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FOREWORD

The National Toxicology Program (NTP) is made up of four charter agencies of the U.S. Department of
Health and Human Services (DHHS): the National Cancer Institute (NCI), National Institutes of
Health; the National Institute of Environmental Health Sciences (NIEHS), National Institutes of Health;
the National Center for Toxicological Research (NCTR), Food and Drug Administration; and the
National Institute for Occupational Safety and Health (NIOSH), Centers for Disease Control. In July
1981, the Carcinogenesis Bioassay Testing Program, NCI, was transferred to the NIEHS. The NTP
coordinates the relevant programs, staff, and resources from these Public Health Service agencies
relating to basic and applied research and to biological assay development and validation.

The NTP develops, evaluates, and disseminates scientific information about potentiaily toxic and
hazardous chemicals. This knowledge is used for protecting the health of the American people and for
the primary prevention of disease.

The studies described in this Technical Report were performed under the direction of the NIEHS and
were conducted in compliance with NTP laboratory health and safety requirements and must meet or
exceed all applicable federal, state, and local health and safety regulations. Animal care and use were in
accordance with the Public Health Service Policy on Humane Care and Use of Animals. The prechronic
and chronic studies were conducted in compliance with Food and Drug Administration (FDA) Good
Laboratory Practice Regulations and all aspects of the chronic studies were subjected to retrospective
quality assurance audits before being presented for public review.

These studies are designed and conducted to characterize and evaluate the toxicologic potential,
including carcinogenic activity, of selected chemicals in laboratory animals (usually two species, rats and
mice). Chemicals selected for NTP toxicology and carcinogenesis studies are chosen primarily on the
bases of human exposure, level of production, and chemical structure. Selection per se is not an
indicator of a chemical’s carcinogenic potential.

These NTP Technical Reports are available for sale from the National Technical Information Service,
U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-4650). Single
copies of this Technical Report are available without charge while supplies last from the NTP Central
Data Management, NIEHS, P.O. Box 12233, MD AO0-01, Research Triangle Park, NC 27709
(919-541-1371).
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C.I. ACID RED 114

CAS No. 6459-94-5

Chemical Formula: C;;H,sN,0,05;Na,

Molecular Weight: 830.8

Synonyms: 1,3-Naphthalenedisulfonic acid, 8-((3,3'-dimethyl-4'-((4-(((4-methy|phenyl)sulfonyl)oxy)phenyl)azo)(1,1'-biphenyl)-4-
yl)azo)-7-hydroxy, disodium salt, Acid Leather Red BG, Acid Red 114, Amacid Milling Red PRS, Benzyl Fast Red BG, Benzyl Red
BR, Cerven Kysela, C.I. 23635, Erionyl Red RS, Folan Red B, Kayanol Milling Red RS, Leather Fast Red B, Levanol Red GG,
Midlon Red PRS, Milling Red B, Milling Red BB, Milling Red SWB, NCI C61096, Polar Red RS, Sandolan Red N-RS, Sella Fast
Red RS, Sulphonol Fast Red R, Supranol Fast Red GG, Supranol Red PBX-CF, Supranol Red R, Telon Fast Red GG, Tertracid

Milling Red B, Vondamol Fast Red RS

C.I Acid Red 114 is one of five chemicals being
evaluated in 2-year carcinogenicity and toxicity
studies as part of the NTP’s Benzidine Dye Initia-
tive. This Initiative was designed to evaluate rep-
resentative benzidine  congeners, benzidine
congener-derived dyes, and benzidine-derived dyes.
C.I. Acid Red 114 was nominated for study because
of the potential for human exposure during produc-
tion of bisazobiphenyl dyes and because benzidine,
a structurally related chemical, is a known human
carcinogen.

Toxicology and carcinogenesis studies were con-
ducted by administering desalted, industrial grade
C.I. Acid Red 114 in drinking water to groups of
F344/N rats of each sex for 13 days, 13 weeks, 9 or
15 months, or 2 years. These studies were per-
formed only in rats because studies of benzidine
congeners were being performed in mice at the
National Center for Toxicological Research (NCTR).
Genetic toxicology studies were conducted in
Salmonella typhimurium, Chinese hamster ovary cells,
and Drosophila melanogaster.

13-Day Studies
Rats were exposed to C.I. Acid Red 114 in drinking
water at doses of 0, 10,000, 20,000, or 30,000 ppm.

All control and dosed rats survived except one male
rat in the 20,000 ppm dose group. Final mean body
weights in the three dosed groups were 94%, 83%,
or 77% of controls for males and 92%, 88%, or
80% of controls for females. Water consumption
declined with increased dose. Clinical findings
included red stained fur, ears, and tail in all test
animals. On gross necropsy, organs and tissues were
also stained red.

13-Week Studies

C.I Acid Red 114 was administered in drinking
water at doses of 0, 600, 1,200, 2,500, 5,000, or
10,000 ppm. All control and dosed animals survived
until the end of the study. Final mean body weights
in the five dosed groups were 97%, 89%, 87%, 87%,
or 85% of controls for males and 97%, 94%, 94%,
92%, or 89% of controls for females. Water con-
sumption was decreased in dosed animals. As was
seen in the 13-day studies, major organs and tissues
from treated animals were stained red. Kidney
toxicity  characterized by regeneration and
karyomegaly of tubule epithelial cells with chronic
inflammation was observed in female rats at doses
of 1,200 ppm or above. Treatment-related increases
in relative liver weights and elevated liver enzyme
levels were seen in males and females,



centrilobular pallor in the liver was seen in all male
dose groups. Because of these body weight
differences, decreases in water consumption, and
organ toxicity, the doses chosen for the 2-year
studies were 70, 150, and 300 ppm for males and
150, 300, and 600 for females.

2-Year Studies

Male rats received doses of 0, 70, 150, or 300 ppm
of CI. Acid Red 114, and female rats received 0,
150, 300, or 600 ppm. Seventy animals were in the
control and high-dose groups, 45 in the low-dose
groups, and 75 in the mid-dose groups. Ten animals
were evaluated from the control and high-dose
groups at 9 months, and ten animals from all dose
groups were evaluated at 15 months. The average
amount of compound consumed per day was 4, 8, or
20 mg/kg for males and 9, 20, or 70 mg/kg for
females.

Survival and Body Weights

Survival at 105 weeks for male rats receiving 0, 70,
150, or 300 ppm was 24/50, 15/35, 26/65, and 1/50;
for females receiving 0, 150, or 300 ppm, survival
was 36/50, 13/35, and 6/64. All female rats receiving
600 ppm died by week 89. The decreased survival
in treated groups was due primarily to the develop-
ment of chemical-related neoplasms. Of the
surviving animals, the final mean body weights for
males receiving 70 or 150 ppm were 94% and 90%
of control and for females receiving 150 or
300 ppm, 99% and 84% of control. These weight
differences began in the second year of the studies
and were attributed in part to the development of
neoplasms in the dosed groups.

Histopathologic Effects in the 2-Year Studies

At 9 and 15 months, a few neoplasms were seen in
the liver, lung, clitoral gland, skin, Zymbal’s gland,
oral cavity epithelium, and small and large intestine,
and the number of neoplasms at these sites
increased as the studies progressed. At 2 years,
there was a clear carcinogenic response in the skin,
Zymbal’s gland, and liver of male and female rats,
and in the clitoral gland, oral cavity epithelium,
small and large intestine, and lung in female rats.
Treatment-related increases were also seen in the
incidence in neoplasms of the oral cavity epithelium,
adrenal gland, and lung of male rats, and in

C.L. Acid Red 114, NTP TR 405

mononuclear cell leukemia and in neoplasms of the
mammary gland and adrenal gland in female rats.
The incidence of these neoplasms was generally
lower, but was significant and considered to be
marginally related to chemical treatment. The same
neoplastic effects have been previously observed in
some or all of the NTP studies with dimethoxy-
benzidine, dimethylbenzidine, or C.I. Direct Blue 15.

Genetic Toxicology

In a standard preincubation protocol, C.I. Acid
Red 114 was mutagenic in Salmonella typhimurium
strain TA98 in the presence of induced hamster
liver S9, and an equivocal response was noted in
strain TA100 with hamster liver S9. However, no
significant mutagenic activity was noted in strains
TA1535 or TA1537 with or without S9 activation.
In a modified S. fyphimurium gene mutation test
which employed reductive metabolism followed by
oxidative metabolism with S9 liver enzymes,
C.I. Acid Red 114 was strongly mutagenic in strain
TA1538. C.I. Acid Red 114 did not induce sister
chromatid exchanges or chromosomal aberrations in
Chinese hamster ovary cells with or without S9
activation; reductive metabolism was not used in
these cytogenetic tests. No increase in sex-linked
recessive lethal mutations was observed in germ cells
of male Drosophila melanogaster administered
C.I. Acid Red 114 by feeding or injection.

Conclusions

Under the conditions of these 2-year drinking water
studies, there was clear evidence of carcinogenic
activity* of C.1. Acid Red 114 for male F344/N rats,
as indicated by benign and malignant neoplasms of
the skin, Zymbal’s gland, and liver. Increased
incidences of neoplasms of the oral -cavity
epithelium, adrenal gland, and lung may have been
related to chemical administration. There was clear
evidence of carcinogenic activity for female F344/N
rats, as indicated by benign and malignant neo-
plasms of the skin, Zymbal’s gland, clitoral gland,
liver, oral cavity epithelium, small and large intes-
tines, and lung. Increased incidences of mono-
nuclear cell leukemia, mammary gland adenocar-
cinoma, and adrenal gland pheochromocytomas may
have been related to chemical administration.

*Explanation of Levels of Evidence of Carcinogenic Activity appears on page 8. A summary of peer review comments and the public

discussion on this Technical Report appears on page 10.
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Summary of the 2-Year Carcinogenesis and Genetic Toxicology Studies of C.I. Acid Red 114

Male F344/N Rats

Female F344/N Rats

Drinking water concentration
0, 70, 150, or 300 ppm C.L Acid Red 114

Body weights
Dosed were 9% lower than controls during second year

2-Year survival rates®
24/50, 15/35, 26/65, 1/50

Nonneoplastic effects
None

Neoplastic effects®

Skin basal cell neoplasms: 1/50, 5/35, 28/65, 32/50
Skin keratoacanthoma: 1/50, 1/35, 4/65, 7/50

Skin sebaceous cell neoplasms: 1/50, 1/35, 5/65, 6/50
Skin squamous cell neoplasms: 1/50, 2/35, 11/65, 9/50
Zymbal’s gland neoplasms: 0/50, 0/35, 8/65, 7/50
Liver neoplasms: 2/50, 2/35, 15/65, 20/50

Uncertain findings
Oral cavity epithelium neoplasms: 0/50, 0/35, 1/65, 2/50

Adrenal gland pheochromocytomas: 17/50, 11/35, 27/63, 21/49

Lung neoplasms: 2/50, 2/35, 2/65, 3/50

Level of evidence of carcinogenic activity
Clear evidence

Genetic toxicology
Salmonella typhimurium gene mutation:

Salmonella typhimurium with reductive metabolism:

Sister chromatid exchange in Chinese hamster ovary cells in vitro:
Chromosomal aberration in Chinese hamster ovary cells in vitro:

Drosophila melanogaster germ cell mutation:

0, 150, 300, or 600 ppm C.I. Acid Red 114

Dosed were 24% lower than controls during second year

36/50, 13/35, 6/64, 0/50

None

Skin basal cell neoplasms: 0/50, 4/35, 7/65, 5/50
Zymbal’s gland neoplasms: 0/50, 3/35, 18/65, 19/50
Clitoral gland neoplasms: 11/48, 17/32, 28/62, 23/50
Liver neoplasms: 0/50, 0/35, 19/64, 8/50

Lung neoplasms: 1/50, 2/35, 9/65, 4/50

Oral cavity epithelium neoplasms: 0/50, 3/35, 9/65, 6/50
Small intestine neoplasms: 0/50, 0/35, 1/65, 2/50

Large intestine neoplasms: 0/50, 1/35, 0/65, 3/50

Mammary gland adenocarcinoma: 0/50, 3/35, 6/65, 3/50
Adrenal gland pheochromocytomas: 1/50, 3/3S, 5/64, 1/50
Mononuclear cell leukemia: 12/50, 13/35, 18/65, 5/30

Clear evidence

Positive with S9 in strain TA98; equivocal with S9 in strain
TA100; Negative with or without S9 in strain TA1535 or
TA1537

Positive in strain TA1538

Negative with or without S9

Negative with or without S9

Negative by feeding or injection

2 Reduced survival in exposed groups was due to neoplasia.

Number with lesion/total evaluated
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY

The National Toxicology Program describes the results of individual experiments on a chemical agent and notes the strength of the
evidence for conclusions regarding each study. Negative results, in which the study animals do not have a greater incidence of
neoplasia than control animals, do not necessarily mean that a chemical is not a carcinogen, inasmuch as the experiments are
conducted under a limited set of conditions. Positive results demonstrate that a chemical is carcinogenic for laboratory animals
under the conditions of the study and indicate that exposure to the chemical has the potential for hazard to humans. Other
organizations, such as the International Agency for Research on Cancer, assign a strength of evidence for conclusions based on an
examination of all available evidence, including animal studies such as those conducted by the NTP, epidemiologic studies, and
estimates of exposure. Thus, the actual determination of risk to humans from chemicals found to be carcinogenic in laboratory
animals requires a wider analysis that extends beyond the purview of these studies.

Five categories of evidence of carcinogenic activity are used in the Technical Report series to summarize the strength of the
evidence observed in each experiment: two categories for positive results (clear evidence) and (some evidence); one category for
uncertain findings (equivocal evidence); one category for no observable effects (mo evidence); and one category for experiments that
because of major flaws cannot be evaluated (inadequate study). These categories of interpretative conclusions were first adopted in
June 1983 and then revised in March 1986 for use in the Technical Reports series to incorporate more specifically the concept of
actual weight of evidence of carcinogenic activity. For each separate experiment (male rats, female rats, male mice, female mice),
one of the following quintet is selected to describe the findings. These categories refer to the strength of the experimental
evidence and not to either potency or mechanism.

* Clear evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a dose-related
(i) increase of malignant neoplasms, (ii) increase of a combination of malignant and benign neoplasms, or (jii) marked
increase of benign neoplasms if there is an indication from this or other studies of the ability of such tumors to progress to
malignancy.

* Some evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a chemical-related
increased incidence of neoplasms (malignant, benign, or combined) in which the strength of the response is less than that
required for clear evidence.

¢ Equivocal evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a marginal increase
of neoplasms that may be chemical related.

¢ No evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing no chemical-related
increases in malignant or benign neoplasms.

* Inadequate study of carcinogenic activity describes studies that because of major qualitative or quantitative limitations
cannot be interpreted as valid for showing either the presence or absence of carcinogenic activity.

When a conclusion statement for a particular experiment is selected, consideration must be given to key factors that would extend
the actual boundary of an individual category of evidence. This should allow for incorporation of scientific experience and current
understanding of long-term carcinogenesis studies in laboratory animals, especially for those evaluations that may be on the
borderline between two adjacent levels. These considerations should include:

* the adequacy of the experimental design and conduct;

¢ occurrence of common versus uncommon neoplasia;

* progression (or lack thereof) from benign to malignant neoplasia as well as from preneoplastic to neoplastic lesions;

¢ some benign neoplasms have the capacity to regress but others (of the same morphologic type) progress. At present, it is
impossible to identify the difference. Therefore, where progression is known to be a possibility, the most prudent course is
to assume that benign neoplasms of those types have the potential to become malignant;

¢ combining benign and malignant tumor incidences known or thought to represent stages of progression in the same organ
or tissue;

e latency in tumor induction;

* multiplicity in site-specific neoplasia;

* metastases;

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

* the presence or absence of dose relationships;

the statistical significance of the observed tumor increase;

the concurrent control tumor incidence as well as the historical control rate and variability for a specific neoplasm;

survival-adjusted analyses and false positive or false negative concerns;

structure-activity correlations; and

in some cases, genetic toxicology.
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PEER REVIEW PANEL

The members of the Peer Review Panel who evaluated the NTP draft Technical Report on C.I. Acid Red 114 on March 11, 1991
are listed below. Panel members serve as independent scientists, not as representatives of any institution, company, or
governmental agency. In this capacity, panel members have five major responsibilities in reviewing NTP studies:

to ascertain that all relevant literature data have been adequately cited and interpreted,

to determine if the design and conditions of the NTP studies were appropriate,

to ensure that the Technical Report presents the experimental results and conclusions fully and clearly,
to judge the significance of the experimental results by scientific criteria, and

to assess the evaluation of the evidence of carcinogenicity activity and other observed toxic responses.

National Toxicology Program Board of Scientific Counselors
Technical Reports Review Subcommittee

Daniel S. Longnecker, M.D., Chair Jay 1. Goodman, Ph.D.
Department of Pathology Department of Pharmacology and Toxicology
Dartmouth Medical School Michigan State University
Hanover, NH East Lansing, MI

Paul T. Bailey, Ph.D. Ellen K. Silbergeld, Ph.D.*
Toxicology Division University of Maryland Medical School
Mobil Oil Corporation Baltimore, MD

Princeton, NJ

Ad Hoc Subcommittee Panel of Experts

Louis S. Beliczky, M.S., M.P.H. David W. Hayden, D.V.M., Ph.D.
Department of Industrial Hygiene Department of Veterinary Pathobiology
United Rubber Workers International Union College of Veterinary Medicine
Akron, OH University of Minnesota
St. Paul, MN
Gary P. Carlison, Ph.D.
Department of Pharmacology and Toxicology Curtis D. Klaassen, Ph.D.
Purdue University Department of Pharmacology and Toxicology
West Lafayette, IN University of Kansas Medical Center
Kansas City, KS
Harold Davis, D.V.M., Ph.D., Principal Reviewer
School of Aerospace Medicine Barbara McKnight, Ph.D., Principal Reviewer
Brooks Air Force Base, TX Department of Biostatistics
University of Washington
Robert H. Garman, D.V.M. Seattle, WA
Consultants in Veterinary Pathology
Murrysville, PA Lauren Zgise, Ph.D., Principal Reviewer
California Department of Health Services/RCHAS
Berkeley, CA

*Did not attend
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SUMMARY OF PEER REVIEW COMMENTS

On March 11, 1991, the draft Technical Report on
the toxicology and carcinogenesis studies of
C.I. Acid Red 114 received public review by the
National Toxicology Program Board of Scientific
Counselors’ Technical Reports Review Committee
and associated Panel of Experts. The review meet-
ing was held at the National Institute of Environ-
mental Health Sciences, Research Triangle Park,
NC.

Dr. J. K Dunnick, NIEHS, introduced the
toxicology and carcinogenesis studies of C.I. Acid
Red 114 by noting this was one of five chemicals
being evaluated as part of the NTP Benzidine Dye
Initiative, describing the experimental design, report-
ing on survival and body weight effects, and com-
menting on compound-related neoplasms and
nonneoplastic lesions in male and female rats. The
proposed conclusions were clear evidence of
carcinogenic activity for male and female F344/N rats.

Dr. Zeise, a principal reviewer, agreed in principle
with the conclusions. However, she proposed that
increased incidences of mononuclear cell leukemia
and thyroid follicular cell neoplasms in female rats
may have been related to chemical administration
and should be cited as such in the conclusions.

Dr. McKnight, the second principal reviewer, agreed
with the conclusions. She also thought that the
increased incidences of mononuclear cell leukemia
and thyroid follicular cell neoplasms in female rats
may have been related to chemical administration.
In response to Drs. Zeise and McKnight,
Dr. Dunnick stated that there was not enough

evidence to support even a marginal finding for
thyroid tumors in that there was an increase only in
the low-dose group, no increase by the trend test,
and no increase in precursor hyperplastic lesions in
dosed groups. With regard to mononuclear cell
leukemia in female rats, Dr. Dunnick commented
that incidences in dosed groups were within the
historical control range and that high and early
mortality in the high-dose group was felt to be due
to toxicity of the chemical and not mononuclear cell
leukemia. Dr. McKnight pointed out that by the
life table test, the test normally used for mono-
nuclear cell leukemia, the pairwise comparison of
each of the dose groups with the control group is
statistically significant, and the trend test is highly
significant.

Dr. Davis, the third principal reviewer, agreed with
the conclusions. He asked why the doses in female
rats were double those in males since hematologic
data and data on kidney degeneration from the
13-week studies suggested females were more
sensitive to toxic effects. Dr. Dunnick said apparent
liver toxicity in males in the 13-week studies was the
primary reason for the different dose levels used in
2-year studies.

Dr. Zeise moved that the Technical Report on
C.I. Acid Red 114 be accepted with the revisions
discussed and the conclusions as written for male
and female rats, clear evidence of carcinogenic activity,
with the addition of mononuclear cell leukemia to
the conclusion for female rats as "may have been
related to chemical administration." Dr. McKnight
seconded the motion, which was accepted
unanimously with ten votes.
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C.I. ACID RED 114

CAS No. 6459-94-5

Chemical Formula: C3;H,4N,0,0S;Na,

Molecular Weight: 830.8

Synonyms: 1,3-Naphthalenedisulfonic acid, 8-((3,3'-dimethyl-4'-((4-(((4-methylphenyl)sulfonyl)oxy)phenyl)azo)(1,1'-biphenyl)-4-
yl)azo)-7-hydroxy, disodium salt, Acid Leather Red BG, Acid Red 114, Amacid Milling Red PRS, Benzyl Fast Red BG, Benzyl Red
BR, Cerven Kysela, C.1. 23635, Erionyl Red RS, Folan Red B, Kayanol Milling Red RS, Leather Fast Red B, Levanol Red GG,
Midlon Red PRS, Milling Red B, Milling Red BB, Milling Red SWB, NCI C61096, Polar Red RS, Sandolan Red N-RS, Sella Fast
Red RS, Sulphonol Fast Red R, Supranol Fast Red GG, Supranol Red PBX-CF, Supranol Red R, Telon Fast Red GG, Tertracid

Milling Red B, Vondamol Fast Red RS

PRODUCTION, USE, AND EXPOSURE

C.I. Acid Red 114, an azo dye, is a red powder that
decomposes between 250° C and 300° C. It is
produced by coupling 2 moles of phenol to
o-toluidine (3,3’-dimethylbenzidine) followed by
coupling this precursor to G acid (2-naphthol-6,8-
disulfonic acid) (Kirk-Othmer, 1978).

Azo dyes based on benzidine and benzidine con-
geners (3,3'-dimethylbenzidine and 3,3'-dimethoxy-
benzidine) constitute a group of over 90 dyes, all
widely used in the United States. The United States
Environmental Protection Agency (USEPA) reports
there are six manufacturers and two importers of
CI Acid Red 114 (USEPA, 1988). Although
annual production volumes are listed as confidential
for one of the manufacturers and for both import-
ers, the remaining manufacturers reported
collectively that production volumes ranged from
20,000 to 200,000 pounds. The most recent produc-
tion volume data from the United States

International Trade Commission (USITC) show that
380,000 pounds of C.I. Acid Red 114 were produced
in 1979 (USITC, 1980). In 1980, 21,497 pounds of
the dye were imported (USITC, 1981); the USITC
did not report domestic production volumes of
C.I. Acid Red 114 for 1985 or 1986 (USITC, 1986,
1987).

From a survey conducted from 1981-1983, the
National Institute for Occupational Safety and
Health (NIOSH) has estimated that a total of
18,510 workers may be exposed to CJI.  Acid
Red 114 (NIOSH, 1991). Industrial exposure to
these dyes may occur through inhalation of dust or
mist, through accidental ingestion, or from direct
contact to the skin. The general public may be
exposed to C.I. Acid Red 114 from clothes or other
products containing the dye or from contaminated
water supplies (USEPA, 1980; Fishbein, 1981;
NIOSH, 1983).
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METABOLISM

Reductive metabolism of 3,3'-dimethylbenzidine-
based dyes produces 3,3'-dimethylbenzidine. Azo
reduction can occur either in the liver via hepatic
enzymes Or in the gut by action of azo reductase
associated with intestinal bacterial flora. Because
highly polar compounds are absorbed from the gut
with difficulty, mammals are not expected to absorb
the water-soluble sulfonated dyes (Walker, 1970).
Thus, reductive cleavage of benzidine-congener azo
dyes is thought to occur primarily by bacterial action
in the intestinal tract (Martin and Kennelly, 1981;
Cerniglia ef al., 1982; Brown and Dietrich, 1983; Bos
et al.,, 1984, 1986). Following reductive cleavage,
the less polar metabolites are subject to intestinal
absorption and further metabolism by the liver.

Metabolism of 3,3'-dimethylbenzidine-based dyes to
3,3"-dimethylbenzidine occurs in dogs and rats (Lynn
et al., 1980) and also in humans (NIOSH, 1981).
Following exposure to CI Acid Red 114,
3,3'-dimcthylbenzidine was detected in the urine of
dogs and rats (Lynn et al., 1980). Dogs metabolized
the dycs Direct Blue 25 and Acid Red 114 to 3,3'-
dimethylbenzidine and excreted it in urine. Rats
metabolized Direct Blue 25 to 3,3'-dimethyl-
benzidine and N-acetyl-3,3"-dimethylbenzidine, with
urine concentrations of 3,3'-dimethylbenzidine
comparable to those observed for dogs. However,
rats given Acid Red 114 excreted only trace amounts
of 3,3'-dimethylbenzidine in urine.

NIOSH (1980) reported the presence of
3,3’-dimethylethylbenzidine in the urine of two
employees working in a dye manufacturing plant.
The workers were in contact with 3,3'-dimethyl-
benzidine-based dyes, but not with 3,3'-dimethyl-
benzidine itself. The presence of 3,3'-dimethyl-
benzidine in the urine may have resulted from
melabolism of the dyes or from exposure to dyes
contaminated with 3,3’ -dimethylbenzidine. Hartman
et al. (1978) found that a cell-free extract of Fuso-
bacterium, a human intestinal anaerobe, reduced
Trypan Blue (CI. Direct Blue 14), a 3,3"-dimethyl-
benzidine-derived dye, to 3,3'-dimethylbenzidine.

Tanaka er al. (1982) reported that urine extracts
from rats treated with 3,3'-dimethylbenzidine or
Evans Blue, a 3,3'-dimethylbenzidine-derived dye,
contained  N-acetyl-3,3'-dimethylbenzidine  and
N,N'-diacetyl-dimethylbenzidine, as well as 3,3'-
dimethylbenzidine. Urine extracts containing these
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metabolites were more mutagenic than those con-
taining only 3,3’ -dimethylbenzidine. Although Evans
Blue was not mutagenic, urine extracts from rats
exposed to Evans Blue were mutagenic.

REPRODUCTIVE TOXICOLOGY

Wilson (1955) studied the teratogenic potential of
several benzidine-based dyes in albino rats by
injecting pregnant females with a 1% aqueous
solution of each dye on days 7, 8, and 9 of
pregnancy. Trypan Blue was the most potent
teratogen, causing malformations in 49% of living
offspring compared to 0% in untreated albino rats,
followed by Evans Blue, which caused 14% abnor-
malities, Niagara Blue 4B (C.I. Direct Blue 15),
which caused 4% abnormalities, and Niagara Sky
Blue 6B, which caused 3% abnormalities. The
teratogenic effects of the azo dyes were confirmed in
a series of studies by Beaudoin and Pickering
(1960), Lloyd er al. (1965), Beck and Lloyd (1966),
Lloyd and Beck (1966), and Beaudoin (1968).
Although the purity and chemical characterization of
the dyes used were not reported, the abnormalities
were generally similar to common spontaneous
malformations such as anencephaly, hydrocephaly,
and spina bifida.

TOXICITY AND CARCINOGENICITY
STUDIES OF RELATED COMPOUNDS

In 1980, NIOSH and the OSHA issued a health
hazard alert stating that persons working with
3,3'-dimethoxybenzidine-, benzidine-, or 3,3'-
dimethylbenzidine-based dyes should be aware of
the potential health hazards associated with excess
exposure (NIOSH, 1981). In a later report issued to
alert workers to the hazards of benzidine congener
dyes, NIOSH stated that workplace exposure to dyes
based on 3,3'-dimethoxybenzidine may pose a
carcinogenic risk to workers (NIOSH, 1983). These
conclusions were based on evidence from animal
studies indicating that 3,3’'-dimethoxybenzidine is
carcinogenic and on evidence that dyes based on
3,3'-dimethoxybenzidine may be metabolized to the
parent compound.

No epidemiologic data on the occurrence of cancer
in workers exposed to either C.I. Acid Red 114 or
3,3'-dimethylbenzidine in the absence of other -
suspected carcinogens were found in the literature.
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Benzidine

C.l Acid Red 114 is a benzidine congener-based
dye. Benzidine is a known carcinogen for humans
(Scott, 1952; Case et al, 1954; IARC, 1972a,b;
Zavon et al., 1973), rats (Spitz et al., 1950; Griswold
et al, 1968), hamsters (Saffiotti et al., 1966), and
mice (Bonser et al., 1956; Prokofjeva, 1971; IARC,
1972a,b; Frith and Dooley, 1976). Occupational
exposure to benzidine for up to 30 years resulted in
urinary bladder tumors in as many as 90% of the
workers studied (Scott, 1952). Exposure to
benzidine may occur directly or by reductive metabo-
lism of benzidine-based dyes. Several reviews
address the carcinogenicity of benzidine extensively
(IARC, 1972a,b; Haley, 1975; USEPA, 1980; IARC,
1982).

Benzidine exposure caused urinary bladder tumors in
dogs (Spitz er al, 1950); hepatocellular, harderian
gland, and lymphoreticular tumors in mice (Bonser
et al., 1956; Vesselinovitch et al., 1975; Frith and
Dooley, 1976); Zymbal's gland, hepatocellular, and
mammary gland carcinomas in rats (Spitz et al,
1950; Griswold er al, 1968); and hepatocellular
carcinomas, adenomas, and cholangiomas in
hamsters (Saffiotti e al., 1967). Animal survival was
poor in many of the carcinogenicity studies of
benzidine. Although in most cases this was due to
the administration of toxic doses, these studies
demonstrate that benzidine is carcinogenic in labora-
tory animals.

3,3’ -Dimethylbenzidine

3,3'-Dimethylbenzidine, a methylated congener of
benzidine, has been shown 10 be carcinogenic in
rats. In early studies, Spitz er al. (1950) demon-
strated the ability of the compound to induce
Zymbal’s gland neoplasms in rats. In a series of
experiments, 3,3’-dimethylbenzidine dihydrochloride
administered subcutaneously to rats was shown to
cause neoplasms of the Zymbal's gland, small
intestine, and mammary gland (Pliss, 1963, 1965;
Pliss and Zabezhinsky, 1970). From a review of the
literature, IARC (1972b) concluded that 3,3'-
dimethylbenzidine was a systemic carcinogen for rats
when given subcutaneously. In dosed water studies
with rats, 3,3’'-dimethylbenzidine dihydrochloride
caused neoplasms of the skin, Zymbal’s gland,
preputial and clitoral glands, oral cavity, intestine,
liver, brain, and lung in male and female rats, as
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well as in the mammary gland and hematopoietic
system in female rats (NTP, 1991)(Table 1).

BALB/c mice given 3,3’-dimethylbenzidine dihydro-
chloride in the drinking water at doses up to
140 ppm for 116 weeks showed no evidence of dose-
related neoplasms in female mice, but dose-related
lung neoplasms were found in male mice
(Schieferstein et al., 1989).

3,3’ -Dimethoxybenzidine

Repeated exposure to 3,3’-dimethoxybenzidine, the
metabolite of C.I. Direct Blue 15, was shown to
cause neoplasms of the gastrointestinal tract,
Zymbal’s gland, skin, and mammary gland of rats
and hamsters (Pliss, 1963, 1965; Saffiotti et al., 1967,
Hadidian er al., 1968). Although these early studies
provided evidence that 3,3’-dimethoxybenzidine is
carcinogenic, the use of small numbers of animals,
high toxic doses, and poor animal survival weakened
the strength of this evidence.

Pliss (1963, 1965) administered 30 mg 3,3'-
dimethoxybenzidine in sunflower oil by gavage to
rats three times per week. Because of poor survival,
this dose was reduced to 15 mg after 3 weeks;
administration of this lower dose was continued for
13 months. Of the 42 rats that began the study,
18 survived through month 14. Two of the
18 survivors had neoplasms of the Zymbal’s gland;
none of the 50 control rats developed neoplasms at
this site.

In a life span study, Saffiotti ez al. (1967) fed diets
containing 1,000 ppm 3,3’-dimethoxybenzidine to
30 male and 30 female Syrian golden hamsters.
After 144 weeks of exposure, the only neoplastic
finding was a transitional cell carcinoma of the
urinary bladder in one animal. Sellakumar et al
(1969) conducted a similar study in which a higher
dietary concentration of 3,3’-dimethoxybenzidine
(10,000 ppm) was administered to hamsters.
Forestomach papillomas were detected in 37% of
the exposed animals and in 2% of the controls, but
no urinary bladder lesions were detected. The latter
publication is an abstract and does not detail the
experimental design or survival data. Hadidian ez al.
(1968) administered 0.1, 0.3, 1.0, 3.0, 10, or 30 mg
3,3’ -dimethoxybenzidine per animal per day, 5 days
per week, by gavage to groups of three male and
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three female F344/N rats (14 males and 15 females
in the 10 mg group). The vehicle was a proprietary
mixture composed of sodium chloride, sodium
carboxymethylcellulose, polysorbate 80, and benzyl
alcohol in water. The animals were exposed for
52 weeks, observed for an additional 6 months, and
then necropsied. Although neoplasms occurred as
early as day 293, most were detected at terminal
necropsy. A variety of neoplasms was reported, and
pooled results for all dosed male and female groups
included neoplastic lesions of the urinary bladder
(two papillomas), mammary gland (three carcinomas,
two fibroadenomas), skin (five carcinomas),
intestinal tract (three carcinomas), and Zymbal’s
gland (eight carcinomas). The incidence of
neoplasms was significantly increased over that of
the 360 pooled vehicle and untreated control rats.

The NTP dosed water studies of 3,3’-dimethoxy-
benzidine dihydrochloride in rats have been reported
(NTP, 1990). This chemical caused neoplasms of
the skin, Zymbal’s gland, preputial and clitoral
glands, oral cavity, intestine, and liver, as well as
mesotheliomas and neoplasms in the brain of males
and neoplasms in the mammary gland and uterus of
females (Table 1).

BALB/c mice were given 3,3’ -dimethoxybenzidine in
drinking water at doses up to 630 ppm. There was
a decrease in body weight gain at the 630 ppm dose
level relative to the controls, but there was no
evidence of treatment-related neoplasms in either
sex (Schieferstein et al., 1990).

C.I. Direct Blue 15

The NTP rat dosed-water studies of C.I. Direct
Blue 15, a benzidine dye derived from 33’-
dimethoxybenzidine, have been reported (NTP, in
press). This chemical caused neoplasms of the skin,
Zymbal’s gland, preputial and clitoral gland, oral
cavity, large intestine, liver, brain, and uterus as well
as mononuclear cell leukemia (Table 1).

o-Anisidine

o-Anisidine  (2-methoxyaniline) is structurally
analogous to one half of the 3,3’-dimethoxy-
benzidine molecule and is used to manufacture
monoazo dyes by diazotization and coupling with
other aromatic amines (Noller, 1965). The National
Cancer Institute (NCI) found in bioassays that
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o-anisidine was carcinogenic to F344/N rats and
B6C3F, mice (NCI, 1978). Groups of 55 animals of
each species and sex received o-anisidine in feed at
5,000 or 10,000 ppm for rats and 2,500 or
5,000 ppm for mice for 103 weeks. Controls con-
sisted of 55 untreated animals of each sex and
species. Treatment with o-anisidine resulted in
transitional cell carcinomas or papillomas of the
urinary bladder in both sexes of each species. Male
rats also exhibited transitional cell carcinomas of the
renal pelvis and follicular cell tumors of the thyroid
gland. Only one animal in any of the control
groups had a urinary system tumor, which was a
transitional cell papilloma of the renal pelvis in a
male mouse.

o-Toluidine

o-Toluidine hydrochloride (2-aminotoluene) is
structurally analogous to one half of the 3,3'-
dimethylbenzidine molecule. In studies performed
by NCI (1979), o-toluidine hydrochloride was fed to
groups of 50 F344/N rats and 50 B6C3F, mice of
each sex for 101 to 104 weeks. The feed contained
concentrations of 3,000 or 6,000 ppm for rats and
1,000 or 3,000 ppm for mice. Controls consisted of
20 untreated animals of each sex and species.
Exposure of rats to o-toluidine hydrochloride
resulted in sarcomas of the spleen and other organs
in both males and females, mesotheliomas of the
abdominal cavity or scrotum in males, and transi-
tional cell carcinomas of the urinary bladder in
females. Administration of o-toluidine also resulted
in increased incidences of fibromas of the sub-
cutaneous tissue in males and fibroadenomas or
adenomas of the mammary gland in females. In
mice, hemangiosarcomas occurred at various sites in
males, and hepatocellular carcinomas or adenomas
of the mammary gland occurred in females.

GENETIC TOXICOLOGY

Information regarding the genotoxicity of C.I. Acid
Red 114 is limited. The available data from the
testing of metabolites of C.I. Acid Red 114 and
structurally related dyes corroborate the mutagenicity
of C.I. Acid Red 114 by azoreduction and release of
active metabolites. As with most benzidine
congener dyes, a clearly positive response in the
Salmonella typhimurium gene mutation assay is
dependent on conditions which allow metabolism of
the azo bonds to release the parent amine. In
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standard S. typhimurium assays, only weak mutagenic
activity is detected with S9, primarily in frameshift
strain TA98, and no activity is apparent in the
absence of S9 (Venturini and Tamaro, 1979
Mortelmans et al., 1986). However, when reductive
metabolism  precedes  incubation  with  the
S. typhimurium frameshift strains (TA98, TA1538) in
the presence of S9, a strong mutagenic response is
obtained (Elliot and Gregory, 1980; Prival et al,
1984; Reid et al., 1984a,b).

In mammalian cell systems, C.I. Acid Red 114 has
not been tested in protocols allowing reductive
metabolism. There was no induction of gene
mutations in mouse L5178Y lymphoma cells with
and without rat liver S9 (Rudd er al, 1983), or
unscheduled DNA synthesis in F344/N rats
hepatocytes in vitro or in vivo (Mirsalis et al., 1983).
A key metabolite of CI Acid Red 114, 33'-
dimethylbenzidine, was positive in a variety of
in vivo genotoxicity assays (NTP, 1991). In the
presence of S9 metabolic activation, 3,3’ -dimethyl-
benzidine induced gene mutations in frameshift-
sensitive S. typhimurium strains TA98 and TA1538
(Shimizu and Takemura, 1976; Hartman et al., 1978;
Martin and Kennelly, 1981; Waalkens er al., 1981,
Haworth et al., 1983; Reid et al., 1984a,b). Positive
results with and without S9 were also obtained for
induction of triflurothymidine resistance in mouse
L5178Y lymphoma cells (Mitchell ez al., 1988; Myhr
and Caspary, 1988) as well as sister chromatid
exchanges and chromosomal aberrations in Chinese
hamster ovary cells (Galloway et al., 1987).
3,3'-Dimethylbenzidine was also positive for induc-
tion of unscheduled DNA synthesis (Martin et al.,
1978) and DNA repair (Kornbrust and Barfknecht,
1984) in mammalian cells in vitro with S9. Two
metabolites of 3,3'dimethylbenzidine, N-acetyl-
3,3'-dimethylbenzidine and N,N’-diacetyl-
3,3'-dimethylbenzidine, were both positive in
S. typhimurium strains TA98, TA100, and TA1538 in
the presence of S9 (Tanaka er al., 1982; Kennelly
et al., 1984; Reid et al., 1984a,b). Benzidine, the
parent compound in this series of substituted
biphenyls, is positive for induction of gene muta-
tions in S. typhimurium with S9 (Haworth et al,
1983; Reid er al, 1984b). Positive induction of
micronuclei, sister chromatid exchanges, and
chromosomal aberrations was also obtained in bone
marrow cells of mice exposed by intraperitoneal
injection (NTP, unpublished data).
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STUDY RATIONALE

Benzidine is a known human carcinogen (IARC,
1972a,b; 1987a,b), and the benzidine congeners,
3,3'-dimethylbenzidine and 3,3’ -dimethoxybenzidine,
are known animal carcinogens (IARC, 1972b, 1974).
Benzidine and benzidine congener-based dyes have
been shown to be metabolized to these parent
amines (Rinde and Troll, 1975; NCI, 1978; Lynn
et al., 1980; Nony et al., 1980; Bowman et al., 1982).

The National Toxicology Program’s (NTP) Benzidine
Dye Initiative is a collaborative effort of NIEHS,
NCTR, NIOSH, USEPA, OSHA, and CPSC under
the aegis of the NTP. The objective of the Initia-
tive was to develop an integrated body of scientific
data concerning the metabolism and pharmaco-
kinetics, genetic toxicology, and in vivo carcino-
genicity of dyes derived from benzidine, 3,3'-
dimethylbenzidine, and 3,3’ -dimethoxybenzidine.
Because studying each of the hundreds of
benzidine-based dyes was considered impractical, the
research program was designed to evaluate represen-
tative benzidine congeners, benzidine congener-
derived dyes, and benzidine-derived dyes.

The five benzidine dyes selected for toxicity and
carcinogenicity studies were: 3,3’ -dimethylbenzidine
and 3,3’-dimethoxybenzidine which are benzidine
congeners; C.I. Acid Red 114 which is a 33’
dimethylbenzidine-based dye; and C.I. Direct Blue 15
and C.I Direct Blue 218 which are 3,3’-dimethoxy-
benzidine-based dyes (Figure 1).

The oral route of administration was selected for
these studies to mimic potential exposure in the
workplace and in the home. Because long-term
studies of 3,3’-dimethylbenzidine dihydrochloride
and 3,3’-dimethoxybenzidine dihydrochloride were
being conducted on mice at NCTR, the NTP 2-year
studies of these chemicals used only rats. Results
from the studies with 3,3’-dimethoxybenzidine
dihydrochloride, 3,3’-dimethylbenzidine dihydro-
chloride, and C.1. Direct Blue 15 have been reported
(NTP, 1990, 1991, in press). Auxiliary studies by
Maronpot et al. (1988) and Ulland er al (1989)
report on transplantation studies of tumors and
oncogene activation (Reynolds et al., 1990).
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TABLE 1
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Incidences of Neoplasms in National Toxicology Program Benzidine Dye Studies

Male F344/N Rats

Female F344/N Rats

Neoplasms in the 21-Month Drinking Water Studies of 3,3'-Dimethoxybenzidine Dihydrochloride®

Skin basal cell or sebaceous gland neoplasms:

2/60, 33/45, 56/75, 41/60
Skin squamous cell neoplasms: 0/60, 13/45, 28/75, 22/60
Zymbal's gland neoplasms: 0/59, 10/45, 25/75, 30/60
Preputial gland neoplasms: 16/60, 12/43, 33/73, 29/59
Palate or tongue neoplasms: 1/60, 8/45, 10/75, 11/60
Small intestine neoplasms: 0/60, 4/45, 7/75, 5/60
Large intestine neoplasms: 0/60, 1/45, 8/75, 8/60
Liver neoplasms: 1/60, 4/45, 7/74, 8/60
Mesotheliomas: 2/60, 1/45, 7/75, 6/60
Brain astrocytomas: 0/60, 2/44, 3/75, 1/60

Skin basal cell neoplasms: 0/60, 4/45, 3/75, 2/60

Zymbal’s gland neoplasms: 1/60, 12/45, 21/75, 16/60
Clitoral gland neoplasms: 7/58, 27/44, 48/74, 41/55
Palate or tongue neoplasms: 2/60, 2/45, 6/75, 5/60

Large intestine neoplasms: 0/60, 1/45, 1/75, 3/60
Liver neoplasms: 0/60, 1/44, 0/75, 3/60

Mammary gland adenocarcinomas: 1/60, 2/45, 14/75, 20/60
Uterus or cervix neoplasms: 0/60, 4/45, 2/75, 2/60

Neoplasms in the 15-Month Drinking Water Studies of 3,3'-Dimethylbenzidine Dihydrochlorideb

Skin basal cell neoplasms: 0/60, 11/45, 54/75, 30/60
Skin sebaceous cell adenoma: 0/60, 0/45, 7/75, 5/60
Skin keratoacanthomas: 1/60, 1/45, 8/75, 5/60

Skin squamous cell neoplasms: 0/60, 2/45, 17/75, 27/60
Zymbal's gland neoplasms: 1/59, 3/45, 32/75, 36/59
Preputial gland neoplasms: 2/60, 4/45, 6/75, 9/60
Liver ncoplasms: 0/60, 0/45, 35/75, 33/60

Oral cavity neoplasms: 0/60, 0/45, 4/75, 5/60

Small intestine neoplasms: 0/60, 0/45, 4/75, 8/60
Large intestine neoplasms: 0/60, 0/45, 6/75, 15/60

Lung neoplasms: 1/60, 0/45, 8/75, 6/60
Mesothelioma: 0/60, 0/45, 3/75, 4/60
Brain neoplasms: 0/60, 0/4S, 1/75, 2/60

Skin basal cell neoplasms: 0/60, 3/45, 10/75, 9/60

Skin squamous cell neoplasms: 