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ERIC F. GREENBERG, P.C.

A professional corporation

August 10, 2005 REC“ N)G 1

Office of Food Additive Safety (HFS-200)
Center for Food Safety and Applied Nutrition
Food And Drug Administration

5100 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

To 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 1-chome, Chuo-ku, Tokyo, Japan, c/o attorney Eric F.
Greenberg, Eric F. Greenberg, P.C., 3500 Three First National Plaza,
Chicago, lllinois 60602 (“Mitsubishi”), of the General Recognition of
Safety of Allyl Isothiocyanate (“AlT”) 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.

' Attachment 1 contains Mitsubishi's authorization of representation by undersigned counsel.

efgreenberg@uhlaw.com
3500 THREE FIRST NATIONAL PLAZA, CHICAGO, ILLINOIS 60602-4283
PHONE: 312-977-4647 « FAX: 312-977-4405
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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 AlT, 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, Inc.? and the

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

. 2 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.

L. 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.
Allyl isothiocyanate (AIT)
Volatile oil of mustard
Mustard oil
Oil of black mustard
Oleum sinapis
Senfoel
Allyl mustard oil
| Allyl isothiocyanate (natural)
| Allyl thioisocyanate (natural)

‘ 000006



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

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 AIT 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 AlT 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

1 foodservice establishments (restaurants, cafeterias and grocery
| stores); and in farm fields to pack raw agricultural commodities. The

. food preservation system releases AlT 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, i.e., 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.

AlT’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 AlT

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.

d. Basis of GRAS determination: Scientific procedures

AIT safety: Dietary exposure

T-his section provides an assessment of dietary exposure to AlT
from background exposures and from the use of the Mitsubishi food
preservation system. The data provided will demonstrate that the
Notifier's use of AlT 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
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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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Glucosinolates are hydrolyzed 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
H sinigrin levels were measured after cooking, that data was
incorporated into the dietary intake estimates.

Dietary exposure estimates of AlT were based upon published
values for sinigrin in various commodities. These estimates are

based on the assumption that there was complete conversion of
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sinigrin to AIT in the food, in the gastrointestinal tract or after
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,

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 (CSFIl). Data from
the CSFIll 1994-1996 survey were the basis for the consumption

estimates.®

! % 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
g . 24-hour recall data. Appropriate demographic data were also collected during
? the survey. Average daily intakes for commodities were determined and were
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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 CSFIl 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 1.1. Mean and distributional data for most of these

| .: commodities can also be found in the US EPA document entitled “CSFII Analysis
of Food Intake Distributions”, EPA/6000/R-03/029, March 2003.
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consumption from these Brassica species for those who consume

these items.

These estimated intakes are shown in the following table:

Table 1: US Dietary Intake of AIT from Four Brassica Species

; Geometric
| AIT Mean
} . . . Intake of AIT
| Commodi Concentration Consumption
| R (pg/kg food) of Commodity (hg/kg bwi/day)
| (9/kg bw)
| ‘ 59.37 ~0.048
% ‘ (uncooked) | (uncooked)
Cabbage 19.25 0.266 7.95
| (cooked) (cooked)
~ Brussels 65.72 1.95 128.1
Sprouts (cooked) (cooked) )
31.29 0.390
- (uncooked) (uncooked)
Cauliflower 41.12 1033 54.95
(cooked) (cooked)
6.54 3.08
. (uncooked) (uncooked)
Broccoli 0.004 0.005 3.07
(cooked) (cooked)
Total 194.07

The four commodities shown in the above table resulted in an
intake of 194.07 ug/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 AlT intake from vegetables in the United States was found in
the scientific literature, Stones et al., (1984) reported that total glucosinolate intake from
cruciferous vegetable intake in the UK was estimated to be approximately 50 mg/person
with 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, thé individual associated
with the highest reported intake of Brussels sprouts in the CSFIl
survey (11.55 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.
o First, the conversion of sinigrin in the diet to AlT 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.

000015




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

conversion occurs after sinigrin is absorbed or in the more
alkaline portions of the gastrointestinal tract. Rouzaud et al.,

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

excreted in the urine as AlT. Significant excretion of AlT also
H occurs via feces and exhaled air. Measurement of urinary
excretion of AlT clearly underestimates the total conversion of
sinigrin to AIT. In addition, significant conversion by
myrosinase of sinigrin to AIT may occur in situ in food
commodities resulting in the direct consumption of AIT (Yu et

al., 2001).

o 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.

o) Third, other food sources of sinigrin probably exist,

but were not incorporated into the assessment of background

]

| .

i 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.

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 AlT.

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
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. the open scientific literature are representative of the foods as

they would be consumed in the US diet.

Estimation 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.

.‘ 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 AlT 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
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yellow and brown mustard as flavoring agents and condiments was 6

mg/person/day 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 AIT may
arise from the use of mustard as condiments and flavors in the US
diet.

Mustard was not included in the CSFIl survey of foods
consumed in the United States and the 1975 estimates of mustard
intake have not been revisited in this assessment of AT 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/100 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 CSFIl database found that the

| geometric mean consumption of horseradish for consumers of this

| commodity is 0.0168 ug/kg bw/day. This consumption estimate and
.‘ the concentration of sinigrin in horseradish noted above would result
in 5.67 ug/kg bw/day (0.340 mg/person) of AlT 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 AlT 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 mg/person 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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Summary of Exposure Assessment

Dietary exposure to AIT may arise from various sources.
Background exposure from consumption of raw or cooked Brassica
species containing the glucosinolate, sinigrin, contribute the largest
quantity of AIT. Other significant AIT contributions are from mustard
condiments or flavorings. Estimates of AT intake from various

sources are shown in the table, below.

Table 2: Potential Sources of Exposure to AlT

Source of AIT AIT Dietary Percentage of
Contribution Total
(mg/person/day)

Brassica species 11.84 58.9%

(cauliflower,

cabbage, Brussels

Sprouts, broccoli) | - -

Mustard flavoring 6 29.8%

and condiments

Horseradish , 0.34 1.7%

flavoring and

condiments

MITSUBISHI Food 1.464 (0.732)" 7.3%

Preservation

System

CAREX Food 1.47 7.2%

Preservation

System

Total 20.11 100%

"Assuming 50% market share
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Expected Increase in AIT Exposure from the New System

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
ma:xi'mum 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,
unrealistically, 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) upc.)r; the removal of
the food item from the bag or container, or even (3) during any
subsequent processing, cooking and consumption.

The following table shows the estimated dietary exposure to
AIT from various forms of food packaging and food containers. Itis
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
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certainly unrealistic overestimate. The number of products used per

person per year is based upon recent survey data.

Table 3: AIT Exposure from MITSUBISHI

AIT
n/:‘g( Average [Exposure Ex/tgure
(m )User/year Subtotal (mp /day)
9 (mglyear) grday
. Consumer
Patch in Bags 1.5 16 24 0.07
Wrap 15| 53.8 80.7 0.22
Foil 1.5} 49.9 74.85 0.21
Containers 1.5| 102.2 | 153.30 0.42
Foodservice
Containers 19 103,60 | 155.40 0.43
Lids & Domes 19 30.66 | 46.00 0.13
Total| 534.25 1.464

Product Based Upon Use Survey

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

typical bag the packaging material is 11.5 x 11.5 inches (264.5 in?);

and that 1500 micrograms of AIT may be present in the preservation

system, the maximum food concentration would be:
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264.5in?x 10 g=2645¢
1500 pg / 2645 g = 0.567 pg/g

Assuming the consumption of a 3 kg diet, one patch per 264.5
in? 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 AlT 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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Safety of AIT:
Evaluation of the Toxicological Hazards of

Allyl Isothiocyanate

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
humans 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

selected parts of the diet recently has been favorably reviewed by
FDA in GRAS Notice 133 submitted by Carex, Inc. Further, both
brown and 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 an approved substance for use in the production of or added to
textiles and textile fibers, 21 CFR 177.2800.

In the early 1970s the available scientific literature for AlT 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 AlT 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 1999]) 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 1982]). In addition, studies were reviewed relating to the
metabolism and pharmacokinetics of AlT 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 “[T]there is limited
evidence in experimental animals for the carcinogenicity of allyl
isothiocyanate[AIT]" (IARC 1999). “Allyl isothiocyanate was not
classifiable as to its carcinogenicity to humans (Group 3 [IARC

1999])."

Chronic 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
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transitional cell papillomas in male rats (0%, 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 fibrosarcomas®
were observed 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 AlT.
The relevance of this finding to humans, as discussed below, is

questionable.

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

3 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 resuiting more frequent evacuation in
female rats results in a higher concentration of AIT and AIT
metabolites in the bladders of male rats (Bollard et al. 1997). The
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 al. 1984). Urinary volume is
considered to influence epithelial carcinogenesis in the biadder
through several mechanisms including dilution and concentration of
endogenous and exogenous chemicals and metabolites (Cohen
1995).

Eli‘minatiorlm 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-

allylthiocarbamoyl)}-L-cysteine was a minor metabolite (8% -19.8%) in
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mice. There was no observed association with irritation or
hyperplasia in male or female mice.

Bollard and co-workers (1997) also evaluated the disposition of
AlT 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 ['*C-JAIT (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 ["*C-]AIT-derived radié 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 ["C-]thiocyanate and in rats (approx. 75%) of
the ["*C-JAIT-derived radioactivity was observed to be the N-
acetylcysteine conjugate of AlT. Although épecies—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.

Bollard and coworkers (1997) 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
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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 ml/d [Bollard et al. 1997]). 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 10/14/2003.

Possible Mechanism of AlT-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

1982). 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 AlT-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.

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
al. 1995) consistent wifh the results of the 1982 NTP study. In

humans irritation and inflammation in the bladder may play a role in
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carcinogenesis, but is associated more with squamous cell carcinoma
than transitional cell carcinomas (Burin et al. 1995), indicating that
rodents, specifically rats, may not be the most appropriate model for
assessment of AlT-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 |ts potential role as cancer
prevention agent. AIT has been shown to be selectively cytotoxic
and cytostatic to transformed human colorectal (HT29) tumor cells, in
vitro (Musk and Johnson 1993); and has been reported to inhibit
growth and survival 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.
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Increasing evidence shows that AlT-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). AIT has been shown to induce phase Il 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 Il 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, 1999 and FASEB 1975). The number of resorptions
was observed to increase in a dose-related fashion (IARC 1985,

1999).

Genetic Toxicity

Genetic toxicity studies have been conducted in a range of
speéies 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 AIT 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, TA100, TA1535, TA1537 and
TA1538) and Escherchia coli (WP67) with and without activation.
R‘esults' were generally negative. In vitro studies with allium cepa root
tip cells and with Drosophila melanogaster 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
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 AlT genotoxicity in
bacterial and mammalian cells in vitro (Kassie and Knasmiuiller 2000,
Uhl et al. 2003). Radical scavengers have been shown to reduce the
genotoxic effects of AlT in vitro (Kassie and Knasmuller 2000).
Murata and coworkers (2000) have proposed a mechanism by which
AIT and other isothiocyanates (ITCs) may cause oxidative damage to

DNA in the presence of Cu ll ion in vitro. “Such oxidative reactions
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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 AlT-

induced genotoxicity in in vivo systems.

In vivo

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 studys,
but AIT did not cause anueploidy in this test system. As summarized
in JARC 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 Il enzymes (e.g.,
quinone reductase and glutathione-S-transferase) in a range of
tissues (Munday 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).

Conclusions of Toxicology Assessment
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 AlIT (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 AlIT 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
such 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 génerally recognized as such by

experienced scientists.
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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 AlT in a food preservation system.

Il. Identity of notified substance

1.  Chemical name: Allyl isothiocyanate (AIT)

2. Chemical Abstracts Sgrvice: 57-06-7

3. Composition Specifications for food-grade material: The
AlT employed in this system is to be of suitable purity for food
contact, specifically

> 97% purity (“food grade”)
Molecular weight 99.16

Specific gravity (15° C) 1.014-1.022 (Natural)
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Vapor specific gravity 3.44
Vapor pressure (25° C) 5.2 mmHg
Vaporization rate 0.017-0.019 g/lcm? - hr

Flash point 46.0°C

Ill.  Self-limiting levels of use

The proposed use is se_lf-limiting in that if AIT levels exceed a
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
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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 AT, provide an ample basis to conclude that
the use of AIT in a food preservation system is both safe and
generally recognized as such by qualified experts.

The panel consisted of the following experts, whose curricula

vitae are attached:

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

Dr. Hobson is the principal environmental toxicologist of
MorhingStar 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.
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2. Gary Burin, Ph.D., M.P.H., D.AB.T.

Dr. Burin is the Director, Toxicology, Ecotoxicology and Risk
Assessment Division of Technology Sciences Group, Inc. He has
been 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

Based on all the above information, Mitsubishi Corporation has
concluded that its use of AlIT 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.

Sipeerelv.
(b)(6)
Eric F. Greenberg
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Attachments

1.  Authorization letter from Mitsubishi Foods Corporation for
representation by Eric F. Greenberg

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.  National Toxicology Program. (1982). Carcinogenesis Bioassay
of Allyl Isothiocyanate (CAS No. 57-06-7) in F344/N Rats and
B6C3F1 Mice (Gavage Study), NTP Technical Report No. 234 /
National Technical Information Service, No. PB-83-144238.

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.
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MITSUBISHI-KAGAKU FOODS CORPORATION

JITSUGYO NO NIHONSHA BLDG. 3~9, GINZA 1-CHOME, CHUO-KU, TOKYO 104-0061 JAPAN
PHONE : +81-3-3563-1513 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

5100 Paint Branch Parkway

College Park, MD 20740-3835

Re: Authorization of counsel regarding NOTIFICATION OF
CLAIM FOR GENERAL RECOGNITION OF SAFETY OF
Allyl Isothiocyanate in a Food Shelf Life Extension and
Anti-spoilage System

To the FDA:

Please take note that Mitsubishi-Kagaku Foods Corporation, with headquarters at 3-9,
Ginza 1-chome, Chuo-ku, Tokyo, Japan, authorizes its attorney, Eric F. Greenberg, of the law
firm Eric F. Greenberg, PC, 3500 Three First National Plaza, Chicago, lilinois 60602, to
represent it and communicate on its behalf in all matters regarding the filing of its
NOTIFICATION OF CLAIM FOR GENERAL RECOGNITION OF SAFETY OF Allyl
Isothiocyanate in a Food Shelf Life Extension and Anti-spoilage System.

Sincerely,

(b)(6)
Mr. Akira Sato
Managing Director
Corporate Division
Mitsubishi-Kagaku Foods Corporation
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;the qpinlo-msuof knewled

NOTICE

Féde 'auo&'recegmzes that the safety of ‘GRAS substances is of nat;onal
mgmfmanae, and ‘that 1ts resources are parncularly suited to. marshalling

jhle smentlsts to.assist in these evaluations. The
Life Scxences Research& fhice (L‘SRO), eétablished by FASEB in.1962 to
make scientific asséssménts. in-the-biomedical ‘sciences, is conducting these
studles.

Quallﬂed scientlsts -were selected as- eonsultants to review and

- the avallable information on each of the GRAS gubstances, These
sscien. 818, designated the: Select Commxttee on. GRAS Substances, were
chos‘en for their .experience and. Judgment with due consideration for balance
breadth i ‘the appropmate profesmonal dmc;plines. The Seleci Com-
mitted's eva,uaté:.ons are being'miade’ ‘iridependently of FDA or any other group,
gtwernmental or nongovernmental. "The Select. Commnttee accepts responsi-
b;l‘“y‘for the conteht of ‘each report. Members of the Sele¢t Commiitteé who
have. contmbuted o 1s“‘report are-damed- in Section V I.I R

Tentative reporjcs are miade gvailable to-the public for review in the
Office 40f the: Hearmg :Clerk, Food and Drug Administration, after announce-
mhent in the E‘ederal Regmter. and.opportunity is provlded for any interested
person to appear before the Sele ct Committee at-a: public hearing to make
orai presentatmn of data. information, - and views on the substances covered
by the report. *The.data, mfgrmatwn. and views:presented at the hearing.
are. considered by ‘the Select Committee in ﬂreaéhing its final conclusions,
Rept)rts are. approved by the'Select. Commiitee and the Director of L'SRO, and
wed | and: apprgve& ‘by the LSRO Adviabry Commrttee {which
| ) iat:wes of each.constituent society of FASEB) under
authorityn élegated y-the: Execufive C@mmiﬁee of the Federation Board.
Copon sompletmn of these review. procedurea the'reports are approved and

.travsmitted to FDA. by ‘the Bxedcitive Director of FASER.

{While this is a report of the Federatmn of Américan Societies for
Expemmemal B logy, it does not necessarily.reflect the opinion of all of
the mdwidual members of;its, constituent societies,

(b)(6)

' ‘ . C. Tellett c:s:zf ZPh.D., Director
BEST QRIGINA»L COPY Life Smenee esearch Office
F&SEB -

.
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1. INTRODUGTION

This. report"evaluates the health aspects of using rystard and oil.of
riustard a5 food ingredients. The eveluation has been based partly on the
informstion: contained in a- scientific: hteratura review {monograph)- furmshed
by FDA (1), - which summarizes the' world's scientific nterature from 1920
through: 74, % To agsure completeness and cux‘rency as of the date of this
vmepart this information has been supplemented by searches of over 30 acien-
ﬂﬁe and staﬁ.stical rieferenca Bources and c.ompendia that are generauy
‘Eterature citations contained in them' consideration of current literature
citations: obtainéd throagh computer Tetrieval Bystems of the National Library
of Medicine; searches for #élevant data in the files of FDA; and by the com-
bined: knowledge and experjenceiof members of the Sele et Comrmttee and the
LSRO staff; I adehtton, atinolincement was made in the Federal Register of
December 19, 1874 (39 R 43865 and 43866) that opportumty wouid be pro-
yided for any: mterested person to appear before the Select Committee at a
pubhc héaring to make oral presentation ‘of data, information, and views on
the health aspects of ‘uging: mustard and oil of mustard as. food ingredients.
The Seléect Committee recéived one request for such a hearing but this
request was- mthdrawn : . .

Ag indicated in-the Food, Drug-and Cosmetic ‘Act a1 USC 321(3)]
,bstances are exempt from ‘the premarketmg clea;rance that ig. required

« | Feck gni’don a‘f Safety by ex.perts quahﬁed by scientific
ce: to- evaiuate the-safety of substances on the basis of
d: ‘ ‘published iiterature» Tlns section of the Coae

of credible tox:Lcologlca‘ te .:.ng or;- for those substances used in. food pmor
16 J2 anuary 1, 1958 on.a, read oned Judg‘ment founded in experience with common
food use;. and. is to take mto account reasonably ant1c1pated patterns of con-
sumptlon, eumulatwe effects 10 the: diet, and.safety factors appropmate for
the tilization of am'rnal experimentation data, FDA recognizes further -

21 CFR 121. 8) thatit isimpossible 1o provide assurance that. any substance

is ahsolutely safe for !mman consumption. . .

The Select Commiittee-on GRAS Substances of LSBO is. making its
eva.luaﬁons ofthi ¢ siibdtances in full recognition of the foregoing pros
visions: 1In Péaching’its conclusions on safety the Select Committea; in
accordance with FBA's guidelines, is relying primarily on the absence of

*'I?he document is. avaulable from the- Natwnal ’I’echmcal Information
Service, U.S. I)epartment of Commerce, P.O. Box 1558 Sprmgﬁeldﬁ

Vlrgnma 22161,
"1 BEST ORIGINAL COPY
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| ';ﬁubstantwe evidence of, or reasonable grounds to suspect, a sighificant
| .risk to the pub‘hc: héalth,’ and reahzes that a conclusion based on-such
: . ‘Feagoned: wdgment is expected .even in instances where the available
| “‘ini’ormaﬁonﬁi ; litatively or qnantimtively Iimited. The Committee,
~‘aware that biclogical. testinﬁg is dynaimie,. bases its conclusions on informa-
" &tian “““ ow aveilable; it cannot anticipate the results of experiments not yet
X 'of tegts that .riay be' reconducted, using new ‘technologies.

'I‘hese cenclwsieﬁszwm neéd to'be reviewed as new or hetter information.
dhecomes availa?ble.

"

i this context, ‘the TSRO Select Comm:.ttee on GRAS, Substances hes
revzfewed the;'ava;tlab]e information on mustard and oil of mustsard and submits
| ts station and assessment in this report, which- ig intended for the
K use of F"m determmmg the future status of these substances under the
| g Federal Food, . Drug, ind Cosmetic Act.

AL BACKGROUND INFORMATION:

“Theé mustard used in. food i derived. primarlly from the seed of
eet‘tam»plants of the. fam:ly Cruc;ferae. ‘Brassica nigra (L, ) Koch and
.B. ‘juncea. €. Czerniaew. are the principal sources of black mustard
Beéd from Whlch the products called ‘brown mustard and oriental mustard
are ',prepared.s B. mgra, g cultwated chxeﬂy in Italy and Holland; B.
-3¢ 238y | noft he:m India and southern Russ:.s.. B. a.lba (L )

; : y’.'jalso con’ce,ip & xmm‘ner of addiiional matemalss In
mustard ﬂour, For example; biends of two or more mustard flours from
d::ffez:enﬁ sources, ifogether with: il fractions Wwhich the mustard miller
hag avai jble. are often iséd torimpart subtle. flavors., In prepared mus«-
tards, ag another:example, food specifications permit their preparatmn
from. ground seed of white and/or black mustard, with or without mustard
ﬂour OF. *mustarc! ‘cake; ‘together with - vmega.r and with or ‘without addition

‘ of sweetemng agen’cs. salt ~and- such splces as turmer:.c, ginger;, and

} black: pepper.. Prepared mustards ¢ontain about 10 to 15 percent. solids: (5, 8.

[ ] ' S3-
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The charactenshc flavor of brown mustard (described as "hosge
heat” or«"horseradlsh—hke bs.te") is due to ally) isothiocyanate. This is
inthe seed -ag.part of the glucomde sinigrin, from which it is
ther with- glucose and potassmm bisulfdate; by the action of
] réSmase whlch also 13 present in the seed. The allyl

e, I‘he d1st111ed product, known vameusly as. oil of mus-
tara, volatﬂe oil of: mustard, and- natural allyl 1sothmcyanate, is-the most
camnmnly ug 2d - mmercia:l mustard oil. “Yield of the.oil from the seed.

3 ;0. I han 1, 0 percent. As prepared, it consists of
+than 90 nt allyl wothlocyanate' the remainder is chiefly allyl
‘eyanide an r i fide. Howéver, most of the allyl isothiocyanate
l:rsed i food. ia. prepared synthetlcally. Ally) isothiocyanate volatilizes.
easi]y, i8 lost from. opencontainers in fourto six months, and is suscep-
tible to. decompositmn iri‘air and light (4, 5, 'i'}.

‘Ihe com-espondmg constituent of yellow mustard is p-hydroxy-
benzyl isothiocyanate. it is preseént in the seed as part of the glucoside
smalbm from which it is; released, together with glucose and sinapine

3 . At ~ Sinalbin mustard oil is only

8 Ty volatile With' steam:bu% can be.separated by sclvent extraction.
aboutr 3 or: 4 peraent of; g-h;ydm::ybenzyl 1sothiocyanate is present in the
defatteﬁ ; ‘!iite,:msﬁar’dﬁ"seed {8.9). When freshly prepared,
gina ‘ '..Astfongly pungent with a mildly burping taste,
at: " However; its principal constituent, _p-hydroxy-
U te ’.highly unstable.» and hydrolyzes in a matter of
t roomtempersmrew to g~hyéroxybenzy1 alechol, di {p-hydroxy-

‘ de; and p~hydroxybenzyl cyaride (4,5,7, 10-13).

3tcé (5] and Bardthy (14), these hydrolytic products do not

 significantly- to. the {lavor of. prepared yellow mustard; added
spiceﬁ and atheh canstituents of thie:seed such as sindpine (the choline
‘ester. qf smapic ac1d) are the-chief sources -of. its flavor.

allyl 1sothiocyanate

'Under some’ conditims the. followmg may also be
formed‘
CHy =CH-OH; +§=C=N
: allyl th:.bcyanate

- CHe SCH-Cl -C=N-
allyl cyanide

. 54055 BEST ORIGINAL COPY
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+ glucGsé

g-hydroxybenzyl sinapme bisulfate
1sothiccyana te

| decomposes

Bbhydrmybenzy U di (g-lwdr o:cyb enzyl) g-hydtoxyb e.nzyl
alcoholl digulfide cyam.de

it iQ*‘SPéClﬂed i the; Foed Chemwais Codex that food grade
‘munstard-oil,. volatile {all_yl J.sothmcyanate), whether from natural or
Synthettc sources,

shou dfnassay ‘not: less than 93 ‘pPercent allyl isothio-
it stated ranges-with respect o dlstillatmn tem-.
oeratur ,refractive mdex and specific. -gravity,” Maximum limits are
specxﬁed for-arsenic and heavy. metals (15). The Codex containg no

Speeaﬁcatmns fo:- p—hydroxyﬁenzyl 1sothlocya.nate or other mustard
pmduets. .

A’numbes “of other plant Beeds, mainly- Cmczferae, contam
.1soth10c,yanate. ils that.are: referred to as. mustard oils (7).. There is no
“récord- of therr commercial-uge, but thé similarity of many of them to
trigi:f!,ips. d ibit d: above hag begn: established. For: example, in-rape seed,
‘B L., )y the,characterxstic ingredient of its volatile oil.ig.
inyl. 1sothwcya3nate {16),

A ‘comprehensive: ‘survey by a Natxonal Regearch Council (NRC)
zmbcommxttee 17y reports that brown and yellow. mustard and allyl
1somocyanate are used as ﬂavoring in food products as indicated in
Table L

Sa- BEST ORIGINAL COPY
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Table.

‘Use of Mustard and Aliyl Tsothiocyaiate. in Foods

by

ALyl Tsor

' Brown wustard

" Yellow mustard

: R —— ’ . _thiccyanate
[~ = TPood category . Usual. | Max. | vsual | Max. Usual | Max.
X ppi PPm .ppm -

h

Condlmenta, relzshes,
aalt substltutes

PELIECR I

‘ ’fz‘jz,,i.jojen

.f%m,-soa /

60,995

124,274

17

56

L?%ts and oila

9,838

15,544,

3,470

8,541

.50

59:’:

Euka, nut products

10 000 i

Gtarieaw ‘sauces.

| |

szm[

610"

46

203

l:ﬁﬁk&a gDOQS» ang

mixes

AT

3,000 |

‘3}?00

590 .

1,200

%

29

 Snack foods.

820-}

820

13,506

15,863

216"

(1,345

Mea'spzoducts

10,738 [ 35

61

L‘Eumhwproduéts

-1 %P?bQ‘“

2,000

] Soups, soup mixes

30.

1 30

; f Frazen dairy dasserts,‘

1 Boft candya

! Bevexages Type 1~

Cnonatcoholic)

" Blanks. 1nzthe1:ab1e mean
" £oods indicated: asteriﬁk
aubatancenis uaed in a pr
residual levels in :he food.
or (H) the substance A8 used
levels Weke: not provid
the fuoda indicated bu
ineorrzctty (gee. exylanaccry notes on.

ted but® usage
or {c) the subatance iz in

repoxted
ekhibit" 48 of reference 17),

that the substance it not added to the
s f***) in the table.mean that (a) the.
ocess:ng phase of the foods ‘indicaced but
product)are negligible or unknown,

: in the foods indica
Tby . industry,
“‘the levels wer
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Domest:c productlon of mustard seed. (color not specified) was.

5, 276, 621 pounds (2 398 464 kg) ih 1969; 60.percent was grown in Cali~.

nis g na(18). Buireay. of the Census statistics also show that
J.mpOrts -of whole mustard seed (color not specified) increased about
threefold between 1965 and- 1972 to-about 104 million.pounds in 1972.
Imparts of ground and prepared mustard increased shghtly less than two-
fold over-the same pemod reachmg Just under 2 million pounds in 1872 (19),
According to other vesum“ 55 (5)-dbout 57 million pounds of mustard seed
(miore thah' 75 percent: whlt_ Beed) were used by the U, S, food Industry in
1972. 'I'he Sele" Comumittee has no. in:fcrmgtion from Wh.zch to determine
ifthere has been;sigmﬁcant change over the. ‘past decade in'the mustard
conternit of the.food: categories shown in: Table 1. )

iit. ‘CONSUMER EXPOSURE DATA

The survey of the NRC subcommxttee has provided mformatmn
‘on the “poss:ble daﬂy human mtake of: mustard in the diet {Table II} for
varmrus age groups {1 7} The:Select Cormmiitiee has.- converted theae figures
to- possmle mtake per- k:.logram of body weight.

_ . The NHC subcomimittee has. pointed out that its calculations of
GRAS swbstance mtakes An most cases.are overstated, often by consider-
‘able, margmsA ¢ Phe: Select Committee’ believes that this is probably g0 in
‘the cage of mustard products. The NRC. subcommittee has also provided -

data (:1 7):80, ‘sHow tha approximately ‘the’ fonowiag amounts were ‘used

industry‘in the United States in 1970: yellow mustard,

3s.(2 -million kg); brown mustard. 3 2 million pounds

y ally othilocyanate; 33,000 pounds (15, 000 kg). These

- ha derivedfrom those given by the NRC - subcormmittee

which they: e»stimate to represent about 80 percent of actual use, USmg a
pulatior of *1:9 million, thése poundages would praw.de for an average

pe‘r capita. da11=v consumpnon ‘of only 287, 1B, and 0. 2 mg of ye]low mustard,

browm mustard and allyl zsothiocyanate, respeactively,. rather than the

“An explanation for ‘Such ‘&‘*‘erstaxemente is detfailed in Section X1,
“Significance and Use of Data in$afety Evaluations, " of the NRC: subcom-
mittge's repott: (l?) ‘I‘he Select Committee finds this explanation reason-
able, and concursin the first recommiendation in Section XII of the same.
report, ‘that !'in ordeg- to ‘conduct a more accurate survay on the-intake of
subatances useﬁ it fod p.rocessmg, food tonsumption data collected. specif-
jeally for-this pirpose. aré.needed, '’

> 8 -
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“Table 1

- Possible Dally Intake .of Mustard and Allyllsothictyahate

Tota ] 'iintake, oy . R

-5 mos- | 611 mos: | 1223 mos. 2-65+ yrso| ginetance
AV |Max | Av. | Max v | x| Av. | Max |

:Max

A 'iiéw‘
17 [47 [324. [856. |606 [1236 [1622° [3126 | -Muscarg, 34

) . ’_' .52_'?:0
;yellcrtof'3 I Y N B

252,11

Jas |30 |204; [523 fass frisa [13ge. 2892 ) Mustard,
1 . ] “bhroim?

| 32| 6:0[ 25.5] 65.4] 45.3[r02.7 [23:3

48,2

<1 € 1] % 2 5 6. 12

| ALyl fso= {<0.1| <oi1| 0.y 0.4 0.2 0%

Q-"s L
thlocyanate '

02|

Calculatmns based on. an average weight of 60 kg for an adult (20), and the. following estinated weights ef

infants by. age: groups: 0—5 MO8, 5 k.g, 611 mog., & kgi and 12-23 mos. , 11 ke (21):

aﬁssumed to be flour prepared from whine muat:ard seed; -estimiced to contam 1 to 2 percent tustard ail
consuting chiefly of g-hydroxybenzyl ianchiocyanate andfor ies decmnposinon product:s.

SAssumed to be flour prepared from bla%:lc ‘or ‘brown mustard seed escimated to couﬁam L to 2. percent
musta‘rd oil, cons:.st:.ng ‘chiefly of allyl iaothicw;mate.




1622, 1396 ‘add 8 mg glven in Table 1L ’I‘he 1ower mtake f;gures.
'based on peundage 18ed;, appear the more p]ausxble since.import and

. production: statistics show that some 90 million pounds of
Whole;and groiing muistard:séed.are available annually (18,19). These
8 fa’eusucs do-riot differentiate between white and brown mustard seed.
‘Hg aver, in converting this 90 million pounds of whole and ground
‘Seed. to the mstard. ifours dsed in food, 10ss of the fatty: fraction would
reduce: tﬁe.wexghi used to:a: flgure closely apprommatmg that indicated
%by the NE ,‘.e‘ubcomrmttee for total poundage of ‘yellow and brown mustard
‘reperted to:be used annuauy by the food industry (51. 7 million pounds)..

On the basis of these cens1deratwns, ‘the Select Committee
regards the. ﬁgures in. Table 11 ag levels that are severalféld greater
Hojse h.kely to- be achmved by any: of the age groups. It should also
no “ed ifi-this: connectxon that the isothmcyanates of brown and yellow
mua’ca.rd are- elther hlghly unstable or volatile, making the effective
ambunt présgent in ‘mogt foods gs congumed. unpredictably less than the

a‘mounf added,

. IV. BIOLOGICAL STUDIES

. A, Brown mustard afid its constituents

The, oral LbDso of Ayl 190th10cyanate from brown mustard seed

l
' ‘fm‘ fh@ ra’t,‘ ‘*reported to be 339 mg per kg (22). the subcutaneous 1..I:>5 8
| :

1srepo depress rate of growth slight}.y when fed to young rats at a
Tevel of 0i: ,ercent in the diet: (eshmated dose- 1t-'svel, about 400 mg per: kg)

Jor:5 weeks; a mor promcunced decrease in the growth rate occurred when
the sarme amount; of, allyl 1sothmcya.nate was administered by gavage rather
tha.n fed for.an addltmnal four weeks (27), In adult rits fed 2 mg of :

o -85 Lo ORIGINAL COPY

000065




’pxeg‘ a.‘nt“'mouseawnthéut bemg teratogemc.

1 zsothiocyanate per kg, body wexght 1t was obg erved that blood clottmg

females: tnweachh énoup} necewed a dally dose ('by stomach tube] of 20. mg

'per kg: and 50 mg per kg body we;ght of allyl 1sothxocyanate respectlvely,

acros& ina. ammals at the hzgher dose and m half of 1he ammals at the

lOWBI‘ dose,—

and mmor mﬂammatory foci in the 11ver at the hzgher dose

et ‘pa- =e& ﬁailym;i‘ng 10 ’t!ze vo]a«ﬁlity of the aompound
noted i‘:ha, t’his dosage ds. si@fficautly ‘higher than the LDey reported from

Ttis

the gsrme lﬁhoz-atory (22);: resgons. for the variation.are not clear.

The Select Comrz;ittee WS unable to fmd reports of long term

animal, stud1es on"b ;

sbsorption. or excretioh of these substances.:

muétard oF.its: consutuents. or of studies on the

Terato]og‘zc dévaluation:wag imade: of agample ofallyl oil of
mustard :supplied by FDA and imown 10 ha.ve Peen” prepa.red fromy black )

‘eeds (__ n;g ra, L. eR The eral administration of-up-to 18.5 mg
) bod ht-daily to: pregnant rats {6th through 15th days of gesta-
'tion), up to 23 8 mg pe 3 kg'tb 'p‘regnant hatsters (6th through 10th days

ofgestétwn), and up to; 12_ 3 mgiper kg to preghant. rabblts {6th through

d no: clearly diséernible effect on nidation or
: ivel (29). The number of sbnormalities seén
k:elatat tissues of the test groups did not differ from

) _ .S1:1.J.d:<-‘:£:1 of the toxxcn’ty and. teratogenicity, o:E mus*tard oil (allyi
) n&te) in'ayian embryos revealed that it was ot teratogemc under

the condi ons. employed (30);" Doses up. £0 16° mg per: kg were injected-into
the air ¢ell.or the yolk of fertile eggs before incubition or after 96 hours
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of’ mcu'bat;én. The: :occurrence- of abnormal embryos -and those showing head,

skelétal, ceral amd‘l“‘,, bz bnormalltles was not.increaged with the

admlmsA gtion of mustard ‘61l under: any ‘of these conditions. In the same

; tst‘ard 011 was found to be toxic to'avian embryos
‘ ell. of unmcuba‘ted fertile .eggs or after 96 hours
of incubatmn, ’at a leve of 0.6 mg per- kg. and embryo mortahty was

mcreased w:.th doses ag 1ow as; 0..94 mg per kg when mgected into the yolk

v

Mutagemc,lty siuches of mus%ard 011 (allyl 1sothlocyanate) in Whlch

ohse-rfaimn Qf berratmns L'n bene ma.rrow metaphase chromosomes of rats
admmrstgredﬁup 0 ,1,00 ,mg o_f mustard 011 per kg Orally. cytogenetm assay,

. in tlssue culture expOSed to levels up to 10 ug
: ‘{dornmant 1éthal agsay in rats using dosages of mustard
oJl up to 100 m per kg. - .

No'reports hiyve: been found on the testing of 211yl cyanide or carbon
disulfide for teratoge ruc:tv.

ion s ia:t*cetone w1th 2 percent corn 011 twice weekly for
;cgd;papl ¢ mas m 10 percent of the ammals and carcmomae

_ . Carbon disulfide,in agiieods’ Solutiod {concentration not reported)
admumstered orally to dogs and rabblts, produced no tumors 1n three

‘ ucks, Biaxr m 1965 {36) expresaed the opmmn that
e underflymg cause: of atheromatous sclerosm m a
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,fat’e af musta s

\veason_eﬂ tha th :ﬁxusta“rd fed inthis experiment was prabably of the

B. Yellow raustard and:its constitients

Thé subcitineous LDgg of ‘benzyl mustard oil-(presumed to
consxst prmmpa.lly of R-hydro:qybenzyl 1sothmcyanate from yéllow mus~
d 4 ’§tatt=d to-be.150 mg per kg (23). No data have

been ‘found on acute tudies: of ora“lly administered benzyl mustard oil

,or ﬁs 1sotblocyanate‘:‘ Acute: tox.lcny studles. by any Toute of administra»

tun, of smapme j-hydroxybenzyl alcohol di- (p-hydro::ybenzyl) disul-
fide; B~ hydroxybenzyl“cyamde, or. p—hydroxybenzyl amine, whichare
report El ‘to-occur-in: yellow mustard or-to be present as decomposition
produéts, of, p-hydroxybenzyl isotmoeyanate have not been found 1n the
"hterature. -

The Select Committee was unablie to find reports of short or
long term: studies. on yellow musgtard or its const:tuents. or studies’ on’

the absorption or excretion of thege substances

rOnly one. experzment has been found that concerns the metabohc
n man, Peérry-et al. (37) fed 100 g of miustard to a’
; er' d;of 1. 5 hours and collected urine 24 hours after

...f‘ ”'__ldiﬂogﬂfybenzyl amine and an unidentiﬁed “ainine, metabo-
et ‘ta:b;a in’ the uriue when mustard wag excluded

"’to a g~hydmxybenzyi metabo}.ité. it can be

E

, W e Ae;:source of the -hydroxybenzyl amine excre'ted
could either ] & separate constituent of whzte mustird seed ag réported
by. Larsen (38) or conid arise as 2-metabolite of g»hydroxyhenzyl isothio-
cyana,te p—hydroxybenzyl armning. ‘has also been found in barley seeds (3 9)

No' reports. have been found on- ‘the carcmogemmty, teratogemczty,
or mutagemcl.ty of wh:.t'e mustard seed, of of its reported tonstituents, or
of the degrada.taon products of: Its constitients.

i (vaiety wnidentified):

[

- ‘Theoral 1LDsgof'the. volatile oil of mustard {(source not indicated)
for the rat wal ﬁ rfed‘ o0 be. 148 mg per: kg, 50: ‘mg per kg pes day was
toxemtgd by rats ‘for- eigm weeka without mticeable injury 140). o

For-30days rats were fed ' basal diet: ‘containing 10 percent
mustard* cake (source nct ;md:.cated) supplemented with 20 percent or

““““

- 11 -
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indicatedy (41). It i evidéni'that the mustard cake used in the basal diet
was: mustard seed from: which the fatty acid glycemdes had ‘been expressed,
lea¥ ng gome or all:of 'the éssential; oil; and. that the mustard.oil used was
-the’ utty acid. glycerldes of° mustard séed co containing some. or all of the
esgential ou. ‘Serum hpxdlievels decreased in-animals’ recewmg the mus-

tard oil durlpg the. eafly part of the feedmg. but- subsequentlv the level

:showed A steady upward {rend. Mustard oil.also produced consistent and

“ § in- the hver llpld levél. Similar effects were noted -
e ;vegetable vils. tested ‘making it appear that the
,ustard 011 were not clue to its essentlal ml constltuents.

In.one Srudy, the nutritive contribution of mustaed oil {expressed)
appaared 10 be limited:to ftg:fat content. The source of the mustard oil
was niot.indicated. Feedmg tests with rats showed that this mustard oil
(aaaumed to bé the éxpressed fatty.deid glyceridea of mustard seed, con-
taining ome-or'al¥ of the essential oil) wag entirely devoid of vitamin A
activitys and. =tended to inactivate vitamin A when mixed with other foods.
'I‘he testa alsor :showed th,at. as a fat, muslard oil was as nutritwus as .
othea fats, provided adequa‘te vitamin A dntdke was assured from other
gourdes £42)

The poss;b:hty of synerglsm ‘hetween mustard oil {source not
mdmated. ‘it red: from the contéxt of the report to beé expressed
mustard 011 contammg"the fattv aeid. glycerldes as well as the-essential
y ;{ld c*holesfterol wag studigd by- including 10 percent of rmustard . oil
he feed of’ grcwiﬁg c¢hicks, with oF without éne perceat choléstersl for
eight weeks. Chicks on the&ieﬁ contammg mustard oil showed an increase

I: fhe le.vel of ”nonasterﬁxed.’fatty auias in the blorzt! plasma but 0o change

mustard il shwedf at: increasa in tota]. plaema cholesterol g~ hpoprotein
~cho&eaferol, triglyeerides, and nonesterified Jatty acids. The extent of
hy exicholésterolémia did. not @eem dependent on the degree of saturation
of e mu.stardw il MB,}. A subsequert report from the laboratory of one

25 e i) 'gtigators exte:fnded these observatfans to effects on portioas

increase in phcsphol xés m the aarza i'mt o chamge in cholestero!' where-
s cholestersl; .o without»the oils, [increased both cholesterol and
~phosphol§9id‘s ‘th.the aorta. Further, the’ ‘hexosarhine content of the aorta
decreaaa& regardless of. whether cholesterol was fed, implying a.con-
comitart detreasein am& ‘thucopelvsicecharides., The hydrﬁxypraline
,cantent of the aonta-mcreased wheén both. oils and.- cholester-ol were fed,
mdxcatmg that arteril collagen ‘had Increased. The latter -effect seemed

t 12 -
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.. or ani:mal fats. .

to be. proportmnal ‘to-the degree of: hypercnolesterolemm. Seventy of

changes Wwere ~ound 1oy e 'unrelated te either the cholesterol level in the
: -~_o,the deg ee of-unsaturation of the sils fed. In all reégpects,
dafferently than coconut. sesame, and hydro-

-‘@b:,éf rvations.were made of the short term physzologxcal effecta
due to mustard (s«ource not J.ndlcated) lemon, curry. paprxka, and sugaz-
fed-as: condnnengts mtest. d:.ets of hedlthy young men. It was noted-that
i énease in salivary:flow ‘was of -about the same 'fnagmtude for all.of
‘these substances, while: mustard and. paprxka were least efféctivein
ingreasing salivary amylase activity (43}, :

Bandyopadhyay and -Banerjee (46) fed up to 20 percent of various
vefretable ol ’S,, mcludmg what.is presumed.to be expressed oil of mustard
-of-unspedified source. with. and wn;hout cholesterol, in the diet of rhesus
‘monkeys for nine months. In the ammals fed diets contammg the mustard.
aiI, d,lminished amounts of cholesterol depoeuts were found aj autopsy in

ramedy ‘anﬂyfe : ol sterol was reduced to the same- degree. indicating
‘thag: th& vgge‘table oils. probably faeilitated latestinal absorption of cholesterol.

Tweénty human adult ‘volunteers were fed a breakfast contalning
17 percent by welgi}'tv (about one-g. per. kg) ‘of oné of six: dszerent vegetable
1s ludmg mustard 6il {source not 1dent1f1ed but ev1dent1y
the expressed mLcontammg the fatty acid glycemdes as well as sorme or
all of the essem:al oil}. A blood sample, taken four hours after break-
tast, was analyzed. ‘I‘he exper:ment was repeated on each of five suc-
cesawe days. Feedmg mustand oil was found t& have no effect on
platelet"'«‘content, serum jcholesterol Stypvan* time; or the fibrinolysing
prépe rty afirfh’eg;l:iﬁl-bdd iote blood clotting time was reduced as. it was
’af;ter i‘eec}‘ing any: of é- £ats, and f:.brmogen content decreased,. asg it
aigio : f ing. s jsame exl platelet adhesweness z.ncreased ap it

) Hp '" ‘1d ‘n'we ~bv oral, cutaneous. Subcutaneous. and
*intnapemtoneahroutes. There was no evidence of mahgnancy due to

*'-‘Stypvan' a prepar-atwn of Russell 8 viper: venum. used as-a
thromboplastic. agea id-the, :ene-stage prothrombin time test,
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either oil af the site of treatment or in the remote organs even though
vimals. were observedéfor then‘ c::mplete 11£e spa.n of. over two

mation c,cmcerning ghe _-identi’:y of these oils. the IARI sample wasg of
nk ” {git and the Rﬁj sample was o ma.rket sample and. beheved

n:umoz'e'"vecent ‘work the same investigators (50, 51)

ogemcxty imimice. admmzstered laboratory

S tar: '";011 {seed. source rot. indicated) bv ‘stomach

ve davs each--,week for their life span. Under the same conditions,

one of 27 mlce, fed:a market sample: of mustard’ oil: (seed source not

indlcated)fde«veloped tranSplantabIe gastmc carcinoma.in 13 months.

-

V. OPINION

o 'I'he e mustards (bro‘wn and yellow] commorily-used in the
United”States are derived from iwo: Brassica species that differ with
: ; “ chemmal const:tuents of their essential oils.
orrnatwn shows that the charactemstm isothio-
" AOW ucns-.ltuents, and decompobxtmn produ\.ts of the

Further. there is. no reported emdence that
3 ,»,j}as of these ccnstxtuents are éarcmogemc {erato-
1é‘",a,»‘ " fautagenic,. ‘Howevers mterpretatmn of the available
1 ormtmn suffers from an general 1ack of" spemﬁcxty ‘on. the part of
i icey ,the 1dentxty of the partlcula.r mustard used An

1 c J of these substancea was actus.ll‘y present m the
prepara"tion tested. , The mdustmal practice ‘of using - mlxtures of mus-
fards to-impart dgesired flavors compounds the problem of relatmg the.
-results of toxxcologacal studies {o conditions that may exist in foods.
For the.same ressons, the @mounts. of the- esgential mustard oil con-~
stituentsmctualky present in foeds’ e.t the ume of cmsumphon are ungre-
| dictably itét}ﬁ ble, but miust be. less than the amounts. caleulated from the
reported dallv human-intake levels of mustard..

“The Sélect Committeé has made an. ‘exhaustive search for informa-
| ticm reievant to~th‘ health aspects ;of mustard ana mustard ozls a8 food

ive and mgmfzcant as & bas1s for 3udgment However, because
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‘.oi' ‘the’ long'

‘his tory of use of the mugtards: in. or. on foods wnhou‘c apparent

! '“n, and because. asa cenaequence. they have been

€ _ozj pn_foods. Moreover. in products like
~consrst of varisble mixtires of mustard.seeds con-
;1_ antities. thé toxicologmal stndy of the products

'I‘he Select Commxttee has. weighed the foregoing data and
coficiudes: that:

15 11:3 ev:dence m the available mforrna-
“allyl: isothmcyanate. g—hydroxybenzyl
.~xsothmcyanate, and brown-and yellow mustard
that demonstrates, or suggesis.reasonable
dronndd to- suspect a hazerd to the piblic’ ‘when
thi ,g‘ used at. levels that are now currgnt or
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NOTE TO THE READER

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 experiments 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,
Landow Building, Bethesda, MD 20205 (301-496-1152) or at Research Triangle Park, NC 27709
(919-541-3991).

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
supplies last) from the NTP Public Information Office, National Toxicology Program, P.O. Box 12233,
Research Triangle Park, NC 27709,

. This is one in a series of experiments designed to determine whether selected chemicals produce
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CARCINOGENESIS
BIOASSAY OF
ALLYL ISOTHIOCYANATE

CHp=CH—CHa —N=C=§

ALLYL ISOTHIOCYANATE

CAS NO, 57-08-7
C4HgNS  Mol. Wt. 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 50 rats and 50 mice of each sex received corn oil alone and served as vehicle controls.

A single-dose study, a 14-day study, and a 13-week study were performed before the chronic study
was conducted. Pathologic findings seen in the 14-day study at 50 mg/ kg included a thickened mucosal
surface 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 body weights of high-dose male rats were lower than those of the controls, while during
the last half of the study the mean body weights of the low-dose and high-dose female rats were higher
than the mean body weights of the control animals. Final body weights in control and dosed groups

were comparable.

Transitional-cell papillomas in the urinary bladder occurred in dosed male rats with a statistically
significant trend (P<<0.05; controls, 0/49, 0%; low-dose, 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
transitional-cell papillomas in male vehicle control rats in all laboratories in the NCI/NTP Bioassay
Program is 1/994 (0.1%). 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
that had papillomas.

Fibrosarcomas in the subcutaneous tissue occurred in female rats with a statistically significant
positive trend (P<0.05; controls, 0/50, 0%: low-dose, 0/ 50, 09%; high-dose, 3/ 50, 6%), but the incidence
in the high-dose group was not significant when compared with that in the contro! group. The historical
incidence of this lesion is 1/591 {0.29%) 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 comparabie, was unusually low. Mean body
weights of high-dose 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.

lee.’incre.ased incidence of cytoplasmic vacuolization in the liver of dosed male mice was related to
administration of allyl isothiocyanate (controls, 2/49, 49%:; low-dose, 8/49, 16%; high-dose, 13/50, 26%).

Uﬁfxder the conditions of this bioassay, allyl isothiocyanate was carcinogenic for male F344/N rats,
causing tramsitional-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 Institute 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 F344/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 B6C3F1 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 that 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. G. 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 Sa/monella 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.
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I. INTRODUCTION

CHp=CH—CHy —N=C=S§

ALLYL ISOTHIOCYANATE

CAS NO. 67-06-7
Mol. Wt. 99.16

C4HgNS

Allyl isothiocyanate is the major component in
volatile oil of mustard, a flavoring agent pre-
pared from seeds of black mustard (Brassica
nigra) (Life Sciences Research Office, 1975). Syn-
thetically prepared allyl isothiocyanate and vola-
tile oil of mustard are approved by the U.S. Food
and Drug Administration for use as flavoring
agents {U.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, cauliflower, and horseradish (Mitchell and
Jordan, 1974; Life Sciences Research Office,
1975: Hall, 1973).

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 ppm),
baked goods (5.2 ppm), candy, ice cream, and
ices (0.50 ppm), and nonalcoholic beverages
{0.02-0.50 ppm) (Life Sciences Research Office,
1975). Allylisothiocyanate is also used as a dena-
turant for alcohol and as a medicinal counter-
irritant (Merck 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
Office, 1975). The amount of synthetic allyl iso-
thiocyanate produced in 1979 exceeded 1,000
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 LDy 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 al., 1977).
The subcutancous LDgyvalue for white mice is 80
mgfkg (Klesse and Lukoschek, 1955).

Allyl Isothiocyanate

Administration of ally! 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 ally] isothiocyanate
for 30 days was 60% of the value for controls
(Murztar 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 al., 1979a; Muz-
tar et al., 1979b).

Epithelial hyperplasia of the 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 509 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 H17 and M45, Escherichia coli
WP2, or Salmonella typhimurium TA 98, 100,
1535, or 1537 (with or without metabolic activa-
tion) (Oda et al,, 1978; Eder et al,, 1980; NTP,
1981). Allyl isothiocyanate was fetotoxic for
Holtzman rats (Nishie and Daxenbichler, 1980),
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but was not found to be teratogenic in Wistar
rats (Ruddick et al., 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 (NTIS, 1972; NTIS, 1973; NTIS,
1975). These reviews emphasize the lack of data
on the carcinogenicity and toxicity of these sub-
stances. The FDA cites some evidence for
increased fetal deaths and resorptions in rodents
when oil of mustard is administered at 28.0
mg/kg for 10 consecutive days (from days 6 to 15
of gestation} to pregnant mice (albino CD-1
outbred mice). Other teratology studies in rats,

15

hamsters, and rabbits were considered negative
(NTIS, 1973). A select committee of the Federa-
tion of American Societies for Experimental
Biology (FASEB) stated that “more 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).

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

Allyl Isothiocyanate
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II. MATERIALS AND METHODS: CHEMICAL ANALYSIS

CHEMICAL ANALYSIS

Food-grade allyl isothiocyanate (CAS No. 57-
06-7), greater than 93% allyl isothiocyanate, was
obtained from Arsynco, Inc. (Carestadt, NJ)ina
single batch (Lot No. 5§32251).

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 19 of the
major peak; thin-layer chromatography in two
systemns 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
prepared daily in the single-dose and 14-day stu-
dies and were prepared weekly in the I3-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
on the volume of the chemical in relation to the
volume of corn oil. ’

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

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 were 0.01% (v/v)
or less (Table Gl1).

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

Groups of five F344/N rats of cach sex were
administered a single dose of allyl isothiocyanate
(25, 50, 100, 200, or 400 mg/kg body weight) in
corn oil by gavage. Groups of five B6C3F | mice
of each sex received 50, 100, 200, 400, or 800
mg/ kg allyl isothiocyanate by the same route.
No controls were used.

Allyl Isothiocyanate
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Animals were observed twice daily for 16 days.
Weights were taken on the day of dosing and
then on day IS. The peritoneal cavities were
examined in male mice administered 200, 400, or
800 mg/kg and in female mice administered 100,
200, or 400 mg/ke.

Further details of the study are presented in
Table 1.
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II. MATERIALS AND METHODS: PRECHRONIC STUDIES

Fourteen-Day Study

Groups of five F344/N rats of either sex were
administered 25, 50, 100, 200, or 400 mg/ kg allyl
isothiocyanate in corn oil by gavage for 14 con-
secutive days (Table 1). Groups of B6C3F1 mice
received 3, 6, 12, 25, or 50 mg/kg by the same
toute. 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 Study

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 1.5, 3, 6, 12, or 25 mg/kg allyl isothio-
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 precluded 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

Groups of 50 rats and 50 mice of each sex
received 12 or 25 mg/kg allyl isothiocyanate in
corn oil 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. All 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
rack, high-dose males were on the top two levels,
high-dose females were on the middle two levels,
and low-dose males were on the bottom two lev-
els. On the other rack, low-dose 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
animal care and maintenance were similar. Ani-
mals were randomized to control and dosed
groups as described in Table i. Chronic studies
for rats and mice began in March 1978.

19

Clinical Examinations and Pathology

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 O
on frozen sections was used to more clearly

Allyl Isothiocyanate
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II. MATERIALS AND METHODS: CHRONIC STUDY

define the nature of cytoplasmic vacuolization in
the livers 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
animals from which particular organs or tissues
were examined microscopically varies and is not
necessarily 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 consensus of contracting pathologists
and the NTP Pathology Working Group.

Data Recording and Statistical Methods

Data on this experiment were recorded in the
Carcinogenesis Bioassay Data System (Linhart et
al.. 1974). The data elements include descriptive
information on the chemicals, animals, experi-
mental 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
product-limit procedure of Kaplan and Meier
(1958) and are presented in this report in the
form of graphs. Animals were statistically cen-
sored as of the time that they died of other than
natural causes or were found to be missing;
animals dyving 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
metheds for testing for a dose-related trend.

The incidence of neoplastic or nonneoplastic
lesions has been given as the ratio of the number
of animals bearing such lesions at a specific ana-
tomic site to the number of animals in which that
site was 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 lesions {e.g., skin or mammary tumors)
prior to histologic sampling, or when lesions
could have appeared at multiple sites (e.g., 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
intercurrent mortality were employed. Each used

Allyl Isothiocyanate
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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 “fatal™ 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 Kkilled 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 (1975).

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™ i.e., 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 Peto et al,,
1980, for 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 generally be similar. When differing results
are obtained by the three methods, the final
interpretation of the data will depend on the
extent to which the tumor under consideration is
regarded as being the cause of death.
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] TABLE 1. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS

14-Day Study

13.Week Study

Single-Dose Study
Experimental Design
Size of Test Groups 5 males, 5 females
of each species
Doses Rats; 25, 50, 100, 200, or 400
mg/ kg body weight allyl

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

Duration of Dosing Rats and mice: single dose;

killed on day 16

Type and Frequency of Observed twice daily
Observation for mortality
Necropsy and Peritoneal cavity examined
Histologic Examination in male mice receiving
200, 400, or 800 mg/kg
and in female mice receiving
100, 200, or 400 mg/kg

$ males, 5 females
of each species

Rats: 25, 50, 100, 200, or 400
mg/ kg body weight allyl
isothiocyanate in corn oil;

volume: 10 ml/ kg body weight
Mice: 3, 6, 12, 25, or 50 mg/kg
body weight allyl isothiocyanate

in corn oil; volume: 10 ml/ kg

body weight

Rats: 14 consecutive days;
killed on days 16-17
Mice; 14 consecutive days:
killed on days 17-31

Observed twice daily for
mortality

All animals necropsied

10 males, 10 females
of each species

Rats and mice: 1.5, 3, 6, 12, or

25 mg/ kg body weight allyl
isothiocyanate in comn oil;
vehicle control, corn oil
only, volume: rats, S ml/kg
body weight; mice, 10 ml/kg
body weight

Rats and mice: 13 weeks,
5 days per week; killed on
days 92-96

Observed twice daily for
morbidity and mortality

Gross necropsy performed
on all animals; histologic

examination performed on all

vehicle controls and all
animals receiving 25 mg/kg

50 males, 50 females
of each species

Rats and mice: low dose

12 mg/kg body weight

allyl isothiocyanate in

corn oil; high dose

25 mg/kg 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: 103 weeks;
5 days per week; killed at
week 104-106

Observed twice daily for
morbidity and mortality

Gross necropsy and
histologic examination
performed on all animals
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TABLE 1. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS (Continued)

Single-Dose Study

14-Day Study

13-Week Study

Chronic Study

Species

Animal Source

Time Held Before
Start of Test

Age When Placed
on Study

Age When Killed

Method of Animal
Distribution

Feed

Bedding

Water

Cages

Animals and Animal Maintenance

F344/N Rats; B6C3F1 Mice

Frederick Cancer
Research Center
(Frederick, MD)

Rats: 9 days
Mice: 8 days

35 days old
51 days old

Randomized to cages

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

Wayne Lab Blox®
Allied Mills, Inc.
{Chicago, IL) Avail-
able ad libitum

Beta Chips®, hardwood
chips, Northeastern
Products Corp.
{(Warrensburg, NY)

Tap water in glass
bottles available
ad libitum

Stainless steel,
Hahn Roofing and
Sheet Metal Co.
(Birmingham, AL)

F344/N Rats; B6C3IF1 Mice

Same as single-dose study

Rats: 8 days
Mice: 8 days

35 days old

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

Same as single-dose study

Same as single-dose study

Same as single-dose study

Same as single-dose study

Same as single-dose study

F344/N Rats; B6C3F1 Mice

Same as single-dose study

Rats: § days
Mice: 5 days

35 days old
127-131 days old

Same as single-dose study

Same as single-dose study

Same as single-dose study

Tap water via automatic
system, Edstrom
Industries, Inc.
(Waterford, WI)

Polycarbonate
Lab Products, Inc.
(Garfield, NJ)

F344/N Rats; B6C3IF! Mice

Harlan Industries, Inc.
(Indianapolis, IN)

Rats: 16 days
Mice: 16 days

Rats: 39 days old
Mice: 57 days old

Rats: 767 days old
Mice: 785 days old

Same as single-dose study

Same as single-dose study

Same as single-dose study

Same as |3-week study

Same as 13-week study
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TABLE 1. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS (Continued)

Single-Dose Study 14-Day Study 13-Week Study Chronic Study

Animals and Animal Maintenance

Animals Per Cage 5 5 S 5

Cage Filters Fiberglass Fiberglass Disposable spun-bonded Same as |3-week study
Polyester Dupont #2024
Snow Filtration Co.
(Cincinnati, OH)

Animal Room 23° £ 3°C; humidity Same as single-dose study 23°13°C; humidity 23°13°C; humidity

Environment uncontrolled; uncontrolled; uncontrolled;

Other Chemicals on
Test in Same Room

Chemical/Vehicle Mixture

Preparation

Frequency of
Preparation

Storage Conditions

15 air changes per hr.
9 hrs fluorescent light

Rats and mice:
ethyl acrylate.
eugenol. p-mannitok:

Allyl isothiocyanate
mixed with Mazola®

-ecorn oil to concen-

tration of highest _
dose (stock mixture);
stock mixture diluted
with corn oil to make
other doses

Mixture prepared daily

Rats: ethyl acrylate,
eugenol, o-mannitol;
Mice: ethyl acrylate,

cugenol, p-mannitol; stannous

chloride, ziram, propyl
gallate, zearalenone

Same as single-dose study

Mixture prepared daily

Excess mixture
discarded

15 air changes per hr.
12 hrs fluorescent light

None

Same as single-dose study

Mixture prepared once
each week

18 air changes per hr,
12 hrs fluorescent light

None

Same as single-dose study

Mixture prepared once
each week

Dosing mixture stored at
5°C for no longer than
10 days
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III. RESULTS
RATS

PRECHRONIC STUDIES
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Single-Dose Study
Fourteen-Day Study
Thirteen-Week Study

CHRONIC STUDY
Body Weights and Clinical Signs
Survival
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HI. RESULTS: RATS—PRECHRONIC STUDIES

PRECHRONIC STUDIES

Single-Dose Study

All 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
Dose (Percent)
{mg/kg) Males Females
25 69 40
50 58 45
100 61 44
200 50 38
400 31 20

Other signs of toxicity seen in male rats receiv-
ing 200400 mg/kg included inactivity, watery
eyes, and ruffled fur. All signs were gone by day 9
in the 400 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 50400 mg/ kg, and adhesion of the
stomach to the peritoneum was observed in
groups of male rats receiving 50-400 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 [3-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 (grams)
Dose Survival
(mg/kg) (a) Initial Final Change (b)
Males
25 5/5 96.6 + 5.0 1470+ 6.6 +504 £ 2.8
50 5/5 858139 12722 4.1 +414+23
100 5/5 928+ 7.1 113.0 £ 6.1 +20.2 £ 22
200 0/5¢c) d) @ (d)
400 0/5(e) (d) (d) (@)
Femasles
25 5/5 82627 113.2+ 1.7 +30.6 £ 2.3
50 5/5 774135 105.6 £ 3.2 +282+26
100 5/5 84.8 2 3.0 1058 £ 3.8 +21.0£27
200 0/5¢) (d) (@) (d)
400 0/5(g) (d) ()] (d)

(a) Number surviving/ number initialiy in the group. All calculations refer only to the survivors of each group.
(B) Mean weight change of the survivors of the group + standard error of the mean.

{c¢) Days of death; 2, 2, 3, 8,9

(d) No data are presented due to the 100% mortality in this group.

{e) Days of death: 2,2, 2, 2.4
{7 Days of death: 2,2, 6,8, 9
{2) Days of death: 2,2, 2,2, 3

Allyl Isothiocyanate
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TABLE 3. INCIDENCE OF COMPOUND-RELATED EFFECTS OBSERYVED IN RATS AT NECROPSY
IN THE 14-DAY STUDY OF ALLYL ISOTHIOCYANATE

Thickened Mucosal

Adbhesion of Stomach

Dose {mg/kg) Surface of Stomach to Peritoneum
Males
25 0/5 0/5
50 5/5 1/5
100 5{5 4/5
200 4/5(a) 5/5(a)
400 1/5(a) 3/5(a)
Females
3 0/5 0/5
50 518 0!S
100 518 245
200 3/5(a) 4/5(a)
400 3/5(a) 4/5(a)

(a} See Table 2 for days of death.

Thirteen-Week Study

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

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 14-day study at 50 mg/kg.

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

Weight Change
. Mean Body Welght (grams) Relative to
Dose Survival Controls (d)
(me/kg)(a) ) Initial Final Change (c) (Percent)
Males
Ofe} 10710 654+34 309.8 £ 54 +2444 + 3.8
1.5 10710 659£28 3225262 +256.6 + 4.8 +5.0
3 10710 672126 3210252 +253.8 4.2 +3.8
6 10:10 6721139 Ji184 254 +251.2+49 +28
12 10710 66,9 £29 3145154 +247.6 £ 4.8 +1.3
25 10710 66.7 £ 44 3034+ 8.8 42367175 -32
Females
Ofe) 10/ 10 56.1 £ 1.8 191.9 2 3.t +1358 3 4.1
ts 10510 0.0+2.1 1947 244 +134.7 £ 5.) 0.8
3 10710 64023 196.4 + 4.0 +1324 £ 4.1 -2.5
6 10/ 10 608424 1953+ 3.6 +13451 2.1 -1.0
12 1010 598219 1914230 +)31.6 38 -3
25 10/10 62.6 £ 2.7 192.9 + 4.4 +130.3 £33 4.1
fa) Allyl isothiocyanate in corn oil was administered 5 days per week.
(b} Number surviving; number initially in the group.
() Mean weight change of the group + standard error of the mean.
{d} Weight change of the dosed group relative to that of the controls B
Weight Change (Dosed Group) - Weight Change (Control Group) 100

Weight Change (Control Group)

(e} Vehicle controls received corn oil alone.
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III. RESULTS: RATS—CHRONIC STUDY

Body Weights and Clinical 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

CHRONIC 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 clinical signs were observed.

Ally! Isothiocyanate
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I11. RESULTS: RATS—CHRONIC STUDY

Survival

Estimates of the probabilities of survival of
male and female rats administered ally! isothio-
cyanate by gavage at the doses of this bioassay,
together with those of the control groups, are
shown by the Kaplan and Meier curves in Figure
2. Two male rats were accidentally killed, one in
the low-dose group at week 54 and one in the
high-dose group at week 68. Two female rats in
the low-dose group were accidentally killed at
week 54. These deaths were due to gavage error.
No significant differences in survival were
observed. One control male, one low-dose male,

and two low-dose 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 low-dose, 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 high-dose
group lived to the end of the study at 104-106
weeks.
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HI. RESULTS: RATS—~CHRONIC STUDY

Pathology and Statistical Analyses of
Results

Histopathologic findings on neoplasms in rats
are summarized in Appendix A, Tables Al and
A2; Tables A3 and Ad 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.

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

Hematopoietic Sysiem: Leukemia was ob-
served in dosed male rats with a statistically sig-
nificant positive trend (P<<0.05; incidence: con-
trol, 2/50, 4%; low-dose 6/50, 12%; high-dose,
8/50, 16%). The incidence in the male high-dose
group was significantly higher (P<0.05) 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 leukemia, or monocytic leukemia.

Urinary Bladder: Transitional-cell papillomas
occurred in dosed male rats with a statistically
significant (P<0.05) positive trend. Incidences

in the control, low-dose, and high-dose groups
were 0/49 (0%), 2/49 (4%), and 4/49 (8%). One
female rat in the high-dose 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%) high-dose male rats.
Both the overall trend and the increase at the
high dose were statistically significant (P<<0.05).
Incidences of bladder lesions are givenin Table 5.

Three of the 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 (189%) 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 11/50 (229%) high-dose females.
Cataract formation was observed in 7/50 (14%)
control males, 6/50 (129%) low-dose males, 13/50
(26%) high-dose males, 2/ 50 (4%) control females,
33/50 (66%) low-dose females, and 9/50 (18%)
high-dose 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 WITH BLADDER LESIONS IN THE CHRONIC STUDY WITH

ALLYL ISOTHIOCYANATE

Incidence
Males Females
Vehicle Low High Vehicle Low High
Control Dose Dose Control Dose Dose
Animals examined 49 49 49 49 50
Lesion:
Transitional-Cell
Papilloma 0 2 0 0 I
Epithelial Hyperplasia 0 1 6(a) 0 0 I
Nodular Hyperplasia 0 0 1 0 0 0

{a) None of these animals had papillomas.

Allyl Isothiocyanate
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TABLE 6. ANALYSIS OF PRIMARY TUMORS IN MALE RATS (a)

Vehicle Low High
Control Dose Dose
Skin: Squamous Cell Papilloma
Tumor Rates
Overzll (b) 3/50 (6%) 0/50 (0%) 4/50 (8%)
Adjusted (c) 7.6% 0.0% 12.1%
Terminal (d) 2/38 (5%) 0/33 (0%) 4/33 (12%)
Statistical Tests (e)
Life Table P=0.331 P=0.152N P=0418
Incidental Tumor Test P=0.292 P=0.159N P=0.364"
Cochran-Armitage Trend,
Fisher Exact Tests P=0.393 P=0.12IN P=0.500
Skin: Squamous Cell Papiltoma or Carcinoma
Tumor Rates
Overall (b) 4/50 (8%) 0/50 (0%) 6/50 (12%)
Adjusted (¢c) 10.1% 0.0% 17.2%
Terminal (d) 3/38 (8%) 0/33 (0%) 5/33 (15%)
Statistical Tests (e)
Life Table =0.203N P=0.086N P=0.284
Incidental Tumor Test P=0.234N P=0.090N P=0.331
Cochran-Armitage Trend,
Fisher Exact Tests P=0.260 P=0.059N P=0.370
Subcutaneous Tissue: Fibrosarcoma
Tumeor Rates
Overall (b} 5/50 (10%) 5/50 (10%) 1/50 (2%)
Adjusted (c} 12.5% 14.1% 2.8%
Terminal (d) 4/38 (11%) 4/33 (12%) 0/33 (0%)
Statistical Tests (e)
Life Table P=0.133N P=0.542 P=0.154N
Incidental Tumor Test P=0.123N P=0.628N P=0.215N
Cochran-Armitage Trend,
Fisher Exact Tests P=0.088N =0.630 P=0.102N
Subcutaneous Tissue: All Sarcomas
Tumor Rates
Overall (b) 6/50 (12%) 8/50 (16%) 2/50 (4%)
Adjusted (c) 14.5% 20.5% 5.19%
Terminal (d) 4/38 (11%) 5/33 (15%) 0/33 (0%)
Statistical Tests (e)
Life Table P=0.189N P=0.304 =0.209N
Incidental Tumor Test P=0.088N P=0.540 P=0.198N
Cochran-Armitage Trend,
Fisher Exact Tests P=0.124N P=0.387 P=0.134N
Lung: Alveoiar/Bronchiolar Adenoma or Carcinoma
Tumor Rates
Overall (b) 3/49 (6%) 2/49 (4%) 3/48 (6%)
Adjusted (¢) 1.2% 6.3% 8.8%
Terminal (d) 1/37 (3%) 2/32 (6%) 2/31 (%)
Statistical Tests (e}
Life Table P=0.512 P=0.556N P=0.590
Incidental Tumor Test P=0.545N P=0.426N P=0.54IN
Cochran-Armitage Trend,
Fisher Exact Tests P=0.577 P=0.500N P=0.651
31 Allyl Isothiocyanate
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TABLE 6. ANALYSIS OF PRIMARY TUMORS IN MALE RATS (g) (Continued)

Vehicle Low High
Control Dose Dose
Hematopoletic System: Undifferentiated Leukemia
Tumor Rates
Overall (b) 2/50 (4%) 6/30 (12%) 8/50 (16%)
Adjusted (c) 4.7% 17.19% 21.6%
Terminal (d) 0/38 (0%) 4/33 (12%) 5/33 (15%)
Statistical Tests (e)
Life Table P=0.024 P=0.093 P=0.030
Incidental Tumor Test P=0.006 P=0.070 P=0.009
Cochran-Armitage Trend,
Fisher Exact Tests P=0.039 P=0.134 P=0.046
Hematopoietic System: Lymphoma or Leukemis
Tumor Rates
Overall (b) 2/50 (4%) 7/50 (14%) 8/50 (16%)
Adjusted (c) 4.7% 19.19; 21.6%
Terminal (d) 0/38 (0%) 4/33 (12%) 5/33 (15%)
Statistical Tests (¢)
Life Table P=0.027 P=0.054 P=0.030
Incidental Tumor TFest P=0.011 P=0.060 P=0.009
Cochran-Armitage Trend,
Fisher Exact Tests P=0.044 P=0.080 P=0.046
Liver: Neoplastic Nodule
Tumor Rates
Overall (b) 2/50 (4%) 0/50 (09%) 5/50 (10%)
Adjusted (c) 5.3 0.0% 15.2%
Terminal (d) 2/38 (5%) 0/33 (0%) 5/33 (15%)
Statistical Tests (e)
Life Table P=0.085 P=0.270N P=0.162
Incidenta) Tumor Test P=0.085 P=0.270N P=0.162
Cochran-Armitage Trend,
Fisher Exact Tests P=0.112 P=0.247N P=0.218
Urinary Biadder: Transitional-Cell Papilloma
Tumor Rates
Overall (3) 0/49 (0%) 2/49 (4%) 4/49 (8%)
Adjusted (¢} 0.0% 5.5% 12.1%
Terminal (d) 0/37 (0%) 1/32 (3%) 4/33 (129)
Statistical Tests (e)
Life Table P=0.030 P=0.209 P=0.049
Incidental Tomor Test - P=0.048 P=0.356 P=0.049
Cochran-Armitage Trend,
Fisher Exact Tests P=0.038 P=0.247 P=0.059
Pituitary: Adenomsa
Tumor Rates
Overall () 7/47 (15%) 12/49 (24%) 4/49 (8%)
Adjusted (c) 18.0% 30.6% 11.7%
Terminal {d) 5/36 (14%) 6/32 (19%) 3/33 (9%)
Statistical Tests (e}
Life Table P=0.326N P=0.107 P=0.336N
Incidental Tumor Test P=0.270N P=0.236 P=0.462N
Cochran-Armitage Trend,
Fisher Exact Tests P=0.204N P=0.178 P=0.238N
Altyl Isothiocyanate 32
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TABLE 6. ANALYSIS OF PRIMARY TUMORS IN MALE RATS (a) (Continued)

Vehicle Low High
Control Dose Dose
Pituitary: Adenoma or Carcinoma
Tumor Rates
Overall (b) 7147 (15%) 13/49 (27%) 4/49 (8%)
Adjusted (¢} 18.0% 33.3% 11.7%
Termina! (d) 5/36 (14%) 7132 (22%) 3/33 (9%)
Statistical Tests (e)
Life Table P=0.329N P=0.071 P=0.336N
Incidental Tumor Test P=0.275N P=0.162 P=0.462N
Cochran-Armitage Trend,
Fisher Exact Tests P=0.205N P=0.124 P=0.238N
Adrenal: Pheochromocytoms
Tumor Rates
Ovenall (b) 16/50 (32%) 15/50 (30%) 11/50 (22%)
Adjusted () 39.79% 40.8% 33.3%
Terminal (d) 14/38 (37%) 12/33 (36%) 11/33 (33%)
Statistical Tests (e}
Life Table P=0.293N P=0.483 P=0.322N
Incidental Tumor Test P=0.260N P=0.580N P=0.376N
Cochran-Armitage Trend,
Fisher Exact Tests P=0.158N P=0,500N P=0.184N
Adrenal: Pheochromocytoma or Malignant Pheochromocytoma
Tumor Rates
Overall (b) 17/50 (34%) 15/50 (30%) 11/50 (22%)
Adjusted (c) 41.1% 40.8% 33.3%
Terminal (d) 14/38 (37%) 12/33 (36%) 11/33 (33%)
Statistical Tests (e)
Life Table P=0.23IN P=0.557 P=0.258N
Incidental Tumor Test P=0.213N P=0.505N P=0.330N
Cochran-Armitage Trend,
Fisher Exact Tests P=0.113N P=0.415N P=0.133N
Thyroid: C-Cell Adenoma
Tumor Rates
Overall (b) 6/48 (13%) 10/50 (20%) 5/50 (10%)
Adjusted (¢} 16.7% 29.1% 14.6%
Terminal (d) 6/36 (17%) 9/33 (27%) 4/33 (12%)
Statistical Tests (e)
Life Table P=0.51IN P=0.151 P=0.570N
Incidental Tumor Test P=0.470N P=0.194 P=0.614N
Cochran-Armitage Trend,
Fisher Exact Tests P=0.400N P=0.233 P=0.47IN
Thyroid: C-Cell Adenoma or Carcinoma
Tumor Rates
Overall (B) 8/48 (17%) 11/50 (22%) 7/50 (14%)
Adjusted (¢) 21.4% 30.7% 20.5%
Terminal (d)} 7/36 (19%) 9733 (27%) 6/33 (18%)
Statistical Tests (¢)
Life Table P=0.530N P=0.235 P=0.587N
Incidental Tumor Test P=0.474N P=0.348 P=0.560
Cochran-Armitage Trend,
Fisher Exact Tests P=0.404N P=0.341 P=0.465N
33 Aliyl Isothiocyanate
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TABLE 6. ANALYSIS OF PRIMARY TUMORS IN MALE RATS (a) (Continued)
., Vehicle Low High
Control Dose Dose
Pancreatic Islets: Islet-Cel) Adenoma or Carcinoma
Tumor Rates
Overall (b) 3/50 (6%) 2/50 (4%) 1749 (2%)
Adjusted (c) 7.9% 6.1% 3.0%
Terminal (d) 3/38 (8%) 2/33 (6%) 1/33 3%)
Statistical Tests (e)
‘ Life Table P=0.272N P=0.564N P=0.356N
‘ Incidental Tumor Test P=0.272N P=0.564N P=0.356N
Cochran-Armitage Trend,
_ Fisher Exact Tests P=0.232N P=0.500N P=0.316N
Mammary Gland: Fibroadenoma
Tumor Rates
Overall (3) 3/50 (6%) 3/50 (6%) 3/50 (6%)
’ Adjusted (c) 7.4% 9.1% 9.1%
‘! Terminal (d) 2/38 (5%) 3/33 (9%) 3/33 (9%)
" Statistical Tests (e}
Life Table P=0.508 P=0.591 P=0.584
Incidental Tumor Test P=0.474 P=0.584 P=0.533
Cochran-Armitage Trend,
Fisher Exact Tests P=0.586 P=0.661 P=0.661
Preputis} Gland: Adenocarcinoms
Tumor Rates
Ovenall (b) 4/50 (8%) 1/50 (2%) 1/50 (2%)
‘ Adjusted (¢) 10.5% 3.0% 3.0%
Terminal (d) 4/38 (11%) 1/33 (3%) 1/33 (3%)
Statistical Tests (¢}
Life Table P=0.137N P=0.223N P=0.223N
Incidenta! Tumor Test P=0.137N P=0.223N P=0.223N
Cochran-Armitage Trend,
Fisher Exact Tests P=0.108N P=0.18IN =0.18IN
Preputial Gland: Carcinoma or Adenocarcinoma
Tumor Rates
Overall (b) 4/50 (8%) 2/50 (4%) 2/50 (4%)
Adjusted (¢) 10.5% 6.19% 6.1%
Terminal (d) 4/38 (11%) 2/33 (6%) 2/33 (6%)
Statistical Tests (e)
Life Table : P=0.316N P=0.403N P=0.403N
Incidental Tumor Test P=0.316N P=0.403N P=0.403N
Cochran-Armitage Trend,
Fisher Exact Tests P=0.260N P=0.339N P=0.339N
Testis: Interstitial-Cell Tumor
Tumor Rates
Overall (b) 45/50 (90%) 45/50 (90%) 49149 (100%)
Adjusted (¢} 97.8% 95.7% 100.0%
Terminal (d) 37/38 (97%) 31/33 (94%) 33/33(100%)
Statistical Tests (e)
Life Table P=0.024 P=0.146 P=0.023
Incidental Tumor Test P=0.066 =0.596N P=0.068
Cochran-Armitage Trend,
Fisher Exact Tests P=0.036 P=0.630 P=0.030
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TABLE 6. ANALYSIS OF PRIMARY TUMORS IN MALE RATS (a) (Continued)

(a} 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).

(¢) Kaplan-Meier estimated lifetime tumor incidence after adjusting for intercurrent mortality.

(d) Observed tumor incidence in surviving animals killed at end of study.

fe) 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 (directly
or 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).
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TABLE 7. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS (g

Vehicle Low High
Control Dose Dose
Subcutaneous Tissue; Fibrosarcoma
Tumor Rates
Overall (b) 0/50 (0%) 0/50 (0%) 3/50 (6%)
Adjusted (¢) 0.0% 0.0% 8.1%
Terminal (d) 0/35 (0%) 0/31 (0% 2/33 (6%)
Statistical Tests (e)
Life Table ' P=0.037 1)) P=0.116
Incidental Tumor Test P=0.028 (i) P=0.094
Cochran-Armitage Trend,
Fisher Exact Tests P=0.036 (A P=0.121
Lung: Alveolar/Bronchiolar Adenoma or Carcinoma
Tumor Rates
Overall (b) 1/50 (29%) 0/50 (0%) 3/50 (6%)
Adjusted (¢} 2.9% 0.0% 7.4%
Terminal {d) 1/35 (3%) 0/31 (0%) 1/33 (3%)
Statistical Tests (e)
Life Table P=0.174 P=0.524N P=0.301
Incidental Tumor Test P=0.125 P=0.524N =0.223
Cochran-Armitage Trend,
Fisher Exact Tests P=0.171 P=0.500N P=0.309
Hematopoietic System: Undifferentiated Leukemia
Tumor Rates
Overall (b) 7/50 (14%) 9/50 (18%) 11/50 (22%)
Adjusted (¢) 16.6% 23.8% 26.1%
Terminal (d) 3/35 (9%) 4/31 (13%) 4/33 (129%)
Statistical Tests ()
Life Table ) P=0.192 P=0.318 P=0.219
Incidental Tumor Test P=0.186 P=0.373 P=0.291
Cochran-Armitage Trend,
Fisher Exact Tests P=0.184 P=0.393 P=0.218
Hematopoletic System: Al Leukemis
Tumor Rates
Overall (b) 7/50 (14%) 9/50 (18%) 12/50 (24%)
Adjusted (¢) 16.6% 23.8% 28.6%
Terminal (d) 3/35 (9%) 4/31 (13%) 5733 (159%)
Statistical Tests (e)
Life Table P=0.136 P=0.318 P=0.15%
Incidental Tumor Test P=0.124 P=0.373 P=0.210
Cochran-Armitage Trend.
Fisher Exact Tests P=0.125 P=0.393 P=0.154
Hematopoletic System: Lymphoma or Leukemia
Tumor Rates
Overall (b) 8/50 (14%) 9/50 (18%) 14/50 (28%)
Adjusted (¢) 19.2% 23.8% 31.6%
Terminal (d) 4/35 (11%) 4/31 (13%) 5/33 (15%)
Statistical Tests (e)
Life Table P=0.101 P=0.410 P=0.125
Incidenta) Tumor Test P=0.096 P=0.479 P=0.206
Cochran-Armitage Trend,
Fisher Exact Tests P=0.087 P=0.500 P=0.114
Allyl Isothiocyanate 36
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TABLE 7. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS (a) (Continued)

. Vehicle Low High
‘Topography:Morphology Control Dose Dose
Pituitary: Adenoma
Tumor Rates
Qverall (b) 17/49%(35%) 10/ 50(20%) 13/50(26%)
Adjusted (¢) 44.3% 29.89%, 36.7%
Ferminal (d) 13/34(38%) 8/31(26%) 11/33(33%)
Statistical Tests (&)
Life Table P=0.247N P=0.145N P=0.283N
Incidental Tumor Test P=0.24IN P=0.139N P=0.279N
Cochran-Armitage Trend,
Fisher Exact Tests P=0.207N P=0.078N P=0.235N
‘ Pituitary: Carcinoma
; Tumor Rates
Overall (b) 0/49(0%) 3/50(6%) 2/50(4%)
Adjusted (¢) 0.0% 9.7% 6.1%
Terminal (d) 0/34(0%) 3/31(10%) 2/33(6%)
Statistical Tests ()
Life Table P=0.208 P=0.105 P=0.231
Incidental Tumor Test P=0.208 P=0.105 P=0.231
Cochran-Armitage Trend,
Fisher Exact Tests P=0.219 P=0.125 P=0.253
Pituitary: Adenoma or Carcinoma
Tumor Rates
Qverall (b) 17/49(35%) 13/50{26%) 15/50(30%)
‘Adjusted. (¢) 44.3%, 38.9% 42.5%
Terminal (d) 13/34(38%) 11/31(35%) 13/33(39%)
Statistical Tests (e}
Life Table P=0.407TN P=0.360N P=0.446N
Incidental Tumor Test P=0.404N P=0.359N P=0.447TN
Cochran-Armitage Trend,
Fisher Exact Tests P=0.355N P=0.235N P=0.388N
Adrenal: Pheochromocytoma
Tumor Rates
Overall (b) 1/50(2%) 2/50(4%) 3/350(6%)
Adjusted (c) 2.3% 6.5% 9.19%
Terminal (d) 0/35(0%) 2/31(6%) 3/33(9%)
Statistical Fests (e)
Life Table P=0.216 P=0.464 P=0.293
incidental Tumor Test P=0.194 P=0.451 P=0.256
Cochran-Armitage Trend,
Fisher Exact Tests P=0.226 P=0.500 P=0.309
Adrenal: Pheochromocytoma and Malignant Pheochromocytoms
Tumor Rates
Overall (b) 2/50(4%) 2/50(4%) 3/50(6%)
Adjusted (¢) 5.1% 6.59% 9.1%
Terminal (d) 1/35(3%) 2/31(6%) 3/33(9%)
Statistical Tests (e)
Life Table P=0.390 P=0.654 P=0.481
Incidental Tumor Test P=0.364 P=0.644 P=0.442
Cochran-Armitage Trend,

Fisher Exact Tests P=0.408 P=0.691 P=0.500

37 Ailyl Isothiocyanate

000119




TABLE 7. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS (g} (Continued)

| . Vehicle Low High
{1 Control Dose Dose
|
! Thyroid: C-Cell Adenoma
Tumor Rates )
Overall (b) 10/50 (20%) 8/48 (17%) 6/50 (12%)
i Adjusted (c) 28.6% 26.1% 18.2%
Terminal (d) 10/35 (29%) 7/29 (24%) 6/33 (18%)
Statistical Tests (e)
Life Table P=0.200N P=0.570N P=0.236N
Incidental Tumor Test P=0.21IN P=0.574N P=0.236N
Cochran-Armitage Trend,
Fisher Exact Tests P=0.173N P=0.435N =0.207N
Thyroid: C-Cell Carcinoma
Tumor Rates
Overall (b) 2/50 (4%) 2/48 (4%) 3/50 (6%)
Adjusted (c) 5.7% 6.9% 9.1%
Terminal (d) 2/35 (6%) 2/29(7%) ' 3/33 (9%)
Statistical Tests (e)
Life Table P=0.385 P=0.626 P=0.473
Incidental Tumor Test =0.385 P=0.626 P=0.473
Cochran-Armitage Trend,
Fisher Exact Tests P=0.409 P=0.676 P=0.500
Thyroid: C-Cell Adenoma or Carcinoma
Tumor Rates
Overall (b) 12/50 (24%) 10/48 (21%) 9/50 (18%)
Adjusted (¢) 34.3% 32.8% 27.3%
.: Terminal (d) 12/35 (34%) 9/29 (31%) 9/33 (27%)
Statistical Tests (e)
Life Table P=0.314N P=0.598 P=0.359N
Incidental Tumor Test P=0.327N P=0.595 P=0.359N
Cochran-Armitage Trend, '
Fisher Exact Tests =0.272N P=0.447N P=0.312N
Maminary Gland: Fibroadenoma
Tumor Rates
Overall (b) 8/50 (16%) 14/50 (28%) 11/50 (22%)
Adjusted (¢) 21.8% 39.7% 30.7%
Terminal (d) 7/35 (20%) 11/31 (35%) 9/33 (27%)
Statistical Tests (e)
Life Table P=0.247 P=0.068 P=0.264
Incidental Tumor Test P=0.246 P=0.115 P=0.246
Cochran-Armitage Trend,
Fisher Exact Tests P=0.285 P=0.114 P=0.306
Uterus: Endometrial Stromal Polyp
Tumor Rates
Overall (&) 14/50 (28%) . 15/49 (31%) 16/50 (32%)
Adjusted (c) 38.9% 44.8% 42.4%
Terminal (d) 13/35 (37%) 13/31 (42%) - 12/33 (36%)
Statistical Tests (e)
Life Table P=0.3}} P=0.346 P=0.347
Incidental Tumor Test P=0.374 P=0.420 P=0.400
Cochran-Armitage Trend,
Fisher Exact Tests P=0.375 P=0.474 =0.414

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

(a} 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).

(c) 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 pairwise comparisons between that dosed group and the
control. The life 1able 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-

r Armitage and Fisher’s exact tests compare directly the overall incidence rates. A negative trend is indicated
by (N).

() No test was performed because there was no incidence in the low-dose or vehicle control group.
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HI. RESULTS: MICE—PRECHRONIC STUDIES

PRECHRONIC STUDIES

Single-Dose Study

Two of five males receiving 400 mg/kg and
4/5 males and 5/5 females receiving 800 mg/kg
died (Table 8). The following average weight
increases over the initial weight (on day 0) were
calculated at the end of the [6th day for the sur-
viving male and female mice:

Weight Increase
Dose (Percent)
(mg/kg) Males Females

50 2 18
100 17 22
200 pl) 13
400 2 11
800 38 —

Male and female mice exhibited a transient,
dose-related toxicity which was most marked in
the 100, 200, 400, and 800 mg/kg groups. This
:_nclud‘ed inactivity, drooping eyelids, and ruffled
fur.

The peritoneal cavities were examined in male
mice administered 200, 400, or 800 mg/kgand in
female mice administered 100, 200, or 400 mg/ kg.
The 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.

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
nonglandular region of the stomach was observed
in 4/5 males and 5/5 females administered 50
mg/kg. A thickened urinary bladder wall was
seen in 4/5 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 10).
The highest dose level (25 mg/kg) had no effect
on male or female B6C3F 1 mice.

Doses of 12 and 25 mg/ kg allyl isothiocyanate,
administered five times per week by gavage, were
selected 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
ISOTHIOCYANATE IN CORN OIL BY GAVAGE

Survival (g)
Dose (mg/kg) Males Females
50 5/5 5/5
100 515 515
200 5/5 515
400 3/5 @) 5/5
800 1/5 () 0/5 (d)

{a) Number surviving/number initially in the group.

(b) Deaths occurred on days ! and 14.

(¢} Two animals died on day | and two animals on day 2.

(d) Four animals died on day 1 and one animal on day 2.

Allyl Isothiocyanate
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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)
Dose Surviva)
(mg/kg) (a) Initial Final Change (b)
‘ Males

‘ 3 5/5 20204 21007 +08+05
‘ 6 5/5 206 0.2 22,6 £ 0.7 +20x05
12 5/5 2021207 2102 1.0 +0.8104

25 5/5 198105 R 21.81£0.7 +2.0105

50 4/5 (c) 205+ 0.7 238105 +3.3+08

Femles

3 5/5 174 204 19.0£0.3 +1610.5

] 5/5 16610.2 18.8+0.7 +2210.7

12 5/8 178205 184204 +#.610.2

25 5/5 16.8 £ 0.4 184102 +160.5

50 5/5 17605 13009 +04+10

{a) Number surviving/ number initially in the group. All calculations refer only to the survivors of each group:
(b) Mean weight change of the survivors of the group £ standard error of the mean.
{c) Death occurred on day 185, the day afier administration of the test material was discontinued.

TABLE 10, DOSAGE, SURVIVAL, AND MEAN BODY WEIGHTS OF MICE ADMINISTERED ALLYL
ISOTHIOCYANATE BY GAVAGE FOR 13 WEEKS

Weight Change
Mean Body Weight (grams) Relative to
Dose (a) Survival : Controls (d)
(mg/kg) ) Initial Fina) Change (¢) {Percent)
Males
Ore) 10/10 18.7 0.5 © 324106 +13.7 0.5
L5 9/10 (H 19.4 0.3 34.1 211 +14.7 £1.1 +73
3 10/10 18.2 10.6 334 1.1 +15.2 0.8 +10.9
6 10/10 18.7 0.7 350108 +16.3 10.8 +19.0
12 9/10 (O 20.1 0.5 32.8 +0.4 +12.7 10.4 -73
25 10/10 19.9 0.4 352406 +15.3 0.8 +11.7
Females
Ofe) 10/10 16.1 0.4 25.3 0.3 +9.2 0.4
L5 10/10 15.6 10.3 243 0.5 +8.7 0.7 - 54
3 8/10 (D 16.4 0.5 24.5 0.6 +8.1 10.2 -12.0
6 9/10 () 16.6 0.4 - 25.240.6 +8.6 0.5 - 65
12 /e g 16.9 £0.5 . 259408 +9.0 0.7 - 22
25 10/10 15.9 10.4 24.5 10.5 +8.6 0.3 - 6.5

{a) Allyl isothiocyanate in corn oil was administered 5 days per week.

(b} Number surviving/ number initially in the group. All calculations refer only to the survivors of each group.

{c) Mean weight change of the survivors of the group # standard error of the mean.

(d) Weight change of the dosed group relative to that of the controls =
Weight Change (Dosed Group) - Weight Change (Control Group)

Weight Change (Control Group) 100
{2} Vehicle controls received corn oil alone.
(/) Death was a result of gavage error.
41 Allyl Isothiocyanate

000123




III. RESULTS: MICE—~CHRONIC STUDY

. CHRONIC STUDY |

| Body Weights and Clinical Signs higher than those of the vehicle controls (Figure
| 3, Appendix H, Table H2).

Throughout most of the study, mean body
weights of high-dose male and female mice were
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. Figure 3. Growth Curves for Mice Administered Allyl Isothiocyanate by Gavage.
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Hi. RESULTS: MICE—CHRONIC STUDY

Survival

Estimates of the probabilities of survival of
male and female mice administered allyl isothio-
cyanate by gavage at the doses of this bioassay,
together with those of the contro! 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
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II. RESULTS: MICE~CHRONIC STUDY

male, and two high-dose female mice died during
weeks 104-106. In the statistical analyses reported
in Tables 11 and [2, no distinction was made
between these animals and those killed during
this termination period. One control male (at
week 41), six low-dose males (at weeks 42, 48, 56,
59, 60, and 65), seven high-dose males (at weeks
6, 20, 29, 31, 35, 62, and 65), and one high-dose
female (at week 60) were accidentally killed (due
to gavage error) during the study.

In male mice, 26/50 (52%) of the controls,
24/50 (48%) of the low-dose, and 27/50 (54%) of
the high-dose group lived to the termination
period of the study at 104-106 weeks. In female
mice, $6/50(32%) of the controls, 25/50 (50%) of
the low-dose, and 18/50 (36%) of the high-dose
group lived 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
104 weeks (13/34 controls, 6/25 low-dose, 12/30
high-dose). These lesions are suggestive of gener-
alized infection and may have been causative in
these early deaths.

Allyt Isothiocyanate

Pathology and Statistical Analyses of
Results

Histopathologic findings on neoplasms occur-
ring in mice are summarized in Appendix B,
Tables Bl 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 11 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<<0.01) dose-related
increase in cytoplasmic vacuolization was ob-
served in male mice (control 2/49, 4%; low-dose,
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 severity was similiar in the three groups.
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TABLE 11. ANALYSIS OF PRIMARY TUMORS IN MALE MICE (o)

Vehicle Low High
Control Dose Dose
Lung: Alveolar/Bronchiolar Adenoma without Carcinoma
Tumor Rates
Qverall (b) 4/50 (8%) 3/50 (6%) 4/50 (8%)
Adjusted (¢} 14.8% 10.6% 14.3%
Terminal {d) 4/27 (15%) 2/25 (8%) 3/27 (119%)
Statistical Tests fe)
Life Table P=0.435 P=0.557N P=0.643N
Incidental Tumor Test P=0.509 P=0.547N P=0.575
Cochran-Armitage Trend,
Fisher Exact Tests P=0.575 P=0.500N P=0.643
Lung: Alveolar/Bronchiolar Carcinoma
Tumor Rates
Overall (b) 0/50 (0%) 1750 (2%) 3/50 (6%)
Adjusted {c) 0.09% 4.0% 10.3%
Terminal (d) 0/27 (0%) 1/25 (4%) 2/27 (1%)
Statistical Tests (e)
Life Table P=0.060 P=0.485 P=0.113
Incidental Tumor Test P=0.048 P=0.485 P=0.084
Cochran-Armitage Trend,
Fisher Exact Tests P=0.061 P=0.500 P=0.12]
Lung: Alveolar/Bronchiolar Adenoma or Carcinoma
Tumor Rates
Overall (b) 4/50 (8%) 4/50 (8%) 7/50 (14%)
Adjusted (¢} 14.8% 14.5% 23.9%
Terminal (d} 4]27 (15%) 3/25 (12%) 5/27 (19%)
Statistica} Tests (e)
Life Table P=0,191 P=0.588 P=0.253
Incidental Tumor Test P=0.143 P=0.598 P=0.176
Cochran-Armitage Trend,
Fisher Exact Tests P=0.201 P=0.643 P=0.262
Hematopoletic System: Lymphoma
Tumor Rates
Overall (b) 3/50 (6%) 2/50 (4%) 0/50 (0%)
Adjusted (¢) 8.9% 1.7% 0.0%
Terminal (d) 1/27 (4%) 1/25 (4%) 0/27 (0%)
Statistical Tests ()
Life Table P=0.104N P=0.576N P=0.148N
Incidental Tumor Test P=0.175N P=0.661 P=0.194N
Cochran-Armitage Trend,
Fisher Exact Tests P=0.083N P=0.500N P=0.12IN
Liver: Adenoma without Carcinoma
Tumor Rates
Overall (b) 8/49 (16%) 5/49 (10%) 9/50 (18%)
Adjusted (c) 28.0% 18.7% 31.3%
Terminal (d} 7127 (26%) 4/25 (16%) 8/27 (30%)
Statistical Tests (e}
Life Table P=0.411 P=0.349N P=0.482
Incidental Tumor Test P=0.439 P=0.378N P=0.540
Cochran-Armitage Trend,
Fisher Exact Tests P=0.453 P=0.276N P=0.518
45 Allyl Isothiocyanate
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TABLE 11. ANALYSIS OF PRIMARY TUMORS IN MALE MICE (a) (Continued)

Vehicle Low High
Control Dose Dose
Liver: Carcinoms
Tumor Rates
Overall () 13/49 (27%) 9/49 (18%) 10/50 (20%)
Adjusted (c) 35.3% 29.49; 35.7%
Terminal (d) 5127 (19%) 5/25 (20%) 9/27 (33%)
Statistical Tests fe)
Life Table P=0.356N P=0.408N P=0.385N
Incidental Tumor Test P=0.534N P=0.580N P=0.597
Cochran-Armitage Trend,

Fisher Exact Tests P=0.26IN P=0.234N P=0.298N
Liver: Adenoma or Carcinoma
Tumor Rates

Overall (b) 21/49 (43%) 14/49 (29%) 19/50 (38%)

Adjusted (¢) 571.2% 45.4% 65.2%

Terminal (d} 12/27 (44%) 9/25 (36%) 17)27 (63%)
Statistical Tests ()

Life Table P=0.476N P=0.259N P=0.490N

Incidental Tumor Test P=0.469 P=0.392N P=0.529

Cochran-Armitage Trend,

Fisher Exact Tests P=0.362N P=0.103N P=0.387N
Thyrold: Follicutar-Cell Adenomsa
Fumor Rates

Overall (b) 3/50 (6%) 2/45 (4%) 1/50 (2%)
Adjusted (¢} 11.1% 1.2% 3. 7%
" Terminal (d) 3/27 (11%) 1/24 (4%) 1/27 (4%)
Statistical Tests (e)
Life Table P=0.242N P=0.576N P=0.303N
Incidental Tumor Test P=0.236N P=0.568N P=0.303N
Cochran-Armitage Trend,

Fisher Exact Tests P=0.228N P=0.550N P=0.309N
Harderian Gland: Adenoma or Cystadenoma C
Tumor Rates

Overall (b) 3/50 (6%) 1750 (2%) 1/50 {2%)
Adjusted (¢} 10.0% 4.0% 3.7%
Terminal (d) 2/27 (1%) 1/25 (4%) 1/27 (4%)
Statistical Tests {e)

Life Table P=0.224N P=0.346N P=0.325N
Incidental Tumor Test P=0.258N P=0.420N P=0.366N
Cochran-Armitage Trend,

Fisher Exact Tests P=0.2I10N P=0.309N P=0.309N

{a) 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).

() 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 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 (directly
or 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).
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TABLE 12, ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE (a)

Vehicle Low High
Control Dose Dose
Lung: Alveolar/Bronchiolar Carcinoma
Tumor Rates
Qverall (b) 0/47 (0%) 2/49 (4%) 3/49 (6%)
Adjusted (c) 0.0% 7.19% 11.8%
Terminal (d) 0/16 (0%) 0/25 (0%) 1/20 (5%)
Statistical Tests (e)
Life Table P=0.119 P=0.337 P=0.194
Incidental Tumor Test P=0.247 P=0.395 P=0.281
Cochran-Armitage Trend,
Fisher Exact Tests P=0.091 P=0.258 P=0.129
Lung: Alveolar/Bronchiolar Adenoma or Carcinoma
Tumor Rates
Qverall (b} 2/47 (4%) 2/49 (4%) 3/49 (6%)
Adjusted (¢) 7.9% 1.1% 11.8%
Terminal (d) 0/16 (0%) 0/25 (0%) 1/20 (5%)
Statistical Tests (e)
Life Table P=0.510 P=0,559N P=0.626
Incidental Tumor Test P=0.594 P=0,697N P=0.600
Cochran-Armitage Trend,
Fisher Exact Tests P=0.425 P=0.676N P=0.520
Hematopoietic System: Malignant Lymphoma, Lymphocytic Type
Tumor Rates
Overall (b) 3/50 (6%) 2/50 (4%) 1/49 (2%)
Adjusted (¢} 13.6% 5.8% 5.0%
Terminal (d) 1716 (6%) 0/25 (0%) 1/20 (5%)
Statistical. Tests (e) .
Life Table P=0.166N P=0.354N P=0.24IN
Incidental Tumor Test P=0.277N P=0.604N P=0.397N
Cochran-Armitage Trend,
Fisher Exact Tests =0.232N P=0.500N P=0.316N
Hematopoletic System: Lymphoma
Tumor Rates
Overall (b) 5/50 (10%) 4/50 (8%) 4/49 (8%)
Adjusted (¢) 2139 11.7% 17.9%
Terminal (d) 1/16 (69%) 1/25 (4%) 3/20 (15%)
Statistical Tests fe)
Life Table P=0.326N P=0.320N P=0.375N
Incidental Turmnor Test P=0.393N P=0.562N P=0.448N
Cochran-Armitage Trend,
Fisher Exact Tests P=0.447N P=0.500N P=0.513N
Hematopoletic System: Lymphoma or Leukemia ‘
Tumor Rates
Overall (b) 5/50 (10%) 4/50 (8%) 6/49 (12%)
Adjusted (¢) 2139 11.7% 24.6%
Terminal (d} 1716 (6%) 1/25 (4%) 3/20 (15%)
Statistical Tests (e)
Life Table P=0.559 P=0.320N P=0.593N
Incidental Tumor Test P=0.559 P=0.562N P=0,589N
Cochran-Armitage Trend,
Fisher Exact Tests P=0418 P=0.500N P=0.486
47 Allyl Isothiocyanate
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TABLE 12. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE (a) (Continued)

Vehicle Low High
Control Dose Dose

Liver: Adenoma or Carcinoms

Tumeor Rates
Overall (b) 2/50 (4%) 3/49 (6%) 1/49 (2%)
Adjusted (¢} 12.5% 10.9% 2.9%
Terminal (d) 2/16 (13%) 2/25 (8%) 0/20 (0%)

Statistical Tests (e)

Life Table P=0,325N P=0.675N P=0.445N
Incidental Tumor Test P=0.453N P=0.597 P=0.534N
Cochran-Armitage Trend,

Fisher Exact Tests P=0,404N P=0.490 P=0,508N

Pituitary: Adenoma

Tumor Rates ,

Overall (3) 3/47 (6%) 3/45 (7%) 4/44 (9%)
Adjusteg (c) 18.80, 11.0% 17.9%
Terminal (d) 3/16 (19%) 2/25 (8%) 3/20 (15%)

Statistical Tests (e)

" Life Table P=0.535 P=0.465N P=0.643
Incidental Tumor Test P=0.493 P=0.56IN P=0.635N
Cochran-Armitage Trend,

Fisher Exact Tests - P=0.388 P=0.641 P=0.463
Pituitary: Carcinoma

Tumor Rates
Overall (b) 3/47 (6%) 3/45 (%) 0/44 (0%)
Adjusted (c) 18.8% 12.0% 0.0%
Terminal (d) 3/16 (19%) 3/25 (12%) 0/20 (0%)

Siatistical Tests (e)

Life Table P=0.054N P=0.444N P=0.08IN
Incidental Tumor Test P=0.054N P=0.444N P=0.08IN
Cochran-Armitage Trend,

Fisher Exact Tests P=0.112N P=0.641 P=0.133N

Pituitary: Adenoma or Carcinoma

Tumor Rates
Overall (b) 6/47 (13%) 6/45 (13%) 4/44 (9%)
Adjusted () 37.5% 22.6% 17.9%
Terminal (d) 6/16 (38%) 5125 (20%) 3/20 (15%)

Statistical Tests (e)

Life Table P=0.176N P=0.304N =0.212N
Incidental Tumor Test P=0.200N P=0.37IN P=0.183N
Cochran-Armitage Trend,

Fisher Exact Tests P=0.354N P=0.589 P=0.413N

Thyroid: Follicular-Cell Adenoma or Carcinomsa

Tumor Rates
Overall () 1/48 (2%) 3/47 (6%) 3/47 (6%)
Adjusted {¢) 6.3% 12.5% 15.0%
“Terminal {d) 1/16 (6%) 3/24 (12%) 3/20 (15%)

Statistical Tests (e}

Life Table P=0.302 P=0.458 P=0,385
Incidental Tumor Test P=0.302 P=0.458 P=0.385
Cochran-Armitage Trend,
Fisher Exact Tests P=0.238 P=0.300 P=0.300
AllyY Isothiocyanate 48
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TABLE 12. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE (a) (Continued)

(&) Number of tumor-bearing animals/number of animals examined at the site (percent).

{c) 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 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 (directly
or 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).

‘ {a) Dosed groups received doses of 12 or 25 mg/i(g of allyl isothiocyanate by gavage.
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IV. DISCUSSION AND CONCLUSIONS

A 2-year carcinogenesis biocassay of allyl iso-
thiocyanate was conducted in F344/N rats and
B6C3IF| mice. Doses of 12 or 25 mg/kg allyl
isothiocyanate, administered § times per week by
gavage, were selected for the chronic study since
the 50 mg/kg dose administered in the !4-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
bladder 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
survived this dose.

Survival of dosed and control rats was com-
parable in the chronic study. Throughout the
study, the mean body weights of high-dose male
rats were lower than those of controls, and dur-
ing the last hailf of the study the mean body
weights of high-dose female rats were higher than
the control values.

Transitional-cell papillomas of the urinary
bladder occurred in dosed male rats with a statis-
tically significant positive trend (P<0.05; inci-
dence: control, 0/49, 09; low-dose, 2/49, 4%;
high-dose, 4/49, 89). This benign urinary bladder
tumor has not been observed among 568 untreated
male control 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 1/994 (0.1%).

Epithelial hyperplasia was also seen at an
increased incidence (P<0.05) in the urinary
bladder of dosed male rats (control, 6/49, 0%;
low-dose, 149, 2%; high-dose, 6/49, 129). This
hyperplasia did not occur in the animals that had
transitional-cell papillomas. No urinary bladder
calculi were seen in male rats.

Fibrosarcomas of the subcutaneous tissue
occurred in female rats with a statistically signifi-
cant positive trend (P<0.05; incidence: control,
0/50, 0%; low-dose, 0/50, 09%; high-dose, 3/50,
6%). The incidence in the high-dose group was
not significant in comparison with the control
group, and the evidence for the association of
fibrosarcomas with administration of allyl iso-
thiocyanate is considered equivocal. This tumor
has been observed in 1/591 (0.2%) of the untreated
female control F344/N rats at this laboratory
and in9/999 (0.9%) of the female vehicle control
rats in all Iaboratories in the NC1/NTP Bioassay
Program.

Allyl Isothiocyanate
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Retinopathy and cataract formation occurred
at increased incidence in high-dose male rats and
in low-dose 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 (P<0.05;
incidence: control, 2/50, 4%; low-dose, 6/50,
12%; high-dose, 8/50, 16%). The incidence in the
high-dose group was significantly higher than
that in the controls (P<0.05). However, this
observed incidence was not statistically different
from the historicalincidence 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
high-dose 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, 169%; high-dose, 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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1V. DISCUSSION AND CONCLUSIONS

has been suggested that some haloolefins con-
taining an allylic group may act as alkylating
agents (Eder et al., 1980). Thiocyanate, which
may be metabolically derived from isothiocyanate
(White et al., 1978), has been shown to promote
nitrosation of amines (Edwards et al., 1979; Fan
and Tannenbaum, 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 “vltimate 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
1537 (NTP, 1981).

53

Other studies have shown that allyl isothi-
ocyanate increases urine excretion (Muztaret al.,
1979b). Williams (1974) has shown that allyl
isothiocyanate and 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 isothiocyanate was carcinogenic for
male F344|N rats, causing transitional-cell
papillomas of the urinary bladder. Evidence for
associating allyl isothiocyanate with subcutaneous

" fibrosarcomas in female F344|/N rats was

equivocal. Allyl isothiocyanate was not carcino-
genic for B6C3F1 mice of either sex.
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000135



Bl $

Allyl 1sothiocyanate 54

000136



V. REFERENCES

55 Allyl Isothiocyanate

000137



V. REFERENCES

Armitage, P., Statistical methods in medical
research. New York: John Wiley & Sons, Inc.;
1971:362-365.

Berenblum, 1. ed., Carcinogencity testing: a report
of the panel on carcinogenicity of the Cancer
Research Commission of UICC. Geneva: Inter-
national Union Against Cancer, Vol. 2; 1969.

Cox, D.R., Regression models and life tables.
J.R. Stat. Soc. B34; 187-220; 1972.

Eder, E.; Neudecker, T.; Lutz, D.; Henschler, D.,
Mutagenic potential of allyl and allylic com-
pounds. Biochem. Pharmacol. 29:993-998; 1980.

Edwards, G.; Whong, W-Z.; Speciner, N., Intra-
hepatic mutagenesis assay: a sensitive method for
detecting n-nitrosomorpholine and in vivo nitro-
sation of morpholine. Mutat. Res. 64:415-423;
1979.

Fan, T-Y.; Tannenbaum, S., Factors influencing
the rate of formation of nitrosomorpholine from
morpholine and nitrite: acceleration by thiocya-
nate and other anions. J. Agric. Food Chem.
21:237-240; 1973.

Food Chemicals Codex, 1972: 31-32.

Gart, J.; Chu, K.; Tarone, R., Statistical issues in
interpretation of chronic bioassay tests for carci-
nogenicity. J. Natl. Cancer Inst. 62:957; 1979.

Hagan, E., Hansen, W ; Fitzhugh, O.; Jenner, P.;
Jones, W.; Taylor, J.; Long, E.; Nelson, A.;
Brouwer, J., Food flavourings and compounds
of related structure, 11. Subacute.and chronic
toxicity. Food Cosmet. Toxicol. 5:141; 1967.

Halt, R., Toxicants occurring naturally in spices
and flavors. In: Toxicants occuring naturally in
foods. Washington, DC: National Academy of
Science; 1973:448-451.

Jenner, P.; Hagan E.; Taylor, J.; Cook, E.;
Fitzhugh, O., Food flavourings and compounds
of related structure. 1. Acute oral toxicity. Food
Cosmet. Toxicol. 2:327-343; 1964.

Kaplan, E.; Meier, P., Nonparametric estimation
from incomplete observations. J. Amer. Stat.
Assoc. 53:457-481; 1958.

Kirk-Othmer encyclopedia of chemical technol-
ogy. New York: Interscience Publishers; Vol. 8,
1965:450.

Kirk-Othmer encyclopedia of chemical technol-

ogy. New York; Interscience Publishers; Vol. 9,
1966:356.

Allyl Isothiocyanate

56

Kirk-Othmer encyclopedia of chemical technol-
ogy. New York: Interscience Publishers, Vol. 10,
1980:473.

Klesse, P.; Lukoschek, P., Untersuchungen ueber
die bakteriostatische Wirksamkeit einiger
Senfoele. Arzneim. Forsch. 5:505-507; 1955.

Langer, P.; Greer, M., Antithyroid activity of
some naturally occurring isothiocyanates in vitro.
Metabolism 17:569-605; 1968.

Langer, P.; Stole, V., Goitrogenic activity of allyl
isothiocyanate — a widespread natural oil. Endo-
crinology 76:151-155; 196S.

Life Sciences Research Office, Evaluation of the
health aspects of mustard and oil of mustard as
food ingredients. Bethesda, MD: Life Sciences
Research Office. SCOGS-16, 1975.

Linhart, M.; Cooper, J.; Martin, R.; Page, N.;
Peters, J., Carcinogenesis bioassay data system.
Comp. Biomed. Res. 7:230-248; 1974.

Mantel, N.; Haenszel, W., Statistical aspects of
the analysis of data from retrospective studies of
disease. J. Nat. Cancer Inst. 22:719-748; 1959.

March, J., Advanced organic chemistry. New
York: McGraw-Hill Book Co.; 1977: 813, 823.

Merck Index, 9th ed. Rahway, NJ: Merck and
Co.; 1976: 292.

Mitchell, J.; Jordan, W., Allergic contact derma-
titis from the radish Raphanus Sativus. Br. J.
Dermat. 91:183-189; 1974.

Muztar, A.; Ahmad, P.; Huque, T.; Slinger, S,
A study of the chemical binding of allyl isothio-
cyanate with thyroxine and of the effect of allyl
isothiocyanate on lipid metabolism in the rat.
Can. J. Physiol. Pharmacol. 57:385-389; 1979%a.

Muztar, A.; Huque, T.; Ahmad, P.; Slinger, S.,
Effect of allyl isothiocyanate on plasma and
urinary concentrations of some biochemical entities
in the rat. Can. J. Physiol. Pharmacol. 57:504-
509; 1979b,

Nishie, K.; Daxenbichler, M., Toxicology of
glucosinolates, related compounds (nitriles, R-
goitrin, isothiocyanates) and vitamin U found in
cruciferae. Food Cosmet. Toxicol. 18:159-172;
1980.

NTIS, National Technical Information Service,
PB Report 221 215. GRAS (generally recognized
as safe) food ingredients—oil of mustard and
allyl isothiocyanate. Maspeth, NY: Food and
Drug Research Labs., Inc.; FDABF GRAS 015;
October 1972,

000138



V. REFERENCES

NTIS, Nationa! Technical Information Service,
PB Report 223 812. Teratogenic evaluation of
FDA 71-26 (oil of mustard). Maspeth, NY: Food
and Drug Research Labs,, Inc.; FDABF GRAS,
FDA 17-260; June 1973.

NTIS, National Technical Information Service,
PB Report 254 528. Evaluation of the health
aspects of mustard and oil of mustard as food
ingredients, Federation of American Societies for
Experimental Biology; 1975.

NTP, National Toxicology Program, NTP Tech-
nical Bulletin, Issue 5:9, August 1981,

NTP, National Toxicology Program, NTP Tech-
nical Report on the carcinogenesis bioassay of
stannous chioride, NTP TR 231, Department of

- Health and Human Services, Research Triangle

Park, North Carolina, 1982,

Qda, Y.; Hamano, Y.; Inoue, K.; Yamamoto, H.;
Niihara, T.; Kunita, N., Mutagenicity of food
flavours in bacteria. Osaka-Furitsu Koshu Eisei
Kenkyu Hokoku, Shokuhin eisei hen 9:177-181;
1978.

Peto, R.; Pike, M.; Day, N.; Gray, R.; Lee, P.;
Parish, S.; Peto, J.; Richard, S.; Wahrendorf, J.,
Guideiines for simple, sensitive, significant tests
for carcinogenic effects in long-term animal exper-
iments. International Agency for Research Against
Cancer. Monographs on the long-term and short-
term screening assays for carcinogens: a critical
appraisal. Geneva: World Health Organization.
Supplement 2; 1980: 3}1.

Pitot, H.; Sirica, A., The stages of initiation and

promotion in hepatocarcinogenesis. Biochem.

Biophys. Acta 605:191-215, 1980.

57

Ruddick, J.; Newsome, W.; Nash, L., Correlation
of teratogenicity and molecular structure:
ethylene thiourea and related compounds. Tera-
tology 13:263-266; 1976.

Sadtler Research Laboratories, Sadtler Standard
Spectra. Philadelphia: Sadtler Research Labora-
tories; IR No. 1603; UV No. 459; NMR No.
3155,

Tarone, R., Tests for trend in life table analysis.
Biometrika 62:679-682; 1975.

Timmermans, M.; Hennault-Roland, J. Chem.
Phys. 29:564-565; 1922,

U.S. CFR, U.S. Code of Federal Regulations,
21CFR:172, 515; 1979.

USITC, United States International Trade Com-
mission, Synthetic organic chemicals: United
States production and sales. Washington, DC:;
U.S. Government Printing Office; 1979; USITC
Publication No. 1001,

Vernot, E.; MacEwen, J.; Haun, C.; Kinkead, E.,
Acute toxicity and skin corrosion data for some
organic and inorganic compounds and aqueous
solutions. Toxicol. Appl. Pharmacol. 42:417-423;
1977.

Ward, J.; Goodman, D.; Griesemer, R.; Hard-
isty, J.; Schueler, R.; Squire, R.; Strandberg, J.,
Quality assurance for pathology in rodent carci-
nogenesis tests. J. Environ. Path. Toxicol. 2:371-
378; 1978,

White, A.; Handler, P.; Smith, E.; Hil}, R.; Leh-
man, |., eds., Principles of biochemistry. New
York: McGraw-Hill Book Co.; 1978: 1208.

Williams, G., Direct toxicity of alpha-naphthyliso~
thiocyanate in cell culture, Chem-Biol. Interact.
8:363-369; 1974.

Ally! Isothiocyanate

000139



Allyl Isothiocyanate

Bloak {

58

000140



APPENDIX A

SUMMARY OF THE INCIDENCE OF NEOPLASMS
. IN RATS ADMINISTERED ALLYL ISOTHIOCYANATE
BY GAVAGE
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SUMMARY OF THE INCIDENCE OF NEQPLASMS IN MALE RATS ADMINISTERED

TABLE A1.

ALLYL ISOTHIOCYANATE IN CORN OIL BY GAVAGE

VEHICLE
CONTROL LOW DOSE HIGH DOSE
ANIMALS INITIAllY IN STUDY 50 50 50
ANIMALS NECROPSIED 50 50 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50
INTEGUMENTARY SYSTEM
uSKIN (50) (500 50
PAPILLOMA, N 1 (2%)
SQUAMOUS CELL PAPILLOHA 3 (6%) 6 (8X%)
SQUAMOUS CELL CARCIKOMA 1 (2%) 2 (4X)
BASAL-CELL TUMOR 1 (2%)
BASAL-CELL CARCINOMA t (2%)
ADNEXAL ADENOMA t (2X)
KERATOACANTHOMA 1 (2%)
¥SUBCUT TISSUE (50) (50) (50)
SARCOMA, NOS 1 (2X%) 3 (6X) 1 (2%)
FIBROMA (4%) 2 (4%) 2 (4X)
FIBROSARCOMA 5 (10%) 5 (10%) 1 {2%)
FIBROUS HISTIOCYTOMA, MALIGHANT 1 (2X) 2 (4%)
RESPIRATORY SYSTEM
SLUNG (49) (49) (48)
SQUAMOUS CELL CARCINOMA, UNC PRI 1 (2%)
ALVEOLAR/BRONCHIOLAR ADENOMA 2 (4%) 2 (4X) 1 (2X)
ALVEOLAR/BRONCHIOLAR CARCINOMA 1 (2%) 2 (4X)
SARCOMA, H0S, UNC PRIM OR META 1 (2xX)
FIBROSARCOMA, METASTATIC 1 (2X)
FIBROUS HISTIOCYTOMA, METASTATIC 1 (2%
HEMATOPOIETIC SYSTEM
¥MULTIPLE DRGANS 50) (50) (50)
MALIG.LYMPHOMA, HISTIOCYTIC TYPE 1 (2%)
UNDIFFERENTIATED LEUKEMIA 2 (4%X) 6 (12%) 8 (16X)
#SPLEEN (50) (49) (50)
_HISTIOCYTOMA, METASYATIC 1 €2%)

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

% HUMBER OF ANIMALS NECROPSIED

Allyl Isothiocyanate
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TABLE Al. MALE RATS: NEOPLASMS (CONTINUED)

VEHICLE
CONTROL LOW DOSE HIGH DOSE
CIRCULATORY SYSTEM

$SPLEEN (503 (49> (302

HEMANGIDSARCOMA 1 (2%)
DIGESTIVE SYSTEM

SLIVER (50) (50) (50)
NEOPLASTIC NODULE 2 (4X) 5 €10%)

SPANCREAS. (50) (50) (49)
ADENOMA, 1 (2X)

$DUODENUM (48) 49 (47)
MUCINOUS ADENOCARCINOMA 1 (2X)

#ILEUN (43> 49 47)
OSTEQSARCOMA 1 (2%)

URIHARY SYSTEM

SXKIDNEY 50) (50>
TUBULAR-CELL ADENOMA 1 (2X)

SURINARY BLADDER (49) (49) (49)
TRANSITIONAL-CELL PAPILLOMA 2 (4%) & (8%)
LIPOMA 1 (2%)

ENDOCRINE SYSTEM
#PITUITARY (47) (492 49)
" CARCINOMA,NOS 1 (2%X)
ADENOMA, NOS 7 (15%) 12 (24%) 4 (8%)

RADRENAL (50) (503 (50)
CORTICAL ADENOMA 1 (2%)

PHEOCHROMOCYTOMA 16 (32%) 15 (30X) 11 (22%)
PHEOCHROMOCYTOMA, t (2%) (2%)
GANGLIONEUROMA 1 {2%)

$THYROID (48) (50> (59)

EQLLICULAR-CELL CARCINQOMA 1_(2%) 1.€2%)

# NUMBER' OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

¥ NUMBER OF ANIMALS NECROPSIED
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TABLE At. MALE RATS: NEOPLASMS (CONTINUED)

- - - . T A O P -

VEHICLE
CONTROL LOW DOSE HIGH DOSE
C~CELL ADENOMA 6 (13%) 10 (20%) 5 (10X%)
C~CELL CARCINOMA 2 (4%) t (2X) 2 (6%)
BPANCREATIC ISLETS (50} (50) (49
ISLET-CELL ADENOMA 2 (4X%) 2 (&%) 1 (2%)
ISLET~CELL CARCINOMA 1 (2%)
REPRODUCTIVE SYSTEM
HMAMMARY GLAND (50) (50) (50)
FIBROADENOMA 3 (6%) 3 (6X) 3 (6%)
HPREPUTIAL GLAND (50) (50) (50)
CARCINOMA, NOS 1 (2%X) 1 (2%)
ADENOMA, KOS
ADENDCARCINOMA, NOS 4 (8%) 1 (2%) 1 (2%)
CYSTADENDMA, NOS 1 (2%)
STESTIS 0 0) (49)
INTERSTITIAL-CELL TUMOR 45 (90X%) 45 (90%) 49 (100%)
NERVDOUS SYSTEM
$BRAIN (50) (49) 50)
GLIOMA, NOS 1 (2%
ASTROCYTOMA 2 (4%)
SPECIAL SENSE ORGANS
¥ZYMBAL'S GLAND {50) (50) (50)
ADENOMA, NOS 1 (2%)
MUSCULOSKELETAL SYSTEM
XSKULL {50) (50) (50)
0STEOMA 1 (2%)
BODY CAVITIES
HTHORAX (50) (50) (50)
LV / CHIOLAR CA, METASTA 1 (2%)

¥ NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
N NUMBER OF ANIMALS NECROPSIED
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. TABLE At. MALE RATS: NEOPLASMS (GONT!NUED)

VERICLE
CONTROL LOowW DOSE HIGH DOSE
¥ABDOMINAL WALL (50) (50) (50)
0STEOSARCOMA 1 (2%)
*MESENTERY (50) (50) (50)
MESOTHELIOMA, NOS 1 (2%)
NTUNICA VAGINALIS (50> ¢50) (50)
MESOTHELIOMA, NOS 1 (2%)
ALL OTHER SYSTEMS .
¥MULTIPLE ORGANS (50) (50) (50)
ALVEOLAR/BRONCHIOLAR CA, METASTA 1 (2%)
SARCOMA, NOS 1 (2X)
FIBROUS HISTIOCYTOMA, METASTATIC 1 (2%)
; MESOTHELIOMA, NOS 1 (2X)
; MESOTHELIOMA, MALIGNANT 1 (2X) 1 (2%
] TAIL .
| OSTEOSARCOMA 1
! ANIMAL DISPOSITION SUMMARY
f ANIMALS\!NITIALLY IN STUDY 50 50 50
; NATURAL DEATH2 3 4 7
‘ MORIBUND SACRIFICE 10 13 9
* SCHEDULED SACRIFICE ‘ 5
ACCIDENTALLY XILLED 1 1
TERMINAL SACRIFICE 32 32 33
ANIMAL MISSING
i A JHCLUDES AUTOLYZED ANIMALS
‘ & NUMBER OF ANIMAES WITH TISSUE EXAMINED MICROSCOPICALLY
| % NUMBER OF ANIMALS NECROPSIED
{
\
\
|
|
|
i
|
i
|
| .
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TABLE At, MALE RATS: NEOPLASMS (CONTINUED)

. VEHICLE

CONTROL LOW DOSE HIGH DOSE
TUMOR SUMMARY

TOTAL ANIMALS WITH PRIMARY TUMORSH 48 50 49
TOTAL PRIMARY TUMORS 114 128 118

TOTAL ARIMALS WITH BENIGN TUMORS 47 49 49
TOTAL BENIGN TUMORS 90 99 86

TOTAL ANIMALS WITH MALIGHANT TUMORS 17 25 21
TOTAL MALIGHANT TUMORS 22 27 24

TOTAL ANIMALS WITH SECONDARY TUMORS# 2 3 1
TOTAL SECONDARY TUMORS 2 3 1

TOTAL ANIMALS NITH TUMORS UNCERTAIN-

BENIGN OR MALIGNANTY 2 2 6
TOTAL UNGERTAIN TUMORS 2 2 6

TOTAL ANIMALS WITH TUMORS UNCERTAIN-

PRIMARY OR METASTATIC 2
TOTAL UNCERTAIN TUMORS 2

PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS

» X
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TABLE A2.

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS ADMINISTERED
ALLYL ISOTHIOCYANATE IN CORN OIL BY GAVAGE

ANIMALS INITIALLY IN STUDY
ANIMALS NECROPSIED
ANIMALS EXAMINED HISTOPATHOLOGICALLY

VERICLE
CONTROL

LOW DOSE

50
50
50

50
50
50

INTEGUMENTARY SYSTEM

HSKIN
BASAL-CELL TUMOR
SARCOMA. NOS

¥SUBCUT TISSUE
SARCOMA, NOS
FIBROMA
FIBROSARCOMA
FIBROUS HISTIOCYTOMA, MALIGNANT
OSTEOSARCOMA

(50)
1 (2%)

(50)

1t @x)

(50>

(50)
2 (4%)

1 (2%)

(50>
1 (2X)
(50)

3 (6%)

RESPIRATORY SYSTEM

SLUNG
ALVEOLAR/BRONCHIOLAR ADENOMA
ALVEOLAR/BRONCHIOLAR CARCINOMA
C-CELL CARCINOMA, METASTATIC
FIBROUS HISTIOCYTOMA, METASTATIC
CARCINOSARCOMA

50)

HEMATOPOIETIC SYSTEM

¥MULTIPLE ORGANS
MALIG.LYMPHOMA, UNDIFFER-TYPE
MALIG.LYMPHOMA, LYMPHOCYTIC TYPE
MALIG.LYMPHOMA, HISTIOCYTIC TYPE
LEUKEMIA,NOS
UNDIFFERENTIATED LEUKEMIA

$SPLEEN
OSTEOSARCOMA

-

(50)
1 (2%

7 (14X)
(50)

(50>

9 (18%)

(50)
1 (2%)

(50)
1 (2X)
1 (2X)
1 (2%)
11 (22%)

(50)

CIRCULATORY SYSTEM
NONE

DIGESTIVE SYSTEM

XTONGUE
SQUAMOUS CELL PAPILLOMA

#SALIVARY GLAND
ADENOMA, NOS

#$L.IVER
HEOPLASTIC NODULE
FIBROUS HISTIOCYTOMA, METASTATIC

MPANCREAS
ADENOMA, NOS

(50)
1 (2%)

(50)
1 (2%)

(507
1 .(2%)
“u9

(50)

(50)

(50)

(49

(50)

(48>

(507
1 (2%X)

(50)
1 (2%

URINARY SYSTEM

MURINARY BLADDER
TRANSITIONAL-CELL PAPILLOMA
ENDOMETRIAL STROMAL SARCOMA, MET

(49)

(49)

(50)
1 (2%)

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

¥ NUMBER OF ANIMALS NECROPSIED
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. TABLE A2. FEMALE RATS: NEOPLASMS (CONTINUED)

VEHICLE
CONTROL LOW DOSE _ HIGH DOSE
ENDOCRINE SYSTEM
$PITUITARY (49) (50) {507
CARCINOMA , NOS. 3 (6X) 2 (&%)
ADENOMA, HOS 17 (35%) 10 (20%) 13 (26X)
SADRENAL (50> (50) (50’
‘CORTICAL ADEROMA 2 (6X%) 2 (4%) 2 (4X)
PHEOCHROMOCYTOMA 1 (2%) 2 (4%) 3 (6X)
PHEOCHROMOCYTOMA, MALIGNANT 1 (2X%)
GANGLIONEUROMA t (2X)
$THYROID (50> (48) €50)
FOLLICULAR-CELL CARCINOMA 1 (2%)
C~CELL ADENOMA 10 €20%) 8 (17X) 6 (12%)
C-CELL CARCINOMA 2 (8%) 2 4%) 3 (6X)
* SPANCREATIC ISLETS (49) (49) (50
ISLET-CELL ADENOMA t (2%)
REPRODUCTIVE SYSTEM
¥MAMMARY GLAND (50) (590) (503
} ADENOCARCINOMA. NOS e e __\ (2%) . 2 (4%)-
] FIBROADENOMA 8 (16%) 16 2% 11 (22%)
¥CLITORAL GLARD (50) (50) (502
ADENOMA, NOS 1 (2X%)
NVAGINA (50) (50) (50)
SARCOMA, NOS
FIBROMA 12X
BUTERUS (50} (49) (50)
ADENDCARCINOHA; NO0S 1 (2X)
| LEIOMYOM 1 (2%)
| ENDOMETRIAL STROMAL POLYP 14 (28%) 15 (31%) 16 (32%)
ENDOMETRIAL STROMAL SARCOMA 1 (2%)
SCERVIX UTERI (50> 69 (50)
SARCOMA, NOS
SOVARY (503 (502 (50)
CARCINOMA,NOS 1 (2%)
HERVOUS SYSTEM
#CEREBRAL VENTRICLE (50) (50) (50)
ASTROCYTOMA 1 (2X)
BRAIN 50) (50) (50)
ASTROCYTOMA 1 (2%)
BBRAIN/THALAMUS (50) (50> (503
GLIOMA, NOS 1 (2%)
SPECIAL SENSE ORGANS
MZYMBAL*S GLAND (50) €50) (50)
BASAL-CELL CARCINOMA 1 (2%X)
MUSCULOSKELETAL SYSTEM
WSKELETAL MUSCLE (50 (50) (50
134 1 €2%)

% NUMBER OF ANIMALS MNECROPSIED

Alflyl 1sothiocyanate:

# NUMBER OF ANIMALS WITH TISSUE EXAMINED HICROSCDPICALLY

000148



,
.1

TABLE A2, FEMALE RATS: NEOPLASMS (CONTINUED)

- - - U5 P Y P e T D et

-

TOTAL ANIMALS WITH TUMORS UNCERTAIN-
BENIGN OR MALIGNANT
TOTAL UNCERTAIN TUMORS

TOTAL ANIMALS WITH TUMORS UNCERTAIN-
PRIMARY OR METASTATIC
TOTAL UNCERTAIN TUMORS

X PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS
l’SECONOARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN

67

VEHICLE
CONTROL LOW DOSE HIGH DOSE
BODY CAVITIES
¥MEDFASTINUM (50) (50) (50)
ALVEOLAR/BRONCHIDLAR CA, INVASIV 1 .(2%)
ALL OTHER SYSTEMS
NONE
ANIMAEL DISPOSITION SUMMARY
ANIMALS INITIALLY IN STUDY 50 590 50
NATURAL DEATH3 6 12 5
MORIBUND SACRIFICE 9 7 12
SCHEDULED SACRIFICE 3
ACCIDENTALLY KILLED 2
TERMINAL SACRIFICE 30 29 33
ANIMAL MISSING
¥ THCLUDES AUTOLYZED ANIMALS
TUMOR SUMMARY
TOTAL ANIMALS NITH PRIMARY TUMORS* 42 63 42
TOTAL PRIMARY TUMOR 77 72 86
TOTAL ANIMALS WITH BENIGN TUMORS 37 32 33
TOTAL BENIGN TUMORS 58 54 56
TOTAL ANIMALS WITH MALIGNANT TUMORS 17 16 25
TOTAL MALIGNANT TUMORS 19 18 29
TOTAL ANIMALS WITH SECONDARY TUMORS# 2 1
TOTAL SECONDARY TUMORS 3 1

Ally} Isothiocyanate

000149



INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE 2-YEAR

Ally! Isothiocyanate

TABLE A3.

STUDY OF ALLYL ISOTHIOCYANATE
VEHICLE CONTROL

ARTRIT T ] T AT 4 9 LRIE I T I T
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SMALL INTESTINE LYY SIS SN S S S NN S ST SR SHN N SN SETSE SR S S SR S WS S )
LARGE INTESTINE L I T S S e I O I I e e I U R I R R I R )
UNIRXRY ¥V3TER
XDty U VIR S SR N SR SR S NN SN R N NEE SN SN SN SR SN N SR SN N . )
UREMART SLADDER L A I I e N R A AR N N L A A A IR
ERGUTHIWE SYETER
PITUITARY R T T B T S T S ST S S S S ST
ADEKOMA, WOS X X X
L R R T Y S T IR R N TR T N S I RN
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PHEMCNIGMOCYT! x 1 XX X X X X
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HYROID L T S S B R A A ]
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C~CELL ADENONA N X
C~CELL CARCINOMA X,
PARATHYROID LI SNE T VR S SN S S SN SR NS S S SR SRR WU S N S S
PANCREATIC S3LETY LR I I N T I I I I I I I I R A
ISLET-CELL ADENGMA
FSLET-CELL CARCENOMA
EEPEGSUTTIVE SYSTER
BAMMARY GLAND f o o + + o 2 + ¢ s 2 & 2+ & 4+ 2 N+ N K P + NN
FI1SROQADENOMA ] X
TESTIS L S T T T T S S T S ST T S T T S S 4
INTERSTITIAL-CELL TUMOR X X X X X X X X X X X X X X X X X . X X X
PROSTATE FC OO S R SR SUUL U WL NN SN N U TR S SER T NS S S S B
PREPUTIALZCLITORAL GLAND LI N T R B T T B B A ] N N N N N N % N AN N KN
ADENOCARCIMOMA. NOS X x
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BRAIN T I T I A I N A R AR A
ASTROCYTOMA
BUBY CIVITIEY
PLEURA N RN NN NKE XK NNHNEMNNHNNENRNHRENNN
ALVEOLAR/BRORCNIOLAR CA, METASTATY
TIUSRECSVITERS
MULTIPLE QRGANS MOS N B W N HH NN N K NHHNNNNERER®NR AR
FIMOUS NISTIOCYTOMA, M!IA"A"C X x
*r FIYSUE !!AHIN!B MICROSCOPICALLY 3 ND TISSUE INFORMATION SUBMITTED
=& REQUIRED TI! NOT EXARINED MICROSCOPICALLY (1] NECIOPSY. HO HISTOLOGY DUE 10 PROTOCOL
Xr TYnoR IHCIDENC! At AUTO I
Ny NEGROPSY, NO AUTOLYSES, RO MICROSCOPIC EXAMINATION n: ANIHA S 1IN
B WO NECIOPSV PtlFDlHED

68
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TABLE A3. MALE RATS: TUMOR PATHOLOGY (CONTINUED)

VEHICLE CONTROL

AWTATL T ] BiR ¥ [] [ ] TT [ 0
HUNBER 2 3 PR 4 4 L3 4 o) 4] 3
AL E RS AR,
] 33
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"
BOKE HARROW! N R T T R N N T S SN NSRS SN T N TR NS S 4
SPLEEN LIRS T, TR U, JE T . 2. SN U SN SO S N T JWN SN, R NN BRSNS ) 30
LYNPN NODES U S S ST SNL TN SN SO SR S N N NN N N 2 S S S SR S, 2 2 30
THYRUS SR T T S S O I R T T S R S I I S ) ay
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HEARTY LR A I A N I T O I B 50
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BALTVARY GLAND . LR N A I A IR I N 2 I I A B A (1)
LIVER L I T T T I T DT T O 2 I T R T Y AR B 1)
HEOPLASTIC NODULE
PILE DUCY x3 + 4+ LR I N N N K SO0 VR SO UL S JUNE S N S N 50 |
OALLBLADDER 8 COMMON BILE DOCT BN N M N N B N N 4 N+ M N M N N N X N KR N N H L11]
FARCREAS - + + P TR T T S TR S SR S S S S ST R R TR N Y sp
ADENOMA, KOS 1
EI0PHAGYY LSRR S ST S SN S SR S ST S S JUE SNE SN N SN S S S SN SN S S 29
SIOMACH [N SN S ST ST R SH S0 SN AT S S S SO S S ST TN SR T S S T 49
SPALL EMTESTINE ORI S UL ST S SEE SN S SN SN SRS S ST SU S SN YU SR S N YO L]
LARGE ENTEMTINE L e R I I I Y N O B R I IR R I ) 2
OXIRENYSVSTER
'KIDHEY [P SER SUR SN ST SN SN SEE SR S N SR SN SRS SN N S LS S 2 ) 10
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PITHLYARY Y S R T S R S R L T T S Y ST SR S T S I A A Y '}]
ADENOMA.. HOS X X X X
ADRENAL L 2NE BEE 2R 00 2K I R R R I ] LN NS R N R L I I R 50
CORTICAL ADENOMA | 1
PHEQCHROMOCY TOMA x x x X x X H 16
PHEDCHRONOCYTOMA, MALIGHANT [1
THYROTD LR A R N I AT R U 2 D R T Y REE IR R IR “*
FOLLICULAR-CELL CARCINOMA H ]
C~CELL ADENDMA X x X X x ]
C~CELL CARCINOMA X.
PARATHYROID LI SO S S SR SR S SR N AR S-S S SH SR SN SN SU S S N . 42
PANCREATIC ISLEYS [ IR B I R S AR L I I I A 50 T
ISLET~CELL ADENOMA X H H
ISLET=CELL CARCINOMA 4 1
TP NTERTIVE SYSTEN
MAMMARY CLAND L N N I I T ST T T I I IR T TR N 2 2 I 50n
FIIRVADINONA X. X
!P“: L I R I S T R T T R S S N S T S S S A1 se
MIERSTITIAL-CELL YUmon E X X X X _ X % X XK X X X X X 3% X ¥ X X X X X (3]
PROSTATE CIE S S ORI T T YOO SO, 2 S N SN S SR S T S S V. 2 - A (1]
PREPUTTAL/CLITORAL OLAND H NN % B N B NN N WNHNNNEHKNKENRNKENENNLDDS sow
ADEXOCARCINGMA, KOS X X 4
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BRAIN [ AR N I N R T I N 2 IR B B I 4 n
ASTROCYTONA X 2
TO5Y TIVITITS
PLEURA R K E BB NN R HEHF RN NN NN NE NNNNN 50%
ALVEOLAR/IRONCHIOLAR CA, METASYAY X )
T ITEER EVSYERY
MUATIPLE OROANS NOS HH N H W NN KN HENH NNNNENNNRNNEHN NN Sow
£IBR0OUS HI1STIOCYTOMA, M:AQYATIC x ;
@ AHINALS MECROPIED
43 YI9SUE EXAMIRED MICROSCOPICALLY ¢t WO TISSUE INFORMAYION SUBMITTED
;:{ ;EW“!D VTISSUE %07 EXAMINED MICROSCOPICALLY 5: :E%:g:}i NQ HISTOLOQY DUE TG PRGYGCOL
NY NECROPIY, WO AUTOLYSIS. NO MICROSCOPIC EXANINATION Mt ANIMAL MISSING
3 ND NECROPSY PERFORMED
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TABLE A3.

INDIVIDUAL ANIMAL T JMOR PATHOLOGY OF MALE RATS IN THE 2-YEAR
STUI Y OF ALLYL ISOTHIOCYANATE

LOW DOSE
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TABLE A3. MALE RATS: TUMOR PATHOLOGY (CONTINUED)

LOW DOSE
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TABLE A3.

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE 2-YEAR
: STUDY OF ALLYL iSOTHIOCYANATE
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TABLE A3. MALE RATS: TUMOR PATHOLOGY (CONTINUED)
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TABLE A4. FEMALE RATS: TUMOR PATHOLOGY (CONTINUED)
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URINARY BLADDER IR I I A 2 T T DY R TR Y I JEE T SR R Y R D T ) 49
THRRIRE SVSTER
PITOITARY [ R I I AT ST T K IR 2 2 TR B Y R R I 2 I (13
CARCINGItA KOS 3
ADENGHA, HOS X, .4 X X X XX X X 18]
ADRENAL I I I R T S e I N A R ) TR 50
CONTICAL ADENOMA x 2
PHEDCHROMOCYYOMA X, X
THYRDID * LR I N R T 2 ) L L T I B T S S (Y3
FOLLICULAR=CELL CARCINOMA 1
C~CELL ADERORA x x x x I
C=GELL CARCEINOMA.
PARATHYRDID D O T R R S R I R T I I S S | 43
FERSERYIVE SVSTER
RAMNARY GLAND [ I R T I I L T T DT T T R Y S R R NN I Y i10]
FISROADENDNMA. X X. X X XX X L]
PREPUTIAL/CLITORAL S1AND NN N W NN NN KN NHRNNNENHNNNNKERNENNDN 30
ADENDMA, NDS X 1
UTERUS. 2NN 2 TN SR T I N TR IR T R S S R Y S ST B T T I A Y 13
ENDOMEYRIAL STROMAL POLYP X X X X X X 13
avaRy LR T U L 2 T Y T TR T 3 LK 2 T N 2 L 2 ) 3
3RAIN LI S R B T Y AT T T I S S 2 Y T I T SR T T N R B 50
ASTROCYIONA 1
ITTTUYHER S TETERY
MULYIPLE OROANS %03 H RN R RN NN R NN R HNE KR HNNENRNDN 34
¢ IA X5 X, X X X
u ANIMALD WECROPSLED
41 TIBSDE EXAMINED MICROSCOPICALLY 1 MD YEISSUE INFORMATION SUBMITIED
;: ;!WIm JISSUE NOT EXAMINED MICROSCOPICALLY 5! :5%5{;:}§ HO HISTOLOGY DUE T PROTOCOL
m 1
M WECROP3Y, KO AUTULYSIS, HO MICROSCOPIC EXAMINATION Nt ANIMAL MISSIHO
Bt NO NECROPSY PERFORMED
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TABLE A4.

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE 2-YEAR
STUDY OF ALLYL ISOTHIOCYANATE

HIGH DOSE

- arazimy T ST e o] 8] ¢ T
HUMBER 3 o] 5] Y 310 2] 2
] A1 51 41 21 21 9 AL S
1 of T T Ry VY 1
sju0Y . [ 4 o 01 0 O 9| o] #4 9§ 6§ 0 (13} o[ o '
TRTESGRRTART " SVSTER talalstal ettt ot el il statelale
IKIN L I O 2 I I R R I Y I A I IR T I N I A A )
BARCOMA, NOS X
SUBCUTANEOUS TIISUE L I O I I T I I A . T S R |
PIDRDSARCOMA X
FESFIRATORY SYSTER
LUNGS AKD BRONCHI L 2 I I Y e L I O I I Y S S O I3
ALVEOLAR/PRONCHIOUAR ADENDMA x
ALYEDLAR/BRONCHIDLAR CARCINOMA X
CARCINDSARCOMA
TRACHEA LN 2NE N I O O R I I I T I R T I Y Y A I R T I ol
froragizicsstmiiagn
SONE MARROM E 2R S S S W S S S NN SN A S SR SN S TN N SR SN AR SN L SR 2
SPLEEN I S T S S S O S S Y N SR SN TR T SUE SR ST SEE ST S S S N
AYMPY NODEY L U S FU N T SR SO SN SN TR SN SR N N S N N N S SN S 2
THYNUS [ I I I I I R R L I I R TR TR I 2R R 2 )
TIRGCATORY SV3TER
HEART L 2 I e N 2 I T T TR T R I A R
BITEITIVE SVITER
SALIVARY SLAND L SN S JOUC S S T SO S SR S NN SUT S SUN SN SN S SN S S S S N
LLIVER L I A e e N I S Y Y S T N N S
MEGPLASTIC MODULE
MILE DUCY L R e e e I e R I I A L N I B )
GALLSLADDER 3 COMMON BILE DUCT M N N N R % M N R NN MK N H N MR NN N KN
PANCREAS [ R S I I T I Y L A A A
ADENOMA, NOS
ESOPHAGUS Lot o > b 3 4 s & & b ¢ 4 4 ¢ b . b & 9 B 48
ITOHACH' L S U U S T SN N S S JUN SN N NN N NN NSNS NN S SR Y. 1
SMALL INTESTINE LS LT S S T S S S S S S Y SR VLS SR AR N S S N S 3
LARDE INTESTINE (RN I T T R R DY TR K 2T DR TR S Y T R A 1
TRINKRY SVETER
KIDHEY I S S S U SN T S NN S S S S S S N SO SR SEE NN S SN S
URINARY DLADDER LI I R I I I R I I T T S S SR R SR AEE T I N
TRANSIVICHAL~CELL PAPILLOMA
TRENTRINE SYEYeN
PITDIYARY L 2 T I T I L L ]
CARCINOMA, NOS
ADENORA, WD X, X X X X X X X
ADRENAL L A A R T R T 2 I R R 2 I R A T
CORTICAL ADENOMA X X
PHECCHROMOCYTOIA
0!0 LI T I T I D I S O T T TR R B T T N
c- ELL ADEXOMA X x X
€=CELL CARCINDMA
PARATHYROID [ A N R I I 2 S ST I A R A R
WEFRGOULTIVE SYSTER
MAPMARY OLAND LI R T I I S A ) LR R B AR e e e
ADENOCARCINDMA, NDS X X
FINRUADENDMA X, X X X X X,
VAGINA: NN W NN NN R KN NNHNNNENNENNEHE NN
SIaROMA *
VTERUS L R . ¢ L R T R e LR
LEIOMYONA X
ENOOMETRIAL SYROMAL POLYP X X X_X X X X X
ovARY L I e e T e O B O 2 I S I
REEVEUS SVSTER™
SRALN I T T e I I I T O O I I I
BLEOMA, HOS
IOV TAVTITEY
MEDIASTINUN NN 8 N N W 8 K KN N KX NN NN NKNNKENNHNNN
ALVEQLARZBRONCHIOLAR CA, INVASIY H
TEC GTREN STSYIRS
MULVIPLE DROANS NOS NN "B KN NN NHNENYNNNNENHENNNRNNN
MALIO.LYHPHONA, WD FrER-T x
MALIO. LYNPHONA, HIST wme v'rrl x
LEUKENIA, NDY
l A )4 X, X X X
41 TIssUE !!A"HIED HlCIOSCOPICAI.I.V t HO TISSUE INFORMATION SUBMITTED
=3 REQUIRED 713! T EXARINED MICROMCOPICAMLY €1 MELROPSY, ND HISTOLOGY DUE TO PROTOCOL
Xa  TUMOR INCIDE uc! Al AUIDLYSIS
NE NECRDPSY, WO AUTOLYSIS, HO MICROSCOPIC EXAMINATION M1 ANTHMAL MISSING
By NO NECROPSY PERFORMED
Allyl Isothiocyanate 78

000160



TABLE A4, FEMALE RATS: TUMOR PATHOLOGY (CONTINUED) HIGH DOSE

' TRIHAL ] ] ¥ ]
NUMBER 2 2 3 : : TOTAL
IR O T TfrpssuEs
sTunY H [ * [] e L] 0} TumoRS
2 ] - 2 L1 -] 3 ]
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PIIROIARCONA ! x X 3
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mm AIlD mmr L I T I L e I I T I T T R S S 30
LYEDL TOLAR ADENDMA ! 1
ILVENMIIIOMHIDUI CARCINORA X 2
CARCINDSA ]
IRACNEA L R R L I R I I T K S R 2R T T R S T S 2T R T Y (Y]
RERXTOFOTETIC SVSYEH
BONE MARRDM E R ST LT S N S S SN MO SR ST SR S N N SN SO S SR S 48
SPLEEM LIRS DA NN N NS T S S TR WK IR ST S SN UK N S ) 50
LYMPH BODES CINE L T T S L TR N I NN YUK SR NER SN SN SN SN SN S SN N SN ) L1
THYNUS LN AR A I D I R I D B O O Y R TR I ] 47
ETRTUTRTONT IVETER
HEART LN I ST Y B I N T T ST T S S S S S T T S S S Y 9
SICESTIVE SYSTEN
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LIVER LA L B I I R S I e 2 I O D R R R T I I I 50
{ WEQFLASTIS MODULE X L]
i SILE DUCT L L R + L I T T T Y HY
] GALLBLADDER & COMHON BILE DUCY R N N B 8 N N 8 N N M N .+ N N N N N N NN uﬁ e}
| PANCREAS L2 BT S T U 2 TR T T S R Y [ A N T T TN T B I} £1]
ADENOMA, NO3 i X, ]
i ESUFEAGHS b L S S N T NS NN TSR S Y JOOE N S 2T SO S S SR S SN S S 39
} STOMACH WL SR S S T NN N T IR TN S T TR S SR S S S S N N S | 50
SMALL INTESTINE AL N O DU SN S SN S, S SO N N W S S SR R D N 2 3 [
LARGE INTESTINE LK SR I IR I L I I D B T I DT Y S TR 2 T T T Y T S Y (1]
] URTRIEYVETER ]
| KIDNEY LI S TN, VS L S N TN TN N N S NN TR JUR SN S S SR SN . S S ) 10
URINARY BLADDER L T T S R T R A R A ]
TRANSITIONAL~CELL PAPILLOMA x 1
ENGETRINE STITER
rl‘l LA L I I I I D T R T B R N A 2 Y A 'Y L1)
ncxm.m x X 2
; ADENDMA, X X X X, X 13
ADRERAL L L e e I N A I I B S T ) 50
CORELCAL ADENOMA
PHECCHROMOCYTONA. X X K
. L I I I I A I I Y 80
t»t!u ADEKDMA X X [
c~CELL cncam X X X 3
PARATNYROID L I R e e e I I I I N I e 47
FEFRBBITIVE SYSTER
MAPRIARY GLAND LIEE 2NN IR R I T DT T R I Y DK T T Y T T S T S Y 'Y 0%
ADEXOCARCINONA, WOS
FIRROADEROAA . . X X X XX 11
VAQIHA NN N N NN NN NN KR NKENENNNNENHNENNRN S0
FINROMA 1
TERUS LR A L R I I T I I Y I O I 50
CESOMTOMA 1
ENDOMETRIAL $TROMAL POLYP X_ X X X X X X X, 111
QYARY L L I I L I I I O I R N A R I T Y I A ) 50
FERVOUS SVSTER
sRATE: LI I I N I I T S T S S S O I T T R S S e
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TOETEATITEY
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|
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A X X X X X X 11
N ANIMALS WECROPSIED
43 TISSUE EXAMINED NIEIOSCWICAI.I.V MO TISSUE INFOR
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APPENDIX B

SUMMARY OF THE INCIDENCE OF NEOPLASMS
IN MICE ADMINISTERED ALLYL ISOTHIOCYANATE
BY GAVAGE
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TABLE

B1.

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE ADMINISTERED
ALLYL ISOTHIOCYANATE IN CORN OIL BY GAVAGE

0 D o S 900 2 O U e S S T D S P D D O e AP Y e P A = G W e e e

VEHICLE
) CONTROL LOW DDSE HIGH DOSE
ANIMALS INITIALLY IN STUDY 59 5o 50
ANIMALS NECROPSIED 50 50 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50
INTEGUMENTARY SYSTEM
NSKIN 50) (50) 50
PAPILLOMA, NOS 1 (2%
RESPIRATORY SYSTEM
snLUNg (50) 50) (50)
HEPATOCELLULAR CARCINOMA, METAST 5" (10%) 2 tax)
ALVEQLUAR/BRONCHIOLAR ADENOMA 4 (8%) 5 (6%) 5 C10%)
ALVEQLAR/BRONCHIOLAR CARCINOMA 1 (2%) 3 (6%)
SARCOMA, NOS, METASTATIC 1 (2%)
HEMATOPOIETIC SYSTEM i
AMULTIPLE ORGANS (50) (50) (50>
MALIG.LYMPHOMA, LYMPHOCYTIC TYPE 2 (4%)
MALIG.LYMPHOMA, HISTIOCYTIC TYPE 1 (2% 2 (4%)
CIRCULATORY SYSTEM
WMULTIPLE ORGANS (50) ¢50)
HEMANGIOSARCOMA 1 2%y 1 t2%)
SSPLEEN (49>
HEMANGIOSARCOMA 1 (2% 1 c2%) 1 (2%
#MYQCARDIUM (50> (50
HEMANGIOMA 1 (2%)
DIGESTIVE SYSTEM
SLIVER (49 (49) 50)
BILE DUCT CARCINOMA 1 (2%)

& NUMBER OF ARIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

#® NUMBER OF ANIMALS NECROPSIED

Allyl 1sothiocyanate
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. TABLE B1. MALE MICE: NEOPLASMS (CONTINUED)

VEHICLE
CONTROL LOW DOSE HIGH DOSE
HEPATOCELLULAR ADENOMA 9 (18%) 6§ (12%) 12 (24%)
HEPATOCELLULAR CARCINOMA 13 (27%) 9 (18%) 18 (20%)
WIXED HEPATO/CHOLANGIO CARCINOMA 1 (2%)
£STOMACH (49) (48) (48)
SQUAMDUS CELL CARCINOMA 1 ¢2%)
2IEJUNUM 45) 42) (45)
CARCINOMA, NOS 1 (2%)
URINARY SYSTEM
SKTONEY/CORTEX 49> 49) (50
ADENOMA, NOS
ENDOCRINE SYSTEN
SADRENAL 47) 49> (50)
PHEOCHROMOCYTOMA
STHYROID (50)
FOLLICULAR-CELL ADENOMA 3 06%) 2 (4%) 1 (2%)
REPRODUCTIVE SYSTEM
NONE
NERVOUS SYSTEM
NONE
.1 SPECIAL SENSE ORGANS
XHARDERIAN GLAND (50) (50) (50)
ADENOMA, NOS 2 (4x) 1 (2%) 1 (2%)
CYSTADENOMA, NOS 1 (2%)

MUSCULOSKELETAL SYSTEM
HONE

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
¥ NUMBER OF ANIMALS NECROPSIED

83
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. TABLE B1. MALE MICE: NEOPLASMS (CONTINUED)

VEHICLE
CONTROL LOW DOSE HIGH DOSE

BODY CAVITIES

¥MEDIASTINUM . (50) (50) (50)
ALVEOLAR/BRONCHIOLAR CA, INVASIV
ALVEOLAR/BRONCHIOLAR CA, METASTA 1 (2%)

XMESENTERY . (50) (50) (50)
MESOTHELIOMA, NOS 1 2x)

ALL OTHER SYSTEMS

XMULTIPLE ORGANS (50) (50) 50)
SQUAMOUS CELL CARCINOMA, METASTA 1 (2%X)
MEPATOCELLULAR CARCINOMA, METAST 1 (2%)

FIBROSARCOMA 1 (2%)

HEAD
SARCOMA, NWOS . 1

ANIMAL DISPOSITION SUMMARY

ANIMALS INITIALLY IN STUDY 5
HATURAL DEATHa
MORIBUND SACRIFICE
SCHEDULED SACRIFICE
ACCIDENTALLY XILLED
TERMINAL SACRIFICE 2
ANIMAL MISSINO

2 INCLUDES AUVOLYZED ANIMALS

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
. % NUMBER OF ANIMALS NECROPSIED

-

- s UV O D

i 1
! .
|
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TABLE B1. MALE MICE: NEOPLASMS (CONTINUED)

VEHICLE
BONTROI. LOw DOSE HIGH DOSE
TUMOR SUMMARY
TOTAL ANIMALS WITH PRIMARY TUMORSX 33 22 26
TOTAL PRIMARY TUMORS 39 27 39
TOTAL AMNIMALS WITH BENIGN TUMORS 18 12 18
TOTAL BENIGN TUMORS 20 13 19
TOTAL ANIMALS WITH MALIGNANT TUMORS 18 14 17
TOTAL MALIGNANT TUMORS 18 14 20
TDTAL ANIMALS WITH SECONDARY TUMORS# [ 2 3
TOTAL SECONDARY TUMORS ] 2 3
TOTAL ANIMALS WITH TUMORS UNCERTAIN-
BENIGN OR MALIGNANT : 1
TOTAL UNCERTAIN TUMORS 1

TOTAL ANIMALS WITH TUMORS UNCERTAIN-
PRIMARY OR METASTATIC
TOYAL UNCERTAIN TUMORS

% PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS
# SECONDARY TUMORS: HETASTATIC TUMORS OR TUMCRS INVASIVE INTO AN ADJACENT ORGAN

\ 85 Allyl Isothiocyanate
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TABLE B2.

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE ADMINISTERED
ALLYL ISOTHIOCYANATE IN CORN OIL BY GAVAGE

> T ot 0 T D e N O N o e P

VEHICLE
CONTROI. LOW DOSE HIGH DOSE
ANIM]LS INITIALLY IN STUDY 50 50 50
ANIMALS HECROPSIE 50 30 49
ANIMALS EXAMINED HISTOPATHOLDGICALLY 50 50 49
INTEGUMENTARY SYSTEM
XMULTIPLE ORGANS (500 (50)
FIBROUS HISTIOCYTOMA, MALIGNANT 1 €2%)
NSUBCUT TISSUE (50) (49)
MALIGNANT MELANOMA 1 (2x)
FIBROUS HISTIOCYTOMA, MALIGNANT 1 (2%)
RESPIRATORY SYSTEM
SLUNG (47) %9) (649)
SQUAMOUS CELL CARCINOMA, METASTA 1 (2%)
ALVEOLAR/BRONCHIOLAR ADENOMA 2 (4X%) 1 (2%)
ALVEOLAR/BRONCHIOLAR CARCINOMA 2 (&%) 3 (6X)
O0STEOSARCOMA, METASTATIC 1 €2%)
HEMATOPOIETIC SYSTEM
¥MULTIPLE ORGANS (50) (50) (49)
MALIGNANT LYMPHOMA, NOS 1 (2%) 1 (2%)
MALIG.LYMPHOMA, LYMPHOCYTIC TYPE 3 (6X) 2 (4%) 1 (2%X)
MALIG.LYMPHOMA, HISTIOCYTIC TYPE 1 (2%) 2 ax)
MALIGNANT LYMPHOMA, MIXED TYPE
LYMPHOCYTIC LEUKEMIA 1 (2%)
S$SPLEEN (e (483 49)
MALIGNANT LYMPHOMA, MIXED TYPE 1 (2%)
SMESENTERIC L. NODE 30 (47) (49)
MALIGNANT LYMPHOMA, MIXED TYPE 1 (2X%)
#LIVER (502 (49)
! - 1.02%)

& NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

% NUMBER OF ANIMALS NECROPSIED

Allyl isothiocyanate
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. TABLE 82. FEMALE MICE: NEOPLASMS (CONTINUED)

VEHICLE
CONTROL LOW DOSE HIGH DDSE
UNDIFFERENTIATED LEUKEMIA _ , 1 (2%)
CIRCULATORY SYSTEM
%SKIN (507 (50) (49)
HEMANGIOMA 1 (2%)
%SUBCUT TISSUE €50) €50) 49)
HEMAMGIOSARCOMA 1 (2%)
LYMPHANGIOMA 1 (2x%)
#SPLEEN 12 143) 49
HEMANGIOSARCOMA 1 (2%)
XMESENTERY (50) (50) €%9)
HEMANGIOMA 1 (2%)
SUTERUS (50 (472 9
HEMANGIOSARCOMA 1 (2%
SOVARY U9 4% (48)
HEMANGIOSARCOMA 1 ¢2%)
DIGESTIVE SYSTEM _
SLIVER (50) %9 . 49
HEPATOCELLULAR ADENOMA 2 ¢4%) 1 ¢2%)
HEPATOCELLULAR CARCINOMA 2 (&%) 1 (2%
#STOMACH 47) 47 €49)
SQUAMOUS CELL PAPILLOMA 1 ¢2%)
SQUAMDUS CELL CARCINOMA
., URINARY SYSTEM
. NONE
ENDOCRINE SYSTEM
SPITUITARY 47) €45) (44)
ARCI) . 3 (6%) 3 ¢1%)

N NUMBER OF ANIMALS NECROPSIED

87
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. TABLE B2. FEMALE MICE: NEOPLASMS (CONTINUED)

VEHICLE
CONTROL LOW DOSE HIGH DOSE
ADENOMA, KOS 3 (6X) 3 (7%) 4 (9%
ACIDOPHIL CARCINOMA 1 (2%)
STHYRODID (48) (47) (47)
FOLLICULAR-CELL ADENOMA 1 (2X) 3 (6%) 1 (2X)
FOLLICULAR~CELL CARCINOMA 2 (4X)
#PANCREATIC ISLETS ) {47) (45) (89)
ISLET-CELL ADENOMA 1t (2X)
ISELET~CELL CARCINOMA
REPRODUCTIVE SYSTEM
¥MAMMARY GLAND (50) (50) (49)
ADENOMA, NOS 1 (2X)
ADENOCARCINOMA, NOS. 1t (2X%) 1 (2%) 1 (2%)
SUTERUS (50) (47) (49)
SQUAMOUS CELL CARCINOMA 1 (2X%)
ADENOCARCINOMA, NOS 1 (2X)
ENDOMETRIAL STROMAL POLYP 2 (&%)
OVARY (49%9) (44)
TERATOMA, NOS 1 (2%)
NERVOUS SYSTEM
SBRAIN 50 507 (49)
‘ ACIDOPHIL CARCINOMA, INVASIVE 1 (2%)
4 --- -
SPECIAL SENSE ORGANS
.i ¥HARDERIAN GLAND (50) (50) (49)
d ADENOMA, NOS 1 (2% 1 (2%)
| CYSTADENOMA, NOS 1 (2%)
1 - - W W P - -
‘MUSCULOSKELETAL SYSTEM
®KFEMUR {50) (50) (69)
USTEUSARCOMA . 1 (2%X)
BODY CAVITIES
*_noxE
8 NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
] X NUMBER OF ANIMALS NECROPSIED
|
\
i
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. TABLE B2. FEMALE MICE: NEOPLASMS (CONTINUED)

VEHICLE
I':ONTRDI. LOW DOSE HIGH DOSE
ALL OTHER SYSTEMS
HONE
ANIMAL DISPOSITION SUMMARY
ANIMALS INITIALLY IN STUDY 50 50 50
NATURAL DEATH® 22 15 16
MORIBUND SACRIFICE 12 . 10 15
SCHEDULED SACRIFICE 5
; ACCIDENTALLY KILLED 1
| TERMINAL SACRIFICE 11 25 13
ANIMAL MISSING
@ INCLUDES AUTOLYZED ANIMALS
TUMOR SUMMARY
TOTAL ANIMALS WITH PRIMARY TUMORSX 13 20 20
TOTAL PRIMARY TUMORS 25 28 26
TOTAL ANIMALS WITH BENIGN TUMORS 1 11 6
TOTAL BENIGN TUMORS 13 13 6
| TOTAL ANIMALS WITH MALIGNANT TUMORS 10 15 15
| TOTAL MALIGNANT TUMORS 12 15 19
| TOTAL ANIMALS WITH SECONDARY TUMORS® 1 2
| TOTAL SECONDARY TUMORS 1 2
‘ TOTAL ANIHALS\HITH TUMORS UNCERTAIN-
BENIGN OR MALIGN 1
TOTAL uncsnrazn TUMDRS 1
. TOYAL ANIMALS WITH wnuas UNCERTAIN-
PRIMARY OR METASTAT
; TOTAL UNCERTAIN‘TUHORS
, % PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS
; #_SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN
|
|
®
iz 89 Ally] Isothiocyanate
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TABLE B3.

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE 2-YEAR
STUDY OF ALLYL ISOTHIOCYANATE

VEHICLE CONTROL

L ] 1] OF SO T ST #] O ¥ ¥ 3T o8] ¢ [ N
NURDER [} [ NI NI I 21 21 2 2
A b f1.31 21 31 ¢1 31 6] 71 & 2Ly
[ 1 F HIEIRIEIBINEI R Ty 1
" STUDY 9 ol & ol 71 8| 3] 0f o} 4f 9} o ool [4
b ] .1 4L 23 a1 ¢) 81 §1 9! ¢} 61 ab S} ¢ $1 &1 416
e LR A I A I 2 I I 2 I IR T 2 2R I I I A
PAPILLONA, NOS x
TSIy SV3TEn
LUNGS AND BROMCHI LA N Y T B T N RN S DR I R 2R T T Y IR I R I
HEPATOCELLULAR CARCINONA, METASYA} X X x
ALYEOLAR/BRONCHIOLAR X
TRACNES LI e I I I I I e e O L I N I I |
RERRTSFOTETIC SYSTER
BONE MARRON L SN N SN S0E. SN0, P N N S S SN SN SN IR SN N N SR NS NN N N
srLEEm L I L Y I ST Y SR 2N T Y S YR R AT ST S S SR A
RERANOTOSARCOMA H
LYMPH NODES C IR S SN R TN SRS NN TR NN TR SR SR NER NN NN SUNL N N R S Y S S
THYHUS L e e I I I O N L AT T S IR I
TTNEULKYBRY SVEVER
HEARS L I I N S T I I R I 2 I IR I IR I A
BIZEETIVE SVSTEN
SALBYARY OLAND CI S N S SN NN SN SR NER S SN S SR SR N R NN NN SN S SN T )
LIVER L2 S A ) L O A O S T R I I B T 2R 2 IR I ]
WEPATOCELLULAR ADENOMA X X
MEPATOCELLULAR CARCINOMA X . X X X X_X
IIE DUCT LRI SN S SN SN SN SN S SN MY SN SR SN N SR S NN S N S
| GALLDLADDER 1 COMMON DILE DUCT N N & 2 & 0 & & 4 4 B & 2 3 % N N + % + ¢ % & N ¢
i PANCREAS LI SONLIUE SR S T S SN SN S U S S S SR SR SN N SN S SN )
1 ESOPNAGYY RS S S S SRR S S S S SN S S SN NN S UK LN IR S S N S
STOMALH CNECSEE S SO S S S S S S S SR SU SUR SO . SO U S T, N SE S )
v
SMALL INTESTIHE ISR S SN N SN S SR S S NN S S SR S-S S SO NN SN S S S S
]
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TABLE B3, MALE MICE: TUMOR PATHOLOGY (CONTINUED) LOW DOSE

i ERTHAT LI HEIBIBIBIEI
NUMBER 4] 44 o IERIKIBIEIK]
4l ) 1 forat
(18 TISSUES
DY LAl [ [} [ 4 [$ ] [ TUMORY
LI ] } ] ] 3 3
REYFINRTORY SYSVER
LUNOS ANT BRONCH] L I I L TR I O e O 2 T T 2 Y S T R I A ) 1)
NEPASDCELLULAR A!CINW. METASTAL X
nnoul/uoncuwt ADEWOMA X 3
ALYZOLAR/ZBRONCHIDLAR CARCINOMA X, ]
TRAGHEA L N T 2 D D IR R K T T S Y O D I R ) 4
WERATOFBIETIC SVIVER
’ DONE MARROW LIRS SO T Y U S Y N SN N S L S S SR SUN N N 3 (3]
SPLEEN [ B I I R I T I A A 2 I T T I Y S ) A1)
HEMANGJOSARCONA ]
ALYINPH NDDES AU S S T S SN WU R YO SR S NN T U SR S S TR N 2N TR (1]
THYMUS R R I N T IR Y I B T T T TR T Y 4
TIUCTY Y SYSTER ™
MEART L I e e e e R I I T e e B S A A Y L]
MERANTTIONK 1
FISSTIVE SV
JALIVARY OLAND LN ST SO N SR SN SN S SN NN T S EYNR SR ST S S SO S S (1]
LIVER L2 K I 20 TR T T T N T TR Y T 2NN 2R TR Y S R Y S R RS (1]
HEPATOCELLULAR ADENOHA X b3 x
HEPATOCELLULAR CARCINGMA X X X b X X ]
MILE DUCT SN T N I TR S S SO S ST SR SUCSNE SO SN SN WU SN SR SN S S N ) (13
CALLBLADDER & COMMON BILE DUCT EIUCI T T SO . S S S N S S SN W NUR S S S W ST SN Y ]
PANCREAY LA SN U5 SN S S 3 L S SR SR NI T ) L S S 3 s2
ESOPHAOUS L I I I I R I I e e O T I S S Y S A 113
STOMACH L2 SRS N NUW. NN N SO N TN SR N SRS T TENUNNE SN SN SR R S S N 3 LY ]
SHALL INTESYINE LR S S U N T TR TN 2R T TR S S S L e K T Y T Y 2
‘CARCINOMA , X03 [}
LARGE INTESTINE L I I I S 2 I D D O T NN O 2 IR 2 IR D 2 L34
TR SVETER
REPREY R T SE S T S S S N NN, SN SRR SUE SN IS SUCNNE SR SR SEE S N ) 19
VAINARY JLADDER L I N I I I I I T T IR ST A R L1 )
ERSACNINE SYSTER
PITUITARY G S S N SRS TN SUNC T, S N S N N SR S S S U N SR S N S S 3 A%
ADREHAL L2 TR T N N RN S S UL NN T T L S S N S N N N A2
THYROID R A R I I T I I SR R A ) (1)
FOLUZCULAR-CERL ADENOMA X i
PARATHYROID L N T I I T T T R T TR S O S T T SR S S 3%
f NEPROBUCTIVE SYSTER
MAMMARY OLAND AN B N N N % M N N N + ¢ B B N ¢ N N N N ¢ B o 8 1]
TESTIS IS S S SR S TN U N S S S YU SR SR N . 3 PN ) A ) 30
PROSTATE L I I I I e I L N R R I ) o
HEAVEIT ISR
BRAIN T o ¢ 2 ¢ 4 & 3 0 4 3+ 2 ¢ 4 2 6 4 2 4+ b+ e se
SFETAL FERYY DREANY
HARDERIAN GLAKD BN NN NN RN NN HKEKEENNN R NNN NN son
ADENOMA, KO3 X ]
XEUSYRER SYSTERY
MULTIPLE ORGANS NOS FR B RN B RR NN M NR R RN NN R N NN NN R Son
(-8 4dd 2
™ ANIMALY NECROPSIED
+r  TI330E EXIH!NED HICID!CD'ICAIIY ¢ MO TISSUE INFORMATIOR SUBMITTED
=t REQDIRED T13SUE T EXAMINED MICROSCOPICALLY € N!Clﬂ'!“p NO HISTOLOQOY DVE TD PROTOCOL
xv  TUMOR INC ln[)lt! At AUTOLY
N HECROPSY, WO AUTOLYSIS, N0 MICROSCOPIC EXAMINATION n AlllHAl. 138140
Bt NO RECROPSY PERFORMED
]
4
|
i
93 Allyl sothiocyanate
, 000175
I
i




TABLE B3.

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE 2-YEAR
STUDY OF ALLYL ISOTHIOCYANATE
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TABLE B3. MALE MICE: TUMOR PATHOLOGY (CONTINUED)
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STUDY OF ALLYL ISOTHIOCYANATE

VEHICLE CONTROL

SRIAKT ] T
NUNBER 3 1
3 2
1 [] ]
srupy 3 (I
TRTESTHEY IV SSTER ALl e At 2
SUBCUTANEOUS TISSUE L I N I I N T R I I T R R
HEMARNGIOSARCUMA x
TEXFIRRYURT SYSTER
LUNGS AND 'BRONCHI [ R T I N I S T I O AN R
ALVEOLAR/BRONCHIOLAR .
TRACKER CEE I S S I BRI R I T T TN I 2 DR T I B I I
RERATOFOTETIT SYSVER
BONE RARRDW [SER SR S SO WK SR S SEE S SR S SN SN SN SN S SN SENCNN S S U
SPLEER U S IR SN SN N TR SN N N S SR, S NN NS SN S SN JER NN NN 3
LY NODES CIE S SR V. TN SV ST, SUE SR U SR 2 S S, S T . TN N 3. 2.}
THYRUS A I T B O B A R T A
TYRTUTITONY SVITEH
HEARY D I R I I I R A I T IR I R 2R R BT 2N A I
BIUEIVE SSTIN
SALIVARY GLAND LIS S . SR SR MR JUT. S S S SR YU JUNR S T N S SN, S S N S N )
Liven [ N R N B R N N 2 SR TR T I A
HEPATOCELLULAR ADENOMA
MILE DURY LYNE SO I S SO S SR JUN NS S B S S S SN SN SN S SN N )
‘GALLBLADDER 3 COMMON BILE DUCT 2ot o R+ v o N & N s ¢ N ¢+ & & 4 4 + ¢ W+ 4 0
PANCREAS (RSN SR T, T S SR TR DU TR S S S S SO N SN SEE SUS JUN. S S S 2
ESOPNAGUS TR TR TR S R S SR AR T K SN JE JUNC R SN SUEE JURE VN S SO U S )
3T0McH FYNE S S SO SN S S S S SN ST SNE S, S S SR SR NN S N SR SN
SMALL INTESTINE I S S S S SO S S SN SN S U S TR S S SN U Nk T IR 3
LaRGe INTESTINE L I I I I I R R e e A e )
UETRANY SVSTER
Kibney LS S SO S ST S SO SO R S S S S SIOR SR S S S S S S S N i
URINARY BLADDER L A I N N R N I I S I 2
TRERNTRE SVETER
PITUITARY L A N N I A A R 2 2 T I N I I
eucmmn.m X x
DENORA, W03 x
i | AClWlll CARCINDMA X
ADRENAY Lo o 3 & 0 & 3 & & b 0 b 4 4 4 8 4 ¥ & 4 v b &b
R D I I I I I I I N I e e e 2
FOLLICULAR-CELL ADENOMA X
PARATHYROID L L I I I L I TR N S I I I
TSIV STSTER
RY GLAND [ S I I I 2N I I R IR S 2K I IR I I I AR
ADENDNA, NOS x
ADENOCARCINDNA, %03 X
UTERUS L AN S T I I I A A ) LR IR A )
CENOUMETRIAL 3TROMAL PULYP X
.o HMEMANGIOSARCOMA X
ovaRy LI I R e I A R O O R I I I O B )
HERVEUT IVITEN
BRAIN L I R R e A A N A I N I I TR I I O 2 I I
ACIDOPHIL CARCINODMA, INVASIVE X
SFEEIRC YENST URSANY
]
HARDEREAN GLAND X NN N NN NHRE KN NENENHNNNNNENNNNN
ADENOMA, ROS
W"AD:"W. oS
TCSINOC SYSTERY
PULTIPLE OROANS %D3 [ * N A NH
ULILILE GrOMNS N3 AL uuunnuuuununn:nuu
BAL LG, LYHPHONA, I.WNGCYYIC Ivre x
*1 TISSUE EXAMINED MICROSCOPICALLY 1 NO TIISUE INFORMATION SUBMITIED
;" ?mllfﬁclsg‘ﬂ"w HOT EXAMINED MICROSCOPICALLY 2‘ "Etsfsgl‘ HO HISTOLOGY DUE YO PROTDCOL
'
N  HECROPSY, WO AUTOLYSIS, HO MICROSCOPIC EXAMINATION M1 ANIMAL MISSINO
Bt NO NECROPSY PERFORMED
|
|
]
]
]
| oy
Allyl Isothiocyanate 96
]
]




TABLE B2. FEMALE MICE: TUMOR PATHOLOGY (CONTINUED)
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TABLE B4.

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE 2-YEAR
STUDY OF ALLYL ISOTHIOCYANATE
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TABLE B4. FEMALE MICE: TUMOR PATHOLOGY (CONTINUED) LOW DOSE
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INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE 2-YEAR
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TABLE B4. FEMALE MICE: TUMOR PATHOLOGY (CONTINUED)
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TABLE C1.

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS

ADMINISTERED ALLYL ISOTHIOCYANATE IN CORN OIL BY GAVAGE
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. CONTROL LOW DOSE "HIGH DOSE
ANIMALS INITIALLY IN STUDY 50 50 50
ANIMALS NECROPSIED 50 50 50
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¥SKIN (50) 30)
EPIDERMAL INCLUSION CYSTY 3 (6X) 1 (2X) 3 (6X)
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INFLAMMATION, SUPPURATIVE 2 (4%)
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METAPLASIA, OSSEOUS 1 .(2%)
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MYELOFIBROSIS 1 (2%)
SPLEEN (50> (49) (50)
CONGESTION, NOS 2 (4%)
FIBROSIS, MULTIFOCAL 1 (2%)
METAMORPHOSIS FATTY 1 (2%)
‘ 518 20 (40%) 20 (61%) 7 (16X)

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

% HUMBER OF ANIMALS NECROPSIED

Allyl Isothiocyanate
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. TABLE Ct. MALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)
|

VEHICLE
CONTROL LOW DOSE RIGH DOSE
ANGIECTASIS 1 (2%)
HYPERPLASIA, LYMPHOID 2 (6X)
HEMATOPOIESIS 1 (2%) 2 (&%)
SLYMPR NODE s0) (50
HYPERPLASIA, NOS 1 (2%)
SMANDIBULAR L. NODE (50) 50) (50)
HYPERPLASIA, PLASMA CELL . 1 (2%)
$MESENTERIC L. NODE (50) (50) (50)
HEMORRHAGE, CHRONIC
INFLAMMATION, GRANULOMATOUS
ANGIECTASIS 1 (2%)
SINQUINAL LYMPH NODE 0 (50) (50)
HYPERPLASIA, DIFFUSE :
SPANCREAS (50) 49
HYPERPLASIA, LYMPHOID 1 (2%)
CIRCULATORY SYSTEM
SHEART 50 (50) (39>
MINERALIZATION 1 (2%)
INFLAMMATION, CHRONIC
INFLAMMATION, CHRONIC FOCAL 1 (2X) 1 (2X) 1 (2%)
FIBROSIS, FOCAL 23 (46%) 23 (46X) 19 (38%)
SMYGCARDIUM s0) (50) (50)
INFLAMMATION, CHRONIC 2 (4%) 5 (10X)
INFLAMMATION, CHRONIC FOCAL 1 (2%)
%DESCENDING THORACIC (50) (50) (50)
ARTERIOSCLEROSIS, NOS 1 (2%)
. XMESENTERIC ARTERY (50) (50) (50)
INFLAMMATION, CHRONIC 1 (2%)
$PANCREAS - €50) 50> s
PERTARTERITIS
DIGESTIVE SYSTEM
$SALIVARY GLAND 49 (50) (50)
FIBROSIS, FOCAL 1 (2%)

+8 NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

% NUMBER OF ANIMALS NECROPSIED

105

Allyl Isothiocyanate
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TABLE C1. MALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

VEHICLE
CONTROL LOW DOSE HIGH DOSE
ATROPHY, FOCAL 1 (2%)

LIVER (50 (50) (50)
CONGESTION, ACUTE 1 ¢2%)
INFLAMMATION, GRANULOMATOUS v (2%)
NECROSIS, ZONAL 1 (2%)

CYTOPLASMIC VACUOLIZATION 2 (4%)
CYTOLOGIC ALTERATION, NOS 3 (6X) & (8%) 1 (2%)
ANGIECTASIS 2 (4X)

SLIVER/CENTRILOBULAR (50) (50) (50)
CYTOPLASMIC VACUOLIZATION 1 (2%)

#BILE DUCT (50) (50) (50
HYPERPLASIA, WOS 11 €22%) 32" (64%) 10 €20%)
HYPERPLASIA, FOCAL 14 (28%) 1 (2%) 1 (2%)

SPANCREAS (50) (50 69)
CYST, NOS 1 (2%
ATROPHY, FOCAL ¢ (8%) 5 (10%) 1 (2%)

SPANCREATIC ACINUS (50 (50) (49)
ATROPHY, NOS 1 (2%)

$CASTRIC SUBMUCOSA (49) (50> (49)
FIBROSIS 1 (2%)

SCOLON €48) (49)

PARASITISM 1 2% 1 (2%)
URINARY SYSTEM

#KIDNEY (50> (50) (50)
INFLAMMATION, CHRONIC 40 (80%) 23 (46%) 20 (40%)
NEPHROSIS, NOS 1 (2%) 1 (2%)
PIGMENTATION, NOS 1 (2%)

SKIDNEY/TUBULE (s0) (50) €50
DEGENERATION, HYALINE 1 (2%)

SURINARY BLADDER €49) (49) (69)
INFLAMMATION, HEMORRNAGIC
HYPERPLASIA, NODULAR 1 (2%)

JA. EPITHELIAL (2% 6 (12%)

# NUMBER OF ANIMALS NITH TISSUE EXAMINED MICROSCOPICALLY

¥ NUMBER OF ANIMALS NECROPSIED

Allyl Isothiocyanate
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TABI.E 31 MALE RATS: NDNNEOPLASTIC LESIONS (CONTINUED)
VEHICLE
CONTROL LOW DOSE HIGH DOSE
ENDOCRIRE SYSTEM
FPITUITARY (47> C49)
ANGIECTASIS 1 (2%) 1 (2X)
SADRENAL ' (50) . (50) (50)
CYSY, NOS 1 (2X)
CYTOPLASHIC VACUOLIZATION 1 (2%)
SADRENAL CORTEX (50) (50> (500
CYTOPLASMIC VACUOLIZATION 2 (4X) -
ANGIECTASIS : 1 (2%)
lkDRENAL ﬂEDUllA (50) (50) (50)
NECROSIS, NO 1 (2X%)
HYPERPLASIA, FOCAL 2 (8X)
*THYROID . (48) (50)
CYSTIC FOLLICLES 7 (15%) 1 (2%) 1 (2X)
HYPERPLASIA, C~CELL 3 (6%
SPARATHYROID (42) (50) (45)
HYPERPLASIA, NOS .
REPRODUCTIVE SYSTEM
HMAMMARY GLAND (50) (50) <50}
CYSIIC DUCTS 13 (26%) 15 (30%) 6 (12%X)
HYPERPLASIA, NOS 1 (2%)
ADENOSIS 3 (6X)
NPENIS (50) (50> (50)
PROLAPSE 1 (2%)

) KPREPUTIAL GlAND (50) (50) (50)
CYST, NODS 1 (2X) 2 (4X)
CYSTIC DUCTS 6 (12%) 3 (6X) 1t (2%)
INFLAMMATION, ACUTE
INFLAMMATION, ACUTE SUPPURATIVE 1 (2X)

INFLAMMATION ACUTE AND CHRONIC t (2X%)
INFLAMMATION, CHRONIC SUPPURATIV 1 (2X)
HYPERPLASIA, NOS
HYPERPLASIA, CYSTIC
* " % NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
% NUMBER OF ANIMALS NECROPSIED
e
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TABLE C1. MALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

i e

VEHICLE
CONTROL LOW DOSE HIGH DOSE

SPRUSTATE . 49 (49 (49)
INFLAMMATION, SUPPURATIVE 17 (2%)

INFLAMMATION, ACUTE SUPPURATIVE 10 (20%) 4 (8%) 1 (2x)
INFLAMMATION, CHRONIC FOCAL

SPROSTATIC GLAND 49 49>
ABSCESS, CHRONIC 1 (2%)

WSEMINAL VESICLE (50) (50)
DILATATION, NOS 1 ¢2%) 1 (2%)
cYST, NOS
INFLAMMATION, ACUTE FOCAL
GRANULOMA, SPERMATIC

STESTIS (50) (50) (49)
ATROPHY, WOS 1 (2%)

NERVOUS SYSTEM

$BRAIN/MENINGES (50) (49) (50>
INFLAMMATION, CHRONIC FOCAL 1 2%)

SHYPOTHALAMUS (50) (49) (50)
HEMORRHAGE

SPECTAL SENSE ORGANS
EYE (50> (502 (50)
RETINOPATHY 9 (18%) 6 12%) 39" ¢78%)
CATARACT 7 €16X) 6 (12%) 13 (26X)
MUSCULOSKELETAL SYSTEM

¥SKELETAL MUSCLE (s0) (50) (50)
DEGENERATION, NOS 1 (2%)

BODY CAVITIES

*¥MESENTERY (50) (50) (50)

L IC 1 (2%)

4 NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

% NUMBER OF ANIMALS NECROPSIED

Ally} Isothiocyanate
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. TABLE Ct. MALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

VEHICLE
CONTROL LOW DOSE HIGH DOSE
NECROSIS. FAT 14 (28%) 9 (18%) 3 (16%)
ANGIECTASIS 1 (2%
ALL OTHER SYSTEMS
NONE
SPECIAL MORPHOLOGY SUMMARY
NONE
# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
¥ NUMBER OF ANIMALS NECROPSIED
109 Aliyl Isothiocyanate
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TABLE C2.

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS
’ ADMINISTERED ALLYL ISOTHIOCYANATE IN CORN OIL BY GAVAGE

-——

VEHICLE
CONTROL

ANIMALS INITIALLY IN STUDY
ANIMALS NECROPSIED
ANIMALS EXAMINED HISTOPATHOLOGICALLY

HIGH DOSE

50 50
50 50
50 50

INTEGUMENTARY SYSTEM

uSKIN

INFLAMMATION, SUPPURATIVE
INFLAMMATION, ACUTE FOCAL
INFLAMMATION ACUTE AND CHRONI&
INFLAMMATION, CHRONIC

¥SUBCUT TISSUE
EPIDERMAL INCLUSION CYST
INFLAMMATION, CHRONIC FOCAL

30

(50)
1 (2%)
1 (2%

- - - -

(50) (50)
1 (2%)
1 (2%)
1 (2%

(50) (50>

RESPIRATORY SYSTEM

SLUNG
EPIDERMAL INCLUSION CYST
CONGESTION, NOS
HEMORRHAGE
PROTEINOSIS. ALVEOLAR
CHOLESTEROL DEPOSIY
HYPERPLASIA, ALVEOLAR EPITHELIUM

-

(50)

1 (2%)

-

HEMATOPOIETIC SYSTEM

SSPLEEN
INFLAMMATION, CHRONIC
FIBROSIS, FOCAL
HEMOSIDEROSIS
ANGIECTASIS
HEMATOPOIESIS

$MEDIASTINAL L.NODE
HEMOSIDEROSIS

(50>

1 (2%)
30 (60X%)

1 (2%

(50)
1.¢2%)

(50) 50
1 (2%)

27 (54%)
1 (2%

30 (60%)
1 (2%)
(503 (50)

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

% NUMBER OF ANIMALS NECROPSIED

Allyl 1sothiocyansate
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.@BLE C2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

VEHICLE
CONTROL LOW DOSE HIGH DOSE
SPANCREATIC L.NODE (50) (50) (30)
ANGIECTASIS
#PEYER'S PATCH (49 (48) (48)
HYPERPLASIA, LYMPHOID 1 (2%)
CIRCULATORY SYSTEM
SHEARY (30) (50) 503
INFLAMMATION, CHRORIC FOCAL 1 (2%) 1 (2X) 1 (2X)
FIBROSIS, FOCAL 10 (20%) 8 (16X) 8 (16X)
#MYOCARDIUM (50 (50> (50)
INFLAMMATION, CHRONIC 2 (4X)
MMESENTERIC ARTERY (50) 50) (303
HEMORRHAGE 1 (2X)
KMESENTERY (502 (50> (50)
PERTARTERITIS 1 (2%)
SKIDNEY/GLOMERULUS (301 (502 (50)
EMBOLISM, NOS 1 (2%)
#ADRENAL (50) (50 €(50)
EMBOLISM, NOS 1.(2%)
DIGESTIVE SYSTEM
SLIVER (50) (50) (30)
HECROSIS, FOCAL. 1 €(2%)
NECROSIS, ZONAL 1 (2%)
| . CYTOPLASMIC VACUOLIZATION
" CYTOLOGIC ALTERATION, NOS 3 (6X) 2 (4X) 3 (6X)
HYPERPLASTIA, NOS 1 (2X)
#BILE DUCT 50) (50) 30
HYPERPLASIA, NOS 8 (16X) 21 (42X%) 23 (646X)
HYPERPLASIA, FOCAL 12 (264X) 4 (8X) 1 (2X)
SPANCREAS (49) (49} 30)
! TION, CHRONIC ) (2%) 1 ¢2%2

% NUMBER OF ANIMALS WITR TISSUE EXAMINED MICROSCOPICALLY

¥ NUMBER OF ANIMALS NECROPSIED

 Allyl Isothiocyanate
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. TABLE C2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

VEHICLE

CONTROL LOW DOSE HIGH DOSE
INFLAMMATION, CHRONIC FOCAL 1 (2%)
FIDROSIS, FOCAL 1 (2%
ATROPHY, NOS 1 (2%) 1 ¢2%)
ATROPHY, FOCAL 3 (%) 3 (6%) 1 (2%)

COLON (49) 47) (49)
PARASITISM 1 (2%) 1(2%)
URINARY SYSTEM

SKIDNEY (50) (50) (50)

INFLAMMATION, CHRONIC 1 (2%) 2 (4%)

FIBROSIS, FOCAL 1 (2%) 1 (2%)

NEPHROSIS, NOS 1 (2%
. PIGMENTATION, NOS 1 (2%)

SURINARY BLADDER ) 49) 49) (50
HYPERPLASIA, EPITHELIAL 1 (2%)

ENDOCRINE SYSTEM

SPITUITARY 49 (50) (50)

CYST, NOS 1 (2%)
HEMOSIDEROSIS 1 (2%)
ANGIECTASIS 2 (4X) 3 (6%) 1 (2%)

SADRENAL (50) (50)

CYTOPLASMIC VACUOLIZATION 2 (4X)
ANGIECTASIS 1 (2%)

SADRENAL CORTEX (50) (50) (50)
CYTOPLASMIC VACUOLIZATION 5 ¢10X) 6 (12%) 3 (6%)
ANGIECTASIS 1 (2%)

1 STHYROI (50) (48)

UL?IHOBRARCHIAL cyst 1 ¢2%)
CYSTIC FOLL 2 (4x) 1 (2%)
ESLLICULAR cvsr. Nos
ATROPRY, CYSTIC 1 (2%)
HYPERPLASIA, EPITRELIAL 1 (2%)
HYPERPLASIA, C-CELL t (2%) 1 (2%)

REPRODUCTIVE SYSTEM

XMAMMARY GLAND (50) (50) (50)
____CYSTIC DUCTS 30 €60%) 30 (60%) 36 C12%)

# NUMBER OF ANIMALS NITH TISSUE EXAMINED MICROSCOPICALLY

% NUMBER OF ANIMALS NECROPSIED

Allyl Isothiocyanate
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TABLE C2. FEMALE RATS NONNEOPLASTIC LESIONS (CONTINUED)

. VEHICLE

CONTROL LOW DOSE HIGH DGSE

HYPERPLASIA, NOS

HYPERPLASIA, CYSTIC 3 (6X)

ADENOSIS 5 (10%) 9 (18%) 5 (10X)
IPREPUTIAl GLAND (50) (50) (50)

CYSTIC D 1 (2% 6 (12X) 2 (4%)

INFLAHMATION. ACUTE SUPPURATIVE 3 (6%) 1 (2%2)

HYPERPLASIA, NOS 1 (2%) 1 (2%) 1 (2%)
®CLITORAL GLAND 50) 50) 50)

CYST, NOS

CYSTIC DUCTS 1 (2%)

INFLAMMATION, ACUTE SUPPURATIVE 1.2%) 1 (2%)
SUTERUS (50) (49) (50)

HEMATOMETRA 1 (2%) 1.(2%) t (2%)

HYPERPLASIA, EPITHELIAL

ANGIECTASIS 1 (2X)
$UTERUS/ENDOMETRIUM (50) (493 (50)

EDEMA, NOS 1 (2%)

HEMATOMETRA 2 (9%)

INFLAMMATION, NOS 1 (2%)

INFLAMMATION, ACUTE SUPPURATIVE

HYPERPLASTIA, NOS 1 (2%) 3 (6X%)

HYPERPLASIA, CYSTIC 9. (18%) 5 (10X) 2 (4%)
SENDOMETRIAL GLAND (50) (492 (50)

HYPERPLASIA, CYSTIC t(2%)
SOVARY (50) (50> (50)

CYST, NOS 3 (6%) 1 (2%)

FOLLICULAR CYST, NOS 1 (2%)

HERVOUS SYSTEM

[ $CEREBRAL VENTRICLE (50) 50) (503
‘ HYDROCEPHALUS, HOS 1 (2%

SPECIAL SENSE ORGANS

MEYE (503 (50) 50)
_BETINOPATHY : 4 _(8%) 35 _C70%) 11 €22%)

¥ NUMBER OF ANIMALS MITH TISSUE EXAMINED MICROSCOPICALLY
¥ 'NUMBER OF ANIMALS NECROPSIED
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. TABLE C2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

VEHICLE
CONTROL LOW DOSE HIGH DOSE

CATARACT 2 (4%) 33 (66%X) 9 (18%)

NEYE/RETINA (50) (50) (50
DEGENERATION, NOS 1 2%

¥EYELID (50) 50) (50)
INFLAMMATION, CHRONIC FOCAL t (2%

MUSCULOSKELETAL SYSTEM

HSTERNUM (50) (50) (50)
CYST, NOS

BODY CAVITIES

¥MEDIASTINAL PLEURA {50) (502 (50>
HEMORRHAGE 1 (2X)

¥MESENTERY (50) (50) (50>
MINERALIZATION 1 (2%)
HEMORRHAGE
FIBROSIS, FOCAL 1 (2%)
NECROSIS, FAT 8 (16X%) 18 (36X) 13 (26X)

ALL OTHER SYSTEMS

NONE

SPECIAL MORPHOLOGY SUMMARY

NO LESION REPORTED 3 1
. & NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
# RUMBER OF ANIMALS NECROPSIED

Ally! Isothiocyanate 114
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APPENDIX D

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC
LESIONS IN MICE ADMINISTERED
ALLYL ISOTHIOCYANATE BY GAVAGE

115
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TABLE D1.

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE
ADMINISTERED ALLYL ISOTHIOCYANATE IN CORN OIL BY GAVAGE

VEHICLE
CONTROL LOW DOSE HIGH DOSE
ANIMALS INITIALLY IN STUDY 50 50 50
ANIMALS NECROPSIED 50 50 50
ARTMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50
INTEGUMENTARY SYSTEM
WSKIN (50) (50) (503
ULCER, FOCAL
INFLAMMATION, ACUTE/CHRONIC .
INFLAMMATION, CHRONIC 1 (2%)
FIBROSIS
FIBROSIS, FOCAL 1 (2%)
¥SUBCUT TISSUE (50) (50) (50
INFLAMMATION, SUPPURATIVE 1 (2%)
INFLAMMATION, CHRONIC SUPPURATIV 2 (4X)
INFLAMMATION, FOCAL GRANULOMATOU 1 (2X%)
INFLAMMATION, PYOGRANULOMATOUS 1 @2%)
NHECROSIS, FOCAL
NECROS1IS, FAT 3 (6X%)
FORETIGN MATERIAL, NOS . 1.(2%)
RESPIRATORY SYSTEM
#LUNG/BRONCHIOLE (50) (50) 50)
HYPERPLASIA, NOS 2 (4%) 1 (2%)
ILUNG (50) (50} 50)
EDEMA, NOS 1 (2%
HEMORRHAGE 2 (4X)
BRONCHOPNEUMONIA, FOCAL 2 (4x%)
LYMPHOCYTIC INFLAMMATORY INFILTR
INFLAMMATION, INTERSTITIAL t (2%) 1 (2%)
BRONCHOPNEUMONIA SUPPURATIVE 1 (2%
INFLAMMATION, ACUTE/CHRONIC t (2%)
PNEUMONIA, CHRONIC MURINE 3 (6%) 1 (2%)
INFLAMMATION, CHRONIC FOCAL 1 2%)
‘ ‘ . NULOMATQUS 1 (2%) 2 (4%)

§ NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
¥ NUMBER OF ANIMALS NECROPSIED
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TABLE D1. MALE MICE: NONNEOPLASTIC LESIONS (CONT!NUED)

LYMPHANGIECTASIS

VEHICLE
CONTROL LOW DOSE HIGH DOSE
INFLAMMATION, FOCAL GRANULOMATOU 3 (6X)
REACTION, FOREIGN BODY (2%)
CHOLESTEROL DEPOSIY 2 (4%) .
HYPERPLASIA, ADENOMATOUS 8 (16%) 12 (24%) 15 (30%)
HYPERPLASIA, ALVEGLAR EPITHELIUM 3 (6X%) 1 (2%} 2 (4%)
HEMATOPOIETIC SYSTEM
EMULTIPLE ORGANS {50) (50) (30>
HYPERPLASIA, HEMATOPOIETIC 1 (2%)
HYPERPLASIA, LYMPHOID 1 (2%)
SPLEEN {49) (50)
ANGIECTASIS 1 (2%)
HYPERPLASTIA, LYMPHOID 1 (2X)
HEMATOPOIESIS 2 (4X) 1 (2%)
#MANDIBULAR L. NODE (50) (49)
HYPERPLASIA, LYMPHOID 1 €2%)
OHESENTERIC L. NODE (50 (49 49
HEMORI 2 (4%)
ANGIECTASIS 1 (2X) 1 (2X) 1 (2%)
HYPERPLASIA, LYMPHOID 2 (4%) 1 2%) 2 (4%)
HEMATOPOIESIS
SINGUINAL LYMPH NODE (49) (49)
HYPERPLASIA, LYMPHOID 2 (4X%) 1 (2%
SLUNG/BRONCHUS (50) (50) (50)
RYPERPLASIA, LYMPHOID
SPEYER'S PATCH (45) (42)
HYPERPLASIA, LYMPHOID 5 (11%) & (10X) 2 (4X)
S$THYMUS (CAD] (48) (46)
CYST, NOS 1 (2%)
ATROPHY, NOS 1 (2X%)
HYPERPLASIA, LYMPHOID 1 (2%)
CIRCULATORY SYSTEM
#ILIAC LYMPH NODE 50) (49) 49)

# NUMBER OF ANIMALS NITH‘TISSUE EXAMINED MICROSCOPICALLY

¥ NUMBER OF ANIMALS NECROPSIED
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TABLE D1. MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

VEHICLE
CONTROL LOW DOSE HIGH DOSE
RAAURICULAR APPENDAGE (50) (50) (50)
PERIARTERITIS
SMYOCARDIUM (50> (50 (50)
INFUAMMATION, NECROTIZING 1 (2%)
INFLAMMATION, ACUTE/CHRONIC 1 (2%)
INFLAMMATION, CHRONIC FOCAL 2 (4%
¥BLOOD VESSEL (50) (50> (50)
DEGENERATION PIGMENTARY 1 (2%)
%AORTA (50> (50> (50)
CALCIFICATION, FOCAL 1 2%
SLIVER (49) €49) (50)
THROMBOSIS, NOS 1 (2%
NMESENTERY (50) (50)
PERIARTERITIS 1 (2%)
XIDNEY €49) (69 )
PERIARTERITIS 1 (2%) 17 c2%)
DIGESTIVE SYSTEM '
#SALIVARY GLAND (50) (49) (50)
HEMORRHAGE 1 ¢2%)
INFLAMMATION, GRANULOMATOUS 1 (2%)
FIBROSIS, FOCAL 1 (2%)
CHOLESTEROL DEPOSIT 1 (2%)
SLIVER (49) (49) (50)
INFLAMMATION, ACUTE FIBRINOUS 17 c25%)
INFLAMMATION, ACUTE/CHRONIC 1 (2%)
INFLAMMATION, CHRONIC SUPPURATIV 1 (2%)
NECROSIS, NOS 1 (2%
NECROSIS, COAGULATIVE 1 (2%) 1 (2%) 1 (2%)
CYTOPLASMIC CHANGE, NOS
CYTOPLASMIC VACUOLIZATION & (8%) 10 (20%)
FOCAL CELLULAR CHANGE 2 (4%) 1 (2%) 2 (4%)
HYPERPUASIA, FOCAL 1 (2%)
SLIVER/CENTRILOBULAR 9’ (49) (50)
— CYTOPLASMIC VACUOLIZATION 2 (4% & (8% 3 6%

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

% NUMBER OF ANIMALS NECROPSIED

Ally} Isothiocyanate
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TABLE D1. MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

VEHICLE
CONTROL LOW DOSE HIGH DOSE
%GALLBLADDER (503 (50) (530
HYPERPLASIA, NDS 1 (2%)
#BILE DUCT (49) (56)
CYSY, NOS 1 (2%)
SESOPHAGUS (30 t50) Z1))
INFLAMMATION, CHRONIC 1 (2X)
INFLAMMATION, GRANULOMATOUS 3 (6%) 1 (2%) 1 (2%)
2GASTRIC MUCOSA £3)) €48) (48)
EPIDERMAL INCLUSION CYST 1 ¢2%)
SILEUM 45) 42) 45)
DIVERTICULUM 1 (2%)
URINARY SYSTEM
SKIDNEY 49) (49) (50)
PYELONEPHRITIS, FOCAL 1 (2%)
INFLAMMATION, INTERSTITIAL 1 (2%) 2 (4%)
PYELONEPHRITIS, ACUTE/CHRONIC
NEPHROPATHY 3 (6%)
nzoeusnarxunlrxcnenrunv 1 (2%)
NEPHROSIS, NOS 1 (2%
METAPLASIA, OSSEOUS 1 (2%)
SKIDNEY/PELVIS (49) (49) (50)
LYMPHOCYTIC INFLAMMATORY INFILTR 1 (2%)
ENDOCRINE SYSTEM
SPITUITARY €46) (46) (46)
CYST, NOS 1 (2%)
SADRENAL (7 (49) (50)
CYTOLOGIC ALTERATION, NOS
SADRENAL MEDULLA (&7) 49 50)
HYPERPLASIA, NOS 1 (2%)
STHYROID (50) 45) (50)
—__CYSTIC FOLLICLES 1 (2%) 1 (2%)

® NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
% HUMBER OF ANIMALS NECROPSIED

19

Allyl Isothiocyanate
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TABLE D1. MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

VEHICLE
CONTROL LOW DOSE HIGH DOSE
FOLLICULAR CYST, HOS 2 (4X%)
INFLAMMATION, SUPPURATIVE 1 (2%)
REACTION, FOREIGN BODY 1 (2%)
DEGENERATION, CYSTIC 1 (2%)
HYPERPLASIA, FOLLICULAR-CELL 1 (2%)
STHYROID FOLLICLE (45) (50)
HYPERPLASIA, CYSTIC 1 (2%)
REPRODUCTIVE SYSTEM
¥PREPUTIAL GLAND (50) (50) (50)
EPIDERMAL INCLUSION CYST 1 (2%)
CYSTIC DUCTS 2 (4%) 2 (4%) 6 (12%)
INFLAMMATION, SUPPURATIVE 1 (2%)
ABSCESS., NOS 1 2%
INFLAMMATION, CHRONIC 1 (2X)
.INFLAMMATION, CHRONIC SUPPURATIV 1 (2%) 1 €2%) 1 (2%
#PROSTATE (50) (50) (50)
INFLAMMATION, SUPPURATIVE 1 (2%)
HYPERPLASIA, EPITHELIAL 1 (2X)
S$TESTIS ) (507 (50)
NECROSIS, FOCAL 1t (2%)
ATROPHY, NOS 1 (2%X)
RYPERPLASIA, INTERSTITIAL CELL 1 (2X)
¥EPIDIDYMIS (50) (50) (50)
ULCER, NOS 1 2%)
NERVOUS SYSTEM
4BRAIN (30) (30) (50)
CORPORA AMYLACEA 1 (2%
SPECTAL SENSE ORGANS
" MEYE (507 (50) (50)
ATROPHY, NOS 1 (2%
¥EYE/RETINA (50D (50) (50)
DEGENERAYION, NOS 1.¢2%)

8 MUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

% NUMBER OF ANIMALS NECROPSIED
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. TABLE D1. MALE MICE: NONNEOPLASTIC LESIONS (CDNTINUED)

VEHICLE
CONTROL LOW DOSE HIGH DOSE
MUSCULOSKELETAL SYSTEM .
KINTERCOSTAL MUSCLE (50) (50) (50)
INFLAMMATION. NECROTIZING 1 (2X%)
BODY CAVITIES
NMEDIASTINUM (50> (50) 50)
INFLAMMATION, GRANULOMATOUS 1 (2%)
INFLAMMATION, FOCAL GRANULOMATOU 1 (2%) 1 (2X)
NPERICARDIUM (50) (50) (50)
EDEMA, NOS 1 (2X)
REACTION, FOREIGN BODY 1 (2%X)
NECROSIS, FAT 1 (2%)
¥MESENTERY (50) (50) (50)
HEMORRHAGIC CYST 1 (2%)
STEATITIS 2 (4X) 2 (4%)
LYMPHOCYTIC INFLAMMATORY INFILTR t (2%)
NECROSIS, FAT 2 (&%) 1t (2%) 3 (6%)
ALL OTHER SYSTEMS
#¥MULTIPLE ORGANS (50) (50> (50)
ULCER, FOCAL 1 .(2%)
INFLAMMATION, SUPPURATIVE 1 (2%) 1 .(2%)
INFLAMMATION, GRANULOMATOUS 1 (2%)
OMENTUM
STEATITIS 1
.‘ SPECIAL MORPHOLOGY SUMMARY
NO LESION REPORTED 10 5
AUTO/NECROPSY/ND HISTO
§ NUMBER OF ANIMALS WITH IISSUE EXAMINED MICROSCOPICALLY
W NUMBER OF ANIMALS NECROPSIE
121 Ally! 1sothiocyanate
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- TABLE D2.
SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE

. ADMINISTERED ALLYL ISOTHIOCYANATE IN CORN OIL BY GAVAGE
VEHICLE
CONTROL LOW DOSE HIGH DOSE
ANIMALS INITIALLY IN STUDY 50 50 50
ANIMALS NECROPSIED 50 50 49
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 49

- - . - P - -

INTEGUMENTARY SYSTEM

®SKIN (50) (50) (49)
EPIDERMAL INCLUSION CYSY 1 (2%)
INFLAMMATION, GRANULOMATOUS 1 (2X)

XSUBCUT TISSUE (50) (50) (49)
ABSCESS, NOS 1%
INFLAMMATION, FOCAL GRANULOMATOU 1 (2%)
REACTION, FOREIGN BODY 1 ¢
INFLAMMATION, PYOGRANULOMATOUS } :

CHOLESTEROL DEPOSIT %) 1 (2%)

RESPIRATORY SYSTEM

$TRACHEA (47) )
PENETRATING WOUND 1 (2%)

SLUNG/BRONCHIOLE €47) (493
HYPERPLASIA, NOS 1 (2%

% SLUNG (47)
I
|
[

(48)
(49>

49) (49>
HEMORRHAGE t (2%}
INFLAMMATION, INTERSTITIAL
PNEUMONIA, ASPIRATION 1 (2x)
INFLAMMATION, SUPPURATIVE 1.42%)
BRONCHOPNEUMONIA SUPPURATIVE
. PHEUMONIA, CHRONIC MURINE 4 (9%)
E |

N -

alalaleleoialelea e lel

INFLAMMATION, GRANULOMATOUS 1
INFLAMMATION, FOCAL GRANULOMATOU

CHOLESTEROL DEPOSIT

HYPERPLASIA, ADENOMATOUS 3¢
HYPERPLASIA, ALVEOLAR EPITHELIUM 1.

8 NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
h % NUMBER OF ANIMALS NECROPSIED

NANS/NDINN SN
PRI I I I NN
DROOR ORI OLO IR O]

SN 7 BN LR & P
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TABLE D2. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

VEHICLE
CONTROL LOW DOSE HIGH DOSE
HEMATOPOIETIC SYSTEM
#BRAIN/MENINGES (50) (50) 49)
HYPERPLASIA, LYMPHOID 1 (2%)
XMULTIPLE ORGANS (503 (69)
HYPERPLASTA, HEMATOPOIETIC 3 (6%)
HYPERPLASIA, LYMPHDID 2 (4%) 1 (2%)
HEMATOPOIESIS 1 (2%)
#BONE MARROM 9) 49"
HYPERPLASIA, NOS 2 (4%) 2" (4x) 1 (2x%)
MYELOFIBROSIS & (8%)
HYPERPLASIA, HEMATOPOIETIC 2 (4%) 1 (2%)
HYPERPLASIA, GRANULOCYTIC 1 (2%) ¢ (3%)
HYPERPLASIA, RETICULUM CELL 1 (2%)
$SPLEEN s7) (48) (49)
HYPERPLASIA, NOS 1 (2%)
HYPERPLASIA, HEMATOPOIETIC 1 (2%
HYPERPLASIA, LYMPHOID 2 (4%) 4 (8%) 2 (4%)
HEMATOPOXESIS 3 (6%) 10 (21%) 5 (10%)
MYELOPOIESTS
#SPLENIC CAPSULE (4 48) (49)
INFLAMMATION, CHRONIC FOCAL 1 (2%
SLYMPH NODE (47) (49)
HYPERPLASIA, NOS 1 (2%)
SMANDIBULAR L. NODE (50) (47) €49)
HYPERPLASIA, LYMPHOID 1 (2%)
SCERVICAL LYMPH NODE (50) 47> )
HYPERPLASIA, LYMPHOID 1 ¢2%)
$PANCREATIC L.NODE (50) (67) )
HYPERPLASIA, NOS 1 (2%)
SMESENTERIC L. NODE (50) (47) (49)
HEMORRHAGIC CYST 1 (2%)
INFLAMMATION, GRANULOMATOUS 1 (2%)
SRENAL LYWPH NODE (50) (47) 49
—_ HYPERPLASIA, NOS 1 (2%)

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

¥ NUMBER OF ANIMALS NECROPSIED
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.‘ TABLE D2. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

VEHICLE
CONTROL LOW DOSE HIGH DOSE
HYPERPLASIA, LYMPHOID 3 (6%)

#ILIAC LYMPH NODE (50) (47) 49
ANGIECTASIS

SLUNG/BRONCHUS % (49) 49
HYPERPLASIA, LYMPHOID

LUNG 47 49) (49)
HYPERPLASIA, LYMPHOID 1 (2%) 1 (2%)

SLIVER (50) (49 49
LEUKOCYTODSIS, NOS 1 (2%)

HEMATOPOIESIS 1 (2% 4 (8%) 1 €2%)
MYELOPOIESIS

SPEYER'S PATCH 1} (44) (47>
HYPERPLASIA, LYMPHOID ETS

SKIDNEY (50) €48) (49)
PLASMACYTDSIS 1 (2%)

HYPERPLASIA, LYMPHOID 1 (2%)

STHYMUS €44) (45) 44)
INFLAMMATION, CHRONIC 1 @0
ATROPHY, HOS 1 2%)
HYPERPLASIA, LYMPHOID 1 (2%)

CIRCULATORY SYSTEM

HMULTIPLE ORGANS (50) (58) Y}
PERIARTERITIS 1 (2%

SENDOCARDIUM (49) (50) 49)
FIBROSIS, FOCAL 1 2%)

.‘ XAORTA (50) (58) 49)
INFLAMMATION, ACUTE/CHRONIC 1 ¢2%)

%CORONARY ARTERY (50) (50) (49)
INFLAMMATION, NECROTIZING 1 ¢2%)
HYPERTROPHY, FOCAL 1 (2%)

#PANCREAS 47 (45) 49

___ PERIARTERITIS 1 €2%)

® NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
% NUMBER OF ANIMALS NECROPSIED
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. TABLE D2. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

VEHICLE
¥ CONTROL LOW DOSE HIGH DOSE
SOVARY 59 €66) (48)
THROMBOSIS, NOS 1 (2%)
- —— - i -
DIGESTIVE SYSTEM
SLIVER (50 49 €69
HEMORRHAGIC cvsr 1 (2x)
INFLAMMATION, NOS ' (2%)
LYMPHOCYTIC INFLAMMATORY INFILTR 1 (2%)
INFLAMMATION, ACUTE SUPPURATIVE 1 (2X%)
IHFLAMMATION, ACUTE/CHRONIC 1 (2%) 3 (6%) 2 (&%)
INFLAMMATION, GRANULOMATOUS 1 (2%X)
NECROSIS, FOCAL 1 (2%)
NUCLEAR ENLARGEMENT 1 (2%)
INCLUSION, HUCLEAR 1 (2%)
CYTOPLASMIC CHANGE, NOS
CYTOPLASMIC VACUOLIZATION 1 (2%) 1 (2%)
FOCAL CELLULAR CHANGE 1 (2%) 1 (2%)
HYPERPLASIA, FOCAL 1 (2%)
#GALLBLADDER (50) (590) %9
INFLAMMATION, SUPPURATIVE 1 ¢2%)
APANCREAS “un 45) (49
CYSTIC DUCTS 2 (4%)
EDEMA, NOS 1 (2X)
INFLAMMATION, INTERSTITIAL 1 (2%)
INFLAMMATION, SUPPURATIVE 1 (2% 1 (2%)
INFLAMMATION, CHRONIC 1 (2x)
NECROSIS, FAT t (2%)
ATROPHY, NOS 1 (2%}
KOROPHARYNX (50) (50)
INFLAMMATION, ACUTE/CHRONIC 1 (2%
.‘ SESOPHAGUS €49) (50) 49
PENETRATING WOUND 1 (2%
INFLAMMATION ACUTE AND CHRONIC 1 (2%)
INFLAMMATION, CHRONIC 1 (2%)
INFLAMMATION, CHRONIC SUPPURATIV 1 (2%)
; INFLAMMATION, GRANULOMATOUS 5 ¢C10%)
| #CARDIAC STOMACH 47) (47>
[ ULCER, NOS 1 (2%X)
! # NUMBER OF AMIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
| ¥ NUMBER OF ANIMALS NECROPSIED
|
t
|
1
|
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TABLE D2, FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

-

HYPERPLASIA, BASAL CELL

SINTESTINAL VILLUS
CYTOPLASMIC VACUDLIZATION

URINARY SYSTEM

RKIDNEY
HYDRONEPHROSIS
LYMPHOCYTIC INFLAMMATORY INFILTR
INFLAMMATION, INTERSTITIAL
INFLAMMATION; CHRONIC
NEPHROPATHY
NECROSIS, MEDULLARY
HYPOPLASIA, NOS

$KIDNEY/PELVIS
LYMPHOCYTIC INFLAMMATORY INFILTR
INFLAMMATION, NECROTIZING

SURINARY BLADDER
LYMPHOCYTIC INFLAMMATORY INFILTR

VEHICLE
CONTROL

LOW DOSE

HIGH DOSE

1 (2x%)
(402

(50)

ENDOCRINE SYSTEM

RPITUITARY
HYPERPLASIA, NOS
HYPERPLASIA, FOCAL
ANGIECTASIS

#THYROID
CYSTIC FOLLICLES
FOLLICULAR CYST, NOS
DEGENERATION, CYST
HYPERPLASIA, FOLLICULAR CELL

#THYROID FOLLICLE
MULTIPLE CYSTS
HYPERPLASIA, PAPILLARY
HYPERPLASIA, CYSTIC

(47>
3 (6%)
1.€(2%)

48)
1 (2%)

2 (4%)
1 2%)

(48)

1 (2%}

(44)

47)
1 (2X%)

REPRODUCTIVE SYSTEM

¥MAMMARY GLAND
CYSTIC DUCTS

(50)
6 (8%)

2%)
2x%)

-
”~ o~

1 (2%

(48)
1 (2%

2 (4X)
(47)

49)
1 (2%)

1 (2%)
1 (2X)
(49)

50
3 (6%)

(49)
2 (4%)

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

% NUMBER OF ANIMALS NECROPSIED
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. TABLE D2. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

VEHICLE
CONTROL LOW DOSE HIGH DOSE
FIBRO 1 (2%)
HYPERPLASKA. NOS 2 (4X)
XMAMMARY LOBULE (50) (50) (49)
HYPERPLASIA, NOS $ (2X)
SUTERUS (50) (87) (49)
HYDROHEYRA 1 (2X%)
CYST 1 (2% 1 (2%)
INFLAHNATIUN: SUPPURATIVE 1 (2%)
PYOMETRA 2 (4%) 1 (2%) 1t (2%X)
ENDOMETRIAL POLYP 1 (2%)
ANGIECTASIS 1 (2X)
SUTERUSZENDOMETRIUM (50) (47) (49)
CYST, N 5 ¢10X) 3 (6X) 4 (3%)
INFlANHATIO“: SUPPURATIVE 1 (2%) 3 (%2 3 6%)
HYPERPLASIA, NOS 1 (2X)
HYPERPLASIA, CYSTIC 5 (10%) 2 (4X) 8 (16X%)
HYPERPLASIA, ADENOMATOUS
ANGIECTASIS 1 (?XJ
i SENDOMETRIAL GLAND (50) (47 (49)
5 HYPERPLASIA, CYSTIC 18 (36%) 25 (53%) 14 (29%)
SOVARY (49) (44) (48)
CYST, NOS 2 (4X) 1 (2%) 3 (6%)
CYSTIC FOLLICLES 1 (2%)
FOLLICULAR CYST, NOS 1 (2%X) )
HEMATOMA, NOS 1 (2X)
INFLAMMATION, SUPPURATIVE 1 (2X)
ABSCESS, CHRONIC 4 (8%) 2 (5%) 3 (6X)
RERVOUS SYSTEM
SBRAIN/MENINGES . (50) (50 (49)
INFLAMMATION, SUPPURATIVE 1 (2%)
ABRAIN (50) (50) (49)
INFLAMMATION, ACUTE/CHRONIC 1 (2%)
CORPORA AMYLACEA
ABRAIN/THAL AMUS (50) (50) (49)
PSAMMOMA BODIES 1 (2%) 1 (2%)
# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY T
®* NUMBER OF ANIMALS NECROPSIED
i
I
|
|
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TABLE D2. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

0 - > o 1 S O W e iy i i

VEHICLE
CONTROL LOW DODSE HIGH DOSE
SPECIAL SENSE ORGANS
EYE (50) (50) 49)
PHTHISIS BULBI t(2x)
XMIDDLE EAR (50) 50) (49
INFLAMMATION, SUPPURATIVE 2 (4x) 1 (2%)
INFLAMMATION, CHRONIC SUPPURATIV 1 (2%)
MUSCULOSKELETAL SYSTEM
wBONE 50) (50) (49)
FIBROUS DYSPLASIA 1 (2%)
MCORTEX OF BONE (50) (50)
FIBROUS OSTEODYSTROPHY 37 ¢6x%)
HYPERPLASIA, NOS 1(2%)
BODY CAVITIES
XTHORACIC CAVITY (50) (50) (49)
INFLAMMATION, SUPPURATIVE 1 (2%)
REACTION, FOREIGN BODY 1 (2%)
¥MEDIASTINUM (50) (50) 49
INFLAMMATION, GRANULOMATOUS 2 %) 1 (2%)
XPERITONEUM ‘ (50) (50) (49)
INFLAMMATION, SUPPURATIVE 1 (2%) 1 (2%)
INFLAMMATION, 1 (2%)
INFLAMMATION, ACUTE NOUPPURATIVE 2 (4%)
INFLAMMATION, CHRONIC 1 (2%)
xn LAMMATION, CHRONIC SUPPURATIV 1 (2%) 2 (4%)
ABSCESS, CHRONIC 1 (2%)
NECROSIS, FAT 1 (2%)
¥PLEURA (50) (50) (49)
INFLAMMATION, SUPPURATIVE 1 (2%
INFLAMMATION, ACUTE SUPPURATIVE 1 (2%)
XMEDIASTINAL PLEURA (50> (50 49
FLAMMATION, CHRONIC SUPPURATIV 1 (2%)

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY -

¥ NUMBER OF ANIMALS NECROPSIED
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TABLE D2. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

VEHICLE
CONTROL LOW DOSE HIGH DOSE
REACTION, FOREIGN B0DY 1 (2%)
!msseurenv 50 (50> (49)
TIT1S 1 t2x) 1 (2%)
‘xnﬂ.nmunon. uscnorxzmo 1 (2%)
INFLAMMATION, CHRONIC 1 (2%)
xnnmmnou. CHRONIC SUPPURATLV 2 (4X)
NECROSIS, FAT 1(2%) 3 (6%)
ALL OTHER SYSTEMS
muuxns DRGANS (50 (30) 49
LYMPHOCYTIC mnnmuouv INFILTR
INFLAMMATION, SUPPURATIVE 9 (18%) 5 (10%) 4 (8%)
INFLAMMATION, ACUTE FIBRINOUS
HYPERPLASIA, NOS 1 (2%)
SPECIAL MORPHOLOGY SUMMARY
NO LESION REPORTED 3 3 2
AUTO/NECROPSY/HISTO PERF 1

AUTOLYSIS/NO NECROPSY

¥ NUMBER OF ANIMALS WITH TISSUE EXAMINED HICROSCDPICM.LY
¥ NUMBER OF ANIMALS 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 H N S
Theory 48.45 5.08 14.13 32.34
Determined 48.52 5.08 14.10 32.13
48.56 5.13 14.18 32.27
B. BOILING POINT
Determined Literature Values
151°C at 746.3 mm 152.05°C at 760 mm
. (visual, micro boiling (Timmermans and
; point tube) 148° to 152°C Hennault-Roland, 1922)
l (Dupont 900DTA)
C. DENSITY
Determined Literature Value
| a3:1.016 d2%1.00811 (variation 0.000103/°C)
(Timmermans and Hennault-
Roland, 1922)
D. REFRACTIVE INDEX
Determined Literature Value
| 2 1.5315 £ 0.0002 (5 ) n 15336 (Timmermans and
‘ l-ﬁ,nnaulpRoland, 1922)
.‘ E. THIN-LAYER CHROMATOGRAPHY
; Plates: Silica Gel 60 F254 Ref. Standard: 1,1,3,3-Tetramethylthiourea
i Amount spotted: 100 and Visualization: Ultraviolet
300 ug (254 nm), and L, vapor
System 1: 95% Ethanol
Ry 0.86
\ Ry 1.13
System 2: Chloroform:1,4-Dioxane (95:5)
Rg 0.55
Ry 0.61
%
|
|
@
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APPENDIX E

.= F. VAPOR-PHASE CHROMATOGRAPHY
I. System 1

Instrurnent: Bendix 2500

Detector: Flame ionization

Column: Chromosorb 102, 1.8 m x 4 mm 1.D.

Inlet temperature: 225°C

Detector temperature: 270°C

Oven temperature program: 2 min. at 150°C, then 150° to 200°C
at 10° / min.

Results: Major peak and four impurities

Retention Time Area (Relative to
Retention (Relative to Allyl Allyl Isothio-
Peak Time (min.) Isothiocyanate) cyanate)
1 35 0.21 0.007
2 8.6 0.52 0.04
3 9.3 0.56 0.07
4 16.6 1.00 100
5 20.3 1.22 0.2
2. System 2
Instrument: Bendix 2500
; Detector: Flame ionization
‘ Column: 10% Carbowax 20 M, on 80/100 Chromosorb W (AW), 1.8 m
x4 mm LD,

Inlet temperature: 225°C

Detector temperature: 270°C

Oven temperature program: 5 min. at 50°C, then 50° to 125°C
at 10°C/min.

Results: Major peak and six impurities

Retention Time Aresa (Relative to
Retention (Relative to Allyl Allyl Isothio-
Peak Time (min.) Isothiocyanate) cyanate)
! 1.0 0.07 0.006
2 4.9 0.36 0.3
3 10.6 0.78 0.08
4 12.8 0.95 Shoulder 0.19;
5 13.5 1.00 100
6 15.2 L13 05
| 7 16.0 L19 0.04
\
@
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APPENDIX E

.‘ G. SPECTRAL DATA
I. Infrared
Instrument: Beckman IR-12 Consistent with literature
Cell: Neat, sodium chloride spectrum (Sadtler Research
plates Laboratories)
Results: See Figure 5
| 2. Ultraviolet/ Visible Determined literature
' Instrument: Cary 118 values (Sadtler Research Laboratories)
A max (nm) e x10" A max (nm) ex107
249 10.40 £ 0.0] (0) 247 8.30

; No absorbance between 350
and 800 nm (visible range)

at a concentration of (Calculated from graph of
e I mg/m! spectrum)
T Solvent: Hexane
‘ 3. Nuclear Magnetic Resonance Solvent; Dioxane
‘ ,
} Instrument: Varian HA-100 Identical to literature
| Solvent: Chloroform-d spectrum (Sadtler Research
with internal tetramethylsilane Laboratories)

} Assignments (See Figure 6)
| (a) } d2 6 4.17 ppm
| (by)d
| . (c) m, 6 5.31 ppm
(d) m, 6 542 ppm
| {e) t4, 6 5.92 ppm
‘i () d, & 3.59 ppm (impurity, possibly thiocyanate)
| Jac =4.7 Hz, Jpe = 4.7 Hz, J;g = 3.2 Hz, J.4 B 1.5 Hz,
1 Jee © 10 Hz, J4e = 17.5 Hz

Integration Ratios:

(@t
gb)) 1.82
c |
(@ 2.00
(e) 1.17
‘I M 0.06
E
|
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Figure 5. Infrared Absorption Spectrum of Allyl Isothiocyanats (Lot No. 532251)




812000

Aeuwdsonpos (kv

9¢l

,717 1 ™ T Y [ Y | NG ! T T 17:77! T 1 - ?v
e 1 Ll I ..1 ¥ ] ;.m
- 0 o e LI
ne
L ]
p

398 ng
350 He (uaud!

Swesp Ot1sct Soe He
- ' i
1 vl g
s .
4 i ] 1 i [l i | (] [
1 | | N i 1 i 1 i 1 4 1 2 { 1 i 1

Figure 6. Nuclear Magnstic Resonance Spectrum of Allyl Isothiocyanate (Lot No. 532251)




APPENDIX F

ANALYSIS OF ALLYL ISOTHIOCYANATE
IN CORN OIL FOR STABILITY OF
ALLYL ISOTHIOCYANATE
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APPENDIX F

.‘ A, PREPARATION OF SAMPLE AND STORAGE

! A 26-ul aliquot of allyl isothiocyanate (26.90 mg) was placed in a 50-ml volumetric flask containing
‘ . 50 mi 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
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 | 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: Bendix 2500 with Hewlett-Packard 3380A automatic recorder/integrator
Detector. Flame ionization
Column: 209% SP2100/0.1% Carbowax 1500 on 100/ 120 Supelcoport,
1.8 m x 4 mm 1.D., glass
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 ul

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/m! or 0.026% and 0.013%) to determine the
relative weight response of compound versus internal standard (decane).

D. RESULTS
Theoretical Percent Determined Percent Percent
Day {Chemical/ Vehicle) {Chemical/Vehicle) D/T = 100
0 0.02578 0.02578 + 0.000814 100£3
I 0.02578 0.02656 + 0.00039 10322
2 0.02578 0.02480 + 0.00031 %%+ 1
3 0.02578 0.02533 £ 0.00025 98 1
4 0.02578 0.02455 £ 0.00084 953
7 0.02578 0.02566 99.54
Retention time: Compound (4.7 min.), internal standard (11.7 min.)
Response of allyl isothiocyanate in corn oil versus that of allyl
isothiocyanate in ether: 93.1 £ 0.3%
Linearity: RWR compound
n = 0.70 £ 0.03 at two
internal standard concentration levels
(0.026% and 0.0139%).
E. CONCLUSION

‘The variation in the analysis is within the error of the method. Therefore, allyl isothiocynate is
stable in corn oil at 0.05%. concentration when stored at room temperature for 7 days without protection

.‘ from light.
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APPENDIX G
ANALYSIS OF ALLYL ISOTHIOCYANATE
IN CORN OIL FOR CONCENTRATIONS OF
} ALLYL ISOTHIOCYANATE
!
i
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APPENDIX G

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:

Detection:
Temperatures:

Retention Time:
Injection Size:

TABLE GI1. ANALYSIS OF ALLYL ISOTHIOCYANATE IN CORN OIL FOR CONCENTRATIONS OF

3% OV-17 on 80/ 100 Supelcoport,

1.8 mx 2 mml.D., glass

Flame lonization

Inlet, 250°C

Oven, 75°C, isothermal

Detector, 275°C
1.

1 min.

1 ul

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 G1.

ALLYL ISOTHIOCYANATE
Concentration (3) of Allyl Isothiocyanate
Used for Target Concentration of
During
Date Mixed (a) Week of: 0.12% (v/v) 0.24% (v/v) 0.25% (v/v) 0.50% (v/v)

04/10/78 04/11/78 0.10 0.23 0.25 048

05/05/78 05/06/78 025 0.48

06/07/78 06/08/78 0.25 0.48

02705478 07/06/78 0.12 0.24

08/16/78 08/17/718 0.25 0.50

09713478 09/14/78 0.11 0.25

1071178 1012178 0.50

11109778 11710778 0.24

12/06/78 12/08/78 0.48

01/04;79 01/05/79 0.25

02/01/79 02/02/79 047

0301179 03/02/719 0.25

03/29;79 03/30/79 0.51

04726179 04/27/79 0.24

05/24/79 05/25/79 0.53

06/21/79 06/22/79 0.24

07719179 07/20/79 0.49

08;16;79 08/17/79 0.24

09/13/79 09/14;79 0.46

10/11;79 10112479 0.24

11/08/79 11/09/79 0.51

12/06/719 12/08/79 0.23

01/03/80 01/04/80 0.51

02/01/80 02/02/80 0.11 0.26

02/28/80 02/29/80 027 0.52
Mean (%) 0.11 0.25 0.25 0.49
Standard Deviation. 0.01 0.01 0.01 0.02
Coefficient of variation (%) 9.1 4.0 4.0 2.0
Range (%, ) 0.10-0.12 0.23-0.26 0.23-0.27 0.46-0.53
Number of samples. 4 4 13 14

(@) Start dates were March 1978 for rats and mice.
{b) The data presented are the average of duplicate analyses.
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APPENDIX H

CUMULATIVE MEAN BODY WEIGHT CHANGE
OF RATS AND MICE ADMINISTERED
ALLYL ISOTHIOCYANATE BY GAVAGE
IN THE CHRONIC STUDY
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TABLE H1. CUMULATIVE MEAN BODY WEIGHT CHANGE (RELATIVE TO CONTROLS) OF RATS

ADMINISTERED ALLYL ISOTHIOCYANATE BY GAVAGE

Cumulative Mean Body Weight Change Weight Change Relative to
{grams) Controls (a) (Percent)
Week No. Contro} Low Dose High Dose Low Dose High Dose
Males 0 133 (b) 134 (b) 133 (b)
5 115 115 108 0 -6
26 272 273 237 0 -13
47 3 336 296 + 1 -1
79 337 345 324 +2 -4
104 i 326 298 +3 -6
450 (c) 460 (¢) 431 (c) + 2 (d) - 4 (d}
Females 0 99 (b) 102 () 100 (b)
5 48 5t 50 +6 + 4
26 107 109 107 +2 0
47 125 134 132 +7 +6
79 166 184 180 +11] + 8
104 180 191 195 +6 + 8B
279 (¢) 293 (¢) 295 (¢) + 5¢d) +6(d)
fa) Weight change of the dosed group relative to that of the controls =
Weight Change (Dosed Group) - Weight Change (Control Group) 100

Weight Change (Control Group}
(b) Initial weight.
(¢} Mean body weight at week 104,
{d} Mean body weight at week 104 relative to controls.

TABLE H2. CUMULATIVE MEAN BODY WEIGHT CHANGE (RELATIVE TO CONTROLS) OF MICE

ADMINISTERED ALLYL ISOTHIOCYANATE BY GAVAGE

Cumulative Mean Body Weight Change

Weight Change Relative to

(grams) Controls (a) (Percent)
Week No. Control Low Dose High Dose Low Dose High Dose
Males 0 22 (b) 23 (b) 22 (b
5 7 6 6 -14 -14
26 20 19 2) -5 +5
47 26 23 28 -12 +8
79 28 27 32 - 4 +14
104 26 23 27 -12 +4
48 (c) 46 (c) 49 () - 4(d) +2(d)
Females 0 17 () 18 (b) 18 (h)
5 7 5 5 -29 -29
26 11 10 1 -9 0
47 14 13 16 -7 +14
79 I8 19 19 +6 +6
104 20 18 18 -10 -10
37 (¢) 36 (c) 36(¢c) - 3(d) - 3{d)
(a) Weight change of the dosed group relative to that of the controls =
Weight Change (Dosed Group) - Weight Change (Control Group) 100

Weight Change (Control Group)
(h) Initial weight.
(c) Mean body weight at week 104,
(d) Mean body weight at week 104 relative to controls.
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