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E R I C  F. G R E E N B E R G ,  P . C .  
A p r o f e s s i o n a l  c o r p o r a t i o n  

August I O ,  2005 

Office of Food Additive Safety (HFS-200) 
Center for Food Safety and Applied Nutrition 
Food And Drug Administration 
51 00 Paint Branch Parkway 
College Park, MD 20740-3835 

Re: NOTIFICATION OF CLAIM FOR GENERAL 
RECOGNITION OF SAFETY OF ALLYL 
ISOTHIOCYANATE IN A FOOD SHELF LIFE 
EXTENSION AND ANTI-SPOILAGE SYSTEM 

Tu the FDA: 

This letter and its attachments contains the notification, 

pursuant to the Federal Food, Drug and Cosmetic Act and FDA’s 

regulations including proposed 21 CFR 170.36 published on April 17, 

1997 (62 FR 18937), by Mitsubishi-Kagaku Foods Corporation, 3-9, 

Ginza I-chome, Chuo-ku, Tokyo, Japan, c/o attorney Eric F. 

Greenberg, Eric F. Greenberg, P.C., 3500 Three First National Plaza, 

Chicago, Illinois 60602‘ (“Mitsubishi”), of the General Recognition of 

Safety of Allyl lsothiocyanate (“AIT’) for use as a shelf-life extension 

agent or anti-spoilage agent in a food container system for use in the 

home, in foodservice establishments, and in the farm field. 

1 Attachment 1 contains Mitsubishi’s authorization of representation by undersigned counsel. 
e f g r e e n b e r g @ u h l a w . c o m  

3500 THREE F I R S T  N A T I O N A L  P L A Z A ,  C H I C A G O ,  I L L I N O I S  6 0 6 0 2 - 4 2 8 3  
P H O N E :  3 1 2 - 9 7 7 - 4 6 4 7  * F A X :  3 1 2 - 9 7 7 - 4 4 0 5  000004 
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Under the described use, the AIT would be incorporated into 

food containers in order to deliver 30-50 parts per million of AIT to 

food held in the container. 

As set forth more fully below and in the attachments to this 

document, Mitsubishi believes the intended use of AIT, Chemical 

Abstracts Service number 57-06-7, is GRAS, and therefore exempt 

from the premarket approval requirements of the Federal Food, Drug 

and Cosmetic Act, 21 U.S.C. Sec 301 et seq., based on scientific 

procedures within the meaning of 21 U.S.C. Sec. 321(s) and FDA’s 

implementing regulations in 21 CFR Sec. 170.30, and including 

FDA’s proposed regulation 21 CFR 170.36 published on April 17, 

1997 (62 FR 18937). As required by FDA regulations, the scientific 

evidence of safety relied upon and.summarized here is generally 

known and accepted by qualified experts in the appropriate scientific 

and technical fields, 21 CFR Sec. 170.30(a), and is available for FDA 

review. 

The use described here involves the same substance as was 

the subject of GRAS Notice 133, submitted by Carex, lnc.2 and the 

subject of a favorable FDA letter dated January 5, 2004. This GRAS 

* The assets of Carex, Inc. are now owned by Mitsubishi-Kagaku Foods 
Corporation. 
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Notice, unlike the limited scope of GRAS Notice 133, contemplates 

the potential for exposure across the entire diet that is packaged in 

polymers. This submission relates to a similar material used in a 

similar way for a similar purpose, but provides a more complete 

safety analysis and more thorough analysis of the existing exposures 

to AIT than those in GRAS Notice 133. 

1. Claim of Exemption 

a. Name and address of the notifier. 
Mitsubishi-Kagaku Foods Corporation 
c/o Eric F. Greenberg 
Eric F. Greenberg, P.C. 
3500 Three First National Plaza 
Chicago, IL 60602 

b. Common or usual name of the notified substance. 
AI I y I isot hiocy ana t e (AIT) 
Volatile oil of mustard . .  
Mustard oil 
Oil of black mustard 
Oleum sinapis 
Senfoel 
Allyl mustard oil 
Allyl isothiocyanate (natural) 
Allyl thioisocyanate (natural) 
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c. Conditions of use (foods, levels, purposes). 

In the applications encompassed by this GRAS Notice, a variety of 

delivery technologies, each delivering similar levels of AIT into the air, may 

be used. For example, a “patch” containing AIT at a specified level and of a 

specified size and shape will be affixed to the flexible polymer, or a flexible 

film will be prepared containing AlT at a specified level and of a specified 

size. The AIT will be contained within microcapsules that will dissolve when 

the humidity reaches 70% or above, thereby releasing the AIT into the 

ambient air. The patch is made of conventional polymers including 

polyethylene with the AIT master batch in it. The patch will have an 

adhesive on the back for application into the bag, or be heat-sealed. 

Neither the material used to create the microcapsules, nor the 

adhesive, are reasonably expected to become components of the food in the 

container under the intended conditions of use. 

When used as described in this Notice, AIT meeting 

appropriate purity specifications is used to provide freshness 

extension for foods in food storage packaging for use in the home; in 

foodservice establishments (restaurants, cafeterias and grocery 

stores); and in farm fields to pack raw agricultural commodities. The 

food preservation system releases AIT into airspace found in storage 
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bags and other containers, and it preserves the freshness of the food 

by exerting an antimicrobial effect on spoilage bacteria in or on the 

food within the bag or other container. 

The AIT patch activates in the presence of moisture so that 

AIT is released when the relative humidity increases, Le., when food 

is added to the bag or other container. The microencapsulated AIT 

remains shelf-stable or dormant until the food is placed in the bag or 

container. When the relative humidity exceeds 70%, AIT will be 

released. 

The notifier has determined that freshness extension occurs at 

30-50 ppm, therefore the release rate of the patch will be 30-50 ppm. 

If the food in the bag absorbs the AIT in the atmosphere of the bag or 

other container or the AIT escapes through the packaging material, 

then the patch will release more AIT in order to maintain a steady 

state. 

AIT’s ability to retard the growth of a wide range of common 

bacteria, fungi, molds and yeast has been well established and was 

summarized in GRAS Notice 133, p.5. As recognized in FDA’s letter 

summarizing its review of GRAS Notice 133, exposure of food to AIT 

in this manner, that is, in an aerobic environment, is not expected to 
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mask spoilage or mask the presence of anaerobic pathogens. As 

FDA noted in its letter to Carex in response to GRAS Notice 133, 

"Because fully aerobic conditions are maintained under the intended 

conditions of use, Carex considers that its intended use of VOM will 

not increase the risk of outgrowth of anaerobic pathogens such as C. 

botulinum." Similarly, the proposed use does not encompass 

anaerobic conditions. 

e 

d. Basis of GRAS determination: Scientific procedures 

AIT safetv: Dietarv exposure 

This section provides an assessment of dietary exposure to AIT 

from background exposures and from the use of the Mitsubishi food 

preservation system. The data provided will demonstrate that the 

Notifier's use of AIT in a food preservation system will not significantly 

increase the overall exposure to AIT. 

Background 

As explained below, the US population is already exposed daily 

to at least an estimated 19.65 mg/person/day of AIT from naturally a 
000009 i 
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occurring food, food flavoring uses, and other sources. The 

Mitsubishi use is expected to add only minimally to the dietary 

exposure to AIT, and the resulting cumulative levels are easily 

demonstrated to be both safe and generally recognized as such. 

Potential dietary exposures to AIT from members of the 

Brassica family can be estimated based upon published reports of 

sinigrin levels in these food commodities. Sinigrin is a glycoside with 

an alkyl sidechain found in many common foods, including black or 

brown mustard (Brassica nigra or Brassica juncea), other members of 

the Brassica family such as cauliflower, broccoli, Brussels sprouts, 

cabbage, kale, and collards, and in foods such as watercress, papaya 

and horseradish. It is one of over 100 glucosinolates that have been 

found in food.and is the only glucosinolate that can be metabolized to 

AIT, a volatile chemical that is responsible for the biting, nose- 

clearing characteristics of foods such as mustard and horseradish 

(Mithen et al., 2000). 

Glucosinolates remain chemically stable in the cytoplasm of 

plant cells until the tissue is disrupted. Sinigrin is readily converted to 

AIT in aqueous solution and enzymatically though the action of the 

myrosinase (thioglucoside glycohydrolase EC 3:2:3: 1 ). 
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Gllucosin olates are h y d rol yzed to equimolar concentrations of 

glucose, aglycone and sulphate and the unstable aglycone from 

sinigrin subsequently reacts to form AIT. The extent of conversion is 

highly variable and depends upon factors such as pH, temperature 

and the presence of myrosinase. 

Estimation of AIT Exposure from the Consumption of 

Broccoli, Cauliflower, Brussels sprouts and Cabbage 

Many analyses have been reported for sinigrin-containing 

commodities that constitute important components of the diet of 

individuals in the United States. In many cases, these analyses 

include both the raw and cooked form of the commodity. 

Concentrations are typically less after cooking and, in cases where 

sinigrin levels were measured after cooking, that data was 

incorporated into the dietary intake estimates. 

a 

Dietary exposure estimates of AIT were based upon published 

values for sinigrin in various commodities. These estimates are 

based on the assumption that there was complete conversion of 

I .  i ! 
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sinigrin to AIT in the food, in the gastrointestinal tract or after 0 
absorption of foodstuffs containing sinigrin. 

Table 1 shows the reported levels of sinigrin in broccoli, 

cauliflower, cabbage and Brussels sprouts in studies from the 

published literature. Levels of sinigrin were often reported as means 

in the published literature and those means were weighted by the 

number of samples analyzed to determine means for the raw and 

cooked forms of each commodity. Mean levels of sinigrin were then 

converted to AIT equivalents by converting sinigrin to AIT on a molar 

basis. This approach allowed the estimation of mean sinigrin and 

potential AIT levels in cooked and uncooked cabbage, broccoli, 0 
I Brussels sprouts and cauliflower. 

. .  
, Estimates of consumption for these sinigrin-containing 

commodities were obtained from the US Department of Agriculture’s 

Continuing Survey of Food Intakes by Individuals (CSFII). Data from I 

the CSFll 1994-1996 survey were the basis for the consumption 

I est irnate~.~ 
~ 

I 

I 
I 

Approximately 16,000 individuals participated in the survey over a period 
of three years. Using a stratified sampling technique, individuals of all ages living 
in households in all 50 states and Washington DC were surveyed. Individuals 
were asked to recall their dietary intake for two nonconsecutive days based upon 
24-hour recall data. Appropriate demographic data were also collected during 
the survey. Average daily intakes for commodities were determined and were 0 
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AIT equivalents derived from sinigrin concentrations are shown 

for the four commodities (cabbage, Brussels sprouts, cauliflower and 

broccoli) that are expected to have the largest dietary contributions to 

AIT exposure. They were derived as follows. 

Sinigrin concentrations were different for raw and cooked 

commodities and concentrations for the raw and cooked forms the 

commodities were then multiplied by the amounts consumed of the 

raw and cooked dietary items. AIT equivalents for cooked Brussels 

sprouts were multiplied by the mean total consumption for this 

commodity because the CSFll database found that there was no 

reported consumption of uncooked Brussels sprouts. Exposures 

from the cooked and uncooked forms of the commodity were then 

summed to produce a total estimated AIT intake for each commodity. 

The estimated intakes for AIT from cabbage, Brussels sprouts, 

cauliflower and broccoli were added together to give a total estimated 

expressed on a g/kg of body weight basis. Although food consumption was 
estimated on "per capita" and "consumer only" basis, for purposes of the 
estimation of consumption of AIT from Brassica species, mean consumption 
estimates were for consumers only. Geometric mean consumption estimates 
were derived from the Cumulative and Aggregate Risk Evaluation Software 
(CARES), version 1 .I. Mean and distributional data for most of these 
commodities can also be found in the US EPA document entitled "CSFII Analysis 
ofi Food Intake Distributions", EPA/6000/R-03/029, March 2003. 
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Commodity 
I 

consumption from these Brassica species for those who consume 

AIT 
Concentration 
(IJSml food) 

these items. 

(glkg bw) 
0.048 
(uncooked) 
0.266 
(cooked) 

These estimated intakes are shown in the following table: 

7.95 

Table I: US Dietary Intake of AIT from Four Brassica Species 

i (cooked) 
B ru sse I s 
Sprouts (cooked) 

65.72 

31.29 

(uncooked) 
0.005 
(cooked) 

~ (uncooked) 1 Cabbage I 19.25 

3.07 

(uncooked) 1 Cauliflower 1 41.,2 
I 

Geometric I 
Intake of AIT Mean 

Consumption 
of Commodity bwlday) 

1 128.1 1.95 
(cooked) 
0.390 I 

(cooked) 
3.08 

I 194.07 

The four commodities shown in the above table resulted in an 

intake of 194.07 pg/kg bw/day of AIT. For a 60 kg person, this is 

equal to an intake of 11.84 mg/person/day of AIT.4 

Although no estimate of AIT intake from vegetables in the United States was found in 
the scientific literature, Stones et a/., (1984) reported that total glucosinolate intake from 
cruciferous vegetable intake in the UK was estimated to be approximately 50 mglperson 
with1 18 mg/person being attributable to isocyanate-producing glucosinolates such as 
sinigrin. Fenwick and Healy (1983) estimated a total intake of 12-16 mg/person of 
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High consumers of Brussels sprouts or cauliflower, 

commodities with high sinigrin concentrations, may have much 

greater intakes of sinigrin than the estimated intakes for consumers 

with mean levels of intake. For example, the individual associated 

with the highest reported intake of Brussels sprouts in the CSFll 

survey (1 1.55 grams per kg bw, or 693 g/day of Brussels sprouts) 

would have an estimated intake of 88.8 mg/day of AIT. Estimated 

exposures for these four commodities are presented only for the 

geometric mean consumption and residue levels because it is 

considered very unlikely that a consumer will have extremely high 

intake of all four of these commodities. 

Notifier believes its estimated exposures are scientifically valid 

and based on sound principles. Several comments are appropriate 

for a full understanding of the estimated dietary intake set forth 

above. 

0 First, the conversion of sinigrin in the diet to AIT is 

variable and has not been fully quantified. Human 

gastrointestinal flora in vitro has been shown to convert sinigrin 

to AIT with a 19% efficiency (Krul et al., 2002), but further 

glucosinolates for the Canadian population but did not describe the basis for their 
estimate. 
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conversion occurs after sinigrin is absorbed or in the more 

alkaline portions of the gastrointestinal tract. Rouzaud et at., 

(2004) found that 37% of sinigrin ingested in raw cabbage was 

excreted in the urine as AIT. Significant excretion of AIT also 

occurs via feces and exhaled air. Measurement of urinary 

excretion of AIT clearly underestimates the total conversion of 

sinigrin to AIT. In addition, significant conversion by 

myrosinase of sinigrin to AIT may occur in sifu in food 

commodities resulting in the direct consumption of AIT (Vu et 

all., 2001). 

0 Second, processing and cooking of food may 

produce or degrade AIT (Engel et al., 2002) and only a small 

number of methods of cooking have been assessed in the 

studies used in this determination of AIT exposure. 

0 Third, other food sources of sinigrin probably exist, 

but were not incorporated into the assessment of background 

exposure. Sinigrin has also been found at relatively high levels 

in other members of the Brassica family such as kale, mustard 
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greens, collards and turnip greens and in members of the 

Allium family such as onion and garlic. Contributions from 

these commodities were not assessed here due to the small 

number of analyses reported in the scientific literature and the 

absence of studies showing the effects of cooking on sinigrin 

levels in these commodities. 

0 Fourth, there is also additional potential indirect 

dietary exposure to glucosinolates through meat and milk from 

animals fed forage Brassica or rapeseed meal (Fenwick and 

Heaney, 1983) but AIT intake from this source has not been 

quantified. The available data is insufficient to quantify this 

indirect source of exposure to AIT. . .  

0 Finally, sinigrin concentrations in Brassica 

commodities are influenced by factors such as the variety of 

commodity, method of cultivation, time of harvest and stresses 

such as insect damage or bruising during harvesting (Heaney 

and Fenwick, 1980). It is not known whether or not the 

Brassica commodities that were analyzed in the reports from 

000017 
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the open scientific literature are representative of the foods as 

they would be consumed in the US diet. 
a 

Esthation of AIT Intake from Mustard or Horseradish as 

Flavoring Agents 

In addition to dietary intake of AIT from the consumption of 

Brassica species, there is further dietary intake of sinigrin, and hence 

AIT, from flavoring agents such as horseradish and mustard. These 

commodities are applied to food by consumers or added as flavoring 

agents to other foods that are subsequently sold to consumers. 

0 Concentrations of sinigrin in mustard are highly variable, with 

brown and oriental mustards having the highest concentrations (Tsao 

et al., 2002). The maximum amount of sinigrin found in mustard bran 

is approximately 2.2% and the maximum amount of AIT present is 

0.5%. Assuming that all sinigrin in mustard bran is converted to AIT, 

the maximum amount of AIT that people could be exposed to is 2.7% 

of the bran by weight (2.2% sinigrin, 0.5% AIT). 

. .  

The Federation of American Societies of Experimental Biology 

(FASEB), acting through the Life Sciences Research Office, 

concluded in 1975 that average dietary intake of AIT from the use of e 
.000018 
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yellow and brown mustard as flavoring agents and condiments was 6 

mglpersonlday based upon a survey conducted by the National 

Research Council (FASEB, 1975). Sources of mustard in the diet 

that were quantified in the survey included use in condiments, 

relishes, fats and oils, nut, gravies and curries, sauces, baked goods, 

snack foods, processed vegetables and juices, and meat and fish 

products. Reports of the annual usage by the food industry in 1970, 

however, were noted by FASEB as suggestive of lower estimates of 

exposure to mustard from flavoring and condiment use than those 

found in the National Research Council survey. 

If it is assumed that the FASEB estimate is accurate and still 

relevant to the US diet, an additional 6 mg/person/day of AlT may 

arise from the use of mustard as condiments and flavors in the US 

diet. 

Mustard was not included in the CSFll survey of foods 

consumed in the United States and the 1975 estimates of mustard 

intake have not been revisited in this assessment of AIT dietary 

intake. No estimates of mustard consumption were available from 

the scientific literature or other sources and the data quantifying 
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levels of sinigrin or AIT in mustards commonly consumed in the 

United States are limited. 

There is very limited data regarding the levels of sinigrin or AIT 

in horseradish. A single study from Eastern Europe is available which 

reports a total of 141.91 mg sinigrin/lOO g of fresh horseradish 

(Hrncirik and Velisek 1997). Consumption of horseradish is low in the 

United States and horseradish would be expected to contribute little 

to dietary burden for AIT. The CSFll database found that the 

geometric mean consumption of horseradish for consumers of this 

commodity is 0.01 68 pg/kg bw/day. This consumption estimate and 

the concentration of sinigrin in horseradish noted above would result 

in 5.67 pglkg bw/day (0.340 mglperson) of AIT intake if it is assumed 

that there is complete conversion of sinigrin to AIT. 

AIT Exposure from Currently Used Food Preservation Systems 

At least one other product not yet discussed that may be used 

in food preservation systems could be a source of AIT exposure. A 

GRAS Notice was filed on behalf of CAREX, Inc. of Osaka, Japan on 

June 27, 2003, for a system also incorporating volatile oil of mustard 

(VOM,) in a food preservation system designed for use with only 
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selected sub-segments of the diet. That GRAS Notice to FDA, 

numbered 133, resulted in an FDA “have no questions” letter on 

January 5,2004. 

Notification 133, filed by SRS International Corporation on 

behalf of CAREX, Inc., estimated that the use of VOM in the notified 

food preservation system would result in a total dietary load of up to 

0.49 ppb of VOM (VOM) based upon the levels needed for food 

preservation and assumptions regarding potential market share. The 

notified system assumed a concentration of 95% AIT in the VOM. 

This dietary concentration would be equal to 1.47 mglperson for a 

person consuming a 3 kg diet. 

The estimation of dietary exposure from the CAREX food 

‘preservation system was based upon the assumption that the 

maximum concentration of VOM in preserved food would be 9 ppm 

and that these exposures would be self-limiting. (This same 

notification estimated that flavoring uses resulted a maximum dietary 

exposure of 35 ppm, or 5.7 mg/person, which is less than that 

suggested in the National Research Council survey of 1970.) 
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I 

Summary of Exposure Assessment 

Dietary exposure to AIT may arise from various SOI 

flavoring and 
condiments 
MlTSUBlSHl Food 1.464 (0.732)' 7.3% 
Preservation 
System 
CAREX Food I .47 7.2% 
Preservation 

rces . 

, 

Background exposure from consumption of raw or cooked Brassica 

System I 
Total 20.1 1 100% I 

species containing the glucosinolate, sinigrin, contribute the largest 

quantity of AIT. Other significant AIT contributions are from mustard 

condiments or flavorings. Estimates of AIT intake from various 

sources are shown in the table, below. 
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Expected Increase in AIT Exposure from the New System 0 
The Mitsubishi system incorporating AIT is similar to that 

notified by CAREX, Inc. in that it releases AIT into airspace found in 

storage 'bags and other food containers. Small amounts of AIT may 

deposit on the surface of the food or be absorbed into the food item. 

It is possible to generate a highly conservative overestimate of the 

maximum potential dietary exposure from this food preservation use 

by assuming that all of the AIT present in the Mitsubishi preservation 

system is released and is incorporated into the food that is contained 

in the storage bag. This worst-case exposure assessment assumes, 

unreafistically, that all of the highly volatile AIT gets into the food and 

also into the consumer, and that none of it is released (1) outside of 

the bag or other container during storage, or (2) upon the removal of 

the food item from the bag or container, or even (3) during any 

subsequent processing , coo king a nd consumption. 

@ 

. .  

The folfowing table shows the estimated dietary exposure to 

AIT from various forms of food packaging and food containers. It is 

assumed that 1.5 mg of AIT is used for bags, wraps, foil and 

containers, and that the Mitsubishi preservation system will achieve 

100% market penetration for each of these items, another almost 0 
000023 
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*IT 

(mg) 

certainly unrealistic overestimate. The number of products used per 

AIT AIT 
Average Exposure Exposure 
Userlyear Subtotal 

(mglday) (mg/year) 

person1 per year is based upon recent survey data. 

Patch in Bags 1.5 16 24 0.07 
Wrap 1.5 53.8 80.7 0.22 
,Foil 1.5 49.9 74.85 0.21 

Table 3: AIT Exposure from MlTSUBlSHl Product Based Upon Use Survey 
I 

Containers 
Foodservice 

1.5 102.2 153.30 0.42 

1; Consumer I I I I I 

Containers 103.60 155.40 0.43 

Lids & Domes 30.66 46.00 0.13 
Total 534.25 1.464 

Assuming a realistically conservative market share of 50% would 

reduce this exposure estimate to 0.732 mg/person/day. 

A second, alternative approach to estimating dietary exposure 

is by using the default values that are routinely assumed by the FDA 

in the determination of dietary exposure to migration products from 

food packaging: assuming that 10 grams of food come into contact 

with one square inch of packaging material; that in the case of a 

typicall bag the packaging material is 11.5 x 11.5 inches (264.5 in2); 

and that 3500 micrograms of AIT may be present in the preservation 

system, the maximum food concentration would be: 

. .  
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264.5 in2 x 10 g = 2645 g 

1500 yg / 2645 g = 0.567 pg/g 

Assuming the consumption of a 3 kg diet, one patch per 264.5 

in2 results in a dietary intake of 1.7 mg/person/day if the entire diet is 

preserved using the Mitsubishi food preservation system. If the 

Mitsubishi food preservation system achieved 100% market share for 

polymer packaging and 40% of the diet may contact food packaging 

made from polymers, a total of 0.68 mg/person of AIT could 

potentially be added to the diet. This is approximately 46% of 1.464 

mg, the value determined using the survey of consumer use of 

packaging and food storage systems. 

Actual exposures would likely be significantly lower than those 

estimated using either approach because not all bags, wraps, foil or 

food containers in the case of the home use, or all polymers in the 

case of the foodservice or field uses would employ this food 

preservation. In other words, the likely market share of food 

packaging and food containers to use this system is not considered in 

either exposure assessment. 
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Safet] of AIT: 

Evaluation of the Toxicological Hazards of 

Allyl lsothiocyanate 

Introduction 

Allyl isothiocyanate (AIT) (CAS 57-06-7) is the principal 

ingredient of VOM and AIT is often referred to as VOM. As discussed 

in the Exposure Assessment above, AIT is ingested in cruciferous 

vegetables, mustard and other common food items. This compound 

and the dietary sources have been evaluated for safety in several 

publications over the past 30 years. These evaluations have 

consistently concluded that AIT and VOM do not pose a risk to 

huimans when consumed in the diet. 

, 

Mustard (Brassica species), including its extracts and oils, has 

several regulatory clearances. The GRAS status of the use of VOM in 

serected parts of the diet recently has been favorably reviewed by 

FDA in GRAS Notice 133 submitted by Carex, Inc. Further, both 

brown and1 yellow mustard (Brassica species) are GRAS when used 

as spices and other natural seasonings and flavorings. 21 CFR 
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182.10. The oil and extract of mustard (Brassica species) are also 

GRAS for its intended use in a regulation listing GRAS essential oils, 

oleoresins and natural extractives. 21 CFR 182.20. Mustardseed oil 

is an allowed component of the formulation of defoaming agents for 

the manufacturing of paper and paperboard, 21 CFR 176.210; and it 

is anl approved substance for use in the production of or added to 

textiles and textile fibers, 21 CFR 177.2800. 

a 

in the early 1970s the available scientific literature for AIT was 

reviewed and evaluated by the Food and Drug Research Labs, Inc. 

(FDRL 1972) and the Federation of American Societies for 

Experimental Biology (FASEB 1975). Based on an extensive review 

of the literature the FASEB report conducted for FDA concluded that 

there was no evidence of any hazard to the public at the levels of use 

or consumption at that time (1975) or reasonably expected to occur in 

the future. 

@ 

Background exposure to AIT from the diet, discussed in the 

Exposure Assessment, is more than an order of magnitude greater 

than the maximum exposure that may arise from uses proposed by 

Mitsubishi Corporation in this Notification. 
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Toxicology studies of AIT are available in the scientific 

literature. In 1999 the International Agency for Research on Cancer 

(IARC Monograph 73 [IARC 19991) reviewed the existing literature for 

AIT, which included long-term bioassays with mice and rats (see 

discussion below) conducted by the National Toxicology Program 

(NTP [NTP 19821). In addition, studies were reviewed relating to the 

metabolism and pharmacokinetics of AIT in humans and 

experimental systems and genotoxicity . The conclusion from the 

IARC evaluation was that “[Tlthere is inadequate evidence in humans 

for carcinogenicity of allyl isothiocyanate [AIT]” and “[Tlthere is limited 

evidence in experimental animals for the carcinogenicity of allyl 

isothiocyanate[AIT]” (fARC 1999). “Allyl isothiocyanate was not 

classifiable as to its carcinog’enicity to humans (Group 3 [IARC 

1999]).” 

a 

0 

C h ro n i c toxicity 

Carcinogenicity bioassays were conducted by the NTP with AIT 

in Fischer 344 rats and B6C3F1 mice. Both sexes of both species 

were dosed via gavage for 103 weeks. Results showed hyperplasia 

in the urinary bladder epithelium and an increased incidence of a 
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transitional cell papillomas in male rats (O%, 4%, and 8% for the 

control, low dose (25 mg/kg/d) and high dose (50 mg/kg/d), 

respectively). The historical incidence of this tumor in male rats from 

the NTP and National Cancer Institute (NCI) Laboratories is 0.1 % and 

the occurrence of this tumor in treated animals was clearly much 

greater than the historical control incidence. Female rats in this study 

showed only a single incidence of hyperplasia and papillomas at the 

high dose and an equivocal increase in subcutaneous fibrosarcomas5 

were obsewed in females only. The mice showed no increase in any 

tumor type at the same exposure levels (NTP 1982). The rat 

bioassay provides the only evidence of in vivo carcinogenicity of AIT. 

The relevance of this finding to humans, as discussed below, is 

q uiesti on a ble. 

ir 

. .  

Metabolism and Excretion 

Subsequent work designed to further evaluate the findings of 

the NTP study (NTP 1982) has shown that the tumors observed in 

male rats were due at least partially to species differences in 

metabolic pathways of AIT and in sex differences in urine flow and 

’ The incidence the fibrosarcomas is considered equivocal (HSDB 2003). 
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retention. The greater concentration of AIT in the urine may be 

associated with the chronic irritation in the urothelial tissue in the 

male rat bladder (loannou et al. 1984, Bollard et al. 1997). A two fold 

higher rate of urine flow and the resulting more frequent evacuation in 

female rats results in a higher concentration of AIT and AIT 

metabotites in the bladders of male rats (Bollard et ai. 1997). The 

a 

authors state that this longer retention time at higher concentrations 

may contribute to the observed higher incidences of transitional cell 

papillomas in male rats (loannou et at. 1984). Urinary volume is 

considered to influence epithelial carcinogenesis in the bladder 

through several mechanisms including dilution and concentration of 

endogenous and exogenous chemicals and metabolites (Cohen 

1995). 

a 

Elimination of AIT was rapid (< 24 hours) and was 

predominantly (70-80%) in the urine of both rats and mice. 

Qualitatively both species shared similar metabolic profiles, although 

mice had more major metabolites and additional minor metabolites. 

The key difference was that the principal metabolite (74.9%-82%) in 

rats, the N-acetyl cysteine conjugate, N-acetyl-S-( N- 

allylthiocarbamoy1)-L-cysteine was a minor metabolite (8% -1 9.8%) in e 
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mice. There was no observed association with irritation or 

hyperplasia in male or female mice. 
a 

Bollard and co-workers (1 997) also evaluated the disposition of 

AIT in rats and mice. Species differences were observed in the rate 

and time of elimination, retention in the carcass and the moieties 

eliminated in urine. Dosed [I4C-]AIT (at 2.5 and 25 mg/kg/day) was 

80% eliminated in mice by 96 hours. During this period the rate of 

elimination by rats was less than that found in mice and only 51.8% to 

55.2% of [’4C-]AITderived radio label was eliminated in 96 hours. 

This resulted in a higher retention of the major metabolite(s) in the 

bladder for a longer period of time. In mice the primary metabolite in 

urine (up to 80%) was [‘4C-]thiocyanate and in rats (approx. 75%) of 

the [14C-]AIT-derived radioactivity was observed to be the N- 

acetylcysteine conjugate of AIT. Although species-related differences 

were observed in the metabolism of rats and mice, no marked sex- 

related differences were apparent in the pattern of metabolism for the 

two species. 

0 

Bollard and coworkers (I 997) speculate that the combination of 

factors discussed above resulted in transition-cell papillomas in male 

rats that would not occur in humans. Humans excrete about 50% of a 
‘000031 



t 

GRAS NOTICE Allyl lsothiocyanate in a 
Food Shelf Life Extension and Anti-spoilage System 

AIT in urine as the N-acetylcysteine conjugate (Jiao et al. 1994). 

Human intake of AIT is much lower than the 25 mg/kg/day dosed in 

the NTP study and subsequent work (loannou et al. 1984, Bollard et 

al. 1997) and the volume of human urine is much larger that in rats 

(approx. 1500 mI/d [Bollard et al. 19971). In addition, the bladder 

urothelium of the rat may be more responsive to the irritation-induced 

neoplasia than that of other species. Based on these factors it is 

considered "... unlikely that such a secondary mechanism of 

carcinogenicity could operate in humans" (Bollard et al. 1997). 

CAREX, Inc, in its GRAS Notice 133, made a similar analysis 

and reached a similar conclusion. See GRN 133 at 000109, as 

revised 1 0/14/2003. 

Possible Mechanism of AIT-induced Bladder Cancer in Male 

Rats 

A number of studies have been conducted to evaluate 

mechanism for the induction of hyperplasia and transitional cell 

papillomas in male rats observed in the NTP study of AIT (NTP 

1~982). The occurrence of benign bladder tumors in male rats, but not 
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female rats, would indicate a non-genotoxic mechanism of action, 

likely related to the chronic irritation of the urothelium of the bladder 

by AIT (Bechtel et al. 1998). AIT is a known irritant (HSDB 2003) 

and chronic irritation observed in the NTP study in male rats, but not 

female rats or mice (male or female), may be due to differences in 

urine volume and residence time in the bladder. As discussed above, 

urine volume is much lower in male rats and evacuation is less 

frequent, resulting a longer residence time for AIT-related compounds 

excreted in urine, e.g., N-acetylcysteine conjugate. AIT is believed to 

be released from conjugate metabolites in the urine during the 

residence time in the bladder and the AIT works directly on the 

urothelial cells. Thus the conjugates provide a mechanism for 

selective concentration of AIT in the bladder (Munday and Munday 

2004) and the highest exposure level would be in male rats as 

discussed above. 

0 

@ 

Chronic irritation or inflammation of the bladder urothelium has 

been demonstrated to be linked to bladder cancer in rodents, and is 

characterized as predominantly transitional cell carcinomas (Burin et 

all. 1995) consistent with the results of the 1982 NTP study. In 

humans irritation and inflammation in the bladder may play a role in a 
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ca'rcinogenesis, but is associated more with squamous cell carcinoma 

than transitional cell carcinomas (Burin et at. 1995), indicating that 

rodents, specifically rats, may not be the most appropriate model for 

assessment of AIT-related bladder cancer in humans. The non- 

genotoxic, irritant-related transitional cell tumors in male rats do not 

appear to be directly relevant to human health risk assessment. In 

addition, AIT is reported to possibly serve as a mechanism for 

protecting humans from some types of cancer, including bladder 

cancer. 

The Role of AIT in Preventing Bladder Cancer 

In recent years AIT and cruciferous vegetables from which it is 
. .  

derived have been evaluated for its potential role as cancer 

prevention agent. AIT has been shown t'o be selectively cytotoxic 

and cytostatic to transformed human colorectal (HT29) tumor cells, in 

vifro (Musk and Johnson 1993); and has been reported to inhibit 

growth and survivat of PC-3 human prostate cancer cell xenographs 

in vivo in mice (Srivastava et al. 2003). In the latter study the AIT- 

treated tumor mass showed a decreased rate of mitosis compared to 

the control tumors. 

i 
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hcreasing evidence shows that AIT-containing vegetables may 

provide a protective mechanism for bladder and other cancers. The 

results of a prospective epidemiological study indicated that dietary 

consumption of cruciferous vegetables provides a reduced risk of 

bladder cancer (Dominique et al. 1999). Intake of cruciferous 

vegetables (cabbage, cauliflower, Brussels sprouts, sauerkraut, Cole 

slaw, and kale) showed a decrease in relative risk (0.49 + 95% CI = 

0.32 - 0.75) when the highest exposure group (> 3.4 servings per 

week) was compared to the lowest exposure group (< 1.8 servings 

per week (Dominique et al. 1999). 

\ 

Diet-derived AIT has been shown to selectively induce 

microsomal enzymes in the urinary bladder and this enzyme 

induction may play a role in the decreased incidence of bladder 

cancer reported in epidemiology studies (Munday and Munday 2002, 

2004). AlT has been shown to induce phase II metabolism in a range 

of tissues (liver, kidney, lungs, etc.), but induction was observed to be 

much stronger in the urinary bladder. Induction of microsomal 

enzymes in this tissue occurred at lower exposure levels than was 

observed in other tissues. The induction of phase II enzymes may 

result in a more rapid metabolism and excretion of carcinogenic 
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substances serving a protective function (Munday and Munday 2002, 

and 2004). 

Other Studies 

No data is available on the reproductive and developmental 

effects of AIT in humans. In experimental animals there is no 

evidence of either maternal toxicity or dose-related malformations in 

any species tested including rats and hamsters and avian embryos 

(IARC 1985, I999 and FASEB 1975). The number of resorptions 

was observed to increase in a dose-related fashion (IARC 1985, 

a 999). 

Gene ic Toxicity 

Genetic toxicity studies have been conducted in a range of 

species and test designs. Results are mixed with respect to bacterial 

mutation studies and in vitro studies with mammalian cell lines. The 

weight of evidence for in vivo studies does not support a conclusion 

that AlIT is an in vivo genotoxicant. 
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In’ vitro 

IARC (1999) reviewed a large number of genetic toxicity 

studies. Bacterial mutations studies were conducted with five strains 

of Salmonella typhurium (TA98, TAI 00, TAI 535, TAI 537 and 

TA1538) and, Escherchia coli (WP67) with and without activation. 

Results were generally negative. In vifro studies with allium cepa root 

tip cells and with Drosophila melanogasfer used extremely high 

exposure levels or were undocumented. In 12 studies with mouse 

lymphoma (L5178Y) cells, Chinese hamster ovary cells, and other in 

vitro mammalian test systems, results were mixed (IARC 1999). AIT 
m 

did not cause dominant lethal mutations in mice or unscheduled DNA 

synthesis in the liver of rats exposed to AIT in vivo. 

Subsequent work has suggested potential AIT genotoxicity in 

bacterial and mammalian cells in vifro (Kassie and Knasmuller 2000, 

Uhl et al. 2003). Radical scavengers have been shown to reduce the 

genotoxic effects of AIT in vifro (Kassie and Knasmuller 2000). 

Murata and coworkers (2000) have proposed a mechanism by which 

AliT and other isothiocyanates (ITCs) may cause oxidative damage to 

DNA in the presence of Cu II ion in vifro. “Such oxidative reactions 01 
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occurring either as a result of an endogenous oxidative phenomenon 

or from the administration of exogenous chemical carcinogens 

presumably are rapidly repaired by [DNA repair] mechanisms . . . .” 

(Klaassen 2001). Oxidative damage to DNA from AIT exposure could 

explain the genotoxicity observed in some in vitro studies where 

radical scavengers and DNA repair mechanisms were not present. 

The presence of radical scavengers and mechanism for repair of 

oxidative damage to DNA may explain the lack of observed AIT- 

induced genotoxicity in in vivo systems. 

tn vilvo 

In 1999, IARC reviewed and summarized seven in vivo studies 

and found that six of seven were negative. The single positive study 

was a D. melanogaster sex-linked recessive lethal mutation study6, 

but AIT did not cause anueploidy in this test system. As summarized 

in IARC Monograph #73 (IARC 1999), no genotoxic effects were 

observed in a host-mediated assay, Saccharomyces cerevisae in the 

mouse peritoneal cavity. No chromosomal aberrations observed in 

rat bone-marrow cells and no dominant lethal mutations were 

This original study was not reviewed in preparation of the current document. 
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observed in rats in vivo. The conclusion reached in IARC Monograph 

#73 (IARC 1999) was that " ... the available data do not allow a 

conclusion about the genotoxicity of [AIT] in experimental systems in 

vivo. '' 

Subsequent work has confirmed that in in vivo mammalian 

systems AIT has not been found to be genotoxic and the weight-of- 

the-evidence is insufficient to regard this compound as a genotoxin 

capable of being carcinogenic in vivo (Bechtel et al. 1998). Livers 

from rats exposed to AIT did not show any unscheduled DNA 

synthesis activity (Bechtel et al. 1998). In vivo studies with AIT and 

other ITCs have been shown to induce phase II enzymes (e.g., 

quinone reductase and glutathione-S-transferase) in a range of 

tissues (Muinday and Munday 2003,2004). Induction was stronger in 

the urinary bladder and occurred in this tissue at a much lower AIT 

concentration (Munday and Munday 2002). 

Conc Ius ions of Toxicology Assess men t 

AIT has not been found to be an in vivo genotoxin based on a 

weight of evidence. Transition-cell papillomas in rat urinary bladder is 

not considered relevant to humans based on a non-genotoxic, irritant- 
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related’ mechanism involving differences in metabolism and the 

chemistry and physiology of the urine of these species. These 

conclusions are supported by epidemiological evaluations which 

show that consumption of foods containing AIT (cruciferous 

vegetables) is correlated with a significantly lower risk of bladder 

cancer in humans. 

As demonstrated above, for decades, the US population has 

been exposed to AIT, a substance already recognized as GRAS in 

multiple contexts, through a variety of foods and food ingredients, at 

levels of approximately 19.65 mg/person/day or more, without any 

evident adverse health effects. The lack of health effects is 

supported by the extensive toxicological literature on AIT summarized 

above. . .  

Mitsubishi’s proposed use would add a small increment to the 

existing exposure, specifically, an estimated 0.732 mg/p/d, assuming 

50% market share penetration by Mitsubishi’s uses. The use of 

mustard as a direct food flavoring, and its recognition as GRAS in 

such1 contexts and for food preservation under GRAS Notice 133, 

further support the conclusion that the proposed use described in this 
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document is both safe and generally recognized as such by 

experienced scientists. 

a 
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e. Statement of availability of information 

Notifier has relied on published studies and generally accepted 

scientific data and information as the basis of its conclusions, and 

those of its Panel of Experts, about the safety and the general 

recognition of AIT in a food preservation system. 

If, Identity of notified substance 

I. Chemical name: Allyl isothiocyanate (AIT) 

2. Chemical Abstracts Service: 57-06-7 

3. Composition SDecifications for food-made material: The 
AIT employed in this system is to be of suitable purity for food 
contact, specifically 

> 97% purity (“food grade”) 

I Molecular weight 99.16 
I 

Specific gravity ( 1 5 O  C) I .014-I .022 (Natural) 
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3.44 

Vapor pressure (25O C) 5.2 mmHg 

Vaporization rate 0.01 7-0.01 9 g/cm2 - hr 

Flash point 46.0° C 

311. Self-limiting levels of use 

The proposed use is self-limiting in that if AIT levels exceed a 0 
specified level, perceptible organoleptic changes in foods will occur. 

Mitsubishi has determined that the level at which the AIT will have the 

desired antimicrobial effect, 30-50 ppm, is below the level at which 

organoleptic changes occur. 

IV. Basis of GRAS determination. 

Mitsubishi believes its use of AIT is GRAS based on scientific 

procedures, 21 CFR Sec. 170.30(b), and convened a Panel of 

Experts qualified by scientific training and experience to evaluate the a 
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safety of food, food additives and food ingredients. The experts have 

reviewed and evaluated the publicly available information 

summarized in this GRAS Notice. The above discussion and 

citations to generally available accepted scientific data, information, 

methods and principles relied upon, together with the anticipated 

consumption level for AIT, provide an ample basis to conclude that 

the use of AIT in a food preservation system is both safe and 

genlerally recognized as such by qualified experts. 

The panel consisted of the following experts, whose curricula 

vitae are attached: 

1. 

Dr. Hobson is the principal environmental toxicologist of 

Morningstar Consulting, Inc. He has been a Diplomate of the 

American Board of Toxicology since 1989. He received his Master of 

Science in Toxicology degree from University of Arizona and his 

Ph.D. in biology from the University of Kentucky, Dr. Hobson has 

over 20 years of experience as an Environmental Toxicologist 

evaluating the exposure, effects and risks posed by chemicals in the 

environment. 

James F. Hobson, Ph.D., D.A.B.T. 

I 
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2. Gary Burin, Ph.D., M.P.H., D.A.B.T. 

Dr. Burin is the Director, Toxicology, Emtoxicology and Risk 

Assessment Division of Technology Sciences Group, Inc. He has 

been1 a Diplomate of the American Board of Toxicology since 1985. 

He received his M.P.H. (concentration in toxicology) from the 

University of Michigan and his Ph.D. in biology from George 

Washington University. He is an internationally recognized expert in 

toxicology with twenty-five years of experience in the design, 

interpretation and use of toxicity studies. 

Conclusion 

Basedl on all the above information, Mitsubishi Corporation has 

concluded that its use of AIT as a shelf-life extension agent or anti- 

spoilage agent in a food container system for use in the home, in 
. .  

foodservice establishments, and in the farm field, is Generally 

Recognized as Safe within the meaning of 21 U.S.C. Sec. 321(s), 

and therefore exempt from the premarket approval requirements of 

Federal Food, Drug and Cosmetic Act, 21 U.S.C. Sec 301 et seq. 

I OQ0045 

(b)(6)
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Attachments 

1. 
representation by Eric F. Greenberg 

Authorization letter from Mitsubishi Foods Corporation for 

2. FASEB [Federation of American Societies for Experimental 
Biology], (1975). "Evaluation of the Health Aspects of Mustard and Oil 
of Mustard as Food Ingredients" National Technical Information 
Service, No. PB-254528 

3. 
of Allyl lsothiocyanate (CAS No. 57-06-7) in F344/N Rats and 
B6C3F7 Mice (Gavage Study), NTP Technical Report No. 234 I 
National Technical Information Service, No. PB-83-144238. 

National Toxicology Program. ( I  982). Carcinogenesis Bioassay 

4. Curriculum vitae of James F. Hobson, Ph.D., D.A.B.T. 

5. Curriculum vitae of Gary Burin, Ph.D., M.P.H., D.A.B.T. 

. .  

References 

Bechtet, D., t. Henderson, and R. Proudlock. (1998). Lack of UDS 
activity in the livers of rats exposed to allylisothiocyanate. 
Teratogenesis, Carcinogenesis, and Mutagenesis, 1 8:209-2 1 7. 

Bollard, M., S. Stribbling, S. Mitchell and J. Caldwell. (1997). The 
disposition of the allyl isothiocyanate in the rat and mouse. Food and 
Chemical Toxicology, 35: 933-943. 

000046 ~ 



GRAS NOTICE Allyl lsothiocyanate in a 
Food Shelf Life Extension and Anti-spoilage System 

Burin, G.J., H.J. Gibb, and R.N. Hill, (1995). Human bladder cancer: 
evidence for potential irritation-induced mechanism. Food Chemical 
Toxicology, 33( 9): 785-795. 

Cohen, S. (1995). Role of urinary physiology and chemistry in bladder 
carcinogenesis. Food and Chemical Toxicology, 33(9):7 15-730. 

Dominique, S.M., D. Spiegleman, S,K, Clinton, E. B. Rimm, W.C. 
Willett, E.L. Giovannucci. (1 999). Fruit and vegetable intake and 
incidence of bladder cancer in a male prospective cohort. Journal of 
the National Cancer Institute, 91 (7): 605-61 3. 

Engel, E., C. Baty, D. LeCorre, I .  Souchon and N. Martin (2002). 
Flavor-active compounds implicated in cooked cauliflower 
acceptance. Journal of Agricultural and Food Chemistry 50:6459- 
6467. 

FASEB [Federation of American Societies for Experimental Biology]. 
(3975). "Evaluation of the Health Aspects of Mustard and Oil of 
Mustard as Food Ingredients" National Technical Information Service, 
NO. PB-254528 

FDRL [Food and Drug Research Labs., Inc.] (1972). GRAS 
(Generally recognized as safe) Food Ingredients: Oil of Mustard and 
Ally11 Isothiocyanate. Food and Drug Research Labs., Inc. Maspeth, . * 

N.Y. Report # FDABF-GRAS-015, National Technical Information 
Service No. PB-221215. 

HSDB (2003). Allyl isothiocyanate In: Hazardous Substances Data 
Base a database of the National Library of Medicine's TOXNET 
system (HlTP://toxnet.nIm.nih.gov.) Updated March 5, 2003. 

lannou, Y., t. Burka, and H. Matthews. (1984). Allyl isothiocyanate: 
comparative disposition in rats. Toxicology and Applied 
Pharmacology 75: 173-1 81. 

IARC (3 999) "Allyl isothiocyanate" /ARC Monographs On The 
Evaluation Of Carcinogenic Risks To Humans, 73: 37-48. 

000047 



GRAS NOTICE Allyl lsothiocyanate in a 
Food Shelf Life Extension and Anti-spoilage System 

IARC (1 985) "Allyl isothiocyanate" /ARC Monographs On The 
Evaluation Of Carcinogenic Risks To Humans, 36: pp. 60 ff. @ 
Jiao, D.,; C, Ho, P. Foiles, F. Chung. (1994). Identification and 
quantification of the N-acetylcysteine conjugate of allyl isothiocyanate 
in human urine after ingestion of mustard. Cancer Epidemiology, 
Biomarkers And Prevention, 3(6): 487-92. 

Jiao, D., C. Conway, M. Wang, C. Yang, W. Koehl, and F. Chung. 
( I  996). Inhibition of N-nitrosodimethylamine demethylase in rat and 
human liver microsomes by isothiocyanates and their glutathione, L- 
cysteine, and N-acetyl-L-cysteine conjugates. Chem. Res. Toxicol., 
9~932-938. 

Kassie, F. and S. Knasmuller. (2000). Genotoxic effects of allyl 
isothiocyanate (AITC) and phenethyl isothiocyanate (PEITC). 
Chemico-Biological lnterations, 127: 163-1 80. 

Heaney R.K. and G.R.Fenwick (1 980). Glucosinolates in Brassica 
Vegetables. Analysis of Brussels Sprout (Brassica oleracea). Journal 
of the Sciences of Food and Agriculture. 31 : 785-793. a 
Hrncirik, K. and J. Velisek (1 997). Glucosinolate content of common 
Brassicacaseae family vegetables. Potrav Vedy 15: 161 -1 72. 

Michaudl, D., D. Spiegelman, S. Clinton, E. Rimm, W. Willett, and E. 
Giovannucci. (1 999). Fruit and vegetable intake and incidence of 
bladder cancer in a male prospective cohort. Journal of the National 
Cancer Institute, 9 I (7): 1 999. 

Munday, R., and C. Munday. (2002). Selective induction of phase II 
enzymes in the urinary bladder of rats by allyl isothiocyanate, a 
compound derived from Brassica vegetables. Nutrition and Cancer, 
441 'I): 52-59. 

Munday, R., and C. Munday. (2004). Induction of phase II 
detoxification enzymes in rats by plant-derived isothyocyanates with 
sulforaphane and related compounds. Journal of Agricultural Food 
Chemistry, 52: 1867-1 871. 0 

I 000048 



GRAS NOTICE Allyl lsothiocyanate in a 
Food Shelf Life Extension and Anti-spoilage System 

Murata, M., N. Yamashita, S. Inoue, and S. Kawanishi. (2000). 
Mechanism of oxidative DNA damage induced by carcinogenic allyl 
isothiocyanate. Free Radical Biology & Medicine, 28(5):797-805. 

Musk, S., and L. Johnson. (1993). Allyl isocyanate is selectively toxic 
to transformed cells of the human colorectal tumor line HT29. 
Carcinogenesis, 14( IO):  2079-2083. 

National Toxicology Program. (1 982). Carcinogenesis Bioassay of 
Allyl lsothiocyanate (CAS No. 57-06-7) in F344/N Rats and B6C3FI 
Mice (Gavage Study), NTP Technical Report No. 234 / National 
Technical Information Service, No. PB-83-144238. 

IRouzaud, G., SA. Young and A.J. Duncan (2004). Hydrolysis of 
glucosinolates to isothiocyanates after ingestion of raw or 
microwaved cabbage by human volunteers. Cancer Epidemiology, 
Biomarkers and Prevention 13: 125-1 31. 

Smith, T., S. Musk, I. Johnson. (1996). Allyl isothiocyanate 
selectively kills undifferentiated HT29 cells in vitro and suppresses 
aberrant crypt foci in the colonic mucosa of rats." Biochemical Society 
Transactions, 24( 3): 38 I S. 

Srivastava, S.J., D.X. Xiao, K.L. Lew, P. Hershberger, D.M. 
Kokkinakis, C.S. Johnson, D.L. Trump, and S.V. Singh. (2003). Allyl 
isothiocyanate, a constituent of cruciferous vegetables, inhi bits 
growth of PC-3 human prostate cancer xenografts in vivo. 
Carcinogenesis, 24( IO):  1665-1 670. 

Tsao, R., Q. Yu, J. Potter, and M. Chira (2002). Direct and 
simultaneous analysis of sinigrin and allyl isothiocyanate in mustard 
samples by high-performance liquid chromatography. Journal of 
Agricultural and Food Chemistry 50: 4749-4753. 

Uhl, M., B. Laky, E. Lhoste, F. Kassie, M. Kundi, and S. Knasmuller. 
(2003). Effects of mustard sprouts and allylisothiocyanate on 
benzo(a)pyrene-induced DNA damage in human-derived cells: a 
modell study with the single cell gel electrophoresis/Hep G2 Assay. 

00'0049 



GRAS NOTICE Allyl lsothiocyanate in a 
Food Shelf Life Extension and Anti-spoilage System 

Teratogenesis, Carcinogenesis, and Mutagenesis Supplement 1 :273- 0 282. 

Yu E.Y., I.J. Pickering, G.N. George, R.C. Prince (2001). In situ 
observation of the generation of isothiocyanates from sinigrin in 
horseradish and wasabi. Biochemica et Biophysica Acta 7527: 756- 
7 60. 

0 

I .  

i 
000050 



GAKU FOODS CORPORATION 
~ ~ T S ~ ~ ~ ~  NO NtHONSHA BLDG. 3-9, GiNZA t-CHOME, CHUO-KU, TOKYO 104-0061 JAPAN 

PHONE : +SI-3-3563-1 513 FACSIMILE : +81-3-3563-1676 

July 26,, 2005 

Office of Food Additive Safety (HFS-200) 
Center for food Safety and Applied Nutrition 
Food And Drug Administration 
51100 Paint Branch Parkway 
College Park, MD 20740-3835 

Re: Authorization of counsel regarding NOTIFICATION OF 
CLAIM FOR GENERAL RECOGNITION OF SAFETY OF 
Allyl lsothiocyanate in a Food Shelf Life Extension and 
Anti -s p o i I ag e System 

Tb the FDA:, 

Please take note that Mitsubishi-Kagaku Foods Corporation, with headquarters at 3-9, 
Einza ll-chome, Chuo-ku, Tokyo, Japan, authorizes its attorney, Eric F. Greenberg, of the law 
fim Eric F. Greenberg, PC, 3500 Three First National Plaza, Chicago, Illinois 60602, to 
represent it and1 communicate on its behalf in all matters regarding the filing of its 
NOTkFICATION OF CLAIM FOR GENERAL RECOGNITION OF SAFETY OF Allyl 
lsothiocyanate in a Food Shelf Life Extension and Anti-spoilage System. 

Si:nceceiy, 

Mr. Akin Sat0 
Managhg Director 
Corporate Division 
Mitsubishi-Kagaku Foods Corporation 
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American people and for the primary prevention of chemically induced 
disease. By bringing together the relevant programs, staff, and resources 
from the U.S. Public Health Service, DHHS, the National Toxicology 
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research, testing and test development/validation efforts, and the dissemi- 
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NOTE TO THE READER 

This is one in a series of experiments designed to determine whether selected chemicals produce 
cancer in animals. Chemicals selected for testing in the NTP carcinogenesis bioassay program are 
chosen primarily on the bases of human exposure, level of production, and chemical structure. Selection 
per se is not an indicator of a chemical's carcinogenic potential. Negative results, in which the test 
animals do not have a greater incidence of cancer than control animals, do not necessarily mean that a 
test chemical is not a carcinogen, inasmuch as the exlie?ifAents are conducted under a limited set of 
conditions. Positive results demonstrate that a test chemical is carcinogenic for animals under the 
conditions of the test and indicate that exposure to the chemical is a potential hazard to humans. The 
determination of the risk to humans from chemicals found to be carcinogenic in animals requires a 
wider analysis which extends beyond the purview of this study. 

This study was initiated by the National Cancer Institute's Carcinogenesis Testing Program, now part 
of the National Institute of Environmental Health Sciences, National Toxicology Program. 

Comments and questions about the National Toxicology Program Technical Reports on Carcino- 
genesis Bioassays should be directed to the National Toxicology Program, located at Room A-306. 
Lwndow Building, Bethesda, MD 20205 (301-496-1152) or at Research Triangle Park, NC 27709 

Although every effort is made to prepare the Technical Reports as accurately as possible, mistakes 
may occur. Readers are requested to communicate any mistakes to the Deputy Director, NTP (P.O. 
Box 12233, Research Triangle Park, NC 27709). 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. 

These NTP Technical Reports are available for sale from the National Technical Information Ser- 
vice, U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-4650). 

Single copies of this carcinogenesis bioassay technical report are available without charge (and while 
supplks last) from the NTP Public Information Office, National Toxicology Program, P.O. Box 12233, 
Research Triangle Park, NC 27709. 

(91 9-54 1-399 I). 
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CARCINOGENESIS 
BIOASSAY OF 

ALLYL ISOTHIOCYANATE 

ALLYL ISOTHIOCYANATE 

CAS NO. 57-06-7 
C4H5NS Mol. W t  99.16 

ABSTRACT 
A 2-year carcinogenesis bioassay of food-grade allyl isothiocyanate (greater than 93% purity), a 

flavoring agent, was conducted by administering 12 or 25 mg/kg allyl isothiocyanate in corn oil five 
times per week by gavage to groups of 50 F344/ N rats and 50 B6C3F1 mice of each sex for 103 weeks. 
Groups of SO rats and 50 mice of each sex received corn oil alone and served as vehicle controls. 

A singledose study, a 14-day study, and a 13-week study were performed before the chronic study 
was conducted. Pathoiogic findings seen in the 14-day study at 50 mg/ kg included a thickened mucosal 
suflace of the stomach in rats and mice and a thickened urinary bladder wall in male mice. No gross or 
microscopic lesions were seen at the highest dose level (25 mg/kg) in the 13-week study. 

In the chronic study, survival of dosed and control rats of each sex was comparable. Throughout the 
study, the mean M y  weights of highdose male rats were lower than those of the controls, while during 
the last half of the study the mean body weights of the lowdose and highdose female rats were higher 
than the mean body weights of the control animals. Final body weights in control and dosed groups 
Were comparable. 

Transitionai-cell papillomas in the urinary bladder occurred in dosed male rats with a statistically 
significant trend (PC0.05; controls, 0/49, OYo; lowdose, 2/49,4%; high-dose. 4/49.8%). This tumor has 
not been observed among 568 untreated male control F344/N rats at this laboratory. The incidence of 
tmnsitional-cell papillomas in male vehicle control rats in all laboratories in the NCI/NTP Bioassay 
Programis 1/994 (0,195). Epithelial hyperplasia in the urinary bladder was also observed at increased 
incidences in dosed male rats (0/49, 1/49,6/49). The hyperplasia did not occur in the same animals 
tha! had papillomas. 

Fibrosarcomas in the subcutaneous tissue occurred in female rats with a statistically significant 
positive trend (P<0.05; controls, O/SO. 0%: lowdose. 0/50.0%; highdose, 3/50.6%), but the incidence 
in the highdose group was not significant when compared with that in the control group. The historical 
incidence of this lesion is 11591 (0.2%) in untreated control female F344/N rats at this laboratory and 
91999 (0.9%) in female gavage control rats in all laboratories in the Bioassay Program. 

Survival of control and dosed female mice, although comparable, was unusually low. Mean body 
weights of highdose mice of each sex were higher than those of the controls throughout most of the 
study. Final body weights in control and dosed groups were comparable. The mice probably did not 
receive the maximum tolerated dose of allyl isothiocyanate. 

"fhe increased incidence of cytoplasmic vacuolization in the liver of dosed male mice was related to 
administration of allyl isothiocyanate (controls, 2/49,4%; lowdose. 8/49, 16%; highdose, 13/50,26%). 

Under the conditions of this bioassay, allyl isothiocyanate was carcinogenic for male F344/N rats, 
musing ttansitional-cell papillomas in the urinary bladder. Evidence for associating allyl isothiocyanate 
with subcutaneous fibrosarcomas in female F344/N rats was equivocal. Allyl isothiocyanate was not 
carcinogenic for B6C3FI mice of either sex. 
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SUMMARY OF PEER REVIEW COMMENTS ON THE BIOASSAY OF 
ALLYL ISOTHIOCYANATE 

On June 23, 1981, this carcinogenesis bioassay report on allyl isothiocyanate underwent peer review 
and was approved by the National Toxicology Program Board of Scientific Counselors’ Technical 
Reports Review Subcommittee and associated Panel of Experts at  an open meeting held in Building 
101, National fnstitute of Environmental Health Sciences. Research Triangle Park, NC. 

Dr. Williams. as a principal reviewer for the report on the bioassay of allyl isothiocyanate, agreed 
with the conclusions that. under the conditions of the bioassay, allyl isothiocyanate was carcinogenic to 
male E344/N rats, causing transitional-cell papillomas in the urinary bladder. Evidence for associating 
allyl isothiocyanate with subcutaneous fibrosarcomas in female rats was equivocal. The chemical was 
not carcinogenic for BbC3FI mice of either sex. He stated that the discussion should emphasize that this 
compound was associated with only a low incidence of benign bladder tumors under conditions of 
exposure chat are known to affect the physiology of urine excretion. 

As the second principal reviewer, Dr. Hitchcock said there was quite low survival in control and 
high-dose female mice and suggested that some explanation should have been given for this. She noted 
the incidence of eye lesions which may have been due to groups of rats being housed near the light 
source without rotation of cages. Dr. Shore asked whether attention could be given to balancing cage 
position in the room. Dr. C. Boorman, NTP. replied that one problem with cage rotation is that it may 
enhance the chances for gavage errors; he further stated that the NTP was investigating this recurring 
phenomenon and would consider the option of cage rotation as well as reduced light intensity. 
Dr. Hitchcock asked that recent negative results with Salmonella be mentioned. Dr. Swenberg said 
that the discussion should include comment that allyl isothiocyanate may possibly be working as a 
tumor promoter. 

Dr. Williams moved that the report on the bioassay of allyl isothiocyanate be accepted. Dr. Hitch- 
cock accepted the motion, and the report was approved unanimously by the Peer Review Panel. 

I 1  AUyl Isothiocyanate 

000093 



Allyl lsothiocyanate 12 

000094 



I. INTRODUCTION 

13 Allyl lsothiocyanate 

000095 



E. INTRODUCTION 

ALLYL ISOTH IOCYANATE 

CAS NO. 57-06-7 
CqHgNS Mol. Wt. 99.16 

Allyl isothiayanate is the major component in 
volatile oil of mustard, a flavoring agent pre- 
p a d  from seeds of black mustard (Brassica 
nigra) (Life Sciences Research Office, 1975). Syn- 
tlwtkally prepared allyl isothiocyanate and vola- 
tile oil1 of mustard are approved by the U.S. Food 
and Drug Administration for use as flavoring 
agents 4U.S CFR, 1979); the Food Chemicals 
Codex (1972) specifies that the oil should con- 
tain not less than 93% allyl isothiocyanate. Allyl 
isothiocyanate is also found in cabbage, broccoli, 
kale, cadiflower, and horseradish (Mitchell and 
Jardan, 1974; Life Sciences Research Office, 

Volatile oil of mustard is used in pickling spices 
and imitation pineapple flavoring (Kirk- 
Othmer, 1966). Allyl isothiocyanate may be 
present in the following foods: syrups (10-88 
ppm), meats (87 ppm), condiments (52 pprn), 
baked goods (5.2 pprn), candy, ice cream, and 
ices (0.50 ppm), and nonalcoholic beverages 
{01.02-0.50 ppm) (Life Sciences Research Office, 
19%)- Allylisothiocyanate is also used as a dena- 
turant for alcohol and as a medicinal counter- 
irritant fMerck Index, 1976; Kirk-Othmer, 
1965). 

Approximately 33,000 pounds of allyl isothio- 
cyanate were used by the food industry in the 
United States in 1970 {Life Sciences Research 
Offioe, J975). The amount of synthetic allyl iso- 
thiocyanate produced in 1979 exceeded 1,OOO 
pounds, but specific production figures are not 
available (USITC. 1979). Thirty-two thousand 
metric tons of mustard seed were imported into 
the United States in 1978 (Kirk-Othmer, 1980). 

The oral LD,value of allyl isothiocyanate is 
reported to be 339 mg/kg for Osborne-Mendel 
rats (Jenner et al.. 1964) and 490 mg/ kg for male 
rats of an unspecified strain (Vernot et a!., 1977). 
The subcutaneous LDwvalue for white mice is 80 

0 39753 Wall, 1973). 

mg)kg (Klesse and L&oschek, 1955). 0 

Administration of allyl isothiocyanate has been 
shown to affect various functions and organs in 
the rat. Radioiodine uptake by the thyroid was 
depressed and the relative weight of the thyroid 
was increased in male Wistar rats administered 
2-to 5-mg doses of allyl isothiocyanate by gavage 
daily for 1 to 60 days (Langer and Greer, 1968; 
Langer and Stole, 1965). Hyperplastic areas were 
observed in the thyroid of female Holtzman rats 
12 days after they received two 100 mg/ kg subcu- 
taneous doses of allyl isothiocyanate (Nishie and 
Daxenbichler, 1980). The blood coagulation time 
for male Sprague-Dawley rats given daily 0.5 mg 
intraperitoneal injections of allyl isothiocyanate 
for 30 days was 60% of the value for controls 
(Muztar et al., 1979b). A twofold increase in 
urine volume, an increase in the total amount of 
uric acid, creatinine, and glucose excreted during 
a 24-hour period, and an increase in the concen- 
tration of uric acid in the urine compared with 
that of controls were observed in male Sprague- 
Dawley rats fed diets containing 100 or 300 ppm 
allyl isothiocyanate (Muztar et ai.. 1979a; Muz- 
tar et al., 1979b). 

Epithelial hyperplasia oft he nonglandular por- 
tion of the stomach, with acute to subacute ulcers 
2 to 6.5 mm in diameter, was observed in all 
Osborne-Mendel rats of either sex administered 
50 mg/kg allyl isothiocyanate by gavage for 20 
days and in 50% of the rats receiving 20 mg/ kg. 
Minor inflammatory foci were observed in the 
liver of rats receiving the higher dose (Hagan et 
al.. 1967). 

Allyl isothiocyanate was not mutagenic in 
Bacillus subtilis M 17 and M45, Escherichia coli 
WP2, or Salmonella ryphimurium TA 98, 100, 
1535, or 1537 (with or without metabolic activa- 
tion) (Oda et a\., 1978, Eder et a\., 1980; NTP, 
I98 1). Allyl isothiocyanate was fetotoxic for 
Holtzman rats (Nishie and Daxenbichler, 4980), 
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L INTRODUCTION 

0 but was not found to   be teratogenic in Wistar - 
rats (Ruddick et a]., 1976). 

The Food and Drug Administration has pre- 
pared three reviews on oil of mustard (90% allyl 
isothiocyanate), a food additive generally recog- 
nized as safe (NTlS, I972 NTlS. 1973; NTlS, 
1,975). These reviews emphasize the lack of data 
an1 the carcinogenicity and toxicity of these sub- 
stances, The FDA cites some evidence for 

hamsters, and rabbits were considered negative 
(NTIS, 1973). A select committee of the Federa- 
tion of American Societies for Experimental 
Biology (FASEB) stated that urnore definitive 
toxicological studies” on oil of mustard were 
warranted. Using the data available in 1975, 
FASEB concluded that there was no indication 
that allyl isothiocyanate was a hazard to the pub- 
lic at levels currently used in food (NTIS, 1973). 

increased fetal deaths and resorptions in rodents 
when oil of mustard is administered at 28.0 
mg) kg for IO consecutive days (from days 6 to 15 
of gestation) to pregnant mice (albino CD-I 
outbred mice). Other teratology studies in rats, 

The NCI/NTP Bioassay Program tested allyl 
isothiocyanate because it is a widely used food 
additive that had not been tested for carcino- 
genicity. 

. .  
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11. MATERIALS AND METHODS: CHEMICAL ANALYSIS 

CHEMICAL ANALYSIS 

Food-grade allyl isothiocyanate (CAS No. 57- 
06-7). greater than 93% alJyl isothiocyanate. was 
obtained from Arsynco, Inc. (Carestadt, NJ) in a 
single batch (Lot No. 532251). 

The results of the analyses performed at  Mid- 
west Research Institute (Appendix E) indicated 
the following: elemental analyses agreed with 
theoretical values: gas-liquid chromatography on 
two different systems detected at least six minor 
impurities with areas totaling less than 1% of the 
major peak; thin-layer chromatography in two 
systems detected only one spot; the infrared and 
ultraviolet spectra were consistent with the struc- 

ture and spectra reported in the literature (Sadtler 
Research Laboratories); and the nuclear mag- 
netic resonance spectrum was consistent with the 
structure. The nuclear magnetic resonance spec- 
trum indicated the presence of a minor impurity 
that could be the thiocyanate. The identity of this 
minor impurity was not pursued. 

Southern Research Institute analyzed the 
chemical periodically throughout the study by 
gas-liquid chromatography and infrared spec- 
troscopy. The results indicated no breakdown of 
the bulk material during the study. 

DOSAGE PREPARATION 

Dosage mixtures: of allyl isothiocyanate were 
preparedl dally in the singledose and 14day stu- 
dies and were prepared weekly in the 13-week 
and! chronic studies. Mixtures were obtained by 
pipetting the appropriate amount of the chemical 
in a beaker and dissolving it in a small amount of 
corn oil. This stock solution was diluted with 
additional corn oil to the desired final volume. 
Concentrations of the test substance were based 
OR the volume of the chemical in relation to the 
volume of corn oil. 

I ' 
and the concentration of the test chemical was 
determined by vapor-phase chromatography. Allyl 
isothiocyanate was found to be stable in corn oil 
for 7 days at room temperature with a recovery 
of 99.5%. Selected batches of corn oil gavage 
mixtures administered during the chronic study 
were analyzed at Southern Research Institute to 
determine the adequacy of preparation; differ- 
ences between the mean sample concentration 
and the targeted concentration wereO.OI%(v/v) 
or less (Table GI). 

Analysis of the stabiIity of allyl isothiocyanate 
inl corn oil was performed at Midwest Research 
Institute by assaying samples of corn oil mixtures 
containing 0.05% test chemical that had been 
storedl at room temperature for 7 days (Appendix 
F), The corn oil/allyl isothiocyanate solutions 
were then diluted with anhydrous ethyl ether, 

Four samples of corn oil gavage mixtures pre- 
pared and analyzed at Southern Research Insti- 
tute were shipped to  either Midwest Research 
Institute or Raltech Scientific Services, Inc., for 
referee analysis of allyl isothiocyanate. The results 
from the three laboratories were in agreement. 

PRECHRONIC STUDIES 

Single-Dose Study Animals were observed twice daily for 16 days. 
Weights were taken on the day of dosing and 
then on day 15. The peritoneal cavities were 
examined in male mice administered 200,400, or 
800 mg/kg and in female mice administered 100, 
200, or 400 mgl kg. 

Groups of five F344/N rats of each sex were 
administered a single dose of allyl isothiocyanate 
(25, 50, 100, 200, or 400 mg/kg body weight) in 
corn1 oil1 by gavage. Groups of five B6C3FI mice 
of each sex received 50, 100, 200, 400, or 800 
rnglkg allyl isothiocyanate by the same route. Further details of the study are presented in 0 No controb were used. Table 1. 
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11. MATERIALS AND METHODS: PRECHRONIC STUDIES 

Fourteen-Day Study 

Groups of five F344JN rats of either sex were 
administered 25,50, 100,200, or 400 mg/ kg allyl 
isorhioqanate in corn oil by gavage for 14 con- 
secutive days (Table I). Groups of B6C3F1 mice 
received 3,6, 12, 25, or 50 mg/kg by the same 
route. No controls were used. 

Rats and mice were observed twice daily and 
were weighed on days 1 and 15 of the study. 
Gross necropsies were performed on all animals. 

* 

Thirteen-week studies were conducted to eval- 
uate the cumulative toxicity of allyl isothiocya- 
nate and to determine the doses to be used in the 
chronic studies. 

Groups of 10 rats and mice of each sex 
received 8.5, 3, 6, 12, or 25 mg/kg allyl isothib 
cyanate by gavage 5 days per week for 13 weeks 
{Table I). Vehicle controls received corn oil 
alone. 

All animals were checked for mortality and 
clinical signs of toxicity and morbidity twice 
daily. Moribund animals were killed and 
necropsied. individual animals were weighed 
weekly. 
From days 92 to 96, survivors were killed with 

carbon dioxide. Necropsies were performed on 
animals that survived to day 92 and on all ani- 
mals found dead, unless precIuded in whole or 
part by autolysis or cannibalism. The following 
specimens were examined histologically in ve- 
hicle-control and high-dose groups: gross lesions, 
tissue masses, abnormal lymph nodes, skin, 
mandibular lymph nodes, mammary gland, sali- 
vary gland, thigh muscle, bone marrow, trachea, 
lungs and bronchi, heart, thyroid, parathyroid, 
esophagus, stomach, cecum, duodenum, jejunum, 
ileum, colon, mesenteric lymph nodes, liver, gall- 
bladder (mice), pancreas, spleen, thymus, kid- 
neys, adrenals, urinary bladder, seminal vesicles/ - 
prostate/ testes or .ovaries/ uterus, brain, and 
pituitary. Tissues were preserved in 10% neutral 
buffered formalin, embedded in paraffin, sec- 
tioned, and stained with hematoxylin and eosin. 

CHRONIC STUDY 

Study Design CIinical Examinations and Pathology 
Groups of 50 rats and 50 mice of each sex 

received I2 or 25 mg/ kg allyl isothiocyanate in 
corn oil1 by gavage 5 times per week (Monday 
through Friday) for 103 weeks (Table 1). Groups 
of 50 rats and 50 mice of each sex received corn 
oil on the same schedule and served as vehicle 
controls. 

Control and dosed groups were of the same 
strain, sex, and age range and were from the 
same source and shipment. AU animals were 
housed in the Same room, and no other chemicals 
were on test in that room. Neither cages nor 
racks were rotated. The animal cages were housed 
on two racks, each rack having six levels. On one 
rackk, highdose males were on the top two levels, 
highdose females were on the middle two levels, 
and lowdose males were on the bottom two lev- 
els. Or, the other rack, lowdose females were 
placed on the top two levels, control males were 
on the middle two levels, and control females 
were on the bottom two levels. All aspects of 
animrtl care and maintenance were similar. Ani- 
mals were randomized to control and dosed 
jpups 8s described in Table I .  Chronic studies 
for rats and mice began in March 1978. 

All animals were observed twice daily for signs 
of morbidity and mortality. Clinical signs and 
body weights by cage were recorded every 4 
weeks. The mean body weight of each group was 
calculated by dividing the total weight of all 
animals in the group by the number of surviving 
animals in the group. Moribund animals and 
animals that survived to the end of the bioassay 
were killed with carbon dioxide and necropsied. 

Examinations for grossly visible lesions were 
performed on major tissues or organs. Tissues 
were preserved in 10% neutral buffered formalin, 
embedded in paraffin, sectioned, and stained 
with hematoxylin and eosin. The following were 
examined microscopically: tissue masses, ab- 
normal lymph nodes, skin, mandibular lymph 
nodes, mammary gland, salivary gland, thigh 
muscle. bone marrow, femur, thymus, trachea, 
lungs and bronchi, heart, thyroid, parathyroid, 
esophagus, stomach, duodenum, jejunum, ileum, 
colon, mesenteric lymph nodes, liver, gallbladder 
(mice), pancreas, spleen, kidneys, adrenals, uri- 
nary bladder, seminal vesicles/ prostate/ testes or 
ovaries/ uterus, brain, and pituitary. Oil Red 0 
on frozen sections was used to more clearly 
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11, MATERBALS AND METHODS: CHRONIC STUDY 

a define the nature of cytoplasmic vacuolization in 
the liwrs of male mice. 

Necropsies were performed on all animals 
found dead and on those killed at the end of the 
study, unless precluded in whole or in part by 
autolysis or cannibalism. Thus, the number of 
animais from which particular organs or tissues 
were examined microscopically varies and is not 
n d i y  equal to the number of animals that 
were placed on study in each group. 

The pathology report and selected slides were 
evaluated by the NTP Pathology Working Group 
as described by Ward et al. (1978). The diagnoses 
represent a C O ~ ~ C ~ S U S  of contracting pathologists 
and, the NTP Pathology Working Group. 

Dah Recording and Statistical Methods 
Data on this experiment were recorded in the 

Carcinogenesis Bioassay Data System (Linhart et 
aI., t974). The data elements include descriptive 
information on the chemicals, animals, experi- 
mentall design. clinical observations, survival, 
body weight, and individual pathologic results, 
as recommended by the International Union 
Against Cancer (Berenblum, 1969). 

Probabilities of survival were estimated by the 
produd-Emit procedure of Kaplan and Meier 
(1958) and1 are presented in this report in the 
form of graphs. Animats were statistically cen- 
sored as of the time that they died of other than 
natural causes or were found to be missing; 
animais dying from natural causes were not sta- 
tistically censored. Statistical analyses for a pos- 
sible dose-related effect on survival used the 
method of Cox (1972) for testing two groups for 
equality and Tarone's (1975) extensions of Cox's 
methods for testing for a dose-related trend. 

The incidence of neoplastic or nonneoplastic 
ilesions has been given as the ratio of the number 
of animals b r i n g  such lesions at a specific ana- 
tomk site to  the number of animals in which that 
site WBS examined. In most instances, the denom- 
inators included only those animals for which 
that site was examined histologically. However, 
when macroscopic examination was required to 
detect &ions (e.g.* skin or mammary tumors) 
prior to histologic sampling, or when lesions 
could have appeared at multiple sites (e.&, lym- 
phomas), the denominators consist of the num- 
bers of animals necropsied. 
For the statistical analysis of tumor incidence 

data, two different methods of adjusting for 

0 

intercurrent mortality were employed. Eachused a 

the classical methods for combining contingency 
tables developed by Mantel and Haenszel(1959). 
Tests of significance included pairwise compari- 
sons of high-and low-dose groups with controls 
and tests for overall dose-response trends. 

The first method of analysis assumed that all 
tumors of a given type observed in animals dying 
before the end of the study were"fata1"; i.e., they 
either directly or indirectly caused the death of 
the animal. According to this approach, the pro- 
portions of tumor-bearing animals in the dosed 
and control groups were compared at each point 
in time at which an animal died with a tumor of 
interest. 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 study, were then 
combined by the Mantel-Haenszel methods to 
obtain an overall P-value. This method of adjust- 
ing for intercurrent mortality is the life table 
method of Cox (1972) and of Tarone ( I  975). 

The second method of analysis assumed that 
all tumors of a given type observed in animals 
dying before the end of the study were "inciden- 
tal"; Le., they were merely observed at autopsy in 
animals dying of an unrelated cause. According 
to this approach, the proportions of animals 
found to have tumors in dosed and control 
groups were compared in each of five time inter- 
vals: 0-52 weeks, 53-78 weeks, 79-92 weeks, week 
93 to the week before terminal kill, and the ter- 
minal kill period. The denominators of these 
proportions were the number of animals actually 
autopsied during the time interval. The individ- 
ual time interval comparisons were then com- 
bined by the previously described methods to 
obtain a single overall result. (See Pet0 et al., 
1980. €or the computational details of both 
methods.) 

In addition to these tests, one other set of sta- 
tistical analyses was carried out and reported in 
the tables analyzing primary tumors; the Fisher's 
exact test for pairwise comparisons and the 
Cochran-Armitage linear trend test for dose- 
response trends (Armitage, 1971; Gart et al., 
1979). The tests were based on the overall pro- 
portion of tumor-bearing animals. All reported P 
values are one-sided. For studies in which there is 
little effect of compound administration on sur- 
vival, the results of the three alternative analyses 
will generaily 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 tumor under consideration is 
regarded as being the cause of death. 
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Experimental Design 
Size of Test Groups 5 males, 5 females 

of each species of each species of each species of each species 
5 males, 5 females 10 males. IO females 59 mala, 50 females 

Doses 

Duration of Dosing 

Type and Frequency of 
Observation 

Necropsy and 
Histologic Examination 

Rats: 25, 50, 100, 200, or 49Q 
mg/ kg body weight allyl , 
isothiocyanate in corn oil; 
volume: IO ml/ kg body weight 
Mice: SO, 100,200,400. or 800 
mg/ kg body weight allyl 
isothiocyanate in corn oil; 
volume: 10 ml/ kg body weight. 

Rats: 25,50, 100. 200, or 400 Rats and mice: 1.5, 5, 6, 12, or 
mg/ kg body weight allyl 25 mg/kg body weight allyl 
isothiocyanate in corn oil; isothiocyanate in corn oil; 
volume: 10 ml/ kg body weight vehicle control, corn oil 
Mice: 3, 6. 12, 25, or 50 mg/kg only, volume: mts. 5 ml/kg 
body weight allyl isothiocyanate body weight; mice, IO ml/kg 
in corn oil; volume: 10 ml/kg body weight 
body weight 

Rats and mice: low dose 
12 mg/ kg body weight 
allyl isothiocyanate in 
corn oil: high dose 
25 mg/ bg body weight 
allyl isothiocyanate in 
corn oil; vehicle control: 
corn oil; volume: rats, 
5 ml/ kg body weight; mice, 
10 ml/kg body weight 

Rats and mice: single dose; 
killed on day 16 

Rats: 14 consecutive days; 
killed on days 16-17 
Mice: 14 consecutive days; days 92-96 week 104-106 
killed on days 17-31 

Rats and mice: 13 weeks, 
5 days per week; killed on 

Rats and mice: 103 weeks; 
5 days per week; killed at 

Observed twice daily Observed twice daily for Observed twice daily for Observed twice daily for 
for mortality mortality morbidity and mortality morbidity and mortality 

Peritoneal cavity examined All animals necropsied Gross necropsy performed Gross necropsy and 
in male mice receiving on all animals; histologic histologic examination 
200,400. or 800 mg/ kg 
and in female mice receiving 
100,200, or 400 mg/ kg 

examination performed on all 
vehicle controls and all 
animals receiving 25 mg/ kg 

performed on all animals 



Animal Source Frederick Cancer 
Research Center 
(Frederick, MD) 

Time Held Before 
Start of Test 

Age When Placed 
on Study 

Age When Killed 

Rats: 9 days 
Mice: 8 days 

35 days old 

51 days old 

Same as singledose study Same as single-dose study Harlan Industries, Inc. 
(Indianapolis, IN) 

Rats: 8 days 
Mice: 8 days 

35 days old 

Rats: 5 days 
Mice: 5 days 

35 days old 

Rats: 51-52 days old 
Mice: 52-66 days old 

127-131 days old 

Rats: 16 days 
Mice: 16 days 

Rats: 39 days old 
Mice: 57 days old 

Rats: 767 days old 
Mice: 785 days old 

Method of ..inimal Randomized to cages Same as single-dose study Same as single-dose study Same as single-dose study 
Distribution using table of random 

h) numbers; cages randomized to 
test groups using another 
table of random numbers . 

h) 

Feed 

Bedding 

Water 

Cages 

Wayne Lab Blox@ Same as single-dose study Same as single-dose study Same as singledose study 
Allied Mills, Inc. 
(Chicago, 1L) Avail- 
able ad libitum 
Beta Chips@. hardwood Same as single-dose study Same as single-dose study Same as singledose study 
chips, Northeastern 
Products Corp. 
(Warrensburg, NY) 
Tap water in glass 
bottles available system, Edstrom 
ad libitum Industries, Inc. 

(Waterford, Wl) 

Same as single-dose study Tap water via automatic Same as 13-week study 

Stainless steel, Same as single-dose study Polycarbonate 
Hahn Roofing and 
Sheet Metal Co. (Garfield, NJ) 
(Birmingham, AL) 

Lab Products, Inc. 
Same as IEweeb study 



TABLE 1, EXPERIMENTAL DWIGN AM)  MATERIALS AND METHODS (Corrtlnued) 

SJngbDose Study WDay Study ISWeek Study Chronle Study 

Animals and Anlmal Malntcnnnce 
Animals Per Cage 5 5 5 5 
Cage Filters Fiberglass 

Animal Room 
Environment 

Fiberglass Disposable spun-bonded 
Polyester Dupont #2024 
Snow Filtration Co. 
(Cincinnati. OH) 

Same as 13-week study 

23O f 3OC; humidity Same as singledose study 23'&3OC; humidity 2 3 O k 3 O C ;  humidity 
uncontrolled; uncontrolled; uncontrolled; 
I5 air changes per hr. 
9 hrs fluorescent light 

I5 air changes per hr. 
I2 hrs fluoresceni light 

I5 air changes per hr. 
12 hrs fluorescent light 

Other Chemicals on Rats and mice: Rats: ethyl acrylate, None 
Test in Same Room ethyl acrylate. eugenol, wmannitol: 

eugenol. n-mannitol: Mice: ethyl acrylate. 

8 gallate. tearalenone 

eugenol, wmannitol; stannous 
chloride. ziram, propyl 

Chemlcd/Vehicle Mlxture 
Preparation 

Frequency of 
Preparation 

Storage Conditions 
9 - 

o l  
0 
0 

None 

Allyl isothiocyanate Same as single-dose study Same as single-dose study Same as single-dose study 
mixed with Mazolac 
. corn oil to concen- 
tration of highest , 
dose (stock mixture): 
stock mixture diluted 
with corn oil to make 
other doses 

Mixture prepared daily Mixture prepared daily 

Excess mixture 
discarded 

Mixture prepared once 
each week 

Mixture prepared once 
each week 
Dosing mixture stored a t  
5°C for n o  longer than 
IO days 
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III. RESULTS 

RATS 

PRECHRONIC STUDIES 
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MICE 

PRECHRONIC STUDIES 
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111. RESULTS: RATS-PRECHRONIC STUDIES 

PRECHRONIC STUDIES 

SingbDose Study 

AIE animals survived to the end of the 16-day 
observation period. The following average weight 
increases over the initial weight (on day 0) were 
measured: 

Weight Increase 
(Percent) DOS@ 

Cmg/kg) Males Females 

25 69 40 
50 58 45 

tao 61 44 
200 50 38 
400 31 20 

Other signs of toxicity seen in male rats receiv- 
ing 200.400 mg/kg included inactivity, watery 
eyes, and ruffled fur. All signs were gone by day 9 
in the 4QO mg/ kg group and by day 3 in the 200 
mg/ kg group. Female rats also exhibited inactiv- 

ity and ruffled fur. Since no rats died during the 
course of those studies, the highest dose for the 
14-day study was set at  400 mg/kg. 

Fourteen-Day Study 

All rats administered 200 or 400 mg/kg allyl 
isothiocyanate died before the end of the study 
(Table 2). Animals administered 100 mg/ kg gained 
less weight than did animals receiving lower 
doses. A thickened mucosal surface of the stom- 
ach was seen in groups of males and females 
administered 50-400 mglkg. and adhesion of the 
stomach to the peritoneum was observed in 
groups of male rats receiving 5O-400 mg/ kg and 
in groups of female rats receiving 100-400 mg/ kg 
(Table 3). 

Toxic signs were seen at all dose levels. These 
signs included inactivity and ruffled fur and were 
most severe at the 400 mg/kg dose level. Due to 
the toxicity and pathologic effects observed, the 
highest dose for the 13-week study was set at 25 
mg/ kg. 

TABLE 2. DOSAGE, SURVIVAL, AND MEAN BODY WEIGHTS OF RATS RECEIVING ALLYL 
ISOTHIOCYANATE BY GAVAGE FOR 14 DAYS 

Mean Body Weight (grruns) 
D m  S W W  

tww (4 InlW Final Change(b) 

F d  
25 
50 

loo 
2m 
400 

W.6 f 5.0 
85.8 f 3.9 
92.8 f 7.1 

(4 
(4 

82.6 f 2.7 
77.4 f 3.5 
84.8 f 3.0 
(4 
(4 

147.0 f 6.6 
127.2 f 4. I 
I 13.0 f 6. I 

(4 
(4 

113.2 f 1.7 
105.6 f 3.2 
105.8 f 3.8 

(4 
(4 

+50.4 i 2.8 
M1.4 f 2 3  
+20.2 f 2.2 

(4 
(4 

+30.6 f 2.3 
+28.2 f 2.6 
+21.0 f 2.7 

(4 
(4 

(u) Number sum-ving/numbcr initially in the group. All calculations refer only to the survivors of each group. e) Manl  weight change of the survivors of the group f standard error of the mean. 
(c) Days of death: 2.2. 3. 8. 9 
(4 No data arc prwnted due to the IWU mortality in this group. 
(e) Days of death: 2.2. 2. 2.4 
(i3 Days of death: 2.2.6, 8.9 
(g) Days of death: 2. 2. 2 2. 3 
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TABLE 3. JNClDENCE OF COMPOUND-RELATED EFFECTS OBSERVED IN RATS AT IECROPSY 
IN ?WE I+DAY STUDY OF ALLYL JSOTHlOCYANATE 

Thickened Mucmrl Adhesion of Stomach 
Dose ( m d W  surfrce of stonueh to Peritoneum 

Maks 
25 01.5 01 5 
50 515 I i s  

100 51 5 4/ 5 
200 415(c1) 5i5fa) 
400 IIWar) 315fa) 

25 0/5  O/ 5 
50 51 5 0; 5 

100 5 /  5 215 
200 31 5(0) 41 5fa) 
400 315(a) 4 1 W  

FPmr)er 

fa) See Tabk 2 for d a p  of death. 

M e e n - W e e k  Study this study, the highest dose level (25 mg/kg) had 
no effect on either male or female F344/N rats. 

Doses of 12 and 25 mg/ kg allyl isothiocyanate, 
administered five times per week by gavage, were 
selected for rats in the chronic study because 
compound-related gross pathologic effects were 
observed in the 14day study at 50 mg/kg. 

No compound-related deaths or histopatho- 
logic effects inl the stomach or other tissues were 
observed. Mean body weight gains of control 
and dlcrrsed groups were comparable (Table 4). In 

TABLE 4. 'DOSAGE, SURVIVAL. AND MEAN BODY WEIGHTS OF RATS ADMINISTERED ALLYL 
ISOTXIOCYANATE BY GAVAGE FOR 13 WEEKS 

Welght Change 
. .  Mean Body Weigh! (grams) Relative to 

Dcrw Survival Controls (d) 
fmLlWtcrl fB) lnllinl Final Change (e) (Percent) 

l O f l 0  
loll0 
10,p 10 
10: I O  
IO( IO 
!O/ 10 

10; 10 
101 to 
10110 
lo; IO 
IO! IO 
IO! to 

65.4 f 3.4 
65.9 f 2.8 
67.2 f 2.6 
67.2 i 3.9 
66.9 i 2.9 
66.7 f 4.4 

56. I f 1.8 
60.0 f 2. I 
64.0 f 2.3 
60.8 i 2.4 
59.8 f I .9 
62.6 f 2.7 

309.8 t 5.4 
322.5 t 6.2 
321.0t5.2 
318.4 f 5.4 
314.5 f 5.4 
303.4 i 8.8 

191.9 i 3.1 
194.7 f 4.4 
196.4 i 4.0 
195.3 i 3.6 
191.4 f 3.0 
192.9 f 4.4 

+244.4 t 3.8 
+256.6 f 4.8 
+253.8 t 4.2 
+251.2 f 4.9 
t247.6 f 4.8 
+236.7 f 1.5 

+135.8 t 4.1 
+134.7 f 5.1 
+132.4 f 4.1 
+I343 t 2.1 
+131.6t3.8 
+130.3 f 3.3 

+5.0 
+3.8 
*2.8 
+1.3 
-3.2 

-0.8 
-2.5 
-1.0 
-3. I 
4. I 

(a) Allyl isothiocyanarc in corn oil was administered 5 days per week. 
fb) Number survivingi number initially in the group. 
fc] Mean wdghr change of the group 1: standard error of the mean. 
fdr) Weight change of the dosed group relative to that of the controls 

Weight Change (Dosed Group) - Weight Change (Control Group) 
* loo . Weight Change (Control Group) 

(e) Vehidc controls received corn oil alone. 
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111. RESULTS: RATS-CHRONIC STUDY 

CHRONIC STUDY 

BOay Weights and CLinicaI Signs 
Throughout the study, the mean body weights 

of high-dose male rats were lower than those of 
the controls. and during the last half of the study 

the mean body weights of both low- and high- 
dose female rats were higher than those of the 
controls (Figure 1 ,  and Appendix H,  Table HI). 
No compound-related clinicaI signs were observed. 

MALE RAT5 

0 VEHICLE CONTROL 

0 LGwD(HLL 

o nmnmse 

0 
Q W l o a t 4 4  €a w m m w ~ o o i  

TIME ON STUDY IWEEKSI 

'I a v~~lc~sccntincn 
0 L o w c a e  
A HlOHDDLl 

m m m i w ~  m a  

TIME OW STUDY IWEEKSI 

M l O m  4 

figore 1. Growth C u m  far Rats Admirimred Allyl lrothiocyenate by Gavage. 

Allyl Ssothiixyanate 28 

000110 



1x1. RESULTS: RATS-CHRONIC STUDY 

Survival 
Estimates of the probabilities of survival of 

male and female rats administered allyl isothio- 
cyanate by gavage at the doses of this bioassay, 
together with ?hose of the control groups, are 
shown by the Kaplan and Meier curves in Figure 
2. Two male rats were accidentally killed, one in 
the lowdose group at week 54 and one in the 
highdose group at week 68. Two female rats in 
tbe lowdose group were accidentally killed at 
week 54. These deaths were due to gavage error. 
Na significant differences in survival were 
observed. One control male. one lowdose male, 

and two lowdose females died during weeks 104- 
106. In the statistical analyses reported in Tables 
6 and 7, no distinction was made between these 
animals and those killed during the termination 
period. 

In  male rats, 37/50 (74%) of the controls, 
32/50 (64%) of the lowdose, and 33/50 (66%) of 
the high-dose group lived to the termination 
period of the study at 104-106 weeks. In female 
rats, 35/50 (70%) of the controls, 29/50 (58%) of 
the low-dose. and 33/50 (66%) of the highdose 
group lived to the end of the study at 104-106 
weeks. 

0 vcwu- 

I 0 LOlDDlll I I I I I I 
I I I I I 

% 
0 .  m 6 10 n Do 1 5  1s 

TIYE ON STUDY (WEEKS1 

F!igure 2. Survival C u m  for Rats Adminirtered Allyl lsothiocyanste by Gavage. 
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111. RESULTS: RATS-CHRONIC STUDY 

@ Pathology and Statistical Analyses of - 

Refllltf 
Histopathologic findings on neoplasms in rats 

are sumrnariZed in Appendix A, Tables A I  and 
A2; Tables A3 and A4 give the survival and 
tumor status for each individual animal in the 
male rat and female rat studies, respectively. 
Findings on nonneoplastic lesions are summar- 
iZed in Appendix C, Tables C1 and C2. Tables 6 
and 7 contain the statistical analyses of those 
primary tumors that occurred with an incidence 
of at least 5% in one of the three groups. 

Subcuraneous Ttssue; Fibrosarcomas were 
observed in 3/50 (6%) highdose female rats; 
none were seen in the control and lowdose 
groups. The results of all three trend tests were 
significant (P<0.05), but comparisons between 
the highdose and control groups were not sig- 
nificant. 

Hematopoietic System: Leukemia was ob- 
served in dosed male rats with a statistically sig- 
nificant positive trend (PC0.05; incidence: con- 
trol, 2[50,49& low-dose 6/50, 12%; highdose, 
8/50,16%). The incidence in the male high-dose 
group was significantly higher (PCO.05) than 
that in the control group. This leukemia, desig- 
nated here as undifferentiated leukemia, is the 
typical leukemia of F344/N rats and is variously 
described as mononuclear cell leukemia. Fischer 
rat Ieukemia, or monocytic leukemia. 
Urinary Bladder: Transitional-cell papillomas 

occurred in dosed male rats with a statistically 
significant (PCO.05) positive trend. Incidences 

0 

in the control, low-dose, and highdose groups 
were 0/49 (O%), 2/49 (4%). and 4/49 (8%). One 
female rat in the highdose group had this lesion; 
the results in female rats were not significant. 
Epithelial hyperplasia was seen in 1/49 (2%) 
low-dose and 6/49 (12%) highdose male rats. 
Both the overall trend and the increase at the 
high dose were statistically significant (P<0.05). 
Incidences of bladder lesions are giveninrable 5. 

Three of !he tumors were large polypoid masses. 
The other lesions were small. Two of the large 
papillomas had a prominent myxomatous stroma. 
The hyperplasias were focal and small: a few 
were associated with mild inflammation. Urinary 
calculi were not observed in any animals in this 
study. 

Eye: An increased incidence of nonneoplastic 
lesions consisting of retinopathy and cataract 
formation was observed in high-dose male rats 
and in low-dose female rats. Retinopathy was 
seen in 9/50 (18%) control males, 6/50 (12%) 
low-dose males, 39/50 (78%) high-dose males, 
4/50 (8%) control females, 35/50 (70%) low-dose 
females, and 1 1 / 50 (22%) high-dose females. 
Cataract formation was observed in 7/50 (14%) 
control males, 6/50 (12%) low-dose males, 13/50 
(26%) high-dose males, 2/50 (4%) control females, 
33/50 (66%) lowdose females, and 9/50 (18%) 
highdose females. The incidence of retinopathy 
and cataract formation correlated with the place- 
ment of the cages. The animals that occupied the 
two top levels of the racks (i.e., high-dose males 
and low-dose females) had the highest incidence 
of eye effects. 

' 

TABLE 5, INCIDENCE OF RATS W m  BLADDER LESIONS IN THE CHRONIC STUDY WITH 
ALLYL ISOTHIOCYANATE 

Incidence 
Mnle.9 Females 

Vehicle L O W  Hlsh Vehicle L O W  Hi& 
Control Dose Dose Control Dose DOW 

Animals examined 49 49 49 49 49 50 

Lesion: 
Transit ional-Cell 

Papilloma 0 2 4 0 0 I 
Epithelial Hyperplasia 0 I 6 (0) 0 0 r 
Nodular Hyperplasia 0 0 I 0 0 0 

(a) None of these animals had papillomas. 
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TABLE 6. ANALYSIS OF PRIMARY TUMORS IN MALE RATS (u) 

Vehicle 
Control 

Low 
Dose 

Skin: Squamous Cell Papilloma 
Tumor Rates 

Ovuslt @) 3/50 (6%) 
Adjusted IC) 7.6% 
Terminall (d)’ 2/38 (5%) 

Life Table F4.33 1 
Incidental Tumor Test P9.292 
Cbchrsn-Armitage Trend, 

Fisher Exact Tests P=0.393 

Stat isticrall Tests (e) 

Skin: Squamous Cell Papiltoma or Carcinoma 
Tumor Rates 

Overall (3) 41% (8%) 
Adjusted (c) 10.1% 
Tminal  (if) 3/38 (8%) 

Life Tabte P=0.203N 
lncidental Tumor Test P=0.234N 
Cochran-Am6lage Trend, 

Fisher Exact Tests P4.260 

Stalktical Tests (e) 

Subnrtnaeovs T i  Fibrosnrcomn 
Tumor Rates 

-1 w 5/50 (10%) 

Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

12.5% 
4/38 (11%) 

P=0.133N 
P=O. 123N 

M.088N 

Subcutaneous T h e  All Sarcomas 
Tumor Rates 

Overall (b. 6/50 (12%) 
Adjusted (c) 14.5% 
Tsnninafl (u’) 4/38 (1 1%) 

Life Table P a .  I89N 
lnckfcnloll Tumor Test P=0.088N 
Cochran-Armitage Trend, 

Fshcr Exad Tes!s P=O. I24N 

Statistid Tests (e) 

Lunpy. Atveohr/Brondriolar Adenoma or Cardnoma 
Tumor Rates 

Overall e). 3/49 (6%) 
Adjusted (e) 7.2% 
Terminal (d). 1/37 (3%) 

Life Table P4.512 
lncidenlal Tumor Test P4.545N 
Cochran-Armitage Trend, 
Fisher Exact Tests P4.577 

Statistical Tests (el 

0/50 (0%) 
O.% 
0133 (0%) 

P=O. I52N 
P O .  159N 

W.121N 

0150 (0%) 
0.0% 
0133 (0%) 

P=O.O86N 
P=O.O9ON 

P=0.059N 

5/50 (10%) 
14.1% 
4/33 (12%) 

P=0.542 
P=0.628N 

P=0.630 

8/50 (16%) 
20.5% 
51 33 ( 15%) 

P4.304 
P=0.540 

P=0.387 

2/49 (4%) 
6.3% 
2/32 (6%) 

P=0.556N 
P=0.426N 

P4.500N 

4/ 50 (8%) 
12.1p 
4/33 (12%) 

P=0.4 I 8 
P4.364’. 

P=0.500 

6/ 50 ( 12%) 
17.2% 
5/33 (15%) 

P=0.284 
P=0.33 1 

Pa.370 

1/50 (2%) 
2.8% 
0/33 (MI 

P=O. I54N 
P4.215N 

P=O. 102N 

2/50 (4%) 
5.1% 
0133 (0%) 

P=0.209N 
Pa. 198N 

P=O. INN 

3/48 (6%) 
8.8% 
2/35 @%) 

P=OS90 
P4.541 N 

P4.651 
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TABLE 6. ANALYSIS OF PRIMARY TUMORS IN MALE RATS (a) (Continued) 

Vehkle Low H%h 
Control Dose DOW 

Hematopoietic System: UndlfferentiPted Leukemia 
Tumor Rates 

overall @! 2/50 (4%) 
Adjusted (c) 4.7% 
Terminal (d) 0138 (0%) 

Statistical Tests (e) 
Life Table P4.024 
Incidental Tumor Test P4.006 
Cochran-Armitag Trend, 

Fsher Exact Tcsts m.039 

Henut4poictle System Lymphoma or Loukemin 
Tumor Rata 

Overall (b) 2/50 (4%) 
Adjusted (c) 4.7% 
Terminal (d) 0138 (0%) 

Life Table P0.027 
Incidental Tumor Test P=O.Ol I 
Cochran-Armitage Trend, 

Fish Exact Teas P4.044 

Statisticat Tests (e) 

Wcr: NsopWk Nodule 
Tumor Rates 

Overeil (b) 
Adjusttd (E) 
Terminal (d) 

Statistical Tests (e) 
Lift Table 
Incidental Tumor Test 
Codua~Annitage Trend, 
Fisher Exact Tests 

2/50 (4%) 
5.3% 
2/38 (5%) 

P=0.085 
pa.085 

P4.112 
* Urhuy Blrddcr: Tnnsltionr).CcU P8pukrmp 

Tumor Rates 
Overall' (b) 0149 (0%) 
Adjusted (c) O.% 
Terminal (d) 0137 (0%) 

Life Table M.030 
Incidental Tumor Test P=O.W8 
Cochran-Amitage Trend, 

Fisher Exact Tests W.038 

Statistical Tests (e) 

pltpttuy: Admom 
Tumor Rates 
overall (b) 
Adjusted (c) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Adtap T d ,  

Fisher Exau Tests 

7/47 (15%) 
18.0% 
5/36 (14%) 

P13.326N 
P=0.270N 

P13.204N 

6/50 (12%) 
17.1% 
4/33 (12%) 

m.093 
P9.070 

P=O. I34 

7/50 (14%) 
19.1% 
4/33 (12%) 

P=0.054 
P4.060 

P-0.080 

Ol50 (0%) 
0.0% 
0133 (Wo) 

W.270N 
M.270N 

Pa.247N 

2/49 (4%) 
5.5% 
1 / 32 (3%) 

w.209 
P4.356 

P=0.247 

12/49 (24%) 
30.6% 
6/32 (19%) 

P4.107 
W.236 

P4. 178 

8/50 (16%) 
2 1.6% 
5/33 (15%) 

P=0.030 
P=O.009 

P=o.o46 

8/50 (16%) 
21.6% 
5/33 (15%) 

W.030 
P=O.009 

P=O.046 

5/50 (10%) 
15.2% 
5/33 (15%) 

Pa. I62 
P=O. 162 

P=O.218 

4/49 (8%) 
12.1% 
4/33 (12%) 

P=0.049 
P4.049 

P4.059 

4/49 (8%) 
11.7% 
3/33 (9%) 

P=0.336N 
EO.462N 

P=0.238N 

000114 



FABLE 6. ANALYSIS OF PRIMARY TUMORS IN MALE RATS (a) (Continued) 

Vehide L O W  Hi& 
Control D W  D W  

Pituitary: Adenoma or Cardnoma 
Tumor Rates 

Overall e) 7/47 (15%) 
Adjusted (c) 18.0% 
Semina1 (8) 5/36 (14%) 

Statisticat Tests (e) 
Life Table P4.329N 
Incidental Tumor Test P=0.275N 
Cocfiran-Annitage Trend, 

Fisher Exaa Tests P4.205N 

Adronot: Pheodvomocytomn 
Tumor Rates 

Overall (b) 16/50 (32%) 
Adjusted (r) 39.7% 
Terminal (d) 14/38 (3795) 

Life Table P4.293N 
lncidentai Tumor Test P=0.260N 
Cochran-Annitage Trend, 
Fisher Exact Tests P4.158N 

Statistical Tests (e) 

Adrenal: Pheochromocytoma or Malignant Pheochromocytoma 
Tumor Rates 

Overall 0 
Adjusted (e) 
Terminal (d) * Statistical Tesls (e) 
Life Table 
lncidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

Thyrokk C-CeIl Adenoma 
Tumor Rates 

Overall (b) 
Adjusted (c) 
Terminal (d’ 

Statisticall Tests (e) 
Life Table 
Incidental Tumor Test 
Cocbran-Armitage Trend, 

Fisher Exact Tests 

Thymid. C-CeU Adenoma or Carcinoma 
Twmor Rates 

OveralE /b) 
Adjusted Cc) 
Terminai (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Annitage Trend, 

Fisher Exact Tests 

17/50 (34%) 
41.1% 
14/38 (37%) 

P4.231N 
P=0.2 I 3N 

P=O. 1 13N 

6/48 (13%) 
16.7% 
6/36 (17%) 

W.511N 
P=0.470N 

P=O.WN 

8/48 (17%) 
2 I .4% 
7/36 (19%) 

P=0.530N 
P4.474N 

P=0.404N 

33 

13/49 (27%) 
33.3% 
7/32 (22%) 

P4.07 I 
P4.162 

P 4 .  I24 

15/50 (30%) 
40.8% 
12/33 (36%) 

M.483 
P=O.58ON 

P=O.SOON 

15/50 (30%) 
40.8% 
12/33 (36%) 

P=0.557 
P=0.505N 

P=0.415N 

10/50 (20%) 
29.1% 
9/33 (27%) 

P4.151 
RO.194 

P=0.233 

1 1 / 50 (22%) 
30.7% 
9/33 (27%) 

P=0.235 
P4.348 

pa.341 

4/49 (8%) 
I 1.7% 
3/ 33 (9%) 

P4.336N 
W.462N 

P3.238N 

11/50 (22%) 
33.3% 
11/33 (33%) 

B0.322N 
P=0.376N 

P=o. 184N 

I 1 /so (22%) 
33.3% 
11/33 (33%) 

P4.258N 
P=0.330N 

F O .  133N 

5/50 (10%) 
14.6% 
4/33 (12%) 

P=0.570N 
P=0.614N 

P=0.471N 

7/50 (14%) 
20.5% 
6/33 (18%) 

P4.587N 
P4.560 

P=0.465N 
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TABLE 6. ANALYSIS OF PRIMARY TUMORS IN MALE RATS (4 (Continued) 

Vehicle 
Control 

Low Hieh 
DW Dose 

Pancrrntk Islets Islet-Cell Adenoma or Carelnoma 
Tumor Rates 

o v e ~ ( b )  3/50 (6%) 
Adjusted (c) 7.9% 
Terminal (ay 3/38 (8%) 

Life Table W372N 
lncidcntal Tumor Test P=0.272N 
Cochran-Armitage Tfend, 

Fisher Exact Tests P4.232N 

Statistical Tests (e) 

Mnmmpry Gbuxk Fibroadenoma 
Tumor Rates 

Ovmll 0) 3/50 (6%) 
Adjusted (c) 7.4% 
Terminal (d) 2/38 (5%) 

Life Tabk P4.508 
Incidental Tumor Test P=0.474 
CocbrawArmitage Trend, 

Fisher Exact Tests P4.586 

Statistical Tcsts (e) 

prepothl G W :  Adenornrdnama 
Tumor Rates 

OWrallO 4150 (8%) 
Adjusted (c) 10.5% 
Teminal (d) 4/38 ( I  1%) 

Life Table P=o. 137N 
lncidmtal Tumor Test B O .  137N 
Cochran-Armita& Trend, 
Fisher Exact Tests P4.108N 

Statistical Tests (e) 

Preputrpl Clond. cprdnomn or Adenomdnom 
Tumor Rates 

overall (b) 4/50 (8%) 
Adjusted (c) 10.5% 
Terminal (d) 4/38 (1 1%) 

Life Table P4.3 16N 
Incidental Turnor Test P=0.3 16N 
CochmaArmitage Trend. 

Fisher Exact Tests P.260N 

Statisticall Tests (e) 

Tcstfs: InteAtftfncCell Tumor 
Tumor Rates 

Overall (b) 
Adjusted (c) 
Terminal (d) 

Statistical' Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

451 50 (90%) 
97.8% 
37/38 (97%) 

P4.024 
P4.066 

P4.036 

2/50 (4%) 
6.1% 
2/33 (6%) 

P=0.564N 
P4.564N 

P=O.5OON 

3/50 (6%) 
9.1% 
3/33 (9%) 

P=0.591 
P=0.584 

P=0.661 

1 150 (2%) 
3 .o% 
I 133 (3%) 

P4.223N 
P4.223N 

P=O. I8 IN 

2/50 (4%) 
6.1% 
2/33 (6%) 

P4.403N 
W.403N 

P4.339N 

45/50 (90%) 
95.7% 
31/33 (94%) 

P=O. I46 
P=0.596N 

R0.630 

1 149 (2%) 
3.0% 
I 133 (3%) 

P43MN 
P=0.356N 

P=0.3 16N 

3/50 (6%) 
9.1% 
3/33 (9%) 

P=O.584 
p10.533 

p10.661 

I I50 (2%) 
3.0% 
1/33 (3%) 

P4.223N 
P4.223N 

P=O. I8 IN 

21 50 (4%) 
6.1% 
2/33 (6%) 

P=0.403N 
P=0.403N 

P=0.339N 

49/49 ( 100%) 
100.0% 
33/33(100%) 

P0.023 
P=O.O68 

Pd.030 

34 
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TABLE 6. ANALYSIS OF PRIMARY TUMORS IN MALE RATS (a) (Continued) 

(0) Dosed groups received doses of 12 or 25 mg/kg of allyl isothiocyanate by gavage. 
(b) Number of tumor-bearing animals/number of animals examined at the site (percent). 
(rl Kaplan-Meier estimated lifetime tumor incidence after adjusting for intercurrent mortality. 
(6) Obsewed tumor incidence in surviving animals killed at end of study. 
(e) Beneath the control incidence are the P-values associated with the trend test. Beneath the dosed group 

incidence are the P-values corresponding to painvise comparisons between that dosed groupmd the 
control. The life table analysis regards tumors in animals dying before the end of the study as being (directly 
or indirectly) the cause of death. The incidental tumor test regards these lesions as nonfatal. The Cochran- 
Armitap and Fisher's exact tests compare directly the overall incidence rates, A negative trend is indicated 

' 0  

by (N). 

. .  
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TABLE 7. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS (a) 

Vehlcle 
Control 

LOW 
Dose 

High 
Dose 

Subcutaneous T h e  Fibroslrfoma 
Tumor Rates 

OveraH (6) Olm (0%) 
Adjusted fc) 0.0% 
Terminal fa') 0135 (0%) 

Life Table F0.037 
Incidental Tumor Test P4.028 
Cochran-Amitage Trend. 
Fisher Exact Tests W.036 

Statistical Tests (e) 

Lung Ahreolar/Branchlolar Adenoma or Carcinoma 
Tumor Rates 

Overall (b) 1 /a (2%) 
Adjusted (c) 2.9% 
Terminal (d' I I35 (3%) 

Life Table P 4 .  I74 
Incidental Tumor Test P=o.125 
Cochran-Annitage Trend. 

Fisher Exact Tests P4.171 

Statisticat Tests (e) 

Heinatopoietk System: Undi€ferentlated Leulremlp 
Tumor Rates 

Overall (bl 7/50 (14%) 
Adjusted IC) 16.6% 
Terminal (d) 31 35 (9%) 

Life Table M.192  
Incidental Tumor Test Pa. 186 
@chran-Armitage Trend. 

Fisher Exad Tests Pa. 184 

Statistical Tests /e) 0 

Hemnfopdetlc System: AI1 LcukemiP 
Tumor Rates 

Overall @+I 7/50 (14%) 
Adjusted IC) 16.6% 
Terminal (a) 3/35 (9%) 

Life Table P=O. 136 
Incidental Tumor Test P a .  I24 
Cochran-Armitage Trend. 

Fisher Exact Tests Pa. I25 

Statistical Tests (e) 

Hematopolrtfc System Lymphoma or Leukemia 
Tumor Rates 

overall @+I 8/50 (14%) 
Adjusted (c) 19.2% 
Terminal (d) 4/35 (1 1%) 

Life TabIe W.101 
Incidental Tumor Test W.096 
Cochran-Annitage Trend, 

Fisher Exad Tests P4.087 

Statistical Tests (e] 

0150 (0%) 
0.0% 
0131 (0%) 

I f )  
CF) 

u: 

0150 (0%) 
0.0% 
0131 (0%) 

P4.524N 
P.0.524N 

P=O.SOON 

9/50 (18%) 
23.8% 
4/31 (13%) 

F0.3 18 
pa.373 

P4.393 

9/50 (18%) 
23.8% 
4/31 (13%) 

Pa .3  I8 
P=O.373 

pa.393 

9/50 (18%) 
23.8% 
4/31 (13%) 

Pq.410 
P4.479 

P=0.500 

3/50 (6%) 
8.1% 
2/33 (6%) 

P3.116 
P=O.W 

pg.121 

3 I50 (6%) 
7.4% 
1/33 (3%) 

P=0.30 I 
P=0.223 

M.309 

11/50 (22%) 
26.1% 
4/33 (12%) 

P=0.2 I 9 
P4.29 1 

P=0.218 

12/50 (24%) 
28.6% 
51 33 (1  5%) 

P=O. 159 
pa.210 

P4.154 

14/50 (28%) 
3 I .6% 
5/33 (15%) 

P4. 125 
P4.206 

P=O. I 14 
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TABLE 7. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS (u) (Continued) 

a TopogmphyMorphology 
Vehide L O W  High 
Control Dose D W  

Pftuitary: Adenoma 
Tumor Rates 

Overall 16) 
Adjusted (e] 
Terminal (d) 

Statistical Tests (e) 
Life Ta bk 
Incidental Tumor Test 
Cochran-Amhge Trend, 

Fisher Exact Tests 

Pituitary: Cnrcinoma 
Tumor Rates 

Overall (b3 
Adjusted (e) 
Terninall (d) 

StatEstiwl Tests [e) 
Life Table 
Incidental Tumor lest  
Coehran-Armitage Trend, 

Fisher Exact Tests 

Pituitary: Adenoma or Carcinoma 
Ttimor Rates 

Overall (b) 
Adjusted (e) 
.Terminal ld) 

Life Tabfe 
Incidental Tumor Test 
Cochran-Armitage Trend. 

Fisher Exact Tests 

Adrenak P heochromocytoma 
Tumor Rates 

Overall (b) 
Adjusted (c) 
Terminal (dJ 

Statistical Tests (e) 
Life Table 
Iddental Tumor Test 
Cochran-Annilage Trend. 

Fisher Exact Tests 

17/49(35%) 
44.3% 
13134(38%) 

P=O,247N 
P4.24 IN 

P4.207N 

0149(m) 
0.0% 
0/39(W) 

P=0.208 
P4.208 

P10.2 I9 

l7/4%35%) 
44.3% 
13/34(38%) 

P=0.407N 
P10.404N 

P4.355N 

1 /50(2%) 
2.3% 
01 35(0%) 

P=O.2 16 
P4.194 

Pa.226 

Adrennk Pheochromocytoma and Mntlgnant Pheachromocytoma 
Tumor Rates 

Overall @J 2/50(4%) 
Adjusted (e] 5.1% 
Terminal (d) I /35(3%) 

Life Table m.390 
Incidental Tumor Test pa.364 
Cochran-Annitage Trend. 

Fisher Exact Tests P=0.408 

Stat istical Tests (e) 

lo/ ~0(200/00) 
29.8% 
813 I(2Wo) 

P=O. 145N 
P=O. 139N 

P4.078N 

3/50(aqb) 
9.7% 
3/ 3 I ( 10%) 

P a .  I05 
P10. 105 

P=O. I25 

13/50(26%) 
38.9% 
I1/31(35%) 

P4.360N 
P4.359N 

P=0.235N 

2/50(4%) 
6.5% 
2/3 I@%) 

P0.464 
P4.45 1 

P=O.m 

2/50(4%) 
6.5% 
21 3 I(Wo1 

Pa.654 
P=O.644 

Pa.691 

13/ 50(2Wo) 
36.7% 
1 1 / 3433%) 

M.283N 
M.279N 

P=0.235N 

215~4%) 
6.1% 
2/ 346%) 

P4.23 I 
P4.23 I 

P=0.253 

I 5 /  50(30%) 
42.5% 
13/33(39%) 

P=O.446N 
P=0.447N 

P=0.388N 

3/50(6%) 
9.1% 
3/ 339%) 

Pq.293 
P=0.256 

P=0.309 

3/W6%) 
9.1% 
31 33(9%) 

P4.48 I 
P=0.442 

P0.500 
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TABLE 7. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS (4 (Continued) 

Vehlde Low HILh 
Control D m  D W  

Thyroid: C-Cell Adenoma 
Tumor Rata 

ovcrall (b) 
Adjusted (E) 
Terminal {d' 

Statistical Tests (e) 
Life Table 
Indental Tumor Test 
Cwhran-Armitage Trend, 

fisher Exact Tests 

Thyroid: c-cen CardnMnr 
Tumor Rates 

owran @) 
Adjusted (c) 
Terminal (a') 

Statistical Tats (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

TbyroM: C-Cell Adenoma or CPrcinomn 
Tumor Rates 

Overall (b) 
Adjusted (c) 
Terminal (Q" 

Statistical Tests (e) 
Lsfe Table 
Incidental Tumor Test 
Cochran-Annitage Trend, 

Fisher Exact Tests 

Munhrnry C)nnd: Fibroadenoma 
Tumor Rates 

Overall @) 
Adjusted (e) 
Terminal (d) 

Statistical Tats (e) 
ZiEe Table 
Incidental Tumor Test 
Cochran-Xrmitage Trend, 

Fisher Exact Tests 

Utenrr: Endometrinl S t r o d  Polyp 
Tumor Rates 

Overall (bJ 
Adjusted (e) 
Tmina i  (if' 

Statistical Tests (e) 
Life Ta bie 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

l 0 lN  (20%) 
28.6% 
lOl35 (29%) 

W.200N 
P=O.2!1N 

P4.173N 

2/50 (4%) 
5.7% 
2/35 (6%) 

P4.385 
P=0.385 

P4.409 

12/50 (24%) 
34.3% 
12/35 (34%) 

P4.314N 
~=0.32m 

P=0.272N 

8/50 (16%) 
21.8% 
7/35 (20%) 

P4.247 
Pd.246 

Pa.285 

14/50 (28%) 
38.9% 
13/35 (37%) 

pa.3 I I 
P=0.374 

P4.375 

38 

8/48 ( 17%) 
26.1% 
7/29 (24%) 

P4.570N 
P4.574N 

P4.435N 

2/48 (4%) 
6.9% 
2/29 (7%) 

P=0.626 
P=0.626 

P=0.676 

10/48 (21%) 
32.8% 
9/29 (31%) 

P=0.598 
P=0.595 

P=O.447N 

14/ 50 (28%) 
39.7% 
11/31 (35%) 

P=O.068 
P0.I 1s 

P4.114 

15/49 (31%) 
44.8% 
13/31 (42%) 

P9.346 
P=0.420 

P=0.474 

6/50 (12%) 
18.2% 
6/33 (18%) 

Pa.236N 
P4.236N 

P=0.207N 

3/50 (6%) 
9.1% 
3/33 (9%) 

P=O.473 
P=0.473 

P4.500 

9/50 (18%) 
27.3% 
9/33 (27%) 

P4.359N 
P4.359N 

P=0.3 12N 

11/50 (22%) 
30.7% 
9/33 (27%) 

P4.264 
P4.246 

P=0.306 

I6/ 50 (32%) 
42.4% 
12/33 (36%) 

pq.347 
pq.400 

P=0.4 I4 

000120 



TA8LE 7. ANALYSIS O F  PRIMARY TUMORS IN FEMALE RATS (a) (Continued) 

67.. Dosed groups &ived doses of 12 or 25 mg/kg of allyl isothiocyanate by gavage. 
(b) Number of tumor-bearing animals/number of animals examined at the site (percent). 
(c)i Kapbn-Meier estimated lifetime tumor incidence after adjusting for intercurrent mortality. 
(d) Observed tumor incidence in surviving animals killed at end of study. 
(e) Beneath the 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 
control. The life table analysis regards tumors in animals dying before the end of the study as being(direct1y 
ar indirectly) the cause of death. The incidental tumor test regards these lesions as nonfatal. The Cochran- 
Armitage and Fisher's exact tests compare directly the overall incidence rates. A negative trend is indicated 
by (N). 

Q) No test was performed bemuse there was no incidence in the low-dose or vehicle control group. 

. .  
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111. RESULTS: MICE-PRECHRONIC STUDIES 

PRECHRONIC STUDIES 

ShgleDose Study 

Two of five males rewiving 400 mg/kg and 
415 males and S/5 females receiving 800 mg/ kg 
died (Table 8). The following average weight 
increases over the initial weight (on day 0) were 
caicukled at the end of the 16th day for the sur- 
viving male and female mice: 

The highest dosage levels producing no deaths 
were 200 mg/ kg in the males and 400 mg/ kg in 
the females. In addition, the 100, 200,400, and 
800 mg/ kg levels produced toxicity. For these 
reasons, the highest dose level in the 14-day study 
was set at 50 mg/ kg. 

Fourteen-Day Study 
One male mouse administered 50 mg/ kg died 

(Table 9). A thickened area of mucosa in the 
Dose (Percent) nonglandular region of the stomach was observed 

Weight Increase 

(ms/ka) Males Females 

50 2 18 
100 17 22 
200 24 13 
400 21 11 
800 38 - 

Male and female mice exhibited a transient, 
doserelated toxicity which was most marked in 
the 100, 200,400, and 800 mg/ kg groups. This 
included inactivity. drooping eyelids, and ruffled 
fur. 

The peritoneal cavities were examined in male 
nice administwed 200,400, or 800 mg/ kg and in 
female mice administered 100,200, or 400 mg/ kg. 
T k  lower third of the mucosal surface of the 
stomach, was thickened and necrotic. The stom- 
ach adhered to the peritoneal wall in male mice 
administered 400 or 800 mg/kg and in female 
mice administered 200 or 400 mg/ kg. The sever- 
ity of these effects was dose related. 

in 4/5 males and 5 / 5  females administered 50 
mg/kg. A thickened urinary bladder wall was 
seen in 415 males and 1 / 5  females administered 
50 mg/kg. The average weight gain in the exper- 
imental groups varied from 3% to 16%. 
No other signs of toxicity were observed. Due 

to the stomach and bladder lesions observed at 
the 50 mg/kg dose, the highest dose set for the 
13-week study was 25 mg/ kg. 

Thirteen-Week Study 
No compound-related deaths or histopatho- 

logic effects in the stomach or other tissues were 
observed. Mean body weight gains of control 
and dosed groups were comparable (Table IO). 
The highest dose level (25 mg/ kg) had no effect 
on male or female B6C3FI mice. 

Doses of 12 and 25 mg/ kg allyl isothiocyanate; 
administered five times per week by gavage, were 
seIected for mice in the chronic study because 
compound-related effects were observed in the 
14-day study at 50 mg/ kg. 

TABLE 8. DOSAGE AND SURVIVAL OF MICE ADMINISTERED A SINGLE DOSE OF ALLYL 
ISOnilOCYANATE IN CORN OIL BY GAVAGE 

survival (a) 
Dose ( W k s )  Males Females 

50 
100 
200 
400 
800 

(0) Number suwiving/number initially in the group. 

IC). Two animals died on day 1 and two animals on day 2. 
(d' Four animals died on day 1 and one animal on day 2. 

Deaths occurred on days 1 and 14. 
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TABLE 9. DOSAGE, SURVIVAL, AND MEAN BODY WEIGHTS OF MICE RECEIVING ALLYL 
ISOTHIOCYANATE BY GAVAGE FOR 14 DAYS 

Mean Body Weight (grams) 
Dapc Sunival 

ImglkB) (4 l n b l  Final Change (b) 

MM+lco 
3 
6 

I2 
25 
50 

515 
515 
5J5 
51 5 
51 5 

20.2 f 0.4 
20.6 f 0.2 
20.2 f 0.7 
19.8 i0.S . 
20.5 f 0.7 

17.4 i 0.4 
16.6 t 0.2 
17.8 f 0.5 
16.8 i 0.4 
17.6 f 0.5 

21.0f0.7 
22.6 f 0.7 
21.0f 1.0 
21.8 f 0.7 
23.8 f 0.5 

19.0 f 0.3 
18.8 f 0.7 
18.4 f 0.4 
18.4 f 0.2 
18.0 f 0.9 

M.8 f 0.5 
+2.0 f 0.5 
9 . 8  f 0.4 
+2.0 f 0.5 
+3.3 f 0.8 

+1.6 f 0.5 
t2.2 f 0.7 
9 . 6  f 0.2 
+l.6 iO .5  
4 . 4  f 1.0 

{uJ Number suwiving/number initially in the group. All calculations refer only to the survivors of each group; 
Trz, Mean weifit change of the survivors of the group f standard error of the mean. 
(f) Death occurred on day 15. the day after administration of the test material was discontinued. 

TAB= 10, DOSAGE, SURVIVAL, AND MEAN BODY WEIGHTS OF MICE ADMINISTERED ALLYL 
lSOTHlOCYANATE BY GAVAGE FOR 13 WEEKS 

Welght Change 
Relative to Mean Body Weight (grams) 

Dost(4 Surpfvpl controls (4 
CWke) (b) Initial Final Change (e) (Percent) 

M a k  
we> 
I *5 
3 
6 

12 
25 

F d t S  
we) 
1.5 
3 
6 

I2 
25 

10/10 

101 to 
loll0 
9f 10 # 

101 10 

9/10 UI 

10/10 
101 10 
8IJO # 
9 / 1 0 w  
9/10 UI 

IOJSO 

18.7 H.5 
19.4 H.3  
18.2 iO.6 
18.7 iO.7 
20.1 a . 5  
19.9 iO.4 

16. I r0.4 
15.6 9 . 3  
16.4 rO.5 
16.6 iO.4 
16.9 iO.5 
15.9 r0.4 

' 32.4 iO.6 
34.1 i1.1 
33.4 i l .  I 
35.0 iO.8 
32.8 a . 4  
35.2 a . 6  

25.3 iO.3 
24.3 io.5 
24.5 iO.6 

- 25.2 LO.6 
25.9 60.8 
24.5 io.5 

+ 13.7 &OS 
+14.7 f 1 . l  
+15.2 ~ 0 . 8  
+16.3 iO.8 

+15.3 iO.8 
+12.7 rO.4 

+9.2 i0.4 
+8.7 iO.7 
+&I io.2 
+8.6 iO.5 
4.0 i0.7 
+8.6 rO.3 

+ 7.3 
+ 10.9 
+ 19.0 
- 7.3 
+11.7 

- 5.4 
- 12.0 
- 6.5 
- 2.2 
- 6.5 

(a] Allyl isothiocyanate in corn oil was administered 5 days per week. 
(&I Number surviving/numbcr initially in the group. All calculations refer only to the survivors of each group. 
{c) Mean weight change of the survivors of the group f standard error of the mean. 
(dj Wdght change of the dosed group relative to that of the controls = 

Weight change (Dosed Group) - Weight Change (Control Group) 
Weight Change (Control Group) x loo 

(e) Vehicle controls received corn oil alone. 
u) Death was a mult  of gavage error. 

41 Allyl lsothiocyanate 
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111. RESULTS: MICE-CHRONIC STUDY 

m- 

CHRONIC STUDY 

Body Wdghts and ClWal Signs 
Throughout most of the study, mean body 

weights of highdose male and female mice were 

higher than those of the vehicle controls (Figure 
3. Appendix H, Table H2). 

8 8  
, 8 0 0  

E QB"B 

A b 
G o  
0 

A 
a fie 

0 0  

0 -2 
0 D 20 m w 6n W rn 90 loo 

TIME ON STUDY (WEEKS) 

0 

Re 

0 
0 10 m m  40 so m m 80 80 100 

TIME ON STUDY IW€EKSI 

Figure 3. Growth C u m  for Mice Administered Allyl ltothiocyanete by Gavage. 
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111. RESULTS: MICE-CHRONIC STUDY 

Estimates of the probabilities of survival of 
male and female mice administered allyl isothio- 
cyanate #y gavage at  the doses of this bioassay, 
together with those of the control groups, are 

shown by the Kaplan and Meier curves in Figure 
4. No significant differences in survival were 
observed between any groups of either sex. The 
survival in control female mice was consistently 
lower than the survival in either dosed group 
after week 40. One control male, one low-dose 

MALE MICE 

0 VEI(1CLECOWTROL 

A nlOnDosE a n  

45 P 
Q.00 o~~ 0 I6 a0 TIME ON STUDY [WEEKS) 

0 

TIME ON STUDY (WEEKS1 

Figure 4. Sunivaf C u m  for Mia Administered Allyl ltothiocyanate by Gavage. 
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I 111. RESULTS: MICE-CHRONIC STUDY 

mde,md two high-dose female mice died during '0 
weeks 104406. Inthe statistical analyses reported 
in Tables I I and 12, no distinction was made 
between these animals and those killed during 
this termination period. One control male (at 
week4L), six lowdose males (at weeks 42,48,56, 
59,60, and as), seven highdose males (at weeks 
4,20,29,31,35,62, and 65). and one high-dose 
female [at week 60) were accidentally killed (due 
tq gavage error) during the study. 

In mate mice, 26/50 (52%) of the controls, 
241 50 (48%) of the lowdose, and 271 50 (54%) of 
the highdose group lived to the termination 
period of the study at 104-106 weeks. In female 
mice, 16/50 (32%) of the controls, 25/50 (50%) of 
the lowdose, and 18/50 (36%) of the highdose 
g o ~ p l i v d  to the termination period of the study 
at. 104-106 weeks. Suppurative inflammation of 
the peritoneum, uterus, or multiple organs was 
seen in many of the female mice that died before 
IO4 weeks (13134 controls, 6/25 lowdose, 12/30 
highdose), These lesions are suggestive of gener- 
rrlized infection and may have been causative in 
these early deaths. 

Pathology and Statistical Analyses of 
Results 

Histopathologic findings on neoplasms occur- 
ring in mice are summarized in Appendix B, 
Tables B1 and B2; Tables B3 and B4 give the 
survival and tumor status for each individual 
animal in the male and female mouse studies, 
respectively. Findings on nonneoplastic lesions 
are summarized in Appendix D, Tables DI and 
D2. Tables 1 I and 12 contain the statistical analy- 
ses of those primary tumors that occurred with 
an incidence of at least 5% in one of the three 
groups. 

Liver: A significant, (P<O.OI) dose-related 
increase in cytoplasmic vacuolization was ob- 
served in male mice (control 2/49,4%; lowdose, 
8/49, 16%, high-dose, 13/50,26%). The distribu- 
tion of these vacuoles was not consistent, but 
most livers had some centrilobular component. 
In other male mice with cytoplasmic vacuoliza- 
tion, the distribution was more consistently cen- 
trilobular. The vacuoles contained fat as deter- 
mined by special stains of frozen sections. The 
degree of seventy was similiar in the three groups. 

* .  
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TABLE 11. ANALYSIS OF PRIMARY TUMORS IN MALE MICE (a) 

Vehicle Low Hi% 
Control Dose DW 

Lung: Alveolnr/Bnmchlolnr Adenoma without Cardnoma 
Tumor Rates 

Overall (b) 4/50 (8%) 
Adjusted IC) 14.8% 
Terminal (d)~ 4/27 (15%) 

Life Table P4.435 
Incidentall Tumor Test P4.509 
Cochran-Annitage Trend, 

Fisher Exact Tests P=0.575 

Statistical Tests (e) 

Lung: Alveoiar/Bmn&iofar Ctarcinorna 
Tumor Rates 

Overall @J 0150 (0%) 
Adjusted fc) 0.0% 
Terminal (d) 0127 (0%) 

Life Table P=O.060 
Iddental Tumor Test P=O.048 
Cocfiran-Annitage Trend, 

Fisher Exact Tests P4.06 I 

Statistical Tests (e) 

Llmg. AJveolnr/Bronehiolar Adenom or Carcinoma 
Tumor Rates 

Overall (b) 41 50 (8%) 
Adjusted (c). 14.8% 
'Fmnr"na1 (d) 4/27 (IS%) 

Life Table P4.191 
Incidental Tumor Test P=O. 143 
Cochran-Armitage Trend, 

Fisher Exact Tests P=0.201 

Statistical Tests (e) 

. .  Hcmatopoktie System: Lymphom 
Tumor Rates 

Overall e) 3/50 (6%) 
Adjusted fc)l 8.Wo 
'Terminal (d) I 127 (4%) 

Life Table P=O. IO4N 
Incidental Tumor Test P a .  I75N 
Cochran-Annitage Trend, 

%her Exact Tests P4.083N 

Statisticall Tests (e) 

Lhw. Adenoma wfthout Corcfnoma 
Tumor Rates 

Ovmall (b) 8/49 (16%) 
Adjusted (e) 28.0% 
Terminal (d) 7/27 (26%) 

Life Table P4.4 I 1 
lncidental Tumor Test P4.439 
Cochran-Armitage Trend, 

Fisher Exact Tests P=0.453 

Statistical Tesw (e) 

3/50 (6%) 
10.6% 
2/25 (8%) 

P4.500N 

1/50 (2%) 

1/25 (4%) 
4.0% 

P=0.485 
P = 0.4 8 5 

P4.500 

4/50 (8%) 
14.5% 
3/25 112%) 

P4.588 
P4.598 

P=0.643 

2/50 (4%) 
7.7% 
I 125 (4%) 

P4.576N 
P=O.66 I 

P4.500N 

5/49 (10%) 
18.7% 
4/25 (16%) 

P=O.276N 

4/50 (8%) 
14.3% 
3/27 (1 1%) 

P=0.643N 
P4.575 

P4.643 

3/50 (6%) 
10.3% 
2/27 (7%) 

P4.113 
P=0.084 

P=O. I2 1 

7/50 (14%) 
23.9% 
5/27 (19%) 

P4.253 
P4.176 

P4.262 

0150 (0%) 
0.0% 
0127 (0%) 

P4.148N 
P4.194N 

P=O. 121N 

9/50 (18%) 
31.3% 
8/27 (300/00) 

P=0.482 
P=0.540 

P=OS I8 
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TABLE 11. ANALYSIS OF PRIMARY TUMORS Ry MALE MICE (a) (Continued) 

V W e  
Control 

L O W  

Dose 

LiYeE cuclnomr 
Tumor Rates 

Overall (&J 
Adjusted (c) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitagc Trend, 

Fisher Exact Tests 

Livm Adenoma or Cardnoma 
Tumor Rates 

overall (b) 
Adjusted (r) 
Terminal (d) 

Statistid Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Amitage Trend, 

Fiiher Exact Tests 

I’byrohk FoUlcuQ1.ceU A d m o m  
Tumor Rates 

Overall (a) 
Adjusted (cJ 
TerminaI (d) 

Stat istidal Tests (e) 
Life Table 
incidental Tumor Test 
Cochran-Annitage Trend, 

Fisher Exact Tests 

Hnrddan Gland: Adenoma or Cystadenoma 
Tumor Rates 

Overall (6) 
Adjusted (c) 
Terminal (d) 

Statisticab Tests (e) 
Life Table 
Incidental Tumor Test 
CochramArmitage Trend. 

Fisher Exact Tests 

13/49 (27%) 
35.3% 
SI 27 ( 1.9%) 

M.356N 
P=0334N 

Pa.26 I N 

2 1/49 (43%) 
57.2% 
12/27 (44%) 

W.476N 
w . 4 6 9  

P4.362N 

3/50 (6%) 
11.1% 
3/27 ( I  1%) 

P3.242N 
P=0.236N 

P=O.P8N 

3/50 (6%) 
l0.W 
2/27 (7%) 

P=0.224N 
P=O.258N 

P=O.ZION 

9/49 (18%) 
29.4% 
5/25 (20%) 

P=0.408N 
P=0.580N 

P=0.234N 

14/49 (29%) 
45.4% 
9/25 (36%) 

P=0.259N 
W.392N 

P=O. 103N 

2/45 (4%) 
7.2% 
1/24 (4%) 

P=0.576N 
P=O.569N 

P=0.550N 

I 150 (2%) 
4.0% 
I 125 (4%) 

P=O.346N 
P=0.420N 

P=0.309N 

lO/SO (20%) 
35.7% 
9/27 (33%) 

P=0.385N 
P=0.597 

P9.298N 

19/50 (38%) 
65.2% 
17/27 (63%) 

P=0.490N 
P=O.529 

P=0.387N 

1/50 (2%) 
3.7% 
I I27 (4%) 

P=0.303N 
P=0.303N 

P=0.309N 
, .  

I 150 (2%) 
3.7% 
1 127 (4%) 

P=0.325N 
P=0.366N 

P=0.309N 

{a) Dosed groups received doses of 12 or 25 mglkg of allyl isothiocyanate by gavage. 
e) Number of tumor-bearing animals/number of animals examined at the site (percent). 
(cJ Kaplan-Meier estimated lifetime tumor incidence after adjusting for intercurrent mortality. 
(d) Observed tumor incidence in surviving animals killed at end of study. 
{e) Beneath the control incidence are the P-values associated with the trend test. Beneath the dosed group 

incidence are the P-values corresponding to painvise comparisons between that dosed group and the 
controls. The life table analysis regards tumors in animals dying before the end of the study as being (directly 
or indirectly) the cause of death. The incidental tumor test regards these lesions as nonfatal. The Cochran- 
Armitageand Fisher’s exact tests compare directly the overall incidence rates. A negative trend is indicated 
IbY w. 
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TABLE 12. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE (0) 

veltjcle LOW Hlsh 
Control DOW D W  

Luns Akcolu/Bromhiolar cordnomn 
Tumor Rates 

OvCsalS~ (b) 0147 (0%) 
Adjusled (c) 0.wo 
Terminal (d) 01 16 (0%) 

Life Tabk P=0.119 
lncidentar Tumor Test P=0.247 
Cochran-Armitage Trend, 

Fisher Exact Tests P=O.o9 I 

Statistical Tests (e) 

Lung: Alreolnr/5ronchlobu Adenoma or Cordnoma 
Tumor Rates 

Overall (3) 
Adjusted (r) 
Terminal fd) 

Statistical' Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Anitage Tren 

Fisher Exact Tests 

P 4 . 5  10 
P4.594 

P4.425 

Hrnutopoletlc System: Malignant Lymphoma, Lymphocytic Type 
Tumor Rates 

Overall (b) 3/50 (6%) 
Adjusted (c) 13.6% 
Terminal (d) I /  16 (6%) 

Life Table P4.166N 
Incidental Tumor Test P4.277N 
Cochran-Annitage Trend, 

Fisher Exact Tests P=0.232N 

Statkht.Tcsts (e) a 
Hematopoietic System: Lympboma 
Tumor Rates 

O m l E  5/50 (10%) 
Adjusted (c) 21.3% 
Tminal(d) 1/16(6%) 

Life Table W.326N 
Iw'dental Tumor Test M.393N 
Cochran-Armitage Trend. 

Fisher Exact Tests P4.447N 

Statistical Tests (e) 

Hrmntopoletk! Systm Lymphoma or Leukemia 
Tumor Rates 

O m l I  (b) 5/50 (10%) 
Adjusted (c) 21.3% 
Tcrminali (d) I /  16 (6%) 

Life Table P4.559 
Incidental Tumor Test P4.559 
Cdran-Annitage Trend, 

%her Exact Tests P4.4 I8 

StatEsticaii Tests (e) 

2/49 (4%) 
7.1% 
o w  (0%) 
P=0.337 
P==.395 

P4.258 

2/49 (4%) 
7.1% 
0125 (0%) 

P4.559N 
P=0,697N 

P=0.676N 

21 50 (4%) 
5.8% 
0125 (0%) 

P4.354N 
P=0.604N 

P=OSOON 

4J 50 (8%) 
11.7% 
I 125 (4%) 

P4.320N 
P4.562N 

P=OSOON 

4/50 (8%) 
11.7% 
1/25 (4%) 

P=0.320N 
P=0.562N 

P=0.500N 

3/49 (6%) 
1 t 3% 
1/20 (5%) 

P a .  I94 
P=0.28 1 

P4. 129 

3/49 (6%) 
11.8% 
1/20 (5%) 

P4.626 
P=0.600 

P=0.520 

1/49 (2%) 
5.0% 
1 120 (5%) 

P4.24 1 N 
P=0.397N 

P=0.3 16N 

4/49 (8%) 
17.w0 
3/20 (15%) 

P0.375N 
P=0.448N 

P4.5 13N 

6/49 ( 12%) 
24.6% 
3/20 (15%) 

W.593N 
P4.589N 

P4.486 
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TABLE It, ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE (a) (Continued) 

Vehicle Low Hieh 
Control Dose Dose 

Uvcr: Adenoma or Carchromp 
Tumor Rates 

ovtrall (b) 2/50 (4%) 
Adjusted (c) 12.5% 
Terminal (d) 21 16 (13%) 

Lire Table W.325N 
Incidental1 Tumor Tat W.453N 
Codu9n-Armitagc Trend, 

Fisher Exact Tests P=O.WN 

Statisticat Tests (e) 

Phuitary Adenoma 
Tumor Rates 

overall (iy 
Adjusted (r) 
Terminal (d) 

Staxistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Amitage Trend, 

Fisher Exan Tests 

3/47 (6%) 
18.8% 
31 16 (19%) 

M.535 
P4.493 

P4.388 

pftaitarp: ordnoma 
Tumor Rates 

Overall 3/47 (a%) 
Adjusted (c) 18.8% 
Terminal fd) 3/ 16 (19%) 

Life Table P.0.054N 
Incidmtal Tumor Test P=O.O54N 
CoChran-Annitage Trend, 

P=O. I 12N 

Sk&stical Tats (e) 

Fishex Exact Tests 
PiMbVp: Ad41omaor Cprdnomn 
Tumor Rate 

Overall (t) 6/47 (13%) 
Adjusted (e) 37.5% 
Tcnninai (d) 6/ 16 (38%) 

Life Table P=O. 176N 
fncidental Tumor Test P=o.2ooN 
Cwhran-Armitagc Trend, 

Fisher Ex- Tests P=0.354N 

Slatistical Tests (e) 

Thyroid: FoWcuhCdl AdPnano or Cprdnonur 
Tumor Rates 

Overall (&.I 1/48 (2%) 
Adjusted r'e) 6.3% 
Taminal (d) I I I6 (6%) 

Statistical Tests (e) 
Life Table W.302 
Incidental Tumor Test W.302 
Cochran-Annitage Trend, 
Fisher Exact Tests W.238 

3/49 (6%) 
J0.Wo 
2/25 (8%) 

P=0.675N 
P=0.597 

P4.490 

3/45 (7%) 
1 l.Wo 
2/25 (8%) 

P4.465N 
P=0.561N 

P=0.64 I 

3/45 (7%) 
12.0% 
3/25 (12%) 

P=O.WN 
Pd.444N 

P4.64 I 

6/45 (13%) 
22.6% 
5/25 (20%) 

P=0.304N 
W.371N 

Pa.589 

3/47 (6%) 
12.5% 
3/24 (12%) 

P4.458 
lW.458 

pso.ux) 

1/49 (2%) 
2.9% 
0120 (0%) 

P4.445N 
P=0.534N 

P4.508N 

4f 44 (9%) 
I7.Wlo 
3/20 (15%) 

P4.643 
P=0.635N 

Pa.463 

0144 (0%) 
0.WO 
0120 (0%) 

P=0.08 IN 
P=O.OS 1 N 

P=O. I33N 

4/44 (9%) 
17.993 
3/20 (15%) 

P=O.2 12N 
P 4 .  I83N 

P=0.413N 

3/47 (6%) 
15.0% 
3/20 (15%) 

P=0.385 
P=0.385 

P=0.300 
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TABLE 12. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE (a) (Continued) 
~~ 

fu) Dosed groups received doses of I2 or 25 rng/kg of allyl isothiocyanate by gavage. 
(b) Number of tumor-bearing animals/number of animals examined at the site (percent). 
(r- Kaptan-Meier estimated lifetime tumor incidence after adjusting for intercurrent mortality. 
(id) Observed tumor incidence in surviving animals killed at end of study. 
(e) Beneath the 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 
controls. The life table analysis regards tumors in animals dying before the end of the study as being(direct1y 
or indirectly) the cause of death. The incidental tumor test regards thew lesions aa nonfatal. The Cochran- 
Annilage and Fisher's exact tests compare directly the overall incidena rates. A negative trend is indicated 

0 

by (N). 
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IV. DISCUSSION AND CONCLUSIONS 

0 A 2-year carcinogenesis bioassay of allyl iso- 
thiocyanate was conducted in F*/N 6 ts  and 
W 3 F I  mice. Doses of 12 or 25 mg/kg allyl 
isothiocyanate, administered 5 times per week by 
gavage, were selected for the chronic study since 
€he 50 mg/kg dose administered in the 14-day 
study produced thickening of the mucosal sur- 
face of the stomach in male and female rats and 
mice, adherence of the stomach to the perito- 
neum.in male rats, and a thickened urinary 
Madder wall in male mice.. A dose of 25 mg/ kg 
produced no gross lesions when administered for 
14 consecutive days or when administered 5 
times per week for 13 weeks, and all animals 
SUIvived this dose. 

Survival of dosed and control rats was com- 
parable in the chronic study. Throughout the 
study, the mean body weights of highdose male 
rats were lower than those of controls, and dur- 
ing the last half of the study the mean body 
weights of highdose female rats were higher than 
the control1 values. 

Transitional-cell papiIlomas of the urinary 
bladder occurred in dosed male rats with a statis- 
ticaiiy significant positive trend (P<O.OS; inci- 
den= control, 0/49, 0% lowdose, 2/49, 476 
higlbr-<fose, 4/49,8%}. This benign urinary bladder 
tumor has not been observed among 568 untreated 
rnafecontrol F344/N rats at this laboratory. The 
incidence of transitional-cell papillomas in male 
vehicle control rats in all laboratories in the 
NCI/NTP Bioassay Program is l/994 (0.1%). 

Epithelial hyperplasia was also seen at an 
increased incidence (PCO.05) in the urinary 
bladder of dostd male rats (control, 0/49, oo/o; 
lkrw-dose. 1149,2%; highdose, 6/49,12%). This 
hyperplasia did not occur in the animals that had 
transitional-cclk papillomas. No urinary bladder 
ahli were seen in male rats. 

0 

Fibrosarcomas of the subcutaneous tissue 
occurred in female rats with a statistically signifi- 
cant positive trend (P<O.OS; incidence: control, 
O/W, 0%; lowdose, O/SO, 0% highdose, 3/50, 
45%). The incidence in the highdose group was 
not significant in comparison with the control 
group, and the evidence for the association of 
fibmsanromas with administration of allyl iso- 
thiocyanate is considered equivocal. This tumor 
has been obstnted in 1/59i (0.2%) of the untreated 
female control M44/N rats at this laboratory 
and in 9/999 (0.9%) of the female vehicle control 
rats in all laboratorkin the NCi/NTP Bioassay 

l Frogram. 

Abli laothiocyanate 

Retinopathy and cataract formation occurred 
at increased incidence in high-dose male rats and 
in lowdose female rats. This eye toxicity occurred 
most frequently in animals placed at the top of 
the racks, a position that gives maximum light 
exposure. Other chemicals assayed in a similar 
manner, such as stannous chloride (NTP, 1982), 
also showed a correlation between eye toxicity 
and rack position. However, not all NTP bioas- 
says have shown a correlation between rack 
placement and eye toxicity. From these inci- 
dental observations it is not possible to deter- 
mine whether a causative relationship exists for 
light exposure, allyl isothiocyanate administra- 
tion. and eye defects. 

Leukemia occurred in dosed male rats with a 
statistically significant positive trend (PCO.05; 
incidence: control, 2/50, 4%; low-dose, 6/50, 
12%; highdose, 8/50,16%). The incidence in the 
highdose group was significantly higher than 
that in the controls (P<O.OS). However, this 
observed incidence was not statistically different 
from the historical incidence in male gavage con- 
trols in all laboratories in the Bioassay Program 
(96/999, 10%). No significant increases were 
observed for leukemia in female rats(7/50,9/50, 
12/50), or for lymphoma in male and female 
mice. Consequently, this increase is not con- 
sidered to be the result of allyl isothiocyanate 
administration. 

Survival of control and dosed female mice was 
comparable but lower than that usually seen at 
this laboratory, and the decreased survival may 
have reduced the incidence of late-appearing 
tumors in these groups. Suppurative inflammation 
of the peritoneum, uterus, or multiple organs was 
found in about one third of the female mice that 
died before the terminal kill, suggesting that an 
infection may have been a contributing factor to 
the decreased survival. Mean body weights of 
highdose male and female mice were higher than 
those of controls throughout most of the study, 
and the animals may have been able to tolerate 
higher doses of allyl isothiocyanate. 

The incidences of liver tumors in dosed male 
and female mice were not statistically significant. 
However, cytoplasmic vacuolization in the liver 
of dosed male mice was related to administration 
of allyl isothiocyanate (controls, 2/49, 4%; low- 
dose, 8/49, 16% highdose, 13/50, 26%). 

The mechanism of action of allyl isothiocyanate 
is not known. Other unsaturated compounds, 
such as haloolefins, are thought to be metabolized 
in vivo to active epoxides (Eder et al., 1980). It 
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3V. DISCUSSION AND CONCLUSIONS 

has been suggested that some haloolefins con- 0 
taining an avyljc group may act as alkylating 
agents {Eder et al,, 1980). Thiocyanate, which 
may be metabolicaIly derived from isothiocyanate 
(White et as., 1978), has been shown to promote 
nitrosation of amines (Edwards et al., 1979; Fan 
and Tannenbum, 1973). Isothiocyanates can 
react with an alcohol or an amine to give a 
thiocarbamate or thiourea [March, 1977). It is 
not known if any of these reactions were involved 
in producing the “ultimate carcinogen.” An alter- 
native mechanism of action for allyl isothiocya- 
nate is as a promoter (Pitot and Sirica, 1980). 
Allyl isothiocyanate might enhance or stimulate 
the neoplastic growth of cells already initiated in 
the bladder cells, rather than initiate the first 
alteration itself. Allyl isothiocyanate was not 
mutagenic with or without activation in the 
Ames assay using strains TA 98, 100, 1535, and 
153’2 (NW, 1981). 

Other studies have shown that allyl isothi- 
ocyanate increases urine excretion (Muztar et ai., 
1979b). Williams (1974) has shown that allyl 
kothiayanateand other isothiocyanates are directly 
toxic to cells grown in culture. These other toxic 
effects of allyl isothiocyanate were not measured 
in this bioassay. Whether they have an association 
with the carcinogenic effect observed in this 
study is not known. 

Conclusions: Under the conditions of this bio- 
assay, allyl lrothiocyanate was carcinogenic for 
male F344/ N rats, cawing transitional-cell 
papillomas of the urinay bladder. Evidence for 
associating allyl lrothiocyanate with subcukmeous 
Jbrosarcomas in female F344JN rats was 
equivocal. AI41 isothiocyanate was not carcino- 
genic for B6C3F1 mice of either sex. 
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APPENDIX A 

SUMMARY OF THE INCIDENCE OF NEOPLASMS 
IN RATS ADMINISTERED ALLYL ISOTHIOCYANATE 

BY GAVAGE 
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TABLE Al ,  

I HT EQUM EN T A RY SYS T En 

W t I N  
PAPILLOBA, NOS 
SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA 
BASAL-CELL TUMOR 
U S A t - C E L L  CARCINOMA 
ADNEXAL ADENOMA 
KERATOACANTHOHA 

RESPIRATORY SYSTEtl 

WUNO 
SQUAMOUS CELL CARCINOllAr UNC P R I  
ALVEOLAR/BRONCHIOLAR ADENOHA 
ALVPOlAR~BRONCHIOLAR CARCXNQMA 
SARCOHA, nos, UNC PRIH OR META 
FIBROSARCOMA, RETASTATIC 
FLBROUS HISTIOCYTOMA, METASTATIC 

-*_---_----__----_------------------- 

HEMATOPOIETIC SYSTW 0 wMUL71PLE DROANS 
RALIO.iYMPHOMAr HIST lOCYTIC TYPE 
UHDIFFZRENTIATED LEUKEHIA 

C50) (50)  ( 5 0 )  
1 (2%) 

2 ( 4 % )  6 (12%) 8 (16%) 

NUMBER OF INIHALS LI ITH TISSUE EXAPIINED HICROSCOPICALiY 
W NUMBER OF AHIHALS NECROPSIED 
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8SP'L EEN ( 5 0 )  ( 4 9 )  (50)  
HEMANGIOSARCOMA 1 (2%) 

'URI W ARY SYSTEPl 

IKZDXEY 
TUBULAR-CELL ADENOMA 

(501 (50)  
1 (2%) 

150) 

I P  I T  BlI T ARY 
1 CARCXNOMA,NOS 

AtDENOHAr NOS 

1IADR:ENAL 
C,DRI;ICAL ADENOMA 
PHEOCHROMOCVTOMA 
PHEOCHROMOCYTOMA, 
GANGLIOHEUROMA 

MALIGNIN 

1 
7 (15%) 12 

(47 )  

(50) (50  
1 (2%)  

16 (32%) 15 
1 (2%) 1 

1 

( 5 0 )  
O m - C F L L  -MA 1 (2%) 1 (2%) 

(4b) (50 8THYROlID 

l i  NUMBER O f  ANIMALS WITH T ISSUE EXAHINED MICROSCOPICALLY 
31 NUMBER OF ANIMALS NECROPSIED 

61 Allyl lsothiocyanate 
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R EPRYlDUCT I V E SYST EN 

FIBROIDENOMI 
WAHHARY 01 AND 

HPREPDTIAL OLAHD 
CARCINOMApNOS 
ADENOHAI NOS 
ADENOCARCINOMAI NOS 
CYSTADENOMAp NOS 

BODY C A V I T I E S  

t HUMBUt OF ANIHALS WITH TISSUE EXAMINED' MICROSCOPICALLY 
,N NUMBER OF ANIHALS NECROPSIED 

Allyl1 'lsothiocyanath 62 



NABBDONIHAL WALL 
OSTEOSARCOPIA 

WIESENT ERY 
MESOJWELTOMA, WOS 

( 5 0 )  (SO) (50)  
1 (2%) 

#LL OTHER SYSTEM 

WWLT I PL E ORGANS 
ALUEOLAWBRONCHIOLAR CAI METASTA 
SARCOMA. NOS 
FIBROUS HTSTIOCYTOMA, METASTATIC 

MESOTH EL ZONA I 
MESOTHELIOMA, nos 

HA 1 I O N  ANT 

ANIMALS, I N I T I A L L Y  I N  STUDY 

TERHINAL SACRZ F I  C E- 
ANIMAL MISSINO 

50 
3 

l a  
5 

32 

5 0  
4 

13 

1 
32 

50 
7 
9 

1 
33 

- ..I."., 
a 

NUMBER OF ANIMALS W3TH TISSUE EXAMINED MICROSCOPICALLY 
i e- I' NUMBER OF ANIMALS NECROPSIED 

, 

63 Allyl lsothiocyanate 
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0 
TABtE Al. MALE RATS: NEOPLASMS (CONTINUED) 

TUHOR SUMARY 

TOTAL ANIHALS WITH PRIMARY TUMORS% 

TOTAL AIIIHALS U I T H  BENIGN TUMORS 

TOTAL AIWIMALS WITH HALIONAMT TUMORS 

TOTAL ANINALS WITH SECONDARY TUMORS8 

TOTAL ANIMALS WITH TUMORS UNCERTAIN- 
BENION OR t lAlIGNANT 

TOTAE AH'IHALS U I T H  TUMORS UNCERTAIN- 
PRIWARY OR HETASTATXC 

TOTAL PRIMARY TUMORS 

TOTAL BENIGN TUMORS 

TOTAL IALIQHANT TUMORS 

TOTAL SECONDARY TUMORS 

TOTAL UNCERTAIN TUMORS 

TOTAL UNCERTAIN TUHORS 

48 
I14 

47 
90  

17 
22 

2 
2 

2 
2 

50 
128 

4 9  
99 

25 
27 

3 
3 

2 
2 

4 9  
118 

49 
86 

21 
24 

1 
1 

6 
6 

2 
2 

a 

64 
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TABLE A2. 

IHTE8UMENZARY SYSTEM 
*SKIN (50)  (50)  (SO) 

BASAL-CELL TUMOR 1 (2%) 
SARCOM&+ NOS 1 (2x1 

SARCOMA, NOS 
NSUBCUT TXSSUE (50) (50 )  (50) 

2 (QX)  FIBROMA 
FXBROSARCORA 
FIBROUS HISTIOCYTOMAI HALIGNANT 1 (2%) 
OSTEOSARCOMA 1 (2%) 

3 (6%) 

___---_---_----__-------------------*----------------------------------------------------------- 

MULTIP1E ORGANS 
WALID.LYMPHOPIA, UNDIFFER-TYPE 
HALX6,LYHPHOMAr LYMPHOCYTIC TYPE 
WALIO.LYMPHOPIAI HISTIOCYTIC TYPE 
CEUKEMIA,NOS 0' UMDZFFERENTIATED LEUKEMIA 

(50) 

1 (2%) 

7 C l Q X )  9 (18%) 11 (22%) 

W 0 MOUE 

#SALIVARY GLAND 

SQUAMOUS CELL PAPILLOMA 

ADEHOMAt NOS 

WRIHARY BLADDER 
TRAHSITIONAL-CELL PAPILLOMA 
ENDOMETRIAL STROMAL SARCOMA, MET 

( 4 9 )  ( 4 9 )  (SO)  
1 (2X) 

I HUPIBER O F  ANXMALS bJITH TISSUE EXAMINED NICROSCOPICALLY 
H MUHIER OF ANIMALS NECROPSIED 

65 Allyl Isothiocyanate 



#PITUITARY 
CARCINOMAIHOS 
ADENOM, NOS 

IADR EN A L 
'C1 
P1 
PI 
GANGP I ONEUROPI 

WHYRO I D  
FOLLICUCAR-CELL CARCINORA 
C-CELL ADEHOHA 
C-CELL CARCINOHA 

WL'ITORAL GLAND 

NUIOINA 

ADEHOHAr NOS 

SARCOMA, NOS 
FIBROMA 

#UTERUS 
ADENOCARCINORAr NOS 
1 E1;LIMllHA 

( 5 0 )  ( 5 0 )  
1 (2x1  

(90)  

(50) (49 )  
1 ( 2 X )  

i i i i j i i f i E i i b j i ~ ~  STROHAL POLYP 14 (28%) 15 (31%) 16 ( 3 2 % )  
ENDORETRIAL STROMAL S A R C O ~  1 ( 2 % )  

(50)  

1 (2x1  

BCERVIX UTERI 
SARCORA, NOS 

MER EBRAL VENTRICLE 
ASTROCYTOHA 

@BRA I:N 
ASTRDCYTOIIA 

(50) ( 5 0 )  
1 (2x1  

( 5 0 )  

I NWDER OF AMIHALS WITH TISSUE EXAMINED HICROSCOPICALLY 
HUtlBER OF ANIPIALS WECROPSIED 

66 ARyt isothiocyanatc 
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BOW' CAVITIES 

*MEOI ASTINUH 
AIVEOQAR/BRONCHZDLAR CAI INVASIV 

(50) 

ALL OTHER SYSTEMS 

NOHE 

AWIPPAP DISPOSITION SUMMARY 

ANIRALS THXTIALLY IN STUDY 
HATURAL DEATH3 
MORIBUND SACRIFICE 
SCHEDULED SACRIFICE 
ACCEDENTALLY KILLED 
TERMINAL SACRIFICE 
ANIMAL MISSING 

50 
6 
9 
5 

30 

50 
12 
7 

2 
29 

50 
S 
12 

33 

T'OWAL AN'IMALS WTT'* PRIMARY TUMORSI 42 4 3 '  42 
TOdAP PRIMARY TffPfORS 77 72 86 

TOTAL ANIMALS WITH BENIGN TURORS 
TO'TAL BENIGN TUMORS 

TOTAL ANIMALS UIIH HALIONANT TUMORS 
FOIAL MALIGNANT TUMORS 

TOTAL ANXWALS U I T H  SECONDARY TUMORS) ai TOTAL SECONDARY TUMORS 

37 
58 

I7 
I9 
2 
3 

32 

16 

5 4  

18 

33 
56 

25 
29 
1 

1 

1 
1 

fOT'AL ANIMALS WITH TUMORS UHCERTAIN- 
PRIMARY OR NET AS T ATX C 

TOTAL UNCERTAIN TUMORS 

67 Allyl Isothiocyanate 
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TABLE A3. 

SNDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE %YEAR 
STUDY OF ALLYL SOTHIOCYANATE 

VEHICLE CONTROL 

Allyl lrothiocyanate 68 
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TABLE A3. MALE RATS: TUMOR PATHOLOGY (CONTINUED) VEHICLE CONTROL 

69 Allyl lsothiocyanate 
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&llyl: Isothiocyanate 

TABLE A3. 

INDlVlDUAt ANIMAL 7 JMOR PATHOLOGY OF MALE RATS IN THE 2-YEAR 
STUl Y OF ALLYL ISOTHIOCYANATE 

LOW DOSE 

70 
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TABLE A3. MALE RATS: TUMOR PATHOLOGY (CONTINUED) LOW DOSE 

6 . 0  t 0 + t 0 + t 4 + + .  t 0 + t t t t +I I O  

I Y I ~ ~ ~ Y Y Y ~ I ~ Y ~ Y ~ ~ I Y ~ Y ~ ~ ~ ~  so- I 

w W ' N  Y M n Y w w w I it I w n w I I I n w I n Y I row 
X 1 

75 Allyl lsoihiocyanatc 
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TABLE A3. 

lNDlVlDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE 2-YEAR 
STUDY OF ALLYL ISOTHIOCYANATE 

HIGH DOSE 

72 
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TABLE A3. MALE RATS: TUMOR PATHOLOGY (CONTINUED) HIGH DOSE 

73 Allyl Isothiocyanate 
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TABLE A4, 

INDtVlDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE 2*YEAR 
STUDY OF ALLY 1 WOTHIOCYANATE 

t t t t - t t * * * * t t t t . + t t * * ~ . t  
x x x  x x  x x  x x x  

t t * t t t t t t b t * t t t t t W t t t * t t t  
X 1 x x  X 

74 
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TABtE A4. FEMALE RATS: TUMOR PATHOLOGY (CONTINUED) VEHICLE CONTROL 

I I 

75 Allyl lsothiocyanate 
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TABLE A4. 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE 2-YEAR 
STUDY OF ALLYL ISOTHIOCYANATE 

LOW DOSE 

Allyl; Isothiocyanatc 76 
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TABLE A4. FEMALE RATS: TUMOR PATHOLOGY (CONTINUED) LOW DOSE 

77 Allyl lsothiocyanatc 
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TABLE A4. 

INDIVIDUAL! ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE 2-YEAR 
STUDY OF ALLYL ISOTHIOCYANATE 

HIGH DOSE 

* * . . t t * * + , . . * ~ + t , * . " 1 . t * 1  

X X X X 
X X 

'i Allyl lsuthiocyanatc 78 
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TABLE A4. FEMALE RATS: TUMOR PATHOLOGY (CONTINUED) HIGH DOSE 

79 Allyl lsothiocyanate 



80 
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APPENDIX B 

SUMMARY OF THE INCIDENCE OF NEOPLASMS 
IN MICE ADMINISTERED ALLYL ISOTHIOCYANATE 

BY GAVAGE 

81 Allyl lsothiocyanate 
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TABLE B1. 

I DIOESTlVE SYSTEM 

8LUliO 
HEPATOCELLULAR CARCINOMA, METAST 
ALVEOCAR/ERONCHIOCAR ADENOMA 
ALVEOLAR/BRONCHIOLAR CARCINONA 
SARCOMA, NOS, METASTATIC 

- ._ 
i iiXj 

1 :HEMATOPOIETIC SYSTPI  

*HULTIPLt OROAHS 
t!ALIO.LYMPHOHAr LYNPHOCYTIC TYPE 
PIALXQ.LYPIPHOPlA. HISTIOCYTIC TYPE 

CXRCULATORY SYSTEM 

W U L T I P L E  ORGANS 

WPL EEN 

HERA34OIOSARCURA 

HP1AKQSOSARCOPU 

( 5 0 )  
1 (2%) 

( 5 0 )  (50)  
I (2%) 

#LIVER (49) ( 4 9 )  (50 )  
A 1 (2%) 

NURSER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
#I NUHBER OF AHIMALS HECROPSIED 

82 
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HEPATOCELLULAR ADENOMA 
HEPATOCELLULAR CARCINOMA 
MIXED HEPATO/CHOLANOIO CARCINOMA 

#STOMACH 
seumous CEL i CARCINOMA 

9 ( t a x i  6 (12%) 12 ( 2 4 % )  
13 (27%) 9 ( 1 8 x 1  10 ( 2 0 % )  

1 (2%) 

( 4 9 )  

ENDOCRXHE SYSTEM 

#ADRENAL 
PHEOCHROMOCYTOMA 

( 4 9 )  (50 )  

H H Y R O I D  
FOLLICULAR-CELL ADENOMA 

REPRODUCTIVE SYSTEM 

NOWE 

MUSCULOSKELETAL SYSTUI 

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
NUMBER OF ANIMALS NECROPSIED 

83 Allyl lsothiocyanatc 
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VEHICLE 
CONTROL LOW DOSE HIOH DOSE 

EHEDIASTIHUM 
ALVEOLAR/ERONCHIOLAR CA, INVASIV 
ALVEOLAR~BRONCHIOLAR CAP NETASTA 

(50)  (50)  (50) 

1 (2%) 

WESENTERY (50)  (50)  (SO)  
NESOTHELIOMA, NOS' 1 ( 2 X )  

ALlL OTHER SY9TMS 

W W T I P L E  OROANS 
seuAnous CELL CARCINOMA, IIETASTA 
HEPATOCELLULAR CARCINOMA, METAST 
FIBROSARCONA 

AWIHALS I N I T I A L L Y  IH STUDY 
NATURAL DEATHa 
HORIBUHD SACRIFICE 
SCHEDULED SACRIFICE 
ACCIOENTALLY KILLED 
TERHIHAL SACRIFICE 
ANIMAL HISSINQ 

50 
14 
9 
5 
1 

2 1  

50 50 
17 10 
3 6 

6 
24 

7 
27 

9 

a NURBER OF AN'IRALS N I T H  TISSUE MAHINED MICROSCOPICALLY 
Y NUMBER OF hNIMALS NECROPSIED 

. I  

84 
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VEHICLE 
CO NTRO 1 LOW DOSE HIGH DOSE 

I TUMOR SUPfMARY 

TOTAL AHIHALS WITH PRIMARY TUMORSH 
T O T A l  PRIMARY TUMORS 

TOTAL BENIGN TUMORS 
TOTAL ANIMALS WITH BENIGN TUHORS 

TOTAP ANIMALS WITH HALIGNANT 
TOTAL MALIGNANT TUMORS 

TUIIORS 

€OTAL ANIMALS WITH SECONDARY TUMORS8 
XOTAt! SECOHDIRY TUMORS 

TOTAL ANZMALS WITH TUHORS UNCERTAIN- 
BENIGN OR HALIGNANT 

TOTAL UNCERTAIN TUMORS 

33 
39 

18 
20 

18 
$8 

6 
6 

1 
1 

22 
27 

12 
1s 

14 
14 

2 
2 

26 

18 

17 

39 

19 

20 

3 
3 

TOTAL AHIPlALS WITH TUMORS UNCERTAIN- 
PRIMARY OR METASTATIC 

TOTAL UNCERTAIH TUMORS 

85 Allyl lsothiocyanatc 
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TABLE B2. 

SUMMARY OF THE INCJDENCE OF NEOPLASMS IN FEMALE MICE ADMINISTERED 
ALLYL ISOTHIOCYANATE IN CORN OIL BY GAVAGE 

VEHICLE 
CONTROL LOW DOSE HIGH DOSE 

IN4TEGUDIENTARY SYSTEM 

KWULTXPLE ORGANS (50)  (50 )  
FIIRUUS UISTIOCYTOMAI MALIGNANT 

( 4 9 )  
1 ( 2 x 1  

W i U B C U l  TISSUE ( 5 0 )  ( 5 0 )  ( 4 9 )  
MALIGNANT MELANOMA 1 ( Z X )  
FZBROUS HZSTIOCYTOMAI MALIGNANT 

WUHO 
SQUANOUS CEtL  CARCINONAo HETASTA 
ALVEOLAR/BRONCHIOLAR ADENOMA 
AIVEOLAR/BRONCHIOLAR CARCINOMA 
OSTEOSARCOMAt PIETASTATIC 

HEWA~TOPO~IETIC SYSTEM 

W U L T I P L E  ORGANS 
RAIALIGNANT LYMPHOMAv NOS 
HALIO-LYMPHOMA, LYMPHOCYTIC TYPE 
HAklO.LYPlPHONA~ HISTZOCYTIC TYPE 
IIALIONAHT LYMPHOMA, NIXED TYPE 
LYHPHOCYTIC LEUKEMIA 

8SPLEEM 

0 #MESENTERIC 1. NODE 

MALIGNANT LYNPHOMAD MIXED TYPE 

MALIGNANT LYMPHOMA, NIXED TYPE 

# NUMBER O f  ANINA'LS WITH TISSUE EXAMINED PIXCROSCOPICAtLY 
11 HUPlBER OF ANIMALS NECROPSIED 

86 
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87 Allyl lsothiocyanate 
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I 

#THYROID 
FOLLICULAR-CELL ADENOMA 
FOLLICULAR-CELL CARCINOMA 

( 4 7 )  
3 ( 6 X )  

REPRODUCTIVE SYSTUI 
WMAHHARY OLAND 

ADENONAI NOS 
ADENOCARCINOPlAt NOS 

#UTERUS 
SQUAMOUS CELL CARCINOMA 
ADENOCARCIHOMAD NO3 
ENDOMETRIAL STROMAL POLYP 

88RAfN (50)  
ACXDOPHIL CARCINOMA. INVASIVE 1 (2x1  

8 'NUMBER OF ANIMAlS WITH TISSUE EXAMINED NICROSCOPICALLY 
I NUMBER OF ANIMALS NECROPSIED 

AUyt Isothiocyanatc 88 
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ANIMAL DISPOSITION SUMMARY 

ANIMALS I N I T I A L L Y  TN STUDY 
NATURAL DEATH31 
MORIBUHD SACRI F I C E  
sc~z~uaEo-shciir F E E  
ACCIDENTALLY K I L L E D  
TERMINAL SACRIFICE 
ANMAP RXSSINO 

50 
22 
12 . 
5 

1 1  

50 
15 
10 

25 

50 
16 
15 

I 
la 

TOTAL ANIMALS WITH PRIRARY TUMORS* 
TOTAL PRIMARY TUMORS 

TOTAC ANIHACS WITH BEHION TUMORS 
TOTAL BENIGN TUMORS 

liOTAL AHIRALS UIJH MALIGNANT 
TOTAL MALIGHiAHT TUMORS 

TUMORS 

TOTAL AHlHALS WZTH SECONDARY TUMORSt 
TOTAL SECONDARY TUMORS 

TOiTAL ANIHALS MITH TUMORS UNCERTAIN- 
BENXGH OR MALIGNANT 

TOTAL LHIHALS WIJH TUMORS UNCERTAIN- 
PRIMARY OR METASTATIC 

TOTAL UNCERTAIN TUMORS 

TOTAP UNCERTAIN TUMORS 

la 
25 

I 1  
13 

10 
12 
1 
1 

20 20 
211 26 ' 

1 1  

14 

1s 

15 

6 

15 

6 

19 

2 
2 

1 
1 

89 Allyl lsothiocyanatc 
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TABLE 83. 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE 2-YEAR 
STUDY OF ALLYL ISOTHIOCYANATE 

VEHICLE CONTROL 

Allyt lsolhiocyanato 90 
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TABLE 83. MAtEIMICE: TUMOR PATHOLOGY (CONTINUED) VEHICLE CONTROL 

I 

91 Allyl Isothiocyanate 
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TABLE 83. 

INDlVLDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE 2-YEAR 
STUDY OF ALLYL ISOTHIOCYANATE 

LOW DOSE 

92 
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TABLE 83. MALE MICE: TUMOR PATHOLOGY [CONTINUED) LOW DOSE 

AI-CELL ADENOW 

118115 

93 Allyl lsothiocyanate 
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TABLE 83. 

1NDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE 2-YEAR 
STUDY OF ALLYL ISOTHIOCYANATE 

Any) lsothiocyanale . 94 
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TABLE 33. MALE MICE: TUMOR PATHOLOGY (CONTINUED) HIGH DOSE 

95 Allyl lsothiocyanatt 

000177 



. .  

TABLE 84. 

fNDIVlDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE 2-YEAR 
STUDY OF ALLYL ISOTHIOCYANATE 

96 
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TABLE B4. FEMALE MICE: TUMOR PATHOLOGY (CONTINUED) VEHICLE CONTROL 

97 Allyl lsoihiocyanate 
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TABLE 84. 

IWDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE 2-YEAR 
STUDY OF ALLYL ISOTHIOCYANATE 

LOW DOSE 

98 

000180 



99 Allyl Isothiocyanatc 
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TABLE 84. 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE 2-YEAR 
STUDY OF ALLYL ISOTHIOCYANATE 

TRACIUI. * * t t * t * * t t t t * * * t * * * * * * * t *  

BOME nbatoy . * * * * * t t t * * * * t * t *  * * b t t * * * *  

a 

P 1 CDmDN B ILE  DUCT 

. . . . . . . . . . . . . . . . . . . . . . . . .  

h t * t . * - . . . t + . . . ~ t t t t . . * + .  
X 

100 
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TAME 84. FEMALE MICE: TUMOR PATHOLOGY (CONTINUED) HIGH DOSE 

t , t - t t t + + .  . A  t t - t ' *  t - t t - - tI *4 I 

101 

<-. _ _ _  

Allyl lsothiocyanatc 
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APPENDIX C 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC 
LESIONS IN RATS ADMINISTERED 

ALLYL ISOTHIOCYANATE BY GAVAGE 

I03 Allyl Isothiocyanatc 
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I 

TABLE C1. 

SUMMARY OF THE JNCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS 
AOMINISTERED ALLYL ISOTHIOCYANATE IN CORN OIL BY GAVAGE 

*SKlNI 

BSL)BCUI TISSUE 

EPIDERMAL INCLUSION CYST 

HfHATOPlAr NOS 
ORANULOEMI FOREIGN BODY 

(50)  
3 (6%) 

(50 1 
3 ( 6 X )  

RESPZRATORY SYSTEPi 

t lUNO 
EDEflAp NOS 
PNEUMONIA, ASPIRATION 
ZNFLAWIAIIONI SUPPURATIVE 
BRONCHOPHEWONIA, CHRONIC 

HYPERPLASIA* ADENOMATOUS 
HYPERPLASIA, ALVEOLAR EPITHELIUM 
HETAPLASIAI OSSEOUS 

CHOL €STEROL DEPOSIT 

( 4 9 1  ( 4 8 )  

Q (8%)  

83ONE MARROW 
HYPERPLASIA, NOS 
HYELOFIBROSXS 

(50)  

1SPI Em (50 )  ( 4 9 )  (50 )  
COHOESTIONI NOS 2 ( 4 % )  
FXBROSIS~ HULTIFOCAL 1 (2%) 
fiETAHORPHOSIS FATTY 1 (2%) 

20 ( 4 1 % )  7 (14x1 

1) NUFIBER OF A n m L s  LIITH TISSUE EXAMINED MICROSCOPICALLY 
WUHBER OF ANINALS HECROPSIED 

000186 



tLYMPH NODE 
HYPERP'LASIAI NOS 

QtlAHDIBULAR 1, NODE 
HYPERPLASIA, PLASMA C E L L .  

#MESENTERIC L. NODE 
HMORRHAOE, CHRONIC 
IWFLAMATION, ORANULOMATOUS 
ANOIECTASIS 

lINOUONAL LYMPH NODE 
H7P ERPLASI AI D l  FFUS E 

@l!AHCR€A S 
HYPERPLASIA, LYMPHOID 

C'XRCULATORI SISTER 

MINERALIZATION' 
8HEA'RT 

I l F L A M M A T I O N ~  CHRONIC 
IHFLAMMATIONI CHRONIC FOCAL 
FIBROSISI FOCAL 

@NYOCIRDIUPl 
INFLAMIIATION, CHRONIC 
INFLAMMATION, CHRONIC FOCAL 

#DESCENDIN@ THORACIC 
ARTERI~SCLERDSISI NOS a *flESEH?ERTC ARTERY 
INFLAPPlATXONp CHRONIC 

#PANCREAS . 
PER1 ARTERI T I S  

OIOESTIVE SYSTEU 

#SALIVARY GLAND (49 )  (50) 

:# NUMBER OF ANIMALS LI ITH TISSUE EXAMINED MICROSCOPICALLY 
R NUMBER OF ANMALS NECROPSIED 

Allyl lsothiocyanate 
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TABLE 1Cl. MALE RATS: NONNEOPLASTIC LESIONS (CONTINUED) 

8LIVER - _  
CDNOESTIONI ACUTE 
INFLAHRATION, ORANULOBATOUS 
,WECRnSXS. ZONAL 
~ Y ? O P ~ X S ~ ~ I ~ - V ~ C U O L I Z A T I O N  
CYTOLOOIC ALTERATIOHI NOS 
ANOIECTASIS 

CYTOPLASMIC VACUOLIZATION 
OLIVER/CE31TRILOBULAR 

*BILE DUCT 
HYPERPLASIA, HOS 
HYPQRPlLASIAe FOCAL 

OPAWCREAS 
CYlT? NOS 
ATROPHY, fOCAL 

#PAIICREATSC ACINUS 
ATROPHYt NOS 

#OISTRIC SUBMUCOSA 
FIBROSIS 

t C O l O N  
PARASITISPI 

(SO) (50 )  

(50)  
1 (2%) 

(SO) (SO) 150) 
10 (20%) 11 ( 2 2 % )  32 ( 6 4 % )  

14 (28%) 1 (2%) 1 (2%) 

( 4 9 )  

(49)  

URINARY SYSTEtl 
@KIDNEY - .__ 

IN$LMU4ATION# CHRONIC 
NEPHROSIS, NOS 
PZGHENTATION? NOS 

8KIDNEY/TUBULE 
DEOENERAiIONe HYALINE 

8URfNARY BLADDER (99)  ( 6 9 )  
INFlAlrtF1ATIOW, HMORRHAOIC 
HYPERPLASIA? NODULAR I ( 2 % )  

1 (2%) 6 ( 1 2 u  

# NUHBER OF ANZHALS YITH TISSUE EXAMINED HICROSCOPICALLY 
11 'NUMBER OF ANIHALS NECROPSIED 

~ 'a Ally11 lsothiocyanatc , 106 
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VEHICLE 
CONTROL LOW DOSE H16H DOSE 

ENDOCRINE SYSTEM 

t P I W X 7 A R Y  
ANGIECTASIS 

SADRENAL 
CYST, NOS 
CYTOPLASnIC VACUOtIZATION 

UA DR EN A L CORTEX 
c n o P L A s n r c  VACUOLIZATION 
ANGIEC'GABIS 

#ADRENAL MEDULLA 
NECROSIS, NOS 
tiYPERPLASXA # FOCAL 

*THYROID 
CYSTIC FOlLICLES 
HYPERPLASIAI C-CELL 

(50 )  

REPRODUCTIVE SYSTEH 

*P1AHMARY GLAND 
CYSTZC DUCTS 

A DEW OS IS 
HYPERPLASIA, NOS 

M?ENlIZ 
PROZ APSE 

~NF~AMMATION; ACUTE s 
XNFLAMHATION ACUTE 
INFCAMMATIONI 1 

( 50 )  (50)  (50)  
1 (2X) 2 <4X) MPREPUTSAL G L A N D  

CYSTIC W C T S  6 (12x1 3 (6%) 1 (2%) CYST, NOS 

INFtAMMATIOtt. ACUTE 
1 (2%) 

t (2X) 
IUPPURATIVE 

1 (2%) 
AND CHRONIC 

:HRONIC SUPPURATIV 
HYPERPLASIA P NOS 

E R P W  CYSTIC 

107 

' ' t NWMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
I W NUMBER OF ANIMALS NECROPSIED 

Allyl lsothiocyanatc 
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#PROSTATE 
INFLAPMATIONp SUPPURATIVE 
INFI!APfPtATION, ACUTE SUPPURATIVE 
INFLAHT'IATION, CHRONIC fOCA1 

I1PROSTATIC GLAND 

WSET4LtSNaAt VESICLE 

ABSCESS, CHRONIC 

DILATATION, NOS 
CYST, NOS 
INFCAMHATXON, ACUTE FOCAL 
GRANULOMA, SPERMATIC 

IIT EST I S  
ATROPHY, NOS 

2% > 

NERVOUS SYSTEM 

#BRAIN/MENINGES 
INF~AHHATIONI CHRONIC FOCAL 

( 4 9 )  (50)  
1 (2%) 

PWSCULOSKELETAL SYSTEN 

wSXELETA1 'MUSCLE 
DEGENERATIONI NOS 

BODY CAVITIES 
WHESEUTERY (50)  (SO) (50)  

3 NUMBER OF ANlWALS WITH *TISSUE EXARINED l l ICROSCOPICALlY 
W NUHBER OF ANlItlALS NECROPSIED 

Awl, 'Isothiocyanatc 108 
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I) NUHBER OF ANIMALS WITH TISSUE EXAMINED tlICRDSCDPXCALLY 
W NUMBER OF ANXMALS NECROPSIED 

Allyl I sothiocyanate 

I 
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TABLE CZ. 

SUMMARY OF THE INCIDENCE OF WONNEOPLASTIC LESIONS IN FEMALE RATS 
ADMlNlSTERED ALLYL ISOTHIOCYANATE IN CORN Oft. BY GAVAGE 

50 
5 0  

50 
50 

5 0  
50  

IHTEGWRERTARY SYSTEM 

*SKIN 
INFLAMIIATIONI SUPPURATIVE 
I N F l A H N A T I O N ~  ACUTE FOCAL 

I N F L W T I O N ,  CHRONIC 
INFLAEVIATION ACUTE AND CHRONIF 

(50)  (50 )  ( 5 0 )  

(50 )  

HEMATOPOIETIC SYSTEM 

t S P Z f E N  
INFLAMMATIONp CHRONIC 
FIBROSIS, FOCAL 
~WE)rlOSIDEROS I S 
A NO1 ECYAS I S 
'HEPIATOPOIESIS 

( 5 0 )  

1 (2%) 
SO (60%) 

1 (2%) 

(50 )  

30 (60%)  

1 (2%) 

t H E D I M T I N A 1  k. NODE ( 5 0 )  ( 5 0 1  ( 5 0 )  
() 

t NURBER OF ANIMALS WITH TISSUE EXAMINED RICROSCOPICALLY 
M NUMBER OF ANIMALS NECROPSIED 

. .  

110 
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8PAHEREAYIC 1.NODE 
AHOIECTASIS 

#WEARY 
IWFLARIIATIONs CHRONIC FOCAL 
FIBROSIS, FOCAL 

WOCARDIUII  

W4ESEHTERIC ARTERY 

ZNFLAMPlATION, CHRONIC 

HEHOURHAQE 

HHESiEH'l ERY 
PERIARTERITXS 

lXIDHEY/OLOHERULUS 
EMBOLISM, NOS 

HIOH DOSE 

(SO) 

(SO) 

(50) 

(50)  

DIGESTIVE SYStEPl 

#LTVER 
H ECROSISr FOCI 1. 
NECROSIS* ZONAL 
CYTOPLASHIC VACUOLXZATXON 
CYTDLOOIC ALTERATION, NOS 0 HYPERPLASXA, NOS 

#BJCE DUCT 
HYPERPLAS~AI NOS 
HYPERPlASXAt FOCAL 

J (6%) 2 ( 4 X )  

8 NUMBER OF ANIRAlS WITH TISSUE MAI I INED MICROSCOPICALLY 
#I WUHBER OF ANXHALS NECROPSIED 

Allyl lsothiocyanate 
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URI W ARY SY SJ En 

tKfONEY 
I N F l I M A T I O W ~  CHROMIC 
FIBROSIS, FOCAL 
NEPHROSIS, NOS 
FIaWEHfATION~ NOS 

#ADRENAt 
CYTOPLASRSC VACUOLIZATION 
ANOI ECTA’ S I 5  

~MBRUIAL CORTEX 
CYTOPLISRXC VACUOLIZATXON 
ANOIECTASXS 

8THYlOlD 

(50 )  

REPROOUCTIVE 3YSTUl 

t NURBER OF AMIl lAlS UITH TISSUE EXAHINED RICROSCOPICALlY 
i WUMER OF AMIHAlS NECROPSIED 

112 
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HYPERPLASIA I NOS 
HYPERPLASIA, CYSTIC 
ADENOS I S  

WLI'FORAL G'LAND 
CYST, NOS 

INFLAHHATIONI ACUTE SUPPURATIVE 
CYSTIC D u c t s  

*UTERUS 
HEPlATOFlETRA 

AHQIECTASIS 
HYPERPLASIA, EPITHELIAL 

5 

( 5 0  
1 

i 

( 5 0  

S ( 6 % )  
( 1 0 % )  9 (18%) 5 ( 1 0 % )  

1 ( 2 % )  
1 ( 2 % )  1 (2%) 

(50)  ( 4 9 1  ( 5 0 )  
1 (2%) I (2%) 1 (2%) 

#UT ERUSIENDOMETRfUPl 
EDEMA, N5S 
HEMATOMETRA 
XHFLAHMATIONI NOS 
XNFLAPIPIATION~ ACUTE 
WPERPLASXA, NOS 
HYPERPLASIAr CYSTIC 

#LNDO~ETlRIA l  GLAND 
HYPERPLASIA CYSTIC 

SUPPURATIVE 
1 C2%) 
9. (18%) 

(50)  

( 4 9  
f 
2 
1 

5 

( 4 9  
1 

( 5 0 )  
(2%) 

NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
'M'NUMBER OF ANIMALS NECROPSIED 

113 Allyl lsothiocyanate 
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W W 3 R E I I  HA (50)  ( 5 0 )  (50 )  
DEGENERATXON, NOS 1 ( 2 % )  

800'6 ,CAVITIES 

W E D Z  A ST L N A 1  PL EUR A 
HMORRHAGE 

. .  

1 I4 
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APPENDIX D 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC 
LESIONS IN MICE ADMINISTERED 

ALLYL ISOTHIOCYANATE BY GAVAGE 

. .  

115 Allyl lsothiocyanate 
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TABLE D1. 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE 
ADMINISTERED ALLYL ISOTHIOCYANATE IN CORN O l t  BY GAVAGE 

50 
50 
50 

50 
50 
50 

5 0  
50 
5 0  

XHTEGUMENTARY SYSTEM 

YSEIY -..-.- 
ULCER, FOCAL 
INFLAMMATION, ACUTWCHRONIC 
XNF~LAMHATIOH, CHRONIC 
FIBROSIS 
FIBROSIS, FOCAL 

wsuacuiT TISSUE 
INFCAPINATIOH, SUPPURATIVE 
INFLAMMATION, CHRONIC SUPPURATIV 
INFLAMPIATION, FOCAL GRANULOMATOU 
INFLAPIMAT2ONt PYOGRANULOMATOUS 
NECROSIS, FOCAL 
NECROSISlr FAT 
FOREEGN MATERIAL, NOS 

(50 )  (50  

tLUNWBRONCHI0t.E (50)  ( 5 0 )  ( 5 0 )  
HYPERPLASIAI NOS 2 ( 4 X )  1 ( 2 % )  

W J N O  
EDEMA, NOS 

BRONCHOPNEUMONIA, FOCAL 
HEMORRHAGE 

CYnPHOCITIC INFLAMMATORY I N F I L T R  
I NFL AMAT ION I INT ERST IT I A L 
BRONCHOPNEUflONIA SUPPURATIVE 
INFLAMMATIOW. ACUTE/CHRONIC p N E ~ ~ o - N , I , ~ ~  ~ c H R o N x c ~ ~ u R I ~ H E ~  - 
INFCAMMAFION~ CHRONIC FOCAL 

1 S2X)  

(50 )  
1 ( 2 % )  

I NURBER OF ANIHALS WITH TISSUE EXAMINED MICROSCOPICALLY 
1( NUMBER OF ANIMALS NECROPSIED 

. .  

Allyti 16othiocyanate 1 I6 
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TABLE Of. MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) 

CHOL EST ERO 1 DEPOSIT 
HYPERPLASIA, ADENOMATOUS 
HIP  ERP L AS1 A , ALVEOLAR EP I THE1 IUM 

HEIA POP0 TET IC SYS T EM 

WtULTIPLE ORGANS 
HYPERPLASIA, HEMATOPOIETIC 
HYPERPLASIA, LYMPHOID 

SSPLEEN 
ANOI ECTASIS 

H PtATOPO I ES I S  

#HANDIBUlAR 1. HODE 

WESENTERIC 1. NODE 

HYPERPLASIA, LYBPHOID 

HYPERPLASIA, LYMPHOID 

H E?lORRH AGE 
ANOIECTASIS 

HMATOP 0 I E9 I S  
HYPERPLASIA, LYMPHOID 

W4GUINAL LYMPH HODE 

#PUNWBROHCNUS 

#PEYER'S PATCH 

HYPERPLASIA, LYMPHOXD 

H%+PERPLASIAD LYHPHOID 

HYPERPLASIA, LYMPHOID 

(50 )  ( 4 9 )  

(50 )  
2 ( 4 % )  

( 4 9 )  

( 4 9 )  
1 

( 4 9 )  

2x 1 

1 NUMBER OF ANIMALS U I T H  TISSUE EXAMINED MICROSCOPICALLY 
S NUMBER OF ANIMALS NECROPSIED 

117 Allyl Isothiocyanate 
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T A W E  iD'l. WALE MlCE: NONNEOPLASTIC LESIONS (CONTINUED) 

VEHICLE 
CONTROL LOW DOSE H16H DOSE 

-------=---------------------------------------------------------------------------------------- 

,-_--------_---,---------------------------------------------------------------------------------- 

@I 

MJRICULAR APPENDAGE 
P E R I  ART ERX T I S 

#HYOCARDIUM 
INFlACIMAffON, NECROTIZIHG 
IMFlA1OZATZON, ACUTEICHRONIC 
INFLAWIATIONI CHRONIC FOCAL 

MBLOOD: VESSEL 
DEGEEEERATXON P IGMEN'T ARY 

WAORBA 
CALCIFICATION t FOCAL 

MMES ENT ERY 
PERIARTERITIS 

(50 )  
1 (2%) 

(50 )  ( 5 0 )  

(50 )  (50 )  ( 5 0 )  
1 (2%) 

#SALIVARY GLAND 
H MOR RH AGE 

CHOLESTEROL DEPOSIT 

XNFLAI'VIATION, ORANULOMATUUS 
FIBROSES, FOCAL 

OLIVER 
INFkAMMATION, ACUTE FIBRINOUS 
INFLAUDIAliION, ACUTYCHRONIC 
'INFCAMHlTIONt CHRONIC SUPPURATIV 
NECROSIS, NOS 
NECROSIS, COAGULATIVE 
c y r o p L . w m  CHANGE, NOS 
CYTOPLASHIC YACUOLIZATIOH 
FOCAL CELCULAR CHAHGE 
HYPERPLASIA, FOCAL 

1 ( 2 X )  

1 (2%) 
1 (2%) 
1 (2%) 

1 (2x1 

2 (4%)  
1 (2%) 

( 4 9 )  

(501  

1 C 2 X )  

(50)  

10 (20%) 
2 ( 4 % )  

#LIVER/CEHTRILOBULAR ( 6 9 )  ( 4 9 )  (50)  
T I O N  

# NUMBER OF ANLHALS UITH TISSUE EXAUINED MICROSCOPICALLY 
M HUMBER OF ANIUALS NECROPSIED 

AIly3' Isothioeyanate 
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*OM. LBt A DD ER 

#BILE DUCT 

HYPERPLASIA, NOS 

CYS?t Nos 
#ESOPHAGUS 

TNFSAMIIATIOH, 
I NFL AHHATION D 

CHRONIC 
GRANULOHATOUS 

r)OASTiRIC HUCOSA 
EPIDERMAL INCLUSIOW CYST 

(491 

(50)  

3 (6%) 

(49)  
1 (2%) 

( 5 0 )  

URXIARY SYST W 

IK IDNEY 
PYELONEPHRITISD FOCAL 
INFLAHNATIOHD IHTERSTITIAL 
BYELOWEPHRITISI ACUTVCHRONIC 
NEPHROPATHY 
DEBENERATIOH PIWEHTARY 
NEPHRPSTS P NOS 
HETAPtASIAs OSSEOUS 

(50 )  

2 (4%)  

3 (6%)  
1 (2%) 

1 (2%) 
1 (2%) 

( 4 6 )  
1 (2%) 

( 4 6 )  ( 4 6 )  

#ADRENAL ?4EDULLA 
HYPERPLASIAI WOJ 

(47 1 (49)  ( 5 0 )  
1 ( 2 X )  

9 NUMBER' OF AHIMALS WITH TISSUE EXAHINED HICROSCOPICALLY 
I1UHBIBER OF ANIMALS NECROPSIED 

Allyl lsothiocyanatt 
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TAttE 01. MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) ------------_----------------------------------------------------------------------------------- 
VEHICLE 
CONTROL LOW DOSE HIGH DOSE ---_---------------_---------------------------------------------------------------------------- 

FOLLICULAR CYST# NOS 
INFLAMMATION, SUPPURATIVE 
REACTION, FOREIGN BODY 
DEGEHERATIONI CYSTIC 
HYPERPLASIA, FOLLICULAR-CELL 

2 ( 4 % )  
1 (2%) 
1 (2%) 
1 (2%) 

1 (2%) 

8THYROID FOLLICLE ( 5 0 )  (49)  (50)  
HYPERPLASIA, CYSTIC 1 (2%) __-----_---_----------------------------------------------------------------------------------- 

REPRODUCTIVE SYSTEM 

WPREPUTfkL OLAND 
EPIDERMAL INCLUSION CYST 
CYSTIC DUCTS 
IWFLAMATION. SUPPURATIVE 
ABSCESS. nos 
INFLABMA7IOH, CHRONIC 
INFLAMMATION, CHRONIC SUPPURATIV 

#PROSTATE 
IHFLARMATION, SUPPURATIVE 
HYPERPLASIA, EPITHELIAL 

II'TESTISI 
NECROSIS, FOCAL 
ATROPHY, NOS 
HYFERPLASIA, INTERSTITIAL CELL 

(50)  
1 (2%) 

( 5 0 )  (50 )  

1 (2%) 

NERVOUS SYSTEM 

SPECIAL SENSE QROANS 

' +€YE ( 5 0 )  ( 5 0 )  ( 5 0 )  

( 5 0 )  (50)  (50 )  

1 (2%) 

NOS 1 (2%) 

ATROPHY# NOS 

KEY EJRETINA 

II 'NUMBER OF ANIMALS UITH TISSUE EXAMINEV HICROSCOPICALLY 
Y HUPIBER OF ANIMALS NECROPSIED 

Allyl, I:sothiocyanate 
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TABLE 01. MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) 

W l  ED1 AS T I NUM 
XNF1AHNATIOH, GRANULOMATOUS 
INFLAI IMATION~ FOCAL GRAHULOMATOU 

MPERICARDXUPI 
EDEnA, MOS 
REACTZON, FOREIGN BODY 
NECROSIS, FAT 

WlESENTatY 
HEHORRHAOIC CYST 
STEATITIS 
LYMPHUCYTXC I N  FL AMMATORY I N  F I L TR 
MECROSIS, FAT 

(50 )  ( 5 0 )  (501 
1 (2%)  
1 (2%) 
1 ( 2 % )  

WWLTIPLE ORGANS 
ULCER, FOCAL 
IHFLAMATIOH,  SUPPURATIVE 
IHFLAMMAT~OMI GRANULOMATOUS 

1 (2x1  1 (2%) 
1 ( 2 % )  

t HUtlBER O F  ANIMALS UITH TISSUE EXANINED MICROSCOPICALLY 
X NURBER OF ANIRALS NECROPSIED 

. .  

Allyl lsothiocyanatc 
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I ' TABLE D2. I 
I 

i~ I 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE 
ADMINISTERED ALLYL ISOTHIOCYANATE IN CORN OIL BY GAVAGE 

AN' IMPS I N I T I A L L Y  I N  STUDY 
AH IMAL S N ECRQP S I ED 
ANXflALS EXAHINED HISTOPATHOLOGICALLY 

50  
50 
50 

50 
50  
5 0  

50 
4 9  
4 9  

I 
INTEGUMENTARY SYSTEM 

W K I N  
EPIDERMAL INCLUSION CYST 
INFlAflMATION, GRANULOMATOUS 

RESPIRATORY SYSTER 

@?RICH EA 
PENETRATING WOUND 

ILUNG/BRONCHIOtf 
HYPERPLASIA, NOS 

BRONCHOPHEURlONIA SUPPURATIVE 

INFLAMH&TION. ORANULOHATOUS 
PNEUMONIAr CHRONIC MURINE 

- - . - -. . . . . . - - -. . . . . - - - 
ION. FPCAL GRANULOMATOU 

4 (9X)  

# HUNB9R OF ANff'lALS U I T H  TISSUE EXAMINED MICROSCOPICALLY 
E NUMBER OF ANIMALS NECROPSIED 

. .  

I22 
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1 BRA f H/HEN I N 0 ES 

J W J L f l P L E  ORGANS 

HEPtATOPOI ES I S 

HYPERPLASIA, LYMPHOID 

HYPERPLASIA, HEMATOPOIETIC 
HYPERPLASIA I LYHPHOI D 

830HE MARROW 
W P  ERP L AS SA NOS 
RYELOFIBROS I S  
HYPERPLASIA, HENATOPOIETIC 
HYPERPLASIA, GRANULOCYTIC 
H Y P E R P L M I  AI RETICUL Up1 CEL L 

8SPt EENl 
HYPUtPLASIAt  NOS 
WYPERPLA3IAr HEMATOPOIETIC 
HYPERPLASIA, LYMPHOID 
HEBATOPDI E S I S  
MYELOPOIESIS 

3SPtEHIC CAPSULE 

ILYHPH WOO€ 

UiFLAMMATION, CHRONlC FOCAL 

HYPERPLASLAr NOS 

3MAHDXBULAR L. MODE 

(ICERVICAC lY?lPH #ODE 

HYPERPLASIA, LYMPHOID 

I HYPERPLASIA * LYRPHOX D 

~ #PANCREATIC 1. NODE a HYPERPLASIAp NOS 

IEESEHTERIC L. NODE 
HEMORRHAOIC CYST 
IHFLAMIlATION, GRANULOMATOUS 

(SO) 

IRLNAL i!YHPHl NODE CSO) 
1 (2% 

B NWBER OF ANIMALS Y I T H  TISSUE EXAPtINED MICROSCOPICALLY 
I tNUMBER OF ANIMALS NECROPSIED 

(49)  

( 4 9 )  

1 (2%) 

(49 )  

( 4 9 )  

(491  

( 4 9 )  

( 4 9 )  

123 Allyl lsothiocyanate 
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VEHICLE 
CONTRO L LOW DOSE HIGH DOSE 

3 (6%) 

* I L I A C  LYMPH NODE ( 5 0 )  ( 4 7 )  (49 )  
ANGIECTASXS 

tLUNG/BRONCHUS 
'HYPERPL ASIA, LYNPHOID 

#LUNG 
'HYPERPLASIA, LYMPHOID 

t l  I V  ER 
LEUKOCYTOSISr NOS 
H EMAX OPO XES I S 
RY E,L OPO I ES I S  

@PEYER*S :PATCH 
HYP ERP i AS I A, LYRPHOJD 

@ K 1,DN EY 
P l  ASMACY TOSlS 
HYPERPtASIAr LYMPHOID 

(47 )  

(47 )  

CIRCULATORY SYSTEM 

*MULTIPLE ORGANS 
PER I ARTERITIS 

t EMDIICARDI UI1 

#AORTA 

*CORONARY ARTERY 

FIBROSISr  FOCAL 

INFLABBATION, ACVTVCHRONIC a 
INFLAMMATION, NECROTIZINO 
HYPERTROPHY, FOCAL 

( 4 9 )  
2%) 

( 4 9 )  
1 (2%) 

(49 )  
2% ) 

@PA H CREAS ( 4 7 )  (45 )  ( 4 9 )  
TIS 1 (2%)  

t NURBER O f  AHIHALS WITH TISSUE EXAMINED NICROSCOPICALLY 
s NURBfR OF ANIMALS NECROPSIED 

Allyl lisothiocyanetc 1 24 



OOVART 
tHROMBOS1Sr NOS 

DIG 

el! 
iEST1VE SYSTEH 

XVER 
HERORRHAOIC CYST 
INFLAMlATIORr NOS 
LWPHOCYTXC INFLANHATORY I N F  
INFLMlRATXON, ACUTE SUPPURAT 
XNFLA1-'WATION, ACUTVCHRONIC 
INFLAMBATION, ORANULOPlATOUS 
NECROSISr FOCAL 

lNCLUSIOWr NUClEAR 
CYTOPLASMIC CHANGE, NOS 

NUCLEAR EN L AROEMENT 

CYTOPLASMIC VACUOLIZATION 
FOCAL CELLULAR CHANGE 
HYPERPLASIA, FOCAL 

' ILTR 
I V E  

~GALLILADDER 
INFLAMmATlON, SUPPURATIVE 

#PANCREAS 
CYSTIC DUCTS 
EDEIIAr NOS 
I N F L A ~ A T X O N t  I N f E R S f f T I A L  
INFLArPlATlOHr SUPPURATIVE 
INFLAMWATXON, CHRONIC 
NECROSIS I FAT 
ATROPHY, NOS 

NOROPHARY HX 
I N F Z A ~ A T I O H ' r  ACUTE/CHRONIC 

8ESOPHAGUS 
PENETRATINO YOUND 
fNFLAHIIATIOH ACUTE AND CHRONIC 
XNFLA~PIATION~ CHRONIC 
IHFlAFVrUfION~r CHRONIC SUPPURATIV 
INFLAMIIATIONr GRAHULOMATOUS 

( 4 9 )  

1 (2%) 

2 ( 4 X )  

(49 )  

( 4 7 )  ( 4 7 )  ( 4 9 )  
ULCER. NOS 1 (2%) 

8 NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
NURBER OF ANIMALS NECROPSXED 

#CARDIA* STOMACH 

12s Allyl lsothiocyanate 
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# I Y T  E,S,T I MAL Y I1  
CYTOPCASPtIC 

1 us 
VACUOLIZATION 

URINARY SY ST EPl 

I K I QN EY 
HYDRONEPHROSIS 

I LYMPHOCYTIC INFLAMMATORY I N F I L T R  
IftFLAP(MATION, INTERSTITIAL 
IHFLAMMATION, CHRONIC 
NERHROPATHY 
NECROSI SI HEDUL 1 ARY 
WIPOPLASIA, NOS 

#KIDNEY#PELVXS 
LYMPHOCYTIC INFLARMATORY I N F I L T R  
INFLAHNATION, NECROTIZINB 

#URINARY BLADDER ( 4 7 )  ( 4 7 )  ( 4 7 )  
LYMPHOCYTIC INFLAMMATORY I N F I L T R  1 (2%)  _--_---------------_---------------------------------------------------------------------------- 

EWDOCRXNE SYSTEM 

RPITUTTARY 
HYPERPLASIA, NOS 
HYPERPLASIA, FOCAL 
ANGIECTASIS 

CYSTZC FOZLXCLES 
#THYROID 

FOLLICULRR CYST, NOS 
DEGENERATIOND CYSTIC 
HYPERPLASIA, FOLCICULAR-CELL 

REPRODUCTIVE SYSTEM 

(501 ( 5 0 )  ( 4 9 )  *MAPWARY OL AND . .  
c TS 4 (8x1 2 1 4 X )  

U NUMBER OF ANINALS WITH TISSUE EXAMINED MICROSCOPICALLY 
I NUMBER OF ANIMALS NECROPSIED 

Arty11 fsothiocyanatc 126 

i 
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31 M AHMARY LOB U 1 E 
HYPERPLASIA, NUS 

#UTERUS 
HY DROHETRA 

PYOMETRA 
EHDOMETRIAL POLYP 
ANGIECTASIS 

CYST, NOS 
IHFLAHWATIOHI SUPPURATIVE 

~ 

#UTERU S/ENDOMETRX UP! 
CYST, NOS 
IHFLAMIIATXOY, SUPPURATIVE 
HYPERPLASIA# NOS 
HYPERPLASIAr CYSTIC 
HYPERPLASIA, AOEHORATOUS 
AMGIECTASIS 

lENDUMETRIAL GLAND 

#OVAR~ 
HYPERPLASIA, CYSTXC 

CYST. NOS - .__.  ..-- 
CYS"GM FOLt ICL ES 
FOLLICULAR CYST, 
HEMATOEA. NOS 
INFBAMMATIOM; SUP 
ABSCESS, cttuonrc 

NOS 

'PURAT IVE 

( 4 9 )  

( 4 9 )  

(50) ( 4 7 )  ( 4 9 )  
5 (10%) 3 ( 6 X )  4 ( 8 X )  
1 (2%) 3 ( 6 X )  3 ( 6 % )  
1 (2x1 
5 (10%)  2 (4x1  b C16X1 

t (2x1 

(50)  ( 4 7 1  ( 4 9 )  
18 ( 3 6 % )  25 (53%) 14 (29x1 

@BRAIN/MEMXNGES 
INFLAMnATION, SUPPURATIVE 

tBRAXN 
INFLARMAXIDNI ACUTWCHRONIC 
CORPORA, AMYLACEA 

( 4 9 )  

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
31 NUPlBER OF ANIMALS NECROPSIED 

127 Allyl lsothiocyanatc 
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MEYE 
PHTHISIS SULBl  

Wl IDDLE EAR 
I N F L A ~ A T I O N ~  SUPPURATIVE 
INFLAHHATION~ CHRONIC SUPPURATIV 

;MUSCULOSKELETAL SYSTEM 

+BONE ( 5 0 )  (50) ( 4 9 )  
FIBROUS DYSPLASIA 1 (2%) 

*THORACIC CAVITY 
INFLAMF1ATIONt SUPPURATIVE 
REACTION, FOREIQN BODY 

W4EDfASTINlPl 
XNFLAlYlPATION, ORANULOMATOUS 

MPERITONZUPl 
INFLAPV4ATIONp SUPPURATIVE 
INFLAPEMATIONI FIBRINOUS 
IHFLAMMATJONI ACUTE SUPPURATIVE 
INFLAlYlPATIONe CHRONIC 
INFLAHHATXONe CHRONIC SUPPURATXV 
ASSCESSr CHRONIC 
HECROSXSr FAT 

MPERITONZUPl 
INFLAPV4ATIONp SUPPURATIVE 
INFLAPEMATIONI FIBRINOUS 
IHFLAMMATJONI ACUTE SUPPURATIVE 
INFLAlYlPATIONe CHRONIC 
INFLAHHATXONe CHRONIC SUPPURATXV 
ASSCESSr CHRONIC 
HECROSXSr FAT 

(50 )  
2 ( 4 % )  

(50) 

*PLEURA ( 5 0 )  (SO)  ( 4 9 )  
INFCAHMATION, SUPPURATIVE 1 (2%) 
INFLAPZMATIONI ACUTE SUPPURATIVE I (2%) 

WIEDIASTXNAL PLEURA (50)  (50 1 ( 4 9 )  
fl 

# NUMBER OF ANIMALS WITH TISSUE EXAHINED MICROSCOPICALLY 
INUMBER OF ANIMALS NECROPSIED 
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HlOH DOSE LOW DOSE 

NO LESION REPORTED 
AUTO/NECROPSY/HISTO PERF 
AUTOLYSZS/tfO NECROPSY 

3 3 
1 

2 
1 

5 NUMBER OF ANIRALS WITH TISSUE EXAMINED HICROSCOPICALLY 
I NUMBER OF ANXMALS NECROPSIED 
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APPENDIX E 

ANALYSIS OF ALLYL ISOTHIOCYANATE 
LOT NO. 532251 

(MIDWEST RESEARCH INSTITUTE) 

. .  
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APPENDIX E 

A. ELEMENTAL ANALYSIS 
Element C 
Theory 48.45 
Determined 48.52 

48.56 

B. BOILING POINT 
Determined 
14PC at 746.3 mm 

(visual, micro boiling 
point tube) 1 4 8 O  to 152OC 
(Dupont W D T A )  

C, DENSITY 
Determined 
dg: 1 .Of6 

D. REFRACTWE INDEX 
Determined 

n: 1.5315 iQ.0002 (6 ) 

a E. THIN-LAYER CHROMATOGRAPHY 

H N S 
5.08 14.13 32.34 
5.08 14.10 32.13 
5.13 14.18 32.27 

Plates: Silica Gel 60 F254 
Amount spotted: 100 and 

System I: 95% Ethanol 
Rt.r 0.86 
I&,: 1.13 
System 2: Chloroform: I &Dioxane (955) 
RF 0.55 
&: 0.611 

2rg 

AUyt lsothiocyanare 

Literature Values 
152.05OC at 760 mm 

(Timmermans and 
Hennault-Roland, 1922) 

Literature Value 
d,K):1.00811 (variation 0.000103/°C) 

(Timmermans and Hennault- 
Roland, 1922) 

Literature Value 
n” 1.5336 (Timmermans and 
&nnault-Roland, 1922) 

Ref. Standard: I , I  ,3,3-Tetramethylthiourea 
Visualization: Ultraviolet 
(254 nm), and 12 vapor 
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APPENDIX E 

@ F. VAPOR-PHASE CHROMATOGRAPHY 

Instrument: Bendix 2500 
Detector: Flame ionization 
Column: Chromosorb 102, 1.8 m x 4 mm 1.D. 
Inlet temperature: 225°C 
Detector teniperature: 27OOC 
Oven temperature program: 2 min. at 15OoC, then 150° to 200OC 

Results: Major peak and four impurities 
at 1O")min. 

Retention Time Area (Relative to 
Retention (Relative to Allyl Allyl Isothio- 

P& Time (min.) Isothiocy anate) cyanate) 

1 3.5 
2 8.6 
3 9.3 
4 16.6 
5 20.3 

0.2 I 
0.52 
0.56 
1 .oo 
1.22 

0.007 
0.04 
0.07 

0.2 
loo 

2. System 2 
instrument: Bendix 2500 
Detectoc Flame ionization 
Column: 10% Carbowax 20 M, on SO/ 100 Chromosorb W (AW), 1.8 m 

Inlet temperature: 225OC 
Detector temperature: 27OOC 
Oven temperature program: 5 min. at 50°C, then 50° to 125°C 

Results: Major peak and six impurities 

x 4 mm I.D. 

at 10°C/min. 

Retention Time Area (Relative to 
Retention (Relative to Allyl Allyl Isothio- 

Peak Time (min.) Isothiocyannte) cyanate) 

I I .o 
2 4.9 
3 10.6 
4 12.8 
5 13.5 
6 15-2 
7 16.0 

~~ 

0.07 
0.36 
0.78 
0.95 
I .oo 
1.13 
1.19 

0.006 
0.3 
0.08 

Shoulder 0.1% 

0.5 
0.04 

100 
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APPENDIX E 

0 G. SPECTRAL DATA 
I. lnfrared 

Instrument: Beckman IR- I2 
Celk Neat, sodium chloride 

Results: See Figure 5 
piates 

Consistent with literature 
spectrum (Sadtler Research 
Laboratories) 

2. Ultraviolet/Visible Determined literature 
Instrument: Cary I18 values (Sadtler Research Laboratories) 

E x 10'' - d msx (m) e x lo-z A max (nm) 
249 10.40 f 0.01 (6) 247 8.30 
No absorbance between 350 
and 800 nrn (visible range) 
a t  a concentration of 
I mgfml spectrum) 

(Calculated from graph of 
.I( :.* 

Solvent: Hexane 
3. Nuclear Magnetic Resonance 

Instrument: Varian HA-100 
Solvent: Chloroformd spectrum (Sadtler Research 

Assignments (See Figure 6) 

(a) } d* 6 4.17 ppm 
(b) d 
(c) m, 6 5-31 ppm 
fd) m, 6 5.42 pprn 
(e) t*, 6 5.92 ppm 
(0 d, 6 3.59 ppm (impurity, possibly thiocyanate) 

Solvent: Dioxane 
Identical to literature 

La bora t ories) with internal tetramethylsilane 

JU = 4.7 Ht, J h  = 4.7 Hz, Jad = 3.2 Hz, J d  I .5 Hz, 
J, 0 10 Hz, Jde = 17.5 Ht 

Integration Ratios: 

(e) 1.17 
(9 0.06 

AlLyI: lsothiocyanate I34 
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Figure 5. Infrared Absorption Spectrum of Allyi lrothiocyanata (Lot No, 532251) 
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Figure 6. Nuclear Magnetic Resonance Spectrum of Allyl loothiocyanete (Lot No. 532251) 
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APPENDIX F 

A. PREPARATION OF SAMPLE AND STORAGE 
A 26.~1 aliquot of allyl isothiocyanate (26.90 mg) was placed in a 50-ml volumetric flask containing 

50 mt corn oil. shaken, and placed in an ultrasonic vibrator bath for 30 seconds. The flask was stored at 
room temperature for 7 days with no effort made to protect the solution from light. 

B. DILUTION AND ANALYSIS 

. 

a 

1. Procedure 

A 1.84-ml aliquot of the above stock solution (allyl isothiocyanate in corn oil) was pipetted into a 
small septum vial and 2 ml of anhydrous ethyl ether containing decane (15.63 mg decane in 50 ml ether) 
was added. The septum vial was sealed and mixed on a vortex mixer for I minute and placed in an 
ultrasonic vibrator bath for 2 minutes. The ether-corn oil mixture was analyzed by vapor-phase 
chromatography. 
Note: Solvents which were immiscible with corn oil. such as alcohols, were not used due to their 
reactivity with allyl isothiocyanate. Therefore, dilution rather than extraction was used. 

2. Instrumental Parameters 
Instrument: 3endix 2500 with Hewlett-Packard 3380A automatic recorder/ integrator 
Detector: Flame ionization 
Column: 20% SP2100/0.1% Carbowax 1500 on lOO/ 120 Supelcoport, 

Oven temperature: 90°C. isothermal 
.inlet temperature: 130°C 
Detector temperature: 285°C 
Carrier gas: Nitrogen 
Carrier flow rate: 50 cc/min 
Sample injected: 5 pl 

1.8 m x 4 mm 1.D., glass 

C. QUALITY ASSURANCE PROCEDURES 
Analysis was performed in duplicate using decane as an internal standard. Linearity studies were 

done at two concentration levels (0.26 mg/ ml and 0.13 mg/ ml or 0.026% and 0.013%) to determine the 
relative weight response of compound versus internal standard (decane). 

D. RESWLTS 

0 

. .  

Tbmettcal P m t  DetermIned Percent Percent 
Day (chanlcal/ VChklC)  (Chanlul/Vchklc) D/T 100 

0 0.0257a 0.02578 f 0.0008 I 1 W f 3  
I 0.02578 0.02656 f 0.00039 IO3 f 2 
2 0.02578 0.02480 f 0.0003 I 9bk I 
3 0.02578 0.02533 f 0.00025 9ak I 
4 0.02578 0.02455 f 0.00084 95 f 3 
7 0.0257a 0.02566 99.54 

Retention time: Compound (4.7 min.). internal standard ( I  1.7 min.) 
Response of allyl isothiocyanate in corn oil versus that of allyl 

isothiocyanate in ether: 93.1 f 0.3% 
1.inearity. RWR compound = 0.70 f 0.03 81 two 

internal standard concentration levels 
(0.026% and 0.013%.). 

E, CONCLUSION 
The variation in the analysis is within the error of the method. Therefore, allyl isothiocynate is 

stable in corn oil at 0.05s"(. concentration when stored at room temperature for 7 days without protection 
from light. 
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Allyl isothiocyanate in corn oil mixtures was analyzed directly by vapor-phase chromatography. 
Extractions were not performed on the samples since corn oil does not interfere with the analysis. Gas 
chromatography conditions were as  follows: 

Column: 3% OV-17 on 80/ 100 Supelcoport, 
1.8 rn x 2 mrn 1.D.. glass 

Detect i'on: Flame Ionization 
Tempera tu res: Inlet. 25OOC 

Oven. 75OC. isothermal 
Detector, 275OC 

Retention Time: 1.1 min. 

Injection Size: 1 PI 
There was no correction for work-up loss since samples were injected without any work-up. Refer- 

ence samples of allyl isothiocyanate were prepared in corn oil and analyzed under the same conditions. 
Results: See Table GI. 

TASLE GI. mALYsrs OF ALLYL ISOTHTOCYANATE rrv CORN orc FOR CONCENTRATIONS OF 
ALLn ISOTHIOCYANATE 

04/10/78 
OSlOS/ 78 
06/07/7a 
M/05/78 
08/16/70 
09/13/78 
lOflI/7a 
I l@9/78 
121 06 I78 
01/04/79 
02/01 I79 
03\01/79 
03/29/79 
04/26/79 
05/24/79 
06/21/79 
071 19/79 
081 16/79 
09/13/79 
io/r i t  79 
I I to8179 
12ro6/m 
Ol/03/so 
02/01/80 
02/28/80 

041 11/78 
05/06/78 
06/08/78 
07/06/78 
08/17/78 
09/14/78 
101 I2 f 78 
I I 110178 
12/08/70 
01/05/79 
02/02/79 
03/02/79 
03/30/79 
04/27/79 
os/ 25/79 
061 221 79 
07/20/79 
081 17/79 
091 14/79 
10/12/79 
11/09/79 
12/08/79 
0 I / W/ BO 
02/02/80 
02/29/80 

0.10 0.23 0.25 
0.25 
0.25 

0.25 
0.12 0.24 

0.1 I 0.25 

0.24 

0.25 

0.25 

0.24 

0.24 

0.24 

0.24 

0.23 

0.1 I 0.26 
0.27 

0.48 
0.48 
0.48 

0.50 

0. SO 

0.48 

0.47 

0.5 1 

0.53 

0.49 

0.46 

0.51 

0.51 

0.52 

Mean (%I 0.1 I 0.25 0.25 0.49 
Standard Deviation 0.01 0.01 0.01 0.02 
CoeRicient of variation (95) 9.1 4.0 4.0 2.0 
Range (411,) 0.10-0.12 0.23-0.26 0.23-0.27 0.464.53 
Number of samples 4 4 13 14 

{e) Start dntcs wrc Mnmh 1978 for rata and mice. 
(b) The data presented arc the average of duplicete analyses. 
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APPENDIX H 

GUMULATXVE MEAN BODY WEIGHT CHANGE 
OF RATS AND MICE ADMINISTERED 

ALLYL ISOTHIOCYANATE BY GAVAGE 
IN THE CHRONIC STUDY 
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TABLE HI. CUMULATIVE MEAN BODY WEIGHT CHANGE (RELATIVE TO CONTROLS) OF RATS 
ADMINISTERED ALLYL ISOTHIOCYANATE BY GAVAGE 

(t-) Mean body weight at week 104. 
(d) Mean bmly weight a t  week 104 relative 10 controls. ~ 

j I el 
~ Anyla lsothibcyanate I42 * V. 

f 

* .  

Cumulative Mean Body Weight Change Weight Change Relative to 

Week No. Control Low Dose HighDoso LowDose HighDose 

(Pam) Controls (0) (Percent) 

Maks 0 133 (b) 134 (b) 133 (6) 
5 115 I15 I08 0 - 6  
26 272 273 237 0 -13 
47 332 336 296 + I  - 1 1  
79 337 345 324 + 2  - 4  

IO4 317 326 298 + 3  - 6  
450 (e) 460 ((9 431 (c) + 2 Id) - 4 (ti)  

Females 0' 99 fb) 102 (6) 100 fbl 
5 48 51 50 + 6  + 4  
26 IO7 109 I07 + 2  0 
47 I25 134 I32 + 7  + 6  
79 I66 I84 180 + I  1 + 8  

104 180 191 195 + 6  + 8  
+ 6 (11) + 5 (11) 279 (e) 293 ((;I 295 ((e) 

(a) Weight change of the dosed group relative to  that of the controls = 
Weight Change (Dosed Group) - Weight Change (Control Group) 

Weight Change (Control Group) 
x loo 

(bJ Initial1 weight. 
frg Mean body weight at  week t04. 
( d j  Mean body weight at week 104 relative to controls. 

TABLE H2. CUMULATJVE MEAN BODY WEIGHT CHANGE (RELATIVE TO CONTROLS) OF MICE 
ADMINISTERED ALLYL ISOTHIOCYANATE BY GAVAGE 

Cumulative Mean Body Weight Change Weight Change Relative to 

Week No. Control Low Dose High Dose Low Dose High Dose 

(pmms) Controls (a) (Percent) 

Mafes 

Females 

0 
5 
26 
47 
79 

I04 

0 
5 
26 
47 
79 

104 

22 (6) 
7 
20 
26 
28 
26 
48 (1.) 

17 (b) 
7 

I I  
14 
18 
20 
37 (e) 

23 fh) 
6 
19 
23 
27 
23 
46 (e) 

18 fh, 
5 

10 
13 
19 
18 
36 (6') 

22 (b) 
6 
21 
28 
32 
27 
49 (e) 

18 fh) 
5 

I I  
16 
19 
18 
36 fc) 

- I4 
- 5  
- 12 
- 4  
- I 2  
- 4 hi) 

- 29 
- 9  
- 7  
+ 6  
-10 
- 3 ((1) 

- I4 
+ 5  
+ 8  
+I4 
+ 4  
+ 2 (11) 

-29 
0 

+ I4 
+ 6  
-10 
- 3 ((1) 

(a) Weight change of the dosed group relative to that of the controls = 
Weight Change (Dosed Group) - Weight Change (Control Group) 

Weight Change (Control Group) 
(h.) Initial weight. 
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He is Board Certified in General Toxicology. Dr. Hobson has extensive experience 
managing professional staff with responsibilities for testing programs in support of existing 
md new chemical product registrations under FIFRA, and regulation under TSCA, FDA, 
and State, EU, and Canadian laws. He has held senior-level positions with two major 
chemical Companies, W C  Corporation and Rh6ne-Poulenc, and two industry-focused 
wnsuhg f m ,  TechnoIogy Sciences Group Inc. and ARCADIS Geraghty & Miller, Inc. 
Dr. Hobson is currently President of Morningstar Consulting, Inc. an independent 
consulting fm providing Scientific and Regulatory Support Services to industrial clients. 

Dr. Hobson has teamed with corporate, business and registration staff, and trade association 
task. groups, in developing programs to address stewardship and regulatory concerns, 
defmd current registrations, and obtain new product registrations. Dr. Hobson has 
designed, managed, and interpreted the results of toxicology and environmental toxicology 
programs summarizing results, conducting risk assessments, contributing to development of 
regulatory strategies, and interpreting and presenting program results to business teams, task 
groups, management, and regulatory agencies. He has extensive experience as liaison with 
chemical companies, industry trade associations, contract laboratories and regulatory 
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chemicals, veterinary drugs and 
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