NATIONAL TOXICOLOGY PROGRAM
Technical Report Series
No. 442

TOXICOLOGY AND CARCINOGENESIS

STUDIES OF p-NITROBENZOIC ACID

(CAS NO. 62-23-7)

IN F344/N RATS AND B6C3F, MICE

(FEED STUDIES)

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service :
National Institutes of Health




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 potentially 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 availabie 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 NTP Central Data
Management, NIEHS, P.O. Box 12233, MD A0-01, Research Triangle Park, NC 27709 (919-541-1371).
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ABSTRACT

COOH

NO,

p-NITROBENZOIC ACID

CAS No. 62-23-7

Chemical Formula: C;H;NO,

Molecular Weight: 167.12

Synonyms: 4-Nitrobenzoic acid; nitrodracylic acid; p-nitrobenzenecarboxylic acid; p-carboxynitrobenzene

p-Nitrobenzoic acid is produced in large volumes for
organic synthesis and as an intermediate in the
manufacture of pesticides, dyes, and industrial sol-
vents. Groups of male and female F344/N rats and
B6C3F, mice were exposed to p-nitrobenzoic acid
(>99% pure) in feed for 14 days, 13 weeks, or
2 years for toxicity and carcinogenicity studies.
Genetic toxicology studies were conducted in in vitro
assays with Salmonella typhimurium and cultured
Chinese hamster ovary cells, and in in vivo studies of
erythrocyte micronucleus formation in mice in the
13-week study.

14-DAY STUDY IN RATS

Groups of five male and five female rats were given
0, 2,500, 5,000, 10,000, 20,000, or 40,000 ppm
p-nitrobenzoic acid in feed for 14 days. All rats
survived until the end of the study. Male and female
rats given 20,000 and 40,000 ppm lost weight. The
final mean body weights of 10,000, 20,000, and 40,000
ppm males were 82%, 60%, or 52% that of the
controls, and the final mean body weights of 10,000,
20,000, and 40,000 ppm females were 87%, 68%, and
65% that of the controls. There were no clinical
findings that were characteristic of organ-specific
toxicity.

Absolute and relative spleen weights were signif-
icantly increased in rats exposed to 10,000, 20,000,
and 40,000 ppm. There were decreases in erythrocyte
count and hemoglobin and hematocrit values and
increases in reticulocyte count, nucleated erythro-
cytes, and methemoglobin concentration that were
most pronounced in the 20,000 and 40,000 ppm
groups. Congestion of the spleen occurred in
10,000 ppm males and in 20,000 and 40,000 ppm
females. Hypertrophy of the follicular epithelium of
the thyroid gland was present in male and female rats
exposed to 10,000, 20,000, or 40,000 ppm p-nitro-
benzoic acid, while follicular hyperplasia was
observed in the 40,000 ppm males and females.
Atrophy of the testis was observed in 20,000 and
40,000 ppm males. Other lesions observed in 20,000
and 40,000 ppm rats included atrophy of the thymus
in males and atrophy of the ovary, bone marrow, and
thymus in females.

14-DAY STUDY IN MICE

Groups of five male and five female mice were given
0, 2,500, 5,000, 10,000, 20,000, or 40,000 ppm
p-nitrobenzoic acid in feed for 14 days. Three males
and two females given 40,000 ppm died during the
study. All other animals survived until the end of the



study. Male mice given 20,000 and 40,000 ppm and
females given 20,000 ppm lost weight. Mean body
weight gains of 20,000 and 40,000 ppm males and
10,000, 20,000, and 40,000 ppm females were signifi-
cantly lower than those of the controls. There were
no clinical findings related to organ-specific toxicity
although lethargy and ataxia were observed in
40,000 ppm mice.

Relative liver weights were significantly increased in
20,000 and 40,000 ppm males and females and in
10,000 ppm females. Absolute and relative thymus
weights of 20,000 and 40,000 ppm males and of
10,000, 20,000, and 40,000 ppm females were reduced.
No significant differences in hematology parameters
occurred in exposed mice. Testicular degeneration
was observed in three 20,000 ppm and two
40,000 ppm males. Bone marrow hemorrhage and
atrophy occurred in 40,000 ppm females.

13-WEEK STUDY IN RATS

. Groups of 10 male and 10 female rats were given 0,
630, 1,250, 2,500, 5,000, or 10,000 ppm p-nitrobenzoic
acid in feed for 13 weeks resulting in approximate
daily doses of 40, 70, 160, 310, or 660 mg/kg to males
and 40, 80, 170, 340, or 680 mg/kg to females. All
rats survived until the end of the study. Mean body
weight gains and final mean body weights were
significantly less than those of the controls in 2,500,
5,000, and 10,000 ppm males and in 5,000 and
10,000 ppm females. There were no clinical findings
related to organ-specific toxicity.

Differences in spleen weights and hematology param-
eters characteristic of regenerative anemia were
observed in males and females, primarily in groups
given 10,000 ppm. The absolute and relative spleen
weights were significantly increased in 10,000 ppm
males and females and the relative spleen weights
were significantly increased in 5,000 ppm males and
females. Methemoglobin, Heinz bodies, and reticulo-
cyte counts were increased and erythrocyte counts,
hemoglobin, and hematocrit values were decreased in
10,000 ppm males and females.

Congestion, pigmentation, and accumulation of
macrophages in the spleen and pigmentation in the
kidney occurred in 2,500, 5,000, and 10,000 ppm
males. Congestion and pigmentation of the spleen
occurred in 10,000 ppm females. A yellowish brown
pigment (hemosiderin) in the spleen and Kidney was
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associated with hemolytic anemia. Mild cytoplasmic
hyaline droplet accumulation was present in renal
tubule epithelial cells in 10,000 ppm males while
karyomegaly was present in male and female rats
exposed to 2,500, 5,000, and 10,000 ppm p-nitro-
benzoic acid. A chemical-related testicular lesion,
consisting of atrophy of the seminiferous tubules,
occurred in 10,000 ppm males.

13-WEEK STUDY IN MICE

Groups of 10 male and 10 female mice were given 0,
1,250, 5,000, 10,000, or 20,000 ppm p-nitrobenzoic
acid in feed for 13 weeks resulting in approximate
daily doses of 170, 330, 670, 1,900, or 4,000 mg/kg
body weight to males and 240, 460, 970, 2,500, or
4,900 mg/kg to females. All mice survived until the
end of the study, except one 1,250 ppm female that
was killed accidentally. Final mean body weights and
mean body weight gains of all exposed males and of
5,000, 10,000, and 20,000 ppm females were signifi-
cantly lower than those of the controls. No clinical
findings or differences in organ weights or histo-
pathology related to organ-specific toxicity were
observed in exposed mice.

2-YEAR STUDY IN RATS

Groups of 60 male and 60 female rats were given 0,
1,250, 2,500, or 5,000 ppm p-nitrobenzoic acid in feed
for 2 years. Ten males and 10 females from each
exposure group were evaluated at 15 months.

Survival, Body Weights, Feed Consumption,
and Clinical Findings

Two-year survival rates of 1,250 and 2,500 ppm males
were similar to that of the controls. Two-year
survival of 5,000 ppm males was marginally greater
than that of the controls and was attributed in part to
a decrease in the severity of nephropathy and a
decrease in the incidence of mononuclear cell leuke-
mia. Survival of exposed females was similar to that
of the controls. Mean body weights of 5,000 ppm
males were 2% to 8% lower than those of the con-
trols through week 80. Final mean body weights of
exposed males were similar to that of the controls.
Mean body weights of 5,000 ppm females were 2% to
9% lower than those of the controls during the first
year of the study and were 10% to 16% lower during
the second year of the study. Final mean body
weights of exposed females were 97% (1,250 ppm),
92% (2,500 ppm), and 84% (5,000 ppm) that of the
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controls. Feed consumption by exposed males and
females was similar to that by the controls. Dietary
levels of 1,250, 2,500, or 5,000 ppm p-nitrobenzoic
acid delivered approximately 50, 100, or 210 mg/kg
body weight per day to males and 60, 125, or
250 mg/kg per day to females. There were no clinical
findings attributable to organ-specific toxicity.

Pathology Findings

There were increases in the incidences of clitoral
gland adenoma and of clitoral gland adenoma or
carcinoma (combined) (4/50, 14/49, 15/49, 15/50) in
exposed females. The incidences of clitoral gland
adenoma or carcinoma (combined) in the exposed
groups (29% to 31%) exceeded the historical control
mean incidence (11%) and range (2% to 21%) in
female F344/N rats in recent 2-year NTP feed studies.
The increased incidences of clitoral gland neoplasms
were considered to be some evidence of carcinogenic
activity in female rats exposed to p-nitrobenzoic acid.
The incidences of hyperplasia of the clitoral gland in
exposed females were marginally lower than that of
the controls (10/50, 6/49, 6/49, 7/50).

There was a chemical-related decrease in the severity
of nephropathy in male rats. Male rat kidneys were
examined using both single and step-section analyses,
and the incidences of renal tubule neoplasms were
not statistically greater than those of the controls.
Mild hyaline droplet accumulation was observed in
renal tubule epithelial cells in 10,000 ppm males in
the 13-week study, but this effect was not severe
enough to lead to a chemical-related neoplastic
response in the 2-year study as has been observed
with other chemicals.

At the 15-month interim evaluation, hematologic
parameters characteristic of a mild regenerative
anemia and significant differences in spleen weights
were noted in 5,000 ppm females. These differences
included decreases in erythrocyte count, hemoglobin,
and hematocrit, increases in spleen weights, and
hemosiderin accumulation in splenic macrophages.

At 2 years, significant decreases in the incidences of
mononuclear cell leukemia were observed in
5,000 ppm males and 2,500 and 5,000 ppm females
(males: 29/50, 35/50, 26/50, 2/50; females: 17/50,
11/50, 3/50, 0/50). While the mechanism for this

decrease is unknown, decreases in the incidence of
mononuclear cell leukemia have also been observed
in 2-year studies with other amine/nitro compounds.

2-YEAR STUDY IN MICE

Groups of 60 male and 60 female mice were given 0,
1,250, 2,500, or 5,000 ppm p-nitrobenzoic acid in feed
for 2 years. Ten males and 10 females from each
exposure group were evaluated at 15 months.

Survival, Body Weights, Feed Consumption,
and Clinical Findings

Two-year survival rates of exposed mice were similar
to those of the controls. Mean body weights of
5,000 ppm males were 6% to 12% lower than those
of the controls after week 17, and mean body weights
of 5,000 ppm females were 12% to 24% lower than
those of the controls after week 16. The final mean
body weight of 5,000 ppm females was 19% less than
that of the controls; final mean body weights of males
were similar to that of the controls. Feed consump-
tion by exposed mice was similar to that by the con-
trols. Dietary levels of 1,250, 2,500, or 5,000 ppm
p-nitrobenzoic acid delivered approximately 150, 300,
or 675 mg/kg per day to males and 170, 365, or
905 mg/kg per day to females. There were no clinical
findings of organ-specific toxicity. No chemical-
related effects on hematology parameters were noted
at the 15-month interim evaluation.

Pathology Findings

There were no increases or decreases in neoplasms in
male or female mice that were considered to be
related to chemical administration.

GENETIC TOXICOLOGY

p-Nitrobenzoic acid was mutagenic in Salmonella
typhimurium strain TA100 with and without §9. No
mutagenic activity was noted in strains TA9S8,
TA1535, or TA1537, with or without S§9. p-Nitro-
benzoic acid induced sister chromatid exchanges and
chromosomal aberrations in cultured Chinese ham-
ster ovary cells in the absence of S9; with S9, results
of both tests were negative. In vivo, no increase in
micronuclei was observed in peripheral blood eryth-
rocytes of male or female mice administered p-nitro-
benzoic acid in dosed feed for 13 weeks.



CONCLUSIONS

Under the conditions of these 2-year feed studies,
there was no evidence of carcinogenic activity* of
p-nitrobenzoic acid in male F344/N rats exposed to
1,250, 2,500, or 5,000 ppm. There was some evidence
of carcinogenic activity of p-nitrobenzoic acid in
female F344/N rats based on increases in the inci-
dences of clitoral gland adenoma and of clitoral gland

P-Nitrobenzoic Acid, NTP TR 442

adenoma or carcinoma (combined). There was no
evidence of carcinogenic activity of p-nitrobenzoic acid
in male or female B6C3F, mice exposed to 1,250,
2,500, or 5,000 ppm.

There were chemical-related decreases in the inci-
dences of mononuclear cell leukemia in exposed male
and female rats. p-Nitrobenzoic acid caused mild
hematologic toxicity in female rats.

* Explanation of Levels of Evidence of Carcinogenic Activity is on page 10. A summary of the Technical Reports Review
Subcommittee comments and the public discussion on this Technical Report appears on page 12.
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Summary of the 2-Year Carcinogenesis and Genetic Toxicology Studies of p-Nitrobenzoic Acid

Male
F344/N Rats

Female
F344/N Rats

Male
B6C3F, Mice

Female
B6C3F, Mice

Doses

Body weights

2-Year survival
rates

Nonneoplastic
effects

Neoplastic effects

Decreased
incidences

Level of evidence
of carcinogenic
activity

Genetic toxicology

0, 1,250, 2,500, or
5,000 ppm in feed
(approximately 50,
100, or 210 mg/kg/day)

Dosed groups similar
to control

12/50, 13/50,
13/50, 21/50

None

None

Mononuclear cell
leukemia (29/50,
35/50, 26/50, 2/50)

No evidence

Salmonella typhimurium gene mutation:

Sister chromatid exchanges

Cultured Chinese hamster ovary cells in vitro:

Chromosomal aberrations

Cultured Chinese hamster ovary cells in vitro:

Micronuclei in mouse peripheral blood cells:

0, 1,250, 2,500, or
5,000 ppm in feed
(approximately 60,
125, or 250 mg/kg/day)

High- and mid-dose
groups lower than
control

27/50, 23/50,
21/50, 21/50

Mild hematologic
toxicity

Clitoral gland:
adenoma (4/50, 12/49,
10/49, 12/50),
carcinoma (1/50, 2/49,
5/49, 4/50), adenoma
or carcinoma
(combined) (4/50,
14/49, 15/49, 15/50)

Mononuclear cell

leukemia (17/50,
11/50, 3/50, 0/50)

Some evidence

0, 1,250, 2,500, or
5,000 ppm in feed
(approximately
150, 300, or

675 mg/kg/day)
High-dose group

lower than control

39/50, 36/50,
39/50, 44/50

None

None

None

No evidence

0, 1,250, 2,500, or
5,000 ppm in feed
(approximately
170, 365, or

905 mg/kg/day)
High-dose group

lower than control

38/50, 36/49,
33/50, 30/50

None

None

None

No evidence

Positive in strain TA100 with and without S9; negative in strains TA98,
TA1535, and TA1537, with and without S9

Positive without S9; negative with S9

Positive without S9; negative with S9

Negative at 13 weeks
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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 (no evidence); and one category for experiments that cannot be
evaluated because of major flaws (inadequate study). These categories of interpretative conclusions were first adopted in June 1983
and then revised in March 1986 for use in the Technical Report 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
five categories is selected to describe the findings. These categories refer to the strength of the experimental evidence and not to
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 (iii) 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 is demonstrated by studies that, because of major qualitative or quantitative
limitations, cannot be interpreted as valid for showing either the presence or absence of carcinogenic activity.

When a conclusion statement for a particular experiment is selected, consideration must be given to key factors that would extend the
actual boundary of an individual category of evidence. Such consideration 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:

¢ 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 incidence known or thought to represent stages of progression in the same
organ or tissue;

* latency in tumor induction;

¢ multiplicity in site-specific neoplasia;

* metastases;

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

¢ presence or absence of dose relationships;

 statistical significance of the observed tumor increase;

 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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NATIONAL TOXICOLOGY PROGRAM BOARD OF SCIENTIFIC COUNSELORS
TECHNICAL REPORTS REVIEW SUBCOMMITTEE

The members of the Technical Reports Review Subcommittee who evaluated the draft NTP Technical Report on p-nitrobenzoic acid
on June 22, 1993, are listed below. Subcommittee members serve as independent scientists, not as representatives of any institution,
company, or governmental agency. In this capacity, subcommittee members have five major responsibilities in reviewing NTP studies:

Curtis D. Klaassen, Ph.D., Chair
Department of Pharmacology and Toxicology
University of Kansas Medical Center
Kansas City, KS

Paul T. Bailey, Ph.D.
Environmental and Health Sciences Laboratory
Mobil Oil Corporation
Princeton, NJ

Louis S. Beliczky, M.S., M.P.H.
Department of Industrial Hygiene
United Rubber Workers International Union
Akron, OH

Armold L. Brown, M.D.
University of Wisconsin Medical School
Madison, WI

Kowetha A. Davidson, Ph.D.
Health and Safety Research Division
Oak Ridge National Laboratory
Oak Ridge, TN

Harold Davis, D.V.M,, Ph.D.
Medical Research Division
American Cyanamid
Pearl River, NY

Daniel S. Longnecker, M.D.*

Department of Pathology
Dartmouth Medical School
Lebanon, NH

* Did not attend

" 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 carcinogenic activity and other observed toxic responses.

Louise Ryan, Ph.D.
Division of Biostatistics
Harvard School of Public Health and
Dana-Farber Cancer Institute
Boston, MA

Ellen K. Silbergeld, Ph.D.*
University of Maryland Medical School
Baltimore, MD

Robvert E. Taylor, M.D., Ph.D.
Department of Pharmacology
Howard University College of Medicine
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SUMMARY OF TECHNICAL REPORTS REVIEW SUBCOMMITTEE COMMENTS

On June 22, 1993, the draft Technical Report on the
toxicology and carcinogenesis studies of p-nitro-
benzoic acid received public review by the National
Toxicology Program Board of Scientific Counselors
Technical Reports Review Subcommittee. The
review meeting was held at the National Institute of
Environmental Health Sciences, Research Triangle
Park, NC.

Dr. J.K. Dunnick, NIEHS, introduced the toxicology
and carcinogenesis studies of p-nitrobenzoic acid by
discussing the uses and rationale for study, describing
the experimental design, reporting on survival and
body weight effects, and commenting on chemical-
related neoplastic lesions in female rats and nonneo-
plastic lesions in male (nephropathy) and female
(hematologic toxicity) rats. Additional step-sections
of the kidney were performed in male rats. The pro-
posed conclusions were no evidence of carcinogenic
activity in male F344/N rats, some evidence of carcino-
genic activity in female F344/N rats, and no evidence
of carcinogenic activity in male or female B6C3F,
mice.

Dr. Brown, a principal reviewer, agreed with the
proposed conclusions. He asked for comment on the
seemingly paradoxical decrease in the incidence of
mononuclear cell leukemia in exposed rats and the
increased weight of the spleen. Dr. Ward noted that
there was hematopoietic toxicity associated with the
chemical and speculated that the stem cell in the
bone marrow or spleen from which the leukemia
derives may be one of the targets of the chemical
resulting in an inhibition of leukemogenesis.

Dr. van Zwieten, the second principal reviewer,
agreed with the proposed conclusions. He asked for
substantiation of the conclusion that preputial gland
and clitoral gland neoplasms were potentially lethal,
because, in his experience, these neoplasms tend to
be quite small and well circumscribed. Dr. S.L.
Eustis, NIEHS, responded that the preputial gland
neoplasms are not lethal in the sense of causing the
animal’s death, but as they get quite large with some
becoming ulcerated, the animals are killed. Dr. JK.
Haseman, NIEHS, added that if a neoplasm were
incidental, one would expect it to be more or less

evenly distributed among the animals that died
naturally and those that survived. However, in this
study, the likelihood of observing a preputial gland
neoplasm in an animal that died early was almost
three times as high as in a surviving animal.

Dr. Ryan, the third principal reviewer, deferred her
opinion of the proposed conclusions pending further
discussion of exposure-related effects on clitoral
gland and preputial gland lesions. She said there
were inconsistencies in how body weight differences
were discussed. For instance, decreased body weight
in rats is offered as a possible explanation for the
exposure-related decrease in leukemia. On the other
hand, lack of an exposure-response for clitoral gland
neoplasms was the main reason for some evidence
rather than clear evidence for female rats, but was
likely due, in her opinion, also to decreased body
weight. Dr. Dunnick said the conclusion in female
rats was based primarily on there being increases in
neoplasms, mostly adenomas, at all three exposure
levels. She agreed that body weight can affect the
incidence of neoplasms, but the decrease in leukemia
was believed to be more of a chemical effect than a
body weight effect. Based on preputial gland neo-
plasms, Dr. Haseman said it was a close call between
no evidence and equivocal evidence of carcinogenic
activity in male rats. Dr. Eustis noted that the
incidence of preputial gland carcinoma at the highest
exposure level was within the historical control range.

Dr. Ward asked for comment on the presence of
hyaline droplets in the kidneys of rats in subchronic
studies and whether they were associated with ot,-
globulin accumulation. Dr. Eustis said there was no
evidence for accumulation of a,,-globulin in this
study.

Dr. Brown moved that the Technical Report on
p-nitrobenzoic acid be accepted with the revision
discussed and with the conclusions as written for
male rats and male and female mice, no evidence of
carcinogenic activity, and for female rats, some evi-
dence of carcinogenic activity. Dr. Taylor seconded
the motion, which was accepted unanimously with ten
votes.
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INTRODUCTION

COOH

NO,

p-NITROBENZOIC ACID

CAS No. 62-23-7

Chemical Formula: C,H;NO,

Molecular Weight: 167.12

Synonyms: 4-Nitrobenzoic acid; nitrodracylic acid; p-nitrobenzenecarboxylic acid; p-carboxynitrobenzene

CHEMICAL AND PHYSICAL PROPERTIES
p-Nitrobenzoic acid is a yellow-to-white crystalline
material with no odor. It has a density of 1.61 at
20° C, and a melting point of 242° C. It is insoluble
in water and petroleum ether; slightly soluble in ace-
tone, benzene, and carbon disulfide; and soluble in
methyl alcohol (1 g/110 mL) and ethanol
(1 g/110 mL). The pK, of p-nitrobenzoic acid is 3.4
(Sax, 1979; Merck Index, 1983; Lide, 1992).

USE AND HUMAN EXPOSURE
p-Nitrobenzoic acid is used in organic synthesis, in
the manufacture of intermediates, and as a reagent
for alkaloids and thorium (Merck Index, 1983).
Nitrobenzoates are used in the manufacture of
pesticides, dyes, explosives, and industrial solvents
(Groenewegen et al., 1992). Exposure to p-nitro-
benzoic acid may occur through exposure to other
chemicals that are metabolized or hydrolyzed to
p-nitrobenzoic  acid, including p-nitrobenzoyl
chloride (Radding, 1977), p-nitrotoluene (Chism
et al., 1984), and 5-(4-nitrophenyl)-2,4-pentadienal
(spy dust) (Burka et al., 1987).

p-Nitrobenzoic acid was not found in a survey of
717 hazardous waste sites (USEPA, 1987). p-Nitro-
benzoic acid is metabolized under aerobic and
anaerobic conditions by bacteria, as well as when
mixed with a representative municipal sewage

sample, suggesting that under natural conditions
bacteria would metabolize the chemical (Hallas and
Alexander, 1983).

The U.S. International Trade Commission (USITC)
did not report the production volume for p-nitro-
benzoic acid or p-nitrobenzoyl chloride for 1988
(USITC, 1989). Other sources estimate the produc-
tion of p-nitrobenzoic acid at 450 to 900 tons per
year (4 to 8 x 10° kg/year), the production of
p-aminobenzoic acid, a major metabolite of p-nitro-
benzoic " acid, at 250 tonsfyear (2 X 10 kg/year)
(Kirk-Othmer, 1978), and the production of p-nitro-
benzoyl chloride at 3 x 10 kgfyear (NCI, 1980). The
National Institute for Occupational Safety and
Health (NIOSH) has estimated that there are
42,700 workers potentially exposed to p-nitrobenzoic
acid in 16 different industries (NIOSH, 1993).

ABSORPTION, DISTRIBUTION,
METABOLISM, AND EXCRETION

Experimental Animals

The metabolism of nitroaromatic compounds varies
with species of animal and with the isomeric config-
uration of the chemical, as has been noted for some
representative nitroaromatic chemicals such as
nitrobenzene and o-, m-, and p-nitrotoluene (Rickert,
1987; NTP, 1992). One common pathway for metab-
olism of nitroaromatic compounds is reduction of the
nitro groups (Rickert, 1987).
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Nitroreductase activities are found both in mamma-
lian tissues and in gastrointestinal microflora, and
both can contribute to the eventual metabolism of
nitroaromatic compounds (Zachariah and Juchau,
1974). In mammalian species, two nitro-reducing
systems have been characterized in the liver,
including one associated with the endoplasmic
reticulum of the liver and one with the soluble
cellular fractions (Carlson and Dubois, 1970;
Mitchard, 1971). Escherichia coli and other bacteria
contain various enzymes capable of reducing p-nitro-
benzoic acid to p-aminobenzoic acid (Saz and
Martinez, 1956; Thijssen and Henderson, 1973).
Intestinal microbial flora appear to be responsible
for at least some of the in vivo reduction of p-nitro-
benzoic acid because the intestinal contents of rats
receiving antibiotics indicated diminished reduction
of p-nitrobenzoic acid (Zachariah and Juchau, 1974;
Gardner and Renwick, 1978). Germ-free rats
converted about 1% of p-nitrobenzoic acid to
p-aminobenzoic acid, while conventional rats
converted 25% to p-aminobenzoic acid (Wheeler
et al., 1975).

In addition to reduction of the nitro group, p-nitro-
benzoic acid metabolism may occur by a number of
pathways involving conjugation of the carboxylic acid
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group with glycine or glucuronic acid and reduction
to p-aminobenzoic acid, which may then be conju-
gated at the carboxylic acid group or acetylated at
the amino substituent (Williams, 1959).

Nitroaromatic compounds are characteristically toxic
to the hematopoietic system (NTP, 1992). Aromatic
and heterocyclic nitro compounds require reduction
of the nitro group for the expression of these toxico-
logic activities (McCalla and Voutsinos, 1974;
Wheeler et al., 1975; Reddy et al., 1976). A common
feature of chemicals that cause hematopoietic toxicity
characterized by methemoglobin formation is a free
aromatic amine functional group. Hydroxylation of
this aromatic amine group to a phenylhydroxylamine
is thought to account for the formation of methemo-
globinemia and the subsequent hematologic toxicity
(Bus and Popp, 1987). This is supported by studies
that show that hydroxylamino compounds produce
methemoglobin in vivo and in vitro, and arylamines
or nitrobenzenes themselves cannot oxidize hemo-
globin in virro (Facchini and Griffiths, 1981). Using
liver homogenates from Wistar rats, Kato et al
(1969) identified p-hydroxylamino benzoic acid as a
metabolite of p-nitrobenzoic acid, and a metabolic
scheme (Figure 1) for p-nitrobenzoic acid has been
proposed (Gillette et al., 1968; Mitchard, 1971).

HOOC 4@—N02 —= HOOC @—HNOH — HOOC —@NHZ —— Gonjugation

p-Nitrobenzoic Acid
Benzoic Acid

FIGURE 1

p-Hydroxylamino

p-Aminobenzoic Acid

Metabolic Pathway of p-Nitrobenzoic Acid
[Proposed by Gillette et al. (1968) and Mitchard (1971)]



Introduction

Quantitative information on pharmacokinetics,
distribution, and elimination of metabolites of
p-nitrobenzoic acid in vivo is limited. After an oral
or intraperitoneal dose of 25 mg [**C]-p-nitrobenzoic
acid, female Wistar rats excreted 83% to 94% of the
radiolabel in the urine within 24 hours. Urine
metabolites were 2% free p-aminobenzoic acid,
18% conjugated aminobenzoic acid, 42% p-nitro-
benzoic acid, and 13% conjugated p-nitrobenzoic acid
(Gardner and Renwick, 1978). Studies to quantify
the urinary metabolites of p-nitrobenzoic acid in the
F344 rat and B6C3F, mouse have not been con-
ducted.

Pharmacokinetic studies in marmosets receiving oral
doses of 4-nitro[carboxy-*C]benzoic acid
(0.4 mmol/kg) found that peak blood levels were
reached in 30 to 40 minutes and the terminal half-
life of the chemical in the blood was estimated at
1 hour. Distribution and elimination of metabolites
could not be determined from these studies (Kuzniar
and James, 1981).

Humans

No information on the absorption, distribution,
metabolism, or excretion of p-nitrobenzoic acid in
humans was found in the literature.

TOXICITY

Experimental Animals

Methemoglobin formation and hematopoietic toxicity
are found after administration of aromatic nitro and
amino compounds, and this toxicity is often more
severe in rats than in mice (Beard and Noe, 1981;
Rickert, 1987; NTP, 1992). For example, in studies
of 0-, m-, and p-nitrotoluene hematologic toxicity was
characterized by increased methemoglobin, Heinz
body formation, and hematopoiesis and by hemo-
siderin deposition and congestion in the spleen of
rats.

p-Nitrobenzoic acid was reported to have LD, values
of 1.47, 0.88, and 0.77 g/kg in female Swiss mice after
oral, intraperitoneal, and intravenous administration,
respectively. The oral LDy, was 1.96 g/kg and the
intravenous LD, was 1.21 g/kg in female Wistar rats.
Rats receiving LDy, levels of p-nitrobenzoic acid had
liver infiltration with red blood cells and myeloid
metaplasia of the red pulp of the spleen (Caujolle
et al., 1966).
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Humans
No information on the toxicity of p-nitrobenzoic acid
in humans was found in the literature.

REPRODUCTIVE AND DEVELOPMENTAL
TOXICITY

Experimental Animals

Chapin et al. (1987) evaluated the effects of p-nitro-
benzoic acid on sperm morphology and vaginal
cytology in rats and mice exposed to 0, 630 (rats),
1,250, 2,500, 5,000, 10,000, or 20,000 (mice) ppm
p-nitrobenzoic acid in feed for 13 weeks. Final body
weights of 5,000 and 10,000 ppm male rats were 8%
to 16% lower than that of the controls. The sperm
count and right caudal, epididymal, and testis weights
were reduced in 10,000 ppm male rats. Final body
weights of 10,000 and 20,000 ppm male mice were
14% to 31% lower than those of the controls. In
mice receiving 20,000 ppm, the right caudal,
epididymal, and testis weights were reduced, but the
sperm count was not significantly reduced. At lower
exposure levels, there were no chemical-related
effects in male rats and only minor effects in male
mice. Significantly reduced body weights were
observed in 10,000 ppm female rats and in
20,000 ppm female mice. Some of these females had
prolonged estrous cycles that were apparently related
to the reduced body weights (Chapin et al., 1987).

Continuous breeding studies were conducted in Swiss
(CD-1%) mice exposed to 7,500 or 15,000 ppm
p-nitrobenzoic acid ad libitum in feed for a 7-day pre-
cohabitation period followed by a 98-day cohabita-
tion period (Hope er al., 1990). Final body weights
of 15,000 ppm males and females were 93% and 88%
that of the corresponding control groups, respec-
tively. Feed consumption was similar between
exposed and control groups. Pairs of mice exposed
to 7,500 and 15,000 ppm had fewer litters and fewer
live pups per litter and their pups weighed less than
those of pairs receiving control feed. Crossover
matings of exposed F, females to control males also
resulted in fewer live pups per litter and lower pup
weights, indicating that reproductive toxicity was
primarily due to effects in females. Hope e al
(1990) concluded that the general toxic effects of
p-nitrobenzoic acid (as measured by decreases in
body weight of exposed animals) were not severe
enough to cause impairment of fertility and repro-
duction, and the studies did not identify the mecha-
nism responsible for this toxicity.
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Humans

No information on reproductive and developmental
toxicity of p-nitrobenzoic acid in humans was found
in the literature.

CARCINOGENICITY

Experimental Animals

No studies describing the carcinogenic potential of
p-nitrobenzoic acid in experimental animals were
found in the literature.

Humans
No published information on carcinogenic potential
of p-nitrobenzoic acid in humans is available.

GENETIC TOXICITY A
p-Nitrobenzoic acid was positive, in the absence of
S9 activation, in the Bacillus subtilis rec assay for
growth inhibition due to DNA damage (Shimizu and
Yano, 1986), and it induced gene mutations in
Salmonella typhimurium, with and without S9 (Chiu
et al., 1978; Sundvall et al., 1984; Shimizu and Yano,
1986; Zeiger et al., 1987, Dellarco and Prival, 1989).
No induction of unscheduled DNA synthesis was
noted in rat hepatocytes treated in vifro with up to
1,000 nmol p-nitrobenzoic acid/mL (Probst ez al,
1981). Unpublished NTP data show that p-nitro-
benzoic acid induces sister chromatid exchanges and
chromosomal aberrations in cultured Chinese ham-
ster ovary cells. However, no increase in the fre-
quency of micronucleated erythrocytes was observed
in the peripheral blood of male and female mice
administered p-nitrobenzoic acid in feed for 13 weeks
(Appendix E).

The structural analogue, m-nitrobenzoic acid, was
also positive in the B. subtilis rec assay (Shimizu and
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Yano, 1986) and S. typhimurium gene mutation
assays (Chiu er al, 1978; Sundvall et al, 1984;
Shimizu and Yano, 1986; Zeiger et al, 1987).
Unpublished NTP data show no induction of chro-
mosomal aberrations or sister chromatid exchanges
in cultured Chinese hamster ovary cells and no
increase in the frequency of micronucleated erythro-
cytes in the blood of male or female mice receiving
m-nitrobenzoic acid in feed for 13 weeks. o-Nitro-
benzoic acid did not induce chromosomal aberrations
in cultured Chinese hamster ovary cells, but it did
induce sister chromatid exchanges (NTP, unpublished
data) and, like the p- and m-isomers, it was muta-
genic in the S. typhimurium assay (Zeiger et al.,
1987).

STUDY RATIONALE

p-Nitrobenzoic acid is a hydrolysis product of p-nitro-
benzoyl chloride. p-Nitrobenzoyl chloride was
originally nominated for testing by the National
Cancer Institute because it is an acyl chloride and
aromatic nitro compound with a large import volume
(10,000 kg/year). However, because p-nitrobenzoyl
chloride is unstable in feed and undergoes rapid
hydrolysis to p-nitrobenzoic acid, p-nitrobenzoic acid
was selected for study. p-Nitrobenzoic acid was
selected because of workplace exposure through its
use in manufacturing chemical intermediates, because
it is a metabolite of other chemicals, and because of
the lack of existing information on its chronic toxic
and carcinogenic effects.

Interest in the potential carcinogenicity of p-nitro-
benzoic acid is also based on its structure as a single,
aromatic, nitro compound and the finding that other
members of this chemical class are carcinogenic in
rodents (Clayson and Garner, 1976; Ashby and
Tennant, 1991).
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MATERIALS AND METHODS

PROCUREMENT AND
CHARACTERIZATION

OF p-NITROBENZOIC ACID

p-Nitrobenzoic acid was obtained from E.I. du Pont
de Nemours and Company, Inc. (Wilmington, DE),
in one lot (40). Identity, purity, and stability analyses
were conducted by the analytical chemistry labora-
tory, Midwest Research Institute (Kansas City, MO)
(Appendix H). Reports on the analyses performed
in support of the p-nitrobenzoic acid studies are on
file at the National Institute of Environmental
Health Sciences.

The chemical, a light yellow, crystalline solid, was
identified as p-nitrobenzoic acid by infrared, ultra-
violet/visible, and nuclear magnetic resonance spec-
troscopies. Purity was determined by elemental
analyses, Karl Fischer water analysis, functional
group titration, thin-layer chromatography, and
high-performance liquid chromatography. Elemental
analyses for carbon, hydrogen, and nitrogen were in
agreement with the theoretical values for p-nitro-
benzoic acid. Karl Fischer analysis indicated
0.08% water. Functional group titration indicated a
purity of 100.1%. Thin-layer chromatography using
two systems detected one major spot and one trace
impurity. No impurities with areas greater than
0.1% relative to the major peak area were observed
using high-performance liquid chromatography. The
overall purity was determined to be greater than
99%.

Stability studies performed using high-performance
liquid chromatography indicated that p-nitrobenzoic
acid was stable when stored in the dark for 2 weeks
at temperatures up to 60° C. The study laboratory
stored the bulk chemical in sealed containers, pro-
tected from light, at room temperature. Purity and
stability were monitored during the 2-year study by
high-performance liquid chromatography and func-
tional group titration. No degradation of the bulk
chemical was observed.

PREPARATION AND ANALYSIS

OF DOSE FORMULATIONS

The dose formulations were prepared once in the
14-day studies, every 2 weeks in the 13-week studies,
and weekly in the 2-year studies by mixing p-nitro-
benzoic acid and feed (Table H1). Homogeneity and
stability studies of the 400 ppm concentration were
performed by Midwest Research Institute using high-
performance liquid chromatography. Homogeneity
was confirmed, and the stability of the dose formula-
tions when stored in the dark at room temperature
was confirmed for at least 3 weeks. Dose formula-
tions open to air and light were stable for 1 week.

Periodic analyses of the dose formulations of p-nitro-
benzoic acid were conducted at the study laboratory
and analytical chemistry laboratory using high-perfor-
mance liquid chromatography. Dose formulations
were analyzed once during the 14-day studies and
were within 10% of the target concentrations
(Table H2). Dose formulations for the 13-week
studies were analyzed pre-study, during week 1, at
study mid-point, and at the final mix (Table H3).
During the 2-year studies, the dose formulations
were analyzed approximately every two months
(Table H4). All dose formulations were within 10%
of the target concentrations during the 13-week
studies; 95% (160/168) of the formulations were
within 10% of the target concentrations during the
2-year studies. Results of the periodic referee
analyses performed by the analytical chemistry
laboratory were in good agreement with the results
obtained by the study laboratory (Table HS).

14-DAY STUDIES

The 14-day studies were conducted to evaluate the
cumulative toxic effects of repeated exposure to
p-nitrobenzoic acid and to determine the appropriate
doses to be used in the 13-week studies.

Male and female F344/N rats and B6C3F, mice were
obtained from Frederick Cancer Research Facility
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(Frederick, MD). At receipt, the animals were

.4 weeks old. The rats were quarantined for 16 days
before dosing began; the mice were quarantined for
15 days. Before the beginning of the studies, two
male and two female rats and mice were randomly
selected for parasite evaluation and gross observation
for evidence of disease.

Groups of five male and five female rats and mice
received 0, 2,500, 5,000, 10,000, 20,000, or
40,000 ppm p-nitrobenzoic acid in feed for 14 days.
Water and feed were available ad libitum. Feed
consumption was measured twice weekly for rats and
weekly for mice. Clinical observations were recorded
twice daily. Animals were weighed at the beginning
of the studies and weekly thereafter. Rats were
housed five per cage; mice were housed individually.

At the end of the studies, blood was collected from
the orbital sinus for hematology analyses. Auto-
mated hematologic determinations, except platelet
counts, were performed using a Baker Series 7000
cell counter; platelet counts were determined using
a Baker Series 810 whole blood platelet analyzer
(Baker Instruments, Allentown, PA). Reagents were
obtained from Baker Instruments. The clinical
pathology parameters measured are listed in Table 1.
The brain, heart, right kidney, liver, lungs, spleen,
right testis, and thymus of all surviving animals were
weighed. A necropsy was performed on all animals.
Tissues for microscopic examination were fixed and
preserved in 10% neutral buffered formalin, pro-
cessed and trimmed, embedded in paraffin, sectioned
to a thickness of 6 um, and stained with hematoxylin
and eosin. A complete histopathologic examination
was performed on all controls and all 40,000 ppm
animals at the end of the studies. Table 1 lists the
tissues and organs routinely examined.

13-WEEK STUDIES

The 13-week studies were conducted to evaluate the
cumulative toxic effects of repeated exposure to
p-nitrobenzoic acid and to determine the appropriate
doses to be used in the 2-year studies.

Male and female F344/N rats and B6C3F, mice were
obtained from Simonsen Laboratories, Inc.
(Gilroy, CA). At receipt, the animals were 3 to

p-Nitrobenzoic Acid, NTP TR 442

4 weeks old. The rats were quarantined for 13 days
before dosing began; the mice were quarantined for
11 days. Before the beginning of the studies, five
male and five female rats and mice were randomly
selected for parasite evaluation and gross observation
for evidence of disease. At the end of the studies,
serologic analyses were performed on five male and
five female control mice using the protocols of the
NTP Sentinel Animal Program (Appendix K).

Groups of 10 male and 10 female rats received 0,
630, 1,250, 2,500, 5,000, or 10,000 ppm p-nitro-
benzoic acid in feed for 13 weeks. Groups of
10 male and 10 female mice received 0, 1,250, 2,500,
5,000, 10,000, or 20,000 ppm p-nitrobenzoic acid in
feed for 13 weeks. The brain, heart, right kidney,
liver, lungs, spleen, right testis, and thymus of all
surviving animals were weighed.

Water and feed were available ad libitum. Feed
consumption was measured weekly. Clinical observa-
tions were recorded twice daily. Animals were
weighed at the beginning of the studies and weekly
thereafter. Rats were housed five per cage; mice
were housed individually.

Special study groups of 10 male and 10 female rats
received 0, 630, 2,500, or 10,000 ppm p-nitrobenzoic
acid for 13 weeks. On days 7, 30, 60, and 90, blood
samples were collected from the orbital sinus for
hematology and clinical chemistry analyses. Hema-
tology analyses were performed as in the 14-day
studies. Clinical chemistry parameters were mea-
sured using a Centrifichem-400 chemistry analyzer
(Baker Instruments). Reagents were obtained from
Baker Instruments or Sigma Diagnostics (St. Louis,
MO). The clinical pathology parameters measured
are listed in Table 1.

A necropsy was performed on all core study animals.
Tissues for microscopic examination were fixed and
preserved in 10% neutral buffered formalin, pro-
cessed and trimmed, embedded in paraffin, sectioned
to a thickness of 6 pm, and stained with hematoxylin
and eosin. A complete histopathologic examination
was performed on all controls, all animals dying
before the end of the studies, and all 10,000 ppm rats
and 20,000 ppm mice surviving to the end of the
studies. Table 1 lists the tissues and organs routinely
examined.
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2-YEAR STUDIES

Study Design

Groups of 60 male and 60 female rats and mice
received 0, 1,250, 2,500, or 5,000 ppm p-nitrobenzoic
acid in feed for 103 weeks. Ten male and 10 female
rats and mice from each group were evaluated at
15 months.

Source and Specification of Animals

Male and female F344/N rats and B6C3F, mice were
obtained from Taconic Laboratory Animals and
Services (Germantown, NY) for use in the 2-year
studies. The animals were quarantined for 12 days
before the beginning of the studies. Five male and
five female rats and mice were selected for parasite
evaluation and gross observation of disease.
Serology samples were collected for viral screening.
Rats and mice were approximately 6 weeks old at the
beginning of the 2-year studies. The health of the
animals was monitored during the course of the
studies according to the protocols of the NTP
Sentinel Animal Program (Appendix K).

Animal Maintenance

Rats were housed five per cage; mice were housed
individually. Feed and water were available
ad libitum. Feed consumption was measured every
4 weeks. Cages were rotated twice a week for rats
and once a week for mice; racks were rotated every
two weeks during the studies. Further details of
animal maintenance are given in Table 1. Informa-
tion on feed composition and contaminants is pro-
vided in Appendix J.

Clinical Examinations and Pathology

All animals were observed twice daily. Clinical
observations and body weights were recorded at study
initiation, weekly for 13 weeks, and monthly there-
after. Blood samples were collected from the retro-
orbital sinus at the 15-month interim evaluations for
hematology analyses. Automated determinations
were performed using an Ortho ELT-8 hematology
analyzer (Ortho Instruments, Westwood, MA).
Methemoglobin was measured using the Roche
Cobas Fara (Roche Diagnostic Systems, Inc,
Montclair, NJ). Reagents were obtained from the
instrument manufacturer. The clinical pathology
parameters measured are listed in Table 1. The right
kidney, liver, and spleen were weighed at the
15-month interim evaluations.
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A necropsy was performed on all animals. At
necropsy, all organs and tissues were examined for
gross lesions, and all major tissues were fixed and
preserved in 10% neutral buffered formalin, pro-
cessed and trimmed, embedded in paraffin, sectioned,
and stained with hematoxylin and eosin for micro-
scopic examination.  Complete histopathologic
examinations were performed on all animals. Tissues
examined are listed in Table 1.

Microscopic evaluations were completed by the study
laboratory pathologist, and the pathology data were
entered into the Toxicology Data Management
System. The microscope slides, paraffin blocks, and
residual wet tissues were sent to the NTP Archives
for inventory, slide/block match, and wet-tissue audit.
The slides, individual animal data records, and
pathology tables were evaluated by an independent
pathology quality assessment laboratory. The indi-
vidual animal records and tables were compared for
accuracy, the slide and tissue counts were verified,
and the histotechnique was evaluated by the quality
assessment laboratory. The quality assessment
pathologist microscopically reviewed the clitoral
gland, kidney, liver, preputial gland, spleen, stomach,
and uterus of all rats to confirm the incidences of
neoplasms and nonneoplastic lesions. For mice, the
quality assessment pathologist reviewed the fore-
stomach, kidney, liver, lung, and thyroid gland to
confirm the incidences of neoplasms and nonneo-
plastic’ lesions. In addition, each tissue with a
neoplasm diagnosis from all rats and mice was
microscopically reviewed.

The quality assessment report and slides were sub-
mitted to the NTP Pathology Working Group
(PWG) chair, who reviewed representative examples
of potential chemical-related lesions including
neoplasms of the clitoral gland, kidney, liver, prepu-
tial gland, spleen, and thyroid gland from rats; the
forestomach, kidney, liver, lung, and thyroid gland
from mice; and any other tissues when there was
disagreement in diagnosis between the laboratory and
quality assessment pathologist. Examples of dis-
agreements in diagnoses between the laboratory and
quality assessment pathologist or lesions of general
interest were presented by the chair to the PWG for
review. The PWG consisted of the quality assess-
ment pathologist and other pathologists experienced
in rodent toxicologic pathology. This group exam-
ined the tissues without knowledge of dose groups or
previously rendered diagnoses. When the PWG
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consensus differed from the opinion of the laboratory
pathologist, the diagnosis was changed. Thus, the
final diagnoses represent a consensus of contractor
pathologists and the PWG. Details of these review
procedures have been described, in part, by
Maronpot and Boorman (1982) and Boorman et al.
(1985). For subsequent analysis of pathology data,
the diagnosed lesions for each tissue type were
evaluated separately or combined according to the
guidelines of McConnell et al. (1986).

Statistical Methods

Survival Analyses

The probability of survival was estimated by the
product-limit procedure of Kaplan and Meier (1958)
and is presented in the form of graphs. Animals
found dead of other than natural causes or found to
be missing were censored from the survival analyses;
animals dying from natural causes were not censored.
Statistical analyses for possible dose-related effects
on survival used Cox’s (1972) method for testing two
groups for equality and Tarone’s (1975) life table test
to identify dose-related trends. All reported P values
for the survival analyses are two sided.

Calculation of Incidence

The incidences of neoplasms or nonneoplastic lesions
as presented in Tables Al, A5, Bl1, BS, C1, C5, D1,
and D5 are given as the number of animals bearing
such lesions at a specific anatomic site and the
number of animals with that site examined micro-
scopically. For calculation of statistical significance,
the incidences of most neoplasms (Tables A3, B3,
C3, and D3) and of all nonneoplastic lesions are
given as the numbers of animals affected at each site
examined microscopically. However, when macro-
scopic examination was required to detect neoplasms
in certain tissues (e.g., skin, intestine, harderian
gland, and mammary gland) before microscopic
evaluation or when neoplasms had multiple potential
sites of occurrence (e.g., leukemia or lymphoma), the
denominators consist of the number of animals on
which a necropsy was performed.

Analysis of Neoplasm Incidence

The majority of neoplasms in these studies were
considered to be incidental to the cause of death or
not rapidly lethal. Thus, the primary statistical
method used was logistic regression analysis, which
assumed that the diagnosed neoplasms were dis-
covered as the result of death from an unrelated

p-Nitrobenzoic Acid, NTP TR 442

cause and thus did not affect the risk of death. In
this approach, neoplasm prevalence was modeled as
a logistic function of chemical exposure and time.
Both linear and quadratic terms in time were incor-
porated initially, and the quadratic term was elim-
inated if the fit of the model was not significantly
enhanced. The neoplasm incidences of exposed and
control groups were compared on the basis of the
likelihood score test for the regression coefficient of
dose. This method of adjusting for intercurrent
mortality is the prevalence analysis of Dinse and
Lagakos (1983), further described and illustrated by
Dinse and Haseman (1986). When neoplasms are
incidental, this comparison of the time-specific
neoplasm prevalences also provides a comparison of
the time-specific neoplasm incidences (McKnight and
Crowley, 1984).

In addition to logistic regression, other methods of
statistical analysis were used, and the results of these
tests are summarized in the appendixes. These
methods include the life table test (Cox, 1972;
Tarone, 1975), appropriate for rapidly lethal neo-
plasms, and the Fisher exact test and the Cochran-
Armitage trend test (Armitage, 1971; Gart et al,
1979), procedures based on the overall proportion of
neoplasm-bearing animals.

Tests of significance included pairwise comparisons
of each exposed group with controls, and a test for
an overall dose-related trend. Continuity-corrected
tests were used in the analysis of neoplasm incidence,
and reported P values are one sided. The procedures
described in the preceding paragraphs were also used
to evaluate selected nonneoplastic lesions. For:
further discussion of these statistical methods, refer
to Haseman (1984).

Analysis of Nonneoplastic Lesion Incidences
Because all nonneoplastic lesions in this study were
considered to be incidental to the cause of death or
not rapidly lethal, the primary statistical analysis used
was a logistic regression analysis in which nonneo-
plastic lesion prevalence was modeled as a logistic
function of chemical exposure and time. For lesions
detected at the interim evaluation, the Fisher exact
test was used, a procedure based on the overall
proportion of affected animals.

Analysis of Continuous Variables
Two approaches were employed to assess the signif-
icance of pairwise comparisons between exposed and
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control groups in the analysis of continuous vari-
ables. Organ and body weight data, which have
approximately normal distributions, were analyzed
using the parametric multiple comparison procedures
of Dunnett (1955) and Williams (1971, 1972).
Hematology and clinical chemistry data, which have
typically skewed distributions, were analyzed using
the nonparametric multiple comparison methods of
Dunn (1964) and Shirley (1977). Jonckheere’s test
(Jonckheere, 1954) was used to assess the signif-
icance of the dose-related trends and to determine
whether a trend-sensitive test (Williams’ or Shirley’s
test) was more appropriate for pairwise comparisons
than a test that does not assume a monotonic dose-
related trend (Dunnett’s or Dunn’s test). Average
severity values were analyzed for significance using
the Mann-Whitney U test (Hollander and Wolfe,
1973).

Historical Control Data

Although the concurrent control group is always the
first and most appropriate control group used for
evaluation, historical control data can be helpful in
the overall assessment of lesion incidence in certain
instances. Consequently, neoplasm incidences from
the NTP historical control database (Haseman et al.,
1984, 1985) are included in the NTP reports for
neoplasms appearing to show compound-related
effects. Step-section historical data is taken from
other NTP technical reports.

Quality Assurance Methods

The 13-week and 2-year studies were conducted in
compliance with Food and Drug Administration
Good Laboratory Practice Regulations (21 CFR,
Part 58). In addition, as records from the 2-year
studies were submitted to the NTP Archives, these
studies were audited retrospectively by an indepen-
dent quality assurance contractor. Separate audits
covering completeness and accuracy of the pathology
data, pathology specimens, final pathology tables, and
staff review draft of this NTP Technical Report were
conducted.  Audit procedures and findings are
presented in the reports and are on file at NIEHS.
The audit findings were reviewed and assessed by
NTP staff, so all discrepancies had been resolved or
were otherwise addressed during the preparation of
this Technical Report.
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GENETIC TOXICOLOGY

The genetic toxicology of p-nitrobenzoic acid was
assessed by testing the ability of the chemical to
induce mutations in various strains of Salmonella
typhimurium, sister chromatid exchanges and chromo-
somal aberrations in cultured Chinese hamster ovary
cells, and the frequency of micronucleated erythro-
cytes in mouse peripheral blood. The protocols for
these studies and the results are given in
Appendix E.

The genetic toxicity studies of p-nitrobenzoic acid are
part of a larger effort by the NTP to develop a
database that would permit the evaluation of carcino-
genicity in experimental animals from the structure
and responses of the chemical in short-term in vitro
and in vivo genetic toxicity tests. These genetic
toxicity tests were originally developed to study
mechanisms of chemically induced DNA damage and
to predict carcinogenicity in animals, based on the
electrophilic theory of chemical carcinogenesis and
the somatic mutation theory (Miller and Miller,
1977, Straus, 1981; Crawford, 1985).

There is a strong correlation between a chemical’s
potential electrophilicity (structural alert to DNA
reactivity), mutagenicity in Salmonella, and carcino-
genicity in rodents. The combination of electro-
philicity and Salmonella mutagenicity is highly
correlated with the induction of carcinogenicity in
rats and mice and/or at multiple tissue sites (Ashby
and Tennant, 1991). Other in vifro genetic toxicity
tests do not correlate well with rodent carcino-
genicity (Tennant et al., 1987; Zeiger et al., 1990),
although these other tests can provide information
on the types of DNA and chromosome effects that
can be induced by the chemical being investigated.
Data from NTP studies show that a