2, INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE
STUDY OF MALONALDEHYDE, SODIUM SALT: LOW DOSE
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: LOW DOSE

(Continued)
ANIMAL — o O of o O o 0] O 0 O o[ 0 Of o o O of of 0] o o 0] ©
NUMBER 1 1 1y oy 1 1 21 2] 2 2 31 8 3| 31 3| 3 4 4] 4] 4] 4 4 4| 4 5
3 4 5 71 8 9 o 4 e 7 1 4 51 € 7 1) 2| 4 6 7 8 9 o
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INTEGUMENTARY SYSTEM
Skin + + + + + + + + + + + + + + + +t o+ o+ o+ o+ o+ + t+ o+ *50
Squamous cell papilloma 1
baceous adenoma X 1
Keratoacanthoma X X X 3
Subcutaneous tissue + + + + + + + + + o+ + F o+ o+t o+ o+ o+ o+ o+ o+ o+ o+ o+ *50
Fibroma X X K X [
Fibrogarcoma 1
Lungs and bronchi + + + + + + + + + + + + o+ + + + + + 4+ o+ + o+ 50
Alveolar/bronchiolar carcinoma 1
Trachea + + + + + + + + + + + + + + + + + + + + + + + 4+ 47
Bone marrow + + 4+ + + + + + + + + + F + o+ + + o+ o+ o+ F o+ + + o+ 50
Spleen + + + + 4+ + + + + + + + F 4+ F o+ 4+ o+t + F o+ o+ o+ o+ 50
Li\;mph nodes + + + + + + - + + — + +t + + + 4+ + o+ o+t -+ o+ o+ 48
Thymus -+ + + - + + + + + + + + + -~ + + - 4+ + 4+ t+ - 4+ 35
Heart + + + + + o+ o+ 4+ + F o+ o+ F o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 50
Sahvary gland + + + + + + o+ F F F o+ o+ F o+ o+ o+ o+ o+ o+ o+ o+t 47
Liver + + + + + + o+ o+ o+ o+ o+ o+ o+ o+ o+t o+t 50
Naoplastic nodule X X 2
Bile duct + + + + + + F 4+ + + o+t F + o+t o+ o+ o+ o+ o+ o+ o+ 50
Pancreas . T e e T S S S T S SRR S 50
Esophaguse + + + + + o+t o+ o+ + o+ F o+ o+ o+t o+ o+t 50
Stomncgu + 0+ + F + + + o+ o+ o+t o+ o+ o+ o+ + 49
Squamous cell papilloma X 1
Smal] intestine + + + + + 4+ o+ 4+ o+ o+ o+ F o+ o+ o+ 4+ 46
Largse intestine +F + + + + F + + +F F o+ o+ o+ O+ A+ o+t o+ 4 48
Kidney + + + + + + + + + + + + + + + + o+ + o+ + + o+ + o+ o+ 50
Unnary bladder + + + + + + + + - o+ F + o+ o+ o+ o+ o+t o+ -+ 46
Pituitary + + + 0+ + + + + 0+ + + o+ + + 4+ + + + o+ o+ o+ 49
Adenoma, NOS X X X X X X X X X X 14
Adrenal + 4 + + + o+ + o+ + + + + + + o+ + 4+ o+ o+ o+ 50
Cortical adenoma 1
Pheochromocytoma X X X 6
Thyroid + + + + + + o+ + + o+ + + + + + + + + + o+ + + o+ 49
Follicular cell adenoma X X 3
Follcular call carcinoma X 5
C cell adenoma X X X X X X X X 11
C coll carcinoma X X X 4
Parathyrowd -+ + + + - + 4+ + + + + -+ ~ o+ + + + + o+ 37
Adenoma, NOS X X 4
Pancreatic islets + +F + 0+ + + o+ + o+ o+ o+ o+ o+ o+t o+ o+ 50
Islet cell adenoma X X X X X X X X 9
REPRODUCTIVE SYSTEM
Mammary gland + N + + + NN +4 N + + N+ NN + + + 4+ NN + N + N *50
Fibroadenoma X 1
Testis + 0+ + + + + + + + o+ F + o+ + o+ F F + o+ o+ + o+ o+ o+ o+ 50
Interstitial cell tumor X XX X X X X X X X X X XX X XXX X X X X X X 45
Prostats + + + + + + + + + + + + + + + 4+ + + o+ + + + + -+ 48
Preputial/clitoral gland N NN NNDNNNDNININMDNDNINNNDNNNNNNNNNN *50
enoma, X 1
Adenocartinoma, NOS X 1
Brain + + + + + + F 4+ o+ F + F F o+ F o+ o+ o+ o+ o+ o+ o+ o+ 50
Multiple organs, NOS N NN NN NNIDNIDNNNNNNNNNNNNNNNNN *50
Malignant lymphoma, histiocytic type 1
Leukemia, mononuclear cell X X 10
* Ammals necropsied
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE

STUDY OF MALONALDEHYDE, SODIUM SALT: HIGH DOSE

ANTMAL of of o 0 o [}] of of of Of o o O 0 o © O O o o ¢
NUMBER 3 of 1 4 4 1 3 3 o O 4 4 2| 2 1 3 1 o 1y 1 I 4 2 1
4 4 7 1 8 2 8 6 8 5 7 5 1 4 5 9 S5 € 7 9 3 8 5
WEEKS ON
STUDY 3 4 o6 7 7 T 7 w 7 8 8 8 8 8 8 8 8 8 8 8 8 8 8 9 9
9 3 2 6 6 7 9 1 1 1 1 2| 3 4| 4 5& 6 8 8 8 8 0 3
INTEGUMENTARY SYSTEM
Skia N 4+ + + + + + + + + + + 4+ + + 4+ + + + + + + + + N
Squamous cs)] papilioma
Squamous cell carcinoma X
Sebaceous adenoma X
Keratoacanthoma X
Subcutaneous tissue N + + + + + + 4+ + + 4+ + + + + + 4+ + + + + + 4+ + N
Fibroma
Fibrosarcoma X
Lungs and bronch: T T T e T T R T T T T T S S A
amous cell carcinoma, metastatic X
veolar/bronchiolar carcinoma
Trachea L T T S T T TS S T T T T T T R T T SR R
HEMATOPOIETIC SYSTEM™
Bone marrow P T R T T T R N S A T T R I T
Spleen + 4+ + + + o+ 4+ F + o+ o+ o+ o+ o+
Lymph nodes R i A T TR T S S S S T T . A
Thymus R R e T T S T I T I T R I T T S
Heart L T T T T R T T A e A A T T S
Oral cavity N NN NNINNNNNNINNNNNNNN N NN NNN
Squamous cell papilloma
Saltvary gland + - + 4+ o+ 4+ o+ o+ o+ o+ o+ o+ o+ o+t
Laver B S T T T T T S S T B e R T N T SR R
Neoplastic nodule
Hepatocellular carcinoma
Bile duct R S A T T T S T U S T TR S T R S S S
Pancreas L N . A T S R T T . S S S S S .
Esophagus + + + o+ F o+ o+ o+ o+ -+ o+ o+ o+ o+
Stomac! R T A T T T T SR R S S SR T S T T S T T T
Squamous cell papilloma
Small intestine + -+ -+ = 4+ 4+ o+ o+ o+ o+ 4+ + - = = o+ 4+ o+ o+ o+ o+
Large intestine + + + =+ + 4+ o+ 4+ 4+ o+ A+ -+ 4+ -+ o+ o+ +
Kidney + o+ + + o+ o+ o+ o+ o+ o+ F A+ o+ o+ o+ o+ o+ o+
Tubular cell adenocarcinoma
Unnary bladder L T R R T S R S S R T B N R I S
Pituitary + — + + + + + 4+ + o+ + + + + + o+ + o+ o+ + + + o+
Caranoma, NOS
Adsnoma, NOS X X X
renal D T S T T e e S s T T T S S T
Cortical adenoma X X
Pheochromocytoma X X
Thyroid L R e T R T T R S L T S S I I I A A A
Follicular cell adenoma X X X X X
Follicular cell cartinoma X X
C oell adenoma
Parathyroid O L T T T T S A N N A N 2
Adenoma, NOS
Pancreatic islets + o+ + + o+ o+ o+ o+ -+ 4+ o+ o+ o+ + o+ + + o+ 4+ o+ o+
Islet coll adenoma
Mammary gland N NN + NN NNN NN +«+ NN + N +NDNINNNNNNN
Testis + + + o+ 4+ o+ o+ + 4+ + o+ o+ o+ A+ o+ o+
Intarstitial ceil tumor X X X X X X X X X X I x X
Prostats L T 2 T S S I S SR S Y + + + o+ 4+ o+ 4+ o+
NERVOUS SYSTEM
Brain R R R R T R T T e T T T T R S T T
Carcinoma, NOS, wnvasive
BODY CAVITIES
Tuniea vaginahis L . . T S T S e S A S e
Maesotheioma, NOS
Multiple organs, NOS N NNNNINININNNNNNDNNNNNNNNNNNNN
Masothelioma, NOS X
Malignant lymphoma, bistioeytic typa X
Leukem:a, mononuclear cell X X X X X

000507
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: HIGH DOSE

(Continued)
ANIMAL [Y) O o of of of o of of of 0 ol of of o [V a o of O
NUMBER 5 o 1 4 20 3 3 28 2 2 o o o i 1 2 2 2f 3 3 3 4 4 4 4
of 3 3 7% 6 of e o 9 i 2 9 1 8 2 31 4 1 3 7 o 4 6 9
. TOTAL.
WEEKS ON a7 I I 1 I 17 I I I I T 1 1 1 T |TISSUES
STUDY 9 9 9 9 of of of of o o O o o o O O o 0 O o 0 |TUMORS
3 4 71 7 9 9 of 1 2| 2 4] 4 4 4| 4] 4| 4f 4] 4 4 4 4 4 4 4
Skin + o+ + F o+ o+ o+ + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ + + + o+ *50
Squamous cell papilloma X X 2
Squamous call carcinoma 1
Sebaceous adenoma L
Keratoacanthoma X X 3
Subcutaneous tissue + + + + + + + + + + + o+ + + + + o+ o+ + o+ o+ o+ o+ O+ *50
Fibroma X X 2
Fibrosarcoma L
Lungs and bronch: + + + + + o+ o+ o+ o+ o+ + o+ + o+ o+ + + o+ o+ o+ o+ + o+ 30
uamous cell carcinoma, metastatic L
veolar/bronchiolar carcinoma X X 2
Trachea L A A A T T T S T R SR R SRR N N S S T 49
Bone marrow R T S T Tk S T e S R I R I T 50
Spleen + + + + + + 4+ F 4+ o+ o+ + o+ o+ o+ + o+ o+ 30
!ﬁmph nodes + 4+ + F 4+ o+ 4+ o+ F o+ + 4+ o+ o+ - v+ o+ o+ 39
ymus + =+ + = =+~ =+ =+ -+ + - - = -+ + + -~ a2
Heart + + + F+ + + F+ o+ o+ o+ F+ o+ o+ o+ o+ o+ + o+ 50
Oral cavity N NN NNNN N N N N NN N NN NNN *50
Squamous cell papilloma X 1
Salwary glan + + + + o+ F o+ o+ o+ + F o+ o+ F o+ F o+ o+ o+ o+ o+ o+ 49
Liver L T e T T e SR T S S SR S SN R S 50
Naoplastic nodule X 1
Hepatocellular carcinoma X X 2
Bile duct + + + + + o+ o+ + o+ o+ o+ o+ o+ + o+ o+ o+ + o+ o+ o+ o+ o+ 50
Pancreas e T T T S S S S S e I S S S S 49
Esoph,; R T . T N T S T S S N 49
Stomac! + + + + + o+ + 4+ o+ o+ o+t o+t o+ o+t o+ o+ o+ o+ o+ o+ 50
Squamous cell papilloma X 1
Small intestine + + = + - + + ~ + + F+ + + + + + + + o+ + + + + + o+ 40
Large intestine L T S SR S S S T R I O 47
Kidney + + o+ o+ + o+ + o+ + + o+ + + + + + + 50
Tubular cell adenocarcinoma X 1
Unnary bladder + + o+ + o+ o+ + + + + + + o+ + + + o+ 49
ENDOCRINE SYSTEM
Pituitary + o+ + + + o+ F o+ o+ o+ o+ o+ o+ o+ o+ + + + o+ o+ 49
Carcinoma, NOS X 1
Adenoma, NOS X X X X 1
renal + + + + + + + + o+ o+ o+ + + + + o+ o+ o+ o+ + + 50
Cortical adenoma 3
Pheochromocytoma X X X X X X 8
Thyroxd + + + + + + o+ + + + + o+ o+ o+ o+ o+ O+ + + + + o+ o+ 50
Follicular cell adenoma X X X X 9
Follicular cell carcinoma X X 5
C call adencma X X 2
Parathyroid + + + - + o+ + o+ o+ A+~ o+ =+ o+ 42
Adenoma, NOS X 1
Pancreatic 1slets + O+ + + o+ o+ o+ o+ o+ + o+ + o+ o+ o+ o+ + o+ + 49
Islet cell adenoma X 1
Mammary gland N + + + N + N + + NN N + + N + NN N + NN + + + *50
Testiy + + + + + + + + + F+ + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 50
Interstitial cell tumor X X X X X X X XX X X X X X X X X X X X X x X 38
Prostata + + + + o+ + + o+ + -+ F+ o+ F o+ + o+ o+ o+ o+ o+ 49
RERVOUS SYSTEM
Brain L S S T S S S I R S T T T R 50
Carcinoma, NOS, invasive X 1
Tunica vaginalis + + + + + F+ + + + + + 4+ o+ o+ + + F+ + + + o+ + o+ o+ o+ *50
Mesothelioma, NOS X X 2
Multipla organs, NOS N NNNNNDNNNNNNNNNNNNNNNNNNN 150
Mesothelioma, NOS X X 3
Malignant lymphoma, histiocytic type 1
Leukemia, mononuclear cel} X X X X X 11
® Amimals nacropsied
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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 100 mg/kg

Skin: Keratoacanthoma

Overall Rates (a) 3/50 (6%) 3/50 (6%) 3/50 (6%)

Adjusted Rates (b) 81% 91% 15 4%

Terminal Rates (c) 3737 (8%) 3/33 (9%) 2/15(13%)

Week of First Observation 104 104 81

Life Table Tests (d) P=0230 P=0610 P=0 299

Incidental Tumor Tests (d) P=0271 P=0610 P=0355

Cochran Armitage Trend Test (d) P=0583

Fisher Exact Test (d) P=0661 P=0661
Skin: Squamous Cell Papilloma or Carcinoma

Overall Rates (a) 1/50 (2%) 1/50 (2%) 3/50 (6%)

Adjusted Rates (b) 27% 23% 15 2%

Terminal Rates (¢) 1/37 (3%) 0/33 (0%) 2/15(13%)

Week of First Observation 104 88 70

Lafe Table Tests (d) P=0081 P=01756 P=0107

Incidental Tumor Tests (d) P=0163 P=0T719 P=0151

Cochran Armitage Trend Test (d) P=0202

Fisher Exact Test (d) P=0753 P=0 309
Skin: Papilloma or Squamous Cell Papilloma or Carcinoma

Overall Rates (a) 2/50 (4%) 1/50 (2%) 3/50 (6%)

Adjusted Rates (b) 54% 23% 15 2%

Term:nal Rates (c) 2/37 (5%) 0/33 (0%) 2/15 (13%)

Week of First Observation 104 88 70

Lafe Table Tests (d) P=0188 P=0518N P=0 200

Incidental Tumor Tests (d) P=0304 P=0555N P=0261

Cochran Armitage Trend Test (d) P=0399

Fisher Exact Test (d) P=0 500N P=0 500
Subcutaneous Tissue: Fibroma

Overall Rates(a) 1/50 (2%) 6/50 (12%) 2/50 (4%)

Adjusted Rates (b) 27% 17 5% 133%

Terminal Rates (c) 1/37(3%) 5/33 (15%) 2/15(13%)

Week of First Observation 104 103 104

Life Table Tests (d) P=0092 P=0 044 P=0205

Incidental Tumor Tests (d) P=0154 P=0066 P=0205

Cochran Armitage Trend Test (d) P=0417

Fisher Exact Test (d) P=0056 P=0 500
Subcutaneous Tissue: Fibroma or Fibrosarcoma

Overall Rates (a) 1/50 (2%) 7750 (14%) 3/50 (6%)

Adjusted Rates (b) 27% 194% 15 4%

Terminal Rates (c) 1/37 (3%) 5/33 (15%) 2/15(13%)

Week of First Observation 104 88 81

Life Table Tests (d) P=0051 P=0026 P=0 105

Incidental Tumor Tests (d) P=0136 P=0035 P=0139

Cochran Armitage Trend Test (d) P=0 283

Fisher Exact Test (d) P=0030 P=0309
Subcutaneous Tissue: Fibroma, Fibrosarcoma, or Myxosarcoma

Overall Rates (a) 2/50 (4%) 50 (14%) 3/50 (6%)

Adjusted Rates (b) 47% 19 4% 15 4%

Terminal Rates (c) 1/37 (3%) 5/33 (15%) 2/15(13%)

Week of First Observation 60 88 81

Life Table Tests (d) P=0124 P=0070 P=0 265

Incidental Tumor Tests (d) P=0302 P=0088 P=0 396

Cochran Armitage Trend Test (d) P=0427

Fisher Exact Test (d) P=0080 P=0500

000509
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TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF
MALONALDEHYDE, SODIUM SALT (Continued)

000510

Vehicle Control 50 mg/kg 100 mg/kg

Hematopoietic System: Mononuclear Cell Leukemia

Overall Rates (a) 7/50 (14%) 10/50 (20%) 11/50 (22%)

Adjusted Rates (b) 15.2% 23.7% 34.9%

Terminal Rates (c) 1/37 (3%) 3/33 (9%) 0/15 (0%)

Week of First Observation 55 74 79

Life Table Tests (d) P=0039 P=0.306 P=0.067

Incidental Tumor Tests (d) P=0.245N P=0.503 P=0.272N

Cochran-Armitage Trend Test (d) P=0.185

Fisher Exact Test (d) P=0.298 P=0.218
Liver: Neoplastic Nodule or Hepatocellular Carcinoma

Overall Rates (a) 3/50 (6%) 2/50 (4%) 3/50 (6%)

Adjusted Rates (b) 81% 6.1% 20.0%

Terminal Rates (c) 3/37 (8%) 2/33 (6%) 3/15 (20%)

Week of First Observation 104 104 104

Life Table Tests (d) P=0.216 P=0.552N P=0.233

Incidental Tumor Tests (d) P=0.216 P=0.552N P=0.233

Cochran-Armitage Trend Test (d) P=0.588

Fisher Exact Test (d) P=0.500N P=0.661N
Pituitary Gland: Adenoma

Overall Rates (a) 20/47 (43%) 14/49 (29%) 7/49 (14%)

Adjusted Rates (b) 50.8% 38.3% 30.7%

Terminal Rates (¢c) 16/35 (46%) 11/33 (33%) 3/15 (20%)

Week of First Observation 80 93 84

Life Table Tests (d) P=0.175N P=0.189N P=0.242N

Incidental Tumor Tests (d) P=0.010N P=0.080N P=0.016N

Cochran-Armitage Trend Test (d) P=0 002N

Fisher Exact Test (d) P=0.112N P=0.002N
Pituitary Gland: Adenoma or Carcinoma

Overall Rates (a) 20/47 (43%) 14/49 (29%) 8/49 (16%)

Adjusted Rates (b) 50.8% 38.3% 36.5%

Terminal Rates (c) 16/35 (46%) 11/33 (33%) 4/15(27%)

Week of First Observation 80 93 84

Life Table Tests (d) P=0.264N P=0.189N P=0.357N

Incidental Tumor Tests (d) P=0022N P=0.080N P=0.039N

Cochran-Armitage Trend Test (d) P=0.003N

Fisher Exact Test (d) P=0.112N P=0.005N
Adrenal Gland: Cortical Adenoma

Overall Rates (a) 0/50 (0%) 1/50 (2%) 3/50 (6%)

Adjusted Rates (b) 00% 3.0% 8.8%

Termmnal Rates (c) 0737 (0%) 1/33 (3%) 0/15 (0%)

Week of First Observation 104 43

Life Table Tests (d) P=0028 P=0.477 P=0.085

Incidental Tumor Tests (d) P=0.203 P=0.477 P=0.500

Cochran-Armitage Trend Test (d) P=0.060

Fisher Exact Test (d) P=0.500 P=0.121
Adrenal Gland: Pheochromocytoma

Overall Rates (a) 5/50 (10%) 6/50 (12%) 8/50(16%)

Adjusted Rates (b) 13.5% 16.8% 40.0%

Terminal Rates (c) 5/37 (14%) 5/33 (15%) 5/15 (33%)

Week of First Observation 104 74 76

Life Table Tests (d) P=0.014 P=0.430 P=0.016

Incidental Tumor Tests (d) P=0.048 P=0.427 P=0.055

Cochran-Armitage Trend Test (d) P=0.226

Fisher Exact Test (d) P=0.500 P=0.277
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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 50 mg/kg 100 mg/kg

Thyroid Gland: Follicular Cell Adenoma

Overall Rates (a) 3/50 (6%) 3/49 (6%) 9/50 (18%)

Adjusted Rates (b) 73% 91% 34 4%

Terminal Rates (¢) 2/37 (5%) 3/33 (9%) 3/15(20%)

Week of First Observation 55 104 81

Life Table Tests (d) P=0003 P=0618 P=0 007

Incidental Tumor Tests (d) P=0026 P=0618 P=0068

Cochran Armitage Trend Test (d) P=0034

Fisher Exact Test (d) P=0651 P=0061
Thyroid Gland: Follicular Cell Carcinoma

Overall Rates(a) 1/50 (2%) 5/49 (10%) 5/50(10%)

Adjusted Rates (b) 21% 13 3% 19 8%

Terminal Rates (c) 0/37 (0%) 3/33 (9%) 2/15(13%)

Week of First Observation 79 87 79

Life Table Tests (d) P=0019 P=0 099 P=0 041

Incidental Tumor Tests (d) P=0105 P=0109 P=0116

Cochran Armitage Trend Test (d) P=0090

Fisher Exact Test (d) P=0098 P=0102
Thyroid Gland: Follicular Cell Adenoma or Carcinoma

Overall Rates (a) 4/50(8%) 8/49 (16%) 13/50 (26%)

Adjusted Rates (b) 9 2% 22 0% 48 1%

Terminal Rates (c) 2/37 (5%) 6/33 (18%) 5/15 (33%)

Week of First Observation 55 87 79

Life Table Tests (d) P<0001 P=0 154 P<0001

Incidental Tumor Tests (d) P=0008 P=0 168 P=0015

Cochran Armitage Trend Test (d) P=0011

Fisher Exact Test (d) P=0168 P=0016
Thyroid Gland: C-Cell Adenoma

Overall Rates (a) 10/50 (20%) 11/49 (22%) 2/50 (4%)

Adjusted Rates (b) 27 0% 32 0% 13 3%

Terminal Rates (c) 10737 (27%) 10/33 (30%) 2/15 (13%)

Week of First Observation 104 97 104

Life Table Tests (d) P=0 296N P=0 388 P=0 245N

Incidental Tumor Tests (d) P=0 231N P=0 440 P=0 245N

Cochran-Armitage Trend Test (d) P=0019N

Fisher Exact Test (d) P=0 479 P=0014N
Thyroid Gland: C-Cell Carcinoma

Overall Rates (a) 2/50 (4%) 4/49 (8%) 0/50 (0%)

Adjusted Rates (b) 54% 11 5% 00%

Terminal Rates (c) 2/37 (5%) 3/33 (9%) 0/15 (0%)

Week of First Observation 104 98

Life Table Tests (d) P=0 493N P=0 295 P=0 452N

Incidental Tumor Tests (d) P=0 353N P=0 377 P=0452N

Cochran Armitage Trend Test (d) P=0 223N

Fisher Exact Test (d) P=0 329 P=0 247N
Thyroid Gland: C-Cell Adenoma or Carcinoma

Overall Rates (a) 11/50(22%) 13/49 (27%) 2/50 (4%)

Adjusted Rates (b) 29 7% 36 7% 133%

Terminal Rates (c) 11/37(30%) 11/33 (33%) 2/15(13%)

Week of First Observation 104 97 104

Life Table Tests (d) P=0 274N P=0 296 P=0 191N

Incidental Tumor Tests (d) P=0 161N P=0 389 P=019IN

Cochran Armitage Trend Test (d) P=0013N

Fisher Exact Test (d) P=0 385 P=0 007N
Malonaldehyde, Sodium Salt, NTP TR 331 82
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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 50 mg/kg 100 mg/kg

Parathyroid: Adenoma

Overall Rates (a) 2/42 (5%) 4/37 (11%) 1/42 (2%)

Adjusted Rates (b) 6 1% 116% T7%

Terminal Rates (c) 2/33 (6%) 2/26 (8%) 1/13 (8%)

Week of First Observation 104 79 104

Lafe Table Tests (d) P=0495 P=0275 P=0676

Incidental Tumor Tests (d) P=0 566N P=0 266 P=0676

Cochran Armitage Trend Test (d) P=0 408N

Fisher Exact Test (d) P=0 279 P=0 500N
Pancreatic Islets: Islet Cell Adenoma

Overall Rates (a) 0/49 (0%) 9/50 (18%) 1/49 (2%)

Adjusted Rates (b) 00% 26 1% 6 7%

Terminal Rates (c) 037 (0%) 8/33(24%) 1/15 (7%)

Week of First Observation 97 104

Lafe Table Tests (d) P=0092 P=0 002 P=0 320

Incidental Tumor Tests (d) P=0138 P=0002 P=0 320

Cochran Armitage Trend Test (d) P=0420

Fisher Exact Test (d) P=0001 P=0500
Pancreatic Islets: Islet Cell Adenoma or Carcinoma

Overall Rates (a) 1/49 (2%) 9/50(18%) 1/49 (2%)

Adjusted Rates (b) 27% 26 1% 67%

Terminal Rates (¢) 1/37 (3%) 8/33 (24%) 1/15 (7%)

Week of First Observation 104 97 104

Life Table Tests (d) P=0169 P=0 006 P=0 548

Incidental Tumor Tests (d) P=0 235 P=0 009 P=0 548

Cochran Armitage Trend Test (d) P=0576

Fisher Exact Test (d) P=0 009 P=0 753
Preputial Gland: Adenoma

Overall Rates(a) 3/50 (6%) 1/50 (2%) 0/50 (0%)

Adjusted Rates (b) 79% 30% 00%

Terminal Rates (¢) 2/37 (5%) 1/33(3%) 0/15 (0%)

Week of First Observation 98 104

Lafe Table Tests (d) P=0 147N P=0 337N P=0 293N

Incidental Tumor Tests (d) P=0 065N P=0 224N P=0 103N

Cochran Armitage Trend Test (d) P=0 060N

Fisher Exact Test (d) P=0 309N P=0 121N
Preputial Gland: Adenoma or Sebaceous Adenoma

Overall Rates (a) 4/50 (8%) 1/50 (2%) 0/50 (0%)

Adjusted Rates (b) 10 5% 30% 00%

Terminal Rates (c) 3/37 (8%) 1/33 (3%) 0/15(0%)

Week of First Observation 98 104

Lafe Table Tests (d) P=008IN P=0 210N P=0 213N

Incidental Tumor Tests (d) P=0035N P=0 131N P=0077TN

Cochran Armitage Trend Test (d) P=0 026N

Fisher Exact Test (d) P=0 181N P=0 059N
Preputial Gland: Adenoma, Sebaceous Adenoma, or Adenocarcinoma

Overall Rates (a) 4/50 (8%) 2/50 (4%) 0/50 (0%)

Adjusted Rates (b) 10 5% 61% 00%

Terminal Rates (c) 3/37 (8%) 2/33 (6%) 0/15 (0%)

Week of First Observation 98 104

Life Table Tests (d) P=0 127N P=0382N P=0 213N

Incidental Tumor Tests (d) P=0 065N P=0 285N P=0077N

Cochran Armitage Trend Test (d) P=0 037N

Fisher Exact Test (d) P=0 339N P=0 059N
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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 50 mg/kg 100 mg/kg

Testis: Interstitial Cell Tumor

Overall Rates (a) 40/50 (80%) 45/50 (90%) 36/50 (72%)

Adjusted Rates (b) 90.8% 95.7% 97.1%

Terminal Rates (c) 33/37 (89%) 31/33(94%) 14/15(93%)

Week of First Observation 79 74 70

Life Table Tests (d) P<0.001 P=0.076 P<0.001

Incidental Tumor Tests (d) F=0.278 P=0.072 P=0.275

Cochran-Armitage Trend Test (d) F =0.188N

Fisher Exact Test (d) P=0.131 P=0.242N
All Sites: Mesothelioma

Overall Rates (a) 4/50 (8%) 0/50 (0%) 5/50 (10%)

Adjusted Rates (b) 10.3% 0.0% 27.2%

Terminal Rates (c) 3/37(8%) 0/33 (0%) 3/15 (20%)

Week of First Observation 89 90

Life Table Tests (d) P=0.127 P=0.075N P=0.111

Incidental Tumor Tests (d) P=0.304 P=0.085N P=0.317

Cochran-Armitage Trend Test (d) P=0417

Fisher Exact Test (d) P=0.059N P=0.500
All Sites: Benign Tumors

Overall Rates (a) 47/50 (94%) 48/50 (96%) 46/50 (92%)

Adjusted Rates (b) 97.9% 97.9% 100.0%

Terminal Rates (c) 36737 (97%) 32/33 (97%) 15/15 (100%)

Week of Fiirst Observation 55 74 43

Life Table Tests (d) P<0.001 P=0.257 P<0.001

Incidental Tumor Tests (d) P=0.335 P=0.433 P=0.408

Cochran-Armitage Trend Test (d) P=0.417N

Fisher Exact Test (d) P=0.500 P=0.500N
All Sites: Malignant Tumors

Overall Rates (a) 16/50 (32%) 19/50 (38%) 22/50 (44%)

Adjusted Rates (b) 34.5% 44.1% 68.6%

Terminal Rates (c) 8/37(22%) 10/33 (30%) 115 (47%)

Week of First Observation 55 4 70

Life Table Tests(d) P=0.003 P=0.305 P=0.005

Incidental Tumor Tests (d) P=0.328 P=0.399 P=0.321

Cochran-Armitage Trend Test (d) P=0.129

Fisher Exact Test (d) P=0.338 P=0.151
All Sites: All Tumors

Overall Rates (a) 49/50 (98%) 49/50 (98%) 47/50 (94%)

Adjusted Rates (b) 98.0% 98.0% 100.0%

Terminal Rates (c) 36/37(97%) 32/33 (97%) 15/15 (100%)

Week of First Observation 55 74 43

Life Table Tests (d) P<0.001 P=0.329 P<0.001

Incidental Tumor Tests (d) P=0.407TN P=0.736N P=0.616N

Cochran-Armitage Trend Test (d) P=0.202N

Fisher Exact Test (d) P=0.753N P=0.309N

(a) Number of tumor-bearing ammals/number of animals examined at the site

(b) 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 eontrol 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 1n animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The 1ncidental 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 1n a dosed group ts indicated by (N).
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TABLE A4a. HISTORICAL INCIDENCE OF THYROID GLAND FOLLICULAR CELL TUMORS IN MALE

F344/N RATS (a)

Incidence in Controls

Study Adenoma Carcinoma

Adenoma or Carcinoma

Historical Incidence in Water Gavage Controls at Battelle Columbus Laboratories (b)

Chlorpheniramine maleate 0/50 1/50
Tetrakis(hydroxymethyl)phosphonium chloride 0/47 0/47
Tetrakis(hydroxymethyl)phosphonium sulfate 0/47 1/47
TOTAL 0/144 (0.0%) 2/144 (1.4%)
SD(c) 0.00% 1.19%
Range (d)
High 0/60 1/47
Low 0/50 0/47

Overall Historical Incidence in Untreated Controls

1/50
0/47
1/47

2/144 (1.4%)
1.19%

1/47
0/47

TOTAL (e)16/1,928(0.8%) (N 11/1,928 (0.6%) (e, 27/1,928 (1.4%)
SD (o 1.41% 0.91% 1.75%
Range (d)
High 2/44 2/89 3/50
Low 0/50 0/50 0/50
(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
(d) Range and SD are presented for groups of 35 or more animals.
(e) Includes one cystadenoma and one papillary cystadenoma
(D) Includes one papillary adenocarcinoma
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TABLE A4b. HISTORICAL INCIDENCE OF ADRENAL GLAND CORTICAL TUMORS IN MALE F344/N

RATS (a)

Incidence in Controls

Study Adenoma

Adenoma or Carcinoma

Historical Incidence in Water Gavage Controls at Battelle Columbus Laboratories (b)

Chlorpheniramine maleate 0/49
Tetrakis(hydroxymethyl)phosphonium chloride 0/50
Tetrakis(hydroxymethyl)phosphonium sulfate 3/50
TOTAL 3/149 (2 0%)
SD(c) 3 46%
Range (d)
High 3/60
Low 0/50

Overall Historical Incidence in Untreated Controls

TOTAL 28/1,950 (1 4%)

SD(c) 181%
Range (d)

High 4/49

Low 0/50

0/49
0/50
3/50

3/149 (2 0%)
3 46%

3/50
0/50

30/1,950 (1 5%)
1 84%

4/49
0/50

(a) Data as of August 30, 1985, for studies of at least 104 weeks

(b) No other water gavage studies are included 1n the historical data base
(c) Standard deviation

(d) Range and SD are presented for groups of 35 or more amimals
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TABLE A4c. HISTORICAL INCIDENCE OF ADRENAL GLAND MEDULLARY TUMORS IN MALE F344/N

RATS (a)
Incidence in Controls
Pheochromocytoma Malignant Pheochromocytoma
Pheochromocytoma or Malignant
Study Pheochromocytoma

Historical Incidence in Water Gavage Controls at Battelle Columbus Laboratories (b)

Chlorpheniramine maleate 21/49 0/49 21/49
Tetrakis(thydroxymethyl)phosphonium chloride 19/50 0/50 19/50
Tetrakis(thydroxymethyl)phosphonium sulfate 22/50 1/50 23/50
TOTAL 62/149(41.6%) 1/149(0.7%) 63/149 (42.3%)
SD(c) 319% 1.15% 4.03%
Range (d)
High 22/50 1/50 23/50
Low 19/50 0/50 19/50

Overall Historical Incidence in Untreated Controls

TOTAL 427/1,950(21.9%) 30/1,950 (1.5%) 452/1,950 (23.2%)

SD(c) 12.41% 2.00% 12.39%
Range (d)

High 31/49 4/49 32/49

Low 2/50 0/50 3/50

(a) Data as of August 30, 1985, for studies of at least 104 weeks

(b) No other water gavage studies are tncluded 1n 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 A4d. HISTORICAL INCIDENCE OF LEUKEMIA IN MALE F344/N RATS (a)

Study

Incidence in Controls

Historical Incidence in Water Gavage Controls at Battelle Columbus Laboratories (b)

Chlorpheniramine maleate

Tetrakis(thydroxymethyl)phosphonium chloride
Tetrakis(hydroxymethyl)phosphonium sulfate

TOTAL
SD(c)

Range (d)
High
Low

Overall Historical Incidence in Untreated Controls

TOTAL
SD(c)

Range (d)
High
Low

25/50
19/50
30/50

74/150 (49 3%)
11 02%

30/50
19/50

583/1,977(29 5%)
11 59%

30/50
5/50

(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
(d) Range and SD are presented for groups of 35 or more animals
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TABLE A4e. HISTORICAL INCIDENCE OF PANCREATIC I1SLET CELL TUMORS IN MALE F344/N
RATS (a)

Incidence in Controls
Study Adenoma Carcinoma Adenoma or Carcinoma

Historical Incidence in Water Gavage Controls at Battelle Columbus Laboratories (b)

Chlorpheniramine maleate 3/50 2/50 5/50
Tetrakis(hydroxymethyl)phosphonium chloride 2/49 0/49 2/49
Tetrakis(thydroxymethyl)phosphonium sulfate 4/48 1/48 5/48
TOTAL 91147 (6.1%) 3/147(2.0%) 12/147(8.2%)
SD(c) 2.13% 2.00% 3.54%
Range (d)
High 4/48 250 5/48
Low 2/49 0/49 2/49

Overall Historical Incidence in Untreated Controls

TOTAL 63/1,913 (3.3%) 40/1,913(2.1%) 102/1,913 (5.3%)

SD (¢) 3.356% 2.54% 3.58%
Range (d)

High 6/49 4/49 7149

Low 0/88 0/50 0/50

(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

(d) Range and SD are presented for groups of 35 or more animals.
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TABLE A4f. HISTORICAL INCIDENCE OF PITUITARY GLAND TUMORS IN MALE F344/N RATS (a)

Incidence in Controls
Study Adenomsa (b) Carcinoma (¢) Adenoma or Carcinoma (b,c)

Historical Incidence In Water Gavage Controls at Battelle Columbus Laboratories (d)

Chilorpheniramine maleate 12/50 0/50 12/50
Tetrakis(hydroxymethyl)phosphonium chloride 17/50 1/50 18/50
Tetrakis(hydroxymethyl)phosphonium sulfate 21/50 0/50 21/50
TOTAL 50/150 (33.3%) 1/150 (0.7%) 51/150 (34.0%)
SD(e) 9.02% 1.15% 9.17%
Range ()
High 21/50 1/50 21/50
Low 12/50 0/50 12/50

Overall Historical Incidence in Untreated Controls

TOTAL 387/1,861(20.8%) 41/1,861(2.2%) 428/1,861 (23.0%)

SD (e) 11.25% 2.98% 11.10%
Range (f)

High 24/46 5/45 25/46

Low 2/39 0/50 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

() Range and SD are presented for groups of 35 or more animals.
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TABLE A4g. HISTORICAL INCIDENCE OF INTEGUMENTARY SYSTEM TUMORS IN MALE F344/N

RATS (a)

Fibroma (b)
Study

Incidence in Controls
Fibrosarcoma (c)

Fibroma or
Fibrosarcoma (b,c)

Historical Incidence in Water Gavage Controls at Battelle Columbus Laboratories (d)

Chlorpheniramine maleate 2/50
Tetrakis(hydroxymethyl)phosphonium chloride 0/50
Tetrakis(hydroxymethyl)phosphonium sulfate 0/50
TOTAL 2/150 (1.3%)
SD (e) 2.31%
Range (f)
High .2/50
Low 0/50

Overall Historical Incidence in Untreated Controls

TOTAL 110/1,977(5.6%)

SD(e) 3.15%
Range ()

High 6/50

Low 0/50

2/50 4/50
1/50 1/50
3/60 3/50
6/150(4.0%) 8/150 (5.3%)
2,00% 3.06%
3/50 4/50
1/50 1/50
39/1,977(2.0%) 148/1,977(7.5%)
2.72% 4.27%
7/50 12/50
0/50 0/49

(a) Data as of August 30, 1985, for studies of at least 104 weeks
(b) Includes neurofibroma
(¢) Includes sarcoma, NOS, and neurofibrosarcoma

(d) No other water gavage studies are included in the historical data base.

(e)Standard deviation
() Range and SD are presented for groups of 35 or more animals.
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE
TWO-YEAR GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT

Vehicle Control Low Dose High Dose
ANIMALS INITIALLY IN STUDY 50 50 50
ANIMALS NECROPSIED 50 50 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50
INTEGUMENTARY SYSTEM

*Skin (50) (50) (50)
Inflammation, NOS 2 (4%) 5 (10%) 4 (8%)
Ulcer, NOS 1 (2%)

Fibrosis 1 (2%)
Hyperplasia, NOS 1 (2%) 1 (2%) 1 (2%)

*Subcutaneous tissue (50) (50) 50)
Epidermal inclusion cyst 2 (4%)

RESPIRATORY SYSTEM

#Trachea (50) 47) (49)
Inflammation, acute 1 (2%)

Inflammation, chronic 1 (2%)

#Lung (50) (50) (50)
Congestion, NOS 1 (2%)
Hemorrhage 2 (4%) 1 (2%)
Inflammation, NOS 6 (12%) 3 (6%) 5 (10%)
Foreign material, NOS 1 (2%)
Pigmentation, NOS 1 (2%)
Alveolar macrophages 1 (2%)

Hyperplasia, alveolar epithelium 3 (6%) 3 (6%) 1 (2%)
Metaplasia, osseous 1 (2%)
HEMATOPOIETIC SYSTEM

#Bone marrow (50) (50) (60

Inflammation, granulomatous focal 1 (2%)

Atrophy, NOS 1 (2%)

Hyperplasia, hematopoietic 5 (10%) 2 (4%) 5 (10%)
Hyperplasia, reticulum cell 5 (10%) 3 (6%) 1 (2%)

#Spleen (50) (50) 50

Collapse 1 (2%)

Congestion, NOS 1 (2%) 1 (2%)

Fibrosis 2 (4%) 2 (4%) 2 (4%)
Necrosis, coagulative 1 (2%)

Hemosiderosis 1 2%) 1 (2%)

Depletion, lymphoid 1 (2%)
Hematopoiesis 3 (6%) 4 (8%) 1 2%)

#Mandibular lymph node (46) (45) (39)
Dilatation/sinus 1 2%) 2 (4%) 1 (3%)
Epidermal inclusion cyst 1 (2%)

Hemorrhage 1 3%)
Plasmacytosis 1 (2%) 1 (2%)

#Mediastinal lymph node (46) (45) 39
Hemorrhage 1 3%
Inflammation, chronic diffuse 1 (2%)

Plasmacytosis 1 (2%)

#Pancreatic lymph node 46) (45) 39)
Inflammation, granulomatous focal 1 (2%)

#Lumbar lymph node (46) (45) (39)
Hemorrhage 1 (2%)

#Mesenteric lymph node (46) (45) (39)
Dilatation/sinus 3 (%) 1 (3%)
Inflammation, granulomatous 1 (2%) 2 (5%)
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TABLE A5. 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
HEMATOPOIETIC SYSTEM (Continued)
#lleum (49) (46) (40)
Hyperplasia, lymphoid 1 (2%)
#Thymus @an 35) (32)
Cyst, NOS 1 (3%)
CIRCULATORY SYSTEM
#Brain (50) (50) (50)
Thrombosis, NOS 1 (2%)
#Heart (50) (50) (50)
Inflammation, acute/chronic 1 (2%)
#Heart/atrium (50) (50) (50)
Thrombosis, NOS 1 (2%) 1 2%)
#Heart/ventricle (50) (50) (50)
Thrombosis, NOS 1 (2%)
#Myocardium (50) (50) (50)
Degeneration, NOS 47 (94%) 46 (92%) 42 (84%)
#Cardiac valve 50 (50) (50)
Inflammation, acute focal 1 (2%)
DIGESTIVE SYSTEM
#Salivary gland 49 4an (49)
Dilatation/ducts 1 (2%)
Focal cellular change 4 (8%) 2 (4%)
Atrophy, NOS 1 (2%) 4 (8%)
#Liver 50 (50) (50)
Abnormal curvature 1 (2%)
Inflammation, acute 1 (2%)
Inflammation, granulomatous 1 (2%) 2 (4%) 1 2%)
Fibrosis, condensation 1 (2%)
Degeneration, cystic 13 (26%) 26 (52%) 24 (48%)
Necrosis, coagulative 5 (10%) 1 (2%) 2 (4%)
Hyperchromatism 1 (2%)
Cytoplasmic vacuolization 7 (14%) 7 (14%) 12 (24%)
Basophilic cyto change 28 (56%) 23 (46%) T (14%)
Focal cellular change 27 (54%) 24 (48%) 10 (20%)
Hyperplasia, nodular 1 (2%)
Angiectasis 2 (4%) 1 (2%) 1 (2%)
#Bile duct (G (50) (50)
Fibrosis 4 (8%) 8 (16%) 28 (56%)
Pigmentation, NOS 1 (2%)
Hyperplasia, NOS 50 (100%) 45 (90%) 50 (100%)
#Pancreas 49 (50 49
Dilatation/ducts 2 (4%) 1 (2%)
Cyst, NOS 1 Q2%
Inflammation, chronic I (2%) 1 (2%)
#Pancreatic duct (49) 50 49
Hyperplasia, NOS 4 (8%)
#Pancreatic acinus 49 (50) 49)
Necrosis, focal I (2%)
Focal cellular change 2 (4%) 1 2%) 1 (2%)
Atrophy, focal 23 (47%) 21 (42%) 25 (51%)
Atrophy, diffuse 8 (16%) 26 (52%) 38 (78%)
Hyperplasia, NOS 2 (4%) 3 (6%) T (14%)
#Esophagus (49) (50) 49
Inflammation, chronic 1 (2%) 1 (2%)
Scar 1 (2%)
#Gastric fundal gland (50) 49) (50)
Dilatation, NOS 1 (2%)
Hyperplasia, NOS 2 4%) 6 (12%)
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TABLE A5. 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
DIGESTIVE SYSTEM (Continued)

#Glandular stomach (50) (49) (50)
Inflammation, NOS 1 2%) 4 (8%) T (14%)
Ulcer, NOS 5 (10%) 15 (30%)
Inflammation, necrotizing 1 (2%) T (14%) 4 (3%)

#Forestomach (50) (49) (50)
Inflammation, NOS 3 (6%) 1 2%)
Ulcer, acute 3 (6%)

Hyperplasia, epithelial 3 (6%) 8 (16%) 18 (36%)

#Jejunum (49) (46) (40)
Inflammation, chronic 1 (2%)

#lleum (49) (46) (40)
Inflammation, acute/chronic 1 (2%)

Ulcer, healed 1 (2%

#Colon (48) 48) 4n
Epidermal inclusion cyst 1 (2%)

Parasitism 2 (4%) 3 (6% 2 (4%)

URINARY SYSTEM
#Kidney (50) (50) (50)

Cyst, NOS 2 (4%)

Multiple cysts 1 (2%)

Hemorrhagic cyst 1 (2%)

Pyelonephritis, acute 1 (2%)
Nephropathy 50 (100%) 45 (90%) 47 (94%)
Nephrosis, NOS 4 (8%) 1 (2%)
Necrosis, coagulative 1 (2%)

#Kidney/pelvis (50) 50 (50)
Inflammation, acute 2 (4%)

#Urinary bladder 4mn 46) (49)
Calculus, gross observation only 1 2%) 2 (4%)

Mineralization 1 (2%)

Hemorrhage 1 (2%)

Inflammation, NOS 1 (2%) 4 (8%)

Hyperplasia, epithelial 2 4%) 1 (2%)
ENDOCRINE SYSTEM

#Anterior pituitary 47 49) 49)

Colloid cyst 4 (9%) 1 (2%)
Congestion, NOS 1 (2%)
Pigmentation, NOS 1 2%)
Clear cell change 1 (2%)
Atrophy, diffuse 1 (2%)
Hyperplasia, chromophobe cell 9 (19%) 12 (24%) -6 (12%)
Angiectasis 1 (2%) 1 (2%) 1 (2%)

#Adrenal (50) 50) (50)
Necrosis, coagulative 3 6%)

#Adrenal cortex (50) (50) (50)
Degeneration, cystic 1 (2%)
Degeneration, lipoid 12 (24%) 13 (26%) 23 (46%)
Necrosis, coagulative 2 (4%) 1 (2%)
Cytoplasmic vacuolization 13 (26%) 9 (18%) 5 (10%)
Eosinophilic cyto change T (14%) 6 (12%) 5 (10%)
Clear cell change 1 (2%)

Hypertrophy, focal 1 (2%) 3 (6%) 1 (2%)
Hyperplasia, focal 14 (28%) 14 (28%) 16 (32%)

#Adrenal medulla 50) 50 (50)
Hyperplasia, focal 18 (36%) 21 (42%) 16 (32%)

#Thyroid (50) (49) (50)
Ultimobranchial cyst 2 (4%)
Follicular cyst, NOS 4 (8%) 5 (10%) 3 (6%)
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TABLE A5. 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) (50) 49) (50)

Focal cellular change 2 (4%)
Hyperplasia, C-cell 39 (718%) 39 (80%) 27 (54%)
Hyperplasia, follicular cell 9 (18%) T (14%) T (14%)

#Parathyroid (42) @7 42)
Hyperplasia, NOS 2 (5%) 3 (8%) 6 (14%)

#Pancreatic islets (49) 50) (49)
Atrophy, NOS 1 (2%)

REPRODUCTIVE SYSTEM

*Mammary gland (50) (50) (50)

Dilatation/ducts 2 (4%) 2 (4%)

Galactocele 1 (2%)

Hyperplasia, NOS 4 (8%) 2 (4%)
Hyperplasia, cystic 1 (2%) 4 (8%)

Lactation 1 2%) 1 (2%)

*Mammary duct (50) (50) (50)
Hyperplasia, epithelial 1 (2%)

*Preputial gland (50) (50) 60)
Impaction, NOS 1 (2%) 1 (2%) 1 (2%)
Inflammation, NOS 3 (6%) 2 (4%)

#Prostate 470 (48) (49)
Cyst, NOS 2 (4%) 3 6%
Inflammation, NOS 11 (23%) 15 (31%) 16 (33%)
Necrosis, NOS 1 (2%)
Pigmentation, NOS 2 (4%)

*Seminal vesicle (50) (50) (50)
Dilatation, NOS 1 (2%) 1 (2%)
Inflammation, NOS 1 (2%) 1 (2%)
Atrophy, NOS 1 2%) 3 (6%) 4 (8%)

#Testis (50) (50) 50)

Mineralization 1 (2%)
Inflammation, NOS 2 (4%)
Infarct, NOS 1 (2%)
Atrophy, NOS 5 (10%) 8 (16%) 17 (34%)
Hyperplasia, interstitial celd 24 (48%) 23 (46%) 21 (42%)
Angiectasis 1 (2%)

#Testistubule (50) (50) (50)
Necrosis, coagulative 1 (2%)

*Epididymis (50) (50) (50)
Inflammation, NOS 3 (6%) 2 (4%)
Fibrosis 1 (2%)

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%)

#Brain/thalamus (50) (50) (50)

Atrophy, pressure 1 (2%)
SPECIAL SENSE ORGANS

*Eye (50) (50 (50)
Inflammation, NOS 4 (8%)
Synechia, NOS 1 (2%)

*Eye/anterior chamber (50) (50) (50)
Inflammation, chronic diffuse 1 (2%)
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TABLE A3, 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)

*Eye/cornea (50) (50) (50)
Inflammation, NOS 2 (4%) 2 (4%) 19 (38%)
Hyperplasia, epithelial 1 (2%)

*Eye/retina (50) (50) (50)
Atrophy, NOS 5 (10%) 9 (18%) 24 (48%)

*Eye/crystalline lens (50) (50) (50)
Cataract 4 3% 14 (28%) 19 (38%)

MUSCULOSKELETAL SYSTEM

*Femur (50) (50) (50)
Fibrous osteodystrophy 1 (2%) 2 (4%)

*Skeletal muscle (50) (50) (50)
Degeneration, NOS 1 (2%)

BODY CAVITIES

*Mediastinum (50) (50) (50)
Vegetable foreign body 1 (2%)
Inflammation, granulomatous 1 (2%)

*Peritoneal cavity (50) (50) (50)
Inflammation, acute fibrinous 1 (2%)

*Pleural cavity (50) (50) (50)
Inflammation, acute fibrinous 1 (2%)

*Pleura 50) (50) (50)
Inflammation, chronic 1 (2%)

*Mesentery (60) (50) (50)
Hemorrhage 1 2%
Inflammation, chronic 1 (2%) 1 (2%)
Inflammation, granulomatous 1 (2%)

Necrosis, fat 1 (2%) 8 (16%) 2 (4%)
ALL OTHER SYSTEMS

*Multiple organs (50) (50) (50)
Mineralization 1 (2%)

Congestion, NOS 2 (4%) 3 (6%Y 8 (16%)
Necrosis, coagulative 1 (2%)

SPECIAL MORPHOLOGY SUMMARY
None

* Number of animals receiving complete necropsy examinations; all gross lesions including masses examined microscopically.
# Number of animals examined microscopically at this site
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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 50 50
ANIMALS NECROPSIED 50 50 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50
INTEGUMENTARY SYSTEM
*Skin (50) 50 (50)
Squamous cell carcinoma 1 (2%)
Basal cell tumor 1 (2%)
*Subcutaneous tissue (50) (50) (50)
Fibroma 1 (2%) 1 (2%)
RESPIRATORY SYSTEM
#Trachea (48) (49) (49)
Follicular cell carcinoma, invasive 1 (2%)
#Lung (50) (50) (50)
Alveolar/bronchiolar adenoma 1 (2%)
C-cell carcinoma, metastatic 1 (2%)
HEMATOPOIETIC SYSTEM
*Multiple organs (50) (50) (50)
Leukemia, mononuclear cell 5 (10%) 12 (24%) 4 (8%)
#Renal lymph node (43) 43) (39)
Pheochromocytoma, metastatic 1 (2%)
CIRCULATORY SYSTEM
None
DIGESTIVE SYSTEM
*Tongue (50) (50) (50)
Squamous cell carcinoma 1 (2%)
#liver (50) {60) (50)
Neoplastic nodule 1 (2%)
#Forestomach 50) (50) (50)
Squamous cell papilloma 1 (2%) 1 (2%)
#Jejunum (50) (48) (44)
Letomyoma 1 (2%)
URINARY SYSTEM
#Kidney (50) (50) (50)
Tubular cell adenoma 1 (2%)
ENDOCRINE SYSTEM
#Pituitary intermedia 49) (49) 48
Adenoma, NOS 1 (2%) 1 (2%)
#Anterior pituitary 49) (49) 48)
Carcinoma, NOS 2 (4%)
Adenoma, NOS 16 (33%) 10 (20%) 2 (4%)
#Adrenal (50) (50) (50)
Cortical adenoma 1 (2%)
#Adrenal medulla (50) (50) (50)
Pheochromocytoma 4 (8%) 2 (4%) 1 (2%)
Pheachromocytoma, malignant 1 (2%)
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TABLE Bl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR
GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT (Continued)

Vehicle Control Low Dose High Dose
ENDOCRINE SYSTEM (Continued)

#Thyroid (50) (50) (50)
Follicular cell adenoma 2 (4%) 5 (10%)
Follicular cell carcinoma 1 (2%) 2 (4%)
C-cell adenoma 9 (18%) 6 (12%) 1 (2%)
C-cell carcinoma 1 (2%)

#Pancreatic islets (50) (50) (50)

Iglet cell adenoma 1 (2%)
REPRODUCTIVE SYSTEM

*Mammary gland (50) (50) (50)
Adenocarcinoma, NOS 1 2%)

Fibroadenoma 6 (12%) 10 (20%) 1 (2%)

*Clitoral gland (50) (50) (50)
Adenoma, NOS 1 (2%)

*Vagina (50) (50) (50)
Squamous cell papilloma 1 (2%)

Sarcoma, NOS 1 (2%)

#Uterus (50) (48) (50)
Adenocarcinoma, NOS 1 (2%)

Endometrial stromal polyp 9 (18%) 9 (19%) 5 (10%)

#Uterus/endometrium (50) (48) 50
Papilloma, NOS 1 2%)

NERVOUS SYSTEM

#Brain (50) (50) (50)
Carcinoma, NOS, invasive 2 (4%)

Astrocytoma 1 (2%)
SPECIAL SENSE ORGANS
None
MUSCULOSKELETAL SYSTEM
None
BODY CAVITIES
None
ALL OTHER SYSTEMS
None
ANIMAL DISPOSITION SUMMARY

Animals initially in study 50 50 50
Natural death 4 5 18
Moribund sacrifice 9 7 16
Terminal sacrifice 37 37 14
Dosing accident 1 2

Malonaldehyde, Sodium Salt, NTP TR 331 100
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TABLE Bl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR
GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT (Continued)

Vehicle Controtl Low Dose High Dose
TUMOR SUMMARY

Total animals with primary tumors®** 37 37 21
Total primary tumors 64 58 26
Total animals with benign tumors 31 28 17
Total benign tumors 52 42 19
Total animals with malignant tumors 12 16 6
Total malignant tumors 12 16 6
Total animals with secondary tumors# # 3 1 1
Total secondary tumors 3 1 1

Total animals with tumors uncertain--
benign or malignant 1
Total uncertain tumors 1

® Number of animals receiving complete necropsy examinations; all gross lesions including masses examined microscopically.
** Primary tumors: all tumors except secondary tumors

# Number of animals examined microscopically at this site

## Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR

GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT: VEHICLE CONTROL

0
NUMBER 3| 4 3f O 0 i 38 o S 4 90 o o y i 1y 1y 1 1 3 1
8| 6 4 1 1 9 4 3 7 8§ 1 2] 3 4 5 8
WEEKS ON 1] T 1 I I 71
STUDY 2| 3 T 8§ 8 8 9 9 0 o o o o of o o o o
4 6 2| 7 9 7 Si 8 2| 3] 4 4 4 4 4 4] 4] 4 4 4 4
Lungs and bronchi + + o+ o+ o+ o+ o+t
Trachea FE A T I R R S I S T R I I R
HEMATOPOIETIC SYSTEM
Bone marrow FEE IR SR S S T R R S T R R R S T R R I A
Spleen L R B AR T T TR R R S R S R T S S R S T R I
L{’Tph nodes + + + + + o+ - o+ -+ o+ o+ -+ x+ + + -~ + + + + 4+
ytoma,
Thymus I TR T R I IS T I S A I TR S AL I I R
Heart EEEE SR T R R A S R T TR SR T R R S e
Oral canity N NNNNNNNNNNNNNNNNNNNNNNNN
Squamous cell carcinoma X
Sahivary gland EE I O T R IR TS T T S R R S R N T B I A
Liver PR TR T TR e S S S S SR T R S S R
Bile duct FEE I R . S R R R R T S S S R T S R I N R
Pancreas + + + + 4+ o+ o+ o+ o+ A+ o+
Ewphgul LR S S R R S SR R S S S A TR S
Stomac + + + 4+ 4+t o F F F E A At
Squamous cell papitloma X
Small intestine + + + o+ o+ o+ o+ o+ o+ o+t
Leiomyoma X
Large intestina EEE I I T T T N S T T R S N R S S
Kidney PR S T T R T T SR N R A S R R SR
Unnary bladder + + + o+ o+ -+ 4+ o+ o+ o+ + + + + + + + + + o+
Pituitary + 0+ - o+ 4+ o+ o+ o+ o+ o+ + + 4+ + + + o+ o+ o+ o+ +
Carcinoma, NOS X
Adonoma, NOS X X X X X X
Adrenal O A T T R R S T S S SR N R S S S R R S S
Pheochromocytoma X
Pheoch ytoma, g X
Thyrod R S S S R + 0+ + o+ o+ o+ o+ + + + + +
Folhicular cell adencma X 4
C-cell adenoma X X X X
Parathyrowd - =+ =~ 4+t -+ =+ o+ o+t + - - -
Mammary giand + + + o+ o+ o+ o+ o+ o+ F O F O+ o+t
Adenocarcinoma, NOS
Fibroadenoma
Preputial/chitoral gland N NNNNNNNNNNNNNNNNNNNNNNNN
enoma, NOS
Vagpna N NNN N NNNMNNNNNNNNNNNNNNNN
Squamous cell papilioma x
Uterus + + + + + o+ + 0+ + + + o+ o+ o+ + o+ o+
Papilloma, NOS
Adenocarainoms, NOS X
Endometnal stromal polyp X X X X
Ovary LR T T S R R S R S T R S S R R R e
NERVOUS SYSTEM
Brain T R T R R S N S N N R SR R R S
Carcinoma, NOS, invasive X
Astrocytoma X
Multiple organs, NOS N NNNNNNNNNNNNNNNNNNNNNNNN
Laukemia, mononuciear ce!l X X X
+ Tissue examined microscopically No tissue 1nformation submitted
— Raquired tissue not examined microscopieally C N psy, no histology due to p
X Tumorincidenca A Autolyms
N Necropsy, no autolysis, no microscopic examnation M Anmmal mussing
S Animal missexed B  No necropsy performed
Malonaldehyde, Sodium Salt, NTP TR 331 102



TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: VEHICLE CONTROL

(Continued)
ANINAL [EEY [) [
NUMBER 11 20 20 21 21 20 2| 2 2| 3 8 3 3 8 3 4 4 4 4] 4 4 4
of 1 2 3| 4 5 6 7 9 1} 8| 4 S| 6 8 of 2 8 ¢ 7 8 9
TOTAL
WEEKS ON IV Y1 i I o If IfIF I 00 I I 1f I Y] 1T 1 I 1 7 17 1 TISSUES
STUDY 0 6 o 0 0 0 0) 0 0 0 0 9 0 00 0o 0 )TUMORS
4] 4] 4 4} « 4] 4 4 4] 4 4 4 4 4 4 4] 4 4] 4 4 4
Lunr..nd bronchy + 0+ + + + + o+ o+ o+ o+t o+ o+ o+ 50
Trachea + + + + + + + + + + + + + + + + + + + + + + o+ 4 48
Bone marrow + + + + + + + + F 4+ o+ o+ o+ + 0+ 4+ o+ o+ o+ 30
Splean + 0+ + + + o+ F F o+ o+ o+ o+ A+ A+ o+ o+ o+ o+ 4+ 50
Lymph nodes + + + + + + + + + - + + + + -+ & + — + + + + 43
sochromocytoma, metagtatic 1
Thymus + = = + + + + + =+ + -+ - =+ + o+ =+ + o+ o+ o+ - 38
Heart + + + + + + + o+ o+ o+ o+ + o+ o+t o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 50
Oral cavity N NNNNNNNNNNDNNNNNNNNNNNNNN | *s0
Squamous cell carcinoma 1
Sahvary glaod + + + + + + + F + + F o+ o+ + ot o+ F o+ O+ o+ o+ o+ o+ 50
ver + 0+ + F o+ o+ F o+ o+ + o+ o+ o+ F o+ o+ E o+ o+ o+ o+ 50
Ble duct + + + + + + + + o+ 4+ + + o+ o+ o+ o+ o+ 50
Pancreas + + + + + + + + + + + F+ + + + + + o+ o+ o+ o+ o+ o+t 30
E:ophg\u + 0+ + + + + + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 50
Stomac! + + + + + + + + + + + o+ o+ o+ o+t o+ o+ o+ o+ o+t 30
Squamous cell paprlloma 1
Small intestine + + + + + + + + + o+ o+ o+ o+ o+ st 50
Lewmyoma 1
Large intestine + + = 4+ + + + + + + + o+ + + + -+ + ++ + o+ o+ o+ o+ 47
URINARY SYSTEH
Kudoey + + + + + + + + + + + + + + O+ o+ o+ o+ o+ o+ o+ o+t 50
Unnary bladder + + + + + + o+ o+ + + o+ o+ o+ o+ o+ o+t 49
Pituitary + + + + + + + + + + + + o+ + + + + + + 49
Carcinoma, NOS X 2
Adenoma, N X X X X X X X X X X X 17
Adrenal + + + 4+ + + + + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 4 50
Pheochromocytoma ) X X 4
Ph ytoma, t 1
'l'liuymd + + + + + + + + + o+ o+ 4 + 0+ + + + o+ o+ o+ + 50
olhicular call adenoma 2
C cell adenoma X X X X X 9
Parathyroid + -+ =~ — -+ 4+ 4+ 4+ + =+ =+ + + + - -+ o+ -+ o+ 32
Mammary gland + + + + + + + + + + + + + + + + 4+ + N + + + + + + *50
Adenocarcinoms, NOS X 1
Fibroadenoma X X X X X X 8
Pre utnllch;tonldand ;‘ N NN NNNNNNNNNNNNNNNNDNNDNNNNN '5(1)
lenoma,
Vagina N NNNNNNNNNNNNNNNNNNNNNDNNNN *50
Squamous cell paprlloma 1
Utarus + 0+ + + + + o+ o+ o+ F o+ o+ o+ o F o+ o+ o+ o+ o+ o+ o+ o+ 50
Papitloma, NOS X 1
Adgnocarcinoma, NOS 1
Endomatrial stromal polyp X X X X X 9
Ovary + + + + + + + + + + + + o+ o+ F o+ o+ o+ o+ o+ o+ + o+ 50
NERVOUS SYSTEN
Brain + + + + + + + F o+ o+ + o+ o+ o+ o+ + o+t 50
Caranoma, NOS, invanve b 4 2
Astrocytoma 1
Multiple organs, NO8 N NN NNNNNNNNDNNNNNINNNNNNNNN *50
L-ufnmu, mononuclear ceil X S
¢ Anumaly necropaied
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR

GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT: LOW DOSE

ANTHAL []
NUMBER 4 8 8 1 2 © 3 H 3 4 1 o o o o 0 9o 0 1 1 341
8 4 8] 1 38 7 8 1 21 8 4 5 8 7 8 4 5
WEEKS ON I I U1 I 11 1 I I 101
STUDY 1] 4] 4 8 9| Dl 0 o of o o o Oi (;I gi 0
2l 8 M 7 T 8 7 8 9f 2 8 S5 & 8 5 S5 5 5 3 5
INTEGUMERTARY SYSTEN
Skin + 0+ + o+ o+ o+ o+ F o+ o+ o+ o+ o+
Squamous cell carninoma
Basal call tumor
Subeutansous tigsue + + + + + + F o+ o+ o+ o+ o+ o+ F o+ o+ o+
broma X
Luags and broach: + o+ + o+ 4+ + + + 0+ + + + + + 4+ + + + + o+
C coll carcinoma, metastatic X
Trachsa -+ + + + F F + O+ o+ o+ + + + + + o+ o+ 4+
Bons marrow P R A T R R T R S SR S S TS SN S S SRS R SR
Spleen + + + + + + F F F o+ o+ F A+ A+ o+ o+ o+
Lymph nodes I L T T S S S S I T T .
ymus + + + + + o+ F -+ o+ o+ F =+ A+ o+ o+ -+
CIRCULATORY SYSTEM
Heart LR IR A T TEE I R R S SR T S SR R R R B B
Salivary gland + 4+ F + o+ F F O+ o+t o+ o+ o+ F -
aver + 0+ + + + + F o+ o+t F Y o+ o+t
Bile duct LR SR T R T TR S R T TR T R R RN D S R P S S
Pancreas + + + + F o+ o+ F O+ o+ F F o F o+
Ewop L R S T T R R R T R SHEE S N T S S D R S S S
Stomac! L T T S TR T R S R SR SR A TR TR T S S
Small intestine — + + + + ~ + + F+ + + + + F o+ o+ o+ o+ o+ o+ o+ o+ +
Large testine LR S A T R R R S SR I S SR A R L S
URINARY SYSTEM
Kxdney L S L R TR T S S S S S A + + + + + +
Tubular cell sdenoma
Urinary bladder + + + + + o+ o+ + + + - + + + + + + + o+ -
Pitutary + + o+ + 0+ + + + o+ + + + + +
Adenoma, NOS X X X X
Adrenal + 0+ + o+ o+ + + + + + + + o+ + + +
Cortacal adenoma x
Pheochromocytoma X Xx
‘l‘hrymd LR B T T I IR BT T SR R B R T R R R S N S
ollicular cell carcinoma X
C-cell adenoma X X X X
C-coll carcinoma X
Parathyro + + = + + -+ - + + + + + +t F + -+ o+t + -+
Pancreaticiglets + + + F o+ + o+ o+ F o+ Y+t
Islst coll adenoma X
Mammary gland + 4 + + + + N + + + + + + + + + + F F F + + 4+ o+ 0+
Fibrosdenoma X X X
Yagiaa N NNNNNNNNNNNNNNNNNNNN N NN
Sarcoma, NOS X
tarus LR S S T T T I R S R T T T N SR G S T T S
Endometnial stromal polyp X X X X
Ovary LR S TR R T S S S S T J T S S SV S I S
Brain + 4+ + + o+ FEE A+t
Multiple organs, NOS N NN NNNNNNNNNNNNDNNNNNNNNNN
Leukemis, mononuclear cell X X XX X X X X
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TABLE BS. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: LOW DOSE

(Continued)
ANIMAL [4
NUMBER 1 2 2 2 2 2 3 8 3 3| 3 3 4 4] 4 4 4 4 4 4 4
9 1 4 71 8 9 1 3| 8l o 1 2| 3 4 5 6 7 8
'ITISSMUES
WEEKS ON
STUDY 0 [ 0 0 [ of of o 0 0 [TUMORS
S5 & & 8 8 5 H § S 8 5 S 5| 5 5 & 8
INTEGUMENTARY SYSTEM
Skin + + + N + + + + + + 4+ + + + 4+ + + + + + + + + + + *50
Squamous ¢all carcinoma X 1
Basal eell tumor X L
Subcutaneous tissue + + + N + + + + + + + + + + + + + + + + + + + + *350
Fibroma 1
Lungs and bronch1 + + o+ o+ o+ o+ o+ +
C-cell carcinoma, metastatic
Trachea + + + + + + + + + 4+ 4+ o+ o+ o+ o+ 49
Bone marrow + + + F 4+ F o F A+ 30
on L R R R T e TR R S R SR TR SR T I 30
Lymph nodes L TR A T T R T R T T R R SR R R T T R 43
‘I'lymus — 4+ - 4+ 4+ + + 4+ — o+ =+ — o+ — o+ 41
Heart + + + + + ot 50
Salivary gland LI N T N SRR SR T T R R TN T R T R R TR S A T T B N 49
Liver L I T . . I T R S T S R I S S N T T 2 T S 50
Bile duct P T R T T R R R R S R T R T R A T S T S 50
Pancreas + + + + + o+ o+ o+ o+ + o+ F O F O+ o+ 50
Esophagus L I T R R R T R T T T T T R T R 50
Stomac LR T S R . ST T R R R S R R ST TR S T S S S 50
Small intestine L R T T R BT T R TR R R T R R N T K T U R 48
Large intestine + + 4+ F F 4+ o+ F T 49
Kidney + + + o+ o+ ot o+ o+t o+t o+ 50
Tubular cell adenoma X 1
Unnary bladder LI T I S T N T I T T T R TR S S T R 48
ENDOCRINE SYSTEM
Pituitary + + + + o+ o+ o+ o+ o+ o+ + + + + + -~ + + + + + 49
Adenoma, NOS X X X X X X 10
Adrenal + o+ + 4+t o+ o+ o+ o+ + o+ + + + + o+ + + + + 50
Cortical adenoma 1
Pheochromocytoma 2
Thyroid L I T T T T T N T T R S S S S S R I 50
Follicular cell earcinoma e 1
C-cell adenoma X X 8
C-cell carcinoma 1
Parathyrod + — + + + + o+ o+ + + + + + + =+ = 4 42
Pancreatic islets + o+ + + o+ o+ o+ o+ttt o+ o+ o+ 50
Islet cell adenoma 1
Mammary gland + + + N + + + + + + + + + + + + + + + + + + + + + *50
Fibroadenome X X X X X X X 10
Vagina N NN NNNNNNNNNNNNNNNNNNNNNN *50
Sarcoma, NOS 1
Uterus L T T T T T T S T S R N T A T S T SR S S 48
Endometnal stromal polyp X X X X X 9
Ovary L T S T S R S T T T S T A 50
RNERVOUS SYSTEM
Brain + + + o+ o+t FF O FE 50
Multiple organs, NOS N NN NNNNNNNNNNNNNNNNNNNNNN *50
Leukemia, mononuclear cell X X X X 12
* Animals necropsiad
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR

GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT: HIGH DOSE

ANIMAL [ ]
NUMBER 0| 4 1 2 2 2 1 1 4] 4 4 1 2| 3 O O 2l 1 5 1 4 1
6l 2| 3 u 7 9 5 71 8 3 8l 6 3| e 8 4 2 4 4 o o 5 9
WEEKS ON
STUDY
INTEGUMENTARY SYSTEM
Subcutaneous tussue + + + + + o+ 4+ 4+ 4+ o+ o+t
Fibroma
RESPIRATORY SYSTEM
L\}r_nlu_ndlbmm:b_i' . + + + + + + + + + 4+ + + + + o+
Trachea + + + + + + o+ o+ o+ + + + + + + + o+ 4+ o+
Fallicular cell
Bons marrow PR R R S S R T T R R R S S S SRR S S
Spleen FEE T T T ST S S S S S S R T A
_Il;{mphnodn B S I T T T S S T I T S
ymus - - =+ + 4+ + + + F - =+ - -+ o+ - = -+ o+ - %
CIRCULATORY SYSTEM
Heart PR T S T R e T S R S S N S TR S R
Salivary gland + 4+ + + — + o+ + + o+ o+ o+
Liver + 4+ + o+ 4+ o+ + o+ o+ + o+ o+ o+ o+ o+ 4+
Neoplastic nodule
Bile duct + + + + + + + + o+ o+ o+ o+ o+ o+ o+ o+ 4+
Pancreas FEE S T I SN N Ok ST T T S S S S R S R T S S S
Esophagus PR R S T T S O T 2 T . S R S S S
Stomac P R T T S S Y S SR T SR S JEEE S S R S S RN S
Squamous cell papilloma X
Small intestins + + + + + -+ -+ -+ - -+ o+
Large intestine + + + + + -+ -+ o+ o+ o+ - -+
URINARY SYSTEM
Kidney PR T T S S TR R S R AR S S S R S T S
Urinary bladder + — + + + + o+ o+ o+t o+ A+ o+
ENDOCRINE SYSTEM
Pituitary + + + o+ o+ o+ o+ o+ o+ 4 + - + + + 4+
Adenoma, NOS
renal + + + + + + O+ o+ o+ + + + + + +
Pheochromocytoma X
hyroxd + 0+ + + + + o+ o+ 4+ o+ + + + + + + + o+
Follicular cell edenoma X
Follicular cell carcinomn
C-cell adenoma
Parathyrod + + + + + o+ o+t - =+ o+ -+ o+ o+ +
REPRODUCTIVE SYSTEM
Mammary gland + 4+ + + + + + + + + + + + + N N N + + + + +
Fibroadenoma X
Uterus + + + + + + + 4+ o+ o+ 4+ + +
Endomstral stromal polyp X X
+ + 4+ 4+ + + + + o+ o+ o+ + + + +
RERVOUS SYSTEM
Brain PR R T R S N T R R R NS N T SR N
ALL OTHER SYSTEMS
Multiple organs, NOS N NN NN NNNNNNNDNNNNNNNNNNNNN
Leuksmia, mononuclear cell
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: HIGH DOSE

(Continued)
ANIMAL
NUMBER 4 2 8| 4 2 2 8 o 3y 1 3 3 3 3 3 3| 4 4 4 4
of e 7 3 1 1 8 1 1 5 ol 2| 4 7N 8 o 3 4 v 9
TOTAL:
WEEKS ON TISSUES
STUDY 9 9 9 9 9| [ [ o of o o o O O O 0 0 |TUMORS
8 4 5 3 7 8 9 1 1 4] 4 4 4 4] 4 4 4 4 4 4 4 4
Subcutansous tissue LN A T T T R T S S I S T R AR SR R A *50
Fibroma 1
Ll:n' azd bronchi ) + + + + + o+ o+ o+ + ; + 50
M o i 1
raches L T T T R R R R S R S T S T R T 49
Follicular cell carcinoma, invamve X 1
Bone marrow + + + + o+ A+ 30
Spleea L S S A R R I A T Ak T S T R T I 50
L{mph nodes LR T A T T T T T T TR T R T N R R T T T N S a9
Thymus + + + + - -~ -+ =+ o+ o+ o+ o+ 34
CIRCUTATORY SYSTEM
Heoart L O T I R R R A TR T T T S S R R 50
Salivary gland -+ 4+ + 4+ o+ F o+ o+ o+ o+ o+ 48
Liver L T R S N T T T T R T R 50
Neoplastic aodule X 1
Bile duct + 4+ + + + o+ 30
ancreas + + + + o+ o+t o+ o+ 50
Eloph(lu L . T U T S T S T S T A S T 50
Stomac LA S R I SR 2 T T T S R S R I SR A S A 50
Squamous cell papilloma 1
Small intestine L I S A A T S T S R I T T N A 44
Large intastine + + + + + -+ o+ o+ P+ o+ 43
Kidney + 4+ + o+ o+ E o+ o+ o+ 50
Urinary bladder L T T T R T R T T S T R I R 49
Pituitary L R TR R S S T T T R T TR T T S N S 48
Adenoma, NOS X X X 3
Adrenal LR TR A I I I S S A T U O S SR 50
Pheochromocytoma 1
Thyroi L T T T T R R TR S S A 50
ollicular ce]l adenoma X X X X 3
Follicular cell carcinoma X 2
C-cell adenoma X 1
Parathyroid L T T R A T T T R T S S R A @
Mam gland + + N + + N + + + 4+ + N + + + + + + + + + + + o+ 30
Fibroadenoma 1
terus L S S S R S Tk S R S S S R R S S Y + 50
Endometrial stromal polyp X X X S
ry L S S A T T T T S S S S N 2 + o+ 50
RERVOUS SYSTEML
Braw LA R S T R S A T R T T T T T I R S T T T A 30
Multiple organs, NO§ N NN NNNNNNNNMNNNNNNNNNNNNNN *50
Lsukemia, mononuciear csll X X X X 4

* Animals necropsmed

000536

107 Malonaldehyde, Sodium Salt, NTP TR 331




TABLE B3. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY
OF MALONALDEHYDE, SODIUM SALT

Vehicle Control 50 mg/kg 100 mg/kg

Hematopoietic System: Mononuclear Cell Leukemia

Overall Rates (a) 5/50 (10%) 12/50 (24%) 4/50 (8%)

Adjusted Rates (b) 11.2% 27.6% 21.0%

Terminal Rates (c) 1737 (3%) 6/37 (16%) 2/14(14%)

Week of First Observation 62 67 93

Life Table Tests (d) P=0.202 P=0.070 P=0.397

Incidental Tumor Tests (d) P=0.221IN P=0.034 P=0317N

Cochran-Armitage Trend Test (d) P=0.443N

Fisher Exact Test (d) P=0.054 P=0.500N
Pitultary Gland: Adenoma

Overall Rates (a) 16/49 (33%) 10749 (20%) 2/48 (4%)

Adjusted Rates (b) 36.8% 26.2% 14.3%

Terminal Rates (c) 13/37 (35%) 8/36 (22%) 2/14 (14%)

Week of First Observation 83 102 104

Life Table Tests (d) P=0.032N P=0.147TN P=0.060N

Incidental Tumor Tests (d) P=0.006N P=0.146N P=0.015N

Cochran-Armitage Trend Test (d) P<0.00i1N

Fisher Exact Test (d) P=0.126N P<0.00IN
Pituitary Gland: Adenoma or Carcinoma

Overall Rates (a) 18749 (37%) 10/49 (20%) 2/48 (4%)

Adjusted Rates (b) 43.7% 26.2% 14.3%

Terminal Rates (c) 14/37 (38%) 8/36 (22%) 2/14 (14%)

Week of First Observation 83 102 104

Life Table Tests (d) P=0.013N P=0.074N P=0.034N

Incidental Tumor Tests (d) P=0.001N P=0.068N P=0.004N

Cochran-Armitage Trend Test (d) P<0.001N

Fisher Exact Test (d) P=0.058N P<0.001IN
Adrenal Gland: Pheochromocytoma

Overall Rates (a) 4/50 (8%) 2/50 (4%) 1/50 (2%)

Adjusted Rates (b) 10.1% 4.9% 3.1%

Terminal Rates (c) 3737 (8%) 0/37 (0%) 0/14 (0%)

Week of First Observation 83 98 89

Life Table Tests (d) P=0.3800N P=0.340N P=0457N

Incidental Tumor Tests (d) P=0.086N P=0.359N P=0275N

Cochran-Armitage Trend Test (d) P=0.118N

Fisher Exact Test (d) P=0.339N P=0.18IN
Adrenal Gland: Pheochromocytoma or Malignant Pheochromocytoma

Overall Rates (a) 5/50(10%) 2/50 (4%) 1750 (2%)

Adjusted Rates (b) 12.7% 4.9% 3.7%

Terminal Rates (c) 4/37 (11%) 0/37 (0%) 0/14 (0%)

Week of First Observation 83 98 89

Life Table Tests (d) P=0.197N P=0.222N P=0.364N

Incidental Tumor Tests (d) P=0.051N P=0.235N P=0.210N

Cochran-Armitage Trend Test (d) P=0.060N

Fisher Exact Test (d) P=0.218N P=0.102N
Thyrold Gland: Follicular Cell Adenoma

Overall Rates (a) 2750 (4%) 0/50 (0%) 5/50 (10%)

Adjusted Rates (b) 5.3% 0.0% 30.4%

Terminal Rates (c) 137 (3%) 0/37 (0%) 4/14(29%)

Week of First Observation 103 69

Life Table Tests (d) P=0,015 P=0.240N P=0.020

Incidental Tumor Tests (d) P=0.069 P=0.240N P=0.083

Cochran-Armitage Trend Test (d) P=0.118

Fisher Exact Test (d) P=0.247TN P=0.218
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TABLE B3. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY
OF MALONALDEHYDE, SODIUM SALT (Continued)

Vehicle Control 50 mg/kg 100 mg/kg

Thyroid Gland: Follicular Cell Adenoma or Carcinoma

Overall Rates (a) 2/50 (4%) 1/50 (2%) 7/50 (14%)

Adjusted Rates (b) 5.3% 2.7% 37.6%

Terminal Rates (¢c) 1/37 (3%) 1/37(3%) 4/14(29%)

Week of First Observation 103 105 69

Life Table Tests (d) P=0.001 P=0.500N P=0.003

Incidental Tumor Tests (d) P=0.026 P=0.500N P=0.045

Cochran-Armitage Trend Test (d) P=0.036

Fisher Exact Test (d) P=0.500N P=0.080
Thyroid Gland: C-Cell Adenoma

Overall Rates (a) 9/50 (18%) 6/50 (12%) 1/50 (2%)

Adjusted Rates (b) 23.5% 15.8% 71%

Terminal Rates (c) 8/37(22%) 5/37 (14%) 1/14 (T%)

Week of First Observation 95 103 104

Life Table Tests (d) P=0.102N P=0.287N P=0.156N

Incidental Tumor Tests (d) P=0.050N P=0.287N P=0.100N

Cochran-Armitage Trend Test (d) P=0.008N

Fisher Exact Test (d) P=0.288N P=0.008N
Thyroid Gland: C-Cell Adenoma or Carcinoma

Overall Rates (a) 9/50(18%) /50 (14%) 1/50 (2%)

Adjusted Rates (b) 23.5% 18.4% 7.1%

Terminal Rates (c) 8/37(22%) 6/37 (16%) 1/14 (1%)

Week of First Observation 95 103 104

Life Table Tests (d) P=0.126N P=0.392N P=0.156N

Incidental Tumor Tests (d) P=0.065N P=0.392N P=0.100N

Cochran-Armitage Trend Test (d) P=0.009N

Fisher Exact Test (d) P=0.393N P=0.008N
Mammary Gland: Fibroadenoma

Overall Rates (a) 6/50 (12%) 10/50 (20%) 1/50 (2%)

Adjusted Rates (b) 16.2% 26.3% 2.4%

Terminal Rates (c) 6/37(16%) 9/37 (24%) 0/14 (0%)

Week of First Observation 104 102 62

Life Table Tests (d) P=0.462N P=0.204 P=0.297N

Incidental Tumor Tests (d) P=0.278N P=0.204 P=0.168N

Cochran-Armitage Trend Test (d) P=0.078N

Fisher Exact Test (d) P=0.207 P=0.056N
Uterus: Endometrial Stromal Polyp

Overall Rates (a) 9/50 (18%) 9/48 (19%) 5/50 (10%)

Adjusted Rates (b) 22.8% 25.0% 26.4%

Terminal Rates (c) 7137 (19%) 9/36 (25%) 3/14(21%)

Week of First Observation 86 105 72

Life Table Tests (d) P=0.358 P=0.580 P=0.431

Incidental Tumor Tests (d) P=0.508N P=0.566 P=0.469N

Cochran-Armitage Trend Test (d) P=0.167TN

Fisher Exact Test (d) P=0.565 P=0.194N
All Sites: Benign Tumors

Overall Rates (a) 31/50 (62%) 28/50 (56%) 17/50 (34%)

Adjusted Rates (b) 72.0% 66.6% 77.8%

Terminal Rates (c) 25/37 (68%) 23/37 (62%) 10/14(71%)

Week of First Observation 83 67 59

Life Table Tests (d) P=0.210 P=0.352N P=0.186

Incidental Tumor Tests (d) P=0.085N P=0.356N P=0.179N

Cochran-Armitage Trend Test (d) P=0.003N

Fisher Exact Test (d) P=0.342N P=0.005N
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TABLE B3. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY
OF MALONALDEHYDE, SODIUM SALT (Continued)

Vehicle Control 50 mg/kg 100 mg/kg

All Sites: Malignant Tumors

Overall Rates (a) 12/50 (24%) 16/50 (32%) 6/50 (12%)

Adjusted Rates (b) 26.2% 35.9% 29.2%

Terminal Rates (¢c) 5/37 (14%) 9/37 (24%) 2/14 (14%)

Week of First Observation 36 45 93

Life Table Testsa (d) P=0474 P=0.278 P=0.56TN

Incidental Tumor Tests (d) P=0.04IN P=0.241 P=0.048N

Cochran-Armitage Trend Test (d) P=0.094N

Fisher Exact Test (d) P=0,252 P=0.097N
All Sites: A}l Tumors

Overall Rates (a) 37/50 (74%) 37/50 (74%) 21/50 (42%)

Adjusted Rates (b) 78.6% 80.4% 856.3%

Terminal Rates (c) 2737 (13%) 28/37 (76%) 11/14(79%)

Week of First Observation 36 45 59

Life Table Tests (d) P=0.168 P=0.568N P=0.184

Incidental Tumor Tests (d) P=0.018N P=0.576 P=0.054N

Cochran-Armitage Trend Test (d) P<0.001N

Fisher Exact Test (d) P=0.580N P=0.002N

(a) Number of tumor-bearing animals/number of animals examined at the gite

(b) 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 tests.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 B4a. HISTORICAL INCIDENCE OF THYROID GLAND FOLLICULAR CELL TUMORS IN FEMALE
F344/N RATS (a)

Incidence in Controls

Study

Adenoma

Carcinoma

Adenoma or Carcinoma

Historical Incidence in Water Gavage Controls at Battelle Columbus Laboratories (b)

Chlorpheniramine maleate 0/47 0/47
Tetrakis(hydroxymethyl)phosphonium chloride 3/50 0/50
Tetrakis(thydroxymethyl)phosphonium sulfate 0/49 1/49
TOTAL 3/146 (2.1%) 1/146 (0.7%)
SD (¢ 3.46% 1.18%
Range (d)
High 3/50 1/49
Low 0/49 0/50

Overall Historical Incidence in Untreated Controls

TOTAL (e)13/1,952(0.7%) () 7/1,952 (0.4%)

SD(c) 1.11% 0.78%
Range (d)

High 2/42 1447

Low 0/50 0/86

0/47
3/50
1/49

4/146 (2.7%)
3.06%

3/50
0/47

(e, 20/1,952 (1.0%)
1.34%

2/42
0/50

(a) Data as of August 30, 1988, for studies of at 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 of 35 or more animals.
(e) Includes one papiilary adenoma, one cystadenoma, and one papillary cystadenoma
(f) Includes one papillary carcinoma and one papillary cystadenocarcinoma
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TABLE B4b. HISTORICAL INCIDENCE OF LEUKEMIA IN FEMALE F344/N RATS (a)

Study

Incidence in Controls

Historical Incidence in Water Gavage Controls at Battelle Columbus Laboratories (b)

Chlorpheniramine maleate
Tetrakis(hydroxymethyl)phosphonium chloride
Tetrakis(hydroxymethyl)phosphonium sulfate

TOTAL
SD (0)

Range (d)
High
Low

Overall Historical Incidence in Untreated Controls

TOTAL
SD (c)

Range (d)
High
Low

11/50
4/50
23/49

38/149 (26.5%)
19.72%

23/49
4/50

375/2,021 (18.6%)
6.65%

19/50
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

(d) Range and SD are presented for groups of 35 or more animals.
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TABLE B4c. HISTORICAL INCIDENCE OF PITUITARY GLAND TUMORS IN FEMALE F344/N RATS (a)

Incidence in Controls

Study Adenoma (b) Carcinoma (c)

Adenoma or Carcinoma (b,c)

Historical Incidence in Water Gavage Controls at Battelle Columbus Laboratories (d)

Chlorpheniramine maleate 24/48 1/48
Tetrakis(hydroxymethyl)phosphonium chloride 24/49 0/49
Tetrakis(thydroxymethyl)phosphonium sulfate 23/46 0/46
TOTAL T1/143 (49.7%) 1/143(0.7%)
SD (e) 0.59% 1.20%
Range (D
High 24/48 1/48
Low 24/49 0/49

Overall Historical Incidence

TOTAL 862/1,952(44.2%) T71/1,952(3.6%)

SD (e) 11.56% 3.97%
Range (f)

High 33/47 8/49

Low 7139 0/50

25/48
24/49
23/46

72/143(50.3%)
1.58%

25/48
24/49

931/1,952 (47.7%)

11.02%

33/47
9/39

{(a) Data as of August 30, 1988, 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

(f) Range and SD are presented for groups of 35 or more animals.
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TABLE B5. 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 50 50
ANIMALS NECROPSIED 50 50 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50
INTEGUMENTARY SYSTEM

*Skin (50) (50) (50)
Inflammation, NOS 1 (2%) t2 (4%) 1 2%)
Hyperplasia, NOS 1 2%

Acanthosis 1 2%) 1 (2%) 1 (2%)

*Subcutaneous tissue (50) (50) (50)
Epidermal inclusion cyst 2 (4%) 3 (6%)
Inflammation, acute/chronic 1 (2%)
Inflammation, chronic 1 (2%) 1 (2%)

RESPIRATORY SYSTEM

#Trachea 48) (49) 49)
Inflammation, acute 2 (4%)

Inflammation, acute/chronic 1 2%)

#Lung (50) (50) (50)
Vegetable foreign body 1 (2%)
Congestion, NOS 3 (6%) 4 (8%)
Hemorrhage 1 (2%)
Inflammation, NOS 6 (12%) 1 2%) T (14%)
Pneumonia, aspiration 2 4%)
Hyperplasia, alveoiar epithelium 2 (4%) 1 2%)

HEMATOPOIETIC SYSTEM

#Bone marrow 50) (50) (1)
Inflammation, granulomatous 1 (2%)

Atrophy, NOS 3 6%) 1 2%)
Hyperplasia, hematopoietic 2 (4%) 4 8%) 11 (22%)
Hyperplasia, granulacytic 1 (2%)

Hyperplasia, reticulum cell 6 (12%) 19 (38%) 7 (14%)

#Spleen (50) (50) (50)
Inflammation, granulomatous 1 (2%)
Hemosiderosis 7 (14%) 3 (6%) 1 (2%)
Depletion, lymphoid 2 (4%) 1 (2%)
Angiectasis 2 (4%)

Hematopoiesis 1 (2%) 2 (4%) 9 (18%)

#Splenic capsule (50) (60) (50)
Hematoma, NOS 2 (4%)

#Mandibular lymph node (43) (43) 39)
Inflammation, acute 2 (5%)
Inflammation, granulomatous 1 (2%)

#Mediastinal lymph node (43) (43) (39)
Inflammation, granulomatous 1 (2%)

#Mesenteric lymph node 43) 43) (39)
Dilatation/sinus 1 (2%) 3 (%)

Hemorrhage 1 (3%)

#Lung 50 (50) 50
Hematopoiesis 1 (2%)

#Thymus (38) 41) (34)
Ultimobranchial cyst 1 (3%)

Cyst, NOS 2 (5%) 1 (2%)
Hemorrhage 1 (2%)
Inflammation, acute 1 3%)
Fibrosis, focal 1 (3%)
Depletion, lymphoid 1 3%)
Hyperplasia, epithelial 1 3%
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TABLE BS5. 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
CIRCULATORY SYSTEM

#Heart (50) (50) (50)
Thrombosis, NOS 1 (2%)

Inflammation, acute/chronic 1 (2%)

#Heart/atrium (50) (50) (50)
Thrombosis, NOS 1 2%)

#Myocardium (50) 50) (50)
Degeneration, NOS 41 (82%) 38 (76%) 26 (52%)
Necrosis, coagulative 1 (2%)

#Jejunum (50) (48) (44)
Lymphangiectasis 1 (2%)

DIGESTIVE SYSTEM

#Salivary gland 50) (49) (48)
Edema, NOS 1 (2%)
Inflammation, chronic focal 2 (4%)

Focal cellular change 4 (8%) 3 (6%

Atrophy, NOS 1 (2%) 2 (4%)
Atrophy, focal 3 6%

Hyperplasia, NOS 1 (2%)

#Liver (50) (50 (50)
Abnormal curvature 2 (4%) 1 (2%) 2 (4%)
Hemorrhage, chronic 1 (2%)

Inflammation, acute 1 (2%)

Inflammation, acute/chronic 1 (2%)

Inflammation, granulomatous 3 (6%) 3 (6%)

Degeneration, cystic 5 (10%)
Degeneration, lipoid 1 €2%) 2 (4%)
Necrosis, coagulative 2 (4%) 2 (4%)

Cytoplasmic vacuolization 6 (12%) 6 (12%) 18 (36%)
Basophilic cyto change 36 (72%) 40 (80%) 43 (86%)
Focal cellular change 8 (16%) T (14%) 10 (20%)
Hyperplasia, nodular 2 (4%) 1 (2%)
Angiectasis 2 (4%)

#Bile duct (50) 50) (50)
Fibrosis 1 (2%) 1 (2%)
Hyperplasia, NOS 17 (34%) 15 (30%) 35 (70%)

#Pancreas (50) (50) (50)
Dilatation/ducts 2 (4%)

Edema, NOS 2 (4%)
Inflammation, acute focal 1 (2%)

#Pancrestic acinus (50) (50) (50)
Edema, NOS 1 (2%)
Cytoplasmic vacuolization 1 (2%) 1 (2%)
Focal cellular change 2 (4%)
Eosinophilic cyto change 1 (2%)
Atrophy, NOS 3 (6%) 1 (2%)

Atrophy, focal 8 (16%) 14 (28%) 12 (24%)
Atrophy, diffuse 5 (10%) 27 (54%) 42 (84%)
Hyperplasia, NOS 1 (2%) 1 (2%)

*Pharynx (50) (50) (50)
Inflammation, acute/chronic 1 (2%)

#Esophagus (50) 50) 50)
Dilatation, NOS 1 (2%)
Inflammation, acute necrotizing 1 (2%)
Inflammation, acute/chronic 1 (2%)

#Gastric fundal gland (50) (50) (50)
Hyperplasia, NOS 1 (2%) 5 (10%)

000544

115 Malonaldehyde, Sodium Salt, NTP TR 331



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 stomach (50) (50) (50)
Mineralization 1 (2%)

Inflammation, NOS 1 (2%) 2 (4%) 3 (6%)
Ulcer, NOS 1 (2%) 2 (4%) 19 (38%)
Inflammation, necrotizing 1 (2%) 9 (18%)

#Forestomach (50) (50) (50)
Inflammation, NOS 2 (4%)
Hyperplasia, epithelial 4 (8%) 5 (10%) 18 (36%)

#Duodenum (50) (48) (44)
Inflammation, acute/chronic 1 (2%)

#Jejunum (50) (48) (44)
Edema, NOS 1 (2%)
Inflammation, granulomatous 1 (2%)

#Colon 47 49) (45)
Parasitism 1 (2%) 3 (7%)

#Cecum 4mn (49) (45)
Edema, NOS 1 (2%)

URINARY SYSTEM

#Kidney (50) (50) (50)
Pyelonephritis, acute 1 (2%)
Nephropathy 38 (76%) 38 (76%) 48 (96%)

#Urinary bladder (49) (48) (49)
Edema, NOS 1 (2%)
Inflammation, NOS 1 (2%)

ENDOCRINE SYSTEM

#Pituitary intermedia (49) 49) (48)
Cyst, NOS 1 (2%)

#Anterior pituitary 49) (49) (48)
Cyst, NOS 1 (2%)
Colloid cyst 14 (29%) 7 (14%) 1 (2%)
Follicular cyst, NOS 1 (2%)
Clear cell change 1 (2%)
Hyperplasia, chromophobe cell 15 (31%) 16 (33%) 3 (6%)
Angiectasis 3 (6%) 5 (10%)

#Adrenal (50) (50) (50)
Congestion, NOS 1 2%) 4 (8%)
Necrosis, coagulative 1 (2%)

#Adrenal cortex (50) (50) (50)
Degeneration, lipoid 19 (38%) 20 (40%) 30 (60%)
Necrosis, NOS 1 (2%)

Necrosis, coagulative 1 (2%) 3 (6%)
Cytoplasmic vacuolization 5 (10%) 2 (4%) 2 (4%)
Eosinophilic cyto change 5 (10%) 10 (20%)

Hypertrophy, focal 5 (10%) 6 (12%) 1 (2%)
Hyperplasia, focal 12 (24%) 18 (36%) 14 (28%)
Angiectasis 1 (2%) 3 (6%) 4 (8%)

#Adrenal medulla (50) (50) (50)
Hyperplasia, focal 10 (20%) 14 (28%) 4 (8%)

#Thyroid (50) (50) (50)
Ultimobranchial cyst 1 (2%) 12 (24%)
Follicular cyst, NOS 4 (8%) 2 (4%) 2 (4%)
Focal cellular change 4 (8%)
Hyperplasia, C-cell 43 (86%) 44 (88%) 27 (54%)
Hyperplasia, follicular cell 10 (20%) 10 (20%) 26 (52%)

#Parathyroid (32) 42) (42)
Hyperplasia, NOS 6 (14%) 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)

Vehicle Control Low Dose High Dose
ENDOCRINE SYSTEM (Continued)
#Pancreatic islets (50) (50) (50)
Hyperplasia, focal 1 (2%)
REPRODUCTIVE SYSTEM
*Mammary gland 60) (50) (50)
Dilatation/ducts 1 2%) 1 2%) 1 (2%)
Hyperplasia, NOS 3 6%) 3 6%)
Hyperplasia, focal 1 (2%)
Hyperplasia, cystic 16 (32%) 24 (48%)
*Nipple (50) (50) (50)
Epidermal inclusion cyst 1 (2%) 3 (6%)
*Clitoral gland (50) (50) (50)
Impaction, NOS 1 (2%)
Inflammation, chronic 1 2%
Hyperplasia, NOS 1 (2%)
#Uterus 50 (48) (50)
Dilatation, NOS 3 6% 6 (13%)
#Uterus/endometrium (50) 48) (50)
Cyst, NOS 4 (8%) 4 (8%) 11 (22%)
Inflammation, acute 1 (2%) 2 (4%)
Inflammation, acute/chronic 1 (2%)
Hyperplasia, cystic 2 (4%) 4 (8%)
#Ovary/parovarian (50) (50) (50)
Inflammation, granulomatous 1 (2%)
#0vary (50) (50) (50)
Cyst, NOS 7 (14%) T (14%) 5 (10%)
Inflammation, acute 1 (2%)
Fibrosis 1 (2%)
NERVOUS SYSTEM
#Brain/meninges (50) (50) (50)
Inflammation, acute/chronic 1 (2%)
#Brain (50) (50) 50
Hydrocephalus, NOS 1 (2%)
Spongiosis 2 4%)
Hemorrhage 2 (4%) 2 (4%)
SPECIAL SENSE ORGANS
*Eye (50) (50) (50)
Collapse 1 (2%) 1 (2%)
Inflammation, NOS 1 (2%) 1 (2%) 3 (6%)
*Eye/cornea (50) (50) (50)
Inflammation, NOS 2 (4%) 2 (4%) 25 (50%)
*Eye/retina (50) (50) (50)
Atrophy, NOS 3 (6%) 31 (62%) 30 (60%)
*Eye/crystalline lens (50) (50) (50)
Cataract 4 (8%) 26 (52%) 31 (62%)
*Zymbal gland (50) (50 (50)
Impaction, NOS 1 2%
MUSCULOSKELETAL SYSTEM
*Femur (50) (50) (50)
Fibrous osteodystrophy 1 (2%)
*Skeletal muscle (50) (50) 50)
Inflammation, chronic focal 1 (2%)
117 Malonaldehyde, Sodium Salt, NTP TR 331
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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
BODY CAVITIES
*Mediastinum 50) (50) (50)
Inflammation, acute/chronic 1 (2%)
Inflammation, chronic 1 (2%)
Abscess, chronic 1 2%)
Granuloma, NOS 1 (2%)
*Pleural cavity 50) (50) (50)
Foreign material, NOS 1 (2%)
*Pleura (60) (50) (50)
Inflammation, acute fibrinous 1 (2%)
*Pericardium (50) (50) (50)
Hemorrhage 1 (2%)
Inflammation, acute/chronic 1 2%)
Granuloma, foreign body 1 (2%)
*Mesentery (50) (50) (50)
Inflammation, granulomatous 1 (2%)
Necrosis, fat 5 (10%) 5 (10%) 2 (4%)
ALL OTHER SYSTEMS
*Multiple organs (50) (50) (50)
Congestion, NOS 2 (4%) 3 (6%) 4 (8%)
Hemorrhage 1 (2%)
Inflammation, fibrinous 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 at 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 Dose High Dose
ANIMALS INITIALLY IN STUDY 50 50 50
ANIMALS NECROPSIED 50 50 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50
INTEGUMENTARY SYSTEM

*Skin (50) (50) (50)
Fibrosarcoma 1 (2%)

*Subcutaneous tissue (50) (50) (60)
Sarcoma, NOS 2 (4%) 4 (8%) 1 (2%)
Fibroma 2 (4%) 3 (6%)

Fibrosarcoma 8 (16%) 6 (12%) 3 (6%)
Neurofibrosarcoma 1 (2%) 1 (2%)
RESPIRATORY SYSTEM

#Lung “n (50) (49)
Hepatocellular carcinoma, metastatic 6 (13%) 2 4%) 2 (4%)
Alveolar/bronchiolar adenoma T (15%) 5 (10%) 4 (8%)
Alveolar/bronchiolar carcinoma 5 (11%) 1 (2%) 4 (8%)
Fibrosarcoma, metastatic 2 (4%) 2 (4%)

HEMATOPOIETIC SYSTEM

*Multiple organs (50) (560) (50)
Malignant lymphoma, NOS 1 2%) 1 (2%)
Malignant lymphoma, undiffer type 1 (2%) 1 (2%)
Malignant lymphoma, histiocytic type 2 (4%) 4 (8%) 1 (2%)
Malignant lymphoma, mixed type 1 (2%) 1 (2%)

#Kidney (50) 47 49)
Malignant lymphoma, NOS 1 (2%)

CIRCULATORY SYSTEM

*Multiple organs 50) (50) (50)
Hemangiosarcoma 1 (2%)

*Lower extremity (50) (50) (50)
Hemangiosarcoma 1 (2%)

#Spleen 47 (48) (50)
Hemangioma 1 (2%)

Hemangiosarcoma, metastatic 1 (2%)

#Heart 47 (50) (50)
Hemangioma 1 (2%)

#Liver (50) (49) (49)
Hemangiosarcoma 1 (2%)

DIGESTIVE SYSTEM

#Liver (50) 49) 49)
Hepatocellular adenoma 4 (8%) 6 (12%) 5 (10%)
Hepatocellular carcinoma 14 (28%) 15 (31%) 14 (29%)
Mixed hepatocellular and bile duct carcinoma 1 (2%)

Fibrosarcoma, metastatic 1 (2%)

#Pancreatic acinus (43) 43) (45)
Adenocarcinoma, NOS 1 (2%)

#Gastric fundal gland (44) (46) (39)
Adenomatous polyp, NOS 1 (2%)

#Forestomach “4) (46) (39)
Squamous cell carcinoma 1 (2%)
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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 (Continued) s,

Vehicle Control Low Dose High Dose

URINARY SYSTEM
None

ENDOCRINE SYSTEM

#Adrenal (44) 45) (46)
Pheochromocytoma 1 (2%)
#Adrenal medulla 44) (45) (46)
Pheochromocytoma 1 (2%)
#Thyroid (45) (48) (45)
Follicular cell adenoma 1 (2%) 1 (2%)
REPRODUCTIVE SYSTEM
#Prostate 42) “4) “n
Adenoma, NOS 1 (2%)
#Testis (45) (44) (44)
Interstitial cell tumor 1 (2%)
*Epididymis (50) 50) (50)
Leiomyoma 1 (2%)
NERVOUS SYSTEM
None
SPECIAL SENSE ORGANS
*Harderian gland (50) 80) (50)
Adenoma, NOS 3 (6%) 2 (4%) 1 2%)
Adenocarcinoma, NOS 1 (2%) .
MUSCULOSKELETAL SYSTEM
*Maxills (50) (50) 50
Sarcoma, NOS 1 (2%)
BODY CAVITIES
*Medisstinum 50 (50) 50)
Fibrosarcoma, metastatic 1 (2%)
ALL OTHER SYSTEMS
*Multiple organs (50) (50) (60)
Mixed hepato and bile duct carcinoma, meta 1 (2%)
Alveolar/ronchiolar carcinoma, metastatic 1 (2%) 1 (2%)
Sarcoma, NOS 1 (2%)
ANIMAL DISPOSITION SUMMARY
Animals initially in study 50 50 50
Natural death 16 22 25
Moribund sacrifice 8 T 11
Terminal sacrifice 23 19 14
Accidentially killed, nda 3 2
Malonaldehyde, Sodium Salt, NTP TR 331 122
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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 (Continued)

Vehicle Control Low Dose High Dose
TUMOR SUMMARY
Total animals with primary tumors** 39 37 31
Total primary tumors 58 56 41
Total animals with benign tumors 19 16 11
Total benign tumors 21 19 12
Total animals with malignant tumors 30 31 25
Total malignant tumors 37 37 29
Total animals with secondary tumors# # 9 4 5
Total secondary tumors 9 4 ki

® Number of animals receiving complete necropsy examinations; all gross lesions including masses examined microscopically.
** Primary tumors: all tumors except secondary tumors

# Number of animals examined microscopically at thissite

# # Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR GAVAGE
STUDY OF MALONALDEHYDE, SODIUM SALT: VEHICLE CONTROL
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: VEHICLE CONTROL

(Continued)
ANTMAL 0 0 0] 0 of o 0 o 0] O 0
NUMBER 4 0 0 o o 1 1 1] Y 1 20 2 21 3] 3 3] 3 3] 4 4] 4 4 5
8 1] 21 4 5 9 o 3 4 € 9 4 7 8 9] 1 3| 4| 8 if 3] 5 9 o
. TOTAL
WEEKS ON 01 1 I 1 0 0 If 17 . Y I I If I If I I T If I If 1 TISSUES
STUDY 0| 0! 0 o o o o 0 o 9 0’ OI o 0 0 ()I [ 0| 0 {TUMORS
3 4l 4 4 Al 4l 4 4 4 4| 4] 4 4 4] 4 4 4 4 4 4 4 4 4 4
INTEGUMENTARY SYSTEM
Skin N + + + + + + + + + N + + + + + + o+ + o+ + + *50
Fibrosarcoma X 1
Subcutaneous tissue N + + + + 4+ + + + + N + + + + o+ o+ o+ o+ o+ o+ 50
Sarcoma, NOS X 2
Fibroma X X 2
Fibrosarcoma X X 8
Neurofibrusarcoma 1
Lungs and broncb: D . T T T S e T A I T 4 + o+ + + o+ 47
Hepatocsllular carcinoma, metastatic X X X []
Alveolarfd brol d X X X X X X 7
Alveolar/bronchiolar ca X X X 5
Fibrosarcoma, metastatic 2
Trachea - - -~ + - - - 4+ - - - - + + + + - o+ o+ o+ 4+ 27
Bone marrow + O+ + 4+ =+ =+ o+ o+ o+ o+ o+ 4 48
Spleen R A R S S T P S P T R T T T T S T 47
Lymph nodes L e T T S I S S L T S T S S T S I 37
ymus L T T S S I S R S T T S TS R 25
CIRCULATORY SYSTEM
Heart L T T R R S S S I S R k2 T T . TN TR N I 47
Hemacgoma X 1
DIGESTIVE SYSTEM
Salivary gland L T T T T T T R R S T I N T T T R T R R 49
iver LR T ST T T S S S I T T T R R S T R T S R S 50
Hepatocsliuiar adenoma X X X 4
Hepatocellular carcinoma X X X X X X 14
1le duct L T T T T R T S S R T U T T R d S S 50
Gallbladder & common bile duct + + + NN N + # N + 4 + + + NN N + + + + + N + + *50
Pancreas + + + + 4+ = 4+ 4+ o+ o+ o+ 43
Adenocarcinoma, NOS 1
Esnplngun L P T T T T S S S S R S A T SR SR S S R 48
Stomac! L R T T T T T S SR R T RS S S S T T S 44
Small 1ntastine L - S T S T T SR R N N S S IS R T T T T 39
Large ntestine + + + ~ + + + + - + + £+ + + + + + o+ o+ o+ o+ o+ o+ o+ 4 43
URINARY SYSTEM — r
Kidney L R T T S S T T R S S I R S R I S T A 50
Unnary bladder L T S T T T T I T A T T R S R N 41
ERDOCRINE SYSTEM
Priturtary L I A T T A T T T T T T I T I I T R T A T 39
renal + + + + + + + + + = o+ F o+ - =+ 4+ o+ =+ o+ o+ o+ 44
Pheochromocytoma X 1
Thyroid + + + o+ =+ o+ o+ o+ o+ P+ o+ o+ o+ o+ 45
Parathyroud R T T T S R e ST S R 13
Mammary gland N NN NNNNNNNNNNINNNNNNNNNNNN *30
Testis P T N T R S T S T SR R TR R R 45
Intarstitial celi tumor X 1
Pros! + — + + =~ + 4+ o+ - o+ + o+ + o+ F -~ 4+ ot o+ O+t 42
Adenoma, NOS 1
Epididymis N NN NNNNNNNN N NN NNNN N N *30
tomyoma X 1
RERVOUS SYSTEM
Bramn L T T T T R S SR S S S S S - 48
ANS
Harderan gland N NN NNNNNNNNNNNNNNNIRNNNWRNNNN *50
Adenoma, NOS X X 3
MUSCULDSKELETAL SYSTEM
Bone N NN NNNNNNNNNNNNNNNNNNNNNN *50
Sarcoma, NOS 1
Multiple organs, NOS N NN NN NN NNNMNNNNM NMDNNNNNNNNNN *50
Alveolar/droachiolar carcinoma, meta 1
Malignant lymphoma, uadiffer type X 1
Malignant lymphoma, histiocytic type X 2
Malignant lymphoma, mixed type 1
¢ Amimals necropsied
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR GAVAGE
STUDY OF MALONALDHYDE, SODIUM SALT: LOW DOSE

m v 0 Ol 0 0 D 0 Ol Ol ) § Ol O O 0 Ol 0}
NUMBER o © 1 1 o 0 3 8 U 2 L
3| N 9o 4 3 8|
WEEKS ON
STUDY
INTECUMENTARY SYSTEM
Scbeutaneous tissue + + + N + + + + + + + + 4+ ¢+ + + + + NN + + + + +
Sarcoms, N X X X
Fibroma X
Fibrosarcoma X X
Lungy and bronch1 L R I TR R S S S S S S 8 PR R T T TR SR TR S S 3
Nal X
1. 1, N bl Ky
Abvsolaribronchuol x
Trachea + F + O+ F O -+ + -~ + F o+ o+
Bone marrow + + + + + + + + + + + - o+ F -+ o+ o+
§ leen + + + -+ o+ + + + = &+ + + + 4+ + + + 4 + + + + +
emangioma
_ll.{::h godes D T T T S S S . T T S S S S
us I T T R R N
CIHCULATORY SYSTEM
Heart PR R R I S T S R S T R SR T S R A
Sa'rvary gland + + + -~ + + + + + - 4+ + + + + o+ o+ o+ o+
Liver LR IR SR S R DT R B R TR TR S S R T T S S S TR S
Hepatocellular adenoma X X X
Hepatocellular carcinoma X p ¢ X X X X X X X X
Mized hepato/cholangrocarcinoma X
Bile duct + + + -~ o+ F o+ O+t
Galibladder & commos bile duct + NN NNNN + NN NN + N + + #+ NN + NN + + +
Pancreas + + + P = = E = - - - k-
Ewph:u: FIEE IR T I T T T T S S R R R T S T R
Stomac LR R I I I I T S I S S N B I S I I
mouz celf carcinoma X
gsomatous polyp, NOS
Small intestine L I T T T T S A A e TR T S
Large intestine + + 0+ o+ o+ - -+ + + + + + + + + + -
Kidoey L I L . T T S S S S S SR TR S T I +
Unaary bladder LI IR R I R R S I S T N I B R N R e
Pituitary EIEE R R TR TR S I IR R L T T R T T T SRS S S
Adrunal LN I I TR T T S I T I SR T T T . TR S R T I
Thyreud + + + o+t~ o+ o+ + o+ -+ o+ o+
Follwcular cell adenoms
Parathyroid — = = .~ 4+ -+ -+t + -+ + - - = -+ o+ + -+ -
Mammary gland N NN NNNNNNNNNNNNNNNN 4+ NNNNN
Testis PR T S A T T O S S O T TR I S R I
Prostate EE I T T B TR T I R S SR T T IR T T T S
NERVOUS SYSTEM
Bran EEE T T T I S IR S R T I S T I R SRR TR S R R
Hardenan gland N NNNNNNNNDNNNNNNNNNNNNNNNNN
Adenoma, NOS
Adenocarainoma, NOS
ALL OTHER SYSTEMS
Moultiple organs, NOS N NN NNNNNNNNNNNNNDNNNNNNNNNN
Mixed hepato/chclangro carcinoma, metastatic X
Sarcoma, NOS X
::p‘unt !ymplllom. Nos X x
M‘h;;lnt l;mahom. mxed ;yp.
Lower extremity, NOS
Hemangwsarcoma
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: LOW DOSE

(Continued)
—ANIMAL 0) o o
NUMBER 4 ! i y 13 y 2 9 3| 8| 3 3 3| 4] 4 4 4 4
4 1 8| 4 8 6 2 38 4 4] 5 8| 1| 7 8
TOTAL
WEEKS ON I 1 1§ 1 1] I 1T 0 I I 17 1T IT T I I Ij T TISSUES
STUDY o 0 L Qo 0 0 [} TUMORS
7 3| 4 4 4 4] 4 4 4 4| 4 4 4] 4] 4 4 4
INTECUMERTARY SYSTEN
Subeutansous tissus LIEE T TR R T I TS T SR R 2R T R R L O T . *50
Sarcoma, X 4
Fibroma X 3
Fibrosarcoma X X X X 8
RESPIRKTORY SYSTEH
Lungs and bronch1 + O+ o+ o+ o+ o+ P T T T T S R S + O+ + o+ 4+ 50
A Mol x 2
Al ol ad X x X x H
Alvasle rthranchial x 1
Trachea L R I T R T T T T T SR S T S + o+ o+ o+ o+ 48
Bone marrow LR I I K I S R IR D I B IR I R I S A R I T T T 47
leen T T T T S R S TR S S S N + + + o+ 48
Hemangoma X 1
H X 1
":‘-{"‘"' nodes EREE T S T T ST ST S TR S T R S SR S R 37
ymus P N T S Tk T T R T S S R S S A 30
Heart LI A A I T R R B I S N I S L D S R T S 50
Salivary glaand LR IR IR T T T T T I S R T I N B I S T S S T T S S 48
Liver P S TR T T T T R S S S R L Tk TR SR R R S S 49
Hepatocsllular adenoma X X X [
Hepetocellular carainoma X X X X X 15
Mised b holang 1
Bile duct L T T D T T T N T TR T I T S T S S 2 49
Galibledder & common bile duct + + + + + + + + + + + + N + + + + + + + ¢+ N + + 1 *50
Pancreas PR SR e T T T SR R S T T 43
LI N T S R T TR S T S R S SRR S I S 50
Stor LR I I A T T T R T I T S B B I S AR T T T S B 46
m-nou coll carcinomsa 1
nomatous polyp, NOS X 1
Small 1atestine PR R IR T T T R T R L R T S S I SR R R R R TR T 3 44
Large intestine + + + + + o+ o+ o+ + + o+ o+ + + 47
Kudne: + + O+ o+ + + + + + + + 47
Unnary bladder LR R T R T D R I T T T S S S SR R T T R 48
Piuitary LR T R I B R T S T ST N T TN S T N S 40
Adrensl LR R R R I IR IR R kT T T T T I R T S S 45
Thyrod LN TR TR TR T SR IR IR R T S S TR T TR T S N 48
Follicular cell adenoma X 1
Parsthyrod EEE T R A i T T T S R ST TR S S R R T 31
Mammary gland N + N N N NNN N NN NNNNNN N NN NN *50
Tastis LR I I B T R I T B T T S N T T T ST B I I I 44
rostal -+ + o+ o+ o+ - + + 0+ + - 4+ + + + o+ 44
Bran LN R I R I T T BT TR T I S R S B IR S I I T B 48
SPECTAL SENSE ORUANS
Hsrderan gland N NN NNNNNNNNNNNNNNNNNNNNN *50
Adenoma, NOS X X 2
Adenocarainoma, NOS X L
Muttiple organs, NOS N NN NNNNNNNNNNNNNNNNNNNNNN *50
Mixzed hepato/cholangio carcinoma, meta 1
Sarcoma, N 1
Malignsat lymphoms, NOS 1
Malignant lymphoma, histwcytic typs h.¢ X X 4
Malignant lymphoma, mixed type X L
Lower extremity, NOS
Hemangiosarcoma b.¢ 1

* Animals necropsied
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR GAVAGE
STUDY OF MALONALDEHYDE, SODIUM SALT: HIGH DOSE R,

ANTHMAY
NUMBER

WEEKS ON
STUDY
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TABLE C3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: HIGH DOSE

(Continued)
ARIMAY, 0 []
NUMBER g :
TOTAL:
WEEKS ON I 17 I U I I I 1 T I I I I T |TISSUES
STUDY 9 9 9 0 ol ol 2' (1 0 |TUMORS
8 ¢ 4 5 5 5 1 2 4 4 4 4 4 4 4 4 4 4 4 4 4
Subcutansoug tussne L R R T T R T SR TR T TR T TR R SR S R S *30
Sarcoma, NOS X 1
Fibrosarcoma 3
Neurcfibrosarcoma X 1
Luags ,nd hn:nehx + + + LR S T T T R S N I B R G G S T S 49
Hupatocailular carcinos 2
Alveals rAvanchial x )
Fibrosarcoma, metastatic 2
Trachea + =+ + + =+ + - =+ o+ + o+ o+ o+ o+ o+ + + 40
HINZXTOPOIETIC SYSTER
Bone marrow -+ + + F -+t E -t 4+ 45
Spleen + + + + F + F Y+ 30
%{myh nodes L T T S R I T T IR S S T T T T S 41
ymus T R R T T T T S B S S 17
CIRCULATORY SYSTEM
Heart + + + + o+ o+ o+ F O+ 50
Salivary gland LR R TR I S R e R T B S R S T S T + 49
Liver LR SRR T R T T T P T S T S S I T R R T T 49
Hepatoesliular adenoma X X X X X 5
Hepatoceliular eareinoms X b ¢ X X 14
Fibrossrcoma, metastatic 1
Hamangposarcoma X 1
Bile duct + + + + F o+t FE P Y+ 49
Gallbladder & common Mle duct N + + + + + + N + + N + + 4+ + N + + NN + + + + + *50
Pazncreas + + + + + o+ o+ o+ 4 45
Esop! + + + + o+ F o+ - F P F 4 48
Stes + + + + o+ P+ FFFE L4 39
Small intestine + o+ + F o+ F - E FEE R E O E - ot 4+ )
Large 1ntestine + + + F F o+ E O E O E E O~ Y+ 42
Kidaey + 4+ 4+ + 0+ + + + + + 4+ + + + + + 4+ 49
Mdmntdlx‘mphamt, NOS 1
Unnary bladder + 41
ENDOCHIRE SYSTEM
Prtwitary L T IR R R S ST T TR I S S LT S S S R R A 39
Adrenal LN S IR R T I S T R T S B R T TR TR R T SR S N 46
Pheochromocytoma X 1
Tl;ymd LI TN S S T R S T N T T T I T T T S N I I 45
ollicular cell adenoms X 1
Paratkyrod A I R e T A I S S I N e A T I S 21
Mammary gland N NN NNNNNN 4+ NNNNNN N NN NNNN *50
Teatis DT I B S R T G 2 T T R T T B R S G 44
Prostats LN I S R N T T ST T ST T T SR T S T T S S 47
NERVOUS BYSTEN
Bramn LR R R R T TR S I T R I . T S S S S 48
Harderan gland N NN NNNNNNNNNNNNNNNNNNNNNN 50
Adenoms, NOS X 1
Medrastinum N NN NNNNNNNNNNNNNNNNNNNNNN *50
Fibrosarcoma, metastatic 1
Multiple orguns, NOS N NN NNNNNNNNNNNNNNNNNWNNNNN *50
Alveolaribronchiolar careinomas, metast X 1
Hsmangosarcoms b 4 1
Malignant lymphoma, NOS 1
Mahgnant lymphoma, undiffer type X 1
M lymph Insticcytic type X 1
* Anmaly secropmed
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TABLE C3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY OF
MALONALDEHYDE, SODIUM SALT

Vehicle Control 60 mg/kg 120 mg/kg

Subcutaneous Tissue: Fibroma

Overall Rates (a) 2/50 (4%) 3/50 (6%) 0/50 (0%)

Adjusted Rates (b) 8.3% 12.6% 0.0%

Terminal Rates (c) 2/24(8%) 220 (10%) 0/14 (0%)

Week of First Observation 104 91

Life Table Tests (d) P=0.333N P=0.428 P=0.362N

Incidental Tumor Tests (d) P=0.268N P=0.433 P=0.362N

Cochran-Armitage Trend Test (d) P=0.202N

Figher Exact Test (d) P=0.500 P=0.247N
Subcutaneous Tissue: Fibrosarcoma

Overall Rates (a) 8/50 (16%) 6/50 (12%) 3/50 (6%)

Adjusted Rates (b) 25.0% 24.8% 11.8%

Terminal Rates (c) 2/24 (8%) 4720 (20%) 1/14(7%)

Week of First Observation 93 61 80

Life Table Tests (d) P=0.260N P=0.527N P=0307N

Incidental Tumor Tests (d) P=0.096N P=0.417N P=0.094N

Cochran-Armitage Trend Test (d) P=0.078N

Fisher Exact Test (d) P=0.387TN P=0.100N
Subcutaneous Tissue: Fibroma or Fibrosarcoma

Overall Rates (a) 10/50 (20%) 8/50 (16%) 3/50(6%)

Adjusted Rates (b) 31.9% 31.5% 11.8%

Terminal Rates (c) 4/24 (17%) 5/20 (25%) 1/14 (7%)

Week of First Observation 93 61 80

Life Table Tests (d) P=0.160N P=0.5564N P=0.184N

Incidental Tumor Tests (d) P=0.044N P=0.454N P=0.047N

Cochran-Armitage Trend Test(d) P=0.031IN

Fisher Exact Test (d) P=0.398N P=0.036N
Integumentary System: Fibrosarcoma

Overall Rates (a) 9/50 (18%) 6/50 (12%) 3/50 (6%)

Adjusted Rates (b) 28.5% 24.8% 11.8%

Terminal Rates (c) 3/24 (13%) 4720 (20%) 1/14(7%)

Week of First Observation 93 61 80

Life Table Tests (d) P=0.189N P=0.429N P=0.239N

Incidental Tumeor Tests (d) P=0.063N P=0.320N P=0.067TN

Cochran-Armitage Trend Test (d) P=0.045N

Fisher Exact Test (d) P=0.288N P=0.061N
Integumentary System: Fibroma or Fibrosarcoma

Overall Rates (a) 11/50(22%) 8/50(16%) 3/50 (6%)

Adjusted Rates (b) 35.3% 31.5% 11.8%

Terminal Rates (c) 5/24 (21%) 5/20 (26%) 1714 (T%)

Week of First Observation 93 61 80

Life Table Tests (d) P=0.113N P=0.464N P=0.139N

Incidental Tumor Tests (d) P=0.028N P=0.364N P=0.033N

Cochran-Armitage Trend Test (d) P=0.017N

Fisher Exact Test (d) P=0.306N P=0.020N
Integumentary System: Sarcoma, Fibrosarcoma, or Neurofibrosarcoma

Overall Rates (a) 12/50 (24%) 10/50 (20%) 5/50 (10%)

Adjusted Rates (b) 35.1% 34.9% 20.2%

Terminal Rates (c) 4/24 (17%) 4/20 (20%) 1/14 (7%)

Week of First Observation 81 61 80

Life Table Tests (d) P=0.227N P=0.569N P=0.252N

Incidental Tumeor Tests (d) P=0.035N P=0.449N P=0.042N

Cochran-Armitage Trend Test (d) P=0.045N

Fisher Exact Test (d) P=0.405N P=0.054N
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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 mg/kg 120 mg/kg

Integumentary System: Fibroma, Sarcoma, Fibrosarcoma, or Neurofibrosarcoma

Overall Rates (a) 14/50(28%) 11/50(22%) 5/50 (10%)

Adjusted Rates (b) 41.6% 38.9% 20.2%

Terminal Rates (c) 6/24 (25%) 8/20 (25%) 1/14(71%)

Week of First Observation 81 61 80

Life Table Tests (d) P=0.14IN P=0.504N P=0.1568N

Incidental Tumeor Tests (d) P=0.017TN P=(.385N P=0.021N

Cochran-Armitage Trend Test (d) P=0.017TN

Fisher Exact Test (d) P=0322N P=0.020N
Lung: Alveolar/Bronchiolar Adenoma

Overall Rates (a) 7/47 (16%) 5/50 (10%) 4/49 (8%)

Adjusted Rates (b) 28.8% 20.7% 19.6%

Terminal Rates (c) 6/22(27%) 3/20(15%) 2/14(14%)

Week of First Observation 58 81 70

Life Table Tests (d) P=0.412N P=0451N P=0.486N

Incidental Tumor Tests (d) P=0.260N P=0.393N P=0.381IN

Cochran-Armitage Trend Test (d) P=0.187N

Fisher Exact Test (d) P=0.336N P=0.238N
Lung: Alveolar/Bronchiolar Carcinoma

Overall Rates (a) 5/47 (11%) 1/50 (2%) 4/49 (8%)

Adjusted Rates (b) 18.2% 5.0% 23.4%

Terminal Rates(c) 37122 (14%) 1720 (5%) 2/14 (14%)

Week of First Observation 9 104 95

Life Table Testa (d) P=0.516 P=0.131IN P=0.507

Incidental Tumor Tests (d) P=0.514N P=0.116N P=0.607TN

Cochran-Armitage Trend Test (d) P=0.398N

Fisher Exact Test(d) P=0.088N P=0473N
Lung: Alveolar/Bronchiolar Adenoma or Carcinoma

Overall Rates (a) 10/47 (21%) 5/50 (10%) 8/49 (16%)

Adjusted Rates (b) 36.8% 20.7% 40.1%

Terminal Rates(c) /22 (32%) 3/20 (15%) 4/14(29%)

Week of First Observation 58 81 70

Life Table Testa (d) P=0.485 P=0.184N P=0.457

Incidental Tumor Tests (d) P=0.446N P=0.137N P=0.546N

Cochran-Armitage Trend Test (d) P=0.306N

Figher Exact Test (d) P=0.106N P=0.360N
Hematopoietic System: Malignant Lymphoma, Histiocytic Type

Overall Rates (a) 2/50 (4%) 4/50 (8%) 1/50 (2%)

Adjusted Rates (b) 6.8% 18.1% 4.0%

Terminal Rates(c) 0/24 (0%) 3/20 (15%) 0/14(0%)

Week of First Observation 96 97 93

Life Table Tests (d) P=0.563 P=0.261 P=0.681N

Incidental Tumor Tests (d) P=(.503N P=0.296 P=0.500N

Cochran-Armitage Trend Test (d) P=(0.406N

Figher Exact Test (d) P=0.339 P=0.500N
Hematopoietic System: Lymphoma, All Malignant

Overall Rates (a) 4/50 (8%) 6/50 (12%) 4/50 (8%)

Adjusted Rates (b) 12.9% 25.1% 16.5%

Terminal Rates (c) 1/24 (4%) 4/20 (20%) 1/14 (7%)

Week of First Observation 86 90 86

Life Table Tests (d) P=0.338 P=0.281 P=0.464

Incidental Tumor Tests (d) P=0.562N P=0.315 P=0.569N

Cochran-Armitage Trend Test (d) P=0.568

Fisher Exact Test (d) P=0.370 P=0.643
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TABLE C3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY OF
MALONALDEHYDE, SODIUM SALT (Continued)

i

Vehicle Control 60 mg/kg 120 mg/kg

Liver: Hepatocellular Adenoma

Overall Rates (a) 4/50 (8%) 6/49 (12%) 5/49 (10%)

Adjusted Rates (b) 14.5% 20.9% 35.7%

Terminal Rates (c) 3/24 (13%) 2/20 (10%) 5/14 (36%)

Week of First Observation 79 44 104

Life Table Tests (d) P=0.196 P=0.287 P=0.214

Incidental Tumor Tests (d) P=0.225 P=0.333 P=0.250

Cochran-Armitage Trend Test (d) P=0.421

Fisher Exact Test (d) P=0.357 P=0.487
Liver: Hepatocellular Carcinoma

Overall Rates (a) 14/50 (28%) 15/49 (31%) 14/49 (29%)

Adjusted Rates (b) 40.5% 42.7% 49.5%

Terminal Rates (¢) 6/24 (25%) 5/20 (25%) 5/14 (36%)

Week of First Observation 62 17 65

Life Table Tests (d) P=0.260 P=0.350 P=0.264

Incidental Tumor Tests (d) P=0.404N P=0.513 P=0.490N

Cochran-Armitage Trend Test (d) P=0.518

Fisher Exact Test (d) P=0.474 P=0.563
Liver: Hepatocellular Adenoma or Carcinoma

Overall Rates (a) 17/50 (34%) 21/49 (43%) 17/49 (35%)

Adjusted Rates (b) 48.3% 56.4% 66.3%

Terminal Rates (c) 8/24 (33%) 7120 (35%) 8/14 (57%)

Week of First Observation 62 17 65

Life Table Tests (d) P=0.194 P=0.163 P=0.195

Incidental Tumor Tests (d) P=0.506N P=0.263 P=0.57TN

Cochran-Armitage Trend Test (d) P=0.511

Fisher Exact Test (d) P=0.242 P=0.555
Harderian Gland: Adenoma -

Overall Rates (a) 3/50(6%) 2/50 (4%) 1/50 (2%)

Adjusted Rates (b) 11.5% 10.0% 71%

Terminal Rates (c) 224 (8%) 2/20 (10%) 1714 (1%)

Week of First Observation 100 104 104

Life Table Tests (d) P=0.405N P=0.584N P=0.517N

Incidental Tumor Tests (d) P=0.368N P=0.56TN P=0.456N

Cochran-Armitage Trend Test (d) P=0.222N

Fisher Exact Test (d) P=0.500N P=0.309N
Harderian Gland: Adenoma or Adenocarcinoma

Overall Rates (a) 3/50 (6%) 3/50 (6%) 1/50 (2%)

Adjusted Rates (b) 11.5% 15.0% 7.1%

Terminal Rates (c) 2/24 (8%) 3720 (15%) 1/14 (7%)

Week of First Observation 100 104 104

Life Table Tests (d) P=0.445N P=0.576 P=0.517N

Incidental Tumor Tests (d) P=0.409N P=0.592 P=0.456N

Cochran-Armitage Trend Test (d) P=0.238N

Fisher Exact Test (d) P=0.661 P=0.309N
All Sites: Benign Tumors

Overall Rates (a) 19/50 (38%) 16/50 (32%) 11/50 (22%)

Adjusted Rates (b) 66.4% 56.2% 62.5%

Terminal Rates (c) 15/24 (63%) 9720 (45%) 8/14 (57%)

Week of First Observation 58 4 70

Life Table Tests (d) P=0.418N P=0.568N P=0.491N

Incidental Tumor Tests (d) P=0.223N P=0.472N P=0.303N

Cochran-Armitage Trend Test (d) P=0.052N

Fisher Exact Test (d) P=0.338N P=0.063N
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MALONALDEHYDE, SODIUM SALT (Continued)

TABLE C3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY OF

Vehicle Control 60 mg/kg 120 mg/kg

All Sites: Malignant Tumors

Overall Rates (a) 30/50 (60%) 31/50 (62%) 25/50 (50%)

Adjusted Rates (b) 69.2% 79.6% 76.3%

Terminal Rates (c) 11724 (46%) 13720 (65%) 8/14(57%)

Week of First Observation 62 17 65

Life Table Tests (d) P=0.279 P=0.256 P=0312

Incidental Tumor Tests (d) P=0.094N P=0.441 P=0.112N

Cochran-Armitage Trend Test (d) P=0.181N

Fisher Exact Test (d) P=0.500 P=0.211IN
All Sites: All Tumors

Overall Rates (a) 39/50 (78%) 37/50(74%) 31/50 (62%)

Adjusted Rates (b) 88.4% 91.8% 92.8%

Terminal Rates (c) 19724 (79%) 17720 (85%) 12/14(86%)

Week of First Observation 58 17 65

Life Table Tests (d) P=0.273 P=0.344 P=0.289

Incidental Tumor Tests (d) P=0.061N P=0.527TN P=0.066N

Cochran-Armitage Trend Test (d) P=0.048N

Fisher Exact Test (d) P=0.408N P=0.063N

(a) Number of tumor-bearing animalg/number of animals examined at the site

(b) 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 tests 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 C4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE
TWO-YEAR GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT

Vehicle Control Low Dose High Dose
ANIMALS INITIALLY IN STUDY 50 50 50
ANIMALS NECROPSIED 50 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50
INTEGUMENTARY SYSTEM

*Skin (50 (50) (50)

Mineralization 1 (2%)

Dilatation, NOS 1 (2%)

Ulcer, NOS 1 (2%)
Lymphocytic inflammatory infiltrate 1 (2%)

Abscess, NOS 2 (4%) 1 (2%)

Inflammation, acute/chronic 3 (6%) 3 (6%) 1 (2%)
Ulcer, chronic 1 (2%) 5 (10%) 3 (6%)
Inflammation, chronic focal 2 (4%)
Inflammation, chronic diffuse 1 (2%)

Inflammation, chronic suppurative 2 4%
Abscess, chronic 1 (2%) 1 (2%) 2 (4%)
Inflammation with fibrosis 4 (8%)

Fibrosis 1 (2%)

Fibrosis, focal 4 (8%) 2 (4%) 1 (2%)
Fibrosis, diffuse 3 (6%) 6 (12%) 3 6%)
Pigmentation, NOS 1 (2%) 31 (62%)
Atrophy, focal 1 (2%)

Atrophy, diffuse 1 (2%)
Hyperplasis, focal 2 (4%) 1 (2%) 1 (2%)
Hyperplasia, adenomatous 1 (2%)

Acanthosis 1 (2%) 2 (4%) 2 (4%)
Metaplasia, osseous 1 (2%)

*Subcutaneous tissue (50) (50) (50)
Foreign body, NOS 1 (2%)

Inflammation, acute suppurative 1 (2%)
Inflammation, acute/chronic 3 (6%)
Inflammation, chronic suppurative 1 (2%)

RESPIRATORY SYSTEM

#Trachea 27) (48) (40)
Inflammation, acute focal 1 (4%

#Tracheal gland 27 (48) (40)
Hyperplasia, focal 1 (3%
Dysplasia, NOS 1 (4%)

#Lung/bronchiole 47 (50) (49)
Vegetable foreign body 1 (2%)

#Lung “n (50) 49)
Aspiration, foreign body 1 2%)

Atelectasis 1 (2%) 1 (2%)
Congestion, acute 6 (13%) 13 (26%) 9 (18%)
Hemorrhage 4 (9%) T (14%) 4 (8%)
Inflammation, interstitial 1 (2%) 4 (8%) 2 (4%)
Inflammation, acute focal 1 (2%)
Inflammation, acute/chronic 1 (2%)
Fibrosis, focal 1 2%)
Foreign material, NOS 1 (2%)
Alveolar macrophages 1 (2%)
Hyperplasia, focal 1 (2%)
Hyperplasia, alveolar epithelium 1 (2%)
Histiocytosis 2 (4%)

#Lung/alveoli 4n (50) (49)
Hemorrhage 1 (2%

Inflammation, interstitial 1 (2%)
Histiocytosis 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
HEMATOPOIETIC SYSTEM
*Multiple organs (50) (50) (1))
Hematopoiesis 1 (2%)
*Mediastinum (50) (50) (1))
Hematopoiesis 1 (2%)
*Blood (50) (80) (80)
Leukocytosis, neutrophilic 1 (2%) 1 (2%)
#Bone marrow (48) (Y] (45)
Congestion, NOS 1 (2%)
Congestion, acute 4 (8%) 6 (13%) 8 (18%)
Hemorrhage 1 (2%)
Abscess, NOS 1 (2%)
Necrosis, focal 1 (2%)
Hypoplasia, NOS 2 (4%) 1 (2%)
Hyperplasia, diffuse T (15%) 5 (11%) 11 (24%)
Hyperplasia, erythroid 1 (2%)
Hyperplasia, granulocytic 5 (10%) 17 (36%) 6 (13%)
#Spleen ((Y)) (48) (50)
Depletion, lymphoid 1 (2%) 1 (2%) 1 (2%)
Hypoplasia, lymphoid 1 (2%)
#Splenic follicles “n “48) (50)
Necrosis, focal 1 2%)
Atrophy, diffuse T (15%) 4 (8%) 3 (6%)
Hyperplasia, diffuse 1 (2%) 1 (2%)
Hyperplasia, lymphoid 2 (4%) 1 (2%) 2 %)
Hypoplasia, lymphoid 1 (2%) 1 (2%) 2 (4%)
#Splenic red pulp 47 (48) (50)
Congestion, acute 1 (2%) 1 (2%)
Hematopoiesis 19 (40%) 20- (42%) 18 (36%)
#Lymph node @7 (&3] (41)
Congestion, acute 2 (%)
Hemorrhage 1 (3%) 4 (11%) 4 (10%)
Hyperplasia, reticulum cell 1 (3%) 2 %)
Hyperplasia, lymphoid 1 (3%)
Hematopoiesis 1 (3%) 1 (3%) 1 (2%)
Hypoplasia, lymphoid 1 (2%)
#Mandibular lymph node @n @7 41)
Hemorrhage 1 3%) 1 3%) 1 (2%)
Depletion, lymphoid 1 (2%)
Hyperplasia, reticulum cell 2 (5%)
Mastocytosis 1 (3%)
Hypoplasia, lymphoid 1 (3%)
#Tracheal lymph node @n @n 41)
Hemorrhage 1 (3%)
#Mediastinal lymph node @n @D 4n
Histiocytosis 1 (2%)
#Mesenteric lymph node 37) (37) (41)
Edema, NOS 1 (2%)
Hemorrhage 6 (16%) 3 (8%) T (17%)
Necrosis, focal 1 (2%)
Histiocytosis 1 (3%)
Hyperplasia, reticulum cell 1 (3%)
Hyperplasia, lymphoid 1 (3%) 2 (5%)
Hematopoiesis 1 3%) 1 (3%)
Hypoplasia, lymphoid 1 (2%)
#Renal lymph node 37 37 “1)
Necrosis, focal 1 (2%)
Hyperplasia, lymphoid 1 (2%)
#Inguinal lymph node 3D an 40
Inflammation, chronic focal 1 (2%)

000564
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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
HEMATOPOIETIC SYSTEM (Continued)

#Lung “n (50) (49)
Leukocytosis, NOS 2 (4%)

#Alveolar wall “n (50) (49)
Leukocytosis, neutrophilic 1 (2%)

#Liver (50) 49) (49)
Leukocytosis, neutrophilic 1 (2%)
Hematopoiesis 4 (8%) 7 (14%)

#Hepatic sinusoid (50) 49) (49)
Hematopoiesis 1 (2%)

#Small intestine 39) 44) (38)
Hyperplasia, lymphoid 1 (3%)

#Thymus (25) 30) an
Congestion, acute 1 (3%)

Hemorrhage 1 (4%)
Inflammation, active chronic 1 (4%)
Atrophy, diffuse 2 (12%)

#Thymic cortex (25) (30) an
Necrosis, NOS 1 (3%)

#Thymic lymphocytes (25) 30) amn
Degeneration, NOS 1 (4%)

Necrosis, NOS 1 (3%)
Necrosis, diffuse 1 (6%)
CIRCULATORY SYSTEM

#Heart 47 50 (50)
Inflammation, acute/chronic 2 (4%)

#Heart/atrium ()] (50) (50)
Thrombosis, NOS 1 (2%)

Thrombus, organized 1 (2%)

#Heart/ventricle 47) 50) (50)
Mineralization 1 (2%)

Histiocytosis 1 Q%)

#Myocardium “an (50) (50)
Inflammation, acute/chronic 1 2%)
Degeneration, NOS 1 (2%)

Atrophy, focal 1 (2%)

*Renal vein (50) (50) (50)
Inflammation with fibrosis 1 (2%)

#Prostate (42) (44) an
Thrombus, organized 1 (2%)

DIGESTIVE SYSTEM

#Salivary gland (49) (48) (49)
Atrophy, focal 5 (10%) 1 2%)
Atrophy, diffuse 3 (6%) 1 2%)

#Liver 50 (49) 49)
Congestion, acute 1 2%)

Congestion, chronic 1 (2%)
Hemorrhage 1 (2%)

Inflammation, acute focal 1 (2%)
Inflammation, granulomatous focal 1 (2%)
Inflammation with fibrosis 2 (4%)

Necrosis, focal 1 (2%) 2 (4%)

Necrosis, coagulative 3 (6%) 2 (4%) 1 2%)
Necrosis, ischemic 1 (2%)
Focal cellular change 3 (6%)
Angiectasis 1 (2%)

#Liver/centrilobular (50) (49) (49)
Degeneration, NOS 1 2%)
Cytoplasmic vacuolization 2 (4%)
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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

DIGESTIVE SYSTEM (Continued)
#Liver/hepatacytes
Degeneration, lipoid
Necrosis, focal
Focal cellular change
Atrophy, focal
Atrophy, diffuse
Hyperplasia, focal
*Gallbladder
Cyst, NOS
#Bile duct
Dilatation, NOS
Hyperplasia, cystic
#Pancreas
Multiple cysts
Hemorrhage, chronic
Inflammation, suppurative
Inflammation, chronic focal
Necrosis, ischemic
Necrosis, fat
Histiocytosis
#Pancreatic acinus
Necrosis, focal
Focal cellular change
Atrophy, focal
Atrophy, diffuse
*Esophageal lumen
Hemorrhage
#Esophagus
Lacerated wound
#Periesophageal tissue
Inflammation, active chronic
#Stomach
Inflammation, suppurative
Ulcer, acute
Inflammation, acute/chronic

Inflammation, pyogranulomatous

Hyperkeratosis
Acanthosis

#Gastric mucosa
Ulcer, acute

#Gastric fundal gland
Metaplasia, NOS
Metaplasia, squamous

#Cardiac stomach
Hyperkeratosis
Acanthosis

#Small intestine
Inflammation, acute necrotizing
Histiocytosis

#Small intestine/mucous membrane

Atrophy, focal
Atrophy, diffuse
#Intestinal villus
Atrophy, NOS
Atrophy, diffuse

(60)

(50)
(50)
1

A
a8

43)
1

(50)
1
(48)

(2%)

(2%)
(2%)

(2%)
(2%)

(2%)
(2%)

(2%)
(12%)

(2%)

2 (4%)

48)
1
44)

44)

1
44)
“dH
(39)

1
39

39

2%)

%)
(2%)

(2%)

(3%)

137

49)

1
50)
(49)

43)

(43)

18
(50)
(50)

1
50)
(46)

(46)
46)

46)
1
1
44)
“4)
1

(44)

(2%)

(1%)
42%)

(2%)

(2%)
(2%)
2%)

%)
(2%)

2%)
2%)

(2%)
(5%)

49)

- gt s o

(50)
49)

(45)

39
a9)

(39)
(a8)
(38)

1

(38)
1

(2%)
(2%)
(2%)
(2%)

(2%)

(2%)
(2%)
(2%)

(64%)
(4%)

3%)
(8%)

(3%)

(3%)
(3%)

3%)
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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
DIGESTIVE SYSTEM (Continued)

#Colon (43) “n 42)
Parasitism 3 (1% 4 (9%) 5 (12%)

#Colonic crypt of Lieberkuhn 43) “n 42)
Atrophy, di 1 (2%)

#Cecum 43) n 42)
Inflammation, chronic necrotizing 1 (2%)
Parasitism 1 (2%)

URINARY SYSTEM

#Urinary bladder/cavity 1) (46) 41)
Hemorrhage 1 (2%)

#Kidney 50) “n 49
Mineralization 1 (2%) 1 (2%)

Hydronephrosis 1 (2%)

Congestion, acute 1 (2%)
Inflammation, interstitial 1 (2%)

Pyelonephritis, acute 2 (4%) 1 (2%) 4 (8%)
Pyelonephritis, chronic 3 (6%) 2 (4%)
Nephropathy 1 (2%)

Hyperplasia, tubular cell 1 (2%)

#Kidney/cortex 50 4n 49
Mineralization 2 (4% 3 (6%)
Cyst, NOS 2 (4%) 1 (2%)
Nephropathy 21 (42%) 17 (36%) 22 (45%)
Infarct, focal 1 (2%)

Infarct, healed 1 (2%)
Metaplasia, osseous 1 (2%)

#Kidney/glomerulus (50) (%)) (49)
Atrophy, diffuse 1 (2%)

#Kidney/tubule (50) “@n 49
Mineralization 1 (2%)

Dilatation, NOS 1 (2%) 1 (2%)
Inflammation, acute suppurative 1 (2%)
Cytoplasmic vacuolization 1 (2%) 1 (2%) 1 (2%)
Atrophy, focal 2 (4%)
Atrophy, diffuse 3 (6%)

#Kidney/pelvis (50) «7n (49)
Hydronephrosis 2 (4%) 2 (4%)
Inflammation, suppurative 1 (2%)

Inflammation, chronic focal 1 (2%)

*Ureter (L) (50) (50)
Inflammation chronic suppurative 1 (2%)

#Urinary bladder 41) (46) 41)
Lymphocytic inflammatory infiltrate 1 (2%)
Inflammation, acute diffuse 1 (2%)

Inflammation, chronic focal 1 2%) 2 (6%)
Inflammation, chronic diffuse 1 (2%)

Inflammation, chronic necrotizing 2 (5%)
Hyperplasia, epithelial 1 (2%)

#Urinary bladder/mucous membrane 41 46) (41)
Necrosis, di 1 (2%)

*Prostatic urethra (50) (50) (50)
Necrosis, NOS 1 (2%)

000567
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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

ENDOCRINE SYSTEM
#Pituitary
Cyst, NOS
Multiple cysts
Congestion, acute
Hyperplasia, focal
#Anterior pituitary
Embryonal duct cyst
#Adrenal
Hypertrophy, focal
Hyperplasia, focal
#Adrenal cortex
Lymphocytic inflammatory infiltrate
Hypertrophy, focal
#Zona fasciculata
Necrosis, focal
#Adrenal medulla
Degeneration, NOS
Hyperplasia, focal
#Periadrenal tissue
Hemorrhage
#Thyroid
Cyst, NOS
Hyperplasia, cystic
Hyperplasia, follicular cell
#Thyroid follicle
Atrophy, focal
Hyperplasia, cystic
#Parathyroid
Thyroglossal duct cyst
Hyperplasia, diffuse
#Pancreatic islets
Hyperplasia, focal

39)
2

(39)

(44)

(44)

(44)
44)

“44
(45)

(6%)

&%)

%)

(8%)
(8%)

40
2
1

(40)
48)

45)

(45)
45)

(45)
48)
(48)
@n

|)

&%)
3%

3%)
2%)

2%)
11%)

(2%)

@39

@9)
(46

(48)

(46)
(48)

(46)

45)

45)

@n

(45)

%)
(3%)
8%)
%)

(8%)
(2%)
2%)

(2%)

(2%)

4%)

(4%)

REPRODUCTIVE SYSTEM
*Penis
Inflammation, acute suppurative
*Prepuce
Epidermal inclusion cyst
Inflammation with fibrosis
*Preputial gland
Dilatation, NOS
Cyst, NOS
Inflammation, acute
Inflammation, acute/chronic
#Prostate
Mineralization
Hemorrhage
Inflammation, suppurative
Inflammation, acute diffuse
Inflammation, acute suppurative
Inflammation, acute/chronic
Inflammation, chronic focal
Inflammation, chronic suppurative
Atrophy, diffuse
*Seminal vesicle
Dilatation, NOS
Hemorrhage
Inflammation, chronic focal
Inflammation with fibrosis
Hyperplasia, focal

(80)

T (14%)

1
1
1
2

(2%)
(2%)

a%)

2%)

%)
(2%)
(2%)
(4%)

139

80)
(50)

(50)

(44)

-0 B

(50)

(2%)

2%)

2%)
(14%)
5%
%)

4%)

50)
()

(t)

“"n

Ogiﬂ-'ﬂﬂa -

(2%)

(13%)
(4%)
(2%)
(2%)
(2%)

(16%)

(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
REPRODUCTIVE SYSTEM (Continued)
#Testis (45) 44) (44)
Hemorrhage 1 (2%)
Metaplasia, osseous 1 2%)
Dysplasia, NOS 1 (2%)
#Testis/tubule (45) (44) (44)
Mineralization 1 (2%) 5 (11%)
Degeneration, NOS 1 (2%) 1 (2%) 1 (2%)
Atrophy, focal 1 (2%)
Atrophy, diffuse 3 (T%) 3 (T®)
*Epididymis (50) (50) (50)
Lymphocytic inflammatory infiltrate 1 (2%)
Inflammation, acute/chronic 2 (4%) 1 2%) 2 (4%)
Inflammation, chronic focal 1 (2%)
Inflammation, chronic suppurative 1 (2%)
Granuloma, spermatic 4 (8%)
Inflammation with fibrosis 1 2%)
Necrosis, focal 1 (2%)
Atrophy, diffuse 1 2%)
Hyperplasia, focal 1 2%)
*Scrotum ({21} (50) (50)
Inflammation, chronic focal 1 (2%)
NERVOUS SYSTEM
#Brain/meninges (48) 48) (46)
Inflammation, acute/chronic 1 (2%) 1 2%)
#Brain/ependyma 48) 48) 46)
Hemorrhage 1 (2%)
#Brain 48 49) (46)
Mineralization 14 (29%) 15 (31%) 21 (46%)
Hydrocephalus, NOS 1 2%)
Hemorrhage 1 2%) 1 (2%)
#Cerebral white matter (48) (48) (46)
Mineralization 1 (2%) 1 (2%)
#Brain/thalamus 48) 48) (46)
Mineralization 1 (2%) 1 (2%)
SPECIAL SENSE ORGANS
*Eye (50) (50) 50)
Phthisis bulbi 1 (2%)
*Eye/cornea (50) (50) 50)
Inflammation, chronic suppurative 1 2%)
MUSCULOSKELETAL SYSTEM
*Joint of lower extremity (50) (50) (50)
Inflammation, chronic suppurative 1 (2%)
Abscess, chronic 1 (2%)
*Intercostal muscle (50) (50) (50)
Inflammation, necrotizing granulomatous 1 (2%)
BODY CAVITIES ‘
*Mediastinum (50) (50) 50)
Foreign body, NOS 2 (4%) 1 (2%)
Inflammation, acute suppurative 2 (4%) 1 (2%)
Inflammation, pyogranulomatous 1 (2%)
Malonaldehyde, Sodium Salt, NTP TR 331 140
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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 (50) (50) (50)
Necrosis, fat 1 (2%)

*Peritoneal cavity (50) (50) (50)
Abscess, chronic 1 (2%)

*Pleural cavity (50) (50) (50)
Foreign body, NOS 2 (4%)
Hemorrhage 1 (2%)
Inflammation, acute suppurative 2 (4%)

*Pleura (50) (50) (50)
Inflammation, pyogranulomatous 1 (2%)

*Subpleural tissue (50) 50) (50)
Lymphocytic inflammatory infiltrate 1 (2%)

*Mediastinal pleura (50) (50) (50)
Hemorrhage 1 (2%)

*Pericardial cavity (50) (50) (50)
Hemorrhage 1 (2%)
Inflammation, chronic suppurative 1 (2%)

*Pericardium (50) (50) (50)
Inflammation, chronic suppurative 1 (2%)

*Epicardium (50) (50) (50)
Hemorrhage 1 (2%)
Inflammation, acute suppurative 1 (2%)
Inflammation, necrotizing granulomatous 1 (2%)

ALL OTHER SYSTEMS

*Multiple organs (50) (50) (50)
Congestion, acute 2 (4%) 1 (2%) 1 (2%)

Periorbital region - — —_—
Inflammation, chronic suppurative 1 (D

SPECIAL MORPHOLOGY SUMMARY
None

* Number of animals receiving complete necropsy examinations; all gross lesions including masses examined microscopically.
# Number of animals examined microscopically at this site

141
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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

Vehicle Control Low Dose High Dose
ANIMALS INITIALLY IN STUDY 50 50 50
ANIMALS NECROPSIED 50 50 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50
INTEGUMENTARY SYSTEM
*Skin (50) (50) (50)
Trichoepithelioma 1 2%)
*Subcutaneous tissue (50) (50) (50)
Fibrosarcoma 2 (4%) 1 (2%)
RESPIRATORY SYSTEM
#Lung (50) (50) (49)
Adenocarcinoma, NOS, metastatic 2 (4%)
Alveolar/bronchiolar adenoma 4 (8%) 4 (3%) 2 4%)
Alveolar/bronchiolar carcinoma 1 (2%) 3 (6%) 2 4%)
Fibrosarcoma, metastatic 2 (4%)
HEMATOPOIETIC SYSTEM
*Multiple organs (50) (50) (50)
Malignant lymphoma, NOS 3 (6%) 1 (2%) 2 (4%)
Malignant lymphoma, lymphocytic type 1 2%) 4 (8%) 3 (6%)
Malignant lymphoma, histiocytic type 5 (10%) 2 (4%) 1 (2%)
Malignant lymphoma, mixed type 3 (6%) 7 (14%) 2 (4%)
#Splenic follicles 47) (50) (49)
Malignant lymphoma, histiocytic type 1 (2%)
Malignant lymphoma, mixed type 1 (2%)
#Mediastinal lymph node 45) (41) (45)
Fibrosarcoma, metastatic 1 (2%)
St #Pancreatic lymph node (45) (41) (45)
Malignant lymphoma, lymphocytic type 1 (2%)
#Mesenteric lymph node (45) 1) (45)
Sarcoma, NOS, unclear primary or metastatic 1 (2%)
CIRCULATORY SYSTEM
*Multiple organs (50) (50) (50)
Hemangiosarcoma 1 (2%)
*Subcutanesus tissue (50) (50) (50)
Hemangiosarcoma 1 (2%)
#Bone marrow (45) (43) (46)
Hemangiosarcoma 1 (2%)
#Spleen an (50) (49)
Hemangiosarcoma 1 (2%)
#Splenic red pulp 47 (50) 49)
Hemangiosarcoma 1 (2%)
#0Ovary (44) (45) (46)
Hemangioma 1 (2%)
DIGESTIVE SYSTEM
#Liver (50) (50) (50)
Hepatocellular adenoma 2 (4%)
Hepatocellular carcinoma 2 4%) 3 (6%) 3 (6%)
#Cardiac stomach 46) ()] (48)
Squamous cell papilloma 1 (2%)
URINARY SYSTEM
None
St~
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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
ENDOCRINE SYSTEM

#Pituitary (43) 40) (40)
Adenoma, NOS 2 (5%) 4 (10%)

#Pituitary intermedia 43 (40) (40)
Adenoma, NOS 1 3%) 1 3%)

#Adrenal (48) (45) (45)
Pheochromocytoma 1 Q%) 1 (2%)

#Adrenalcapsule 48) (45) (45)
Carcinoma, NOS 1 (2%)

Adenoma, NOS 1 (2%)

#Adrenal medulla (48) (45) (45)
Pheochromocytoma 1 2%)

#Thyroid (48) (48) (44)
Follicular cell adenoma 3 (6% 3 (6%)

#Pancreatic islets 47 (50) (48)

Islet cell carcinoma 1 (2%)
REPRODUCTIVE SYSTEM

*Mammary gland (50) (50) (50)
Adenocarcinoma, NOS 1 (2%) 2 (4%) 2 (4%)
Fibroadenoma 1 (2%)

#Uterus (49) (48) 40
Squamous cell carcinoma, in situ 1 2%)
Endometrial stromal polyp 1 (2%) 1 (2%)

#Ovary (44) (45) (46)
Papillary cystadenoma, NOS 1 (2%)

Papillary cystadenocarcinoma NOS 1 (2%)
Teratoma, NOS 1 (2%)
NERVOUS SYSTEM
None
SPECIAL SENSE ORGANS

*Harderian gland (50) (50) (50)

Adenocarcinoma, NOS 2 (4%)
MUSCULOSKELETAL SYSTEM

*Bone/lower extremity (50) (50) 50)

Osteoma 1 (2%)
BODY CAVITIES
*Thoracic cavity (50) (50) [{21)
Alveolar/bronchiolar carcinoma, metastatic 1 (2%)
ALL OTHER SYSTEMS
None
ANIMAL DISPOSITION SUMMARY

Animals initially in study 50 50 50
Natural death 6 4 8
Moribund sacrifice 3 7 5
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
Total animals with primary tumors** 27 31 26
Total primary tumors 35 4 31
Total animals with benign tumors 15 13 9
Total benign tumors 16 14 9
Total animals with malignant tumors 18 23 20
Total malignant tumors 20 29 21
Total animals with secondary tumora # # 3 2
Total secondary tumors 4 2
Total animals with tumors uncertain--
benign or malignant 1
Total uncertain tumors 1
Total animals with tumors uncertain--
primary or metastatic 1
Total uncertain tumors 1

® Number of animals receiving complete necropsy examinations; all gross lesions including masses examined microscopically.

** Primary tumors: all tumors except secondary tumors
# Number of animals examined microscopically at this site

## 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

ANIMAL o[ o o o o o o o] 9 o o of 0 0 o o o 0
NUMBER 4 4 4 3 U 3 2 3 o of of o o o o o 1 i Y 4 1y 1 1
N 4 8 o of 7 o 1} 21 3 4 8 71 8 9o 1 2[ 3/ 4 S5 8 7
WEEKS ON a1 I T I 11 10 1 If I IT 1 T
STUDY 44 71 7 8 9 9 9 o o 0 o of of of O of o o o o
6 3| 7 9l 3| 8| 5§ 3| 4| 4] 4] 4| 4] 4| 4] 4| 4| 4 4 4 4 4 4 4
Lungs and bronch: + + + + + o+ o+ o+ o+ o+ o+ o+t o+ o+ ot o+ o+ o+ 4+
Alveolar/bronchiol X X X
Alveolarbronchiolar carc X
Trachea + + -+ o+ + + + o+ + = + + o+ o+ + o+ o+ o+ + o+ o+ 4
REMATOPOIETIC SYSTEM
Bone marrow + 0+ + + + o+ o+ o+ -+ o+ F o+ o+ o+ o+ o+ -+ -+ o+
s&h‘c‘n - =+ + + + + + + o+ + o+ + o+ o+ o+ o+ o+ o+ o+ -+ o+
hgnant lymphoma, mixed type
%{mph nodes — + + + + + + + o+ o+ o+ F o+ F o+ o+ O+ + o+ o+ -+ ow
ymus + + = + = = -+ = =+ 4+ + =+ - o+ o+~ + - 4 -
CIRCULATORY SYSTEM
Hoart + + + + + + + + o+ o+ + o+ O+ F O+ o+ O+ o+ o+ o+
Saltvary gland + + + + = + + + + +F o+ - o+ o+t o+ o+ O+ o+ o+ -+ o+
Liver T S R ST T SR NN T S SR S S N S S S S S S
Hepatocsllular carcinoma X
Bile duct R S T T T RS S S S P S S S S S S T T T T Y
Gallbladdar & common bile duct N NNN 4+ + + N + NN + + + + + + + + + + + + + +
Pancreas — =+ -+ + + + o+ 4+ o+ o+ o+ o+t o+ o+ o+ A+ o+ o+
Ewphagus D S T T e S S . T T S S S S S S S
Stomaci -+ - =+ + + + + + + 4+ + o+ o+ F o+ o+ o+ O+ 4+ o+ o+
Squamous cell papilloma X
Smell intestine — = = =+ + + + + + + + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+
Large mtestine - — = = 4+ + 4+ + + + + + + o+ o+ o+ o+ o+ o+ o+ o+ o+t o+ o+
Kidaey + 0+ + + + + + F 4+ +F o+ o+ o+ o+ o+ o+ A+ o+ o+ 4+
Unoacy bladder + — =+ + o+ o+t 4+ + o+ o+ o+ ot o+ o+ o+ o+ o+ o+ o+ o+
Pituitary -+ = + 4+ + + o+ + -+ + + F+ + -+ o+ o+ o+ o+
Adenoma, NOS X
Adrenal + + + + + + + + o+ + + o+ o+ o+ o+ O+ o+ o+ o+ o+ o+ o+ o+
Caranoma, NOS
Pheochromocytoma
Tthrmd -+ 4+ + + + o+ 4+ 4+ + o+ o+ o+ o+ o+ o+ o+ o+ + +
ollicular cell adenoma X X
Parathyroid - = - = = 4+ =~ + + + + + + F -~ = =+ o+ o+ o+ -+ -
Paacreatic islets — = 4+ =+ + + + + + o+ + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+
Islet cell carcinoma
Mammary gland N N N+ NN NNNNNNNNNNNNN N +
Adenocarcinoma, NOS X
Uterus -+ 4+ + o+ + O+ + + o+ o+ o+ o+ o+ + + o+ o+ + o+
Endometnal stromal polyp
ry -+ + 0+ + o+ o+ o+ o+ o+ o+ + + o+ + + - o+ o+
Papillary cystadenoma, NOS X
Hemangioma X
NERVOUS SYSTEM
Braia + + + + + 4+ o+t o+ 4+ + o+t o+ + o+ o+ +
MUSCULOSKELETAL SYSTEM
Bone N NNNNNNNNNNNNNNNNNNNNNNNN
Osteoma
ALL UTHER SYSTEME
Mﬂlt-phomm.Nos N NNNNNNN 1; N NN NNNNNNNNNN N N
Malignant lymphoma, NOS X X X
Mal t ) Jymphocytic typs
Mahgnant lymphoma, histiocytic type X X X X
Malgnant lymphoma, mixed type X

Tumor incidence

Q2Zplt

Animal onssex:

;
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Necropsy, no autolysis, no oucroscopic examination
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: VEHICLE CONTROL

. (Continued)
ANIMAL o o O O O 0
NUMBER g 2 g
TOTAL
WEEKS ON i 1 I I 1] 1] 1 3] 1 | TISSUES
STUDY ol O o o o TUMO!
4 4 4] 4 5| 5 5 § 5| 5t 8| 5
RESPIRATORY SYSTEM
Luags and bronch: EEE I S S TR T R S S R N R R R R S T T TR R 30
lvanlermrmnehialar ad
Alveolarforonchiol x 4
Trachea + + + + -+ LR R R T I IR IR R I 47
Boae marrow + 4+ 4+ E = =AY Y Y Y Y 45
Sﬂo‘cn L R . R AR IR B B R AR R I R TR IR T T T S R T S R S N 47
t lymphoma, mixed type X 1
Lymph oodes L T A . T T BT ST P N TP P R N T R A N . 3 45
T{ymu LR T N S R R R ST SR ST R S T B R R “u
Heart LI SRR K IR T I R R T T T R R R T S T R S 50
Salivary gland + 4+ 4+ o+ E E O E O E O A 47
ver LR I R I R S S T S TR R T R T R S SR 3 50
Hnruullnhr carcinoma X 2
lo duet LR S TR T R TR TR S SR R T T R S T S 30
Gallbladder & common bile duct + 4+ + + + + N+ o+ F o E o+ *30
Pancreas LR T R S R T T T R R R R S R R SR S T . S S S N 47
Esopl LI I T R T R T N S R S R S T S S T 50
Sto LK N R T I R R I R T T T R S 48
Squamous cell papilioma 1
Small intestine LR T S T R R IR TR R SN R R T SRR R I R R A 45
Large intestine LR S T T T I T TR T T S R T I N 45
Kudney + + + + o+ o+ 4+ + + 4+ 4+ o+ o+ o+ 50
Unnary bladder LR R T K TEE T TN T IR AR SR R IR SR TR R R T S T S R R S 46
ENDUCRINE SYSTEM™
Pitmitary + + -+ + -+ + - + 43
Adenoma, NOS 2
re + + - - 4+ + + + + 48
Carcinoma, NOS X 1
Pheochromocytoma X 1
Tt:_ymd + 0+ + 4+ + o+ + + o+ + - + + + + 4+ 48
‘ollicular cell adenoma X 3
Paral + = + ~ F = =+ =k -+ -+ -+ -+t 29
Pancreatic islets LR R S R IR IR IR R U I T T TR T R T R SR R T T S 47
SBhagppn’ Islet coll carcinoma X 1
Mammary gland N NNNNNN N + N N N N + *30
Adenocarcinoma, NOS 1
Uterus + O+ 4+ + + + + + + + + + 49
Endometrial stromal polyp X 1
ary LR S T T T ST I SR L T R TR R R S I Y “
Papillary cystadspoma, NOS 1
Heomangioma 1
NERVOUS BYSTEM
Bram + + + 4+ F o+ -+ E 49
MUSCULOSKELETAL SYSTEN
Bone N NN NNNNNNNNNNNNNNNNNNNNNN *30
Osteoma X 1
ALL OTRER SYSTEMS
Mglhph organs, NOS N NN NNNNNNNNDNNNNDNNNNNNNNNNNN *30
1
M t lymp NOS 3
M t lymp lymphocytic type X 1
M t ly histiocytac type X -]
M t1 mixed type X X 3
¢ Ammals necropsied
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TABLE D3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR
GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT: LOW DOSE

“ANTHAL
NUMBER 1] 1] of iy 4 1y 1
T 1 1 3 4 5 ¢ 7 o 1| 2| 4 ¢
WEEKS ON
STUDY 0 o 0 ]
ki S 5 8 5 & 3| 3
Subcutaneous tissue + 4+ + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4 ¢+ + + NN+ + + + + + + + +
Fibrosarcoma
Hemangiosarcoma
Lungs and bronchi EEE R B R T T T N S R T I T I IS SR R R T S R S
ﬂm!‘rl’nub!o}ltldll_nm b 4 x X x
Fibrosarcoma, metastatic
Traches L A . T T T T I T R N S S T T R N
Bone marrow + + + + + + o+ + + + + o+ -+ -~ - - %
Hemangiosarcoma X
Spleen + + + + 4+ + + + + + + + o+ o+ o+ + +
emangivsarconia X X
Lg:phnodn -+ + 4+ + + + -+t - -+ + + -
ibrosarcoma, metastatic
Thymus + = ~ =+ + - - =~ o+t -t~ -+
CIRCOLATORY SYSTEN
Heart LR I R T I N T T R T I T I S T T R R
Salivary gland EEE R I T S R TR T R BT T R SR R SRR R
Liver LR BEE I B T T T T T I BT R IR IR D R I I K R S K R
Hlsamnnhruniwm X
Bile duct PR I I T R T S R N T T TR R B S I T T S S S R
Gallbladder & common inle duct + NN + NN + + + + N + + N+ + 4+ + + + N + ¢+ 4+ +
Pancress + 4+ + + 4+ 4+ o+t
+ + + —= F F F F o F O F P E
Stor + 4+ + =+ =+ o+ E P F s
Small intestine PR IR IR T T T R N I T T T S I
Largs intastina + 4+ + = + + F + 4+ o+t -
Kidney + + + + + + ¢+ + + + + -+ o+ o+ + + + ¢+
Urinary bladder + + + + + -+ o+ + + + + -
Pituitary -4 = 4+ + = 4+ 4+ 4+ + 4+ + + + + o+ - 4+ + + + + 4+
Adenoma, NOS X X
oal + 4+ + + + o+ o+ o+ + + 4+ + + - + + + +
Adenoma, NOS
+ - 4+ -+ + + o+ o+t + 4+ + + + + + o+
Ollicular cell adenoma X X
Parathyrod -+ - % = + = b =+ - = =+ + - + + o+ -
Mammary gland N + + + NNN + NNN 4+ + NN NNNNNNNNNN
Adenocarcinoma, NOS X X
Fibroadeaoma
Uterus + + + = F -+
Ovary X + + + =+ -+ 4+ -t -+
Papillary enocarcinomg, NOS X
Teratoma, NOS
NERVOUS SYSTEM
Braia P I S T I I I R ST T T R ST T T S T O R
Plours o NNNNNKNNNNNNRNNNNNNNNTNNNNN
ALL OTRER SYSTENS
Mnlhﬁ::.?u,NOS N NN NNNNNNNNNNNNNNNNNNWRNNNDNN
ﬂmm y ':ml' f‘°° je ¢ X
lymphoma, lym ype
Malignant lymphoma, hmm:m b 4 b 4
Malignsat lymphoma, ouzed type b 4 b 4 b.4
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: LOW DOSE

{Continued)
ANTMAL o o o & O
TOTAL.
WEEKS ON TISSUES
STUDY o 0 0 |TUMORS
8 5 § g s
INTEGUMENTARY SYSTEN
Subcutansous tisyue + + + + N + + + + + + + + + + + + 4+ + + + + + + + *350
Fibrosarcoma X 2
Hemangiosarcoma X 1
Lunge and bronehn + + + + + o+ o+t o+t Ao+ 50
g}@vn}:w!nr adenoma X x X ;
Fxbmur;mnl. mun‘i-t.m X X 2
Trachsa LT S R T IR T T I IR T R T T S S R S T T T R 3 47
HAENATOPOIETIC SYSTEM
Bons marrow + + + + LA R I T R R R T R R B I 43
Hemangiosarcome 1
Spleen + + + 4+ + + + + + 4+ o+ o+ + + + + 4+ + + 50
emangiosarcoma 2
Lymph nodes -+ = + + + - 4+ + + + o+ o+ o+ o+ o+ + + + + = + + 41
tbrosarcoma, metastatic X 1
Thymus LR S TR R T Y S S - T S S S T T Tk . S 32
Heart LR R T I I I R T T ST S S T I . N 30
Salivary gland LT T S R A T S T T T D S S TR T S S N T S 48
Laver + + + + + ot o+ o+ o+ o+ 50
Hapatocellular carcinoma X X 3
Bile duct L I R T e . A T T N T S S SR R SR SRR S R T R I 50
Callbladder & common le duct + + + + N + 4+ + + + N + 4+ + 4+ 4+ 4+ 4+ + + + + + + + *50
Pancreas LR BN I R R T TR TR T TR TR T T S T BT R R T R S R I 30
Esopha, LI IR T T I I T T R I I S TR A T T T I T 49
Stomac] LR TR R R T T T T R T R S R TR R IR I 47
Small intestine + + + + + o+t A+t 48
Large intestine + + + + + o+ 48
Kidney + + + 4+ + + + + + 4+ + + + o+ o+ + + + + + + 4+ 49
Urinary bladder + + + 4+ + + + + + + -+ o+ + + + + + + + o+ o+ 47
Pituitary + =+ + o+ o+ -+ - 4+ 4+ + + + + -+ -+ -+ 4+ 40
Adenoma, NOS X X X 5
renal + + + + o+ + 4 + - - + + + + + + + -+ -+ 45
Adenoma, NOS X 1
Thyrowd + + o+ + + + o+ + + + + + + + 4+ o+ o+ o+ o+ o+ + 48
Follicular csll adenoma X 3
Parathyroid - + + + + - + - - + + = + + - =+ o+ o+ 32
Mammary gland N NNN 4+ NNNNDNNDNNNNDNNNL+NNNNNN *30
Adenocarcinoma NOS 2
Fibroadenoma X 1
Utsrua L IR TR SR ST R R U R S S R R SR T R SR R R 48
LI R T SR R . S SR S S S TP ST N S TR S I S S Y 45
Papiliary denocarcinoma, NOS 1
Teratoma, 1
Bramn + + + + + - s+t A+ o+ 48
BODY CAVITIES
Pleura o N NN NNNNDNNNNNNNNNNNNNNNNNN '5‘1)
Multiple orguns, NOS N NNNNNUNNNNNNN N NN NNNNNNNN *30
Malignant lymphoma, NOS X 1
Mahimant lymphoma, Botay e oe XX 1 3
hgnant lymphoma, 3
Mahgnant lymghom, mized type o X X b ¢ X 7
® Animals necropmed
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TABLE D3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR

GAVAGE STUDY OF MALONALDEHYDE, SODIUM SALT: HIGH DOSE

ANTMAL o[ o 0 0
NUMBER 3 1 1 1 3 4 4 1 2 o 0 o o
3 1 k| 6l 3 1| 4 6 7
WEEKS ON g Yy Il
STUDY 7 9 9 9 0 0 o O
i 1 oy 3 4 3 4 8 9 4] 4 4 4
INTEGUMENTARY SYSTEN
Skin + + + o+t o+ o+ o+ + + N + + + + N
Trchospitheloma
Subcutaneous tissus + + + + + + + 0+ + + + + + N
Fibrosarcoma .4
Lungs and broach: N P T IR B B O T T T
A X
ﬂm!nrlsmuleo!nr adenoma
Trachea L T R T R T T T R + + -+ o+t -~ - =
Bone marrow L S I I T T T B T T R R R R
Spleen L - T T R S R L T T TR R R
ignant lympboma, histocytic type
Lgxph nodes + + + -+ o+ o+ - -~ + -
rcoma, NOS, unclear pnmary or metaststic
Malignant lymphoma, lymphocytic type
Thymus D e S S . T
CIRCUTATORY SYSTEM
Heart S T L T T S ST R S I R B S S T R
Salivary gland L I R T T T T T T TR I B R I S S I R
Liver R T L T T T T S S TR I IR B R
Hepatoceliular sdenoma X
He cellular carcinoma .4
Bilsduct L T S S S S T I T R T R R
Gallbladder & common ule duct N N + N + N + + N + + + + + + + + + + + + + + N +
Pancress L S S R S T S T S R T S T S R T
FEE T T S SR T R R T TR T T R B R S I R T
Stomac L SR . Sk ST T S T T T S I S S N A
Small intestine E R I A T T TR R T BT S TR S T T T I I T
Large intestine FIEE S S ST SR T T SR S I N T S S R S
Kiudoey P S T T I T T T S R R T N T S S S S
Unnary bladder L O I T B T TR BN IR I I R
Prtuttary L S R . T T A T R S N T T T N I
Adenoma, NOS X
renal EE D L T S R T T T R ~ + 4+
Pheochromocytoma X
yrond I T D S S S A A T Tk SR T . T
Parathyrowd B R A T R T I S S T A T
Mammary gland N + + NN + + + N + N N NNN + N + N N
Adesnocarcinomas, NOS X X
Uterus L N I S T S T N T T T T T T R
Squamous cell carcinoma, 1 situ
Endometnal stromal polyp X
Ovary L S S T . T T S S T R T T R S I S
Brain L T I T R T R T A T S T R R R S S
Harderan gland N NNNNNNNNNNNNNNNNNNNNNNNN
Adenocareinoma, NOS X
Maultiple organs, NOS N N NN NNNNNNNNNNNNNNNNNNNN
Malignant lymp NOS8 X
Malignant lymp lymphocytic type X X X
Malignant lymp a, b type b 4
Mahgnant ly mxed type X X
.
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: HIGH DOSE

(Continued)
ANIMAL [
NUMBER 0 U 3y Yy 1 1 2 3 2 S| 3| 3 S| 4 4 4 4 4 4
8 9 2 5| T 8 1 o8 1 2| 3 8 o 1] 2| 3| 4 S
TOTAL
WEEKS ON TISSUES
STUDY o of o of o of o o 0 0 o of of of o 0 |TUMORS
4 4 4| 4] 4 4] 4 4] 4] 4 4] 4 4 4 4 4| 4] 4 4 4| 4| 4
INTEGUMERTARY SYSTEM
Skin + + + + + + + + + + + + + + + + + + + + + *50
Tnchospithelioma X 1
Subcutaneous tissue + + + + + + + + + 4+ + + + + + ¥ + + + + + *50
Fibrosarcoma 1
RESPTIRATORY SYSTEN
Lz{n‘n and broach: o + + + + + 4+ + + + + + + + + + + + + + + + + + + + 43
Avaale it nehialar ol x 2
Alvaclarbemnchial x x 2
Trachea + 4+ F + + o+ -+ o+t 42
HEMATOPOIETIC SYSTEM
Bone marrow LR R T T S S R T T T T I S S 48
sﬂ.:ln + + + + + + + + + + + + + + + + + + + + o+ + + + o+ 49
hgnant lymphoma, lustiocytic type X 1
Lymph aodes + - + + + + + + + + + + + + + + + + + + o+ 45
rcoma, NOS, unclear pnmary or meta X 1
Mal t lymph lymphocytic type x 1
Thymus + + + + + 4+ + + + + + + + + - + - + + + + + F + + 44
Heart + + + + + + + + + + 4+ + + + + o+ o+ o+ 49
Sahivary gland - F + F+ + 4+ o+ o+~ o+ + +F + + + + + + o+ 46
Liver + + 4+ 4+ + 4+ + + + + + + o+ + + + + + + + + + + 50
Hepatocallular adenoma X 2
Hepatocellular careinoma X X 3
Bale duct + + + 4+ o+ 4+ o+ o+ T+ o+ 50
Gallbladder & common bile duct + + + + + + + + + + N + + + + + N + + + + + + + + *50
Pancreas + + + + + + + o+t o+ o+ o+ o+ o+ o+ o+ o+ o+ 48
Elophl!ul PR ST R S S S T R Tk TR S SR T S S ST R S 48
Stomac PR S SR T TR T T T S S S S S R T S A 48
Small intestine + + + + + + + F FF O+ o+ o+ o+ 49
Large intestine + + + + + 4+ + + F + + + -+ F O+ O+ o+ + o+ o+ 48
Kidney + + + 4+ F o+ o+t 49
Urinary bladder + + + + + + - o+ o+ + + + + + F + o+ + o+ o+ -+ 45
Pituitary + + + + + + + + + + + - + + - 4+ + + + + - - + + + 40
Adenoma, NOS 1
Adrenal + + + + + + + + + + ¥ - - + + + + + + - + + + + 45
Pheochromocytoma X 2
Thyro:d + F - + + 4+ + + F + F + + + F + ++ F+ -+ o+ o+ 44
Parathyroid + + — + — + - 4+ + + + — + + + - — + — + + -+ + + 29
REPRODUCTIVE SYSTEM
Mammary gland N NN NNNNNNN + NNN N NN NNNNNNN *50
Adesnocarainoma, NOS 2
Uterus + + + + + + + =+ + 4+ + o+t -+ 47
Squamous cell carcinoma, 1a situ X 1
Endometnal stromal polyp 1
Ovary PR S e S S T S S S S S S A T T S S T S 48
NERVOUS SYSTEM
Brain + + + + 4+ + + + + + + + + + + F + + o+ o+ + o+ o+ o+ o+ 30
SPECIAL SENSE ORUANS
Hardenan gland N NN NNNNWNNNNNNNNNNNNNNNNNN *50
Adenccarcinomae, NOS X 2
ALL OTHER SYSTEMS
Multiple organs, NOS N NN NNNNNNNNNNNNNNNNNNNNNN *50
Malignaat lymphoma, NOS X 2
Malignant lymphoma, lymphocytic type 3
Mahgnant lymphoma, histiocytic type 1
Malignant lymphoma, nuxed type 2

* Ammals necropsied
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TABLE D3. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE STUDY
OF MALONALDEHYDE, SODIUM SALT

Vehicle Control 680 mg/kg 120 mg/kg

Lung: Alveolar/Bronchiolar Adenoma

Overall Rates (a) 4/50 (8%) 4/50 (8%) 2/49 (4%)

Adjusted Rates (b) 9.4% 9.9% 6.0%

Terminal Rates (c) 3/41 (1%} 3/38 (8%) 1729 (3%)

Week of First Observation 93 80 94

Life Table Tests(d) P=0.400N P=0.607 P=0.470N

Incidental Tumor Tests (d) P=0.243N P=0.638 P=0.319N

Cochran-Armitage Trend Test (d) P=0.282N

Figsher Exact Test (d) P=0.643 P=0.349N
Lung: Aiveolar/Bronchiolar Carcinoma

Overall Rates (a) 1/50 (2%) 3/50 (6%) 2/49 (4%)

Adjusted Rates (b) 2.4% 7.9% 6.9%

Terminal Rates (c) 1/41 (2%) 3/38 (8%) 229 (1%)

Week of First Observation 104 105 104

Life Table Tests (d} P=0.270 P=0.278 P=0.380

Incidental Tumor Tests (d) P=0.270 P=0.278 P=0.380

Cochran-Armitage Trend Test (d) P=0.391

Fisher Exact Test (d) P=0.309 P=0.492
Lung: Alveolar/Bronchiolar Adenoma or Carcinoma

Overall Rates(a) 5/50 (10%) 7/50(14%) 4/49 (8%)

Adjusted Rates (b) 11.8% 17.6% 12.7%

Terminal Rates (c) 4/41 (10%) 6/38 (16%) 3/29(10%)

Week of First Observation 23 80 94

Life Table Tests (d) P=0.495 P=0.335 P=0.592

Incidental Tumor Tests (d) P=0.495N P=0.360 P=0.561N

Cochran-Armitage Trend Test (d) P=0.449N

Fisher Exact Test (d) P=0.380 P=0.513N
Hematopoietic System: Malignant Lymphoma, Lymphocytic Type

Overall Rates (a) 1/50 (2%) 4/50 (8%) 4/50 (8%)

Adjusted Rates (b) 2.4% 10.0% 10.9%

Terminal Rates (c) 1/41(2%) 3/38 (8%) 2130 (7%

Week of First Observation 104 a7 14

Life Table Tests (d) P=0.088 P=0.165 P=0.127

Incidental Tumor Tests (d) P=0.167 P=0.187 P=0.210

Cochran-Armitage Trend Test (d) P=0.146

Fisher Exact Test (d) P=0.181 P=0.181
Hematopoietic System: Malignant Lymphoma, Histiocytic Type

Overall Rates (a) 5/50 (10%) 2/50 (4%) 2/50 (4%)

Adjusted Rates (b) 11.4% 4.2% 5.6%

Terminal Rates (c) 3/41 (7%) 0/38 (0%) 1/30 (3%)

Week of Fiirst Observation 17 65 84

Life Table Tests (d) P=0.206N P=0.238N P=0.321N

Incidental Tumor Tests (d) P=0.062N P=0.161N P=0.156N

Cochran-Armitage Trend Test (d) P=0.146N

Fisher Exact Test (d) P=0.218N P=0.218N
Hematopoietic System: Malignant Lymphoma, Mixed Type

Overall Rates (a) 4/50 (8%) 7/50 (14%) 2/50 (4%)

Adjusted Rates (b) 9.3% 17.2% 5.3%

Terminal Rates (c) 3/41 (T%) 5/38(13%) 0/30 (0%)

Week of First Observation 82 95 83

Life Table Testa (d) P=0.446N P=0.233 P=0.444N

Incidental Tumor Tests (d) P=0.192N P=0.273 P=0.180N

Cochran-Armitage Trend Test (d) P=0.297TN

Fisher Exact Test (d) P=0.262 P=0.339N
Malonaldehyde, Sodium Salt, NTP TR 331 154
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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 mg/kg 120 mg/kg

Hematopoietic System: Lymphoma, All Malignant

Overall Rates (a) 13/50 (26%) 14/50 (28%) 10/50 (20%)

Adjusted Rates (b) 27.8% 31.9% 25.3%

Terminal Rates (c) 8/41 (20%) 9/38 (24%) 4/30 (13%)

Week of First Observation 46 65 T4

Life Table Tests (d) P=0.519N P=0.442 P=0.534N

Incidental Tumor Tests (d) P=0.102N P=0.550 P=0.119N

Cochran-Armitage Trend Test (d) P=0.281N

Fisher Exact Test (d) P=0.500 P=0.318N
Circulatory System: Hemangiosarcoma

Overall Rates(a) 1/50 (2%) 3/50 (6%) 0/50 (0%)

Adjusted Rates (b) 2.4% 7.3% 0.0%

Terminal Rates (c) 0/41 (0%) 2/38 (5%) 0/30 (0%)

Week of First Observation 103 78

Life Table Tests (d) P=0.4556N P=0.288 P=0.66TN

Incidental Tumor Tests (d) P=0.332N P=0.366 P=0.338N

Cochran-Armitage Trend Test (d) P=0.378N

Fisher Exact Test (d) P=0.309 P=0.500N
Circulatory System: Hemangioma or Hemangiosarcoma

Overall Rates (a) 2/50 (4%) 3/50 (6%) 0/50 (0%)

Adjusted Rates (b) 48% 7.3% 0.0%

Terminal Rates (¢) 1/41 (2%) 2/38 (5%) 0/30 (0%)

Week of First Observation 103 78

Life Table Tests (d) P=0.272N P=0.473 P=0.313N

Incidental Tumor Tests (d) P=0.184N P=0.552 P=0.182N

Cochran-Armitage Trend Test (d) P=0.202N

Fisher Exact Test (d) P=0.500 P=0.247TN
Liver: Hepatocellular Carcinoma

Overall Rates (a) 2/50 (4%) 3/50(6%) 3/50(6%)

Adjusted Rates (b) 4.4% 7.9% 9.5%

Terminal Rates (¢c) 1/41 (2%) 3/38 (8%) 2/30 (7%)

Week of First Obgervation 73 105 98

Life Table Tests (d) P=0.298 P=0.469 P=0.395

Incidental Tumor Tests (d) P=0.373 P=0.509 P=0.522

Cochran-Armitage Trend Test (d) P=0.412

Fisher Exact Test (d) P=0.500 P=0.500
Liver: Hepatocellular Adenoma or Carcinoma

Overall Rates (a) 2/50 (4%) 3/50 (6%) 5/50 (10%)

Adjusted Rates (b) 4.4% 7.9% 16.0%

Terminal Rates (c) 1/41 (2%) 3/38 (8%) 4/30(13%)

Week of First Observation 73 105 98

Life Table Tests (d) P=0.085 P=0.469 P=0.130

Incidental Tumor Tests (d) P=0.117 P=0.509 P=0.194

Cochran-Armitage Trend Test (d) P=0.158

Fisher Exact Test (d) P=0.500 P=0.218
Pituitary Gland: Adenoma

Overall Rates (a) 2/43 (5%) 4/40(10%) 0/40 (0%)

Adjusted Rates (b) 5.6% 12.9% 0.0%

Terminal Rates (¢c) 2/36 (6%) 4/31 (13%) 0/24 (0%)

Week of First Observation 104 105

Life Table Tests (d) P=0.355N P=0.269 P=0.331N

Incidental Tumor Tests (d) P=0.355N P=0.269 P=0.331N

Cochran-Armitage Trend Test (d) P=0.245N

Fisher Exact Test (d) P=0.304 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 mg/kg 120 mg/’kg

Thyroid Gland: Follicular Cell Adenoma

Overall Rates(a) 3/48 (6%) 3/48 (6%) 0/44 (0%)

Adjusted Rates (b) 7.3% 7.9% 0.0%

Terminal Rates (c) 2/40 (5%) 3/38 (8%) 0/26 (0%)

Week of First Observation 103 105

Life Table Tests(d) P=0.182N P=0.636 P=0.202N

Incidental Tumor Tests (d) P=0.139N P=0.651N P=0.126N

Cochran-Armitage Trend Test (d) P=0.115N

Fisher Exact Test (d) P=0.661 P=0.138N
All Sites: Benign Tumors

Overall Rates(a) 15/50 (30%) 13/50 (26%) 9/50 (18%)

Adjusted Rates (b) 33.9% 33.1% 26.4%

Terminal Rates (¢) 12/41 (29%) 12/38 (32%) 6/30 (20%)

Week of First Observation 73 80 83

Life Table Tests (d) P=0.309N P=0.499N P=0.347N

Incidental Tumor Tests (d) P=0.140N P=0.440N P=0.141N

Cochran-Armitage Trend Test (d) P=0,101N

Fisher Exact Test (d) P=0.412N P=0.121N
All Sites: Malignant Tumors

Overall Rates (a) 18/50 (36%) 23750 (46%) 20/50 (40%)

Adjusted Rates (b) 36.6% 50.7% 49.9%

Terminal Rates (¢) 10/41 (24%) 16/38 (42%) 11/30 (37%)

Week of First Observation 46 65 74

Life Table Tests (d) P=0.131 P=0.183 P=0.172

Incidental Tumor Tests (d) P=0472N P=0.280 P=0.484N

Cochran-Armitage Trend Test (d) P=0.380

Fisher Exact Test (d) P=0.208 P=0.418
All Sites: All Tumors

Overall Rates(a) 27/50 (54%) 31/50(62%) 26/50 (52%)

Adjusted Rates (b) 54.0% 68.6% 64.1%

Terminal Rates (¢) 18/41 (44%) 24/38 (63%) 16/30 (63%)

Week of First Observation 46 65 74

Life Table Tests (d) P=0.175 P=0.212 P=0.230

Incidental Tumor Tests (d) P=0.361N P=0.329 P=0.346N

Cochran-Armitage Trend Test (d) P=0.460N

Fisher Exact Test (d) P=0.272 P=0.500N

(a) Number of tumor-bearing animals/number of animals examined at the site

(b) 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 tests 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 D4. 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 50 50
ANIMALS NECROPSIED 50 50 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50
INTEGUMENTARY SYSTEM

*Skin (50) (50) (50)

Abscess, NOS 1 2%)

Inflammation, acute/chronic 1 2%)

Ulcer, chronic 1 (2%)
Inflammation, chronic suppurative 1 (2%)
Fibrosis, diffuse 1 (2%)
Pigmentation, NOS 2 (4%) 27 (54%)
Acanthosis 1 2%)

*Subcutaneous tissue (50) (50) (50)
Metaplasia, cartilaginous 1 (2%)

RESPIRATORY SYSTEM

#Peritracheal tissue “n 4n 42)
Inflammation, acute focal 1 (2%)

#Lung/bronchiole (50) 50) 49)
Vegetable foreign body 1 (2%)

#Lung 50 (50) (49)
Congestion, acute 1 (2%) 6 (12%) 3 (6%)
Hemorrhage 6 (12%) 5 (10%) 3 (6%)
Inflammation, interstitial 1 2% 1 2%)
Pneumonia, giant cell 1 2%)

Pneumonia, aspiration 1 (2%)
Hyperplasia, alveolar epithelium 1 (2%)
Histiocytosis 2 4%) 2 (4%) 2 (4%)

#Lung/alveoli (50) (50) (49)
Histiocytosis 1 (2%)

HEMATOPOIETIC SYSTEM

*Multiple organs 50) (LY (50)
Hematopoiesis 1 (2%)

*Skin (50) (50) (50)
Hyperplasia, lymphoid 1 (2%)

#Bone marrow (45) 43) (46)
Congestion, acute 2 (4%) 4 (9%) 2 (4%)
Necrosis, focal 1 (2%)

Hypoplasia, NOS 2 (4%) 3 (7%) 6 (13%)
Atrophy, focal 1 (2%)
Hyperplasia, focal 1 2%)
Hyperplasia, diffuse 9 (20%) 5 (12%) 1 (2%)
Myelofibrosis 1 (2%)
Hyperplasia, granulocytic 3 (1%) 6 (14%) 3 (7%)

#Splenic follicles 4" (50) (49)
Atrophy, diffuse 4 (9%) 4 (8%) 3 (6%)
Hyperplasia, diffuse 2 (4%) 2 (4%) 2 (4%)
Hyperplasia, reticulum cell 1 (2%)

Hyperplasia, lymphoid 6 (13%) 9 (18%) 13 27%)
Hypoplasia, lymphoid 2 (4%) 3 (6%)

#Splenic red pulp 4N (50) 49)
Congestion, acute 2 (4%) 1 (2%)
Pigmentation, NOS 2 (4%)

Hyperplasia, lymphoid 1 (2%)
Hematopoiesis 18 (38%) 20 (40%) 15 (31%)
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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 (45) [C3Y) (45)
Congestion, acute 1 2%)
Hemorrhage 1 (2%)
Inflammation, chronic focal 1 (2%)
Hyperplasia, reticulum cell 1 (2%)
Hyperplasia, lymphoid 1 %) 2 (5%)

#Mandibular lymph node (45) 41) 45
Hyperplasia, plasma cell 1 (2%)

Hyperplasia, reticulum cell 1 (2%)
Hyperplagia, lymphoid 2 (&%) 1 (2%)

#Tracheal lymph node (45) (41) (45)
Hyperplasia, lymphoid 1 (2%)

#Mediastinal lymph node (45) (41) (45)
Hyperplasia, lymphoid 1 (2%)

#Mesenteric lymph node (45) (41) (45)
Hemorrhage 1 (2%)
Hemorrhage, chronic 1 (2%)
Inflammation, acute suppurative 1 (2%)
Inflammation, chronic suppurative 1 (2%)
Hematopoiesis 1 (2%)

#Renal lymph node (45) 41 45)
Hemorrhage 1 (2%)
Hyperplasia, lymphoid 1 2%)

#Lung (50) (50) “9
Leukocytosis, NOS 1 (2%)
Hyperplasia, lymphoid 2 (4%)

#Liver (50) 50) (50)
Hyperplasia, lymphoid 2 (4%) 2 (4%) o
Hematopoiesis 2 (4%) 3 (6%) 2 (4%)

#Pancreas 47 50 (48)
Hyperplasia, lymphoid 1 (2%) 2 4%

#Pancreatic interstitial tissue “n 50 (48)
Hyperplasia, lymphoid 2 (4%)

#Peyer’s patch 45) (48) 49
Hyperplasia, lymphoid 1 (2%) 1 (2%) 1 (2%)

#Kidney (50) 49) 49
Hyperplasia, lymphoid 2 (4%) 1 (2%)

#Kidney/cortex (50) 49 49)
Hyperplasia, lymphoid 1 (2%)

#Kidney/pelvis (50) 49) 49
Hyperplasia, lymphoid 1 (2%) 1 (2%)

#Ovary (44) (45) (46)
Hyperplasia, lymphoid 1 (2%)

# Adrenal (48) (45) (45)
Hematopoiesis 1 2%

#Thymus (34) (32) (44)
Cyst, NOS 1 (3%)

Hemorrhage 1 (3%)
Depletion, lympheid 1 (2%)
Histiocytosis 1 (2%

#Thymic medulla (34) 32) 44
Hyperplasia, focal 1 (3%)

Hyperplasia, lymphoid L (3%) 1 (2%)

#Thymic lymphocytes (34) 32 (44)
Necrosis, diffuse 1 (2%)

CIRCULATORY SYSTEM

#Lung (50) (50 49)
Arteriosclerosis, NOS 1 (2%)

#Heart (50) (50) 49
Periarteritis 1 2%) 1 (2%)
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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
CIRCULATORY SYSTEM (Continued)

#Heart/atriom (50) 50) (49)
Thrombus, organized 1 (2%)

#Heart/ventricle (50) (50) (49)
Inflammation, acute/chronic 1 2%)

#Liver (50) (50) (50)
Thrombus, organized 1 (2%) 1 (2%)

#Urinary bladder (46) an (46)
Periarteritis 1 (2%)

#Uterus/endometrium (49) (48) (CY))
Thrombus, organized 1 (2%)

#Thyroid (48) (48) (44)
Periarteritis 1 (2%)

DIGESTIVE SYSTEM

#Salivary gland 40N (48) (46)
Atrophy, focal 4 (9%) 3 (6%) 8 (17%)
Atrophy, serous 1 (2%) 3 (6%

#Salivary gland interstitial tissue “n 48) (46)
Inflammation, acute/chronic 1 (2%)

#Liver (50) (50) (50)
Congestion, acute 4 (8%)
Hemorrhage 2 (4%) 1 (2%)
Inflammation, acute/chronic 11 (22%) 5 (10%) 2 (4%)
Degeneration, lipoid 1 (2%)
Necrosis, focal 1 (2%)

Infarct, focal 1 (2%)
Pigmentation, NOS 1 (2%)
Focal cellular change 1 (2%)

Hyperplasia, nodular 1 (2%)
Histiocytosis 1 (2%)

#Liver/centrilobular (50) 50 (50)
Degeneration, lipoid 1 2%)
Necrosis, diffuse 1 (2%)

Atrophy, diffuse 1 (2%)

#Liver/hepatocytes (50) (50) (50)
Hemorrhage 1 (2%)

Degeneration, lipoid 1 (2%)
Necrosis, focal 1 (2%) 2 (4%)
Necrosis, coagulative 1 (2%)

Necrosis, ischemic 2 (4%)

Cytoplasmic vacuolization 1 (2%)
Focal cellular change 2 (4%)

Atrophy, diffuse 1 (2%)

Dysplasia, NOS 2 (4%) 1 (2%)

*Gallbladder (50) (50) (50)
Hyperplasia, cystic 1 (2%)

#Bile duct (50) (50) (50)
Hyperplasia, focal 1 (2%)

#Pancreas (€Y} (50) (48)
Inflammation, acute/chronic 1 (2%)

Inflammation, chronic suppurative 1 (2%)
Necrosis, fat 1 (2%)

#Pancreatic duct (47 (50) (48)
Necrosis, NOS 1 (2%)

#Pancreatic acinus “n (50) (48)
Inflammation with fibrosis 1 (2%)
Atrophy, focal T (15%) 25 (50%) 41 (85%)
Atrophy, diffuse 1 2%) 1 (2%)

Hyperplasia, focal 1 2%)
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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
DIGESTIVE SYSTEM (Continued)

#Periesophageal tissue (50) (49) (48)
Foreign body, NOS 1 2%)

Inflammation, acute suppurative 1 (2%)

#Stomach (46) (CY)) 48)
Mineralization 1 (2%)

Ulcer, NOS 1 (2%)

Inflammation, acute suppurative 1 (2%)

Inflammation, acute/chronic 1 2%)
Inflammation with fibrosis 1 (2%)

Hyperkeratosis 2 (4%)

Acanthosis 2 (4%) 1 (2%)

Mataplasia, NOS 1 (2%)

Metaplasia, squamous 1 (2%)

#Gastric mucosa (46) (CY)) (48)
Inflammation, acute/chronic 1 (2%)

Acanthosis 1 (2%)

#Gastric fundal gland (46) 47 (48)
Dilatation, NOS 1 (2%)
Edema, NOS 1 (2%)

Atrophy, focal 1 (2%)
Hyperplasia, focal 1 (2%)

#Forestomach (46) a7 (48)
Hyperplasia, epithelial 1 (2%)

#Cardiac stomach (46) an 48)
Inflammation, acute/chronic 1 (2%)

#Small intestine (45) 48) 49
Parasitism 1 2%)
Atrophy, focal 1 (2%)

Atrophy, pressure 1 (2%)

#Intestinal villus (45) (48) 49)
Atrophy, focal 1 (2%)

#Colon (45) (48) (48)
Parasitism 2 (4%) 1 (2%) 2 (4%)

URINARY SYSTEM

#Kidney (50) (49) (49)
Glomerulonephritis, membranous 1 (2%)

Glomerulonephritis, chronic 2 (4%)

#Kidney/cortex (50) (49) 49)
Glomerulonephritis, membranous 1 (2%)

Inflammation, acute/chronic 1 (2%)
Nephropathy 11 (22%) 9 (186%) 12 (24%)
[ofarct, healed 1 (2%)
Metaplasia, osseous 1 (2%)

#KidneyAubule (50) (49) 49)

Mineralization 1 (2%)
Degeneration, NOS 1 2%)
Degeneration, granular 1 (2%)
Atrophy, focal 1 (2%)

*Ureter (50) (50) (50)
Mineralization 1 (2%)

#Urinary bladder (46) 47) (45)
Congestion, acute 1 (2%)

ENDOCRINE SYSTEM

#Pituitary (43) 40) (40)
Cyst, NOS 3 (8%) 3 (8%)
Hemorrhage 1 3%)

Hemorrhagic cyst 3 (T%)
Hemorrhage, chronic 1 (3%)
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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
ENDOCRINE SYSTEM

#Pituitary (Continued) 43) (40) 40)
Hypertrophy, focal 1 3%)

Hyperplasia, focal 6 (14%) 2 (5%)
Hyperplasia, chromophobe cell 3 (1%)

#Anterior pituitary (43) (40) (40)
Hyperplasia, focal 1 (2%)

#Adrenal 48) (45) (45)
Hemorrhage 1 (2%)

Inflammation, acute suppurative 1 (2%)

#Adrenal/capsule (48) (45) (45)
Fibrosis, focal 1 (2%)

#Adrenal cortex (48) (45) (45)
Congestion, NOS 1 (2%)
Congestion, acute 1 (2%)
Degeneration, NOS 1 (2%)

Hypertrophy, focal 2 (4%) 2 (4%) 1 (2%)

#Thyroid 48) (48) 44)
Embryonal duct cyst 1 (2%)

Cyst, NOS 1 (2%) 1 (2%)
Hyperplasia, follicular cell 3 (6%) 3 (6%)
Histiocytosis 1 (2%)

#Thyroid follicle (48) (48) (44)
Atrophy, focal 1 (2%)

Atrophy, diffuse 1 (2%)
REPRODUCTIVE SYSTEM

#Uterus (49) (48) 4D
Dilatation, NOS 12 (25%) 16 (34%)
Hemorrhage 2 (4%)

Inflammation, suppurative 1 (2%)
Inflammation, acute suppurative 2 (4%)
Polypoid hyperplasia 1 (2%)

#Uterus/endometrium (49) (48) 47
Edema, NOS 1 (2%)
Hemorrhage 1 2%)

Inflammation, acute suppurative 2 (4%)

Hypoplasia, NOS 2 (4%) 2 4%)
Atrophy, focal 1 (2%)
Hyperplasia, focal 1 (2%)
Hyperplasia, diffuse 2 (4%) 2 (4%)
Hyperplasia, cystic 45 (92%) 42 (88%) 31 (66%)

#Uterus/myometrium 49) 48) an
Inflammation, acute/chronic 1 (2%)

#O0vary/parovarian 44) 45) (46)
Hemorrhagic cyst 1 (2%)

#Ovary 44) 45) (46)
Dilatation, NOS 1 (2%)

Cyst, NOS 10 (23%) 10 (22%) B (17%)
Follicular cyst, NOS 1 (2%)
Multiple cysts 2 (5%)

Hemorrhage 1 (2%)

Hemorrhagic cyst 2 (6%) 2 (4%) 2 (4%)
Inflammation, acute suppurative 2 (5%)

Necrosis, fat 1 (2%) 1 (2%)
Pigmentation, NOS 3 (%)
Atrophy, senile 1 2%)
Hyperplasia, cystic 2 (4%)

Histiocytosis 1 (2%)

#Ovaryfollicle (44) (45) (46)
Hemorrhagic cyst 1 (2%)
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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
NERVOUS SYSTEM
#Brain/meninges 49) (48) (60)
Hemorrhage 1 2%)
Inflammation, acute/chronic 3 (6%)
Fibrasis, multifocal 1 (2%)
#Brain (49) 48) 50
Mineralization 10 (20%) 18 (38%) 20 (40%)
Inflammation, acute/chronic 1 (2%)
SPECIAL SENSE ORGANS
*Eye/cornea (50) (50) (560)
Inflammation, acute diffuse 1 (2%)
MUSCULOSKELETAL SYSTEM
None
BODY CAVITIES
*Mediastinum (50) (50) (50)
Foreign bady, NOS 2 (4%)
Hemorrhage 1 (2%)
Inflammation, acute suppurative 2 (4%)
Inflammation, chronic focal 1 (2%)
*Peritoneum (50) (50) (50)
Necrosis, fat 2 (4%)
*Peritoneal cavity (50) (50) (610)
Necronsis, fat 1 (2%) 3 (6%) 1 (2%)
*Pleural cavity (50) (50) (50)
Foreign body, NOS 1 (2%)
Hematoma, organized 1 (2%)
Inflammation, acute suppurative 1 (2%)
*Pleural mesothelium (50) (50) (50)
Inflammation, acute/chronic 1 (2%)
*Epicardium (50) (50) (50)
Inflammation, acute/chronic 1 (2%)

ALL OTHER SYSTEMS
None

SPECIAL MORPHOLOGY SUMMARY
None

* Number of animals receiving complete necropsy examinations; all gross lesions including masses examined microscopically.
# Number of animalg examined microscopically at this site
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TABLE El. MUTAGENICITY OF MALONALDEHYDE, SODIUM SALT, IN SALMONELLA TYPHIMURIUM (a)

Revertants/plate (b)

Strain Dose +89 (hamster) +89 (rat)
(ng/plate) Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2
TA100 0 141 £ 10.7 100+ 23 160+ 34 151 £ 205 161+ 7.8 150+ 3.8
33 - - 153+ 43 118 + 135 162 + 136 125 40
100 117+ 84 9+ 9.7 156+ 3.5 126+ 7.2 164 + 10.8 142t 58
333 120+ 6.0 84t 32 150+ 5.7 138 £ 13.0 148 £ 11.2 135+ 9.7
1,000 113+ 6.8 98+ 27 150 + 127 169 + 10.7 157 £ 163 158+ 2.7
3,333 113+ 71 95+ 3.2 167 9.1 162+ 3.0 160 + 13.7 182+ 85
10,000 1156+ 03 97+ 20 - - - -
Trial summary Negative Negative Negative Negative Negative Negative
Positive
control (c) 1,417 £ 76.4 1,034 +£140.2 2,712 £147.0 2,550 £299.1 1,114 £ 450 1,940 +283.6
TA1333 0 11+ 1.7 16 10 13+ 34 21 15 10+ 1.2 13+ 22
33 - - 19+ 3.0 18+ 36 11+ 15 13+ 09
100 14+ 12 14+ 06 12+ 03 18+ 1.2 15+ 18 13+ 0.6
333 9t 27 17+ 26 9t 24 12 10 11+ 09 17 0.7
1,000 12+ 3.7 12+ 15 12+ 03 15 03 12+ 13 16t 19
3,333 10 15 14 13 11+ 25 17t 16 5t 10 13 15
10,000 5+ 03 8 17 - - - -
Trialsummary Negative Negative Negative Negative Negative Negative
Positive
control (c) 983 + 64.1 571 £ 16.0 312t 168 216 £ 116 193 £ 105 220+ 13.0
TAL1537 0 13+ 3.0 T 1.7 13+ 03 12+ 41 17+ 1.7 10t 29
33 - - 19 20 T+ 03 21t 20 8t 07
100 14+ 13 8+ 0.7 18t 32 6t 18 16+ 32 6t 23
333 14t 15 7 00 18+ 3.2 11+ 1.0 18+ 21 6 1.0
1,000 16 03 8+ 12 17 24 11+ 20 21+ 28 5t 12
3,333 14 1.0 6t 09 18 1.9 11+ 25 14+ 4.7 6t 09
10,000 T 12 2+ 03 - - - -
Trial summary Negative Negative Negative Negative Negative Negative
Positive
control (¢) 768 + 40.5 154+ 7.0 372t 303 231 + 45.4 252 + 23.2 1563+ 98
TA98 0 26 18 15+ 17 st 12 25t 25 39t 31 24 29
33 - - 32+ 3.7 23t 23 29t 24 25 1.0
100 31 42 16 12 43+ 3.9 22+ 12 33+ 34 22+ 22
333 34 4.2 18+ 06 421 49 29+ 4.7 31 24 19+ 18
1,000 26 3.2 16+ 0.7 34t 3.7 31 32 36t 15 24t 35
3,333 26+ 44 16+ 38 4+ 37 27T+ 12 36+ 58 18t 23
10,000 15 03 17+ 38 -- - - --
Trial summary Negative Negative Negative Negative Negative Negative
Positive
control (¢) 162 71 292 + 144 942+ 296 2,121 £390.8 463 £ 153 1,162 1756

(a) Study performed at Case Western Reserve University. The detailed protocol is presented in Haworth et al. (1983). Cellsand
study compound or soivent (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; O pg/plate dose is the solvent control.

(b) Revertants are presented as mean * standard error from three plates.

(c) 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 TA100 and TA1535, and 9-aminoacridine was used

with TA1537.
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TABLE E2, MUTAGENICITY OF MALONALDEHYDE, SODIUM SALT, IN MOUSE L5178Y LYMPHOMA

CELLS (a,b)
Cloning Relative Mutant Mutant
Compound Concentration  Efficiency Total Growth Count Fraction (c)
(ng/ml) (percent) (percent)
Trial 1
Distilled water
723+ 32 100.0 + 32,0 1120+ 9.0 513+ 20
Malonaldehyde, sodium salt
125 713+ 92 128.7 * 105 1667+ 11.3 (d)793f 64
250 7931 99 887t 58 167.7 £ 10.7 670% 5.0
500 63.0+ 120 590t 4.0 268.0 + 23.0 (d)145.5t 155
1,000 Lethal -- -- -
Methyl methanesulfonate
5 463 + 10.2 467t 98 787.7 £1220 (d)596.7 71.5
Trial 2
Distilled water
895 25 1000+ 23 1068+ 7.0 398 23
Malonaldehyde, sodium salt
300 837+ 33 69.7+ 3.5 1657+ 75 (d660% 1.2
400 7471 44 67.0% 3.1 2267t 84 (@101.7% 3.7
500 8431 24 540 15 273.0+ 246 (d1077% 7.2
600 733 19 510 7.6 2227+ 152 (@101.0% 6.1
800 580+ 40 353+ 28 3603 + 113 (d)2103 £ 19.0
1,000 543t 66 113+ 09 4420 + 214 (d)279.3 + 274
Methyl methanesulfonate
5 520+ 86 28,7+ 35 _ 6100 465 (d)405.3 + 48.0

(a) Study performed at Litton Bionetics, Inc. The experimental protocol is presented in detail by Myhr et al. (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 mg/ml. Cells (6 X 105/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 108 cells 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 cloning efficiency.

(b) Mean * standard error of replicate trials of approximately 3 X 108 cells each. All data are evaluated statistically for both
trend and peak response (P <0.05 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 responses is significant, the call is "equivocal”; the ab-
sence of both trend and peak response results in a "negative” call.

(c) Mutant fraction (frequency) is a ratio of the 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 SCEws/ Relative
Total Chromo- No. of Chromo- SCEs/ Hours SCEs/Cell
Compound Dose Cells somes SCEs some Cell in BrdU (percent)
(pg/ml) (b
-89 (c)
Trial No. 1--Summary: Pesitive
Medium 50 1,042 393 0.38 7.9 26.5 -
Malonaldehyde, sodium salt
149 50 1,049 394 0.38 7.9 26.5 100.0
49.8 50 1,044 479 0.46 9.6 26.5 1215
149 50 1,041 596 0.57 119 26.5 150.6
Mitomycin C
0.002 50 1,045 660 0.63 13.2 26.5 167.1
0.010 10 208 331 1.59 33.1 26.5 419.0
Trial No. 2--Summary: Positive
Medium 50 1,040 428 0.41 8.6 26.0 -
Malonaldehyde, sodium salt
15 50 1,048 529 0.50 10.6 26.0 123.3
50 50 1,036 568 0.55 114 26.0 1326
150 50 1,045 726 0.69 145 26.0 168.6
300 50 1,038 1,018 0.98 204 26.0 237.2
Mitomycin C
0.002 50 1,036 496 0.48 99 26.0 115.1
0.010 10 209 93 0.44 9.3 26.0 108.1
+89 (d)
Trial No. 1--Summary: Positive
Medium 50 1,047 453 043 9.1 26.0 -
Malonaldehyde, sodium salt
149 50 1,043 438 0.42 8.8 26.0 96.7
498 50 1,047 533 0.51 10.7 26.0 1176
1,490 50 1,042 691 0.66 13.8 26.0 151.6
Cyclophosphamide
0.500 50 1,034 416 0.40 8.3 26.0 91.2
2.500 10 206 292 1.42 29.2 26.0 320.9
Trial No. 2--Summary: Positive
Medium 50 1,047 470 0.45 94 26.0 -
Malonaldehyde, sodium salt
150 50 1,049 543 0.52 10.9 26.0 116.0
500 50 1,042 655 0.63 13.1 26.0 1394
1,000 50 1,039 613 0.59 12.3 26.0 130.9
2,000 50 1,032 818 0.79 164 (e) 30.0 1745
Cyclophosphamide
0.500 100 2,092 2,049 0.98 20.5 26.0 218.1
2.500 10 213 460 2.16 46.0 26.0 489.4
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TABLE E3. INDUCTION OF SISTER CHROMATID EXCHANGES IN CHINESE HAMSTER OVARY CELLS
BY MALONALDEHYDE, SODIUM SALT (Continued)

(a) Study performed at Bioaasay Systems Corp. SCE = sister chromatid exchange; BrdU = bromodeoxyuridine. A detailed de-
scription of the SCE protocol is presented by Galloway et al. (1985). Briefly, Chinese hamster ovary cells were incubated with
study compound or medium as described in (c) or (d) below and cultured for sufficient time to reach second metaphase division.
Cells were then collected by mitotic shake-off, fixed, air-dried, and stained.

(b) SCEs/cell of culture exposed to study chemical relative to those of culture exposed to medium

(¢) In the absence of S9, Chinese hamster ovary cells were incubated with study compound or medium for 2 hours at 37°C. Then
BrdU was added, and incubation was continued for 24 hours. Cells were washed, fresh medium containing BrdU and colcemid
was added, and incubation was continued for 2-3 hours.

(d) In the presence of S9, cells were incubated with study compound or medium for 2 hours at 37° C. Then cells were washed,
and medium containing BrdU was added. Cells were incubated for a further 26 hours, with colecemid present for the final 2-3
hours. S9 was from the liver of Aroclor 1254-induced male Sprague Dawley rats.

(e) Because some chemicals induce a delay in the cell division cycle, harvest times are occasionally extended to maximize the
proportion of second division cells available for analysis.
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TABLE E4. INDUCTION OF CHROMOSOMAL ABERRATIONS IN CHINESE HAMSTER OVARY CELLS
BY MALONALDEHYDE, SODIUM SALT (a)

Dose Total No. of Abs/ Percent Dose Total No. of Abs/  Percent
(pg/ml)  Cells Abs Cell Cells (pg/mD)  Cells Abs Cell Cells
with Abs with Abs
-S89 () -89 (b)
Trial 1--Harvest time 10.5 hours Trial 3--Harvest time 20.0 hours (¢)
Medium Medium
100 8 0.08 7 100 5 0.05 4
Malonaldehyde, sodium salt Malonaldehyde, sodium salt
818 100 6 0.06 6 42.9 100 4 0.04 4
245 100 5 0.05 5 71.5 100 6 0.06 6
409 100 3 0.03 3 143 100 5 0.05 5
216 100 4 0.04 3
Summary: Negative Summary: Negative
Mitomycin C Mitomycin C
5 100 69 0.69 46 1 10 13 1.3 50
5 10 81 8.1 90
+89 (d)
Trial 1--Harvest time 12.0 hours
Medium
100 2 0.02 2
Malonaldehyde, sodium salt
409 100 3 0.03 3
1,640 100 2 0.02 2
3,270 100 3 0.05 4

Summary: Negative
Cyclophosphamide
50 100 38 0.38 33

(a) Study performed at Bioassay Systems 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 (d). Cells were arrested in first metaphase by addition of colcemid
and harvested by mitotic shake-off, fixed, 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 at
37° C. Cells were then washed, and fresh medium containing colcemid was added for an additional 2-3 hours 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 37°C. 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 of Aroclor 1254-induced male Sprague Dawley rats.
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TABLE E5. INDUCTION OF SEX-LINKED RECESSIVE LETHAL MUTATIONS IN DROSOPHILA BY

MALONALDEHYDE, SODIUM SALT (a)

Route of Dose Incidence Incidence No. of Lethals/No. of X Chromosomes Tested Overall
Exposure (ppm) of Deaths of Sterility Mating 1 Mating 2 Mating 3 Total
(percent)  (percent) (b)
Injection 10,000 22 8 3/2,388 3/2,105 171,472 /5,965 (0.12%)
0 2/2,476 4/2,388 672,195 12/7,089 (0.17%)
Feeding 25,000 24 11 4/2,602 2/1,992 01,177 6/5,771(0.10%)
0 1/3,784 2/2,863 12,128 4/8,775 (0.05%)

(a) Study performed at Bowling Green State University. A detailed protocol of the sex-linked recessive lethal assay is presented
in Zimmering et al. (1985). (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 5% sucrose. In the injection experiments, 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
Basc females for 3 days and given fresh females at 2-day intervals to produce three broods of 3, 2, and 2 days; sample sperm from
successive matings were treated as spermatozoa (mating 1), spermatids (mating 2), and spermatocytes (mating 3). F;
heterozygous females were crossed to their siblings and placed in individual vials. F, daughters from the same parental male
were kept together to identify clusters; no clusters were found. After 17 days, presumptive lethal mutations were identified as
vials containing no wild-type males; these were retested. Results were notsignificant at the 5% level (Margolin et al., 1983).

(b) Combined total of number of lethal mutations/number of X chromosomes tested for three mating trials
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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 op-
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 used for the studies of chemical compounds.

Fifteen B6C3F; mice and 15 F344/N rats of each sex are selected at 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 §/60 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
Inhibition Fixation ELISA
Mice PVM (pneumonia virus of mice) M. Ad. (mouse adenovirus) MHYV (mouse
Reo 3 (reovirus type 3) LCM (lymphocytic hepatitis virus)
GDVII (Theiler’s choriomeningitis virus) (24 mo)
encephalomyelitis virus) MHV (6,12, 18 mo)
Poly (polyoma virus)

MVM (minute virus of mice)
Ectro (infectious ectromelia)
Sendai

Rats PVM RCV (rat coronavirus)
KRV (Kilham rat virus)
H-1 (Toolan’s H-1 virus)
Sendai
II. 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)

No. of Positive Serologic
Interval (months) Animals Reaction for
RATS
6 6/10 KRV
12 5/10 KRV
18 3no KRV
24 410 KRV
MICE
6 0/10 None positive
12 2/10 MVM
18 177 GDVII
24 5/10 Reo 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 sent to Microbiological Associates (Bethesda, MD) for determination of anti-

body titers.
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TABLE G1. INGREDIENTS OF NIH 07 RAT AND MOUSE RATION (a)

Ingredients (b) Percent by Weight
Ground #2 yellow shelled corn 24.60
Ground hard winter wheat 23.00
Soybean meal (49% protein) 12.00
Fish meal (60% protein) 10.00
Wheat middlings 10.00
Dried skim milk 5.00
Alfalfa meal (dehydrated, 17% protein) 4.00
Corn gluten meal (60% protein) 3.00
Soy oil 2.50
Brewer’s dried yeast 2.00
Dry molasses 1.50
Dicalcium phosphate 1.25
Ground limestone 0.50
Salt 0.50
Premixes (vitamin and mineral) 0.25
(a) NCI, 1976; NIH, 1978

(b) Ingredients ground to pass through a U.S. Standard Screen No. 16 before being mixed

TABLE G2. VITAMINS AND MINERALS IN NIH 07 RAT AND MOUSE RATION (a)

Amount Source
Vitamins
A 5,500,000 IU Stabilized vitamin A palmitate or acetate
Dy 4,600,000 1U D-activated animal starol
K; 28g Menadione activity
d-a-Tocophery!l acetate 20,000 IU
Choline 5600¢g Choline chloride
Folic acid 22¢g
Niacin 300¢g
d-Pantothenic acid 180¢g d-Calcium pantothenate
Riboflavin 34g
Thiamine 100g Thiamine mononitrate
Big 4,000 ug
Pyridoxine 1.7g Pyridoxine hydrochloride
Biotin 140.0 mg d-Biotin
Minerals
Iron 1200g Iron sulfate
Manganese 600¢g Manganous oxide
Zinc 160g Zinc oxide
Copper 40g Copper sulfate
Iodine l4g Calcium iodate
Cobalt 04g Cobalt carbonate

(a) Per ton (2,000 Ib) of finished product
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TABLE G3. NUTRIENT COMPOSITION OF NIH 07 RAT AND MOUSE RATION (a)

Mean ¥ Standard

Nutrients Deviation Range No. of Samples
Crude protein (percent by weight) 24.29 £ 0.81 22.7-26.1 24
Crude fat (percent by weight) 4.81 £ 0.38 4.1.55 24
Crude fiber (percent by weight) 3.31 £ 0.50 1.4-43 24
Ash (percent by weight) 6.76 £ 0.44 5.83-7.43 24
Amino Acids (percent of total diet)

Arginine 1.260 1.21-1.31 2

Cystine 0.395 0.39-0.40 2

Glycine 1.176 1.15-1.20 2

Histidine 0.553 0.530-0.576 2

Isoleucine 0.908 0.881-0.934 2

Leucine 1,906 1.85-1.96 2

Lysine 1.250 1.20-1.30 2

Methionine 0.310 0.306-0.314 2

Phenylalanine 0.967 0.960-0.974 2

Threonine 0.834 0.840-0.827 2

Tryptophan 0.175 0.171-0.178 2

Tyrosine 0.587 0.566-0.607 2

Valine 1.085 1.06-1.12 2
Essential Fatty Acids (percent of total diet)

Linoleic 2.37 1

Linolenic 0.308 1

Arachidonic 0.008 1
Vitamin

Vitamin A (IU/kg) 10,192 1 2,534 6,700-17,000 24

Vitamin D (IU/kg) 6,300 1

a-Tocopherol (ppm) 37.6 31.1-440 2

Thiamine (ppm) (b) 162145 7.4-27.0 23

Riboflavin (ppm) 6.9 6.1-74 2

Niacin (ppm) 15 65-85 2

Pantothenic acid (ppm) 302 29.8-30.5 2

Pyridoxine (ppm) 1.2 5.6-8.8 2

Folic acid (ppm) 2.1 1.8-.24 2

Biotin (ppm) 0.24 0.21-0.27 2

Vitamin B, (ppb) 12.8 10.6-15.0 2

Choline (ppm) 3,315 3,200-3,430 2
Minerals

Calcium (percent) 1.34 £ 0.20 0.81-1.69 24

Phosphorus (percent) 1.01 £ 0.08 0.82-1.10 24

Potassium (percent) 0.809 0.772-0.846 2

Chloride (percent) 0.557 0.479-0.635 2

Sodium (percent) 0.304 0.258-0.349 2

Magnesium (percent) 0.172 0.166-0.177 2

Sulfur (percent) 0.278 0.270-0.285 2

Iron (ppm) 418 409-426 2

Manganese (ppm) 80.8 86.0-95.5 2

Zinc (ppm) 55.1 54.2-56.0 2

Copper (ppm) 12.68 9.65-15.70 2

Iodine (ppm) 2.58 1.52-3.64 2

Chromium (ppm) 1.86 1.79-1.93 2

Cobalt (ppm) 0.57 0.49-0.65 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) was not analyzed for thiamine.
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TABLE G4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION

Mean * Standard

Contaminants Deviation Range No. of Samples
Arsenic (ppm) 0.39 £ 0.23 <0.05-1.06 24
Cadmium (ppm)(a) 0.11 £ 0.07 <0.05-0.40 24
Lead (ppm) 0.91 £ 0.51 0.50-2.65 24
Mercury (ppm) (b) < 0.05 24
Selenium (ppm) 029 £ 0.09 0.10-0.62 24
Aflatoxins (ppb) (b,c) <10 <10-<§ 24
Nitrate nitrogen (ppm)(d,e) 7.00 £ 3.7 <0.1-13.0 24
Nitrite nitrogen (ppm) (d,e) 145 +1.0 <0.1-4.0 24
BHA (ppm) (f.g) 3.83 +3.88 <0.2-13.0 24
BHT (ppm) () 297 £ 1.7 0.8-7.6 24
Aerobic plate count (CFU/g) (h) 48,786 t 32,701 5,500-120,000 22
Aeraobic plats count (CFU/g) (i) 70,870 t 81,410 6,500-320,000 24
Coliform (MPN/g) () 39 t 57 <3-240 20
Coliform (MPN/g) (k) 270 £ 580 <3-2,400 24
E. coli (MPN/g) (D) <3 24
Total nitrosamines (ppb) (m,n) 7.63 * 6.67 2.2-24.5 21
Total nitrosamines (ppb) (m,o) 29.77 + 64.69 2.2-273 24
N-Nitrosodimethylamine (ppb) (m,n) 5.81 £ 6.30 1.1-20.0 21
N-Nitrosodimethylamine (ppb) (m,0) 27.79 £ 64.31 1.1.272 24
N-Nitrosopyrrolidine (ppb) 1.44 £ 0.89 0.5-3.5 24
Pesticides (ppm)

a-BHC (b,p) <0.01 24

B-BHC (b) <0.02 24

y-BHC-Lindane (b) <0.01 24

8-BHC (b) <0.01 24

Heptachlor (b) <0.01 24

Aldrin (b) <0.01 24

Heptachlor epoxide (b) <0.01 24

DDE (b) <0.01 24

DDD () <0.01 24

DDT (b) <0.01 24

HCB (b) <0.01 24

Mirex (b) <D.01 24

Methoxychlor (q) <0.05 0.09 (8/26/81) 24

Dieldrin (b) <0.01 24

Endrin (b) <0.01 24

Telodrin (b) <0.01 24

Chlordane (b) <0.05 24

Toxaphene (b) <0.1 24

Estimated PCBs (b) <0.2 24

Ronnel (b) <0.01 24

Ethion (b) <002 24

Trithion (b) <0.05 24

Diazinon (q) <0.1 0.2(4/27/81) 24

Methy) parathion (b) <0.02 24

Ethy] parathion (b) <0.02 24

Malathion (r) 0.10 £ 0.07 <0.05-0.27 24

Endosulfan I (b) <0.01 24

Endosulfan II (b) <0.01 24

Endosulfan sulfate (b) <0.03 24
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TABLE G4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION (Continued)

(a) Three batches contained more than 0.1 ppm.

(b) All values 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.

(f) Source of contamination: soy oil and fish meal

(g) Six batches contained less than 0.5 ppm.

(h) CFU =colony forming units; mean, standard deviation, and range exclude two extreme values (300,000 and 320,000)
obtained for batches produced on 12/21/79 and 2/26/80.

(i) Mean, standard deviation, and range include the two extreme values given in footnote (h).

() Mean, standard deviation, and range exclude four very high values in the range of 1,100-2,400 obtained for batches produced
on 2/4/80, 2/26/80, 5/29/80, and 12/16/80.

(k) Mean, standard deviation, and range include the very high values listed in footnote (j).

(1) MPN =moast 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
produced on 1/26/81, 2/23/81 and 4/27/81.

(o) Mean, standard deviation, and range include the very high values given in footnote (n).

(p) BHC = 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) Nine batches contained more than 0.05 ppm.
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APPENDIX H

AUDIT SUMMARY
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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 Jitco, 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:

(1) All records concerning animal receipt, quarantine, randomization, and disposition prior to
study start.

(2) Allchemistry records.

(3) Body weight and clinical observation data for a random 10% sample of the study animals.

(4) Ten percent random sample of the dose preparation records.

(8) All inlife records concerning environmental conditions, palpable masses, mortality, and ani-
mal identification.

(6) All postmortem records for individual animals concerning identification, disposition codes,
condition codes, and correlation between gross observations and microscopic diagnoses.

(1) Wet tissues from a random 10% sample of the study animals to verify animal identification
and to examine for untrimmed potential lesions.

(8) Slides and blocks of tissues from all vehicle control and high dose animals to examine for
proper match and inventory.

(9) 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. Government Printing Office : 1988 - 241-221/80379
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NATIONAL TOXICOLOGY PROGRAM TECHNICAL REPORTS
PRINTED AS OF JULY 1988

TR No. CHEMICAL TR No. CHEMICAL
201 2,3,7,8-Tetrachlorodibenzo-p-dioxin (Dermal) 275 2-Chloroethanol
206 Dibromochloropropane 276 8-Hydroxyquinohne
207 Cytembena 281 H.C.Red No.3
208 FD&C Yellow No. 6 282 Chlorodibromomethane
209 23,7 8-Tetrachlorodibenzo-p-dioxintGavage) 284 Diallylphthalate (Rats)
210 1,2.Dibromoethane (Inhalation) 285 C.l1. Basic Red 9 Monohydrochloride
211  C.I.Acid Orange 10 287 Dimethyl Hydrogen Phosphite
212 Du2-ethylhexyladipate 288 1.3-Butadiene
213 Butylbenzyl Phthalate 289 Benzene
214 Caprolactam 291 Isophorone
215 Bisphenol A 293 HC Blue No 2
216 11-Aminoundecanoic Acid 294 Chlorinated Trisodium Phosphate
217 Du2-ethylhexyliphthalate 295 Chrysotile Asbestos (Rats)
219 2,6-Dichloro-p phenylenediamine 296 Tetrakisthydroxymethy)phosphonium Sulfate and
220 C.I.Actd Red 14 Tetrakisthydroxymethy)phosphonium Chloride
221 Locust Bean Gum 298 Dimethyl Morpholinophosphoramidate
222 CI. Disperse Yellow 3 299 C1 Disperse Blue 1
223 Eugenol 300 3-Chloro-2-methylpropene
224 Tara Gum 301 o-Phenylphenol
225 D& CRedNo.9 303 4-Vinylcyclohexene
226 C.l.Solvent Yellow 14 304 Chlorendic Acid
227 Gum Arabic 305 Chlorinated Paraffins (Cq3, 43% chlorine)
229 Guar Gum 306 Dichloromethane
230 Agar 307 Ephedrine Sulfate
231 Stannous Chloride 308 Chlorinated Paraffins (C,,, 60% chlorine)
233 2-Biphenylamine Hydrochloride 309 Decabromodiphenyl Oxide
234 Allyl Isothiocyanate 310 Marine Diesel Fuet and JP-5 Navy Fuel
235 Zearalenone 311 Tetrachloroethylene (Inhalation)
236 D-Mannitol 312 n-Butyl Chloride
238 Ziram 314 Methyl Methacrylate
239 Bis(2 chloro-1-methylethylether 315 Oxytetracycline Hydrochloride
240 Propyl Gallate 316 1-Chloro-2 methylpropene
242 Diallyl Phthalate (Mice) 317 Chlerpheniramine Maleate
244 Polybrominated Biphenyl Mixture 318  Ampiallin Trihydrate
245 Melamine 319 1,4-Dichlorobenzene
247  vr-Ascorbic Acid 320 Rotenone
248 4,4'-Methylenedianmline Dihydrochloride 321 Bromodichloromethane
249 Amosite Asbestos 322 Phenylephrine Hydrochloride
250 Benzy! Acetate 323 Dimethyl Methylphosphonate
251 Toluene Dusocyanate 324 BornicAcd
252 Geranyl Acetate 325 Pentachloronitrobenzene
253 Allyllsovalerate 326 Ethylene Oxide
255 1,2-Dichlorobenzene 327 Xylenes(Mixed)
257 Diglycidyl Resorcinol Ether 328 Methyl Carbamate
259 Ethyl Acrylate 329 1.2-Epoxybutane
261 Chlorobenzene 330 4 Hexylresorcinol
263 1,2-Dichloropropane 332 VMercaptobenzothiazole
267 Propylene Oxide 333 N-Phenyl-2-naphthylamine
269 TeloneII® 334 2-Amino-5-nitrophenol
271 HCBlueNo 1 336 Penmaillin VK
272 Propylene 337 Nitrofurazone
273 Trichloroethylene (Four strains of rats) 339 2-Amino-4-nitrophenol

274 Tris(2-ethyihexylphosphate

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 (703-487-4650). Single coptes of this Technical Report are avail-
able without charge tand while supplies last) from the NTP Public Information Office, National Tox:icology Program, P O.
Box 12233, Research Triangle Park, NC 27709.
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Carcinogens Listed in the Eleventh Report

Part A. Known to be Human Carcinogens.

Name or synonym Page No lll-
Aflatoxins 8
Alcoholic Beverage Consumption 10
4-Aminobiphenyl 13
Analgesic Mixtures Containing Phenacetin {See Phenacetin and Analgesic Mixtures Containing Phenacetin) 212
Arsenic Compounds, |norganic 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
1,4-Butanediol Dimethanesulfonate {Myleran®) 39
Cadmium and Cadmium Compounds 42
Chlorambucil 47
1-{2-Chloroethyl}-3-{4-methylcyclohexyl)-1-nitrosourea (MeCCNU) 53
his(Chioromethyl) Ether and Technical-Grade Chloromethyl Methy! 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 "
Cyclophosphamide 74
Cyctosporin 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
e Mineral Ouls {Untreated and Mildly Treated) 174
Mustard Gas 176
2-Naphthylamine 179
Neutrons (See lonizing Radiation) 150
Nicke! Compounds (See Nickel Compounds and Metallic Nickel) 181
Radon (See lonizing Rad:ation) 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 Suffuric Acid 234
Sunlamps or Sunbeds, Exposure to {See Ultraviolet Radiation Related Exposures) 266
Tamoxifen 239
2.3, 8-Tetrachlorodibenzo-g-dioxin (TCOD), “Diaxin” 8
Thiotepa 249
Thorium Dioxide (See lonizing Radiation) 154
Tabacco Smaking {See Tobacco Related Exposures) 255
Viny! Chloride 272
Ultraviolet Radiation, Broad Spectrum UV Radiation (See Ultraviolet Radiation Related Exposures) 266
Wood Dust 276
X-Radiation and Gamma Radiation (See lonizing Radiation) 147

Bold entries indicate new or changed listing in The Report on Carcinogens, Eleventh Edition.
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