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FOREWORD: This report presents the results of the bioassay of
 
2,5-toluenediamine sulfate conducted for the Carcinogenesis Testing
 
Program, Division of Cancer Cause and Prevention, National Cancer
 
Institute (NCI), National Institutes of Health, Bethesda, Maryland.
 
This is one of a series of experiments designed to determine whether
 
selected chemicals have the capacity to produce cancer in animals.
 
Negative results, in which the test animals do not have a signifi
cantly greater incidence of cancer than control animals, do not
 
necessarily mean the test chemical is not a carcinogen because the
 
experiments are conducted under a limited set of circumstances.
 
Positive results demonstrate that the test chemical is carcinogenic
 
for animals under the conditions of the test and indicate a potential
 
risk to man. The actual determination of the risk to man from animal
 
carcinogens requires a wider analysis.
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Dr. A. Handler (3). Animal treatment and observation were supervised
 
by Mr. G. Wade (3) and Ms. E. Zepp (3).
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(3), Dr. A. S. Krishna Murthy (3), Dr. A. Russfield (3), and Dr. D. S.
 
Wyand (3) at the Mason Research Institute, and the diagnoses included
 
in this report represent the interpretation of these pathologists.
 
Histopathology findings and reports were reviewed by Dr. R. L.
 
Schueler (4).
 

Compilation of individual animal survival, pathology, and sum
mary tables was performed by EG&G Mason Research Institute (5); the
 
statistical analysis was performed by Mr. W. W. Belew (6,7), using
 
methods selected for the Carcinogenesis Testing Program by Dr. J. J.
 
Gart (8).
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SUMMARY
 

A bioassay for possible carcinogenicity of 2,5-toluenediamine
 
sulfate was conducted using Fischer 344 rats and B6C3F1 mice. 2,5
Toluenediamine sulfate was administered in the feed, at either of two
 
concentrations, to groups of 50 males and 50 females of each species.
 
The high and low time-weighted average concentrations of the compound
 
were, respectively, 0.2 and 0.06 percent for rats and 0.1 and 0.06
 
percent for mice. Because compound administration to the high and
 
low dose groups of each species was not begun simultaneously, each
 
dosed group was assigned a control group. All control groups con
sisted of 50 animals, except for the high dose male and female rat
 
control groups which were composed of 25 animals. The dosing period
 
was for 78 weeks, followed by an additional 28 to 31 weeks of obser
vation in rats and an additional 16 to 19 weeks in mice.
 

There was no significant association between compound adminis
tration and accelerated mortality in either sex of either species.
 
Adequate numbers of animals in all groups survived sufficiently long
 
to be at risk from late-developing tumors.
 

A statistically significant incidence of interstitial-cell neo
plasms of the testis in dosed male rats was not considered attribut
able to administration of the compound since the spontaneous incidence
 
of these neoplasms in male Fischer 344 rats is both high and variable.
 
No neoplasms were observed in female rats at statistically significant
 
incidences.
 

A statistically significant increase in lung tumors in high
 
dose female mice was not considered convincing evidence of a
 
compound-related carcinogenic effect because high dose mice were
 
received in separate shipments from their controls and housed in
 
separate rooms from their controls.
 

Under the conditions of this bioassay, sufficient evidence was
 
not obtained to demonstrate the carcinogenicity of 2,5-toluenediamine
 
sulfate in either Fischer 344 rats or B6C3F1 mice.
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I. INTRODUCTION
 

2,5-Toluenediamine sulfate (Figure 1) (NCI No. C01832), a salt
 

of 2,5-toluenediamine and sulfuric acid, was selected for bioassay by
 

the National Cancer Institute in an attempt to determine those dye
 

intermediates which may be responsible for the increased incidence
 

of bladder cancer observed among workers in the dye manufacturing
 

industry (Wynder et al., 1963; Anthony and Thomas, 1970). Aromatic
 

amines are one of several classes of chemicals thought to contribute
 

to the increased cancer risk in this industry (Wynder et al., 1963).
 

The Chemical Abstracts Service (CAS) Ninth Collective Index
 

(1977) name for this compound is 2-methyl-l,4-benzenediamine sulfate.
 

It is also called p-tolylenediamine sulfate; p-diaminotoluene sulfate;
 

fouramine standard; and Colour Index (C.I.) oxidation base 4 (C.I. No.
 

76043).
 

2,5-Toluenediamine is used in the synthesis of safranine, a fam

ily of dyes, some of which are useful as biological stains (Hawley,
 

1971), and as an oxidation base to dye furs a deep brown (Society of
 

Dyers and Colourists, 1971). In addition, 2,5-toluenediamine is a
 

common component of the "permanent" or oxidative-type hair dye formu

lations (Ames et al., 1975). It may also be contained in indelible
 

ink, antifreeze, and nail polish. Production statistics for 2,5

toluenediamine or its sulfate salt are not available; however, U.S.
 

*
 
The CAS registry number is 6369-59-1,
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CHEMICAL STRUCTURE OF 2,5-TOLUENEDIAMINE (SULFATE) 



imports of this chemical through principal U.S. customs districts
 

amounted to 64,680 pounds in 1974 (U.S. International Trade Commis

sion, 1976).
 

The potential for exposure to 2,5-toluenediamine is greatest
 

among workers in the dye manufacturing industry, although fur dyers
 

and manufacturers of inks as well as printers, engravers and litho

graphers may also experience significant daily contact with the
 

chemical. Epidemiological studies suggest a relationship between
 

occupational exposure to printing ink and increased incidence of
 

cancer of both the bladder and the liver (Hoover and Fraumeni, 1975).
 

Exposure to 2,5-toluenediamine is widespread among the general
 

population due to the increasingly common practice of hair dyeing.
 

It has been estimated that approximately 33 million women in the
 

United States dye their hair, often monthly over a period of many
 

years (Staats, 1977).
 

2,5-Toluenediamine is toxic following both ingestion and inhala

tion (Sax, 1975). It can also be absorbed through the skin. Three
 

hours after application of 2,5-toluenediamine to the abdomen of dogs,
 

skin penetration was indicated by blood and urine measurements (Kiese
 

et al., 1968). When applied to the scalp of human volunteers in
 

conjunction with detergents, resorcinol and hydrogen peroxide, the
 

diacetyl derivative was excreted in the urine for two days following
 

application, indicating absorption and metabolism through this route
 

as well (Kiese and Rauscher, 1968). The compound has a toxic action
 



upon the liver and can cause fatty degeneration of that organ.
 

In addition, it is toxic to the central nervous system and produces
 

anemia by destruction of red blood cells. The compound is considered
 

to be highly irritating, producing irritation and blisters on the
 

fingers of sensitive individuals; permanent injury to an eye was
 

reported following use of 2,5-toluenediamine as an eyelash dye (Sax,
 

1975).
 

In studies by Ames et al. (1975), 2,5-toluenediamine was found
 

to cause frameshift mutations in a tester strain (TA 1538) of Salmo

nella typhimurium in the presence of rat liver microsomes. Oxidation
 

of 2,5-toluenediamine by hydrogen peroxide prior to testing resulted
 

in a fortyfold increase in mutagenic activity.
 



II. MATERIALS AND METHODS 

A. Chemicals
 

2,5-Toluenediamine sulfate was purchased from the Wayland Chem

ical Division of the Philip A. Hunt Chemical Corporation, Lincoln,
 

Rhode Island. Analysis by the manufacturer suggested a purity of 99
 

percent with 25 ppm iron, 0.6 percent volatiles, and a maximum of
 

0.1 percent moisture. Analysis was also performed by Mason Research
 

Institute, Worcester, Massachusetts. The melting point determination
 

showed decomposition above 275°C. No literature value was found for
 

comparison. Thin-layer chromatography utilizing two solvent systems,
 

hexane:benzene:methanol and hexane:ethyl acetate, did not indicate
 

the presence of any impurities. The evidence suggested a compound
 

of high purity.
 

Throughout this report the term 2,5-toluenediamine sulfate is
 

used to represent this material.
 

B.	 Dietary Preparation
 

The basal laboratory diet for both dosed and control animals
 

consisted of Wayne Lab-Blox (Allied Mills, Inc., Chicago, Illinois).
 

2,5-Toluenediamine sulfate was administered to the dosed animals as
 

a component of the diet. The chemical was mixed with the feed in a 6
 

kg capacity Patterson-Kelley standard model stainless steel twin-shell
 

V-blender. After 20 minutes of blending, the mixtures were placed in
 

double plastic bags and stored in the dark at 4°C. Mixtures were
 

prepared weekly and stored for not longer than 2 weeks.
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C. Animals
 

Two animal species, rats and mice, were used in the chronic car

cinogenicity bioassay. Fischer 344 rats and B6C3F1 mice were obtained
 

through contracts of the Division of Cancer Treatment, National Cancer
 

Institute. All mice and the high dose rats and their controls were
 

supplied by Charles River Breeding Laboratories, Inc., Wilmington,
 

Massachusetts. The low dose rats and their controls were supplied by
 

Laboratory Supply Co., Inc., Indianapolis, Indiana. Except for the
 

low dose rats and their controls, all the other dosed animals were
 

received in separate shipments from their respective controls.
 

Upon arrival, a sample of animals was examined for parasites and
 

other signs of disease. The remaining animals were quarantined by spe

cies for 2 weeks prior to initiation of test. Animals were assigned
 

to groups and distributed among cages so that the average body weight
 

per cage was approximately equal for a given sex and species.
 

D. Animal Maintenance
 

All animals were housed by species in rooms having a temperature
 

range of 23° to 34°C. Incoming air was filtered through Tri-Dek
 

(R)
 15/40 denier Dacron^ filters (Tri-Dim Filter Corp., Hawthorne, New
 

Jersey) providing six changes of room air per hour. Fluorescent
 

lighting was provided on a 12-hour-daily cycle.
 

Rats were housed five per cage by sex. During quarantine and
 

for the first 13 months of study, low dose rats and their controls
 



were kept in galvanized- or stainless-steel wire-mesh cages suspended
 

above newspapers. High dose rats and their controls were housed in
 

galvanized-steel wire-mesh cages during quarantine and for the first
 

11 months of study. Newspapers under cages were replaced daily and
 

cages and racks washed weekly. For the remainder of the study, all
 

rats were housed in suspended polycarbonate cages equipped with dis

posable nonwoven filter sheets. Clean bedding and cages were provided
 

twice weekly. Low dose rats and their controls received Bed-o-Cobs®
 

corncob bedding (The Andersons Cob Division, Maumee, Ohio) for the
 

first 8 months that they were housed in polycarbonate cages. There

(R)
 after, SAN-I-CEL corncob bedding (Paxton Processing Company, Paxton,
 

Illinois) was used. High dose rats and their controls were provided
 

/S)
 
with SAN-I-CEL for the first 11 months that they were housed in
 

polycarbonate cages, and then Aspen hardwood chip bedding (American
 

Excelsior Company, Baltimore, Maryland) was provided for the re

mainder of the study. Stainless steel cage racks were cleaned once
 

every 2 weeks and disposable filters were replaced at that time.
 

Mice were housed by sex in polycarbonate cages. During quaran

tine and periods of chemical administration, cages were fitted with
 

perforated stainless steel lids. Stainless steel wire bar lids were
 

used during the final observation period. Both types of lids were
 

supplied by Lab Products, Inc., Garfield, New Jersey. Nonwoven fiber
 

filter bonnets were used over cage lids. Low dose mice and their
 



controls were housed ten per cage for the first 18 months of study
 

and five per cage thereafter. The number of high dose mice per cage
 

was reduced from ten to five after 13 months. The number of high dose
 

controls per cage was reduced to five after 12 months. Clean cages,
 

lids, filters, and bedding were provided three times per week when
 

cage populations were ten and twice per week when cage populations
 

were reduced to five. Bedding was the same as that provided to rats.
 

Ab-sorb-dri® (Wilner Wood Products Company, Norway, Maine) hardwood
 

chips were supplied for 2 months to the high dose mice and their con

trols and for 8 months to the low dose mice and their controls.
 

Both groups received SAN-I-CEL for the next 12 months. Bed-o-Cobs®
 

was used until the end of the study. Reusable filter bonnets and
 

pipe racks were sanitized every 2 weeks throughout the study.
 

Water was available to both species from 250 ml water bottles
 

equipped with rubber stoppers and stainless steel sipper tubes.
 

Bottles were replaced twice weekly and, for rats only, refilled as
 

needed between changes.
 

(R)
 Pelleted Wayne Lab-Bloxw was supplied to all animals during the
 

initial quarantine and final observation periods. During the dosing
 

®
period, all animals were fed Wayne Lab-Blox meal containing the
 

appropriate concentration of 2,5-toluenediamine sulfate. Control
 

animals had untreated meal available ad libitum. Meal was supplied
 

throughout the study to all mice and to low dose rats and their con

(R)
 trols in Alpine aluminum feed cups (Curtin Matheson Scientific, Inc.,
 



Woburn, Massachusetts) containing stainless steel baffles. High dose
 

rats and their controls were fed from Alpine® feed cups for the
 

first 14 months of study and from stainless steel gangstyle hoppers
 

(Scientific Cages, Inc., Bryan, Texas) for the remainder of the
 

study. During the final observation period, mice were fed pellets
 

from a wire bar hopper incorporated into the cage lid, and rats were
 

fed pellets on the cage floor. Food hoppers were changed on the same
 

(R)
 
schedule as were cages. Food was replenished daily in Alpine^ feed
 

cups.
 

Dosed rats were housed in a room with other rats receiving diets
 

*
 
containing acetylaminofluorene (53-96-3); a mixture of dulcin (150

69-6) and L-arginine glutamate (4320-30-3); sodium nitrite (7632-00-0);
 

L-arginine glutamate (4320-30-3); N-butylurea (592-31-4); 2-chloro-p

phenylenediamine sulfate (61702-44-1); N,N-dimethyl-p-nitrosoaniline
 

(138-89-6); 2,4-dinitrotoluene (121-14-2); 4-nitroanthranilic acid
 

(619-17-0); 1,5-naphthalenediamine (2243-62-1); N-( 1-naphthyDethylene

diamine dihydrochloride (1465-25-4); and aniline hydrochloride (142

04-1). Control rats were housed in a room with other rats receiving
 

diets containing 1-nitronaphthalene (86-57-7); 5-nitro-o-toluidine
 

(99-55-8); hydrazobenzene (530-50-7); 2-aminoanthraquinone (117-79-3);
 

6-nitrobenzimidazole (94-52-0); 3-amino-9-ethylcarbazole hydrochloride;
 

2,4-diaminoanisole sulfate (615-05-4); and APC (8003-03-0).
 

*
 
CAS registry numbers are given in parentheses.
 



High dose mice shared a room with other mice receiving diets
 

containing 5-nitro-o-toluidine (99-55-8); hydrazobenzene (530-50-7);
 

3-amino-9-ethylcarbazole hydrochloride; 1-nitronaphthalene (86-57-7);
 

6-nitrobenzimidazole (94-52-0); 5-nitro-o-anisidine (99-59-2); and
 

2,4-diaminoanisole sulfate (615-05-4). High dose control mice were
 

housed in a room with other mice receiving diets containing 2-methyl

1-nitroanthraquinone (129-15-7); 4-chloro-m-phenylenediamine (5131

60-2); acetylaminofluorene (53-96-3); p-cresidine (120-71-8); and
 

fenaminosulf (140-56-7). Low dose mice and their controls were in
 

a room with other mice receiving diets containing amitrole (61-82-5);
 

APC (8003-03-0); N,N-dimethyl-p-nitrosoaniline (138-89-6); 2,4-dini

trotoluene (121-14-2); 4-nitroanthranilic acid (619-17-0); 2-amino

anthraquinone (117-79-3); 3-amino-4-ethoxyacetanilide (17026-81-2);
 

3-amino-9-ethylcarbazole hydrochloride; l-amino-2-methylanthraquinone
 

(82-28-0); 5-nitro-o-anisidine (99-59-2); 1-nitronaphthalene (86-57

7); 5-nitroacenaphthene (602-87-9); 3-nitro-p-acetophenetide (1777

84-0); and 2,4-diaminoanisole sulfate (615-05-4).
 

E.	 Selection of Initial Concentrations
 

In order to establish the maximum tolerated concentrations of
 

2,5-toluenediamine sulfate for administration to dosed animals in
 

the chronic studies, subchronic toxicity tests were conducted with
 

*
 both	 Fischer 344 rats and C57BL/6 mice. Rats and mice were dis

tributed among five groups, each consisting of five males and five
 

*
 
This strain was used due to the unavailability at that time of
 
B6C3F1 mice.
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females. 2,5-Toluenediamine sulfate was incorporated into the basal
 

laboratory diet and fed ad libitum to four of the five rat groups
 

and four of the five mouse groups in concentrations of 0.02, 0.05,
 

0.08, and 0.11 percent. The remaining group of each species served
 

as control groups, receiving only the basal laboratory diet. The
 

dosed dietary preparations were administered for a period of 4 weeks,
 

followed by 2 weeks of observation.
 

All animals survived until necropsy. Mean body weight depres

sion relative to controls was observed in all dosed rat groups and
 

in dosed female mice; however, the depression was not dose-related.
 

No mean body weight depression was observed in male mice.
 

The high concentrations selected for administration in the
 

chronic study were 0.05 percent for rats and 0.06 percent for mice.
 

F. Experimental Design
 

The experimental design parameters for the chronic study (spe

cies, sex, group size, actual concentrations administered, duration
 

of treated and untreated observation periods, and time-weighted
 

average concentrations) are summarized in Tables 1 and 2.
 

At initiation of the study, all animals were approximately 6
 

weeks old. High dose rats and their controls were placed on test
 

11 months after low dose rats and their controls. Each dosed rat
 

group was placed on test during the same week as its respective con

trol group. Rats initially received 2,5-toluenediamine sulfate at
 

dietary concentrations of 0.05 and 0.03 percent. Because of a lack
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TABLE 1
 

DESIGN SUMMARY FOR FISCHER 344 RATS
 
2,5-TOLUENEDIAMINE' SULFATE FEEDING EXPERIMENT
 

INITIAL


MALE
 

LOW DOSE CONTROL
 

HIGH DOSE CONTROL
 

LOW DOSE
 

HIGH DOSE
 

FEMALE
 

LOW DOSE CONTROL
 

HIGH DOSE CONTROL
 

LOW DOSE
 

HIGH DOSE
 

GROUP
 
SIZE
 

50
 

25
 

50
 

50
 

50
 

25
 

50
 

50
 

2,5-TOLUENEDIAMINE
 
 SULFATE


CONCENTRATION

(PERCENT)
 

0
 

0
 

0.05
 
0.06
 
0
 

0.2
 
0
 

0
 

0
 

0.05
 
0.06
 
0
 

0.2
 
0
 

 OBSERVATION PERIOD

 TREATED UNTREATED


(WEEKS) (WEEKS)


0 107


0 109


14
 
64
 

28
 

78
 
30
 

0 108


0 109


14
 
64
 

29
 

78
 
31
 

 TIME-WEIGHTED
 
 AVERAGE
 

CONCENTRATION3
 

0
 

0
 

0.06
 

0.2
 

0
 

0
 

0.06
 

0.2
 

s(concentration X weeks received)
 
Ti mp— UP i crhfpH av<= >rape ron centration =
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TABLE 2
 

DESIGN SUMMARY FOR B6C3F1 MICE
 
2,5-TOLUENEDIAMINE SULFATE FEEDING EXPERIMENT
 

MALE 

INITIAL
GROUP 
SIZE 

2,5-TOLUENEDIAMINE 
 SULFATE

CONCENTRATION
(PERCENT)

 OBSERVATION PERIOD 
 TREATED UNTREATED 

 (WEEKS) (WEEKS) 

LOW DOSE CONTROL 50 0 0 96 

HIGH DOSE CONTROL 50 0 0 98 

LOW DOSE 50 0.06
0

 78 
 16 

HIGH DOSE 50 0.1
0

 78 
 19 

FEMALE 

LOW DOSE CONTROL 50 0 0 97 

HIGH DOSE CONTROL 50 0 0 98 

LOW DOSE 50 0.06
0

 78 
 16 

HIGH DOSE 50 0.1
0

 78 
 19 
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of observed mean body weight depression or other clinical signs at a
 

level of 0.05 percent, the groups receiving 0.03 percent were termi

nated 2 months after initiation, and a new group was initiated at a
 

concentration of 0.2 percent along with a new control group. Through

out this report those rats receiving a concentration of 0.2 percent
 

and their controls are referred to as the high dose and high dose con

trol groups, respectively, while those rats initially receiving a
 

concentration of 0.05 percent and their controls are referred to as
 

the low dose and low dose control groups, respectively. From week 15,
 

the concentration received by the low dose group was increased from
 

0.05 to 0.06 percent.
 

Low dose mice were placed on test 6 months before high dose
 

mice. Low dose mice were placed on test 2 weeks before their con

trols. High dose mice were placed on test 2 months after their
 

controls. The initial dietary concentrations utilized for mice were
 

0.06 and 0.03 percent. Again, because of a lack of observed mean
 

body weight depression or other clinical signs, the group receiving
 

0.03 percent was discontinued 6 months after initiation and a new
 

group was initiated at a concentration of 0.1 percent, accompanied by
 

a new control group. Throughout this report those mice receiving a
 

concentration of 0.1 percent and their controls are referred to as
 

the high dose and high dose control groups, respectively, while those
 

mice receiving a concentration of 0.06 percent and their controls are
 

referred to as the low dose and low dose control groups, respectively.
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G. Clinical and Histopathologic Examinations
 

Animals were weighed immediately prior to initiation of the
 

experiment. Body weights were recorded twice weekly for the first 12
 

weeks of the study and at monthly intervals thereafter. Food consump

tion, for two cages from each group, was monitored for seven consecu

tive days once a month for the first nine months of the bioassay and
 

for three consecutive days each month thereafter. The presence of
 

tissue masses and lesions was determined by monthly observation and
 

palpation of each animal. From the first day, all animals were
 

inspected twice daily for mortality.
 

A necropsy was performed on each animal regardless of whether
 

it died, was killed when moribund, or was sacrificed at the end of
 

the bioassay. The animals were euthanized by carbon dioxide inhala

tion, and were immediately necropsied. The histopathologic examina

tion consisted of gross and microscopic examination of major tissues,
 

organs, and gross lesions taken from sacrificed animals and, whenever
 

possible, from animals found dead.
 

Tissues were preserved in 10 percent buffered formalin, embedded
 

in paraffin, sectioned, and stained with hematoxylin and eosin prior
 

to microscopic examination. An occasional section was subjected to
 

special staining techniques for more definitive diagnosis.
 

Slides were prepared from the following tissues: skin, subcuta

neous tissue, lungs and bronchi, trachea, bone marrow, spleen, lymph
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nodes, thymus, heart, salivary gland, liver, gallbladder (mice), pan

creas, esophagus, stomach, small intestine, large intestine, kidney,
 

urinary bladder, pituitary, adrenal, thyroid, parathyroid, testis,
 

prostate, seminal vesicle, brain, tunica vaginalis, muscle, ear,
 

uterus, mammary gland, and ovary.
 

A few tissues were not examined for some animals, particularly
 

for those that died early. Also, some animals were missing, canni

balized, or judged to be in such an advanced state of autolysis as to
 

preclude histopathologic interpretation. Thus, the number of animals
 

for which particular organs, tissues, or lesions were examined micro

scopically varies and does not necessarily represent the number of
 

animals that were placed on experiment in each group.
 

H. Data Recording and Statistical Analyses
 

Pertinent data on this experiment have been recorded in an auto

matic data processing system, the Carcinogenesis Bioassay Data System
 

(Linhart et al., 1974). The data elements include descriptive infor

mation on the chemicals, animals, experimental design, clinical ob

servations, survival, body weight, and individual pathologic results,
 

as recommended by the International Union Against Cancer (Berenblum,
 

1969). Data tables were generated for verification of data transcrip

tion and for statistical review.
 

These data were analyzed using the statistical techniques de

scribed in this section. Those analyses of the experimental results
 

that bear on the possibility of carcinogenicity are discussed in the
 

statistical narrative sections.
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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 censored as of the
 

time that they died of other than natural causes or were found to be
 

missing; animals dying from natural causes were not statistically
 

censored. Statistical analyses for a possible dose-related effect
 

on survival used the method of Cox (1972) when testing two groups for
 

equality and used Tarone's (1975) extensions of Cox's methods when
 

testing a dose-related trend. One-tailed P-values have been reported
 

for all tests except the departure from linearity test, which is only
 

reported when its two-tailed P-value is less than 0.05.
 

The incidence of neoplastic or nonneoplastic lesions has been
 

given as the ratio of the number of animals bearing such lesions at a
 

specific anatomic site (numerator) to the number of animals in which
 

that site was examined (denominator). In most instances, the denomi

nators included only those animals for which that site was examined
 

histologically. However, when macroscopic examination was required
 

to detect lesions prior to histologic sampling (e.g., skin or mammary
 

tumors), or when lesions could have appeared at multiple sites (e.g.,
 

lymphomas), the denominators consist of the numbers of animals necrop

sied.
 

The purpose of the statistical analyses of tumor incidence is to
 

determine whether animals receiving the test chemical developed a sig

nificantly higher proportion of tumors than did the control animals.
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As a part of these analyses, the one-tailed Fisher exact test (Cox,
 

1970, pp. 48-52) was used to compare the tumor incidence of a control
 

group to that of a group of treated animals at each dose level. When
 

results for a number of treated groups, k, are compared simultaneously
 

with those for a control group, a correction to ensure an overall
 

significance level of 0.05 may be made. The Bonferroni inequality
 

(Miller, 1966, pp. 6-10) requires that the P-value for any comparison
 

be less than or equal to 0.05/k. In cases where this correction was
 

used, it is discussed in the narrative section. It is not, however,
 

presented in the tables, where the Fisher exact P-values are shown.
 

The Cochran-Armitage test for linear trend in proportions, with
 

continuity correction (Armitage, 1971, pp. 362-365), was also used
 

when appropriate. Under the assumption of a linear trend, this test
 

determined if the slope of the dose-response curve is different from
 

zero at the one-tailed 0.05 level of significance. Unless otherwise
 

noted, the direction of the significant trend was a positive dose re

lationship. This method also provides a two-tailed test of departure
 

from linear trend.
 

A time-adjusted analysis was applied when numerous early deaths
 

resulted from causes that were not associated with the formation of
 

tumors. In this analysis, deaths that occurred before the first
 

tumor was observed were excluded by basing the statistical tests on
 

animals that survived at least 52 weeks, unless a tumor was found at
 

the anatomic site of interest before week 52. When such an early
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tumor was found, comparisons were based exclusively on animals that
 

survived at least as long as the animal in which the first tumor was
 

found. Once this reduced set of data was obtained, the standard pro

cedures for analyses of the incidence of tumors (Fisher exact tests,
 

Cochran-Armitage tests, etc.) were followed.
 

When appropriate, life-table methods were used to analyze the
 

incidence of tumors. Curves of the proportions surviving without an
 

observed tumor were computed as in Saffiotti et al. (1972). The week
 

during which animals died naturally or were sacrificed was entered as
 

the time point of tumor observation. Cox's methods of comparing
 

these curves were used for two groups; Tarone's extension to testing
 

for linear trend was used for three groups. The statistical tests for
 

the incidence of tumors which used life-table methods were one-tailed
 

and, unless otherwise noted, in the direction of a positive dose
 

relationship. Significant departures from linearity (P < 0.05, two-


tailed test) were also noted.
 

The approximate 95 percent confidence interval for the relative
 

risk of each dosed group compared to its control was calculated from
 

the exact interval on the odds ratio (Gart, 1971). The relative risk
 

is defined as p /p where p is the true binomial probability of the
 

incidence of a specific type of tumor in a treated group of animals
 

and p is the true probability of the spontaneous incidence of the
 
c
 

same type of tumor in a control group. The hypothesis of equality
 

between the true proportion of a specific tumor in a treated group
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and the proportion in a control group corresponds to a relative risk
 

of unity. Values in excess of unity represent the condition of a
 

larger proportion in the treated group than in the control.
 

The lower and upper limits of the confidence interval of the
 

relative risk have been included in the tables of statistical analy

ses. The interpretation of the limits is that in approximately 95
 

percent of a large number of identical experiments, the true ratio
 

of the risk in a treated group of animals to that in a control group
 

would be within the interval calculated from the experiment. When
 

the lower limit of the confidence interval is greater than one, it
 

can be inferred that a statistically significant result (a P < 0.025
 

one-tailed test when the control incidence is not zero, P < 0.050
 

when the control incidence is zero) has occurred. When the lower
 

limit is less than unity but the upper limit is greater than unity,
 

the lower limit indicates the absence of a significant result while
 

the upper limit indicates that there is a theoretical possibility
 

of the induction of tumors by the test chemical which could not be
 

detected under the conditions of this test.
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III. CHRONIC TESTING RESULTS: RATS
 

A. Body Weights and Clinical Observations
 

When compared to their respective controls, the high dose female
 

rats exhibited consistent mean body weight depression. This trend
 

was not as evident in the other groups of dosed rats (Figure 2).
 

Only isolated clinical observations were reported. These
 

included crusted lesions on the dorsolateral surface in one low dose
 

control male and one low dose male and on the side of the head in one
 

low dose female; tissue masses on the ear in two low dose males and
 

on the foreleg in one low dose male; a subcutaneous mass under the
 

base of the tail in one high dose male; and growths on the foreleg in
 

three low dose females and on the ear in another low dose female.
 

B. Survival
 

The estimated probabilities of survival for male and female rats
 

in the control and 2,5-toluenediamine sulfate-dosed groups are shown
 

in Figure 3. For both male and female rats there was no significant
 

association between dosage and mortality.
 

There were adequate numbers of male rats at risk from late-


developing tumors despite the sacrifice in week 78 of five rats from
 

the low dose and each control group, and the sacrifice in week 29 of
 

ten additional rats from the low dose control group. Five males from
 

the high dose group died in week 78. Ninety percent (45/50) of the
 

high dose, 84 percent (42/50) of the low dose, 72 percent (18/25) of
 

21
 



750 750 

- 600 

450 

LOW DOSE CONTROL 

-300 

- HIGH DOSE CONTROL 

. LOW DOSE - 150 

HIGH DOSE 

~T 
75 

TIME ON TEST (WEEKS) 

~r 
90 105 120 

750 •750 

EC 
<£ 

I-

O 
LU 
S 

Q 
O 
00 

600 — 

 450

FEMALE RATS 

^—^ LOW DOSE CONTROL 

'—•'—•' HIGH DOSE CONTROL 

LOW DOSE 

___ HIGH DOSE 

-600 

-450 

— 300 

150 -150 

15 
~l
30

 ' T 
 45 60 75 

TIME ON TEST (WEEKS) 

-I |

90

 1 1— 

 105 120 

FIGURE 2 
GROWTH CURVES FOR 2,5-TOLUENEDIAMINE SULFATE CHRONIC STUDY RATS 

22 



1 

P
R

O
B

A
B

IL
IT

Y
 O

F 
S

U
R

V
IV

A
L	 

P
R

O
B

A
B

IL
IT

Y
 O

F 
S

U
R

V
IV

A
L 

c 3
 

0
p

o
o

 
_»

 
c D

 
k
: 

^
 

U
) 

03
 

b
 

o
—

	 
1 

1 
1 

1 
1

1 
1 

1 

rH
 

-
i 

i 
3D

 
i 

i 
U

l 
1 

> 
1

^
n

 
?

 3
 

o
 

1
 

0
 

£
 

oo
 

~
	 

g1

 
o

 
5  

o
 

x
 

53
J
 

° m
 

S
 

rn
 

°
 

! n0

1
 

C
O

 
o
	 

W
•)

o
	 

o
 

"M
l

3 y
i 

I D
 

z
	 

-
= 

iH 3 

r 

r

o
 

-n
 

—
 

U
l ~

~ '
 

N
3 

m
 

o
	

O
 

H
 

m
e

	 
3 

s


0
3

0
 

g
m

 
m

 
m

	
1 

* 
A

 

m
	

i 
C

O
 

i
U

l 

J.-
g

-

m
	 

rf
^

o
	 

j
'L

I
1

C
O

 
s > 

fl 
30

	 
o
 

o
	 

s 1 
] 1

 

--/
S

-*
 

S
 

t~
 

o U
l —

 
m

I
m

 
>

 
33

 

|> -

r 
— r

™
 

30
 

33
 

H
 

1
o

 
p

o
 

o
 

c 3
 

0
o
 

o
 

o
b
 

c =
 

io
 

4^
 

O
) 

00
 

b
 

~r
 

T
~

	 

1

 
'

i 
' 

i 
' 

i 
i 



the high dose control, and 58 percent (29/50) of the low dose control
 

group survived on test at least 85 weeks.
 

There were adequate numbers of female rats at risk from late-


developing tumors despite the sacrifice in week 78 of five rats from
 

the low dose and each control group and the sacrifice in week 29 of
 

ten additional rats from the low dose control group. Five of the
 

high dose females died in week 78. Eighty-six percent (43/50) of the
 

high dose, 84 percent (42/50) of the low dose, 68 percent (17/25) of
 

the high dose control, and 66 percent (33/50) of the low dose control
 

group survived on test at least 85 weeks.
 

C. Pathology
 

Histopathologic findings on neoplasms in rats are summarized in
 

Appendix A (Tables Al and A2); findings on nonneoplastic lesions are
 

summarized in Appendix C (Tables Cl and C2).
 

A variety of neoplasms which are routinely seen in this strain of
 

rat was recorded. The incidences of these tumors in dosed rats were
 

not judged to be attributable to the administration of 2,5-toluenedi

amine sulfate.
 

Nonneoplastic lesions which commonly occur in aging Fischer 344
 

rats and which were unrelated to the administration of the test com

pound were seen.
 

This pathologic examination provided no evidence for the car

cinogenicity of 2,5-toluenediamine sulfate in Fischer 344 rats.
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D. Statistical Analyses of Results
 

The results of the statistical analyses of tumor incidence in
 

rats are summarized in Tables 3 and 4. The analysis for every type
 

of tumor that was observed in more than 5 percent of any of the 2,5

toluenediamine sulfate-dosed groups of either sex is included. In
 

addition to these analyses, time-adjusted analyses were performed
 

based upon animals surviving at least 52 weeks; the time-adjusted
 

analyses did not produce different conclusions from the analyses pre

sented here.
 

In male rats, the Fisher exact test indicated a significant in

cidence of interstitial-cell tumors of the testis when the high dose
 

group was compared to the high dose control (P = 0.014). The com

parison of low dose to low dose control had a probability level of
 

P = 0.039, which was not significant under the Bonferroni criterion.
 

These results were discounted, however, due to the well-known high
 

variation in the spontaneous incidence of this tumor (Cockrell and
 

Garner, 1976).
 

For females the Fisher exact test indicated a significantly
 

(P = 0.006) lower incidence of pituitary adenomas in the low dose
 

group than in the low dose control group. The high dose comparison
 

was not significant.
 

No other test for any site in either male or female rats was
 

significant under the Bonferroni criterion. Based upon these statis

tical results there was no convincing evidence of the carcinogenicity
 

of 2,5-toluenediamine sulfate in rats.
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___ 

___ 

___ 

___ 

TABLE 3
 

ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS AT
 
SPECIFIC SITES IN MALE RATS TREATED WITH 2,5-TOLUENEDIAMINE SULFATE*
 

TOPOGRAPHY: MORPHOLOGY
 

Lung: Alveolar /Bronchiolar Adenoma
 
or Alveolar/Bronchiolar Carcinoma*1
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 
ON
 

Hematopoietic System: Leukemia or
 
Malignant Lymphoma°
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Pituitary: Adenoma NOS, Basophil
 
Adenoma or Chromophobe Adenoma^
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

LOW DOSE
 
CONTROL
 

0/46(0.00)
 

2/46(0.04)
 

79
 

12/41(0.29)
 

HIGH DOSE
 
CONTROL
 

3/25(0.12)
 

78
 

4/25(0.16)
 

85
 

3/21(0.14)
 

LOW
 
DOSE
 

1/48(0.02)
 

N.S.
 

Infinite
 
0.051
 

Infinite
 

97
 

5/49(0.10)
 

N.S.
 

2.347
 
0.407
 
23.709
 

89
 

3/45(0.07)
 

P = 0.006(N)
 

0.228
 
0.044
 
0.772
 

HIGH
 
DOSE
 

0/49(0.00)
 

P - 0.035(N)
 

0.000
 
0.000
 
0.843
 

8/49(0.16)
 

N.S.
 

1.020
 
0.310
 
4.278
 

99
 

3/40(0.08)
 

N.S.
 

0.525
 
0.078
 
3.650
 

108
 Weeks to First Observed Tumor 101 78 106
 



_ __ ___ 

___ ___ 

__ _ 

_ __ ___ 

TOPOGRAPHY :MORPHOLOGY
 

Adrenal: Pheochromocytoma or
 
Pheochromocytoma Malignant'3
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Thyroid: Papillary Adenocarcinoma
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

N3 

Thyroid: Adenocarcinoma NOS,
 
Papillary Adenocarcinoma, Cyst
adenocarcinoma NOS, or Papillary
 
Cystadeno carcinoma NOS^
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

TABLE 3 (CONTINUED) 

LOW DOSE HIGH DOSE
 
CONTROL CONTROL
 

6/43(0.14) 4/25(0.16)
 

107 68
 

0/45(0.00) 0/23(0.00)
 

2/45(0.04) 0/23(0.00)
 

107
 

LOW
 
DOSE
 

2/48(0.04)
 

N.S.
 

0.299
 
0.031
 
1.568
 

103
 

3/46(0.07)
 

N.S.
 

Infinite
 
0.590
 

Infinite
 

106
 

3/46(0.07)
 

N.S.
 

1.467
 
0.176
 
16.894
 

106
 

HIGH
 
DOSE
 

1/48(0.02)
 

P = 0.044(N)
 

0.130
 
0.003
 
1.237
 

108
 

0/47(0.00)
 

_——
 

3/47(0.06)
 

N.S.
 

Infinite
 
0.303
 

Infinite
 

105
 



TABLE 3 (CONTINUED) 

TOPOGRAPHY: MORPHOLOGY 
LOW DOSE 
CONTROL 

HIGH DOSE 
CONTROL 

LOW 
DOSE 

HIGH 
DOSE 

Pancreatic Islets: Islet-Cell 
Adenoma" 

P Values0 

Relative Risk (Control) 
Lower Limit 
Upper Limit 

2/42(0.05) 
___. 

___ 

2/25(0.08) 
___ 

___ 

4/48(0.08) 

N.S. 

1.750 
0.266 
18.600 

1/48(0.02) 

N.S. 

0.260 
0.005 
4.803 

Weeks to First Observed Tumor 107 109 106 108 

to 
oo 

Preputial Gland:
Carcinoma NOSb 

P Values0 

 Adenoma NOS or 
0/46(0.00) ___ 

2/25(0.08) 
_.__ 

0/49(0.00) 

N.S. 

2/49(0.04) 

N.S. 

Relative Risk (Control) 
Lower Limit 
Upper Limit 

___ 
0.510 
0.040 
6.750 

Weeks to First Observed Tumor 85 108 

Testis: Interstitial-Cell Tumor 

P Values0 
33/45(0.73) ___ 19/24(0.79) 

___ 
43/48(0.90) 

P = 0.039 

47/48(0.98) 

P = 0.014 

Relative Risk (Control) 
Lower Limit 
Upper Limit 

._ 1.222 
0.981 
1.446 

1.237 
1.017 
1.331 

Weeks to First Observed Tumor 78 78 78 78 



TABLE 3 (CONCLUDED)
 

Treated groups received time-weighted average doses of 0.06 or 0.20 percent in feed.
 

Number of tumor-bearing animals/number of animals examined at site (proportion).
 
CThe probability level for the Fisher exact test for the comparison of a treated group with its
 
control group is given beneath the incidence of tumors in the treated group when P < 0.05; other
wise, not significant (N.S.) is indicated. A negative designation (N) indicates a lower incidence
 
in the treated group than in the control group.
 

The 95% confidence interval on the relative risk of the treated group to the control group.
 

S3
 
VO
 



___ 

_ _ _ 

___ 

__ _ 

TABLE 4
 

ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS AT
 
SPECIFIC SITES IN FEMALE RATS TREATED WITH 2,5-TOLUENEDIAMINE SULFATE'
 

TOPOGRAPHY: MORPHOLOGY
 

Hematopoietic System: Leukemia or
 
Malignant Lymphoma"3
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 
UJ
 
o
 

Pituitary: Adenoma NOS or Chromo
phobe Adenoma"
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Adrenal: Pheochromocytoma or
 
Pheochromocytoma Malignant*3
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

LOW DOSE
 
CONTROL
 

4/49(0.08)
 

101
 

18/43(0.42)
 

76
 

2/46(0.04)
 

HIGH DOSE
 
CONTROL
 

2/23(0.09)
 

106
 

8/21(0.38)
 

78
 

3/23(0.13)
 

LOW
 
DOSE
 

2/50(0.04)
 

N.S.
 

0.490
 
0.046
 
3.251
 

107
 

17/48(0.35)
 

N.S.
 

0.846
 
0.477
 
1.507
 

80
 

1/50(0.02)
 

N.S.
 

0.460
 
0.008
 
8.542
 

HIGH
 
DOSE
 

10/50(0.20)
 

N.S.
 

2.300
 
0.553
 
20.530
 

10/43(0.23)
 

N.S.
 

0.611
 
0.266
 
1.546
 

108
 

1/48(0.02)
 

N.S.
 

0.160
 
0.003
 
1.882
 

109
 Weeks to First Observed Tumor 108 109 107
 

81 



__ _ 

___ 

___ 

TABLE 4 (CONTINUED) 

TOPOGRAPHY: MORPHOLOGY
 

Thyroid: C-Cell Adenoma or C-Cell
 
Carcinoma'3
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Mammary Gland: Adenocarcinoma NOS,
 
u>	 Papillary Adenocarcinoma, Papillary 

Cystadenocarcinoma NOS or In
filtrating Duct Carcinoma'3 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Mammary Gland: Fibroadenoma
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

LOW DOSE
 
CONTROL
 

1/47(0.02)
 

107
 

2/49(0.04)
 

101
 

4/49(0.08)
 

HIGH DOSE
 
CONTROL
 

3/21(0.14)
 

109
 

3/23(0.13)
 

52
 

4/23(0.17)
 

LOW
 
DOSE
 

3/48(0.06)
 

N.S.
 

2.938
 
0.246
 

150.900
 

107
 

1/50(0.02)
 

N.S.
 

0.490
 
0.008
 
9.103
 

107
 

6/50(0.12)
 

N.S.
 

1.470
 
0.372
 
6.681
 

HIGH
 
DOSE
 

0/49(0.00)
 

P = 0.025(N)
 

0.000
 
0.000
 
0.707
 

1/50(0.02)
 

N.S.
 

0.153
 
0.003
 
1.810
 

108
 

9/50(0.18)
 

N.S.
 

1.035
 
0.332
 
4.234
 

108
 Weeks to First Observed Tumor	 101 109 100
 



TABLE 4 (CONCLUDED)
 

TOPOGRAPHY: MORPHOLOGY 
LOW DOSE 
CONTROL 

HIGH DOSE 
CONTROL 

LOW 
DOSE 

HIGH 
DOSE 

Uterus: Endometrial Stromal Polyp 10/48(0.21) 6/23(0.26) 7/49(0.14) 7/45(0.16) 

P Values0 N.S. N.S. 

Relative Risk (Control) 
Lower Limit 
Upper Limit 

___ 
0.686 
0.241 
1.826 

0.596 
0.199 
1.932 

Weeks to First Observed Tumor 78 87 101 108 

Uterus: Adenocarcinoma NOS 

P Values0 

4/48(0.08) 
___ 0/23(0.00) 

___ 
3/49(0.06) 

N.S. 

1/45(0.02) 

N.S. 

Relative Risk (Control) 
Lower Limit 
Upper Limit 

_—_ 0.735 
0.113 
4.114 

Infinite 
0.028 

Infinite 

Weeks to First Observed Tumor 95 92 109 

Treated groups received time-weighted average doses of 0.06 or 0.20 percent in feed.
 

Number of tumor-bearing animals/number of animals examined at site (proportion).
 
p
 

The probability level for the Fisher exact test for the comparison of a treated group with its
 
control group is given beneath the incidence of tumors in the treated group when P < 0.05; other
wise, not significant (N.S.) is indicated. A negative designation (N) indicates a lower incidence
 
in the treated group than in the control group.
 

The 95% confidence interval on the relative risk of the treated group to the control group.
 



To provide additional insight into the possible carcinogenicity
 

of this compound, 95 percent confidence intervals on the relative
 

risk have been estimated and entered in the tables based upon the
 

observed tumor incidence rates. In many of the intervals shown in
 

Tables 3 and 4, the value one is included; this indicates the absence
 

of statistically significant results. It should also be noted that
 

many of the confidence intervals have an upper limit greater than
 

one, indicating the theoretical possibility of tumor induction in
 

rats by 2,5-toluenediamine sulfate that could not be established
 

under the conditions of this test.
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IV. CHRONIC TESTING RESULTS: MICE
 

A. Body Weights and Clinical Observations
 

The only group exhibiting distinct compound-related mean body
 

weight depression when compared to its control group was the high
 

dose female group (Figure 4). It should be noted, however, that the
 

growth pattern of the female high dose control group was unusual
 

(i.e., it did not level off as the animals approached maturity).
 

No clinical abnormalities were recorded for dosed or control
 

mice of either sex.
 

B. Survival
 

The estimated probabilities of survival for male and female mice
 

in the control and 2,5-toluenediamine sulfate-dosed groups are shown
 

in Figure 5. There was no significant association between dosage and
 

mortality for male or female mice.
 

Five male and five female mice were sacrificed in week 78 from
 

each group except the low dose group. There were adequate numbers of
 

male mice at risk from late-developing tumors as 74 percent (37/50)
 

of the high dose, 94 percent (47/50) of the low dose, 74 percent
 

(37/50) of the high dose control, and 84 percent (42/50) of the low
 

dose control mice survived on test until the end of the study. There
 

were also adequate numbers of female mice at risk from late-developing
 

tumors as 66 percent (33/50) of the high dose, 78 percent (39/50) of
 

the low dose, 70 percent (35/50) of the high dose control, and 74
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percent (37/50) of the low dose control mice survived on test until
 

the end of the study.
 

C. Pathology
 

Histopathologic findings on neoplasms in mice are summarized in
 

Appendix B (Tables Bl and B2); findings on nonneoplastic lesions are
 

summarized in Appendix D (Tables Dl and D2).
 

Hepatocellular carcinoma occurred in 7/48 (15 percent) of the
 

low dose control males, 10/45 (22 percent) of the high dose control
 

males, 8/48 (17 percent) of the low dose males, and 16/49 (33 percent)
 

of the high dose males. None of the tumors was judged to be due to
 

the administration of the test chemical.
 

A variety of inflammatory and degenerative lesions which commonly
 

occur in aging mice of this strain was seen. These nonneoplastic
 

lesions were not considered to be compound-related.
 

This pathologic examination provided no evidence for the car

cinogenicity of 2,5-toluenediamine sulfate in B6C3F1 mice.
 

D. Statistical Analyses of Results
 

The results of the statistical analyses of tumor incidence in
 

mice are summarized in Tables 5 and 6. The analysis for every type
 

of tumor that was observed in more than 5 percent of any of the
 

2,5-toluenediamine sulfate-dosed groups of either sex is included.
 

Elevated incidences of alveolar/bronchiolar adenomas and alveolar/
 

bronchiolar carcinomas were observed among dosed female mice. For
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___ 

___ 

___ 

___ 

___ 

___ 

___ 

TABLE 5
 

ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS AT
 
SPECIFIC SITES IN MALE MICE TREATED WITH 2,5-TOLUENEDIAMINE SULFATE*
 

TOPOGRAPHY: MORPHOLOGY
 

Lung: Alveolar/Bronchiolar
 
Carcinoma*5
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 
Lo
 
00
 

Lung: Alveolar/Bronchiolar Car
cinoma or Alveolar/Bronchiolar
 
Adenoma
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Hematopoietic System: Leukemia or
 
Malignant Lymphoma*3
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

LOW DOSE
 
CONTROL
 

6/48(0.13)
 

96
 

6/48(0.13)
 

96
 

4/48(0.08)
 

__._
 

96
 

HIGH DOSE
 
CONTROL
 

4/45(0.09)
 

97
 

11/45(0.24)
 

78
 

2/46(0.04)
 

97
 

LOW
 
DOSE
 

1/47(0.02)
 

N.S.
 

0.170
 
0.004
 
1.326
 

94
 

6/47(0.13)
 

N.S.
 

1.021
 
0.294
 
3.548
 

94
 

5/49(0.10)
 

N.S.
 

1.224
 
0.281
 
5.823
 

94
 

HIGH
 
DOSE
 

5/49(0.10)
 

N.S.
 

1.148
 
0.264
 
5.453
 

96
 

10/49(0.20)
 

N.S.
 

0.835
 
0.353
 
1.955
 

96
 

4/49(0.08)
 

N.S.
 

1.878
 
0.284
 
19.990
 

72
 



_ __ 

___ 

___ 

TOPOGRAPHY: MORPHOLOGY
 

Liver: Hepatocellular Carcinoma
 

P Values
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Liver: Hepatocellular Carcinoma or
 
Neoplastic Nodule
 

u>
 
VO P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

TABLE 5 (CONCLUDED) 

LOW DOSE
 
CONTROL
 

7/48(0.15)
 

_—
 

78
 

7/48(0.15)
 

»__
 

78
 

HIGH DOSE
 
CONTROL
 

10/45(0.22)
 

93
 

10/45(0.22)
 

_._
 

93
 

LOW
 
DOSE
 

8/48(0.17)
 

N.S.
 

1.143
 
0.394
 
3.411
 

94
 

8/48(0.17)
 

N.S.
 

1.143
 
0.394
 
3.411
 

94
 

HIGH
 
DOSE
 

16/49(0.33)
 

N.S.
 

1.469
 
0.705
 
3.233
 

77
 

18/49(0.37)
 

N.S.
 

1.653
 
0.817
 
3.558
 

77
 

Treated groups received doses of 0.06 or 0.10 percent in feed.
 

Number of tumor-bearing animals/number of animals examined at site (proportion).
 

The probability level for the Fisher exact test for the comparison of a treated group with its
 
control group is given beneath the incidence of tumors in the treated group when P < 0.05; other
wise, not significant (N.S.) is indicated. A negative designation (N) indicates a lower incidence
 
in the treated group than in the control group.
 

The 95% confidence interval on the relative risk of the treated group to the control group.
 



TABLE 6 

ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS AT 
SPECIFIC SITES IN FEMALE MICE TREATED WITH 2,5-TOLUENEDIAMINE SULFATE* 

LOW DOSE HIGH DOSE LOW HIGH 
TOPOGRAPHY: MORPHOLOGY CONTROL CONTROL DOSE DOSE 

Lung: Alveolar/Bronchiolar Adenoma 
or Alveolar/Bronchiolar Carcinoma 4/46(0.09) 1/45(0.02) 6/42(0.14) 8/45(0.17) 

P Values0 N.S. P = 0.016 
___ 

Relative Risk (Control) 1.643 7.826 
Lower Limit 0.419 1.118 
Upper Limit 7.390 338.408 

Weeks to First Observed Tumor 96 98 94 78 

Hematopoietic System: Leukemia or 
Malignant Lymphoma 5/48(0.10) 12/46(0.26) 4/45(0.09) 8/47(0.17) 

P Values0 N.S. N.S. 

Relative Risk (Control) 0.853 0.653 
Lower Limit 0.180 0.256 
Upper Limit 3.711 1.568 

Weeks to First Observed Tumor 96 95 94 78 

Liver: Hepatocellular Carcinoma 1/47(0.02) 4/45(0.09) 2/42(0.05) 4/46(0.09) 

P Values0 N.S. N.S. 

Relative Risk (Control) 2.238 1.000 
Lower Limit 0.121 0.198 
Upper Limit 128.900 5.050 

Weeks to First Observed Tumor 96 78 93 94 



TABLE 6 (CONCLUDED)
 

LOW DOSE HIGH DOSE LOW HIGH 
TOPOGRAPHY: MORPHOLOGY CONTROL CONTROL DOSE DOSE 

Pituitary: Adenoma NOS or Car
cinoma NOSb 3/42(0.07) 6/37(0.16) 1/38(0.03) 0/38(0.00) 

P Values N.S. P = 0.012(N) 
___ 

Relative Risk (Control) _— 0.368 0.000 
Lower Limit 0.007 0.000 
Upper Limit 4.349 0.602 

Weeks to First Observed Tumor 96 98 94 

Ovary: Papillary Cystadenoma NOS 
or Tubular Adenoma*5 1/45(0.02) 0/41(0.00) 0/36(0.00) 2/39(0.05) 

___ 
P Values0 N.S. N.S. 

Relative Risk (Control) 
—— 

0.000 Infinite 
Lower Limit 0.000 0.313 
Upper Limit 23.152 Infinite 

Weeks to First Observed Tumor 78 97 

treated groups received doses of 0.06 or 0.10 percent in feed. 

Number of tumor-bearing animals/number of animals examined at site (proportion).
 
•>
 

""The probability level for the Fisher exact test for the comparison of a treated group with its
 
control group is given beneath the incidence of tumors in the treated group when P < 0.05; other
wise, not significant (N.S.) is indicated. A negative designation (N) indicates a lower incidence
 
in the treated group than in the control group.
 

The 95% confidence interval on the relative risk of the treated group to the control group.
 



the combined incidence in females, the Fisher exact test comparing
 

high dose to high dose control was significant (P = 0.016). In
 

historical data collected by this laboratory for the NCI Carcino

genesis Testing Program 12/350 (3 percent) of the untreated B6C3F1
 

female mice had an alveolar/bronchiolar adenoma, alveolar/bronchiolar
 

carcinoma, alveolar-cell adenocarcinoma, or an adenoma NOS of the
 

lung/alveoli—compared to the 4/46 (9 percent), 1/45 (2 percent),
 

6/42 (14 percent), and 8/45 (17 percent) observed in the low dose
 

control, high dose control, low dose, and high dose groups, respec

tively, in this bioassay.
 

Based upon these results the statistical conclusion is that the
 

administration of 2,5-toluenediamine sulfate was associated with the
 

incidence of alveolar/bronchiolar neoplasms in female B6C3F1 mice.
 

For females the Fisher exact test indicated a significantly
 

(P = 0.012) lower combined incidence of pituitary adenomas NOS or
 

pituitary carcinomas NOS in the high dose group than in the high dose
 

control. The low dose comparison was not significant.
 

To provide additional insight into the possible carcinogenicity
 

of this compound, 95 percent confidence intervals on the relative
 

risk have been estimated and entered in the tables based upon the
 

observed tumor incidence rates. In many of the intervals shown in
 

Tables 5 and 6, the value one is included; this indicates the absence
 

of statistically significant results. It should also be noted that
 

many of the confidence intervals have an upper limit greater than
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one, indicating the theoretical possibility of tumor induction in
 

mice by 2,5-toluenediamine sulfate that could not be established
 

under the conditions of this test.
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V. DISCUSSION
 

There was no significant association between compound adminis

tration and accelerated mortality in either sex of either species.
 

Adequate numbers of animals in all groups survived sufficiently long
 

to be at risk from late-developing tumors.
 

Although the incidence of interstitial-cell neoplasms of the
 

testis was statistically significant in each dosed male rat group,
 

development of these tumors was not considered attributable to com

pound administration since spontaneous incidence of these neoplasms
 

in male Fischer 344 rats is both high and variable. It should also
 

be noted that control rats were housed in a separate room from dosed
 

rats. There were no other neoplasms occurring in male rats at
 

statistically significant incidences, and none of the incidences
 

of neoplasms observed in female rats were statistically significant.
 

The only site of significantly increased tumor incidence among
 

dosed female mice was the lungs. The combined incidence of alveolar/
 

bronchiolar adenomas and alveolar/bronchiolar carcinomas was statis

tically significant for the high dose group. The combined incidences
 

of these tumors in both high and low dose female mouse groups were
 

elevated relative to historical controls. However, it should be
 

noted that high dose control mice were housed in a separate room
 

from dosed mice and received in separate shipments from dosed mice.
 

Because of these factors, this increased incidence does not provide
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sufficient evidence of a compound-related effect. No significant
 

increase in tumor incidence was observed among dosed male mice.
 

Under the conditions of this bioassay, sufficient evidence was
 

not provided to conclusively demonstrate the carcinogenicity of
 

2s5-toluenediamine sulfate in either Fischer 344 rats or B6C3F1
 

mice.
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APPENDIX A
 

SUMMARY OF THE INCIDENCE OF NEOPLASMS
 
IN RATS TREATED WITH 2,5-TOLUENEDIAMINE SULFATE
 





TABLE Al
 
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS
 

TREATED WITH 2,5-TOLUENEDIAMINE SULFATE
 

—,HIGH DOSE LOB DOSE 
CONTROL ( U N T R ) CONTROL ( U N T R ) LOU EOSE HIGH DOSE 

01-0084 01-0037 01-0039 01-3090 

A N I M A L S INITIALLY IN S T U D Y 25 50 50 50
 
A N I M A L S N E C R O P S I E D 25 16 49 49
 
A N I M A L S E X A M I N E D H I S T O P A T H O L O G I C A L L Y * * 25 1*6 1*8 1(9
 

I N T E G U M E N T A R Y SYSTEM 

*SKIN (25) ( U 6 ) (U9)
 
SQUAMOUS CELL CARCINOMA 1 (2%)
 

*SUBCUT TISSUE (25) C*6) (K9) (49)
 
FIBROMA 1 (2%) 1 (2X)
 
LIPOMA 1 (2«)
 
KMANGIOSARCOMA 1 (2J)
 
NEUROFIBROMA 1 (2*)
 

BESPIRATCRY SYSTEM
 

#TRACHEA (11) (1*5) (46) (47)
 
ADENOCARCINOMA, NOS, METASTATIC 1 (2X)
 

tLUNG (25) (1*6) (48) (49)
 
UNEIFFERENTIATED CARCINOMA METAS 1 <2«)
 
ADENOCAECINOMA, NOS, METASTATIC 1 (2X)
 
ALVEOLAR/BRONCHIOLAR AD2NOMA 2 (8<) 1 (2*)
 
ALVEOLAS/BPONCHIOLAR CARCINOMA 1 (4?)
 
PAPIILARY ADENOCARCINOMA, METAST 1 (2%)
 
PHEOCHEOMOCYTOMA, METASTATIC 1 (4X)
 

HEMATOEOIETIC SYSTEM
 

*MDLTIPIE ORGANS (25) (46) (49) (49)
 
MALIGNANT LYMPHOMA, NOS 1 (256)
 
MALIG.LYMPHOMA, HISTIOCYTIC TYP3 1 (2%)
 
UNDIF"ERENTIATED LEUKEMIA 2 <8X) 1 (2%)
 
BYELCMONOCYTIC LEUKEMIA 2 («») 5 (10!S)
 
LYMPHOCYTIC LEUKEMIA 2 (g\) 1 (2*) 1 (2X)
 

# N U M B E R OF A N I M A L S WITH TISSUE E X A M I N E D MICROSCOPICALLY 
* N U M B E R OF A N I M A L S NECROPSIED 

** EXCLUDES PARTIALLY AUTOLYZED ANIMALS 



TABLE A1 (CONTINUED) 

—• —— HIGH DOSE 
CONTROL (UNTF) 
01-008U 

LOW DOSE 
CONTROL (DNTR) 
01-0037 

LOW DOSE 
01-0039 

HIGH DOSE 
01-0090 

•LYMPH NODE 
ADENOCAHCINOBA, NOS, METASTATIC 

tMEDIASTINAL L.NODE 
UNDIFFFRENTIATED CARCINOMA BETAS 

tM.BDOMINAL LYMPH NODE 
UNEIFFFRENTIATED CARCINOMA BETAS 

*LIVER 
BYELOBONOCYTIC LEUKEMIA 
GBANIIIOCYTIC LEUKEMIA 

*THYB:JS 
THYMOMA 

<2K) 

(2U) 

(21) 

(25) 

(22) 

(38) 
1 (3*) 

(38) 

(38) 

(46) 

(38) 

(39) 

(39) 

(39) 

(48) 

(39) 
1 <3X) 

(13) 

(43) 
1 (2*) 

(43) 
1 (2X) 

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

(28) 

CIRCULATORY SYSTEM 

NOSF 

DIGESTIVE SYSTEM 

•LIVF.R 
UNDIFFERENTIATED CARCINOMA
MFOPLASTIC NODULE 
HEPATOCELLULAR CARCINOMA 

'PANCREAS 
UNDIFFEPENTIATED CARCINOMA 
ADS NOB*, NOS 

•STOMACH 
SC'JABOUS CELL PAPILLOflA 
BASAL-CELL CARCINOMA 

*JEJUNUB 
CYSTAD3NOCASCINOMA, NOS 

*COLON 
ADENOCABCINOMA, NOS 

 METAS 
(25) 

(25) 

(24) 
1 (UH) 
1 (»%) 

<2t) 

(24) 

(46) 

(42) 

(45) 

(43) 

(43) 

(48) 

1 (2*) 
1 (2X) 

(48) 

(47) 

(48) 

(47) 

(«9) 
1 (2%) 

(48) 
1 (2X) 
1 (2*) 

(49) 

(48) 
1 (2J) 

(48) 
1 (2X) 

UR I N A R Y SYSTEM 

*KIDNSY 
__ TUBULARz£2LL_iD5N03A 

* N I I M 5 E B O F A N I M A L S W I T H T I S S U E
* N U B I E S O F A N I M A L S N S C R O P S I E D 

(24) (46) 

 E X A M I N E D M I C R O S C O P I C A L L Y 

(48) 
.___. _«_____.._. 

(49) 
1 (2X1 

A-4 



TABLE A1 (CONTINUED) 

. , 
HIGH DOSE LOW DOSE 
CONTROL (UNTR) CONTROL (UNTS) LOW DOSS HIGH DOSE 
01-0084 01-0037 01-0039 01-0090 

IURINARY BLADDER (23) (42) (48) (45) 
PAPILLOMA, NOS 1 (2X) 1 (2X) 
TPANSITIONAL-CELL CARCINOMA 1 (2X) 

ENDOCRINE SYSTEM 

*PITNITABY 
ADENOMA, NOS 

(21) 
1 (5*) 

(41) 
2 (5X) 

(45) 
3 (7X) 

(40) 
3 <8X) 

CHROMOPHOBE ADENOMA 10 (24*) 
BASOPHIL ADENOMA 2 (MX) 

#ADRENAL 
ADENOCARCINOBA, NOS, NETASTATIC 

(25) (43) 
1 (2%) 

(48) (48) 

PHECCHROMOCYTOMA 2 (8X) 6 (14X) 2 (4X) 1 (2X) 
PHECCH80MOCYTOMA, MALIGNANT 2 (8X) 

tTHYROIC (23) (45) (46) (47) 
ADENOMA, NOS 1 (2X) 
ADENOCARCINOBA, NOS 
PAPILLARY ADENOCAHCINOMA 

2 (4X) 
3 (7X) 

1 (2X) 

C-CELL ADENOMA 1 (2X) 
C-CELL CARCINOMA 
CYSTADENOCARCIN08A, NOS 

1 (2X) 1 <2X) 
1 (2*) 

PAPILLARY CYSTADENOCASCINO.IA.NOS 1 (2J) 

#PANCREATIC ISLETS (25) (42) (48) (48) 
ISLET-CELL ADENOMA 2 (81) 2 <5X) 4 (8X) 1 (2X) 

REPRODUCTIVE SYSTEM 

*MA«MARY GLAND (25) (46) (49) (49) 
FIBROADENOMA 1 (4*) 1 (2X) 

*PREPUTIAL GLAND (25) (46) (49) (49) 
CARCINOMA, NOS 1 (4*) 2 («X) 
ADENCMA, NOS ' 1 (4*) 

fPROSTATE (23) (45) (47) (46) 
PARAGAN6LIOMA, NOS 1 <2X) 

UTESTIS 

_LHZE_BS.HT,IAL.-££ii_IIMP.fi 
(24)
19. J22S1.., 

(45) 
3.3_J7JSJ. . 

(48) 
43 (90SL _ 

(48) 
. _47 198%} 

* NUMBER OF ANIMALS KITH TISSUE EXAMINED MICROSCOPICALLY 
* NUMBER OF ANIMALS NECROPSIED 

A-5 



TABLE Al (CONTINUED) 

HIGH DOSE LOW DOSE 
C O N T R O L ( O N T H ) CONTROL ( U H T B ) L O U DOSE HIGH DOSE 

01-0084 01-0037 01-0039 01-0090 

* S C R C T U M	 (25) (46) (49) (49)
L E I O M Y O M A	 1 (2*) 

N E R V O U S S Y S T E M 

• B R A I N	 (25) (44) (48) (48)
 
A S T R O C Y T O M A 1 ( 2 % )
 

SPECIAL SENSE O R G A N S 

* F A R (25) (46) (49) (49) 
F I B R C M A 1 (2*) 

* E A R C A N A L (25) (46) (49 ) (49)
 
S Q U A N O O S CELL C A R C I N O M A 1 (4*)
 

M U S C U L O S K E L E T A L SYSTEM 

N O N E 

BODY CAVITIES
 

*BODY CAVITIES (25) (46) (49) («9)
 
MFSOTHELIOHA, NOS 1 (2X)
 

*MEDIASTINUM (25) (46) (49) (49)
 
ALVEOLAH/BEONCHIOLAR CA, METASTA 1 (4%)
 

* P L E U R A (25) (46) (49) (49)
 
A L V E O L A R / B R O N C H I O L A E CA, N E T A S T A 1 ( 4 % )
 

ALL OTHEE SYSTEBS
 

* N U M B E R O P A N I M A L S W I T H TISSUE E X A M I N E D M I C R O S C O P I C A L L Y 
* N U M B E R OF A N I M A L S NECROPSIED 

A-6 



ANIMAL DISPOSITION SUMMARY
 

ANIMALS INITIALLY IN STUDY
 
NATURAL DEATHS
 
MORIBUND SACRIFICE
 
SCHEDULED SACRIFICE
 
ACCIDENTALLY KILLED
 
TERMINAL SACRIFICE
 
ANIMAL MISSING
 

3 INCLUDES AUTOLYZED ANIMALS
 

TUMOR SUMMARY
 

TOTAL ANIMALS WITH PRIMARY TUKOBS*
 
TOTAL PEIMARY TUMORS
 

TOTAL ANIMALS HITH BENIGN TUNCES
 

TABLE Al (CONCLUDED) 

HIGH DOSE 
CONTROL (ONTR) 

01-0084 

25
 
3
 
4
 
5
 

13
 

22
 
41
 

20
 
TOTAL BENIGN TUMORS 31
 

TOTAL ANIMALS WITH MALIGNANT TUMOSS 9
 
TOTAL MALIGNANT TUMORS 10
 

TOTAL ANIMALS WITH SECONDARY TUMORS* 2

TOTAL SECONDARY TUMORS 3


TOTAL ANIMALS WITH TUMORS UNCERTAIN
EFNIGN OR MALIGNANT


TOTAL UNCERTAIN TUMOES


TOTAL ANIMALS KITH TUMORS UNCERTAIN
PRIMARY OR METASTATIC
 

TOTAL UNCERTAIN TUMOSS
 

* PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS
 

LOW DOSE 
CONTROL (UNTR) 

01-0037 

50
 
6
 
2
 

15
 

27
 

34
 
61
 

33
 
55
 

5
 
5
 

1

 4


 1

 1


LOW DOSE HIGH DOSE
 
01-0039 01-0090
 

50 50
 
5 3
 
5 11
 
5
 

35 36
 

45 48
 
72 77
 

44 47
 
58 59
 

9 17
 
12 18
 

1
 
1
 

2
 
2
 

I SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN
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TABLE A2
 
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS
 

TREATED WITH 2,5-TOLUENEDIAMINE SULFATE
 

HIGH DOSE LOW DOSE
 
CONTROL (UNTR) CONTROL (UNTR) LOW COSE HIGH DOSE
 
02-0080 02-0037 02-0039 02-0090
 

ANIMALS INITIALLY IN STUDY 25 50 50 50
 
ANIMALS NECROPSIED 23 t9 50 50
 
ANIMALS EXAMINED HISTOPATHOLOGICALLY** 23 49 50 50
 

INTEGUMENTARY SYSTEM
 

*SKIN (23) (1*9) (50) (50)
 
SQUAMOUS CELL CARCINOMA 1 <2X)
 
SEBACEOUS ADENOCARCINOMA 1 (1J)
 
FIBHOSARCOMA 1 <2X)
 

*SUBCOT TISSUE (23) (49) (50) (50)
 
SQDAMOUS CELL CARCINOMA 1 (2X)
 

RESPIRATORY SYSTEM
 

#LUNG (23) <<*9) (50) (50)
 
ADENOCARCINOMA, NOS, METASTATIC 1 (2%) 1 <2X)
 
HTPATOCFLLULAR CARCINOMA, METAST 1 (2*)
 
ALVEOLAR/BKONCHIOLAB ADENOMA i (<*%> 1 (2X)	 1 <2X)
 

HEMATOPOIFTIC SYSTEM
 

•MULTIPLE	 OFGANS (23) (49) (50) (50)
 
MALIG.LYMPHOMA, LYMPHOCYTIC TYPE 2 (<tX)
 
LEUKEMIA, NOS 1 (2X)
 
UNDIFFSBENTIATED LEUKEMIA 2 (9%)
 
NYELCMONOCYTIC LEUKEMIA 2 (U%) 8 (16X)
 
MONOCYTIC LEUKEMIA 2 (it«)
 

• PENAL LYMPH NODE (21) (41) (47) (49)
 
ADENOCARCINOMA, NOS, METASTATIC 1 (2X)
 

KTHYMUS (20) (42) (43) (4H)
 
MALIGNANT LYMPHOMA, NOS 1 <2X)
 

C I F C U L A 1 0 3 Y S Y S T E M 

H Q N D 

* N U M B E R O F A N I M A L S W I T H T I S S U E E X A M I N E D M I C R O S C O P I C A L L Y 
* N U M B E R O F A N I M A L S N E C F O P S I E D 
**EXCLUDES PARTIALLY AUTOLYZED ANIMALS 
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TABLE A2 (CONTINUED) 

HIGH DOSE LOW DOSE
 
CONTROL (ONTR) CONTROL (BNTR)
 
02-0081 02-0037
 

DIGESTIVE SYSTEM
 

#LIVER (23) (19)
 
ADENOCAHCINOMA, NOS, METASTATIC 1 <2X)
 
NEOFLASTIC NODULE 2 (9X)
 
HEPATOCELLULAR CARCINOMA 2 (IX)
 

*STOMACH (23) (48)
 
SQUAMOUS CELL PAPILLOMA
 

IILEUM (23) (47)
 
LEIOMYOSARCOMA
 

URINARY SYSTEM
 

tURINARY BLADDER (22) (41)
 
PAPILLOMA, NOS
 

ENDOCRINE SYSTEM
 

#PITUITARY (21) (13)
 
ADENOMA, NOS 1 <5X) 3 (7X)
 
ADENOCARCINOMA, NOS 2 <5X)
 
CHROMOPHOBE ADENOMA 7 (33*) 15 (35X)
 

#ADRENAL (23) (46)
 
PHEOCHROBOCYTOMA 2 (9X) 2 (4X)
 
PHEOCHROMOCYTOMA, MALIGNANT 1 (IX)
 

tTHYROID (21) (47)
 
ADENOMA, NOS 1 (2X)
 
ADENOCARCINOMA, NOS 2 (IX)
 
C-CELL ADENOMA 2 (10X) 1 <2X)
 
C-CELL CARCINOMA 1 (5X)
 

*THYROIE FOLLICLE (21) (47)
 
PAPILLARY CYSTADENOCARCINOMA.NOS 1 <5X)
 

R E P R O D U C T I V E S Y S T E M 

* N A M t ! A R Y G L A N D (23 )
 
-1-12 Si
 

t N D M B E R OF A N I M A L S KITH TISSOE E X A M I N E D MICROSCOPICALLY 
* NUMBER OF A N I M A L S NECROPSIED 
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—— —~—
 
LOK DOSE
 
02-0039
 

(50)
 

1 (2X)
 

(50)
 

(50)
 

(47)
 

(18)
 
17 (35X)
 

(50)
 
1 (2X)
 

(18)
 

3 (6X)
 

(18)
 

(50) 

HIGH DOSE
 
02-0090
 

(19)
 

1 (2»)
 

(19)
 
1 (2%)
 

(19)
 
1 (2X)
 

(50)
 
1 (2X)
 

(13)
 
10 (23%}
 

(48)
 
1 (2X)
 

(49)
 

1 (2X)
 

(49)
 

(50) 



TABLE A2 (CONTINUED) 

HIGH DOSE 
CONTROL ( U N T R ) 

02-0084 

LOW DOSE 
CONTROL ( U N T R ) 

02-0037 

— ———— LOW DOSE 
02-0039 

., 

HIGH DOSE 
02-0090 

A D E N C C A R C I N O M A , N O S 
P A P I L L A R Y A D E N O C A R C I N O M A 
P A P I L L A R Y C Y S T A D E N O B A , DOS 
P A P I L L A R Y C Y S T A D E N O C A R C I N O S A . N O S 
I N F I L T R A T I N G DUCT CAHCINOHA 
F I 3 R O A D E N C M A 

*CLITORAL GLAND 
C A R C I N O M A , NOS 

# U T E R U S 
A D E N O C A R C I N O M A , N O S 
E N D O M E T R I A L S T R O M A L P O L Y P 
H F M A N G I O M A 

# U T E R U S / E N D O M E T R I U M 
A D E N C C A H C I N O M A , NOS 

# O V A R Y 
T U B U L A R A D E N O M A 

2 (9%) 

1 (4%) 
4 (17%) 

(23) 

(23) 

6 (26%) 

(23) 

(22 ) 

1 (2%) 

1 (2%) 

4 (8%) 

(49) 

(48) 
4 (8%) 

10 ( 2 1 X ) 

(48) 

(47) 

1 (2X) 

6 (12X) 

(50) 

(49) 
1 (2X) 
7 ( 1 4 X ) 
1 (2%) 

(49) 
2 (4%) 

(50) 

1 (2%) 

1 ( 2 X ) 

9 (18S) 

(50) 
1 ( 2 % ) 

(45) 
1 (2%) 
7 (16%) 

(45) 

(46) 
1 (2%) 

N E R V O U S S Y S T E M 

N O N 3 

S P E C I A L S E N S E O R G A N S 

*EAR 
S Q U A M O U S

*EAR C A N A L 
F I B R O M A 

 CELL C A R C I N O M A 
(23) 

(23) 

(49) 

(49) 
1 ( 2X) 

(50) 
2 (4X) 

(50) 

(50) 

(50) 

M U S C U L O S K E L 3 T A L S Y S T E M 

N O N E 

BODY CAVITIF.S 

* B O D Y C A V I T I E S (23) (49) (50) (50) 

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
* NUMBER OF ANIMALS NECROPSIED 
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TABLE A2 (CONTINUED) 

HIGH DOSE LOW DOSE 
C O N T R O L ( U N T R ) CONTROL ( U N T R ) L O U DOSE HIGH DOSE 

02-008U 02-0037 02-0039 02-0090 

*ABDCMINAL CAVITY (23) (19) (50) (50) 
SAKCOMA, NOS 1 (2X) 1 12%) 
LEIOMYOSARCOHA 1 (2%) 

*PERITONEOM (23) (50) (50)
 
ADENOCARCINOMA, NOS, METASTATIC 1 (2X)
 
LIPOMA 1 (2*)
 

ALL OTHER SYSTEMS
 

DIAPHRAGM
 
RHABDOMYOSARCOHA
 

ANIMAL DISPOSITION SUM8ARY
 

ANIMALS INITIALLY IN STUDY 25 50 50 50
 
NATURAL DEATHS 3 5 2.
 
MORIBUND SACRIFICE 5 7 11 11
 
SCHICtJLED SACRIFICE 5 15 5
 
ACCIDENTALLY KILLED
 
TERMINAL SACRIFICE 12 23 32 39
 
ANIMAL MISSING
 

• NUMBER OF ANIMALS KITH TISSUE EXAMINED MICROSCOPICALLY
 
* NUHBEB OF ANIMALS NECROPSIED
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TABLB A2 (CONCLUDED) 

HIGH DOSE LOW DOSE 
CONTROL ( U N T R ) CONTROL ( U N T R ) LOU DOSE HIGH DOSE 

02-0084 02-0037 02-0039 02-0090 

TUMOR SUMMARY
 

TOTAL ANIMALS KITH PRIMARY TOBORS* 19 32 3<t 33
 
TOTAL PRIMARY TUMORS 3« 56 «7 53
 

TOTAL ANIMALS WITH BENIGN TUHCRS 18 27 28 23
 
TOTAL BENIGN TOMORS 23 39 32 33
 

TOTAL ANIMALS WITH MALIGNANT TUMORS 8 15 11 17
 
TOTAL MALIGNANT TUMORS 9 17 15 20
 

TOTAL ANIMALS WITH SECONDARY TUHOBS* 2 1
 
TOTAL SECONDARY TUMORS K 2
 

TOTAL ANIMALS WITH TUMORS UNCERTAIN
BENIGN OR MALIGNANT 2
 

TOTAL UNCERTAIN TUMORS 2
 

TOTAL ANIMALS WITH TUMORS UNCERTAIN
PHIMABY OR HFTASTATIC
 

TOTAL UNCERTAIN TUMORS
 

* PRIMARY TUMORS: ALL TOHORS EXCEPT SECONDARY TUMORS
 
* SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN
 

A-I2
 



APPENDIX B
 

SUMMARY OF THE INCIDENCE OF NEOPLASMS
 
IN MICE TREATED WITH 2,5-TOLUENEDIAMINE SULFATE
 





TABLE Bl
 
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE
 

TREATED WITH 2,5-TOLUENEDIAMINE SULFATE
 

11IGH DOSE LOW DOSE
 
(rONTBOL (UNTR) CONTROL (UNTR) LOW DOSE HIGH DOSE
 
05-0077 05-0037 05-0039 05-0089
 

ANIMALS INITIALLY IN STUDY 50 50 50 50
 
ANIMALS NECROPSIED U6 "48 49 49
 
ANIMALS EXAMINED HISTOPATHOLOGICALL Y** 45 48 48 49
 

INTEGUMENTARY SYSTEM
 

*SUBCUT TISSUE (46) (48) (49) (49)
 
OSTEOHA 1 (2X)
 

RESPIEATOBY SYSTEM
 

ILUNG (45) (48) (47) (49)
 
HEPATOCELLULAR CARCINOMA. BETAS! 1 (2X) 2 (4*)
 
ALVEOLAR/BRONCHIOLAH ADENOMA 7 (16*) 5 (11X) 5 (10X)
 
ALVEOIAR/BRONCHIOLAE CARCINOMA « (9X) 6 (13X) 1 (2X) 5 (10X)
 

HEMATOPOIETIC SYSTEM
 

*MULTIPLE ORGANS (46) (48) (49) (49)
 
MALIGNANT LYMPHOMA, NOS 2 (<•*) 4 <8X) 2 (4*)
 
MALIG. LYMPHOMA. HISTIOCYTIC TYPE 2 (4X)
 

#SPLEEN (45) (47) (48) (43)
 
HE'MANGIOMA 1 (2X)
 
MALIG.LYMPHOMA, HISTIOCYTIC TYPE 1 (2*) 1 (2«)
 

#MANDIBULAR L. NODE (35) (44) (44) (36)
 
MAIIG. LYMPHOMA, HISTIOCYTIC IYP3 1 (3X)
 

tMESSNTERIC L. NODE (35) (44) (44) (36)
 
MALIGNANT LYMPHOMA. NOS 1 <3X)
 

tLIVER (45) (48) (48) (49)
 
MALIG.LYMPHOMA, HISTIOCYTIC TYPE 1 (2%)
 

CIRCULATORY SYSTEM
 

UQN.S _
 

* N U M B E R O F A N I M A L S H I T H TISSUE E X A M I N E D MICROSCOPICALLY 
* N U M B E R O F A N I M A L S N E C R O P S I E E 

** EXCLUDES PARTIALLY AUTOLYZED ANIMALS 
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TABLEBl (CONTINUED) 

HIGH DOSE LOW DOSE 
C O N T R O L ( U N T R ) COMTROL ( U N T R )

05-0077 05-0037

DIGESTIVE S Y S T E M 

*LIVER (45) (48)

NEOPLASTIC NODULE

HEPATOCELLULAR CARCINOMA 10 (22%) 7 (15*)

HEMANGIOMA 1 (2X)
 

frSTOSACH ( 4 2 ) (47)

S Q U A P I O U S CELL P A P I L L O N A 1 (2 t )
 
S Q U A M O ' J S C E L L C A R C I N O M A 1 (2S)
 

U R I N A R Y SYSTEM
 

NONE
 

ENDOCRINE SYSTEB
 

#ADHENAL (43) (45)

PHEOCHROMOCYTOMA


#THYROID (40) (47)

FOLLIC'JLAR-CELL ADENOMA 1 (2X)
 

REPRODOCTIVE SYSTEPI
 

NONE
 

NERVOUS SYSTEM
 

NONE
 

SPECIAL SENSE ORGANS
 

*HARDEEIAS GLAND (46) (48)

ADENOMA. NOS

PAPILLARY CYSTADEliOMA, NOS


*EAR CANAL (46) (48)

SQDAMOUS CELL CARCINOMA 1 (211)
 

HUSCULOSKELETAL SYSTEM
 

* NUMBER OP ANIMALS WITH TISSUE EXAMINED HICHOSCOPICALLY
 
* NUMBER OP ANIMALS NECROPSIED
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 LOW DOSE HIGH DOSE 
 05-0039 05-0089 

 (48) (49)
 
2 (4*)
 

8 (17)1) 16 (33X)
 

 (46) (48) 

 (45)	 (44)
 
1(2%)
 

 (46) (46)
 

 (49) ' (49)
 
1 (2X)
 

1 (2X)
 

 (49) (49)
 



TABLE Bl (CONCLUDED) 

HIGH DOSE LOW DOSE 
CONTROL (DMTR) CONTROL (UNTR) LOW DOSE HIGH DOSE 

05-0077 05-0037 05-0039 05-0089 

BODY CAVITIES
 

NONE
 

ALL OTHER SYSTEMS
 

NONE
 

ANIMAL DISPOSITION SUMMARY
 

ANIMALS INITIALLY IN STUDY 50 50 50 50
 
NATURAL DEATHS) 7 3 3 7
 
MORIBUND SACRIFICE 1 1
 
SCHEEULED SACRIFICE 5 5 5
 
ACCIDENTALLY KILLED
 
TERMINAL SACRIFICE 37 «2 U7 37
 
ANIMAL MISSING
 

a INCLUDES AUTOLYZED ANIMALS
 

TUMOR SUMMARY
 

TOTAL ANIMALS WITH PRIMARY TUMORS* 21 17 19 27
 
TOTAL PRIMARY TUMORS 25 21 21 34
 

TOTAL ANIMALS WITH BENIGN TUMCRS 8 2 7 7
 
TOTAL BENIGN TUMORS 8 3 7 7
 

TOTAL ANIMALS WITH MALIGNANT TUMORS 15 15 13 23
 
TOTAL MALIGNANT TUMORS 17 18 11 25
 

TOTAL ANIMALS WITH SECONDARY TUMORS* 1
 
TOTAL SECONDARY TUMORS 1
 

TOTAL ANIMALS WITH TUMORS UNCESTAIN
BSNIGN OR MALIGNANT
 

TOTAL UNCERTAIN TUMORS
 

TOTAL ANIMALS WITH TUMORS UNCERTAIN
PRIMARY OR METASTATIC
 

TOTAL UNCERTAIN TUMORS
 

* PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS
 
* SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT CRGAN
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TABLE B2
 
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE
 

TREATED WITH 2,5-TOLUENEDIAMINE SULFATE 

HIGH DOSE LOW DOSE
 
CONTROL (ONTfl)	 CONTROL (UNTR)
 

ANIMALS INITIALLY IN STUDY
 
ANIMALS MISSING
 
ANIMALS NECROPSIED
 
ANIMALS EXAMINED HISTOPATHOLOGICALLY**
 

INTEGUMENTARY SYSTEM
 

*SKIS
 
FIBRCSARCOMA
 

*SUBCUT TISSUE
 
SAHCOMA, NOS
 
LEIOMYOSAHCOMA
 

RESPIRATORY SYSTEM
 

*LUNG
 
HEPATOCSLLULAR CARCINOMA, METAST
 
ALVEOLAR/BHONCHIOLAR ADENOMA
 
ALVEOHR/BRONCHIOLAR CARCINOMA
 

HEMATOPOIF'IC SYSTEM
 

*MULTIPL" ORGANS
 
MALIGNANT LYMPHOMA, NOS
 
MALIG. LYMPHOMA, UNDIFFER-TYEE
 
MALIG. LYMPHOMA, HISTIOCYTIC TYPE
 
LYMPHOCYTIC LEUKEMIA
 

•SPLEEN
 
HEMANGIOSARCOMA
 
MALIG. LYMPHOHA, HISTIOCYTIC TYPE
 

•LYMPH	 NODS
 
MALIGNANT LYEPHOMA, NOS
 

•PEYERS PATCH
 
_ M.ALIG^LY.KP.HOMA,. HISTIOCYTIC TIPS-

06-0077	 06-0037
 

50	 50
 

16 18
 
1(6 1(7
 

(16)	 (18)
 
2 (««)
 

(16)	 (13)
 

1	 (2%)
 

(15)	 (16)
 

1(2%)	 3 (7%)
 
1 (2S)
 

(16)	 (18)
 
3 (7*) 1 (2%)
 
1 (2%)
 
6 (13*) 2 (IX)
 
1	 (2*)
 

(13)	 (16)
 
1 (2%)
 
1 (2%)
 

(11)	 (39)
 

(13)	 (11)
 
J_12il
 

I	 N U M B E R O F A N I M A L S W I T H T I S S U E E X A M I N E D M I C R O S C O P I C A L L Y 
* N U M B E R O F A N I M A L S N E C R O P S I E D 

** EXCLUDES PARTIALLY AUTOLYEED ANIMALS 
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Loa EOSE HIGH DOSE
 
06-0039 06-0089
 

50	 50
 
1
 

1(5 47
 

13
 16
 

(15)	 (17)
 

(15)	 (17)
 
1 (2X)
 

(12)	 (16)
 
1(2%)
 
6 (1UX) 7 (15X)
 

1 (2*)
 

(15)	 (17)
 
1 (2%) 3 (6%)
 

3 (7*) 1 (2%)
 

(12)	 (12)
 
1 (2%)
 

2 (5X)
 

(37)	 (32)

1 (3*)
 

(12)	 (12)
 



TABLE B2 (CONTINUED)
 

LOW DOSE
 
CH0INTR1OLS?UNTR) CONTROL (UNTE)
 
06-0077 06-0037
 

tDOODENUN (43) («4)
 
MALIGNANT LYMPHOMA, NOS
 

tTHYMUS (27) (31)
 
MALIGNANT LYMPHOMA, NOS 1 (3X)
 

CIRCULATORY SYSTEM
 

*POLBONAFtY ARTEKY (16) (48)
 
ADENOCARCINOHA, NOS, METASTATIC
 

DIGESTIVE SYSTEM
 

IIIVEB (15) (47)
 
HEPATOCELLULAR CARCINOMA 4 (9*) 1 (2X)
 
FIBEOSARCOMA 1 (2*)
 

*BILE DUCT (H6) (48)
 
BILE DUCT CARCINOMA
 

ISTOMACH (142) (44)
 
SCUANOUS CELL PAPILLOHA 3 (7J) 1 <2X)
 

tJEJUNUM (43) (44)
 
ADENOCARCINOMA, NOS
 

*COLON (41) (40)
 
LEIOMYOSARCOHA 1 (3X)
 

URINARY SYSTEM
 

NONE
 

ENDOCRINE SYSTEM
 

IPITOITARY (37) (42)
 
CARCINOMA, NOS 1 (2X)
 
ADENOMA, NOS 6 (16*) 2(5%)
 

*ADRENAL (43) (45)
 
QQ3HCA.L .AP.EHOM- 1.1&L
 

* NUMBER OF ANIMALS KITH TISSUE EXAMINED MICROSCOPICALLY
 
* NUMBER OP ANIMALS NECROPSIED
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LOH DOSE
 
06-0039
 

(42)
 

(29)
 

(45)
 
1 (2*)
 

(42)
 
2 (5X)
 

(45)
 

(42)
 

(42)
 
1 (2%)
 

(41)
 

(38)
 

1 <3X)
 

(38)
 

HIGH DOSE
 
06-0089
 

(42)
 
1 (2%)
 

(29)
 

(47)
 

(46)
 
4 (9%)
 

(47)
 
1 (2%)
 

(43)
 

(42)
 

(43)
 

(38)
 

(41)
 



TABLE B2 (CONTINUED) 

PHECCHROMOCYTOMA 

ITHYROIC 
PAPILLARY ADENOCARCINOMA 

#PANCREATIC ISLETS 
I S L E T - C E L L A D E N O M A 

HIGH DOSE 
C O N T R O L ( U N T R ) 

06-0077 

(30) 

1 (2*) 

LOW DOSE 
COHT80L ( U N T R )

06-0037

1 (2*) 

(43) 

 L O U DOSE 
 06-0039 

(36) 
1 (3X) 

(42) 

HIGH DOSE 
06-0089 

(34) 

(12) 

REPRODUCTIVE SYSTEM 

* M A K M A R Y GLAND 
ADENOCARCINOMA, NOS 

•UTERUS 
LEIOHYOSARCOMA 
ENDOMETRIAL STKOMAL POLYP 

*OVARY
PAPILLARY CYSTADENOMA, NOS
LUTECMA
TUBULAR ADENOMA

(46) 
1 (2X) 

(43) 

 (41)

 1 (2X) 

<U8) 

(45) 

3 (7X) 

 (45)

 1 (2X)

(45) 

(41) 

 (36)

(47) 

(42) 

 (39) 
1 (3X) 

1 (3X) 

NERVOUS SYSTEM 

NONE 

SPECIAL SENSE ORGANS 

*HARDSRIAN GLAND
PAPILLARY CYSTADENOMA, NOS

 (46) (48) (45) (47) 
1 (2X) 

MUSCULOSKELSTAL SYSTEM 

NONF 

BODY CAVITIES 

NONE 

ALL OTHEB SYSTEMS 

* NUMBER OP ANIMALS WITH TISSUE EXAHINED MICROSCOPICALLY 
* NUMBER OF ANIHALS NECROPSIED 
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TABLE B2 (CONCLUDED) 

ANIMAL DISPOSITION SUMMARY
 

ANIMALS INITIALLY IN STUDY
 
NATURAL DEATHS
 
MORIBUND SACRIFICE
 
SCHEDULED SACRIFICE
 
ACCIDENTALLY KILLED
 
TERMINAL SACRIFICE
 
ANIMAL MISSING
 

3 INCLUDES AUTOLYZED ANIMALS
 

TUMOR SUKMARY
 

TOTAL ANIMALS WITH PRIMARY TUMORS*

TOTAI PRIMARY TUMORS


TOTAL ANIMALS WITH BENIGN TUMCRS

TOTAL BENIGN TUMORS


TOTAL ANIMALS WITH MALIGNANT TUMORS

TOTAL MALIGNANT TUMORS


TOTAL ANIMALS WITH SECONDARY TUMORS*


HIGH DOSE 
C O N T R O L ( U N T P ) 

06-0077 

50
 

35
 

 22

 32


 12

 13


 18

 19


TOTAL SECONDARY TUMORS


TOTAL ANIMALS WITH TUMORS UNCERTAIN
BENIGN OR MALIGNANT
 

TOTAL UNCERTAIN TUMORS
 

TOTAL ANIMALS WITH TUMORS UNCERTAIN
PRIMARY OH METASTATIC
 
TOTAL UNCERTAIN TUMORS
 

* PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS
 

LOW DOSE 
CONTROL (ONT8) 
06-0037 

50
 
6
 
2
 
5
 

37
 

 20

 24


 11

 11


 11

 13


LOW EOSE HIGH DOSE 
06-0039 06-0089 

50 50 
10 
2 
5 

39 33 
1 

 15 22 
 17 21 

7 10 
7 10 

9 12 
 10 

2 
2 

* SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN
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APPENDIX C
 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC
 
LESIONS IN RATS TREATED WITH 2,5-TOLUENEDIAMINE SULFATE
 





__________ __ 

TABLE Cl
 
SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS
 

IN MALE RATS TREATED WITH 2,5-TOLUENEDIAMINE SULFATE
 

HIGH DOSE LOW DOSE 
CONTROL (ONTR) CONTROL ( U N T R ) LOU DOSE HIGH DOSE 

01-0084 01-0037 01-0039 01-0090 

A N I M A L S I N I T I A L L Y I N S T U D Y 25 50 50 50
 
A N I M A L S N E C 8 0 P S I E D 25 46 49 49
 
A N I M A L S E X A M I N E D HISTOPATHOLOGICALLY ** 25 46 48 49
 

INTEGUMENTARY SYSTEM
 

•SKIN	 (25) (46) (19) (49) 
EPIDERMAL INCLUSION CYST 1 (2%) 
ABSCESS, NOS 1 (2X) 
NECROSIS, NOS 1 (4%) 

•SUBCUT	 TISSUE (25) (16) (19) (49)
 
GRANULATION, TISSUE 1 (2X)
 
SCAR 2
 
NECROSIS, NOS 1 (2%)
 

RESPIRATORY SYSTEM
 

*LARYNX (25) (46) (49) (49)
 
INFLAMMHTION ACUTE AND CHRONIC 1 (4i)
 
INFLAMMATION, CHRONIC 7 (28X)
 

#TRACHEA (11) (45) (46) (47)
 
INFLAMMATION, NOS 1 (9*) 9 (20%) 1 (2%)
 
INFLAMMATION, CHRONIC 10 (22%)
 

fLUNG/BRONCHUS (25) (46) (48) (49)
 
BRONCHISCTASIS 2 (8%)
 
INFLAMMATION, FOCAL 1 (4%)
 
ABSCESS, NOS 1 (2%)
 
INFLAMMATION, CHRONIC 8 (17%)
 

tBRONCHIAL MUCOUS GLA (25) (46) (48) (49)
 
ABSCF.SS, NOS 1 (2%)
 
NECROSIS, NOS 1 (2X)
 
HYPERPLASIA, AD5NCMATOUS 1 (2%)
 

ILUNG/BRONCHIOLE (25) (46) (48) (49)
 
_NOS
 

# N U M B E R O F A N I M A L S W I T H T I S S U E E X A M I N E D M I C R O S C O P I C A L L Y 
* N U M B E R O F A N I M A L S N E C R O P S I E D 

** EXCLUDES PARTIALLY AUTOLYZED ANIMALS 

C-3
 



TABLECl (CONTINUED) 

COINTR)OLE(UNTR) 
01-0081 

LOW DOSE 
CONTROL (UNTR)
01-0037

 LOU COSE
 01-0039

 HIGH DOSE 
 01-0090 

INFLAMMATION, FOCAL 1 (2%) 

*LUNG 
EMBRYONAL DUCT CYST 
ATEL5CTASIS 
CONGESTION, NOS 
EDEMA, NOS 
INFLAMMATION, NOS 
INFLAMMATION, FOCAL 
INFLAMMATION, INTERSTITIAL 
INFLAMMATION, SUPPURATIVE 
BRONCHOPNEUMONIA. ACUTE 
ABSCESS, NOS 
PNEUMONIA, CHRONIC MURINE 
INFLAMMATION, CHRONIC 
GRANULCMA, NOS 
9ERIVASCULITIS 

(25) 

2 (8%) 

1 (1*) 
1 (U*) 

11 (11%) 

1 (1%) 

(16) 

1 
1 
1 
1 
3 
1 
1 

1 
1 

5 

(2%) 
(2%) 
(2%) 
(2*) 
(7*) 
(2«) 
(2%) 

(2«) 
(2%) 

(11%) 

(18)
1 (2%) 
 (19) 

HEMATOtOIETIC SYSTEM 

t B O N E M A R R O W 
H Y P E R P L A S I A , H E M A T O P O I E T I C 

(25) 
2 (8%) 

(UK) (18) (16) 

tSPLEEN 
THROMBOSIS, NOS 
FIBROSIS 
INFARCT, HEALED 
HEMOSIDEROSIS 
HETICULOCYTOSIS 
HYPERPLASIA, HEMATOPOIETIC 
HYPERPLASIA, EEYTHROID 
HYPERPLASIA, RETICULUM CELL 
HEMATOPOIESIS 
ERYTHROPOIFSIS 

(25) 

1

1
1

 (4X) 

 (US) 
 (!»*) 

(U6) 
1 (2*) 
1 (2%) 
1 (2%) 

1 (2%) 

12 (26X) 
8 (17S) 

2
1
 (IX) 
 (2*) 

(17) 

ILYMPH NODE 
INFLAMMATION, NOS 
HYPERPLASIA, NOS 
PLASMACYTOSIS 
HYPERPLASIA, RETICULUM CELL 

(2U) 

1 (U«) 

(38) 
1 (3*) 
1 (3*) 

3 (8%) 

(39) (13) 

tMEDIASTINAL L.NODE 
PLASMACYTOSIS 

(2t) (38) 
1 (3*) 

(39) (13) 

tRENAL LYMPH NODE (21) (38) (39) (13) 

» NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
* NUMBER OF ANIMALS NECROPSIED 

C-4 



TABLE Cl (CONTINUED) 

HIGH DOSE LOW DOSE
 
CONTROL (UNTE) CONTROL (UNTR)
 
01-0084 01-0037
 

CIRCULATORY SYSTEM
 

*LYMPHATIC VESSELS (25) (46)
 
INFLAMMATION, NOS 1 (2%)
 

•HEART	 (25) (46)
 
PERIARTEEITIS 1 («)
 

»HEART/VFNTHICLE (25) (46)
 
FIBROSIS
 

(MYOCARDIUM (25) (46)
 
INFLAMMATION, NOS 1 (2%)
 
INFLAMMATION, INTERSTITIAL 22 (48X)
 
INFLAMMATION, CHRONIC FOCAL 3 (1%)
 
FIBROSIS 7 (15X)
 
FIBROSIS, FOCAL 1 (4%)
 
DEGENERATION, NOS 10 (1(0%)
 

* AORTA (25) (46)
 
INFLAMMATION, CHRONIC FOCAL 1 (2)5)
 
CALCIFICATION, FOCAL 1 (1!!)
 

*PULMONARY ARTERY (25) (46)
 
HYFEBTEOPHY, NOS 1 (2%)
 

DIGESTIVE SYSTEM
 

#SALIVARY SLAND (24) (38)
 
CYST, NOS
 

ILIVER (25) (46)
 
CONGESTION, CHRONIC PASSIVE 1 (14%)
 
INFLAMMATION, CHBONIC
 
CHOLANGIOFIBROSIS 1 (4X)
 
NECROSIS, FOCAL 1 (4*) 3 <7X)
 
NECROSIS, COAGULATIVE 1 (2*)
 
METAMORPHOSIS FATTY it (16X) 1 (2*)
 
HYPEEPLASIA, FOCAL 23 (50*)
 

#LIVER/EERIPORTAL (25) (46)
 
FIBROSIS 1 (2%)
 

tLIVER/HEPATOCYTES (25) (46)
 
DJGSflERATtQN, ,5Q5 _„ ,t _^
 

* NUMBER OF ANIMALS KITH TISSUE EXAMINED MICROSCOPICALLY
 
* NUMBER OF ANIMALS N2CROPSIED
 

C-5
 

LOU DOSE
 
01-0039
 

(49)
 

(48)
 

(48)
 
1 (2%)
 

(48)
 

1 <2X)
 

(49)
 

(49)
 

(48)
 
1 (2%)
 

(48)
 

1 (2X)
 

1 (2*)
 

(48)
 

(48)
 

-LJ2SL_
 

—. —
 
HIGH DOSE
 
01-0090
 

(19)
 

(48)
 

(48)
 

(48)
 

1 (2%)
 

(49)
 

(49)
 

(48)
 

(49)
 

1 (2%)
 
1 <2X)
 

(49)
 

(49)
 
1 _(2X)
 



TABLECl(CONTINUED)
 

HIGH DOSE 
CONTROL (UNTE) 
01-0084 

LOW DOSE 
CONTROL (UNTR) 
01-0037 

HYPERPLASIA, FOCAL 

*BILE DUCT 
INFLARMATION, NOS 
INFLAMMATION, CHRONIC DIFFUSE 
HYPERPLASIA, SOS 
HYPERPLASIA, FOCAL 

(25) 

6 (24X) 

(46) 
6 (13X) 

32 (70X) 
1 (2*> 

tPANCREAS 
INFLAMMATION, NOS 
HYPERPLASIA, INTRADUCTAL 

(25) 
1 (IX) 

(42) 
10 (2<*X) 
1 (2X) 

iPANCREATIC DUCT 
HYPERPLASIA, NOS 

(25) 
1 (4X) 

(42) 

tPANCREATIC ACINUS 
INFLAMMATION, NOS 
DEGENERATION, NOS 
ATROPHY, NOS 

(25) (42) 

4 (10*) 

*STO«ACH 
EPIDERMAL INCLUSION
ULCER, NOS 
HYPERPLASIA, NOS 
HYPERKERATOSIS 
ACANTHOSIS 

CYST 
(24) 

1 (4X) 
(45) 

1 (2X) 
2 <4X) 
6 (13X) 
1 (2X) 
1 (2X) 

IGASTRIC NUCOSA 
ULCER, FOCAL 

(24) (15) 

*PEYERS PATCH 
HYPERPLASIA, NOS 

(24) 
2 (8X) 

(43) 
7 (16*) 

*COLON 
NEMATODIASIS 

(24) (43) 
3 (7X) 

UKINMfY SYSTEM
 

*KIDNEY (24) (46)
 
GLOMERULONEPHRITIS, NOS 5 (21*) 33 (72X)
 
INFLAMMATION, INTERSTITIAL 1 (2*)
 
NEPHROPATHY 1 (4*)
 
NEPHROSIS, NOS 16 (67*)
 

tKIDNEY/CORTEX (24, (46)
 

t NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
 
* NUMBER OF ANIMALS NECROPSIED
 

C-6
 

... ...,, 

LOU DOSE 
01-0039 

1 <2X) 

(49) 

1 (2*) 
6 (12*) 

— ——-— 
HIGH DOSE 
01-0090 

1 (2X) 

(49) 

3 (6*) 

(48) (48) 

(48) (48) 

(48) 
1 (2X) 

1 (2*) 

(47) 

(48) 

1 (2X) 

(49) 

(17) 

(48) 

(49) 
1 (2X) 

(48) 

(47) (48) 

(48) 

1 (2X) 

42 (88X) 

(48) 

(49) 

46 (94X) 

(49) 



TABLE Cl (CONTINUED)
 

HIGH DOSE LOW DOSE 
CONTROL (UNTR) CONTROL (UNTR) 
01-0084 01-0037 

HEMORRHAGE 
METAMORPHOSIS FATTY 

#KIDNEY/TUBULE (24) (46) 
NECROSIS, NOS 

tURINARY BLADDER (23) (42) 
CALCULUS, NOS 3 (13X) 
INFLAMMATION, NOS 1 <2X) 
HYPFRPLASIA, EPITHELIAL 3 (7X) 

ENDOCRINE SYSTEM
 

•PITUITAKY	 (21) (41)
 
HYPEKPLASIA, NOS 3 (7X)
 
HYPERPLASIA, CHROMOPHOBE-CELL 2 <5X)
 

tPITUITAM/BASOPHIL (21) (41)
 
NODULE 1 (5*)
 

tADRBNAL (25) (43)
 
LIPOIDOSIS
 

tADHENAL CORTEX (25) (43)
 
HYFE6TROPHY, FOCAL 1 (4*) 1 (2X)
 
HYPEBPLASIA, NOS 1 (2X)
 

*ADRENAL MEDULLA (25) (43)
 
NECROSIS, NOS 1 (236)
 
CALCIFICATION, NOS 1 (2X)
 
HYPEKPLASIA, NODULAR 1 (2X)
 
HYPERPLASIA, NOS 6 (14X)
 

tTHYROIC (23) (45)
 
HYPERPLASIA, ADENOMATOUS 1 <2X)
 
HYPERPLASIA, C-CELL 1 (2*)
 

tPANCREATIC ISLETS (25) (42)
 
HYPERPLASIA, NOS 2 <5X)
 

REPRODUCTIVE SYSTEM
 

* M A M M A R Y 3LAND (25) (46)
 
_ _HI££RPiASIiA_NOS_ 1.1US.L 5 111SJ.
 
* NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
 
* NUMBER OF ANIMALS NECPOPSISD
 

C-7
 

LOU DOSE 
01-0039 

(48) 
1 (2X) 

(48) 

1 (2X) 

• 
HIGH DOSE 
01-0090 

1 (2X) 
1 (2X) 

(49) 

(45) 

2 (4X) 

(45) 

(45) 

(48) 

(48) 

(48) 

(40) 

(40) 

(48) 
1 (2X) 

(48) 

1 (2X> 

(48) 

(46) 

(48) 

(47) 

1

(48) 

 <2X) 

(49) 
Jj.lZSI , •

(49) 
 in  . n  



TABLE Cl (CONTINUED) 

,
 
HIGH DOSE LOW DOSE
 
CONTROL (UNTR) CONTROL (UNTR)
 
01-0081 01-0037
 

LACTATION 7 (28*)
 

*PRHPOTIAL GLAND (25) (U6)
 
DILATATION, DOS
 
ABSCESS, NOS 1 (2*)
 
HYPERPLASIA, NOS 1 (2*)
 

#PROSTATE (23) (45)
 
INFLAMMATION, NOS 1 (4X) 21 (47*)
 
INFLAMMATION, FOCAL 3 (7*)
 
INFLAMMATION, SUPPURATI7S
 
INFLAMMATION, ACUTE
 
ATROPHY, NOS 4 (17X)
 
HYPERPLASIA, FOCAL 5 (11X)
 
HYPERPLASIA, PAPILLARY 2 (4X)
 
METAPLASIA, SQUAMOUS 5 (11*)
 

*SEMINAL VESICLE (25) (i»6)
 
ATROPHY, NOS 1 (4X)
 

tTESTIS (24) (45)
 
CALCIFICATION, FOCAL 4 (17%)
 
ATROFHY, NOS 12 (SOX) 2 (<•*)
 
ASPERMATOGENESIS 1 (2*)
 
HYPERPLASIA, INTERSTITIAL CELL 2 (8*) 19 (42S)
 

tTESTIS/TUBULE (24) (U5)
 
DFGENEHATION, NOS 6 (13*)
 

NERVOUS SYSTEM
 

tBRAIN (25) (U4)
 
HEMORRHAGE 2 (8*)
 
CALCIFICATION, FOCAL 1 («*)
 

SPECIAL SENSE ORGANS
 

*EYE (25) (16)
 
INFLAMMATION, NOS
 

*EYE/CORNEA (25) (16)
 
__ ai£Ei«. HSS _
 

* NUMBER OF ANIMALS KITH TISSUE EXAMINED MICROSCOPICALLY
 
* NUMBER OF ANIMALS NECROPSIED
 

C_0o
 

—————«—
 
LOM DOSE
 
01-0039
 

(19)
 
1 <2X)
 

1 (2»)
 

(47)
 

1 (2X)
 
1 (2X)
 

(49)
 

(48)
 

(48)
 

(48)
 

(49)
 
1 (2X)
 

(49)
 

, 1 1?!H

— —
 HIGH DOSE
 
01-0090
 

(49)
 

(46)
 

(49)
 
2 (4*)
 

(«8)
 

1 (2X)
 

(48)
 
1 (2X)
 

(48)
 

(49)
 

(49)
 



TABLE Cl (CONCLUDED) 

HIGH DOSE LOW DOSE 
CONTROL (ONTF) CONTROL (UNTE)

01-OOSit 01-0037


MUSCULOSKELETAL SYSTEM
 

*BONF (25) (46)

OSTEOSCLEROSIS


+ SK3LETAL MUSCLE (25) (46)

CALCIFICATION, FOCAL 1 (4)5)
 

*CARTILAGE,NOS (25) (46)

CYST, NOS 1 (2X)
 

BODY CAVITIES
 

NONE
 

ALL OTHER SYSTEMS
 

NONE
 

SPECIAL COHFHOLOGY SUMMARY
 

NO LESION REPOETED

AUTO/NECEOPSY/HISTO PERF 1
 
AUTC/NECROPSY/NO HISTO

AOTOIYSIS/NO NECROPSY 4


* NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
 
* NUMBER OF ANIMALS NECROPSIED
 

C-9
 

 LOW DOSE HIGH DOSE 
 01-0039 01-0090 

 (49) (49) 
1 (2)1) 

 (49) (49) 

 (49) (49) 

1 

1 
1 1 



TABLE C2
 
SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS
 

IN FEMALE RATS TREATED WITH 2,5-TOLUENEDIAMINE SULFATE
 

A N I M A I S I N I T I A L L Y I N STUDY 
A N I M A L S N K C R O P S I E D 
A N I M A L S E X A M I N E D H I S T O P A T H O L O G I C A L L Y * * 

I N T E G U M E N T A R Y S Y S T E M 

N O N " 

R E S P I R A T O R Y S Y S T E M 

* N A S A L T U R B I N A T E
 
I N F L A M M A T I O N , S U P P U R A T I V E
 

* L A H Y N X 
INFLAMMATION ACUTE AND CHRONIC
 
INFLAMMATION, CHRONIC
 

(TRACHEA
 
HENOERHUGE
 
INFLAMMATION, NOS
 
INFLAMMATION, CHRONIC
 
POLYP, INFLAMMATORY
 

#LUNG/BPONCHOS
 
BRONCHIECTASIS
 
INFLAMMATION, NOS
 
INFLAMMATION, CHRONIC
 

*LUNG/BRONCHIOLE
 
INFLAMMATION, NOS
 

tLUNG
 
CYST, NOS
 
INFLAMMATION, NOS
 
INFLAMMATION, FOCAL
 
INFLAMMATION, INTERSTITIAL
 
PNEUMONIA, CHRONIC MURINE
 
SfiAJLU L.2S&.«._ EQ REIGN _SODY
 

#	 N U M B E R O F A N I M A L S W I T H TISSUE
* N U M B E R O F A N I M A L S N E C R O P S I E D 
**EXCLUDES PARTIALLY AUTOLYZED ANIMALS 

HIGH DOSE
C O N T R O L ( O N T R )

02-008U 

25 
23 
23 

( 2 3 ) 

( 2 3 )
 
1 (U*)
 
3 ( 1 3 X )
 

(5) 

(23) 

( 23 ) 

(23) 

3 ( 1 3 * ) 
8 ( 3 5 % ) 

 LOW DOSE 
 CONTROL ( U N T R )

02-0037 

50
 
«9
 
U9
 

9 (19X ) 
10 (2H) 

1 (2«) 

( U 9 ) 

1 (2*) 
1 (2X) 
9 (18X) 

1 (2X) 

(19) 

1 (2%) 
7 
2 

 E X A M I N E D M I C R O S C O P I C A L L Y 

C-IO 

 LOW DOSE HIGH DOSE 
02-0039 02-0090 

50 50
 
50 50
 
50 50
 

(50)	 (50) 
1 (2*) 

( 5 0 ) (50) 

(19)	 (19)
 
1 (2*)
 
1 (2X)
 

( 5 0 )	 (50)
 

1 (2X)
 

(50) (50) 

(50 )	 (50)
 
1 ( 2 X )
 



TABLE C2 (CONTINUED) 

COIITHOMBNTB) 
LOW DOSE 
CONTROL (UNTE) 

02-0084 02-0037 

P E f a V A S C U L I T I S 6 (12X) 
C A L C I F I C A T I O N , F O C A L 1 (It*) 
H Y P E R P L A S I A , E P I T H E L I A L 1 (US) 

HEMATOPOIETIC SYSTEM
 

*BONE MARROW (22) 
HYPEFPLASIA, HEMATOPOIETIC 1 (5*) 

tSPLIEN (23) 
HSMATOMA, NOS 1 (It*) 
HEMOSIDEROSIS 2 (9*) 
HYPERPLASIA, NOS 1 (2*) 
HYPERPLASIA, HEMATOEOIETIC 3 (13X) 3 (6S) 
HYPEHPLASIA, EEYTHROID « (17*) 17 <35X) 
HYPERPLASIA, PLASMA CELL 1 (2X) 
HYPERPLASIA, RFTICULUM CELL 11 (22X) 
HEMAIOPOIESIS 3 (13X) 
ERYTHEOPOIESIS 

*LYMPH NODE (21)
 
INFLAMMATION, NOS 3 (7%)
 
HYPERPLASIA, NOS
 
PLASMACYTOSIS 3 (7XJ
 
HYPERPLASIA, PLASMA CELL 1 (2X)
 

tMFDIASTINAL L.NODE
 (21)
 
HYPERPLASIA, PLASMA CELL
 

CIRCULATORY SYSTEM
 

((MYOCARDIUM (23) (49)
 
INFLAMMATION, NOS 1 (2X)
 
INFLAMMATION, INTERSTITIAL 21 (19X)
 
INFLAMMATION, CHRONIC
 
FIBEOSIS 5 <10X)
 
DEGENERATION, NOS 4 (17«)
 

*PORTAL VSIN (23) (19)
 
THROMBUS, MURAL 1 (2X)
 

D I G E S T I V E S Y S T E M 

• L I V E R	 (23) (19) 

t NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
 
* NUMBER OF ANIMALS NECROPSIED
 

C-l
 

LOW DOSE HIGH DOSE 
02-0039 02-0090 

2 

(50) (19) 

1 ( 2 X ) 
3 (6X) 1 (2*) 

(17) (19) 

(17)	 (19) 
1 (2*) 

(50)	 (50)
 
1 <2X)
 
1 (2X)
 
1 (2X)
 

(50) (50) 

(50) (19)
 



TABLE C2 (CONTINUED)
 

HIGH DOSE LOW DOSE 
CONTROL (UNTR) CONTROL (UNTR) 
02-0081 02-0037 

INFLAMMATION, CHRONIC 
INFLAMMATION, FOCAL GRANULOMATOU 
FIBROSIS 1 (2*) 
CHOLANGIOFIBROSIS 
PEHIVASCULITIS 

1 (1*) 
1 (2*) 

NECROSIS, SOS 
NECROSIS, FOCAL 1 (8X) 
NECROSIS, COAGULATIVE 2 (IX) 
METAMORPHOSIS FATTY 2 (9X) 1 (2X) 
BASOPHILIC CYTO CHANGE I* (17*) 
HYPEHPLASIA, NODULAR 1 (2*) 
HYPERPLASIA, FOCAL 3 (13%) 22 (15X) 
ANGIECTASIS 1 (2X) 
HEMATOPOIESIS 

•LIVER/CSNTPILOBULAR (23) (19) 
NECROSIS, DIFFUSE 

•LIVER/PERIPORTAL (23) (19) 
METAMORPHOSIS FATTY 

•BILE DUCT (23) (1*9) 
INFLAMMATION, NOS 5 (10%) 
INFLAMMATION, CHRONIC 
HYPERPLASIA, NOS 2 (9*) 27 (55X) 

•PANCREAS (22) (16) 
INFLAMMATION, NOS 7 (15X) 
INFLAMMATION, INTERSTITIAL 
PERIARTERITIS 

•PANCREATIC DUCT (22) (16) 
HYPERPLASIA, NOS 1 (2X) 

• PANCREATIC ACINUS. (22) (16) 
ATROEHY, NOS 2 (1%) 

•STOMACH (23) (18) 
INFLAMMATION, NOS 
INFLAMMATION, FOCAL 

2 (11) 
2 (IX) 

PERIARTERITIS 
HYPERPLASIA, EPITHELIAL 1 (2X) 

•GASTRIC MUCOSA (23) (18) 
H.XEJ.EEllSIi.i HO.S_ 1-12JX 

* NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
 
* NUMBER OF ANIMALS NECROPSIED
 

C-12
 

._-— .— I.——

LOU DOSE
 
02-0039
 

1 (2X)
 
1 (2X)
 

1 (2%)
 
1 (2*)
 

2 (IX)
 

1 (2*)
 
1 (2X)
 
1 (2X)
 
1 (2X)
 

(50)
 
1 (2X)
 

(50)
 

(50)
 

2 (IX)
 

(50)
 

1 (2X)
 

(50)
 

(50)
 

(50)
 

1 (2X)
 

(50)
 

,, ., ,_ .. ,_., ,r
 

HIGH DOSE
 
02-0090
 

1 (2*)
 

1 (2X)
 

1 (2X)
 

(19)
 

(19)
 
1 (2%)
 

(50)
 

1 (2X)
 
1 (2X)
 

(19)
 

1 (2*)
 

(19)
 

(19)
 

(19)
 

(19)
 



TABLE C2 (CONTINUED) 

— ____ 

HIGH DOSE 
CONTROL (UNTH) 
02-0084 

LOW DOSE 
CONTROL (UNTB) 
02-0037 

LOW DOSE 
32-0039 

HIGH DOSE 
02-0090 

•PEYPRS PATCH 
HYFEBPLASIA, NOS 

(23) 
4 (17*) 

<«7> 
6 (13*) 

(50) (49) 

•COLON 
NEflATODIASIS 
PARASITISM 

(22) 

2 (9J) 

(43) 
3 (7*) 

(48) (48) 

URINARY SYSTEM 

•KIDNEY 
HYDRONEPHROSIS 
GLONERULONEPHRITIS, NOS 
INFLAMMATION, INTERSTITIAL 
GLOMERULONEPHRITIS, MEMBRANOUS 
PYELONEPHRITIS, ACUTE 
INFLAMMATION, CHRONIC 
PYELONEPHRITIS, CHRONIC 
PERIARTERITIS 
NEPHROSIS, NOS 
GLOMERULOSCLEROSIS, NOS 
METAMORPHOSIS FATTY 
CALCIFICATION, FOCAL 

(23) 

4 (17X) 

1 (4X) 

1 (4X) 

10 (43*) 

1 (4*) 

(49) 
1 (2%) 

33 (67X) 
1 (2X) 
1 (2X) 

1 (2X) 

(50) 

2 (4*) 

1 (2X) 
32 (64*) 
1 (2*) 
1 (2*) 

(49) 

22 (45*) 

•KIDNEY/CORTEX 
CYST, NOS 

(23) (49) (50) 
1 (2X) 

(49) 

•KIDNEY/TUBULE 
NECROSIS, NOS 
PIGMENTATION, NOS 

(23) 
1 (4*) 

(49) (50) 

1 (2X) 

(49) 

•URINARY BLADDER 
INFLAMMATION, NOS 
HYPERPLASIA, EPITHELIAL 

(22) (41) 
1 (2X) 

(47) 

1 <2X) 

(50) 

ENDOCRINE SYSTEM 

fPITUITAFY 
HEMOERHAGIC CYST 
HYPERPLASIA, NOS 
HYPERPLASIA, FOCAL 
HYPERPLASIA, CHROMOPHOBE-CELL 

(21) 
1 (5*) 

1 (5*) 

(43) 

2 (5*) 

1 (2X) 

(48) (43) 

•ADRENAL (23) (46) (50) (48) 

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

C-I3 



TABLE C2 (CONTINUED) 

. .—__«._ 
HIGH DOSE LOW DOSE 
CONTROL (UNTR) CONTROL (UNTR) 
02-008U 02-0037 

HYPERTROPHY, NOS 

IADRESAL CORTEX (23) (16) 
NODUIE 1 (2*) 
HYPERPLASIA, NOS 7 (15X) 

tADRENAt. MEDULLA (23) (16) 
HYPEKPLASIA, NOS U (9X) 

•THYROID (21) (17) 
HYPEKPLASIA, C-CELL 3 (11X) 
HYPERPLASIA, FOLLICULAR-CELL 1 (21) 

tPANCREATIC ISLETS (22) (16) 
HYPERPLASIA, NOS 1 (2X> 

REPRODUCTIVE SYSTEM
 

•MAMMARY QLAND (23) (19)
 
GALACTOCELE 1 (UX) 5 (10X)
 
CYSTIC DUCTS
 
HYPERPLASIA, NOS 1 (1*) 17 (35*)
 
HYPERPLASIA, FOCAL
 
HYPEHPLASIA, PAPILLARY 1 <2X)
 
HYPERPLASIA, CYSTIC
 
FIBROCYSTIC DISEASE
 
LACTATION 9 (39X)
 

*VAGINA (23) (19)
 
HYPERTROPHY, NOS
 

# UTERUS (23) (18)
 
DILATATION, NOS
 
HYDROMETRA 3 (6X)
 
HEMATOMA, NOS
 
INFLAMMATION, SUPPURATIVE 1 <2X)
 
PYOMETRA 3 (13%)
 
ABSCESS, NOS 2 (IX)
 
HYPERPLASIA, ADENOMATOUS 5 (10X)
 

t C E R V I X U T E R I (23) (18) 
I N F L A M M A T I O N , S H P P U R A T I V E 

t U T E R U S / E S D O K E T R I U M (23) (18) 

I NUMBER OF ANIMALS WITH 1I3SUE EXAMINED MICROSCOPICALLY
 
* NUMBER OF ANIMALS NECROPSIED
 

C-14
 

LOW DOSE
 
02-0039
 

1 (2X)
 

(50)
 

(50)
 

(18)
 

(50)
 

(50)
 

1 (2X)
 
1 (2X)
 

(50)
 
1 (2X)
 

(19)
 

1 (2X)
 
1 (2X)
 

2 (IX)
 

(19)
 

(19)
 

HIGH DOSE
 
02-0090
 

(18)
 

(18)
 

(19)
 

(19)
 

(50)
 

1 (2X)
 

1 (2X)
 

(50)
 

(15)
 
2 (UX)
 

(15)
 
1 (2X)
 

(15) '
 



TABLE C2 (CONTINUED) 

HIGH DOSE LOW DOSE 
CONTROL ( U N T R ) COHTBOL (UNI8) LOW DOSE HIGH DOSE 

02-0084 02-0037 02-0039 02-0090 

INFLAMMATION. FOCAL 
INFLAMMATION, SOPPURATIVE 
INFLAMMATION, CHROMIC 
HYPERPLASIA, MOS 
HYPERPLASIA, CYSTIC 
HYPERPLASIA, ADENOHATOUS 

«0?ARY/OVIDUCT 
INFLAMMATION, NOS 
INFLAMMATION, ACUTE 
ABSCESS, NOS 

• OVARY
CYST, NOS
ABSCESS, NOS .
INFLABHATION, FOCAL GRANULOKATOO
FIBEOSIS
HYPSRPLASIA, INTERSTITIAL CELL

1 (4*) 
1 <««> 
1 («) 

(23) 

1 
1 

(4X) 
(4X) 

 (22)
 3 (1Ut)

1 (2*) 
2 (4X) 

(2X) 
(»*) 
(2X) 

(*8) 
1 (2%) 

 (17)
 « (9%)

 1 (2%) 

1 (2X) 

8 (16«) 

1 (2*) 
U (8X) 

(H9) 

 (50)
 6 (12*) 

1 (2%) 

2 (1*1 

7 (16X) 

6 (13%) 

 («6) 

NERVOUS SYSTEM 

• BRAIN
HYEROC3PHALOS. NOS
HEHORRHAGF
CALCIFICATION, FOCAL

 (23)
 1 (4X) 

1 (4S) 
1 (4X) 

 (49) (50) (48) 

SPECIAL StNSE ORGANS 

NONE 

RUSCOLOSKELETAL SYSTEM 

NON3 

BODY CAVITIES 

*(IEDIASTIHD«I
PERIARTEHITIS

 (23) (49) (SO)
 1 (2X) 

 (SO) 

•MESENTERY
PERIARTERITIS

 (23) (49) (SO)
 1 (2X) 

 (SO) 

ALL OTHER SYSTEMS 

* NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
* NUMBER OF ANIMALS NECROPSIED 

C-I5 



TABLE C2 (CONCLUDED) 

. ( U N T R ) COBTBOC (OKTH) LOK DOSE HIGH DOS2 
02-0081 02-0037 02-0039 02-0090 

'SPECIAL MORPHOLOGY S U M M A R Y 

HO LESIO* BEPOP.TED 
AUTOLYSIS/NO NECBOPSY 

t N O H B E B OF A N I M A L S RITH TISSUE E I A N I N B D HICROSCOPICALLT 
* MOHBEB OF ANIMALS HECROPSIED 

C-16
 



APPENDIX D
 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC
 
LESIONS IN MICE TREATED WITH 2,5-TOLUENEDIAMINE SULFATE
 





TABLE Dl 
SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE
 

TREATED WITH 2,5-TOLUENEDIAMINE SULFATE
 

. (UNTR) 
05-0077 

(DNTR) 
05-0037 

LOU DOSE 
05-0039 

HIGH DOSE 
05-0089 

I H A L S INITIALLY IN STUDY
IHALS NECROPSIED
IHALS E X A M I N E D HISTOPATHOLOGICALLY**

 50 
 46 

 45 

50 
48 
48 

50 
49 
48 

50 
49 
49 

T E G U M E S T A R Y SYSTEM 

SKIN
EPIDERMAL INCLUSION CYST 
ULCER, FOCAL 
INFLAMMATION, ACUTE/CHRONIC 
INFLAMMATION, CHRONIC FOCAL 
?IBHOSIS 
ALOPECIA 
HYPSRKSRATOSIS 
ACANTHOSIS 

 (46) (48)

1 <2X) 
1 (2X) 

 (49) (4< » 
(2X) 
<2X) 
(2X) 
<2X) 

(2X) 
(2X) 

SBBCUT TISSUE
NECROSIS, NOS 

 (46) (48)
1 (2X) 
 {49) (4< » 

SPIBATORY SYSTEM 

LOKG/BROICHUS 
INFLAMMATION, NOS 
INFLAMMATION, FOCAL 

(45) 
1 (2X) 
1 (2X) 

(47) (49) 

LUNG 
BF.ONCHOPNEDMONIA, NOS 
INFLAMMATION, ROS 
I NFL AH NATION, INTERSTITIAL 
INFLAMMATION, ACUTE FOCAL 
ARTERIOSCLEROSIS, IOS 
HYPERPLASIA, EPITHELIAL 

(45) 

1 (2f) 

(48) 

1 <2X) 
14 (29X) 

(47) 
(2X) 

1 (2X) 

(49) 

1 (2X) 

LUNG/ALV30LI 
HENOBBHAGE 
INFLAMMATION, FOCAL 

(45) 

2 (4X) 
1 J2X1 

(47) (49) 
1 (2X) 

N U M B E R OF A N I H A L S KITH TISSUE EXAMINED
N U M B E R OF A N I H A L S NECROPSIED 
aCLUDES PARTIALLY AUTOLTZED ANIMALS 

 MICROSCOPICALLY 

D-3
 



TABLE Dl (CONTINUED)
 

HIGH ! 
C O N T R O L ( U N T H ) CONTROL (UHTR) 

05-0077 05-0037 

HEMATOPOIETIC SYSTEM
 

tSPLEEN
 
INFLAMMATION, HOS
 
FIBROSIS
 
HYPERPLASIA, NOS 2 (»*)
 
HYPERPLASIA, HEMATOPOIETIC 2 («*)
 
HYPERPLASIA, EHYTHHOID 2 («X)
 
HYPERPLASIA. RETICOLUH CELL 3 <7X)
 
HYPERPLASIA, LYMPHOID
 
HSMATOPOIESIS 1 (2X)
 
ERYTHROPOIESIS
 

•LYMPH	 NODE (35)
 
HENORRHAGIC CYST
 
INFLAMMATION, DOS 13 (30t)
 
DEGENERATION, CYSTIC
 
HYPERPLASIA, NOS 2 (5*)
 
HYPERPLASIA. HEMATOPOIETIC 1 (2*)
 
HYPERPLASIA, LYHPHOID 2 (5*)
 
HYELCID METAPLASIA
 

tSDBHANDIBOLAR L.NODE (35)
 
RYPERPLASIA. PLASMA CELL
 

tMEDIASTINAL L.NODE (35)
 
NECROSIS. NOS 1 (2X)
 

•PANCREATIC	 L.NODE (35) !•)
 
INFLAMMATION. NOS 1 (2U)
 
RYPERPLASIA. NOS
 

*NESENTERIC L. NODE (35)
 
CONGESTION, NOS
 
HEMORRHAGE 1 (2*)
 
INFLAMMATION, NOS 9 (20X)
 
HYPERPLASIA, NOS
 

ITHIHOS (19) »«)
 
NECROSIS. NOS 1 (3*)
 

CIRCULATORY SYSTEM
 

fHEART/VENTRICLE (48)
 
2
 

* NUMBER OF AIIHALS HITH TISSOE EXAMINED MICROSCOPICALLY
 
* BOMBER OF ANIMALS NECHOPSIED
 

LOU DOSE HIGH DOSE 
05-0039 05-0089 

(U8)
 

2 (5X)
 

(36)
 

(36)
 
2 (6X)
 

(36)
 

(36)
 

(36)
 

5 (11X) 2 (6X)
 

(32) (33)
 

B-4
 



TABLE Dl (CONTINUED) 

HIGH DOSE LOW DOSE 
CONTROL (UNTR) CONTROL (UHTR) LOU DOSE 
05-0077 05-0037 05-0039 

•MYOCARDIUM	 (11) (18) (17)
 
INFLAMMATION. INTERSTITIAL 2 (IX)
 
FI3ROSIS 5 (10X)
 

*BLOOD VESSEL (16) (18) (19)
 
INFLAMMATION, NOS 2 (IX)
 

*POLMONARY ARTERY (16) (18) (19)
 
MINERALIZATION 2 (IX)
 

DIGESTIVE SYSTEM
 

•SALIVARY GLAND (13) (17) (17)
 
INFLAMMATION, NOS 2 (IX)
 
PERIVASCULAR CUFFING 1 (2X)
 

•LIVER	 (15) (18) (18)
 
HEMATOHA, NOS 1 (2X)
 
INFLAMMATION, FOCAL 2 (IX)
 
DEGENERATION, NOS 1 (2X)
 
NECBCSIS, FOCAL 13 (27X) 1 (2X)
 
METAMORPHOSIS FATTY 3 (7X) 3 (6X)
 
HYPEBPLASIA, NODULAS 2 {««)
 
HYPEBPLASTIC NODDLE
 
HYPEBPLASIA, FOCAL 1 (2X)
 
ANGIECTASIS 1 (2*)
 
HENATOPOIESIS
 
MYELOID METAPLASIA 1 <2X)
 

•LIVSR/fERI PORTAL (15) (18) (18)
 
INFLAMMATION, NOS 1 (2X)
 

•LIVER/HEPATOCYTBS	 (15) (18) (18)
 
DEGENERATION, NOS 1 (2X)
 

•GALLBLADDER	 (16) (18) (19)
 
INFLAMMATION, FOCAL 1 (2X)
 

»BILE DUCT (16) (18) (19)
 
INFLAMMATION, NOS 1 (2X)
 

•PANCREAS	 (11) (18) (15)
 
IqFLAqgATIQNt ,NO§. -- ,- -,,„- ™ ,? JJSXl^ ,.,
 

I NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
 
* NOflBER OF ANIMALS NECROPSIED
 

HIGH DOSE
 
05-0089
 

(19)
 

(19)
 

(19)
 

(15)
 

(19)
 

1 (2X)
 

1 (2X)
 

(19)
 

(19)
 

(19)
 

(19)
 

(13)
 

D-5
 



TABLE Dl (CONTINUED)
 

IHUgfioitR) 8WNTTo!(UNTR, LOH EOSE HIGH DOSE
 
05-0077 05-0037 05-0039 05-0089
 

INFLAMMATION, FOCAL 1 (2X)
 
DEGENERATION, CYSTIC 1 (2X)
 
METAMORPHOSIS FATTY 1 (2X)
 

•PANCREATIC	 DDCT (44) (48) (45) (43)
 
HYPEBPLASIA, IDS 1 (2X)
 

•PANCREATIC ACINOS (44) (48) (45) (43)
 
HYPERTROPHY, FOCAL 1 (2X)
 
HYPERPLASIA, FOCAL 1 (2X)
 

•STOMACH	 (42) (47) (46) (U8)
 
INFLAMMATION, NOS 13 (28X)
 
ULCER, NOS 1 (2X)
 
INFLAMMATION, FOCAL 1 (2X)
 
INFLAMMATION, INTERSTITIAL 1 (2X)
 
PEBIARTERITIS 1 (2X)
 
HYPERPLASIA, NOS 1 (2X)
 
HYPERPLASIA, FOCAL 1 (2X) 1 (2X)
 
HYPERKERATOSIS 3 (6X)
 
ACAITHOSIS 3 (6X)
 

•GASTRIC HOCOSA (42) (47) («6) (48)
 
HYPEBPLASIA, FOCAL 1 (2X)
 

tPEYERS PATCH (43) (48) (47) (48)
 
HYPERPLASIA, NOS 2 (4X)
 

•ILEUS	 (43) (48) (47) (48)
 
HEMORRHAGE 1 (2X)
 
IIFLAHHATIOI, NOS 2 («X)
 

ICOLOI (38) (45) (43) (46)
 
PARASITISH 1 (2X)
 

OSINARY SYSTEM
 

•KIDNEY	 (45) (47) (48) (48)
 
CALCDLDS, BOS 20 (44X)
 
GLOMERDLOIEPHHITIS, BOS 6 (13X)
 
IIFLAHHATIOI, BOS 1 (2%)
 
INFLABHATIOI, INTERSTITIAL 5 (11X) 23 (49X)
 
INFLAHHATIOB, CHRONIC 1 (2X) 1 (2X)
 
PEIIfASCOLITIS ... .̂. .2̂  JSSl.--...__— _..._._.-,
 

« KOHBBI OF AIIMALS WITH TISSUE EXAHIIED MICROSCOPICALLY
 
* WURBCR OF AIIHALS IECROPSIED
 

D-6
 



TABLE D-1 (CONTINUED)
 

HIGH DOSE LOW DOSE 
CONTROL ( U N T R ) CONTROL (UNTR) LOU DOS! BI9HMSI 

05-0077 05-0037 05-0039 «•*»*» 

ARTERIOSCLEROSIS, NOS 1 (2%) 
NEPHROSIS , NOS 1 (2X) 
GLOHERULOSCLSROSIS, NOS 1 (1SJ 
HYPERPLASIA, TUBULAR CELL 2 (««) 

•KIDNSY/T3BULF	 (45) (U7) (48) (••)
 
D E G E N E R A T I O N , NOS 1 (2X)
 
NSCROSIS, POCAL 1 (2X)
 
METAMORPHOSIS FATTY 9 (20X)
 

t l J H I N A R Y B L A D D E R ( 4 4 ) (48) (47) <»TJ
 
INFLAM1ATION, NOS It (8X)
 
H Y P E R P L A S I A , 3PITHELIAL 9
 

(19*) - * . . ' • ' • • '•••-««, >* 

E N D O C R I N E S Y S T E M 

• P I T U I T A R Y	 (36) (42) (41) (J0|
 
H Y P E R P L A S I A , N O S 3 (7*)
 
HYPERPLASIA, FOCAL 3 (7«)
 

• A D R E N A L	 CORTEX (43) (45) (45) |4«)
 
NODULE 1 (2*)
 
H Y P E R T R O P H Y , POCAL 1 (2*)
 
H Y P S R P L A S I A , NOS 1 (2*)
 

•ADRENAL 3EDULLA (43) (»5) <•*»
 
DE3BNERATION, NOS 1 (2*)
 

•THYROID	 (40)
 
LYBPHOCYTIC INFLAMMATORY IHFILTR
 
HYPSRPLASIA, PAPILLARY
 
HYPERPLASIA, POLLICOLAH-CELL 1 (2X)
 

•PANCREATIC ISLETS (48)
 
HYPERPLASIA, NOS 2 («*)
 

REPRODUCTIVE SYSTEM
 

•PREPUTIAL GLAND <t6)
 
DILATATIOM/DUCTS («)
 
INFLAMMATION, SUPPUHATIVE
 
ABSCESS, NOS 2 («*)
 

•TESTIS/TOBOLE (45)	 (»«) !«*»
 
9*1
 

t NUMBER OP ANIMALS HITH TISSUE RXAHINED MICROSCOPICALLY
 
*. NUMBER OP ANIMALS NECROPSIED
 

D-7
 



TABLE Dl (CONCLUDED)
 

SE LOW DOSE 
-. (ONTR) CONTROL (UNTR)

05-0077 05-0037

CALCIFICATION, FOCAL

NERVOUS SYSTEM
 

ICEREBHAL CORTEX (45) (48)

MINERALIZATION 3 (6%)
 

SPECIAL SENSE ORGANS
 

HOHE
 

BOSCOLOSKELETAL SYSTEM
 

NONE
 

BODY CAVITIES
 

•ABDOMINAL CAVITY (46) (48)

STEATITIS 1 (2«)
 
RECBOSIS, FAT


*HESEHTERY (46) (48)

PERIARTERITIS


AIL OTHER SYSTEMS
 

ADIPOSE TISSUE
 
NECROSIS. HOS


SPECIAL RORPHOLOGY SOHHARY
 

RO LESIOK REPORTED 8

AUTO/mCROPST/NO HISTO 1

AUTOLYSIS/NO NECROPSY 4  2
 

t BUHBEB OF AMIHALS HUH TISSUE EXAHINED HICROSCOPICALLY
 
* NUMBER OF ANIMALS NECROPSIED
 

 LOH DOSE HIGH DOSE
 
 05-0039 05-0089
 

1 (2X)
 

 (47) (44)
 

 (19) (19)
 

1 (2«)
 

 (49)	 («9)
 
2 (4X)
 

1
 

 20 17
 
1
 
1 1
 

0-8
 



TABLE D2
 
SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE
 

TREATED WITH 2,5-TOLUENEDIAMINE SULFATE
 

HIGH DOSE LOW DOSE
 
CONTROL (UNTR) CONTROL (UNTR) LOi COSE HIGH DOSE
 
06-0077 06-0037 06-0039 06-0089
 

ANIMALS INITIALLY IN STUDY 50 50 50 50
 
ANIMALS MISSING 1
 
ANIMALS NECROPSIED 46 48 45 47
 
ANIMALS EXAMINED HISTOPATHOLOGICALLY** 46 47 43 46
 

INTEGUMENTARY SYSTEM
 

*SKIN (46) (48) (45) (47)
 
FTBRCSIS 1 (2*)
 
FI3ROSIS, FOCAL 1 (2*)
 

»SUBCUT TISSUE (46) (48) (45) (47)
 
MINERALIZATION 1 (2X)
 
FIBROSIS 1 (2X)
 

RESPIRATORY SYST3M
 

•LUNG/BRONCHUS	 (45) (46) (42) (46)
 
INFLAMMATION, FOCAL 1 (2X)
 

• LUNG (45) (46) (42) (46)
 
CONGESTION. NOS 1 (2X)
 
INFLAMMATION, INTERSTITIAL 2 (4X) 10 (22«)
 
PZHIAPTBRITIS 1 (2X)
 
HYPBRPLASIA, EPITHELIAL 3 (7X)
 

HEMATOPOIETIC SYSTEM
 

• BONE NAPROW (44) (45) (39) (41)
 
MISLCFIBBOSIS 1 (2X)
 
HYPIRPLASIA, HEMATOPOIETIC 1 <3X)
 

tSPLEEN (43) (46) (42) (42)
 
PLASMA-CELL INFILTRATE 1 (2X)
 
HYPIRPLASIA, HEMATOfOIETIC 16 (35X)
 
HYPERPLASIA. ERYTHBOID 6 (13X)
 
HYPE8PLASIA, RrTICULUM CELL 2 (5X)
 

... 3T?EHP.l,A.§;A-. LXBEH2IC S.12SL lfl_U2Sl- -_ • 1 (?*'
 

t N U S B E R OF A N I M A L S HITH TISSDE E X A M I N E D MICROSCOPICALLY 
* N U N S E R OF A N I M A L S NECROPSIED 
•'EXCLUDES PARTIALLY AUTOLYZED ANIMALS 



TABLE D2 (CONTINUED)
 

 LOU DOSE
 
 06-0039
 

3 (7X)
 
1 (2X)
 

 (37)
 

 (42)
 

 (42)
 

 (45)
 

 (40)
 

 (42)
 

2 (5X)
 

 (42)
 

 (45)
 

• -————
 
HIGH DOSE
 
06-0089
 

(32)
 

(46)
 

(46)
 

(47)
 

(43)
 

1 <2X)
 

(46)
 

1 (2*)
 

(46)
 

(47)
 

HENATOPOI2SIS
 
SRYTHHOPOIESIS
 
MYELOPOIESIS
 

tLYHPH NODE
 
CYST. NOS
 
INFLAMMATION, «OS
 
HYPERPLASIA, NOS
 
RETICULOCYTOSIS
 
HYPERPLASIA, HEHATOPOIETIC
 
MYELOID METAPLASIA
 

CIRCULATORY SYSTEM
 

*HEAHT/VENTRICLE
 
MELANIN
 

(MYOCARDIUM
 
CALCIFICATION, FOCAL
 

•PULMONARY ARTERY
 
HYPERPLASIA, NOS
 

DIGESTIVE SYSTEM
 

tSALIYARY GLAND
 
INFLAMMATION. NOS
 
PEBIABTEBITIS
 
PERIVASCOLAR COFFIN.G
 

» LIVER
 
INFLAMMATION, ROS
 
IHFLAMMATIOV, FOCAL
 
NECROSIS, FOCAL
 
CYTOPLASHIC CHANGE, NOS
 
HYPERPLASTIC NODDLE
 
HYPEBPLASIA, DIFFUSE
 
ANGIECTASIS
 
HSHATOPOIF.SIS
 

tLIVER/PERIFORTAL
 
INFLAMMATION, NOS
 

•GALLBLADDER
 
ISfLilBiUPIf NO,§IL _-,„.„,...
 

HIGH DOSE

CONTROL (UNTR)

06-0077


1 (2X)


(41)


(45)


(45)

1 (2*)
 

(46)

1 <2X)
 

(43)


(45)


1 (2X)
 

1 <2X)
 

1 (2X)
 

(45)

1 (2X)
 

(46)


 LOW DOSE
 
 CONTROL (UNTR)


 06-0037


 1 (2X)


1 <2X)
 

(39)

1 (3X)
 

15 (38X)
 
1 (3X)
 
1 (3X)
 
2 (5X)
 
1 <3X)
 

(46)

4 (9X)
 

(46)


 (48)


 (45)

2 (4X)
 

4 (9X)
 

(47)

1 (2X)
 

22 (47X)
 

1 (2X)
 

1 (2X)
 
3 (6X)


 (47)


 (48)

2 IH1
 

* NUMBER OF ANIMALS KITH TISSUE EXAMINED MICROSCOPICALLY
 
* NUMBER OF ANIMALS NBCROPSIED
 

D-IO
 



___________ 

TABLE D-2 (CONTINUED) 

_________ 

HIGH DOSE LOW DOSE 
CONTROL ( U N T R ) 

06-0077 
CONTROL ( U N T R ) 

06-0037 

BILE DUCT (16) (18) 
I N F L A M M A T I O N , N O S 1 (2<) 1 (2X) 

PANC3SAS (11) (11)
I N F L A M M A T I O N , N O S 5 (11X) 
I N F L A M M A T I O N , I N T E R S T I T I A L 
P T R I A P T ? R I T I S 1 (2«) 

PANCREATIC PUCT (U1) 
LYMPHOCYTIC INFLAMMATORY INFILTR 1 (2*) 

STOMACH (12) (1 ()

INFLAMMATION, NOS 1 (16X)
 
ULCER, NOS 1 (?X)
 
INFLAMMATION, FOCAL (2X)
 
HYPERPLASIA, NOS <2X)
 
HYP5HPLASIA, EPITHELIAL <2X)
 
HYPSRPLASIA, APENOMATOUS (2«)
 
HYPEHKEHATOSI S (2X)
 
ACANTHOSIS (2X)
 

GASTRIC MOCOSA (12) (1 •)

HYPEBPLASIA, FOCAL 1 (2X)
 

PAYERS PATCH (13) (1 »)

HYFEFPLASIA, NOS 1 <2X)
 

IHASY SYSTEM
 

KIDNEY
 
CONGESTION, NOS
 
GLOHIBOLOKSPHRITIS, NOS 11 (30X)
 
INFLAMHATION, INTERSTITIAL 3 (7X) 16 (35X)
 
GLOHEROLONEPHRITIS, CHRONIC
 
PEEIVASCOLITIS 1 (9X)
 

KIDNEY/GLOHERULUf »3) (16)
 
AHYLCIDOSIS 1 (2X)
 

KIDNEY/PELVIS (16)
 
INFLAMMATION, ACOTE/CHRONIC
 

URINARY BLADDEF (U1) (16) 

N U M B E R OF A N I M A L S WITH TISSUE E X A N I N . D MICROSCOPICALLY 
lOXBER OF A H I B A L S NECROPSIED 

LOU — COSE 
06-0039 

(15) 

(12) 

1 (2X) 

(12) 

 (̂ 2)
 

 (U2)
 

 (12)
 

<2X) 

(13)
 

(13)
 

(31)
 

HIGH DOSE 
06-0089 

(17) 

(12) 

(12) 

(13)
 

(13)
 

(12)
 

1 <2») 

(15) 

D-ll 



TABLE D2 (CONTINUED)
 

HIGH DOSE
 
06-0089
 

(41)
 
1 (2X)
 

(38)
 

(41)
 

(34)
 

1 <3X)
 

(47)
 

(42)
 
2 (SX)
 
1 (2X)
 

(42)
 

4 (10*)
 

28 (67X)
 

(42)
 

HYPEFPLASIA, EPITHELIAL
 

*0.3LAOEBR/SOBMOCOSA

INFLAMMATION, CHROMIC
 

ENDOCRINE SYSTEM
 

fPITUITARY

HYPERPLASIA, FOCAL
 

iADRENAL CORTEX

MODULE
 

*THYROID

FOLLICULAR CYST, NOS
 
INFLAMMATION, DOS
 
INFLAMMATION, CHRONIC FOCAL
 

REPRODUCTIVE SYSTEM
 

*MAMHARY GLAND

GALACTOCELF
 
HYPERPLASIA, NOS
 

tUTERDS

HYERCMETRA

INFLAMMATION, ACUTE
 
ABSCESS, NOS
 
FIBRCSIS
 

tOTSRUS/ENDOMETRIOM

DILATATION, MOS
 
CYST, MOS

INFLAMMATION, NOS
 
INFLAMMATION, SUPPURATIVE
 
INFLAMMATION, ACUTE
 
INFLAMMATION, ACUTE SOPPURATIVE
 
HYPERPLASIA, MOS

HYPERPLASIA, CYSTIC

HYPERPLASIA, ADENOMATOOS
 

• OVARY/OVIDUCT

JNFLMM.ATION, SOS.,,..__.̂  t


!WTioiE(UNTR,
 
06-0077
 

 (41)
 

 (37)
 

 (43)
 

 (30)
 

 (46)
 

 (43)
 
4 (9X)
 

 (U3)
 

 -2 (SX)
 

1 (2X)
 
 35 (81X)
 

 (43)
 
.,.__ ._.„„„,
 

CONTROL (UNTR)
 
06-0037
 

10 (22X)
 

(46)
 

(42)
 
6 (14X)
 

(US)
 
3 <7X)
 

(43)
 
1 (2X)
 
1 (2X)
 

(48)
 
1 (2X)
 
<• <8X)
 

(45)
 
1 (2X)
 

3 <7X)
 
1 (2X)
 

(45)
 

10 (22X)
 
4 (9X)
 

4 (9X)
 
18 (40X)
 
1 (2X)
 

(45)
 
5 11 M
 

LOW DOSE
 
06-0039
 

(34)
 

(38)
 

(38)
 

(36)
 

(45)
 

(41)
 
2 (5X)
 
1 (2X)
 

(41)
 
5 (12X)
 

1 (2X)
 
1 <2X)
 
4 (10X)
 

18 (44X)
 

(41)
 

•-•— M-*»Mi I I  I
 

* NDHBSR OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
 
* NUMBER OF ANIMALS NECROPSIED
 

DH2
 



TABLE D2 (CONTINUED)
 

,(UNTR) 
06-0077 

.... -OSE 
CONTROL (UNTB) 
06-0037 

LOU COSE 
06-0039 

HIGH DOSE 
06-0089 

INFLAMMATION, SUPPURATIVE 2 <5X) 

tOVARY 
CYST. SOS 
INFLAMMATION, NOS 
LYMPHOCYTIC INFLAMMATORY INFILTB 
INFLAMMATION, SUPPUBATIVE 
INFLAMMATION, ACUTE 
INFLAMMATION, ACUTE SUPPURATIV5 
ABSCESS, HOS 
INFLAMMATION, CHROMIC 
DEGENERATION, CYSTIC 
ATROPHY, NOS 

(41) 
1 <2X) 

(45) 
3 <7X) 
K (9X) 
1 (2X) 

10 (22*) 

» (9X) 

1 (2X) 

(36) 

2 (6X) 
1 (3%) 
1 (3X) 

u (11%) 

1 (3X) 

(39) 
4 (10X) 

6 (15%) 

(OVARY/FOLLICLE
MULTIPLE CYSTS

 . (41) (45) (36)
 1 (3X) 

 (39) 

iRVOUS SYSTEM 

NONE 

'ECIAL SENSE ORSANS 

NONE 

ISCOLOSKELETAL SYSTEM 

•BONE
RESORP7ION
 (46) (48)

 3 (6%) 
 (45) (47) 

'VERTEBRA
OSTEOSC15SOSIS

 (46)
 1 (2X) 

 (43) (45) (47) 

)DY CAVITIES 

NONE 

,L OTHEH SYSTEMS 

OHBNTOM 
!(ECSCŜ S. FAT 1 . 

NOHBER OF ANIHALS WITH TISSUE EXANIISO HICROSCOPICALLY 
0? ANIMALS XECROPSIED 

D-13
 



TABLE D-2 (CONCLUDED) 

: O L ( U N T 8 ) 
LOW DOSE 
CONTROL (DHTH) LOU COSE HIGH DOSE 

06-0077 06-0037 06-0039 06-0089 

S P E C I A L f O P P H O L O G Y S U M M A R Y 

NO LESION REPORTED 1 1 II 5 
ANIKAL HISSING/MO NECROPSY 
A'JTC/SFCPOPSY/HISTO PERF 2 2 

1 
1 

AUTO/NSCROPSY/NO HISTO 1 2 1 
AUTOLYSTS/NO NECROPSY u 2 1) 3 

* N U M E H R OF A N I f i A L S W I T H TISSUE E X A H I N E D MICROSCOPICALLY 
* N U H 3 S B OF A N I M A L S NECROPSIED 
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Review of the Bioassay of 2,5-Toluenediamine Sulfate*
 
for Carcinogenicity
 

by the Data Evaluation/Risk Assessment Subgroup
 
of the Clearinghouse on Environmental Carcinogens
 

June 29, 1978
 

The Clearinghouse on Environmental Carcinogens was
 
established in May, 1976, in compliance with DHEW Committee
 
Regulations and the Provisions of the Federal Advisory
 
Committee Act. The purpose of the Clearinghouse is to
 
advise the Director of the National Cancer Institute (NCI)
 
on its bioassay program to identify and to evaluate chemical
 
carcinogens in the environment to which humans may be exposed.
 
The members of the Clearinghouse have been drawn from
 
academia, industry, organized labor, public interest groups,
 
State health officials, and quasi-public health and research
 
organizations. Members have been selected on the basis of
 
their experience in carcinogenesis or related fields and,
 
collectively, provide expertise in chemistry, biochemistry,
 
biostatistics, toxicology, pathology, and epidemiology.
 
Representatives of various Governmental agencies participate
 
as ad hoc members. The Data Evaluation/Risk Assessment
 
Subgroup of the Clearinghouse is charged with the responsi
bility of providing a peer review of reports prepared on
 
NCI-sponsored bioassays of chemicals studied for carcinogenic
ity. It is in this context that the below critique is given
 
on the bioassay of 2,5-Toluenediamine Sulfate for carcinogenic
ity.
 

Although a carcinogenic response was not demonstrated,
 
the reviewer said that the evidence was suggestive that the
 
compound may have a carcinogenic potential. He recommended
 
that it be considered for retest. In his critique, he noted
 
several experimental flaws, including the use of animals
 
from different shipments, the conduct of the subchronic
 
study in a different mouse strain than used in the chronic
 
phase, and the start of the high dose rats on test some
 
months after the initiation of the low dose animal group.
 
The reviewer said the compound warranted further testing
 
because of the experimental design and study conduct deficien
cies, as well as the fact that 2,5-Toluenediamine Sulfate
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had been shown to be positive in the Ames assay. The reviewer
 
moved that the report on the bioassay of 2,5-Toluenediamine
 
Sulfate be accepted as written but that the compound be
 
considered for retest. The motion was approved without
 
objection.
 

Clearinghouse Members present:
 
Arnold L. Brown (Chairman), Mayo Clinic
 
Paul Nettesheim, National Institute of Environmental
 
Health Sciences
 

Verne Ray, Pfizer Medical Research Laboratory
 
Verald K. Rowe, Dow Chemical U.S.A.
 
Michael B. Shimkin, University of California at San Diego
 
Louise Strong, University of Texas Health Sciences Center
 

Subsequent to this review, changes may have been made
 
in the bioassay report either as a result of the review
 
or other reasons. Thus, certain comments and criticisms
 
reflected in the review may no longer be appropriate.
 

4U.S. GOVERNMENT P R I N T I N G O F F I C E i 1978-260-899/3201
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Study of Long-term Percutaneous Toxicity and Carcinogenicity 
of Hair Dyes (Oxidizing Dyes) in Rats* 

H. J. KINKEL and S. HOLZMANN 
Biosciences Department, Battelle-Institut e. V., 6000 Frankfurt (Main) 90, Am Riimerhof 35, 

Bundesrepublik Deutschland 

(Received 21 December 1972) 

Abstract-The long-term percutaneous toxicity and carcinogenicity of p-toluenediamine, 
resorcinol and m-diaminoanisole, which are all important constituents of hair dyes, were 
studied in rats. The substances examined, p-toluenediamine alone in an appropriate vehicle or a 
mixture of all three compounds similarly formulated, were applied to the shaved dorsal skin of 
the rats twice weekly for 2 yr, in doses considerably greater than those used in practice. One 
group of control animals remained untreated while a second was treated with the vehicle alone. 
After the application period of 2 yr, surviving animals were observed for another 6 months. 
There were no indications that the substances examined had any adverse effects. Behaviour, 
feed intake, body-weight changes, blood counts, activity of serum glutamic-pyruvic transamin- 
ase and results of the bromosulphthalein test for liver function were comparable in the control 
and experimental groups. No pathological formation of Heinz bodies or methaemoglobin was 
associated with application of the dye components. Similarly, experimental and control animals 
showed no difference in respect of their mean lifespan or the type and incidence of tumours. No 
tumours or other skin reactions occurred at the site of application of the substances and histo- 
pathological studies of the liver, kidneys and lungs provided no evidence of degenerative change 
or functional disturbance. Acute studies involving SC or ip injection of the substances confirmed 
the lack of effect on erythropoiesis and methaemoglobin formation. 

INTRODUCTION 

Of the aromatic diamines, aminophenols and phenols commonly included in preparations 
used for dyeing human hair, the most important is the oxidizing dye, p-toluenediamine. 
p-Phenylenediamine is another major component in some countries, while other para and 
the corresponding meta compounds are normally used in much lower concentrations as 
shading dyes. Reports of tumour induction by some dyes administered to experimental 
animals by various routes (Saruta, Yamaguchi & Matsuoka, 1962) has provoked some 
suspicion about the carcinogenicity of substances of this type. Ito, Hiasa, Konishi & 
Marugami (1969) reported the formation of hepatic carcinomas in Wistar rats fed diets 
containing 0.1 or O-06 ‘A m-toluenediamine. 

In the work reported here, the percutaneous toxicity and possible carcinogenic effects of 
p-toluenediamine and of a mixture of p-toluenediamine, resorcinol and m-diaminoanisole 
in concentrations used in practice in hair-dyeing to achieve particularly dark shades were 
studied in rats over almost the whole of their lifespan. 

*These investigations were conducted on behalf and with the assistance of Elida-Gibbs GmbH, Hamburg, 
L’Oreal, Haarkosmetik und Parfiimerien GmbH, Karlsruhe, Hans Schwarzkopf GmbH, Hamburg, 
Thera-Chemie GmbH, Diisseldorf, and Wella AG, Darmstadt. 
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642 H.J. KINKEL and ~HOLZMANN 

EXPERIMJZNTAL 

Materials. The substances examined were prepared by incorporating p-toluenediamine 
at a concentration of 4 % (model substance T) or levels of 3 % p-toluenediamine, 0.75 % 
resorcinol and 0.75 % m-diaminoanisole (substance TRA) in a carboxymethylcellulose 
(CMC) slime (4% Tylose HT supplied by AKU, Arnhem, The Netherlands), to which 
O-5 % pure sodium sulphite was added to prevent premature atmospheric oxidation of 
the amino components. The two dye bases were available commercially as the sulphates 
from Farbwerke Hoechst AG, Frankfurt a.M., were therefore partly dissolved and con- 
verted with 25% ammonia solution in the absence of iron and, with stirring, dissolved 
completely in the CMC slime to form slightly brown, transparent jellies with a pH of 
about 10.1. These were filled into aluminium tubes coated inside with a protective lacquer, 
in which form they were stable for several years. A colourless control jelly (substance 0) 
was similarly prepared, part of the ammonia being replaced by ammonium sulphate in an 
amount equivalent to that formed in the experimental preparations by neutralization of 
the basic dye sulphates (Table 1). All three formulations were therefore comparable in free 
ammonia content and pH, although in each case control analyses showed that part of 
the free ammonia was lost during preparation and the filling of the tubes (Table 1). 

Table 1. Composition of experimenlal formulations 

Concentration (% w/w) in substance 

Component/Analysis T TRA 0 

Component 
Tylose HT 
Sodium sulphite 
Ammonia, 25 % 
p-Toluenediamine* 
Resorcinol 
m-Diaminoanisole* 
Ammonium sulphate 

Deionized water 

4.0 
0.5 

13.0 
4.0 
- 
- 

as formed by 
neutralization 

78.5 
Total. . . loo.0 

4.0 
0.5 

12.5 
3.0 
0.75 
0.75 

as formed by 
neutralization 

78.5 
100.0 

4.0 
0.5 
8.5 
- 
- 
- 

3.7 
83.3 

100.0 

Analysis 
Ammonia: total (100x), titrated 2.95 2.90 3.03 

free (100%) 1.96 1.96 1.99 
PH 10.1 10.1 10.2 

*Used as sulphate, calculated as free base. 

Animals and diet. Sprague-Dawley rats from a closed randomized stock were obtained 
from Dr. K. E. Msllegard-Hansen, Havdrup-Kopenhagen, Denmark, for the skin-painting 
study. The rats (about 3 months old and with a mean body weight just under 100 g) were 
given a 2-wk adaption period before treatment was begun and were maintained throughout 
on a standard diet (Altromin-R) and water given ad lib. Injection studies were carried out on 
6-month-old rats of the Wistar-Elberfeld strain bred at Battelle. 
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Experimental design and conduct 

Skin application study. A preliminary 4-wk experiment established that twice-weekly 
application of the test substances to the skin of rats caused no local irritation. In the main 
experiment, three groups, each of 50 male and 50 female rats, were treated with substance T 
or substance TRA or given no treatment, while a fourth group of 25 male’s and 25 females 
was treated with the control substance 0. To simulate conventional hair-dyeing techniques, 
substances T, TRA and 0 were mixed with an equal volume of 6% hydrogen peroxide 
immediately before application. This was done in batches to ensure that the material was 
applied to the skin within 10 min of mixing. 

The solution (0.5 g) was applied to the shaved dorsal skin over an area of 3 x 3 cm and was 
left on the skin for 30 min, during which the animals were kept apart and fitted with a 
rubber collar to prevent any ingestion of the applied material. As under practical conditions, 
the painted area was then cleaned with a commercial agent and washed with water, and the 
animal was rubbed with a towel and dried under an infrared lamp. This procedure was 
repeated twice weekly for 2 yr, after which surviving rats were observed for a further 6 
months. 

The rats were weighed weekly and observed regularly for any change in behaviour. Red 
and white cell counts and haemoglobin and methaemoglobin levels were determined in 
blood samples from ten males from each group at 3-monthly intervals, and at 4-monthly 
intervals liver function was checked by means of a bromsulphthalein test and the determin- 
ation of serum glutamic-pyruvic transaminase activity (using the pl-scale Biochemica-Test 
Combination, Boehringer AG, Mannheim), again in ten males from each group. Trans- 
aminase activity was also determined in random samples taken from tumour-bearing 
animals. At month 7 and 16, blood samples from three animals in each group were examined 
for Heinz bodies by two methods, the conventional Nile-blue sulphate staining and a 
fluorescence microscopic-detection method using morin. All rats that died during the experi. 
ment or were killed when moribund and all survivors, which were killed by decapitation, 
were autopsied and all tumours were examined histologically. Sections from the application 
site, liver, kidneys, lungs and any organ that appeared abnormal at autopsy from a total of 
nine or ten males and ten females from each group killed randomly and singly at intervals of 
6,9, 12 and 24 months during the study were stained with haematoxylin and eosin for micro- 
scopic examination. 

Injection study. Heinz-body counts and methaemoglobin determinations were carried 
out in groups of 2-4 rats given a single SC injection of O-75-24.0 mg p-toluenediamine 
sulphate/kg, or the same dose repeated daily for 3-5 days, a single ip injection of the same 
compound in doses of 4-32 mg/kg, or a single SC injection of substance TRA in a 1: 1 mixture 
with hydrogen peroxide in a dose equivalent to 1.5 or 3 mg p-toluenediamine sulphate/kg 
(1 mg p-toluenediamine sulphate being equivalent to O-555 mg free base). Sodium sulphite 
was added to the aqueous solution of p-toluenediamine sulphate as in the formulation of 
substance T, used in the skin painting study, and the pH of the preparation was adjusted to 
7 by addition of ammonia. 

RESULTS 

Growth, food intake and mortality 

The behaviour of all the rats was normal and there were no marked differences between 
the various groups in respect of body-weight changes (Table 2) and food intake. The mean 
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lifespan and mortality rate during the long-term experiment were comparable in all experi- 
mental and control groups. 

Table 2. Mean body weights of groups of control rats and of rats treated with p-toiuenediamine formulations 
by twice-weekly applications to the skin for 2 y, 

Body weight* (g) at wk 

Treatment ot 52 104 130 

Males 
None (control) 86 & 15 (50) 456 & 49 (36) 437 f  71 (26) 298 + 35 (9) 
Substance 0 (control) 91 & 13 (25) 452 f  45 (18) 421 -+. 64 (9) 361 (3) 
Substance T 88 It 15 (50) 443 * 47 (43) 409 j, 64 (27) 343 f  63 (8) 
Substance TRA 90 zt 17 (50) 446 * 53 (41) 411 * 59 (27) 328 + 35 (9) 

Females 
None (control) 83 zt 13 (50) 289 f  40 (44) 287 h 50 (21) 248 * 41 (7) 
Substance 0 (control) 83 f  11 (25) 269 f  33 (19) 258 + 41 (10) 260 (2) 
Substance T 82 z!z 14 (50) 282 f  33 (42) 292 + 47 (14) 278 zt 59 (6) 
Substance TRA 81 f  16 (50) 280 & 37 (42) 277 & 34 (23) 247 & 31 (7) 

0 = Vehicle only T = p-Toluenediamine formulation 
TRA = p-Toluenediamine-resorcinol-m-diaminoanisole formulation 

*Values given are means (2) f  standard deviation {d[,S(x*)-Zs(x)]/(n-I)} for the numbers of animals 
(n) indicated in parentheses. 

tBeginning of the experiment. 

Haematology 

All the haematological data recorded were within the normal ranges. No pathological 
methaemoglobin formation was observed even at 3 min or 4 hr after ip injection of a single 
highly toxic dose of 32 mg p-toluenediamine sulphate/kg. No Heinz bodies were found in 
animals treated with the experimental substances for 7 or 16 months or in those given a 
single SC injection of 1.5 mg p-toluenediamine sulphate/kg. A very small number of Heinz 
bodies was found 2-3 days after administration of several of these SC injections and also 
after the single SC injection of a comparable dose of TRA (l-2/1000 erythrocytes), but even 
in a dose of 12 or 24 mg/kg given ip, p-toluenediamine sulphate caused little or no increase 
in Heinz bodies. In a positive control experiment, phenylhydrazine dihydrochloride given 
ip as a 1% aqueous solution in a dose of 3 mg/kg body weight produced an incidence of 
Heinz bodies of 500-700/1000 erythrocytes. 

Liver function 

No impairment of liver function was detected in the experimental groups. Bromsulph- 
thalein excretion by the liver was comparable in experimental and control groups and the 
serum transaminase values were not increased in the treated animals or in any of the random 
samples from animals with tumours. 

Autopsy and histopathology 

Autopsies revealed no pathological changes attributable to either of the long-term treat- 
ments. The main causes of death were pneumonia and lymphadenitis, the latter having the 
symptoms of a Klebsiella infection and being associated with abscess formation but not 
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Table 3. Tumour incidence in control rats and rats treated with p-toluenediamine formulations by twice-weekly 
applications to the skin for 2 yr 

- 

Treatment 

Rats with Tumours 
t umours 

Time of 
No. of % of Total appearance* 

Sex rats/group No. group no. Type (no.1 (months) 

None (control) M 50 

F 50 

Substance 0 M 25 

F 25 

Substance T M 50 

F 50 

Substance TRA M 50 

F 50 

4 

12 

1 

4 

4 

10 

3 

14 

8 

24 

4 

16 

8 

20 

6 

28 

4 

15 

1 

4 

5 

11 

4 

15 

Fibrolipoma 
Lymphosarcoma 
Hyperkeratotic 

papilloma 
Polymorphocellular 

sarcoma? 

20 
23 

29 

24 

Round-cell sarcoma? 11 
Round-cell sarcoma 19 
Cystadenomas (2) 22,29 
Fibroadenomas (8) 16-29 
Adenomas (2) 17,24 
Fibroma 17 

Round-cell sarcoma 18 

Round-cell sarcoma 24 
Carcinoma solidum 29 
Fibroadenoma 25 
Fibrosarcoma 12 

Fibromas (2) 18,31 
Lipoma 24 
Round-cell sarcoma 21 
Lymphosarcoma 21 

Fibroadenomas (8) 15-26 
Carcinoma solidum 17 
Adenocarcinoma 23 
Adenoma 28 

Lymphosarcoma 29 
Adenoma 29 
Fibroma 18 
Adrenal tumour 25 

Cystadenoma 
Fibromas (2) 
Fibroadenomas (6) 
Fusocellular sarcoma 
Lymphosarcomas (2) 
Hyperkeratotic 

papilloma 
Carcinoma solidumt 
Squamous cell 

carcinoma? 

18 
l&25 
l&29 
15 
28 

12 
21 

27 

0 = Vehicle only T = p-Toluenediamine formulation 
TRA = p-Toluenediamine-resorcinol-m-diaminoanisole formulation 

*Time at which tumour was detected, calculated from beginning of experiment. 
TWith metastases in the peritoneal cavity. 
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with any “non-specific irritation” (Huhn, 1966) of the lymph nodes in the form of lympho- 
genous tumour cell propagation and formation of metastases. Both of these diseases occur 
frequently in the Sprague-Dawley rats used, but were no more common in the experimental 
groups than in the controls. Histopathological studies similarly revealed no tissue changes 
that could be ascribed to treatment with the dyes. 

Tumour incidence. Table 3 shows that tumouis only became clinically detectable during 
the second half of the life of the rats. Of the 350 Sprague-Dawley rats used in the study, 52 
(15 %) developed tumours and six had more than one tumour, but the incidence, the pro- 
portion of males and females affected and the types of tumours were comparable in the 
experimental and control groups (Table 3). The 59 tumours found included 16 different 
types (Table 4), of which fibroadenomas were by far the most frequent, followed by fibromas, 
lymphosarcomas and round-cell sarcomas. The two skin tumours (hyperkeratotic papil- 
lomas) and ten SC tumours (six fibromas, one fibrolipoma, one fibrosarcoma, one lipoma and 
one round-cell sarcoma) were not found in the area of application of any of the substances. 

Table 3. Identity and location of tamours in control rats and rats treated with p-toluenediamine formulations by 
twice-weekly applications to the skin for 2 yr 

No. found in 

Type of tumour 

~- 
Animals treated with substance 

Untreated 
Location controls 0 T TRA 

of , -- 
tumour Sex....M F M F M F M F 

Adenocarcinoma (m) 
Adenoma (b) 
Carcinoma solidum (m) 
Fibroadenoma (b) 
Fibrolipoma (b) 
Fibroma (b) 
Fibrosarcoma (m) 
Hyperkeratotic papilloma (b) 
Cystadenoma (b) 
Lipoma (b) 
Lymphosarcoma (m) 
Phaeochromocytoma (b) 
Squamous cell carcinoma(m) 
Polymorphocellular sarcoma (m) 
Round-cell sarcoma (m) 
Fusocellular sarcoma (m) 

E 
E 
E 
E 
MS 
MS 
MS 
ES 
E 
MS 
M 

E 
M 
M 
M 

Total number of tumours. . . . 4 15 1 4 5 11 4 15 

1 
2 1 1 

1 1 1 
8 1 8 6 

1 
1 2 1 2 

1 
1 I 

2 1 
1 

1 1 1 2 
1 

1 
1 

2 1 1 6) 1 
1 

m = Malignant b = Benign E = Epithelial tissue M = Mesenchymal tissue 
s = Subcutaneous tissue S = Skin 

DISCUSSION 

Although the amount of solution applied to the animal and the frequency of application 
both exceeded those likely to be encountered in practice, no evidence of carcinogenic or 
other toxic effects was detected in the experimental animals. The relatively high tumour 
incidence was to be expected in these Sprague-Dawley rats, which are somewhat susceptible 

chris.mackay
Highlight

chris.mackay
Highlight



PERCUTANEOUS STUDY OF HAIR DYES IN RATS 647 

to spontaneous tumour formation and were examined or kept under observation for up to 
2.5 yr. The tumour incidence and lifespan were comparable in all the experimental and 
control groups, however, and no tumours developed at the site of application. The other 
criteria studied (behaviour, feed consumption, body-weight changes, blood parameters, 
serum activity of glutamic-pyruvic transaminase and bromosulphthalein tests for liver 
function) were also comparable in experimental and control groups. 

Although there is evidence, including the development of allergic reactions in hypersens,i- 
tive subjects, that substances of the type examined penetrate through the epidermis and also 
into the hair shaft, no signs of skin irritation, such as the erythema, oedema or scar-tissue 
formation described by Carson, Weinberg & Goldhamer (1965), nor any increase in cell 
proliferation in the skin were observed. Kiese, Rachor 8c Rauscher (1968) showed that 
phenylenediamines were absorbed through the skin of dogs when applied in vehicles used 
in the dyeing of human hair and appeared unchanged in small amounts in the urine. 
Absorption was reduced when hydrogen peroxide was added to the mixture before appli- 
cation. Kiese & Rauscher (1968) demonstrated the absorption ofp-toluenediamine through 
the human scalp during dyeing of the hair with a mixture ofp-toluenediamine sulphate with 
resorcinol and hydrogen peroxide. The absorbed material was slowly excreted in the urine, 
principally as NJ’-diacetyl-p-toluenediamine. It was not known, however, whether the 
p-toluenediamine was absorbed as such, or was liberated in the body from some compound 
formed during the oxidation of the p-toluenediamine-resorcinol mixture. 

REFERENCES 
Carson, S., Weinberg, M. S. & Goldhamer, k. (1965). An improved method for testing the safety of hair 

dye preparations. J. Sot. cosmet. Chem. 16,147. 
Huhn, F. 0. (1966). Morphologie der Tumormetastasierung. Deutscher Krebs-Kongress, Miinchen. 
Ito, N., Hiasa, Y., Konishi, Y. & Marugami, M. (1969). The development of carcinoma in liver of rats 

treated with m-toluylenediamine and the synergistic and antagonistic effects with other chemicals. Cancer 
Res. 29, 1137. 

Kiese, M., Rachor, Marga & Rauscher, Elli (1968). The absorption of some phenylenediamines through the 
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Etude sur le rat de la toxicith percutanhe A long terme et des propri&tCs car- 
cinoghs de teintures capillaires (colorants oxydants) 

R&m&On a Ctudit sur des rats la toxicit percutank B long terme et le pouvoir carcinogtne 
de la p-tolutnediamine, du r&orcinol et du m-diaminoanisol, produits qui sont d’importants 
composants de teintures pour les cheveux. On les a appliqub-lap-tol&nediamine seule dans 
un porteur appropriC ou chaque produit dans des mixtures de compositions similaires-deux 
fois parsemaine, et ceci pendant 2 ans, & la peau ras&e du dos des rats. Les doses Ctaient beaucoup 
plus fortes que celles utilis&s dans la pratique. Un groupe d’animaux temoins n’a pas 6th 
trait6 et un second groupe n’a CtC trait6 qu’au seul porteur. Apr&s les 2 ann&s de traitement, 
on a prolongt de 6 mois l’observation des animaux survivants. 
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Rien n’a indique que les substances examin&s eussent un effet nocif quelconque. Le com- 
portement, la consommation de nourriture, l’evolution du poids vif, les numerations globu- 
laires, l’activite de la glutamate-pyruvatetransaminase strique et Ies r&mats du test par la 
bromsulfonephtaleine de la fonction htpatique des groupes ttmoins et des groupes d’essai sont 
m&s comparables. L’application des composants de teinture n’a pas donne lieu a des forma- 
tions pathologiques de corps de Heinz ou de methtmoglobine. De m&me, on n’a pas constate de 
differences entre les animaux d’essai et les animaux temoins sous le rapport de la longevite 
moyenne et quant aux types et frequences de’tumeurs. Aucune tumeur ou autre reaction 
cutan&e ne s’est manifest&z au site d’application des produits et I’examen histopathologique 
du foie, des reins et des poumons n’a apportt aucune preuve d’alteration degenerative ou de 
dtsordre fonctionnel. 

Des etudes en phase aigue, comportant I’injection sous-cutan&z ou intraptritonhle de-s 
produits, ont confirmd I’absence d’effet sur I’trythropoir?se et sur la formation de methemo- 
globine. 

Langzeituntersuchung der percutanen Toxizitiit und Carcinogenitlt van Haar- 
fiirbemitteln (oxydierenden Farbstoffe) an Ratten 

Zusamntenfassung-Die langzeitige percutane Toxizitat und carcinogene Wirkung von 
p-Toluoldiamin, Resorcinol und m-Diaminoanisol, die alle wichtige Bestandteile von Haar- 
farbemitteln sind, wurden an Ratten untersucht. Diese Substanzen, entweder p-Toluoldiamin 
allein in einem geeigneten Bindemittel oder eine Mischung von allen drei Verbindungen in 
ahnlicher Rezeptierung, wurden auf die rasierte Riickenhaut der Ratten 2 Jahre lang zweimal 
wijchentlich aufgetragen, und zwar in betrlchtlich grosseren Dosen, als sie in der Praxis 
angewendet werden. Eine Gruppe von Kontrolltieren blieb unbehandelt, wlhrend eine zweite 
mit dem Bindemittel allein behandelt wurde. Nach der Anwendungsperiode von 2 Jahren 
wurden die iiberlebenden Tiere weitere 6 Monate beobachtet. Es gab keine Anzeichen daftir, 
dass die untersuchten Substanzen nachteilige Wirkungen hatten. Das Verhalten, der Futter- 
verbrauch, die Korpergewichtslnderungen, das Blutbild, die Aktivitat der Serum-Glutaminsiure- 
Pyruvat-Transaminase und die Ergebnisse der Bromsulphthaleinprobe der Leberfunktion 
waren in der Kontrollgruppe und in den Versuchsgruppen vergleichbar. Keine pathologische 
Bildung von Heinzschen Korpern oder Methlmoglobin war mit der Anwendung der Flrbe- 
mittelbestandteile verbunden. Ahnlich zeigten die Versuchs- und die Kontrolltiere keinen 
Unterschied hinsichtlich ihrer mittleren Lebensdauer oder der Art und Haufigkeit von 
Tumoren. Keine Tumoren oder anderen Hautreaktionen traten an der Anwendungsstelle 
der Substanzen auf, und histopathologische Untersuchungen der Leber, der Nieren und der 
Lungen boten keinen Beweis fur degenerative Verlnderungen oder funktionelle Storungen. 
Akute Untersuchungen mit SC oder ip Injektion der Substanzen bestltigten die Wirkungs- 
freiheit beziiglich der Erythropoese und der Methlmoglobinbildung. 
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Abstract-Three oxidation hair dye formulations, mixed with hydrogen peroxide as in use, were tested 
for long-term toxicity and carcinogenic activity by topical application to groups of 100 mice weekly 
or every alternate week for 18 months. Chemical intermediates present in the various formulations 
were p-phenylenediamine, 2,5-toluenediamine sulphate, resorcinol. m-phenylenediamine. 2,4-diaminoani- 
sole sulphate and 2.4-toluenediamine. The latter compound has been shown to produce malignant 
hepatomas when fed to rats in a sub-optimal diet at a level of 0.1% for 35 wk. In this study none 
of the formulations produced evidence of systemic toxicity or carcinogenicity. 

INTRODUCTION 

The natural vegetable and mineral substances used 
for centuries to colour the hair have largely been re- 
placed by “permanent” synthetic oxidation dyes. As 
a result of many technical improvements, the use of 
oxidation hair dyes has increased dramatically in the 
last 20 yr, accounting for 75% of the hair colouring 
products sold today. 

The dyes are formed inside the hair by the oxi- 
dation of colourless intermediates, principally aro- 

. matic diamines and aminophenols, to imines which 
react very rapidly with colour modifiers or couplers 
to form indo dyes (Corbett & Menkart, 1973). 
Although these reactions occur rapidly, it has been 
shown (Kiese & Rauscher, 1968) that in small 
amounts (less than 0.2% of the applied dose) un- 
reacted intermediates may penetrate the skin during 
the dyeing of human hair. 

Heavy industrial exposure to certain aromatic 
amines has caused bladder cancer in the past (Clay- 
son & Cooper, 1970). Hueper (1963) has shown that 
although these tumours arose from prolonged skin 
absorption, there was no evidence of any effect of 
these chemicals on the skin itself. The reason for this 
now seems obvious in view of studies showing that 
aromatic amines appear to require metabolic conver- 
sion to the N-hydroxy derivative to induce cancer 
(Miller & Miller, 1969). We have found no published 
data demonstrating that N-hydroxylation occurs 
when the aromatic diamines used in permanent hair 
dyes are oxidized and there is no evidence indicating 
an increase in malignancies in the likely target organs 
in women using these dyes regularly for many years 
(National Cancer Institute, 1971). 

Evidence that the use of hair dyes is not a signifi- 
cant factor in the production of scalp malignancies 
has been provided by Dr. F. Urbach, Skin and Cancer 
Hospital of the Temple University School of Medi- 
cine (personal communication 1973). Over a period 
of 15 yr, Dr. Urbach found only 16 persons (eight 
men and eight women) with scalp tumours out of 

1672 consecutive patients with biopsy-proven cancer 
of the skin. This incidence of primarily sunlight- 
induced basal-cell carcinomas of the haired scalp area 
has not changed since the condition was first reported 
in 1878 (MacDonald & Bubendorf, 1964). 

The purpose of this study was to determine whether 
any toxicity is associated with long-term cutaneous 
exposure to important ingredients or reaction pro- 
ducts in oxidation hair dyes. Included in the study 
was one compound, m-toluene diamine. which has 
been shown to produce hepatoma in rats when fed at 
a level of 0.1% in a sub-optimal diet for 35 wk (Ito, 
Hi&a, Konishi & Marugami, 1969). This compound, 
which is no longer used in hair dyeing in the United 
States, was used for a number of years at a con: 
centration of less than 1% in oxidation dye formula- 
tions. The extent of its skin penetration and metabo- 
lism has not been determined. Oxidation dyes, which 
are applied to the hair as a reacting system, can only 
be meaningfully evaluated from the toxicological 
viewpoint by the same route of administration as 
occurs in use, namely skin application. 

In hair dyeing, the user is exposed to unreacted 
para components (p-phenylenediamine, p-amino- 
phenol) and couplers (m-phenylenediamine, 2,4-dia- 
minoanisole, m-aminophenol, resorcinol, hydro- 
quinone), as well as to reactive intermediates, particu- 
larly quinone imines and the various indo dyes. The 
oxidation of the para components by hydrogen per- 
oxide is relatively slow and has been shown to be 
incomplete even after 24 hr. However, the coupling 
reactions are extremely fast and.thus there is no sig- 
nificant build-up in the concentration of the interme- 
diate quinone imines. Nevertheless, it is important 
that the testing protocol should involve exposure to 
these extremely reactive species. This cannot be done 
by testing with the intermediates themselves since, in 
aqueous media, they undergo rapid polymerization 
and/or hydrolysis (depending on the pH) to give pro- 
ducts that do not arise in the oxidation dyeing pro- 
cess. Similarly, if aged reaction mixtures were used, 
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there would be little or no exposure to the quinone Table 1. Experimental design of I&month carcinogenicity 
imines since they are no longer formed once the study of hair-dye jormulutions, involving topical application 
hydrogen peroxide is depleted. to mice 

The feeding of aged reaction mixtures may, at first 
sight, appear to be an attractive compromise. How- 
ever, under conditions prevailing in the stomach (a 
pH around 2 and a temperature of about 38°C). the 
indo dyes would undergo rapid hydrolysis to’gi\;e a 
mixture of para components, hydroxybenzoquinones 
and reaction products thereof. The quinone products 
would not arise in other metabolic pathways and the 
ingestion route is thus unrepresentative of the meta- 
bolism of indo dyes. Furthermore, no intermediate 
quinone imines would be involved in this mode of 
testing. Thus, from the chemical standpoint, topical 
application of fresh reaction mixtures is the only pro- 
tocol involying exposure to all the materials that are 
inherent in.the application of oxidation hair dyes to 
human subjects. This can only be achieved by careful 
choice of composites not by the use of individual pre- 
cursors in the presence of peroxide. On the basis of 
these considerations, the protocols and test composi- 
tions used in this study were selected. 

Test No. of Dose3 Dosing 
Group material* mice/groupt (ml) frequency 

UC 
PC 
A 
B 
C 
D 
E 
F 
G 
H 

None 250 
DMBA 100 
PP-7588 100 
PP-7586 100 
PP-7585 100 
PP-7588 100 
PP-7586 100 
PP-7585 100 
Vehicle 100 
Vehicle 100 

- 
0.05 W 
0.05 W 
0.05 W 
0.05 W 
0.05 F 
0.05 F 
0.05 F 
0.05 w 
0.05 F 

UC = Untreated control PC = Positive control 
DMBA = 7.12-dimethylbenz[a]anthracene 

W = Weekly F = Fortnightly 
*For identification of ‘PP’ samples, see Table 2. 
tEach group consisted of equal numbers of males and 

females. 

EXPERIMENTAL 

Materials. The hair-dye intermediates used in these 
studies were obtained from several suppliers and 
either met standards as purchased or were subjected 
to further purification. p-Phenylenediamine (lot 1143) 
and resorcinol (lot 312), purchased from Nyanza. Inc., 
Lawrence, Mass., were over 99% pure. p-Toluenedia- 
mine (lot K38671) from Naftone. Inc., New York, 
assayed at 985%. The 2,4-toluenediamine and m- 
phenylenediamine from Eastman Kodak, Kingston, 
Tenn., were recrystallized from ethanol and isopro- 
panol to a final purity of over 98%. On a moisture- 
free basis, the 2,4-diaminoanisole sulphate (lot 
A56442) from Lowenstein Inc., Brooklyn, New York, 
assayed at 96-97%. 

$The applied dose of the hair-dye was 0.05 ml of a I : Imix- 
ture of the formulation and 6% hydrogen peroxide. The 
concentration of the positive control (DMBA in acetone) 
was adjusted so that 0.05 ml provided a weekly dosage 
of 50 ng DMBA for 6 months, 10 pg for 4 months and 
50 pg for 8 months. 

Animals and diet. Random-bred Swiss Webster mice 
of both sexes, 6-8 wk old, from Charles River Labora- 
tories were housed individually and were given Ral- 
ston Purina Laboratory Chow and water ad lib. 

Experimental design and procedure 

The mice were randomly allotted to nine groups each 
of 100 mice and one group of 250 mice. There were 
equal numbers of each sex in each group. The exper- 
imental design is shown in Table 1. Three oxidation 
hair-dye formulations were tested (Table 2), each for- 
mulation being mixed with an equal volume of 6% 
hydrogen peroxide just prior to use. Once weekly or 
once every other week for 18 months, 0.05 ml of the 
mixture was applied to the skin of the mid-scapular 
area, which was kept free of hair by shaving with 
an electric clipper. The dose was spread just enough 
to prevent run-off. After each application all unused 
material was discarded. The vehicle-control group 
received the base with no added dye intermediate. 
The positive-control group was housed in a separate 
room and received weekly applications of 005 ml of a 
solution of 7,12-dimethylbenz[a]anthracene (DMBA) 
in acetone. 

test animal. One may simply apply an overwhelming 
dose producing a high incidence of tumours in a 
short period of time, or it may be more meaningful 
in terms of the usual human exposure to apply small 
doses over longer periods and thus achieve the best 
estimate of the minimal tumorigenic dose. Poe1 (1956) 
has shown that 125 ,ug benzo[a]pyrene applied topi- 
cally to mice as a single dose is not carcinogenic in 
the normal life span of the mouse, while 1 pg adminis- 
tered three times weekly for 40 wk (total 120 a) pro- 
duced tumours in nine of 42 mice by wk 40. Klein 
(1956) has shown that as little as 1.2 pg DMBA 
applied topically to Swiss mice over a IO-month 
period caused a 13% incidence of tumours. In the 
study reported here, a split-dose schedule was used, 
with mice receiving 50 ng DMBA/wk for 6 months, 
followed by 10 &wk for 4 months and finally 50 
pg/wk for the remainder of the study. 

The mice were observed daily for signs of toxicity. 
Each week they were weighed, the skin graded for 
irritation and papillomas and other gross lesions were 
noted. The progress of papillomas and other lesions 

Table 2. Experimental hair-dyefirmulations tested in an 18- 
month carcinogenicity study in mice 

L.YeI (%) 
in experimental lormulation 

lngrcdient PP-7588 PP-7586 PP-7585 

Oleic Acid 
Isopropanol 
Sodium sulphite 
Ammonia (29Ya 
25-Toluenediamine sulphate 
pPhenylencdiamine 
Resorcinol 
26Toluenediamine bax 
2CDiaminoanisolc sulphatc 
mlhenylenediamine base 
Deionized water 

5oLl 
3oil 
a20 
600 
3Qo 
I.50 

040 
a20 

500 
303 
@20 
6Qo 
3ao 
130 
0.40 
- 

038 
- 

8070 

500 
3.00 
0.20 
6.00 
3ao 
150 
c40 

It is not always possible in a topical study to select 
the single dose of the positive-control carcinpgen that 
will give the best indication of the sensitivity of the 

- 

- 
SC-70 

017 
8070 
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was charted monthly. Animals that died or that were 
killed because of general debility were autopsied and 
examined histopathologically when possible. 

At the termination of the study all survivors were 
weighed and killed and a gross autopsy was per- 
formed. A sample of blood taken from a random 
selection of at least four mice of each sex in each 
group, except those groups treated only every 
other week, was analysed for haematocrit and hae- 
moglobin, and mean corpuscular volume and mean 
corpuscular haemoglobin were calculated. A complete 
blood count, including differential, platelet and reticu- 
locyte counts, was done. The livers of ten animals in 
each group were weighed and liver/body weight ratios 
were calulated. From each animal were taken sections 
of skin, thyroid, lung, gastro-intestinal tract (three sec- 
tions), spleen, pancreas, liver, kidneys, adrenals, uri- 
nary bladder, ureter, mesenteric lymph nodes, sternal 
bone marrow and gonads. These tissues were fixed 
in 10% buffered formalin. Slides were prepared from 
haematoxylin/eosin-stained tissues of 13 male and 13 
female mice in each test, vehicle-control and positive- 
control group and of 32 mice of each sex in the un- 
treated control group and were examined microscopi- 
cally for evidence of hair dye-induced toxicity. Also, 
every gross tumour-like lesion, regardless of location, 
was examined microscopically and classified. 

RESULTS AND DISCUSSION 

There were no overt signs of systemic toxicity in 
any of the dye-treated groups. The survival varied 
from 58 to SO%, except in the positive controls in 
which only 21% of the mice were alive after 18 
months. Average body weights were comparable in 
all groups throughout the study. The absolute and 
relative liver weights were in the range of normal 
values for all groups and none of the differences were 
statistically significant by analysis of variance (Snede- 
car, 1966). All of the haematological data recorded 
were within normal limits. Table 3 shows mean ter- 
minal body weights. liver/body weight ratios and the 
percentage survival for each group. 

Disease processes commonly seen in aged mice of 
this random-bred strain were observed in all groups 
with essentially the same frequency. These included 
chronic murine pneumonia, amyloidosis, chronic 

Table 3. Survival, mean terminal body weights and liver 
weight/body weight ratios in mice treated for 18 months with 

topically applied hair-dye firmulations 

Group* 

Survival ol 
I8 months 

(%I 

Terminal body 
weight (g)t 

MdCS Females 

Liver weighlj 
body weight 

ratiot 

UC 
PC 
A 
B 
C 
D 
E 
F 
G 
H 

70 
21 
62 
65 
66 
68 
69 
80 
59 
62 

37.8 
40.6 
36.0 
34.8 
37. I 
37.7 
37.4 
36.2 
37.4 
36.8 

34.5 
34.5 
31.3 
31.1 
33.0 
32.7 
35.0 
32.5 
308 
33.1 

0~060 
0~058 
0.066 
0.067 
0.064 
@OS6 
0,053 
0.062 
0~064 
0,062 

*For identification of groups, see Table 1. 
tValues for body weights are means for all survivors and 

those for liver weight expressed relative to body weight 
‘are means for ten mice in each group. 

Table 4. Incidence of alveologenic adenomas and carcinomas 
in mice treated topically with hair-dye formulations for lb: 

months 

No. 01 mice wilh lung 
L”nlO”rs 

Group’ 
No. of - 

mice/group sex 
Alvcologenic Alvcologcnic 

adcnoma carcinoma 

UC 125 M 23 4 
125 F 14 2 . 

PC 50 M 2 I 
50 F 5 2 

A 50 M .I I 
SO F x I 

‘B 50 M 6 0 
50 F 5 2 

C 50 M 8 I 
50 F 7 I 

D 50 M 6 I 
50 F 3 I 

E 50 M 9 I 
50 F I3 0 

F 50 M I8 2 
50 F 9 I 

G 50 M I2 I 
50 F 8 I 

H 50 M II 2 
50 F 8 4 

*For identification of groups. see Table I. 

focal nephritis, focal lymphoid infiltration in lungs, 
liver and kidneys and testicular atrophy. The inci- 
dence of alveologenic adenomas and adenocar- 
cinemas (Table 4) was comparable among the various 
control and test groups and was within the range of 
control values for this strain of mice (Percy & Jonas, 
1971). The type and distribution of all other tumours 
in the groups treated weekly and in the untreated, 
positive-control and vehicle-control groups are shown 
in Table 5. 

For the first 5 months of the study, moderate alope- 
cia occurred in about 50% of the animals of each 
sex in each of the three groups receiving the hair dyes 
once weekly. This was not seen in the groups treated 
every other week or in the vehicle or positive controls. 
The condition diminshed with time and after 11 
months hair growth appeared normal. Microscopic 
examination of sections taken at the final autopsy 
showed that the skin and its appendages were normal 
in all mice in these groups. There were no papillomas 
or carcinomas of the skin except those in the positive 
control group. The other tumours of the skin, in 
whatever groups they occurred, were all outside the 
treated area. 

The skins of the mice in the positive control group 
showed no response following the weekly application 
of 50 ng of the carcinogen for 6 months followed 
by 10 pg/wk for an additional 4 months. However, 
when the dose was increased to 50 PgJwk, there was 
an almost immediate response and tumours appeared 
on six animals. This dose proved to be irritating to 
the skin and mortality increased sharply from 18 to 46% 
in 3 months. Although the response was somewhat 
less than expected, it did serve to demonstrate the 
susceptibility of the animals to the action of the car- 
cinogen. ’ 

No evidence of carcinogenic activity was seen in 
the hair dyes tested in this study. The results of a 
companion study which was carried out by the US 
Food and Drug Administration and which included 
groups of mice receiving topical applications of 3% 
m-toluenediamine in water/isopropanol. were also 
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Table 5. Distribution o/ tumours other than alueologenic adenomas and carcinomas in untreated and positive controls 
and in mice treated once weekly with hair dyes 

No. or mice aRccted and location or turnours in group* 

UC PC A B C G 

No. of 
mice/group.. 250 loot loo loo loo 100 

Lymphosarcoma 

Fibrosarcoma 

Fihroma 

Adenocarcinoma 

Granulosa-cell turnour 
Leiomyosarcoma 
Reticularcell sarcoma 

Myxohbroma 
Squamous carcinoma 

Papilloma 
Adenoacanthoma 

Osteogenic sarcoma 
Scrotal fibroma 

I M. liver 
I M. kidney 
I F. lung 
I M. dermis 
I F. dermis 
I F. dermis 
I F. cervix 
I F. body wall 
2 mammary 

gland 
I, ovary 
I. uterus 

I F. spleen 
2 F. general 

I M. dermis 

I F. body wall 

I, uterus 
I M. kidney 
I. prostate. 

I. uterus 
I F. skin 

and lung 
2 M. skin 

I F. dermis 

I, prostate 
I F. dermis 

2, mammary 
nland 

3. mammary 
gland 

I F. liver. spleen, 
lung. lymph node 

I F. liver. 
lymph node 

I M. liver 

I. mammary 
gland . 

I F. lung 
I F. stomach 

*For identification of groups, see Table 1. 
tTwo positivecontrol mice with skin papillomas in the treated area were lost as a result of death and autolysis. 

negative for carcinogenicity and will soon be pub- 
lished (H. Blumenthal, personal communication 
1974). 

Included in these studies was a compound pre- 
viously shown to be a potent hepatocarcinogen when 
fed to rats. This raises the question again of the rele- 
vance of testing topical products by oral 
administration and of the significance of studies 
showing the toxic effects of prolonged oral dosing 
with high levels of ingredients of products that have 
been shown to be safe when tested under reasonably 
exaggerated conditions of use. It is often argued that 
oral administration is the means of choice to achieve 
the exaggerated dosage levels necessary to detect, in 
small numbers of test animals, effects that may occur 
in a few exposed individuals in a large population. 
This oral dosing frequently assumes massive propor- 
tions bearing no reasonable relationship to normal 
exposure and is often limited only by the amount 
.the animal can tolerate while remaining compensated 
and apparently normal. This kind of testing may give 
false and misleading information for a number of rea- 
sons: (1) Blood levels will undoubtedly occur that 
would never be seen in product ,use, and may result 
in abnormal metabolism and pathology; (2) due to 
the effects of pH and gut bacteria, there could be 
absorption of molecular species that would never 
occur with topical application; (3) metabolic conver- 
sion to a more (or less) toxic substance may occur, 
or may occur at a rate quite different from that fol- 
lowing topical application; (4) chemical reaction- with 
essential nutrients in the ingesta can produce toxicity 
as a result of deficiencies and imbalances that bear 
no relationship to any inherent toxicity of the com- 
pound tested; (5) the normal gut flora may be drasti- 
cally altered causing additional nutritional problems; 
(6) the target organs and excretory patterns may not 
be representative of those occurring during normal 

exposure. As indicated in the Introduction, these con- 
siderations have particular relevance in the case of 
oxidative hair dyes. They are, however, valid also for 
other systems. 

Conclusions 
No evidence of toxicity, or carcinogenicity, was 

seen when several oxidative hair-dye formulations 
were tested in an 18-month topical study in mice. 
Included in the formulations were 2,Stoluenediamine 
sulphate, p-phenylenediamine, resorcinol, 2,4-dia- 
minoanisole sulphate, m-phenylenediamine and 2,4- 
toluenediamine. The latter compound has produced 
liver cancer when fed to rats in a sub-optimal diet. 
Safety evaluation studies of products must involve 
actual conditions of use to produce meaningful 
results. 
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1. BACKGROUND 

 
Submission I on toluene-2,5-diamine was submitted in December 1979 by COLIPA1 

according to COLIPA.  

Submission II on toluene-2,5-diamine was submitted in July 2005 by COLIPA.  

Submission III on toluene-2,5-diamine and its sulfate salt was submitted in October 2010 
by COLIPA.  

The Scientific Committee on Consumer Safety (SCCS) adopted at its 10th plenary meeting 
the 22 of March 2011 the opinion (SCCS/1390/10) with the following conclusion: 

Based on the low Margin of Safety using the conventional risk assessment approach, 
toluene-2,5-diamine and its sulphate salt cannot be considered safe for use as an oxidative 
hair dye with a concentration on-head of maximum 4.0% (calculated as free base) or 7.2% 
(calculated as sulfate salt). 
The kinetics-based approach for MoS calculation proposed by the applicant, using the AUC 
determined in a human in vivo exposure study, was not accepted due to the shortcomings 
of the underlying study which was not performed according to modern standards. In order 
to come to a final conclusion, the SCCS is of the opinion that a state of the art human 
exposure study in vivo would be required. 
Toluene-2,5-diamine is at least a strong skin sensitiser. 

The substance and its salts is currently regulated in entry 9a of Annex III to the Cosmetics 
Directive on the list of substances, which cosmetic products must not contain except subject 
to restrictions and conditions laid down. 
 
Submission IV on toluene-2,5-diamine was submitted by COLIPA in February 2012. 
 
This submission contains the results and conclusions obtained in the new performed study 
in which the applicant assesses the safety of toluene-2,5-diamine at on head concentration 
of up to 1.5% (expressed as free base) in oxidative hair colouring products and conclude 
that concentration up to 2.0% toluene-2,5-diamine (expressed as free base)  would also 
meet the requirements for a sufficient Margin of safety.  
 
 

2. TERMS OF REFERENCE 

 
1. Does the SCCS consider toluene-2,5-diamine and its sulfate salt, safe for use as an 

oxidative  hair dye with a concentration on-head of maximum 2.0% (3.6% calculated 
as sulfate salt) taken into account the scientific data provided?  

 
2. If not, does the SCCS recommend any other concentration limit with regard to the use 

of toluene-2,5-diamine and its sulfate salt as an  oxidative  hair dye? 
 
3. And/or does the SCCS recommend any further restrictions with regard to the use of 

toluene-2,5-diamine and its sulfate salt, in oxidative hair dye formulations? 
 

                                          
1 COLIPA – The European Cosmetics Association 
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3. OPINION 

 
3.1. Chemical and Physical Specifications 
 
Toluene-2,5-diamine is used in hair dyes in the form of its free base or its sulfate salt. 
 
3.1.1. Chemical identity 
 
3.1.1.1. Primary name and/or INCI name 
 
Toluene-2,5-diamine (INCI) 
Toluene-2,5-diamine sulfate (INCI) 
 
3.1.1.2. Chemical names 
 
Free Base 
1,4-Benzenediamine, 2-methyl- (CA INDEX NAME, 9CI) 
 
Sulfate 
2,5-Diaminotoluene sulfate 
2-Methyl-p-phenylenediamine sulfate 
Toluenediamine sulfate 
p-Toluenediamine sulfate 
p-toluylenediamine sulfate 
 
3.1.1.3. Trade names and abbreviations 
 
Free base 
Imexine OD 
COLIPA A005 
Colour Index no 76042 
 
Sulfate 
Colorex 25DTS (Chemical Compounds, Inc.) 
Jarocol TDS (Robinson) 
Rodol BLFX (Lowenstein) 
COLIPA no A005 
Colour Index no 76043 
 
3.1.1.4. CAS / EC number 
 
 Free Base Sulfate 
CAS: 95-70-5 615-50-9 (sulfate 1:1); 6369-59-1 (sulfate 1:x) 
EC: 202-442-1 210-431-8 (sulfate 1:1); 228-871-4 (sulfate 1:x) 
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3.1.1.5. Structural formula 
 

    
 
 Free base Sulfate 
 
3.1.1.6. Empirical formula 
 
 Free base Sulfate 
Formula: C7H10N2 C7H10N2.H2O4S 
 
3.1.2. Physical form 
 
Free base: light yellow to light pink 
Sulfate: grey to white powder 
 
3.1.3. Molecular weight 
 
 Free base Sulfate 
Molecular weight: 122.17 220.25 
 
3.1.4. Purity, composition and substance codes 
 
Batches used (survey on all the files of Submission II) 
 
Toluene-2,5-diamine (50% aqueous solution) 
 
This name and the respective data below were found only in the “A5 SUMMARY submission 
II 2005.doc” (pages 8-10). Instead of batch numbers, in page 9 it is noted “See Annex I for 
summary and Reference: 3”. However, Annex 1 and ref. 3 refer only to the sulfate salt. 
 
Toluene-2,5-diamine sulfate 
 
- Batch 2346/01-R99053665 (abbreviations: Batch 2346 or Batch R99053665) 
- Batch EFH 290394 
- Batch CH1143 
- Batch 46847 
- Lot 16825DR Sigma Aldrich (see Study 2, human hepatic metabolism in vitro) 
- Batch präp. 139 (Purity: 98.2%; see 3.3.8.1. Two generation reproduction toxicity) 
- Batch 23005 
 
A complete characterization is provided for the first two batches only. 
 
Radioactive toluene-2,5-diamine sulfate 
 
- 3362-259 [ring-U-14C]-toluene-2,5-diamine sulfate (radiochemical purity 99.3% by 

HPLC) 
- CFQ13783, batch 1 [ring-U-14C]-toluene-2,5-diamine sulfate (radiochemical purity 

98.2% by HPLC) 
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Purity, accompanying contaminants, and batch codes 
 
Toluene-2,5-diamine (50% aqueous solution) Toluene-2,5-diamine Sulfate 
Purity 
HPLC relative > 99% 
Potentiometric Titer: 48-52% 
 
Potential impurities 
o-Toluidine * < 20 ppm 

Purity 
HPLC quantitative > 96.3 weight% 
NMR quantitative > 97.3 weight% 
 
Potential impurities 
o-Toluidine < 8 ppm 

Solvent residues 
Solvents (i.e. solvents such as methanol, ethanol, isopropanol, n-propanol, acetone, ethyl acetate, cyclohexane, 
methyl ethyl ketone and monochlorobenzene < 100 ppm) were not detected. 

 
* EU CMR classification: carcinogen category 1B (regulation (EC) No. 1272/2008) 

Ref.: 3 
 
 
Material used in the market (Deduced specifications) 
 
Toluene-2,5-diamine (50% aqueous solution) Toluene-2,5-diamine sulfate 
Purity 
HPLC qualitative: > 99% 
Potentiometric Titer: 48-52% 
 
 
Potential impurities 
o-Toluidine < 50 ppm 
 

Purity 
HPLC quantitative: > 98% w/w 
HPLC qualitative (254 nm) > 99% 
Solvent content: < 1% 
 
Potential impurities 
o-Toluidine < 50 ppm 
 

 
Comparison of two different batches of toluene-2,5-diamine sulfate 
 
 batch EFH 290394 

29.03.1994 
batch 2346 (/01, R99053665) 

09.12.1999 

NMR content / weight% 97.3 99.5 

HPLC purity / area% 
210 nm  
254 nm 
303 nm 

 
99.3 
99.0 
99.6 

 
 

99.5 
99.7 (at 290 nm) 

HPLC quantitative 
(compared to R99053665) 

101.6% 
 

 

Loss on drying / weight% * 0.20 

Water content / weight% * 0.04 

Sulfated ash / weight% * 0.11 

o-Toluidine < 1 ppm (detection limit) < 1 ppm (detection limit) 

UV spectra (ethanol)   

 εmol (242 nm) / l cm-1 mol-1 9820 * 

εmol (308 nm) / l cm-1 mol-1 2419 * 

 
* not determined 
 
3.1.5. Impurities / accompanying contaminants 
 
See point 3.1.4. 
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3.1.6. Solubility 
 
Solubility of toluene-2,5-diamine 
 
A005 50% aqueous solution: 
 
in water ≥ 10 g/100ml 
in ethanol 100% ≥ 10 g/100ml 
in DMSO ≥ 10 g/100ml 

Ref.: 115 
 
Solubility of toluene-2,5-diamine has not been determined according to standard methods 
(e.g. EU - A.6) 
 
 
Solubility of toluene-2,5-diamine sulfate 
 
in water: 5.03 g/l (20 °C) (EU - A.6) Ref.: 6 
 
in acetone / water 1:1: < 1 g/l 
in DMSO: 5 < S < 15 g/l 
in ethanol: 1 < S < 10 g/l   (taken from submission summary) 
 
3.1.7. Partition coefficient (Log Pow) 
 
Log Pow: 0.74 (sulfate) (HPLC method, EU method A.8) 
 - 0.32 (free base, 50% aqueous solution) (shake-flask method, EU method A8) 
 0.160 (free base) (ref. 115) 
 
3.1.8. Additional physical and chemical specifications 
 
Physical properties of toluene-2,5-diamine sulfate 
 
Appearance: grey to white powder 
Particle size distribution: mean particle diameter: 46 µm (CIPAC MT59) Ref. 4 
Particle size distribution: median particle size L50 = 6.5 µm Ref. 5 
 (by laser diffraction ; OECD 110,CIPAC MT 187) 
pH-value: 2.47 (20 °C ; saturated aqueous solution) Ref. 6 
pKa-value: 6.39 and 2.77 (calculated, Pallas Software) Ref. 7 
Melting point: not detectable, decomposed at 240 °C (EU – A.1) Ref. 8 
Boiling point: not detectable, decomposed at 240 °C (EU – A.2) Ref. 8 
Density: 1.366 g/ml (20 °C) (EU - A.3) Ref. 9 
Vapour pressure: <1.0 exp - 7 hPa (20 °C) (EU - A.4) Ref. 10 
Flammability (solids): not highly flammable (EU - A.10) Ref. 12 
Relative self-ignition 
Temperature: 327 °C (EU - A.16) Ref. 13 
Surface tension (in water): 69.7 mN/m (20 °C) (EU - A.5) Ref. 11 
Refractive index: / 
UV_Vis spectrum λmax = 210 nm, 254 nm, 303 nm 
 
 
Physical properties of toluene-2,5-diamine (free base) 
 
Melting point: 64 °C 
Boiling point: 273.5 °C 
Vapour pressure: 3.40E-03 (0.0034) mm Hg at 25 °C 
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Henry's Law Constant: 7.43E-09 (7.43 10-9) atm-m³/mole at 25 °C 
Ref.: 115 

 
3.1.9. Stability 
 
The stability of the test substance in aqueous and water:acetone (4:1, v/v) solution was 
monitored over a time period of 8 days. During the test procedure, the aqueous and 
water:acetone stock solutions were stored at ambient temperature in the absence of light. 
The recoveries of the test substance in both solvents were 99.7–109%.  
 
 
General Comments on physico-chemical characterisation 
 
* Batch 46847, used in 3 mutagenicity studies (ref. 38, 40 and 41), batch 23005, used 

in the teratogenicity studies (ref. 53 and 54) as well as batches CH1143, präp. 139 
and Lot 16825DR Sigma Aldrich were not characterised 

* The stability of toluene-2,5-diamine and its sulfate in typical hair dye formulations was 
not reported. 

* The impurity o-toluidine is classified by the EU as carcinogenic category 1B (regulation 
(EC) No. 1272/2008). 

* No documentation was provided to support the reported data on the free base. 
* Solubility of toluene-2,5-diamine has not been determined according to standard 

methods (e.g. EU - A.6) 
 
 
 
 
3.2. Function and uses 
 
Toluene-2,5-diamine and its sulfate are used as an oxidative hair colouring agent 
(precursor). The intended maximum on-head concentration is 2.0% (calculated as free 
base), or 3.6% (calculated as sulfate). 
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3.3. Toxicological Evaluation 
 
3.3.1. Acute toxicity 
 
3.3.1.1. Acute oral toxicity 
 
Guideline: / 
Species/strain: rat, CFY strain 
Group size: 5 males and 5 females per dose group 
Test substance: toluene-2,5-diamine 
Batch: / 
Purity: / 
Dose: 0, 64, 100, 160 and 250 mg/kg bw 
Route: oral, gavage 
Exposure: once 
GLP: / 
 
The test substance was diluted at 10% in aqueous sodium sulphite (0.05%) and 
administered once by oral gavage. During the observation period of 14 d mortalities and 
signs of toxicity were recorded and body weight was measured weekly.  
 
Results 
Lethargy, piloerection, ataxia and increased salivation were observed shortly after dosing. 
At 100 mg/kg bw increased respiratory rate and above 100 mg/kg bw decreased respiratory 
rate were observed. The acute median lethal oral dose and its 95% confidence limits were 
calculated to be 102 (69 – 152) mg/kg bw. 
 

Mortality (number deaths/number dosed) Dosage (mg/kg bw) Male Female 
0 0/5 0/5 
64 3/5 0/5 
100 4/5 3/5 
160 0/5 5/5 
250 5/5 4/5 

 
Ref.: 16 

 
Comment 
Despite the lack of data on the batch used and although the study does not conform to 
OECD guidelines, it is useful for evaluation. 
 
3.3.1.2. Acute dermal toxicity 
 
No data submitted 
 
3.3.1.3. Acute inhalation toxicity 
 
No data submitted 
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3.3.2 Irritation and corrosivity 
 
3.3.2.1. Skin irritation 
 
Guideline: OECD 404 (1992)  
Species/strain: Rabbit / New Zealand White 
Group size: 3 Males 
Test substance: Imexine OD (free base) 
Vehicle: None (test substance consisted of active ingredient with water) 
Batch: op T 784  
Purity: 50.6% active (in water)  
GLP: In compliance 
 
A single dose of 0.5 ml of the test substance (pH 9.71) was prepared on a dry compress 
and then applied to a 6 cm2 clipped area of the skin and covered with a semi-occlusive 
dressing for 4 h. Skin reactions were evaluated 1 h, 24 h, 48 h, and 72 h after removing the 
dressing and then daily until day 6.  
 
Results 
No oedema, ulceration or necrosis was noted. Evaluation of erythema was not possible due 
to the black colouration of the treatment site.  
 
Conclusion 
Although the application of a 50.6% aqueous solution of Imexine OD produced no evidence 
of an oedematous response after topical application under semi-occluded conditions in New 
Zealand White rabbits, an erythematous response could not be excluded due to black 
colouration of the treatment site by the test substance. 

Ref.: 17 
 
 
Guideline: / 
Species/strain: Rabbit / New Zealand White 
Group size: 3 Males 
Test substance: toluene-2,5-diamine 
Vehicle: water 
Batch: / 
Purity: / 
GLP / 
 
0.5 ml of a 2.5% w/v solution of toluene-2,5-diamine in aqueous 0.05% sodium sulphite 
(pH 7.0) was tested on intact and abraded skin of three New Zealand White rabbits under 
occlusive patches. Cutaneous reactions were observed at 24 h (immediately after patch 
removal) and again at 72 h.  
 
Results 
Slight erythema with and without very slight oedema was observed in the intact and 
abraded sites, respectively, of one animal at the 24 h evaluation. At 72 h no signs of 
irritation were observed. 
 
Conclusion 
The test substance was considered to be mildly irritating to rabbit skin under the conditions 
of this test.  

Ref.: 18 
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Comments 
In an in vivo study in rabbits, a 50.6% Imexine OD applied under semi-occlusive conditions 
did not produce evidence of oedema and could not be evaluated for erythema due to black 
colouration of the skin. In the second experiment, which did not conform to guidelines or 
GLP, the test substance was irritant to rabbit skin under occlusive conditions. 
 
3.3.2.2. Mucous membrane irritation 
 
Guideline: OECD 405  
Species/strain: Rabbit / New Zealand White 
Group size: 1 Male 
Test substance: Imexine OD (free base) 
Vehicle: None (test substance consisted of active ingredient with water) 
Batch: op T 784  
Purity: 50.6% active (in water)  
GLP: In compliance 
 
A volume of 0.1 ml of the test substance (pH 9.71) was applied into the conjunctival sac of 
the left eye of one male rabbit; the right eye served as a control. The eye was not rinsed, 
and was evaluated and scored according to the Draize scoring system at 1, 24, 48, and 72 h 
after application and then daily until Day 8.  
 
Results 
The test substance induced marked conjunctival irritation with chemosis and redness, slight 
iridial irritation and moderate to slight corneal opacity. All of these effects were reversible 
within 7-8 days. 
 
Conclusion 
Under the test conditions, in which the test substance was applied undiluted and was not 
rinsed from the eye, the test substance was irritating to the rabbit eye. The high pH of the 
test solution may have contributed to the observed irritation. 

Ref.: 19 
 
 
Guideline: / 
Species/strain: Rabbit / New Zealand White 
Group size: 3 Males 
Test substance: toluene-2,5-diamine 
Vehicle: water 
Batch: / 
Purity: / 
GLP: / 
 
0.1 ml of a 2.5% w/v solution of toluene-2,5-diamine in 0.05% aqueous sodium sulphite 
(pH 7.0) was instilled into one eye of each of three rabbits. After 10 seconds the eye was 
rinsed with 50 ml of lukewarm water. Eyes were evaluated and scored according to the 
Draize scoring system at 1 h and then at Days 1, 2, 3, 4, and 7. 
 
Results 
Mild conjunctival irritation was observed in 2 animals on days 1 and 3 respectively. 
 
Conclusion 
Under the conditions of this test, a 2.5% toluene-2,5-diamine solution caused slight 
irritation to rabbit eyes. 

Ref.: 20  
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Acute eye irritation potential in vitro: HET-CAM 
 
Guideline: / 
Species/strain: White Leghorn chicken eggs, freshly fertilized 
Group size: 6 eggs  
Test substance: p-toluenediamine sulfate (code SAT 010935) 
Batch: 46847 
Purity: 99.9% 
GLP: / 
 
The test substance was tested undiluted for its irritation potential on the chorioallantoic 
membrane of fertilized chicken eggs using the endpoint assessment for non-transparent 
solid test items.  
 
Texapon ASV 70 (sodium magnesium laurylmyristyl-6-ethoxy-sulfate) at a test 
concentration of 5% was used as reference substance with this internal benchmark being 
defined to be moderately irritating to the rabbit eye in vivo.  
 
The undiluted test substance was applied to the chorioallantoic membrane and then rinsed 
off with physiological saline after 30 sec. Endpoints (haemorrhage, coagulation, and blood 
vessel lysis) were assessed and semi-quantitatively scored at 30 sec (reference substance) 
or 180 sec (test substance) after rinsing.  
 
Results 
For the relevant endpoints of haemorrhage, coagulation and lysis, scores of 0, 0, and 0, 
respectively, were obtained with p-toluenediamine sulfate. With Texapon ASV 70 scores of 
12, 9, and 0, respectively, were obtained.  
 
Conclusion 
Based on the results of this test, p-toluenediamine sulfate was predicted to be ‘no more 
than slightly irritating to mucous membranes’, including the eye. The results with the 
reference substance, Texapon ASV 70, were indicative of a moderately irritating effect.  

Ref.: 21 
 
Comment on status of HET-CAM 
The HET-CAM (Hen's Egg Test-Chorio Allantoic Membrane) provides only supportive 
evidence for cosmetic ingredient safety assessment. This method can be recommended for 
use as screening tests for the identification of ocular corrosives and severe irritants, the 
protocol and decision criteria for the identification of ocular corrosives and severe irritants 
need to be optimized and undergo further validation (SCCS/1294/10). 
 
Comment on eye irritation 
Eye irritation studies have demonstrated that undiluted Imexine OD is irritant to the rabbit 
eye. Some irritant effects were also seen with 2.5% toluene-2,5-diamine solution in rabbits 
and undiluted toluene-2,5-diamine sulfate in the HET-CAM test. The intended on-head 
concentration is up to 3.6%. 
 
3.3.3. Skin sensitisation 
 
Animal data 
 
Local Lymph Node Assay (LLNA) 
 
Study 1 
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Reference 22 is the same study as ref. 24, below. Stimulation indices (SI) of 4.4, 10.4 and 
19.4 were obtained from test concentrations of 0.5, 1.5 and 2.8%. An EC3 value of 0.31% 
was derived by linear regression, indicating that the substance is a strong skin sensitiser in 
this experiment. 
 
 

 Study reference 22 Study reference 24 
Guideline: / OECD 406 
Species: mice, CBA/ca01aHsd mice, CBA/ca01aHsd 
Group: 5 animals per test 

group 
female, 5 animals per test group, 
3 test groups, 
1 positive control group,  
1 negative control group 
 

Substance: p-toluenediamine 
sulfate (PTD) 

Haarbraun, 2-methyl-1,4-
benzenediamine sulphate 

Batch: / 2346 
Purity: / 99.5 area% (254 nm) and 99.7 

area% (290 nm) 
 

Dose: 25 µl of PTD at 0.5, 
1.5 and 2.8% 

25 µl of the substance at 0.5, 1.5 
and 2.8% 
 

Vehicle: Aqua/acetone/olive oil 
(AAOO) 2:2:1 

Aqua/acetone/olive oil (AAOO) 
2:2:1 

Control: / p-phenylenediamine 1% in AAOO
GLP: / in compliance 

 
In reference 24, the skin sensitising potential of the test substance was investigated by 
measuring the cell proliferation in the draining lymph nodes after topical application on the 
ear. 25 µl containing 0 (vehicle only), 0.5, 1.5 and 2.8% of the test substance in a mixture 
of aqua/acetone (1:1) with olive oil (4:1) were applied to the surface of the ear to each of 
five mice per group for three consecutive days. p-Phenylenediamine (PPD) at 1% in AAOO 
was used as the positive control in parallel under identical test conditions 
 
On day 5, the mice received an intravenous injection of 250 µl phosphate buffered saline 
containing 20 µCi of [3H]-methyl thymidine. Approximately five hours later, the mice were 
sacrificed by CO2-inhalation and the draining auricular lymph nodes were removed. After 
preparing a single cell suspension for each mouse, cells were precipitated by TCA and the 
radioactivity was determined (incorporation of [3H]-methyl thymidine in the pellets) by 
means of liquid scintillation counting as disintegration per minute (dpm). The mean dpm per 
treated group was determined and the stimulation index (test item compared to the 
concurrent vehicle control) was calculated. 
 
Results 
Mean stimulation indices (SI) of 4.4, 10.4 and 19.4 were obtained for the test 
concentrations of 0.5, 1.5 and 2.8%, respectively. No EC3 value was calculated, since all 
stimulation indices were above 3. The positive control (PPD 1% in AAOO) caused a 
stimulation index of 5.3. 

Ref.: 22, 24 
 
Comment 
The lowest concentration used in this test was too high. An extrapolated EC3 value was 
calculated by linear regression in reference 22 (found to be 0.31%). 
References 22 and 24 seem to use the same data and describe the same LLNA study, 
however with a different presentation. 
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Study 2 
 
Guideline: OECD 406 
Species: mice, CBA/ca01aHsd 
Group: female, 5 animals per test group, 3 test groups, 1 positive control 

group, 1 negative control group 
Substance: Haarbraun, 2-methyl-1,4-benzenediamine sulphate 
Batch: 2346 
Purity: 99.5 area% (254 nm) and 99.7 area% (290 nm) 
Dose: 25 µl of the substance at 0.5, 1.5 and 5.0% 
Vehicle: DMSO 
Control: p-phenylenediamine 1% in DMSO 
GLP: in compliance 
 
The skin sensitising potential of the test substance was investigated by measuring the cell 
proliferation in the draining lymph nodes after topical application on the ear. 25 µl 
containing 0 (vehicle only), 0.5, 1.5 and 5.0% of the test substance in DMSO were applied 
to the surface of the ear to each of five mice per group for three consecutive days. p-
Phenylenediamine (PPD) at 1% in DMSO was used as the positive control in parallel under 
identical test conditions 
 
On day 5, the mice received an intravenous injection of 250 µl phosphate buffered saline 
containing 20 µCi of [³H]-methyl thymidine. Approximately five hours later, the mice were 
sacrificed by CO2-inhalation and the draining auricular lymph nodes were removed. After 
preparing a single cell suspension for each mouse, cells were precipitated by TCA and the 
radioactivity was determined (incorporation of [³H]-methyl thymidine in the pellets) by 
means of liquid scintillation counting as disintegration per minute (dpm). The mean dpm per 
treated group was determined and the stimulation index (test item compared to the 
concurrent vehicle control) was calculated. 
 
Results 
Mean stimulation indices (SI) of 4.9, 4.2, and 3.7 were obtained for the test concentrations 
of 0.5, 1.5 and 5%, respectively. No EC3 value was calculated, since all stimulation indices 
were above 3. The positive control (PPD 1% in DMSO) caused a stimulation index of 10.1 

Ref.: 25 
 
Comment 
The lowest concentration used in this test was too high and therefore the study is 
inadequate.  
 
 
Guinea pig studies 
 
Guideline: / 
Species/strain: Female Hartley strain albino guinea pigs 
Group size: 6 animals in each test group and each control group 
 The number of control groups was not given  
Test substances: p-toluenediamine 2HCl (PTD); p-phenylenediamine (PPD) 
 p-aminophenol (PAP); p-aminoazobenzene (PAB); Sudan III  
Batch: / 
Purity: PTD: 98%; PPD: 97%; PAP: 98%; PAB: 98%; Sudan III: 99% 
Concentrations: Intradermal induction: 0.1% test substance in saline (PTD and PPD) or 

in olive oil (PAP, PAB, and Sudan III), and in Freund’s complete adjuvant 
(FCA)/saline 

 Topical induction: 1% test substance in petrolatum, occluded 
 Pre-treatment with 10% sodium lauryl sulfate in petrolatum  
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 Challenge: 0.001, 0.01 and 0.1% test substance in acetone or in 
acetone/distilled water, open application 

GLP: / 
 
The aim of the study was to evaluate the skin sensitising potency of PTD, PPD, PAP, PAB 
and Sudan III, and to study cross-reactivity. Induction was performed according to the 
guinea pig maximisation test protocol by injections on day 0, and topical application on day 
7 for 48 hours. Modifications included that the highest possible elicitation concentrations 
were not chosen, and that challenge was performed by open application and not closed. 
Challenge on day 21 by open application for 24 hours. Readings were made at 24, 48 and 
72 hours after challenge application. 
 
Results 
Only results related to PTD are reviewed here. 100% of the animals induced with PTD (6/6) 
reacted at challenge with PTD, showing that the test substance was an extremely potent 
skin sensitizer (Table 1). Positive reactions were recorded in the animals induced with PTD 
at challenge also with PPD (5/6), PAP (3/6), PAB (5/6) and Sudan III (1/6), indicating 
cross-reactivity to these substances in animals induced with PTD (Table 1). 100% of the 
animals induced with PPD (6/6) reacted at challenge with PTD, but none of the animals 
induced with PAP or PAB (Table 2). The results indicate cross-reactivity to PTD in animals 
induced with PPD.  
 
Table 1: Sensitisation and cross-reactivity test in guinea pigs induced with PTD. Response 

at challenge with PTD, PPD, PAP, PAB or Sudan III 
 

 Challenge substance (no. positive at challenge/no. induced) 
Challenge 
concentration (%) 

PTD PPD PAP PAB Sudan III 

0.1 6/6 5/6 3/6 5/6 1/6 
0.01 5/6 2/6 0/6 5/6 1/6 
0.001 0/6 0/6 0/6 1/6 0/6 

 
 
Table 2: Sensitisation and cross-reactivity test in guinea pigs induced with PPD, PAP, PAB 

or Sudan III. Response at challenge with PTD 
 

 Induction substance (no. positive at challenge/no. induced) 
PTD challenge 
concentration (%) 

PPD PAP PAB 

0.1 6/6 0/5 0/6 
0.01 0/6 0/5  
0.001 0/6   

 
 
Conclusions 
Although not performed according to guideline, the results indicate that PTD is an extreme 
skin sensitiser. The results indicate also that cross-reactivity in animals induced with PTD 
occurs to PPD and PAB; and to PTD in animals induced with PPD. As contaminants in test 
substances were not analysed, conclusions concerning cross-reactivity remain limited. 
 

Ref.: 26 
 
 
Guideline: / 
Species/strain: Hartley albino guinea pigs 
Group size: 10 animals in each pre-test group 
 The number of animals in test groups was not given, no control group 
Test substances: toluene-2,5-diamine sulfate 
Batch: / 
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Purity: / 
Concentrations: Topical induction: 1% in petrolatum, occluded 
 Challenge: 0.01, 0.05, 0.1, 0.2, 0.5 and 1% test substance, occluded 
GLP: / 
 
The aim was to assess the skin sensitising potency in the guinea pig of ten dye 
intermediates, including toluene-2,5-diamine sulphate, and to compare the results with 
results from patch testing hair colouring dermatitis patients in Japan. The study was 
performed by a non-guideline method. Pre-tests were performed by occluded exposure to 
determine the irritancy threshold. Topical induction was performed by occluded exposure for 
48 hours on the nape, 3 times per week for two weeks. Following a 2 week rest period, 
challenge was performed by occluded exposure for 48 hours on the flank. Readings were 
made at 24 and 48 hours after removal of the test material. It was reported that 40% of the 
animals reacted positively to toluene-2,5-diamine sulfate at challenge with 1%, and 10% at 
challenge with 0.10%. 

Ref.: 27 
 
Comment 
The results of the study are of limited use. 
 
 
Human data 
Diagnostic patch testing 
 
66 dermatitis patients (hairdressers) were patch tested with the North American patch test 
standard tray and a hairdresser series. 7.5% were positive to toluene-2,5-diamine sulfate, 
46% were positive to p-phenylenediamine, 5% to p-aminodiphenylamine, 3% to o-nitro-p-
phenylenediamine. (Table 1) 

Ref.: 63 
 
597 dermatitis patients (hairdressers), of which 61.8% were current hairdressers, were 
patch tested in an IVDK multi-centre study in Germany with the patch test standard series 
and the hairdressers’ series. 21.4% were positive to toluene-2,5-diamine, 18.1% were 
positive to p-phenylenediamine, 4.0% to p-aminophenol, 3.4% to m-aminophenol. Results 
from previous periods were also presented - 14.3% were tested positive to toluene-2,5-
diamine in 1990-1991 and 16.2% in 1993-1995. (Table 1) 

Ref.: 64 
 
106 dermatitis patients (hairdressers) in Greece (102 females and 4 males) were patch 
tested with the patch test standard series and the hairdressers’ series. 10.3% were positive 
to toluene-2,5-diamine sulfate, 30.2% were positive to p-phenylenediamine, 8.4% to o-
nitro-p-phenylenediamine, 4.7% to resorcinol, 4.3% to p-aminodiphenylamine, 2.8% to p-
aminophenol. (Table 1) 

Ref.: 65 
 
In a multi-centre study by the European Environmental and Contact Dermatitis Research 
Group (EECDRG), a total of 809 dermatitis patients (hairdressers) were patch tested with 
hairdresser allergens in 9 centres. 7.6% were positive to toluene-2,5-diamine sulfate, 
14.8% to p-phenylenediamine, 4.1% to o-nitro-p-phenylenediamine, 0.6% to resorcinol and 
3.6% to p-aminodiphenylamine hydrochloride (Table 1). 
In the same study, a total of 104 dermatitis patients identified as hairdressers’ clients were 
patch tested with hairdresser allergens in 4 centres. 8.7% were positive to toluene-2,5-
diamine sulfate, 19.2% to p-phenylenediamine, 7.7% to o-nitro-p-phenylenediamine, 1.9% 
to resorcinol and 3.9% to p-aminodiphenylamine hydrochloride (Table 4).  

Ref.: 67 
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In a multi-centre study by the Italian Contact Dermatitis Research Group (GIRDCA), a total 
of 302 dermatitis patients (hairdressers) (259 females and 43 males) were patch tested 
with hairdressers’ allergens in 9 Italian centres. 13.2% were positive to toluene-2,5-diamine 
sulfate, 16.6% to p-phenylenediamine base (in 1989-1990), 7.6% to p-phenylenediamine 
dihydrochloride (in 1985-1988), 7.9% to o-nitro-p-phenylenediamine, 1.3% to resorcinol 
and 10.6% to p-aminodiphenylamine. (Table 1) 

Ref.: 68 
 
In a multi-centre study by the German Contact Dermatitis Group (DKG), 178 dermatitis 
patients (hairdressers) were patch tested with hairdressers’ allergens in 11 centres. 18.0% 
were test positive to toluene-2,5-diamine, 8.4% to toluene-2,5-diamine sulfate, 18.0% to 
p-phenylenediamine base, 0.6% to resorcinol, 1.1% to 3-aminophenol, 2.2% to p-
aminodiphenylamine hydrochloride, 3.4% to 4-aminophenol and 6.2% to o-nitro-p-
phenylenediamine. (Table 1) 

Ref.: 69 
 
103 hairdressers (not dermatitis patients) in the Netherlands (96 females and 8 males) 
were patch tested with a special series including standard allergens and hairdressers’ 
allergens. 2% were positive to toluene-2,5-diamine sulfate, 6% to p-phenylenediamine and 
4% to 2-nitro-4-phenylenediamine. (Table 1) 

Ref.: 66 
 
The degree and pattern of hand eczema in hairdresser trainees and hairdressers was 
compared in Norway. 75 hairdressers affected by hand eczema and 74 hairdresser trainees 
with or without hand eczema were examined and patch tested with a hairdressers’ series 
and some additional substances from the standard series. 2.7% of the hairdressers affected 
by hand eczema were test positive to toluene-2,5-diamine sulfate, compared to 0% of the 
hairdresser trainees. (Table 2) 

Ref.: 71 
 
In a German multi-centre study by the IVDK, hairdressing cosmetics and hair care products 
were considered causative of contact dermatitis in a total of 2328 dermatitis patients (92% 
female). 884 of the cases were currently or had been working as hairdressers. 1217 had not 
been hairdressers (in the publication called clients). All were patch tested in 1995-2002. 
Among the hairdressers, 24.8% were test positive to toluene-2,5-diamine, 22.0% to p-
phenylenediamine, 6.1% to p-aminophenol and 3.6% to m-aminophenol (Table 1). Among 
the non-hairdressers, 13.2% were test positive to toluene-2,5-diamine, 14.7% to p-
phenylenediamine, 6.5% to p-aminophenol and 4.2% to m-aminophenol (Table 4) 

Ref.: 72 
 
209 dermatitis patients (hairdressers) in Italy (182 females and 27 males) were patch 
tested with a standard series and a hairdressers’ series. 13.8% were positive to toluene-
2,5-diamine sulfate, 36.8% to p-phenylenediamine base, 3.8% to p-aminodiphenylamine, 
4.7% to o-nitro-p-phenylenediamine and 0.9% to resorcinol. (Table 1) 

Ref.: 73 
 
1000 dermatitis patients in Germany were patch tested with a standard series in 1970-1972 
and another 1000 dermatitis patients were tested in 1976-1979. In 1970-1971, 2.3% were 
test positive to toluene-2,5-diamine (female 1.9%, male 2.9%), and 5.2% to Ursol (=p-
phenylenediamine) (female 4.2%, male 6.6%). In 1997-1979, 3.4% were test positive to 
toluene-2,5-diamine (female 2.1, male 5.0%) and 7.0% to p-phenylenediamine (female 
7.1%, male 6.8%). (Table 3) 

Ref.: 74 
 
5348 dermatitis patients were patch tested with a standard series in Hamburg, Germany. 
2.7% were test positive to toluene-2,5-diamine (females 1.9%, males 3.8%) and 4.1% 
were test positive to p-phenylenediamine (females 4.2%, males 3.9%). (Table 3) 
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Ref.: 75 
 
5202 dermatitis patients were patch tested in Belgium with a standard series and many 
patients were tested also with supplementary substances. 1.6% were test positive to 
toluene-2,5-diamine, 7.2% to p-phenylenediamine, 0.2% to resorcinol, 1.8% to o-nitro-
PPD, 2.1% to p-aminodiphenylamine, 0.1% to p-toluene sulfate. (Table 3) 

Ref.: 76 
 
1385 dermatitis patients (824 females, 561 males) were patch tested in Vienna, Austria 
with a standard series. 2.5% were test positive to toluene-2,5-diamine, 3% to p-
phenylenediamine and 0.4% to resorcinol. (Table 3) 

Ref.: 77 
 
261 dermatitis patients identified as hairdressers’ clients, for whom treatment with hair 
dyes or permanent wave solutions was suspected to be the cause of the dermatitis (256 
females, 5 males), were patch tested in Bologna, Italy with the Italian standards series for 
patch testing and with a hairdressers’ screening series. 4.6% were test positive to toluene-
2,5-diamine sulfate, 7.3% to p-phenylenediamine, 4.2% p-aminodiphenylamine, 4.6% to o-
nitro-p-phenylenediamine and 0.4% to resorcinol. (Table 4) 

Ref.: 78 
 
154 dermatitis patients with a positive patch test reaction to p-phenylenediamine were 
tested further with para compounds frequently used in hair dyes, in Amsterdam, the 
Netherlands. 9.7% were positive to toluene-2,5-diamine sulfate, 15% to p-
aminoazobenzene, 3.2% to p-aminophenol, 3.2% to o-nitro-p-phenylenediamine, 2.6% to 
p-aminodiphenylamine and 0.6% to resorcinol. (Table 4) 

Ref.: 79 
 
475 dermatitis patients for whom contact allergy to cosmetic ingredients had been shown 
by patch testing in 5 European centres in the UK, Germany and Belgium, were included in a 
retrospective study. 11 cases (possibly 2.3%) were tested positive to toluene-2,5-diamine, 
33 cases to p-phenylenediamine, 8 cases to 2-nitro-p-phenylenediamine, 2 cases to n-
phenyl-p-phenylenediamine, 1 case to resorcinol. It was not stated if all patients had been 
tested with all substances. (Table 4) 

Ref.: 80 
 
613 dermatitis patients had been patch tested with the German Contact Dermatitis Group 
(DKG) para-amino compounds test series. 10.0% were tested positive to toluene-2,5-
diamine, 14.1% to p-phenylenediamine, 3.1% to p-aminophenol and 16.2% to p-
aminoazobenzene. (Table 4) 

Ref.: 81 
 
819 dermatitis patients (589 females, 230 males, 1-93 years) in Belgium were patch tested 
with the standard series and from 16 years of age also with a complementary cosmetic-
medicinal series, and depending on clinical history with additional tests. 0.6% were test 
positive to toluene-2,5-diamine, 2% to p-phenylenediamine, 0.2% to 3-aminophenol, 2-
nitro-phenylenediamine and to 4-aminophenol. (Table 3) 

Ref.: 82 
 
Table 1: Contact allergy to toluene-2,5-diamine in patch tested dermatitis patients who 

were, or had been hairdresser. Test substance: toluene-2,5-diamine (TDA) or 
toluene-2,5-diamine sulphate (TDAs) 1% in petrolatum 

 
Test 

substance 
No. tested 
patients 

Positive patch 
test (%) 

Year Country Ref. 

TDAs 66 7.6 1973-1981 Canada 63 Lynde 
TDA 597 21.4 1996-1998 Germany 64 Uter 
TDAs 106 10.3 1985-1994 Greece 65 Katsarou 
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TDAs 781 7.6 1988-1991 9 European 
centres 

67 EECDRG 

TDAs 302 13.2 1985-1990 Italy 68 Guerra 
TDA  
TDAs 

178 18.0 
8.4 

1988-1989 Germany 69 Frosch 

TDA 884 a) 24.8 1995-2002 Germany 72 Uter 
TDAs 209 13.8 2002 Italy 73 Iorizzo 
SUMMARY 3123 Mean: 16.8%    

 
 
a) hairdresser dermatitis patients with dermatitis from hair cosmetics 
 
Table 2: Contact allergy to toluene-2,5-diamine in patch tested hairdressers and 

hairdresser trainees. Test substance: toluene-2,5-diamine sulphate (TDAs) 1% in 
petrolatum 

 
Test 
substance 

Population No. tested Positive 
patch test 

(%) 

Year Country Ref. 

TDAs Hairdressers 
in saloons 

103 2% 1989-1992 The 
Netherlands 

66 van der 
Walle 

TDAs Hairdressers 
with hand 
eczema 

75 2.7% 1994 Norway 71 Holm 

TDAs Hair-dresser 
trainees, with 

or without 
hand eczema 

74 0% 1994 Norway 71 Holm 

 
Table 3: Contact allergy to toluene-2,5-diamine in patch tested unselected dermatitis 

patients. Test substance: toluene-2,5-diamine (TDA) or toluene-2,5-diamine 
sulphate (TDAs) 1% in petrolatum 

 
Test 
substance 

No. tested 
patients 

Positive patch 
test (%) 

Country Year Ref. 

TDA 1000 
1000 

2.3 
3.4 

Germany 1970-1971 
1976-1979 

74 Schwarz 

TDA a) 5348 2.7 Germany 1976-1980 75 Kuhlwein 
TDA 5202 1.6 Belgium Not specified 76 Broueckx 
TDA 1386 2.5 Austria 1972-1976 77 Jarisch 
TDA 819 0.6 Belgium 1998-1999 82 Kohl 
SUMMARY 14755 Mean: 2.5%    

 
 
a) 0.25% pet. 
 
Table 4: Contact allergy to toluene-2,5-diamine in patch tested dermatitis patients 

selected due to symptoms or exposure related to cosmetics. Test substance: 
toluene-2,5-diamine (TDA) or toluene-2,5-diamine sulphate (TDAs) 1% in 
petrolatum 

 
Test 
substance 

No. tested patients and 
selection criteria 

Positive 
patch test 

(%) 

Country Year Ref. 

TDAs 104 
Hairdressers’ clients 

8.7 4 European centres 1988-1991 67 EECDRG 

TDA 1217 
Dermatitis from hair 

cosmetics, not hairdressers 

13.2 Germany 1995-2002 72 Uter 

TDAs 261 
Hairdressers’ clients 

4.6 Italy 1985-1990 78 Guerra 

TDAs 154 
Patch-test pos. to PPD 

9.7 The Netherlands 1996-1999 79 Koopmans 
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Test 
substance 

No. tested patients and 
selection criteria 

Positive 
patch test 

(%) 

Country Year Ref. 

TDA 475 
Contact allergy to cosmetic 

ingredients 

2.3 5 European centres 1996 80 Goossens 

TDA 613 
Tested with para amino 

compounds series 

10.0 Germany 1995-1999 81 Uter 

ALL 2824 Mean: 
9.5% 

   

 
Conclusions 
Results from several diagnostic patch studies in dermatitis patients show a high rate of 
contact allergy to toluene-2,5-diamine and toluene-2,5-diamine sulphate. The highest rate 
was found in dermatitis patients being hairdressers (16.8%, Table 1), followed by dermatitis 
patients selected due to symptoms or exposure related to cosmetics (9.5%, Table 4), and 
unselected dermatitis patients (2.4%, Table 3). The rate of contact allergy to toluene-2,5-
diamine sulphate in hairdressers (not patients) was 2-2.7% (Table 2).  
 
Due to different selection criteria and different patch test substances used (Table 1-4), 
conclusions cannot be drawn concerning the trend over time of contact allergy to toluene-
2,5-diamine and toluene-2,5-diamine sulphate. The results indicate that patch test 
reactivity is higher to toluene-2,5-diamine than toluene-2,5-diamine sulphate (Table 1, 
particularly ref 69 Frosch).  
 
In all publications (except ref Holm), results from patch testing with p-phenylenediamine is 
given and in several publications also results from tests with additional hair dye substances. 
In the majority of publications, the rate of contact allergy to p-phenylenediamine was the 
highest, followed closely by toluene-2,5-diamine, both generally much higher than to other 
hair dye substances. In some publications, the order between p-phenylenediamine and 
toluene-2,5-diamine was reversed. 
 
The results do not allow further conclusions concerning concomitant patch test reactions - 
whether they were the result of multiple sensitisation, or if the result of cross-reactivity to 
different compounds was due to chemical similarity. Conclusions concerning cross-reactivity 
require animal studies where induction and elicitation are controlled. 
 
Overall Conclusion Sensitisation 
Toluene-2,5-diamine is a well recognised contact sensitizer in humans from both 
occupational and consumer exposure. Although an EC3 value of 0.31% from a LLNA assay 
suggests that it is a strong allergen, results from the GPMT indicates an extreme allergen. 
This latter classification is used in the Opinion. 
 
3.3.4. Dermal / percutaneous absorption 
 
Submission III, 2010 
 
In Vitro Percutaneous Absorption of toluene-2,5-diamine sulfate 
 
Guideline: OECD guideline 428 (2004) 
Tissue: Human skin (abdomen, breast, or back; thickness: ca 400 µm) 
Number of chambers: 18 from 3 donors for each dose formulation 
Method: Automated Teflon flow-through diffusion cells (0.64 cm² exposed 

area) 
Integrity: Tritiated water 
Test substance: 1) Hair dye Color Cream formulation containing 0.25, 0.8, 2.4, or 

7.2% toluene-2,5-diamine sulfate; 
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 2) Hair dye Color Cream formulation containing 0.5, 1.6, 4.8, or 
14.4% toluene-2,5-diamine sulfate and 0.25, 0.793, 2.38, or 
7.135% m-aminophenol mixed 1:1 with a solution containing 6% 
hydrogen peroxide prior to application. 

Batch: 2346 (toluene-2,5-diamine sulfate) 
 DTF0440082CF00 (for formulations) 
Purity: >99.5% HPLC 
Radiolabel Batch: CFQ40199 batch 1: 2,5-diamino[ring-U-14C]-toluene sulfate 72 

mCi/mmol 
 2346: (non-labelled toluene-2,5-diamine sulfate) 
Purity: Radiochemical purity (HPLC):  99.0%  
 99.7 area% at 290 nm (non-labelled compound) 
Area Dosed: 20 mg formulation/cm² 
Receptor fluid: Saline (0.9% NaCl) with 0.01% sodium azide  
Solubility: 10 g/l in water 
Stability: 8 days 
Analysis Liquid Scintillation Counting 
GLP: In compliance 
Date October 2008 
 
The skin absorption of toluene-2,5-diamine sulfate at concentrations of 0.25, 0.8, 2.4, or 
7.2% was investigated with human skin (abdomen, breast, back, thickness ca 400 µm). An 
area dose of 20 mg/cm² of the final formulation was applied once to the skin (0.64 cm²) in 
a commercial oxidative hair dye formulation in either the presence or absence of hydrogen 
peroxide for 30 min. 
 
Automated PTFE flow-through chambers were used. The receptor fluid (0.9% sodium 
chloride (w/v) containing 0.01% sodium azide, pH ca 6.5) was pumped through the 
receptor chamber at a rate of 1.6 ml/h.  Eighteen chambers were investigated per 
formulation. 
 
Thirty minutes after substance application, the test item was removed by washing the skin 
ten times with 0.32 ml water, then once with 0.32 ml washing solution (2% (v/v) sodium 
dodecyl sulfate) and again ten times with 0.32 ml water. The skin surface was dried with 
three cotton swabs. Cotton swabs were pooled per skin membrane and extracted with 
ethanol for at least 24 h. Receptor fluid was collected during the following intervals: 0-0.5 
h, 0.5-1 hr, 1-2 h, followed by 2 h intervals until 24 h after application. After 24 h, the 
diffusion cells were dismantled and the receptor and donor compartments were washed 
twice with 1 ml ethanol.  Each skin membrane was tape stripped 15 times. Skin membranes 
were digested in a 1.5 M KOH solution with 20% ethanol for at least 24 h. 
 
Ultima GoldTM scintillation liquid was added to samples of the receptor fluid, the diffusion 
cell washes, the pooled cotton swab extracts, individual tape strips, and digested skin 
membrane, and radioactivity was determined by liquid scintillation counting. 
 
Results and Discussion 
The mean recovery of [14C]-toluene-2,5-diamine sulfate ranged from 99.18 + 3.21% to 
102.80 + 5.05% of the applied dose across the eight test groups.  
 
The results of the study provided below are the mean values of 18 samples from 3 donors 
per formulation tested: 
 
0.25% toluene-2,5-diamine sulfate 
 

 
 non-oxidative oxidative 
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Amount in 
µg/cm² skin 

surface 
% of applied 

dose 
µg/cm² skin 

surface % of applied dose 

Applied 
formulation 47.9 ± 0.4 100 ± 0.8 60.9 ± 9.3 100 ± 15.3 

Skin wash 47.03 ± 2.54 98.13 ± 5.20 56.61 ± 9.66 92.69 ± 3.77 
Stratum corneum 0.17 ± 0.03 0.36 ± 0.07 1.60 ± 0.32 2.72 ± 0.86 
Skin 0.19 ± 0.10 0.40 ± 0.21 0.79 ± 0.43 1.32 ± 0.77 
Receptor fluid 1.55 ± 0.47 3.24 ± 0.98 1.29 ± 0.26 2.15 ± 0.51 
Total recovery 48.98 ± 2.40 102.18 ± 4.93 60.47 ± 9.61 99.18 ± 3.21 
Total absorption* 1.75 ± 0.52 3.65 ± 1.08 1.83 ± 0.46 3.49 ± 1.02 

 
0.8% toluene-2,5-diamine sulfate  
 

 
 non-oxidative oxidative 

Amount in 
µg/cm² skin 

surface 
% of applied 

dose 
µg/cm² skin 

surface % of applied dose 

Applied 
formulation 173.4 ± 23.9 100 ± 13.8 181.5 ± 31.2 100 ± 17.2 

Skin wash 159.10 ± 21.80 91.94 ± 5.54 171.48 ± 32.18 94.25 ± 3.13 
Stratum corneum 1.48 ± 0.64 0.89 ± 0.46 3.59 ± 1.40 1.98 ± 0.68 
Skin 2.16 ± 0.89 1.25 ± 0.49 2.28 ± 1.33 1.23 ± 0.61 
Receptor fluid 14.09 ± 2.78 8.29 ± 2.06 4.61 ± 1.36 2.64 ± 0.91 
Total recovery 177.54 ± 20.45 102.80 ± 5.05 182.30 ± 32.93 100.30 ± 2.48 
Total absorption* 16.27 ± 2.94 9.55 ± 2.17 6.92 ± 1.56 3.88 ± 0.92 

 
2.4% toluene-2,5-diamine sulfate 
 

 
 non-oxidative oxidative 

Amount in 
µg/cm² skin 

surface 
% of applied 

dose 
µg/cm² skin 

surface % of applied dose 

Applied 
formulation 514.2 ± 66.7 100 ± 13.0 566.9 ± 83.7 100 ± 14.8 

Skin wash 463.15 ± 66.67 89.98 ± 3.59 548.56 ± 89.60 96.62 ± 3.73 
Stratum corneum 3.55 ± 1.87 0.69 ± 0.36 9.64 ± 3.94 1.78 ± 0.93 
Skin 5.30 ± 2.20 1.05 ± 0.47 5.81 ± 2.42 1.07 ± 0.55 
Receptor fluid 41.87 ± 11.66 8.19 ± 2.15 15.96 ± 4.52 2.83 ± 0.79 
Total recovery 515.64 ± 68.90 100.25 ± 1.84 581.01 ± 88.22 102.49 ± 3.06 
Total absorption* 47.23 ± 13.35 9.25 ± 2.54 21.81 ± 4.87 3.90 ± 0.93 

 
7.2% toluene-2,5-diamine sulfate 
 

 
 

non-oxidative oxidative 

Amount in 
µg/cm² skin 

surface 
% of applied 

dose µg/cm² skin surface % of applied 
dose 

Applied 
  formulation 1599.1 ± 285.6 100 ± 17.9 1574.4 ± 303.6 100 ± 19.3 

Skin wash 1497.17 ± 278.24 93.58 ± 2.94 1483.91 ± 295.61 94.19 ± 3.79 
Stratum corneum 9.03 ± 3.48 0.57 ± 0.20 32.62 ± 10.95 2.12 ± 0.70 

Skin 10.06 ± 3.79 0.63 ± 0.21 11.25 ± 6.42 0.71 ± 0.36 
Receptor fluid 90.82 ± 33.76 5.79 ± 2.20 42.63 ± 11.23 2.76 ± 0.75 
Total recovery 1616.29 ± 284.15 101.14 ± 1.27 1577.34 ± 302.13 100.26 ± 3.37 
Total absorption* 101.03 ± 36.67 6.43 ± 2.36 54.03 ± 15.38 3.49 ± 0.92 
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* Total absorption is defined as the amount in the receptor fluid, the receptor 

compartment wash and skin membrane (epidermis and dermis), excluding tape strips. 
 
Under both oxidative and non-oxidative conditions, a linear increase in the amount of 
toluene-2,5-diamine sulfate in the receptor fluid and the total amount absorbed (receptor 
fluid plus skin (epidermis plus dermis) was observed. Under oxidative conditions, the 
amount of radioactivity recovered from the tape strips (i.e., stratum corneum) was 
considerably higher when compared to non-oxidative conditions, whereas the total amount 
absorbed was lower under oxidative conditions when compared to non-oxidative conditions 
with the exception of the lowest concentration tested (0.25% toluene-2,5-diamine sulfate).  

Ref.: 11 (subm III) 
 
Comment 
These were well performed studies. Therefore, mean + 1SD may be used as the amount 
absorbed in calculating the MOS. Experiments were conducted with toluene-2,5-diamine 
sulfate in a range of dilutions from 0.25% to 7.2%. 
For 2.4% toluene-2,5-diamine sulfate, the amount absorbed under non-oxidative conditions 
(mean + 1SD) is 47.23 + 13.35 = 60.58 µg/cm². Under oxidative conditions, the amount 
absorbed is 21.81 +4.87 = 26.68 µg/cm². The latter value may be used for the 
conventional MOS calculation after correction (26.68 x 3.6 / 2.4 = 40.02 µg/cm²) since the 
intended on head concentration is 3.6%. 
 
 
Taken from SCCP/1084/07 
 
Percutaneous absorption/penetration in-vitro, human skin 
 
Guideline: / 
Tissue: Human abdominal skin (thickness 350 µm) from women, 3 donors 
Method: Dynamic diffusion cells, surface area of application 2.0 cm2 
Test substance: Formulation 175307/Water: toluene-2,5-diamine sulfate (4.5% final 

applied concentration) in a hair dye formulation mixed with water prior 
to application 

 Formulation 175307/peroxide: toluene-2,5-diamine sulfate (4.5% final 
applied concentration) in a hair dye formulation mixed with hydrogen 
peroxide prior to application 

 Formulation 175308/peroxide: toluene-2,5-diamine sulfate (4.5% final 
applied concentration) in a hair dye formulation containing m-
aminophenol coupler and mixed with hydrogen peroxide prior to 
application 

Batch: CFQ9920 (14C-labelled substance) 
 CH1134 (non-labelled substance) 
Purity: Radiochemical purity: 97.2% (HPLC) 
 Non-labelled substance: 99.7% (titrated); o-toluidine < 100 ppm (HPLC) 
Dose levels: 0.9 mg toluene-2,5-diamine sulfate / cm2  
Dosing schedule: 30 min application 
Replicates: Two different in vitro systems were used: dermatomed human skin (8 

replicates) and isolated human epidermis (8 replicates) 
Study year:  1997 
GLP: not in compliance 
 
[14C]-Toluene-2,5-diamine sulfate and non-labelled substance were added to a final 
concentration of 9% to the hair dye bases no. 175307 and no. 175308. The formulation no. 
175308 contained an equimolar amount of the coupler m-aminophenol. 
 
Three different mixtures were then prepared: 
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1. formulation no. 175307 mixed with water (50:50) 
2. formulation no. 175307 mixed with hydrogen peroxide (50:50) 
3. formulation no. 175308 mixed with hydrogen peroxide (50:50) and coupler m-

aminophenol.  
 
These mixtures were applied in amounts of 20 mg/cm2 (equals 0.9 mg toluene-2,5-diamine 
sulfate/cm2) to the surface of either human skin samples of 350 µm thickness or samples of 
isolated epidermis mounted in perfusion cells with 2 cm2 application area. For each in vitro 
model, 8 perfusion cells were initially prepared and a skin integrity test was performed. 
After 30 min the test substance was rinsed off with water and sodium lauryl sulfate solution. 
The intradermal distribution, the amounts of penetrated substance and the kinetics of the 
dermal penetration of [14C]-toluene-2,5-diamine sulfate were analysed over a period of 24 
h. Results for the dermatomed skin are presented below.  
 
Results 
The number of cells which could be used for data analysis was 7, 6 and 4 respectively for 
the three formulations using isolated skin samples and 8, 7 and 7 respectively for the 
dermatomed skin.  
 
The majority of the test substance (93.5% of the applied dose) was recovered from the skin 
by rinsing 30 min after application. The cumulative penetration, based on the amount of 
radioactivity in the receptor fluid, approached a plateau at approximately 5 hours. The 
presence of peroxide diminished the absorbed amount of radioactivity while the amount 
adsorbed in the stratum corneum was increased. As a consequence the sum of the amounts 
of radioactivity in the total skin and in the receptor fluid was about the same for the three 
formulations.  
 
The systemically available amount of [14C]-toluene-2,5-diamine sulfate was calculated as 
the amount found in the receptor fluid plus the residual amount in the skin, excluding the 
amount adsorbed to the stratum corneum. The results for the dermatomed skin samples 
were as follows: 
 

 Total absorption 
 µgeq/cm2 % of applied dose 
Formulation 175307/water 40.31 ± 23.77 (19.48-78.03) 4.17 ± 2.54 (2.04-8.56) 
Formulation 175307/peroxide 32.03 ± 26.58 (12.54-76.04) 3.44 ± 2.84 (1.29-8.12) 

Formulation 175308/peroxide/coupler 31.26 ± 11.64 (16.54-51.82) 3.41 ± 1.32 (1.88-6.07) 
 

Ref.: 28 
 
 
Percutaneous absorption/penetration in vitro, pig skin (study 1) 
 
Guideline: OECD Draft Guideline - Skin absorption: in vitro method (2000)  
Tissue: Porcine skin (thickness: 560-750 µm); 2 donors, 1 male, 1 female 
Test substance: Formulation A: toluene-2,5-diamine sulfate (5.4% final applied 

concentration) in a hair dye formulation containing resorcinol coupler; 
mixed with water prior to application 

 Formulation B: 5.4% toluene-2,5-diamine sulfate (5.4% final applied 
concentration) in a hair dye formulation containing coupler; mixed with 
a solution of hydrogen peroxide (3% final concentration) prior to 
application 

 Formulation C: toluene-2,5-diamine sulfate (5.4%) in an aqueous 
solution  

Method: Static diffusion cells, surface area of application 1.0 cm2 
Batch: 3362-259 [Ring 14C (U)]-toluene-2,5-diamine sulfate 1.49 GBq/mmol 

(40.37 mCi/mmol) 
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 46847 (non-labelled toluene-2,5-diamine sulfate) 
Purity: Radiochemical purity (HPLC): 99.3% 
 99.9% (non-labelled substance) 
Dose Applied: 1.08 mg toluene-2,5-diamine sulfate/cm2 (20 mg of formulation) 
Replicates: 2 experiments, 6 replicates for each pig for each experimental group in 

each experiment 
GLP: In compliance 
 
The percutaneous penetration of toluene-2,5-diamine sulfate at a concentration of 5.4%, 
below the maximum concentration intended for hair colorants, was investigated with pig 
skin prepared from animals and stored at -20 °C until use. 
 
The test substance was applied in a formulation containing resorcinol (coupler) which was 
mixed with either water or hydrogen peroxide (final concentration 3%) prior to application. 
A preparation of 5.4% toluene-2,5-diamine sulfate in water was also tested. Skin integrity 
was determined at the start and at termination by measurement of the transdermal 
electrical resistance. 
20 mg of the respective formulation (corresponding to 1.08 mg toluene-2,5-diamine sulfate 
and ca. 0.5 MBq/cm2) was applied to the skin surface, and rinsed off after 30 minutes. 
Samples of the receptor fluid were taken before application of the test substance and after 
0.5 h, 1 h, 2 h, 4 h, 6 h, 24 h, 29 h, 48 h. At the end of the experiment the skin was rinsed, 
and the stratum corneum was stripped with adhesive tape. Radioactivity in the receptor 
fluid, skin, tapes, and rinsings was measured by liquid scintillation counting.  
 
Results  
The majority of the test substance (86.9-95.8% of the applied dose) was recovered from 
the skin by rinsing 30 min after application. The cumulative penetration, based on the 
amount of radioactivity in the receptor fluid, approached a plateau at approximately 24 
hours. Percutaneous absorption was calculated by adding the amounts of radioactivity 
measured in epidermis to those in dermis and in receptor fluid (see table below). The total 
recovery was 98.4%, 94.4%, and 96.2% for Formulations A, B, and C, respectively. 
 

5.4% final   Total absorption 
 Receptor Fluid 

(µgeq/cm2) 
Epidermis plus 

dermis (µgeq/cm2) 
µgeq/cm2 

 
% of applied dose 

Formulation A (with 
coupler + water) 

10.7 10.1 20.84 ± 5.1 
(13.84–32.06) 

1.72 ± 0.32 
(1.23-2.44) 

Formulation B (with 
coupler + peroxide 

14.9 13.5 µgeq/cm2 28.46 ± 9.5 
(15.68- 44.90) 

2.39 ± 0.79 
(1.25-3.88) 

Formulation C (aqueous 
vehicle)* 

13.3 28.6 µgeq/cm2 41.98 ± 19.9 
(18.20-75.99) 

3.94 ± 2.07 
(1.60-8.27) 

 
* The higher values for epidermis plus dermis for Formulation C were attributed to a 

methodological problem with the first experiment run with this formulation. 
Ref.: 29 

 
 
Dermal absorption / penetration in vitro, pig skin (study 2) 
 
Guideline: OECD Draft Guideline – Skin absorption: in vitro method (2000) 
Tissue: Porcine back skin (thickness: 0.9 ± 0.1 mm); 1 female donor 
Method: Dynamic Teflon diffusion chambers, surface area of application 4.0 cm2 
Test substance: 4.6% toluene-2,5-diamine sulfate in a hair dye formulation not 

containing coupler or hydrogen peroxide 
Batch: CFQ13783 batch1 [ring-14C (U)]-toluene-2,5-diamine sulfate (55 

mCi/mmol) 
 R0017930 (Ondal) non-labelled toluene-2,5-diamine sulfate 
Purity: [ring-14C (U)]-toluene-2,5-diamine sulfate HPLC: 98.2 area% (254 nm)  
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 Non-labelled-toluene-2,5-diamine sulfate HPLC: 99.9 area% (254 nm); 
99.7 weight% by NMR 

Dose applied: 4.6 mg toluene-2,5-diamine sulfate / cm2 (100 mg of formulation) 
Replicates: 6 
GLP: In compliance 
 
Dermatomed skin preparations of ~1000 µm thickness were mounted into Teflon diffusion 
cells with an application area of 4 cm2. An integrity test using tritiated water was performed 
before the skin samples were covered with the test substance (400 mg of the hair dye 
formulation containing 4.6% of toluene-2,5-diamine sulfate per 4 cm2). After 30 min the 
formulation was removed by intensive washing and fractions of the receptor fluid were 
collected after 16 h, 24 h, 40 h, 48 h, 64 h and 72 h. Epidermis and upper dermis were 
separated by heat treatment and extracted for analysis.  
 
Results 
The majority of the test substance (92.8%) was removed from the skin by rinsing 30 min 
after application. The cumulative penetration, based on the amount of radioactivity in the 
receptor fluid, approached a plateau at approximately 24 hours. Percutaneous absorption 
was calculated by summing the cumulative amounts of substance measured in the receptor 
fluid and upper dermis. The results were as follows: 
 

Receptor Fluid Upper dermis Total absorption 

5.6 ± 1.7 (4.0-8.2) 4.9 ± 1.9 (3.3-8.0) 10.5 ± 3.2 (0.2% of applied dose) 

Amax 16.2  (0.4% of applied dose) 

 
There was no tape stripping of the skin to remove stratum corneum from the epidermis, and 
epidermis was not included in the calculation of total percutaneous absorption. The amount 
present in the epidermis corresponded to 7.0 ± 1.4 µgeq/cm2. Total recovery of radioactivity 
was 93.2%. 

Ref.: 30 
 
Comment 
The test formulation contained only 4.6% toluene-2,5-diamine sulfate where the maximum 
in-use concentration is 7.2%. The amount of formulation applied (100 mg/cm²) is not in 
accordance with the SCCP Notes of Guidance (20 mg formulation/cm²). 
 
 
Dermal absorption / penetration in vitro, pig skin (study 3) 
 
Guideline: OECD Draft guideline: Skin absorption: in vitro method (1999) 
Tissue: Porcine skin (thickness: 1 mm); 1 male donor 
Method: Dynamic diffusion chambers, surface area of application 0.785 cm² 
Test substance: 0.6% 2-methyl-1,4-benzenediamine sulphate in acetone/H2O/olive oil 

(2:2:1) 
Batch: R0054969 
Purity: > 99% (HPLC) 
Dose applied: 0.59 mg 2-methyl-1,4-benzenediamine sulphate /cm2 (78µl of solution 

applied) 
Replicates: 6 (5 used for analysis) 
GLP: In compliance 
 
The objective of this study was to examine dermal penetration from the vehicle used in a 
Local Lymph Node Assay (LLNA). 
 
A solution of 2-methyl-1,4-benzenediamine sulphate (corresponding to 0.59 mg/cm²) in 
acetone/H2O/olive oil (2:2:1) was applied to the skin samples and rinsed off after 30 min 
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using water and a shampoo. The receptor fluid was sampled after 16, 24, 40, 48, 64 and 72 
h and analysed for 2-methyl-1,4-benzenediamine sulphate by HPLC. Subsequently upper 
skin (stratum corneum + upper stratum germinativum) and lower skin (lower stratum 
germinativum + upper dermis) were separated by heat treatment. Extracts of skin layers 
were prepared and analysed by HPLC. 
 
Results 
The majority of the test substance (>100%) was removed from the skin by rinsing 30 min 
after application. Total recovery was 107.7%. The cumulative penetration, based on the 
amount of radioactivity in the receptor fluid, had reached a plateau at 16 hours. 
Percutaneous absorption was calculated by summing the cumulative amounts of substance 
measured in the receptor fluid and upper dermis. The results were as follows: 
 

Receptor Fluid 

µgeq/cm2 

Lower skin (lower stratum germinativum + 
upper dermis) µgeq/cm2 

Total absorption µgeq/cm2 

24.7 + 7.2 

(18.8-36.9) 

7.2 + 3.3 

(3.94-12.64) 

31.9 (5.35% of applied dose) 

Amax 42.2  (7.08% of applied dose) 

 
Ref.: 31 

 
 
Overview of the in vitro percutaneous absorption studies that have been 
performed with toluene-2,5-diamine sulfate: 
 

Studies from submission II 

Human skin 14C-labelled Formulation (4.5%) without coupler; mixed with water  

Formulation (4.5%) without coupler; mixed with hydrogen peroxide 

Formulation (4.5%) containing coupler (m-aminophenol); mixed with 
peroxide 

Pig skin (study 1) 14C-labelled Formulation (5.4%) with coupler (resorcinol); mixed with water  

Formulation (5.4%) with coupler (resorcinol); mixed with hydrogen peroxide 

Aqueous solution (5.4%) 

Pig skin (study 2) 14C-labelled Formulation without coupler or hydrogen peroxide 

Pig skin (study 3) Non-labelled 0.6% solution of 2-methyl-1,4-benzenediamine sulphate in  

acetone/water/olive oil 

Studies from submission III 

Human skin 14C-labelled Formulation containing 0.25, 0.8, 2.4, or 7.2% toluene-2,5-diamine sulfate 
without coupler 

Formulation containing 0.5, 1.6, 4.8, or 14.4% toluene-2,5-diamine sulfate 
containing coupler (m-aminophenol); mixed with peroxide 

 
 
General conclusion on percutaneous absorption studies in vitro 
Percutaneous absorption studies have been conducted in both human skin and pig skin in 
vitro.  
In the first study with human skin (submission II), using formulations containing 4.5% 
toluene-2,5-diamine sulfate + coupler + hydrogen peroxide, the percutaneous absorption 
was 31.26 ± 11.64 (Amax 51.82) µgeq/cm2 (3.41 ± 1.32 (Amax 6.07) % of applied dose). The 
value of 51.82 µgeq/cm2 (Amax, formulation + hydrogen peroxide + coupler) after 
extrapolation to 7.2% concentration (51.82 x 7.2/4.5 = 82.9 µgeq/cm2) was used for the 
calculation of the Margin of Safety in the previous opinion SCCP/1084/07. 
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Studies with pig skin employed various application conditions (e.g., formulations containing 
coupler with or without hydrogen peroxide, formulations without coupler and peroxide, 
aqueous solution, or acetone/water/olive oil solution). The percutaneous absorption values 
for formulations containing 4.6 - 5.4% toluene-2,5-diamine sulfate (including studies of 
formulations with and without coupler + peroxide) ranged from 10.5 to 28.5 µgeq/cm2 (0.2 
to 2.39% of applied dose). The study involving 0.6% toluene-2,5-diamine sulfate in an 
acetone/water/olive oil vehicle showed the greatest penetration (31.9 (Amax 42.2)  µgeq/cm2 
or 5.35 (Amax 7.08) % of applied dose), including the greatest amount present in the 
receptor fluid, but the application vehicle was not considered representative of human use 
conditions. These results did however confirm the adequacy of the vehicle used in the LLNA. 
 
The percutaneous absorption values obtained in these in vitro experiments were comparable 
to those calculated from a study conducted in human volunteers with a 14C-toluene-2,5-
diamine sulfate-containing hair dye (20 or 71 µgeq/cm2 see Section 3.3.9.2.).  
 
The data obtained in the different percutaneous absorption studies vary in the range of 
approximately 10 to 70 µg/cm². Such a variation is expected in view of the differences in 
design and data evaluation across studies. Factors which influenced the results were related 
to the test formulation (test substance concentration, presence of hydrogen peroxide and 
reaction partner, vehicle) to test model details (species/source and skin type) and to the 
number and type of compartments included in the calculation of systemic exposure. 
 
In submission III of 2010 an additional well performed dermal absorption study with human 
skin in vitro was included. From this study the mean + 1SD may be used as the amount 
absorbed. The intended use of toluene-2,5-diamine was at a maximum of 4% ‘on head’ 
(7.2% calculated as sulphate salt). Experiments with toluene-2,5-diamine sulfate were 
conducted in a range of dilutions from 0.25% to 7.2%. For 7.2% toluene-2,5-diamine 
sulfate, the amount absorbed under non-oxidative conditions (mean + 1SD) was 137.7 
µg/cm². Under oxidative conditions, the amount absorbed is 69.4 µg/cm², which was used 
for MOS calculation in a previous opinion (SCCS/1390/11).  
 
For 2.4% toluene-2,5-diamine sulfate, the amount absorbed under non-oxidative conditions 
(mean + 1SD) is 47.23 + 13.35 = 60.58 µg/cm². Under oxidative conditions, the amount 
absorbed is 21.81 + 4.87 = 26.68 µg/cm². The latter value may be used for the 
conventional MoS calculation after correction (26.68 x 3.6 / 2.4 = 40.02 µg/cm²) since the 
intended on head concentration is 3.6%. 
 
3.3.5. Repeated dose toxicity 
 
3.3.5.1. Repeated Dose (14 days) oral / dermal / inhalation toxicity 
 
Range finding study 
 
Guideline: / 
Species/strain: Sprague-Dawley rats, Crl:CD(SD)BR 
Group size: 10 animals per sex per dose 
Test substance: toluene-2,5-diamine sulfate in deionised water 
Batch: CH 1143 
Purity: 99.7% 
Dose: 0, 7.5, 15, 30, 60 mg/kg bw/d 
Route: oral, gavage 
Exposure: once daily for 14 d 
GLP: in compliance 
 
Doses of 0, 7.5, 15, 30, 60 mg/kg bw/d of toluene-2,5-diamine sulfate in deionised water 
were given once daily to 10 rats of each sex. Animals were observed twice daily for 
mortality and daily for clinical signs, body weights and food intake were recorded weekly. At 
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the end of treatment period blood samples for the investigation of haematology and 
biochemistry were taken, the animals were sacrificed and subjected to necropsy, organs 
were weighed and tissues were examined microscopically. 
 
Results 
One animal died after blood withdrawal which was not associated with the test substance. 
No treatment related clinical observations were recorded and body weight and food intake 
were not changed. While no haematological parameters were altered several biochemistry 
parameters were influenced at and above 30 mg/kg bw/d (AST, CPK, LDH, ALT (only at 60 
mg/kg bw/d)). The mean absolute and relative (to body weight) liver weights of both sexes 
at 60 and males only at 30 mg/kg bw/d were increased. At necropsy no macroscopic 
abnormalities were noted. Myocyte degeneration was noted in the heart, skeletal muscle, 
tongue and diaphragm in both sexes in all dose groups. 

Ref.: 32 
 
Peer review of two external experts 
The histological slides from relevant tissues (diaphragm, skeletal muscle, tongue and heart) 
from this study were reviewed by two independent pathologists.  Both pathologists agreed 
that treatment-related myofiber necrosis, degeneration, and/or inflammatory change were 
present in skeletal muscle, tongue, and diaphragm of both males and females given 30 or 
60 mg/kg bw/d in this study and that the NOAEL for muscle degenerative change in this 
study was 15 mg/kg bw/d. 

Ref.: 4, 5 (subm III) 
 
3.3.5.2. Sub-chronic (90 days) oral / dermal / inhalation toxicity 
 
Study 1 
 
Guideline: OECD 408 (1981) 
Species/strain: Sprague-Dawley rats, Crl:CD(SD)BR 
Group size: 15 animals per sex per dose 
Test substance: toluene-2,5-diamine sulfate in deionised water 
Batch: CH 1143 
Purity: 99.7% 
Dose: 0, 2.5, 5, 10, 20 mg/kg bw/d 
Route: oral, gavage 
Exposure: once daily for 13 weeks 
GLP: in compliance 
 
Doses of 0, 2.5, 5, 10, 20 mg/kg bw/d of toluene-2,5-diamine sulfate in deionised water 
were given once daily to 15 rats of each sex for 13 weeks. Animals were observed daily for 
mortality and clinical signs, body weights and food intake were recorded weekly. 
Ophthalmoscopy was performed on all animals before the start of treatment and during 
week 13. Blood and urine samples were taken during weeks 4 and 12/13. 
 
At the end of treatment period the animals were sacrificed and subjected to necropsy, 
organs were weighed and tissues were examined microscopically. 
 
Results 
While 2 males were killed in extremis no treatment related deaths were observed. No 
treatment-related clinical signs were observed. Body weights and body weight gains as well 
as food consumption were not affected by treatment. Changes in haematology were not 
considered to be test substance related. In blood chemistry significant increases in AST 
levels were seen in females from 5 mg/kg bw/d upwards and urinalysis revealed increased 
urine levels associated with decreases in specific gravity at 10 (females) and 20 mg/kg 
bw/d (males and females). Ophthalmoscopic examination revealed retinal hyper-reflectivity 
in 2 males given 20 mg/kg bw/d, 1 male given 2.5 mg/kg bw/d and 1 female given 5 mg/kg 
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bw/d. During histopathology retinal degeneration was diagnosed only for the males. The 
results were re-evaluated in a pathology peer review and it was concluded that this linear 
focal retinopathy was similar to the spontaneous incidence of focal linear degeneration of 
around 3% in this rat strain. No dose-response relationship was seen. At 20 mg/kg bw/d an 
increased incidence of abnormally shaped pituitary glands was observed. 
 
Conclusion 
The NOAEL is considered to be 2.5 mg/kg bw/d (free base: 1.4 mg/kg bw/d), based on an 
increase in AST levels. 

Ref.: 33 
 
Comment of the SCCP 
The myocyte degeneration observed in the dose range finding study was not reported in the 
main study. Both evaluations were made by the same evaluator in the same time period. No 
comment on these conflicting results was given in discussion of the study results as well as 
in the dossier. 
A further 12-week oral toxicity study in rats was cited in Ref. 52 and also referenced in the 
dossier (Ref. 93) but not provided to the SCCP. This study should be checked with regard to 
myopathies. 
 
Peer review of two external experts 
The pathology experts reviewed the clinical chemistry data from this 90-day study in order 
to clarify the toxicological relevance of those findings. Both pathologists agreed that the 
minimal elevations in AST concentration observed in females, but not in males, at week 4 at 
doses of 5, 10, and 20 mg/kg bw/d in the 90-day study were not related to treatment. 
These changes were not dose-related, of minimal magnitude (not higher than 1.1-fold the 
mean control value), and individual values were essentially within the historical control 
range. No elevation in AST concentration was observed at the end of the study in males or 
females at doses of up to 10 mg/kg bw/d. At 20 mg/kg bw/d, mean AST concentrations 
were elevated in males and females at the end of the study as some animals clearly 
exceeded historical control ranges. One of the reviewers noted, in contrast to the original 
evaluation and the second reviewer, muscle degeneration in multiple organs at 20 mg/kg 
bw/d. Considering the AST results as well as other clinical pathology results, both 
pathologists concluded that the NOAEL for clinical pathology was 10 mg/kg bw/d. 
 
Comment of the SCCS 
AST (aspartate aminotransferase, also known as glutamate oxalacetate transaminase, GOT) 
release is closely related to myotoxicity and, therefore, changes in the plasma level have to 
be considered with a substance known to induce myodegenerative changes. It is well known 
that p-phenylenediamine and several derivatives including toluene-2,5-diamine induce such 
effects on skeletal muscles. Toluene-2,5-diamine was effective already after a s.c. 3-day 
treatment with 22 mg/kg bw/d in rats (e.g. Munday et al. 1990; Munday, Manns 1999). 
However, the slightly increased values observed at week 4 in the dose groups 5, 10, and 20 
mg/kg bw (89, 89, 87) were not dose-related and well within historical controls (61-105). 
In contrast, at 20 mg/kg bw/d in week 13 the figure (135) was clearly exceeding controls 
and according to the one peer reviewer also degenerative changes were seen at this dose. 

Ref.:AR1, AR2 
 
 
Study 2 (Submission III, 2010) 
 
Guideline: OECD Guideline 408 (1981) 
Species/strain: Sprague Dawley Rats, Crl:CD(SD) 
Group size: 15 animals per sex per dose level plus 5 animals per sex per dose 

level for 28-day recovery in control and 20 mg/kg bw/d groups 
Test substance: toluene-2,5-diamine sulfate 
Batch: 01057257RB-03 
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Purity: 99.8% 
Vehicle: Reverse osmosis deionized water, pH 5.0 + 0.3 
Dose levels: 0, 2.5, 5, 10, and 20 mg/kg bw/d 
Dose volume: 10 ml/kg bw 
Route: Oral, gavage 
Exposure period: Once daily over 91 days, followed by a 28-day recovery period (control 

and 20 mg/kg bw/d groups only) 
Date:  07/2009 – 08/2010 (performed outside the EU) 
GLP: In compliance 
 
Doses of 0 (control group), 2.5, 5, 10, and 20 mg/kg bw/d of toluene-2,5-diamine sulfate 
dissolved in vehicle (reverse osmosis deionized water, pH 5.0 + 0.3) were administered 
once daily to groups of 15 male and 15 female Sprague Dawley rats by oral gavage in a 
total volume of 10 ml/kg bw for a periods of 91 consecutive days followed by a 28-day 
recovery period (control and 20 mg/kg bw/d groups only). The control group received 
vehicle only. Dose formulations were prepared daily. Animals were housed individually. 
 
Dose levels were selected on the basis of a previously conducted 13 week oral toxicity study 
included in Submission II (Ref. 33). A NOAEL was considered by the SCCP to be 2.5 mg/kg 
bw/d (free base: 1.4 mg/kg bw/d), based on an increase in AST levels and conflicting 
results on myocyte degeneration observed in the dose range finding and the main study 
(SCCP/1084/07). 
 
In-life evaluations included twice daily mortality/morbidity checks, daily recording of clinical 
signs, weekly recording of clinical observations, body weight and food consumption, 
abbreviated functional observational battery (FOB) (days 26 and 54) and full FOB (days 89-
90), and ophthalmology examination during week 13. Blood and urine were collected for 
clinical pathology at the end of week 13 and at the end of the recovery period. All animals 
were subjected to a complete gross necropsy examination. Organ weights were measured 
and tissues were taken from animals in all treatment groups and recovery groups and 
preserved in 10% neutral buffered formalin. Histopathological investigation was performed 
on all collected tissues from the animals in the control, high dose, and recovery group. The 
skeletal muscle (thigh and diaphragm), tongue, heart, and periocular muscle were identified 
as possible target tissues in the high dose treatment group (20 mg/kg bw/d), and therefore, 
these tissues were processed and examined from the other treatment groups (2.5, 5, and 
10 mg/kg bw/d). 
 
Results 
Dose formulations prepared and analyzed on Days 1, 8, 50, and 85 verified that the target 
concentrations were achieved (+ 15%). 
 
No treatment-related mortality occurred and there were no adverse treatment-related 
effects on clinical signs, functional observational battery findings, body weights, body 
weight changes, food consumption, ophthalmic findings, haematology parameters, 
coagulation parameters, urinalysis parameters, gross necropsy findings, or organ weights. 
 
The only treatment-related clinical chemistry change was an elevation in aspartate 
aminotransferase (AST) at both males and females at 20 mg/kg bw/d, although the 
increase in the mean value in males was not statistically significant and substantial 
elevations were observed in only 4/15 animals whereas in females 12/15 AST values were 
substantially elevated. The elevation in AST correlated with microscopic changes in skeletal 
muscle.  At the end of the 28-day recovery period, AST levels in 20 mg/kg bw/d animals 
were comparable to controls. 
 
Treatment-related microscopic changes were observed in males and females at 20 mg/kg 
bw/d and were found in skeletal muscle of the thigh, diaphragm, and tongue and in the 
periocular muscle of the eye. These changes consisted of mononuclear cell infiltrates (eye, 
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diaphragm, thigh, and tongue), muscular degeneration (diaphragm, thigh, and tongue), and 
muscular regeneration (diaphragm). After a 28-day treatment-free period, the treatment-
related findings noted at the terminal sacrifice were not present at the recovery group 
sacrifice. 
 
Conclusion 
Administration of toluene-2,5-diamine sulfate once daily by oral gavage at a dose of 20 
mg/kg bw/d was associated with microscopic changes in the skeletal muscle of the thigh, 
diaphragm, tongue, and periocular muscle that correlated with elevations in AST. These 
target organ effects resolved following the 28-day recovery period. No treatment-related 
findings were reported at 10 mg/kg bw/d. Based on these results, the no-observed-
adverse-effect level (NOAEL) was determined to be 10 mg/kg bw/d. 

Ref.: 13 (subm III) 
 
3.3.5.3. Chronic (> 12 months) toxicity 
 
No data submitted 
 
3.3.6. Mutagenicity / Genotoxicity 
 
3.3.6.1 Mutagenicity / Genotoxicity in vitro 
 
Taken from SCCP/1084/07 
 
Bacterial Reverse Mutation Test 
 
Guideline: OECD 471 
Species/strain: Salmonella typhimurium TA98, TA100, TA102, TA1535 and TA1537 
Replicates: triplicates in 2 individual experiments both in the presence and absence 

of S9-mix. 
Test substance: toluene-2,5-diamine sulfate 
Solvent: DMSO 
Batch: R99053665 
Purity: 99.2 - 99.8% 
Concentrations: 3 - 5000 μg/plate without and with S9-mix 
Treatment: direct plate incorporation with at least 48 h incubation without and with 

S9-mix 
GLP: in compliance 
 
Toluene-2,5-diamine sulfate was investigated for the induction of gene mutations in 
Salmonella typhimurium (Ames test). Liver S9 fraction from phenobarbital/β-
naphthoflavone-induced rats was used as exogenous metabolic activation system. Test 
concentrations were based on the results of a pre-experiment for toxicity and mutation 
induction with all strains and both without and with S9-mix. Toxicity was evaluated for 8 
concentrations up to the prescribed maximum concentration of 5000 μg/plate on the basis 
of a reduction in the number of revertant colonies and/or clearing of the bacterial 
background lawn. Since in this pre-experiment evaluable plates were obtained for five 
concentrations or more in all strains used, the pre-experiment is reported as experiment I. 
Both experiments were performed with the direct plate incorporation method. Negative and 
positive controls were in accordance with the OECD guideline. 
 
Results 
Toxic effects evident as reduction in the number of revertants were observed at 2500 
μg/plate and above with the exception of TA100 and TA102 without S9-mix (5000 μg/plate) 
and TA102 with S9-mix where no toxicity were seen. All incubated plates showed normal 
background growth up to 5000 μg/plate. 
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In both experiments in the presence of S9-mix a dose dependent increase in revertant 
colonies was observed in TA98, TA100, TA1535 and TA1537. In TA102 and in the absence 
of S9-mix in all five tester strains toluene-2,5-diamine sulfate did not induce a biologically 
relevant increase in revertant colonies.  
 
Conclusion 
Under the experimental conditions used toluene-2,5-diamine sulfate was genotoxic 
(mutagenic) in this gene mutation test in bacteria. 

Ref.: 34 
 
 
In Vitro Mammalian Cell Gene Mutation test (tk locus) 
 
Guideline: OECD 476 
Cells: L5178Y Mouse lymphoma cells 
Replicates: triplicates in 2 independent experiments 
Test substance: A 5 (toluene-2,5-diamine sulfate) 
Solvent: NH4OH (1%) 
Batch: EFH 290394 
Purity: 97.3% (technical product) 
Concentrations: 1.0 - 15.0 μg/ml (without S9-mix) 
 10.0 - 100.0 μg/ml (with S9-mix) 
Treatment 4 h treatment without and with S9-mix; expression period 72 h and 

selection period of 11-13 days  
GLP: in compliance 
 
Toluene-2,5-diamine sulfate was assayed for gene mutations at the tk locus of mouse 
lymphoma cells both in the absence and presence of S9 metabolic activation. Test 
concentrations were based on the results of a pre-test on toxicity measuring relative 
suspension growth. In the main tests, cells were treated for 4 h followed by an expression 
period of 72 h to fix the DNA damage into a stable tk mutation. Liver S9 fraction from 
Aroclor 1254-induced rats was used as exogenous metabolic activation system. Toxicity was 
measured in the main experiments as percentage relative total growth of the treated 
cultures relative to the total growth of the solvent control cultures. Negative and positive 
controls were in accordance with the OECD guideline. 
 
Results 
In the pre-experiment on toxicity distinct toxic effects could be observed with 
concentrations above 3.0 μg/ml. In both experiments the required toxicity was reached (10-
20% survival compared to the concurrent negative controls) without S9-mix. In the 
presence of S9-mix the required level of toxicity was not achieved. 
Occasionally an increase in mutant frequency was observed in both experiments with and 
without S9-mix. However, these results appeared not reproducible and are, therefore, 
considered as not biologically relevant. 
 
Conclusion 
Under the experimental conditions used, toluene-2,5-diamine sulfate did not induce gene 
mutations in this gene mutation test in mammalian cells. 

Ref.: 35 
 
Comments 
The required toxicity (10-20% survival compared to the concurrent negative controls) was 
not reached in the experiments with S9-mix. 
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In vitro Chromosome Aberration Test 
 
Guideline: OECD 473 
Replicates: duplicate cultures 
Cells: V79 
Test substance: SAT 010935 (toluene-2,5-diamine sulfate) 
Solvent: culture medium (Minimum essential medium, MEM) 
Batch: 46847 
Purity: 99.9% 
Concentrations: 2.5, 5.0 and 10.0 μg/ml without S9-mix 
 100, 200, 300 and 400 μg/ml with S9-mix 
Treatment: 4 h treatment and harvest time 18 after start of treatment both in the 

absence and presence of S9-mix 
GLP: in compliance 
 
Toluene-2,5-diamine sulfate was investigated in the absence and presence of metabolic 
activation for the induction of chromosomal aberrations in V79 cells. Test concentrations 
were based on the results of a range finding pre-test on cell number and cell morphology 
with 4 h and 24 h treatment. The highest dose in the pre-test was the prescribed maximum 
concentration (2210 μg/ml ≈ 10 mM). Cells were treated for 4 h and harvested 18 h after 
the start of treatment. 2.5 h before harvest, each culture was treated with colcemid (final 
concentration 0.2 μg/ml) to block cells at metaphase of mitosis. Liver S9 fraction from 
phenobarbital/β-naphthoflavone-induced rats was used as exogenous metabolic activation 
system. Toxicity was determined by measuring the decrease in the mitotic index. 
Chromosome (metaphase) preparations were stained with Giemsa and examined 
microscopically for chromosomal aberrations and the mitotic index. Negative and positive 
controls were in accordance with the OECD draft guideline. 
 
Results 
In the pre-test, precipitation was observed at doses far above the test doses of the main 
test. No relevant influence of toluene-2,5-diamine sulfate on the osmolarity was observed. A 
slight pH shift was adjusted with NaOH.  
Biologically relevant increases in polyploid metaphases were not found. At the 
concentrations evaluated, no clear toxic effects indicated by reduced mitotic indices or 
reduced cell numbers were found. The required 50% decrease in MI compared to the 
concurrent control at the highest dose tested was not reached. 
Both in the absence and presence of S9-mix toluene-2,5-diamine sulfate induced a more or 
less dose dependent and biologically relevant increase in cells with chromosomal 
aberrations.  
 
Conclusion 
Under the experimental conditions used the increase in cells with structural chromosomal 
aberrations indicates a genotoxic (clastogenic) activity of toluene-2,5-diamine sulfate in V79 
cells in vitro.  

Ref.: 36 
 
 
In vitro unscheduled DNA synthesis test 
 
Guideline: / 
Cells: hepatocytes from male Sprague-Dawley caesarean-derived rats 

(Crl:COBS®(SD)BR) or Golden Syrian hamsters (LAK: LVG(SYR)) 
Replicates: 2 independent experiments 
Test substance: 2,5-diaminotoluene 
Solvent: DMSO 
Batch: / 
Purity: 95% 
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Concentrations: 10-4, 10-5, 10-6 and 2 x 10-7 M 
Treatment: 4 h treatment; fixation of the cells after overnight culture.  
GLP: not in compliance 
 
2,5-Diaminotoluene was investigated for the induction of unscheduled DNA synthesis (UDS) 
in primary hepatocytes isolated from rats and hamsters.  
Cells were treated for 4 h with 2,5-diaminotoluene and (me-3H)-thymidine (specific activity 
70 -80 Ci/mmol) and further cultured overnight. Slides were then progressed for 
autoradiography. 
Evaluation of autoradiography was done after 10 days exposure and methyl-green Pyronin Y 
staining. UDS was measured by counting the number of grains in each nucleus and 
subtracting the average number of grains present in 3 equal-sized adjacent cytoplasmic 
areas (net nuclear grain). The average net nuclear grain count for 60 cells per slide was 
calculated and the percentage of cells with > 5 net nuclear grains was determined. 
 
Results 
2,5-Diaminotoluene produced an increased average net nuclear grain count in the 
hepatocytes isolated from rat and hamster at the highest concentration tested compared to 
the untreated control cultures. Also the percentage of cells with > 5 net nuclear grains 
increased in a dose dependent manner. 
 
Conclusion 
Under the experimental conditions used 2,5-diaminotoluene induced unscheduled DNA 
synthesis and, consequently, is genotoxic in rats in this in vitro UDS test. 

Ref.: 37 
 
Comments 
The present assay is reported in a paper from the open literature in which 7 azo dyes and 
their reduction products were tested in the in vitro unscheduled DNA synthesis test with 
hepatocytes isolated from rats and hamsters. Consequently, the raw data were not 
available. The results can only be used as supportive evidence. 
The paper was published before the implementation of OECD guidelines. 
 
3.3.6.2 Mutagenicity/Genotoxicity in vivo 
 
Mouse bone marrow micronucleus test 
 
Guideline: OECD 474 
Species/strain: Crl:NMRI BR 
Group size: 5 mice/sex/group 
Test substance: SAT 010935 (toluene-2,5-diamine sulfate) 
Batch: 46847 
Purity: 99.9% 
Dose level: 0, 25, 50 and 90 mg/kg bw 
Route: i.p. 
Vehicle: ethanol/deionised water (20/80 v/v)  
Sacrifice times: 24 h after treatment for all concentrations, 48 h for the control and mid 

dose  
GLP: in compliance 
 
Toluene-2,5-diamine sulfate was investigated for the induction of micronuclei in bone 
marrow cells of mice. Test concentrations were based on the findings of two range finding 
studies to the highest tolerable dose. The LD50 was estimated to be about 123 mg/kg bw. 
75% of this LD50 (90 mg/kg bw) was chosen to be the highest dose. 
Therefore, in the main experiment mice were exposed to single i.p. doses of 0, 25, 50 and 
90 mg/kg bw. Bone marrow cells were collected 24 h or 48 h (control, mid and high dose 
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only) after dosing. Toxicity and thus exposure of the target cells was determined by 
measuring the ratio between polychromatic and normochromatic erythrocytes (PCE/NCE).  
Bone marrow preparations were stained with a slightly modified Pappenheim method and 
examined microscopically for the PCE/NCE ratio and micronuclei. Negative and positive 
controls were in accordance with the OECD guideline. 
 
Results 
In the high dose group 65% of the male and female mice died within 24 h after 
administration of toluene-2,5-diamine sulfate. From the “48 h sacrifice” group all animals 
died. The “48 h sacrifice” group was replaced by 5 male and 5 female mice treated with the 
mid dose. All other animals survived until the scheduled sacrifices. 
In the high dose animals reduced motor activity and sedation was noted from toluene-2,5-
diamine sulfate administration until premature death or sacrifice. In the mid dose animals 
reduced motor activity was noted on the day of toluene-2,5-diamine sulfate administration. 
No adverse effects were noted in the low dose group. 
The amount of nucleated cells was slightly below the range of historical negative control 
data in the high dosed group and the mid dosed females of the “48 h sacrifice” group. 
Treatment with toluene-2,5-diamine sulfate resulted in decreased PCE/NCE ratios compared 
to the untreated controls indicating that toluene-2,5-diamine sulfate had cytotoxic 
properties in the bone marrow.  
Biologically relevant increases in the number of micronucleated PCEs compared to the 
concurrent vehicle controls were not found at any dose tested, neither 24 or 48 h after 
treatment and neither for male and females. 
 
Conclusion 
Under the experimental conditions used toluene-2,5-diamine sulfate did not induce 
micronuclei in bone marrow cells of treated mice and, consequently, toluene-2,5-diamine 
sulfate is not genotoxic (clastogenic and/or aneugenic) in bone marrow cells of mice. 

Ref.: 38 
 
 
Mammalian Erythrocyte Micronucleus Test 
 
Guideline: OECD 474 
Species/strain: NMRI 
Group size: 5 mice/sex/group 
Test substance: A 5 (toluene-2,5-diamine sulfate) 
Batch: EFH 290394 
Purity: > 98% 
Dose level: 0, 15, 50 and 150 mg/kg bw 
Route: orally 
Vehicle: PEG 400  
Sacrifice times: 24 h after treatment for all concentrations, 48 h for the high dose only. 
GLP: in compliance 
 
Toluene-2,5-diamine sulfate was investigated for the induction of micronuclei in bone 
marrow cells of mice. Test concentrations were based on a preliminary study on acute toxic 
syndromes (like death, reduced spontaneous activity, eyelid closure, apathy) at various 
intervals of 1, 6, 24 and 48 h after start of treatment. In the main experiment mice were 
exposed to single oral doses of 0, 15, 50 and 150 mg/kg bw. Bone marrow cells were 
collected 24 h or 48 h (high dose only) after dosing. Toxicity and thus exposure of the 
target cells was determined by measuring the ratio between polychromatic and 
normochromatic erythrocytes (PCE/NCE). Bone marrow preparations were stained with 
May-Grünwald/Giemsa and examined microscopically for the PCE/NCE ratio and micronuclei. 
Negative and positive controls were in accordance with the OECD guideline. 
 
Results 
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In the preliminary study with oral exposure to 50 - 400 mg/kg bw toluene-2,5-diamine 
sulfate, death, reduction of spontaneous activity, eyelid closure and apathy were found. The 
seriousness of these clinical effects decreased with dose resulting in only eyelid closure in 
the 150 mg/kg bw group, the highest dose in the main experiment. At doses below 150 
mg/kg bw, no clinical effects were observed. 
Treatment with toluene-2,5-diamine sulfate did not result in decreased PCE/NCE ratios 
compared to the untreated controls indicating that toluene-2,5-diamine sulfate had no 
cytotoxic properties in the bone marrow. Therefore, sufficient exposure of bone marrow 
cells is questionable. 
Biologically relevant increases in the number of micronucleated PCEs compared to the 
concurrent vehicle controls were not found at any dose tested, neither 24 nor 48 h after 
treatment. 
 
Conclusion 
Under the experimental conditions used toluene-2,5-diamine sulfate did not induce an 
increase in the number of micronucleated PCEs in bone marrow cells of treated mice and, 
consequently, toluene-2,5-diamine sulfate is not genotoxic (clastogenic and/or aneugenic) 
in bone marrow cells of mice. 

Ref.: 39 
 
Comment 
Because the PCE/NCE ratio was not decreased, there are no indications for bone marrow cell 
exposure. In the preliminary study clinical effects indicated systemic availability of toluene-
2,5-diamine sulfate. However, in the main experiment at the doses used these effects were 
not found. Therefore, this study is of limited value and can only be used as supportive 
evidence. 
 
 
Unscheduled DNA Synthesis (UDS) Test with Mammalian Liver Cells In Vivo  
 
Guideline: OECD 486 
Species/strain: male Sprague Dawley rats 
Group size: 3 rats per dose and sacrifice time  
Test substance: SAT 010935 (toluene-2,5-diamine sulfate) 
Batch: 46847 
Purity: > 99.9% 
Dose level: 0, 20, 40 and 80 mg/kg bw 
Route: oral gavage 
Vehicle: sterile water 
Sacrifice times: 2 h and 14 h after dosing 
GLP: in compliance  
 
Toluene-2,5-diamine sulfate was investigated for the induction of unscheduled DNA 
synthesis (UDS) in hepatocytes of rats. Test concentrations were selected on the basis of 
information supplied by the sponsor. Clinical observations were carried out approximately 
30 minutes after dosing and before sacrifice for the 14 h sampling time. Hepatocytes for 
UDS analysis were collected approximately 2 h and 14 h after administration of toluene-2,5-
diamine sulfate. At least 90 minutes after plating the cells were incubated for 4 h with 10 
μCi/ml 3H-thymidine followed by overnight incubation with unlabelled thymidine. Evaluation 
of autoradiography was done after 14 days. 
UDS was reported as net nuclear grain: the nuclear grain count subtracted with the average 
number of grains in 3 nuclear sized areas adjacent to each nucleus. The percentage of cells 
in repair (defined as cells with a net grain count of at least +5) was calculated for each 
animal. Unscheduled synthesis was determined in 50 randomly selected hepatocytes on 2 
replicate slides per rat. Negative and positive controls were in accordance with the OECD 
guideline. 
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Results 
Mortality was observed in animals dosed with 80 mg/kg bw for the 14 h sampling time. 
Therefore, slides prepared from animals treated with 80 mg/kg bw for both sampling times 
were not evaluated. Cytotoxic effects were not seen in rats treated with 20 and 40 mg/kg 
bw. 
Neither a biologically relevant increase in mean net nuclear grain count nor in the 
percentage of cells in repair as compared to the untreated control was found in hepatocytes 
of any treated animal both for the 2 h and the 14 h treatment time. A positive (> 0) net 
nuclear grain count was found for one animal which was attributable to a cytotoxic effect of 
toluene-2,5-diamine sulfate as indicated by a reduced cytoplasm count. 
 
Conclusion 
Under the experimental conditions used toluene-2,5-diamine sulfate did not induce 
unscheduled DNA synthesis and, consequently, is not genotoxic in rats in the in vivo UDS 
test. 

Ref.: 40, 41 
 
 
In vivo alkaline single cell gel electrophoresis (Comet) assay in mice and rats 
 
Guideline: / 
Species/strain: ddY mice and Wistar rats 
Group size: 4 male animals/group 
Test substance: 2,5-diaminotoluene sulfate 
Batch: / 
Purity: > 98% 
Dose level: 0 and 60 mg/kg bw 
Route: oral 
Vehicle: saline 
Sacrifice times: 3, 8 and 24 h after start of treatment 
Organs studied: stomach, colon, liver, kidney, urinary bladder, lung, brain and bone 

marrow 
GLP: not in compliance 
 
2,5-Diaminotoluene sulfate was investigated for the induction of DNA damage in the alkaline 
single cell gel electrophoresis (Comet) assay in various tissues of mice and rats. Test 
concentrations were based on the LD50 of acute toxicity experiments (0.5 x LD50). Mice 
and rats were orally exposed to 60 mg/kg bw 2,5-diaminotoluene sulfate and sacrificed 3, 8 
and 24 h after treatment.  
The animals were carefully observed for pharmacotoxic signs after treatment until sacrifice. 
Histopathological examination was conducted when positive results were obtained. Per 
organ 50 nuclei were examined for migration which was calculated as the difference 
between length of the whole comet and diameter of the head.  
 
Results 
An increase in DNA damage was exclusively found in the stomach of rats of the 8 h 
sampling time but not the shorter or longer sampling time. 2,5-Diaminotoluene sulfate did 
not induce a biologically relevant increase in DNA damage in any of the other tissues tested 
of the mice and rats.  
 
Conclusion 
Under the experimental conditions used 2,5-diaminotoluene sulfate induced significant DNA 
damage in the stomach of rats and, consequently, 2,5-diaminotoluene sulfate is genotoxic 
in the Comet assay with rats. 

Ref.: 44 
 
Comments 
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The present assay is reported in a paper from the open literature. The raw data were not 
available.  
Effects observed only in the stomach may be due to localized irritation/toxicity. Since there 
was no information on histology provided in this study, the impact of localized 
irritation/toxicity can not be ruled out. The validity of this study, which was part of a large 
comparative investigation, has been questioned in the scientific community for several 
reasons. The study performance does not conform to the requirements that were recently 
published in order to improve the quality of comet assay data (Refs 42 and 43). Specifically, 
only one dose was evaluated, there is no historical control data to determine validity of each 
study and aid in interpretation of results, evaluation of only one slide and 50 nuclei per 
tissue and animal. For some substances, the positive results reported by Sasaki and 
colleagues could not be verified by others (Ref 43). 
Therefore, the value of this single positive result at one sampling time in only one species is 
unclear. 
 
 
Mouse spot test 
 
Guideline: / 
Species/strain: male T stock and female C57BL/6J mice 
Group size: 4 mice per dose 
Test substance: 2,5-diaminotoluene 
Batch: / 
Purity: / 
Dose level: 0 and 30 mg/kg bw 
Route: i.p. 
Vehicle: HBSS 
Scoring for mutations: 12 – 15 days after birth 
GLP: not in compliance 
 
2,5-Diaminotoluene sulfate was investigated for the induction of somatic mutations in the 
mouse spot test. Female C57B1/6J mice were mated with C57B1/10J or T stock males. On 
day 10-14 of gestation, the female mice were treated i.p. with 30 mg/kg bw 2,5-
diaminotoluene. At birth the number and morphology of the offspring were recorded. At 12 
to 15 days after birth the offspring was scored for coat colour spots. Triethylenemelanine 
was used as positive control. 
 
Results 
There was no significant increase in recessive spots in the 2,5-diaminotoluene exposed pups 
observed after birth. Nor in the percentage “white midventral spots”, which are thought to 
be related to toxicity of treatment.  
 
Conclusion 
Under the conditions of this test, 2,5-diaminotoluene did not induce somatic mutations in 
foetal cells following transplacental absorption and consequently, 2,5-diaminotoluene is not 
genotoxic (mutagenic) in mice.  

Ref.: 46 
 
Comment 
The present assay is reported in a paper from the open literature. The experiment, 
performed before the development of the OECD guidelines, is a non-GLP study conducted 
with unspecified test material. It was not reported if the applied dose induced toxic effects 
in the treated females. Because the test does not comply with the requirements of the 
currently valid guideline, the result of this experiment can only be used as supportive 
evidence. 
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Mouse spot test 
 
Guideline: / 
Species/strain: male T stock and female C57BL/6 mice 
Group size: 5 female mice per dose 
Test substance: Orex 111 (2,5-diaminotoluene dihydrochloride) 
Batch: / 
Purity: / 
Dose level: 0, 15, 150 and 1500 mg/kg bw 
Route: dermal  
Vehicle: corn oil 
Scoring for mutations: days 12 and 24 after birth 
GLP: not in compliance 
 
2,5-Diaminotoluene dihydrochloride was investigated for the induction of somatic mutations 
in the mouse spot test. Female C57B1/6J mice were mated with C57B1/10J or T stock 
males. On days 9, 10, and 11 post fertilisation 2,5-diaminotoluene dihydrochloride was 
administered dermally to a shaved patch on the dorsal side of the animal. At 12 and 24 
days after birth the offspring was scored for coat colour spots. Benz(a)pyrene was used as 
positive control. 
 
Results 
No toxic effects in the treated animals and no effect on fertility or litter size were observed. 
There was no significant increase in treated animals with recessive spots as compared to 
the concurrent controls. 2,5-Diaminotoluene dihydrochloride exposure did not induce an 
increase in the percentage “white midventral spots” either, which are thought to be related 
to toxicity of treatment.  
 
Conclusion 
Under the conditions of this test, 2,5-diaminotoluene dihydrochloride did not induce somatic 
mutations in this mouse spot test and consequently, 2,5-diaminotoluene dihydrochloride is 
not genotoxic (mutagenic) in mice.  

Ref.: 47 
 
Comment 
The experiment was not in compliance with GLP and was conducted before the development 
of the OECD guidelines. The test material is not specified. Because the test does not comply 
with the requirements of the currently valid guideline, the result of this experiment can only 
be used as supportive evidence. 
 
 
Adapted from submission II, 2005 
Two dominant lethal test have been conducted with toluene-2,5-diamine. Because these are 
non-GLP studies conducted with unspecified test material, only a brief description is 
provided. They are included since they add to the assessment of the genotoxicity of 
toluene-2,5-diamine in vivo. Though none of the tests fully comply with the requirements of 
the currently valid guidelines, taken together the results give further support for the 
conclusion that toluene-2,5-diamine is not mutagenic in vivo. 
 
Dominant lethal test 
Toluene-2,5-diamine dissolved in water was administered three times per week 
intraperitoneally at a dose of 20 mg/kg bw over 8 weeks to 20 male Charles-River rats. 
Each male was then housed with two females for 5 days. The females were killed 17 days 
later and the uteri were examined for live and dead foetuses, implantation and resorption 
sites. In total there were 460 live foetuses (12.4 per litter). Neither the percentages of 
litters with one or more resorptions, nor the number of mean resorptions per pregnancy or 
the percent resorptions per litter were different from the vehicle control values. Toluene-
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2,5-diamine under the conditions of this test did not induce dominant lethal mutations in 
male rats. Under the conditions of this test toluene-2,5-diamine did not induce embryonic or 
foetal deaths by inducing chromosomal aberrations in germinal tissue. The test supports the 
conclusion that toluene-2,5-diamine sulfate is not mutagenic in vivo in germ cells. 

Ref.: 48 
 
Dominant lethal test 
Toluene-2,5-diamine dihydrochloride in corn oil was applied topically to the shaved dorsal 
surface at doses of 1.5, 15, 150 mg/kg bw for 5 consecutive days to male mice. A weekly 
mating sequence with 2 females per week was started 2 days after the last application and 
was continued for 7 weeks. No attempt was made to prevent ingestion of the test substance 
during the treatment period. Fourteen days after the midweek of being caged with the male, 
the females were sacrificed. The final evaluation revealed no indication of dominant 
lethality. The positive control triethylenemelamine induced a significant dominant lethal 
response demonstrating the validity of the test system.  

Ref.: 49 
 
3.3.7. Carcinogenicity 
 
Oral administration, mice 
 
Guideline: / 
Species: Mouse/B6C3F1  
Group size: 50 animals per sex per dose level  
Test substance: toluene-2,5-diamine sulfate (CAS n° 6369-59-1)  
Vehicle: Diet (Wayne Lab-Blox® meal) 
Batch: Not indicated 
Purity: 99% with 25 ppm iron, 0.6% volatiles, max. 0.1% moisture. No 

impurities were detected by thin-layer chromatography in two solvent 
systems 

Dose level: 0.06, 0.1%  
Route: Oral, diet 
Exposure period: 78 weeks, followed by an additional 16 – 19 weeks without treatment 
GLP: In compliance 
 
Toluene-2,5-diamine sulfate was administered in the diet to groups of 50 mice per sex at 
either 0.06 or 0.2% for a period of 78 weeks followed by an additional 16 to 19 weeks of 
observation. These doses were selected after completion of a 4 week feeding study in male 
and female B6C3F1 mice. Because the test substance administration to the high and low 
dose groups was not begun simultaneously, each dosed group was assigned a separate 
control group of 50 animals per sex. Body weights were recorded twice weekly for the first 
12 weeks and then at monthly intervals. Food consumption was monitored for seven 
consecutive days once a month for the first nine months and then for 3 consecutive days 
each month thereafter. Animals were monitored twice daily for mortality. A necropsy was 
performed on all animals that died, were sacrificed when moribund, or were sacrificed at 
study termination, and histopathological examinations were performed on major tissues, 
organs, and gross lesions. Slides were prepared from the following tissues: skin, 
subcutaneous tissue, lungs and bronchi, trachea, bone marrow, spleen, lymph nodes, 
thymus, heart, salivary gland, liver, gall bladder, pancreas, oesophagus, stomach, small 
intestine, large intestine, kidney, urinary bladder, pituitary, adrenal, thyroid, parathyroid, 
testis, prostate, seminal vesicle, brain, tunica vaginalis, muscle, ear, uterus, mammary 
gland, and ovary. 
 
Results 
Mean body weight was consistently depressed in high dose female mice compared to the 
corresponding control. There was no treatment-related effect on survival in either males or 
females.  
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A statistically significant increase in lung tumours (alveolar/bronchiolar adenomas or 
carcinomas) was observed in high dose female mice (high dose 8/45 (17%) vs. 1/45 (2%) 
in high dose control, P=0.016). The incidence was not significantly increased in low dose 
female mice (low dose 6/42 (14%) vs. 4/46 (9%) in low dose control). Results from high 
dose were not considered as convincing evidence of a treatment-related effect because the 
control for the high dose female mice were very low compared to the control for the low 
dose female mice (1/45 (2%) vs 4/46 (9%)), moreover no similar effects were observed in 
the male mice. The incidence of pituitary adenomas or carcinomas was significantly lower in 
high dose female mice (high dose 0/38 (0%) vs. 6/37 (16%) in high dose control, 
P=0.012). The incidence in low dose female mice was also lower, although not statistically 
significant (low dose 1/38 vs. 3/42 in low dose control). 

Ref.: 51 
 
Oral administration, rats 
 
Guideline: / 
Species/Strain: Rat/Fischer 344  
Group size: 50 animals per sex per dose level except for high dose control groups 

which had 25 animals per sex 
Test substance: toluene-2,5-diamine sulfate (CAS n° 6369-59-1)  
Vehicle: Diet (Wayne Lab-Blox® meal) 
Batch: Not indicated 
Purity: 99% with 25 ppm iron, 0.6% volatiles, max. 0.1% moisture. No 

impurities were detected by thin-layer chromatography in two solvent 
systems 

Dose levels: Low dose: 0.05% for 14 weeks, increased to 0.06% at week 15 (time 
weighted average = 0.06%) 

 High dose: 0.2%  
Route: Oral, diet 
Exposure period: 78 weeks, followed by an additional 28 to 31 weeks without treatment 
GLP: In compliance 
 
Toluene-2,5-diamine sulfate was administered in the diet to groups of 50 rats per sex at 
either 0.05-0.06 or 0.2% for a period of 78 weeks followed by an additional 28 to 31 weeks 
of observation. These doses were selected after completion of a 4 week feeding study in 
male and female Fischer 344 rats. Because the test substance administration to the high 
and low dose groups was not begun simultaneously, each dosed group was assigned a 
separate control group of 50 animals per sex (low dose control) or 25 animals per sex (high 
dose control). Body weights were recorded twice weekly for the first 12 weeks and then at 
monthly intervals. Food consumption was monitored for seven consecutive days once a 
month for the first nine months and then for 3 consecutive days each month thereafter. 
Animals were monitored twice daily for mortality. A necropsy was performed on all animals 
that died, were sacrificed when moribund, or were sacrificed at study termination, and 
histopathological examinations were performed on major tissues, organs, and gross lesions. 
Slides were prepared from the following tissues: skin, subcutaneous tissue, lungs and 
bronchi, trachea, bone marrow, spleen, lymph nodes, thymus, heart, salivary gland, liver, 
pancreas, oesophagus, stomach, small intestine, large intestine, kidney, urinary bladder, 
pituitary, adrenal, thyroid, parathyroid, testis, prostate, seminal vesicle, brain, tunica 
vaginalis, muscle, ear, uterus, mammary gland, and ovary. 
 
Results 
Mean body weight was consistently depressed in high dose female rats. This trend was not 
as evident in the other groups of dosed rats. There was no treatment-related effect on 
survival in either males or females.  
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A statistically significant increase in the incidence of interstitial cell tumours of the testis 
was observed in male rats (low dose 43/48 (90%) vs. 33/45 (73%) in low dose control, 
P=0.039; high dose 47/48 (98%) vs. 19/24 (79%) in high dose control, P=0.014), but this 
was not considered treatment-related since the spontaneous incidence of these tumours in 
male rats is very high and variable. The incidence of pituitary adenomas in low dose male 
rats showed a statistically significant decrease relative to the corresponding control (low 
dose 3/45 (7%) vs. 12/41 (29%) in low dose control, P=0.006). A similar trend (not 
statistically significant) was seen in high dose male rats (high dose 3/40 (8%) vs. 3/21 
(14%) in high dose control). The incidence of lung tumours (alveolar/bronchiolar adenomas 
or carcinomas) was significantly lower in high dose male rats (high dose 0/49 (0%) vs. 3/25 
(12%) in high dose control, P=0.035), but this difference was not seen in low dose male 
rats (low dose 1/48 vs. 0/46 in low dose control). No significant increases in neoplasms 
were observed in female rats. The incidence of thyroid C-cell adenoma or carcinoma was 
significantly lower in high dose female rats (0/49 vs. 3/21 in high dose control), but the 
opposite trend (not statistically significant) was seen in low dose female rats (3/48 vs. 1/47 
in low dose control). 

Ref.: 51 
 
Comment 
The conclusion drawn in the NCI report for this study was: “under the conditions of this 
bioassay, sufficient evidence was not provided to conclusively demonstrate the 
carcinogenicity of 2,5-toluenediamine sulphate in either Fischer 344 rats or B6C3F1 mice”.  
 
 
Toluene-2,5-diamine in hair dye formulations together with hydrogen peroxide 
 
Topical administration, mice 
 
Guideline: / 
Species/strain: Swiss-Webster mice 
Group size: 28 Males and 28 females per treatment group and positive control, 14 

males and 14 females in vehicle control group and 76 males and 17 
females in untreated control group 

Test substance: toluene-2,5-diamine. Two hair dye formulations containing 3% toluene-
2,5-diamine, 1.5% p-phenylenediamine and either 0.2% or 0.6% 
toluene-2,4-diamine. The dye preparation was mixed with equal volume 
6% hydrogen peroxide before application. 

Batch: / 
Purity: not given 
Dose: 0.05 ml of a solution containing toluene-2,5-diamine and hydrogen 

peroxide 
Route: Topical, 1 application weekly 
Exposure: 2 years 
GLP: not in compliance 
 
Two oxidation hair dye formulations containing 3% toluene-2,5-diamine, mixed with an 
equal volume of 6% hydrogen peroxide, were tested by topical application in groups of 28 
male and 28 female mice weekly for 2 years. 7,12-dimethylbenz(a)anthracene (DMBA) 
(0.1%) was used as positive control (0.05 ml containing 2.5 and 10 μg DMBA). Each week 
they were weighed. When signs of marked irritation, ulceration, or tumour formation were 
evident, the application of the chemical was discontinued until the skin looked “normal”. 
Tissue specimens were taken from all major organ systems and tumours of mice found dead 
during the study or sacrificed when moribund or at 2 year, the termination of the 
experiment. Body weight gains of mice in treated groups were not significantly different 
from those of mice in the untreated control groups. It was concluded that the male and 
female mice in all groups developed both malignant and benign neoplasms. There were no 
statistical difference between the sexes in the total number of neoplasms or in the incidence 
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of neoplasms of a particular organ and type. The incidence of skin neoplasms did not show 
statistically significant differences in any of the groups under test except for the positive 
control groups exposed to DMBA. 

Ref.: 91 
 
 
Guideline: / 
Species/strain: Swiss-Webster mice 
Group size: 50 Males and 50 females per treatment group and vehicle control 
Test substance: toluene-2,5-diamine.  Two hair dye formulations containing 3.0% 

toluene-2,5-diamine, 1.5% p-phenylenediamine with either 0.2% 
toluene-2,4-diamine, 0.38% 2,4-diaminoanisole or 0.17% m-
phenylenediamine prior to mixing with equal volume 6% hydrogen 
peroxide just prior to use. 

Batch: / 
Purity: not given 
Dose: 0.05 ml of a solution containing toluene-2,5-diamine and hydrogen 

peroxide 
Route: Topical, 1 application weekly or 1 application every second week 
Exposure: 18 months 
GLP: not in compliance 
 
Two oxidation hair dye formulations containing 3% toluene-2,5-diamine, mixed with an 
equal volume of 6% hydrogen peroxide, were tested by topical application in groups of 100 
mice weekly or once every two weeks for 18 months. 7,12-dimethylbenz(a)anthracene 
(DMBA) (0.1%) was used as positive control (0.05 ml containing 50 μg DMBA first 6 
months, 10 μg next 4 months and 50 μg last 8 months). The mice were observed daily for 
signs of toxicity. Each week they were weighed, the skin graded for irritation and papillomas 
and other gross lesions were noted. Animals that died or that were killed because of general 
debility were autopsied and examined histopathologically when possible. At termination of 
the study, all survivors were weighed and killed and a gross autopsy was performed. There 
were no overt signs of systemic toxicity in any of the dye-treated groups. The survival 
varied from 58 to 80% except in the positive controls in which only 21% of the mice were 
alive after 18 months. Average body weights were comparable in all groups throughout the 
study. It is concluded that no evidence of carcinogenic activity was seen. 

Ref.: 90 
 
 
Topical administration, rats 
 
Three experimental preparations in a carboxymethylcellulose gel were tested: formulation 
1, containing 4% toluene-2,5-diamine (calculated as free base but used as sulfate): 
formulation 2, containing 3% toluene-2,5-diamine and 0.75% 2,4-diaminoanisole; and 
formulation 3, used as control without added dye intermediates. Each formulation was 
mixed with an equal volume of 6% hydrogen peroxide immediately before use, and 0.5 g of 
the mixture was applied to the dorsal skin. Three groups each of 50 male and 50 female 
Sprague-Dawley rats, 12 weeks old, were treated twice weekly for two years with either 
formulation 1 or 2 or left untreated. A fourth group of 25 male and 25 female rats were 
treated with formulation 3. No statistically significant differences were observed in tumour 
incidence between the experimental and control groups. 

Ref.: 89 
 
Comment 
Hair dye formulations of toluene-2,5-diamine together with hydrogen peroxide have been 
tested in three experimental studies after topical application to mice or rats. The sensitivity 
of these studies may have been low as no response to hair dye formulations containing 
known carcinogens (toluene-2,4-diamine [EU carcinogenic. category 1B] or 2,4-
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diaminoanisole [EU carcinogenic, category 1B] was observed. Thus, no conclusions with 
regard to carcinogenicity can be drawn from these studies. 
 
3.3.8. Reproductive toxicity 
 
3.3.8.1. Two generation reproduction toxicity 
 
Guideline: OECD 416 
Species/strain: Sprague-Dawley rats Him:OFA 
Group size: 24 males and 24 females 
Test substance: p-toluenediamine 
Batch: präp. 139 (not characterised, see general comments) 
Purity: 98.2% 
Dose: 0, 5, 15 and 45 mg/kg bw/d in deionised water, 50 µl 25% ammonia per 

g test substance added 
Route: oral, gavage 
Exposure: once daily 
 males: 70 d before mating 
 females: prior to mating for 14 d, during mating period, gravidity, 

lactation until the end of the experiment 
 F1: from weaning for approximately 80 days until the end of the 

experiment 
GLP: in compliance 
 
The test substance was administered to males for 70 days and to females for 14 days until 
mating. The animals were monogamously mated within the dose groups. Dams were further 
dosed until weaning of the pups. Starting on day 21 after birth the F1 generation was dosed 
for approximately 80 d. After mating the F2 generation was kept until weaning. The common 
parameters were evaluated (female sexual cycle, mating, insemination, gravidity, birth and 
litter data, postnatal weight and physiological development). Histopathology was performed 
for organs with obvious abnormalities, for parents without live offspring and for all parental 
animals of the control and the highest dose group. The reproduction organs (pituitary gland, 
mamma, vulva, vagina, cervix, uterus, tubes, ovaries, penis, testes, epididymides, ducti 
referentes, coagulation gland, prostate gland, vesicular gland) were examined 
microscopically. 
 
Results 
4 animals (one of P- and 3 of F1-generation) died due to intubation-induced lesions. Body 
weight development, feed consumption and observation of the animals did not show 
substance treatment related differences. Observations and measurements in the pups of 
both generations until weaning did not show differences in the parameters evaluated. No 
detrimental effect on male and female fertility was found. 
 
Conclusion 
The NOAEL for reproductive toxicity was 45 mg/kg bw/d. 

Ref.: 52 
 
3.3.8.2. Teratogenicity 
 
Study in rabbits 
 
Guideline: / 
Species/strain: New Zealand White Rabbit 
Group size: 16 (vehicle control and dose groups), 18 (positive control Vitamin A in 

rape seed oil) 
Test substance: toluene-2,5-diamine sulfate in distilled water 
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Batch: 23005 
Purity: / 
Dose: 0, 10, 25, 50 mg/kg bw/d, positive control Vitamin A 6 mg/kg bw/d 
Route: oral, gavage 
Exposure: once daily from day 6 to 18 of gestation 
GLP: / 
 
The females were fertilised by natural mating. After coitus HCG was given i.v. to ensure 
ovulation. The animals were treated with 0, 10, 25, 50 mg/kg bw/d toluene-2,5-diamine 
sulfate in distilled water, the positive control group received 6 mg/kg bw/d Vitamin A from 
day 6 to 18 of gestation. The animals were examined daily for mortality and clinical signs. 
The body weights were determined on days 0, 6, 18 and 28 of gestation. On day 28 of 
gestation the animals were sacrificed, the foetuses were dissected and examined for 
congenital abnormalities and macroscopic changes. The common sectio parameters were 
recorded. Half of the foetuses were examined for skeletal and the other half for visceral 
abnormalities. 
 
Results 
1 female at 10 and 1 female at 25 mg/kg bw/d died; at 50 mg/kg bw, 3 females died 
presumably because of the intubation procedure. No clinical signs were observed. Body 
weights of the females in the dose groups were similar to the controls. The changes in the 
incidences of intrauterine death observed were not dose-related. The number and sex of the 
foetuses as well as the foetal body weights were not influenced by substance treatment. 
The frequencies of external abnormalities, visceral malformations and variations as well as 
skeletal defects exhibited no substance-related changes. The positive control (Vitamin A) 
did not show teratogenicity and only slight embryotoxicity. 
 
Conclusion 
The NOAEL of embryotoxicity and teratogenicity of toluene-2,5-diamine sulfate in rabbits is 
50 mg/kg bw/d. 

Ref.: 53 
 
 
Study in rats 
 
Guideline: / 
Species/strain: Sprague Dawley rats 
Group size: 23 mated females 
Test substance: toluene-2,5-diamine sulfate in distilled water, Vitamin A in rape seed oil 
Batch: 23005 
Purity: / 
Dose: 0, 10, 50 and 80 mg/kg bw/d, positive control Vitamin A 15 mg/kg bw/d 
Route: oral, gavage 
Exposure: once daily from day 6 to 15 of gestation 
GLP: / 
 
The test and control solutions were administered to the pregnant females from day 6 to 15 
of gestation once daily by oral gavage. The animals were observed once daily for mortality 
and clinical signs. The body weights were determined on day 0, 6, 15 and 19 of gestation. 
On day 19 of gestation the animals were sacrificed by chloroform inhalation, the foetuses 
were dissected and examined for congenital abnormalities. The common sectio parameters 
were evaluated. Half of the foetuses were examined for skeletal and the other half for 
visceral abnormalities. 
 
Results 
2 animals (1 at 10 and 1 at 80 mg/kg bw/d) died possibly due to gavaging. No clinical signs 
were observed. The maternal body weights were markedly reduced at 80 and slightly 
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reduced at 50 mg/kg bw/d during the dosing period. For the period d 15-19 these changes 
were not observed. Post implantation loss was increased at 80 mg/kg bw/d. Number of 
foetuses, sex distribution and foetal weights were comparable to controls. Visceral and 
skeletal variations were in the normal range, no malformations were observed. The positive 
control showed a high incidence of skeletal malformations. 
 
Conclusion 
The NOAEL of toluene-2,5-diamine sulfate in rats for maternal toxicity is 50 mg/kg bw/d, 
the NOAEL of embryotoxicity and teratogenicity 80 mg/kg bw/d. 

Ref.: 54 
 
Comment 
The use of a positive control is uncommon in teratogenicity studies. 
 
3.3.9. Toxicokinetics 
 
3.3.9.1. Toxicokinetics in vitro 
 
Study 1, metabolism in primary hepatocytes of human, rat and mouse 
 
Guideline: / 
Cells: hepatocytes from humans (pooled from 3 male donors), male Sprague-

Dawley rats and male ICR/CD-1 mice 
Test substance: toluene-2,5-diamine sulfate  
Batch: 2346 
Purity: 98.3% (NMR) 
Test concentration: 10 µM 
Incubation time: 4 h 
Study period: March 2003 
GLP: in compliance 
 
Phase I and II metabolism of the test substance was examined in vitro using comparatively 
primary human, rat and mouse hepatocytes. Cryopreserved primary human hepatocytes 
that were phenotyped by the supplier regarding NAT2 activities were pooled in this study to 
achieve average activities; in summary, a rapid N-acetylation phenotype was expected. SD-
rats are rapid metabolizers while CD-1 mice were reported to be a mixed population of rapid 
and slow metabolizers. The cell viability appeared to be unaffected over the incubation 
period of 4 h. The functionality of the system was tested using marker reactions for 
CYP2A6, CYP1A, CYP2A and CYP2B. Additional marker reactions for CYP1A1/2, CYP2E1 and 
human NAT1/NAT2 were included. 
 
Results 
Toluene-2,5-diamine sulfate was extensively metabolized by all hepatocytes (order rat ≈ 
mouse > human). With human hepatocytes the substance was completely metabolized after 
4 h. For all three species N-acetylation was the major metabolic reaction and the results 
indicate that toluene-2,5-diamine sulfate is substrate for both types on N-acetyltransferases 
NAT1 and NAT2. Only the mono-N-acetylated metabolite was detected under the conditions 
of the study. Mouse hepatocytes additionally showed extensive hydroxylation of toluene-
2,5-diamine sulfate. 

Ref.: 56 
Comment 
No firm conclusions can be drawn from the study results with regards to the relative activity 
or preference of human NAT1 and NAT2 towards the substrate toluene-2,5-diamine.  
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Study 2, human hepatic metabolism in vitro 
 
Guideline: / 
Cells: hepatocytes from humans (pooled from 4 female donors) 
 pooled human liver microsomes 
 bacterially expressed human CYP isozymes CYP1A1, CYP1A2, 

CYP1B1, CYP2C9, CYP2C19, CYP2D6, CYP3A4 
Test substance: [ring-U-14C]-toluene-2,5-diamine sulfate  
Batch: CFQ13783, batch 1 [ring-U-14C]-toluene-2,5-diamine sulfate 
 Lot 16825DR Sigma Aldrich non-labelled toluene-2,5-diamine sulfate 
Purity: radiochemical purity 98.2% (HPLC) 
 non-labelled toluene-2,5-diamine sulfate 98.3% (NMR) 
Test concentration: 10 µM and 100 µM 
Incubation time: hepatocytes 4 h 
 hepatic microsomes 20 min 
 recombinant human isozymes 60 min 
Study conduct:  2004 
GLP: / 
 
The human hepatic metabolism in vitro of [ring-U-14C]-toluene-2,5-diamine sulfate was 
investigated in hepatocytes from humans (pooled from 4 female donors, each phenotyped 
with regards to the isoenzymes investigated), pooled human liver microsomes and 
bacterially expressed human CYP isozymes CYP1A1, CYP1A2, CYP1B1, CYP2C9, CYP2C19, 
CYP2D6, CYP3A4. The formation of metabolites was proven by LC/MS. 
 
Results 
With human microsomes (10 µM and 100 µM toluene-2,5-diamine sulfate) there was no 
evidence for the production of oxidative metabolites while the positive control substance 2-
aminofluorene yielded a number of  oxygenated metabolites. When toluene-2,5-diamine 
sulfate (10 µM and 100 µM) was incubated with recombinant CYP isozymes no metabolites 
were detected while the positive control substance 2-aminofluorene yielded a isozyme-
specific pattern of oxidative metabolites. When toluene-2,5-diamine sulfate (10 µM and 100 
µM) was incubated with human hepatocytes an indication was found by mass spectrometry 
(MS) for the formation of a mono-acetylated derivative. No glucuronides, sulphate esters or 
mono-hydroxylated metabolites were detected. 

Ref.: 57 
 
3.3.9.2. Toxicokinetics in vivo 
 
Study 1, absorption, distribution, metabolism and excretion in Kyoto rats after a 
single oral or dermal dose 
 
Guideline: OECD 417 (1984) 
 OECD 427 (draft 2000) 
Species/strain: Wistar Kyoto rats, WKY/NR Crl BR (inbred) 
group size: 4 females in the mass balance groups 
 6 females in the toxicokinetics groups 
Test substance: toluene-2,5-diamine sulfate 
 oral: in water at pH 7 
 dermal: in water:acetone 1:1 at pH 7 
Batch: 3362-259 [ring-U-14C]-toluene-2,5-diamine sulfate CFQ13783, batch 1 

[ring-U-14C]- toluene-2,5-diamine sulfate 
 2346 (non-labelled toluene-2,5-diamine sulfate) 
Purity: 99.3% (HPLC) (radiochemical purity) 
 98.3% (NMR) (non-labelled toluene-2,5-diamine sulfate) 
Dose levels: oral: 2.5, 25 mg/kg bw 
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 dermal: 0.5 mg/cm2 equal to 33.3 mg/kg bw 
Route: oral, gavage or dermal (30 min) 
Study conducted:  2004 
GLP: in compliance 
 
Rats were dosed orally with 2.5 or 25 mg/kg bw and dermally with 33.3 mg/kg bw 
(corresponding to 0.5 mg/cm2). In the oral mass balance study urine and faeces were 
collected for 0-8, 8-24, 24-48, 48-72, 72-96 h intervals and several tissues were collected. 
In the dermally dosed group urine and faeces were collected at 24 h intervals and animals 
were sacrificed at 120 h. In the toxicokinetic groups, blood was sampled at the time points 
0.25, 0.5, 1, 2, 4, 6, 24, 48 and 72 h after dosing. 
 
Results 
The mean cumulative recovery in the urine after 96 h was 62.2 (low dose) and 72.9% (high 
dose) while the figures for the faeces were 31.4% and 22.0%, respectively. The mean mass 
balance (oral) was ca. 98%. The average dermal absorption was 16% (= 0.101 mg/cm2) 
but together with the amount remaining in the skin the absorbed amount was calculated as 
20% of the applied dose (= 0.126 mg/cm2). The mean mass balance (dermal) was nearly 
100%. After oral dosing three metabolites were observed in the urine, two of them probably 
mono-N-acetylated. The largest peak was identified as N,N’-diacetyl-toluene-2,5-diamine 
which was also found in faeces. The metabolite pattern after dermal dosing was similar to 
that after oral dosing. 
Following oral dosing of 2.5 and 25 mg/kg bw toluene-2,5-diamine the AUC values were 
17.59 and 174 mgeq x h/l, respectively. The dermal dose of 33.3 mg/kg bw (equal to 0.5 
mg/cm2) resulted in an AUC of 4.39 mgeq x h/l. 

Ref.: 58 
 
Comment 
The Kyoto strain was used because it is a slow acetylator phenotype. 
 
 
Study 2, absorption, distribution, metabolism and excretion in Kyoto rats after a 
single intravenous dose 
 
Guideline: OECD 417 (1984) 
Species/strain: Wistar Kyoto rats, WKY/NR Crl BR (inbred) 
Group size: 4 females (mass balance), 6 females (kinetics) 
Test substance: toluene-2,5-diamine sulfate in water at pH 7 
Batch: CFQ13783, batch 1 [ring-U-14C]-toluene-2,5-diamine sulfate 
 2346 (non-labelled toluene-2,5-diamine sulfate) 
Purity: 98.2% (HPLC) (radiochemical purity) 
 98.3% (NMR) (non-labelled toluene-2,5-diamine sulfate) 
Dose levels: 2.5 mg/kg bw 
Route: intravenous, single application 
Study conducted:  2004 
GLP: in compliance 
 
2 groups were used, one (n=4) for mass balance and one (n=6) for toxicokinetics. The 
animals were dosed intravenously with 2.5 mg/kg bw [ring-U-14C]-toluene-2,5-diamine 
sulfate. In the mass balance groups urine and faeces were collected for 0-8, 8-24, 24-48, 
48-72, 72-96 h intervals and several tissues were collected. In the toxicokinetic groups 
blood was sampled at the time points 5, 15, and 30 min and 1, 2, 4, 6, 24, and 48 h after 
dosing. 
 
Results 
Urinary excretion accounted for 54% and excretion via faeces for 27% of the applied dose. 
81 - 87% of the administered dose was excreted during the study period while 4.2 - 9.5% 
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remained in the carcass. In urine 2 major metabolites were observed and the largest peak 
was identified as N,N-diacetyl-toluene-2,5-diamine which was also found in faeces. The 
metabolite pattern was similar to that after oral administration (see Ref. 58).  

Ref.: 59 
 
Comment 
The bioavailability in Kyoto rats (derived from comparison to iv administration) after oral 
dosing was > 90% while 2% bioavailability was found after dermal application. 
 
 
Study 3, pharmacokinetics in Sprague-Dawley rats after a single oral or dermal 
dose 
 
Guideline: OECD 417 (1984) 
 OECD 427 (draft 2000) 
Species/strain: Sprague-Dawley rats, Crl:CD (outbred) 
Group size: 6 females  
Test substance: toluene-2,5-diamine sulfate 
 oral groups 1 and 2: in water at pH 7 
 dermal group 3: in water:acetone 1:1 at pH 7 
 dermal group 4: vehicle 81905108B 
Batch: 3362-259 [ring-U-14C]-toluene-2,5-diamine sulfate CFQ13783, batch 1 

[ring-U-14C]-toluene-2,5-diamine sulfate 
 2346 (non-labelled toluene-2,5-diamine sulfate) 
Purity: 99.3% (HPLC) (radiochemical purity) 
 98.3% (NMR) (non-labelled toluene-2,5-diamine sulfate) 
Dose levels: oral: 2.5, 25 mg/kg bw 
 dermal: 0.5 mg/cm2 equal to 33.3 mg/kg bw 
Route: oral, gavage or dermal (30 min) 
Study conducted:  2004 
GLP: in compliance 
 
Rats were dosed orally with 2.5 or 25 mg/kg bw and dermally with 33.3 mg/kg bw 
(corresponding to 0.5 mg/cm2). Blood was sampled at the time points 0.25, 0.5, 1, 2, 4, 6, 
24, 48 and 72 h after dosing. 
 
Results 
Oral absorption of toluene-2,5-diamine sulfate was rapid with Tmax values of 1 h. AUCs were 
8.53 (low dose) and 112 mgeq x h/l (high dose). After dermal application Tmax was 2 h and 
the AUCs were 5 (vehicle water/acetone) and 2.27 mgeq x h /l (vehicle formulation). 

Ref.: 60 
 
 
Study 4, toxicokinetics in Sprague-Dawley rats after a single intravenous dose 
 
Guideline: OECD 417 (1984) 
Species/strain: Sprague-Dawley rats, Crl:CD (outbred) 
Group size: 6 females  
Test substance: toluene-2,5-diamine sulfate in water at pH 7 
Batch: CFQ13783, batch 1 [ring-U-14C]-toluene-2,5-diamine sulfate 
 2346 (non-labelled toluene-2,5-diamine sulfate) 
Purity: 98.2% (HPLC) (radiochemical purity) 
 98.3% (NMR) (non-labelled toluene-2,5-diamine sulfate) 
Dose levels: 2.5 mg/kg bw 
Route: intravenous, single application 
Study conducted:  2004 
GLP: in compliance 
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A single intravenous dose (2.5 mg/kg bw) of [ring-U-14C]-toluene-2,5-diamine sulfate was 
administered to 6 animals. Blood was sampled at the time points 5, 15, and 30 min and 1, 
2, 4, 6, 24, and 48 h after dosing. 
 
Results 
The radioactivity in plasma was eliminated with a half-life of 28.3 h. 

Ref.: 61 
 
Comment 
The bioavailability in Sprague-Dawley rats (derived from comparison to i.v. administration) 
after oral dosing was 69% while 2% bioavailability was found after dermal administration in 
a formulation. 
 
 
Study 5, absorption, disposition and elimination in humans following application to 
scalp 
 
Guideline: / 
Species: human 
Group size: 5 adult males per formulation 
Test substance: [14C-CH3]-toluene-2,5-diamine sulfate in a hair dye formulation 
Batch: / 
Purity: / 
Radioactivity: 19.98 µCi [14C-CH3]-toluene-2,5-diamine sulfate diluted with 1.65 g 

non-labelled toluene-2,5-diamine sulfate in 100 g hair dye formulation 
Treatment: A total of 45 g of a formulation containing 0.825% resorcinol and 

0.825% [14C-CH3]-toluene-2,5-diamine sulfate mixed with water 
(formulation I) or 6% hydrogen peroxide (formulation II) corresponding 
to 180 mg/cm2 formulation (1.48 mg/cm2 [14C-CH3]-toluene-2,5-
diamine sulfate, 17.98 nCi/cm2) 

Exposed area: 250 cm² 
Route: dermal on scalp for 30 minutes 
Year of report: 1981 
GLP: / 
 
The absorption and elimination of [14C-CH3]-toluene-2,5-diamine sulfate following topical 
application of 2 formulations to hair-bearing scalp was studied using 5 human male adults 
per group. 45 g of a formulation containing 0.825% resorcinol and 0.825% [14C-CH3]-
toluene-2,5-diamine sulfate mixed with water (formulation I, non-oxidative conditions) or 
6% hydrogen peroxide (formulation II, oxidative conditions) corresponding to 1.48 mg/cm2 
[14C-CH3]-toluene-2,5-diamine sulfate was applied on the scalp for 30 minutes. The 
formulation was rinsed off and the hair was shampooed. Radioactivity in urine and faeces as 
well as in in blood samples taken at certain time periods was measured. 
 
Results 
Following application of formulation I (non-oxidative conditions), the sum of excreted 
radioactivity in urine (0-48 h) was 2.31% (8.55 mg of 370 mg applied) whereas the 
respective figure for formulation II (oxidative conditions) was 0.78% (2.89 mg of 370 mg 
applied). The mean total elimination rate of radioactivity in urine and faeces was 4.81 ± 
0.62% (formulation I, non-oxidative conditions) and 1.31 ± 0.14% (formulation II, 
oxidative conditions) of the applied dose. The absorption rates of toluene-2,5-diamine 
sulfate were 71 ± 9.26 µgeq/cm2 (formulation I, non-oxidative conditions) and 20 ± 2.02 
µgeq/cm2 (formulation II, oxidative conditions). 
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Half life in blood ranged from 1.2 – 2.7 h and AUCs were calculated to be 41.6 ± 1.7 ngeq x 
h/ml (formulation I, non-oxidative conditions) and 9.2 ± 3.1 ngeq x h/ml (formulation II, 
oxidative conditions). 

Ref.: 62 
 
Comment of the SCCS 
This study was performed using only 5 persons per formulation and a concentration of 
0.825% on the scalp. In contrast, the applicant’s dossier intends the use of an on-head 
concentration of 3.6% toluene-2,5-diamine sulfate. The mean recovery was only 86 and 
47% under non-oxidative and oxidative conditions, respectively. Study reporting was not 
according to modern standards. 
 
 
Study 6, In Vivo Toxicokinetic Study with Dermal Application in the Sprague 
Dawley rat (Submission III, 2010) 
 
Guideline: OECD 417/427 (1984/2004) 
Species/strain: Rat, strain Sprague Dawley, Crl;CD (outbred, SPF quality), females 
Group size: 4 animals per dose group  
Test substance: toluene-2,5-diamine sulfate 
Batch: CFQ40199 batch 1 [ring-14C(U)]-toluene-2,5-diamine sulfate 

2346 (non-radiolabelled toluene-2,5-diamine sulfate) 
Purity: Radiochemical purity: 99.0% by HPLC - [ring-14C(U)]-toluene-2,5-

diamine sulfate, Batch CFQ40199, batch 1 
Non-radiolabelled toluene 2,5-diamine sulfate: >99% at 254 nm 

Dose levels (actual): 2.1 mg/mL; 21 µg/cm2 - dosing surface area 20 cm2; 1.4 mg/kg bw 
 7.7 mg/mL; 75 µg/cm2 - dosing surface area 20 cm2; 6.0 mg/kg bw 

 24 mg/mL; 224 µg/cm2 - dosing surface area 20 cm2; 19.5 mg/kg bw 

 72 mg/mL; 734 µg/cm2 - dosing surface area 20 cm2; 63.2 mg/kg bw 
 7.3 mg/mL; 80 µg/cm2 - dosing surface area 5 cm2; 1.5 mg/kg bw 
 72 mg/mL; 677 µg/cm2 - dosing surface area 5 cm2; 13.3 mg/kg bw 
Route: Dermal 
Dose volume: 0.2 ml for 20 cm2 surface area; 0.05 ml for 5 cm2 surface area  
Vehicle: Ammonia (25%)/Milli-Q water/hair dye formulation 81905108B 
 (5/15/80);  
 final concentration of ammonia was 1% 
Dosing Schedule: Single application for 30 minutes 
Study date: 7/2008 – 8/2008 
GLP: In compliance 
 
A single dose of [14C]-toluene-2,5-diamine sulfate was administered by dermal application 
to groups of 4 female Sprague Dawley rats. Approximately 24 h prior to treatment, the fur 
was shaved on the back of the animals. For dose groups involving a total dosing surface 
area of 20 cm2, two rubber “O”-rings with an internal surface area of 10 cm2 were glued to 
the skin with Histoacryl Tissue Adhesive (B. Braun, Meslungen, Germany). For dose groups 
involving a total dosing surface area of 5 cm2, one rubber “O”-ring with an internal surface 
area of 5 cm2 was glued onto the skin. Animals wore a collar to prevent grooming of the 
treated area. Exposure was terminated 30 minutes post-application by cleaning the 
application site with cotton swabs moistened with a 10% aqueous shampoo solution or 
water. 
 
Blood samples (ca. 200 µl) were collected from the tail vein at 0.5, 1, 2, 3, 4, 8, 24, and 48 
h after application. Within a maximum of 1 hour after sampling, blood was centrifuged to 
obtain plasma, which was stored at < -75 ºC until determination of radioactivity. After the 
final blood sample was collected, the animals were euthanized by an O2/CO2 procedure. The 
total amount of radioactivity in plasma samples was measured by liquid scintillation 
counting. 
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Concentrations of radioactivity in plasma were calculated as mg equivalents of toluene-2,5-
diamine sulfate/kg sample based on the specific activity of the radiolabeled toluene-2,5-
diamine sulfate formulation.  Toxicokinetic parameters were calculated from the curves 
constructed from the individual values at each time point using the WinNonlin 5.2 program. 
Parameters that were calculated included Cmax, tmax, tlast, AUClast, AUC∞, λz, and t1/2. Cmax and 
AUC values were also dose-normalized to 1 mg/kg bw. 
 
Results and Discussion 
Dermal absorption was rapid with tmax reached at 0.5 - 1 h after dosing in all groups. Cmax 
values of the groups 1 – 4 ranged from 0.06 ± 0.06 mg/kg plasma (group 1, 1.4 mg/kg bw) 
to 6.5 ± 7.0 mg/kg plasma (group 4, 63.2 mg/kg bw). Plasma AUC values for each of the 
dose groups are summarized in the table below.  For Groups 1, 5 and 6 values for plasma 
AUC(0-∞)  were only approximations because of the lack of measurable plasma concentration 
values in the terminal elimination phase of the plasma concentration versus  time profile. 
 

 
 
Analysis of the dose groups 1 - 4  involving a 20 cm2 dosing surface indicates that plasma 
AUC(0-∞) increased proportionately with increasing applied dose (expressed as µg/cm2). A 
linear regression analysis gave a correlation coefficient of 0.9921 (see figure below).  
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Plasma AUC values were greater after application to skin surface area of 20 cm2 versus 5 
cm2 when comparing approximately equally applied doses (Groups 2 and 5 with applied 
doses of 75 and 80 µg/cm2, respectively, and Groups 4 and 6 with applied doses of 677 and 
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734 µg/cm2, respectively). However, in Groups 5 and 6 (5 cm2 surface area of application) 
values for plasma AUC(0-∞) were only approximations because of the lack of measurable 
plasma concentration values in the terminal elimination phase of the plasma concentration 
versus time profile. Therefore, a quantitative comparison of mean AUC(0-∞) values for 
different skin surface areas with similar µg/cm2 doses was not considered appropriate. 

Ref.: 12 (subm III) 
 
 
Study 7, toxicokinetics of [14C] toluene-2,5-diamine sulfate following a single oral 
administration to Sprague-Dawley rats (Submission III, 2010) 
 
Guideline: OECD 417  
Species/strain: Sprague-Dawley rat 
Group size: 6 per sex per group 
Test substance: toluene-2,5-diamine sulfate (non-radiolabelled) 
 [Ring-14C(U)]-toluene-2,5-diamine sulfate, specific activity 75 mCi/mmol  
Batch: CFQ40808, Batch B1- [ring-14C(U)]-toluene-2,5-diamine sulfate 
 R0022279 – (Non-radiolabelled toluene-2,5-diamine sulfate) 
Purity: Radiochemical purity: 98.9% by HPLC [ring-14C(U)]-toluene-2,5-diamine 

sulfate 
 Non-radiolabelled toluene-2,5-diamine sulfate: 99.5% by NMR 
Vehicle:  Reverse osmosis deionized water, pH 5.0 + 0.3 
Dose levels: 5 and 10 mg/kg bw (containing approximately 100 µCi of radioactivity 

per dose) 
Route: Oral gavage 
Dosing: Single administration 
Study date: 04/2010 – 09/2010 (performed outside the EU) 
GLP: In compliance 
 
A single dose of [14C]-toluene-2,5-diamine sulfate was administered orally by gavage at 5 or 
10 mg/kg bw to fasted animals in a dose volume of 10 ml/kg bw. Dosing solutions were 
prepared on the day of dosing using the same vehicle used for the 91-day oral toxicity 
study (Charles River study VK00169, 18 August 2010). Blood (circa 0.3 ml) was collected 
via the cannulated jugular or carotid artery at 0.25, 0.5, 1, 2, 4, 8, 24, 48, and 72 h post 
dose and transferred to tubes containing K2-EDTA anticoagulant and kept on wet ice until 
centrifugation. Within 1 hour of collection blood was centrifuged refrigerated (4 ºC) at 2700 
rpm for approximately 10 min to separate plasma. Blood was also collected via the 
cannulated jugular or carotid from undosed control animals (Group 1, one male and one 
female). The plasma obtained from these animals was used to determine background levels 
of radioactivity. Duplicate weighed aliquots of dose formulation and plasma samples were 
mixed directly with liquid scintillation fluid for radioactivity measurement. 
 
Plasma concentrations of radioactivity in dpm/g and mass eq/g were calculated based on 
the measured specific activity of the radiolabelled test material in the dose formulation.  The 
toxicokinetic profile for each animal was characterized by non-compartmental analysis of 
the plasma radioactivity concentration data using validated computer software.  The area 
under the radioactivity plasma concentration versus time curve (AUC) was calculated using 
the linear trapezoidal method. The parameters calculated included the following: Cmax, Tmax, 
AUC(0-tlast), T1/2, AUC(0-∞). 
 
Results and Discussion 
Toxicokinetic parameters calculated from the concentration versus time profiles for each 
treatment group (5 and 10 mg/kg bw) are presented below: 
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a Median value reported for Tmax 
 
 
The highest mean observed concentration (Cmax) was similar for both males and females 
and increased proportionally with an increase in dose. The Cmax was observed between 0.40 
and 0.60 h post dose, suggesting a rapid absorption of the test material following the oral 
dose. Following the Cmax, the plasma radioactivity concentrations declined but were still 
detectable at 72 h post dose for both groups. Systemic exposure based on AUC(0-∞) was 
slightly higher for females as compared to males and increased proportionally with an 
increase in dose. The mean terminal elimination half life (T1/2) was similar for both sexes 
and ranged from 11.3 to 14.2 h. 

Ref.: 14 (subm III) 
 
 
Exposure to 2 commercial hair dye products (brown-red colour shade and black-brown 
colour shade) was investigated in 2 females in Germany (Schettgen et al., 2011). Both were 
genotyped as slow acetylators (NAT2). Urinary samples were collected for a time period of 
48 h after personal application of the hair dye creams which were labelled to contain 
toluene-2,5-diamine. The concentrations of the indicated ingredient were unknown. The 
urine samples were heated with 37% hydrochloric acid for 1 h at 80 °C in order to hydrolyse 
the amine conjugates and then analysed for aromatic diamines as well as for o-toluidine and 
4-aminobiphenyl (as possible contaminants) using a GC-MS method. The cumulative 
excreted amounts of toluene-2,5-diamine were 700 µg and 1500 µg, respectively. The 
kinetics of urinary toluene-2,5-diamine after dermal application showed a phase of 
absorption and distribution within the body of about 12 h. Excretion mainly followed a first-
order kinetics with a urinary half-life of about 8 hours.  

Ref.:AR3 

Study 8, consumer exposure to an oxidative hair dye.  A [14C]-labelled toluene-
2,5-diamine mass balance study (Submission IV, 2012) 

Guideline: / 
Species: Human 
Group Size: 16 Healthy adult male and female subjects per group 
Methodology: Open study with a single application of an oxidative hair dye mixture 

onto the hair 
Test Substance: 2,5-Diamino[ring-U-14C]-toluene sulfate - 80 mCi/mmol; 2.96 

GBq/mmol; radiochemical purity 97.8% (HPLC) 
Batch: CFQ41174 
Test Formulations: Isotopic dilution of 2,5-Diamino[ring-U-14C]-toluene sulfate in a dark 

shade oxidative hair dye formulation with a final on-head concentration 
of either 1.5% or 4.0% toluene-2,5-diamine (expressed as free base) 

Group 2 (5 mg/kg bw) 
(meana + SD) 

Group 3 (10 mg/kg bw) 
(meana + SD) Pharmaco-

kinetic 
Parameter 

Units 

M F M and F M F M and F 

Tmax H 0.40 0.57 0.567 0.6 0.5 0.534 

Cmax µgeq / ml 6.42 + 
0.471  

7.24 + 
0.446  

6.83 + 
0.613 

12.6 + 
1.11 

13.3 + 
0.984 

12.9 + 1.07 

AUC(0-tlast) µgeq x h/ml 19.2 + 
2.68 

25.1 + 
4.53 

22.1 + 4.72 40.7 + 
3.25 

51.2 + 
4.04 

46.0 + 6.53 

t1/2 h 12.8 + 
6.14 

12.6 + 
4.28 

12.7 + 5.05 14.2 + 
4.37 

11.3 + 
5.94 

12.8 + 5.20 

AUC(0-∞) µgeq x h/ml 19.3 + 
2.65 

25.3 + 
4.51 

22.3 + 4.72 41.0 + 
3.30  

51.6 + 
3.92 

46.3 + 6.51 
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plus couplers, following mixing with hydrogen peroxide-containing 
developer (1:1, w/w). 

Batch: DTF 0938002 BF0 2 (1.5% toluene-2,5-diamine formulation); DTF 
0938002 AF0 3 (4% toluene-2,5-diamine formulation) 

Study period: Aug-Sep 2011 
GCP Status: In compliance; ICH Guideline for Good Clinical Practice (ICH topic E6, 

adopted 01-05 1996 and implemented 17-01 1997) 
 
In this study, two groups of human subjects (N=16 per group, 27 males and 5 females, age 
range 18-45 years) received a single application of an oxidative hair dye mixture by 
professional hairdressers. The final on-head concentration of [14C]-toluene-2,5-diamine in the 
hair dye mixture applied was either 1.5% or 4.0% (expressed as free base). Both of the 
oxidative hair dye mixtures also contained m-aminophenol (A015), 4-amino-2-
hydroxytoluene (A027), and 2,4-diaminophenoxyethanol dihydrochloride (A042) as couplers. 
The duration of the hair colouring exposure was 30 minutes. Following hair colouring, the dye 
was rinsed off, and the hair was shampooed, dried and clipped. Urine and faeces were 
collected quantitatively for 48 hours, and blood samples were taken prior to hair dyeing and at 
2, 4, 6, 8, 10, 24, and 48 hours after hair colouring was begun. A protective cap was worn 
after clipping of the hair until the scalp was washed the following morning in order to collect 
radiolabelled substance exfoliated from the scalp during that time. Urine and faeces 
samples, as well as clipped hair, protective caps, wash water, and other materials (combs, 
brushes, towels, and gloves) were analysed for [14C] radioactivity by liquid scintillation 
counting to calculate an overall mass balance. Plasma samples were analysed for [14C] 
radioactivity to evaluate plasma kinetics of [14C]-toluene-2,5-diamine equivalents. Calculated 
plasma kinetic parameters included Tmax, Cmax, AUC(0-48hr), AUC(0-∞), and T1/2. 
 
Results 
The overall mean mass balance obtained in this study was 98.85 + 2.70% and 98.49 + 
2.97% for the low (1.5%) and high (4.0%) concentrations, respectively. The bulk of 
radioactivity was recovered in washing water and coloured hair. The washing water contained 
a mean of 56.28 + 6.34% and 66.48 + 5.40% of the applied radioactivity for the low and 
high concentration mixtures, respectively. The coloured hair contained a mean of 41.55 + 
6.09% and 31.16 + 5.18% of the applied radioactivity for the low and high concentration 
mixtures, respectively. 
 
Mean urinary excretion represented 0.83 + 0.26% and 0.83 + 0.42% of the applied 
radioactivity while mean faecal excretion represented 0.035 + 0.02% and 0.042 + 0.04% for 
the low and high concentration mixtures, respectively. Taken together, excretion in the 48 
hour urine and faeces accounted for 0.86 + 0.27% and 0.87 + 0.45% of the applied 
radioactivity which would correspond to 6.28 + 1.72 mg and 17.99 + 8.76 mg toluene-2,5-
diamine equivalents for the low and high concentration hair dye mixtures, respectively. 
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Plasma kinetic results are summarised in the following table. 
 

Parameter Units Mean SD Min Max 
  1.5% toluene-2,5-diamine 
Tmax hr 2.4 0.8 2.0 4.0 
Cmax ng eq/mL 99.1 38.4 46 180 
AUC(0-48h) ng eq*hr/mL 1189 390 543 2128 
AUC(0-∞) ng eq*hr/mL 1241 402 583 2175 
T1/2 hr 10.1 1.3 8.5 12.4 
Excretion urine(0-48h) % of dose 0.826 0.25 0.40 1.31 
Excretion faeces(0-48h) % of dose 0.035 0.024 0.005 0.096 
Excretion total(0-48h) % of dose 0.86 0.27 0.41 1.41 
    

    
  4.0% toluene-2,5-diamine 
Tmax hr 2.6 1.0 2.0 4.0 
Cmax ng eq/mL 266 145 111 599 
AUC(0-48h) ng eq-hr/mL 3341 1474 1785 7340 
AUC(0-∞) ng eq-hr/mL 3353 1519 1894 7796 
T1/2 hr 11.3 2.6 7.7 17.5 
Excretion urine(0-48h) % of dose 0.83 0.42 0.35 2.00 
Excretion faeces(0-48h) % of dose 0.042 0.04 0.003 0.163 
Excretion total(0-48h) % of dose 0.87 0.46 0.35 2.16 

 
 
These results indicate a Cmax of 99.1 + 38.4 ngeq/mL and 266 + 145 ngeq/mL for the low and 
high concentration mixtures, respectively. T1/2 was similar in both treatment groups (10.1 + 
1.3 hr and 11.3 + 2.6 hr for the low and high concentration mixtures, respectively). The 
mean AUC(0-∞) was 1241 + 402 ngeq x hr/mL and 3553 + 1519 ngeq x hr/mL for the low and 
high concentration mixtures, respectively, and these values were used in the MoS calculation. 

Ref.: 15 
Comment 
The parent compound and its metabolites were not analyzed in urinary samples. Plasma 
half-lives of the test substance in the high dose group differed by 2.3-fold, in the low dose 
group by 1.5-fold suggesting that individual differences in the rate-limiting step(s) of 
elimination (metabolism and/or excretion) apparently do not play a major role. However, 
data on the N-acetylator status (NAT1, NAT2) of the study participants was not reported. 
Furthermore, in the high dose group, excretion in the 48 hour urine and faeces (combined) 
and Cmax values differed by about 6-fold. In the low dose group, the differences were less 
marked (about 3-fold). In both dose groups, the AUC values differed by about 4-fold. The 
high dermal absorption in some cases (both high Cmax and AUC values in 2 individuals in the 
high dose group and in 1 individual in the low dose group) were explained as follows: “The 
variability observed in the individual results is likely due to the variation in plasma levels 
that is frequently observed in studies performed via topical application.“ However, such 
differences may become crucial when the calculation of a toxicokinetic MoS gives a 
borderline result.  
 
Conclusion on toxicokinetics 
In an in vitro metabolism study with primary hepatocytes of human, rat and mouse toluene-
2,5-diamine sulfate was extensively metabolized by all hepatocytes (order: rat ≈ mouse > 
human). With human hepatocytes the substance was completely metabolized after 4 h. For 
all three species N-acetylation was the major metabolic reaction and the results indicate 
that toluene-2,5-diamine sulfate is substrate for both types on N-acetyltransferases NAT1 
and NAT2. Only a mono-N-acetylated metabolite was detected under the conditions of the 
study. No conclusions can be drawn from the study results with regards to the relative 
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activity or preference of human NAT1 and NAT2 towards the substrate toluene-2,5-diamine. 
Mouse hepatocytes additionally showed extensive hydroxylation of toluene-2,5-diamine 
sulfate. 
 
The human hepatic metabolism in vitro of toluene-2,5-diamine sulfate was investigated in 
hepatocytes from human donors, pooled human liver microsomes and bacterially expressed 
human CYP isozymes. With microsomes there was no evidence for the production of 
oxidative metabolites. Incubation with recombinant CYP isozymes yielded no oxidative 
metabolites. Following incubation with human hepatocytes an indication was found by MS 
for the formation of a mono-acetylated derivative. No glucuronides, sulphate esters or 
mono-hydroxylated metabolites were detected. 
 
Absorption, distribution, metabolism and excretion (ADME) after a single oral or dermal 
dose was studied in Kyoto rats, a strain with a slow acetylator phenotype. After oral dosing 
three metabolites were observed in the urine, the largest peak was identified as N,N-
diacetyl-toluene-2,5-diamine which was also found in faeces. The metabolite pattern after 
dermal dosing was similar to that after oral dosing. The comparison of AUCs showed 
differences between oral (25 mg/kg bw: 174 mgeq x h/l) and dermal application (33 mg/kg 
bw: 4.39 mgeq x h/l). Following iv application, in urine 2 major metabolites were observed 
and the largest peak was identified as N,N-diacetyl-toluene-2,5-diamine which was also 
found in faeces. The metabolite pattern was similar to that after oral administration. The 
bioavailability (derived from comparison to iv administration) after oral dosing was > 90% 
while 2% bioavailability was found after dermal application. 
In similar toxicokinetic studies with Sprague-Dawley rats the comparison of AUCs showed 
differences between oral (25 mg/kg bw: 112 mgeq x h/l) and dermal application (33 mg/kg 
bw in formulation: 2.27 mgeq x h/l). Following oral administration of 2.5 mg/kg bw (NOAEL 
dose) the AUC was 8.53 mgeq x h/l. The bioavailability (derived from comparison to iv 
administration) after oral dosing was 69% while 2% bioavailability was found after dermal 
administration in a formulation. 
 
Absorption, disposition and elimination in humans was studied following application of a hair 
dye formulation at a concentration of 0.825% toluene-2,5-diamine sulfate to the scalp. The 
exposed area was 250 cm2. Following application of formulation I (non-oxidative 
conditions), the sum of excreted radioactivity in urine (0-48 h) was 2.31% (8.55 mg of 370 
mg applied) whereas the respective figure for formulation II (oxidative conditions) was 
0.78% (2.89 mg of 370 mg applied). With a H2O2 containing formulation, the mean 
absorption rate was 20 ± 2.02 µgeq/cm2 and the AUC was 9.2 ± 3.1 ngeq x h/mL. This study 
was performed using a concentration of 0.825% on the scalp. However, the applicant 
intends the use of an on-head concentration of 3.6% toluene-2,5-diamine sulfate. The value 
of the sum of excreted radioactivity in urine determined was 2.89 mg toluene-2,5-diamine 
sulfate (= 1.6 mg toluene-2,5-diamine). Similarly, in the study of Schettgen et al. (2011) 
which investigated exposure to 2 commercial hair dye products in two females (both 
genotyped as slow acetylators with regard to NAT2), the cumulative urinary excreted 
amounts of toluene-2,5-diamine after collection for a time period of 48 h were 700 µg and 
1500 µg, respectively. The kinetics of urinary toluene-2,5-diamine after dermal application 
showed a phase of absorption and distribution within the body of about 12 h. Excretion 
mainly followed a first-order kinetics with a urinary half-life of about 8 hours. 
 
 
Studies added in submission III and IV 
 
A further percutaneous absorption study was provided in submission III of 2010. The skin 
absorption of toluene-2,5-diamine sulfate at concentrations of 0.25, 0.8, 2.4, or 7.2% was 
investigated with human skin (abdomen, breast, back, thickness ca 400 µm). An area dose 
of 20 mg/cm² of the final formulation was applied once to the skin (0.64 cm²) in a 
commercial oxidative hair dye formulation in either the presence or absence of hydrogen 
peroxide for 30 min. The study was well performed. Therefore, mean +1SD may be used as 



SCCS/1479/12 
 

Opinion on toluene-2,5-diamine 
___________________________________________________________________________________________ 

 61

the amount absorbed in calculating the MOS. The intended use of toluene-2,5-diamine is at 
a maximum of 4% ‘on head’ (7.2% as sulfate). Experiments were conducted with toluene-
2,5-diamine sulfate in a range of dilutions from 0.25 to 7.2%. For 7.2% toluene-2,5-
diamine sulfate, the amount absorbed under non-oxidative conditions (mean + 1SD) is 
137.7 µg/cm². Under oxidative conditions, the amount absorbed is 69.4 µg/cm², which may 
be used for MOS calculation. 
 
A further toxicokinetic study was conducted in female Sprague Dawley rats in accordance 
with OECD Guidelines 417 and 427 to determine plasma AUC of toluene-2,5-diamine sulfate 
equivalents after dermal application. The purpose of this study was to evaluate the 
concentration dependency of percutaneous absorption of toluene-2,5-diamine under in vivo 
conditions. The analysis of the results obtained in the four dose groups involving a 20 cm2 
dosing surface indicates that mean plasma AUC(0-∞) was directly proportional to applied dose 
(expressed as µg/cm2), and thus proportional to concentration used.   
 

An additional rat oral toxicokinetic study was conducted in order to determine systemic 
exposure after a single dose of either 5 or 10 mg/kg bw toluene-2,5-diamine sulfate. The 
latter dose corresponds to the NOAEL determined in the new 91-day oral toxicity study. The 
AUC(0-∞) value obtained in the 10 mg/kg bw dose group is considered to represent the 
systemic exposure at the dose corresponding to the NOAEL from the 91-day oral toxicity 
study. 

Male and female animals (6 per sex per dose) were administered an oral gavage dose of 
[14C]-toluene-2-5-diamine sulfate.  Blood samples were collected at regular intervals over a 
72-hour period, and radioactivity was measured in plasma. Toxicokinetic parameters 
including AUC(0-∞) were calculated from the plasma concentration versus time profiles.  

Toluene-2,5-diamine sulfate was rapidly absorbed following an oral dose, with a Tmax of 
approximately 0.5 hr.  Cmax values corresponding to a dose of 10 mg/kg bw were 12.6 + 
1.11 µgeq x h/ml and 13.3 + 0.984 µgeq x h/ml in males and females, respectively.  Mean 
plasma AUC(0-∞) values corresponding to a dose of 10 mg/kg bw were 41.0 + 3.30 µgeq x 
h/ml and 51.6 µgeq x h/ml in males and females, respectively.  The overall mean plasma 
AUC(0-∞) for males and females combined was 46.3 µgeq x h/ml, and this value was used by 
the applicant in the proposed toxicokinetics based MoS calculation. 
 
In a further study, human systemic exposure (32 persons) was determined following 
application of an oxidative hair colouring formulation containing 1.5 and 4.0% toluene-2,5-
diamine, respectively. The mean plasma AUC(0-∞) values were 1241 + 402 ng x hr/mL and 
3553 + 1519 ng x hr/mL for the low and high concentration mixtures, respectively. These 
values were used for interpolation of 2% toluene-2,5-diamine in order to calculate the MoS. 
However, no data on the N-acetylator status (NAT1, NAT2) of the study participants were 
provided and, furthermore, marked individual differences in dermal absorption, Cmax and 
AUC values were found.  
 
3.3.10. Photo-induced toxicity 
 
3.3.10.1. Phototoxicity / photoirritation and photosensitisation 
 
No data submitted 
 
3.3.10.2. Phototoxicity / photomutagenicity / photoclastogenicity 
 
No data submitted 
 
3.3.11. Human data 
 
See point 3.3.3. Sensitisation 
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3.3.12. Special investigations 
 
No data submitted 
 
3.3.13. Safety evaluation (including calculation of the MoS) 
 

CALCULATION OF THE MARGIN OF SAFETY 
 

Toluene-2,5-diamine sulfate 
(Oxidative conditions) 

 
A. Conventional method 
 
Absorption through the skin  A (mean + 1SD) = 40.02 µg/cm² 
Skin Area surface SAS = 580 cm2 
Dermal absorption per treatment SAS x A x 0.001 = 23.21 mg 
Typical body weight of human  = 60 kg 
Systemic exposure dose (SED)  SAS x A x 0.001/60 = 0.39 mg/kg bw 
No observed adverse effect level NOAEL = 10 mg/kg bw/d 
(90-day, rat, oral) 
NOAEL corrected for bio-availability (69%) = 6.9 mg/kg bw/d 
 
Margin of Safety NOAEL / SED = 18 
 
 
B. Based on toxicokinetics 
 
Following the SCCS Notes of Guidance, available oral absorption data and the toxicokinetic 
properties of the substance should be taken into account. According to WHO, the 100-fold 
uncertainty factor can be subdivided in interspecies differences (10-fold) in toxicodynamics 
(2.5) and toxicokinetics (4) and inter-individual differences (10-fold) in toxicodynamics 
(3.2) and toxicokinetics (3.2). Given the AUC figures obtained from rats and humans the 4-
fold factor for interspecies differences in toxicokinetics can be set to 1 which results in a 
remaining uncertainty factor of 25 which should be achieved. The applicant proposed to use 
the new human exposure study in vivo to calculate the Margin of Safety using the area 
under curve. This approach is accepted as being scientifically valid.  
 
In this new study human systemic exposure was determined following application of an 
oxidative hair colouring formulation containing 1.5 and 4.0% toluene-2,5-diamine, 
respectively. The mean plasma AUC(0-∞) values were 1241 ngeq-hr/mL and 3553 ngeq-hr/mL 
for the low and high concentration mixtures, respectively. These values were compared to the 
rat mean AUC(0-∞) of  46.3 µgeq-hr/mL (see Ref.  14) at the NOAEL dose of 10 mg/kg bw/day 
established in the 91 day oral toxicity study. The toxicokinetics-based Margin of Safety was 
37.3 and 13.0, respectively. By interpolation assuming direct proportionality the human plasma 
AUC(0-∞) value corresponding to a MoS of 25 was calculated to be 1852 ng eq-hr/mL which 
corresponds to a concentration of 2.24% derived from the 1.5% AUC and assuming again 
proportionality. Therefore, the applied concentration of 2% is considered to be safe with regard 
to systemic toxicity (toxicokinetics based MoS >25). Furthermore, the intermittent exposure 
from oxidative hair dyes has to be taken into account. 
 
3.3.14. Discussion 
 
Physico-chemical properties 
Toluene-2,5-diamine and its sulfate are used as an oxidative hair colouring agent 
(precursor). The intended maximum on-head concentration is 2.0% (calculated as free 
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base), or 3.6% (calculated as sulfate). Not all batches used were properly characterised. 
The stability of toluene-2,5-diamine and its sulfate in typical hair dye formulations was not 
reported. The impurity o-toluidine is classified by the EU as carcinogenic category 1B. No 
documentation was provided to support the reported data on the free base. Solubility of 
toluene-2,5-diamine has not been determined according to standard methods (e.g. EU - 
A.6). 
 
 
Irritation / sensitisation 
In an in vivo study in rabbits a 50.6% toluene-2,5-diamine applied under semi-occlusive 
conditions did not produce evidence of oedema and could not be evaluated for erythema 
due to black colouration of the skin. In the second experiment, which did not conform to 
guidelines or GLP, it is unclear whether the test concentration of toluene-2,5-diamine was 
2.5% w/v or 25% w/v. However, in this experiment the test substance was irritant to rabbit 
skin under occlusive conditions. 
Eye irritation studies have demonstrated that 50.6% toluene-2,5-diamine is irritant to the 
rabbit eye. Some irritant effects were also seen with 2.5% toluene-2,5-diamine.  
 
The animal data indicate that toluene-2,5-diamine is an extreme skin sensitiser. 
Human data: the results from several diagnostic patch studies in dermatitis patients show a 
high rate of contact allergy to toluene-2,5-diamine and to toluene-2,5-diamine sulfate. Due 
to different selection criteria and different patch test substances used, conclusions cannot 
be drawn concerning the trend over time of contact allergy to toluene-2,5-diamine and 
toluene-2,5-diamine sulfate. The results indicate that patch test reactivity is higher to 
toluene-2,5-diamine than toluene-2,5-diamine sulfate.  
 
 
Dermal absorption 
The data obtained in the different percutaneous absorption studies in vitro vary in the range 
of approximately 10 to 70 µg/cm2. Such a variation is expected in view of the differences in 
design and data evaluation across studies. Factors which influenced the results were related 
to the test formulation (test substance concentration, presence of hydrogen peroxide and 
reaction partner, vehicle) to test model details (species/source and skin type) and to the 
number and type of compartments included in the calculation of systemic exposure. 
 
A further percutaneous absorption study in vitro was provided in submission III of 2010. 
The skin absorption of toluene-2,5-diamine sulfate was investigated with human skin 
(abdomen, breast, back, thickness ca 400 µm). An area dose of 20 mg/cm² of the final 
formulation was applied once to the skin (0.64 cm²) in a commercial oxidative hair dye 
formulation in either the presence or absence of hydrogen peroxide for 30 min. The study 
was well performed. Therefore, mean +1SD may be used for MOS calculation. The intended 
use of toluene-2,5-diamine is at a maximum of 4% (calculated as free base) or 7.2% 
(calculated as sulfate) ‘on head’. Experiments were conducted in a range of dilutions from 
0.25 to 7.2% toluene-2,5-diamine sulfate. For 2.4% toluene-2,5-diamine sulfate, the 
amount absorbed under non-oxidative conditions (mean + 1SD) is 9.25 ± 2.54 = 11.79 
µg/cm². Under oxidative conditions, the amount absorbed is 21.81 ± 4.87 = 26.68 µg/cm². 
The latter value may be used for the conventional MOS calculation after correction (26.68 x 
3.6 / 2.4 = 40.02 µg/cm²) since the intended on head concentration is 3.6%. 
 
 
General toxicity 
The acute median lethal oral dose was calculated to be 102 mg/kg bw. In a 90-day study, 
the NOAEL is considered to be 10 mg/kg bw/d based on an increase in AST levels and 
myocyte degeneration observed at 20 mg/kg bw/d.  
 
The NOAEL for reproductive toxicity was 45 mg/kg bw/d. The NOAEL of embryotoxicity and 
teratogenicity of toluene-2,5-diamine sulfate in rabbits is 50 mg/kg bw/d. The NOAEL of 
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toluene-2,5-diamine sulfate in rats for maternal toxicity is 50 mg/kg bw/d, the NOAEL of 
embryotoxicity and teratogenicity 80 mg/kg bw/d. 
 
 
Toxicokinetics 
In an in vitro metabolism study with primary hepatocytes of human, rat and mouse toluene-
2,5-diamine sulfate was extensively metabolized by the hepatocytes of all species 
investigated (order: rat ≈ mouse > human). With human hepatocytes the substance was 
completely metabolized after 4 h. For all three species N-acetylation was the major 
metabolic reaction and the results indicate that toluene-2,5-diamine sulfate is substrate for 
both types on N-acetyltransferases NAT1 and NAT2. Only the mono-N-acetylated metabolite 
was detected under the conditions of the study. No firm conclusions can be drawn from the 
study results with regards to the relative activity or preference of human NAT1 and NAT2 
towards the substrate toluene-2,5-diamine. Mouse hepatocytes additionally showed 
extensive hydroxylation of toluene-2,5-diamine sulfate. 
 
The human hepatic metabolism in vitro of toluene-2,5-diamine sulfate was investigated in 
hepatocytes from human donors, pooled human liver microsomes and bacterially expressed 
human CYP isozymes. With microsomes there was no evidence for the production of 
oxidative metabolites. Incubation with recombinant CYP isozymes yielded no oxidative 
metabolites. Following incubation with human hepatocytes, an indication was found for the 
formation of a mono-acetylated derivative using mass spectrometry. No glucuronides, 
sulphate esters or mono-hydroxylated metabolites were detected. 
 
Absorption, distribution, metabolism and excretion after a single oral or dermal dose was 
studied in Kyoto rats, a strain with a slow acetylator phenotype. After oral dosing three 
metabolites were observed in the urine, the largest peak was identified as N,N-diacetyl-
toluene-2,5-diamine which was also found in faeces. The metabolite pattern after dermal 
dosing was similar to that after oral dosing. The comparison of AUCs showed differences 
between oral (25 mg/kg bw: 174 mgeq x h/l) and dermal application (33 mg/kg bw: 4.39 
mgeq x h/l). Following iv administration, 2 major metabolites in urine were observed. The 
largest peak was identified as N,N-diacetyl-toluene-2,5-diamine which was also found in 
faeces. The metabolite pattern was similar to that after oral administration. The 
bioavailability (derived from comparison to iv administration) after oral dosing was > 90% 
while 2% bioavailability was found after dermal application. 
In similar toxicokinetic studies with Sprague-Dawley rats the comparison of AUCs showed 
differences between oral (25 mg/kg bw: 112 mgeq x h/l) and dermal application (33 mg/kg 
bw in formulation: 2.27 mgeq x h/l). Following 2.5 mg/kg bw the AUC was 8.53 mgeq x h/l. 
The bioavailability (derived from comparison to iv administration) after oral dosing of 10 
mg/kg bw was 69% while 2% bioavailability was found after dermal administration in a 
formulation. 
 
Absorption, disposition and elimination in humans was studied following application of a hair 
dye formulation at a concentration of 0.825% toluene-2,5-diamine sulfate to the scalp. The 
exposed area was 250 cm2. Following application of a non-oxidative formulation, the sum of 
excreted radioactivity in urine (0-48 h) was 2.31% (8.55 mg of 370 mg applied) whereas 
the respective figure for an oxidative formulation was 0.78% (2.89 mg of 370 mg applied). 
With the H2O2 containing formulation, the mean absorption rate was 20 ± 2.02 µgeq/cm2 
and the AUC was 9.2 ± 3.1 ngeq x h/mL. This study was performed using a concentration of 
0.825% on the scalp, while the applicant intends the use of an on-head concentration of 
3.6% toluene-2,5-diamine sulfate.  
In a recent study in in two females (both genotyped as slow acetylators with regard to 
NAT2), (Schettgen et al., 2011) a cumulative excretion of 700 to 1500 µg toluene-2,5-
diamine after exposure to two different commercial hair dye products with unknown 
toluene-2,5-diamine content was found. The kinetics of urinary toluene-2,5-diamine after 
dermal application showed a phase of absorption and distribution within the body of about 
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12 h. Excretion mainly followed a first-order kinetics with a urinary half-life of about 8 
hours. 
 
A further toxicokinetic study was conducted in female Sprague Dawley rats in accordance 
with OECD Guidelines 417 and 427 to determine plasma AUC of toluene-2,5-diamine sulfate 
equivalents after dermal application. The purpose of this study was to evaluate the 
concentration dependency of percutaneous absorption of toluene-2,5-diamine under in vivo 
conditions. The analysis of the results obtained in the four dose groups involving a 20 cm2 
dosing surface indicates that mean plasma AUC(0-∞) was directly proportional to applied dose 
(expressed as µg/cm2), and thus proportional to concentration used.   

An additional rat oral toxicokinetic study was conducted in order to determine systemic 
exposure after a single dose of either 5 or 10 mg/kg bw toluene-2,5-diamine sulfate. The 
latter dose corresponds to the NOAEL determined in the new 91-day oral toxicity study. The 
AUC(0-∞) value obtained in the 10 mg/kg bw dose group is considered to represent the 
systemic exposure at the dose corresponding to the NOAEL from the 91-day oral toxicity 
study. Male and female animals (6 per sex per dose) were administered an oral gavage 
dose of [14C]-toluene-2-5-diamine sulfate.  Blood samples were collected at regular intervals 
over a 72-hour period, and radioactivity was measured in plasma.  Toxicokinetic parameters 
including AUC(0-∞) were calculated from the plasma concentration versus time profiles. 
Toluene-2,5-diamine sulfate was rapidly absorbed following an oral dose, with a Tmax of 
approximately 0.5 hr. Cmax values corresponding to a dose of 10 mg/kg bw were 12.6 + 
1.11 µgeq x h/ml and 13.3 + 0.984  µgeq x h/ml in males and females, respectively. Mean 
plasma AUC(0-∞) values corresponding to a dose of 10 mg/kg bw were 41.0 + 3.30 µgeq x 
h/ml and 51.6 µgeq x h/ml in males and females, respectively.  The overall mean plasma 
AUC(0-∞) for males and females combined was 46.3 µgeq x h/ml, and this value was used in 
the toxicokinetics-based MoS calculation. 
 
In a further study human systemic exposure was determined following application of an 
oxidative hair colouring formulation containing 1.5 and 4.0% toluene-2,5-diamine, 
respectively. The mean plasma AUC(0-∞) values were 1241 ± 402 ngeq-hr/mL and 3553 + 
1519 ngeq-hr/mL for the low and high concentration mixtures, respectively. These values were 
used in the toxicokinetics-based MoS calculation. 
 
The knowledge on the metabolism of toluene-2,5-diamine in human skin and in systemic 
circulation is limited. From an in vitro study using human hepatocytes it was assumed by 
the study authors that NAT1 and NAT2 share the N-acetylation of toluene-2,5-diamine but 
the evidence is considered weak. Depending on the model system used, mono- and di-N-
acetylated conjugates of toluene-2,5-diamine were detected, the di-conjugate mostly as the 
major metabolite. In human in vivo studies, the parent compound and its metabolites were 
not analyzed in urinary samples. From a scientific point of view, the role of N-acetylation of 
toluene-2,5-diamine by human NAT1 in human skin as a possible major metabolic 
inactivation step should be further investigated as well as polymorphisms of human NAT1.  
 
 
Mutagenicity / genotoxicity 
Overall, the genotoxicity of toluene-2,5-diamine sulfate is sufficiently investigated for the 
three types of mutation: gene mutation, structural chromosome mutation and aneuploidy. 
Toluene-2,5-diamine sulfate is genotoxic in vitro inducing gene mutations in bacteria but 
not in mammalian cells, chromosomal aberrations, and unscheduled DNA-repair synthesis in 
primary hepatocytes in vitro.  
The positive in vitro results could not be confirmed in in vivo experiments covering the same 
endpoints. Toluene-2,5-diamine sulfate was negative in two mouse bone marrow 
micronucleus tests, following oral and i.p. administration and in an in vivo UDS test 
following oral administration. The results of the in vivo Comet assay (oral gavage) in mice 
and rats in all organs evaluated except for the rat stomach may confirm the lack of 
genotoxic activity of toluene-2,5-diamine sulfate in vivo. However, issues with regard to 
interpretation and validity of the in vivo Comet assay in general and of the positive result in 
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the rat stomach in particular remain. In addition, toluene-2,5-diamine sulfate was negative 
in two dominant lethal assays indicating lack of genotoxic activity in germ cells in vivo. The 
negative results in two in vivo mouse spot tests following dermal and ip administration may 
confirm the lack of potential of toluene-2,5-diamine sulfate to induce gene mutations. 
As the clastogenic effects found in vitro were not confirmed in in vivo tests, toluene-2,5-
diamine sulfate can be considered to have no in vivo genotoxic potential and additional tests 
are unnecessary.  
 
 
Carcinogenicity 
Toluene-2,5-diamine sulfate has been studied for carcinogenicity after oral administration 
by US National Cancer Institute. The conclusion drawn in the NCI report for this study was: 
“under the conditions of this bioassay, sufficient evidence was not provided to conclusively 
demonstrate the carcinogenicity of 2,5-toluenediamine sulfate in either Fischer 344 rats or 
B6C3F1 mice”. Hair dye formulations of toluene-2,5-diamine together with hydrogen 
peroxide have been tested in three experimental studies after topical application to mice or 
rats. The sensitivity of these studies may have been low as no response to hair dye 
formulations containing known carcinogens was observed. Thus, no conclusions with regard 
to carcinogenicity can be drawn from the skin painting studies. 
 
 
Margin of Safety 
Toxicokinetic data for Sprague-Dawley rats indicate that oral availability of toluene-2,5-
diamine at 10 mg/kg bw is 69%. The NOAEL from a 90-day study (10 mg/kg bw/d) was 
corrected accordingly to 6.9 resulting in a MOS of 18.  
 
The applicant proposed to use the new human exposure study in vivo to calculate the 
Margin of Safety using the area under curve. This approach is accepted as being 
scientifically valid. The SCCS favours a toxicokinetics-based Margin of Safety. In a new study 
human systemic exposure was determined following application of an oxidative hair 
colouring formulation containing 1.5 and 4.0% toluene-2,5-diamine, respectively. The mean 
plasma AUC(0-∞) values were 1241 ng eq-hr/mL and 3553 ng eq-hr/mL for the low and high 
concentration mixtures, respectively. These values were compared to the rat mean AUC(0-∞) of  
46.3 µg eq-hr/mL (see Ref.  14) at the NOAEL dose of 10 mg/kg bw/day established in the 91 
day oral toxicity study. The toxicokinetics-based Margin of Safety was 37.3 and 13.0, 
respectively. By interpolation assuming direct proportionality the human plasma AUC(0-∞) value 
corresponding to a MoS of 25 was calculated to be 1852 ng eq-hr/mL which corresponds to a 
concentration of 2.24% derived from the 1.5% AUC and assuming again proportionality. 
Therefore, the applied concentration of 2% is considered to be safe with regard to systemic 
toxicity (toxicokinetics based MoS >25).  
 
 

4. CONCLUSION 

 
Using the conventional risk assessment approach, a Margin of Safety of 18 was calculated.  
 
However, using a toxicokinetics-based approach based on a new human exposure study in 
vivo the Margin of Safety was calculated using the area under the curve. The applied 
concentration on-head of maximum 2% (calculated as free base) or 3.6% (calculated as 
sulfate salt) is considered to be safe with regard to systemic toxicity (toxicokinetics based MoS 
>25).  
 
Toluene-2,5-diamine is an extreme skin sensitiser. The frequency of allergic reactions in 
hairdressers and consumers remains a considerable concern for consumer safety. 
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5. MINORITY OPINION 

 
Not applicable 
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