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NATIONAL TOXICOLOGY PROGRAM

The National Toxicology Program (NTP), established in 1978, develops and
evaluates scientific information about potentially toxic and hazardous
chemicals. This knowledge can be used for protecting the health of the
American people and for the primary prevention of disease. By bringing
together the relevant programs, staff, and resources from the U.S. Public
Health Service, DHHS, the National Toxicology Program has centralized
and strengthened activities relating to toxicology research, testing and test
development/validation efforts, and the dissemination of toxicological in-
formation to the public and scientific communities and to the research and
regulatory agencies.

The NTP is made up of four charter DHHS agencies: the National Cancer
Institute (NCI), National Institutes of Health; the National Institute of En-
vironmental Health Sciences (NIEHS), National Institutes of Health; the
National Center for Toxicological Research (NCTR), Food and Drug Ad-
ministration; and the National Institute for Occupational Safety and
Health (NIOSH), Centers for Disease Control. In July 1981, the Carcino-
genesis Bioassay Testing Program, NCI, was transferred to the NIEHS.
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NOTE TO THE READER

These studies are designed and conducted to characterize and evaluate the toxicologic potential, in-
cluding carcinogenic activity, of selected chemicals in laboratory animals (usually two species, rats and
mice). Chemicals selected for testing in the NTP Carcinogenesis Program are chosen primarily on the
bases of human exposure, level of production, and chemical structure. Selection per se is not an indicator
of a chemical’s carcinogenic potential. Negative results, in which the test animals do not have a greater
incidence of cancer than control animals, do not necessarily mean that a test chemical is not a carcinogen,
inasmuch as the experiments are conducted under a limited set of conditions. Positive results
demonstrate that a test chemical is carcinogenic for animals under the conditions of the test and indicate
that exposure to the chemical has the potential for hazard to humans. The determination of the risk to
humans from chemicals found to be carcinogenic in animals requires a wider analysis which extends
beyond the purview of this study.

Five categories of interpretative conclusions were adopted for use in June 1983 in the Technical Reports
series to specifically emphasize consistency and the concept of actual evidence of carcinogenicity. For
each definitive study result (male rats, female rats, male mice, female mice), one of the following quintet
will be selected to describe the findings. These categories refer to the strength of the experimental evi-
dence and not to either potency or mechanism.

® Clear Evidence of .Carcinczfgnicity is demonstrated by studies that are interpreted as showing a
chemically related increased incidence of malignant neoplasms, studies that exhibit a substan-
tially increased incidence of benign neoplasms, or studies that exhibit an increased incidence of a
combination of malignant and benign neoplasms where each increases with dose.

¢ Some Evidence of Carcinogenicity is demonstrated b)l' studies that are inter]i:'.et_ed as showing a
chemically related increased incidence of benign neoplasms, studies that exhibit marginal in-
creases in neoplasms of several organs/tissues, or studies that exhibit a slight increase in uncom-
mon malignant or benign neoplasms.

® Equivocal Evidence of Carcinogenicity is demonstrated by studies that are interpreted as
showing a chemically related marginal increase of neoplasms.

¢ No Evidence of Carcinogenicity is demonstrated by studies that are interpreted as showing no
chemically related increases in malignant or benign neoplasms.

¢ Inadequate Study of Carcinogenicity demonstrates that because of major qualitative or quanti-
tative limitations, the studies cannot be interpreted as valid for showing either the presence or ab-
sence of a carcinogenic effect.

Additionally, the following concepts (asb?atterned from the International Agency for Research on Cancer
Monographs) have been adopted by the NTP to give further clarification of these 1ssues:

The term chemical carcinogenesis generally means the induction by chemicals of neoglasms not
usually observed, the earlier induction by chemicals of neoplasms that are commonly observed, or
the induction by chemicals of more neoplasms than are generally found. Different mechanisms
may be involved in these situations. Ethologlcally, the term carcinogenesis means induction of
cancer, that is, of malignant neoplasms; however, the commonly accepted meaning is the induction
of various types of neoplasms or of a combination of malignant and benign neoplasms. In the
Technical Reports, the words tumor and neoplasm are used interchangeably.

This study was initiated by the National Cancer Institute’s Carcinogenesis Bioassay Program, now part
of the National Institute of Environmental Health Sciences, National Toxx_colﬂ Program. The studies
described in this Technical Report have been conducted in compliance with NTP chemical health and
safetfr requirements and must meet or exceed all applicable Federal, state, and local health and safety
regulations. All NTP toxicology and carcinogenesis studies are subjected to a data audit before being pre-
sented for peer review.

Although every effort is made to prepare the Technical Re%orts as accurately as possible, mistakes may
occur. Readers are requested to identify any mistakes so that corrective action may be taken. Further,
anyone who is aware of related ongoing or gubhshed studies not mentioned in this regortg is encouraged to
make this information known to the NTP. Comments and questions about the National Toxxcolo%fy
Program Technical Reports on Toxicology and Carcinogenesis Studies should be directed to Dr. J [E. Hu
National Toxicology Program, P.O. Box 12233, Research Triangle Park, NC 27709 (919-541-3780).

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 char%e (and while supplies last) from the NTP
12”171%5 Information Office, National Toxicology Program, P.O. Box 12233, Research Triangle Park, NC
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COOH
Cl
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C Cl
CHLORENDIC ACID

CAS No. 115-28-6
CyH404Clg Molecular weight 388.9

1,4,5,6,7,7-hexachloro-5-norbornene-2,3-dicarboxylic acid

ABSTRACT

Chlorendic acid is a chemical intermediate used in the preparation of fire-retardant polyester resins
and plasticizers. Toxicology and carcinogenesis studies of chlorendic acid (greater than 98% pure)
were conducted by administering the chemical in feed to groups of 50 male and 50 female F344/N rats
and B6C3F; mice at concentrations of 0, 620, or 1,250 ppm for 103 weeks. The estimated mean daily
consumption of chlorendic acid was 27 and 56 mg/kg body weight for low dose and high dose male rats
and 39 and 66 mg/kg for low dose and high dose female rats. In mice, the estimated daily consump-
tion was 89 and 185 mg/kg for low dose and high dose males and 100 and 207 mg/kg for low dose and
high dose females. These concentrations were selected because higher levels in the 14-day and 13-
week studies caused decreased mean body weights, more deaths, and increased incidences of liver le-
sions (rats: centrilobular cytomegaly, mitotic alterations, bile duct hyperplasia; mice: centrilobular
cytomegaly, mitotic alterations, coagulative necrosis) relative to control groups.

Survival and feed consumption of dosed male and female rats and mice in the 2-year studies were
similar to those of controls. Mean body weights of high dose male and female rats and mice were
lower than those of controls. Mean body weights of high dose female rats were 16%-24% lower than
those of controls during the second half of the study.

In the 2-year chlorendic acid feed studies, incidences of nonneoplastic lesions of the liver in dosed
male rats (cystic degeneration) and dosed female rats (granulomatous inflammation, pigmentation,
and bile duct hyperplasia) were increased. The incidences of neoplastic nodules of the liver were sig-
nificantly increased in dosed male rats (control, 2/50; low dose, 21/50; high dose, 23/50) and high dose
female rats (1/50; 3/49; 11/50). The incidence of hepatocellular carcinomas was also increased in high
dose female rats (0/50; 3/49; 5/50). In mice, the incidences of nonneoplastic lesions of the liver were in-
creased in dosed males (coagulative necrosis) and high dose females (mitotic alterations). The inci-
dences of hepatocellular adenomas (5/50; 9/49; 10/50), hepatocellular carcinomas (9/50; 17/49; 20/50),
and hepatocellular adenomas or carcinomas (combined) (13/50; 23/49; 27/50) were increased in dosed
male mice. Hepatocellular carcinomas metastasized to the lung in 2/50 control, 4/49 low dose, and
7/50 high dose male mice. Hepatocellular adenomas or carcinomas (combined) were not significantly
increased in female mice (3/50; 7/49; 7/50).
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The incidences of acinar cell hyperplasia (0/49; 4/50; 4/50) and acinar cell adenomas (0/49; 4/50; 6/50)
of the pancreas were increased in dosed male rats relative to those of controls. Pancreatic acinar cell
adenoma is an uncommon neoplasm in untreated control F344/N rats in NTP studies (3/1,667).

In dosed male rats, incidences of alveolar/bronchiolar adenomas of the lung (0/50; 3/50; 5/50) were in-
creased. The incidences of alveolar/bronchiolar adenomas or carcinomas (combined) in dosed female
mice were also increased (1/50; 5/50; 6/50). Preputial gland carcinomas occurred at a greater inci-
dence in low dose male rats (1/50; 8/50; 4/50) than in controls. An adenoma and a squamous cell papil-
loma were observed in two low dose male rats. The incidences of sarcomas, fibrosarcomas, or neuro-
fibrosarcomas (combined) of the salivary gland (1/60; 2/49; 4/50) were increased in dosed male rats.
The incidences in the dosed groups were not significantly different from that in the controls, but these
tumors are uncommon in F344/N rats receiving no treatment (3/1,689).

Chlorendic acid was not mutagenic in strains TA100, TA98, TA1535, or TA15637 of Salmonella typhi-
murium in the presence or absence of Aroclor 1254-induced male Sprague-Dawley rat or male Syrian
hamster liver activation when tested according to the preincubation protocol. Chlorendic acid was
mutagenic in the L5178Y/TK */~ mouse lymphoma cell forward assay (in the absence of activation)
at a dose resulting in toxicity.

An audit of the experimental data was conducted for the 2-year studies of chlorendic acid. No data
discrepancies were found that influenced the final interpretations.

Under the conditions of these 2-year feed studies, there was clear evidence of carcinogenicity* of
chlorendic acid for male F344/N rats as shown by increased incidences of neoplastic nodules of the
liver and acinar cell adenomas of the pancreas. Increased incidences of alveolar/bronchiolar adeno-
mas and preputial gland carcinomas may also have been related to the administration of chlorendic
acid. There was clear evidence of carcinogenicity of chlorendic acid for female F344/N rats as shown
by increased incidences of neoplastic nodules and of carcinomas of the liver. There was clear evidence
of carcinogenicity of chlorendic acid for male B6C3F; mice as shown by increased incidences of hepa-
tocellular adenomas and of hepatocellular carcinomas. There was no evidence of carcinogenicity of
chlorendic acid for female B6C3F; mice given chlorendic acid in the diet at concentrations of 620 or
1,250 ppm for 103 weeks.

*Categories of evidence of carcinogenicity are defined in the Note to the Reader on page 2.
A summary of the Peer Review comments and the public discussion on this Technical Report appears on page 14.
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SUMMARY OF PEER REVIEW COMMENTS ON THE TOXICOLOGY AND
CARCINOGENESIS STUDIES OF CHLORENDIC ACID

On August 14, 1985, the draft Technical Report on the toxicology and carcinogenesis studies of
chlorendic acid received peer review by the National Toxicology Program Board of Scientific Coun-
selors’ Technical Reports Review Subcommittee and associated Panel of Experts. The review meeting
was held in the Conference Center, Building 101, South Campus, National Institute of Environ-
mental Health Sciences, Research Triangle Park, North Carolina.

Dr. Purchase, a principal reviewer, agreed with the conclusions proposed for male mice (clear evi-
dence of carcinogenicity) and female mice (no evidence of carcinogenicity) but suggested that the con-
clusion proposed for male and female rats (clear evidence of carcinogenicity) be changed to some evi-
dence of carcinogenicity, since male rats had only benign tumors in the liver and pancreas whereas
malignant tumors in the liver were decreased in incidence. In female rats, he suggested that the in-
creased incidence of liver carcinomas was offset by the top dose being greater than the maximum
tolerated dose. Dr. J. French, NTP, stated that the conclusions in male and female rats were sup-
ported by high incidences of neoplastic nodules of the liver, especially in males, and a significant in-
crease in carcinomas in females. Dr. Purchase said that use of life table analysis for lung adenomas
in female mice was not appropriate, since these neoplasms are not life threatening. He thought that
the genetic toxicology data were too brief for the general reader.

As a second principal reviewer, Dr. Kotelchuck agreed with the conclusions proposed for male and fe-
male rats and male mice but thought that the conclusion for female mice should be equivocal evidence
of carcinogenicity because the increase in alveolar/bronchiolar adenomas or carcinomas (combined)
was marginal. He said that the statistical trend tests and pairwise comparisons for these tumors
were statistically significant, and although the concurrent control incidences were relatively low, the
high-dose incidence was about 75% greater than the historical control average incidence.

As a third principal reviewer, Dr. Kociba agreed with the conclusions for male and female mice and
female rats but supported Dr. Purchase’s rationale for changing the conclusion in male rats to some
evidence of carcinogenicity or, preferably, some evidence of benign tumor induction. He noted that
both doses selected for the 2-year studies in mice induced necrosis of the liver. Dr. Swenberg com-
mented on the increased emphasis to report metastases of liver tumors to the lungs in mice and urged
that this reporting procedure be more standardized.

In further discussion on the strength of evidence for liver tumors in rats, Dr. Perera stated that sub-
stantially increased incidences of benign neoplasms support the conclusions as written. Dr. Hooper
added that, although the increases in benign liver tumors in female rats were less striking than in
males, the significant increases in carcinomas strengthened support for the stated conclusions. Dr.
Hook commented that the definitions for the levels of evidence are working guidelines and the Panel
should attempt to use these definitions.

Dr. Purchase moved that the conclusions as written for male mice, clear evidence of carcinogenicity,
and for female mice, no evidence of carcinogenicity, be accepted. Dr. Swenberg seconded the motion,
and it was approved unanimously with nine affirmative votes. Dr. Kotelchuck moved that the conclu-
sion as written for female rats, clear evidence of carcinogenicity, be accepted. Dr. Hooper seconded
the motion, and it was approved by eight affirmative votes to one negative vote (Dr. Purchase). Dr.
Purchase moved that the conclusion for male rats be changed to some evidence of carcinogenicity. Dr.
Kociba seconded the motion, and it was defeated by seven negative votes (Dr. Crowley, Dr. Hooper,
Dr. Jones, Dr. Kotelchuck, Dr. Perera, Dr. Swenberg, and Dr. Turnbull) to two affirmative votes (Dr.
Kociba and Dr. Purchase). Dr. Hooper then moved that the conclusion as written for male rats, clear
evidence of carcinogenicity, be accepted. Dr. Kotelchuck seconded the motion, and it was approved by
seven affirmative votes to two negative votes (Dr. Kociba and Dr. Purchase).
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I. INTRODUCTION
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CAS No. 115-28-6

CoH,0,Clg

Molecular weight 388.9

1,4,5,6,7,7-hexachloro-5-norbornene-2,3-dicarboxylic acid

Chemical Identification

Chlorendic acid is a hexachloronorbornene com-
pound structurally related to the chlorinated
cyclodiene insecticides (heptachlor, chlordane,
endosulfan, endrin, and dieldrin) (Murphy,
1980). It is a fine, white, nondusting crystal that
is poorly soluble in water and nonpolar organic
solvents (benzene, carbon tetrachloride, n-
hexane) and is readily soluble in more polar or-
ganic solvents (methanol, ethanol, and acetone).
The acid form loses water in a heated open sys-
tem; and at temperatures above 200° C, the
chemical tends to discolor and forms an anhy-
dride that melts at 230°-235° C. The octanol/
water partition coefficient depends on the pH of
the aqueous phase. At pH 7 (neutral), the com-
pound will be predominantly in the ionized form,
whereas at an acidic pH, partitioning will be
largely of the neutral molecule. Chlorendic acid
is very resistant to hydrolytic dechlorination,
readily forms salts of a variety of metals, forms
esters by heating with or without azeotropic
solvent (e.g., chlorobenzene), and readily forms
alkyl type polyester resins by reaction with
glycols and other polyols (Kirk-Othmer, 1981;
USEPA, 1983). Chlorendic acid is classified as a
reactive flame retardant; it is chemically
incorporated into the polyester and does not
migrate or leach out.

Chlorendic Acid, NTP TR 304 16

Uses, Production, and Exposure

Chlorendic acid and chlorendic anhydride are
the principal chemicals used as reactive flame
retardants (Kirk-Othmer, 1981). Chlorendic
acid and chlorendic anhydride are used pri-
marily as chemical intermediates in the manu-
facture of corrosion-resistant polyester resins, as
intermediates in the manufacture of polymer
systems used in oil-modified paints and coatings,
and as hardening agents for epoxy resins used in
printed circuit boards (USEPA, 1983).

In 1981, manufacture of chlorendic anhydride in
the United States was estimated at approxi-
mately 7 million pounds (3.2 X 106 kg) and im-
ports at approximately 140,000 pounds (6.3 X
104 kg). Chlorendic anhydride is manufactured
by reacting hexachlorocyclopentadiene with
maleic anhydride in a Diels-Alder condensation;
chlorendic acid results from hydrolysis of the an-
hydride (USEPA, 1983).

Chlorendic anhydride is manufactured in an es-
sentially closed system. Although this proce-
dure would seem to minimize human exposure,
there are no published data on the level of occu-
pational exposure to chlorendic anhydride or
chlorendic acid. Since both are produced from
hexachlorocyclopentadiene, the Resource Con-
servation and Recovery Act (RCRA) guidelines
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(U.S. Code of Federal Regulations) cover the re-
sulting waste streams. Chlorendic acid and an-
hydride wastes are therefore controlled.

Chlorendic acid may be released via hydrolytic
degradation of polyesters in the environment
(soil and water) after disposal. Chlorendic acid
is an oxidation product of heptachlor and its
metabolites (Cochrane and Forbes, 1974) and
endosulfan (Martens, 1972); it could therefore
appear in the environment from sources other
than direct fugitive emission.

Chlorendic acid has been reported to be present
in the leachate of a landfill (New York State De-
partment of Health, 1985). Exposure of workers
to chlorendic acid along with other industrial
chemicals was investigated in an epidemiologic
study (M. Zavon, personal communication to
NTP, December 16, 1985).

Chemical Disposition

After oral or intravenous administration of 14C-
chlorendic acid (3 mg/kg) to 200-g male F344/N
rats, the parent compound was rapidly absorbed,
distributed, and metabolized (Decad and Fields,
1982; Appendix O). The major site for deposition
of chlorendic acid-derived radioactivity by either
route of administration was the liver; more than
50% of the total dose was found in the liver
within 15 minutes. Twice as much radioactivity
remained in the liver 24 hours after oral ad-
ministration of chlorendic acid than after intra-
venous injection. Approximately 75% of the
single oral or intravenous dose was excreted as
acid-labile conjugates in the feces after biliary
excretion within the first 24 hours. Another
25% of the radioactivity was excreted in the
feces as the parent compound, and only 3%-6% of
the radioactivity was excreted in the urine.

General Toxicology

No published reports were found on the toxicity
of chlorendic acid other than the reported oral
LDsg value in rats (strain, age, and sex
unspecified)--1,770 mg/kg of body weight
(NIOSH, 1982); this value is greater than those
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for the structurally related hexachlorinated
norbornene insecticides (chlordane, LD5g = 335
mg/kg; dieldrin, LDgg = 46 mg/kg; heptachlor,
LDsp = 100 mg/kg) (Murphy, 1980). The rapid
absorption, metabolism, and excretion of
chlorendic acid after oral administration (Decad
and Fields, 1982) suggest that it may have dif-
ferent toxic effects than the hexachlorinated
norbornene insecticides, which are metabolized
slowly and retained longer (Murphy, 1980).

Cellular and Genetic Toxicology

Chlorendic acid was not mutagenic in strains
TA100, TA98, TA1535, or TA1537 of Salmonella
typhimurium in the presence or absence of
Aroclor 1254-induced male Sprague-Dawley rat
or male Syrian hamster liver S9 when tested ac-
cording to the preincubation protocol (Appen-
dix G). Chlorendic acid was mutagenic in the
L5178Y/TK*/~ mouse lymphoma assay in the
absence of S9; it was not tested in the presence of
S9. The NTP is currently testing chlorendic acid
for cytogenetic effects in Chinese hamster ovary
cells in vitro. No additional literature refer-
ences were found on the genetic toxicology of
this compound. Chlordane, endosulfan, endrin,
and heptachlor were not mutagenic in Sal-
monella in NTP tests (Haworth et al., 1983).

Carcinogenicity

No published reports were found on the carcino-
genicity of chlorendic acid. A series of National
Cancer Institute carcinogenesis tests on hexa-
chloronorbornene compounds has been com-
pleted (NCI, 1977a,b, 1978a,b). These chemicals
were mixed individually in feed and supplied to
male and female Osborne-Mendel rats and
B6C3F{ mice (10 or 20 matched animals per con-
trol group, 50 animals per low or high dose
group). Pooled controls (at least 50 animals of
the same strain, age and sex) from concurrent
tests of other chemicals tested under the same
experimental conditions were used for statistical
purposes. Animals were fed the study compound
for at least 80 weeks and then observed for an
additional number of weeks (rats, 24-29 weeks;
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mice, 10 weeks) before necropsy and histologic
examination. The results indicate that several
of these compounds cause hepatocellular car-
cinomas in male B6C3F; mice and some cause
hepatocellular carcinomas in female B6C3F;
mice (Table 1). Follicular cell adenomas of the
thyroid gland were associated with chemical
administration in male and female Osborne-
Mendel rats but not in male or female B6C3F;
mice.

Study Rationale

Chlorendic acid was studied by the NTP Car-
cinogenesis Program after being nominated by
the National Cancer Institute following a review
of flame retardants because of the large produc-
tion, structure-activity considerations, and the
potential for human exposure. The dietary route
was chosen to obtain systemic exposure to chlo-
rendic acid.

TABLE 1. RESULTS OF NCI FEED STUDIES ON HEXACHLORINATED NORBORNENE STRUCTURAL
ANALOGS OF CHLORENDIC ACID

Osborne-Mendel Rats (a)

B@C3F, Mice (a)

Chemical Report No. Organ Site Male Female Male Female

Aldrin NCITR 21 (b) Liver No effect No effect 3/20, 16/49, 25/45 No effect
(1978a)

Chlordane NCITRS8 (b) Liver No effect No effect 2/18,16/48,43/49 0/19,3/47, 34/49
(1977a) (c) Thyroid gland  0/6,1/34,6/31 0/10,4/43,6/32 No effect No effect

Dieldrin NCITR21 (b) Liver No effect No effect 3/18,12/50,16/45 No effect
(1978a)

Endrin NCITR 12 (b) Liver No effect No effect No effect No effect
(1979)

Endosulfan NCITR 62 Inadequate Inadequate Inadequate Inadequate
(1978b) study study study study

Heptachlor NCITRS (b) Liver No effect No effect 5/19,11/46,34/47 2/10,3/47,30/42
(1977b) (¢c) Thyroidgland  No effect 1/9,3/43,14/38 No effect No effect

(a) Incidence--control, low dose, high dose

(b) Hepatocellular carcinomas

(c) Follicular cell adenomas of the thyroid gland
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II. MATERIALS AND METHODS

PROCUREMENT AND
CHARACTERIZATION OF
CHLORENDIC ACID

Chlorendic acid was obtained in two lots (lot no.
6287 and lot no. 6745) from Hooker Chemical
Co. (Niagara Falls, New York). Lot no. 6287 was
used for the 14-day studies and 13-week studies,
and lot no. 6745 was used for the 2-year studies.

Purity and identity determinations were con-
ducted on both lots (Appendix H). Chemical
identity was confirmed by infrared, ultraviolet/
visible, and nuclear magnetic resonance spec-
troscopy. The purity of both lots was determined
to be approximately 99% by elemental analysis,
water analysis, titration of the two carboxyl
groups, thin-layer chromatography, and gas
chromatography.

Stability studies monitored by gas chroma-
tography indicated that chlorendic acid was sta-
ble on storage for 2 weeks at temperatures up to
60° C (Appendix H). During the study, the chlo-
rendic acid study material was stored at 5° C.
Periodic characterization of chlorendic acid by
infrared spectroscopy and titration detected no

deterioration over the course of the studies
(Appendix H).

PREPARATION AND
CHARACTERIZATION OF
FORMULATED DIETS

Studies performed at the analytical laboratory
demonstrated that homogeneous chlorendic acid
formulated diets could be prepared. Stability
studies of a 1,000-ppm diet blend demonstrated
that the chlorendic acid was stable in feed for 7
days when stored at room temperature (Appen-
dix I). There was an indication that the chloren-
dic acid was binding with feed ingredients dur-
ing storage, making it difficult to extract from
feed for analysis even when strongly polar ex-
tractant solvents were used. Formulated diets
were prepared by adding a dry premix (approxi-
mately equal amounts of feed and chlorendic
acid) to the feed (Table 2). The mixture was then
blended for 10-15 minutes. In the 13-week stud-
ies, the formulated diets were stored at 5° C for
no more than 2 weeks. In the 2-year studies, the
formulated diets were stored at 14° C for no
longer than 1 week.

TABLE 2. PREPARATION AND STORAGE OF FORMULATED DIETS IN THE FEED STUDIES OF
CHLORENDIC ACID

Fourteen-Day Thirteen-Week Two-Year
Studies Studies Studies
Preparation

Appropriate amount of chemical mixed
for 5 min with 5 kg feed in Hobart®
mixing bowl; then mixed with 5
additional kg feed in a Patterson-Kelly®
V-blender for 10 additional min

Maximum Storage Time

Appropriate amount of chemical mixed
with a small amount of feed in a
Waring® blender for 1-2 min; then
ground with a mortar and pestle.

This premix mixed with 5 kg feedina
Hobart® mixing bowl for 5 min; then
with 5 more kg feed in a Patterson-
Kelly® V-blender for 12 min

Chemical and a small amount of feed
mixed in a Waring® blender for 2
min; then mixed with 5 kg feedin a
Hobart® mixing bowl for 1 min/kg.
This mixture added to the required
amount of feed in a Patterson-Kelly®
Twin-Shell blender (with intensifier
bar) and mixed for 1 min/kg

1wk 2wk 1wk
Storage Conditions

Room temperature in air-tight Air-tight containers at 5°C 14°C
containers

Chlorendic Acid, NTP TR 304
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Analyses for chlorendic acid in feed mixtures
were performed to confirm that correct concen-
trations were formulated (Appendix J). The
method of analysis involved a methanolic ex-
traction, preparation of the dimethyl derivative
of chlorendic acid, and gas chromatography as a
quantitation step. Because 3/28 samples ana-
lyzed were not within 1+10% of the target con-
centration, it is estimated that approximately
89% of the mixes were formulated within specifi-
cations during the 2-year studies (Table 3; Ap-
pendix K, Table K2).

FOURTEEN-DAY STUDIES

Male and female F344/N rats and B6C3F; mice
were obtained from Charles River Breeding Lab-
oratories and held for approximately 2 weeks be-
fore the studies began. Animals were 6-7 weeks
old when placed on study. Groups of four or five
males and five females were fed diets containing
0, 3,100, 6,200, 12,500, 25,000, or 50,000 ppm
chlorendic acid for 14 days. Rats and mice were
observed daily and were weighed on days 0, 7,
and 14. A necropsy was performed on all ani-
mals. Details of animal maintenance are pre-
sented in Table 4.

THIRTEEN-WEEK STUDIES

Thirteen-week studies were conducted to evalu-
ate the cumulative toxic effects of repeated ad-
ministration of chlorendic acid and to determine
the concentrations to be used in the 2-year
studies.

Four-week-old male and female F344/N rats and
B6C3F; mice were obtained from Charles River
Breeding Laboratories, observed for 3 weeks,

and assigned to dosed and control groups accord-
ing to a table of random numbers. Diets contain-
ing 0, 620, 1,250, 2,500, 5,000, or 10,000 ppm
chlorendic acid were fed to groups of 10 rats of
each sex. Diets containing 0, 1,250, 2,500, 5,000,
10,000, or 20,000 ppm chlorendic acid were fed to
groups of 10 mice of each sex.

Animals were housed five per cage. Formulated
diets, control diets, and water were available ad
libitum. Further experimental details are sum-
marized in Table 4.

Animals were checked twice daily, moribund
animals were killed. Feed consumption was
measured weekly by cage. Animal weights were
recorded weekly. At the end of the 13-week
studies, survivors were killed. A necropsy was
performed on all animals except those exces-
sively autolyzed or cannibalized. Tissues and
groups examined are listed in Table 4.

TWO-YEAR STUDIES
Study Design

Diets containing 0, 620, or 1,250 ppm chlorendic
acid were fed to groups of 50 male and 50 female
rats and 50 male and 50 female mice for 103
weeks.

Source and Specifications of Animals

The male and female F344/N rats and B6C3F,
(C57BL/6N, female X C3H/HeN MTV ™, male)
mice used in this study were produced under
strict barrier conditions at Charles River Breed-
ing Laboratories under a contract to the NTP

TABLE 3. SUMMARY OF RESULTS OF ANALYSIS OF FORMULATED DIETS IN THE TWO-YEAR FEED
STUDIES OF CHLORENDIC ACID

Concentration of Chlorendic Acid
in Feed for Target Concentration

620 ppm 1,250 ppm
Mean (ppm) 621 1,226
Standard deviation 49.8 78.5
Coeflicient of variation (percent) 8.0 64
Range (ppm) 555-710 1,095-1,380
Number of samples 14 14
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TABLE 4. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE FEED STUDIES OF

CHLORENDIC ACID

Fourteen-Day Studies

Thirteen-Week Studies

Two-Year Studies

EXPERIMENTAL DESIGN

Size of Study Groups
Rats--5 of each sex; mice--4 or §
of each sex

Doses
0, 3,100, 6,200, 12,500, 25,000, or 50,000
ppm chlorendic acid in the diet

Date of First Dose
5/16/79

Date of Last Dose
5/30/79

Duration of Dosing
14d

Type and Frequency of Observation
Weighed at initiation, after 1 wk, and

at termination. Observed daily;
observed weekly for clinical signs

Necropsy and Histologic Examination
Necropsy performed on all animals

10 males and 10 females of each species

Rats--0, 620, 1,250, 2,500, §,000, or 10,000
ppm chlorendic acid in the diet; mice--0,
1,250, 2,500, 5,000, 10,000 or 20,000 ppm
chlorendic acid in the diet

Rats--8/6-8/7/79; mice--8/8/79

Data not available

13 wk

Observed 2 X d; body weight, feed con-
sumption, and clinical signs recorded
1 X wk

Necropsy performed on all animals. The
following tissues were examined
microscopically for control and high
dose animals: gross lesions and tissue
masses, blood smear, mandibular or
mesenteric lymph nodes, salivary glands,
sternum including marrow, thyroid
gland, parathyroids, small intestine,
colon, liver, gallbladder (mice),
prostate/testes or ovaries/uterus,

lungs and mainstem bronchi, heart,
esophagus, stomach, brain, thymus,
trachea, pancreas, spleen, kidneys,
adrenal glands, urinary bladder,
pituitary gland, and mammary gland

ANIMALS AND ANIMAL MAINTENANCE

Strain and Species
F344/N rats; BEC3F; mice

Animal Source
Charles River Breeding
Laboratories (Portage, MI)

Study Laboratory
Hazleton Laboratories America, Inc.
(Vienna, VA)

Method of Animal Identification
Ear clipping

Time Held Before Study
2 wk

Chlorendic Acid, NTP TR 304

Same as 14-d studies

Charles River Breeding
Laboratories (Portage, MI)

Hazleton Laboratories America, Inc.
(Vienna, VA)

Ear clipping

21d

22

50 males and 50 females of each species

0, 620, or 1,250 ppm chlorendic acid in
the diet

Rats--6/16/80; mice--6/5/80
Rats--6/7/82; mice--5/24/82
103 wk

Body weight and feed consumption
measured 1 X wkfor91dand1 X mo
thereafter; observed 2 X d

The following tissues were examined
histologically for all animals: gross
lesions, skin, mandibular lymph nodes,
mammary gland, salivary glands,
sternum including bone marrow,
thymus, trachea, lungs and bronchi,
heart, thyroid gland, parathyroids,
esophagus, stomach, pancreas, small
intestine, colon, mesenteric lymph
nodes, liver, spleen, kidneys, adrenal
glands, urinary bladder, prostate/
testes or ovaries/uterus, brain,
pituitary gland, tissue masses or sus-
pected tumors, and regional lymph
nodes

Same as 14-d studies

Charles River Breeding
Laboratories (Portage, MI)

Hazleton Laboratories America, Inc.
(Vienna, VA)

Ear tag

Rats--25 d; mice--14d



TABLE 4. EXPERIMENTAL DESIGN AND MATERIALS AND METHCDS IN THE FEED STUDIES OF

CHLORENDIC ACID (Continued)

Fourteen-Day Studies

Thirteen-Week Studies

Two-Year Studies

ANIMALS AND ANIMAL MAINTENANCE (Continued)

Age When Placed on Study
Rats--7 wk; mice--6 wk

Age When Killed
Rats--9 wk; mice--8 wk

Necropsy Dates
5/31/79

Method of Animal Distribution
Stratified by body weight and assigned
to groups such that average cage
weights were approximately equal

Feed

Purina Rodent Laboratory Chow 5001°
(Ralston Purina, St. Louis, MO);
available ad libitum

Bedding

Heat-treated hardwood chips (Sani-
Chips, P. J. Murphy Forest Products,
Moonachie, NJ)

Water
Available ad libitum

Cages
Polycarbonate (Hazleton Systems,
Inc., Aberdeen, MD)

Cage Filters
DuPont Reemay® nonwoven fiber sheets
(National Paper Co., Baltimore, MD)

Animals per Cage
5

7wk

20 wk

Rats--11/7-11/8/79; mice--11/6-11/8/79

According to a table of random numbers

Same as 14-d studies

Same as 14-d studies

Automatic watering system;
available ad libitum

Same as 14-d studies

Same as 14-d studies

Other Chemicals on Study in the Same Room

None

Animal Room Environment
Temp--74° + 2°F; humidity--45% * 5%;
fluorescent light 12 h/d; 10-15 room air
changes/h

None

Temp--75° £ 3°F; humidity--50% + 10%

fluorescent light 12 b/d; 10-12 room air
changes/h

8 wk

112wk

Rats--6/14-6/17/82; mice--6/4-6/9/82

Distributed to weight classes and then
assigned to study and control groups
according to a table of random
numbers

NIH 07 Rat and Mouse Ration
(Zeigler Bros., Gardeners, PA);
available ad libitum

Heat-treated hardwood chips
(P.J. Murphy Forest Products,
Moonachie, NJ)

Automatic watering system (Hazleton
Systems, Inc., Aberdeen, MD);
available ad libitum

Same as 14-d studies

Same as 14-d studies

Rats and female mice--5; male mice--5,
then 1

None

Temp--72.2°-75.0° F; humidity--40.4%-
57.1%; fluorescent light 12 h/d;
10-12 room air changes/h
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II. MATERIALS AND METHODS

Carcinogenesis Program. Breeding stock for the
foundation colonies at the production facility
originated at the National Institutes of Health
Repository. Animals shipped for study were
progeny of defined microflora-associated parents
that were transferred from isolators to barrier-
maintained rooms. Rats were shipped to the
study laboratory at 5 weeks of age, and mice, at
6 weeks. The rats were quarantined at the study
facility for 25 days, and the mice, for 14 days.
Thereafter, a complete necropsy was performed
on five animals of each sex and species to assess
their health status. The rats were 57 days old
and the mice were 55 days old when placed on
study. The health of the animals was monitored
during the course of the study according to the
protocols of the NTP Sentinel Animal Program
(Appendix L).

A quality control skin grafting program has
been in effect since early 1978 to monitor the
genetic integrity of the inbred mice used to pro-
duce the hybrid B6C3F; study animal. In mid-
1981, data were obtained that showed incom-
patibility between the NIH C3H reference colo-
ny and the C3H colony from a Program supplier.
In August 1981, inbred parental lines of mice
were further tested for genetic integrity via iso-
zyme and protein electophoresis profiles that
demonstrate phenotype expressions of known
genetic loci.

The C57BL/6 mice were homogeneous at all loci
tested. Eighty-five percent of the C3H mice
monitored were variant at one to three loci, indi-
cating some heterogeneity in the C3H line from
this supplier. Nevertheless, the genome of this
line is more homogeneous than that of randomly
bred stocks. Male mice from the C3H colony and
female mice from the C57BL/6 colony were used
as parents for the hybrid B6C3F; mice used in
these studies. The influence of the potential
genetic nonuniformity in the hybrid mice on
these results is not known, but results of the
studies are not affected because concurrent con-
trols were included in each study.

Animal Maintenance
Rats and female mice were housed five per cage.

Male mice were initially housed five per cage
but were later housed individually. Feed and

Chlorendic Acid, NTP TR 304

water were available ad libitum. Further
details of animal maintenance are given in
Table 4.

Clinical Examinations and Pathology

All animals were observed twice daily, and clini-
cal signs were recorded once per week. Body
weights by cage were recorded once per week for
the first 13 weeks of the study and once per
month thereafter. Mean body weights were cal-
culated for each group. Moribund animals were
killed, as were animals that survived to the end
of the study. A necropsy was performed on all
animals, including those found dead unless they
were excessively autolyzed or cannibalized.
Thus, the number of animals from which par-
ticular organs or tissues were examined micro-
scopically varies and is not necessarily equal to
the number of animals that were placed on study
in each group.

Examinations for grossly visible lesions were
performed on major tissues or organs. Tissues
were preserved in 10% neutral buffered for-
malin, embedded in paraffin, sectioned, and
stained with hematoxylin and eosin. Tissues ex-
amined microscopically are listed in Table 4.

When the pathology examination was com-
pleted, the slides, individual animal data rec-
ords, and summary tables :-ere sent to an inde-
pendent quality assurance laboratory. Individ-
ual animal records and tables were compared for
accuracy, slides and tissue counts were verified,
and histotechnique was evaluated. All tumor
diagnoses, all target tissues, and all tissues from
a randomly selected 10% of the animals were
evaluated by a quality assurance pathologist.
Slides of all target tissues and those about which
the original and quality assurance pathologists
disagreed were submitted to the Chairperson of
the Pathology Working Group (PWG) for evalua-
tion. Representative coded slides selected by the
Chairperson were reviewed by PWG patholo-
gists, who reached a consensus and compared
their findings with the original and quality as-
surance diagnoses. When diagnostic differences
were found, the PWG sent the appropriate slides
and comments to the original pathologist for re-
view. This procedure has been described, in
part, by Maronpot and Boorman (1982) and



II. MATERIALS AND METHODS

Boorman et al. (1985). The final diagnoses rep-
resent a consensus of contractor pathologists and
the NTP Pathology Working Group. For subse-
quent evaluations, the diagnosed lesions for
each tissue type are combined according to the
guidelines of McConnell et al. (1986).

Slides/tissues are generally not evaluated in a
blind fashion (i.e., without knowledge of dose
group) unless the lesions in question are subtle
or unless there is an inconsistent diagnosis of le-
sions by the laboratory pathologist. Nonneo-
plastic lesions are not examined routinely by the
quality assessment pathologist or PWG unless
they are considered part of the toxic effect of the
chemical.

Statistical Methods

Data Recording: Data on this experiment were
recorded in the Carcinogenesis Bioassay Data
System (Linhart et al., 1974). The data elements
include descriptive information on the chemi-
cals, animals, experimental design, survival,
body weight, and individual pathologic results,
as recommended by the International Union
Against Cancer (Berenblum, 1969).

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 were censored from the
survival analyses at the time they were found
dead of other than natural causes or were found
to be missing; animals dying from natural
causes were not censored. Statistical analyses
for a possible dose-related effect on survival used
the method of Cox (1972) for testing two groups
for equality and Tarone’s (1975) life table test for
a dose-related trend. When significant survival
differences were detected, additional analyses
using these procedures were carried out to deter-
mine the time point at which significant differ-
ences in the survival curves were first detected.
All reported P values for the survival analysis
are two-sided.

Calculation of Incidence: The incidence of neo-
plastic or nonneoplastic lesions is given as the
ratio of the number of animals bearing such le-
sions at a specific anatomic site to the number of
animals in which that site was examined. In
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most instances, the denominators include only
those animals for which the site was examined
histologically. However, when macroscopic ex-
amination was required to detect lesions (e.g.,
skin or mammary tumors) prior to histologic
sampling, or when lesions could have appeared
at multiple sites (e.g., lymphomas), the denom-
inators consist of the number of animals on
which a necropsy was performed.

Analysis of Tumor Incidence: Three statistical
methods are used to analyze tumor incidence
data. The two that adjust for intercurrent mor-
tality employ the classical method for combining
contingency tables developed by Mantel and
Haenszel (1959). Tests of significance included
pairwise comparisons of high dose and low dose
groups with controls and tests for overall dose-
response trends,

For studies in which compound administration
has little effect on survival, the results of the
three alternative analyses will generally be sim-
ilar. When differing results are obtained by the
three methods, the final interpretation of the
data will depend on the extent to which the tu-
mor under consideration is regarded as being the
cause of death. Continuity-corrected tests are
used in the analysis of tumor incidence, and re-
ported P values are one-sided.

Life Table Analysis--The first method of analy-
sis assumed that all tumors of a given type ob-
served in animals dying before the end of the
study were “fatal”; i.e., they either directly or in-
directly caused the death of the animal. Accord-
ing to this approach, the proportions of tumor-
bearing animals in the dosed and control groups
were compared at each point in time at which an
animal died with a tumor of interest. The
denominators of these proportions were the total
number of animals at risk in each group. These
results, including the data from animals killed
at the end of the studies, were then combined by
the Mantel-Haenszel method to obtain an over-
all P value. This method of adjusting for inter-
current mortality is the life table method of Cox
(1972) and of Tarone (1975). The underlying
variable considered by this analysis is time to
death due to tumor. If the tumor is rapidly
lethal, then time to death due to tumor closely
approximates time to tumor onset. In this case,
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the life table test also provides a comparison of
the time-specific tumor incidences.

Incidental Tumor Analysis--The second method
of analysis assumed that all tumors of a given
type observed in animals that died before the
end of the study were “incidental”; i.e., they
were merely observed at necropsy in animals dy-
ing of an unrelated cause. According to this ap-
proach, the proportions of tumor-bearing ani-
mals in dosed and control groups were compared
in each of five time intervals: weeks 0-52, weeks
53-78, weeks 79-92, week 93 to the week before
the terminal-kill period, and the terminal-kill
period. The denominators of these proportions
were the number of animals on which a necropsy
was actually performed during the time inter-
val. The individual time interval comparisons
were then combined by the previously described
method to obtain a single overall result. (See
Haseman, 1984, for the computational details of
both methods.)

Chlorendic Acid, NTP TR 304
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Unadjusted Analyses--Primarily, survival-ad-
justed methods are used to evaluate tumor inci-
dence. In addition, the results of the Fisher
exact test for pairwise comparisons and the
Cochran-Armitage linear trend test (Armitage,
1971; Gart et al., 1979) are given in the appendix
containing the analyses of primary tumor inci-
dence. These two tests are based on the overall
proportion of tumor-bearing animals and do not
adjust for survival differences.

Historical Control Data: Although the concur-
rent control group is always the first and most
appropriate control group used for evaluation,
there are certain instances in which historical
control data can be helpful in the overall assess-
ment of tumor incidence. Consequently, control
tumor incidences from the NTP historical con-
trol data base (Haseman et al., 1984, 1985) are
included for those tumors appearing to show
compound-related effects.
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RATS
FOURTEEN-DAY STUDIES
THIRTEEN-WEEK STUDIES

TWO-YEAR STUDIES

Body Weights and Clinical Signs
Survival
Pathology and Statistical Analyses of Results
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FOURTEEN-DAY STUDIES
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Body Weights and Clinical Signs
Survival
Pathology and Statistical Analyses of Results
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III. RESULTS: RATS

FOURTEEN-DAY STUDIES

Three male and two female rats that received
the 50,000-ppm diet died on day 15 (Table 5).
Rats of each sex that received 25,000 or 50,000
ppm appeared hunched and thin. Rats of each
sex that received 12,500, 25,000, or 50,000 ppm
and females that received 6,200 ppm lost weight
during the studies. Males that received 6,200
ppm gained no weight. Females that received

3,100 gained notably less weight than did the
controls. No compound-related gross observa-
tions were reported, and histologic examinations
were not performed.

A maximum concentration of 10,000 ppm was
selected for the 13-week studies because of
chlorendic acid-related deaths in both sexes at
50,000 ppm and body weight losses in both sexes
at 12,500, 25,000, and 50,000 ppm.

TABLE 5. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE FOURTEEN-DAY FEED
STUDIES OF CHLORENDIC ACID

Mean Body Weights (grams)

Final Weight Relative

Concentration Survival (a) Initial Final Change (b) to Controls
(ppm) (percent)
MALE
0 5/5 200 227 +27 -
3,100 5/5 196 230 +34 1013
6,200 5/5 198 198 0 87.2
12,500 5/5 198 184 ~14 81.1
25,000 5/5 197 137 ~60 70.4
50,000 (c)2/5 200 119 ~-81 524
FEMALE
0 5/5 146 162 +16 -
3,100 5/5 147 153 +6 944
6,200 5/5 148 141 -7 87.0
12,500 5/5 145 129 ~16 79.6
25,000 5/5 145 104 ~-41 64.2
50,000 (c)3/5 145 93 ~52 57.4
(a) Number surviving/number in group
(b) Mean body weight change of the group
(¢) Day of death: all 15
Chlorendic Acid, NTP TR 304 28



III. RESULTS: RATS

THIRTEEN-WEEK STUDIES

All the rats survived to the end of the studies
(Table 6). The final mean body weights of male
rats that received 2,500 ppm or more chlorendic
acid were more than 10% lower than that of the
controls. The final mean body weights of female
rats that received 1,250 ppm or more chlorendic
acid were at least 10% lower than that of the
controls. Feed consumption by the 5,000- and
10,000-ppm groups during the first 7 weeks was
lower than that of the controls; thereafter, the
feed consumption by the 10,000-ppm group was
greater than that of the controls. Feed consump-
tion by other groups of dosed rats was generally
comparable to that of the controls. There was no
evidence of a compound-related effect on physi-
cal appearance (except that the high dose group
was reported to be thin), behavior, or organs or
tissues receiving gross pathologic examination.

Hepatocytomegaly, mitotic alteration of the
liver, and bile duct hyperplasia were observed at
increased incidences in rats that received 5,000
or 10,000 ppm (Table 7). The degree of severity
of bile duct hyperplasia at the two highest con-
centrations was greater in female rats than in
male rats. Mitotic alterations included an in-
crease in both mitotic figures per field and ab-
normal mitotic figures.

Dose Selection Rationale: A maximum concen-
tration of 1,250 ppm was selected for the 2-year
studies because of reductions in mean body
weights relative to controls at concentrations of
2,500 ppm and greater in the 13-week studies.
The hepatic lesions occurring at 5,000 ppm and
10,000 ppm were not considered to be life
threatening but still considered significantly
toxic.

TABLE 6. SURVIVAL, MEAN BODY WEIGHTS, AND FEED CONSUMPTION OF RATS IN THE
THIRTEEN-WEEK FEED STUDIES OF CHLORENDIC ACID

Mean Body Weights (grams) Final Weight Relative Feed Con-
Conc. Survival (a) Initial (b) Final Change (c¢) to Controls sumption (d)
(ppm) (percent) Week 7 Week 13
MALE
0 10/10 150 + 4 3326 +182+ 4 - 12.1 10.7
620 10/10 164 £ 3 328 + 4 +164 £ 3 99 11.7 11.4
1,250 10/10 155 £ 4 3035 +148 £ 2 91 10.8 11.1
2,500 10/10 160 £ 3 297+ 5 +137t 4 89 10.5 10.7
5,000 10/10 154 £ 3 251 5 +97+5 76 9.0 10.8
10,000 10/10 159 + 2 193+ 7 +34 %5 58 6.4 14.8
FEMALE
0 10/10 116 £ 3 198 + 4 +82+2 -- 7.6 9.0
620 10/10 113 +2 182+ 2 +69 %1 92 6.4 6.7
1,250 10/10 113+2 172+ 2 +59+1 87 6.5 1.5
2,500 10/10 1131 162+ 3 +49 %3 82 6.3 6.3
5,000 10/10 1172 161 £ 2 +44 21 81 6.1 8.8
10,000 10/10 1025 146 £ 3 +44 %5 74 5.3 12.3

(a) Number surviving/number in group
(b) Initial group body weight + standard error of the mean

{c) Mean body weight change of the group * standard error of the mean

(d) Grams per animal per day
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TABLE 7, NUMBERS OF RATS WITH LIVER LESIONS IN THE THIRTEEN-WEEK FEED
STUDIES OF CHLORENDIC ACID

Lesion

Concentration
(ppm)

Cytomegaly

Mitotic Alteration

Bile Duct Hyperplasia

MALE

0

620
1,250
2,500
5,000
10,000

COOCO0OC

—

FEMALE

0

620
1,250
2,500
5,000
10,000

[
OO COoOO

——

[

SCOO0OOCOQ

QI OOOC

OCNRNOOoOON

-
SCOmOO

TWO-YEAR STUDIES
Body Weights and Clinical Signs

The initial weight of the high dose male rats was
4% lower than that of the controlis, and the mean
body weights of this group were 5%-10% lower
throughout the study (Table 8 and Figure 1).
Mean body weights of high dose female rats were
10% lower than those of the controls after week
11 and 20% lower after week 57. Mean body
weights of low dose female rats were approxi-
mately 5% lower than those of the controls by
week 10 and 10% lower by week 45.

Chlorendic Acid, NTP TR 304
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The average daily feed consumption per rat by
low dose and high dose rats was 96% and 94%
that of the controls for males and 122% and 96%
for females (Appendix M, Tables M1 and M2).
The average amount of chlorendic acid con-
sumed per day was estimated to be 27 mg/kg and
56 mg/kg for low dose and high dose male rats
and 39 mg/kg and 66 mg/kg for low dose and
high dose female rats.

There was no evidence of a compound-related
effect on physical appearance or behavior.



TABLE 8. MEAN BODY WEIGHTS AND SURVIVAL OF RATS IN THE TWO-YEAR FEED STUDIES

OF CHLORENDIC ACID

Weeks Control 620 ppm 1,250 ppm
on v. 0. of Av.Wi. Wt {percent No. of Av. Wi. percen 0. O
Study (grams) Survivors (grams) of controls) Survivors (grams) of controls) Survivors
MALE
0 178 50 171 99 50 166 96 50
1 199 50 194 97 50 191 28 50
2 222 50 214 96 50 210 95 50
3 239 50 231 97 50 227 95 50
4 252 50 246 98 50 239 95 50
5 269 50 259 96 50 254 94 50
6 284 50 268 94 50 266 94 50
7 296 50 283 9 50 276 93 50
8 305 50 292 98 50 285 93 50
9 318 50 304 96 50 294 92 50
10 323 50 306 95 50 297 92 50
11 342 50 320 94 50 311 91 50
12 346 50 332 96 50 306 88 50
13 355 50 332 94 50 319 90 50
17 379 50 359 95 50 345 91 50
21 396 50 368 93 50 352 89 50
25 401 50 380 95 50 364 91 50
29 412 49 391 95 50 369 90 50
33 429 49 402 9 50 381 89 50
37 440 49 414 94 50 390 89 50
41 443 49 417 94 50 395 89 50
45 4486 49 421 94 50 401 90 49
49 453 49 430 95 50 406 90 49
53 434 49 410 % 50 392 90 49
57 47 49 421 94 50 398 89 49
61 444 48 420 95 50 398 90 49
65 45 47 424 95 50 402 20 48
69 49 47 422 94 50 406 90 48
73 7 47 425 95 50 402 %0 47
77 445 44 430 97 49 408 92 45
81 435 4 428 98 49 399 92 44
85 437 39 420 96 48 398 91 39
89 437 38 426 97 45 397 91 35
93 427 3¢ 417 98 43 892 92 st
97 417 31 413 99 87 397 95 28
101 403 27 409 101 34 390 97 25
104 406 23 400 99 32 384 95 25
FEMALE
0 185 50 133 99 50 132 98 50
1 143 50 143 100 50 140 98 50
2 153 50 151 99 50 147 96 50
3 159 50 158 99 50 152 96 50
4 166 50 164 99 50 157 95 50
5 174 50 172 99 50 164 9% 50
6 179 50 178 98 50 168 94 50
7 183 50 180 98 50 172 94 50
8 187 50 183 98 50 174 93 50
9 192 50 187 97 50 178 93 50
10 195 49 188 95 50 177 91 50
11 203 49 194 96 50 183 90 50
12 203 49 193 95 50 181 89 50
13 206 49 197 98 50 185 90 50
17 219 49 207 95 50 194 89 50
21 226 49 212 94 50 199 88 50
25 229 49 214 93 50 202 88 50
29 234 49 217 93 50 204 87 50
33 241 49 220 9 50 205 85 50
37 250 49 228 91 50 211 84 50
41 256 49 233 91 50 214 84 50
45 264 49 236 89 50 219 83 50
49 271 49 243 20 50 221 82 50
53 271 49 245 90 50 221 82 50
57 286 49 253 88 50 227 79 50
61 298 48 260 87 50 232 78 50
65 305 48 272 89 48 237 78 49
69 319 48 281 88 48 247 7 49
73 325 48 283 87 48 251 77 48
77 329 48 289 88 48 250 76 48
81 330 48 288 87 48 253 77 45
85 335 46 294 88 46 259 77 44
89 344 42 300 87 45 267 78 40
93 350 40 302 86 43 271 7 40
97 351 38 302 86 42 274 78 39
101 346 35 308 88 37 273 79 a7
104 346 31 303 88 36 290 84 34
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III. RESULTS: RATS

Survival

Estimates of the probabilities for survival of
male and female rats fed diets containing chlo-
rendic acid at the concentrations used in these
studies and those of controls are shown in Ta-
ble 9 and in the Kaplan and Meier curves in Fig-
ure 2. No significant differences in survival
were observed between any groups of either sex.

Pathology and Statistical Analyses of
Results

This section describes the significant or note-
worthy changes in the incidences of rats with
neoplastic or nonneopldstic lesions of the liver,

pancreas, lung, preputial gland, uterus, salivary
gland, urinary system, mammary gland, adrenal
gland, testis, and pituitary gland. Histopath-
ologic findings on neoplasms in rats are summa-
rized in Appendix A (Tables Al and A2); Appen-
dix A (Tables A3 and A4) also gives the survival
and tumor status for individual male and female
rats. Findings on nonneoplastic lesions are sum-
marized in Appendix C (Tables C1 and C2). Ap-
pendix E (Tables E1 and E2) contains the statis-
tical analyses of those primary tumors that oc-
curred with an incidence of at least 5% in one of
the three groups. The statistical analyses used
are discussed in Chapter II (Statistical Methods)
and Appendix E (footnotes). Historical inci-
dences of tumors in control animals are listed in
Appendix F.

TABLE 9. SURVIVAL OF RATS IN THE TWO-YEAR FEED STUDIES OF CHLORENDIC ACID

Control 620 ppm 1,250 ppm
MALE (a)
Animals initially in study 50 50 50
Nonaccidental deaths before termination (b) 26 18 25
Killed at termination 24 30 25
Died during termination period 0 2 0
Survival P values (c) 1.000 0.099 0.944
FEMALE (a)
Animalsinitially in study 50 50 50
Nonaccidental deaths before termination (b) 18 14 15
Accidentally killed 1 0 0
Killed at termination 31 34 34
Died during termination period 0 2 1
Survival P values (c) 0.643 0.496 0.718

(a) Terminal-kill period: week 104
(b) Includes animals killed in a moribund condition

(¢) The result of the life table trend test is in the control column, and the results of the life table pairwise comparisons with the

controls are in the dosed columns.
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III. RESULTS: RATS

Liver: Cystic degeneration, focal cellular
change, granulomatous inflammation, pigmen-
tation, and bile duct hyperplasia were observed
at increased incidences in dosed male or female
rats (Table 10). These increases generally oc-
curred in only one sex. Microscopically, cystic
degeneration appeared as multiple focal cystic
complexes filled with a finely granular eosino-
philic material. The dividing septa were not
lined by endothelium or other recognizable cell
types. Hepatocytes, either single or multiple,
were often trapped within the cystic lesion.
Small spindle cells resembling fibroblasts were
sometimes present in the interstices between in-
dividual cystic spaces.

Neoplastic nodules in male and female rats and
hepatocellular carcinomas in female rats oc-
curred with significant positive trends (Ta-
ble 11). The incidences of neoplastic nodules in

dosed males and high dose females, and of hep-
atocellular carcinomas in high dose females,
were significantly greater than those in the con-
trols.

Hepatocellular carcinomas present in female
rats appeared as large solid nodules with
marked compression of the adjacent hepatic
parenchyma. Hepatocytes were usually ar-
ranged in distorted cords, often resulting in a
multinodular pattern within the tumor. The
cords were usually one or two cell layers thick in
solid areas. The cords were several layers thick
in tumors with trabecular patterns and ended
abruptly in dilated sinusoids. Hepatocytes in
these tumors were markedly enlarged, contain-
ing abundant eosinophilic cytoplasm and a cen-
tral round or oval vesicular nucleus with one to
four nucleoli. Nuclei were pleomorphic and mul-
tiple in some cells. Mitosis was uncommon.

TABLE 10. NUMBERS OF RATS WITH LIVER LESIONS IN THE TWO-YEAR FEED STUDIES OF
CHLORENDIC ACID

Concentration (ppm)

Male Female
Lesion 0 620 1,250 0 620 1,250

Number examined 50 50 50 50 49 50
Cystic degeneration 13 32 31 1 1 1
Granulomatous

inflammation 1 1 1 10 21 20
Pigmentation 1 1 1 1 3 8
Focal cellular change 15 32 20 30 23 28
Bile duct hyperplasia 31 42 41 3 17 40
Neoplastic nodule 2 21 23 1 3 11
Hepatocellular

carcinoma 3 5 1 0 3 5
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TABLE 11. ANALYSIS OF LIVER TUMORS IN RATS IN THE TWO-YEAR FEED STUDIES OF
CHLORENDIC ACID (a)

Control 620 ppm (b) 1,250 ppm (b)
MALE
Neoplastic Nodule
Overall Rates 2/50 (4%) 21/50 (42%) 23/50 (46%)
Adjusted Rates 8.3% 61.6% 78.6%
Terminal Rates 2/24 (8%) 19/32 (59%) 19/25 (76%)
Week of First Observation 104 97 83
Life Table Tests P<0.001 P<0.001 P<0.001
Incidental Tumor Tests P<0.001 P<0.001 P<0.001
Hepatocellular Carcinoma
Overall Rates 3/50 (6%) 5/50 (10%) 1/50 (2%)
Adjusted Rates 9.5% 15.6% 4.0%
Terminal Rates 1/24 (4%) 5/32(16%) 1/25 (4%)
Week of First Observation 7 104 104
Life Table Tests P=0.244N P=0.498 P=0.304N
Incidental Tumor Tests P=0.27TN P=0.371 P=0.356N
Neoplastic Nodule or Hepatocellular Carcinoma (c)
Overall Rates 5/50 (10%) 22/50 (44%) 23/50 (46%)
Adjusted Rates 17.3% 64.6% 78.6%
Terminal Rates 3/24 (13%) 20/32 (63%) 19/25 (76%)
Week of First Observation Vi 97 83
Life Table Tests P<0.001 P=0.002 P<0.001
Incidental Tumor Tests P<0.001 P<0.001 P<0.001
FEMALE
Neoplastic Nodule
Overall Rates 1/50 (2%) 3/49 (6%) 11/50 (22%)
Adjusted Rates 3.2% 8.3% 31.4%
Terminal Rates 1/31 (3%) 3/36 (8%) 11/35(31%)
Week of First Observation 104 104 104
Life Table Tests P=0.001 P=0.359 P=0.004
Incidental Tumor Tests P=0.001 P=0.359 P=0.004
Hepatocellular Carcinoma
Overall Rates 0/50 (0%) 3/49 (6%) 5/50 (10%)
Adjusted Rates 0.0% 7.8% 14.3%
Terminal Rates 0/31 (0%) 2/36 (6%) 5/35 (14%)
Week of First Observation 95 104
Life Table Tests P=0.028 P=0.146 P=0.044
Incidental Tumor Tests P=0.023 P=0.133 P=0.044
Neoplastic Nodule or Hepatocellular Carcinoma (d)
Overall Rates 1/50 (2%) 5/49 (10%) 16/50 (32%)
Adjusted Rates 3.2% 13.2% 45.7%
Terminal Rates 1/31 (3%) 4/36 (11%) 16/35 (46%)
Week of First Observation 104 95 104
Life Table Tests P<0.001 P=0.138 P<0.001
Incidental Tumor Tests P<0.001 P=0.130 P<0.001

(a) The statistical analyses used are discussed in Chapter II (Statistical Methods) and Appendix E (footnotes).

(b) The equivalent dose in milligrams per kilogram per day is given in Chapter III (Body Weights and Clinical Signs) and
Appendix M.

(c) Historical incidence in NTP studies (mean * SD): 73/1,719 (4.2% * 3.5%)

(d) Historical incidence in NTP studies (mean * SD): 48/1,766 (2.7% * 3.0%)
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III. RESULTS: RATS

Pancreatic Acinus: Focal hyperplasia of the pan-
creatic acinus was observed in dosed male rats
(control, 0/49; low dose, 4/50; high dose, 4/50).
Acinar cell adenomas in male rats occurred with
a significant positive trend, and the incidence in
the high dose group was significantly greater
than that in the controls (Table 12). Acinar cell
adenomas were observed in 1/49 low dose and
1/50 high dose female rats.

Microscopically, acinar cell adenomas were
large round nodules that often replaced all or a
substantial portion of an entire pancreatic lobe.
Although these neoplasms were not encapsula-
ted, compression of adjacent pancreatic tissue
occurred. Ducts and islets of Langerhans were
not present within the nodules. Neoplastic cells
were arranged in irregularly shaped acini and
tubules with little intervening stroma. These
neoplastic cells were larger than normal pan-
creatic acinar cells with basally located nuclei
and abundant apical eosinophilic granular cyto-
plasm. Mitotic figures were rare.

Cells with pyknotic nuclei and cytolysis were
seen occasionally. The distinction between ade-
nomas and focal acinar cell hyperplasia was not
always clear. These hyperplastic lesions were
smaller, with little evidence of compression and,
together with adenomas, may represent a spec-
trum of the same lesion. The criteria used to
classify the proliferative exocrine pancreatic le-
sions have been published (Boorman and Eustis,
1984).

Lung: Alveolar/bronchiolar adenomas in male
rats occurred with a significant positive trend,
and the incidence in the high dose group was sig-
nificantly greater than that in the controls (Ta-
ble 13). The incidences of alveolar/bronchiolar
adenomas in female rats were as follows: con-
trol, 1/50; low dose, 1/49; high dose, 1/50.

Preputial Gland: The incidence of carcinomas in
low dose male rats was significantly greater
than those in the controls (Table 14). One ade-
noma and one squamous cell papilloma were
also seen in the low dose group.

TABLE 12, ANALYSIS OF PANCREATIC TUMORS IN MALE RATS IN THE TWO-YEAR FEED STUDY
OF CHLORENDIC ACID

Control 620 ppm 1,250 ppm

Acinar Cell Adenoma (a)

Overall Rates 0/49 (0%) 4/50 (8%) 6/50 (12%)

Adjusted Rates 0.0% 11.3% 24.0%

Terminal Rates 0/24 (0%) 3/32(9%) 6/25 (24%)

Week of First Observation 88 104

Life Table Tests P=0.011 P=0.104 P=0.018

Incidenta} Tumor Tests P=0.014 P=0.082 P=0.018

(a) Historical incidence of acinar cell neoplasms in NTP studies (mean * SD): 3/1,667 (0.2% * 0.6%)
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TABLE 13. ANALYSIS OF LUNG LESIONS IN MALE RATS IN THE TWO-YEAR FEED STUDY OF
CHLORENDIC ACID

Control 620 ppm 1,250 ppm

Alveolar Epithelial Hyperplasia

Overall Rates 1/50 (2%) 1/50 (2%) 1/50 (2%)
Alveolar/Bronchiolar Adenoma

Overall Rates 0/50 (0%) 3/50 (6%) 5/50 (10%)

Adjusted Rates 0.0% 9.4% 18.5%

Terminal Rates 0/24 (0%) 3/32(9%) 3/25(12%)

Week of First Observation 104 100

Life Table Tests P=0.019 P=0.175 P=0.036

Incidental Tumor Tests P=0.014 P=0.175 P=0.021
Alveolar/Bronchiolar Carcinoma

Overall Rates 0/50 (0%) 1/50 (2%) 0/50 (0%)
Alveolar/Bronchiolar Adenoma or Carcinoma (a)

Overall Rates 0/50 (0%) 4/50 (8%) 5/50 (10%)

Adjusted Rates 0.0% 12.5% 18.5%

Terminal Rates 0/24 (0%) 4/32 (13%) 3/25 (12%)

Week of First Observation 104 100

Life Table Tests P=0.025 P=0.104 P=0.036

Incidental Tumor Tests P=0.019 P=0.104 P=0.021

(a) Historical incidence in NTP studies (mean t SD): 35/1,723 (2% * 2%)

TABLE 14. ANALYSIS OF PREPUTIAL GLAND TUMORS IN MALE RATS IN THE TWO-YEAR FEED
STUDY OF CHLORENDIC ACID

Control 620 ppm 1,250 ppm

Carcinoma

Overall Rates 1/50 (2%) 8/50 (16%) 4/50 (8%)

Adjusted Rates 4.2% 22.7% 13.2%

Terminal Rates 1/24 (4%) 6/32(19%) 2/25 (8%)

Week of First Observation 104 81 82

Life Table Tests P=0.194 P=0.047 P=0.189

Incidental Tumor Tests P=0.198 P=0.035 P=0.185
Adenoma, Carcinoma, or Squamous Cell Papilloma (a)

Overall Rates 1/50 (2%) 10/50 (20%) 4/50 (8%)

Adjusted Rates 4.2% 27.8% 13.2%

Terminal Rates 1/24 (4%) 7132 (22%) 2/25 (8%)

Week of First Observation 104 81 82

Life Table Tests P=0.210 P=0.018 P=0.189

Incidental Tumor Tests P=0.201 P=0.012 P=0.185

(a) Historical incidence in NTP studies (mean * SD): 105/1,727 (6% % 5%)
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III. RESULTS: RATS

Uterus/Endometrium: Uterine cysts were ob-
served at increased incidence in high dose fe-
male rats (control, 5/50; low dose, 8/49; high
dose, 12/50). The incidence of endometrial
stromal polyps in low dose female rats was sig-
nificantly greater than that in the controls by
the incidental tumor test (Table 15).

Salivary Gland: Sarcomas, fibrosarcomas, or
neurofibrosarcomas (combined) of the salivary
gland were observed in 1/50 control, 2/49 low
dose, and 4/50 high dose male rats. The salivary
gland neoplasms were composed of round, stel-
late, or spindle cells. The small neoplasms
clearly arose in the interstitial tissue of the sali-
vary gland. The large destructive masses ap-
peared to arise from or invade the salivary gland
or adjacent tissue. Most tumors contained en-
trapped remnants of salivary acini or ducts that
had undergone dedifferentiation and squamous
metaplasia. Most tumors had areas that mor-
phologically resembled fibrosarcomas and were
composed of stellate to fusiform spindle cells; the
nuclei were elongated to oval, and hyperchroma-
tic nucleoli varied from two to three in number
and were prominent. Multinucleated cells were
present in some masses. Mitotic figures were
common. The amount of cytoplasm varied, and
cytoplasmic boundaries were sometimes difficult
to distinguish from stroma. Many of these tu-
mors contained poorly formed neovascularized
areas. Necrosis of tumor tissue, hemorrhage,
and inflammation were common findings. One
tumor in this group contained cells that

resembled a neurofibrosarcoma. This mass was
composed of interwoven bundles and whorls of
elongated, fusiform cells. Often the nuclei of the
bundles were parallel to each other in a regi-
mented or palisaded pattern. Other areas
showed a looser texture with irregularly ar-
ranged cells of plumper fusiform outline and
more extracellular space. Mitotic figures were
numerous throughout the mass. The incidences
in the dosed groups were not significantly dif-
ferent from those in the controls.

Urinary System: Lymphoid hyperplasia was ob-
served in the kidneys of male rats, and calculi
(microscopically confirmed) were observed at
increased incidence in low dose female rats
(Table 16). The incidences of nephropathy in
dosed female rats were notably lower than that
in the controls. A transitional cell carcinoma
was observed in the kidney of 1/50 low dose male
rats, and a transitional cell papilloma was ob-
served in the urinary bladder of 1/50 high dose
male rats.

Mammary Gland: The incidence of fibroadeno-
mas in high dose female rats was significantly
lower than that in the controls (Table 17).

Adrenal Gland (Medulla): Pheochromocytomas
and pheochromocytomas or malignant pheo-
chromocytomas (combined) occurred in male
rats with significant negative trends, and the
incidences in the dosed groups were significantly
lower than those in the controls (Table 18).

TABLE 13. ANALYSIS OF UTERINE TUMORS IN FEMALE RATS IN THE TWO-YEAR FEED STUDY
OF CHLORENDIC ACID

Control 620 ppm 1,250 ppm
Endometrial Stromal Polyp (a)

Overall Rates 6/50 (12%) 15/49 (31%) 10/50 (20%)
Adjusted Rates 17.8% 39.1% 27.5%
Terminal Rates 5/31 (16%) 13/36 (36%) 9/35 (26%)
Week of First Observation 58 86 88
Life Table Tests P=0.271 P=0.051 P=0.276
Incidental Tumor Tests P=0.274 P=0.040 P=0.315

(a) Historical incidence in NTP studies (mean * SD): 383/1,750 (22% * 8%)
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TABLE 16. NUMBERS OF RATS WITH LESIONS OF THE URINARY SYSTEM IN THE TWO-YEAR FEED
STUDIES OF CHLORENDIC ACID

Male Female

Site/Lesion Control 620 ppm 1,250 ppm Control 620 ppm 1,250 ppm
Number examined 50 50 50 50 49 50
Kidney

Lymphoid hyperplasia 8 19 15 4 1 1

Nephropathy 35 40 32 24 5 1

Calculi 0 0 0 0 12 1

Transitional cell carcinoma 0 1 0 0 0 0
Urinary bladder

Transitional cell papilloma 0 0 1 0 0 0

TABLE 17. ANALYSIS OF MAMMARY GLAND TUMORS IN FEMALE RATS IN THE TWO-YEAR FEED
STUDY OF CHLORENDIC ACID

Control 620 ppm 1,250 ppm
Fibroadenoma (a)

Overall Rates 22/50 (44%) 16/50 (32%) 4/50 (8%)
Adjusted Rates 58.5% 38.5% 11.4%
Terminal Rates 16/31 (52%) 11/36 (31%) 4/35(11%)
Week of First Observation 87 82 104
Life Table Tests P<0.001N P=0.081N P<0.00IN
Incidental Tumor Tests P<0.001IN P=0.162N P<0.001N

(a) Historical incidence in NTP studies (mean + SD): 492/1,772(28% * 10%)

TABLE 18. ANALYSIS OF ADRENAL GLAND (MEDULLA) TUMORS IN MALE RATS IN THE TWO-YEAR
FEED STUDY OF CHLORENDIC ACID

Control 620 ppm 1,250 ppm

Pheochromocytoma

Overall Rates 25/50 (50%) 17/50 (34%) 15/50 (30%)

Adjusted Rates 72.6% 46.2% 52.6%

Terminal Rates 15/24 (63%) 13/32(41%) 12/25 (48%)

Week of First Observation 76 88 78

Life Table Tests P=0.022N P=0.010N P=0.034N

Incidental Tumor Tests P=0.032N P=0.017N P=0.048N
Pheochromocytoma, Malignant

Overall Rates 3/50 (6%) 0/50 (0%) 0/50 (0%)
Pheochromocytoma or Pheochromocytoma, Malignant (a)

Overall Rates 26/50 (52%) 17/50 (34%) 15/50 (30%)

Adjusted Rates 75.7% 46.2% 52.6%

Terminal Rates 16/24 (67%) 13/32 (41%) 12/25 (48%)

Week of First Observation 76 88 78

Life Table Tests P=0.013N P=0.005N P=0.021N

Incidental Tumor Tests P=0.019N P=0.009N P=0.029N

(a) Historical incidence in NTP studies (mean + SD): 358/1,702 (21% * 10%)
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III. RESULTS: RATS

Testis: Interstitial cell tumors in male rats oc- Pituitary Gland: Adenomas and adenomas or
curred with a significant negative trend, and the carcinomas (combined) in female rats occurred
incidences in the dosed groups were significantly with significant negative trends, and the inci-

lower than that in the controls (Table 19).

dences in the high dose group were significantly
lower (by life table analysis) than those in the
controls (Table 20).

TABLE 19. ANALYSIS OF TESTICULAR LESIONS IN MALE RATS IN THE TWO-YEAR FEED STUDY

OF CHLORENDIC ACID

Control 620 ppm 1,250 ppm

Interstitial Cell Hyperplasia

Overall Rates 4/49 (8%) 10/50 (20%) 8/50 (16%)
Interstitial Cell Tumor (a)

Overall Rates 41/49 (84%) 35/50 (70%) 22/50 (44%)

Adjusted Rates 97.5% 80.9% 61.5%

Terminal Rates 23/24 (96%) 24/32(75%) 12/25 (48%)

Week of First Observation 73 81 64

Life Table Tests P<0.001N P=0.008N P=0.002N

Incidental Tumor Tests P<0.001N P=0.013N P<0.001N

(a) Historical incidence in NTP studies (mean * SD): 1,511/1,703 (89% * 8%)

TABLE 20. ANALYSIS OF PITUITARY GLAND TUMORS IN FEMALE RATS IN THE TWO-YEAR FEED

STUDY OF CHLORENDIC ACID

Control 620 ppm 1,250 ppm

Adenoma

Overall Rates 31/50 (62%) 34/50 (68%) 23/50 (46%)

Adjusted Rates 83.3% 76.9% 55.7%

Terminal Rates 25/31 (81%) 26/36 (72%) 17/35 (49%)

Week of First Observation 82 64 82

Life Table Tests P=0.027N P=0.498N P=0.035N

Incidental Tumor Tests P=0.060N P=0.476 P=0.083N
Carcinoma

Overall Rates 2/50 (4%) 3/50 (6%) 1/50 (2%)
Adenoma or Carcinoma (a)

Overall Rates 33/50 (66%) 37/50 (74%) 24/50 (48%)

Adjusted Rates 86.4% 80.3% 58.2%

Terminal Rates 26/31 (84%) 27/36 (75%) 18/35(51%)

Week of First Observation 82 64 82

Life Table Tests P=0.018N P=0.553N P=0.022N

Incidental Tumor Tests P=0.044N P=0.384 P=0.057N

(a) Historical incidence in NTP studies (mean * SD): 805/1,704 (47% * 11%)
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III. RESULTS: MICE

FOURTEEN-DAY STUDIES

Four male mice that received the 50,000-ppm
diet died on day 7 (Table 21). Mice that received
50,000 ppm chlorendic acid appeared hunched
and thin. Male and female mice that received
50,000 ppm lost weight during the studies; mice
that received 6,200 ppm or more gained less
weight than did the controls. No compound-

related gross lesions were observed at necropsy,
and histologic examinations were not performed.

A maximum concentration of 20,000 ppm was
selected for the 13-week studies because of chlo-
rendic acid-related deaths in males at 50,000
ppm and marked reduction in body weight gains
in both sexes at 25,000 ppm and 50,000 ppm in
the 14-day studies.

TABLE 21. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE FOURTEEN-DAY FEED
STUDIES OF CHLORENDIC ACID

Mean Body Weights (grams)

Final Weight Relative

Concentration Survival (a) Initial Final Change (b) to Controls
(ppm) (percent)
MALE
0 5/5 24 29 +5 --
3,100 4/4 24 29 +5 100.0
6,200 5/5 25 28 +3 96.6
12,500 5/5 23 27 +4 93.1
25,000 5/5 24 25 +1 86.2
50,000 (c) 1/5 25 22 -3 75.9
FEMALE
0 5/5 17 21 +4 -
3,100 5/5 17 21 +4 100.0
6,200 5/5 17 19 + 2 90.5
12,500 5/5 17 20 +3 95.2
25,000 5/5 17 19 +2 90.5
50,000 5/5 17 16 -1 76.2

(a) Number surviving/number in group

(b) Mean body weight change of the group

(c) Day of death: all 7

Chlorendic Acid, NTP TR 304
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III. RESULTS: MICE

THIRTEEN-WEEK STUDIES

All the mice survived to the end of the studies
(Table 22). The final mean body weights of all
groups of dosed mice were at least 7% lower than
those of the controls. Feed consumption was not
notably affected by the incorporation of chloren-
dic acid in feed. Except for the decrease in rela-
tive body weight gain, there was no evidence of a
compound-related effect on physical appearance,
behavior, or development of gross lesions. Com-
pound-related changes were observed micro-
scopically in the liver of male and female mice
and included centrilobular cytomegaly, mitotic
alteration, and coagulative necrosis (Table 23).

Dose Selection Rationale: A maximum concen-
tration of 1,250 ppm was selected for the 2-year
studies because potentially life-threatening he-
patic effects (necrosis) occurred in males at
10,000 and 20,000 ppm and a marked reduction
in body weight gain relative to controls was seen
in males at 2,500 ppm or more and in females at
10,000 ppm or more in the 13-week studies. Fe-
male mice received chlorendic acid at the same
concentrations as did the males in the 2-year
studies in order to simplify study performance,
although female mice appeared to be less suscep-
tible to the effects of chlorendic acid administra-
tion than were male mice during the 13-week
studies.

TABLE 22. SURVIVAL, MEAN BODY WEIGHTS, AND FEED CONSUMPTION OF MICE IN THE
THIRTEEN-WEEK FEED STUDIES OF CHLORENDIC ACID

Mean Body Weights (grams) Final Weight Relative Feed Con-
Conc. Survival (a) Initial (b) Final Change (c) to Controls sumption (d)
(ppm) (percent) Week 7 Week 13
MALE
0 10/10 280+0.7 36711 +87%08 - 3.6 2.7
1,250 10/10 272+03 3291t04 +57105 89.6 33 29
2,500 10/10 264+06 31205 +48105 85.0 3.2 3.0
5,000 10/10 275+06 332107 +57103 90.5 338 3.4
10,000 10/10 267*06 315+t08 +48103 85.8 4.1 35
20,000 10/10 268108 299109 +31%07 81.5 41 3.8
FEMALE
0 10/10 213104 287+09 +74%06 -~ 3.8 3.4
1,250 10/10 203104 264+08 +6.1 04 92.0 3.7 3.1
2,500 10/10 211+04 2671207 +56104 93.0 4.0 3.6
5,000 10/10 214 t06 2601+06 +4610.2 90.6 3.6 3.8
10,000 10/10 21.2+0.3 263104 +4.1102 88.2 3.9 3.9
20,000 10/10 21004 236*04 +26%03 822 3.7 3.8

(a) Number surviving/number in group
(b) Initial group body weight + standard error of the mean

(c) Mean body weight change of the group * standard error of the mean

(d) Grams per animal per day
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TABLE 23. NUMBERS OF MICE WITH LIVER LESIONS IN THE THIRTEEN-WEEK FEED
STUDIES OF CHLORENDIC ACID

Lesion (a)
Concentration Centrilobular Mitotic Coagulative
(ppm) Cytomegaly Alteration Necrosis
MALE
0 0 0 0
1,250 0 0 2
2,500 0 0 0
5,000 0 0 1
10,000 0 0 5
20,000 10 7 8
FEMALE
0 0 1 0
1,250 0 0 0
2,500 0 0 0
5,000 0 0 0
10,000 0 3 1
20,000 8 7 1

(a) These lesions were not graded for severity.

TWO-YEAR STUDIES
Body Weights and Clinical Signs

From week 11 to the end of the studies, mean
body weights of high dose male mice were 5%-
10% lower than those of the controls (Table 24
and Figure 3). Mean body weights of low dose
male mice varied from 2% above to 9% below
those of the controls throughout the study.
Mean body weights of high dose female mice
were variable but remained 5%-10% lower than
those of the controls throughout most of the
study. Mean body weights of low dose female
mice varied from 2% above to 7% below those of

Chlorendic Acid, NTP TR 304

the controls throughout most of the study. The
average daily feed consumption by low dose and
high dose male mice was 107% and 109% that of
the controls and by low dose and high dose fe-
male mice, 102% that of the controls (Appen-
dix M, Tables M3 and M4). The average amount
of chlorendic acid consumed per day was estima-
ted to be 89 mg/kg and 185 mg/kg for low dose
and high dose male mice and 100 mg/kg and 207
mg/kg for low dose and high dose female mice,
based on group feed consumption data.

There was no evidence of a compound-related
effect on physical appearance or behavior.



TABLE 24. MEAN BODY WEIGHTS AND SURVIVAL OF MICE IN THE TWO-YEAR FEED STUDIES
OF CHLORENDIC ACID

Weeks Control 620 ppm 1,250 ppm
on AV, Wt No. of V. Wt, . (percen 0, 0 v. Wt, . (percen G, 0
Study (grams) Survivors (grams) of controls) Survivors (grams) of controls)  Survivors
MALE
0 249 50 248 100 50 250 100 50
1 263 50 267 102 50 253 98 50
2 278 50 272 98 50 268 9 50
3 283 50 271 96 50 267 94 50
4 291 50 278 95 50 280 9 50
5 297 50 285 98 50 284 96 50
6 302 50 293 97 50 293 97 50
7 313 50 302 96 50 303 97 50
8 3086 50 310 101 50 308 101 50
9 318 50 304 96 50 305 97 50
10 322 50 304 94 50 306 95 50
11 324 50 318 98 50 314 97 50
12 330 50 317 96 50 314 95 50
13 329 50 319 97 50 313 95 50
17 350 50 332 95 50 331 95 49
21 366 50 343 94 49 339 93 49
25 357 49 340 95 48 332 93 49
29 367 48 343 93 48 343 93 49
33 372 47 344 92 46 338 91 46
37 389 48 355 91 45 361 93 46
41 389 48 364 94 45 353 91 46
45 109 4 376 92 45 373 91 45
49 400 48 374 94 45 360 90 44
53 412 45 380 92 43 371 90 44
57 410 45 390 95 43 370 90 44
61 410 45 402 98 42 380 93 43
65 412 45 4035 98 42 385 93 43
69 418 44 400 9 41 381 92 41
73 410 42 392 98 41 372 91 41
77 408 42 395 97 39 377 92 39
81 404 42 384 95 37 367 91 39
85 401 41 383 98 35 374 93 35
89 400 41 380 95 32 370 93 34
93 390 41 380 97 32 370 95 33
97 394 40 376 95 30 371 9 32
101 400 38 380 95 29 380 95 30
108 400 38 370 93 29 360 90 29
104 400 37 363 91 28 367 92 29
FEMALE
¢ 190 50 188 99 50 185 97 50
1 204 50 190 93 50 193 95 50
2 210 50 196 93 50 208 98 50
3 221 50 213 96 50 198 90 50
4 227 50 218 95 50 212 93 49
5 238 50 225 95 50 224 95 49
6 240 50 232 97 50 232 97 49
7 248 50 247 100 50 249 100 49
8 240 50 242 101 50 237 99 49
9 248 50 244 98 50 236 95 49
10 249 50 252 101 50 243 98 49
11 258 50 255 99 50 251 97 49
12 272 50 260 96 50 253 93 49
18 269 50 260 97 50 252 94 49
17 285 50 285 100 49 272 95 49
21 304 50 296 97 49 282 93 49
25 318 50 301 95 49 327 103 49
29 327 50 308 94 48 296 91 49
33 331 50 319 96 47 304 92 49
37 355 50 346 97 47 321 90 49
41 362 50 352 97 a7 328 91 49
45 388 49 369 95 47 349 90 49
49 374 49 365 98 47 353 94 49
53 383 49 368 9 a7 343 90 49
57 390 49 380 97 47 370 95 49
61 389 49 386 99 47 369 95 49
65 387 49 384 99 47 369 95 47
€9 390 49 391 100 47 367 94 47
73 383 49 374 %8 48 353 92 47
77 376 47 382 102 45 363 97 48
81 378 46 386 97 43 344 91 46
85 372 45 363 98 42 350 94 44
89 380 4 370 97 41 350 92 40
93 390 41 370 95 a 350 90 38
97 393 0 378 96 40 353 90 37
101 390 39 380 97 40 360 92 37
108 380 39 360 95 39 340 89 35
104 376 39 358 95 39 343 91 35
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III. RESULTS: MICE

Survival

Estimates of the probabilities for survival of
male and female mice fed diets containing chlo-
rendic acid at the concentrations used in these
studies and those of controls are shown in Ta-
ble 25 and in the Kaplan and Meier curves in
Figure 4. No significant differences in survival
were observed between any groups of either sex.

Pathology and Statistical Analyses of
Results

This section describes the significant or notewor-
thy changes in the incidences of mice with neo-
plastic or nonneoplastic lesions of the liver, lung,

thyroid gland, pituitary gland, and forestomach.
Histopathologic findings on neoplasms in mice
are summarized in Appendix B (Tables Bl and
B2); Appendix B (Tables B3 and B4) also gives
the survival and tumor status for individual
male and female mice. Findings on nonneo-
plastic lesions are summarized in Appendix D
(Tables D1 and D2). Appendix E (Tables E3 and
E4) contains the statistical analyses of those pri-
mary tumors that occurred with an incidence of
at least 5% in one of the three groups. The sta-
tistical analyses used are discussed in Chapter II
(Statistical Methods) and Appendix E (foot-
notes). Historical incidences of tumors in control
animals are listed in Appendix F.

TABLE 25. SURVIVAL OF MICE IN THE TWO-YEAR FEED STUDIES OF CHLORENDIC ACID

Control 620 ppm 1,250 ppm
MALE (a)
Animals initially in study 50 50 50
Nonaccidental deaths before termination (b) 13 20 21
Accidentally killed 0 2 0
Killed at termination 36 26 29
Died during termination period 1 2 0
Survival P values (¢) 0.132 0.170 0.146
FEMALE (a)
Animals initially in study 50 50 50
Nonaccidental deaths before termination (b) 11 10 15
Accidentally killed 0 1 0
Killed at termination 39 39 34
Died during termination period 0 0 1
Survival P values (¢) 0.395 0.906 0.464

(a) Terminal-kill period: weeks 104-105
(b) Includes animals killed in a moribund condition

(c) The result of the life table trend test is in the control column, and the results of the life table pairwise comparisons with the

controls are in the dosed columns.
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III. RESULTS: MICE

Liver: Necrosis was observed at increased inci-
dences in dosed male mice, and mitotic altera-
tion was observed in high dose female mice (Ta-
ble 26).

Hepatocellular adenomas, hepatocellular carci-
nomas, and hepatocellular adenomas or carcino-
mas (combined) in male mice occurred with
significant positive trends (Table 27). The inci-
dences of hepatocellular adenomas in high dose
males and of hepatocellular carcinomas and hep-
atocellular carcinomas or adenomas (combined)
in dosed males were significantly greater than
those in the controls. Metastases to the lung
were seen in 2/60 control, 4/49 low dose, and 7/50
high dose male mice. The following incidences of
hepatocellular adenomas or carcinomas (com-
bined) were observed in female mice: control,
3/50; low dose, 7/49; high dose, 7/50.

Hepatocellular adenomas observed in these
studies had well-defined borders that com-
pressed adjacent parenchyma. Neoplastic cells
were generally basophilic and varied in size
from smaller than to equal to normal hepato-
cytes. Occasional neoplastic cells were observed
that were large and eosinophilic. Neoplasms

were usually solid, consisted of closely packed
cells, and were usually devoid of sinusoids. In-
frequently, fatty changes or vacuolation of the
cytoplasm was prominent. Occasionally, a tra-
becular pattern was observed consisting of neo-
plastic cells one to two cell layers thick with
sinusoids separating the cords. In solid tumors,
the neoplastic cells varied greatly in size and
nuclear morphology. Dilation of the sinusoids
with blood, thrombi, and associated necrosis of
neoplastic cells were frequent. Trabecular pat-
terns consisted of cords of neoplastic cells several
layers thick and often ended abruptly in a
sinusoid. Infrequently, a glandular pattern of
the tumor architecture was observed.

Hepatocellular carcinomas varied from solid to
trabecular to mixed type patterns. In the solid
neoplasms, the neoplastic cells varied greatly in
size and nuclear morphology. Dilation of the
sinusoids with blood, thrombi, and associated
necrosis of neoplastic cells were frequent. Tra-
becular patterns consisted of cords of neoplastic
cells several layers thick and often ended ab-
ruptly in a sinusoid. Infrequently, a glandular
pattern of the tumor architecture was observed,
as seen in the adenomas.

TABLE 26, NUMBERS OF MICE WITH LIVER LESIONS IN THE TWO-YEAR FEED STUDIES OF
CHLORENDIC ACID

Concentration (ppm)

Male Female
Lesion 0 620 1,250 0 620 1,250
Number examined 50 49 50 50 49 50
Necrosis 3 12 11 1 3 3
Mitotic alteration 0 0 0 0 0 7
Focal cellular change 3 4 6 1 1 5
Hepatocellular adenoma 5 9 10 2 2 3
Hepatocellular carcinoma 9 17 20 1 5 4
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TABLE 27. ANALYSIS OF LIVER TUMORS IN MALE MICE IN THE TWO-YEAR FEED STUDY OF
CHLORENDIC ACID (a)

Control 620 ppm (b) 1,250 ppm (b)

Hepatocellular Adenoma

Overall Rates 5/50 (10%) 9/49 (18%) 10/50 (20%)

Adjusted Rates 13.5% 30.1% 33.3%

Terminal Rates 5/37 (14%) 8/28 (29%) 9/29 (31%)

Week of First Observation 105 30 102

Life Table Tests P=0.038 P=0.077 P=0.047

Incidental Tumor Tests P=0.041 P=0.081 P=0.050
Hepatocellular Carcinoma

Overall Rates 9/50 (18%) 17/49 (35%) 20/50 (40%)

Adjusted Rates 22.1% 46.5% 51.8%

Terminal Rates 6/37(16%) 9/28 (32%) 11/29 (38%)

Week of First Observation 70 it 60

Life Table Tests P=0.004 P=0.018 P=0.005

Incidental Tumor Tests P=0.023 P=0.084 P=0.038
Hepatocellular Adenoma or Carcinoma (c)

Overall Rates 13/50 (26%) 23/49 (47%) 27/50 (54%)

Adjusted Rates 32.2% 61.4% 70.6%

Terminal Rates 10/37 (27%) 14/28 (60%) 18/29 (62%)

Week of First Observation 70 30 60

Life Table Tests P<0.001 P=0.006 P<0.001

Incidental Tumor Tests P=0.003 P=0.028 P=0.005

(a) The statistical analyses used are discussed in Chapter 1I (Statistical Methods) and Appendix E (footnotes).

(b) The equivalent dose in milligrams per kilogram per day is given in Chapter I1I (Body Weights and Clinical Signs) and
Appendix M.

(c) Historical incidence in NTP studies (mean * SD): 540/1,784 (30% + 8%)

Lung: Alveolar/bronchiolar adenomas and
alveolar/bronchiolar adenomas or carcinomas
(combined) in female mice occurred with signif-
icant positive trends (Table 28). The following
incidences of alveolar/bronchiolar adenomas or
carcinomas (combined) were observed in male
mice: control, 15/50; low dose, 4/49; high dose,
9/50 (historical incidence in NTP studies:
296/1,780, 17% * 8.2%). The incidence in the
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low dose group was significantly lower
(P <0.025) than that in the controls.

Thyroid Gland: Follicular cell adenomas in
male mice occurred with a significant positive
trend; the incidence in the high dose group was
not significantly greater than that in the con-
trols (Table 29). There were no follicular cell le-
sions reported in female mice.



TABLE 28. ANALYSIS OF LUNG LESIONS IN FEMALE MICE IN THE TWO-YEAR FEED STUDY OF

CHLORENDIC ACID

Control 620 ppm 1,250 ppm

Alveolar Epithelial Hyperplasia

Overall Rates 0/50 (0%) 0/50 (0%) 1/50 (2%)
Alveolar/Bronchiolar Adenoma

Overall Rates 0/50 (0%) 4/50 (8%) 4/50 (8%)

Adjusted Rates 0.0% 10.3% 10.5%

Terminal Rates 0/39 (0%) 4/39 (10%) 3/35 (9%)

Week of First Observation 104 74

Life Table Tests P=0.047 P=0.063 P=0.054

Incidental Tumor Tests P=0.050 P=0.063 P=0.066
Alveolar/Bronchiolar Carcinoma

Overall Rates 1/50 (2%) 2/50 (4%) 2/50 (4%)
Alveolar/Bronchiolar Adenoma or Carcinoma (a)

Overall Rates 1/50 (2%) 5/50 (10%) 6/50 (12%)

Adjusted Rates 2.6% 12.8% 16.1%

Terminal Rates 1/39 (3%) 5/39 (13%) 5/35 (14%)

Week of First Observation 104 104 74

Life Table Tests P=0.034 P=0.103 P=0.045

Incidental Tumor Tests P=0.037 P=0.103 P=0.053

(a) Historical incidence in NTP studies (mean ¥ SD): 122/1,777 (7% * 4%)

TABLE 29. ANALYSIS OF THYROID GLAND LESIONS IN MALE MICE IN THE TWO-YEAR FEED

STUDY OF CHLORENDIC ACID

Control 620 ppm 1,250 ppm

Follicular Cell Hyperplasia

Overall Rates 2/50 (4%) 1/47 (2%) 1/50 (2%)
Follicular Cell Adenoma (a)

Overall Rates 0/50 (0%) 0/47 (0%) 3/50 (6%)

Adjusted Rates 0.0% 0.0% 9.1%

Terminal Rates 0/37 (0%) 0/28 (0%) 2/29 (7%)

Week of First Observation 67

Life Table Tests P=0.030 (b) P=0.093

Incidental Tumor Tests P=0.039 (b) P=0.120

(a) Historical incidence in NTP studies of follicular cell adenoma or carcinoma (combined) (mean * SD): 28/1,680 (2% + 2%)
(b) No P value is reported because no tumors were observed in the 620-ppm and control groups.
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III. RESULTS: MICE

Pituitary Gland: Adenomas in female mice oc-
curred with a significant negative trend, and the
incidences in the dosed groups were significantly
lower than that in the controls (Table 30).

Forestomach: Squamous cell papillomas in fe-
male mice occurred with a significant negative
trend (control, 3/50; low dose, 0/48; high dose,
0/50); the incidences in the dosed groups were
not significantly lower than that in the controls.

TABLE 30. ANALYSIS OF PITUITARY GLAND LESIONS IN FEMALE MICE IN THE TWO-YEAR FEED
STUDY OF CHLORENDIC ACID

Control 620 ppm 1,250 ppm

Hyperplasia

Overall Rates 4/48 (8%) 2/47 (4%) 0/50 (0%)
Adenoma

Overall Rates 12/48 (25%) 4/47 (9%) 3/50 (6%)

Adjusted Rates 30.8% 10.2% 8.6%

Terminal Rates 12/39 (31%) 3/37(8%) 3/35 (9%)

Week of First Observation 104 77 104

Life Table Tests P=0.009N P=0.035N P=0.019N

Incidental Tumor Tests P=0.008N P=0.028N P=0.019N
Adenoma or Carcinoma (a)

Overall Rates 13/48 (27%) 4/47 (9%) 3/50 (6%)

Adjusted Rates 32.4% 10.2% 8.6%

Terminal Rates 12/39(31%) 3/37 (8%) 3/35 (9%)

Week of First Observation 91 7 104

Life Table Tests P=0.005N P=0.022N P=0.012N

Incidental Tumor Tests P=0.003N P=0.021N P=0.009N

(a) Historical incidence in NTP studies (mean % SD): 122/1,777 (7% * 4%)
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IV. DISCUSSION AND CONCLUSIONS

Thirteen-Week Studies
Two-Year Studies
Mutagenicity
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IV. DISCUSSION AND CONCLUSIONS

Chlorendic acid, a principal chemical inter-
mediate used in the preparation of fire-retardant
polyester resins and plasticizers, has been
studied in 14-day, 13-week, and 2-year toxi-
cology and carcinogenesis studies. The main
findings of these studies indicate that feeding
chlorendic acid in the diet results in both non-
neoplastic and neoplastic lesions of the liver in
male and female F344/N rats and male B6C3F,
mice. In male rats, administration of chlorendic
acid in feed is also associated with an uncommon
pancreatic acinar cell lesion and possibly with
the occurrence of alveolar/bronchiolar adenomas
and preputial gland carcinomas.

Thirteen-Week Studies

Thirteen-week studies were conducted by offer-
ing feed containing chlorendic acid to male and
female F344/N rats (0, 620, 1,250, 2,500, 5,000,
or 10,000 ppm) and B6C3F; mice (0, 1,250,
2,500, 5,000, or 10,000 ppm). Results included
decreases in body weights when compared with
those of controls (see Tables 6 and 22) and in-
creased incidences of deaths and lesions of the
liver when compared with those of controls (see
Tables 7 and 23). The liver was the only affected
organ identified in these 90-day studies.

The occurrence of liver lesions in rats (centri-
lobular cytomegaly, mitotic alterations, and bile
duct hyperplasia) was dose related (see Table 7).
Mitotic alterations included an increase in both
normal and abnormal mitotic figures. The inci-
dence and number of mitotic alterations in male
rats were slightly greater than those in female
rats at the two highest concentrations. The inci-
dence and degree of severity of bile duct hyper-
plasia were greater in female rats than in male
rats at the two highest concentrations. In mice,
mitotic alterations were not seen as often as in
the rats and did not occur at levels correspond-
ing to those in rats (see Table 23). Cytomegaly
of minimal severity was consistently seen in
male and female rats at the two highest doses
and in male and female mice at the highest dose.
The hepatic lesions in male mice were primarily
coagulative necrosis. The effect was greater in
male mice than in female mice.

Chemical disposition studies (Decad and Fields,
1982; Appendix O) in male F344 rats

Chlorendic Acid, NTP TR 304

demonstrated that the liver is the major site of
deposition of chlorendic acid after a single ga-
vage administration. The 13-week feed studies,
considered in conjunction with the evidence for
disposition and metabolism for chlorendic acid,
indicate the liver is a major site for chemical ac-
cumulation and toxic injury at the concen-
trations used. The degree of severity of the
hepatic lesions observed in these studies was
proportional to the amount of chlorendic acid
consumed.

Feed consumption (group means) by the two
highest dose groups was lower than that by the
controls during the first 7 weeks of the study in
both male and female rats but was similar to
that of the controls during the last 6 weeks, ex-
cept at the highest dose at which food consump-
tion exceeded that of the controls (see Table 6).
There were no differences in feed consumption
values for male and female mice over the course
of the study relative to those of controls (see
Table 22).

Two-Year Studies

Two-year toxicology and carcinogenesis studies
were conducted by offering feed containing chlo-
rendic acid to male and female F344/N rats and
B6C3F; mice at 0, 620, or 1,250 ppm for 103
weeks. These concentrations were based on a de-
crease in mean body weights and on liver lesions
observed in the 13-week studies. Higher concen-
trations of chlorendic acid were not chosen be-
cause adverse effects on survival and the health
of the animals would be anticipated over the
course of the 2-year studies.

In rats, these dietary levels resulted in an es-
timated average daily consumption of chlorendic
acid of 27 and 56 mg/kg for low dose and high
dose males and 39 and 66 mg/kg for low dose and
high dose females. The estimated consumption
was 89 and 188 mg/kg for male mice and 100 and
207 mg/kg for female mice. These exposures to
chlorendic acid did not affect survival in either
rats or mice (see Tables 9 and 25; Figures 2 and
4). The relatively lower survival of control and
high dose male rats compared with that of the
low dose group or with historical rates cannot be
explained on the basis of available information.
The apparent dose-related decrease in mean
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body weights in dosed female rats was not re-
flected by lower survival in this group. Mean
body weights of male rats and male and female
mice varied from 2% above the control values to
11% below (see Tables 8 and 24; Figures 1
and 3).

In the 2-year chlorendic acid feed studies, hepat-
ic lesions were observed in dosed male rats
(cystic degeneration) and female rats (granulo-
matous inflammation, pigmentation, and bile
duct hyperplasia) (see Table 10). The incidences
of neoplastic nodules of the liver in dosed male
rats and high dose female rats and of hepatocel-
lular carcinomas in high dose female rats were
greater than those in controls (see Table 11).
These results contrast with those of NCI feed
studies of other hexachlorinated norbornene
analogs (see Table 1) in which no liver effects
were observed in male and female Osborne-
Mendel rats.

The pathologic diagnosis of neoplastic nodules
and hepatocellular carcinomas in male F344/N
rats was complicated in those animals with se-
vere leukemic infiltrates. The incidence of leu-
kemia in dosed rats in the current study (male:
control, 24/50; low dose, 22/50; high dose, 28/50;
female: control, 13/50; low dose, 15/50; high
dose, 16/50) did not decrease, although this phe-
nomenon occurred in previous studies that had
increases in liver neoplasia (Haseman, 1983).
Grossly, livers with hepatocellular neoplasms
had multiple red or yellow foci and/or yellow foci
and/or one or more tan to brown focal nodules
either within the parenchyma or raised above
the surface. The size of these nodules ranged
from a few millimeters to several centimeters.
Animals with an entire nodular liver surface
usually had mononuclear cell leukemia. Neo-
plastic nodules were less difficult to diagnose
than were the hepatocellular carcinomas. In all
animals with both hepatocellular carcinomas
and mononuclear cell leukemia, there was de-
generation and atrophy of the centrilobular
hepatocytes and hypertrophy of intervening
hepatocytes which resulted in a multinodular
liver. These effects were usually observed as
multiple lesions and were the type most com-
monly seen in dosed animals. The lesions in
dosed animals varied from hyperplastic to
neoplastic. Hepatocellular carcinomas present
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in female rats appeared as large, solid nodules
with marked compression of adjacent hepatic
parenchyma, frequently raised from the liver
surface.

In the 2-year chlorendic acid feed studies, inei-
dences of nonneoplastic lesions of the liver in-
creased in dosed male mice (coagulative ne-
crosis) and high dose female mice (mitotic al-
teration) (see Table 26). In dosed male mice,
coagulative necrosis occurred both within nor-
mal hepatic parenchyma and liver neoplasms.
Since necrosis was identified as a liver lesion in
the 13-week studies and again as a component
associated with hepatocellular neoplasms in the
2-year studies, it is unclear if the lesion in the 2-
year studies is a direct effect of chlorendic acid
feeding or is a secondary effect of neoplasia.

In male mice, the incidences of hepatocellular
adenomas and of hepatocellular carcinomas oc-
curred with positive trends. The incidences of
hepatocellular adenomas in high dose male mice
and of hepatocellular carcinomas in dosed male
mice were greater than those in controls. Metas-
tasis to the lungs occurred in male mice in a
dose-related manner (control, 2/50; low dose,
4/49; high dose, 7/50; Appendix B, Table B3).
The biologic significance of the association be-
tween hepatocellular neoplasms in male mice
and the feeding of chlorendic acid was strength-
ened by this metastasis. In dosed female mice,
the incidences of hepatocellular adenomas or
carcinomas (combined) were somewhat in-
creased but not significantly different from that
in the controls (control, 3/50; low dose, 7/49; high
dose, 7/50; Appendix E, Table E4).

Gross observations in mice showed that hepato-
cellular neoplasms were nodular or multinodu-
lar consolidations of one or more liver lobes.
These tumors were rounded or nndular and cys-
tie, soft to firm masses varying between 0.5 and
4.5 cm at the greatest diameter. Hepatocellular
carcinomas varied from solid to trabecular to
mixed type patterns. In these studies, most of
the hepatocellular carcinomas were large
masses with prominent trabecular patterns.

Previous studies of other h:..xachlorinated nor-

bornene analogs indicate that several of these
compounds cause hepaiocellular carcinomas in
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male B6C3F, mice and some cause hepatocellu-
lar carcinomas in female B6C3Fy mice (NCI,
1977a,b, 1978a,b; see Table 1). The absence of
significant effects of chlorendic acid on female
B6C3F; mice in this study may be due to either
insufficient exposure concentrations or sex dif-
ferences in chemical disposition and metabolism
and hence, susceptibility. In the chlorendic acid
13-week studies, no great differences in re-
sponses were seen between the sexes, and no in-
formation is available on chlorendic acid chemi-
cal disposition and metabolism in female rats or
mice.

Acinar cell adenomas of the pancreas occurred in
male rats with a dose-related positive trend (see
Table 12). The incidence in high dose male rats
was greater than that in controls. These neo-
plasms were not detected by gross observation.
The biologic importance of this lesion is sup-
ported by an increase in acinar cell hyperplasia
in both dose groups. Acinar cell adenoma of the
pancreas is an uncommon neoplasm in NTP his-
torical untreated control male F344/N rats.

Alveolar/bronchiolar adenomas occurred with
positive trends in male rats (see Table 13), and
the incidences in the high dose male rats were
greater than those in the controls. In female
mice, the incidence of alveolar/bronchiolar ade-
nomas and alveolar/bronchiolar adenomas or
carcinomas (combined) occurred with positive
trends (see Table 28). In male rats and female
mice, this marginal trend in the incidence of al-
veolar/bronchiolar adenomas or carcinomas
(combined) is not supported by an increase in al-
veolar/bronchiolar hyperplasia. In male rats,
the incidence of alveolar/bronchiolar adenomas
may have been related to the administration of
chlorendic acid. In female mice, the incidences
of alveolar/bronchiolar adenomas and alveolar/
bronchiolar adenomas or carcinomas (combined)
in the concurrent controls were low compared
with the historical control average (Appendix F,
Table F15), and hence the biologic significance
of the association of these lesions with adminis-
tration of chlorendic acid is unclear.

Preputial gland carcinomas occurred with a

greater incidence in low dose male rats than in
the controls (see Table 14). Two other male rats

Chlorendie Acid, NTP TR 304

in the low dose group had either an adenoma or
squamous cell papilloma, making the group inci-
dence outside the range of preputial gland neo-
plasms (0/50 to 8/50) seen in untreated male
F344/N rats in NTP studies. This effect may be
related to the administration of chlorendic acid.
No tumors were found in the clitoral gland of fe-
male rats in this study.

Sarcomas, fibrosarcomas, or neurofibrosarcomas
(combined) of the salivary gland occurred in
male rats at incidences of 1/50 (control), 2/49
(low dose), and 4/50 (high dose). Although the
incidence in the high dose group is not sta-
tistically significant, these neoplasms are un-
common (3/1,689 in NTP untreated controls).
These tumors were morphologically similar to
those found in the salivary glands of rats admin-
istered methylene chloride (inhalation) (Burek
et al., 1984). Fibrosarcomas also occurred in
subcutaneous tissue at sites distinct from the
salivary gland.

Uterine cysts were observed at an increased in-
cidence in high dose female rats. The incidence
of endometrial stromal polyps was marginally
greater in low dose female rats than in the con-
trols (see Table 15). There was no dose-response
relationship. The incidence of this relatively
common lesion in untreated controls has ranged
from 4/50 to 18/49. Since an increase was not ob-
served in the high dose group and the low dose
incidence falls within this historical range, it is
unlikely that this lesion is associated with the
feeding of chlorendic acid to F344/N female rats.

Follicular cell adenomas of the thyroid gland oc-
curred in male B6C3F; mice with a positive
trend (see Table 29). There were no significant
differences between either dosed group and con-
trols. The marginal trend in the absence of a
dose-related increase in epithelial hyperplasia
and an incidence that falls within the range of
untreated control incidences do not support an
association of this lesion with administration of
chlorendic acid. In previous studies with hexa-
chlorinated norborenes (see Table 1), follicular
cell adenomas were associated with chemical ad-
ministration in male and female Osborne-
Mendel rats but not in male or female B6C3F,
mice.



IV. DISCUSSION AND CONCLUSIONS

Pheochromocytomas of the adrenal gland and
interstitial cell tumors of the testis occurred
with significant negative trends in male F344/N
rats (see Tables 18 and 19). Mammary gland
fibroadenomas in female F344/N rats (see Ta-
ble 17) and pituitary gland adenomas and adeno-
mas or carcinomas (combined) in female B6C3F
mice (see Table 30) all occurred with negative
trends. These are common, age-related lesions
in these strains. Haseman (1983) showed an as-
sociation between decreased incidence of these
tumors and decreased body weight gain in F344
rats. An effect on body weight gain was also
seen in this study.

Mutagenicity

Chlorendic acid was not mutagenic in strains
TA100, TA98, TA1535, or TA1537 of Salmonella
typhimurium in the presence or absence of
Aroclor 1254-induced male Sprague-Dawley rat
or male Syrian hamster liver S9 when tested ac-
cording to the preincubation protocol (Appen-
dix G). Chlorendic acid was mutagenic in the
L5178Y/TK */~ mouse lymphoma cell forward
assay in the absence of activation and was not
tested in the presence of activation. There was
no mutagenic response in the absence of severe
toxicity. The toxicity curve was sharp, going
from relative total growth of 74% at 1,600 pg/ml
to 5% at 1,700 pg/ml. The increase in mutant
count and mutant frequency was observed only

at the higher dose; this response was replicated
in another experiment. When the only muta-
genic response occurs at toxic doses, the question
arises of whether the mutagenicity is indirect
and not due to the direct interaction of the chem-
ical with DNA. This assay, as performed, does
not answer this question. Chlordane, endosul-
fan, endrin, and heptachlor did not cause muta-
tions in NTP Salmonella mutagenicity tests
(Haworth et al., 1983).

Conclusions: Under the conditions of these 2-
year feed studies, there was clear evidence of car-
cinogenicity* of chlorendic acid for male F344/N
rats as shown by increased incidences of neoplas-
tic nodules of the liver and acinar cell adenomas
of the pancreas. Increased incidences of alveo-
lar/bronchiolar adenomas and preputial gland
carcinomas may also have been related to the
administration of chlorendic acid. There was
clear evidence of carcinogenicity of chlorendic
acid for female F344/N rats as shown by in-
creased incidences of neoplastic nodules and of
carcinomas of the liver. There was clear evi-
dence of carcinogenicity of chlorendic acid for
male B6C3F; mice as shown by increased inci-
dences of hepatocellular adenomas and of hep-
atocellular carcinomas. There was no evidence
of carcinogenicity of chlorendic acid for female
B6C3F; mice given chlorendic acid in the diet at
concentrations of 620 or 1,250 ppm for 103
weeks.

*Categories of evidence of carcinogenicity are defined in the Note to the Reader on page 2.
A summary of the Peer Review comments and the public discussion on this Technical Report appears on page 14.
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APPENDIX A

SUMMARY OF THE INCIDENCE OF NEOPLASMS

IN RATS IN THE TWO-YEAR FEED STUDIES

OF CHLORENDIC ACID
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR

FEED STUDY OF CHLORENDIC ACID

Control Low Dose High Dose
ANIMALS INITIALLY IN STUDY 50 50 50
ANIMALS NECROPSIED 50 50 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50
INTEGUMENTARY SYSTEM

*Multiple organs (50) (50) (50)
Fibrous histiocytoma, malignant 1 2%)

*Skin (50) (50) (50)
Squamous cell papilloma 1 (2%)

Squamous cell carcinoma 1 (2%)
Basal cell carcinoma 1 (2%) 2 (4%) 1 (2%)
Keratoacanthoma 4 (8%) t4 (8%) 3 (6%)

*Subcutaneous tissue (50) (50) (50)
Sebaceous adenocarcinoma 1 2%)
Sarcoma, NOS 1 2%)
Fibroma 4 (8%) T4 (8%) 3 (6%)
Fibrosarcoma 1 (2%) 3 (6%)
Fibrous histiocytoma, malignant 1 (2%)

Neurofibrosarcoma 1 2%)

*Skeletal muscle (50) (50) (50)

Fibrous histiocytoma, malignant 1 (2%)
RESPIRATORY SYSTEM

#Lung (50) (50) (50)
Alveolar/bronchiolar adenoma 3 (6%) 5 (10%)
Alveolar/bronchiolar carcinoma 1 (2%)

C-cell carcinoma, metastatic 1 (2%)
Paraganglioma, metastatic 1 2%)
Fibrosarcoma, metastatic 3 (6%)
Carcinosarcoma, metastatic 1 (2%)
Mesothelioma, metastatic 1 2%)
Neurofibrosarcoma, metastatic 1 2%)

HEMATOPOIETIC SYSTEM

*Multiple organs (50) 50 (50)
Malignant lymphoma, undiffer type 2 4%)
Malignant lymphoma, histiocytic type 1 (2%)

Leukemia, mononuclear cell 24 (48%) 22 (44%) 28 (56%)

#Spleen (50) (50) (49)
Mesothelioma, metastatic 1 (2%)

#Mandibular lymph node (50) (50) (50)
Carcinosarcoma, invasive 1 2%)
Neurofibrosarcoma, invasive 1 (2%)

#Cervical lymph node (50) (50) (50)
C-cell carcinoma, metastatic 1 (2%)

#Renal lymph node 50) (50) (50)
Neurofibrosarcoma, metastatic 1 (2%)

#Thymus 41) (39) (36)
Thymoma, benign 1 2%)

Thymoma, malignant 1 3%)
CIRCULATORY SYSTEM

*Subcutaneous tissue (50) (50) (50)
Hemangiosarcoma 1 (2%)

#Spleen (50) (50) (49)
Hemangiosarcoma 1 (2%) 1 (2%)
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR
FEED STUDY OF CHLORENDIC ACID (Continued)

Control Low Dose High Dose
CIRCULATORY SYSTEM (Continued)

#Lymph node (50) (50) (50)
Hemangiosarcoma, metastatic 1 (2%)

*Vertebra (50) (50) (50)
Hemangiosarcoma 1 (2%)

DIGESTIVE SYSTEM

*Hard palate (50) (50) (50)
Squamous cell papilloma 1 (2%)

*Tongue 50) 50) (50)
Squamous cell papilloma 1 (2%)

#Salivary gland (50) (49) (50)
Fibrosarcoma 1 (2%) 1 (2%) 4 (8%)
Carcinosarcoma, invasive 1 (2%)
Neurofibrosarcoma 1 (2%)

#Liver (50) (50) (50)
Neoplastic nodule 2 (4%) 21 (42%) 23 (46%)
Hepatocellular carcinoma 3 (6%) 5 (10%) 1 (2%)

#Pancreas 49) (50) (50)
Acinar cell adenoma 4 (8%) 6 (12%)

URINARY SYSTEM

#Kidney (50) (50) (50)
Transitional cell carcinoma 1 (2%)

#Urinary bladder (49) (50) (50)
Transitional cell papilloma 1 (2%)

ENDOCRINE SYSTEM

#Pituitary 50) (50) (50)
Adenoma, NOS 2 (4%) 1 (2%) 1 (2%)

#Anterior pituitary (50) (50) (50)
Carcinoma, NOS 1 (2%) 1 2%)

Adenoma, NOS 15 (30%) 21 (42%) 18 (36%)

#Adrenal (50) (50) (50)
Cortical adenoma 2 (4%) 2 (4%)

#Adrenal medulla 50) (50) 50)
Pheochromocytoma 25 (50%) 17 (34%) 15 (30%)
Pheochromocytoma, malignant 3 (6%)

#Thyroid (50) (50) (50)
Follicular cell adenoma 1 (2%)

Follicular cell carcinoma 1 (2%)
C-cell adenoma 10 (20%) 7 (14%) 12 (24%)
C-cell carcinoma 5 (10%) 3 (6%) 3 (6%)

#Parathyroid (48) (49) (48)
Adenoma, NOS 1 (2%) 1 2%)

#Pancreatic islets (49) (50) (50)

Islet cell adenoma 2 4%) 5 (10%) 6 (12%)
Islet cell carcinoma 4 (8%) 1 2%) 3 (6%)
REPRODUCTIVE SYSTEM

*Mammary gland 50) (50) (50)
Fibroadenoma 1 (2%)

*Preputial gland (50) (50) (50)
Carcinoma, NOS 1 (2%) 8 (16%) 4 (8%)
Squamous cell papilloma 1 2%)

Adenoma, NOS 1 (2%)
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR
FEED STUDY OF CHLORENDIC ACID (Continued)

Control Low Dose High Dose
REPRODUCTIVE SYSTEM (Continued)
#Testis (49) (50) (50)
Interstitial cell tumor 41 (84%) 35 (70%) 22 (44%)
*Scrotum (50) 50) (50)
Mesothelioma, invasive 1 (2%)
NERVOUSSYSTEM
#Brain/meninges (50) (50) (50)
Carcinoma, NOS, invasive 1 (2%) 1 2%)
#Cerebrum 50) (50) (50)
Astrocytoma 1 (2%)
#Brain (50) (50) (50)
Granular cell tumor, NOS 1 (2%)
*Pineal body (50) (50) (50)
Carcinoma, NOS 1 2%)
SPECIAL SENSE ORGANS
*Zymbal gland (50) (50) (50)
Carcinoma, NOS 1 2%) 1 (2%)
Carcinosarcoma 1 2%)
MUSCULOSKELETAL SYSTEM
*Mandible 50) (50) (50)
Ameloblastic odontoma 1 (2%)
BODY CAVITIES
*Abdominal cavity (50) (50) (50)
Paraganglioma, malignant 1 (2%)
Fibrosarcoma 1 (2%)
Neurofibrosarcoma 1 (2%)
*Tunica vaginalis 50) (50) (50)
Mesothelioma, NOS 1 (2%)
Mesothelioma, malignant 1 2%) 1 2%)
ALLOTHER SYSTEMS
None
ANIMAL DISPOSITION SUMMARY
Animals initially in study 50 50 50
Natural death 9 12 10
Moribund sacrifice 17 8 15
Terminal sacrifice 24 30 25
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR
FEED STUDY OF CHLORENDIC ACID (Continued)

Control Low Dose High Dose
TUMOR SUMMARY

Total animals with primary tumors** 50 50 50
Total primary tumors 163 183 178
Total animals with benign tumors 46 49 40
Total benign tumors 109 109 95
Total animals with malignant tumors 38 37 43
Total malignant tumors 51 52 60
Total animals with secondary tumors# # 3 3 8
Total secondary tumors 4 4 10

Total animals with tumors uncertain--
benign or malignant 3 22 23
Total uncertain tumors 3 22 23

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically.
** Primary tumors: all tumors except secondary tumors

# Number of animals examined microscopically at this site

# # Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ

1 Multiple occurrence of morphology in the same organ; tissue is counted once only.
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TABLE A2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR
FEED STUDY OF CHLORENDIC ACID

Control Low Dose High Dose
ANIMALSINITIALLY IN STUDY 50 50 50
ANIMALS NECROPSIED 50 50 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50
INTEGUMENTARY SYSTEM
*Subcutaneous tissue (50) (50) (50)
Fibroma 1 (2%) 1 2%)
Fibrosarcoma 2 (4%) 1 (2%)
Fibrous histiocytoma, malignant 1 (2%)
Fibrous histiocytoma, metastatic 1 (2%)
RESPIRATORY SYSTEM
#Lung (50) (49) (50)
Carcinoma, NOS, metastatic 1 2%)
Alveolar/bronchiolar adenoma 1 (2%) 1 (2%) 1 2%)
Fibrosarcoma, metastatic 1 2%
HEMATOPOIETIC SYSTEM
*Multiple organs (50) (50) (50)
Malignant lymphoma, undiffer type 2 (4%)
Leukemia, mononuclear cell 13 (26%) 15 (30%) 16 (32%)
#Mandibular lymph node (50) (50) (50)
Carcinoma, NOS, metastatic 1 (2%)
Fibrosarcoma, invasive 1 (2%)
#Mesenteric lymph node (50) (50) (50)
Malignant lymphoma, undiffer type 1 (2%)
CIRCULATORY SYSTEM
#Brain stem (50) (50) 60)
Angioma 1 (2%)
*Subcutaneous tissue (50) (50) (50)
Hemangiosarcoma 1 (2%)
#Myocardium (50) 50) (50)
Neurilemoma 2 (4%)
#Myocardium/rt, ventr (50) (50) (50)
Neurilemoma 1 2%)
DIGESTIVE SYSTEM
#Salivary gland (49) (50) (50)
Sarcoma, NOS 2 (4%)
Fibrosarcoma 1 (2%)
#Liver (50) 49 (50)
Neoplastic nodule 1 2%) 3 (6%) 11 (22%)
Hepatocellular carcinoma 3 (6%) 5 (10%)
Fibrous histiocytoma, metastatic 1 (2%)
#Pancreas (49) (49) (50)
Acinar cell adenoma 1 (2%) 1 (2%)
URINARY SYSTEM
None
ENDOCRINE SYSTEM
#Pituitary (50) (50) (50)
Adenoma, NOS 2 (4%) 2 4%) 2 (4%
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TABLE A2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR
FEED STUDY OF CHLORENDIC ACID (Continued)

Control Low Dose High Dose
ENDOCRINE SYSTEM (Continued)

#Anterior pituitary 50) (50) (50)
Carcinoma, NOS 2 (4%) 3 (6%) 1 (2%)
Adenoma, NOS 29 (58%) 32 (64%) 21 (42%)

#Adrenal medulla (50) (49) 50)
Pheochromocytoma 2 (4%) 3 (6%) 2 (4%)

#Thyroid (50) (50) (50)
Follicular cell adenoma 1 (2%) 2 (4%)
C-cell adenoma 7 (14%) 10 (20%) 13 (26%)
C-cell carcinoma 2 (4%) T (14%) 2 (4%)

#Parathyroid (45) 47 “n
Adenoma, NOS 1 (2%) 1 (2%) 1 (2%)

#Pancreatic islets 49) (49) (50)

Islet cell carcinoma 2 (4%)
REPRODUCTIVE SYSTEM

*Mammary gland (50) (50) (50)
Adenoma, NOS 1 (2%) 3 (6%) 3 (6%)
Adenocarcinoma, NOS 1 (2%) 5 (10%) 4 (8%)
Fibroadenoma 22 (44%) 16 (32%) 4 (8%)

*Clitoral gland (50) (50) (50)
Carcinoma, NOS 4 (8%) 5 (10%) 6 (12%)
Adenoma, NOS 1 (2%)

#Uterus (50) (49) (50)
Leiomyosarcoma 1 (2%)

Endometrial stromal polyp 5 (10%) 15 (31%) 10 (20%)
Endometrial stromal sarcoma 1 (2%) 1 (2%)

#Cervix uteri (50) (49) (50)
Endometrial stromal polyp 1 2%)

#Ovary (50) (49) (50)
Granulosa cell carcinoma 1 (2%) 1 2%)

NERVOUSSYSTEM

#Brain/meninges 50 (50) (50)
Carcinoma, NOS, invasive 1 (2%) 1 2%)

#Brain (50) (50) (50)
Carcinoma, NOS, invasive 1 (2%) 2 (4%) 1 2%)

SPECIAL SENSE ORGANS
*Zymbal gland (50) (50) (50)
Carcinoma, NOS 1 (2%) 1 (2%)
MUSCULOSKELETAL SYSTEM
None
BODY CAVITIES

*Abdominal cavity (50) (50) (50)
Paraganglioma, malignant 1 2%

*Mesentery (50) (50) (50)
Leiomyosarcoma, metastatic 1 (2%)
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TABLE A2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR
FEED STUDY OF CHLORENDIC ACID (Continued)

Control Low Dose High Dose
ALL OTHER SYSTEMS
*Multiple organs (50) 60) (50)
Carcinoma, NOS, metastatic 1 (2%)
ANIMAL DISPOSITION SUMMARY
Animals initially in study 50 50 50
Natural death 10 10 5
Moribund sacrifice 8 6 11
Terminal sacrifice 31 34 34
Accidentally killed, nda 1
TUMOR SUMMARY
Total animals with primary tumors** 48 48 48
Total primary tumors 110 130 113
Total animals with benign tumors 42 45 37
Total benign tumors 76 84 63
Total animals with malignant tumors 27 25 29
Total malignant tumors a3 43 39
Total animals with secondary tamors# # 6 4 2
Total secondary tumors 7 4 3
Total animals with tumors uncertain--
benign or malignant 1 3 11
Total uncertain tumors 1 3 11

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically.
** Primary tumors: all tumors except secondary tumors

# Number of animals examined microscopically at this site

## Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-
YEAR FEED STUDY OF CHLORENDIC ACID: UNTREATED CONTROL

NUMBER 4 L 4 2/ O 4 4 2| 4 3| 4 4 2 o 21 o o 1 3 1 3 4 2 1 3
8 1 it 8 7 o s 3] 8 1 of 3 5 & 1 2 9 i 4 4 5 o 8 o0
WEEKS ON o 9 O [y i 17T
STUDY 2§ T o7 71 71 8] 8 8 8 8 8 9 9 9 9 9 9] g] 9 9 0’ 0] 0
5 1 3 5 & 71 o o 2 2 s 9 i L 3 3t s 5 8 9 9 o 1 1
INTEGUMENTAKY SYSTEM
Skin O T U S T T T S S SR S S SO S S
Squamous cell papilloma
Basal cell carcinoma
Keratoscanthoma X X
Subcutaneous tissue P N T T N T T N S S S SN S SR S N T S
Fibroma X
Neurofibrosarcoma
Lungs and broach: + R L S T TR T S S R S S SO Y
C cell carctnoma, metastatic X
Paragaaglioma, metastatic X
Trachea PO T T T T S T T S N S R A R S O
Bone marrow O T e T I N B SR I S I T T T
Sploon + + + + + + + + + + + + + + + + + + + + + + + + +
Mesothelioma, metastatic X
Hemangosarcoma
Lymph nodes PO T T S T T T T I . S R S TR SR S T
1‘{ mus O T R T T I S N R T R SR SR S S
Thymoma, benign
Heart P T T L T S S S T T T T TR T T S S S
Salivary giand + + o+ o+ v+ + o+ + + o+ o+ + o+ o+ o+ ¢
Fibrosarcoma
Liver PO R I R R T T R T T R S S SR S S + o+ o+
Neoplastic nodule
Hepatocellular carcinoma - X X
Bile duct + + o+ F A+ EF 4+
Gailbladder & common bile duct N NNNNNNNNNNNNNNNNNNNNNNNN
Pancreas [N I T T T ST TR TR TR R N T I R B
Esopha IR S T T T T B T R SR TR T R S S I
Stomac! S I R T T T T S T
Small intestine P T T S R S S S S T T T T T S S
Large 1atestine PR R A T A T TR S R T R R ST R R S S
URINARY SYSTEH
Kidney D I T T S T T T R T S TR T R Y R S SRR S 3
Unnary bladder L N T S T T S S S S R S S A . T R S Y
ENDOCHINE SYSTEN
P]tulury + + + + + + + + + + + + + + + +- + [ + + + +*
Carcinoma, NOS X
Adenoma, NOS X X X X X X X
Adrenal LR T R T R S S SR R S + + + o+ + +
Cortical adenoma
g?.oclllmmywm ) X X X § X X X X X
P ,
Thyrod L T T T T T e L I T T T
F{lhcuhr cell carvinoma X
C-cell adenoma X X
C cell carcinoms X
Parathyrod L T S T R T S R ST SR T S S S R D S SR S S
Panereatic islets LR T R T TR TR I T I T SR T T T TR I S
Islat cell adenoma X X
[slot cell carcinoma X
Mammary gland N + + + + +# N + 4+ + + + + + + + + + + + + + N + +
Fibroadenoms
Testis PR T R R T T R S S S S R R T T TP S N P Y
Interstitial cell tumor X X X X X X x X X X X X X X X x X
Prostate R R T TR T T T R R T N R S S S SN S S R S
Preputalchitoral glaad N N NNNNUNDNNNINNNNINNNNNNNNWNNN
Carcinoma, NOS
Bramn PR S T T TR T SRR T S S T T T R T S S S 3
Zymbal gland N N NNNNNUNNNNNNNNNNNNNNNNNN
Carciaoma, NOS
MUSCULOSKELETAL SYSTEM
Bone N NNNNNNNNNN N NNNNNNNNNNNN
K-mnﬂonmm X
Ameioblastic odontoma X
Muscie + NN NNNNNNNNNNNNNWN +NNNNNN
Fibrous histiocytoma, malignant
Pentoneum N NNNNNNNNNNNNNNNNNNNNNNNN
Paragaagiioma, malignant X
Tunica vagqinahis I A A T T T S S N + + + +
Mesothelioma, NO8 X
Mesothelioma, ma x
Multiple organs, NOS N NNNNNNNNNNNNNNNNNNNNNNNN
Leukemia, mononuclear cell X X X X X X X X X X X X x Xx X X X
Scrotum, NOS
Moesothelioma, invasive X
+  Tisue Examined Microscopically No Tissue Information Submitted
= Required Thsoue Not E d M picall C  Necropsy, No Histology Due To Protocol
X Tumor [ndence A Autolyns
N Necropsy, No Autol No M E M Animal Musing
§ Animal Missezed 8 No Nacropty Performed
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TABLF, A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: UNTREATED CONTROL

(Continued)
ANTMAL
NUMBER 2 3 0 o t i it 2l 2 2 2 3f 3 3 3 3 3 4 4 5
4] 6 9l 0 2[ 3 5 2l 7 o8 9 2| 3 5 6 7 S 4 9 o
TOTAL
WEEKS ON o 11 T 4 1 4 17 i1 17 11T | TISSUES
STUDY ol o o o o o o o o o o of of 0o o o |TUMORS
4 4 4 4 4 4 4 4l 4] 4 4l 4 4 4 4 4 4 4 4
INTEGUNERTARY SYSTEM
Skun PR T T T T O T T I S SRS R T T S N L *50
Squamous cell papilloma X 1
Basal coll carvooma X 1
Keratoacanthoma X x 4
Subcutaneous tissus PR R TEE A T T I I T I T T TR S R S S A R *50
Fibroma X X X 4
Neurofibrosarcoma X 1
Lungs and broach: O T T L T S I N R I S R R T S S 50
C cell carcinoma, metastatic L
Paraganglioma, metastatic 1
Trachea E o T A S R S S S T TR R S ST R T 50
Bone marrow R e R I T T T A - S R I T I e ) 49
Spleea P T T T T S T I S A R S R RN R TR R R . 50
Mesothehoms, metastatre L
smangossrcoma X 1
Lxmph aodes P L T TR I R SR S S R T T R S S 50
Thymus + = 4+ = = kot ot F O+ o+ FF P F O - F O+ O+ 41
ymoma, benign X 1
CIRCULATORY SYSTEM
Heart L S R T T T I S S T R T T 50
Salvary gland LR T S T S + + 4 + o+ + 50
Fibrosarcoma X 1
Liver L S T S T R T T R R T + o+ + + o+ o+ + 50
Neoplastac aodule X X 2
Hupatocellular carinoma X 3
Bile duct R R T T T R R T T S S S S S S S S 50
Gallbiadder & common bile duct N N NNNINIDNNNNNNNNIDNNNNNININNNNN *50
Pancreas LI A R T U Y I T R S S T Y T O R 49
Esopha; LA S S R T S A T T S S T R S S T R 50
s;omcr' LR I ST S L R TR S S SR SR TR R S I S S SR Y 50
Small intestine LR L B I S U T S T I T T R T I R 48
Large intestias L T S A R R R T R R A A R RS S 49
Kidaey LN I S R T T R S S SR S T S S e 50
Unnary bladder LI I R T SR N T T T T I T I N R R 49
Pitutary EIEE A R SR A T T T S N T R T R 50
Carainoma, NOS L
Adenoma, NOS X X X X X X X X X X 17
Adrenal L A T R T R T S S + o+ o+ + o+ o+ o+ 50
Cortical adenoma X X 2
Pheochromocytoma R x § X X X XX X X X X X X X X Zg
Thyroid LR N S A R TR T I + o+ o+ o+ o+ + o+ o+ o+ o+ 50
Follicular cell carcinoma 1
C-cell adenoma X X X X X X X X 10
C-cell carciaoma X X X s
Parathyrod LR I I T I R R S S T T S S R R 48
Pancreatic ulets LIRS R T T I T P R T R T R T R S R I R S I 49
Islet coll adenoma 2
Isiat coll carernoma X X X 4
REPRODUCTIVE SYSTEM
Mammary gland + N + N + + + + + + + + + + + + + + + + + + + + + 50
Fibroadenoma X 1
oatis O I R R S S S S S T T S S S S S S N 49
Inm-mm call tumor X XX X X X XXX XX X XXX XX XX X X X X X 41
Prostats [ R T L T T T T T R S R R SR T S 49
Preputisl/cistoral gland N NNNNNNNNNNNNNNNNNNNNNNNN *50
Carainoma, NOS X 1
Bramn + o+ L . T S T R I T S T T S S + 50
Zymbal glaad N NNNNNNNNNNINN + NNNNNNNNNNN *50
Carcunoma, NOS x
MUSCULOBRELETAL SYSTER
Bone N NNNNNNNNNNNNNNNNNINNNNNNN *50
Hema ma 1
Ame odontoma 1
Muscle N NNNNNNNNNNNNNNNNNN + NNNNN *30
Fibrous histiocytoma, mahgnant X
Pertonsum N NNNNNNNNNNNNNNNNN N N N NN *50
P:nnuhonn. malignant
Tuaea L S T L e T SR S R S + o+ + o+ + + *50
Mosot, N’OS
Mesothalioma, malignant
Muln N NNNNNNNNNNNNNNNNNNNNNNNN *50
mnon\-clnr coll X X X X X X X 24
Scrot\m.
Mesothelioma, 1nvasive 1
* Animals Necropsied

13
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-

YEAR FEED STUDY OF CHLORENDIC

ACID: LOW DOSE

NUMBER

WEEKS ON
STUDY

EEERERRER

of o 9of 9 9 9 9 9
of 3 4 5t 8| 7 7 8

783888]
4 1 6 8 9 9

T 0 1 4 0 1
42{2‘12‘{0‘
0200‘187

J{
!
8 9 2

T

Qe

0O

oy

X1

SO

INTECOMERTARY SYSTEN
Slan

Basal cell carcnoma

Keratoacanthoma
Subcutazeous tissue

Fibroma

Fibrosarcoma

Fibrous histiocytoma, malignant

+ o+ o+

+ + + o+ o+

+

+

+-

+

+

+ o+ o+ o+

+

X
+

+

+

"4

L':xlul A|M‘Pronc91 R

‘Alveolaribronchiol
Maesothelioms, cietastatic
Neurofibrosarcoma, metastatic

Trachea

+ + + + o+

-+ o+ o+

+

+

+

+

+

+

+

+

"t

+

+

4

+

Bone marrow
Spieen
Lymph nodes
eurofibrosarcoma, invanve
Thymus
ymoma, mahgnant

+++
+t+
+++

+ ++4+
+ +++
+ +++

]
+
]

+ +++

+++

+++

++ 4

i

+++

+ +++

+ +++

+++

+++

+++

+++

+ +++

et o+t

+ +4++

+ +++

+ ++4+

+ +++

+ +++

+ +++

Heart

+ + o+ o+

+

+

+

+

Oral canity " "
uamous cell paptiloma
s:sl?vnry gland
Fibrosarcoma

g‘llbhddnr & common bile duct

ancreas
Acinar cell adenoma

Smalil intestine
Large intestine

N NNNNN

+ + o+ o+ o+

R L

++++ +%+
t+++ +4+
+t4++ +4+
+++ 40+ 2y
++++ +2+
+t++ +2+¢

2

+

+

++++ +Z+

+

++++ +2+

+

++++ +Z+

+

+t+e++ +Z+

+

+

++++ +t4+

+

++4++ +2Z+

Z

+

+4++4+ +2Z+ M4

+

++++ +2+

+

++++ +2Z+

+

+

++++ + 2+

+

+

++e+ +24+

2
z
3

+

++++ + 2+ M4

+

++++ + 2+ ¢+

+

ettt 2+ He

+Z 4+ MM +

rrerey

+

1

+++t+ +24

z

+

+H++ +2+ Mg

+

+

++++ +2Z+

+

+

+t4++ +Z4

Kidney
Traositional cell carcinoma
Unnary bladder

+
+
+
+

+

+
+ M+

+

+

+

+

+

+

+

+

+

+

+

+

ENDOCRINE SYSTEM
Pitwa

Cax:zu., NOS

Adonolnu. NOS

rena|
Pheochromocytoma

Thyroid

Follicular cell adenoma

C-cell adenoma

C-coll carcinoma
Parathyrod

Adenoma, NOS
Pancreatic islets

Islet coll adenoma

Isiet coll carcinoma

+

+ +M +

+H+

+

+HM+M 4

+9

+

+

+

+ +M +

+ + e

+

+

+ M4

M4

Mt

+ +M 4+

+

+

+He e 4+

+

+

+H+

+

+

+

+ o+ R o+

+HeM o+

+

+

+ +M o+

o o+ o+

Mammary gland
Test!

18
Interstitial ceil tumor
Prostate
Preputial/clitorsl giand
Carcinoma, !‘{l o
mous ce ma
noma, Nd.

Z4+M+ 4+

L+ +

Zyr ++

Z+ ++

Z+H+ 2
Z+M++
Z+ +2
Z+ ++

Z+M+Z

2y o+

W24+ +

Z+M++

Z+H++
HZ+ 0+ +

Zyt +
ZeHy

MZ+ ++

Z++ +
Z4+M4+ +

NERVOUS SYSTEN
Brain
Carcizoma, NOS, invanive
Granular cell tumor, NOS

L S

M4

+

Tunica va

Muothom malignant

Multiple organs, NOS

Fibrous histiocytoma, malignaat
Malig. lymphoma, hists
Leukemia, mosonuclear cell

"z
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: LOW DOSE

(Continued)
ANTMAL i §§ 4 9 i g o u 4 g g i q g iq1I 1 1 1
NUMBER 1y 28 2 20 21 2 2 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4
8l 71 o 3 s 7 8] 9 of 1l 2 4 5| & 8 9 1 2 3 4 6 17 8 9
TOTAL.
WEEKS ON 11 1T o g I 171 BRI 1 I |TISSUES
STUDY o of of o 0 o o 0 o of of o 0 of o 0| 0 0 0’ of of o0 o 0 |TUMORS
4 4 4] 4] o 4] 4 4f 4f 4] 41 4] 4l 4 4| 4 4 4 4 o 4 4] 4 4 4
INTEGUMENTARY SYSTEM
Skin + N + + + + + + + + + + + + + + + + + + + + + + + *50
Basali ceil carcinoma X X 2
Keratoacantboma X X x@ 4
Subcutaneous tissue + N + + + + + + + + + + * + A o+ o+ o+ *50
Fibroma X X @ 4
Fibrosarcoma 1
Fibrous hustiocytoms, malignant X 1
Lunge and bronchy LR T JEE T T S AR [ T S sg
A fo | X
Alveolaridronchiolar carqnoma X 1
Mesothshoma, metastatic 1
Neurofibrosarcoma, metastatic X 1
Trachea LR I I T I TR T I N R I R IR A I R 50
Bone marrow E R N kTR S T I T T T R I O R 50
Spleen + P P+ b F A F F o F F o+ F A+ o+ o+ 50
Lymph nodes L R I I TR T R T T T T T . R S R T S R 50
eurofibrosarcoma, invasive X 1
Thymus L S A T R N S TR T T T T R S S R S R 39
ymoma, malignant i
Heart L I SR R T S R S N 50
Oral canity N N N N N N N N NNN N N N N *50
Squamous cell papilloma X X
Salivary gland LR I T O R B B S SRR T SR R T S S TR T S B 49
Fibrosarcoma X 1
Neurofibrosarcoma X 1
Liver LR S T T N B T TR S T I T T . T T R T N T N B 50
Neoplastic sodule X X X XXX XXTX X X X X XXX 21
Hepatocellular carcinoma X X X 5
Bile duct LR T T SR R S TR S S S S T 50
Gallbladder & common iie duct N NNNNNNNNNNNNNNNNNN+ NNNNN *50
Pa LR R R I A N T T S SR S S S S 50
Acipar cell adenoma X X X 4
Esop L T R A S R I S T T T S R S 50
Stomac EE T R e L T T S S R S S S e T T 50
Small intestine FEE S S T T R R T T T R S S SR A 49
Large 1atestine L S A T T T T T S S S S S R R A 50
Kidney + + + o+ + + F o+ o+ o+ R R + + + 50
Transitional cell carcinoma
Unnary bladder + + ¥+ + + o+ +  + o - 50
Pituitary + + F P+ o+ F A+ P+ ¥ + + + 50
Carcainoms, NOS 1
Adenoma, NOS X X X X X X X X x X X X X 22
na) + + + ¥ + + + 0+ L R . T T S T T T T SN T S 1 50
Pheochromocytoma X X X X X X x X X 17
Thyroid + + + + P T T O T P S R e 50
Follicular cell adezoma 1
C-cell adenoma X X X X X X 7
C-call carcinoma X X 3
Parathyroid + PR S S S e T I R T + + F e+ 49
Adenoma, NOS X 1
Pancreatic islets L R S R Y T R R S R S R T 50
[siet cail adenoma X X 5
Islet coll carninoma 1
Mammary gland + N + 4+ + + + + + + N + + + + 4+ + + + + + + + + + *50
Test1s L T T S S S R T S S S S S R S T R R S0
[ntarstitial cell tumor X X X X X X X X X X X XK XX X X xX 38
Prostate R T R L T T R T I T T T T T T T T S 50
Preputial/citoral gland N NN NNNUNNNNNNNNNNDNINNNNNNNN *50
Carainoma, r{l nllo X X X X ?
usmous ce ma
enoma, NOJ‘ X 1
NERVOUS SYSTENR
Brain I T T R T I e e T R I R e S R 50
Carcinoma, NOS, invanve 1
Granular cell tumor, NOS 1
Tunica vagnaiis PR I T T R T SRR N R R AR S T B TR I *50
Mesothelioma, malignant 1
Mult:ple orgaas, NOS N NN NNNNNI NI NNDNNNNNNNNNNNNNNN *50
&\:lmml hut;r:m?‘n. mahgnant %
1g. lymphoma, hstioeytic
L.uk“m):a.‘:nononuclur coll X b4 X X XX X X X X b4 X 22
¢ Animais Necropsied
@ Multiple occurrance of Morphology
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TABLE A3, INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-
YEAR FEED STUDY OF CHLORENDIC ACID: HIGH DOSE

ANIMAL 2[ 2 L 2fef A2 2
NUMBER gl ?4' 2] 3’711 0! 1] 4! Ol 5'712.[ 3[ 4| 4’ 3| 4 3| of 4 2 5 1 3
i 7 of 3 72 8 o 3 9o 2 2 3 7 i 2| e 1 5| s & of 8 8
6 7 7
4

WEEKS ON
STUDY nN 7
2 3 e 8

2
2]
4

4
3]

INTEGUMENTARY SYSTEM
Slan LR I T T TR R S R S SRR S S S S S St T S
Squamous cell carcinoma
Basal cell carcnoma
Keratoacanthoma
Subcutaneous tissue L T I T T I TR R R R S S S SR R T T P S

Sarcoma, NOS
Fibroma

Fibrosarcoma X X
Hemangosarcoma

Lungs and bronchy LR I I B A T S B TR S T B S N T R I R S A R
Alveolar/bronchiolar edenoma X X
Fibrosarcoma, metastatic X

Carcinosarcoma, metastatic
Trachea L R T T T R R S R TR T S T S

+
+
+
+
+

Bone marrow
Spleen

emangiosarcoma
Lymph nodes

C-coll carcinoma, metastatic
Carcinosarcoma, 1avasive
Hemangosarcoma, metastatic
Neurofibrosarcoma, metastatic X
Thymus L R T R T S T S

+ o+
+ ++
+ ++
t+

+ ++
+ ++
+ 4+
+ ++
+ ++
+ ++
+ ++
+ ++
++
++
++
++
++
++
++
++

+ 4+
v+
++

+

ot

Heart L A T T S S S S T L B T R I Y

+
+
+
+
+
+
+
+
+
+
+

Sabivary gland L T T T RS R S R )
Fibrosarcoma
Carcinosarcoma, 1avasive X

Liver + F F o+ e e
Neoplastic nodule
Hepatocellular carcinoma
Bile duct

Gallbladder & common bile duct
Pancreas

Acinar ceil adenoma

Esopha

Stomac!

Smail 1ntestine

Large 1atestine

"y

+
+
+
+
+
+
+
+
+*
+
+

+Z+

+4+
++++ +2+ ANt
++++ +2+ M+
++t+ +Z4+ M+
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+r++ +4+
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++++ +2Z+
++++ + 2+
++++ +%+
++++ +24
++++ + 24
+4+++ +2Zs
¥ttt +24y
++++ +24+¢
++++ +2+
++++ +4+
++++ +Z+

Kidoey
Unnary bladder
Trassitional cell papilloma

ENDGCRINE SYSTEM
Pitwitary + + + 4+ o+
Adenoma, NOS X
Pineal N NN NNNN
+

OLA! + + + + o+ o+
Cortical adenoma
Pheochromocytoma X
Thyrod PSR S T T R T T R I S
-cell adenoma
C-coll carcinoma
Parathyrod L T T T S N
Adenoma, NOS
Pancreatic islots LR S R R R R R R A
[slet cell adenoma
Islet coll carcinoma

++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
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+ +
+
++

+ 4 +
+ 4+
+ ZM+
<
z
2z
2z
+ 2 ¢
z
+M + Ze
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+
+
+
+
+
+
+
+ Z
*
+
+A o+ Z 4+

e o+ My
+

+

+
+

+ + M+
+ o+ M4
+

+
+

Mammary gland

Testis
Interstitial cell tumor

;mm“ll litoral
reputial/clitora
Ctpmnom. N()S‘l'md

Z+ ++
B+ +
Z+ + %
2+ ++
Z+ +2
Zr ++
Z+ ++
HMNZ+ v+
Z+ 4+
Z+ ++
Z+Mr
2+ +2
Z+M+ +
L+ ++
ZrAr+
Z+ ++
Z+ M+
Z+Ar +
Zyr o+
Z+M+ 2
ZyM++
M2+ ++
Zeny+
ZyM++
Z+ ++

NERVOUS SYSTEN
Brain PR P T T T R S S S SR S T T SR
Cartinoma, NOS, invasive
Astrocytoma

SPECTAL SENSE ORCANS

Zymbal gland + NN + NN NNNNNNNNNNNNNNNNNNN
Carcinoma, NOS X

Carainosarcoma X

BODY CAVITIES
Pentoneum N NN NNNNNNNNNNNNNNNNNNNNNN
Fibrosarcoma X

Neurofibrosarcoma X

ALL OTHER SYSTEMS

Mﬁl.t;plolom:;No‘?ndm NNNNNNNNNNNNI{NN
1g. lympho! 145

Louk'amzn.’mo:’:’uhnmum X X X X X X X X X X X ¥ X X X X

nz
z
2
2
z
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: HIGH DOSE

(Continued)
ANTMAL o H 2 X 2 zy 7 22 2 i T
NUMBER o o oy oy oy o2 2 2 2 2 3 3 3 3f 3 4 4 4 4
1 3 4 T 3 4 5 6 9 o sl 8 71 9 o 4 5 & 9 2 8 9
TOTAL
WEEKS ON T 1 BB I{ T T 1 oI 0 I 7 T | TISSUES
STUDY 0 0l o o o o o of of o 0! 0’ é( 0’ 0( Ol 0’ 0’ o o TUMORS
o 4 4 4l 4 4 4 41 4t &l 4 4] 4] 4f 4| 4 4 4 o 4 4 4 4 4
INTEGUMERTARY SYSTEM
Skun R T TR . e T R T R S R S T SR T SR SRS *30
Squamous cell carcinoma X 1
Basal cell carcinoma X 1
Keratoacanthoma X X X 3
Subcutaneous tissue + PO T T T T TR T S S S SO S S P *50
Sebaceous adenocarcinoma X 1
Sarcoma, NOS X 1
Fibroma X X X 3
Fibrosarcoma X 3
Hemangiosarcoms X 1
Ll:l'l aad broach: P S L T R R R { + i- + o+ o+ o+ o+ o+ o+ o+ o+ 50
L e e hranchialar ad X s
;nbroumna. metastatic 3
1
Trachea L T I LA R L I S R T R R 50
Bone marrow F S S T T T R I R S S P S T & 50
S%un + o+ PR R T N A . T T I TR R R T A T T 49
emangrosarcoma X 1
Lymph nodes + o+ o+ o+ + o+ + + + 4+ o+ o+ 50
C-cell carcinoma, metastatic X 1
Carcinosarcoms, 10VASIVe 1
Hema: reoma, metastatic X 1
Neurofidrosarcoma, metastatic 1
Thymus [ T T T T R S R R R N kR S B 3 38
Heart L N SR T A TR R R SR S S S S R T R 50
Salivary glaad PR R T T T T S R T S T S S I S 'Y 50
Fibrosarcoma X X X 4
Carninosarcoms, 10vasve 1
Liver L B T T T T R T T T TN T T S S SR S I R R A e 50
Neoplastic nodule X XX X XXX X X X X X X X X X X X X 23
Hepatocsllular carcinoma X 1
Bile duct MR T R R . 50
Galibladder & common biie duct N NNNNNNNNNNNNNNNNNNNNNNNN *350
Pancreas L T R R I T S R . T R R S T S S S 50
Acinar cell adenoma X X X X X X 8
Evop L N I R SR I I A A A T I R TR N N SRR T N S 49
Stomac. L R T T T R T S R R S S R R R S 50
Smalil intestine LR T SR T T T T T T N IR SR R R S N S 49
Large intestine PR I T S T T R PR R R T R R T PR R S e 50
URINARY SYSTTH
Kudoey LR A S R 2 A R R T IR TR T B N B L T A S R 50
Unaary bladder + + o+ + 4+ + + + PO T K T T S S S S 50
Trannitional ceil paplloma 1
Pituitary LR I N . T T T T T ST T T T T N N T T S R 50
Adenoms, NOS X X I XXX X X I X X X XXX 19
Pineal N NNNNNNNNNNN N NN NNNNNNN *50
Carcinoma, NOS X 1
nal L T T T I e S T T I R P S 50
Cortical adenoma X X 2
hromocytoma X X X X X X X X X X X X 15
Thyroud L I R R S T T R T T R TR I S S S S U R T 50
cell adenoma X X X XX X X X X 12
C-call carcinoma X X X 3
Parathyroid + o+ + o+ + -+ o+ + + + + + + + + o+ 48
noma, NOS X 1
Paacreatic islets L IR B T T SR A L R I T R T T I I + + 50
Islet coll adenoima X X XX X 8
Islet coll carcinoma X X 3
Mammary gland + + F + + N F e+ 50
Testis LR T S S e kT L S N S S S N S D R 50
Interstitial cell tumor X X X X X X XXX XX X 22
Prostate TR R T T T T TR T S D S S SR I T S T S S S L S ¥ 50
Preputialclitoral N NN NNNNNNNNNNNNNNNNNNNNNN *50
Carcinoma, N X X 4
Brain R S A L R S T T S S S S R e 50
Carcinoms, NOS, (nvasive X 1
Astrocytoma 1
SPECIAL SENSE DRGARY
Zymbal gland N NNN + NNNDNNINNNNNNNNNNNNNNN *50
Carcinoma, NOS 3
Cartinosarcoma 1
Pantoneum N NN NNNNNNNNNNNNNNNNNNNNNN *30
Fibrosarcoma 1
Nourofibrosarcoma 1
ALL OTHER SYSTEMS
Multiple organs, NOS N NNNNNNNNNNNNNNNNNNNNNNNN *50
Malig lympboma, undiffer type 2
Leukemis, taononuclear cell X X X X X X X X X X X X 28
*Animals Necropsied
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR
FEED STUDY OF CHLORENDIC ACID: UNTREATED CONTROL
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7
1

(X -X~]
(=K -X=]

1
0
0|

A Cn
RO
[~ X}

ANIMAL o 0 0 0 0f 0 o] 0] 0 o o] 0
NUMBER 71 5 5| 8 5 7 6 6 5 7 8
5 2 6 5| 4 0 o 3 9

ore

w0 O
re o
w o)
> o qu%
@ R

shoH vpao

8 o
WEEKS ON T
STUDY 8l 8 8 8 8 8§ 9 o 0

2l 71 7 7 & 9 1 2| 2

*w©
- X7}
~©
o
©w©
IS
WO

0 5 8
9 8 2

L~
& O

+
+
+
+
+

Subcutaneous tissue + + + + + 4+ o+ o+ o+ F o+ o+ o+ o+ F o+ o+ o+ o+ 4
Fibroma

Fibrosarcoma

Fibrous histiocytoma, malignant
Fibrous histiocytoma, metastatic
Hemangiosarcoma X

Lungs and bronchy + + + + + + + + + + + + + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+
Alveolar/bronchiolar adenoma
Trachea + o+ o+ o+ o+ o+

+
+
+
+
+
+
+
+
+
+
+
+
+

HEMATOPOIETIC SYSTEM
Bone marrow

Spleen

Lymph nodes

Fibrosarcoma, 1nvasive

Malhg. lymphoma, undiffer type
Thymus + + + + 4+ o+ o+

4+
+ 4+
+t+
4+
+ 4+
+++
4+
+M 4+
+++
+++
+t++
+++
+4+ 4+
+++
4+
++ 4
4+
+++
4+
4+
4+
+4++
+++
+++

+
+
|
+
i
|
+
+
+
+
+
+
+
+
+
+
+

CIRCULATORY SYSTEM
Heart + + + + + + + + + +
Neunlemoma

+
"+

Salivary gland
Liver
Neoplastic aodule
Fibrous histiocytoma, metastatic
Bile duct
Gallbladder & common bile duct
léanc}rx:as
s0p. s
Stomacgu
Small intestine
Large intestine

++
+4+
++
++
++
++
++
++
++
+

++
++
++
++
++
++
++
++
++
++
++
++
++
++

+++++2Z+ M+ +

+++++2+
+++++Z+
+++++2+
+++++2+
+++++Z+
+++++2+
+++++2+
+++++2+
+++++24+
+++++%+
+++++ 2+
+++++2+
+++++2Z+
+++++2Z+
+t4+++2+
+++++2Z+
+++++2+
24
+++++ 24+
++++ 1A+
+++++%4+
+++++2+
+++++ 2+
+++++%2+

Kidney
Urinary bladder

++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++
++

+
+
+
+
+
+
+
+

Pituitary
Carcinoma, NOS
Adenoma, NOS
Adrenal
Pheochromocytoma
Thyroid

Follicular cell adenoma
C-cell adenoma

C cell carcinoma
Parathyroid - 4+ + + + + + o+ o+
Adenoma, NOS
Pancreatic 1slets + o+ o+ o+ o+ o+ o+ o+
Islet cell carcinoma

+ o+
+ o+

+ +¥ o+
+ +X 4+
+H+ M+
+ + o+
+ +

+ + 4+
+ +™ o+
+ +H o+
+ +M 4
+ o+ 4

+ o+
e M+
+
+

+ o+ W+ o+ M
+ o+ M o+ o+

1

1

+

+

+

1

+

+
+ 0+ Mo+ o+ Rt
+ 0+ Mo+ 4

+ o+

+

Mammary gland + + + + + + + + + + + + + + 4+ 4+ o+ o+
Adenoma, N
Adenocarcinoma, NOS
Fibroadenoma
Preputial/chitoral gland
Carcinoma, NO

Uterus

Leomyosarcoma
Endometnal stromal polyp

+ Z
+ o+ 2
+ 2
+m2
+ ZM
+ 2N
+ Z
+ 2
+ ZN
Zn
2
ZN
+ M+ %
Z
Z
+MZR
+HWZ ® o+
+ ZW
+ 2w
+» + 2
+ Z»n
+ Zm

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

ary
Granulosa cell caranoma

NERVOUS SYSTEM

Bramn E I T T T T S S S T S S SR e R S
Carcinoma, NOS, invasive X
Angroma X

+
4

SPECTAL SENSE ORGANS
Zymbal gland N + NN NNDNDNINNINNNNNIDNNNNNNNNNN
Carcinoma, NOS X

BODY CAVITIES
Pentoneum N NN NNNNNNNIDNNNNNNNNNNNNNNN
Paraganglioma, malignant
Mesentery N NNNNDNDNDNNNNNNDNNNNNNNNNNNNN
Leiomyosarcoma, matastatic X

Multiple organs, NOS N NN NNNNNNNNNNNNNNNNNNNNNN
Carcinoma, NOS, metastatic X
Leukemia, mononuclear cell X X X X X X X

b

No Tissue Information Submutted
Necropsy, No Histology Due To Protocol
Autolysit

Animal Missing

No Necropsy Performed

Tissue Examined chmscopmlll&

Required Tissus Not Examined Microscopically
Tumor Incidence

Nacropsy, No Autolysis, No Microscopic Examination
Animal Missexed

w2+
WEFO

Chlorendic Acid, NTP TR 304 78



TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: UNTREATED
CONTROL (Continued)

ANIMAL o O [ [1] o O 0f [} of 0 O
NUMBER 6 6 o o 6 71 71 7 71 71 7 8 8 8 8 8 8 8 8 9 9 9 9 9 9
4 5| 7t 8 9f 2 34 4 8 7 9 of i 2 3 4 7 8 9 1 4 5 7 8 9
. TOTAL
WEEKS ON 1 17 I 17 U i1 1 I If 1 if I L i &f i 1 1p if If If i 1] 1 TISSUES
STUDY of o O O O o of o o o O O 0 of of o o 0o o O 0 (TUMORS
4] 4] 4] 4| 4] 4 4] 4] 4| 4| 4 4 4] 4] 4| 4] 4| 4| 4 4 4 4| 4 4 4
Subcutaneous tissue + + + o+ 4+ F + +F o+ o+ o+ A+ O+ o+ *50
Fibroma X 1
Fibrosarcoma X 2
Fibrous histiocytoma, malignant X 1
Fibrous histiocytoma, metastatic X 1
Hemangosarcoma 1
Lungs and bronchs + + + + + + + + + + + + + + + + + 50
Alveolar/bronchiolar adenoma X 1
Trachea + o+ o+ o+ o+ + 4+ + o+ o+ o+ o+ o+ o+ o+ + 50
REMATOPOIETIC SYSTEM
Bone marrow + + + o+ + + + o+ o+ F o+ o+ + o+t F A+ o+ o+ o+ o+ 50
Spleen L S R S A T T T T TR R R O T S IR S R 50
Lymph nodes LI R R S T T R R IR SRR T T T T T S R S R 50
brosarcoma, 1nvasive X 1
Malig. lymphoma, undiffer type 1
Thymus - 4+ + + 4+ o+ o+ F F o+ o+ — o+ o+ o+ -~ o+ 43
Heart L T L T . . T R I T ST S SE SR R S S S S 50
Neunlemoma b4 2
Salivary gland PO T R T T T TR T S S S S SENVER G SO 49
Liver L T S T T S R T S R S R T S S SR S S S S S 50
Neoplastic nodule 1
Fibrous histiocytoma, metastatic X 1
Bile duct + + + + o+ P+ o+ F O A+ 50
Galibladder & common bile duct N NN NNDNDNNNNNNNNNNNNNNNNNNN *50
Pancreas EEE N I I R R N T R R I N e 49
Esophagus + 4+ + + o+ o+ F o+ A+ o+ o+ o+ o+ o+ o+ o+ o+ o+ O+ o+ o+ 50
Stomcgu + + F + o+ + o+ A+ x 50
Small intestine LI I I S S AT TR I L R I S S R R SN R T I I N TR 50
Large intestine + o+ F o+ F P F A EE A E O+ + 50
URNARY SYSTEM
Kidney LR ST S L T T DL T T T R JE T R R R A R 50
Unnary bladder + + + + + + -+t o+t E o+ F A+ 49
Pitutary R T T A A R T R ST Y S S I T R e 50
Carcinoma, NOS 2
Adenoma, NOS X X X XXX XX X X X XX X X X X XX Xxx 31
renal L B R R R S T T T R I IR S R S B R R T I . T 2 50
Pheochromocytoma X 2
yroid + F + + F o+ A+ o+ o+ + + o+ o+ o+ 50
Follicular cell adenoma 1
C-cell adenoma X X X 7
C-cell carcinoma X X 2
Parathyroid + + + + - + + + + 4+ F 4+ o+ A+ F o+ o+ o+ 45
Adenoma, NOS X 1
Pancreaticislets + + + + + o+ + + + + + + o+ o+ o+ o+ o+ + + + o+ o+ 49
Islet cell carciroma X X 2
Mammary gland + 4+ + + o+ F o E A+ *50
Adenoma, NOS X 1
enocarcinoma, NOS 1
Fibroadenoma X X X X X X X X X X X X 22
Preputial/clitoral gland N NNNNNNN N NNNNNNNNNNNNNNN *50
Caranoma, NOS X 4
Uterus + + + + + + + + + o+ o+ + + o+ F o+ o+ o+ + o+ 4+ 50
Leiomyosarcoma 1
Endometnal stromal polyp X X X X [
ary E R S S T T S . S T e e e S T I R 50
Granulosa cell carcinoma X 1
NERVOUS SYSTEM™
Bran LI SR A T T I ST TS T S T T N R T 50
Carcinoma, NOS, invasive 2
Angioma 1
Zymbal gland N NNNNNNNNNNNNNNNNNNNNNNNN *50
Carcinoma, NOS 1
Pentoneum N NN NNNNNNNNNNNNNNNNNNNNNN *50
Paraganglioma, malignant X 1
Mrounury N NN NNNNNNNNNNNNNNNNNNNNNN ‘5?
Mgltxplo orp;l NOS N NN NNNUDNNNNDNNDNNNNNNNNNNNNNNN *50
, metast. 1
Leukemia, mononuclear cell X X X X X 13
¢ Animals Necropsied
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR
FEED STUDY OF CHLORENDIC ACID: LOW DOSE
T
i

ANIMAL i 1 1] 1 2 1] 1 1 1 1 1 1 1 1 1] 1
NUMBER 8 5 9o 8 o e 7 6 9o 7 7 9 7 8 5
st 1 9 2 o 1 6 7 2 9 e 8 of 2 3 4

1' Iy
8|

(=]

BOrd ~car
- O [AX--Y o

WEEKS ON o [VIRY
STUDY 8 6 8 8 8 9 9 9’ 9 g{ 9{ 9|
31 4 i 21 6 of 3] § 8 9|

-1

Subcutaneous tissue N 4+ + + 4+ + + 4+ + + + + + + + + + + +
Fibrosarcoma

+
+
+
+

"+

RESPIRATORY SYSTEM

Lungs and bronchi -+ + + 4+ o+ o+ o+ F o F o+t F o+ o+ F o+ o+ o+
Alveolarforonchiolar adenoma
Fibrosarcoma, metastatic
Trachea

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Bone marrow
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Lﬂmph nodes
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44
1 +++
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+t++4+
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¥
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+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+

DIGESTIVE SYSTEM

Salivary gland +
Sarcoma, NOS

Liver -
Neoplastic nodule
Hepatocellular carcinoma

Bile duct

Gallbladder & common bile duct

Pancreas
Acinar cell adenoma

+

+

+

+

+

+

+ o+

+ o+

+ o+

+ o+

+ o+

+ o+

+ +

+ o+

+ o+

+ M4
+
+
+
+
+
+

+
+
+
+
+

12

™

]

o

8
[
++++ +2Z+

Small intestine
Large intestine

++++ +2+
++++ +2+
++++ +2Z+
++++ +2Z+
++++ +ZA+
++++ +Z+M + o+
++++ +2Z+
++++ +2+
++++ +2Z+
++++ +2Z+
+H++ +24+
++++ +2Z+
++++ +Z4+
++++ +Z+
++++ +4+
++++ +4+
++++ +2+
++++ +2+
++++ +2+
++++ +2Z+
++++ +Z+MR+
T+ ML
++++ +2Z+

Kidney
Unnary bladder

i
++
++
++
++
1+
+
++
++
++
++
++
++
I+
++
++
++
++
++
+
++
++
++
++
++

ENDOCRINE SYSTEM

Pituitary +
Carcinoma, NOS
Adonolma, NOs

rena)
Pheochromocytoma
Thyrod +
-cell adenoma
C-cell carcinoma
Parathyroid +
Adenoma, NOS

+ + 4+ 4
+ +M 4+

+ + 4+ 4+

+

+

+ M4+ +M o+
+ +» o+
+ +M o+
+X+ 4+
+ + M4

+ M+ R+

+» + +

+ MW+ o+
+
+ +¥ 4+
+ +M 4

R ot B I
+ + o+
+ +M o+

+ M+ o+ +
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+ +# +

+
+
+
+
+

+
M+ 4+ M4
+
+

+
+
+

Z
+ M4 ZM
Z
Z
+ 2 Mo+
Zn
z

Mammary gland + + + o+
Adenoma, NOS
Adenocarcinoma, NOS
Fibroadenoma
Preputial/clitoral gland N
Carcinoma, NO
Uterus -+ + +
Endometmnal stromal polyp
Endometnal stromal

4]

+ M+ %
+ Zn
+ X+ ZM

+ Zm 4
+m2Z

+mZ
+ ZMH 4+

+
+

+ M+ Z
+

+ M+ oz
+

+ M+ 2
+
+

ary
Granulosa cell carcinoma

NERVOUS SYSTEM

rain
Cartinoma, NOS, invacive

"+
4

ALL OTHER SYSTEMS
Multiple organs, NOS N NN NNNNNNNNNNNNNNNNNNNNNN
Leukemia, mononuclear cell X X X X X X
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TABLE A4, INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: LOW DOSE

(Continued)
ANTMAL i O I 1] i If i I I 4 4§ i i 1 § 1 ¥ y I g i i 1
NUMBER e o 6 8 6 7 7 7 7 7 7| 8] 8 8 8 8 8 8 9 9 9 9 9 9 9
4 8 7 8] 9 1 3 4 s 7 8 1l 3 4 6 7 8 9 o 1 2 3 4 5 8
. T
WEEKS ON 7 1 I I T T 40 114y 17 1T 1 1 7 I 1 I 107 I 1 TISSUES
STUDY of o of of O O O o of o O O o o 0 o of o o o o o o of o TUM!
4f 4 4| 4 4 4] 4 4] 4] 4| 4| 4] 4] 4 4| 4| 4 4] 4 4 4 4| 4 4 4
Subcutaneous tissue L R T S S T I S TR S T R R S T R *50
Fibrosarcoma 1
Lungs and bronchi L T I R T C T T T S S 49
Alveolar/bronchiolar adenoma X 1
Fibrosarcoma, metastatic 1
Trachea + + F 4+ + + + + + o+ o+ + o+ o+ O+ o+ o+ o+ 50
REMATOPOIETIC SYSTEM
Bone marrow E T A T T T R T S S A T T I I I A e 50
Spleen + 4+ + F o+ o+ o+t o+ o+ o+ o+ o+ o+ o+ 49
Lymph nodes I L S T I I S T S A R e T T 50
Tﬂymus EE N T R T TS R T S S I A I G 4€
Heart PR T R S S S R R S TR S S S S T S R R S S 50
Salivary gland + + + o+ + O+ o+ o+ o+ o+ o+ + + o+ o+ o+ + + 50
Sarcoma, NOS X 2
Laiver P R S S R S S SR S R R T R S R R S + 49
Neoplastic nodule X X 3
Hepatocellular carcinoma X 3
Bile duct + + 4+ + + + o+ F o+ o+ 4+ E o+ o+ o+ + o+ o+ o+ o+ 49
Gallbladder & common bile duct N NNNNNNNNNNNNINNNNNNNNNNNN *50
Pancreas + + + + + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 49
Acinar cell adenoma 1
Esophagus L R TR T T T T S S T I R T A T 50
Stomacgu + + + + + + F F o+ F o+ o+ F o+ o+ 49
Small 1atestine L R T T T R I R S T SR T R R S S 4 49
Large intestine L R T T R R TR e TR T N Y T R T R R N 49
URINARY SYSTEM
Kidney +F 4+ F F F+ + F F F o+ F F o F O E A+ o+ 49
Unnary bladder L A T . T R T R R T S T R S R S S 47
ENDOCRINE SYSTEM
Pituitary L T R S S R T SR S S RN TR S SR S R S 50
Carcinoma, NOS X 3
Adenoma, NOS X X X X X X X X X X X X X X X X X X 34
Adrenal + + + o+ o+ + o+ + 4+ + + o+ o+ o+ o+ o+ o+ o+t 49
Pheochromocytoma X X 3
Thyroid + + + 4+ o+ + 4+ + 4+ + F 4+ b+ + o+ o+ o+ + o+ 50
C-cell adenoma X X X X X 10
C-cell carctnoma X X X 7
Parathyroid EEE I T R T R T T ST R S T T T T R 47
Adenoma, NOS 1
Mammary gland + + 4+ F o+ F A+ E A O Y+ *50
Adenoma, NOS X X X 3
Adenocarcinoma, NOS X X 5
Fibroadenoma X X X X X X X 18
Preputial/chitoral gland N N NN N N NNNN N NN NNNNNNNNN *50
Carcinoma, N X X X 8
Uterus + + 4+ F o+ + o+ o+ F F o+ + o+ o+ 49
Endometrnal stromal polyp X X X X X X X X X 15
Endometnal stromal sarcoma X 1
ary L A T T T T T T T R G A T S I I 49
Granulosa cell carcinoma X 1
NERVOUS SYSTEM —
Bran + + + o+ o+ okt F o+ o+ o+ +F o+ F o+ o+ o+ o+ 50
Carcinoma, NOS, 1nvasive X 3
ALL OTHER SYSTEMS
Multiple organs, NOS N NN NNDNNNNDNNNNNNNNNNNNNNNNN *50
Leuﬁama. mononuclear cell X X X X X X X X 15

* Animals Necropsied
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR
FEED STUDY OF CHLORENDIC ACID: HIGH DOSE

ANTMAL 2] 2 2] o 2F o o O 2T 21 o 24 2] 2 2 29 o 2
NUMBER 6 & 6 9 9 71 7 8 8 9 s 5 7 5 7 S5 S 5 5 5 5 6 6 6 8
20 20 of 8 9of 7 9 7 1| 1 4 3| 8 s | u 2 6 7 8 9 1 3 4| 5
WEEKS ON [ERY [4 O 0 O O O O I T I I I I i1
STUDY 8 71 71 7 T 8 8| BI 8' 8[ 9| 9' 9 0| O 1()_l o o o O o o o o o
3 3 7 7 7 o2 7 7 8 9 5 8 9 i 3| 4f 4| 4 4 4] 4| 4 4| 4 4
Subcutaneous tissue + o+ + o+ + + o+ o+ o+ o+ + F o+ F o+ o+ o+ o+ + o+ 4
Fibroma X
RESPIRATORY SYSTEM
Lungs and bronch + + o+ + + o+ o+ + F o+ o+ o+ E o+ o+ F E o+ F o+ o+ o+
Carcinoma, NOS, metastatic X
Alveolar/bronchiolar adenoma
Trachea L N R N e T T T T I S S S N T e
HEMATOPOIETIC SYSTEM
Bone marrow LR R T R T TR T S R SR R A S TR S S R )
Spleen L R e A T R S T S S SR R . R T S S S Y
Lymph nodes L N T T R S R N T S T T S S S
Carcinoma, NOS, metastatic X
Thymus + F = = 4+ F F o+ = =+t =+ o+ o+ o+ =+ =+ o+ o+ -
Heart + + + + + 4+ + o+ + o+ o+ o+ o+ o+ o+ + o+ o+ o+ o+ o+ o+ o+ o+ o+
Neunlemoma X
Salivary gland + + o+ + o+ F o+ + o+ o+ o+ + + + + + o+ + + + + + o+
Fibrosarcoma
Liver L T R B S S N T O + o+ o+ + o+ o+
Neoplastic nodule X X X X X
Hepatocellular carcinoma x
Bile duct + + + o+ o+ F F o+ o+ + o+ o+ o+ F o+ o+ o+ o+ A+
Gallbladder & common bile duct N NN NNNDNNNDNNNNNINNNNNNNNINNNN
Pancreas L A T T R R S A S L R TR S S S
Acinar cell adenoma b4
Esophagu[ LR I A . R S T T I TR ST SN S S S T T R
Stomac L R B T A T TN S T R TR S S R T R
Small intestine LI N A A T R R S S T S R S R S
Large intestine + + + + + + F o+ o+ + o+ F A+ o+ o+ o+ 4+ o+ o+ o+ o+
URINARY SYSTEM
Kidney L T S . R T S S S S S S S S S S
Unrinary bladder I S . T T S S S T + + + 4+ o+ o+ o+
ENDOCRINE SYSTEM
Pituitary L S N T R S e SR R N S S S
Carcinoma, NOS
Adenoma, NOS X X X X X X X X X
Adrenal + + + + o+ o+ +  + + + + + o+ o+ + o+ o+ o+ o+ 4
Pheochromocytoma
Thyroid + + + + + + + + + o+ o+ + +
Follicular cell adenoma X
C cell adenoma X X X X
C cell carcinoma X
Parathyroid + + + + = -+ F o+ F o+ o+ o+ o+ + + + o+ -+ o+ o+ o+
Adenoma, NOS
Mammary gland + + + 4+ + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ + + o+
Adenoma, NOS X X
Adenocarcinoma, NOS X
Fibroadenoma X
Preputial/ehtoral gland N NN NNNNNNNNNNINNNNNNNNNNNN
Carcinoma, NOS X
Adenoma, NOS
Uterus + o+ + + + o+ o+ o+ o+ o+ o+t + + + + + F o+ o+ o+ o+ F
Endometral stromal polyp X X X X
Endometnal stromal sarcoma X
ary + + + + o+ + F o+ o+ o+ o+ o+ o+ o+ R+ o+ 4+ o+ o+
NERVOUS SYSTEM
Brain EE S A T S I T T S T R S S S
Carcinoma, NOS, 1avasive
SPECIAL SENSE ORGANS
Zymbal gland N NNN 4+ NNDNNNNDNNIDNNNNNDNNNNNNN
Carcinoma, NOS X
ALL OTHER SYSTEMS
Multiple organs, NOS N NNNNNNNNNNNNNNNNNDNNNNNNN
Malig lymphoma, undiffer type X X
Leukema, mononuclear ceil X X X X X X X X X X
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: HIGH DOSE

(Continued)
ANTMAL 21 21 21 2T 21 o 2 2 2 2l 2 2 2 2] 2 2 3
NUMBER 6 6 6 6 7 T 7 7 7 7 8 8 8 8 8 8 8 9 9 9 9 9 9 9 o
el 7| 8 9 o0 2 3 4f 5 6 0 3 4 5 6 8 9 o 2 3 4 5 8 7 0
TOTAL
WEEKS ON 1 1 IT I I I I IT T | TISSUES
STUDY 0 of of 0o o o o o o o of of o o o o o 0 o o o0 o o0 0 0 |TUMORS
4 4 4 4 4 A 4 4 4 4 4 4 4 4 4 4 4l 4 4 4 4 4 4 4 4
Subcutaneous tissue L A A T S I S SR I N S I R S I T O O *50
Fibroma 1
RESPIRATORY SYSTEM
Lungs and bronch: L T S T S S S T S R T S S S R S S S 50
Carcinoma, NOS, metastatic 1
Alveolar/bronchiolar adenoma X 1
Trachea + + + + F + F F o+ F o+ A+ 4+ 4+ o+ o+ 50
HEMATOPOIETIC SYSTEM
Bone marrow + + + + + o+ F F o+ 4+ 4+ o+ o+ 4+ o+ o+ o+ o+ o+ o+ o+t 50
Spieen L R T T S S S T S R R S S T e 50
Lymph nodes + + + + o+ o+ E o F o F o+ o+ F E + o+ o+ o+ O+ o+ o+ o+ o+ 50
Carcinoma, NOS, metastatic 1
Thymus + o+ -+ =+ =+ = = = = 4+ = o+ o+ o+ o+ + -+ 33
CIRCULATORY SYSTEM
Heart + 4+ + + + + + +F + + F o+ F + + 4+t + o+ F o+ o+ o+ o+ 50
Neurilemoma 1
DIGESTIVE SYSTEM
Salivary gland + + + + + o+ + + 4+ + + + + + + 4 + o+ o+ 50
Fibrosarcoma X 1
Liver + 0+ + + + F F o+ + o+ o+ F o+ o+ o+ o+ o+ o+ 50
Neoplastic nodule X X X X X X 11
Hepatocellular carcinoma X X X X 5
Bile duct + + + + + + + o+ + F + o+ o+ o+ o+ o+ o+ 50
Gallbladder & common bile duct N NN NNINNNNNNNNNNNNNNNNNNNN *50
Pancreas L N T T T T S S R T T R N T A R S 50
Acinar csll adenoma 1
Esophagus L T T S TR R S I R R S S R S A A T e 50
Stomac! L R S S R R S S S R A T i SR S R S S S 50
Small intestine LR T T S S D TR S T R T S S I R R S 49
Large intestine + + + + + + + + + + F F A+ o+ F o+ + o+ F o+ o+ o+ o+ o+ 50
URINARY SYSTEM
Kidney FE S T T S S R T ST T S S S S S R S S S 50
Unnary bladder + + + + + o+ F o+ 4+ o+ 4+ o+ o+ + 48
ENDOCRINE SYSTEM
Pituitary + 4+ + + 4+ o+ F o+ F o E o+ o+ 50
Carcinoma, NOS X 1
Adenoma, NOS X X X X X X X X X X X X X X 23
Adrenal + + + + + + + + + + o+ 4+ + o+ o+ o+ o+ o+ 4+ 50
Pheochromocytoma X X 2
Thyroid + + + o+ F O+ o+ o+ + + + + + + + + o+ + o+ o+ 50
Follicular cell adenoma X 2
C cell adenoma X X X X X X X X 13
C cell carainoma X 2
Parathyroid + + + + F o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ + o+ o+ 47
Adenoma, NOS X 1
Mammary gland L S T T T G A ST S R E N S R R R R S *50
enoma, N X 3
Adenocarcinoma, NOS X 4
Fibroadenoma X X X 4
Preputialclitoral gland N N NN NNNNNDNDNNNNNNNNNNNNNN *50
Carcinoma, N X X X X X 8
Adenoma, NOS X 1
Uterus + + + + o+ + 4+ + + F o+ 4+ o+ o+ o+ o+ o+ o+ o+ o+ o+t 50
Endometnal stromal polyp X X X X X 10
Endometnal stromal sarcoma 1
Qvary + o+ + O+ + o+ o+ o+ o+ A+ o+ + + + + o+ o+ o+ 50
NERVOUS SYSTEM
Brawn + F F o+ F o+ F o+ o+ o+ o+ o+ o+ A+ + o+ o+ o+ o+ 50
Carcinoma, NOS, invasive X 1
SPECTAL SENSE ORGANS
Zymbal gland N NN NNDNNNNNNDNNNNDNNNNNNDNNNDNNNNN *50
Carcinoma, NOS 1
ALL OTHRER SYSTEMS
Multiple organs, NOS N NN NNNINNNWDNUDNWDNNNNDNNDNNNNNNNNNN *50
Malig lymphoma, undiffer type 2
Leuketn:a, mononuciear ceil X X X X X X 16

*Animals Necropsied
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APPENDIX B

SUMMARY OF THE INCIDENCE OF NEOPLASMS
IN MICE IN THE TWO-YEAR FEED STUDIES

OF CHLORENDIC ACID
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TABLE Bl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR
FEED STUDY OF CHLORENDIC ACID

Control Low Dose High Dose
ANIMALSINITIALLY IN STUDY 50 50 50
ANIMALS NECROPSIED 50 50 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50
INTEGUMENTARY SYSTEM
*Skin (50) (50) (50)
Papilloma, NOS 1 2%)
Squamous cell papilloma 1 2%)
*Subcutaneous tissue (50) (50) (50)
Sarcoma, NOS 2 (4%)
Fibroma 2 (4%) 1 2%) 1 (2%)
Fibrosarcoma 6 (12%) 7 (14%) 7 (14%)
RESPIRATORY SYSTEM
#Lung (50) (49) (50)
Hepatocellular carcinoma, metastatic 2 (4%) 4 (8%) T (14%)
Alveolar/bronchiolar adenoma 11 (22%) 2 (4%) 7 (14%)
Alveolar/bronchiolar carcinoma 5 (10%) 2 (4%) 3 (6%)
Sarcoma, NOS, metastatic 1 2%)
Fibrosarcoma, metastatic 1 (2%) 2 (4%)
HEMATOPOIETIC SYSTEM
*Multiple organs (50) 50 (50)
Malignant lymphoma, lymphocytic type 1 2%)
Malignant lymphoma, histiocytic type 1 2%) 2 (4%) 2 (4%)
Malignant lymphoma, mixed type 3 (6%) 1 (2%)
#Spleen (50) (49) 50)
Malignant lymphoma, histiocytic type 1 (2%)
#Lumbar lymph node (49) 47 (50)
Fibrosarcoma, metastatic 1 (2%)
#Liver (50) (49) (50)
Malignant lymphoma, histiocytic type 1 (2%)
CIRCULATORY SYSTEM
*Subcutaneous tissue (50) 50) (50)
Hemangiosarcoma 1 (2%)
#Spleen (50) (49) (50)
Hemangiosarcoma 1 2%)
#Mesenteric lymph node (49) 47 (50)
Hemangiosarcoma 1 (2%)
DIGESTIVE SYSTEM
#Liver (50) (49) (50)
Hepatocellular adenoma 5 (10%) 9 (18%) 10 (20%)
Hepatocellular carcinoma 9 (18%) 17 (35%) 20 (40%)
#Glandular stomach (50) (48) (49)
Carcinoma in situ, NOS 1 2%)
#Forestomach (50) 48) (49)
Squamous cell papilloma 1 (2%)
#Duodenum (50) an (50)
Adenomatous polyp, NOS 1 (2%)
#Jejunum (50) an (50)
Adenomatous polyp, NOS 1 (2%)
*Rectum 50 (50) (50)
Mucinous cystadenocarcinoma 2 (4%)
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TABLE Bl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR
FEED STUDY OF CHLORENDIC ACID (Continued)

Control Low Dose High Dose
DIGESTIVE SYSTEM (Continued)

*Anus (50) (50) (50)
Squamous cell papilloma 1 (2%)

Adenocarcinoma in adenomatous polyp 1 (2%)
URINARY SYSTEM

#Kidney (50) (49) (50)
Tubular cell adenocarcinoma 1 (2%)

Fibrosarcoma, metastatic 1 (2%)

#Urinary bladder (49) 48) (50)
Transitional cell carcinoma 1 (2%)

ENDOCRINE SYSTEM

#Anterior pituitary (48) 47 48)
Adenoma, NOS 1 (2%)

#Adrenal 49) 47 (49)
Hepatocellular carcinoma, metastatic 1 (2%)
Cortical adenoma 2 4%)

#Adrenal/capsule 49) 47 49)
Adenoma, NOS 1 (2%)

#Thyroid (50) 47 (50)
Follicular cell adenoma 3 (6%)

REPRODUCTIVE SYSTEM
#Testis (49) (48) 49)
Interstitial cell tumor 1 (2%)
NERVOUS SYSTEM
None
SPECIAL SENSE ORGANS

*Harderian gland (560) (50) 50
Papillary adenoma 3 6%

Papillary cystadenoma, NOS 2 (4% 2 (4%)
MUSCULOSKELETAL SYSTEM
*Muscle of neck (50) 50) (50)
Fibrosarcoma, invasive 1 (2%)
BODY CAVITIES
None
ALLOTHER SYSTEMS

*Multiple organs (50) (50) (50)
Fibrosarcoma, metastatic 2 (4%) 1 2%)
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TABLE Bl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR
FEED STUDY OF CHLORENDIC ACID (Continued)

Control Low Dose High Dose
ANIMAL DISPOSITION SUMMARY
Animalsinitially in study 50 50 50
Natural death 9 14 11
Moribund sacrifice 5 8 10
Terminal sacrifice 36 26 29
Accidentally killed, NOS 2
TUMOR SUMMARY
Total animals with primary tumors** 35 31 39
Total primary tumors 59 47 62
Total animals with benign tumors 21 11 22
Total benign tumors 31 14 24
Total animals with malignant tumors 23 27 27
Total malignant tumors 28 33 38
Total animals with secondary tumors# # 5 8 8
Total secondary tumors 6 10 8

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically.
** Primary tumors: all tumors except secondary tumors

# Number of animals examined microscopically at this site

## Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ
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TABLE B2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR
FEED STUDY OF CHLORENDIC ACID

Control Low Dose High Dose
ANIMALS INITIALLY IN STUDY 50 50 50
ANIMALS NECROPSIED 50 50 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50
INTEGUMENTARY SYSTEM
*Skin (50) (50) (50)
Carcinoma, NOS 1 (2%)
*Subcutaneous tissue (50) (50) (50)
Osteosarcoma 1 (2%)
RESPIRATORY SYSTEM
#Lung (50) (50) (50)
Adenocarcinoma, NOS, metastatic 1 (2%)
Alveolar/bronchiolar adenoma 4 (8%) 4 (8%)
Alveolar/bronchiolar carcinoma 1 (2%) 2 (4%) 2 (4%)
Osteosarcoma, metastatic 1 (2%)
HEMATOPOIETIC SYSTEM
*Multiple organs (50) (50) (50)
Malignant lymphoma, undiffer type 2 (4%) 1 (2%)
Malignant lymphoma, lymphocytic type 4 (8% 1 (2%) 2 (4%)
Malignant lymphoma, histiocytic type 2 (4% 2 (4%) 4 (8%)
Malignant lymphoma, mixed type 6 (12%) 12 (24%) 6 (10%)
#Spleen (50) (48) (50)
Malignant lymphoma, undiffer type 1 (2%)
Malignant lymphoma, histiocytic type 1 (@2%)
Malignant lymphoma, mixed type 1 (2%)
#Cervical lymph node (50) (50) (49)
Carcinoma, NOS, metastatic 1 (2%)
CIRCULATORY SYSTEM
*Skin (50) (50) (50)
Hemangiosarcoma, invasive 1 (2%)
#Spleen (50) (48) (50)
Hemangiosarcoma 1 (2%) 2 (4%)
#Liver (50) 49) (50)
Hemangiosarcoma, metastatic 1 (2%)
*Mesentery 50) (50) 50
Hemangiosarcoma 1 (2%)
#Uterus (50) (48) (50)
Hemangiosarcoma, invasive 1 (2%)
DIGESTIVE SYSTEM
#Liver (50) (49) (50)
Hepatocellular adenoma 2 (4%) 2 4% 3 (6%)
Hepatocellular carcinoma 1 (2%) 5 (10%) 4 (8%)
#Forestomach (50) (48) (50)
Squamous cell papilloma 3 (6%)
#Cecum (50) 49) (49)
Leiomyoma 1 (2%)
URINARY SYSTEM
None
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TABLE B2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR
FEED STUDY OF CHLORENDIC ACID (Continued)

Control Low Dose High Dose
ENDOCRINE SYSTEM
#Pituitary (48) én (50)
Carcinoma, NOS 1 (2%)
#Anterior pituitary (48) (CY)] (50)
Adenoma, NOS 12 (25%) 4 (9%) 3 (6%)
#Adrenal/capsule (50) (50) (50)
Adenoma, NOS 1 (2%)
#Adrenal medulla (50) 50) (50)
Pheochromocytoma 1 2%)
#Pancreatic islets (50) (49) (60)
Islet cell adenoma 1 (2%)
REPRODUCTIVE SYSTEM
*Mammary gland (50) (50) (50)
Adenoma, NOS 1 (2%)
Adenocarcinoma, NOS 1 (2%) 1 (2%)
Papillary cystadenoma, NOS 1 (2%)
#Uterus (50) (48) (50)
Leiomyosarcoma 1 (2%)
Endometrial stromal polyp 2 (4%) 1 (2%) 3 (6%)
#Ovary 49) (CY)) (48)
Cystadenoma, NOS 1 (2%)
Papillary cystadenoma, NOS 1 (2%)
Teratoma, NOS 1 (2%)
NERVOUS SYSTEM
None
SPECIAL SENSE ORGANS
*Harderian gland 50) 50) (50)
Carcinoma, NOS, invasive 1 (2%)
Papillary adenoma 1 (2%) 1 (2%)
MUSCULOSKELETAL SYSTEM
None
BODY CAVITIES
*Peritoneum (50) (50) (50)
Fibrosarcoma 1 (2%)
ALLOTHER SYSTEMS
*Multiple organs (50) (50) (50)
Fibrosarcoma, invasive 1 (2%)
ANIMAL DISPOSITION SUMMARY
Animals initially in study 50 50 50
Natural death 8 9 12
Moribund sacrifice 3 1 4
Terminal sacrifice 39 39 34
Accidentally killed, NOS 1
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TABLE B2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR
FEED STUDY OF CHLORENDIC ACID (Continued)

Control Low Dose High Dose
TUMOR SUMMARY

Total animals with primary tumors** 29 32 31
Total primary tumors 44 41 39
Total animals with benign tumors 20 14 14
Total benign tumors 24 15 14
Total animals with malignant tumors 19 23 22
Total malignant tumors 20 26 24
Total animals with secondary tumors# # 2 4
Total secondary tumors 2 6

Total animals with tumors uncertain--
benign or malignant 1
Total uncertain tumors 1

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically.
** Primary tumors: all tumors except secondary tumors

# Number of animals examined microscopically at this site

## Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-

YEAR FEED STUDY OF CHLORENDIC ACID: UNTREATED CONTROL

ANIMAL of O O O of of o] o o o o] of o 0o 9 o o 0o 0 0 o 0o O 0
NUMBER 20 21 2[ 3 3 2 2/ 3 1 i i i 1 o o o of o o o of o 1 i 1
1 7 6 of 9 4 2 3 2/ o 4 7 31 1 2 3 4 5 6 74 8 9 1l 5 6
WEEKS ON I 17 I 17 I I I 1 I 1 171
STUDY 2| 2| 3| 3| 5 6 71 7| 8 9 9 9 0‘ 0[ 0 0 of o 0 Ol 0| Ol 0’ 0 0
1 5 1 e 20 9 o 1 3 6 7 8 3 5 5 5 S S5 S S S5 S5 S 5 5
INTEGUMENTARY SYSTEM
Skin L S R T T T S R I R S R R SRR R S T
Papilloma, NOS
Squamous cell papilloma
Subcutaneous tissue + + + 4+ + + o+ 4+ o+ o+ o+ o+ o+ + + + + o+ o+ o+
Fibroma X
Fibrosarcoma X
Hemangiosarcoma X
Lungs and bronch1 + o+ + + o+ o+ o+ O+ o+ o+ + + + o+ o+ o+ o+ o+ o+
Hapatocellular carcinoma, metastatic X
Alveolar/bronchiolar adenoma X
Alveolar/ronchiolar carcinoma X
Fibrosarcoma, metastatic X
Trachea + + + F F o+ o+ F o+ o+ o+ o+ + o+ o+ o+
HEMATOPOIETIC SYSTEM
Bone marrow + + + F o+ o+ F F o+ P+ o+ F o+ o+ o+ o+ o+ o+ o+
Spleen + + + o+ F o+ o+ F o+ A+ o+ o+
L¥_mph nodes + - + + + + + + + + + F+ o+ o+ F o+ o+ o+ o+ o+ o+ o+ o+ o+
brosarcoma, metastatic X
Hemangosarcoma X
Thymus + -+ = = - - — e e e b =+ = = =+ - - 4+ = -
CIRCULATORY SYSTEM
Heart L I R T R T R T S R TR S N R R R S S .
Sahwvary gland + -+ + +F o+ o+ 4+ o+ o+ o+ F o+ A+ o+ o+ o+ o+
Liver + + F + F o+t F o F P A E E O+ o+ Y+ o+
Hepatocellular adenoma X
Hepatocellular carcinoma X X X X X X
Bile duct + + + + F o+ o+ o+ o+ F O+ o+ A A+ o+
Gallbladder & coramon bile duct + 4+ + + + N + + + + + + 4+ + + 4+ + + 4+ + + + + + N
Pancreas L T S T T TR S S S R S R S S
Esophagus LR T R T R T T S S T S R S S R S S N o
Stomacgu LR A T ARk S T S S S T I T S T T S T
Squamous cell papilloma X
Small intestine + + F o+ o+ o+ o+ o+ F F o F o+ F O+ O+ o+
Adenomatous polyp, NOS
Large intestine + + F F o+ o+ o+ F A+ o+ o+ o+ o+ oF o+
Rectum N NN NNNNNNN + NNNNNNNNNNNNNN
%uamous cell papilloma
enocarcinoma in adenomatous polyp X
Kidney + + + + o+ o+ o+ o+ + 0+ o+ + o+ + O+ o+ o+ o+ o+ o+
Tubular cell adenocarcinoma X
Unnary bladder + = + + + + + o+ + + + + + + + o+ o+ o+ o+ + +
SYSTEM
Pituitary LR S I R - T T R T T S TR SR R T R S
Adenoma, NOS X
Adrenal + + + + + + o+ 4+ o+ E -+ o+ +
Cortical adenoma
hyrou L R R R R A S T T R S T R A T 2
Parathyroid + + - + + = + 4+ F + -+ -+ -+ o+ A+ o+ o+ o+ o+ o+
Mammary gland N N NN NDNNNDNNNNNNNNINNINNNNNNNN
Testis + = + F F + + F F F o F F F o+ F E F O+ O+ O+ o+t
Prostate PR R S T S S S S S S S S R R S S T S S R
Brain P S R ST SR S SR SR S T S - S T R R
Hardenan gland N NNNNNNNNNNNNNNNNNN N NN NN
Papillary adenoma
Papillary cystadenoma, NOS X
Multipie organs, NOS N NN NNNNNNNNNNNNNNNNNNNNNN
Fibrosarcoma, metastatic X X
Malig. lym?hom, histiocytic type
Malignant lymphoma, mixed type
+ Tissue Examined Microscopically No Tissue Information Submitted
- Required Tissue Not Examined Microscopically c Necropsy, No Histology Due To Protocol
X Tumor Incidence A Autolysis
N Necropsy, No Autolysms, No Microscopic Exam:nation M Animal Missing
S Animal Missexed B No Necropsy Performed
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: UNTREATED
CONTROL (Continued)

ANTMAL o o of 0 o of 0] O] O o 0
NUMBER 1 2 2 20 2 31 3 3 3 31 3 3 41 41 4 4 4 4 4 4 4 4 5
8| 8 9 t| 21 4 5 e 7 8 o 1 28 3 4 5 6 7 8 9 o
) ] TOTAL
WEEKS ON 13111 71 N I I I I 1 I T TISSUES
STUDY g] l . of of 0 of o o0 o of o o o o o o0 o o o o} 0 JTUMORS
5 5 5 s 8 s s| s 5 5 s s 5 S 5 5 8 5 5
INTEGUMENTARY SYSTEM
Skin + + + + + F o+ o+ o+ o+ o+ o+ o+ A+ *50
Papilloma, NOS X 1
Squamous cell papilloma X 1
Subcutansous tissue R R . T A R N L T T S T T + + + o+ o+ *50
Fibroma X 2
Fibrosarcoma X -3
Hemangiosarcoma 1
Lungs and bronch: + + + + o+ o+ o+ o+ o+ o+ + + + + + + + + o+ o+ o+ 50
Hepatocellular carcinoma, metastatic X 2
A]vsohrlbronehmhr adonom X X X x x X X g 1 ;
i‘tbmumm, mmuuc 1
Trachea + + + + + + o+t o+ o+ + + + + + o+ o+ o+ 50
Bone marrow R T T R T e e T T I S R 49
Spleen FEE T S R R R R T IR SR T T T I A T 50
pnph nodes EE R R T T R I S R S T R S T S T T S S 49
1brosarcoma, metastatic 1
Hemangiossrcoma 1
Thymus - =+ 4+ + F -+ + b = =k = F o+ ot F = = = - 23
Heart LR A TR R T T T T R S S R IR S T R T N 50
Sllwnry gland + + + F +F o+ o+ o+ o+ o+ + + + 4+ o+ o+ 49
Liver + + P E o+ o+ o+ + FEE S R T T 50
Hepatocsllular adenoma X X X X 5
Hepatocellular carcinoma X X X 9
Bile duct L T R S TR S S T T SR T e I R I S I 50
Gallbladder & common bile duct R T S I N T T T R R T I T T S R R R R *50
Pancreas I T S I S T TR SR R N T T A R S T S S 50
Esopha, + + + + o+ o+ F o+ o+ + + o+ o+ 4+ o+ F o+ 50
Stomaci L R T T R I T SR TR T U R T ST T S 50
Squamous cell paprlloma 1
Small 1atestine LR T T I I S T R T I T I R R T R I S R 50
Adenomatous polyp, NOS X 1
Large intestine + + + + 4+ o+ o+ o+ o+ 50
Rectum N NN NDNDNNINNNNNNNNNNNNNNNNN + *50
%uamoul coli papilloma X 1
enoca in adenomatous polyp 1
Kidney + 4+ + F F L E O+ F A+t + 50
‘Tublar cell adenocarmnoma 1
Uninary biadder + o+ F 4+t F F o+ F F o+ o+ o+ o+ o+ + o+ ¢ + 49
Pituitary + + + + + F o+ o+ o+ o+ o+ o+ o+ o+ 48
Adenoma, NOS 1
nal L R T T R T T N SR S S S A R R T R R 49
Cortical adenoma X X 2
Thyrod L S L I T S R S S R . S S R A 50
Parathyroid + + + + =+ o+ o+ o+ F o+ F A =~ A+ + O+ o+ 43
Mammary gland N NN NNNNNNNN N NN NNN + N NN N *50
Testas + + + + o+ o+ F E o+ + + o+ o+ O+ O+ O+ o+ o+t 49
Prostate + + + o+ o+ F o+ o+ o+ + + + + + + + + 0+ + o+ 49
Brain LI I N A T T T T T R ST S N R A S T O T 50
Hardenan gland N NNNNNNNNNNDNNNINNINNNNNNNNNN *50
Papillary adenoma X X X 3
Papillary cystadenoma, NOS X 2
Maultiple organs, NOS N NNNNNNNNNNNN N NNNNNNNNNN *30
Haha vapheme, henoe x i
1g lymphoma, huistiocytic ¢;
Mlhgnant? mphoma, mixed t;g X X X 3

* Animals Necropsisd
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-
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Subcutaneous tissue + N + + + + + + + + + + + + + + + + + + + +
Sarcoma, NOS
Fibroma X
Fibrosarcoma X X X X X

Lungs and broncha + A+ + + + + + o+ o+ o+ o+ o+
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Sarcoma, NOS, metastatic
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Bone marrow
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DIGESTIVE SYSTEM

Salivary gland

Liver
Hapatocellular adenoma
Hepatocellular carcinoma
Malig. lymphoma, histiocytic type

Bile duct

Gallbladder & common bile duct

Pancreas

Esophagus

Stomac

Small intestine

Large 1ntestine
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Fibrosarcoma, metastatic
Unnary bladder

+ +
+

[
i+
+ o+
+ o+
+ +
+ o+
+ o+
+ +
+ +
+ +
+ +
+ o+
+ +
+ o+
+ +
+ o+
+

+ +
+ >+

+

+

+

+

+

SYOTEM
Pituitary
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Mammary gland
Testis
Prostate
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Brain + + -+ 4+ + o+ + o+

-4
z
2
2
4
Z
1
2
4
4
Z

SPECIAL SENSE ORGANS
Hardenan gland N NN NNNNNNNNN
Papillary cystadenoma, NOS

MUSCULOSKELETAL SYSTEM
Muscle N NN NNNNNNNNNNNNNDNNNNNNN
Fibrosarcoma, invasive X

ALL OTHER SYSTEMS

Multiple organs, NOS N NN NNNDNNNNNNNNNNNNNNNN
Fibrosarcoma, metastatic X
Malig. lymphoma, lymphocytic type X
Malig. lymphoma, histiocytic type
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: LOW DOSE

(Continued)
ANIMAL 0 I 1 1 1 1 1 1 1 1 § 1] 1 1 1 o 1 11 1 1 1] 1 1 I
NUMBER of o o O 1 1y 1 1 1 2} 21 21 2| 2| 3] 3] 31 3f 3 3 4/ 4 4 4| 4
3 st e 9 1 2 3[ s 7 of 1 3 € 8 o 1 2 3 4 6 1 3| 5 8 9
TOTAL
WEEKS ON 1 U 1 1 I I I 17 10 700 I 17 I I 1 I IT 4 I 11 I 1T TISSUES
STUDY o of o o of of o o of of o o o o o 0 o o o 0‘ o 0 0 0‘ 0 |TUMORS
5t 5 S 5 s 5 5 s s 5 5 5 5 5 s 5 § 5 5 5 5 5 5 5
INTEGUMENTARY SYSTEM
Subcutaneous tissue L T T o I I A T S S S e N S S *50
Sarcoma, NOS X X 2
Fibroma 1
Fibrosarcoma X 7
Lungs and bronch: + + 4+ + + o+ + + + + + + + + o+ + o+ F o+ O+ O+ o+ o+ o+ 49
Hepatocellular carcinoma, metastatic X X 4
Alveolar/bronchiolar adenoma 2
Alvealarbronchial x X 2
Sarcoma, NOS, metastatic X 1
Fibrosarcoma, metastatic 2
Trachea LR N R T T S ST R S S S R S S SN SR HE SR S 48
Bone marrow L T I T N < S S S S S R A 47
Spleen + + + o+ ot o+ F o+ o+ o+ o+ o+ o+ 4+ o+ o+ o+ 49
emangiosarcoma 1
Limph nodes + 0+ + + o+ 4+ o+ o+ o+ F o+ A+ o+ 47
Thymus - + = + + + =+ 4+ + + + -~ -~k = = - 4+ + - o+ - o+ o+ 27
Heart L SR A T T R TR R R S S R R S S R S 49
Salivary gland + + + F F o+ o+ o+ o+ F o+ o+ o+ o+ o+ -+ + + 4+ + 4+ o+ o+ 48
Liver L R T S S I R R S R S S S RS R S R 49
Hepatocellular adenoma X X X X X X X X 9
Hepatocellular carcinoma X X X X X X X 17
Malig lymphoma, hustiocytic type 1
Bile duct + + + + o+ o+ F o+ o+ F o+ o+ F A+ 49
Gallbladder & common bile duct LR T R S e A T T S T I N . *50
Pancreas + + + + + + + = + + + + + o+ o+ + + + 4+ + + + + + + 47
Esophagus L R . A S T T T T S T S TR S R N N 47
Stomac! + 0+ F F o+ F F F o+ F -+ o+ o+ o+ 48
Small intestine D T T O I e S SR U S S S S TS SR S S A 47
Large intestine + + + + + + + 4+ o+ o+ o+ F o+ -+ o+t 48
Kidaey + + + + + o+ o+ + o+ + 0+ + 4+ o+ o+ 4+ o+t 49
Fibrosarcoma, metastatic 1
Unnary bladder + + + + o+ + + + + + + + + + o+ + o+ 48
Pituitary + + + + F + F o+ o+ o+ o+ o+ o+ A+ O+ o+ o+ o+ 47
Adrenal L O I S TR S A N AUk S R T R S S I I R 47
Thyroid + 0+ + + o+ F o+ o+ F o+ o+ o+ A+ o+ o+ o+ 47
Parathyroud L R T T R T R S T R R R R 34
Mammary gland N NNNNNNNNNNNNNNNNNNNNNN N *50
Test1s + + + o+ o+ o+ o+ o+ o+ o+ o+ o+ + o+ o+ 48
Prostate + + + + o+ o+ + o+ F o+ o+ o+ o+ o+ o+ o+ 49
Bramn + + + + + + F o+ o+ F O+ F o+ O+ F O+ F T O+ o+ o+ 49
Hardenan giand N NN NNNNNNNNNNNNNNNNNNNNNN *50
Papillary cystadenoma, NOS X X 2
MUSCULOSKELETAL SYSTEM
Muscle N NN NNNNNNNNNNNNNNNNNNNNNN *50
Fibrosarcoma, invasive 1
Multiple organs, NOS N NN NNNNNNNNNNNNNNNNNNNNNN *50
ab{oulrcom;. mctluhti‘com 1
alig lymphoma, lym; ic type 1
Malig. lymphoma, hut?ocytw type X X 2
* Amimals Necropsied
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-

YEAR FEED STUDY OF CHLORENDIC ACID: HIGH DOSE

ANIMAL 2 2] 2 3
NUMBER 3l 3 3] 3 0 2 21 o 1 1 2| 4 [}
7 6 9 4 6 T o 9 8 0 2 5 4
WEEKS ON T I
STUDY 1 3 3| 3| 4 4 6 6 6 7 71 8 8 8 8 8 9 9 9 9 of o o of o
6 o 2[ 3f 1 7 of 7 9 4 e 3 3 4 5 7 o T 9o 9 21 4 4 4f 4
Subcutaneous tissue + + + + + + 4+ + o+ o+ o+ o+ o+ o+ o+ o+ o+ + + + + 4+
Fibroma
Fibrosarcoma X X X
Lupgs and broach: + + + + F o+ o+ o+ o+ o+ E o+ o+t + o+
Hepatocellular carcinoma, metastatic X X
Alveolar/bronchiolar adenoma X X X X
Alveolar/bronchiolar carcinoma X X
Trachea — + 4+ 4+ + o+ o+ o+ F o+ F o+ F o+ FEF O+ O+ O+ o+ +
Bone marrow + + + o+ F F o+ F o+ o+ F o+ o+ + F o+ o+ o+ 4+ o+ o+ 4+ o+
Spleen L T R T TR R S S R T R R T S S S S S
alig lymphoma, histiocytic type X
Limph nodes + o+ o+ o+ o+ o+ o+ o+ F O+ F E F F F E O+ o+ o+ o+
Thymus + = + + + -+ F - =+ - - = k- k= = =~ o+ -
Y SYSTEM
Heart + + + F + o+ o+ F F o+ o+ o+ + o+
DIGESTIVE SYSTEM
Salivary gland + + + + F 4+ + o+ + F o+ o+ o+ o+ o+ o+ o+ o+ o+ o+
Liver + + + + + + o+ o+ o+ F + F o+ o+ o+ O+ o+ o+ o+
Hepatocellular adenoma X X X
Hapatocellular carcinoma X X X X X X X X X X X
Bile duct L I T T T A T TR R R A R R T I
Gallbladder & commoa bile duct + + N + + + + + N + + + + + + + + + + + + + + + +
Pancreas -+ + 4+ o+ F o+ o+ o+ o+ o+ o+ o+ o+ o+ o+
Esophagus + + + F o+ F o+ P A+ =k F o+ o+ o+ o+ o+
Stomacg“ - 4+ 4+ F o+ F o+ F o+ o+ o+ A+ o+ o+ o+ o+
Carcinoma 1n situ, NOS
Small 1ntestine + + F + + o+ F o+ F F o+ F o+ o+ o+ o+
Adenomatous polyp, NOS X
Large ntestine -~ 4+ + + + + + 4+ + + + + o+ + + + o+ + F + + + + + o+
Rectum N NNNNNN + NN + NN NNNNNNNNNNNN
Mucinous cystadenocarcinoma X X
Kidney + + + + F F o+ o+ o+ o+ o+ o+ o+ 4
Unnary bladder LR T I T T R R T R T T R TR T T R R R
Transitional cell careinoma X
ENDOCRINE SYSTEM
Pitustary LR S R A T T T T S I SR SR N S T S R
Adrenal LR I T T R T TR T T TR TR TR ST T SN B S 4
Adenoma, NOS
Hapatocellular carcinoma, metastatic X
yrou + 0+ + o+ o+ o+ o+ o+ o+ + + + + o+ o+ o+ o+ o+ o+ o+ o+
Foilicular cell adenoma X
Parathyroid -+ + ~ + + = + + + - 4+ + + + F o+ o+ + o+ o+ o+
Mammary gland + NN NNNNNNNNNNINNNNNNNNNNNN
Testis L S TR - T T T T S S I R R R
Interstitial cell tumor X
Prostate + + + + + + + + o+ o+ + o+ o+ o+ o+ o+ 4+
NERVOUS 5YSTEM
Braiwn o S S S T ST S TS S S S SR SRS S S R T S T S S S SR
ALLUTHER SYSTEMS
Multiple organs, NOS N NNNNNNNNNN N NN NNNNDNNNNNNN
Mahg lymphoma, histiocytic type X
Malignant lymphoma, mixed type X
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: HIGH DOSE

(Continued)
ANTMAL 2l 21 2 21 2| 2 2T 2] 2 212 2 21 2
NUMBER UL 1 2 2 2l 2| 2 2| 3f 8| 3| 4] 4 4 4 4 4] 4 4 5
3 4 St 71 8 1 4 5| 6 8 o 1 5 of 1 2 3 4 & 77U 9 o0
TOTAL
WEEKS ON 1] T 1 1T o111 ITI 071 1 TISSUES
STUDY ol o 0 of o o of of o o o of o O o of of O 0 |[TUMORS
4] & 4| 41 4] 4 4 4| 4] 4] 4 4 4] 4] 4 4] 4 4 4
INTEGUMERTARY SYSTEM
Subcutaneous tissue + + + + F + o+ + o+ F o+ A+ o+ *50
Fibroma 1
Fibrosarcoma X X 7
Lungs and bronchy + + + + + o+ o+ o+ o+ o+ o+ o+ + + + + + o+ o+ o+ o+ 50
Hepatocallular carcinoma, metastatic X X X X X 7
Alv.olarlbmnchlohr adenoma X 7
hiolar carcy X 3
Tnchoa EE R T T T R I R I e O S S T T S S 49
HAEMATOPOIETIC SYSTEM
Bone marrow + + + 4+ + F o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ A+ o+ o+ o+ o+ o+ 50
Splean I R S T R S S T e S TR T S S S 50
Malig lymphoma, histiocytic type L
Lymph nodes + + + F F F F o+ o+ F o+ o+ A+ o+ o+ 50
Thymus + + + F -+ == -+~ o+t + A -+ - - 29
Heart + + + + + +F o+ o+ o+ o+ o+ o+ o+ o+ o+ F F o+ o+ o+ o+ o+ 50
Salivary gland + + + F F o+ o+ F o+ F F E ok F o+ o+ o+ 50
Liver L N A A T T R S S S S T R R N 50
Hepatocellular adenoma X X X X X X X 10
Hepatocellular carcinoma X X X X X X X X Xx 20
Bile duct + + + + + F F o+ o+ o+ F o+ o+ + o+ F o+ o+ o+ o+ o+ 50
Gallbladder & common bile duct N + 4+ + + + + N + + + + + + + + + + + N + + + + + *50
Pancreas + + + + + + + + + + o+ + o+ F o+ o+ o+ o+ 49
Esophagus + + + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 49
Stomac. LR R S T S T R R I S I T T S T A R S R S 49
Carcinoma n situ, NOS X 1
Small intestine + 4+ 4+ F o+ F o+ + A+t 50
Adenomatous polyp, NOS 1
Large intestine + + + o+ + o+ F o+ o+ o+ o+ o+ o+ o+ o+ A+ o+ o+ o+ o+ 49
Rectum N NNNNNDNNNNNNNNNDNNNNNNNNNNN *50
Mucinous cystadenocarcinoma 2
Kidney + + + 4+ + + o+ F o+ E F o+ 4+ o+ 4 50
Unnary bladder EE S T T T T S S S R T N A T R T S S 50
Transitional cell carxnoma L
SYSTEM
Pituitary + + + + + + + + 4+ 4+ + o+ + F + + + o+ o+ + o+ o+ 48
renal + + + + + F + + + + o+ + o+ + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 49
Adenoma, NOS X 1
Hepatocellular carcinoma, metastatic 1
Thyroid + 4+ + + + + + + + + o+ 50
Follicular cell adenoma X X 3
Parathyroid + o+ o+ + + + + 48
Mammary gland N NN NNNNNNNNDNNNNNNNNNNNNNNN *50
Testis + + + + + + o+ o+ + o+ o+ o+ o+ + + + + o+ o+ o+ o+ o+ 49
Interstitial cell tumor 1
Prostate + + + + + + + + o+ o+ o+ 50
Bram + + + + + + + + + + + + + + + + + + A+ o+ + o+ o+ 50
ALL OTHER SYSTEMS
Multiple organs, NOS N NN NNNNNNNNDNNNNNNNNNNNNNNN *50
Malig lymyhoma. histiocytic type X 2
Malignant lymphoma, mixed type 1

*Animals Necropsied
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR
FEED STUDY OF CHLORENDIC ACID: UNTREATED CONTROL

ANIMAL of O Of O 0 oy o o o 0 of of Of of of of 0 o o 0
NUMBER 8 8 8 9 6 8 6 9 9 7 8 5 5 S 5 S 5 5 S5 5 6 6 6 8 6
6 31 4 71 3 6 7 of 5 1 9 1 2 31 4 5 8 7 8 9 o 1y 2 4 5
WEEKS ON I 1 11 1Ir 1 17 1] 1 I 1T 1
STUDY 4 7| 71 8 8 8 9 9 9 9 9 OI o 0 OI o of o ot 0( j0-[ gl 0( oi 0
4 5 6 o 4 9 o 1| 3 e 9 5 5 S S5 5 5 s 5 s 5 5 5 5 5
Lungs and bronch1 + +F + o+ o+ o+ o+ o+ O+ o+t o+
Alveolar/bronchiolar carcinoma
Trachea Lk T T R S S S S S S L S T S
REMXTOPUIETIC SYSTEM
Bone marrow L T T N R A A T T R R S I T R
Spieen LR I T T T S S S S T R S R R S S R 3
Malig. lymphoma, undiffer type
Malg. lymphoma, histiocytic type
Limph nodes LR SR T R S N S R S T R N TR S S SR SR R Y
Thymus - 4+ F - =k =+ - F F o F F E F - F o+ o+ o+
SYOTEM
Heart LR R T I T S T T TR S S S R T S I T S A
Salivary gland - 4+ + 4+ o+ o+ o+ F F o+ o+ + + 4+ + o+ o+
1ver + + F + o+ o+ o+ o+ ot o+ ok o+ o+ F o+ o+ o+ o+
EopltocolMar adenoms X
llular
Bile duct LR S N T T R R R T i i e S T TR TR R S T
Gallbladder & common bile duct I I SR L T T TR S SR R S S R " SHNE R R S S N
Pancreas L T R T T T I S ST I S S SR SR T R S N S A
Esophagus L N S TR T T SRR TR S T T S S e
Stomac: LR T R R T S S R R R L 2 T SR T S T T S S S
Squamous cell papilloma X X
Small intestine + = + + + + o+ o+ + + o+ F o+ o+ o+ 4+ E o+ o+ 4
Large intestine + + + o+ F + F ot F o+ F o+ o+ 4+
Kidney LR I T T T R T S T T R R R R T S T
Urnary bladder LR A A T T I I N T O T T T T I R 2
ENDOCRINE SYSTEM
Pituitary + + + -+ o+ o+ A+ o+ + + 4+ +
Carcinoma, NOS X
Adenoma, NOS X X X X X X
Adrenal + + + + + F o+ 4+ b+ FF o+ F o+t o+ o+ 4
Adenoma, NOS
Pheochromocytoma
Thyrod L N SRR N T R S N T A T S R R T T T
Parathyroid + = + + -+ F = =+ o+ o+ FF - =+ o+ o+
Pancreatic 1slets + + + o+ o+ F o+ F + F o+ F o+ 4
Islet cell adenoma
Mammary gland + F +F F F o+ F o+ F o+ A+ o+ FF O+ A+ o+
Uterus EEE T A T T R T S R TN S R SR T SRR N N R S
Leiomyosarcoma
Endometnal stromal polyp X
ary L R T T T S S T R T S T S T A
Papillary cystadenoma, NOS X
Brain + + + F o+ F o+ o+ o+ o+ o+ o+ F o+ o+ o+
SPECTAL SENSE ORGANS
Hardenan gland N NN NN NINNNNNNNNNNNNNNNNNNNN
Papillary adenoma
ALL OTHER SYSTEMY
Mouitiple organs, NOS N NN NNNNNNNNNNNNNNNNNNNNNN
Malig. [ymphoma, undiffer type
Malig. lymphoma, lymphocytic type X X X
Malig. lymphoma, histiocytic type X
Malhignant lymphoma, mixed type X X X
+ Tissue E d M) Ity : No Tissue Information Submitted
- Required Tissue Not Examined Microscopically C : Necropsy, No Histology Due To P 1
X Tumor Incidence A Autolysis
N Necropsy, No Autolysis, No Macr pic E M Animal Missing
S Animal Missexed B No Necropsy Performed
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: UNTREATED
CONTROL (Continued)

ANTMAL o] 0] 0] O 6] 6] ‘6] "‘or_o o] o o] o 0 o 0] 0 o of o] o] o 1
NUMBER 6 6’ 7| 7! 7N 7 7 7 7 7 7 8 8 8 8 8 8 9 9 9 9 9 9 0
8 9| o0 2 3 4 5/ 6 7 8 9 o 1 2 5 7 8 1 3 6 8 9 ¢
TOTAL
WEEKS ON I 1 B R A R D R R O IT T I ir 171 TISSUES
STUDY 0 o o 0o 0 Of of of o 0’ 0| 0] 0 0 0] o o o o o o o o o 0 |TUMORS
5 5 8 8 5 s 5 5 5 58 5 5 5 5 5 S S S 5 5 5 S 5 5 5
Lungs and bronch1 + + 4+ + + + + + + o+ o+ + + + + + o+ + o+ 50
Alveolar/bronchiolar carcinoma X 1
Trachea + + + + F F F o+ o+ o+ o+ o+ O+ O+ 4+ + o+ o+ o+ + + + 50
HAEMATOPOIETIC SYSTEM
Bone marrow + 4+ + 4+ + o+ F F FF F O+ F O+ +F o+ o+ o+ o+t 50
Spleen + + F + o+ o+ o+ A+ o+ o+ o+ o+t 50
alig. lymphoma, undiffer type X 1
Mahg. lymphoma, histiocytic type X 1
Lymph nodes + + + o+ F o+ o+ F E o+ o+t 50
Thymus + + = = =+ o+ = F o+ o+ o+ o+ o+ -+ 39
Heart + 0+ + + 4+ o+ o+ F F o+ F F E 4+ o+ 4+ o+ 50
Salivary gland +F F F o+ o+ F F + + F o+ F o+ o+ o+ o+ o+ o+ o+ 49
Liver + o+ + 4+ o+ F F o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 50
Hepatocsllular adenoma X 2
Hepatocellular carcinoma X 1
Bile duct L A T T T R T S L S B T N O T S R T S R I 50
Gallbladder & common bile duct + + 4+ + + 4+ + + + + N + 4+ 4+ 4+ + 4+ + 4+ o+ o+ o+ o+ o+ o+ *50
Pancreas + o+ o+ o+ ok F F F A+ F o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 50
Esopha L R R T T T T T SR N T S T T R R N R 50
Stomaci + + + + + + + + o+ o+ o+ o+ F+F + o+ + + o+ + o+ o+ o+ o+ o+t 50
Squamous cell papilloma X 3
Small intestine + + + + + o+ o+ o+ o+ o+ o+ o+ o+ + o+ o+ o+ o+ o+ o+ o+ o+ 49
Large intestine + + + F o+ o+ o+ F o+ F F o+ o+ o+ o+ o+ o+ 50
Kidney L N S A R S R SR S R SR S S S R T N T 50
Unnary bladder L N S R R TR R S I S S N S T T 49
Pituitary LA A B IR R A T T T T I T T S R S R 48
Carcinoma, NOS 1
Adenoma, NOS X X X X X X 12
Adrenal LR I T T e T R I S S 2R T N T R 50
Adenoma, NOS X 1
Pheochromocytoma X 1
Thyroid FE S T T S S S S T T R T S R I S S 50
Parathyroid L T T T S S T S S e SR T T T T T 42
Pancreatic 1slets L T A R T S T R SN TR R ST S T S I S N I 50
Islet cell adenoma X 1
REPRODUCTIVE SYSTEM
Mammary gland B T O T T R S SR T S *50
Uterus + + + + + + + + 4+ + + o+ o+ + o+ o+ o+ o+ o+ o+ A+ o+ 50
Lewomyosarcoma X 1
Endometnal stromai polyp X 2
ary L T S R T R T e T T R T S R S S TR S S T 49
Papillary cystadenoma, NOS 1
NERVOUS SYSTEM
Brain L S A T T T T S S T T T T T S A 50
SPECIAL SENSE ORGANS
Harderan gland N NNNNNNDNNNNNNNNNNDNNNNNINNNN *50
Papillary adenoma X 1
ALL OTHER SYSTEMS
Multiple organs, NOS N NN NNNNUNNNNNNNNNNNNNIDNNNNN *50
Malig. lymphoma, undiffer type X X 2
Malg. lymphoma, lymphocytic type X 4
Malig. lymphoma, histiocytic type X 2
Mahgunant lymphoma, mixed type X X X 8
* Animals Necropsied
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR
FEED STUDY OF CHLORENDIC ACID: LOW DOSE

ANIMAL 1 1 1 1 1 1 i 1 i 1 1 i 1 4 1 1i[ 1 i y 1i[ I 3 1 I
NUMBER 7 6 8 71 9 9o 9 9 o 6 5 5 sl s 5 s 5 5 5 6 6 6 8
L 1 3 8 6 2t s 9f 1} 4 8 1| 24 31 4 S5 6 7 9 o 2| 3 S5 e 7
WEEKS ON 0 11 1 1 T 110 I I T
STUDY 1 20 34 8 1 7 7 8 8 9 0o o of 0 0{ o 9 0 0’ 0‘ o 0
S 9 o o s 7 7 4 8 7 3 s s s{ st 5 s s 5 5 5 s 5 s 5
INTECUMENRTARY SYSTEM
Subcutaneous tissue LN S SR T T R T S T R R R S T N S T S S R
Osteosarcoma X
L‘}“," and bronchy + + + + + + F o+ + F o+ o+ o+ o+ o+ o+ o+ 4+ + + o+ o+ o+
, matastat X
Alveolar/bronchiolar adenoma X
Alveolaribronchiolar carcinoma
Trachea L N A N T R TR R T T R TR S R N TR I
Bone marrow L S S R e S T T S S S S R S S R T
Spleen L e T T R I S S S S R I
emangiosarcoma X
Lymph nodes L T S T R S T S S R R I A I A 4
Taymus + + - 4+ = 4+ = -+ =+ o+ o+ o+ o+ F o+ o+ -+ o+ o+
Heart LI I I R e T R S I T R R R A T R S R
Salivary gland + 4+ + + 4+ o+ e+ o+ + + + o+ + o+ o+ o+ o+t
Liver L R T T S S T R R SR T R SR S SR S R R R R
Hepatocellular adenoma
Hepatocellular carcinoma X
Bile duct + + + = + o+ o+ o+ o+ F o+ o+ o+ + o+ o+ + o+ o+ o+
Gallbladder & common bile duct + + + NN + + + + 4+ + + + + + 4+ + + + + + + + + +
Pancreas L N A S T S S R I T R R R B R e
Esophagus + + - + + + + + F o+ o+ F o+ o+ o+ A+ o+
Stomac! L T R T T R S I T S T R R S S R S S
Small 1ntestine + + =+ F o+ o+ o+ F o o+ o+ o+ F o+ o+ o+ o+ o+ o+
Large 1ntestine E I T T S R T SR YR TR S S TR R R R R
Leomyoma X
Kidney L R O e T I SR S S S S SR T S S N
Urinary bladder + + - - 4+ o+ o+ o+ o+ o+ o+ o+ + O+ o+ + o+ o+ o+ o+
Pituitary + + =+ o+ F F o F o+ F F O+ F ot A+ o+
Adenoma, NOS X X
Adrenal I G R T S R T I R T R TR T T S R .
Thyroid EEE S T . T T S S SRS SR R T R
Parathyroid - = -~ 4+ =+ =+ + o+ F o F ot F = -+ -+ o+ -
Mammary gland + + N 4+ + + + + + + + + N + + + + N + + + + + + +
Adenoma, NOS
Adenocarainoma, NOS X
Papiliary cystadenoma, NOS
terus + + -+ -+ o+ + + + + + o+
Endometnal stromal polyp X
Ovary + o+ - = - o+ o+ + + o+ + o+ o+ o+
Cystadenoma, NOS X
Brain RO T R P ST T e T S T S R R TR SR T T T T
BODY CAVITIES
Peritoneum N NN NNINNNNNNNNNNNNINNNNDNNNN
Fibrosarcoma X
ALLOTHER SYSTEMS
Multiple organs, NOS N NNNNNNNNNNDNNNNNNNNNNNNNNN
g'dlblmulmm!:, mvalnvc N X X
alig lymphoma, lymphocytic type
Malig. iym hom: hm?ocym type X X
Malignant lymphoma, mixed type X X X X X
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TABLE B4, INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: LOW DOSE
(Continued)

TANIMAL ™ o U o I If I 11 i I 11 § . 1 I 1 § g g 4§ & 4 i o 1 2
NUMBER e 8 71 7 7N 7 N 7N 7 T 8 8 8 8 8 8 8 8 8 9 9 9 9 9 0
8 9f o 2| 3 4 S e 7 9 o 1 2| 4 5 6 7 8 9 0 3 4 7 8 0
TOQTAL
WEEKS ON I I I I 1T 1 -1 1 0o I 11 17 1 11 1 T 1 TISSUES
STUDY of of of of o of O Ol OI 0’ Ol ol 0 OI 0‘ 0| 0' 0 Ol 0, 0f 0 q 0 TUMORS
S 8 5 S 5 S S5 S S8 S5 5 S5 5 5 S 5 S5 S S5 S 5 5 s 5 S
INTEGUMENTARY SYSTEM
Subcutaneous tissue EEE T T S R T T S S S R A *50
osarcoma 1
RESPIRATORY SYSTEM
Ltinp and broachi P N T . T T TR T S S T S R S S e 50
q , met 1
lveolarfs hinl 3 X X X 4
Alveolar/bronchiolar carcinoma X X 2
Trachea + O+ F F o F o F FE EF o F o+ FF E o+ o+ r 49
Bone marrow LR I N T I T R R T T A R S T S 50
Spleen EEE S T T T T T S S T S T S SR S S T T S N 48
emangiosarcoma 1
Lxmph nodes L R R T T e S e T R S I N 50
Thymus L S e T T S T D R S A L e 39
Heart LR S I T S T D T I S e T I R R SR T T R 50
Salivary gland L N T T T S R T I S T S S N S CH T S N S T 50
Liver PR I T T T S T R N R + o+ o+ o+ o+ 49
Hepatocellular adenoma X X 2
Hepatocellular carcinoma X X X X 5
Bile duct + + + + F + F F A+ FF o+ A FE A+ 49
Gallbladder & common bile duct LR T T R T T R R R SRR I N TS S S SRR S *50
Pancreas + + + + F F F o+ b+ o+ o+ F o+ o+ 49
Esophagus D R R T T T R N T TR I TR K S T SR ST R S N T R 49
Smmeﬁu + + - + + + F+ o+ o+ F o+ o+ o+ F o+ o+ o+ 48
Small intestine L N S R R T T N B A S R S S R B R 48
Large intestine + + + o+ o+ F o+ FE O R+ 49
Leiomyoma 1
URINAKY SYSTEM
Kidney LI I T R I N L e T S T S T T S S T I 50
Unnary bladder + + L T T T e R A S A T S S 48
Pitutary + + + F o+ o+ 4+ o+ = F o+ F o+ F - o+ o+ o+ o+ o+ A+ o+ 4 47
Adenoma, NOS X X 4
renal N . R T TR S R R A T T R R I 50
Thyrod L R S T T BT S I S R S T T S T R T T T I R 49
Parathyroid + -+ F + F F — o+ o+ A+ -+ -+ A+ -+ 38
Mammary gland + + + + F F E A+ 4 *50
Adenoma, NOS X 1
Adenocarcinoma, NOS 1
Papiliary cystadenoma, NOS X 1
Uterus L R S T S R T R T I T T T N R T S R B G SR 48
Endometnal stroma] polyp 1
ary LR I I T T T T S I I R I I TR IR I R L N 47
Cystadenoma, NOS i
Brain + + + o+ o+ o+ F F P+ F F o+ F A+ o+ o+ 50
BODY CAVITIES
Pantoneum N NNNNNNDNNNNNNNNNNNNNNNNNNN *50
Fibrosarcoma 3
ALL UTHER SYSTEMS
Multiple organs, NOS N NNNNNDNNNNNNNNNNNNNNNNNNN *50
Fibrosarcoma, invasive 1
Malig. lymphoma, lymphocytic type 1
Malg lymphoma, histiocytic type 2
Malignant lymphoma, mixed type X X X X X X X 12
* Ammals Necropsied
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE

TWO-YEAR FEED STUDY OF CHLORENDIC ACID: HIGH DOSE

ANIMAL 2] 22 o 2 02T oL oy oy 2 2o 2T 22U o0 2 o 2N 2o 2] 2
NUMBER 7 8 9 8 9 5 6 8 9| 8 71 8 5 5 5 35 5 5 5 5 6 6 6 6‘ 8
9l 1 & 3 5 8 3] 8 8 2/ 8 o 6 3 2 1 4 5 7 9 of i 2 4 5
WEEKS ON T 17 17 IT I 17 1 I I I 1
STUDY o 6 6 7 8 8 8 8 8 8 9 9 9 o o of o o o o o o o 0 O
4 31 4 4 21 31 5 8| 5 7 o 0 5 2 3 4 4 4 4] 4 4] 4 4 4 4
Skin + + F 4+ o+ o+ o+ o+ o+ o+ + o+ o+ o+ o+
Carcinoma, NOS X
Hemangosarcoma, invasive
Lungs and bronch: + F + + F F o+ + + o+ o+ o+ + o+ o+ o+ o+ + + + + + o+
Alveolar/bronchiolar adenoma X X
Alveolar/bronchiolar carcinoma X
Qsteosarcoma, metastatic X
Trachea + + + + + + + o+ 4+ + + F o+ o+ F o+ o+ + o+ + + o+ o+
Bone marrow + o+ F F F F F F o+ F A+ F o+ F o+ o+ F
Spleen L R T T R R N A S T T R R S S R R S
Hemangiosarcoma X
Malignant lymphoma, mixed type X
Lymph nodes A + + + + + + + 4+ + + + + + + + + O+ o+ o+ o+ o+
Carcinoma, NOS, metastatic X
Thymus + o+ + o+ - -+ - - = = -+ + + -+ -+ o+ o+
CIRCUCATORY SYSTEM
Heart A+ + + + + + + + + + + + + + + + 4+ + + 4+ + + + +
DIGESTIVE SYSTEM
Salivary gland A + + + + + - 4+ + + + + 4+ 4+ + 4+ 4+ + + + + + o+ o+ o+
Liver L R S R R R S S S R R S S R S S S
Hepatoceilular adenoma
Hepatocellular carcinoma X X X
Hemangrosarcoma, metastatic X
Bule duct L R T T T S S R S I S T S S SR S
Galibladder & common bile duct + + + N + + + + + + + + N + N + + 4+ + + + + + + +
Pancreas L T SR T R S S A S SR SR S S S R S R S
Esopha, L S e T e S T T S S R R R T S R S R I S
Stomac! LR R T T T S T e S S S S S SHN S SR SR S S S
Small 1ntestine + + + o+ 4+ F F o+ 4+ o+ + o+ o+ o+ o+
Large intestine L R T R S T T S S R S R A T T A T e
URINARY SYSTEM
Kidney L S S S T S S e T T T T S S R S S S
Unnary bladder + F + o+ 4+ o+ o+ o+ F 4+ o+ F o+ o+ +
ENDOCRINE SYSTEM
Pituitary + + + o+ + o+ o+ o+ o+ o+ F o+ P A+ 4+ o+
Adenoma, NOS X
Adrenal L I I A A T I T T T T T I I N S S T N
Thyrod + + o+ F o+ F o+ o+ E A+ o+ o+
Parathyroid + -+ - - - 4+ + -+ o+ o+ o+ - -+ =+ -+ o+ o+ o+ o+
Mammary gland + + N + + N + + + + + + + + +F o+ o+ o+ o+ o+ o+
Adenocarcinoma, NOS X
Uterus + + + + + o+ o+ o+ + + + + + o+ + o+ o+ + o+
Endometnal stromal polyp X X X
Hemangiosarcoma, invasive
Ovary L O R ST S S R S Y L R T S S S R
Teratoma, NOS X
NERVOUS SYSTEM
Brain P R T T TR T ST S S S R S S S N S R S S R S
S
Hardenan gland N NNNNNDNNNNNNNNNNNNNNNNNNN
Carcinoma, NOS, 1avasive X
Papillary adenoma
Mesentery N NN NNNDNNNDNNNNNNNNNNNNNNNNN
Hemanghosarcoma
Multiple organs, NOS N NNNNNNNNDNNNNNNNNNNNNNNNNN
Malig. lymphoma, undiffer X
Mahg. lymphoma, lymphocytic type X
Mahg. 1ym¥hom, stiocytic type X X X
Malignant lymphoma, mixed type X X
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: HIGH DOSE

(Continued)
“ANIMAL 2 2 20 o1 21 2 21 21 2T 2 2 3§
NUMBER el e o & 7 7 7 o7 7 7 7 7 8 8 8 8 8 9 9o 9 9 9 9 9 o
el 71 8 9of of 1 2 3 4 5 e 7 4 5 e 7 9 o i 7 2 3 4 9 o
TOTAL.
WEEKS ON 1 1 03 7 I T T 1 11 I I TISSUES
STUDY o 0 of o O o o o o o o o o o o o of o o o 0 o o o0 0 |TUMORS
4] 4l 4] 4 4] 4] 4| 4] 4l 4 4 4] 41 4] 4 4] 4 4 4 4 S5 5 s s 5
INTEGUMENTARY SYSTEM
Skin L I S S R T ST S S R 2R T S S S T N S S S S *50
Carcinoma, NOS 1
Hemangiosarcoma, iavasive X 1
RESPIRATORY SYSTEM
Lungs and bronch1 L TR TR R T TR R R R SR TR TR T T S R S S N o 50
Alveolar/bronchiolar adenoma X X 4
Alveolaribronchiol X 2
Osteosarcoma, metastatic 1
Trachea L S T T T I T R . R R S S S T T S 50
HEMATOFOIETIC SYSTEM
Bone marrow LR AR 2 I T I I T I S T R R S T I R S A 49
Spleen E I R TR T T T S R S S A T S S S S S S SR S SRS S 50
emangiosarcoma X 2
Malignant {ymphoma, mixed type 1
Lymph nodes + + + + o+ + + + + o+ + o+ o+ o+ 49
Ca NOS, metastat
Thymus + o+ o+ o+ - + - o+ + o+ o+ = 4+ o+ o+ o+ o+ 38
Heart L R S S T R S R R S T R SR R N SRS ST R S 49
Sahwvary gland + LN I SR R R R R T S N T T R R e 48
Liver + + + F + + + o+ o+ o+ o+ o+ s 50
Hepatocellular adenoma X X 3
Hepatocellular carcinoma X 4
H giosarcoma, matastat 1
Bile duct + + + + F F o+ F o+ o+ F o+ F F o+ R+ F o+ o+ 4+ 50
Gallbiadder & common bile duct + + + + N + + + + + + + + + + + + + + + + + + + + *50
Pancreas LR I I D A I R T L R R T S T T S S T T R 50
Esophagus + + + o+ F A+ A+t 49
Stomac! LI IR I SRR T T T T S S T S N S SR S R S SR S 50
Small 1ntestine + + + + o+ 4+ F o E F F O F O F A A A A+t 50
Large intestine LEE T SR T T T T R T T S R S R R S SR T R 49
URINARY SYSTEM
Kidney + + + 4+ E R R T R S S T S R S S R I S 50
Urnary biaddar + + + o+ + + + + F F + + + + o+ + o+ o+ o+ o+ o+ o+ o+ 50
Piuitary LR I N L I D TR T R T T T R S S T T R I T R N 50
Adenoms, NOS X X 3
Adrenal + + + + + + + + o+ o+ o+ o+ E o F T+ F F o+ o+ o+ 50
Thyroid LN AL I AR T D T R I B I S T D T T T N R R 50
Parathyrod P I I S S T A S R S T S T e 37
Mammary giand + + + + + + + + + + + + + + + 4 + o+ o+ o+ o+ o+ *50
Adenccarcinoma, NOS 1
Uterus + + + + + + + + + + + + o+ + + 50
Endometnal stromal poiyp 3
Hemangiosarcoma, 1nvasive X 1
ary L I T T R T T R R T R S R R R e 48
Teratoma, NOS 1
RERVOUS SYSTEM——
Brain + + + + + + o+ F o+ o+ o+ F o+ F 4+ o+ o+ 50
SPECTAL SENSE ORGANS
Hardenan gland N NN NNDNNNDNNNNNNNNNNNNNNNNN *50
Carcinoma, NOS, iavasive 1
Papillary adenoms X 1
BODY CAVITIES
Mosentery N NN NNNNNNNNNNNNNNNNNNNNNN *50
Hemangiosarcoma X 1
ALL OTHER SYSTEMS
Multiple organs, NOS N NN NN NNNNNNNNNNNNNNNNNNNN *50
Malig. lymphoma, undiffer type 1
Malig. lymphoma, lymphocytic type X 2
Malhyg. lymyhomt. histiocytic type X 4
Malignant lymphoma, mixed type X X X 5

* Animals Necropsied
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APPENDIX C

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC
LESIONS IN RATS IN THE TWO-YEAR FEED STUDIES

OF CHLORENDIC ACID
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TABLE C1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE
TWO-YEAR FEED STUDY OF CHLORENDIC ACID

Control Low Dose High Dose
ANIMALS INITIALLY IN STUDY 50 50 50
ANIMALS NECROPSIED 50 50 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50
INTEGUMENTARY SYSTEM

*Skin (50) (50) (50)
Inflammation, suppurative 2 4%)

Necrosis, focal 1 (2%)

*Subcutaneous tissue (50) (50) (50)
Hemorrhagic cyst 1 (2%)

Inflammation, acute/chronic 1 (2%)
RESPIRATORY SYSTEM

#Trachea (50) (50) (50)
Inflammation, suppurative 1 (2%)

#Bronchial mucosa (50) (50) (50)
Hyperplasia, focal 1 (2%)

#Lung (50) (50) (50
Congestion, NOS 2 (4%) 1 (2%)
Edema, NOS 1 (2%) 1 (2%)
Hemorrhage 3 (6%) 1 (2%)
Pneumonia, aspiration 1 2%)

Inflammation, suppurative 1 (2%)

Inflammation, chronic 3 (6%) 5 (10%) 6 (12%)
Inflammation, chronic focal 5 (10%) 4 (8%)
Inflammation, granulomatous focal 3 (6%) 1 (2%) 1 (2%)
Alveolar macrophages 1 2% 1 (2%)
Hyperplasia, alveolar epithelium 1 2%) 1 (2%) 1 (2%)
Metaplasia, osseous 1 (2%)

HEMATOPOIETIC SYSTEM

*Multiple organs (50) (50) (50)
Hyperplasia, lymphoid 2 (4%) 5 (10%) 2 (4%)

#Bone marrow (49) (50) (50)
Atrophy, NOS 1 (2%)

Myelofibrosis 1 (2%) 1 (2%) 2 (4%)
Hyperplasia, hematopoietic 1 (2%) 3 (6%)

#8Spleen (50) (50) 49)
Congestion, NOS 2 (4%)

Fibrosis 1 (2%)
Fibrosis, focal 1 (2%)

Infarct, acute 1 2%)

Infarct, healed 1 (2%)

Hemosiderosis 2 (4%) 2 (4%)
Atrophy, NOS 1 (2%)

Hyperplasia, reticulum cell 1 (2%)

Hematopoiesis 1 (2%) 1 (2%) 1 (2%)

#8Splenic capsule (50) (50) (49)
Fibrosis, focal 1 (2%)

#Splenic follicles (50) (50) (49)
Necrosis, NOS 1 2%) 1 (2%)

#Mandibular lymph node (50) (50) (50)
Hemorrhage 1 (2%) 1 (2%)

Inflammation, suppurative 2 (4%)

Abscess, NOS 1 (2%)

Necrosis, NOS 2 4%

Pigmentation, NOS 1 (2%)

Erythrophagocytosis 2 (4%)

Hyperplasia, plasma cell 12 (24%) 16 (32%) 8 (16%)
Hyperplasia, lymphoid 2 (4%) 5 (10%) 6 (12%)
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TABLE C1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE
TWO-YEAR FEED STUDY OF CHLORENDIC ACID (Continued)

Control Low Dose High Dose
HEMATOPOIETIC SYSTEM (Continued)

#Mediastinal lymph node (50) (50) (50)
Congestion, NOS 1 (2%)
Hemorrhage 1 (2%) 4 (8%) 3 (6%)
Pigmentation, NOS 7 (14%) 4 (8%) T (14%)
Erythrophagocytosis 4 (8%) 5 (10%) 6 (12%)
Hyperplasia, plasma cell 1 (2%) 1 2%)
Hyperplasia, reticulum cell 1 (2%)
Hyperplasia, lymphoid 1 (2%)

#Hepatic lymph node (50) (50) (50)
Hemorrhage 1 (2%)

#Pancreatic lymph node (50) (50) (50)
Hemorrhage 1 2%)

Necrosis, NOS 1 (2%)

Pigmentation, NOS 3 (6%) 5 (10%)
Hyperplasia, reticulum cell 1 (2%)
Hyperplasia, lymphoid 2 (4%)

#Mesenteric lymph node (50) (50) (50)

Hemorrhage 1 (2%)

Necrosis, NOS 2 (4%)

Pigmentation, NOS 16 (32%) 4 (8%) 2 (4%)
Hyperplasia, plasma cell 1 2%)

Hyperplasia, reticulum cell 1 (2%)
Hyperplasia, lymphoid 3 (6%) 4 (8%)

#Renal lymph node 50) (50) (50)

Hemorrhage 1 (2%)
Necrosis, NOS 1 2%)
Pigmentation, NOS 3 6%) 1 (2%) 1 2%)
Hemosiderosis 1 2%)
Erythrophagocytosis 1 (2%)
Hyperplasia, lymphoid 1 2%)

#Brachial lymph node (50) (50) (50)
Hemorrhage 1 (2%)

#Lung (50) (50) (50)
Leukocytosis, NOS 1 (2%) 2 (4%)
Hyperplasia, lymphoid 26 (52%) 28 (56%) 18 (36%)

#Hepatic sinusoid (50) (50) (50)
Leukocytosis, NOS 1 2%

#Kidney 50 (50) 50
Hyperplasia, lymphoid 8 (16%) 19 (38%) 15 (30%)

#Thymus (41) 39 36)
Abscess, NOS 1 (3%)

#Thymic lymphocytes 1) 39 36)
Necrosis, NOS 1 (2%)

CIRCULATORY SYSTEM

#Mandibular lymph node (50) (50) (60)
Lymphangiectasis 10 (20%) 16 (32%) 10 (20%)

#Mediastinal lymph node (50) (50) (50)
Lymphangiectasis 3 (6%)

#Mesenteric lymph node (50) (50) (50)
Lymphangiectasis 2 (4%) 2 (4%) 6 (12%)

#Renal lymph node (50) (50) (60)
Lymphangiectasis 1 (2%)

#Lung (50) (50) (50)
Thrombus, organized 1 (2%)

#Heart (50) (50) (50)
Myxomatosis, cardiac valve 8 (16%) 13 (26%) 8 (16%)
Inflammation, chronic 2 (4%) 1 (2%)
Fibrosis 2 (4%) 2 (4%) 2 (4%)
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TABLE C1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE
TWO-YEAR FEED STUDY OF CHLORENDIC ACID (Continued)

Control Low Dose High Dose
CIRCULATORY SYSTEM (Continued)

#Heart/atrium (50) 50) (50)
Thrombus, organized 1 (2%) 3 (6%) 4 (8%)
Thrombus, canalized 1 (2%)

Thrombus, fibrin 3 (6%) 3 (6% 1 (2%)
Fibrosis 1 2%)

#Right atrium (50) (50) (50)
Thrombus, fibrin 1 2%)

#Left ventricle (50) (50) (50)
Thrombus, fibrin 1 2%)

#Myocardium (50) (50) (50)
Inflammation, chronic 1 2%

Fibrosis 32 (64%) 42 (84%) 30 (60%)

*Hepatic artery (50) (50) (50
Thrombus, fibrin 1 (2%)
Inflammation, chronic 1 (2%)

*Sup. panc-duod. artery (50) (50) (50)
Inflammation, chronic 2 (4%)

*Mesenteric artery (50) 50) (50)
Inflammation, chronic 1 2%

#Liver (50) (50) (50)
Thrombus, organized 1 (2%)

#Adrenal medulla (50) (50) 50)
Thrombus, organized 1 (2%)

DIGESTIVE SYSTEM

#Liver (50) (50) (50)
Hernia, NOS 1 (2%) 1 (2%)
Congestion, NOS 1 2%)
Hemorrhage 1 (2%)

Inflammation, NOS 1 (2%)

Inflammation, suppurative 1 (2%)

Inflammation, chronic focal 1 (2%)

Inflammation, granulomatous 1 2%)
Inflammation, granulomatous focal 1 (2%) 1 (2%)

Fibrosis, focal 1 (2%)
Cholangiofibrosis 12 (24%) 18 (36%) 15 (30%)
Hepatitis, toxic 12 (24%) 9 (18%) 15 (30%)
Degeneration, cystic 13 (26%) 32 (64%) 31 (62%)
Necrosis, focal 1 (2%)

Necrosis, coagulative 3 (6%) 4 (8%) 1 (2%)
Infarct, NOS 1 (2%)
Metamorphosis, fatty 1 (2%) 1 (2%) 2 (4%)
Pigmentation, NOS 1 (2%) 1 2%) 1 (2%)
Facal cellular change 15 (30%) 32 (64%) 20 (40%)
Atrophy, NOS 1 (2%)

Hyperplasia, NOS 2 (4%) 2 (4%)
Hyperplasia, focal 4 (8%) 1 (2%)
Angiectasis 4 (8%) 3 (6%) 4 8%)

#Liver/centrilobular (50) (50) (50)
Metamorphosis, fatty 1 2%

#Liver/periportal (50) (50) (50)
Inflammation, chronic 4 (8%)

#Bile duct (50) (50) (50)

Cyst, NOS 1 2%) 1 (2%)
Hyperplasia, NOS 31 (62%) 42 (84%) 41 (82%)

#Pancreas 49) (50) (50)
Inflammation, chronic 1 2%)
Inflammation, chronic focal 1 (2%)
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TABLE Cl1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE
TWO-YEAR FEED STUDY OF CHLORENDIC ACID (Continued)

Control Low Dose High Dose
DIGESTIVE SYSTEM (Continued)

#Pancreatic acinus 49 50) (50)
Atrophy, NOS 8 (16%) 7 (14%) 1 2%)
Atrophy, focal 2 (4%) 2 (4%)
Hyperplasia, focal 4 (8%) 4 (8%)

#Esophagus (50) (50) 49)
Hyperkeratosis 1 (2%) 1 (2%)

#Gastric mucosa (50) (50) (50)

Ulcer, perforated 1 (2%)
Acanthosis 1 (2%)

#Glandular stomach (50) (50) (50).

Ulcer, NOS 1 (2%)
Ulcer, acute 2 (4%) 1 (2%)
Ulcer, chronic 1 (2%) 1 2%)
Necrosis, NOS 1 2%
Necrosis, focal 5 (10%) 4 (8%) 1 2%)

#Gastric submucosa &0 (50) 50
Edema, NOS 2 (4%) 2 (4%) 1 2%)
Hemorrhage 2 (4%)

Inflammation, suppurative 1 (2%)
Fibrosis 1 (2%)

#Forestomach (50) 50 50
Hemorrhage 1 2%)
Ulcer, NOS 3 (6%) 1 (2%)
Inflammation, suppurative 2 (4%) 2 (4%)
Ulcer, acute 1 (2%)

Inflammation, acute/chronic 1 (2%)

Ulcer, chronic 2 (4%) 1 (2%)

Ulcer, perforated 1 (2%)

Hyperkeratosis 1 (2%)
Acanthosis 3 (6%) 2 (4%) 1 (2%)

#Colon 49) (50) (50)
Parasitism 3 (6%) 3 (6%)

#Cecum (49) (50) (50)
Edema, NOS 1 2%)

Hemorrhage 4 (8%)
Inflammation, suppurative 1 (2%)
Amyloid, NOS 1 (2%)

URINARY SYSTEM

#Kidney (50) (50) (50)
Cast, NOS 3 (6%) 1 (2%)
Cyst, NOS 3 (6%) 1 (2%) 3 (6%)
Congestion, NOS 2 (4%) 2 (4%)
Inflammation, chronic 6 (12%) 6 (12%)
Nephropathy 35 (70%) . 40 (80%) 32 (64%)
Nephrosis, NOS 1 (2%) 1 2%)

Infarct, acute 1 (2%)
Pigmentation, NOS 1 (2%) 2 (4%)

#Kidney/tubule (50) (50) (50)
Dilatation, NOS 1 (2%)
Cast, NOS 5 (10%) 3 (6%) 4 (8%)
Degeneration, hyaline 1 (2%)

Pigmentation, NOS 11 (22%) 6 (12%) 10 (20%)
Regeneration, NOS 1 2%)

#Urinary bladder (49) (50) (50)
Hemorrhage 1 (2%)
Hyperplasia, epithelial 1 2%) 1 2%)
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TABLE Cl1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE
TWO-YEAR FEED STUDY OF CHLORENDIC ACID (Continued)

Control Low Dose High Dose
ENDOCRINE SYSTEM

#Pituitary (50) (50) (50)
Cyst, NOS 2 (4%)

Hypertrophy, focal 1 (2%) 1 (2%)
Hyperplasia, focal 1 (2%)
Angiectasis 2 (4%) 1 (2%)

#Pituitary intermedia (50) (50) (50)

Cyst, NOS 1 (2%)
#Anterior pituitary (50) (50) (50)
Cyst, NOS 3 (6%) 2 (4%) 1 (2%)
Fibrosis, focal 1 (2%)
Pigmentation, NOS 1 (2%)
Hypertrophy, focal 3 (6%) 1 (2%)
Hyperplasia, focal 2 (4%) 4 (8%)
Angiectasis 1 (2%) 1 (2%) 1 (2%)

#Adrenal (50) (50) (50)
Congestion, NOS 1 (2%)

#Adrenal/capsule (50) (50) (50)
Fibrosis, focal 1 (2%)

#Adrenal cortex (50) (50) (50)
Degeneration, cystic 1 (2%)

Necrosis, NOS 1 (2%)

Metamorphosis, fatty 3 (6%) 2 (4%) 2 (4%)
Hypertrophy, focal 1 (2%) 1 (2%)

Hyperplasia, focal 4 (8%) 1 (2%) 1 2%)

#Adrenal medulla (50) (50) 50
Mineralization 1 2%)

Hyperplasia, focal 2 (4%) 6 (12%)

#Thyroid (50) (50) (50)
Cystic follicles 1 (2%)
Follicular cyst, NOS 1 (2%) 1 (2%)
Hyperplasia, C-cell 8 (16%) 4 (8%) 5 (10%)

#Parathyroid (48) 49) (48)
Hyperplasia, NOS 19 (40%) 26 (53%) 15 (31%)
Hyperplasia, focal 1 2%)

#Pancreatic islets (49) (50) (50)
Hyperplasia, NOS 1 (2%)

Hyperplasia, focal 1 2%)
REPRODUCTIVE SYSTEM

*Mammary gland 50) (50) (50)
Galactocele 1 (2%) 4 (8%) 2 (4%)
Inflammation, suppurative 1 2%)

Inflammation, granulomatous focal 1 2%)
Fibrosis, focal 1 (2%)

*Preputial gland (50) (50) (60)
Dilatation/ducts 1 (2%) 1 (2%)
Cystic ducts 1 (2%)

Inflammation, chronic 1 (2%)
Inflammation, granulomatous 1 (2%)
Fibrosis 1 (2%)

#Prostate 49) (50) (50)
Cyst, NOS 2 (4%)

Edema, NOS 1 2%)
Inflammation, suppurative 16 (33%) 8 (16%) 9 (18%)
Abscess, NOS 1 2%)
Inflammation, acute/chronic 15 (31%) 5 (10%) 10 (20%)
Inflammation, chronic focal 1 2%)
Hyperplasia, epithelial 1 2%) 1 2%)
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TABLE C1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE
TWO-YEAR FEED STUDY OF CHLORENDIC ACID (Continued)

Control Low Dose High Dose
REPRODUCTIVE SYSTEM (Continued)

*Seminal vesicle (50) (50) (50)
Inflammation, NOS 1 (2%)

Inflammation, suppurative 1 (2%) 1 (2%)
Abscess, NOS 1 (2%)

Inflammation, acute/chronic 1 (2%) 1 (2%)

Hyperplasia, epithelial 1 2%)

Hyperplasia, focal 1 (2%)

#Testis (49) (50) (50)
Degeneration, NOS 1 (2%) 2 4%)
Aspermatogenesis 2 4%) 2 (4%) 1 (2%)
Hypospermatogenesis 1 (2%)
Hyperplasia, interstitial cell 4 8% 10 (20%) 8 (16%)

#Testis/tubule 49) (50) (50)
Granuloma, spermatic 1 2%)
Degeneration, NOS 33 (67%) 21 (42%) 14 (28%)
Aspermatogenesis 17 35%) 12 (24%) T (14%)

*Epididymis (50) (50) (50)
Edema, interstitial 2 (4%) 2 (4%) 4 (8%)
Steatitis 1 (2%)

Inflammation, chronic 1 2%)

Granuloma, spermatic 1 (2%) 1 2%) 1 (2%)

Fibrosis 2 (4%) 1 2%)

Fibrosis, diffuse 3 (6%) 1 (2%)

Necrosis, fat 3 (6%) 1 (2%) 1 (2%)
NERVOUS SYSTEM

#Cerebral ventricle (50) (50) (50)
Dilatation, NOS 1 (2%)

#Cerebrum (50) (50) (50)
Hemorrhage 1 (2%)

Necrosis, focal 1 (2%)
Psammoma bodies 2 4%)

#Brain (50) (50) (50)
Hemorrhage 2 (4%) 1 (2%)

Gliosis 1 (2%)

#Cerebellum (50) (50) (50)

Necrosis, focal 1 (2%)
SPECIAL SENSE ORGANS

*Eye &0 (50) (50)
Cataract 1 (2%)

*Eye/retina (50) (50) (50)
Degeneration, NOS 2 (4%) 2 (4%) 5 (10%)

*Eye/crystalline lens (50) (50) (50)
Synechia, anterior 1 (2%)

Cataract 3 (6%) 5 (10%) 5 (10%)
MUSCULOSKELETAL SYSTEM
None
BODY CAVITIES

*Abdominal cavity (50) (50) (50)
Steatitis 1 2%)

*Epicardium (50) (50) (50)
Inflammation, chronic focal 1 (2%)

*Mesentery 50) (50) (50)
Necrosis, fat 2 (4%)
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TABLE C1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE
TWO-YEAR FEED STUDY OF CHLORENDIC ACID (Continued)

Control Low Dose High Dose
ALLOTHER SYSTEMS
*Multiple organs (50) (50) (50)
Congestion, NOS 1 (2%)
Hemorrhage 1 (2%)
Inflammation, suppurative 1 (2%)
Inflammation, chronic 1 (2%)
Diaphragm
Inflammation, pyogranulomatous 1
Degeneration, NOS 1
Adipose tissue
Fibrosis 2

SPECIAL MORPHOLOGY SUMMARY
None

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically.
# Number of animals examined microscopically at this site
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TABLE C2, SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN
THE TWO-YEAR FEED STUDY OF CHLORENDIC ACID

Control Low Dose High Dose
ANIMALSINITIALLY IN STUDY 50 50 50
ANIMALS NECROPSIED 50 50 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50
INTEGUMENTARY SYSTEM
*Skin (50) (50) (50)
Epidermal inclusion cyst 2 (4%)
Hyperplasia, epithelial 1 (2%)
*Subcutaneous tissue (50) (50) (50)
Edema, NOS 1 2%)
RESPIRATORY SYSTEM
#Lung/bronchiole (50) (49) (50)
Inflammation, suppurative 1 (2%)
#Lung (50) (49) (50)
Atelectasis 1 2%)
Congestion, NOS 1 2%) 3 (6%) 1 2%
Edema, NOS 3 6%
Hemorrhage 1 2%) 2 (4%)
Pneumonia, aspiration 1 (2%)
Inflammation, suppurative 1 (2%)
Pneumonia, chronic murine 1 (2%)
Inflammation, chronic 2 (4%) 1 (2%) 5 (10%)
Inflammation, chronic focal 1 2%) 1 (2%) 2 (4%)
Alveolar macrophages 3 (6% 2 (4%)
Hyperplasia, alveolar epithelium 3 (6%) 1 2%)
#Lung/alveoli 50 49) (50
Inflammation, suppurative 1 (2%)
Pigmentation, NOS 1 2%)
HEMATOPOIETIC SYSTEM
*Multiple organs (50) (50) (50)
Hyperplasia, lymphoid 1 (2%)
#Bone marrow (50) (50) (50)
Myelofibrosis 1 (2%) 1 (2%)
Hyperplasia, hematopoietic 1 2%)
Hyperplasia, lymphoid 1 (2%)
#Spleen (50) 49 (50)
Inflammation, chronic 1 (2%)
Fibrosis, focal 1 (2%)
Necrosis, focal 1 (2%)
Infarct, acute 1 (2%)
Hemosiderosis 1 (2%)
Hyperplasia, hematopoietic 1 (2%)
Hyperplasia, reticulum cell 1 (2%)
Hyperplasia, lymphoid 2 (4%)
Hematopoiesis 2 4%) 1 2%) 2 (4%)
#Splenic capsule 50) 49) (50)
Fibrosis 1 2%)
#Lymph node (50) 50) (50)
Pigmentation, NOS 1 (2%)
#Mandibular lymph node (50) (50) (50)
Congestion, NOS 1 (2%)
Edema, peripheral 1 2%)
Hemorrhage 1 (2%) 1 (2%)
Necrosis, NOS 1 (2%)
Pigmentation, NOS 1 (2%) 5 (10%) 4 (8%)
Erythrophagocytosis 1 (2%) 2 4%) 3 (6%)
Hyperplasia, plasma cell 6 (12%) 4 (8%) 8 (16%)
Hyperplasia, reticulum cell 1 (2%)
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN

THE TWO-YEAR FEED STUDY OF CHLORENDIC ACID (Continued)

Control Low Dose High Dose
HEMATOPOIETIC SYSTEM
#Mandibular lymph node (Continued) (50) (50) (50)
Hyperplasia, lymphoid 3 (6%) 2 (4%) 5 (10%)
#Mediastinal lymph node (50) (50) (50)
Hemorrhage 1 (2%) 1 (2%)
Fibrosis 1 2%)
Necrosis, NOS 1 2%)
Pigmentation, NOS 3 6%) 9 (18%) 11 (22%)
Atrophy, NOS 1 (2%)
Erythrophagocytosis 1 (2%) 5 (10%) 2 (4%)
Hyperplasia, reticulum cell 1 (2%)
Hyperplasia, lymphoid 1 (2%)
#Pancreatic lymph node (50) (50) (50)
Hemorrhage 1 (2%)
Inflammation, granulomatous 1 (2%) 1 (2%)
Pigmentation, NOS 2 (4%) 2 (4%)
Erythrophagocytosis 1 (2%) 1 (2%)
Hyperplasia, lymphoid 1 (2%) 2 (4%)
Hematopoiesis 1 2%)
#Mesenteric lymph node (50) (50) (50)
Hemorrhage 1 (2%) 2 (4%) 1 (2%)
Inflammation, granulomatous 1 2%)
Pigmentation, NOS 5 (10%) 1 (2%)
Hyperplasia, plasma cell 1 (2%)
Hyperplasia, lymphoid 2 (4%) 1 (2%) 4 (8%)
#Renal lymph node (50) 60 (50
Hemorrhage 1 (2%)
Pigmentation, NOS 1 (2%)
#Lung (50) 49) 50
Leukocytosis, NOS 2 (4%)
Hyperplasia, lymphoid 26 (52%) 26 (53%) 20 (40%)
#Lung/alveoli (50) 49) (50)
Leukocytosis, NOS 1 (2%)
#Hepatic sinusoid 50) (49) (50)
Leukocytosis, NOS 1 (2%) 1 (2%)
#Kidney (50) (49) (50)
Hyperplasia, lymphoid 4 (8%) 1 (2%) 1 2%)
#Thymus (43) (46) 33)
Inflammation, chronic 1 (2%)
CIRCULATORY SYSTEM
*Subcutaneous tissue (50) (50) (50)
Lymphangiectasis 1 (2%)
#Mandibular lymph node (50) (50) (50)
Lymphangiectasis 6 (12%) 7 (14%) 17 (34%)
#Mediastinal lymph node 50) 50 (50)
Lymphangiectasis 1 (2%)
#Pancreatic lymph node (50) (50) (50)
Lymphangiectasis 1 (2%) 2 (4%)
#Mesenteric lymph node (50) (50) (50)
Lymphangiectasis 2 (4%) 1 2%)
#Heart (50) (50) (50)
Myzxomatosis, cardiac valve 7 (14%) 1 (2%) 1 (2%)
Thrombus, fibrin 1 2%)
Inflammation, chronic 1 (2%)
#Heart/atrium (50) (50) (50)
Thrombus, organized 1 (2%)
Thrombus, fibrin 1 (2%)
Inflammation, chronic 1 (2%) 1 2%)
#Myocardium (50) (50) (50)
Fibrosis 29 (58%) 25 (50%) 12 (24%)
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN
THE TWO-YEAR FEED STUDY OF CHLORENDIC ACID (Continued)

Control Low Dose High Dose
CIRCULATORY SYSTEM (Continued)

*Aortic arch (50) (50) 50)
Inflammation, granulomatous 1 (2%)

*Mesenteric artery (50) (50) (50)
Inflammation, chronic 1 (2%)

Necrosis, fibrinoid 1 (2%)

#Liver (50) (49) (50)
Lymphangiectasis 1 2%)
Thrombosis, NOS 1 (2%)

Thrombus, organized 1 (2%) 1 2%)

#Hepatic capsule (50) (49) (50)
Thrombosis, NOS 1 (2%)

#Uterus (50) (49) (50)
Lymphangiectasis 1 (2%)

DIGESTIVE SYSTEM

*Lip 50) (50) (50)
Hematoma, NOS 1 (2%)

#Salivary gland (49) (50) (50)
Edema, NOS 1 (2%)
Edema, interstitial 1 (2%)

#Liver (50) (49) (50)
Hernia, NOS 3 6%) 4 (8%) 4 (8%)
Congestion, NOS 3 (6%)

Hemorrhage 4 (8%)

Inflammation, NOS 1 2%) 2 (4%)
Inflammation, suppurative 1 (2%)

Inflammation, chronic 2 (4%)

Inflammation, chronic focal 1 (2%)
Inflammation, granulomatous 9 (18%) 20 (41%) 19 (38%)
Granuloma, NOS 1 (2%)

Inflammation, granulomatous focal 1 (2%) 1 (2%) 1 (2%)
Cholangiofibrosis 2 (4%) 5 (10%) 3 (6%)
Hepatitis, toxic 9 (18%) 4 (8%) 9 (18%)
Degeneration, cystic 1 (2%) 1 2%) 1 (2%)
Necrosis, coagulative 1 (2%) 3 (6%) 1 2%)
Metamorphosis, fatty 3 (6%) 5 (10%)

Pigmentation, NOS 1 2%) 3 (6%) 8 (16%)
Focal cellular change 30 (60%) 23 (47%) 28 (56%)
Hyperplasia, NOS 1 (2%) 1 (2%)
Hyperplasia, focal 1 (2%)

Angiectasis 3 (6%)

#Liver/periportal (50) 49) (50)
Inflammation, chronic 6 (12%) 2 (4%)

#Bile duct (50) (49) (50)

Cyst, NOS 1 (2%) 1 2%)
Hyperplasia, NOS 3 (6%) 17 (35%) 40 (80%)

#Pancreas 49 (49) (50)
Inflammation, chronic 1 (2%) 1 (2%)
Hyperplasia, nodular 1 (2%) 1 (2%)

#Pancreatic acinus 49) (49) (50)
Atrophy, NOS 2 (4%)

Atrophy, focal 3 (6%) 2 (4%)
Hyperplasia, focal 2 (4%) 1 (2%) 1 (2%)

#Pancreas/interstitial tissue (49) (49) (50)
Inflammation, chronic 1 2%)

#Esophagus (50) (50) (50)
Inflammation, suppurative 1 (2%)

Hyperkeratosis 2 (4%)

#Stomach (50) (49) (50)

Hyperkeratosis 1 (2%)
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN

THE TWO-YEAR FEED STUDY OF CHLORENDIC ACID (Continued)

Control Low Dose High Dose
DIGESTIVE SYSTEM (Continued)
#Gastric mucosa (50) 49) (50)
Ulcer, NOS 1 2%)
Necrosis, focal 1 2%
#Glandular stomach 50) (49) (50)
Ulcer, acute 2 (4%)
Ulcer, chronic 1 (2%) 1 (2%)
Necrosis, NOS 1 (2%)
Necrosis, focal 2 (4%) 2 (4%) 3 6%
#Gastric submucosa (50) (49) (50)
Distention 2 (4%)
Edema, NOS 1 2%)
Fibrosis 1 (2%)
#Forestomach (50) (49) (50)
Ulcer, NOS 1 2%)
Inflammation, suppurative 2 (4%)
Ulcer, acute 1 (2%)
Inflammation, acute/chronic 1 (2%)
Ulcer, chronic 3 (6%) 1 2%) 1 2%)
Hyperkeratosis 1 (2%)
Acanthosis 1 (2%) 3 (6%) 1 (2%)
#Colon (50) (49) (50)
Parasitism 2 (4%) 2 (4%) 1 2%)
#Colonic submucosa 50) (49) (60)
Edema, NOS 2 (4%)
#Cecum (50) (49) (50)
Congestion, NOS 1 (2%) 1 (2%)
Edema, NOS 2 (4%) 1 (2%)
Inflammation, suppurative 1 2%) 1 (2%)
Necrosis, NOS 1 (2%) 1 (2%)
URINARY SYSTEM
#Kidney (50) (49) (50)
Calculus, microscopic examination 12 (24%) 1 (2%)
Cyst, NOS 2 (4%)
Congestion, NOS 1 (2%) 4 (8%)
Inflammation, chronic 3 (6%)
Nephropathy 24 (48%) 5 (10%) 1 (2%)
Hyperplasia, epithelial 1 (2%)
#Kidney/tubule (50) (49) (50)
Cast, NOS 3 (6%)
Pigmentation, NOS 15 (30%) 6 (12%) 6 (12%)
ENDOCRINE SYSTEM
#Pituitary (50) (50) (50)
Cyst, NOS 1 (2%) 1 (2%)
Pigmentation, NOS 1 (2%)
Angiectasis 2 (4%) 1 2%)
# Anterior pituitary (50) 50 50)
Cyst, NOS 4 (8%) 8 (16%) 5 (10%)
Hemorrhagic cyst 1 (2%) 2 (4%) 1 (2%)
Necrosis, NOS 1 (2%)
Pigmentation, NOS 1 (2%)
Hyperplasia, NOS 1 2%)
Hyperplasia, focal 3 (6%) 2 (4%) 1 (2%)
Angiectasis 2 (4%) 1 (2%) 1 (2%)
#Adrenal (50) 49) 50)
Congestion, NOS 1 2%) 1 (2%)
Degeneration, cystic 1 (2%)
Pigmentation, NOS 1 (2%)
Cytoplasmic vacuolization 2 (4%)
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEQPLASTIC LESIONS IN FEMALE RATS IN
THE TWO-YEAR FEED STUDY OF CHLORENDIC ACID (Continued)

Control Low Dose High Dose
ENDOCRINE SYSTEM (Continued)

#Adrenal cortex (50) (49) (50)
Metamorphosis, fatty 3 (6%) 3 (6%) 2 (4%)
Cytoplasmic vacuolization 1 (2%)
Hypertrophy, focal 2 (4%) 1 2%)
Hyperplasia, focal 1 2%) 1 (2%)

Angiectasis 1 (2%) 1 2%) 3 (6%)

#Adrenal medulla 50) (49) (50)
Necrosis, NOS 1 (2%)
Pigmentation, NOS 1 (2%)
Hyperplasia, focal 1 (2%) 3 (6%)

Angiectasis 1 (2%) 1 (2%)

#Thyroid 50) 50) (50)
Follicular cyst, NOS 1 2%)

Hyperplasia, C-cell 14 (28%) 9 (18%) 6 (12%)

#Parathyroid (45) 47 4N
Hyperplasia, NOS 15 (33%) 8 (17%) 2 (4%)

REPRODUCTIVE SYSTEM

*Mammary gland (50) 50 50)
Dilatation/ducts 2 (4%)

Galactocele 21 (42%) 6 (12%) 5 (10%)
Inflammation, chronic 9 (18%)
Hyperplasia, NOS 2 (4%)

*Clitoral gland (50) (50) (50)
Dilatation/ducts 3 (6%) 2 (4%)

Inflammation, suppurative 3 (6%)
Abscess, NOS 1 (2%)
Inflammation, granulomatous focal 1 (2%)

#Uterus (50) 49 50)
Hydrometra 5 (10%) 5 (10%)
Cyst, NOS 1 (2%)
Inflammation, acute/chronic 1 (2%)

#Cervix uteri (50) 49) (50)

Cyst, NOS 1 (2%)

Epidermal inclusion cyst 1 (2%)

Inflammation, suppurative 1 (2%)

Amyloid, NOS 1 (2%)
Hyperplasia, epithelial 1 (2%)

Hyperkeratosis 1 2%

#Uterus/endometrium (50) (49) (50)
Cyst, NOS 5 (10%) 8 (16%) 11 (22%)
Edema, NOS 1 (2%)
Hyperplasia, NOS 1 2%)
Hyperplasia, focal 1 (2%)

Hyperplasia, cystic 1 2%

#Uterus/myometrium 50) 49 50)
Edema, NOS 1 (2%)

#Ovary (50) 49 (50)
Cyst, NOS 1 (2%)

Parovarian cyst 2 (4%) 7 (14%) 5 (10%)
NERVOUS SYSTEM

#Subdural space (50) (50) 50)
Hemorrhage 1 2%

#Cerebral ventricle 50 (50) (50)
Dilatation, NOS 2 (4%)

#Lateral ventricle (50) 50) (50)
Dilatation, NOS 1 (2%)
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN
THE TWO-YEAR FEED STUDY OF CHLORENDIC ACID (Continued)

Control Low Dose High Dose
NERVOUS SYSTEM (Continued)

#Brain (50) (50) (50)
Hemorrhage 1 (2%) 1 (2%) 1 (2%)
Gliosis 1 (2%)

Pigmentation, NOS 1 (2%)
SPECIAL SENSE ORGANS

*Eye/cornea (50) (50) (50)
Inflammation, chronic 1 (2%)

*Eye/retina (50) (50) (50)
Degeneration, NOS 3 (6%) 5 (10%) 2 (4%)

*Eye/crystalline lens (50) (50) 50
Synechia, anterior 1 (2%) 1 2%)
Cataract 6 (12%) 5 (10%) 2 (4%)

MUSCULOSKELETAL SYSTEM

*Skull (50) (50) (50)
Hyperostosis 2 (4%)

*Sternum (50) (50) (50)
Hyperostosis 3 (6%) 3 (6% 5 (10%)

BODY CAVITIES

*Mesentery (50) (50) (50)
Inflammation, chronic 2 (4%)

Necrosis, fat 2 (4%) 1 (2%)
ALL OTHER SYSTEMS

*Multiple organs (50) (50) (50)
Hemorrhage 1 (2%)
Inflammation, suppurative 1 (2%)

Pigmentation, NOS 1 (2%)

Adipose tissue
Hemorrhage 1
Inflammation, acute/chronic 1
Inflammation, chronic 4 2 1
Inflammation, chronic focal 1
Fibrosis 1 4
Necrosis, fat 4 6 1

SPECIAL MORPHOLOGY SUMMARY
None

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically.
# Number of animals examined microscopically at this site

Chlorendic Acid, NTP TR 304 118



APPENDIX D

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC

LESIONS IN MICE IN THE TWO-YEAR FEED STUDIES

OF CHLORENDIC ACID
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TABLE Di. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE
TWO-YEAR FEED STUDY OF CHLORENDIC ACID

Control Low Dose High Dose
ANIMALS INITIALLY IN STUDY 50 50 50
ANIMALS NECROPSIED 50 50 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50
INTEGUMENTARY SYSTEM
*Skin (50) (50) (50)
Mineralization 1 (2%)
Cyst, NOS 1 (2%)
Inflammation, acute 1 (2%)
Inflammation, acute focal 1 (2%) 1 (2%)
Abscess, NOS 2 4%)
Inflammation, chronic 1 (2%)
Inflammation, chronic focal 1 (2%)
Fibrosis 1 (2%)
Fibrosis, focal 1 (2%) 1 (2%)
Necrosis, NOS 1 (2%) 1 (2%)
Necrosis, focal 1 (2%) 1 (2%)
Hypertrophy, NOS 1 2%)
Hyperplasia, focal 1 2%)
Hyperkeratosis 1 (2%) 1 (2%)
Acanthosis 3 (6%) 1 (2%)
Metaplasia, osseous 1 (2%)
*Subcutaneous tissue (50) (50) (50)
Abscess, NOS 4 (8%)
RESPIRATORY SYSTEM
#Lung/bronchiole (50) (49) (50)
Hyperplasia, focal 1 (2%)
#Lung (50) (49) (50)
Congestion, NOS 1 (2%) 6 (12%) 2 (4%)
Hemorrhage 1 (2%) 1 (2%) 1 (2%)
Inflammation, chronic 8 (16%) 4 (8%) 2 (4%)
Pigmentation, NOS 1 (2%)
Hyperplasia, alveolar epithelium 2 (4%) 4 (8%)
#Lung/alveoli (50) 49) (50)
Histiocytosis 3 (6%)
HEMATOPOIETIC SYSTEM
#Brain (50) 49) (50)
Leukocytosis, NOS 1 (2%)
*Multiple organs (50) (50) (50)
Leukocytosis, NOS 1 (2%) 1 (2%)
#Bone marrow (49) 4mn (50)
Hyperplasia, NOS 3 (6%)
Hyperplasia, hematopoietic 2 (4%) 1 (2%)
Myelopoiesis 3 (6%)
#8pleen (50) (49) (50)
Hemorrhage 1 (2%)
Pigmentation, NOS 1 (2%)
Angiectasis 1 (2%)
Leukemoid reaction 1 (2%) 1 (2%)
Hyperplasia, lymphoid 3 (6%) 3 (6%) 1 (2%)
Hematopoiesis 12 (24%) 19 (39%) 13 (26%)
Myelopoiesis 2 4%)
#Splenic follicles (50) (49) (50)
Atrophy, NOS 1 (2%)
#Submandibular lymph node (49) “n (50)
Myelopoiesis 1 (2%)
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE
TWO-YEAR FEED STUDY OF CHLORENDIC ACID (Continued)

Control Low Dose High Dose
HEMATOPOIETIC SYSTEM (Continued)

#Tracheal lymph node 49) “n (50)
Hyperplasia, lymphoid 1 (2%)

#Mediastinal lymph node (49) 47 (50)
Hyperplasia, lymphoid 1 (2%)

#Abdominal lymph node (49) 47 (50)
Inflammation, acute 1 (2%)
Fibrosis 1 (2%)

#Hepatic lymph node 49) 47) (50)
Hyperplasia, lymphoid 1 (2%) 1 (2%)

#Pancreatic lymph node (49) 4n (50)
Erythrophagocytosis 1 (2%)

Hyperplasia, lymphoid 1 (2%)

#Mesenteric lymph node (49) 47 (50)
Congestion, NOS 5 (10%) 2 (4%)

Hemorrhage 1 (2%)

Hemorrhagic cyst 1 (2%)

Pigmentation, NOS 1 (2%)

Atrophy, NOS 1 (2%) 1 (2%)
Angiectasis 2 (4%)

Erythrophagocytosis 3 (6%) 1 (2%) 2 (4%)
Hyperplasia, reticulum cell 1 (2%)

Hyperplasia, lymphoid 2 4%) 2 (4%) 5 (10%)
Hematopoiesis 2 4%

#Renal lymph node (49) 47 (50)
Hyperplasia, focal 1 (2%)

Hyperplasia, lymphoid 1 (2%)

#lliac lymph node (49) 7 (50)
Hemorrhage 1 (2%)

Hyperplasia, lymphoid 4 (8%) 3 (6%) 2 (4%)
Hematopoiesis 1 2%)

#Axillary lymph node 49) 4n (50)
Pigmentation, NOS 1 (2%)

Erythrophagocytosis 1 (2%)
Hyperplasia, lymphoid 1 2%)

#Inguinal lymph node 49) én 50)
Hyperplasia, reticulum cell 1 (2%)

Hyperplasia, lymphoid 1 (2%)

#Lung 50 49 (50)
Leukocytosis, NOS 1 (2%) 1 (2%)

Hyperplasia, lymphoid 2 (4%)

#Liver (50) (49) (50)
Leukocytosis, NOS 1 (2%) 1 (2%)
Hematopoiesis 1 2%) 2 (4%) 2 (4%)
Myelopoiesis 1 (2%)

#Peyer’s patch 60) én (50)
Hyperplasia, lymphoid 2 (4%)

#Kidney (50) (49) (50)
Leukocytosis, NOS 1 (2%)

Hyperplasia, lymphoid 14 (28%) 6 (12%) 10 (20%)

*Epididymis (650) 50 (50)
Hyperplasia, lymphoid 1 2%)

Hematopoiesis 1 (2%)

#Thymus 23) 27 (29)
Cyst, NOS 1 (3%)

CIRCULATORY SYSTEM

*Orbital region (50) 50) (50)

Thrombosis, NOS 1 (2%)
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE
TWO-YEAR FEED STUDY OF CHLORENDIC ACID (Continued)

Control Low Dose High Dose
CIRCULATORY SYSTEM (Continued)
#Myocardium (50) (49) (50)
Inflammation, acute focal 1 (2%)
Inflammation, chronic focal 2 (4%) 1 2%) 1 2%)
Degeneration, NOS 1 (2%) 1 2%)
Necrosis, focal 1 (2%)
*Coronary artery (50) (50) (50)
Inflammation, chronic 1 (2%)
#Liver (50) (49) (50)
Thrombosis, NOS 1 (2%) 1 2%) 1 (2%)
DIGESTIVE SYSTEM
#Salivary gland (49) (46) (50)
Inflammation, acute 1 (2%)
Inflammation, chronic 1 (2%)
Necrosis, focal 1 2%)
#Liver (50) (49) (50)
Hernia, NOS 2 (4%)
Congestion, NOS 1 (2%
Hemorrhage 1 (2%) 2 (4%) 3 (6%)
Hematoma, NOS 1 (2%)
Abscess, NOS 2 (4%)
Inflammation, chronic 1 (2%)
Fibrosis 1 2%)
Fibrosis, focal 1 (2%)
Necrosis, NOS 1 (2%)
Necrosis, focal 2 (4%) 11 (22%) 10 (20%)
Necrosis, coagulative 1 (2%)
Infarct, NOS 1 (2%)
Metamorphosis, fatty 1 (2%) 4 (8%) 3 (6%)
Pigmentation, NOS 2 (4%)
Focal cellular change 3 (6%) 4 (8%) 6 (12%)
Hepatocytomegaly 1 (2%) 1 2%)
Angiectasis 2 (4%)
#Liver/centrilobular (50) (49) (50)
Necrosis, diffuse 1 (2%)
#Bile duct (50) (49) (50)
Dilatation, NOS 1 (2%)
Cyst, NOS 2 (4%)
Inflammation, chronic 2 (4%) 2 (4%)
Hyperplasia, NOS 3 (6%)
#Pancreas (50) an 49)
Ectopia 1 (2%)
Dilatation/ducts 1 (2%)
Hemorrhage 1 (2%)
Fibrosis 1 (2%)
Necrosis, fat 1 (2%)
Atrophy, focal 1 (2%)
#Pancreatic acinus (50) 47 49)
Atrophy, NOS 1 (2%)
#Stomach (50) (48) (49)
Inflammation, chronic focal 1 (2%) 1 2%)
Hyperkeratosis 3 (6%)
Acanthosis 1 (2%) 2 (4%)
#Glandular stomach (50) (48) (49)
Necrosis, focal 1 (2%)
Hyperplasia, focal 1 2%) 1 (2%)
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE
TWO-YEAR FEED STUDY OF CHLORENDIC ACID (Continued)

Control Low Dose High Dose

DIGESTIVE SYSTEM (Continued)
#Forestomach (50) (48) (49)
1

Inflammation, acute focal (2%)
Abscess, NOS 1 (2%)
Necrosis, focal 1 (2%)
Hyperplasia, focal 1 2%)
Hyperkeratosis 3 (6%) 5 (10%) 2 (4%)
Acanthosis 6 (12%) 1 (2%)

*Rectum (50) (50) (50)
Hematoma, NOS 1 (2%)

*Anus (50) (50) (50)
Acanthosis 1 (2%)

URINARY SYSTEM

#Kidney (50) (49) (50)
Mineralization 1 (2%)
Hydronephrosis 3 (6%)
Congestion, NOS 1 2%)
Pyelonephritis, acute 1 2%
Inflammation, acute 1 (2%)
Abscess, NOS 1 (2%) 1 2%) 1 (2%)
Inflammation, chronic 2 (4%) 14 (29%) 6 (12%)
Inflammation, chronic focal 16 (32%) 16 (32%)
Inflammation, chronic diffuse 1 (2%)
Fibrosis 1 (2%)
Fibrosis, multifocal 1 (2%)
Necrosis, facal 1 (2%)
Infarct, NOS 3 (6%) 1 (2%)
Infarct, focal 1 (2%)
Hyperplasia, tubular cell 1 (2%)

#Kidney/cortex (50) (49) (50)
Cyst, NOS 2 (4%)

#Kidney/tubule (50) (49) (50)
Mineralization 2 (4%)
Cast, NOS 1 (2%) 1 2%)
Inflammation, chronic focal 2 (4%)
Cytoplasmic vacuolization 30 (60%) T (14%) 2 (4%)
Hyperplasia, focal 1 (2%)

#Kidney/pelvis (50) 49) (50)
Dilatation, NOS 1 (2%) 1 (2%)
Inflammation, chronic 1 (2%)

*Ureter (50) (50) (50)
Dilatation, NOS 1 (2%)

#Urinary bladder (49) (48) (50)
Distention 1 (2%)
Congestion, NOS 1 (2%)
Inflammation, suppurative 1 (2%)
Inflammation, chronic 2 (4%) 1 2%)
Inflammation, chronic focal 1 (2%)
Inflammation, chronic diffuse 2 (4%) 1 (2%) 1 (2%)
Fibrosis, diffuse 1 (2%)
Hyperplasia, epithelial 1 (2%) 1 (2%)

*Urethra (50) (50) (50)
Inflammation, chronic 1 2%)

1 (2%)

Hyperplasia, epithelial
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE
TWO-YEAR FEED STUDY OF CHLORENDIC ACID (Continued)

Control Low Dose High Dose
ENDOCRINE SYSTEM

#Pituitary (48) 4mn (48)
Congestion, NOS 1 (2%)

#Anterior pituitary (48) 47 (48)
Hyperplasia, focal 1 (2%)

#Adrenal (49) 47) (49)
Pigmentation, NOS 2 (4%)

#Adrenal/capsule (49) “@n (49)
Hyperplasia, focal 11 (22%) 1 (2%) 3 (6%)

#Adrenal cortex 49) “n (49)
Degeneration, NOS 3 (6%) 1 (2%)

Atrophy, NOS 1 2%)
Hypertrophy, focal 1 (2%)
Hyperplasia, focal 1 (2%)

#Adrenal medulla (49) “@n (49)
Hypertrophy, NOS 1 2%) 1 (2%)
Hypertrophy, diffuse 1 (2%)

Hyperplasia, focal 1 (2%) 1 (2%)

#Thyroid (50) 4" (50)
Embryonal rest 1 2%) 2 (4%)
Cystic follicles 3 6%)

Hyperplasia, follicular cell 2 (4%) 1 (2%) 1 (2%)

#Pancreatic islets (50) (CY)] 49)
Hyperplasia, focal 1 (2%)

REPRODUCTIVE SYSTEM
*Penis (50) (50) (50)
Ulcer, NOS 1 (2%)
Inflammation, chronic 1 (2%)
Inflammation, chronic focal 1 (2%)
Necrosis, diffuse 1 (2%)
Acanthosis 1 2%)

*Prepuce (50 (50) (50)
Abscess, NOS 1 (2%)

Inflammation, chronic 2 4%)
Necrosis, diffuse 1 (2%)
Acanthosis 1 (2%)

*Preputial gland (50) (50) 50)
Cystic ducts 3 (6%) 5 (10%) 3 (6%)
Abscess, NOS 7 (14%) 4 (8%) 1 (2%)
Inflammation, chronic 4 (8%) 3 (6%) 1 (2%)
Hyperplasia, NOS 1 (2%)

Hyperkeratosis 5 (10%) 4 (8%) 2 (4%)
Acanthosis 1 (2%)

#Prostate (49) (49) (50)
Inflammation, suppurative 1 (2%)
Inflammation, acute 1 (2%)

Abscess, NOS 3 (6%) 2 (4%)
Inflammation, active chronic 1 2%)
Inflammation, chronic 1 (2%) 1 (2%) 2 (4%)
Inflammation, chronic focal 2 (4%)

Inflammation, chronic diffuse 1 (2%)
Granuloma, spermatic 1 (2%)
Necrosis, NOS 1 (2%)
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE
TWO-YEAR FEED STUDY OF CHLORENDIC ACID (Continued)

Control Low Dose High Dose

REPRODUCTIVE SYSTEM (Continued)

*Seminal vesicle (50) (50)
Distention 1 (2%) 1 (2%)
Cyst, NOS T (14%) 6 (12%)
Inflammation, acute
Abscess, NOS
Inflammation, active chronic
Inflammation, chronic
Inflammation, chronic diffuse 1 (2%)

Necrosis, focal
Hyperplasia, epithelial

#Testis 49) (48)
Mineralization 3 (6%)
Spermatocele
Degeneration, NOS 3 (6%)
Hypospermatogenesis
Hyperplasia, interstitial cell 1

*Epididymis (50) (50) (50)
Steatitis 1 (2%)
Inflammation, acute 1 (2%)
Inflammation, chronic 1 (2%)
Granuloma, NOS
Granuloma, spermatic 2 (4%)
Necrosis, fat 2 (4%)

(2%)
(2%)
(2%)
(6%)
(2%)
2%)
(2%)
(2%)
(2%)

o~ —~
- [*

(6%)
(2%)
(2%)
(6%)

6%)

OO Fma -

(2%)

(2%)
(4%)
(2%)

DO e

NERVOUS SYSTEM
None

SPECIAL SENSE ORGANS

*Eyel/cornea (50) (50) 50)
Inflammation, chronic focal 1 2%)
Necrosis, focal 1 (2%)

*Eyelid (50) (50) (50)
Inflammation, chronic 1 (2%)
Necrosis, focal 1 (2%)
Hyperplasia, focal 1 (2%)
Acanthosis 1 (2%)

MUSCULOSKELETAL SYSTEM
None

BODY CAVITIES
*Abdominal cavity 50) (50) (50)
Abscess, NOS 1 (2%)
Necrosis, fat 1 (2%)

ALL OTHER SYSTEMS
*Multiple organs (50) (50) (50)
Inflammation, suppurative 1 (2%)

SPECIAL MORPHOLOGY SUMMARY
No lesion reported 1
Auto/necropsy/histo perf 1

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically.
# Number of animals examined microscopically at this site
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE
TWO-YEAR FEED STUDY OF CHLORENDIC ACID

Control Low Dose High Dose
ANIMALSINITIALLY IN STUDY 50 50 50
ANIMALS NECROPSIED 50 50 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50
INTEGUMENTARY SYSTEM

*Skin (50) (50) (50)

Edema, NOS 1 (2%)
Hemorrhage 1 (2%)
Fibrosis, focal 1 (2%)

Hypertrophy, focal 1 (2%)
Acanthosis 1 (2%)

*Subcutaneous tissue (50) (50) (50)

Necrosis, fat 2 (4%) 1 (2%)
RESPIRATORY SYSTEM

#Lung (50) (50) (50)
Congestion, NOS 1 (2%) 2 (4%) 1 (2%)
Inflammation, chronic 3 (6%) 3 (6%)
Hyperplasia, alveolar epithelium 1 (2%)

HEMATOPOIETIC SYSTEM

*Multiple organs (50) (50) (50)
Hyperplasia, lymphoid 4 (8%) 2 (4%) 2 (4%)

#Bone marrow (50) (50) (49)
Hyperplasia, hematopoietic 1 2%)

#Spleen (50) (48) (50)
Pigmentation, NOS 1 (2%) 1 (2%)

Hyperplasia, reticulum cell 1 (2%)
Hyperplasia, lymphoid 6 (12%) 9 (19%) 1 (2%)
Hematopoiesis 14 (28%) 13 (27%) 15 (30%)

#Mandibular lymph node (50) (50) (49)
Hyperplasia, lymphoid 1 (2%) 1 (2%)

#Bronchial lymph node (50) (50) (49)
Hyperplasia, lymphoid 1 (2%)

#Mediastinal lymph node (50) (50) (49)
Pigmentation, NOS 1 (2%)

Hyperplasia, lymphoid 2 (4%) 2 (4%)
Hematopoiesis 1 2%)

#Mesenteric lymph node (50) (50) (49)
Hemorrhage 1 (2%) 1 2%)
Hyperplasia, lymphoid 6 (12%) 4 (8%)
Hematopoiesis 1 (2%)

#Renal lymph node (50) (50) (49)
Hyperplasia, lymphoid 3 (6%) 4 (8%)

#Iliac lymph node (50) (50) 49)
Hyperplasia, lymphoid 2 (4%) 1 2%) 4 (8%)

#Lung (50) (50) (50)
Leukocytosis, NOS 1 (2%)

Hyperplasia, lymphoid 2 (4%) 7 (14%) 9 (18%)

#Heart (50) (50) 49)
Leukocytosis, NOS 1 (2%)

#Liver (50) (49) (50)
Leukocytosis, NOS 1 (2%)

Hyperplasia, lymphoid 1 (2%) 1 2%)
Hematopoiesis 3 (6%) 5 (10%)

#Cecum (50) 49 49)

Hyperplasia, lymphoid 1 (2%)
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE
TWO-YEAR FEED STUDY OF CHLORENDIC ACID (Continued)

Control Low Dose High Dose
HEMATOPOIETIC SYSTEM (Continued)
#Kidney 50 (50) (50)
Hyperplasia, lymphoid 9 (18%) 9 (18%) 9 (18%)
#Urinary bladder (49) (48) (50)
Hyperplasia, lymphoid 2 (4%) 4 (8%)
#Thymus 39) (39) (38)
Atrophy, NOS 1 3%)
Angiectasis 1 (3%)
Hyperplasia, lymphoid 2 (5%)
CIRCULATORY SYSTEM
*Multiple organs (50) (50) (50)
Periarteritis 1 (2%)
#Mesenteric lymph node (50) (50) (49)
Lymphangiectasis 1 (2%)
#lliac lymph node (50) (50) (49)
Lymphangiectasis 1 (2%)
#Lung (50) (50) (50)
Thrombosis, NOS 1 2%)
#Heart (50) (50) (49)
Thrombosis, NOS 1 2%)
Inflammation, chronic 1 2%)
#Myocardium (50) (50) (49)
Fibrosis, focal 1 (2%)
Degeneration, NOS 1 (2%) 1 (2%)
#Uterus (50) (48) (50)
Thrombosis, NOS 1 (2%) 2 (4%)
#QOvary (49) “n 48)
Thrombosis, NOS 1 (2%) 1 (2%)
#Thymus 39) (39) (38)
Thrombosis, NOS 1 (3%)
DIGESTIVE SYSTEM
#Salivary gland 49) (50) (48)
Fibrosis, diffuse 1 (2%)
Atrophy, NOS 1 (2%)
Atrophy, focal 1 (2%)
#Liver (50) (49) (50)
Inflammation, suppurative 1 (2%)
Abscess, NOS 1 2%)
Inflammation, chronic focal 1 (2%)
Granuloma, NOS 1 (2%) 4 (8%) 2 (4%)
Fibrosis, focal 1 (2%)
Degeneration, NOS 1 (2%)
Necrosis, NOS 1 (2%)
Necrosis, focal 1 (2%) 2 4%) 3 (6%)
Metamorphosis, fatty 1 (2%) 1 (2%) 1 (2%)
Pigmentation, NOS 1 (2%) 1 (2%) 1 (2%)
Mitotic alteration 7 (14%)
Focal cellular change 1 (2%) 1 (2%) 5 (10%)
Pleomorphism 1 (2%)
Hepatocytomegaly 1 (2%)
Angiectasis 3 (6%)
#Hepatic capsule (50) 49) 50
Abscess, NOS 1 (2%)
#Liver/hepatocytes (50) 49) (50)
Degeneration, NOS 1 (2%)
#Bile duct (50) (49) (50)
Inflammation, chronic 3 (6%)
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE
TWO-YEAR FEED STUDY OF CHLORENDIC ACID (Continued)

Control Low Dose High Dose
DIGESTIVE SYSTEM (Continued)

#Pancreas (50) (49) (50)
Dilatation/ducts 1 (2%) 3 (6%)
Inflammation, chronic 1 (2%)
Atrophy, NOS 1 (2%)

#Pancreatic duct (50) (49) (50)
Inflammation, chronic 1 2%)
Pigmentation, NOS 1 (2%)

#Stomach (50) (48) (50)
Hyperkeratosis 1 2%)

#Glandular stomach (50) (48) (50)
Inflammation, acute focal 1 2%)

Necrosis, focal 1 (2%)
Hyperplasia, focal 1 (2%)

#Forestomach (50) (48) (50)
Inflammation, acute focal 1 (2%)

Inflammation, chronic focal 1 (2%)

Hyperkeratosis 8 (16%) 5 (10%) 2 (4%)

Acanthosis 1 (2%) 2 (4%) 1 (2%)
URINARY SYSTEM

#Kidney (50) (50) (50)
Mineralization 1 (2%)

Hydronephrosis 1 (2%) 2 (4%) 2 (4%)
Abscess, NOS 1 2%) 1 2%)
Inflammation, chronic 7 (14%) 5 (10%) 6 (12%)
Inflammation, chronic focal 5 (10%) 5 (10%) 1 (2%)
Inflammation, chronic diffuse 3 (6%)
Fibrosis 1 (2%)
Glomerulosclerosis, NOS 1 (2%)

Necrosis, focal 1 (2%) 1 (2%)
Infarct, NOS 2 (4%) 1 (2%)
Infarct, focal 1 2%)
Amyloidosis 1 2%)

Pigmentation, NOS 1 (2%) 2 (4%)
Focal cellular change 1 (2%)

#Kidney/glomerulus (50) (50) (50)
Amyloidosis 1 (2%)

#Kidney/tubule (50) (50) (50)
Cast, NOS 1 (2%)

Degeneration, NOS 1 (2%)
Necrosis, focal 1 (2%)

#Urinary bladder (49) 48) (50)
Hemorrhage 1 (2%)
Inflammation, chronic 1 (2%) 1 (2%)
Hyperplasia, epithelial 1 (2%) 3 (6%)

ENDOCRINE SYSTEM
#Anterior pituitary (48) 47) (50)
Cyst, NOS 1 2%)
Degeneration, NOS 1 (2%)
Hyperplasia, NOS 1 (2%)
Hyperplasia, focal 3 (6%) 1 (2%)
Hyperplasia, diffuse 1 (2%)

#Adrenal/capsule (50) (50) (50)
Hyperplasia, NOS 3 (6%)

Hyperplasia, focal 4 (8%) 2 (4%)
Hyperplasia, diffuse 2 (4%) 1 (2%)

Chlorendic Acid, NTP TR 304 128



TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE
TWO-YEAR FEED STUDY OF CHLORENDIC ACID (Continued)

Control Low Dose High Dose
ENDOCRINE SYSTEM (Continued)

#Adrenal cortex (50) (50) (50)
Degeneration, NOS 3 (6%) 1 (2%)
Cytoplasmic vacuolization 3 (6%)

Atrophy, NOS 4 (8%) 1 (2%)
Hypertrophy, focal 1 (2%)
Hyperplasia, NOS 1 (2%)

# Adrenal medulla (50) (50) (50)

Pigmentation, NOS 1 (2%)
Hypertrophy, NOS 1 (2%)
Hyperplasia, focal 2 (4%)

#Periadrenal tissue (50) (50) (50)
Steatitis 1 2%)

Inflammation, chronic 1 (2%)

#Parathyroid 42) (36) @7

Embryonal rest 1 (3%)
REPRODUCTIVE SYSTEM

*Mammary gland (50) (50) (50)
Cystic ducts 1 (2%) 1 (2%)

#Uterus (50) (48) (50)
Mineralization 1 (2%)

Hydrometra 2 4%) 1 2%)
Cyst, NOS 2 (4%)

Inflammation, acute 1 (2%) 2 (4%) 1 (2%)
Abscess, NOS 6 (12%) 1 (2%) 5 (10%)
Inflammation, chronic 2 (4%) 2 (4%)
Perforation, inflammatory 1 (2%)
Necrosis, focal 1 (2%) 1 2%)

#Cervix uteri 50) (48) (50)
Inflammation, chronic 1 2%) 1 2%)
Fibrosis 1 (2%)

Hyperkeratosis 1 (2%) 1 (2%)
Acanthosis 1 (2%) 2 (4%) 3 (6%)

#Uterus/endometrium (50) (48) (50)
Cyst, NOS 2 (4%) 1 (2%) 5 (10%)
Inflammation, acute 1 (2%)
Hyperplasia, NOS 1 (2%)

Hyperplasia, cystic 38 (76%) 39 (81%) 33 (66%)

#Uterus/myometrium (50) (48) 50)
Hypertrophy, NOS 1 2%)

#Fallopian tube (50) (48) (50)
Abscess, NOS 1 2%)

#Ovary/parovarian (49) 47 (48)
Abscess, NOS 1 2%)

#Ovary (49) “n (48)
Cyst, NOS 9 (18%) 8 (17%) 13 (27%)
Multilocular cyst 1 2%) 1 (2%)

Hemorrhage 1 (2%) 2 (4%) 2 (4%)
Inflammation, acute 1 2%) 2 (4%)

Abscess, NOS 5 (10%) 1 2%) 6 (13%)
Inflammation, chronic 1 (2%) 1 2%)
Fibrosis 1 (2%)
Degeneration, NOS 1 (2%) 1 (2%)
Pigmentation, NOS 1 2%)
Atrophy, NOS 1 (2%)

129 Chlorendic Acid, NTP TR 304



TABLE D2, SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE
TWO-YEAR FEED STUDY OF CHLORENDIC ACID (Continued)

Control Low Dose High Dose
NERVOUS SYSTEM
*Cauda equina (50) (50) (50)
Degeneration, NOS 1 (2%)
SPECIAL SENSE ORGANS
None
MUSCULOSKELETAL SYSTEM

*Sternum (50) (50) (50)

Fibrous osteodystrophy 10 (20%) 17 (34%) 14 (28%)
BODY CAVITIES

*Mediastinum (50) (50) (50)
Hemorrhage 1 2%)

*Abdominal cavity (50) (50) (50)
Steatitis 1 2%) 1 (2%) 1 (2%)
Necrosis, fat 1 (2%) 3 6%)

*Mesentery (50) (50) (50)
Inflammation, acute 1 (2%)

Abscess, NOS 1 2%) 1 2%)
ALLOTHER SYSTEMS

*Multiple organs (50) (50) (50)
Inflammation, acute 1 2%)
Abscess, NOS 1 (2%)

Inflammation, chronic diffuse 1 2%)

Adipose tissue

Abscess, NOS 2 1 1
SPECIAL MORPHOLOGY SUMMARY

No lesion reported 1

Auto/necropsy/histo perf 1 1

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically.
# Number of animals examined microscopically at this site
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APPENDIX E

ANALYSES OF PRIMARY TUMORS IN RATS AND MICE

IN THE TWO-YEAR FEED STUDIES OF

CHLORENDIC ACID
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TABLE E1. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR FEED STUDY
OF CHLORENDIC ACID

Control 620 ppm 1,250 ppm

Skin: Keratoacanthoma

Overall Rates (a) 4/50 (8%) 4/50 (8%) 3/50 (6%)

Adjusted Rates (b) 14.6% 11.7% 12.0%

Terminal Rates (c) 2/24 (8%) 3/32(9%) 3/25 (12%)

Week of First Observation 98 97 104

Life Table Tests (d) P=0.418N P=0.495N P=0495N

Incidental Tumor Tests (d) P=047IN P=0.542N P=0.554N

Cochran-Armitage Trend Test (d) P=0.424N

Fisher Exact Test (d) P=0.643 P=0.500N
Subcutaneous Tissue: Fibroma

Overall Rates (a) 4/50 (8%) 4/50 (8%) 3/50 (6%)

Adjusted Rates (b) 14.4% 12.5% 12.0%

Terminal Rates (c) 3/24(13%) 4/32 (13%) 3/25 (12%)

Week of First Observation s 104 104

Life Table Tests (d) P=0.40IN P=0.495N P=0.481N

Incidental Tumor Tests (d) P=0.415N P=0.610N P=0.495N

Cochran-Armitage Trend Test (d) P=0.424N

Fisher Exact Test (d) P=0.643N P=0.500N
Subcutaneous Tissue: Fibrosarcoma

Overall Rates (a) 0/50 (0%) 1/50 (2%) 3/50 (6%)

Adjusted Rates (b) 0.0% 3.1% 10.0%

Terminal Rates (c) 0/24 (0%) 1/32 (3%) 1/25 (4%)

Week of First Observation 104 88

Life Table Tests (d) P=0.053 P=0.557 P=0.119

Incidental Tumor Tests (d) P=0.062 P=0.557 P=0.120

Cochran-Armitage Trend Test (d) P=0.060

Fisher Exact Test (d) P=0.500 P=0.121
Subcutaneous Tissue: Fibroma or Fibrosarcoma

Overall Rates (a) 4/50 (8%) 5/50 (10%) 6/50 (12%)

Adjusted Rates (b) 14.4% 15.6% 21.3%

Terminal Rates (c) 3/24 (13%) 5/32 (16%) 4/25 (16%)

Week of First Observation 75 104 88

Life Table Tests (d) P=0.313 P=0.616N P=0.380

Incidental Tumor Tests (d) P=0.313 P=0.563 P=0.373

Cochran-Armitage Trend Test (d) P=0.309

Fisher Exact Test (d) P=0.500 P=0.370
Subcutaneous Tissue: Fibrosarcoma or Neurofibrosarcoma

Overall Rates (a) 1/50 (2%) 1/50 (2%) 3/50 (6%)

Adjusted Rates (b) 4.2% 3.1% 10.0%

Terminal Rates (c) 1/24 (4%) 1/32 (3%) 1/25 (4%)

Week of First Observation 104 104 88

Life Table Tests (d) P=0.193 P=0.697N P=0.304

Incidental Tumor Tests (d) P=0.206 P=0.697TN P=0.309

Cochran-Armitage Trend Test (d) P=0.201

Fisher Exact Test (d) P=0.753 P=0.309
Subcutaneous Tissue: Sarcoma, Fibrosarcoma, or Neurofibrosarcoma

Overall Rates (a) 1/50 (2%) 1/50 (2%) 4/50 (8%)

Adjusted Rates (b) 4.2% 3.1% 13.7%

Terminal Rates (c) 1/24 (4%) 1/32 (3%) 2/25 (8%)

Week of First Observation 104 104 88

Life Table Tests (d) P=0.093 P=0.697TN P=0.182

Incidental Tumor Tests (d) P=0.102 P=0.697TN P=0.185

Cochran-Armitage Trend Test (d) P=0.101

Fisher Exact Test (d) P=0.753 P=0.181
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TABLE El.

ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR FEED STUDY
OF CHLORENDIC ACID (Continued)

Control 620 ppm 1,250 ppm

Subcutaneous Tissue: Fibroma, Sarcoma, Fibrosarcoma, or Neurofibrosarcoma

Overall Rates (a) 5/50(10%) 5/50 (10%) 7/50 (14%)

Adjusted Rates (b) 18.5% 15.6% 25.0%

Terminal Rates (c) 4/24 (17%) 5/32(16%) 5/25(20%)

Week of First Observation 75 104 88

Life Table Tests (d) P=0.323 P=0.457N P=0.393

Incidental Tumor Tests (d) P=0.323 P=0.560N P=0.387

Cochran-Armitage Trend Test (d) P=0.318

Fisher Exact Test (d) P=0.630 P=0.380
Lung: Alveolar/Bronchiolar Adenoma

Overall Rates (a) 0/50 (0%) 3/50 (6%) 5/50 (10%)

Adjusted Rates (b) 0.0% 9.4% 18.5%

Terminal Rates (¢c) 0/24 (0%) 3/32 (9%) 3/25 (12%)

Week of First Observation 104 100

Life Table Tests (d) P=0.019 P=0.175 P=0.036

Incidental Tumor Tests (d) P=0.014 P=0.175 P=0.021

Cochran-Armitage Trend Test (d) P=0.023

Fisher Exact Test (d) P=0.121 P=0.028
Lung: Alveolar/Bronchiolar Adenoma or Carcinoma

Overall Rates (a) 0/50 (0%) 4/50 (8%) 5/50 (10%)

Adjusted Rates (b) 0.0% 12.5% 18.5%

Terminal Rates (c) 0/24 (0%) 4/32 (13%) 3/25(12%)

Week of First Observation 104 100

Life Table Tests (d) P=0.025 P=0.104 P=0.036

Incidental Tumor Tests (d) P=0.019 P=0.104 P=0.021

Cochran-Armitage Trend Test (d) P=0.029

Fisher Exact Test (d) P=0.059 P=0.028
Hematopoietic System: Mononuclear Cell Leukemia

Overall Rates (a) 24/50 (48%) 22/50 (44%) 28/50 (56%)

Adjusted Rates (b) 55.7% 54.0% 66.5%

Terminal Rates (c) 6/24 (25%) 14/32 (44%) 12/25 (48%)

Week of First Observation 65 86 72

Life Table Tests (d) P=0.285 P=0.160N P=0.330

Incidental Tumor Tests (d) P=0.216 P=0.524N P=0.193

Cochran-Armitage Trend Test (d) P=0.241

Fisher Exact Test (d) P=0421IN P=0.274
Salivary Gland: Fibrosarcoma

Overall Rates (a) 1/50 (2%) 1/49 (2%) 4/50 (8%)

Adjusted Rates (b) 4.2% 3.2% 14.7%

Terminal Rates (c) 1/24 (4%) 1/31 (3%) 3/25 (12%)

Week of First Observation 104 104 93

Life Table Tests (d) P=0.094 P=0.704N P=0.184

Incidental Tumor Tests (d) P=0.084 P=0.704N P=0.162

Cochran-Armitage Trend Test (d) P=0.101

Fisher Exact Test (d) P=0.747 P=0.181
Salivary Gland: Fibrosarcoma or Neurofibrosarcoma

Overall Rates(a) 1/50 (2%) 2/49 (4%) 4/50 (8%)

Adjusted Rates (b) 4.2% 6.5% 14.7%

Terminal Rates (c) 1/24 (4%) 2/31 (6%) 3725 (12%)

Week of First Observation 104 104 93

Life Table Tests (d) P=0.111 P=0.590 P=0.184

Incidental Tumor Tests (d) P=0.101 P=0.590 P=0.162

Cochran-Armitage Trend Test (d) P=0.119

Fisher Exact Test (d) P=0.492 P=0.181

133 Chlorendic Acid, NTP TR 304



TABLE E1. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR FEED STUDY
OF CHLORENDIC ACID (Continued)

Control 620 ppm 1,250 ppm

Liver: Neoplastic Nodule

Overall Rates (a) 2/50 (4%) 21/50 (42%) 23/50 (46%)

Adjusted Rates (b) 8.3% 61.6% 78.6%

Terminal Rates (c) 2/24 (8%) 19/32 (59%) 19/25 (76%)

Week of First Observation 104 97 83

Life Table Tests (d) P<0.001 P<0.001 P<0.001

Incidental Tumor Tests (d) P<0.001 P<0.001 P<0.001

Cochran-Armitage Trend Test (d) P<0.001

Fisher Exact Test (d) P<0.001 P<0.001
Liver: Hepatocellular Carcinoma

Overall Rates (a) 3/50 (6%) 5/50 (10%) 1/50 (2%)

Adjusted Rates (b) 9.5% 15.6% 4.0%

Terminal Rates (c) 1/24 (4%) 5/32(16%) 1/25 (4%)

Week of First Observation i 104 104

Life Table Tests (d) P=0.244N P=0.498 P=0.304N

Incidental Tumor Tests (d) P=0.27TN P=0.371 P=0.356N

Cochran-Armitage Trend Test (d) P=0.262N

Fisher Exact Test (d) P=0.357 P=0.309N
Liver: Neoplastic Nodule or Hepatocellular Carcinoma

Overall Rates (a) 5/50 (10%) 22/50 (44%) 23/50 (46%)

Adjusted Rates (b) 17.3% 64.6% 78.6%

Terminal Rates (¢) 3/24(13%) 20/32 (63%) 19/25 (76%)

Week of First Observation Vil 97 83

Life Table Tests (d) P<0.001 P<0.002 P<0.001

Incidental Tumor Tests (d) P<0.001 P<0.001 P<0.001

Cochran-Armitage Trend Test (d) P<0.001

Fisher Exact Test (d) P<0.001 P<0.001
Pancreas; Acinar Cell Adenoma

Overall Rates (a) 0/49 (0%) 4/50 (8%) 6/50 (12%)

Adjusted Rates (b) 0.0% 11.3% 24.0%

Terminal Rates (c) 0/24 (0%) 3/32 (9%) 6/25 (24%)

Week of First Observation 88 104

Life Table Tests (d) P=0.011 P=0.104 P=0.018

Incidental Tumor Tests (d) P=0.014 P=0.082 P=0.018

Cochran-Armitage Trend Test (d) P=0.015

Fisher Exact Test (d) P=0.061 P=0.014
Rancreatic Islets: Islet Cell Adenoma

Overall Rates (a) 2/49 (4%) 5/50 (10%) 6/50 (12%)

Adjusted Rates (b) 5.9% 13.5% 22.4%

Terminal Rates (c) 0/24 (0%) 2/32(6%) 5/25 (20%)

Week of First Observation 89 89 92

Life Table Tests (d) P=0.101 P=0.320 P=0.139

Incidental Tumor Tests (d) P=0.118 P=0.232 P=0.162

Cochran-Armitage Trend Test (d) P=0.113

Fisher Exact Test (d) P=0.226 P=0.141
Pancreatic Islets: Islet Cell Carcinoma

Overall Rates (a) 4/49 (8%) 1/50 (2%) 3/50 (6%)

Adjusted Rates (b) 15.0% 3.1% 12.0%

Terminal Rates (c) 3/24 (13%) 1/32 (3%) 3/25(12%)

Week of First Observation 93 104 104

Life Table Tests (d) P=0.400N P=0.109N P=0.488N

Incidental Tumor Tests (d) P=0.415N P=0.114N P=0.509N

Cochran-Armitage Trend Test (d) P=0.406N

Fisher Exact Test (d) P=0.175N P=0.489N
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TABLE E1. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR FEED STUDY
OF CHLORENDIC ACID (Continued)

Control 620 ppm 1,250 ppm

Pancreatic Islets: Islet Cell Adenoma or Carcinoma

Overall Rates (a) 6/49 (12%) 6/50 (12%) 9/50 (18%)

Adjusted Rates (b) 20.0% 16.4% 34.0%

Terminal Rates (c) 3/24 (13%) 3/32 (9%) 8/25 (32%)

Week of First Observation 89 89 92

Life Table Tests (d) P=0.232 P=0.446N P=0.296

Incidental Tumor Tests (d) P=0.246 P=0.529N P=0.311

Cochran-Armitage Trend Test (d) P=0.247

Fisher Exact Test (d) P=0.606N P=0.303
Pituitary: Adenoma

Overall Rates (a) 17/50 (34%) 22/50 (44%) 19/50 (38%)

Adjusted Rates (b) 52.5% 56.8% 64.6%

Terminal Rates (¢) 10/24 (42%) 16/32(50%) 15/25 (60%)

Week of First Observation 75 T4 81

Life Table Tests (d) P=0.402 P=0.567 P=0.448

Incidental Tumor Tests (d) P=0.376 P=0.316 P=0.440

Cochran-Armitage Trend Test (d) P=0.381

Fisher Exact Test (d) P=0.206 P=0.418
Pituitary: Adenoma or Carcinoma

Overall Rates (a) 18/50 (36%) 23/50 (46%) 19/50 (38%)

Adjusted Rates (b) 53.9% 58.0% 64.6%

Terminal Rates (c) 10/24 (42%) 16/32 (50%) 15/25 (60%)

Week of First Observation 75 74 81

Life Table Tests (d) P=0.480 P=0.572N P=0.527

Incidental Tumor Tests (d) P=0.462 P=0.308 P=0.544

Cochran-Armitage Trend Test (d) P=0.462

Fisher Exact Test (d) P=0.208 P=0.500
Adrenal: Pheochromocytoma

Overall Rates (a) 25/50 (50%) 17/50 (34%) 15/50 (30%)

Adjusted Rates (b) 72.6% 46.2% 52.6%

Terminal Rates (¢) 15/24 (63%) 13/32 (41%) 12/25 (48%)

Week of First Observation 76 88 78

Life Table Tests (d) P=0.022N P=0.010N P=0.034N

Incidental Tumor Tests (d) P=0.032N P=0.017TN P=0.048N

Cochran-Armitage Trend Test (d) P=0.025N

Fisher Exact Test (d) P=0.078N P=0.033N
Adrenal: Pheochromocytoma, Malignant

Overall Rates (a) 3/50 (6%) 0/50 (0%) 0/50 (0%)

Adjusted Rates (b) 11.0% 0.0% 0.0%

Terminal Rates (c) 2/24 (8%) 0/32 (0%) 0/25 (0%)

Week of First Observation 93

Life Table Tests (d) P=0.032N P=0.08IN P=0.123N

Incidental Tumor Tests (d) P=0.038N P=0.091N P=0.143N

Cochran-Armitage Trend Test (d) P=0.038N

Fisher Exact Test (d) P=0.122N P=0.122N
Adrenal: Pheochromocytoma or Pheochromocytoma, Malignant

Overall Rates (a) 26/50 (52%) 17/50 (34%) 15/50 (30%)

Adjusted Rates (b) 75.7% 46.2% 52.6%

Terminal Rates (c) 16/24 (67%) 13/32(41%) 12/25 (48%)

Week of First Observation 76 88 78

Life Table Tests (d) P=0.013N P=0.005N P=0.021N

Incidental Tumor Tests (d) P=0.019N P=0.009N P=0.029N

Cochran-Armitage Trend Test (d) P=0.016N

Fisher Exact Test (d) P=0.053N P=0.021N
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TABLE E1. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR FEED STUDY
OF CHLORENDIC ACID (Continued)

Control 620 ppm 1,250 ppm

Thyroid: C-Cell Adenoma

Overall Rates(a) 10/50 (20%) 7/50 (14%) 12/50 (24%)

Adjusted Rates (b) 36.3% 21.9% 41.3%

Terminal Rates (¢) 7124 (29%) 7132 (22%) 9/25 (36%)

Week of First Observation 91 104 87

Life Table Tests (d) P=0.363 P=0.118N P=0.428

incidental Tumor Tests (d) P=0.404 P=0.146N P=0.468

Cochran-Armitage Trend Test (d) P=0.350

Figsher Exact Test (d) P=0.298N P=0.405
Thyroid: C-Cell Carcinoma

Overall Rates(a) 5/50 (10%) 3/50 (6%) 3/50 (6%)

Adjusted Rates (b) 18.9% 8.5% 12.0%

Terminal Rates (¢) 4/24 (17%) 2/32 (6%) 3/25(12%)

Week of First Observation 91 95 104

Life Table Tests (d) P=0.268N P=0.225N P=0.340N

Incidental Tumor Tests (d) P=0.259N P=0.263N P=0.307TN

Cochran-Armitage Trend Test (d) P=0.284N

Fisher Exact Test (d) P=0.357TN P=0.357TN
Thyroid: C-Cell Adenoma or Carcinoma

Overall Rates (a) 15/50 (30%) 10/50 (20%) 15/50 (30%)

Adjusted Rates (b) 52.6% 29.9% 52.3%

Terminal Rates (c) 11/24 (46%) 9/32 (28%) 12/25 (48%)

Week of First Observation 91 95 87

Life Table Tests (d) P=0.526N P=0.040N P=0/559N

Incidental Tumor Tests (d) P=0.480N P=0.057TN P=0.498N

Cochran-Armitage Trend Test (d) P=0.543

Fisher Exact Test (d) P=0.178N P=0.586
Preputial Gland: Carcinoma

Overall Rates (a) 1/50 (2%) 8/50 (16%) 4/50 (8%)

Adjusted Rates (b) 4.2% 22.7% 13.2%

Terminal Rates (¢) 1/24 (4%) 6/32 (19%) 2/25 (8%)

Week of First Observation 104 81 82

Life Table Tests (d) P=0.194 P=0.047 P=0.189

Incidental Tumor Tests (d) P=0.198 P=0.035 P=0.185

Cochran-Armitage Trend Test (d) P=0.190

Fisher Exact Test (d) P=0.015 P=0.181
Preputial Gland: Adenoma, Carcinoma, or Squamous Cell Papilloma

Overall Rates (a) 1/50 (2%) 10/50 (20%) 4/50 (8%)

Adjusted Rates (b) 4.2% 27.8% 13.2%

Terminal Rates (c) 1/24 (4%) 7132 (22%) 2/25 (8%)

Week of First Observation 104 81 82

Life Table Tests (d) P=0.210 P=0,018 P=0.189

Incidental Tumor Tests (d) P=0.201 P=0.012 P=0.185

Cochran-Armitage Trend Test (d) P=0.206

Fisher Exact Test (d) P=0.004 P=0.181
Testis: Interstitial Cell Tumor

Overall Rates(a) 41/49 (84%) 35/50 (70%) 22/50 (44%)

Adjusted Rates (b) 97.5% 80.9% 61.5%

Terminal Rates (c) 23/24 (96%) 24/32 (75%) 12/25 (48%)

Week of First Observation 73 81 64

Life Table Tests (d) P<0.001N P=0.008N P=0.002N

Incidental Tumor Tests (d) P<0.001N P=0.013N P<0.001N

Cochran-Armitage Trend Test (d) P<0.001N

Fisher Exact Test (d) P=0.085N P<0.001N
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TABLE E1. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR FEED STUDY
OF CHLORENDIC ACID (Continued)

(a) Number of tumor-bearing animals/number of animals examined at the site

(b) Kaplan-Meier estimated tumor incidences at the end of the study after adjusting for intercurrent mortality

(c) Observed tumor incidence at terminal kill

(d) Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the
P values corresponding to pairwise comparisons between that dosed group and the controls. The life table analysis regards
tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The incidental tumor test
regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence rates.
A negative trend or lower incidence in a dosed group is indicated by (N).
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TABLE E2. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR FEED STUDY
OF CHLORENDIC ACID

Control 620 ppm 1,250 ppm

Subcutaneous Tissue: Fibroma or Fibrosarcoma

Overall Rates(a) 3/50 (6%) 1/50 (2%) 1/50 (2%)

Adjusted Rates (b) 8.7% 2.8% 2.9%

Terminal Rates (c) 2/31 (6%) 1/36 (3%) 1/35 (3%)

Week of First Observation 91 104 104

Life Table Tests (d) P=0.178N P=0.262N P=0.27TN

Incidental Tumor Tests (d) P=0.207N P=0.323N P=0.314N

Cochran-Armitage Trend Test (d) P=0.203N

Fisher Exact Test (d) P=0.309N P=0.309N
Hematopoietic System: Mononuclear Cell Leukemia

Overall Rates (a) 13/50 (26%) 15/50 (30%) 16/50 (32%)

Adjusted Rates (b) 32.6% 34.9% 38.0%

Terminal Rates (c) 6/31 (19%) 9/36 (25%) 10/35 (29%)

Week of First Observation 82 64 73

Life Table Tests (d) P=0.387 P=0.542 P=0.425

Incidental Tumor Tests (d) P=0.307 P=0.380 P=0.347

Cochran-Armitage Trend Test (d) P=0.292

Fisher Exact Test (d) P=0.412 P=0.330
Liver: Neoplastic Nodule

Overall Rates (a) 1/50 (2%) 3/49 (6%) 11/50 (22%)

Adjusted Rates (b) 3.2% 8.3% 31.4%

Terminal Rates (¢) 1731 (3%) 3/36 (8%) 11/35(31%)

Week of First Observation 104 104 104

Life Table Tests (d) P=0.001 P=0.359 P=0.004

Incidental Tumor Tests (d) P=0.001 P=0.359 P=0.004

Cochran-Armitage Trend Test (d) P<0.001

Fisher Exact Test (d) P=0.301 P=0.002
Liver: Hepatocellular Carcinoma

Overall Rates (a) 0/50 (0%) 3/49 (6%) 5/50 (10%)

Adjusted Rates (b) 0.0% 7.8% 14.3%

Terminal Rates (c) 0/31 (0%) 2/36 (6%) 5/35(14%)

Week of First Observation 95 104

Life Table Tests (d) P=0.028 P=0.146 P=0.044

Incidental Tumor Tests (d) P=0.023 P=0.133 P=0.044

Cochran-Armitage Trend Test (d) P=0.023

Fisher Exact Test (d) P=0.117 P=0.028
Liver: Neoplastic Nodule or Hepatocellular Carcinoma

Overall Rates (a) 1/50 (2%) 5/49 (10%) 16/60 (32%)

Adjusted Rates (b) 3.2% 13.2% 45.7%

Terminal Rates (c) 1/31 (3%) 4/36 (11%) 16/35 (46%)

Week of First Observation 104 95 104

Life Table Tests (d) P<0.001 P=0.138 P<0.001

Incidental Tumor Tests (d) P<0.001 P=0.130 P<0.001

Cochran-Armitage Trend Test (d) P<0.001

Fisher Exact Test (d) P=0.098 P<0.001
Pituitary: Adenoma

Overall Rates (a) 31/50 (62%) 34/50 (68%) 23/50 (46%)

Adjusted Rates (b) 83.3% 76.9% 55.7%

Terminal Rates (c) 25/31 (81%) 26/36 (72%) 17/35 (49%)

Week of First Observation 82 64 82

Life Table Tests (d) P=0.027N P=0.498N P=0.035N

Incidental Tumor Tests (d) P=0.060N P=0.476 P=0.083N

Cochran-Armitage Trend Test (d) P=0.063N

Fisher Exact Test (d) P=0.338 P=0.080N

Chlorendic Acid, NTP TR 304 138



TABLE E2. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR FEED STUDY
OF CHLORENDIC ACID (Continued)

Control 620 ppm 1,250 ppm

Pituitary: Carcinoma

Overall Rates (a) 2/50 (4%) 3/50 (6%) 1/50 (2%)

Adjusted Rates (b) 5.6% 1.7% 2.9%

Terminal Rates (¢) 1/31 (3%) 1/36 (3%) 1/35(3%)

Week of First Observation 96 99 104

Life Table Tests (d) P=0.371IN P=0.548 P=0.475N

Incidental Tumor Tests (d) P=0.484N P=0.495 P=0.539N

Cochran-Armitage Trend Test (d) P=0.399N

Fisher Exact Test (d) P=0.500 P=0.500N
Pituitary: Adenoma or Carcinoma

Overall Rates (a) 33/50 (66%) 37/50 (74%) 24/50 (48%)

Adjusted Rates (b) 86.4% 80.3% 58.2%

Terminal Rates (c) 26/31 (84%) 27/36 (T5%) 18/35 (51%)

Week of First Observation 82 64 82

Life Table Tests (d) P=0.018N P=0.553N P=0.022N

Incidental Tumor Tests (d) P=0.044N P=0.384 P=0.057N

Cochran-Armitage Trend Test (d) P=0.039N

Fisher Exact Test (d) P=0.257 P=0.053N
Adrenal: Pheochromocytoma

Overall Rates (a) 2/50 (4%) 3/49 (6%) 2/60 (4%)

Adjusted Rates (b) 5.3% 7.9% 5.7%

Terminal Rates (c) 1/31 (3%) 2/36 (6%) 2/35 (6%)

Week of Fiirst Observation 87 98 104

Life Table Tests (d) P=0.557N P=0.548 P=0.665N

Incidental Tumor Tests (d) P=0.565 P=0.469 P=0.686

Cochran-Armitage Trend Test (d) P=0.593N

Fisher Exact Test (d) P=0.490 P=0.691
Thyroid: C-Cell Adenoma

Overall Rates (a) 7/50 (14%) 10/50 (20%) 13/50 (26%)

Adjusted Rates (b) 20.4% 26.0% 36.1%

Terminal Rates (c) 5/31 (16%) 8736 (22%) 12/35 (34%)

Week of First Observation 96 93 101

Life Table Tests (d) P=0.127 P=0.409 P=0.160

Incidental Tumor Tests (d) P=0.079 P=0.367 P=0.107

Cochran-Armitage Trend Test (d) P=0.085

Fisher Exact Test (d) P=0.298 P=0.105
Thyroid: C-Cell Carcinoma

Overall Rates(a) 2/50 (4%) 7150 (14%) 2/50 (4%)

Adjusted Rates (b) 6.5% 18.9% 5.7%

Terminal Rates (c) 2/31 (6%) 6/36 (17%) 2/35 (6%)

Week of First Observation 104 100 104

Life Table Tests (d) P=0511IN P=0.119 P=0.651N

Incidental Tumor Tests (d) P=0.542N P=0.112 P=0.651N

Cochran-Armitage Trend Test (d) P=0.573N

Fisher Exact Test (d) P=0.080 P=0.691N
Thyroid: C-Cell Adenoma or Carcinoma

Overall Rates (a) 9/50 (18%) 16/50 (32%) 15/50 (30%)

Adjusted Rates (b) 26.5% 40.8% 41.6%

Terminal Rates (c) /31 (23%) 13/36 (36%) 14/35 (40%)

Week of First Observation 96 93 101

Life Table Tests (d) P=0.171 P=0.162 P=0.188

Incidental Tumor Tests (d) P=0.105 P=0.128 P=0.132

Cochran-Armitage Trend Test (d) P=0.108

Fisher Exact Test (d) P=0.083 P=0.12
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TABLE E2. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR FEED STUDY
OF CHLORENDIC ACID (Continued)

Control 620 ppm 1,250 ppm

Mammary Gland: Fibroadenoma

Overall Rates (a) 22/50 (44%) 16/50 (32%) 4/50 (8%)

Adjusted Rates (b) 58.5% 38.5% 11.4%

Terminal Rates (¢) 16/31 (52%) 11/36 (31%) 4/35(11%)

Week of First Observation 87 82 104

Life Table Tests (d) P<0.001N P=0.08IN P<(0.001N

Incidental Tumor Tests (d) P<0.001N P=0.162N P<0.001N

Cochran-Armitage Trend Test (d) P<0.001IN

Figsher Exact Test (d) P=0.151N P<0.001N
Mammary Gland: Adenoma

Overall Rates (a) 1/50 (2%) 3/50 (6%) 3/50 (6%)

Adjusted Rates (b) 3.2% 8.3% 8.6%

Terminal Rates (¢) 1/31 (3%) 3/36 (8%) 3/35 (9%)

Week of First Observation 104 104 104

Life Table Tests (d) P=0.277 P=0.359 P=0.349

Incidental Tumor Tests (d) P=0.277 P=0.359 P=0.349

Cochran-Armitage Trend Test (d) P=0.240

Fisher Exact Test (d) P=0.309 P=0.309
Mammary Gland: Adenocarcinoma

Overall Rates(a) 1/50 (2%) 5/50 (10%) 4/50 (8%)

Adjusted Rates (b) 3.2% 12.8% 10.0%

Terminal Rates (c) 1/31 (3%) 3/36 (8%) 2/35 (6%)

Week of First Observation 104 95 63

Life Table Tests (d) P=0.190 P=0.138 P=0.212

Incidental Tumor Tests (d) P=0.171 P=0.118 P=0.246

Cochran-Armitage Trend Test (d) P=0.160

Fisher Exact Test (d) P=0.102 P=0.181
Mammary Gland: Adenoma or Fibroadenoma

Overall Rates (a) 23/50 (46%) 17/50 (34%) 7150 (14%)

Adjusted Rates (b) 61.3% 41.0% 20.0%

Terminal Rates (c) 17/31 (65%) 12/36 (33%) 7/35(20%)

Week of First Observation 87 82 104

Life Table Tests (d) P<0.001N P=0.078N P<0.001N

Incidental Tumor Tests (d) P<0.001N P=0.156N P<0.001N

Cochran-Armitage Trend Test (d) P<0.001N

Fisher Exact Test (d) P=0.154N P<0.001N
Mammary Gland: Adenoma, Fibroadenoma, or Adenocarcinoma

Overall Rates (a) 24/50 (48%) 20/50 (40%) 10/50 (20%)

Adjusted Rates (b) 64.0% 47.1% 26.3%

Terminal Rates (c) 18/31 (58%) 14/36 (39%) 8/35(23%)

Week of First Observation 87 82 63

Life Table Tests (d) P=0.001N P=0.145N P=0.001N

Incidental Tumor Tests (d) P=0.003N P=0.267TN P=0.002N

Cochran-Armitage Trend Test (d) P=0.002N

Fisher Exact Test (d) P=0.273N P=0.003N
Clitoral Gland: Carcinoma

Overall Rates (a) 4/50 (8%) 5/50 (10%) 6/50(12%)

Adjusted Rates (b) 11.3% 13.9% 16.5%

Terminal Rates (¢) 2/31 (6%) 5/36 (14%) 5/35 (14%)

Week of First Observation 82 104 99

Life Table Tests (d) P=0.369 P=0.578 P=0.432

Incidental Tumor Tests (d) P=0.299 P=0.518 P=0.323

Cochran-Armitage Trend Test (d) P=0.309

Fisher Exact Test (d) P=0.500 P=0.370
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TABLE E2. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR FEED STUDY
OF CHLORENDIC ACID (Continued)

Control 620 ppm 1,250 ppm

Clitoral Gland: Adenoma or Carcinoma

Overall Rates (a) 4/50 (8%) 5/50 (10%) 7/50 (14%)

Adjusted Rates (b) 11.3% 13.9% 19.3%

Terminal Rates (c) 2/31 (6%) 5/36 (14%) 7/35(17%)

Week of First Observation 82 104 99

Life Table Tests (d) P=0.261 P=0.578 P=0.323

Incidental Tumor Tests (d) P=0.203 P=0.518 P=0.229

Cochran-Armitage Trend Test (d) P=0.209

Fisher Exact Test (d) P=0.500 P=0.262
Uterus: Endometrial Stromal Polyp

Overall Rates (a) 6/50 (12%) 15/49 (31%) 10/50 (20%)

Adjusted Rates (b) 17.8% 39.1% 27.5%

Terminal Rates (¢) 5/31 (16%) 13/36 (36%) 9/35 (26%)

Week of First Observation 58 86 88

Life Table Tests (d) P=0.271 P=0.051 P=0.276

Incidental Tumor Tests (d) P=0.274 P=0.040 P=0.315

Cochran-Armitage Trend Test (d) P=0.197

Fisher Exact Test (d) P=0.021 P=0.207

(a) Number of tumor-bearing animals/number of animals examined at the site

(b) Kaplan-Meier estimated tumor incidences at the end of the study after adjusting for intercurrent mortality

(¢c) Observed tumor incidence at terminal kill

(d) Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the
P values corresponding to pairwise comparisons between that dosed group and the controls. The life table analysis regards
tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The incidental tumor test
regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence rates.
A negative trend or lower incidence in a dosed group is indicated by (N).
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TABLE E3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR FEED STUDY
OF CHLORENDIC ACID

Control 620 ppm 1,250 ppm

Subcutaneous Tissue: Fibrosarcoma

Overall Rates (a) 6/50 (12%) 7150 (14%) 7/50 (14%)

Adjusted Rates (b) 14.9% 19.2% 19.1%

Terminal Rates (¢c) 4/37(11%) 1/28 (4%) 2/29 (T%)

Week of First Observation 69 65 47

Life Table Tests (d) P=0.326 P=0.358 P=0.375

Incidental Tumor Tests (d) P=0.515N P=0.598N P=0.531N

Cochran-Armitage Trend Test (d) P=0.442

Fisher Exact Test (d) P=0.500 P=0.500
Subcutaneous Tissue: Sarcoma or Fibrosarcoma

Overall Rates (a) 6/50 (12%) 9/50 (18%) 7/50 (14%)

Adjusted Rates (b) 14.9% 25.2% 19.1%

Terminal Rates (c) 4/37 (11%) 3/28 (11%) 2/29 (7%)

Week of First Observation 69 65 47

Life Table Tests (d) P=0.318 P=0.172 P=0.375

Incidental Tumor Tests (d) P=0.533N P=0.377 P=0.531N

Cochran-Armitage Trend Test (d) P=0.446

Fisher Exact Test (d) P=0.288 P=0.500
Subcutaneous Tissue: Fibroma or Fibrosarcoma

Overall Rates (a) 8/50(16%) 7/50 (14%) 8/50 (16%)

Adjusted Rates (b) 20.0% 19.2% 21.7%

Terminal Rates (c) 6/37(16%) 1/28 (4%) 2/29 (7%)

Week of First Observation 69 65 47

Life Table Tests (d) P=0410 P=0.546 P=0.454

Incidental Tumor Tests (d) P=0417N P=0.387N P=0.441N

Cochran-Armitage Trend Test (d) P=0.555

Fisher Exact Test (d) P=0.500N P=0.607
Subcutaneous Tissue: Fibroma, Sarcoma, or Fibrosarcoma

Overall Rates (a) 8/50 (16%) 9/50 (18%) 8/50 (16%)

Adjusted Rates (b) 20.0% 25.2% 21.7%

Terminal Rates (c) 6/37(16%) 3/28 (11%) 2/29 (7%)

Week of First Qbservation 69 65 47

Life Table Tests (d) P=0.398 P=0.321 P=0.454

Incidental Tumor Tests (d) P=0.438N P=0.576 P=0.441N

Cochran-Armitage Trend Test (d) P=0.553N

Fisher Exact Test (d) P=0.500 P=0.607
Lung: Alveolar/Bronchiolar Adenoma

Overall Rates (a) 11/50 (22%) 2/49 (4%) 7/50 (14%)

Adjusted Rates (b) 29.7% 6.2% 20.4%

Terminal Rates (c) 11/37 (30%) 1/28 (4%) 4/29 (14%)

Week of First Observation 104 84 41

Life Table Tests (d) P=0.286N P=0.028N P=0.393N

Incidental Tumor Tests (d) P=0.197TN P=0.013N P=0.298N

Cochran-Armitage Trend Test (d) P=0.155N

Fisher Exact Test (d) P=0.008N P=0.218N
Lung: Alveolar/Bronchiolar Carcinoma

Overall Rates (a) 5/50(10%) 2/49 (4%) 3/50 (6%)

Adjusted Rates (b) 13.5% T1% 9.1%

Terminal Rates (c) 5/37 (14%) 2/28 (1%) 1/29 (3%)

Week of First Observation 104 104 90

Life Table Tests (d) P=0.396N P=0.340N P=0.488N

Incidental Tumor Tests (d) P=0.320N P=0.340N P=0.354N

Cochran-Armitage Trend Test (d) P=0.276N

Fisher Exact Test (d) P=0.227N P=0.358N
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TABLE E3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR FEED STUDY

OF CHLORENDIC ACID (Continued)

Control 620 ppm 1,250 ppm

Lung: Alveolar/Bronchiolar Adenoma or Carcinoma

Overall Rates(a) 15/50 (30%) 4/49 (8%) 9/50 (18%)

Adjusted Rates (b) 40.5% 13.1% 25.9%

Terminal Rates (c) 15/37 (41%) 3/28 (11%) 5/29 (17%)

Week of First Observation 104 84 41

Life Table Tests (d) P=0.202N P=0.023N P=0.291N

Incidental Tumor Tests (d) P=0.112N P=0.012N P=0.159N

Cochran-Armitage Trend Test (d) P=0.081N

Fisher Exact Test (d) P=0.005N P=0.12IN
Hematopoietic System: Malignant Lymphoma, Histiocytic Type

Overall Rates(a) 1/50 (2%) 3/50 (6%) 3/50 (6%)

Adjusted Rates (b) 2.7% 9.7% 9.6%

Terminal Rates (c) 1/37 (3%) 2/28 (T%) 1/29 (3%)

Week of First Observation 104 84 99

Life Table Tests (d) P=0.179 P=0.227 P=0.233

Incidental Tumor Tests (d) P=0.238 P=0.357 P=0.258

Cochran-Armitage Trend Test (d) P=0.240

Fisher Exact Test (d) P=0.309 P=0.309
Hematopoietic System: Malignant Lymphoma, Mixed Type

Overall Rates (a) 3/50 (6%) 0/50 (0%) 1/50 (2%)

Adjusted Rates (b) 8.1% 0.0% 2.6%

Terminal Rates (c) 3/37 (8%) 0/28 (0%) 0/29 (0%)

Week of First Observation 104 83

Life Table Tests (d) P=0.233N P=0.174N P=0.380N

Incidental Tumor Tests (d) P=0.154N P=0.174N P=0.230N

Cochran-Armitage Trend Test (d) P=0.178N

Fisher Exact Test (d) P=0.122N P=0.309N
Hematopoietic System: Lymphoma, All Malignant

Overall Rates (a) 4/50 (8%) 4/50 (8%) 4/50 (8%)

Adjusted Rates (b) 10.8% 12.0% 11.9%

Terminal Rates (c) 4/37(11%) 2/28 (T%) 1/29 (3%)

Week of First Observation 104 81 83

Life Table Tests (d) P=0.455 P=0.510 P=0.522

Incidental Tumor Tests (d) P=0.505N P=0.553N P=0.634N

Cochran-Armitage Trend Test (d) P=0.574

Fisher Exact Test (d) P=0.643N P=0.643N
Liver: Hepatocellular Adenoma

Overall Rates (a) 5/50 (10%) 9/49 (18%) 10/50 (20%)

Adjusted Rates (b) 13.5% 30.1% 33.3%

Terminal Rates (c) 5/37 (14%) 8/28 (29%) 9729 (31%)

Week of First Observation 105 30 102

Life Table Tests (d) P=0.038 P=0.077 P=0.047

Incidental Tumor Tests (d) P=0.041 P=0.081 P=0.050

Cochran-Armitage Trend Test (d) P=0.111

Fisher Exact Test (d) P=0.185 P=0.131
Liver: Hepatocellular Carcinoma

Overall Rates(a) 9/50 (18%) 17/49 (35%) 20/50 (40%)

Adjusted Rates (b) 22.1% 46.5% 51.8%

Terminal Rates (c) 6/37 (16%) 9/28 (32%) 11/29 (38%)

Week of First Observation 70 75 60

Life Table Tests (d) P=0.004 P=0.018 P=0.005

Incidental Tumor Tests (d) P=0.023 P=0.084 P=0.038

Cochran-Armitage Trend Test (d) P=0.012

Fisher Exact Test (d) P=0.048 P=0.013
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TABLE E3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR FEED STUDY
OF CHLORENDIC ACID (Continued)

Control 620 ppm 1,250 ppm

Liver: Hepatocellular Adenoma or Carcinoma

Overall Rates (a) 13/50 (26%) 23/49 (47%) 27/50 (54%)

Adjusted Rates (b) 32.2% 61.4% 70.6%

Terminal Rates (c) 10/37 (27%) 14/28 (50%) 18/29 (62%)

Week of First Observation 70 30 60

Life Table Tests (d) P<0.001 P=0.006 P<0.001

Incidental Tumor Tests (d) P=0.003 P=0.028 P=0.005

Cochran-Armitage Trend Test (d) P=0.003

Fisher Exact Test (d) P=0.025 P=0.004
Thyroid: Follicular Cell Adenoma

Overall Rates (a) 0/50 (0%) 0/47 (0%) 3/50 (6%)

Adjusted Rates (b) 0.0% 0.0% 9.1%

Terminal Rates (c) 0/37 (0%) 0/28 (0%) 2/29 (7%)

Week of First Observation 67

Life Table Tests (d) P=0.030 (e) P=0.093

Incidental Tumor Tests (d) P=0.039 (e) P=0.120

Cochran-Armitage Trend Test (d) P=0.038

Fisher Exact Test (d) (e) P=0.121
Harderian Gland: Papillary Adenoma

Overall Rates (a) 3/60 (6%) 0/50 (0%) 0/50 (0%)

Adjusted Rates (b) 8.1% 0.0% 0.0%

Terminal Rates (c) 3/37 (8%) 0/28 (0%) 0/29 (0%)

Week of First Observation 104

Life Table Tests (d) P=0.059N P=0.174N P=0.167N

Incidental Tumor Tests (d) P=0.059N P=0.174N P=0.167N

Cochran-Armitage Trend Test (d) P=0.038N

Fisher Exact Test (d) P=0.121N P=0.12IN
Harderian Gland: Papillary Adenoma or Cystadenoma

Overall Rates (a) 5/50 (10%) 2/50 (4%) 0/50 (0%)

Adjusted Rates (b) 13.5% 7.1% 0.0%

Terminal Rates (c) 5/37 (14%) 2/28 (1%) 0/29 (0%)

Week of First Observation 104 104

Life Table Tests (d) P=0.034N P=0.340N P=0.057N

Incidental Tumor Tests (d) P=0.034N P=0.340N P=0.057N

Cochran-Armitage Trend Test (d) P=0.017N

Fisher Exact Test (d) P=0.218N P=0.028N

(a) Number of tumor-bearing animals/number of animals examined at the site

(b) Kaplan-Meier estimated tumor incidences at the end of the study after adjusting for intercurrent mortality

(c) Observed tumor incidence at terminal kill

(d) Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the
P values corresponding to pairwise comparisons between that dosed group and the controls. The life table analysis regards
tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The incidental tumor test
regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence rates.
A negative trend or lower incidence in a dosed group is indicated by (N).

(e) No P value is reported because no tumors were observed in the 620-ppm and control groups.

Chlorendic Acid, NTP TR 304 144



TABLE E4. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR FEED STUDY
OF CHLORENDIC ACID

Control 620 ppm 1,250 ppm

Lung: Alveolar/Bronchiolar Adenoma

Overall Rates (a) 0/50 (0%) 4/50 (8%) 4/50 (8%)

Adjusted Rates (b) 0.0% 10.3% 10.5%

Terminal Rates (c) 0/39(0%) 4/39 (10%) 3/35 (9%)

Week of First Observation 104 74

Life Table Tests (d) P=0.047 P=0.063 P=0.054

Incidental Tumor Tests (d) P=0.050 P=0.063 P=0.066

Cochran-Armitage Trend Test (d) P=0.060

Fisher Exact Test (d) P=0.059 P=0.059
Lung: Alveolar/Bronchiolar Adenoma or Carcinoma

Overall Rates (a) 1/50 (2%) 5/50 (10%) 6/50 (12%)

Adjusted Rates (b) 2.6% 12.8% 16.1%

Terminal Rates (¢) 1/39(3%) 5/39 (13%) 5/35 (14%)

Week of First Observation 104 104 74

Life Table Tests(d) P=0.034 P=0.103 P=0.045

Incidental Tumor Tests (d) P=0.037 P=0.103 P=0.053

Cochran-Armitage Trend Test (d) P=0.049

Fisher Exact Test (d) P=0.102 P=0.056
Hematopoietic System: Malignant Lymphoma, Undifferentiated Type

Overall Rates(a) 3/50 (6%) 0/50 (0%) 1/50 (2%)

Adjusted Rates (b) T1.7% 0.0% 2.7%

Terminal Rates (¢) 3/39 (8%) 0/39 (0%) 0/35 (0%)

Week of First Observation 104 102

Life Table Tests (d) P=0.198N P=0.12IN P=0.341N

Incidental Tumor Tests (d) P=0.199N P=0.12IN P=0.336N

Cachran-Armitage Trend Test (d) P=0.178N

Fisher Exact Test (d) P=0.122N P=0.309N
Hematopoietic System: Malignant Lymphoma, Lymphocytic Type

Overall Rates (a) 4/50 (8%) 1/50 (2%) 2/50 (4%)

Adjusted Rates (b) 9.1% 2.5% 5.7%

Terminal Rates (¢) 2/39 (5%) 0/39 (0%) 2/35 (6%)

Week of First Observation 76 103 104

Life Table Tests (d) P=0.273N P=0.191N P=0.380N

Incidental Tumor Tests (d) P=0.222N P=0.214N P=0.306N

Cochran-Armitage Trend Test (d) P=0.24IN

Fisher Exact Test (d) P=0.181N P=0.339N
Hematopoietic System: Malignant Lymphoma, Histiocytic Type

Overall Rates(a) 3/50 (6%) 2/50 (4%) 4/50 (8%)

Adjusted Rates (b) 1.7% 4.5% 9.5%

Terminal Rates (c) 3/39 (8%) 0/39 (0%) 1/35 (3%)

Week of First Observation 104 69 4

Life Table Tests (d) P=0.379 P=0.510N P=0.456

Incidental Tumor Tests (d) P=0.496 P=0.518N P=0.533

Cochran-Armitage Trend Test (d) P=0.416

Fisher Exact Test (d) P=0.500N P=0.500
Hematopoietic System: Malignant Lymphoma, Mixed Type

Overall Rates (a) 6/50(12%) 12/50 (24%) 6/50(12%)

Adjusted Rates (b) 15.4% 30.8% 16.4%

Terminal Rates (c) 6/39 (15%) 12/39 (31%) 5/35 (14%)

Week of First Observation 104 104 90

Life Table Tests (d) P=0.465 P=0.091 P=0.544

Incidental Tumor Tests (d) P=0.491 P=0.091 P=0.578

Cochran-Armitage Trend Test (d) P=0.551N

Fisher Exact Test (d) P=0.096 P=0.620N
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TABLE E4. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR FEED STUDY
OF CHLORENDIC ACID (Continued)

Control 620 ppm 1,250 ppm

Hematopoietic System: Lymphoma, All Malignant

Overall Rates (a) 16/50 (32%) 15/50 (30%) 13/50 (26%)

Adjusted Rates (b) 38.6% 35.5% 31.8%

Terminal Rates (¢) 14/39 (36%) 12/39 (31%) 8/35 (23%)

Week of First Observation 76 69 74

Life Table Tests (d) P=0.409N P=0.509N P=0.448N

Incidental Tumor Tests (d) P=0.298N P=0.534N P=0.339N

Cochran-Armitage Trend Test (d) P=0.292N

Fisher Exact Test (d) P=0.500N P=0.330N
Circulatory System: Hemangiosarcoma

Overall Rates (a) 0/50 (0%) 1/50 (2%) 3/50 (6%)

Adjusted Rates (b) 0.0% 2.6% 8.1%

Terminal Rates (¢) 0/39 (0%) 1/39 (3%) 2/35 (6%)

Week of First Observation 104 20

Life Table Tests (d) P=0.051 P=0.500 P=0.105

Incidental Tumor Tests (d) P=0.074 P=0.500 P=0.136

Cochran-Armitage Trend Test (d) P=0.060

Fisher Exact Test (d) P=0.500 P=0.121
Liver; Hepatocellular Adenoma

Overall Rates (a) 2/50 (4%) 2/49 (4%) 3/50 (6%)

Adjusted Rates (b) 5.1% 5.1% 8.6%

Terminal Rates (¢) 2/39 (5%) 2/39 (6%) 3/35 (9%)

Week of First Observation 104 104 104

Life Table Tests (d) P=0.360 P=0.695 P=0.450

Incidental Tumor Tests (d) P=0.360 P=0.695 P=0.450

Cochran-Armitage Trend Test (d) P=0.407

Fisher Exact Test (d) P=0.684 P=0.500
Liver: Hepatocellular Carcinoma

Overall Rates (a) 1/50 (2%) 5/49 (10%) 4/50 (8%)

Adjusted Rates (b) 2.6% 12.4% 10.3%

Terminal Rates (c) 1/39 (3%) 4/39 (10%) 2/35 (6%)

Week of First Observation 104 97 87

Life Table Tests (d) P=0.131 P=0.106 P=0.154

Incidental Tumor Tests (d) P=0.183 P=0.090 P=0.215

Cochran-Armitage Trend Test (d) P=0.161

Fisher Exact Test (d) P=0.098 P=0.181
Liver: Hepatocellular Adenoma or Carcinoma

Overall Rates (a) 3/50 (6%) T7/49 (14%) 7/60 (14%)

Adjusted Rates (b) 1.7% 17.4% 18.5%

Terminal Rates (¢) 3/39 (8%) 6/39 (15%) 5/35 (14%)

Week of First Observation 104 97 87

Life Table Tests (d) P=0.100 P=0.161 P=0.123

Incidental Tumor Tests (d) P=0.133 P=0.143 P=0.160

Cochran-Armitage Trend Test (d) P=0.137

Fisher Exact Test (d) P=0.151 P=0.159
Forestomach: Squamous Cell Papilloma

Overall Rates (a) 3/50 (6%) 0/48 (0%) 0/50 (0%)

Adjusted Rates (b) 1.7% 0.0% 0.0%

Terminal Rates (¢) 3/39 (8%) 0/38 (0%) 0/35 (0%)

Week of First Observation 104

Life Table Tests (d) P=0.044N P=0.126N P=0.141N

Incidental Tumor Tests (d) P=0.044N P=0.126N P=0.141N

Cochran-Armitage Trend Test (d) P=0.039N

Fisher Exact Test (d) P=0.129N P=0.121N
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TABLE E4. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR FEED STUDY
OF CHLORENDIC ACID (Continued)

Control 620 ppm 1,250 ppm

Pituitary: Adenoma

Overall Rates (a) 12/48 (25%) 4/4T (9%) 3/50 (6%)

Adjusted Rates (b) 30.8% 10.2% 8.6%

Terminal Rates (¢) 12/39 (31%) 3/37(8%) 3/35(9%)

Week of First Observation 104 77 104

Life Table Tests (d) P=0.009N P=0.035N P=0.019N

Incidental Tumor Tests (d) P=0.008N P=0.028N P=0.019N

Cochran-Armitage Trend Test (d) P=0.004N

Fisher Exact Test (d) P=0.029N P=0.009N
Pituitary: Adenoma or Carcinoma

Overall Rates (a) 13/48 (27%) 4/47 (9%) 3/50 (6%)

Adjusted Rates (b) 32.4% 10.2% 8.6%

Terminal Rates (¢) 12/39 (31%) 3/37 (8%) 3/35(9%)

Week of First Observation 91 77 104

Life Table Tests (d) P=0.005N P=0.022N P=0.012N

Incidental Tumor Tests (d) P=0.003N P=0.021N P=0.009N

Cochran-Armitage Trend Test (d) P=0.002N

Fisher Exact Test (d) P=0.017N P=0.005N
Mammary Gland: Adenoma, Papillary Cystadenoma, or Adenocarcinoma

Overall Rates (a) 0/50 (0%) 3/50 (6%) 1/50 (2%)

Adjusted Rates (b) 0.0% 7.2% 2.9%

Terminal Rates (¢c) 0/39 (0%) 2/39 (5%) 1/35 (3%)

Week of First Observation 77 104

Life Table Tests (d) P=0.356 P=0.121 P=0.478

Incidental Tumor Tests (d) P=0.380 P=0.162 P=0.478

Cochran-Armitage Trend Test (d) P=0.382

Fisher Exact Test (d) P=0.121 P=0.500
Uterus: Endometrial Stromal Polyp

Overall Rates (a) 2/50 (4%) 1/48 (2%) 3/50 (6%)

Adjusted Rates (b) 5.1% 2.4% 6.5%

Terminal Rates (c) 2/39 (5%) 0/39 (0%) 0/35 (0%)

Week of First Observation 104 97 63

Life Table Tests (d) P=0.379 P=0.497TN P=0.477

Incidental Tumor Tests (d) P=0.491 P=0.546N P=0.601

Cochran-Armitage Trend Test (d) P=0.399

Fisher Exact Test (d) P=0.515N P=0.500

(a) Number of tumor-bearing animals/number of animals examined at the site

(b) Kaplan-Meier estimated tumor incidences at the end of the study after adjusting for intercurrent mortality

(c) Observed tumor incidence at terminal kill

(d) Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the
P values corresponding to pairwise comparisons between that dosed group and the controls. The life table analysis regards
tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The incidental tumor test
regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence rates.
A negative trend or lower incidence in a dosed group is indicated by (N).
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APPENDIX F

HISTORICAL INCIDENCES OF TUMORS IN F344/N RATS

AND B6C3F;1 MICE RECEIVING NO TREATMENT

149 Chlorendic Acid, NTP TR 304



TABLE F1. HISTORICAL INCIDENCE OF SALIVARY GLAND TUMORS IN MALE F344/N RATS
RECEIVING NO TREATMENT (a)

Incidence in Controls
Sarcoma Fibrosarcoma Neurofibrosarcoma

No 2-year studies at Hazleton Laboratories America, Inc., are included in the historical data base.

Overall Historical Incidence

TOTAL (b) 1/1,689 (0.1%) 1/1,689 (0.1%) 1/1,689 (0.1%)

SD (c) 0.35% 0.37% 0.35%
Range (d)

High 1/49 1/46 1/49

Low 0/89 0/89 0/89

(a) Data as of August 3, 1984, for studies of at least 104 weeks; no more than one tumor was observed in any control group.
(b) One mixed tumor, malignant, was also observed. The inclusion of this tumor does not affect the reported range.

(c) Standard deviation

(d) Range and SD are presented for groups of 35 or more animals.

TABLE F2. HISTORICAL INCIDENCE OF ALVEOLAR/BRONCHIOLAR TUMORS IN MALE F344/N RATS
RECEIVING NO TREATMENT (a)

Incidence in Controls
Adenoma Carcinoma Adenoma or Carcinoma

No 2-year studies at Hazleton Laboratories America, Inc., are included in the historical data base.

Overall Historical Incidence

TOTAL 24/1,723 (1.4%) 13/1,723 (0.8%) 351,723 (2.0%)

SD ) 1.82% 1.47% 2.02%
Range ()

High 3/49 3/50 3/49

Low 0/89 0/50 0/50

(a) Data as of August 3, 1984, for studies of at least 104 weeks
(b) Standard deviation
(¢) Range and SD are presented for groups of 35 or more animals.
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TABLE F3. HISTORICAL INCIDENCE OF HEPATOCELLULAR TUMORS IN MALE F344/N RATS
RECEIVING NO TREATMENT (a)

Incidence in Controls
Neoplastic Nodule Carcinoma Neoplastic Nodule
or Carcinoma

No 2-year studies at Hazleton Laboratories America, Inc., are included in the historical data base.

Overall Historical Incidence

TOTAL 61/1,719(3.5%) 12/1,719 (0.7%) 713/1,719 (4.2%)

SD (b) 3.34% 0.98% 3.45%
Range (c)

High 6/49 1/49 7/49

Low 0/50 0/90 0/50

(a) Data as of August 3, 1984, for studies of at least 104 weeks
(b) Standard deviation
(c) Range and SD are presented for groups of 35 or more animals.

TABLE F4. HISTORICAL INCIDENCE OF PREPUTIAL GLAND TUMORS IN MALE F344/N RATS
RECEIVING NO TREATMENT (a)

Incidence in_Controls
Adenoma Carcinoma Adenoma or Carcinoma

No 2-year studies at Hazleton Laboratories America, Inc., are included in the historical data base.

Overall Historical Incidence

TOTAL (b) 48/1,727 (2.8%) (c)57/1,727 (3.3%) (b,c) 105/1,727 (6.1%)
SD(d) 3.75% 2.98% 4.62%
Range (e)
High 8/50 5/50 8/50
Low 0/90 0/50 0/50

(a) Data as of August 3, 1984, for studies of at least 104 weeks

(b) Total includes one papillary adenoma and one cystadenoma.

(c) Total includes two squamous cell carcinomas, seven adenocarcinomas, and two sebaceous adenocarcinomas.
(d) Standard deviation

(e) Range and SD are presented for groups of 35 or more animals.
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TABLE F§. HISTORICAL INCIDENCE OF PANCREATIC ACINAR CELL ADENOMAS IN MALE F344/N
RATS RECEIVING NO TREATMENT (a)

Incidence in Controls

No 2-year studies at Hazleton Laboratories America, Inc., are included in the historical data base.

Overall Historical Incidence

TOTAL (b) 3/1,667 (0.2%)

SD(c) 0.59%
Range (d)

High 1/47

Low 0/88

(a) Data as of August 3, 1984, for studies of at least 104 weeks

(b) No acinar cell carcinomas have been observed.

(c) Standard deviation

(d) Range and SD are presented for groups of 35 or more animals,

TABLE F6. HISTORICAL INCIDENCE OF ADRENAL GLAND MEDULLARY TUMORS IN MALE F344/N
RATS RECEIVING NO TREATMENT (a)

Incidence in Controls
Pheochromocytoma Malignant Pheochromocytoma or
Pheochromocytoma  Malignant Pheochromocytoma

No 2-year studies by Hazleton Laboratories America, Inc., are included in the historical data base.

Overall Historical Incidence

TOTAL 338/1,702 (19.9%) 20/1,702 (1.2%) 358/1,702 (21.0%)

SD (b) 9.87% 1.49% 9.63%
Range (¢)

High 20/49 3/48 21/49

Low 2/50 0/50 3/50

(a) Data as of August 3, 1984, for studies of at least 104 weeks
(b) Standard deviation
(c) Range and SD are presented for groups of 35 or more animals.
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TABLE F7. HISTORICAL INCIDENCE OF TESTICULAR TUMORS IN MALE F344/N RATS RECEIVING
NO TREATMENT (a)

Incidence of
Interstitial Cell Tumors
in Controls

No 2-year studies by Hazleton Laboratories America, Inc., are included in the historical data base.

Overall Historical Incidence

TOTAL (b)1,511/1,703 (88.7%)
SD(c) 7.79%
Range (d)
High 49/50
Low 34/50

(a) Data as of August 3, 1984, for studies of at least 104 weeks
(b) Includes one malignant interstitial cell tumor

(c) Standard deviation

(d) Range and SD are presented for groups of 35 or more animals.

TABLE F8. HISTORICAL INCIDENCE OF HEPATOCELLULAR TUMORS IN FEMALE F344/N RATS
RECEIVING NO TREATMENT (a)

Incidence in_Controls
Neoplastic Nodule Carcinoma Neoplastic Nodule
or Carcinoma

No 2-year studies at Hazleton Laboratories America, Inc., are included in the historical data base.

Overall Historical Incidence

TOTAL 46/1,766 (2.6%) 3/1,766 (0.2%) 48/1,766 (2.7%)

SD (b) 2.77% 0.75% 2.99%
Range (c)

High 4/50 2/50 5/50

Low 0/50 0/88 0/50

(a) Data as of August 3, 1984, for studies of at least 104 weeks
(b) Standard deviation
(c¢) Range and SD are presented for groups of 35 or more animals,
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TABLE F9. HISTORICAL INCIDENCE OF PITUITARY GLAND TUMORS IN FEMALE F344/N RATS
RECEIVING NO TREATMENT (a)

Incidence in Controls
Adenoma Carcinoma Adenoma or Carcinoma

No 2-year studies at Hazleton Laboratories America, Inc., are included in the historical data base.

Overall Historical Incidence

TOTAL 743/1,704 (43.6%) 62/1,704 (3.6%) 805/1,704 (47.2%)

SD (b) 11.71% 4.24% 11.01%
Range (c)

High 33/47 8/49 33/47

Low 7/39 0/50 9/39

(a) Data as of August 3, 1984, for studies of at least 104 weeks
(b) Standard deviation
(c) Range and SD are presented for groups of 35 or more animals.

TABLE F10. HISTORICAL INCIDENCE OF MAMMARY GLAND TUMORS IN FEMALE F344/N RATS
RECEIVING NO TREATMENT (a)

Incidence in Controls
Fibroadenoma Adenocarcinoma Fibroadenoma or Adenocarcinoma

No 2-year studies at Hazleton Laboratories America, Inc., are included in the historical data base.

Overall Historical Incidence

TOTAL (b)492/1,772(27.8%) (c)45/1,772 (2.6%) (b,c) 520/1,772 (29.3%)
SD(d) 9.61% 2.45% 9.29%
Range (e)
High 24/49 4/49 24/49
Low 5/60 0/50 6/50

(a) Data as of August 3, 1984, for studies of at least 104 weeks

(b) Total includes 12 adenomas, 6 cystadenomas, 2 papillary cystadenomas, and 4 cystfibroadenomas.

(c) Total includes one squamous cell carcinoma, six papillary adenocarcinomas, and one papillary cystadenocarcinoma.
(d) Standard deviation

(e) Range and SD are presented for groups of 35 or more animals.
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TABLE F11. HISTORICAL INCIDENCE OF UTERINE TUMORS IN FEMALE F344/N RATS RECEIVING NO
TREATMENT (a)

Incidence of Endometrial Stromal Polyps in Controls

No 2-year studies at Hazleton Laboratories America, Inc., are included in the historical data base.

Overall Historical Incidence

TOTAL 383/1,750 (21.9%)

SD (b) 7.57%
Range (c)

High 18/49

Low 4/50

(a) Data as of August 3, 1984, for studies of at least 104 weeks
(b) Standard deviation
(c) Range and SD are presented for groups of 35 or more animals.

TABLE F12. HISTORICAL INCIDENCE OF HEPATOCELLULAR TUMORS IN MALE B6C3F,; MICE
RECEIVING NO TREATMENT (a)

Incidence in_Controls
Adenoma Carcinoma Adenoma or Carcinoma

No 2-year studies at Hazleton Laboratories America, Inc., are included in the historical data base.

Overall Historical Incidence

TOTAL 179/1,784 (10.0%) 377/1,784 (21.1%) 540/1,784 (30.3%)

SD (b) 7.36% 6.54% 8.04%
Range (¢)

High (d) 22/50 16/50 (e) 29/50

Low 0/49 4/50 7/50

(a)Data as of August 3, 1984, for studies of at least 104 weeks
(b) Standard deviation

(c) Range and SD are presented for groups of 35 or more animals.
(d) Second highest, 9/50

(e) Second highest, 20/50
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TABLE F13. HISTORICAL INCIDENCE OF THYROID GLAND FOLLICULAR CELL TUMORS IN MALE
B6C3F; MICE RECEIVING NO TREATMENT (a)

Incidence in Controls
Adenoma Carcinoma Adenoma or Carcinoma

No 2-year studies at Hazleton Laboratories America, Inc., are included in the historical data base.

Overall Historical Incidence

TOTAL (b) 26/1,680 (1.5%) 2/1,680(0.1%) 28/1,680 (1.7%)

SD () 2.06% 0.49% 2.09%
Range (d)

High 3/42 1/47 3/42

Low 0/50 0/50 0/50

(a) Data as of August 3, 1984, for studies of at least 104 weeks

(b) Total includes one papillary adenoma and one cystadenoma.
(c) Standard deviation

(d) Range and SD are presented for groups of 35 or more animals.

TABLE F14. HISTORICAL INCIDENCE OF ALVEOLAR/BRONCHIOLAR TUMORS IN MALE B6C3F,
MICE RECEIVING NO TREATMENT (a)

Incidence in Controls
Adenoma Carcinoma Adenoma or Carcinoma

No 2-year studies at Hazleton Laboratories America, Inc., are included in the historical data base.

Overall Historical Incidence

TOTAL 215/1,780 (12.1%) 87/1,780 (4.9%) 296/1,780 (16.6%)

SD (b) 6.80% 4.06% 8.22%
Range (c)

High 14/50 8/48 17/50

Low 1/50 0/50 1/49

(a) Data as of August 3, 1984, for studies of at least 104 weeks
(b) Standard deviation
(c) Range and SD are presented for groups of 35 or more animals.
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TABLE F15. HISTORICAL INCIDENCE OF ALVEOLAR/BRONCHIOLAR TUMORS IN FEMALE B6C3F,
MICE RECEIVING NO TREATMENT (a)

Incidence in Controls
Adenoma Carcinoma Adenoma or Carcinoma

No 2-year studies at Hazleton Laboratories America, Inc., are included in the historical data base.

Overall Historical Incidence

TOTAL 87/1,7177 (4.9%) 36/1,777 (2.0%) 122/1,777 (6.9%)

SD(b) 3.86% 1.98% 4.44%
Range (¢)

High 7/50 3/50 8/50

Low 0/50 0/50 0/50

(a) Data as of August 3, 1984, for studies of at least 104 weeks
(b) Standard deviation
(¢) Range and SD are presented for groups of 35 or more animals.

TABLE F16. HISTORICAL INCIDENCE OF PITUITARY GLAND TUMORS IN FEMALE B8C3F,
MICE RECEIVING NO TREATMENT (a)

Incidence in Controls
Adenoma Carcinoma Adenoma or Carcinoma

No 2-year studies at Hazleton Laboratories America, Inc., are included in the historical data base.

Overall Historical Incidence

TOTAL (b) 133/1,542 (8.6%) (c) 771,542 (0.5%) (b,c) 140/1,542 (9.1%)
SD(d) 8.99% 1.06% 8.73%
Range (e)
High 12/40 2/44 12/40
Low 0/46 0/49 0/46

(a) Data as of August 3, 1984, for studies of at least 104 weeks

(b) Includes all adenomas diagnosed as NOS, chromophobe, acidophil, or basophil

(c) Includes adenocarcinomas, NOS, and carcinomas diagnosed as NOS or chromophobe
(d) Standard deviation

(e) Range and SD are presented for groups of 35 or more animals.
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APPENDIX G

GENETIC TOXICOLOGY OF CHLORENDIC ACID
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TABLE G1. MUTAGENICITY OF CHLORENDIC ACID IN SALMONELLA TYPHIMURIUM

Revertants/plate (a,b)
Strain Dose -S89 + 59 (rat) + 89 (hamster)
(ng/plate)
TA100 0 102+ 35 135+ 22 134+ 2.0
100 98+ 5.0 136 £ 11.3 151 & 8.7
333 106 £ 10.1 140 £ 13.3 153+ 6.4
1,000 104+ 64 139 £ 26 128 £ 0.9
3,333 92+ 70 137+ 59 134 + 49
7,690 91+ 1.2 172 £ 133 141+ 34
TA1535 0 10+ 09 9+ 23 13+ 2.1
100 10+ 44 11+ 15 13+ 09
333 13+ 54 10+ 21 12+ 03
1,000 8+ 18 12+ 15 10+ 12
3,333 10+ 09 12+ 38 11+ 06
7,690 10+ 4.7 9% 20 13+ 0.7
TA1537 0 3+ 03 4+ 18 5+ 1.2
100 3+ 15 5+ 1.0 5+ 1.0
333 4+ 12 5+ 1.2 6t 09
1,000 4+ 15 3+ 07 6t 09
3,333 3+ 07 5+ 1.2 6%+ 09
7,690 Toxic 4+ 09 4 1.0
TA98 0 20+ 33 26+ 4.2 56+ 4.2
100 15+ 32 24+ 23 70+ 83
333 15+ 26 31+ 55 61t 6.6
1,000 14+ 20 27+ 1.9 63+ 17
3,333 20+ 56 35+ 24 70 £ 10.9
7,690 13+ 26 29+ 59 63 + 13.2

(a) The S9 fractions were prepared from the liver of Aroclor 1254-induced male Sprague-Dawley rats and male Syrian
hamsters. Cells and study compound or solvent (dimethyl sulfoxide) were incubated for 20 minutes at 37° C in the presence of
either S9 or buffer. After the addition of soft agar, the contents of each tube were poured onto minimal medium, and the plates
were incubated at 37° C for 48 hours (Haworth et al., 1983). The experiment was performed twice, each in triplicate; because
the results were similar, data from only one experiment are shown.

(b) Mean t standard error
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TABLE G2. MUTAGENICITY OF CHLORENDIC ACID IN L5178Y MOUSE LYMPHOMA CELLS IN THE

ABSENCE OF 89 (a)

Total Relative Mutation Frequency
Compound Dose Mutant Clones Cloning Efficiency Total Growth {mutants/108
(pg/m}) (percent) (percent) clonable cells)
DMSO
1% 118 109 16 36
134 98 15 46
112 114 16 33
75 105 i3 24
Methylmethane-
sulfonate
15 520 69 34 253
628 60 33 347
Chlorendic acid
1,300 96 94 66 34
109 98 ! 37
1,400 113 119 76 32
139 105 49 44
1,500 121 93 69 43
131 117 69 37
1,600 116 91 75 43
113 113 73 33
1,700 520 56 4 315
598 7 6 258

(a) Experiments were performed twice, and all doses were tested in duplicate, except the solvent control (dimethyl sulfoxide),
which was tested in triplicate. Because the results were similar, data from only one experiment are shown. The protocol was
basically that of Clive et al. (1979). Cells (6 X 105/ml) were treated for 4 hours at 37° C in medium, washed, resuspended in
medium, and incubated for 48 hours at 37° C . After expression, 3 X 108 cells were plated in medium supplemented with
trifluorothymidine for selection of cells that were mutant at the thymidine kinase (TK) locus, and 600 cells were plated in
nonselective medium to determine the percentage of viable cells.
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APPENDIX H

CHEMICAL CHARACTERIZATION OF

CHLORENDIC ACID
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APPENDIX H. CHEMICAL CHARACTERIZATION

I. Identity and Purity Determinations of Chlorendic Acid Performed by the
Analytical Chemistry Laboratory

Determined Literature values
A. Lot No. 6287
1. Physical properties
a. Appearance: White microcrystalline powder
b. Melting point: 238°C (open capillary, 208°-210°C (sealed
Biichi mp/bp apparatus). tube).
Endotherm, 205°-217°C, Loses water, melts as

with shoulder at 197°-205°C,; the anhydride at
small endotherm, 245°-247°C 230°-235°C

(Dupont 900 DTA)
2. Spectral data
a. Infrared
Instrument: Beckman IR-12
Phase: 1.5% Potassium
bromide pellet
Results: See Figure 5 Consistent with
literature spectrum
(Sadtler Standard
Spectra)
b. Ultraviolet/visible
Instrument: Cary 118
Solvent: Methanol
Results: No absorbance from 800- No literature reference
350 nm. No maximum found. Spectrum
from 350-230 nm, but an consistent with the
increase in the absorbance structure.

toward the solvent cutoff.
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APPENDIX H. CHEMICAL CHARACTERIZATION

Determined

c. Nuclear magnetic resonance

Instrument:

Solvent:

Assignments:

Chemical shift (5):

Integration ratios:

3. Titration:

Varian EM-360A

Deuterated dimethyl
sulfoxide with internal
tetramethylsilane

See Figure 6

a s,4.02 ppm
b broad singlet, 12.70 ppm

a 2.00
b 1.54

Titration of two carboxylic acid
groups with 0.1N sodium
hydroxide, 99.7% * 0.3(6)%

4. Water analysis (Karl Fischer): 0.95% X 0.04(8)%

5. Elemental analysis
Element
Theory (T)

Determined (D)

Percent D/T

Chlorendic Acid, NTP TR 304

C H Cl
27.80 1.04 54.70
27.35 0.97 55.55
2741 0.99 55.69
98.49 94.23 101.68

166

Literature values

Consistent with
literature spectrum.
(Sadtler Standard

Spectra)



L91

$0€ Y.L dLN ‘PRV 2Ipusoy)

cl (a)

H
Cl@too"&)
coon(s)

[A] "

A

Inl:,rqt:on & (ppm)
K Lgpy :
(.)ﬁ_s_ 2.00 4.02
13 .y, /2.7 !/~
) T 1.5% ,
1
!
. A |
’
_l_LLAALl. Il.Alllll.lll.LLLl.lJl.lll.lll.llII'lllllLlllllntlllIIIIIIII'||‘llll.lIlJlJ.LLLllLLLlJLIJlLLLJJJlA_A_LLLA_LU_LLLLIJ.L
it} (] 3 [ 7 [ s 4 3 ? ' [

FIGURE 6. NUCLEAR MAGNETIC RESONANCE SPECTRUM OF CHLORENDIC ACID (LOT NO. 6287)



APPENDIX H. CHEMICAL CHARACTERIZATION

6. Chromatographic analysis

a. Thin-layer chromatography

Plates: Silica Gel 60 F-254
Reference standard: 2,4,5-Trichlorophenoxypropionic acid (50 pg) (10 mg/ml

methanol)

Amount spotted: 100 and 300 ug (10 mg/ml methanol)
Visualization: 254 nm and methyl red acid indicator

System 1: Methanol:acetic acid (98:2)

Re¢: 0.63 (origin)

Ry 0.86

System 2: Ethyl acetate:formic acid (98:2)

R¢: 0.67 (ultraviolet and methyl red positive)

Rg: 0.95

b. Gas chromatography

Instrument: Varian 3700

Detector: Flame ionization

Inlet temperature: 200°C

Detector temperature: 270°C

Carrier gas: Nitrogen, 70 ml/min
Oven temperature program: 50° C for 5 minutes, then 50° to 250° C at

10° C/minute

System 1

Column: 3% SP-2100 on 100/120 Supelcoport, 1.8 m X 4 mm ID, glass
Samples injected: Solutions (3 ul) of 1% and 0.5% chlorendic acid in chloroform to
quantitate impurities and check for overloading

Results: Major peak and one impurity after the major peak with a relative area of

0.03%
Retention Time Area
Retention Relative to (percent of
Peak No. Time (min) Major Peak major peak)
1 19.8 1.00 100
2 22.8 1.15 0.03
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APPENDIX H. CHEMICAL CHARACTERIZATION

System 2

Column: 3% OV-17 on 80/100 Supelcoport, 1.8 m X 4 mm ID, glass
Samples injected: Solutions (4 pl) of 1% and 0.5% chlorendic acid in
dichloromethane to quantitate impurities and check for overloading

Results: Single homogeneous peak with a retention time of 23.4 minutes

7. Conclusions: The results of elemental analysis for carbon was slightly low, for chlorine
slightly high, and for hydrogen in agreement with the theoretical value. Titration of two
carboxylic acid groups with sodium hydroxide indicated a purity of 99.7% * 0.3(5)%.
Karl Fischer analysis indicated 0.95% water content. Thin-layer chromatography by
two systems indicated a single major component. Gas chromatography with a 3% SP-
2100 column indicated one impurity after the major peak with a relative area of 0.03%.
A second gas chromatographic system with 3% OV-17 indicated a single homogeneous
peak. The infrared, ultraviolet/visible, and nuclear magnetic resonance spectra were
consistent with the structure of chlorendic acid.

169 Chlorendic Acid, NTP TR 304



APPENDIX H. CHEMICAL CHARACTERIZATION

Determined Literature values
B. Lotno. 6745
1. Appearance: White microcrystalline powder
2. Spectral data
a. Infrared
Instrument: Perkin-Elmer 283
Phase: 1% in potassium
bromide pellet
Results: See Figure 7 Consistent with
literature spectrum
(Sadtler Standard
Spectra)
b. Ultraviolet/visible
Instrument: Cary 219
Solvent: Methanol
Results: No absorbance from 800- No literature reference

350 nm at 10 mg/ml. No
maximum from 350 to
202 nm, but an increase
in absorbance toward the
solvent cutoff at a concen-
tration of 0.0001 mg/ml

Nuclear magnetic resonance

Instrument:

Solvent:

Assignments:

Chemical shift (6):

Integration ratios:

Chlorendic Acid, NTP TR 304

Varian EM-360A
Deuterated dimethyl
sulfoxide with internal

tetramethylsilane

See Figure 8

a s, 4.00 ppm

b  broad singlet, 12.17 ppm

a 2.00
b 1.72
170
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APPENDIX H. CHEMICAL CHARACTERIZATION

3. Titration: Titration of two carboxylic acid groups in deionized water with 0.1 N sodium
hydroxide; monitored potentiometrically with a combination pH/mV electrode,
98.8% + 0.2(8)%

4. Water analysis (Karl Fischer): 0.05% * 0.01(8)%

5. Elemental analysis

Element C H Cl
Theory (T) 27.80 1.04 54.70
Determined (D) 27.73 1.15 54.46
27.80 1.16 54.34
Percent D/T 99.86 111.5 99.45

6. Chromatographic analysis
a. Thin-layer chromatography

Plates: Silica Gel 60-F254, 0.25-mm layer

Reference standard: 2,4,5-Trichlorophenoxypropionic acid, 10 pg (1 plof a

10 pg/pl solution in methanol)

Amount spotted: 100 and 300 pg (10 and 30 ul of a 10 pg/ul solution in methanol)
Visualization: 254 nm and methyl red acid indicator

System 1: Methanol:acetic acid (98:2)

Spot
Intensity Re Rg¢
Major 0.60 0.87
Slight trace (a) 0.43 0.62
Reference 0.69 --

System 2: Ethyl acetate:formic acid (98:2)

Spot
Intensity R¢ Rg¢
Major 0.49 0.83
Trace (a) Origin -
Reference 0.59 -

(a) This impurity spot was not detected until the plates
were resprayed 2 days after development.
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b. Gaschromatography

Instrument: Varian 3700

Detector: Flame ionization

Detector temperature: 270°C

Carrier gas: Nitrogen, 70 ml/min

Oven temperature program: 50°C for 5 minutes, then 50° to 250° C at
10° C/minute

System 1

Column: 3% SP-2100 on 100/120 Supelcoport, 1.8 m X 4 mm ID, glass

Inlet temperature: 200°C

Samples injected: A 5.0% solution (4 ul) of chlorendic acid in chloroform to
quantitate impurities and solutions of 1.0% and 0.5% chlorendic acid in chloroform
to quantitate the major peak and check for detector overload

Results: Major peak and one impurity after the major peak with a relative area of

0.02%
Retention Time Area
Retention Relative to (percent of
Peak No. Time (min) Major Peak major peak)
1 20.1 1.00 100
2 22.6 1.12 0.02
System 2

Column: 3% OV-17 on 80/100 Supelcoport, 1.8 m X 4 mm ID, glass

Inlet temperature: 210°C

Samples injected: Solutions (4 ul) of 1.0% and 0.5% chlorendic acid in
dichloromethane to quantitate impurities and check for detector overload

Results: Major peak and one impurity before the major peak with a relative area of

0.02%
Retention Time Area
Retention Relative to (percent of
Peak No. Time (min) Major Peak major peak)
1 22.3 0.97 0.02
2 23.0 1.00 100
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7. Conclusions: The results of elemental analysis for carbon, hydrogen, and chlorine were
in agreement with the theoretical values. Karl Fischer analysis indicated 0.05% *
0.01(8)% water, compared with 0.95% * 0.04(8)% for lot no. 6287. Titration of two car-
boxylic acid groups with sodium hydroxide indicated a purity of 98.8% * 0.2(6)%,; lot no.
6287 indicated a purity of 99.7% * 0.3(8)%. Thin-layer chromatography indicated a
single major spot in each of two systems when developed in the same manner as lot no.
6287, which gave the same results. Treatment of the plates from lot no. 6745 2 days
after development indicated a slight trace impurity on one system and a trace impurity
on the second system. Gas chromatography with a 3% SP-2100 column indicated one im-
purity after the major peak with a relative area of 0.02%. One impurity was reported for
lot no. 6287 on this column, after the major peak, with a relative area of 0.03%. A second
gas chromatographic system with a 3% OV-17 column indicated one impurity before the
major peak with an area of 0.02% relative to the major peak area. For lot no. 6287 on
this system, there was a single homogeneous peak. The infrared, ultraviolet/visible, and
nuclear magnetic resonance spectra were consistent with the structure of chlorendic acid
and with the spectra obtained for lot no. 6287.

The sample was identified as chlorendic acid by spectroscopy. Water content was 0.05%
T+ 0.01(8)% and titration indicated a purity of 98.8% * 0.2(8)%. Gas chromatography by
two systems each indicated one impurity with a relative area of 0.02%. This lot is com-
parable in purity to lot no. 6287.
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IL.

Chemical Stability Study Performed by the Analytical Chemistry Laboratory

A,

B.

Sample preparation and storage: Samples were stored for 2 weeks at temperatures of
—20°,5°, 25°, and 60° C in glass tubes with Teflon-lined caps.

Analytical method: Samples from each storage temperature were analyzed by the follow-
ing gas chromatographic system. The sample peak areas were compared with the internal
standard peak areas, and the percent of sample recovery from each storage temperature was
compared with that for the —20° C sample.

Instrument: Varian 3700
Detector: Flame ionization
Inlet temperature: 200°C
Detector temperature: 270°C
Carrier gas: Nitrogen, 70 ml/min
Column: 3% OV-17 on 80/100 Supelcoport, 1.8 m X 4 mm ID, glass
Oven temperature program: 220° C, isothermal
Samples injected: Solutions of 0.5% chlorendic acid from each storage temperature in
chloroform containing 0.1% docosane as an internal standard
Retention times: Chlorendic acid---4.5 minutes
Internal standard (docosane)--2.9 minutes

Results
Storage Temperature Percent Purity
—-20°C 100.0 + 1.5(8)
5°C 101.1 * 1.5(8)
25°C 101.8 + 1.5(3)
60°C 100.7 + 1.5(8)

Conclusion: Chlorendic acid is stable as the bulk chemical, within the limits of experi-
mental error, when stored for 2 weeks at temperatures up to 60° C. This indicates, by ex-
trapolation, that storage of chlorendic acid for up to 24 weeks at room temperature (25° C)
would result in no significant decomposition of the material.
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HI. Chemical Stability Study at the Study Laboratory
A. Analytical method

1. Purity determination: Duplicate samples were titrated against sodium hydroxide
containing 100 mg of phenolphthalein.

2. Identity determination: The infrared absorption spectra of the sample was obtained as
potassium bromide disks with a Perkin-Elmer 597.

B. Results
1. Purity

Date of Percent Chlorendic Acid

Analysis Lot No. Reference Bulk
03/07/79 6287 97.52 -
05/17/79 6287 97.15 97.22
09/11/79 6287 97.39 97.24
01/10/80 6287 97.81 97.42
05/15/80 6287 97.97 -
05/15/80 6745 98.64
09/24/80 6745 97.69 97.88
01/16/81 6745 97.35 97.70

05/81 6745 96.95 97.89

09/25/81 6745 97.50 97.47
01/27/82 6745 97.76 97.71
05/21/82 6745 97.81 97.81
07/06/82 6745 97.60 97.64

2. Identity: The infrared spectra were consistent with that expected for the structure.

C. Conclusion: No notable degradation occurred during the studies.
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APPENDIX I. PREPARATION AND CHARACTERIZATION

I

Two-week Stability in Feed
A. Preparation procedure

1. Premix: Chlorendic acid (1.500 g) was mixed by spatula with about 5 g of feed in a 600-

ml beaker. More feed was added in 10- to 20-g amounts, with mixing between additions,
until the total weight of the premix was 200 g. The concentration of chlorendic acid in
the premix was 7,500 ppm.

Bulk mixing: A 600-g quantity of feed was layered evenly in the bottom of the
Patterson-Kelly® Twin-shell, 4-quart blender with intensifier bar; then the 200-g pre-
mix was added in roughly equal amounts to both sides of the blender. The fine material
adhering to the beaker walls was taken up by stirring 100 g of feed in the beaker for a
few seconds, and then the feed was added to the blender. After an additional 600 g of
feed was layered over the premix, the blender ports were sealed.

Blending was conducted with the intensifier bar turned on for the first 5 minutes and
turned off for the next 10 minutes of mixing. At the end of the 15-minute mixing period,
approximately 75 g of the blend was sampled from the upper left and right shells and
from the bottom discharge port for homogeneity determination, and the remaining feed
blend was discharged into a large beaker. The mix was turned several times in the
beaker with a spatula; then twelve 20-g samples were weighed into 200-ml centrifuge
bottles and sealed with screw caps. Bottles were randomly divided into four sets of three
bottles each and were stored for 2 weeks at —20°, 5°, 25°, or 45°C.

B. Analytical procedure

1. Special reagents: Extracting solution--Reagent-grade hydrochloric acid in reagent

grade acetonitrile (5:495).

Boron trifluoride-methanol reagent--14% (weight/volume) solution (Pierce Chemical
Co., catalog no. 49370).

Hexane--Pesticide quality.

Internal standard solution--25 mg of aldrin dissolved in 200 ml of hexane; then 2 ml was
further diluted to 500 m} with hexane. Final concentration was 0.50 pg/ml.

Sodium chloride solution--22% (weight/weight): 22 g of reagent-grade sodium chloride
was digsolved in 78 ml of water.

Chlorendic acid matrix standard solution--100 mg of chlorendic acid was dissolved in ex-
tracting solution and diluted to 50 ml. A 5-ml aliquot of this solution was further diluted
to 50 ml in blank feed extract, prepared by extracting 20 g of feed with 100 ml of solvent
as for samples.

Extraction and analysis: Samples (20.0 g) and spiked feeds for recovery determina-
tions were extracted with 100 ml of 1% hydrochloric acid in methanol by shaking for 15
minutes on a mechanical shaker. Solids were allowed to settle for a few minutes; then 2-
ml aliquots of each extract were pipetted into 16 X 100 mm culture tubes equipped with
Teflon®-lined screw caps.

The sample aliquots were evaporated to dryness by warming the tubes in a 60° C water
bath under a gentle stream of nitrogen. When the samples were completely dry, 3 ml of
boron trifluoride reagent was added to each tube; then the tubes were tightly sealed and
heated in a 70° C oven for 40-48 hours.
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3.

5.

The reacted solutions were transferred to 50-ml volumetric flasks with methanol and
diluted to 50 ml. After a thorough mixing, 2-ml aliquots were pipetted into 30-ml sep-
tum vials containing 5 ml of sodium chloride solution and 20 m! of internal standard
solution. The vials were immediately sealed and shaken vigorously for 1 minute. The
dimethyl chlorendate content of the upper hexane layer was determined by the gas chro-
matographic system described below.

Instrument: Varian 3700 eqipped with autosampler and CDS-111 integrator
Detector: Electron capture, 63Ni
Column: 10% SP-2100 on 100/120 Supelcoport, 1.8 m X 2 mm ID, glass
Detector temperature: 280°C
Injector temperature: 250°C
Oven temperature: 221°C, isothermal
Volume injected: 4 nl
Carrier gas: Nitrogen
Retention times: Dimethyl chlorendate--3.8 minutes
Aldrin--3.0 minutes

Quality control: All analyses were performed by making duplicate injections of triplicate
sample extracts and were all related to an internal standard. Results were calculated from
electronically measured peak areas by comparison of samples with matrix standards run in
triplicate.

Results
Storage Chlorendic Acid Percent Stability
Temperature Found in Feed (a) (ppm) (—20°C = 100%) (b)
~-20°C 1,040 1001
5°C 970 93+ 2
25°C 960 92 + 4
45°C 930 89 3

(a) Results corrected for a zero-time spiked recovery yield of 97.1% I 0.8%. The target
concentration of chlorendic acid in feed was 1,000 ppm. Values are the mean of three
determinations.

(b) Error values are maximum deviations from the main values.

Conclusion: Chlorendic acid blended into feed at a concentration of 1,000 ppm exhibited no
loss of stability at —20° C. Recovery of the chemical from feed stored 2 weeks at 5°, 25° or
45° C was 93%, 92%, or 89% of the —20° C sample, respectively.
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II. Homogeneity Analysis

A,

B.

D.

Preparation and analysis: Samples were prepared and analyzed as described in Section I.

Quality assurance: Analyses were performed by making duplicate injections of triplicate
sample extracts and were related to an internal standard incorporated into each sample
solution. Results were corrected for a zero-time spiked recovery of chlorendic acid from feed,
determined in triplicate along with the samples. Spiked recovery determinations were pre-
pared as dry spikes (20 g feed + 20 mg chemical), and all results were calculated against a
matrix standard solution analyzed along with the samples. Linearity of the detector re-
sponse was evaluated with derivatized chlorendic acid at concentrations of 1.6, 0.8, and 0.4
pg/ml. The linear coefficient was 0.99732.

Results
15-Minute Blend Chlorendic Acid Percent Recovery
Sampling Location Found in Feed (a) (ppm) (found/target) (b)
Right shell 1,012 £13 1012+ 13
Left shell 978 +9 978 £ 09
Bottom port 1,006 £15 100.6 £ 1.5

(a) Results corrected for a zero-time spiked recovery yield of 97.1% * 0.8%. The target
concentration of chlorendic acid in feed was 1,000 ppm. Values are the mean of three
determinations.

(b) Error values are maximum deviations from the mean values and represent the sum of
the analytical errors plus feed blend variations.

Conclusion: Chlorendic acid was blended into feed at a concentration of 1,000 ppm with a
variability of 15 ppm from the mean concentration of the blend.

IIl. Seven-Day Stability at Room Temperature

A.

Sample mixing and storage: Dosed feed samples were prepared in triplicate on three dif-
ferent days such that when they were all analyzed on the 7th day of the study, they rep-
resented samples that had been stored 2, 4, and 7 days.

On each mixing day, samples were prepared by blending together 50.0 g of feed with 50-mg
quantities of chlorendic acid, weighed to the nearest 0.1 mg, in 1,000-m] Erlenmeyer flasks.
After the samples were mixed by rotating the flasks at an angle for a few moments, they
were stored at room temperature in the dark until they were analyzed.

Extraction and analysis: The analytical method used in this study was the same as was
used in the 2-week stability study cited in I.B., except that methylation was accomplished
with diazomethane instead of boron trifluoride.
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Special reagents

Ethereal diazomethane solution--Reagent-grade potassium hydroxide (2.3 g) was dissolved
in 2.3 ml of water in a 50-ml Erlenmeyer flask equipped with a Teflon®-lined screw cap. The
solution was cooled to room temperature, and 25 ml of ethyl ether was added. The flask was
further cooled in an ice bath; then 1.5 g of N-methyl-N'-nitro-N-nitrosoguanidine (Aldrich
no. 12,994-1) was added in small portions for a few minutes. The flask was capped and
shaken vigorously after each addition. The yellow ether layer was decanted into a 30-ml
septum vial containing a few potassium hydroxide pellets, and the vial was sealed.

Hydrochloric acid-ethyl acetate solution--5 ml of concentrated hydrochloric acid was care-
fully added and mixed with 5 ml of ethyl acetate.

Samples (50 g in 1-liter Erlenmyer flasks) were extracted with 500 ml of extracting solvent
by being shaken for 15 minutes on a mechanical shaker. The feed solids were allowed to
settle for a few minutes; then 2-ml aliquots of each extract and the matrix standard were
pipetted into individual 16 X 100 mm screw-cap culture tubes (Corning no. 9826).

The aliquots were evaporated to dryness under a stream of nitrogen while being warmed in a
60° C water bath. When the aliquots were dry, 0.5 ml of methanol and one drop of hydro-
chloric acid-ethyl acetate solution were added to each tube to dissolve the residue. A 2-ml
volume of ethereal diazomethane was then added with mixing, and the solutions were
allowed to react for 5 minutes, after which the tubes were placed in a 30° C water bath, and
the solvent was evaporated under nitrogen to a volume just under 0.5 ml (to eliminate the
ether and excess diazomethane).

The concentrated solutions were diluted with methanol to about 8 m! and then transferred to
50-ml volumetric flasks and diluted to volume with methanol. After mixing, 2-ml aliquots
were transferred to 30-ml septum vials containing 5 ml of 22% sodium chloride solution and
20 ml of internal standard solution. The vials were sealed and shaken 1 minute; then the
dimethyl chlorendate content of the upper hexane layer was determined by the gas
chromatographic system described below.

Instrument: Varian 3700 equipped with autosampler and CDS-111 integrator
Column: 10% SP-2100 on 100/120 mesh Supelcoport, 2 mm ID X 1.8 m, glass silanized
Detector: Electron capture, 63Ni
Detector temperature: 280°C
Injector temperature: 250°C
Oven temperature: 221°C, isothermal
Volume injected: 3 pl
Carrier gas: Nitrogen
Retention Times: Dimethyl chlorendate--4.3 minutes
Aldrin--3.5 minutes

C. Quality control: Analyses were performed in a random order by making duplicate injec-
tions on triplicate sample extracts and were related to an internal standard incorporated in-
to each sample solution. Results were corrected for a zero-time spiked recovery of chlorendic
acid from feed, determined in triplicate along with the samples.
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D. Results
Average Percent
Storage Duration Chlorendic Acid Concentration Ratio
at Room Temperature Found (a) (ppm) (found/target) (b)
2days 1,008 £ 5(b) 100.8 £ 0.5
4 days 945 + 11 9451 1.1
7 days 973 £ 15 973t 15

(a) Corrected for a zero-time spiked recovery yield 0f 98.3% * 1.1% The target
concentration of chlorendic acid in feed was 1,000 ppm. Values are the mean of three
determinations.

(b) Error values are the maximum deviation from the mean.

E. Discussion: The stability results reported in Section I.B.4 showed some loss of chlorendic
acid with time but did not follow a typical temperature profile chemical degradation pattern.
A similar pattern was apparent in this study. The triplicate analysis values determined at
each sampling time were in close agreement with each other; however, their means were
variable and did not follow a well-defined degradation curve.

Based on its structure, chlorendic acid was not expected to be unstable under these mild
storage conditions. However, even though a strongly polar solvent (1% hydrochloric acid in
acetonitrile) was used to extract the samples, there was a clear tendency to lower recovery of
the chemical from feed with time. This phenomenon possibly may be related to some irre-
versible binding with feed components rather than degradation, which renders the chemical
incompletely extractable by solvents after a period of storage.

The data from both studies indicate that quantitative recovery of chlorendic acid from the
feed vehicle can only be obtained after 2 days of storage at room temperature or 2 weeks at
~20°C.

F. Conclusions: The mean recovery of chlorendic acid from feed dosed at 1,000 ppm was 97.3%
1t 1.5% after 7 days of room temperature storage in the dark. The results from this study
and from the 2-week variable temperature study (Section I) suggest that the chemical is
probably not degrading but is possibly binding with feed ingredients during storage which
renders it incompletely extractable even by strongly polar solvents. Quantitative recovery
values were obtained only from samples of the mix stored for 2 days at room temperature or
2 weeks at —-20°C.
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I. Study Laboratory

Two different derivatization methods were used for the analysis of chlorendic acid. Both of these
methods are described below.

A. Procedure (method of 6/9/80): Individual 10-g feed samples were extracted in 50-ml cen-
trifuge tubes with 50 ml of 1% (v/v) aqueous hydrochloric acid in methanol. The samples
were shaken for 15 minutes on a mechanical shaker and centrifuged for 15 minutes at
25,000 rpm. Aliquots of 2 ml each were transferred into 5-ml test tubes and dried in a 60° C
sand bath. When the samples were totally dry, 3 ml of boron trifluoride reagent was de-
livered to each tube and sealed tightly. The samples were heated in an oven at 70° C for 48
hours.

The derivatized samples were transferred individually to 50-ml volumetric flasks with
methanol and diluted to the mark; further dilutions of about 1:25 with methanol were made
depending on the concentration. Aliquots of 0.5 ml were pipetted into 100-ml septum vials
containing 5 ml of sodium chloride (22% w/w solution prepared by dissolving 22 g in 78 ml of
water) and 20 ml of an internal standard (0.05 pg/ml of aldrin in hexane) sealed and shaken
for 1 minute before 2-ul portions of the hexane layer were injected into the gas chroma-
tograph.

All samples and standards were processed under the following conditions:

Instrument: Perkin-Elmer Sigma II, equipped with electron capture detector
Column: 3% OV-17 on 100/120 Gas Chrom Q 1.8 m X 4 mm ID, glass
Detection: Electron capture, 63Ni
Column temperature: 221°C
Detector temperature: 350°C
Injector temperature: 240°C
Carrier gas: Nitrogen, 70 ml/minute
Injection volume: 2-4 ul
Detection limit: 0.25 ng
Retention times: Dimethyl chlorendate--9.6 minutes
Aldrin--3.0 minutes for internal standard

B. Procedure (method of 12/5/80): Ten-gram feed samples were weighed in 50-ml centrifuge
tubes, in duplicate. Fifty milliliters of 1% (v/v) aqueous hydrochloric acid in methanol was
added, and the entire contents were shaken for 15 minutes on a mechanical shaker and cen-
trifuged for 15 minutes at 25,000 rpm. Aliquots (2 ml) were transferred into 5-ml test tubes
and dried under a stream of nitrogen in a 60° C sand bath. Three milliliters of boron tri-
fluoride reagent was added, the test tubes were tightly sealed, and the tubes were heated in
an oven at 70° C for 48 hours. The samples were transferred to a 50-ml (low concentration)
or a 100-ml (high concentration) volumetric flask and diluted to mark. Aliquots (0.5 ml)
were pipetted into 100-ml septum vials containing 5 ml of sodium chloride (22% w/w solu-
tion) and 20 ml of 0.5 pg/ml aldrin in hexane. The vials were sealed and shaken for 1
minute.

Gas chromatographic conditions were the same as described in L. A.
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II. Analytical Chemistry Laboratory

A. Boron trifluoride procedure

1.

Special reagents

Extracting solution--Prepared by mixing 10 m! of reagent-grade hydrochloric acid with
approximately 700 ml reagent-grade acetonitrile and diluting to 1 liter with aceto-
nitrile.

Boron trifluoride-methanol reagent, 14% (w/v)--Available from Pierce Chemical Co.,
catalog no. 49370. Stored tightly stoppered at 5° C and discarded when 2 months old.
Sodium chloride solution--22 g reagent-grade sodium chloride dissolved in 78 mi of de-
ionized water

Preparation of spiked feed standards: Two standard solutions of chlorendic acid
were prepared independently in extracting solution. Aliquots (20 ml) of the six standard
solutions were pipetted into individual 200-ml centrifuge bottles containing 10 g of un-
dosed feed to make spiked feed standards bracketing the specified concentration range of
the referee sample. One 200-ml centrifuge bottle containing 10 g of undosed feed was
treated with 20 ml of extracting solution for use as a blank. The spiked feed standards
and the feed blank were used immediately in the analysis procedure described below.

Preparation of dosed feed sample: Triplicate weights of the dosed feed sample (ap-
proximately 10 g weighed to the nearest 0.01 g) were transferred to individual 200-ml
centrifuge bottles and treated with 20 ml of extracting solution. The samples were
analyzed immediately by the procedure described below.

Analysis: Extracting solution (40 ml) was pipetted into each blank, standard, and dosed
feed sample bottle, and the bottles were shaken at maximum stroke for 20 minutes on a
wrist-action shaker. After being centrifuged for 10 minutes, 2-ml aliquots of the ex-
tracts were pipetted into individual 6-ml septum vials and evaporated to dryness under a
gentle stream of nitrogen. Boron triflouride reagent (3 ml) was added to each vial; the
vials were then sealed, mixed on a vortex mixer, and heated in a 70° C oven for 40 hours.

The reacted solutions were cooled, quantitatively transferred to 100-ml volumetric
flasks, and diluted to volume with methanol. After being mixed thoroughly, 1-ml ali-
quots were pipetted into 30-ml septum vials containing 5 ml of sodium chloride solution
and 20 m! of internal standard solution (aldrin in pesticide-quality hexane, 0.108 pg/ml).
The vials were sealed and shaken vigorously for 1 minute. When the layers separated,
the dimethyl chlorendate content of the upper hexane layer was determined by the gas
chromatographic system described below.
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Instrument: Varian 3700 Gas Chromatograph with Autosampler and Varian CDS 111-
C integrator
Column: 10% SP-2100 on 100/120 mesh Supelcoport 1.8 m X 2 mm ID, glass, silanized
Oven temperature: 220°C, isothermal
Detector temperature: 280°C
Inlet temperature: 250°C
Carrier gas: Nitrogen, 30 ml/minute
Injection volume: 4 ul
Retention times: Dimethyl chlorendate--6.0 minutes
Aldrin--5.0 minutes for internal standard

B. Diazomethane procedure

1.

Special reagents

Sodium chloride solution, 22% (w/w)--22 g of reagent-grade sodium chloride was in 78 ml
of water.

Ethereal diazomethane solution--Reagent-grade potassium hydroxide (2.3 g) was dis-
solved in 2.3 ml of water in a 50-ml Erlenmeyer flask equipped with a Teflon®-lined
screw cap. The solution was cooled to room temperature, and 25 ml of ethyl ether was
added. The flask was further cooled in an ice bath; then 1.5 g of N-methyl-N'-nitro-N-
nitrosoguanidine (Aldrich no. 12,994-1) was added in small portions over a period of a
few minutes. The flask was capped and shaken vigorously after each addition. The
yellow ether layer was decanted into a 30-ml septum vial containing a few potassium hy-
droxide pellets, and the vial was sealed with a Teflon®-lined septum.

Hydrochloric acid-ethyl acetate solution--5 ml of concentrated hydrochloric acid was
carefully added and mixed with 5 ml of ethyl acetate.

Analysis: Extracts of the same spiked feed standards, dosed feed samples, and blank
feed sample prepared for the boron trifluoride method were used for this analysis. Ali-
quots (2 ml) of the extracts were pipetted into individual 10-ml septum vials and
evaporated to dryness under a gentle stream of nitrogen.

The residues were dissolved in 0.5 ml of methanol containing one drop of hydrochloric
acid-ethyl acetate solution. A 2-ml volume of ethereal diazomethane was added with
mixing, and the solutions were allowed to react for 5 minutes. At the end of the 5-
minute period, the vials were placed in a 30° C water bath and the solvent was
evaporated under nitrogen to a volume just under 0.5 ml (to eliminate the ether and
excess diazomethane).

The concentrated solutions were diluted with methanol to about 8 ml, transferred to 100-
ml volumetric flasks, and diluted to volume with methanol. After the solutions were
mixed, 1-ml aliquots were transferred to 30-ml septum vials containing 5 ml of 22% sodi-
um chloride solution and 20 ml of internal standard solution (aldrin in pesticide quality
hexane, 0.108 pg/ml). The vials were sealed and shaken 1 minute, and then the di-
methyl chlorendate content of the upper hexane layer was determined by the gas chro-
matographic system described below.
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Instrument: Varian 3700 Gas Chromatograph with Autosampler and Varian CDS 111-
C integrator
Column: 10% SP-2100 on 100/120 mesh Supelcoport 1.8 m X 2 mm ID, glass, silanized
Detection: Electron capture, 63Ni
Oven temperature: 220°C, isothermal
Detector temperature: 280°C
Inlet temperature: 250°C
Carrier gas: Nitrogen, 30 ml/minute
Injection volume: 2.7 pl
Retention times: Dimethyl chlorendate--6.1 minutes
Aldrin--5.0 minutes for internal standard

C. Quality assurance measures: The same quality assurance measures were followed for
both the boron trifluoride and the diazomethane methods.

The dosed feed sample was analyzed in triplicate, and the undosed feed sample was analyzed
once. Individually spiked portions of undosed feed (six concentrations bracketing the speci-
fied concentration of the dosed feed sample) were prepared from two independently weighed
standards and were used to obtain standard data. Three injections of each standard and
sample were made into the gas chromatograph in a random order. All determinations were
related to an internal standard incorporated into the sample solutions.
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TABLE K1. RESULTS OF HOMOGENEITY ANALYSIS OF FORMULATED DIETS IN THE
THIRTEEN-WEEK FEED STUDIES OF CHLORENDIC ACID (a)

Concentration of Chlorendic Acid

Blender in Feed (ppm) Determined as a
Location Target Determined Percent of Target
Top 620 562 90.6
Middle 586 94.5
Bottom 560 90.3

Top 1,250 1,240 99.2
Middle 1,187 95.0
Bottom 1,168 93.4

Top 2,500 2,305 92.2
Middle 2,346 93.8
Bottom 2,281 91.2

Top 5,000 4,699 94.0
Middle 4,761 95.2
Bottom 4,728 94.6

Top 10,000 9,330 93.3
Middle 9,219 92.2
Bottom 9,020 90.3

Top 20,000 20,760 103.8
Middle 20,700 103.5
Bottom 19,250 96.3

(a) Results of duplicate analysis

Chlorendic Acid, NTP TR 304 192



TABLE K2, RESULTS OF ANALYSIS OF FORMULATED DIETS IN THE TWO-YEAR FEED
STUDIES OF CHLORENDIC ACID (a)

Determined Concentration for Target Concentration of

Date Mixed 620 ppm 1,250 ppm
06/18/80 - 1,165
06/25/80 580 -
06/30/80 575
07/02/80 600 1,235
07/14/80 -- (b) 1,095
08/11/80 560 -
09/29/80 - 1,165
11/24/80 630 1,200
01/05/81 680 1,315
02/16/81 625 1,270
04/20/81 710 1,290
08/17/81 595 1,215
10/19/81 (c) 555 1,180
10/28/81 (d) 565 -
12/14/81 620 1,310
02/08/82 610 1,140
03/29/82 (b) 705 1,380
05/17/82 645 1,205

Mean (ppm) 621 1,226

Standard deviation 49.8 78.5

Coefficient of variation (percent) 8.0 6.4

Range (ppm) 555-710 1,095-1,380

Number of samples 14 14

(a) Results of duplicate analysis
(b) Out of specification. Mix was used in the study.

(¢c) Originally analyzed out of specification. Value presented is the corrected concentration. Mix not used in

the study.
(d) Remix. Notincluded in the mean.

TABLE K3. RESULTS OF REFEREE ANALYSIS IN THE TWO-YEAR FEED STUDIES OF

CHLORENDIC ACID

Determined Concentration (ppm)

Date Mixed Target Concentration Study Laboratory Analytical Laboratory
(ppm)

07/02/80 620 600 (a) 585
01/05/81 1,250 1,315 (a)1,190
08/17/81 1,250 1,215 (b,¢) 1,020
12/14/81 1,250 1,310 (a) 1,080

(b) 1,150
05/17/82 620 640 (a,d) 537

(a) Boron trifluoride methylation procedure

(b) Diazomethane methylation procedure

(c) Analyzed 24 days after mixing; chemical irreversibly bound to feed.
(d) Analyzed 25 days after mixing; chemical irreversibly bound to feed.
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APPENDIX L. SENTINEL ANIMAL PROGRAM

I. Methods

Rodents used in the Carcinogenesis Program of the National Toxicology Program are produced in op-
timally clean facilities to eliminate potential pathogens that may affect study results. The Sentinel
Animal Program is part of the periodic monitoring of animal health that occurs during the toxicologic
evaluation of chemical compounds. Under this program, the disease state of the rodents is monitored
via viral serology on sera from extra (sentinel) animals in the study rooms. These animals are un-
treated, and these animals and the study animals are both subject to identical environmental condi-
tions. The sentinel animals come from the same production source and weanling groups as the ani-
mals used for the studies of chemical compounds.

Fifteen B6C3F; mice and 15 F344/N rats of each sex are selected at the time of randomization and al-
location of the animals to the various study groups. Five animals of each designated sentinel group
are killed at 6, 12, and 18 months on study. Data from animals surviving 24 months are collected
from 5/50 randomly selected control animals of each sex and species. The blood from each animal is
collected and clotted, and the serum is separated. The serum is cooled on ice and shipped to Microbio-
logical Associates’ Comprehensive Animal Diagnostic Service for determination of the viral antibody
titers. The following tests are performed:

Hemagglutination Complement
Inhibition Fixation ELISA
Mice  PVM (pneumonia virus of mice) = M.Ad. (mouse adenovirus) MHYV (mouse hepatitis
Reo 3 (reovirus type 3) LCM (lymphocytic virus) (18, 24 mo)
GDVII (Theiler’s choriomeningitis virus)
encephalomyelitis virus) Sendai (6 mo)
Poly (polyoma virus) MHYV (6, 12 mo)

MVM (minute virus of mice)
Ectro (infectious ectromelia)
Sendai (12, 18, 24 mo)

Rats PVM RCV (rat coronavirus)
KRV (Kilham rat virus) Sendai (24 mo)
H-1 (Toolan’s H-1 virus)
Sendai (6, 12, 18 mo)

II. Results

Results are presented in Table L1.
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TABLE L1. MURINE VIRUS ANTIBODY DETERMINATIONS FOR RATS AND MICE IN THE
TWO-YEAR FEED STUDIES OF CHLORENDIC ACID (a)

No.of Positive Serologic
Interval (months) Animals Reaction for
RATS
6 -- None positive
12 10/10 RCV
18 - None positive
24 3/10 KRV
177 Sendai
4/10 RCV
MICE
6 w1 GDVII
2/4 MHV
12 - None positive
18 - None positive
24 - None positive

(a) Blood samples were taken from sentinel animals at 6, 12, and 18 months after the start of dosing and from the control
animals just before they were killed; samples were sent to Microbiological Associates (Bethesda, MD) for the Animal Disease
Screening Program.
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FEED AND COMPOUND CONSUMPTION BY RATS

AND MICE IN THE TWO-YEAR FEED STUDIES OF

CHLORENDIC ACID
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TABLE M1. FEED AND COMPOUND CONSUMPTION BY MALE RATS IN THE TWO-YEAR FEED STUDY
OF CHLORENDIC ACID

Control 620 ppm 1,250 ppm
Grams Body Grams Body Low/ Dose/ Grams Body High/ Dose/
Feed/ Weight Feed/ Weight Control (a) Day (b) Feed/ Weight Control (a) Day (b)
Week Day (¢) (grams) Day (c) (grams) Day (c) (grams)

1 14 199 14 194 1.0 45 14 191 1.0 92
2 16 222 15 214 0.9 43 15 210 0.9 89
3 15 239 14 231 0.9 38 14 227 0.9 1
4 16 252 15 246 0.9 38 16 239 1.0 84
5 15 269 14 259 09 34 15 254 1.0 T4
6 16 284 15 268 09 35 16 266 1.0 75
7 16 296 15 283 0.9 33 15 276 0.9 68
8 16 305 15 292 0.9 32 16 285 1.0 70
9 16 318 16 304 1.0 33 16 294 1.0 68
10 17 323 17 306 1.0 34 16 297 0.9 67
11 17 342 16 320 0.9 31 15 311 0.9 60
12 17 346 16 332 0.9 30 16 306 0.9 65
13 17 355 15 332 0.9 28 15 319 0.9 59
17 16 379 16 359 1.0 28 16 345 1.0 58
21 16 396 15 368 0.9 25 15 352 0.9 53
25 13 401 15 380 1.2 24 14 364 1.1 48
29 16 412 15 391 09 24 15 369 0.9 51
33 17 429 16 402 09 25 15 381 09 49
37 15 440 15 414 1.0 22 15 390 1.0 48
41 15 443 14 417 0.9 21 14 395 09 44
45 15 446 15 421 1.0 22 15 401 1.0 47
49 16 453 15 430 09 22 14 406 0.9 43
53 16 434 15 410 0.9 23 15 392 0.9 48
57 15 4417 13 421 09 19 14 398 09 44
61 15 444 15 420 1.0 22 15 398 1.0 47
65 17 445 16 424 09 23 16 402 09 50
69 15 449 14 422 0.9 21 15 406 1.0 46
73 14 447 14 425 1.0 20 14 402 1.0 44
77 15 445 16 430 1.1 23 15 408 1.0 46
81 16 435 15 428 0.9 22 15 399 09 47
85 15 437 14 420 0.9 21 14 398 09 44
89 15 437 16 426 1.1 23 15 397 1.0 47
93 18 427 14 417 0.8 21 15 392 0.8 48
97 13 417 14 413 1.1 21 15 397 1.2 47
101 18 403 15 409 0.8 23 15 390 0.8 48
104 15 406 15 400 1.0 23 6 384 0.4 20
Mean 15.7 378 15.0 362 1.0 27 14.8 346 09 56
SD(d) 1.2 0.8 0.1 7 1.6 0.1 15

CV (e) 7.6 5.3 10.0 259 10.8 11.1 26.8

(a) Grams of feed per day for the dosed group divided by that for the controls

(b) Estimated milligrams of chlorendic acid consumed per day per kilogram of body weight
(c) Grams of feed removed from feed hopper per animal per day. Not corrected for scatter.
(d) Standard deviation

(e) Coefficient of variation = (standard deviation/mean) X 100
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TABLE M2. FEED AND COMPOUND CONSUMPTION BY FEMALE RATS IN THE TWOQO-YEAR FEED
STUDY OF CHLORENDIC ACID

Control 620 ppm 1,250 ppm
Grams Body Grams Body Low/ Dose/ Grams Body High/ Dose/
Feed/ Weight Feed/ Weight Control (a) Day (b) Feed/ Weight Control (a8) Day (b)
Week Day (¢) (grams) Day (¢) (grams) Day (c) (grams)

1 10 143 14 143 14 61 10 140 1.0 89
2 12 1563 13 151 1.1 53 11 147 09 94
3 10 159 16 158 1.6 63 10 152 1.0 82
4 11 166 14 164 1.3 53 11 157 1.0 88
5 11 174 13 172 1.2 47 10 164 0.9 76
6 11 179 14 176 1.3 49 11 168 1.0 82
7 10 183 14 180 14 48 10 172 1.0 73
8 11 187 14 183 1.3 47 11 174 1.0 79
9 10 192 15 187 15 50 11 178 1.1 1
10 12 195 12 186 1.0 40 11 177 0.9 8
11 11 203 14 194 1.3 45 10 183 0.9 68
12 11 203 14 193 1.3 45 11 181 1.0 76
13 11 206 14 197 1.3 44 10 185 0.9 68
17 11 219 14 207 1.3 42 10 194 0.9 64
21 11 226 14 212 1.3 41 10 199 09 63
25 10 229 14 214 1.4 41 12 202 1.2 74
29 11 234 14 217 13 40 10 204 09 61
33 11 241 13 220 1.2 37 10 205 0.9 61
37 11 250 14 228 1.3 38 10 211 0.9 59
41 11 256 15 233 1.4 40 10 214 09 58
45 11 264 14 236 1.3 37 11 219 1.0 63
49 11 271 14 243 1.3 36 10 221 0.9 57
53 10 21 15 245 1.5 38 11 221 11 62
57 12 286 12 253 1.0 29 10 227 0.8 55
61 12 298 14 260 1.2 33 12 232 1.0 65
65 13 305 14 272 1.1 32 12 237 0.9 63
69 12 319 14 281 12 31 11 247 09 56
73 12 325 14 283 1.2 31 11 251 0.9 55
i 12 329 14 289 12 30 11 250 09 55
81 13 330 13 286 1.0 28 12 253 0.9 59
85 12 335 14 294 12 30 11 259 09 53
89 13 344 15 300 1.2 31 13 267 1.0 61
93 12 350 13 302 11 27 11 21 0.9 51
97 13 351 12 302 0.9 25 11 274 0.8 50
101 12 346 14 306 1.2 28 11 273 0.9 50
104 12 346 15 303 1.3 31 14 290 1.2 60
Mean 114 252 139 230 1.2 39 10.9 211 1.0 66
SD(d) 0.9 0.9 0.1 10 0.9 0.1 12

CV(e) 7.9 6.5 8.3 25.6 8.3 10.0 18.2

(a) Grams of feed per day for the dosed group divided by that for the controls

(b) Estimated milligrams of chlorendic acid consumed per day per kilogram of body weight
(¢) Grams of feed removed from feed hopper per animal per day. Not corrected for scatter.
{d) Standard deviation

(e) Coefficient of variation = (standard deviation/mean) X 100
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TABLE M3. FEED AND COMPOUND CONSUMPTION BY MALE MICE IN THE TWO-YEAR FEED STUDY
OF CHLORENDIC ACID

Control 620 ppm 1,250 ppm
Grams Body Grams Body Low/ Dose/ Grams Body High/ Dose/
Feed/ Weight Feed/ Weight Control (a) Day (b) Feed/ Weight Control (a) Day (b)
Week Day (c) (grams) Day (c) (grams) Day (c) (grams)

1 5 26.3 5 26.7 1.0 116 6 25.3 1.2 296
2 5 27.8 5 27.2 1.0 114 5 26.8 1.0 233
3 5 28.3 5 27.1 1.0 114 5 26.7 1.0 234
4 7 29.1 7 27.6 1.0 157 7 28.0 1.0 313
5 5 29.7 6 285 1.2 131 6 28.4 1.2 264
6 5 30.2 6 29.3 1.2 127 6 29.3 1.2 256
7 5 31.3 6 30.2 1.2 123 6 303 1.2 248
8 5 30.6 5 31.0 1.0 100 5 30.8 1.0 203
9 5 31.6 5 304 1.0 102 5 30.5 1.0 205
10 5 32.2 5 304 1.0 102 5 30.6 1.0 204
11 5 324 6 31.8 1.2 117 6 314 1.2 239
12 5 33.0 4 31.7 0.8 78 4 314 0.8 159
13 4 329 4 319 1.0 78 4 31.3 1.0 160
17 4 35.0 4 33.2 1.0 75 4 33.1 1.0 151
21 5 36.6 6 343 1.2 108 5 33.9 1.0 184
25 4 35.7 4 34.0 1.0 73 4 33.2 1.0 151
29 4 36.7 4 34.3 1.0 72 4 34.3 1.0 146
33 4 37.2 4 34.4 1.0 72 4 33.8 1.0 148
37 4 38.9 4 355 1.0 70 4 36.1 1.0 139
41 4 38.9 4 364 1.0 68 4 35.3 1.0 142
45 4 40.9 4 37.6 1.0 66 4 37.3 1.0 134
49 4 40.0 5 374 1.3 83 5 36.0 1.3 174
53 4 41.2 7 38.0 1.8 114 7 37.1 1.8 236
57 4 41.0 5 39.0 1.3 79 5 37.0 1.3 169
65 4 41.2 4 40.5 1.0 61 4 38.5 1.0 130
69 4 41.6 4 40.0 1.0 62 4 38.1 1.0 131
73 4 41.0 5 39.2 1.3 79 4 37.2 1.0 134
¥4 4 40.8 4 39.5 1.0 63 5 31.7 1.3 166
81 5 40.4 4 38.4 0.8 65 5 36.7 1.0 170
85 4 40.1 4 38.3 1.0 65 5 374 1.3 167
89 4 40.0 4 38.0 1.0 65 5 37.0 1.3 169
97 4 39.4 4 37.6 1.0 66 4 37.1 1.0 135
101 3 40.0 4 38.0 1.3 65 4 38.0 1.3 132
103 4 40.0 4 37.0 1.0 67 4 36.0 1.0 139
104 5 40.0 6 36.3 1.2 102 6 36.7 1.2 204
Mean 4.5 36.1 4.8 343 1.1 89 4.9 33.7 1.1 185
SD () 0.7 0.9 0.2 25 0.9 0.2 50

CV(e) 15.6 18.8 18.2 28.1 184 18.2 27.0

(a) Grams of feed per day for the dosed group divided by that for the controls

(b) Estimated milligrams of chlorendic acid consumed per day per kilogram of body weight
(c) Grams of feed removed from feed hopper per animal per day. Not corrected for scatter.
(d) Standard deviation

(e) Coefficient of variation = (standard deviation/mean) X 100
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TABLE M4. FEED AND COMPOUND CONSUMPTION BY FEMALE MICE IN THE TWO-YEAR FEED
STUDY OF CHLORENDIC ACID

Control 620 ppm 1,250 ppm
Grams Body Grams Body Low/ Dose/ Grams Body High/ Dose/
Feed/ Weight Feed/ Weight Control (a) Day (b) Feed/ Weight Control (a) Day (b)
Week Day (¢) (grams) Day (c) (grams) Day (¢) (grams)

1 5 204 5 19.0 1.0 163 6 19.3 1.2 389
2 6 21.0 5 19.6 0.8 158 6 20.6 1.0 364
3 5 22.1 6 21.3 1.2 175 5 19.8 1.0 316
4 7 22.7 7 21.6 1.0 201 6 21.2 09 354
5 5 23.6 6 22.5 1.2 165 6 22.4 1.2 335
6 6 24.0 6 23.2 1.0 160 6 23.2 1.0 323
7 6 24.8 6 24.7 1.0 151 6 24.9 1.0 301
8 5 24.0 5 24.2 1.0 128 5 23.7 1.0 264
9 5 24.8 5 24.4 1.0 127 5 23.6 1.0 265
10 5 249 6 25.2 1.2 148 5 24.3 1.0 257
11 5 25.8 6 25.5 1.2 146 6 25.1 1.2 299
12 4 27.2 4 26.0 1.0 95 4 25.3 1.0 198
13 4 26.9 4 26.0 1.0 95 4 25.2 1.0 198
17 4 28.5 4 28.5 1.0 87 4 27.2 1.0 184
21 4 304 4 29.6 1.0 84 4 28.2 1.0 177
25 4 31.8 4 30.1 1.0 82 4 32.7 1.0 153
29 4 32.7 4 30.8 1.0 81 4 29.6 1.0 169
33 4 33.1 4 31.9 1.0 78 4 30.4 1.0 164
37 4 35.5 4 34.6 1.0 72 4 32.1 1.0 156
41 4 36.2 4 35.2 1.0 70 4 32.8 1.0 152
45 4 38.8 4 36.9 1.0 67 4 34.9 1.0 143
49 3 374 4 36.5 1.3 68 4 35.3 1.3 142
53 4 38.3 4 36.8 1.0 67 5 34.3 1.3 182
57 4 39.0 4 38.0 1.0 65 4 37.0 1.0 135
65 4 38.7 4 38.4 1.0 65 4 36.9 1.0 136
69 4 39.0 4 39.1 1.0 63 4 36.7 1.0 136
73 4 38.3 4 37.4 1.0 66 4 35.3 1.0 142
77 4 37.6 4 38.2 1.0 65 4 36.3 1.0 138
81 5 37.8 4 36.6 0.8 68 5 34.4 1.0 182
85 4 37.2 4 36.3 1.0 68 4 35.0 1.0 143
89 4 38.0 4 37.0 1.0 67 5 35.0 1.3 179
97 4 39.3 4 37.8 1.0 66 4 35.3 1.0 142
101 4 39.0 4 38.0 1.0 65 3 36.0 0.8 104
103 4 38.0 4 36.0 1.0 69 4 34.0 1.0 147
104 6 31.6 6 35.8 1.0 104 5 343 0.8 182
Mean 4.5 31.8 4.6 30.9 1.0 100 4.6 29.8 1.0 207
SD (d) 0.9 0.9 0.1 42 0.8 0.1 80

CV(e) 20.0 19.6 10.0 42.0 174 10.0 38.6

(a) Grams of feed per day for the dosed group divided by that for the controls

(b) Estimated milligrams of chlorendic acid consumed per day per kilogram of body weight
(¢) Grams of feed removed from feed hopper per animal per day. Not corrected for scatter.
(d) Standard deviation

(e) Coefficient of variation = (standard deviation/mean) X 100
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APPENDIX N

INGREDIENTS, NUTRIENT COMPOSITION, AND
CONTAMINANT LEVELS IN

NIH 07 RAT AND MOUSE RATION

Meal Diet: June 1980 to July 1982
(Manufactured by Zeigler Bros., Inc., Gardners, PA)
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TABLE N1. INGREDIENTS OF NIH 07 RAT AND MOUSE RATION (a)

Ingredients (b) Percent by Weight
Ground #2 yellow shelled corn 24.50
Ground hard winter wheat 23.00
Soybean meal (49% protein) 12.00
Fish meal (60% protein) 10.00
Wheat middlings 10.00
Dried skim milk 5.00
Alfalfa meal (dehydrated, 17% protein) 4.00
Corn gluten meal (60% protein) 3.00
Soy oil 2.50
Brewer's dried yeast 2.00
Dry molasses 1.50
Dicalcium phosphate 1.25
Ground limestone 0.50
Salt 0.50
Premixes (vitamin and mineral) 0.25

(a) NIH, 1978; NCI, 1976

(b) Ingredients ground to pass through a U.S. Standard Screen No. 16 before being mixed

TABLE N2. VITAMINS AND MINERALS IN NIH 07 RAT AND MOUSE RATION (a)

Amount Source
Vitamins
A 5,500,000 IU Stabilized vitamin A
palmitate or acetate
Dy 4,600,000 I1U D-activated animal sterol
d-a-Tocopheryl acetate 20,000 IU
Riboflavin 34g
Thiamine 100¢g Thiamine mononitrate
Niacin 300g
d-Pantothenic acid 180g d-Calcium pantothenate
Folic acid 22¢g
Pyridoxine 17¢g Pyridoxine hydrochloride
Big 4,000 pg
Biotin 140.0 mg d-Biotin
K, 28g Menadione activity
Choline 560.0¢ Choline chloride
Minerals
Iron 120.0g Iron sulfate
Manganese 60.0g Manganous oxide
Zinc 16.0g Zinc oxide
Copper 40¢g Copper sulfate
Iodine l4g Calcium iodate
Cobalt 04g Cobalt carbonate

(a) Per ton (2,000 1b) of finished product
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TABLE N3. NUTRIENT COMPOSITION OF NIH 07 RAT AND MOUSE RATION (a)

Mean T Standard

Nutrient Deviation Range Number of Samples
Crude protein (percent by weight) 2420 £ 1.00 22.6-26.3 24
Crude fat (percent by weight) 5.02 £ 0.46 4,2-6.0 24
Crude fiber (percent by weight) 348 £ 041 2.4-43 24
Ash (percent by weight) 6.66 + 041 5.97-7.42 24
Essential Amino Acids (percent of total diet)

Arginine 1.260 1.21-1.31 2

Cystine 0.395 0.39-0.40 2

Glycine 1.175 1.15-1.20 2

Histidine 0.553 0.530-0.576 2

Isoleucine 0.908 0.881-0.934 2

Leucine 1.905 1.85-1.96 2

Lysine 1.250 1.20-1.30 2

Methionine 0.310 0.306-0.314 2

Phenylalanine 0.967 0.960-0.974 2

Threonine 0.834 0.827-0.840 2

Tryptophan 0.175 0.171-0.178 2

Tyrosine 0.587 0.566-0.607 2

Valine 1.085 1.05-1.12 2
Essential Fatty Acids (percent of total diet)

Linoleic 237 1

Linolenic 0.308 1

Arachidonic 0.008 1
Vitamins

Vitamin A (IU/kg) 11,087 £ 1,723 7,200-17,000 24

Vitamin D (IU/kg) 6,300 1

a-Tocopherol (ppm) 37.6 31.1-44.0 2

Thiamine (ppm) 188 + 036 7.4-26.0 (b)23

Riboflavin (ppm) 6.9 6.1.7.4 2

Niacin (ppm) 75 65-85 2

Pantothenic acid (ppm) 30.2 29.8-30.56 2

Pyridoxine (ppm) 7.2 5.6-8.8 2

Folic acid (ppm) 2.1 1.8-2.4 2

Biotin (ppm) 0.24 0.21-0.27 2

Vitamin B, (ppb) 12.8 10.6-15.0 2

Choline (ppm) 3,315 3,200-3,430 2
Minerals

Calcium (percent) 1.27 + 0.19 0.81-1.6 24

Phosphorus (percent) 1.00 £ 0.08 0.84-1.10 24

Potassium (percent) 0.809 0.772-0.846 2

Chloride (percent) 0.557 0.479-0.635 2

Sodium (percent) 0.304 0.258-0.349 2

Magnesium (percent) 0.172 0.166-0.177 2

Sulfur (percent) 0.278 0.270-0.285 2

Iron (ppm) 418 409-426 2

Manganese (ppm) 90.8 86.0-95.5 2

Zinc (ppm) 55.1 54.2-56.0 2

Copper (ppm) 12.68 9.65-15.70 2

Iodine (ppm) 2.58 1.52-3.64 2

Chromium (ppm) 1.86 1.79-1.93 2

Cobalt (ppm) 0.57 0.49-0.65 2

(a) One or two batches of feed analyzed were manufactured in January and/or April 1983.
(b) One batch (7/22/81) not analyzed for thiamine.
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TABLE N4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION

Mean * Standard
Contaminant Deviation Range Number of Samples
Arsenic (ppm) 039 £ 0.17 0.13-0.93 24
Cadmium (ppm) (a) <0.1 24
Lead (ppm) 1.09 + 0.72 0.33-2.93 24
Mercury (ppm) (a) 0.05 24
Selenium (ppm) 0.30 £ 0.07 0.16-0.48 24
Aflatoxins (ppb) (a,b) <10 24
Nitrate nitrogen (ppm) (c) 8.50 £ 4.39 0.6-18.0 24
Nitrite nitrogen (ppm) (c) 205 + 1.28 0.4-5.3 24
BHA (ppm)(d,e) 3.68 + 271 0.4-11.0 24
BHT (ppm) (d) 265 + 1.13 1.2-4.9 24
Aerobic plate count (CFU/g) (D 70,729 + 49,351 7,000-210,000 21
Coliform (MPN/g) (g) 731 £ 880 <3-2,400 24
E. coli (MPN/g) 750 + 7.68 <3-23 24
Total nitrosamines (ppb) (h,i) 724 £ 6.70 1.8-24.5 22
Total nitrosamines (ppb) (h,j) 17.03 + 28.20 1.8-101.6 24
N-Nitrosodimethylamine (ppb) (h,k) 5.55 £ 6.07 0.7-20.0 22
N-Nitrosodimethylamine (ppb) (h,1) 13.29 + 26.86 0.7-99 24
N-Nitrosopyrrolidine (ppb) 132 =+ 0.81 0.3-3.5 24
Pesticides (ppm)
a-BHC (a,m) <0.01 24
B-BHC (a) <0.02 24
y-BHC-Lindane (a) <0.01 24
8-BHC (a) <0.01 24
Heptachlor (a) <0.01 24
Aldrin(a) <0.01 24
Heptachlor epoxide (a) <0.01 24
DDE (n) <0.01 0.05(7/14/81) 24
DDD (a) <0.01 24
DDT(a) <0.01 24
HCB (a) <0.01 24
Mirex (a) <0.01 24
Methoxychlor (n) <0.05 0.13 (8/25/81) 24
Dieldrin (a) <0.01 24
Endrin (a) <0.01 24
Telodrin (a) <0.01 24
Chlordane (a) <0.05 24
Toxaphene (a) <0.1 24
Estimated PCBs (a) <0.2 24
Ronnel (a) <0.01 24
Ethion (a) <0.02 24
Trithion (a) <0.05 24
Diazinon (a) <0.1 24
Methy! parathion (a) <0.02 24
Ethyl parathion (a) <0.02 24
Malathion (o) 0.08 £ 0.05 <0.05-0.25 24
Endosulfan I (a) <0.01 24
Endosulfan II (a) <0.01 24
Endosulfan sulfate (a) <0.03 24
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TABLE N4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION (Continued)

(a) All values were less than the detection limit, given in the table as the mean.

(b) Detection limit was reduced from 10 ppb to 5 ppb after 7/81,

(c) Source of contamination: alfslfa, grains, and fish meal

(d) Source of contamination: Soy oil and fish meal

(e) Two batches contained less than 0.5 ppm.

(h CFU = colony-forming unit

(g) MPN = most probable number

(h) All values were corrected for percent recovery.

(i) Mean, standard deviation, and range exclude two very high values of 101.6 and 100.3 ppb for batches produced on 1/26/81
and 4/27/81.

(j) Mean, standard deviation, and range include the very high values given in footnote i.

(k) Mean, standard deviation, and range exclude two very high values of 97.9 and 99 ppb for batches produced on 1/26/81 and
4/27/81.

(1) Mean, standard deviation, and range include the high values given in footnote k.

(m) BHC = hexachlorocyclohexane or benzene hexachloride

(n) One observation was above the detection limit. The value and the date it was obtained are listed under the range.

(o) Nine batches contained more than 0.05 ppm.
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APPENDIX O

DISPOSITION AND EXCRETION OF CHLORENDIC ACID

IN FISCHER 344 RATS

(Gary M. Decad and Minerva T. Fields,
Journal of Toxicology and Environmental Health 9:911-920, 1982; reproduced with the permission of
Hemisphere Publishing Corp., New York, NY)
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APPENDIX O. DISPOSITION AND EXCRETION

DISPOSITION AND EXCRETION OF CHLORENDIC ACID
IN FISCHER 344 RATS

Gary M. Decad, Minerva T. Fields

National Institutes of Health, National Institute of Environmental
Health Sciences, and National Toxicology Program, Research
Triangle Park, North Carolina

The absorption, distribution, and excretion of a highly chlorinated dicarboxylic acid,
chlorendic acid, was studied in the male Fischer 344 rat. [**C]Chlorendic acid was
absorbed after an oral dose of 7.7 umol per Rilogram of body wejght. The distribu-
tion in various tissues was similar whether the treatment was by the oral or the
intravenous route. The major site of [**C]chlorendic acid deposition was the liver,
with smaller amounts found in the blood, muscle, skin, and kidneys. Chlorendic
acid-derived radioactivity was excreted primarily through the bile and into the
feces. The urine contained less than 6% of the total dose. Within 1 d, more than
75% of the total dose was excreted in the feces, primarily as metabolites. Radio-
activity in the liver was aiso primarily metabolites of chlorendic acid, Thus, chlorendic
acid was absorbed, metabolized, and excreted primarily in the feces as metabolites.
The rapid metabolism and biliary excretion of chlorendic acid contrast with
observations for the closely related lipophilic compounds aldrin and dieldrin.

INTRODUCTION
1,4,5,6,7,7-Hexachlorendo-5-norbornene-2,3-dicarboxylic acid (chloren-

dic acid) is used as a fire retardant in _unsaturated polyester fibers
and has been suggested for fireproofing polymers of chlorethylene,
styrene, and urethan (NTP, 1980). Approximately 1.5 million kilograms
of chlorendic acid are produced yearly. There are no data on its fate
in laboratory animals, humans, or the environment.

Chlorendic acid is structurally related to the highly chlorinated
insecticide aldrin and its environmentally persistent degradation product
dieldrin (JARC, 1975). Unlike aldrin or dieldrin, chlorendic acid con-
tains two carboxylic acid groups and is thus a polar representative of
a highly chlorinated class of compounds. It was of interest to study the
fate of radiolabeled chlorendic acid in the rat after a single oral dose or
injection. The distribution in body tissues, excretion, and metabolism
were also determined.

METHODS

Male adult Fischer 344 rats weighing 176-215 g were used. They
were purchased from Charles River Breeding Laboratories (Wilmington,

Requests for reprints should be sent to G. M. Decad, IBM Corporation, H60/282, 5600 Cottle
Road, San Jose, California 95193 (present address).

9

Journal of Toxicology and Environmental Heaith, 9:911-920, 1982
Copyright © 1982 by Hemisphere Publishing Corporation
0090-4108/82/050911-10$2.25
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APPENDIX O. DISPOSITION AND EXCRETION

912 G. M. DECAD AND M. T, FIELDS

Mass.), housed under a 12-h light cycle for at least 1 wk before use,
and fed Purina Rat Chow and offered water ad libitum.

[U-*C]Chlorendic acid (12 mCi/mmol) was purchased from
Pathfinder Laboratories (St. Louis, Mo.). Radiochemical purity
was determined by radio-gas-liquid chromatography on 3% QF-1 by
Dr. Phillip Albro, Laboratory of Environmental Chemistry, National
institute of Environmentai Health Sciences. The radiolabeled com-
pound was 299% radiochemically pure. The dose solution was made
up by dissolving ['*C]chlorendic acid in a 1:1 mixture of Emuifor,
a polyoxyethylated vegetable oil (GAF Corp., New York), and ethanol
along with unlabeled chlorendic acid (K & K Laboratories, lrvine, Calif),
>99% pure by nuclear magnetic resonance (NMR), determined
by Dr. Phillip Albro. Distilled water was then added to give a final
chlorendic acid concentration of 3.0 mg per milliliter of the mixture
of Emulfor, ethanol, and water (1:1:8 by volume). ['*C]Chlorendic
acid solution was injected iv into the tail vein of rats (3 mg/kg, 7.7 umol/kg,
11 uCi/kg, 1 mi/kg), which were held for 15 min to 7 d, after which
they were sacrificed by cervical dislocation. For absorption studies,
rats received the same dose as in the iv study by oral intubation and
were sacrificed by cervical dislocation after 1 d. All injections and
intubations were made between 9 and 10 a.m.

Three animals were exsanguinated by cardiac puncture at each
time point, dissected immediately, and the tissues weighed and stored
in a freezer until they could be prepared for analysis by oxidation to
14CO, in a Packard model 306B biological oxidizer (Packard Instrument
Co., Downers Grove, Ill.). Recovery of !CO, radioactivity was
determined and corrected for quenching in a Beckman model LS8100
liquid scintillation system (Beckman Instruments, Fullerton, Calif.).
In each case, a section of the tail injection site with 0.5 ¢cm? of sur-
rounding tissue was removed and the residual radioactivity determined.
When the injection site contained as much as 5% of the ['*C]chlorendic
acid dose, the animal was discarded and another treated for the respective
time period. Approximately 5% of the animals were discarded. Most
of the tissue samples were finely minced before oxidation. How-
ever, blood (0.2 ml drawn with a heparinized syringe from the heart),
adipose tissue (50 mg perirenal), and skin (100 mg portion from the
ears) were oxidized directly. The skin weight and weight of adipose
tissue depots of Fisher 344 rats are 16 and 11% of body weight,
respectively (Brinbaum et al.,, 1980). Estimates of blood volume and
muscie weight, 8 and 50% of body weight, respectively, were based
on literature values for rats (Matthews and Anderson, 1975).

Animals held for 1 d or longer were housed in individual metabolism
cages with food and water ad libitum; feces and urine were collected
daily. The feces were air-dried, weighed, and ground into a powder
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APPENDIX O. DISPOSITION AND EXCRETION
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with mortar and pestle; two 100-mg samples of each daily collection
were oxidized. [!*C]Chlorendic acid-derived radioactivity in the urine
was quantified by determining the volume of each urine collection
and counting two 0.1-ml samples directly into Aquasol (New England
Nuclear Corp., Boston, Mass.). Liquid scintillation counting efficiencies
were determined by use of an appropriate ['*C]chlorendic acid
standard and corrected for quench in all cases.

Bile duct cannulation experiments were carried out by first anesthetizing
rats with pentobarbital (Matthews and Anderson, 1975). The common
bile duct was cannulated with PE-10 tubing and bile collected at
timed intervals for 6 h. Excretion in bile was determined by counting
duplicate 10-ul samples for each time point in 10 ml Aquasol in a liquid
scintillation spectrometer.

Radioactivity was extracted from 6-g samples of liver, 2 g from
each of three 1-d animals, with organic solvents before and after acid
hydrolysis (Matthews and Anderson, 1975). Tissue extracts were con-
centrated to 10 ml by rotary evaporation under vacuum and further
concentrated under N,. Concentrated extracts were chromatographed
as a band on 20 X 20 cm silica gel G thin-layer plates (Analtech, Inc.,
Newark, Del.) for 15 cm. The solvent systems used were (1) n-butanol,
acetic acid, and water (12:3:5 by volume) and (2) ethyl acetate and
acetic acid (9:1 by volume). An authentic standard of ['4C]chlorendic
acid (R = 0.69 in both solvent systems) was chromatographed on
the same plate with each tissue extract. After chromatography, the
silica gel was scraped from the plates in 1-cm bands, placed into liquid
scintillation vials, shaken vigorously with 20 mi Aquasol, and counted.

Bile samples were analyzed by thin-layer chromatography with
the solvent systems described above both before and after hydrolysis
in 1T N HCl at 90°C for 1 h. Bile samples were also treated with g-
glucuronidase or aryl sulfatase and then a portion of the unextracted
sample was subjected to thin-layer chromatography as described
above. Approximately 20 ul bile containing approximately 30,000
cpm was incubated at 37°C for 17 h in 0.1 M acetate buffer, pH 5.0,
containing 200 U/ml p-glucuronidase (bovine liver, type B10, Sigma
Chemical Co., St. Louis, Mo.) or 30 U/ml aryl sulfatase (abalone
entrails, type VIl Sigma Chemical Co.).

Feces were extracted in a Soxhlet apparatus (Matthews and Ander-
son, 1975) and the extracts analyzed by thin-layer chromatography
as described above. Urine was analyzed after extraction with ether
(Matthews and Anderson, 1975).

Tissue distribution data were analyzed by a nonlinear regression
analyses computer program (Morales et al., 1979) based on the ex-
ponential decay curves. The number of exponential terms was deter-
mined by best fit. Data are expressed as the mean £ SD, n 2 3.
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TABLE 1. Specific Activity of Chlorendic Acid-derived Radioactivity in Tissues of the Rat after iv Administration

Percent of dose per gram of tissue {n > 3 animals)

Tissue 15 min 30 min 1h 3b 7h 1d
Blood 1.191 0.17 1.13 1 0.65 1.21 2 0.15 0.2410.17 0.03 1+ 0.01 0.04 2 0.006
Liver 6.87+0.71 4851 1.19 3.681+0.18 1.3920.18 0.522 1+ 0.033 0.206 ¢ 0.122
Kidney 3.23+0.588 208+ 0.175 1.46 £ 0.183 0.340 ¢ 0.040 0.075 2 0.014 0.019 £ 0.014
Thymus 0.141 + 0.098 0.4321 0.423 0.089 + 0.019 0.014 £ 0.009 0 "0
Adrenals 9991+ 585 6.70 £ 1.65 3.69 + 1.83 0.350 ¢ 0.606 0 0
Spleen 0,480 ¢ 0.062 0.500 £ 0.07 0.212 1 0.032 0.286 t 0.440 0.008 + 0.013 0
Testes 0.085 £ 0.015 0.499 + 0.720 0.060 + 0.004 0.022 + 0.004 0 0
Lungs 0.508+ 0.125 0.750 + 0.684 0.212 £ 0.032 0.078 £ 0.055 0.010 + 0.006 0
Small intestine  0.4381 0.196 1.00+ l..64 7.99 + 3.57 1.141 0.751 0.266 + 0.149 0.010 + 0.018

Contents 0.301+£0.170 3,551 1.65 10.49 ¢ 2.04 19.6+ 11.25 2.49 + 1.90 0.122 £ 0.039
Large intestine  0.213: 0.112 0.081 £ 0.016 0.177 £ 0.112 0.592 + 0.292 1.14 £ 0.315 0.035 £ 0.019
Contents 0.227t 0.192 0.128 £ 0.027 0.028 + 0.016 495+ 1.18 26.7 £+ 9.53 1.76 £ 1.19

Skin 0.386 ¢+ 0.081 0.280 + 0.037 0.183 2 0.066 0.020 + 0.001 V] 0
Brain 0.079 + 0.049 0.045 1 0.013 0.020 + 0.024 0 0.002 + 0.003 0
Adipose 0.004 £ 0.003 0.004 & 0.007 0.003 + 0.001 0 0 0
Muscie 0.161+ 0.028 0.091 + 0.008 0.058 £ 0.011 0.004 £ 0.004 0 0
Heart 0.352 ¢+ 0.054 0.228 + 0.081 0.142 £ 0.043 0.036 £ 0.014 0.009 ¢ 0.015 0
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RESULTS

Intravenous Administration

The dose of [!%C]chlorendic acid (7.7 umol/kg) was sufficient
to allow accurate determination of tissue concentrations and caused
no overt signs of toxicity. Major organs and tissues were analyzed
for radioactive content at selected time points after chiorendic acid
administration. Liver, blood, muscle, skin, and kidneys were the
most important depots for chlorendic acid, especially at early time
points (Table 1). Since the organ with the greatest amount of radio-
activity was the liver, the nature of the radioactivity in this tissue
was determined after 1 h and 1 d by extraction and thin-layer chroma-
tography. The total radioactivity extracted from liver was 66.7%.
Only 4% of the total radioactivity was present as chlorendic acid.
Additional radioactivity was released (62.6%) after acid treatment;
this was mostly (85%) ['C]chlorendic acid. The balance of radio-
activity (33.3%) was associated with liver and could not be extracted;
this was apparently an artifact of the procedure since this radioactivity
was obviously readily cleared by the intact animal (see below). Radio-
activity associated with the other tissue depots was insufficient for
analysis.

The major organ deposition site of chiorendic acid-derived radioactivity
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FIGURE 1. Percent of total chlorendic acid dose in liver versus time. Animals were given 7.7 umoi/kg
[**C]chlorendic acid iv. Each point represents the mean *+ SD for three animals. The line is the
computer-drawn one-component exponential decay curve.
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at early times after injection was the liver. More than 50% of the
total dose was found in this organ within 15 min (Fig. 1). Radioactivity
was rapidly removed from the liver, and by 7 h less than 4% of the
dose remained. The loss of radioactivity from the liver can be described
by a single-component exponential computer-fitted decay curve (Fig. 1).
The half-life of chlorendic acid-derived radioactivity in the liver was
1.19 h. Radioactivity removed from the liver was found primarily in bile
(see below).

Another major compartment for radioactivity at early time points
was the blood. At 15 min more than 16% and by 1 h nearly 20% of
the total dose was found in blood (Fig. 2). Thereafter the radioactivity
declined exponentially, and by 7 h less than 0.5% of the dose could
be detected in the blood. The half-life of chlorendic acid-derived
radioactivity in the blood was 0.84 h,

Muscle tissue of rats accounts for a large percentage of the body
weight and was another major depot for radioactivity at early time
points (Table 1). At 15 min, 14% of the dose was located in this
tissue, followed by a rapid single~component exponential decay, with
less than 6% of the dose remaining at 1 h. The half-life of chlorendic
acid-derived radioactivity in muscle tissue was 0.57 h. Slightly more
than 10% of the total dose was found in the skin at 15 min, and it
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FIGURE 2. Percent of total chlorendic acid dose in biood versus time. Animals were given 7.7 umol/
kg {'*C] chiorendic acid iv. Each point represents the mean t SD for three animais, The line from 1
to 7 h is the computer-drawn one-component exponential decay curve,
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followed a single-component exponential decay with a half-life of 0.87
h. At 15 min less than 5% of the total dose could be detected in the
kidneys, and the amount decreased exponentially thereafter with a
half-life of 0.62 h (Table 1).

In addition, radioactivity was measured in thymus, adrenals,
spleen, testes, lungs, small and large intestines and their contents,
brain, perirenal adipose tissue, and heart (Table 1). The thymus,
spleen, testes, lungs, skin, brain, adipose tissue, muscle, and heart
did not account for a significant portion of the total dose; on a specific
activity basis (percent of dose per gram of tissue), the amount never
exceeded one-tenth that observed for liver (Table 1). At early time
points, the liver had a high specific activity; at 15 min it was approxi-
mately equivalent to 0.11 umol/g. The adrenals had a greater specific
activity than the liver at early time points, but the concentration of
chlorendic acid in the adrenals became undetectable within 7 h. The
kidneys also showed a high specific activity at the early time points,
followed by blood from 15 minto 1 h.

At 15 min the small and large intestines and their respective con-
tents contained small amounts of radioactivity (Table 1). However,
from 30 min to 7 h, the highest specific activity of all tissues was found
in the contents of the small and large intestines. This increase at later
time points was associated with removal of radioactivity from the liver
into the bile.

Oral Administration

Since exposure to chlorendic acid is more likely to occur by inges-
tion, it was of interest to observe the absorption and distribution of
chlorendic acid after oral administration. Three animals were each given
an oral dose of 3.0 mg/kg (7.7 umol/kg), held in individual metabolism
cages for 1 d, sacrificed, and the tissues and excreta assayed for radio-
activity and metabolites as described in Methods. These data are
compared with data from three animals that received similar iv doses
and treatment in Table 2. Total recovery of administered radioactivity
was more than 90% in each instance. The animals given the oral
dose had slightly more of the dose associated with the liver and less
with the blood than the animals given an iv dose. By 1 d, most of
the radioactivity was excreted in the feces and a substantial portion
remained in the large intestines of both treatment groups. Analysis
of the radioactivity revealed predominance of metabolites of chlorendic
acid (see below). Comparable percentages of the dose were excreted
in the urine of both treatment groups. There was also no detectable
difference in the percentages of the dose found in kidneys in both
treatment groups. Other tissues examined at this time period, including
muscle, skin, and adipose tissue, had no detectable radioactivity.
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Excretion

TABLE 2. Distribution of Radioactivity 1 d after Administration of
[**C]Chlorendic Acid
Percent of total dose (n > 3 animals)
Tissue Oral Intravenous
Blood 0.033 £ 0.014 0.524 + 0.026
Liver 1.08 + 0.035 0.524 £ 0.026
Kidney 0.018  0.008 0.021 £ 0.016
Small intestine 0.188 £ 0.137 0.036 ¢ 0.062
Contents 0.460 x 0.194 0.266 + 0.157
Large intestine 1.16 £ 0.394 0.070 £ 0.035
Contents 12,7 £ 2.76 5.57+293
Feces 73.00 £ 5.93 77.80 2 13.10
Urine 298+ 1.35 5941214
[4C]chlorendic  acid-derived  radioactivity

was

analyzed by daily collection of urine and feces from individual animals
held for 1 d or longer after treatment (Table 2). The major route of
excretion of chlorendic acid was the feces, and approximately 78%
of the dose was excreted in the first 24 h (Table 2). Most of the
urinary excretion also occurred within the first 24 h, and less than
0.1% of the dose appeared in the urine on subsequent days (data
not shown). Thus, by the first day, more than 73% of the total dose
was recovered in the excreta (Table 2). Since the feces were the major
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FIGURE 3. Cumulative excretion of chlorendic acid-derived radioactivity in bile. Samples were
collected after iv administration of 7.7 umoal/kg ['*C]chlorendic acid into the femoral vein. Each
point represents the mean + SD for three animals.
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route of elimination, excretion of radioactivity through the bile was
studied. As shown in Fig. 3, 65% of an iv dose of ['C]chlorendic acid-
derived radioactivity was excreted in the bile within 5 h. This is in close
agreement with the fecal excretion data shown in Table 2, suggesting
that most of the [!C]chlorendic acid-derived radioactivity in bile
was excreted in the feces. ‘

The ['C]chlorendic acid-derived radioactivity in the urine, bile,
and feces was examined by extraction and thin-layer chromatography.
In the urine, 72% of the radioactivity appeared to represent parent
compound. The remainder of the radioactivity was released after acid
hydrolysis and then cochromatographed with parent compound, sug-
gesting the presence of conjugates. Similar extraction and analysis of
bile collected at time points from 15 min to 5 h indicated that about
20% of the total radioactivity cochromatographed with parent com-
pound. Approximately 25% of the radioactivity extracted from bile
chromatographed with an Ry of 0.19 in ethyl acetate and acetic acid
(9:1); the remaining radioactivity was at the origin. After acid hydrolysis,
all the radioactivity cochromatographed with the parent compound in
both systems (Rr = 0.69), indicating the presence of conjugates. Treat-
ment of unhydrolyzed bile with p-glucuronidase or aryl sulfatase did
not alter the chromatographic results.

Feces were sequentially extracted with hexane, methylene chioride,
and acetone before and after acid hydrolysis; only 34% of the radio-
activity in feces could be extracted before acid hydrolysis. After acid
hydrolysis, 31% was extracted by hexane. Analysis of this extract by
thin-layer chromatography in ethyl acetate and acetic acid (9:1) indi-
cated that 81% of the radioactivity cochromatographed with the parent
compound, 7% had an Rs of 0.19, and the remainder was located at
the origin. The results suggest that most of the radioactivity excreted
in bile, and subsequently in feces, represented metabolites of chlorendic
acid.

DISCUSSION

This study was performed to ascertain the absorption, distribution,
and excretion of chlorendic acid in rats in order to evaluate its potential
for bioaccumulation compared to that of the nonpolar halogenated
hydrocarbons aldrin and dieldrin. The data showed that orally ad-
ministered chlorendic acid was absorbed from the gastrointestinal
tract. Chlorendic acid-derived radioactivity was initially distributed
to the blood, liver, muscle, skin, and kidney and did not accumulate
in adipose tissue, as previously observed for dieldrin (JARC, 1974).
Distribution to the tissues was apparently not influenced by route
of exposure. Most of the dose was located in the liver. Essentially
96% of the tissue burden may be either acid-labile conjugates of
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chlorendic acid or chilorendic acid bound to tissue which required acid
for release.

Chlorendic acid-derived radioactivity was rapidly excreted, primarily
by the feces, with only 3-6% in the urine. Radioactivity in the urine
was primarily parent compound; the remainder was most likely con-
jugates. In contrast, most of the radioactivity in the bile was conjugates
of chlorendic acid and only about 20% was parent compound. After
acid hydrolysis, extraction of chlorendic acid-derived radioactivity
from bile was nearly complete; however, after acid hydrolysis of feces,
less than one-third of the chlorendic acid-derived radioactivity could
.be extracted. Data for control extractions of chlorendic acid-spiked
feces showed approximately 90% extraction of chlorendic acid.

Chlorendic acid was not stored in any of the tissues examined but
was rapidly excreted in the bile; active tubular excretion of this chemical
by the kidneys apparently had a relatively minor role in its clearance, in
contrast to observations for other organic acids (Pitts, 1979). This resuit
also contrasts with similar studies of the structurally related lipophilic
insecticides, aldrin and its metabolite, dieldrin. Dieldrin was shown to be
present in the environment and bioaccumulated in adipose tissue, liver, brain,
and muscle of mammals, birds, fish and invertebrates (IARC, 1974). It ac-
cumulates in the food chain and was detected in human milk and adipose
tissue (IARC, 1974). [ C]Aldrin was converted to dieldrin after oral ad-
ministration to male rats, and the dieldrin was stored in adipose tissue
(TARC, 1975).

The polarity of chiorendic acid and the ability of the rat to metabolize
it and rapidly clear it from the body may explain the lack of storage of
this compound or its metabolites in adipose or other lipophilic tissues.
Chlorendic acid is an amphipathic molecule with a hydrophilic di-
carboxylic acid portion. Apparently the hydrophilic portion of the
molecule facilitates its metabolism and excretion.
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The experimental data, records, and pathology materials from the NTP toxicology and carcinogenesis
studies of chlorendic acid in F344/N rats and B6C3F; mice (feed studies) were examined for complete-
ness, consistency, and accuracy and for procedures consistent with Good Laboratory Practice require-
ments. These studies were performed at Hazleton Laboratories America, Inc., Vienna, Virginia,
under a subcontract with Tracor Jitco, Inc., from the National Cancer Institute from June 1980 to
June 1982 and were initiated before the requirement of compliance to Good Laboratory Practice
standards by the NTP in October 1981. The audit was conducted at Dynamac Corp., Rockville, Mary-
land, and at the NTP Archives, Research Triangle Park, North Carolina. The audit involved the fol-
lowing Dynamac personnel: F. Garner, D.V.M,; L. Keifer, Ph.D.; J. Konz, M.S.P.H.; C. Sexsmith,
B.S.; and E. Zurek. M. Shoaf (Pathology Associates, Inc.) also participated.

The complete audit has been reviewed and approved by NTP personnel and is on file at NIEHS, Re-
search Triangle Park, North Carolina. The audit consisted of an indepth review of the data and
pathology materials collected during the conduct of the studies as well as a review of the correspond-
ence. The review of the inlife toxicology data involved examination of 100% of the records on animal
receipt and husbandry, mortality, environmental conditions, and dosing and examination of body
weight and clinical observation data for 10% of the animals. In the review of the chemistry data, all
of the records associated with receipt, initial analysis, and stability testing by Midwest Research In-
stitite were examined. In addition, records pertaining to receipt, use, bulk chemical analysis, and
diet preparation and analysis by the laboratory were examined. The audit of the pathology materials
included review of 100% of the Individual Animal Data Records (IADRs) for correlation between gross
and microscopic diagnoses and clerical errors, examination of the wet tissues of 10% of the animals for
unidentified lesions and correct identification, correlation of slides and tissue blocks for all control
and high dose groups, and verification of the reported pathologic effects for a 10% sample of the ani-
mals. A draft of the NTP Technical Report was available for validation.

Review of the toxicology data indicated that temperature and humidity readings outside the range
specified in the protocol were recorded frequently during several months of the studies. Tempera-
tures were above the 66°-74° F range for an average of 9 days each month for 21 months of the studies.
The highest recorded temperature was 81° F, and the lowest was 66° F. The relative humidity was be-
low 40% for an average of 8 days each month for 21 months and above 60% for an average of 8 days
each month for 21 months. No relationship was found between the periods of poor environmental con-
trol and mortality. Clinical observations were consistent or followed a logical progression over the
audited period of the studies. Group mean body weights and feed consumption values were recalcula-
ted and validated, except for feed consumption values in the low dose female rats.

A complete review of the available analytical chemistry data found that the study material was re-
ceived and used in the preparation of formulated diets according to the required protocols. Labora-
tory reports and raw data indicated that the study material and formulated diets were reanalyzed as
required.

The review and audit of the pathology materials indicated some discrepancies between gross and mi-
croscopic diagnoses, especially in mice, and several untrimmed lesions in the wet tissues. In rats and
mice, the majority of these discrepancies involved potential nonneoplastic lesions in target organs or
potential tumors in nontarget organs. A post audit tissue review of these discrepancies resulted in
additional diagnoses in the liver of rats and mice, which are included in the Technical Report. Ex-
amination of wet tissues indicated that 27 rats and 14 mice had ear tags that matched the inlife ani-
mal numbers recorded on the bag labels. Positive identification was not possible in 16/43 rats and
23/37 mice because of missing ears or ear tags; no discrepancies were found in the examination of the
wet tissues and the inlife study records, indicating little likelihood of errors regarding animal
identification.
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Overall, the audit identified no problems that would reduce confidence in the data reported. Al-
though some problems and discrepancies were identified, these were adequately resolved or were de-
termined not to affect the outcome of the studies. In conclusion, the data examined in this audit are
considered adequate to support the conclusions presented in the Technical Report.
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