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NOTE TO THE READER 


These studies are desi~ed 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 primanly on the 
bases of human exposure, level ofproauction, 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 ofcancer than control animals, do not necessarily mean that a test chemical is not a carcmogen, 
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 ex~sure 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 Re~rts 
series to s~cifically emphasize consistency and the concept of actual evidence of carcinogenicity. For 
each defimtive stud_y 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 Carcinogenicity is demonstrated by studies that are interpreted as showing a 
chemically related increasea incidence of malignant neoplasms, studies that exhibit a substan
tially increased incidence of benii{Il neoplasms, or studies that exhibit an increased incidence of a 
combination of malignant and bemgn neoplasms where each increases with dose. 

• 	 Some Evidence of Carcinogenicity is demonstrated by studies that are interpreted as showing a 
chemically related increased incidence of benign neoplasms, studies that exbibit marginal m
creases in neoplasms of several organs/tissues, or studies that exhibit a slight increase in uncom
mon malignant or benign neoplasms. 

• 	 Equivocal Evidence of Carcino_genicity is demonstrated by studies that are interpreted as 
showing a chemically related margmal increase ofneoplasms. 

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

• 	 Inade9uate 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 ofa carcinogenic effect. 

Additionally, the following concepts (as ])atterned from the International Agency for Research on Cancer 
Monographs} have been adopted oy the NTP to give further clarification oftfiese Issues: 

The term chemical carcinogenesis generally means the induction by chemicals of neoplasms 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. Etymologically, 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 Programhnow part
of the National Institute of Environmental Health Sciences, National Toxicology Program. T e studies 
described in this Technical Report have been conducted in compliance with NTP chemical health and 
safety requirements and must meet or exceed all applicable Federal, state, and local health and safety
regulations. All N:I'P toxicology and carcinogenesis studies are subjected to a data audit before being pre
sented for peer review. 

Although every effort is made to _P,repare the Technical Reports as accurately as possible, mistakes may 
occur. Readers are requested to Identify any: mistakes so that corrective actlop may be taken. Further,
anyone who is aware of related ongoing or published studies not mentioned in this report is encouraged to 
make this information known to the NTP. Comments and guestions about the National Toxicology 
Program Technical Reports on Toxicology and Carcinogenesis Studies should be directed to Dr. J.E. Huff, 
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 Re_port are available without charge (and while supplies last) from the NTP 
Public Information Office, National Toxicology Program, P.O. Box 12233, Research Triangle Park, NC 
27709. 
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CHLORENDIC ACID 

CAS No.115-28-6 


Molecular weight 388.9 

1,4,5,6, 7, 7-bexachloro-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 F3441N rats 
and B6C3Fl mice at concentrations ofO, 620, or 1,250 ppm for 103 weeks. The estimated mean daily 
consumption ofchlorendic acid was 27 and 56 mglkg body weight for low dose and high dose male rats 
and 39 and 66 mglkg for low dose and high dose female rats. In mice, the estimated daily consump
tion was 89 and 185 mglkg for low dose and high dose males and 100 and 207 mglkg 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 ofcontrols during the second halfof 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, 21150; 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 ofnonneoplastic 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; 1 0/50), 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; 4150; 4150) and acinar cell adenomas (0/49; 4150; 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 ofalveolar/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; 8150; 4150) 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 (1/50; 2/49; 4150) 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 TAlOO, TA98, TA1535, or TA1537 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!I'K +/- 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 ofcarcinomas of the liver. There was clear evidence 
ofcarcinogenicity of chlorendic acid for male B6C3Fl 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 B6C3Fl mice given chlorendic acid in the diet at concentrations of 620 or 
1,250 ppm for 103 weeks. 

•categories ofevidence ofcarcinogenicity are defined in the Note to the Reader on page 2. 

A summary ofthe 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 ofExperts. 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 ofcarcinogenicity) and female mice (no evidence ofcarcinogenicity) 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 brieffor 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 ofcarcinogenicity, 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 


CHLORENDIC ACID 

CAS No.l15-28-6 


Molecular weight 388.9 

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

Chenrlcal Idennfication Uses, Production, and Exposure 

Chlorendic acid and chlorendic anhydride areChlorendic acid is a hexachloronorbornene com
the principal chemicals used as reactive flame pound structurally related to the chlorinated 
retardants (Kirk-Othmer, 1981). Chlorendiccyclodiene insecticides (heptachlor, chlordane, 
acid and chlorendic anhydride are used pri endosulfan, endrin, and dieldrin) (Murphy, 
marily as chemical intermediates in the manu1980). It is a fine, white, nondusting crystal that 
facture of corrosion-resistant polyester resins, asis poorly soluble in water and nonpolar organic 
intermediates in the manufacture of polymersolvents (benzene, carbon tetrachloride, n
systems used in oil-modified paints and coatings,hexane) and is readily soluble in more polar or
and as hardening agents for epoxy resins used in ganic solvents (methanol, ethanol, and acetone). 
printed circuit boards (USEPA, 1983). The acid form loses water in a heated open sys

tem; and at temperatures above 200° C, the In 1981, manufacture of chlorendic anhydride in 
chemical tends to discolor and forms an anhy the United States was estimated at approxi
dride that melts at 230°-235° C. The octanol/ mately 7 million pounds (3.2 X 106 kg) and im
water partition coefficient depends on the pH of ports at approximately 140,000 pounds (6.3 X 
the aqueous phase. At pH 7 (neutral), the com 104 kg). Chlorendic anhydride is manufactured 
pound will be predominantly in the ionized form, by reacting hexachlorocyclopentadiene with 
whereas at an acidic pH, partitioning will be maleic anhydride in a Diels-Alder condensation; 
largely of the neutral molecule. Chlorendic acid chlorendic acid results from hydrolysis of the an
is very resistant to hydrolytic dechlorination, hydride (USEPA, 1983). 
readily forms salts of a variety of metals, forms 

esters by heating with or without azeotropic Chlorendic anhydride is manufactured in an es

solvent (e.g., chlorobenzene), and readily forms sentially closed system. Although this proce

alkyl type polyester resins by reaction with dure would seem to minimize human exposure, 

glycols and other polyols (Kirk-Othmer, 1981; there are no published data on the level of occu

USEPA, 1983). Chlorendic acid is classified as a pational exposure to chlorendic anhydride or 

reactive flame retardant; it is chemically chlorendic acid. Since both are produced from 

incorporated into the polyester and does not hexachlorocyclopentadiene, the Resource Con

migrate or leach out. servation and Recovery Act (RCRA) guidelines 
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(U.S. Code of Federal Regulations) cover there
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 0). The major site for deposition 
ofchlorendic 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 
LDso value in rats (strain, age, and sex 
unspecified)--1,770 mg/kg of body weight 
(NIOSH, 1982); this value is greater than those 

for the structurally related hexachlorinated 
norbornene insecticides (chlordane, LDso = 335 
mg/kg; dieldrin, LDso = 46 mglkg; heptachlor, 
LDso =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 
TAtOO, 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 89 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 ofS9; it was not tested in the presence of 
89. 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 
B6C3Ft 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 B6C3F1 mice and some cause 
hepatocellular carcinomas in female B6C3F1 
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 1 
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~ B6C3F1 Mice ~a~ 
Chemical Report No. Organ Site Male Female Male Female 

Aldrin NCITR21 
(1978a) 

(b) Liver No effect No effect 3/20, 16/49, 25/45 No effect 

Chlordane NCITR8 (b) Liver No effect No effect 2/18, 16/48,43/49 0/19,3/47,34/49 
(1977a) (c) Thyroid gland 0/6,1134,6/31 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 NCI TR 12 
(1979) 

(b) Liver No effect No effect No effect No effect 

Endosulfan NCITR62 
(1978b) 

Inadequate 
study 

Inadequate 
study 

Inadequate 
study 

Inadequate 
study 

Heptachlor NCITR9 (b) Liver No effect No effect 5/19, 11/46,34/47 2/10,3/47,30/42 
(1977b) (c) Thyroid gland 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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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 ofboth 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 1). 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 ofchemical 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 
1wk 

Storage Conditions 
Room temperature in air-tight 
containers 

Appropriate amount ofchemical mixed 
with a small amount offeed in a 
Waring• blender for 1-2 min; then 
ground with a mortar and pestle. 
This premix mixed with 5 kg feed in a 
Hobart• mixing bowl for 5 min; then 
with 5 more kg feed in a Patterson
Kelly• V-blender for 12 min 

2wk 

Air-tight containers at 5" C 

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

1 wk 

14"C 
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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 ± 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 B6C3Ft 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 
B6C3Ft 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 B6C3Ft 
(C57BL/6N, female X C3HIHeN 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 
Coefficient ofvariation (percent) 8.0 6.4 
Range(ppm) 555-710 1,095-1,380 
Number ofsamples 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 ofeach sex; mice--4 or 5 
of each sex 

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

Date of F"arst Dose 
5/16!79 

Date of Last Dose 
5130n9 

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 ofeach species 

Rats--0,620, 1,250,2,500,5,000,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--816-snn9; mice--8/8n9 

Data not available 

13wk 

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

Necropsy performed on all animals. The 
following tiseues were examined 
microscopically for control and high 
dose animals: grose lesions and tiseue 
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; B6C3F 1 mice 


Animal Source 

Charles River Breeding 

Laboratories (Portage, Ml) 


Study Laboratory 

Hazleton Laboratories America, Inc. 

(Vienna, VA) 


Method of Animal Identification 
Ear clipping 

Time Held Before Study 
2wk 

Same as 14-d studies 

Charles River Breeding 

Laboratories (Portage, Ml) 


Hazleton Laboratories America, Inc. 

(Vienna, VA) 

Ear clipping 

21 d 

50 males and 50 females ofeach 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--5/24182 

103wk 

Body weight and feed consumption 
measured 1 X wkfor91 dand 1 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, Ml) 

Hazleton Laboratories America, Inc. 
(Vienna, VA) 

Ear tag 

Rats--25 d; mice--14 d 
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TABLE 4. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS 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; miee--8 wk 

Necropsy Dates 
5131n9 

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, MOl; 

available ad libitum 


Bedding 

Heat-treated hardwood chips (Bani

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 

20wk 

Rats--ltn-1118n9; mice--ll/6-1118n9 

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 

5 

Other Chemicals on Study in the Same Room 
None None 

Animal Room Environment 
Temp--74° ± TF;humidity--45% ± 5%; Temp--75° ± 3°F;humidity--50% ± 10%; 
fluorescent light 12 hid; 10-15 room air fluorescent light 12 hid; 10-12 room air 
changeslh changeslh 

8wk 

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 ofrandom 
numbers 

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

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

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 hid; 
10-12 room air changeslh 
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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 ofdefined 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 1 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 C57BU6 colony were used 
as parents for the hybrid B6C3Ft 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 

water were available ad libitum. I<,urther 
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 
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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., 197 4). 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 

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, andre
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 offive 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.) 

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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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 
3,100 5/5 
6,200 5/5 

12,500 5/5 
25,000 5/5 
50,000 (c) 2/5 

FEMALE 

0 5/5 
3,100 5/5 
6,200 5/5 

12,500 5/5 
25,000 5/5 
50,000 (c)3/5 

200 
196 
198 
198 
197 
200 

146 
147 
148 
145 
145 
145 

227 
230 
198 
184 
137 
119 

162 
153 
141 
129 
104 
93 

+27 
+34 

0 
-14 
-60 
-81 

+16 
+6 
-7 

-16 
-41 
-52 

101.3 
87.2 
81.1 
70.4 
52.4 

94.4 
87.0 
79.6 
64.2 
57.4 

(a) Number surviving/number in group 
(b) Mean body weight change of the group 
(c) Day of death: all15 
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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 

Cone. Survival (a) 
Mean Bodi Weights ~grams~ 

Initial (b) Final Change (c) 
Final Weight Relative 

to Controls 
Feed Con

sum2tion ~d~ 
(ppm) (percent) Week 7 Week 13 

MALE 

0 
620 

1,250 
2,500 
5,000 

10/10 
10/10 
10/10 
10/10 
10/10 

150 ± 4 
164 ± 3 
155 ± 4 
160 ± 3 
154 ± 3 

10,000 10/10 159 ± 2 

FEMALE 

0 10/10 116±3 
620 10/10 113 ± 2 

1,250 10/10 113±2 
2,500 10/10 113 ± 1 
5,000 10/10 117±2 

10,000 10/10 102 ± 5 

332 ± 6 
328 ± 4 
303 ± 5 
297 ± 5 
251 ± 5 
193 ± 7 

198 ± 4 
182 ± 2 
172 ± 2 
162 ± 3 
161 ± 2 
146 ± 3 

+182 ± 4 
+164 ± 3 
+148 ± 2 
+137 ± 4 
+97 ± 5 
+34 ± 5 

+82 ± 2 
+69 ± 1 
+59± 1 
+49 ± 3 
+44 ± 1 
+44 ± 5 

12.1 10.7 
99 11.7 11.4 
91 10.8 11.1 
89 10.5 10.7 
76 9.0 10.8 
58 6.4 14.8 

7.6 9.0 
92 6.4 6.7 
87 6.5 7.5 
82 6.3 6.3 
81 6.1 8.8 
74 5.3 12.3 

(a) Number surviving/number in group 
(b) Initial group body weight ± standard error ofthe mean 
(c) Mean body weight change ofthe group ± standard error ofthe mean 
(d) Grams per animal per day 
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TABLE 7. NUMBERS OF RATS WITH UVER LESIONS IN THE THIRTEEN-WEEK FEED 
STUDIES OF CHLORENDIC ACID 

Lesion 
Concentration Cytomegaly Mitotic Alteration Bile Duct Hyperplasia 

(ppm) 

MALE 

0 
620 

1,250 
2,500 
5,000 

10,000 

FEMALE 

0 
620 

1,250 
2,500 
5,000 

10,000 

0 
0 
0 
0 

10 
10 

0 
0 
0 
0 
6 

10 

0 
0 
0 
0 

10 
10 

0 
0 
0 
1 
7 

10 

2 
0 
0 
0 
5 
9 

1 
0 
0 
1 

10 
10 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 

The initial weight of the high dose male rats was 
4% lower than that of the controls, 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. 

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 mglk.g for low dose and high dose male rats 
and 39 mg/kg and 66 mglkg for low dose and 
high dose female rats. 

There was no evidence of a compound-related 
effect on physical appearance or behavior. 
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TABLE 8. MEAN BODY WEIGHTS AND SURVIVAL OF RATS IN THE TWO-YEAR FEED STUDIES 
OF CHLORENDIC ACID 

Weeks Control 820 I!I!M \fl50 I!I!M 
on Av. Wt: No. of Av. Wt. Wt. (percent No. or Av. Wt. l (percent No. of 

Study (grams) Survivors (grams) of controls) Survivors (grams) of controls) Survivors 

MALE 

0 173 50 171 99 50 166 96 50 
1 199 50 194 97 50 191 98 50 
2 222 50 214 98 50 210 95 50 
3 239 50 231 97 50 227 95 50 
4 252 50 248 98 50 239 95 50 
5 289 50 259 96 50 254 94 50 
6 284 50 266 94 50 266 94 50 
7 298 50 283 96 50 276 93 50 
8 305 50 292 96 50 285 93 50 
9 318 50 304 98 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 94 50 381 89 50 
37 440 49 414 94 50 390 89 50 
41 443 49 417 94 50 395 89 50 
45 446 49 421 94 50 401 90 49 
49 453 49 430 95 50 406 90 49 
53 434 49 410 94 50 392 90 49 
57 447 49 421 94 50 398 89 49 
61 444 48 420 95 50 398 90 49 
65 445 47 424 95 50 402 90 48 
69 449 47 422 94 50 406 90 48 
73 447 47 425 95 50 402 90 47 
77 445 44 430 97 49 408 92 45 
81 435 41 428 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 34 417 98 43 392 92 31 
97 417 31 413 99 37 397 95 28 

101 403 27 409 101 34 390 97 25 
104 406 23 400 99 32 384 95 25 

FEMALE 

0 135 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 94 50 
6 179 50 176 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 49 186 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 96 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 91 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 90 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 77 49 
73 325 48 283 87 48 251 77 48 
77 329 48 289 88 48 250 76 48 
81 330 48 286 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 77 40 
97 351 38 302 86 42 274 78 39 

101 346 35 306 88 37 273 79 37 
104 346 31 303 88 36 290 84 34 
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FIGURE 1. GROWTH CURVES FOR RATS FED DIETS CONTAINING 
CHLORENDIC ACID FOR TWO YEARS 
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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 ofeither sex. 

Pathology and Statistical Analyses of 
Results 

This section describes the significant or note
worthy changes in the incidences of rats with 
neoplastic or nonneoplastic 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 Aland 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 Cl and C2). Ap
pendix E (Tables Eland 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) 

Animals initially 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 
(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: 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 !l!l!m~ 
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 
Bile duct hyperplasia 

15 
31 

32 
42 

20 
41 

30 
3 

23 
17 

28 
40 

Neoplastic nodule 2 21 23 1 3 11 
Hepatocellular 
carcinoma 3 5 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%) 
Acljusted Rates 8.3% 61.6% 78.6% 
Terminal Rates 2/24(8%) 19/32(59%) 19125(76%) 
Week of First Observation 104 97 83 
Life Table Tests P<O.OOl P<0.001 P<0.001 
Incidental Tumor Tests P<O.OOl P<0.001 P<0.001 

Hepatocellular Carcinoma 
Overall Rates 3/50(6%) 5/50(10%) 1150(2%) 
Acljusted Rates 9.5% 15.6% 4.0% 
Terminal Rates 1/24(4%) 5132(16%) 1125(4%) 
Week of First Observation 77 104 104 
Life Table Tests P=0.244N P=0.498 P=0.304N 
Incidental Tumor Tests P=0.277N 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%) 20132 (63%) 19/25(76%) 
Week of First Observation 77 97 83 
Life Table Tests P<O.OOl 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%) 11150(22%) 
Acljusted Rates 3.2% 8.3% 31.4% 
Terminal Rates 1/31 (3%) 3136(8%) 11135(31%) 
Week of First Observation 104 104 104 
Life Table Tests P=O.OOl P=0.359 P=0.004 
Incidental Tumor Tests P=O.OOI P=0.359 P=0.004 

Hepatocellular Carcinoma 
Overall Rates 0/50(0%) 3/49(6%) 5/50(10%) 
Acljusted Rates 0.0% 7.8% 14.3% 
Terminal Rates 0/31 (0%) 2/36(6%) 5135(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 1150 (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 
AppendixM. 
(c) Historical incidence in NTP studies (mean ± SDl: 73/1,719 (4.2% ± 3.5%) 
(d) Historical incidence in NTP studies (mean ± SOl: 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, 4150; 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, 1150. 

Preputial Gland: The incidence ofcarcinomas 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 
Terminal Rates 

0.0% 
0/24(0%) 

11.3% 
3132(9%) 

24.0% 
6/25(24%) 

Week ofFirst Observation 88 104 
Life Table Tests P=O.Oll P=0.104 P=0.018 
Incidental Tumor Tests P=O.Ol4 P=0.082 P=0.018 

(a) Historical incidence of acinar cell neoplasms in NTP studies (mean ±SO): 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 ±SO): 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 1150 (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 
Terminal Rates 

4.2% 
1/24 (4%) 

27.8% 
7/32 (22%) 

13.2% 
2/25 (8%) 

Week ofFirst Observation 104 81 82 
LifeTableTests 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 ± SO): 1 05/1,727 ( 6% ± 5%) 
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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 1150 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 we.-e 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 1150 low dose male 
rats, and a transitional cell papilloma was ob
served in the urinary bladder of 1150 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 15. 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 
Terminal Rates 

17.8% 
5/31 (16%) 

39.1% 
13/36(36%) 

27.5% 
9/35(26%) 

Week ofFirst 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)HistoricalincidenceinNTPstudies(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 
Nephropathy 
Calculi 
Transitional cell carcinoma 

8 
35 
0 
0 

19 
40 

0 
1 

15 
32 
0 
0 

4 
24 
0 
0 

1 
5 

12 
0 

1 
1 
1 
0 

Urinary bladder 
Transitional cell papilloma 0 0 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<0.001N 
Incidental Tumor Tests P<0.001N P=0.162N P<0.001N 

(a) Historical incidence in NTPstudies (mean± SO): 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 ±SOl: 358/1,702 (21% ± 10%) 
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III. RESULTS: RATS 


Testis: Interstitial cell tumors in male rats oc
curred with a significant negative trend, and the 
incidences in the dosed groups were significantly 
lower than that in the controls (Table 19). 

Pituitary Gland: Adenomas and adenomas or 
carcinomas (combined) in female rats occurred 
with significant negative trends, and the inci
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%) 24132(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 ±SO): 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 ofFirst 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%) 1150(2%) 

Adenoma or Carcinoma (a) 
Overall Rates 33/50(66%) 37/50(74%) 24150 (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 recP.ived 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 
3,100 4/4 
6,200 5/5 

12,500 5/5 
25,000 5/5 
50,000 (c) 115 

FEMALE 

0 5/5 
3,100 5/5 
6,200 5/5 

12,500 5/5 
25,000 5/5 
50,000 515 

24 
24 
25 
23 
24 
25 

17 
17 
17 
17 
17 
17 

29 
29 
28 
27 
25 
22 

21 
21 
19 
20 
19 
16 

+5 
+5 
+3 
+4 
+1 
-3 

+4 
+4 
+2 
+3 
+2 
- 1 

100.0 
96.6 
93.1 
86.2 
75.9 

100.0 
90.5 
95.2 
90.5 
76.2 

(a) Number surviving/number in group 
(b) Mean body weight change of the group 
(c) Day of death: all 7 
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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 Bodi Weights ~grams! Final Weight Relative Feed Con-
Cone. Survival (a) Initial (b) Final Change (c) to Controls SUMJ!tiOD {d!
(ppm) (percent) Week 7 Week 13 

MALE 

0 
1,250 
2,500 
5,000 

10,000 
20,000 

10/10 
10/10 
10/10 
10/10 
10/10 
10/10 

28.0 ± 0.7 
27.2 ± 0.3 
26.4 ± 0.6 
27.5 ± 0.6 
26.7 ±0.6 
26.8 ± 0.8 

FEMALE 

0 
1,250 
2,500 
5,000 

10,000 
20,000 

10/10 
10/10 
10/10 
10/10 
10/10 
10/10 

21.3 ± 0.4 
20.3 ± 0.4 
21.1 ± 0.4 
21.4 ± 0.6 
21.2 ± 0.3 
21.0 ± 0.4 

36.7 ± 1.1 
32.9 ± 0.4 
31.2 ± 0.5 
33.2 ± 0.7 
31.5 ± 0.8 
29.9 ± 0.9 

28.7 ± 0.9 
26.4 ± 0.8 
26.7 ± 0.7 
26.0 ± 0.6 
25.3 ± 0.4 
23.6 ± 0.4 

+8.7 ± 0.8 
+5.7 ± 0.5 
+4.8 ± 0.5 
+5.7 ± 0.3 
+4.8 ± 0.3 
+3.1 ± 0.7 

+7.4 ± 0.6 
+6.1 ± 0.4 
+5.6 ± 0.4 
+4.6 ± 0.2 
+4.1 ± 0.2 
+2.6 ± 0.3 

3.6 2.7 
89.6 3.3 2.9 
85.0 3.2 3.0 
90.5 3.8 3.4 
85.8 4.1 3.5 
81.5 4.1 3.8 

3.8 3.4 
92.0 3.7 3.1 
93.0 4.0 3.6 
90.6 3.6 3.8 
88.2 3.9 3.9 
82.2 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 ofthe group ± standard error of the mean 
(d) Grams per animal per day 
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TABLE !3. 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 
1,250 0 
2,500 0 
5,000 0 

10,000 0 
20,000 10 

FEMALE 

0 0 
1,250 0 
2,500 0 
5,000 0 

10,000 0 
20,000 8 

(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 

0 0 

0 2 

0 0 

0 1 

0 5 

7 8 


1 0 

0 0 

0 0 

0 0 

3 1 

7 1 


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 
ofchlorendic acid consumed per day was estima
ted to be 89 mglkg and 185 mglkg for low dose 
and high dose male mice and 100 mglkg 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. 
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TABLE 24. MEAN BODY WEIGHTS AND SURVIVAL OF MICE IN THE TWO-YEAR FEED STUDIES 
OF CHLORENDIC ACID 

Weeks 
on 

Study 

Control 
Av. Wt. No. of 
(grams) Survivors 

Av. Wt. 
(grams) 

620 l!l!m 
Wt. (percent
of controls) 

No. of 
Survivors 

Av. Wt. 
(grams) 

1250 l!l!m
Wt. (percent
of controls) 

No. of 
Survivors 

MALE 
0 24 9 50 248 100 50 250 100 50 
1 263 50 26 7 102 50 253 96 50 
2 278 50 272 98 50 268 96 50 
3 283 50 27 1 96 50 267 94 50 
4 291 50 276 95 50 280 96 50 
5 297 50 28 5 96 50 284 96 50 
6 302 50 293 97 50 293 97 50 
7 313 50 302 96 50 303 97 50 
8 306 50 310 101 50 308 101 50 
9 316 50 304 96 50 30 5 97 50 

10 322 50 304 94 50 30 6 95 50 
11 324 50 318 98 50 314 97 50 
12 33 0 50 317 96 50 314 95 50 
13 329 50 319 97 50 313 95 50 
17 35 0 50 332 95 50 331 95 49 
21 366 50 343 94 49 33 9 93 49 
25 357 49 34 0 95 48 332 93 49 
29 367 48 343 93 48 343 93 49 
33 37 2 47 34 4 92 46 33 8 91 46 
37 38 9 46 35 5 91 45 361 93 46 
41 389 46 364 94 45 353 91 46 
45 409 46 37 6 92 45 37 3 91 45 
49 400 48 37 4 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 40 2 98 42 380 93 43 
65 41 2 45 405 98 42 385 93 43 
69 416 44 400 96 41 381 92 41 
73 410 42 39 2 96 41 372 91 41 
77 408 42 39 5 97 39 37 7 92 39 
81 404 42 384 95 37 367 91 39 
85 401 41 383 96 35 37 4 93 35 
89 400 41 38 0 95 32 370 93 34 
93 390 41 38 0 97 32 37 0 95 33 
97 394 40 37 6 95 30 371 94 32 

101 400 38 380 95 29 380 95 30 
103 400 38 37 0 93 29 360 90 29 
104 400 37 363 91 28 367 92 29 

FEMALE 
0 190 50 18 8 99 50 185 97 50 
1 204 50 190 93 50 193 95 50 
2 210 50 19 8 93 50 206 98 50 
3 221 50 213 96 50 19 8 90 50 
4 22 7 50 216 95 50 212 93 49 
5 236 50 225 95 50 224 95 49 
6 24 0 50 23 2 97 50 232 97 49 
7 248 50 24 7 100 50 249 100 49 
8 240 50 242 101 50 23 7 99 49 
9 24 8 50 244 98 50 236 95 49 

10 249 50 25 2 101 50 243 98 49 
11 258 50 25 5 99 50 251 97 49 
12 27 2 50 260 96 so 253 93 49 
13 269 50 260 97 50 252 94 49 
17 285 50 285 100 49 27 2 95 49 
21 304 50 296 97 49 282 93 49 
25 318 50 301 95 49 327 103 49 
29 32 7 50 308 94 48 296 91 49 
33 331 50 319 96 47 304 92 49 
37 355 50 34 6 97 47 321 90 49 
41 362 50 35 2 97 47 328 91 49 
45 38 8 49 36 9 95 47 34 9 90 49 
49 37 4 49 36 5 98 47 353 94 49 
53 383 49 368 96 47 343 90 49 
57 39 0 49 38 0 97 47 37 0 95 49 
61 389 49 38 6 99 47 369 95 49 
65 387 49 384 99 47 369 95 47 
69 390 49 391 100 47 36 7 94 47 
73 383 49 37 4 98 46 353 92 47 
77 37 6 47 38 2 102 45 363 97 46 
81 37 8 46 366 97 43 344 91 46 
85 372 45 363 98 42 35 0 94 44 
89 380 44 37 0 97 41 350 92 40 
93 390 41 37 0 95 41 350 90 38 
97 393 40 37 8 96 40 353 90 37 

101 390 39 380 97 40 360 92 37 
103 380 39 360 95 39 34 0 89 35 
104 376 39 35 8 95 39 343 91 35 

45 Chlorendic Acid, NTP TR 304 



•• 

• • • 

•• 

41 • 
II 

I I 
I 

I 

I I II 
I 

I 
1

• • I
I 

•• • 
I 

• p 0 

I 
I 

i40 • 0 .,. • • -+ 

I 

·0 00 
0 0 

I • •
I 

• • 
• • 

0 ~ t. t.
~b 0 t.lt. t.t. t.• 1t. ~ II a~Ill It.e 0 

:I • t:..... ...~ • H o tl.. ~" I& t.! ... 
% ik'IJN.i:i" Ill 
31: 

if) 

a 

•
0 

Iz i~ no'I~ w 
:I I 

II MALE MICE 
• =UNTREATED 

200 0=620 PPM 
I t. = 1,250 PPM 

Ill • II II 41 •• 71 Ill 

I .. 
WUKS ON STUDY 

41 0 

40 0 

.. 
Ill 
:I 
~ II 0 

" I! t. • ... •% 

• Q. ai:i" ••• 1- 0 t.31: 
)  t.•a t.
•
0 .. 

z 

:I 

.. . ,
w 
~ 

/I
ItO ~ f 

Ill • II 

+ • 0• 
b • 0 t.. ( 0 

t.
0• 0 

l!. 

• t. 
l!.0 

A 

II 41 
WUKS ON STUDY 

j 
~ e 8 

•
0t. t. t. 
t:... 

I 


0<il • • o-.• c 00t. 0 

r 
t.Q:

t:...fJ.
l!. If. 

t 

FEMALE MICE 
• =UNTREATED 
0=620 PPM 
l!.= 1,250 PPW 

Ill 

FIGURE 3. GROWTH CURVES FOR MICE FED DIETS CONTAINING 

CHLORENDIC ACID FOR TWO YEARS 


Chlorendic Acid, NTP TR 304 46 



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 ofeither 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 Dl and 02). 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 (bl 13 20 21 
Accidentally killed 0 2 0 
Killed at termination 36 26 29 
Died during termination period 1 2 0 
Survival P values (c) 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 (c) 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 ofthe life table pairwise comparisons with the 
controls are in the dosed columns. 
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FIGURE 4. KAPLAN-MEIER SURVIVAL CURVES FOR MICE FED DIETS CONTAINING 

CHLORENDIC ACID FOR TWO YEARS 
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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 2/50 control, 4/49low 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 ofcords ofneoplastic 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 UVER LESIONS IN THE TWO-YEAR FEED STUDIES OF 
CHLORENDIC ACID 

Concentration !22m) 
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 ofFirst 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 75 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(50%) 18/29(62%1 
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 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 

AppendixM. 

(c)HistoricalincidenceinNTPstudies(mean ±SO): 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 

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. 
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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%) 5135 (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 ± SO): 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%) 1150(2%) 

Follicular Cell Adenoma (a) 
Overall Rates 0/50 (0%) 0/47 (0%) 3/50(6%) 
Adjusted Rates 
Terminal Rates 

0.0% 
0137 (0%) 

0.0% 
0/28(0%) 

9.1% 
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=O.l20 

(a) Historical incidence in NTP studies of follicular cell adenoma or carcinoma (combined) (mean ±SO): 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 Forestomach: Squamous cell papillomas in fe
curred with a significant negative trend, and the male mice occurred with a significant negative 
incidences in the dosed groups were significantly trend (control, 3/50; low dose, 0/48; high dose, 
lower than that in the controls (Table 30). 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%1 
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 77 104 
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) Historicalincidence in NTP studies (mean± SO): 122/1,777 (7% ± 4%) 
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Chlorendic acid, a principal chemical inter
mediate used in the preparation offire-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 B6C3Ft 
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 B6C3Ft 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 0) in male F344 rats 

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 
B6C3Ft 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 mglkg 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 
and3). 

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 

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, inci
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 nodular and cys
tic, soft to firm masses varying between 0.5 and 
4.5 em 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 trabect.lar patterns. 

Previous studies of other h\.xachlorinated nor
bornene analogs in~icate that several of these 
compounds cause hepatocellular carcinomas in 
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male B6C3Fl mice and some cause hepatocellu
lar carcinomas in female B6C3Ft mice (NCI, 
1977a,b, 1978a,b; see 'I'able 1). The absence of 
significant effects of chlorendic acid on female 
B6C3Ft 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 ofchlorendic 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 

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 (311,689 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 B6C3Ft 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 B6C3Ft 
mice. 
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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 B6C3Ft 
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 
TAtOO, 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 of74% at 1,600 }lg/ml 
to 5% at 1,700 }lg/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 ofcar
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 B6C3Ft 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 
B6C3Ft mice given chlorendic acid in the diet at 
concentrations of 620 or 1,250 ppm for 103 
weeks. 

•Categories ofevidence ofcarcinogenicity 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%) 
N eurofibrosarcoma 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%) 
N eurofibrosarcoma, 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%) 
N eurofibrosarcoma, invasive 1 (2%) 

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

#Renal lymph node (50) (50) (50) 
N eurofibrosarcoma, 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%) 
N eurofibrosarcoma 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%) 


NERVOUS SYSTEM 
#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 

Carcinoma, NOS 
Carcinosarcoma 

(50) 
1 (2%) 

(50) (50) 
1 
1 

(2%) 
(2%) 

MUSCULOSKELETAL SYSTEM 
*Mandible 

Ameloblastic odontoma 
(50) 

1 (2%) 
(50) (50) 

BODY CAVITIES 
• Abdominal cavity 

Paraganglioma, malignant 
Fibrosarcoma 
N eurofibrosarcoma 

*Tunica vaginalis 
Mesothelioma, NOS 
Mesothelioma, malignant 

(50) 
1 

(50) 
1 
1 

(2%) 

(2%) 
(2%) 

(50) 

(50) 

1 (2%) 

(50) 

1 
1 

(50) 

(2%) 
(2%) 

ALL OTHER SYSTEMS 
None 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 

Natural death 
Moribund sacrifice 
Terminal sacrifice 

50 
9 

17 
24 

50 
12 
8 

30 

50 
10 
15 
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 ofanimals examined microscopically at this site 
# # Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
t 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 

ANIMALS INITIALLY IN STUDY 
ANIMALS NECROPSIED 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 

50 
50 
50 

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 
*Subcutaneous tissue 

Fibroma 
Fibrosarcoma 
Fibrous histiocytoma, malignant 
Fibrous histiocytoma, metastatic 

(50) 
1 (2%) 
2 (4%) 
1 (2%) 
1 (2%) 

(50) 

1 (2%) 

(50) 
1 (2%) 

RESPIRATORY SYSTEM 
#Lung 

Carcinoma, NOS, metastatic 
Alveolar/bronchiolar adenoma 
Fibrosarcoma, metastatic 

(50) 

1 (2%) 

(49) 

1 (2%) 
1 (2%) 

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

HEMATOPOIETIC SYSTEM 
*Multiple organs (50) (50) (50) 

Malignant lymphoma, undift'er 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, undift'er type 1 (2%) 

CIRCULATORY SYSTEM 
#Brain stem (50) (50) (50) 

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 

Adenoma, NOS 
(50) 

2 (4%) 
(50) 

2 (4%) 
(50) 

2 (4%) 

69 Chlorendic Acid, NTP TR 304 



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%) 7 (14%) 2 (4%) 

#Parathyroid (45) (47) (47) 
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%) 

NERVOUS SYSTEM 
#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) (50) (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•• 

Total primary tumors 
Total animals with benign tumors 

Total benign tumors 
Total animals with malignant tumors 

Total malignant tumors 
Total animals with secondary tumors## 

Total secondary tumors 
Total animals with tumors uncertain-

benign or malignant 
Total uncertain tumors 

48 
110 
42 
76 
27 
33 
6 
7 

1 
1 

48 
130 
45 
84 
25 
43 
4 
4 

3 
3 

48 
113 
37 
63 
29 
39 

2 
3 

11 
11 

• Number ofanimals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
•• Primary tumors: all tumors except secondary tumors 
# Number ofanimals 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 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: UNTREATED CONTROL 
(Continued) 
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Thyroul 
FolheularC81l camaoma 
C-cellado•ma 
C-cellcai'CIIIAma 

ParathyroMI 
Pancrwabc Wetl 

!slot ..uodoooma 
!•lot cwllcamaoma 

+ + + + + + + + + + + .. + + + .. .. .. + .. .. .. + .. + 

J[ X X X X X X J[ X X 
+ + + + + + + + + + + + + .. + .. + .. + + .. .. + + + 

X J[ 

X X X X X X X Jt X X J[ Jt X X X 
X X 

+ + + .. .. .. .. .. .. .. .. .. + .. + .. .. + + .. + .. + .. + 

J[ X X X X X X X 
X X X X.. .. + .. .. .. + .. .. .. + .. + .. + + + + + - .. .. + + +.. .. .. + .. .. + .. .. .. + + + + + .. + + + + .. .. + .. .. 

X X X 

REPitODOCI IV E S t S I ik 
Mammary Pod 

F1broadlooma 
Toatll 

IDtarat&tlalcaU tumor 
Pro1tata 
Praputullcbtoral pad 

Camuo-NOS 

+ N .. N .. + + .. .. .. + + + .. + .. + + + .. .. + .. + .. 
X 

+ + + + + .. + .. .. + .. .. + .. + .. .. .. .. + .. .. .. + .. 
X X X Jt X X X J[ X X X l( X X X X Jt X X Jt X X X X .. + + .. .. .. + .. + .. + .. + .. + .. .. .. .. + + + .. + + 
N N N N N N N N N N N N N N N N N N N N N N N N N 

X 

NI!RVOOS St!ttili 
Bra1a + + + + + + + .. .. + ... .. + .. .. .. + .. .. .. .. + .. + .. 
SPtCIXL SINS& OkUXNS 
Zymbalpad 

Camoo-NOS 
N N N N N N N N N N N N N .. N N N N N N N N N N N 

X 

Rt1SCtftOBULt'tXL SYBTtll 
Sou 
Hema~ma 
Alu adoatoma 

MuKie 
F&brou llllboeytoma. mabpaot 

N N N N N N N N N N N N N N N N N N N N N N N N N 

N N N N N N N N N N N N N N N N N N N + N N N N N 
X 

bOot CXVfftts 
Pontouwa 

Parapqboma. mahpaot 
TUD1C8~ 

Mooot NOS 
Moootu~ mab~DUt 

N N N N N N N N N N N N N N N N N N N N N N N N N 

.. + + .. .. .. .. .. .. + .. + .. ... + ... + .. .. .. + .. .. ,. .. 
ALL Oikd SiS'IiliS 
Mui~-NOS 

La ~moaoauclear call 
Scrotum. 

Mooothobo- &uvallvo 

N N N N N N N N N N N N N N N N N N N N N N N N N 
X X X X X X X 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO· 
YEAR FEED STUDY OF CHLORENDIC ACID: LOW DOSE 

1~~R l~I il ll ~I il il ~I ~11\tl~lli ~ ~ ~I il il ~~ ~I ~I il ~I gl ~I ~I ~I gl 4 

WEEKS ON 
STUDY !l~l~~!l!l~gj~~~~~~~~~~~~~~~~~,~~~l 5 

4 

tNTEUOMtN1ARY SYSttfll 
Skln + ... + ... ... + ... ... ... + ... ... ... ... ... ... + ... ... ... ... ... + ... ... 

Baulcellcamnoma 

Keratoacanthoma 
 X ... ... ... ... ... ... ... ... ... + ... ... ... ... ... + + ... ... ... ... ... + ... ...Subcutuooua tliiUO 
Ftbroma X 
Ftbroun:oma X 
Ftbroua htstlOCYtOma. mahpant 

KESPIKX'I'Oki SYSTEM 
+ ... ... ... ... ... + ... ... + ... ... ... ... + + ... + ... + ... ... ... ... +Lunp &lid broncht 

Alvoolarlbroachtolar ado110ma X X 
Alvoolarlbroncbtolar camnoma 

Meoothahoma. 111atutat1c 
 X 
Nourollbroaan:oma. 111otutat>e 

Trachaa ... ... ... ... ... ... + ... ... ... ... ... ... ... + + ... + ... ... ... ... ... ... ... 
HtMXTOPOitilC SYM'tli 

... ... ... + ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... + ... ...Bono marrow ... ... ... + ... ... ... + ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...+Spl"" ... ... + ... ... + ... ... ... ... ... ... ... ... + ... ... + ... ... ... ... + ... ...L~111ph aocloa 
ourollbroaareoma. tiiY&I1VO 

Tbt\111ua ... ... - ... - ... + - - - - ... ... - - - - + ... ... + ... + + + 
ymoma.~~~ahpant X 

ttKCULXTORf SYS'fill 
+ + + + + ... + ... ... ... + ... ... + ... ... ... + ... + + ... + + +ll'oart 

OfdtftlVt SfS'i tJi 
Oralcanty N N N N N N N N N N N N N N N N N N N N N N N N N 

S:cJuaiiiOua call paptllolll& ... ... + ... ... ... ... ... + ... ... + + ... + ... ... ... ... + ... +Sahval')',w.ci + + + 
Ftbroaan:oma 
Nourofl.broaan:o~~~a 

+ + + ... ... + ... ... + ... ... + + ... ... ... ... ... ... ... ... ... ... ...L1ver 
Nooplaotlc nodule X X X X 

~ 

X 
X Xa~:r:-llularC&I'C11101D& ... ... ... ... ... ... + + ... + ... ... + + ... ... ... ... ... ... + ... ... ... ... 

N N N N N N N N N N N N N N N N N N N N N N N N N 
PaDCNU 
Gallbladdor • coamo11 blla duct 

+ ... ... + ... + + ... + + ... + + + + ... ... ... ... ... + ... ... + ... 
Xlu:lur call lllleuma 

+ ... + + ... + ... ... + ... ... + ... + ... ... ... + + + + + ... + ...Eoophar
+ + + ... ... + ... ... + ... + ... ... + ... ... .. ... ... ... + ... ... ... +Stoiii&C 

Smalltntoatule .. + + + ... ... ... + + + + + + + + ... + ... ... ... + ... + + ... 
Larp illtoatule + + ... + ... + + + + + + + + + ... ... + + ... ... + + + + + 

UIINAIY StS'itM 
Kulney + + + + ... + + + + + + + + + + + ... + + + + ... + + + 

Tra1111ttoul cell cam110ma X 
Unaal')' bladder + + + ... + + + + ... + + + + + + ... ... + + ... + + ... + ... 
ENIAX!RINI Sffltk 
Pltuttol')' ... + + + ... + + ... + + + + + + ... ... ... + ... ... + ... + + + 

Carctnoma. NOS X 
Ado11oma.NOS X X X X X X X X X 

Adrenal + ... + + ... ... ... ... + ... + + ... + + + ... + ... ... + ... + + ... 
PhoochroiDOC}'toma X X X X X X X X 

Thyrotd + + ... + ... + ... ... ... + + + + + ... ... + + + + + ... + ... + 
Folhcular call ade110ma X 
C-cell ado110111a X 
C-cell carct110111& X 

Parathyroul + + + + ... + + ... + + + + + + + - ... + + + + ... + + + 
Ado11oma.NOS 

Pa11croattc tllotl ...+ + + + + ... + + + + + + + + + + + + + + + + + + 
!slot call lllle110ma X X X 
!slot call cam110111a X 

ki!PitODOC'H'Vi SYS'ftk 
MaiiiiD&J')' llalld ... +' + + + + + + ... + N + N + N ... ... + + + ... + + + + 
Toltw ... + + + + ... + ... ... + + + + + + + ... + + + + ... + + + 

lntonmt1al call tu1110r X X X X X X X X X X X X X X X X X 
Prostoto + + + + ... + ... ... + + + ... ... + + + + + + + + + + + ... 

N N N N N N N N N N N N N N N N N N N N N N N N NP~C:,~~~Iud X X X X 
X 


uma.N

=moua ca&rptliolll& 

NtkVOOS SiSliR 
Srata. ... + + + + + + + + ... + + + + + ... ... ... ... + + + + + + 

Cam11oma. NOS, uo.,...,. X 
Gra11ular call tuiiiOr, NOS 

SODY CXViTiiS 
+ + + + + + ... + + + ... + + ... + ... ... ... + + ... + ... + +Tu.Dtcava~ 

XMoootho toma.IIIAilpallt 

ALL Otktk SYSTDIS 
Multtplo orp111, NOS N N N N N N N N N N N N N N N N N N N N N N N N N 

Ftbrous htstlQCYtOma. maltpallt 
 lt 

Mallf. lympiloma. htlttocytlc type lt 
1Aua111ta, IIIOaoaucloar cell X X X lt X X X X X X 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: LOW DOSE 
(Continued) 

MJ~R 

WEEKS ON 
STUDY 

11 ~I ~I ~I ~I ~I ~I ~I gl ~I ~I !I ~I il ~I ~I ~ il il ~ il 11 ~I il 1 
4 
9 

~I ~I ~I ~I ~I ~I ~~~~~r~~~~lllllll~l~r~14 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 

TOTAL. 
TISSUES 
TUMORS 

---
·~o z 

4 
·~o 

4 
1 
1 

---
~ 
3 
1 
1 
1 

50 

---
~0 
~0 
~0 

1 
39 

1 

---
~0 

---
·~o 

2 
49 

l 
1 

50 
21 

5 
so 
·~ so•so 
~ 
49 
50 

!NftOOMtNtAltf SYSTEM 
Slun 

Baaal c:ellcamnoma 
Ko.-.toacanthoma 

SubcutUO(IUI tliiUI 
F1broma 
F1broaareoma 
F1brouo hat1ocytoma, mahcnant 

+ N + + + + + + + + + + + + + + + + + + + + + + +
X lt 

X X X@ 
+ N + + + + + + + + + + + + ... + + + ... + ... + + + +

X X X@ 

X 

RESPIRATORY SYSTEM 
Lunp and broa.ch1 

AlvOQlarlbroa.clnolar ado noma 
Alvoolarlbronch>olar cam110ma 
Moaothoho- metastatiC 
Neurot\broaarcoma, motaltat1c 

T.-.choa 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
X 

X 

X 
+ + + + + + + + + + + + + + + + + + + + ... + + ... + 

RtMATOPOIEflC SYSTEM 
Bone marrow 
Splooa. 

L~'!~~fi~!:.reoma, tnvaatvt 
T~mus 

ym.oma. mahpant 

+ + + + + + + + ... + + + + + + + + + + + + + + + + 
+ + + + + + + + + ... + + + + + + + ... + + + + + ... + 
+ ... + + + ... ... ... ... + + + + ... + + + ... + + + + ... + + 

X 
+ + + + + + + + + + + + + + ... + + + + + - + + + + 

CffiCOLATOkf SYIITE!Il 
Heart + + + + + ... + + + + + + + + + + + ... + + + + + + + 

OIOEIITlvt SfSTElll 
Oral caVIty 

SquamouocaU pap>Uoma
Sahvary aland 

F•broaarcoma 
Nourot\broaarcoma 

L1ver 
Nooplalttc nodule 

8~ru~uu1ar cama.oma 
O.llbladdor 6 COIIImOn btlo ci1lct 
PaiiCI"HI 

Aaur c:ellodoa.oma 
Eaop:r"
Stomac 
Small111taotllla 
Larp1ntaotllla 

N N N N N N N N N N N N N N N N N N N N N N N N N 
X X 

+ + + ... + + + + + ... ... + + + + + + + - + + + + + + 
X 

X ... + + + + ... + + + + + + + + + + ... + + + + + ... + + 
X X X X X X X X X X X X X X X X 
X X X 

+ + + + + + + + + + + + + + + + + + ... + + + + + ... 
N N N N N N N N N N N N N N N N N N N + N N N N N 
+ + + + + + + + + + + + + ... + + + + + + + + + + + 

X X X 
+ + + + + + + + ... + + + + + + + + + + + ... + + + ... 
+ + + + + + + + + + + + + + + + ... + + + + + + + ... 
+ + + + + ... + ... + + .. ... + + + + + ... - ... + ... + + .... + .. + .. + .. + .. + .. + + .. .. .. + .. .. + + + + + .. 

UklNXif SfS'ltk 
K1da.oy

TralWtlOulcaU careta.oma 
Unury bladd.r 

+ + ... + + ... + + + .. ... .. ... + ... ... + ... ... ... + .. ... .. + 

+ + + + + + + ... + + + + + + + + + + + + + + + + + 

---
~ 

1 
so 

---
so 

l 
22 
~ 
17 
so 

1 
7 
3 

49 
l 

so 
5 

ENDOCiUNt SfS'iik 
PitUitary

Cama.oma, NOS 
Adono-NOS 

Adrual 
Pheochromocytoma

Thyroul
FolbcularcaU adoaoma 
C-eoll adenoma 
C-eoll cama.oma 

Pa.-.thyroul
Adono-NOS 

Pancroatw 11lot1 
rsl•t eell adenoma 

+ + + + + + + + + + + ... + + + + + + + + + + + ... + 

X X X X X X X X X X X X X 
+ + + + + + + ... ... + + + + + + + + + + + + + + + + 
X X X X X X X X X 
+ + + + + + + + + + + + + + + + + ... + + + + + + + 

X X X X X X 
X X -+ ... + + ... + + + + + + + + + + ... + + + ... + + + + + 

X 
+ + + + + + + + + + + + + + + + + + + + .. + .. .. + 
X X 

!slot coil cam~~oma l 

---
•so 
so 
35 
~ 

•so 
8 
1 
1 

---
so 

l 
l 

---
•so 

1 

---
·~ l 

l 
22 

----

RtPRODOti'ivt Sftl'DI 
Mammary r!aJld 
Tlltll 

Ia.tantltl&lcaU tumor 
Prostate 
PNput1al/chtoQ~f-nd
Cama.o-N 
~um0111cagrpilloma

oa.o-N 

+ N .. .. + + + .. + .. N + + .. + + .. ... .. + ... .. + + + 
+ + + + + + + + + + + + + + + + + ... + + + + .. + + 
X X X X X lt X X X X X X X lt lt X lt X 
+ .. + + + + + + + + + + + + + + + + + ... ... ... ... .. + 
N N N N N N N N N N N N N N N N N N N N N N N N N 

X X lt X 

X 

N'tkVOOs sYS'i'tk 
Bra1a. 
Camno- NOS, lllYUI'" 
Granular coli tumor, NOS 

+ ... ... ... + ... + + ... + + ... + + + + + ... + + + + + ... ... 
X 

BODY CXVPlitS 
TM';::th~f.=mallfii&Dt 

... ... + + + ... + + + ... + + + + + + + ... + + .. ... + ... ... 

ALL OfHtk Sttttas 
Mult1plo orpliS, NOS 

F1brou1 b11t1ocytoma, mab..,...\
Mahc. lymphoma, blltl0cyt1e \7111 
Leubuna. mozsozsucl..r cell 

N N N N N N N N N N N N N N N N N N N N N N N N N 

X X X X X X X X X X X X 

• A.n>mals Nocropo>od 
@: M.ul\tple OCCUrNDCI ofM.orpbolo17 

75 Chlorendic Acid, NTP TR 304 



TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO
YEAR FEED STUDY OF CHLORENDIC ACID: HIGH DOSE 
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STUDY 
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Subcutaneous t1uuo 
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+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
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+ 

+ 
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+ 

+ 

+ 
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+ 

+ 
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X 

+ 
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+ 
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+ 

+ 

+ 

+ 

+ 

+ 

+ 
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+ 

X 

+ 

+ 

+ 
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Trachea 
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+ 

+ 

+ 

+ 

+ 

+ 
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+ 

+ 

+ 

+ 

+ 

+ 

+ 
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+ 
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+ 
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-
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Fibrosarcoma 
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ENOOCIUNt SYSTDI 
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Adenoma. NOS 
Plnoal 

Camnoma, NOS 
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Phoochromocytoma 

~.:itadenoma 
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Adenoma, NOS 
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lalot coil acltDOma 
!slot coil camnoma 
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+ 
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+ 
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N 
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+ 

+ 

+ 

lttPIODUCtlvt StS'fta 
MaJilmary rland 
Ttotll 

lntarmtlalcolltumor 
Proatata 
Proput1ailclito~

Camnoma,N 

+ 
+ 

+ 
N 
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N 
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+ 
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N 
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+ 
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N 
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N 
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SPtctAL stNSt ORUXNS 
Zymbal r1tnd 

Camnoma. NOS 
Camnoaarcoma 

+ N 
X 

N + N 

X 

N N N N N N N N N N N N N N N N N N N N 

BoDY cAvmD 
Pentouum 

F1broaarcoma 
Nouroflbroaarcoma 

N N 

X 

N N N N N N N N N N N N 
X 

N N N N N N N N N N N 

ALL tJi AU SYSTEMS 
Mult1plo orpu, NOS 

Mahr. lympboma, undlll'tr typo 
Leubmta. mon.oauclliar cell 

N N N 

l[ 

N 

l[ 

N 

l[ 

N 

l[ 

N N 

l[ 

N 

l[ 

N 

l[ 

N 

l[ 

N 

l[ 

N 
X 

N N N 
X 

N 

l[ 

N 

l[ 

N 

l[ 

N 

l[ 

N 

X 

N 

l[ 

N 

l[ 

N N 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: HIGH DOSE 
(Continued) 

~ ~ru~~~~~~l!l~l!!!l~l!l~~~~~rH]-~~r~~~!3 4 7 1 3 4 s • 9 0 s 6 7 9 0 4 5 6 9 2 4 s 9 
TOTAL 

WtEKSON TISSUES 
STUDY TUMORS~~~1~1~~~~~~~~~~~~1~1~1~~~1~1~1~]1 

!NTtQOl\ltNTAltt StSTtl\l 
+ + + + + + + + + + + ... + + + .. ... + + + ... + + + ... •soSlun 

1 

BasalcellcarctllOma

Squamouacell e&mliOma X 

IX 
Keratoacanthoma 3X X X 

Subeutaneoua t111ua + + ... + + + + + ... ... ... ... ... ... ... + ... ... ... ... + ... ... ... ... •so 
X 1 


Sarcoma, NOS 

S.b&ceoua adallOC&rctlloma 

LX 
F1broma 3X X lt 
F1brosarcoma 

Hemalli!OIItCIIal& 
 lt 

X I_!_
USPliXtoif StSTtii 
Lua.p aad broaelu so+ ... + ... ... + + + ... ... ... + ... + + + + + + + + + + + +

AlVIOlarlbroACiuolar adtllOma 5X X lt 
Fibrosarcoma. metutat1c 3 

Cal'CUIOUICOma, metastatiC 


X X 
1 

+ + ... + ... + + + ... + ... ... ... ... ... ... ... ... ... ... ... + + + ...Tracbea 50 

HtiiXfuPOll!liC STS'Ibi 
Bone marrow so+ + ... + + + + + + + + + + ... ... + + + + ... + ... ... + + 

49 
emalliiOIItCIIm& 

+ + + + + + + + ... + + + + + + + + + + + + + + + +S~Hil 
LX 

+ ... ... ... ... ... ... + + + ... ... ... ... ... ... + ... soLymphllllllaa + + + + + + + 
lt 1 


CamllOIItCIIIIIa.III'VU1,. 

C..:ooll cam110ma. metutatiC I 

1 

Remaz:reoma, 111etaltat1C 
 LX 

1 
Thymua 

Neuro roureoma. metaacatiC ... - + - ... ... + ... + ... ... ... + + + + - + - + ... + + + + 36 

ctitULXTOif Ststili 
+ + ... + + ... + + + + + + + ... ... + + + + + + ... + + ... soHeart 

WdiStlVi YfSIDI 
+ + + + + ... ... + + + ... ... ... ... ... ... ... ... + ... ... ... ... + + soSabnrJ pad 

X X X 4 

Cal'tiJIOIIItllOIIIa.IIIYU1YI 

F1bi'OI&I'C0111& 

1 
Ltver ... ... + + + + + + + + + + + ... ... + + ... ... + ... + + + + so 

NeoplaatiC aoclule X X X X X X X X X X X X X X X X X X X 23 
Hapatocellularcarcillollll X 1 

Bllaa...t + + ... ... ... ... + + + + ... ... ... ... ... ... ... + ... + ... + + + ... so 
N N N N N N N N N N N N N N N N N N N N N N N N NGallbladder 6 COIIUIIOil bile duct •so 
+ ... + ... + + + ... ... ... ... + + + + + ... ... ... ... ... + ... + + soP&ISCNU 
X X X X X X 6Aclur cell ada110ma 

411 
Sto

+ + + + + + + + + + + + + + + + + + + + ... + ... ... ...Eaop:r
50 

Slll&ll1ntallt1M 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

411+ + + + + + + + + + + + + + + + + + + + + + + + + 
soLatp illtelltiM + + + + + + + + + + + + + + + + + + + ... + + + + + 

tilURXif Siiitk 
so+ + + + + + + + + + + + + + + + ... + + ... + + + + +KICiuJ 
50 


Tralllltloulcall papilloma 

un..,bladder + + + + + ... ... + + ... ... + ... + + ... + + + ... + + + + + 

1 

tNDCX!MNI SYS'l'ta 
+ ... + + + ... ... ... ... ... + + + + ... ... + + + ... ... + ... ... + soPltuitarJ 

19 
Pineal 

X X X X X X X X X X X X X X XAdeAOma,NOS 
N N N N N N N N N N N N N N N N N N N N N N N N N •so 

CarctllOma,NOS X L ... + ... ... ... + ... ... ... ... ... + + + ... ... ... + + + + + ... + +Adraul so 
Cortical ada110ma X X 2 

l'!l.«hnlmocytoma 
 X X X X X X X X X X X X 15 

+ + + + + + ... + + + ... ... ... + ... ... + ... ... + + ... ... ... ... 50 
12 


c ... ucamllOma

~.!/tada110ma X X X X X X X X X 

3 
Parathyroill 

X X X 
+ ... ... + ... ... - + ... + ... + + ... ... ... ... + ... ... ... ... ... ... ... 48 


Adenoma. NOS 
 X 1 
Pa11craat1C llletl ... ... ... ... ... ... + + + + + + + + ... + ... ... ... + ... + + + + so 

8 

Illet call cam110ma 


lt X lt lt XIllet call ada110u 
3lt X X 

lltPitODOC'f'tVt Ststtii 
llhllllll&l7 cLallll + + + + + + + ... ... N + ... + ... + ... + ... ... ... + + + ... + •so 

+ + + ... ... ... + + ... ... ... ... + + + ... ... ... ... ... + + + ... + soTeiWI 
22 

Prostaca 
lt lt X lt X X X lt X X X Xl11tantttialcall tu11111r ... 50+ ... ... ... + ... + + + + + ... + ... + + ... + + ... + ... + + 

•soN N N N N N N N N N N N N N N N N N N N N N N N NPrapubal/cbto~ 
4X XCama.oma.N 

Nl!kVOUS Sii'IW ... ... ... + ... ... ... + ... + ... ... ... ... + ... + ... + ... + ... ... + + 50Bra111 
Cai'CUIOma, NOS,, .. ,_,. 1 

AltrGCJtoma 


X 
LX 

SPECIAL SINSI OitOOtS 
N N N N ... N N N N N N N N N N N N N N N N N N N N •soZymbal cLallll 

LCamnoma,NOS 
1CamllolltCIIma 

BOOt CXVillD •so 

Ftbroi&I"CCma 


N N N N N N N N N N N N N N N N N N N N N N N N NPentoDelllll 
1 
1Neuroflbroureoma 

ALL di Ail SYSTDIS •5oN N N N N N N N N N N N N N N N N N N N N N N N NMultiple orpu. NOS 
2 


I.AWIIII&, IIIOIIODUCiear call 

Mabr lympbuma, ua.clllfer e,pe 

lt X lt lt X X X X X lt X X 28 

•AJnmala Necropa1ed 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
FEED STUDY OF CHLORENDIC ACID: UNTREATED CONTROL 

0~R 6~I ~I ~I ~I ll ~I rl ~I ~I ~~ g/ !I il gl gl il ~I ~I ~I ~I ~I ~I ~I ~I 2 

WEEKS ON 

STUDY 
 0~l~l~l~l~l~l~l:l~l~l:l:l~l:l~lglglg/~1 ~I ~I ~I ~I ~I 

1 

4 

INtEGuMENtARY SYSTEM 
Subcutaneous tlSsue + + + + + + + + + + + + + + + + + + + + + + + + + 

F1broma 

F1brosarcoma 
 X 
F1brous h1st1ocytoma, mahrnant 

F1brous h1st1ocytoma, metastatic 

Heman~tosarcoma X 

RESl'tRAfORY SYSTEM 
Lunp and bronchi + + + + + + + + + + + + + + + + + + + + + + + + + 

Alveolar/bronchiolar adenoma 
Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 

HEMAToPOIETIC SYSTEM 
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + +...Spleen + + + + + + + + + + + + + + + + + + + + + + + + 
Lymph nodes + + + + + + + + + + + + + + + + + + + + + + + + + 

Fibrosarcoma, tnvastve 
Mahr. lymphoma, undUfer type X 

Thymus + + + + + + + + + + - + - - + + + + + + + + + + + 

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

Neunlemoma X 

OtGESttVE SYSTEM 
Sahvary rland + + + + + + + + + + + + + + + + + + + + + + + + + 
L1ver + + + + + + + + + + + + + + + + + + + + + + + + + 

NeoplastiC nodule X 
F1brous hiStiocytoma, metastatiC 

B1leduct + + + + + + + + + + + + + + + + + + + + + + + + + 
Gallbladder & common b1le duct N N N N N N N N N N N N N N N N N N N N N N N N N 
Pancreas + + + + + + + + + + + + + + + + + + + + - + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + +Esophar"
Stomac + + + + + + + + + + + + + + + + + + + + + + + + + 
Small1ntaot1ne + + + + + + + + + + + + + + + + + + + + + + + + + 
Laf'i8 Intestine + + + + + + + + + + + + + + + + + + + + + + + + + 

URINARY SYSTEM 
K1dney + + + + + + + + + + + + + + + + + + + + + + + + + 
Unnary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 

ENDOCMNE SYSTEM 
Pltu1tary + + + + + + + + + + + + + + + + + + + + + + + + + 

Camnoma, NOS X X 
Adenoma, NOS X X X X X X X X X X 

Adrenal + + + + + + + + + + + + + + + + + + + + + + + + + 
XPheochromocytoma

Thyro1d + + + + + + + + + + + + + + + + + + + + + + + + + 
Follicular cell adenoma X 
C·cell adenoma X X X X 
C cell camnoma 

Parathyroid - + + + + + + + + + + + + - + - + + + + - + + + + 
Adenoma, NOS 

Pancreatic 1slets + + + + + + + + + + + + + + + + + + + + - + + + + 
Islet cell camnoma 

REPRODUCTIVE SYSTEM 
Mammary gland + + + + + + + + + + + + + + + + + + + + + + + + + 

Adenoma, NOS 

Adenocamnoma, NOS 
 X 

X X X X X lt X lt X X 
Preput1alicbtoral/land 

Ftbroadanoma 
N N N N N N N N N N N N N N N N N N N N N N N N N 

Camnoma,NO X X X 
Uterus + + + + + + + + + + + + + + + + + + + + + + + + + 

XLetomyosarcoma
Endometnal otromal polyp X X 

Ovary + + + + + + + + + + + + + + + + + + + + + + + + + 
Granulosa cell camnom.a 

NERVOUS SYSTEM 
Bra1n + + + + + + + + + + + + + + + + + + + + + + + + + 

Camnoma, NOS, mva1tve X X 
XAn~toma 

SPECIAL SENSE ORGANS 
Zymbal rland N + N N N N N N N N N N N N N N N N N N N N N N N 

Camnoma, NOS X 

BODY CAVITIES 
Pentoneum N N N N N N N N N N N N N N N N N N N N N N N N N 

Pararanrhoma, mahrnant 
Mesentery N N N N N N N N N N N N N N N N N N N N N N N N N 

XLetomyosarcoma, matastattc 

ALL OTHER SYSTEMS 
N N N N N N N N N N N N N N N N N N N N N N N N N 

Camnoma, NOS, metastatiC 
Mult1ple orpns, NOS 

X 
X X X X X X X XLeukamta, mononuclear cell 

+ T1ssue Exam1ned Microscopically_ No T!saue Informatton Submitted 
Raqu1red T1ssue Not Exam1ned M!croaeoplcally C Necropsy, No H1stolo(Y Due To Protocol 

X Tumor Ine~dence A Autolysa 
N Necropsy, No Autolysts, No Mtcroscoptc Esamtnatton M An1mal M1S11nr 
s An1mal M1ssexed B No Necropsy Performed 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: UNTREATED 
CONTROL (Continued) 

AAi:itR 
WEEKS ON 
STUDY 

lNTEGUMENTAKY SYSTEM 
Subcutaneous t11sue 

Ftbroma 
Ftbrosan:oma 
Ftbroua htat1ocytoma, mahpant
F1brous h11t1ocytoma, metastatic 
Heman(losan:oma 

RESPIRAtORY SYSTEM 
Lunp and bronch1 

Alveolarlbronch1olar adenoma 
Trachea 

REilAfOPOIETte SYSTEM 
Bone marrow 
Spleen 
Ltmphnodes

1brosarcoma, u1vaa1ve 
Mah11. lymphoma, undtlfer type 

Thymus 

ciRCuLATORY Sf!>1'EM 
Heart 

Neunlemoma 

MoESTtvE SVSTEM 
Sahvary 11land 
L1ver 

NeoplastiC nodule 
F1brous btst•ocytoma, mataatat1c 

Btla duct 
Gallbladder 1: common btle duct 
Pancreaa 
Eaophar•
Stomac 
Smalltntest1ne 
Larp 1ntest1ne 

URIN'ARf SfSTEil 
K1dney 
Unnary bladder 

ENooeRINE SYSTEM 
Pltu1tary 

Camnoma, NOS 
Adenoma, NOS 

Adrenal 
Pheochromocytoma 

Thyro1d 
Folhcular cell adenoma 
C-cell adenoma 
C-cell camnoma 

Parathyroid 
Adenoma, NOS 

Pancreatic 1slets 
Islet cell camnoma 

REPlWOOCTivE Sf!ITEM 
Mammary aland 

Adenoma, NOS 
Ad•Rocaret.a.oma, NOS 
F1broadenoma 

Preput~al/chtoralllland 
Camnoma, NOS 

Uterus 
L11omyosarcoma 
Endometrial stromal polyp

Ovary 
Granulosa cell camnoma 

NERVOuS SYSTEM 
Bra1n 

Camnoma, NOS, 1nvaa1ve 
An(!Oma 

SPEciAL SENSE ORUANS 
Zymbalaland 

Camnoma, NOS 

soOY CAviTIES 
Pentoneum 

Parapnrhoma, mahpant 
Me11ntery

Letomyoaarcoma, metaltattc 

ALL <trRER SYSTEMS 
Mult1ple orp.aa NOS 

Camnoma, NOS, metastat>c 
Leukomta, mononuclear cell 

!I il ~I !I !I ~I ~I !I ~I ~I ~I gj ~I ~l!l!l~lilil~f~~ ~1 ~ g
9 

~~~1~1~1~1~1~1~1~1~1~1~1~1~~~~~1~1~1~1 ~I ~I ~I A4 4 4 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
X 

X 
X 
X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
X 

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

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

X 

- + + + + + + + + + + + - + + + + + - - + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
X 

+ + + ... + - + + + + + + + + + + + ... + + + ... + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
N N N N N N N N N N N N N N N N N N N N N N N N N 
+ + + + + + + + + + + + + + + + + + + + + + + + ... 
+ + + + + + + + + + + ... + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + - + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + ... + + + + + + + + + + + + + 

X X X X X X X X X X X X X X X X X X X X X 
+ + + + + + + + + + + ... + + + + + ... + + + + + + + 

X 
+ + + + + + + + + + + + + + + + + + + + ... + + + + 

X X X 
X X 

+ + + + - + + + + + + ... + + + + + ... ... + + + + + + 
X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
X X 

+ + + + + + + + + + + + + + + + + + ... + + + + + + 
X 

X X X X X X X X X X X X 
N N N N N N N N N N N N N N N N N N N N N N N N N 

X 
+ + + + + + + + + + + + + + + + + + ... + + + + + + 

X X X X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

+ + + + + + + + + + + + + + + + + ... + + + + + + + 

N N N N N N N N N N N N N N N N N N N N N N N N N 

N N N N N N N N N N N N N N N N N N N N N N N N N 
X 

N N N N N N N N N N N N N N N N N N N N N N N N N 

N N N N N N N N N N N N N N N N N N N N N N N N N 

X X X X X 

TOTAL 
TISSUES 
TUMORS 

---
•so 

1 
2 
1 
1 
1 

---
50 

1 
50 

---
50 
50 
50 

1 
l 

43 

---
50 
2 

---
49 
50 

l 
l 

50 
'50 
49 
50 
50 
50 
50 

---
50 
49 

---
50 

2 
31 
50 
2 

50 
l 
7 
2 

45 
l 

49 
2 

---
•so 

1 
1 

22 
•:~o 

4 
50 

1 
6 

50 
1 

---
so 
2 
1 

---
'50 

1 

---
•so 

1
•so 

1 

---
'50 

1 
13 

---
• An1mala Necropa1ad 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
FEED STUDY OF CHLORENDIC ACID: LOW DOSE 

1~R 6 6 6~I ~I ~I ~I gl ~I ~I il ~I ~I ~I ~I il gl gl gl ~I gl ~~ ~I !I ~I 0~I ~I 32 

WEEKS ON 

STUDY 
 :1 :1 ~I ~I ~I ~I !I ~I ~I !I !I :1 gl gl 4~I ~I ~I 4 ~I ~I4 ~I ~I 4 ~4 4 

5 
4 4 4 4 4~I ~I 

INTEQOMENTARY SY5TEM 
Subcutaneous ttssue N + + + + + + + + + + + + + + + + + + + + + + + + 

Fibrosarcoma X 

RESPIRATORY SYSTEM 
Lunp and bronchi - + + + + + + + + + + + + + + + + + + + + + + + + 

Alveolarlbronchtolar adenoma 

Fibrosarcoma, metastattc 
 X 

Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 

REMAfOP01ETte SYSTEM 
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 
Spleen - + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + +Lhmphnodes
T ymus - + - + + + + + + + - + + + + + + + + + + + + + + 

CnteuLATORY SY5TEM 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 

OtQES1tvE SYSTEM 
Sahvary rland + + + + + + + + + + + + + + + + + + + + + + + + + 

Sarcoma, NOS X 
Ltver - + + + + + + + + + + + + + + + + + + + + + + + + 

Neoplaattc nodule X 

Hepatocellular camnoma 
 X X 

Btle duet - + + + + + + + + + + + + + + + + + + + + + + + + 
Gallbladder & common btle duet N N N N N N N N N N N N N N N N N N N N N N N N N 
Pancreaa - + + + + + + + + + + + + + + + + + + + + + + + + 

Acinar cell adeno111a X 
Eaophar• + + + + + + + + + + + + + + + + + + + + + + + + + 
Stomac - + + + + + + + + + + + + + + + + + + + + + + + + 
Smalltntalttne - + + + + + + + + + + + + + + + + + + + + + + + + 
Larp tntasttne - + + + + + + + + + + + + + + + + + + + + + + + + 

URINARY SYSTEM 
Ktdney - + + + + + + + + + + + + + + + + + + + + + + + + 
Unnary bladder - + + + + - + + + + + + + - + + + + + + + + + + + 

ENDOCRINE SYSTEM 
Pituttary + + + + + + + + + + + + + + + + + + + + + + + + + 

Camnoma, NOS X X 

Adenoma, NOS 
 X X X X X X X X X X X X X X X X 

Adrenal - + + + + + + + + + + + + + + + + + + + + + + + + 
Pheochromocytoma X 

+ + + + + + + + + + + + + + + + + + + + + + + + +T~rotd
-eelladenollla X X X X X 


C-eell eamnoma 
 X X X X 
Parathyrotd + + - + + + + + + + + + + + + + + + + + + + + + + 

Aclenollla, NOS X 

REPR00Uet1VE SYSTEM 
Mam111ary rland + + + + + + + + + + + + + + + + + + + + + + + + + 

Acleno111a, NOS 

Aclonoeamnoma, NOS 
 X X X 

Fibroadenoma 
 X X X X X X X X X 

PreputtaUchtoral/land N N N N N N N N N N N N N N N N N N N N N N N N N 
Camno111a,NO X X 

Uterus - + + + + + + + + + + + + + + + + + + + + + + + + 
X X X X X X 

Endometnalstrolll&lsarcoma 
Ovary 

Endometnal strolll&l polyp 

- + + + + + + + + + + + + + + + + + + + + + + + + 
Granulosa cell earctnoma 

NERvOUS SYSTEM 
Bratn + + + + + + + + + + + + + + + + + + + + + + + + + 

X XCamnoma, NOS, tnva&tve 

ALL otRElt SYSTEMS 
Mul~e orpna, NOS N N N N N N N N N N N N N N N N N N N N N N N N N 

Le 11114, mononuclear cell X X X X X X X 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: LOW DOSE 
(Continued) 

:AJ=R 
WEEKS ON 
STUDY 

INTEGUMENTARY SYSTEM 
Subcutaneous t1ssuo 

F1brosarcoma 

il il ~I il il tl il il 1! ~ 11 Hm ~ il ~I il ~I ~I tl ~I ~I ~I ~I 
l 
9 
8 

~1~1~1~1~1~1~1~1~~~1~1~1~1~1~1~1~1~1~1~1~1~1~1~444444444444444444444444 

;. ;. + + + ;. + + ;. ;. + + ;. ;. ;. + + ;. ;. + + ;. ;. ;. ;. 

TOTAL 
TISSUES 
TUMORS 

---
•so 

1 

---
49 

1 
1 

50 

---
50 
49 
50 
46 

---
50 

---
50 
2 

49 
3 
3 

49
•so 
49 

1 
50 
49 
49 
49 

---
49 
47 

---
50 
3 

34 
49 

3 
50 
10 
7 

47 
1 

---
•so 

3 
5 

16
•so 

5 
49 
15 

1 
49 

l 

---
50 

3 

---
•so 

15 

---

RESPIRATORY SYSTEM 
Lunp and bronchi 

Alveolarlbronch1olar adenoma 
F1brosareoma. metastatic 

Trachea 

;. + + + + ;. ;. ;. ;. + + + + + + + + + + + + + + + + 
X 

+ + + + + + + + + + + + + + + + + + + + + + + + .,. 
HEMATOPOIETIC SYSTEM 
Bone marrow 
Spleen 
Lhmph nodes 
T ymus 

CIRCULATORY SY5TEM 
Heart 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + - + + + + + + + + + + + + + + + + + + + + + + 

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

DIGESTIVE SYSTEM 
Sahvary rland 

Sarcoma, NOS 
L1ver 

Neoplast1c nodule 
Hepatocellular camnoma 

Bile duet 
Gallbladder & common bde duet 
Pancreas 

Acmar cell adenoma 
Esophar"
Stomac 
Small1ntest1ne 
Larro 1ntest1ne 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X 
X 

+ + + + + + + + + + + + + + ;. + + + + + + + + + + 
N N N N N N N N N N N N N N N N N N N N N N N N N 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + ;. + + + + + 

URINARY SYSTEM 
Kidney 
Unnary bladder 

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

ENDOCRINE SYSTEM 
Pltu1tary 

Camnoma, NOS 
Adenoma, NOS 

Adrenal 
Pheochromocytoma 

Thyro1d 
C-eell adenoma 
C-eoll camnoma 

Parathyroid 
Adenoma, NOS 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
X 

X X X X X X X X X X X X X X X X X X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X X X X 
X X X 

+ + + + + + + - - + + + + + + + + + + + + + + + + 

REPRODUCTIVE SYSTEM 
Mammary gland 

Adenoma, NOS 
Adenocare1noma, NOS 
F1broadonoma 

Proputallcl1toefjla11d
Cam1:1oma,N 

Uterus 
E1:1dometnal stromal polyp 
E1:1dometnal stromal sarcoma 

Ovary 
Granulosa cell camnoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
X X X 

X X 
X X X X X X X 
N N N N N N N N N N N N N N N N N N N N N N N N N 

X X X 
+ + + ;. + + + + + + + + + + + + + + + + + + + + + 

X X X X X X X X X 
X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
X 

NERvOuS SYSTEM 
Brain 

Camnoma, NOS. 1nvas1ve 
;. ;. + + ;. + + + + ;. + ;. + + + ;. + ;. + + ;. ;. + + + 

X 

ALL tYtRER SYSTEMS 
Mul;;te orrons, NOS 

La m1a, mononuclear cell 
N N N N N N N N N N N N N N N N N N N N N N N N N 
X X X X X X X X 

• An1mals N ecrops1ed 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO·YEAR 
FEED STUDY OF CHLORENDIC ACID: HIGH DOSE 

~R 6gl~l~l~l!l~l~l~l~l~l~l~l!l~lrl~l~l!l ~I ~I !I ~I ~~ !I 2 

5 

WEEKS ON 

STUDY 
 0~1~1~1~1~1~1~1~1:1~1~1:1~1~1~1~1~1~1 ~I ~I ~I ~I ~I ~I 

1 

4 

INTEGOMEN tARY SYSTEM 
Subcutaneous ttasue + + + + + + + + + + + + + + + + + + + + + + + + + 

F1broma X 

RESPIRATORY SYSTEM 
Lungs and bronch1 + + + + + + + + + + + + + + + + + + + + + + + + + 

Carctnoma, NOS, matastat1c X 
A!veolarlbronchtolar adenoma 

Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 

HEMATOPOIETIC SYS1 EM 
Bona marrow + + + + + + + + + + + + + + + + + + + + + + + + + 
Spleen + + + + + + + + + + + + + + + + + + + + + + + + + 
Lymph nod01 + .. + + + + + + + + + + + + + + + + + + + + + + + 

Carctnoma, NOS, metastattc 
Thymus + .. - - X 

+ + + + - - + + - + + + + + - + - + + + -
CffiCOLATORY SYSTEM 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 

Neunlemoma X 

otoESTtVE SYSTEM 
Sahvary iland + + + + + + + + + + + + + + + + + + + + + + + + + 

Ftbrosarcoma 
L1ver + + + + + + + + + + + + + + + + + + + + + + + + + 

Neoplast•c nodule X X X X X 
Hepatocellular caret noma X 

Blle duct + + + + + + + + + + + + + + + + + + + + + + + + + 
Gallbladder & common btle duct N N N N N N N N N N N N N N N N N N ~ N N N N N N 
Pancreas + + + + + + + + + + + + + + + + + + + + + + + + + 

AClnar cell adenoma X 
Esophar'" + + + + + + + + + + + + + + + + + + + + + + + + + 
Stomac + + + + + + + + + + + + + + + + + + + + + + + + + 
Smalltntasttne + + + + + + + + + + + + + + + + + + + + + + + + + 
Lal'ftl tntost>na + + + + + + + + + + + + + + + + + + + + + + + + + 

URINARY SYSTEM 
Ktdney + + + + + + + + + + + + + + + + + + + + + + + + + 
Unnary bladder + + + + + - + + + - + + + + + + + + + + + + + + + 

ENDOCRINE SVSTEM 
Pltu•tary + + + + + + + + + + + + + + + + + + + + + + + + + 

Carctnoma, NOS 

Adenoma, NOS 
 X X X X X X X X X 

Adrenal + + + + + + + + + + + + + + + + + + .. + + + + + + 
Pheochromocytoma 

Thyro•d + + + + + + + + + + + + + + + + + + .. + + + + + + 
XFolhcular call adenoma 

C cell adenoma X X J{ X 

C call carctnoma 
 X 

Parathyrotd + + + + - - + + + + + + + + + + + + .. + - + + + + 
Adenoma, NOS 

REPROOOCTIVE SYSTEM 
Mammary iland + + + + + + + + + + + + + + + + + + !- + + + + + + 

Adenoma, NOS X X 

Adanoca=noma, NOS 
 X X X 

Ftbroadenoma 
 X 

Praputtalichtoral iland N N N N N N N N N N N N N N N N N N N N N N N N N 
Ca=noma, NOS X 
Adenoma, NOS 

Uterus + + + + + .. + + + + + + + + + + + + !- + + + + + + 
X X X X 


Endomatnal stromal sarcoma 

Endomatnal stromal polyp 

X 
Ovary + + + + + + + + + + + + + + + + + + " + + + + + + 

NERVouS SYStEM 
Bratn + + + + + + + + + + + + + + + + + + " + + + + + + 

Camnom.a, NOS, tnva11ve 

SPECIAL SENSE ORGANS 
Zymbal iland N N N N + N N N N N N N N N N N N N N N N N N N N 

Camnoma, NOS X 

ALL OTHER SYSTEMS 
Multtpla orpns, NOS N N N N N N N N N N N N N N N N N N N N N N N N N 

Mahi lymphoma, undlffer type X X 

Leukemta, mononuclear cell 
 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) 

~~R 

WEEKS ON 
STUDY 

~I ~I !I ~I ~I ~I ~I !I ~I ~I ~I ~I :1 ~~ ~ll1l]l1 ~I ?I 
~l~l~l~l~l~l~l~l~l~l~l~l~l~l~l~l~l~l~l~l~l~l~l~l 

3 
0 
0 

~ 
4 

TOTAL 
TISSUES 
TUMORS 

---
•so 

l 

---
50 

l 
1 

50 

---

INTEGUMENTARY SYSTEM 
Subcutaneous t1ssuo 

F1broma 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

RESPIRATORY SYSTEM 
Lun111 and bronch1 

Caret noma, NOS, metastatic 
Alveolarlbronchtolar adenoma 

Trachea 

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

X 
+ + + + + + + + + + + + + + + + + + + + + + + + 

+ 

+ 

HEMATOPOIETIC Sf!ITEM 
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Spleen + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Lymph nodes + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Camnoma, NOS, metastat1c 1 
Thymus + + - + + - + + - + - - - - + - + + + + + + + - + 33 

---
50 

1 

---
50 

1 
50 
11 
5 

so
•so 

50 
1 

50 
50 
49 
50 

---
50 
48 

---
50 

1 
23 
50 

2 
50 

2 
13 

2 
47 

1 

---
•so 

3 
4 
4 

*50 
6 
l 

50 
10 

1 
50 

---
50 

1 

---
•so 

1 

---
*50 

2 
16 

---

CIRCULATORY SYSTEM 
Heart 

Neunlemoma 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

DIGESTIVE SYSTEM 
Sahvary 11land 

Ftbrosarcoma 
L1var 

Neoplasttc nodule 
Hepatocellular camnoma 

B1leduct 
Gallbladder&: common b1lo duct 
Pancreas 

Ac1nar cell adenoma 

~~.::r· 
Small1ntesttno 
Larp 1ntost1no 

+ + + + + + + + + + + + + + + + + + + + + + + + 
X 

+ + + + + + + + + + + + + + + + + + + + + + + + 
X X X X X X 

X X X X 
+ + + + + + + + + + + + + + + + + + + + + + + + 
N N N N N N N N N N N N N N N N N N N N N N N N 
+ + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + - + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + 

+ 

+ 

+ 
N 
+ 

+ 
+ 
+ 
+ 

URINARY SYSTEM 
K1dney 
Unnary bladder 

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

+ 
+ 

ENDOCRINE SYSTEM 
Pltuttary 

Camnoma, NOS 
Adenoma, NOS 

Adrenal 
Pheochromocytoma 

Thyro1d 
Folhcular cell adenoma 
C cell adenoma 
C cell camnoma 

Parathyroid 
Adenoma, NOS 

+ + + + + + + + + + + + + + + + + + + + + + + + 
X 

X X X X X X X X X X X X X 
+ + + + + + + + + + + + + + + + + + + + + + + + 

X X 
+ + + + + + + + + + + + + + + + + + + + + + + + 

X 
X X X X X X X X X 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + 
X 

+ 

X 
+ 

+ 

+ 

REPRODUCTiVE SYSTEM 
Mammary ll'land 

Adenoma, NOS 
Adenocamnoma, NOS 
Ftbroadenoma 

PreputtaUchtoral11land 
Camnoma, NOS 
Adenoma, NOS 

Uterus 
Endomotnal stromal polyp 
Endometnal stromal sareoma 

Ovary 

+ + + • + + + + + + + + + + + + + + + + + + + + + 
X 

X 
X X X 

N N N N N N N N N N N N N N N N N N N N N N N N 
X X X X X 

lt 
+ + + + + + + + + + + + + + + + + + + + + + + + 
X X X X X 

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

+ 

N 

+ 
X 

+ 

NERVOUS SYSTEM 
BraiD 

Camnoma, NOS, 1nvas1ve 
+ + + + + + + + + + + + + + + + + + + + + + + + 

X 
+ 

SPEC!AL SENSE ORGANS 
Zymbal rland 

Camnoma, NOS 
N N N N N N N N N N N N N N N N N N N N N N N N N 

ALL tYrRER SYSTEMS 
Mult•ple orran1, NOS 

Mahg lymphoma, undlll'or typo 
Leukem1a, mononuclear cell 

N N N N N N N N N N N N N N N N N N N N N N N N 

X X X X X X 

N 
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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 

ANIMALS INITIALLY 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%) 7 (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) (47) (50) 
Adenoma to us polyp, NOS 1 (2%) 

#Jejunum (50) (47) (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 

Squamous cell papilloma 
Adenocarcinoma in adenomatous polyp 

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

(50) (50) 

URINARY SYSTEM 
#Kidney 

Tubular cell adenocarcinoma 
Flbrosarcoma,metastatic 

#Urinary bladder 
Transitional cell carcinoma 

(50) 
1 (2%) 

(49) 

(49) 

1 (2%) 
(48) 

(50) 

(50) 
1 (2%) 

ENDOCRINE SYSTEM 
#Anterior pituitary 

Adenoma, NOS 
#Adrenal 

Hepatocellular carcinoma, metastatic 
Cortical adenoma 

# AdrenaVcapsule 
Adenoma, NOS 

#Thyroid 
Follicular cell adenoma 

(48) 
1 (2%) 

(49) 

2 (4%) 
(49) 

(50) 

(47) 

(47) 

(47) 

(47) 

(48) 

(49) 
1 (2%) 

(49) 
1 (2%) 

(50) 
3 (6%) 

REPRODUCTIVE SYSTEM 
#Testis 

Interstitial cell tumor 
(49) (48) (49) 

1 (2%) 

NERVOUS SYSTEM 
None 

SPECIAL SENSE ORGANS 
•Harderian gland 

Papillary adenoma 
Papillary cystadenoma, NOS 

(50) 
3 
2 

(6%) 
(4%) 

(50) 

2 (4%) 

(50) 

MUSCULOSKELETAL SYSTEM 
•Muscle of neck (50) (50) (50) 

Fibrosarcoma, invasive 1 (2%) 

BODY CAVITIES 
None 

ALL OTHER SYSTEMS 
•Multiple organs 	 (50) (50) (50) 

Fibrosarcoma, metastatic 2 (4%) 1 (2%) 
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TABLE 81. 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 
Animals initially 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 

Total primary tumors 59 
Total animals with benign tumors 21 

Total benign tumors 31 
Total animals with malignant tumors 23 

Total malignant tumors 28 
Total animals with secondary tumors## 5 

Total secondary tumors 6 

31 
47 
11 
14 
27 
33 
8 

10 

39 
62 
22 
24 
27 
38 

8 
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 82. 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 

Carcinoma, NOS 
*Subcutaneous tissue 

Osteosarcoma 

(50) 

(50) 

(50) 

(50) 
1 (2%) 

(50) 
1 (2%) 

(50) 

RESPIRATORY SYSTEM 
#Lung 

Adenocarcinoma, NOS, metastatic 
(50) (50) 

1 (2%) 
(50) 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 1 (2%) 

4 (8%) 
2 (4%) 

4 (8%) 
2 (4%) 

Osteosarcoma, metastatic 1 (2%) 

HEMATOPOIETIC SYSTEM 
*Multiple organs 

Malignant lymphoma, undift'er type 
Malignant lymphoma, lymphocytic type 
Malignant lymphoma, histiocytic type 
Malignant lymphoma, mixed type 

#Spleen 
Malignant lymphoma, undift'er type 
Malignant lymphoma, histiocytic type 
Malignant lymphoma, mixed type 

#Cervical lymph node 

Carcinoma, NOS, metastatic 


(50) (50) (50) 
2 (4%) 1 (2%) 
4 (8%) 1 (2%) 2 (4%) 
2 (4%) 2 (4%) 4 (8%) 
6 (12%) 12 (24%) 5 (10%) 

(50) (48) (50) 
1 (2%) 
1 (2%) 

1 (2%) 
(50) (50) (49) 

1 (2%) 

CIRCULATORY SYSTEM 
•Skin 

Hemangiosarcoma, invasive 
#Spleen 

Hemangiosarcoma 
#Liver 

Hemangiosarcoma, metastatic 
*Mesentery 

Hemangiosarcoma 
#Uterus 

Hemangiosarcoma, invasive 

(50) 

(50) 

(50) 

(50) 

(50) 

(50) 

(48) 
1 (2%) 

(49) 

(50) 

(48) 

(50) 
1 (2%) 

(50) 
2 (4%) 

(50) 
1 (2%) 

(50) 
1 (2%) 

(50) 
1 (2%) 

DIGESTIVE SYSTEM 
#Liver (50) (49) (50) 

Hepatocellular adenoma 
Hepatocellular carcinoma 

#Forestomach 

2 (4%) 
1 (2%) 

(50) 

2 (4%) 
5 (10%) 

(48) 

3 (6%) 
4 (8%) 

(50) 
Squamous cell papilloma 3 (6%) 

#Cecum (50) (49) (49) 
Leiomyoma 1 (2%) 

URINARY SYSTEM 
None 
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TABLE 82. 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) (47) (50) 

Carcinoma, NOS 1 (2%) 
#Anterior pituitary (48) (47) (50) 

Adenoma, NOS 12 (25%) 4 (9%) 3 (6%) 
I AdrenaVcapsule 

Adenoma, NOS 
(50) 

1 (2%) 
(50) (50) 

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

#Pancreatic islets (50) (49) (50) 
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) (47) (48) 
Cystadenoma, NOS 1 (2%) 
Papillary cystadenoma, NOS 1 (2%) 
Teratoma, NOS 1 (2%) 

NERVOUS SYSTEM 
None 

SPECIAL SENSE ORGANS 
•Harderian gland 

Carcinoma, NOS, invasive 
Papillary adenoma 

(50) 

1 (2%) 

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

MUSCULOSKELETAL SYSTEM 
None 

BODY CAVITIES 
•Peritoneum (50) (50) (50) 

Fibrosarcoma 1 (2%) 

ALL OTHER SYSTEMS 
•Multiple organs 

Fibrosarcoma, invasive 
(50) (50) 

1 (2%) 
(50) 

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 

Total primary tumors 44 
Total animals with benign tumors 20 

Total benign tumors 24 
Total animals with malignant tumors 19 

Total malignant tumors 20 
Total animals with secondary tumors## 

Total secondary tumors 
Total animals with tumors uncertain-

benign or malignant 
Total uncertain tumors 

32 
41 
14 
15 
23 
26 

2 
2 

31 
39 
14 
14 
22 
24 

4 
6 

1 
1 

• Number ofanimals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
•• Primary tumors: all tumors except secondary tumors 
#Number ofanimals 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 

~~R 1~I ~I ~I ~I ~I ~I ~I ~I ~I ~I !I ~I ~I ~I gl gl ~I gJ gl ~I ~I ~I tl ~I 
0 

6 

WEEKS ON 

STUDY 
 ~~~~~l:l~l:l~lrlil!l~l:lglglglglglglgJglglgJglgl~516290136783555555555555 

INTEGUMENTARY Sf!ITEM 
Skln + + + + + + + + + + + + + + + + + + + + + + + + + 

Papilloma, NOS 
Squamous cell papilloma 

Subcutaneous t1ssue + + + + + + + + + + + + + + + + + + + + + + + + + 
F1broma X 
F1brosarcoma X X X 
Haman111osarcoma X 

RESPmATORY SYSTEM 
Lunp and bronch1 + + + + + + + + + + + + + + + + + + + + + + + + + 

Hepatocellular camnoma, metastat1c X 
Alveolarlbronch10lar adenoma X X 
A!veolarlbronch1olar carctnoma X 
F1brosarcoma, metastat1c X 

Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 

HEMAtOPOIEtiC SYSTEM 
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 
Spleen + + + + + + + + + + + + + + + + + + + + + + + ... + 
Ltmphnodeo + - ... + + + + + + + + + + + + + + ... + ... + + ... ... + 

tbrosarcoma. metastattc X 
Heman~tosarcoma X 

Thymus + - ... + - - - - - - - - + - + - - - + - - + + - -

CIRCuLAtORY SYSTEM 
Heart + + + + + + + + + + + + + + + + + + + + ... + + + + 

DIGESTIVE SYSTEM 
Sahvary gland + - + + + + + + + + + + + ... + + + + + + ... + + ... + 
L1ver + + + + + + + + + + + + + + ... + + + + + ... + + + + 

Hepatocellular adenoma X 
Hepatocellular camnoma X X X X X X 

Bile duct + + + + + + + + + + + + + + ... + + + + + ... + + + + 
Gallbladder & common btle duct + + + + + N + + + + + + + + + + + + ... + ... + + + N 
Pancreas + + ... + + + + + + + + + + + + + + + + ... ... + + + + 

+ ... + + + + + + + + + + + ... + + + + ... + ... + ... ... +Esophar•
Stomac + + + + + + + + + + + + + + + + + + + + + + ... ... + 

Squamous cell papilloma X 
Small1ntest1ne + ... + + + ... + + + + + + + + + + + + + + + + + + + 

Adenomatoua polyp, NOS 
Large mtestllle + ... + + ... + + + + + + + + ... + + + + + + ... + + + + 
Rectum N N N N N N N N N N + N N N N N N N N N N N N N N 
~uamous cell papilloma 

enocarctnoma tn adenomatous polyp X 

URINARY SYSTEM 
K1dney + + + + + + + + + + + + + + + + + + + + + + + + + 

Tubular cell adenocarctnoma X 
Unnary bladder + - + + + + + + + + + ... + + + + + + + + ... + + + + 

ENDOCRINE SYSTEM 
PltUltary + + + + + - + + + + + + + + + + + + - + ... + + + + 

Adenoma, NOS X 
Adrenal + + + + + + + + + + + + + + + + + + - + + + + + + 

Cort1cal adenoma 
Thyro1d + + + + + + + + + + + + + + ... + + ... ... + ... + + + + 
Parathyro1d + + - + + - + + + + + - + - + - + + ... + ... + + + + 

REPRODuCTIVE SYSTEM 
Mammary (land N N N N N N N N N N N N N N N N N N N N N N N N N 
TestlS + - + + + + + + + + + + + ... + ... + + ... + + + + ... + ... - ... ... + + + + + + + + + ... + ... ... + ... + ... + ... ... +Prostate 

NERVOuS SYSTEM 
+ + ... + + + + + + + + + + + ... ... + ... ... + ... ... ... ... ...Bra1n 

SPECIAL SENSE ORGAN'S 
N N N N N N N N N N N N N N N N N N N N N N N N N 

Papillary adenoma 
Papillary cystadenoma, NOS 

Hardenan rland 

X 

ALL OTHER SYSTEMS 
Mult1ple organa, NOS N N N N N N N N N N N N N N N N N N N N N N N N N 

F1brosarcoma, motastatlC X X 
Mahr. lym~homa, h11t1ocyt1c type

Mahrnant ymphoma, mmed type 


+ Ttssue Esam1ned M1croscop1cally No Ttssue In£ormat1011 Subm1tted 
Raquued Ttaaue Not E:u.m1ned M1croscop1cally c Necropsy, No H11tolorr Due To Protocol 

X Tumor Inadence A Auto Iyali 
N Necropsy, No Autolysis, No M1croscop1c Esam1nat1on M An1mal MIUIDf 
s An1mal M1ue1<ed B No Necropsy Performed 
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TABLE 83. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: UNTREATED 
CONTROL (Continued) 

~=-R 567890 
TOTAL 

WEEKS ON 

Il~l~l~~l!l~lfl~l~l~l!l~l!l~l11~1il !I tl:l~l:lil~ 
TISSUES 

STUDY 0 TUMORS~~~~~~~glglgl~~gl~gl~glgigl gigiglgl~5 5 5 5 5 

INTEGUMENTARY SYSTEM 
Slun •so+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 1 

Squamou cell papdloma 

Paptlloma. NOS 

X 1 
Subcutaneous tlUue •so+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 2 

Ftbroaarcoma 

Ftbroma 

6X X X 
1Heman~toaarcoma 

RESl'llt\fOKf SY!S'i'EM 
Lunp and bronch1 50 


Hepatocellultr camnoma, metaatattc 

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

2 

Alveolarlbronchlolar acltnoma 


X 
X X X X X X X X X ll 

X X X X 5 

Ftbroaarcoma, metastabc 

Alvooltr/broDChloltr camnoma 

1 
Trachea 50+ + + + + + + + + + + + + + + + + + + + + + + + + 

REMAfuPOI£1'lC SfSTEM 
Bone marrow 49 
Spleen 

+ + + + + + + + - + + + + + + + + + + + + + + + + 
50 

Lfmphnodea 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

49 
tbroaarcoma, metastat1c 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
1 
1 

Thymu 
Heman~tourcoma 

23- - + + + + - + + + - - + - + + + + + - - - - + + 

CIRCULATOJtf SfS'I'tM 
50Heart + + + + + + + + + + + + + + + + + + + + + + + + + 

moESTIVE SfSTEM 
49 

Ltver
Sahvary Jland + + + + + + + + + + + + + + + + + + + + + + + + + 

50 

Hepatocellultr adenoma 


+ + + + + + + + + + + + + + + + + + + + + + + + + 
X X X X 5 

X X X 9s~:ru:"llular camnoma 50 
Gallbladder 6 common btle duct 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
•so+ + + + + + + + + + + + + + + + + + + + + + + + + 

Pancreas 50+ + + + + + + + + + + + + + + + + + + + + + + + + 
50+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + ... + + + + + + + + + + + + + + + + + + 50:::=r-
Squamoua cell papttloma 1 

Smalltntasttne 50 

Adenomatous polyp, NOS 


+ + + + + + + + + + + + + + + + + + + + + + + + + 
X 1 

Larp 1ntest1nt 50 
Rectum 

+ + + + + + + + + + + + + + + + + + + + + ... + + + 
•soN N N N N N N N N N N N N N N N N N N N N N N N + 

X 1 
enoca 1n adenomatou polyp 

~uamous cell paptlloma 
1 

tJRINXRf SfSTEM 
50 


Tubular cell adenoe&n:lllOma 

Ktdnt)' + + + + + + + + + + + + + + + + + + + + + + + + + 

l 
49Unnary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 

ENIJOCIUNt SY!S'l'EJII 
48Pttu1tary + + + + + + + + + + + + + + + + + + + + + + + + + 

Adenoma, NOS 1 
Adrenal 49 


Corbcal adenoma 

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

2X X 
Thyrotd 50 
Parathyrotd 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
43+ + + + - + + + + + + + + - + + + + + + + + + + + 

ktPRODUCilvE SYSTEIII 
MaJ:Dmary Jltnd N N N N N N N N N N N N N N N N N N + N N N N N N •5o 
Test11 49 
Prostate 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
49+ + + + + + + + + + + + + + + + + + + + + + + + + 

NERvOUS SYStEM ...Bratn 50+ + + + + + + + + + + + + + + + + + + + + + + + 

SPECIAL SENSE OKQANS 
•soHardenan Jland N N N N N N N N N N N N N N N N N N N N N N N N N 

Paptllary aduoma X X X 3 

Paptllary cystadenoma, NOS 
 2X 

ALL Ol'RER SYSTEMS 
•soMulttple orpu, NOS N N N N N N N N N N N N N N N N N N N N N N N N N 

2 

MahJ lym~homa, hllttocytlc type 

Ftbrosarcoma, J:Detaltatlc 

1 

MahJD&nt ymphoma, mllltd type 


X 
3X X X 

• An1mals Necropned 
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO· 
YEAR FEED STUDY OF CHLORENDIC ACID: LOW DOSE 

0 0~=R 1 2!I il ~I ~I ~I ~I !I ~I ~I ~I ~I ~I ~I ~I ~I ~I 11 ~I gl !I il !I ~I ~I 1 

WEEKS ON 

STUDY 
 ~l~l~l~l!l~l~l~lgl~l~l~l~l:l~~l~l~l:l~l~l~l~lgl~300400755701455794593455 

INTEGUMENTARY SYSTEM 
Subcutaneous t1ssue + N + + + + + + + + + + + + + + + + + + + + + + + 

Sarcoma, NOS 

Fibroma 
 X 
Fibrosarcoma X X X X X X 

RESPIRATORY SYSTEM 
Lunrs and bronch1 + A + + + + + + + + + + + + + + + + + + + + + + + 

Hepatocellular camnoma, metastatic X X 
Alveolar/bronchiolar adenoma X 
Alveolar/bronchiolar cart~noma 

Sarcoma, NOS, metaatat1c 

Ftbrosarcoma, metastatic 
 X X 

Trachea + A + - + + + + + + + + + + + + + + + + + + + + + 

HEMATOPOIETIC SYSTEM 
Bona marrow + A - + + + + + + + + + + + + + + + + + + + + + + 
Spleen + A + + + + + + + + + + + + + + + + + + + + + + + 

Haman11osarcoma X 
+ A - + + + + + + + - + + + + + + + + + + + + + +Lhmph nodes 

T ymus + A + - + - - - - - + - + + + - + + - - - + - + + 

CmCuLATORY SYSTEM 
Heart + A + + + + + + + + + + + + + + + + + + + + + + + 

DlGESTtVE SYSTEM 
Salivary gland + A - - + + + + + + + + + + + + + + + + + + + + + 
L1ver + A + + + + + + + + + + + + + + + + + + + + + + + 

Hepatocellular adenoma X 
He~atocellular carc1noma X X X X X X X X X X 
Ma Ii. lymphoma, hiStiocytic type X 

Blle duct + A + + + + + + + + + + + + + + + + + + + + + + + 
Gallbladder & common b1le duct + N + + + + + + + + + + + N + + + + + + + + N N + 
Pancreas + A - + + + + + + + + + + + + + + + + + + + + + + 

+ A - - + + + + + + + + + + + + + + + + + + + + +Esophars
Stomac + A + + + + + + + + + + + + + + + + + + + + + + + 
Smallllltest1na + A + + + + + + + + + + + + + + + + + + + + + + + 
Large 1ntest1na + A + + + + + + + + + + + + + + + + + + + + + + + 

UIUNARY SYSTEM 
K1dney + A + + + + + + + + + + + + + + + + + + + + + + + 

F1brosarcoma, metastatic X 
Unnary bladder + + - - + + + + + + + + + + + + + + + + + + + + + 

ENDOCRINE SYSTEM 
Pltu1tary + A - + + - + + + + + + + + + + + + + + + + + + + 
Adrenal + A - + + - + + + + + + + + + + + + + + + + + + + 
Thyro1d + A - - + + + + + + + + + + + + + + + + + + + + + 
Parathyroid + A - - + - + + - + + - - - - + + + - + + + + + 
REPRODUCTIVE SVSTEM 
Mammary ~rland N N N N N N N N N N N N N N N N N N N N N N N N N 
Test1s + + - - + + + + + + + + + + + + + + + + + + + + + 
Prostate + + + - + + + + + + + + + + + + + + + + + + + + + 

NERVous SYSTEM 
Bra1n + + - + + + + + + + + + + + + + + + + + + + + + + 

SPECIAL sENSE ORGANS 
N N N N N N N N N N N N N N N N N N N N N N N N N 

Pap1llary cystadenoma, NOS 
Hardenan ~rland 

MUSCULOSKELETAL SYSTEM 
Muscle N N N N N N N N N N N N N N N N N N N N N N N N N 

XFtbrosarcoma. mvastve 

ALL OTHER SYSTEMS 
Mult1ple orpna, NOS N N N N N N N N N N N N N N N N N N N N N N N N N 

Fibrosarcoma, metastatiC X 
XMallg. lymphoma, lymphocytic type 

Malle. lymphoma, h1otiocyt1c type 
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: LOW DOSE 
(Continued) 

~~R 

WEEKS ON 
STUDY 

gl gl gl ~I tl ~I 11 ~I ~I ~I ~I il il ~I ~I ~I ~I il :1 !I 11 ~I ~I il 1 
4 
9 

gl gl gl gl ~I ~I ~I gl ~I gl gl gl ~I gl gl ~I ~1 ~I gl gl gl ~I ~I gl ~ s s s s 5 5 5 5 5 5 5 5 5 

TOTAL 
TISSUES 
TUMORS 

----INtEGuMENTARY SYStEM 
Subcutaneous t1uua + + + + + + + + + + + + + + + + + + + + + + + + + *50 

S.rcoma, NOS X X 2 
F1broma 1 
F1brosarcoma X 7 

----RESPIItAfORY SYStEM 
Lunp and bronchi + + + + + + + + + + + + + + + + + + + + + + + + + 49 

Hapatocallular camnoma, mataatat1c X X 4 
Alv.olarlbronchlolar adenoma X 2 
Alv.olarlbronch1olar camnoma X X 2 
S.rcoma, NOS, metastatic X 1 
F1brosarcoma, metaatatiC 2 

Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 48 

---
47 
49 

1 
47 
27 

---
49 

---
46 
49 

9 
17 

1 
49 

*50 
47 
47 
48 
47 
48 

---
49 

1 
48 

---
47 
47 
47 
34 

---
*50 
48 
49 

---
49 

---
*50 

2 

---
•so 

1 

---
*50 

1 
1 
2 

----

REMAtOPOIETIC SYSTEM 
Bone marrow 
S~een 

emanlloa&rcoma 
LhmphnOdea
T ymua 

+ + + + + + + + + + + + + + + + + + + + + + - + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + - + - + + + - + + + + + - - + - - - + + - + - + + 

CIRCuLAtORY SYSTEM 
Heart 

biGESTlVE SYSTEM 
Salivary 1land 
L1ver 

Hapatocallular adenoma 
Ha~atocallular camnoma 
Ma 11 lymphoma, h1atlocyt1c type 

Bile duct 
Gallbladdor & common bile duct 
Pancrea1 

~:::,~~r· 
Small1ntaat1ne 
Larp lntaltlne 

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

+ + + + + + + + + + + + + + + - + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X X X X X X X 
X X X X X X X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + - + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + - + + + + + 
+ + + + + + + - + + + + + + + + + + + - + + + + + 
+ + + + + + + + + + + + + + + - + + + + + + + + + 

URINARY SYSTEM 
K1dney 

Fibrosarcoma, motastat1c 
Unnary bladdor 

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

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

ENDOCRINE SYStEM 
Pltu1tary 
Adronal 
Thyro1d 
Parathyroid 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + - + + + + + + + - + + + + + - + + + - - + + + 

HEPRObuctiVE SYStEM 
Mammary 1land 
T11t11 
Prostate 

N N N N N N N N N N N N N N N N N N N N N N N N N 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

NERVOuS SYSTEM 
Bra1n + + + + + + + + + + + + + + + + + + + + + + + + + 

SPECIAL SENSE ORGANS 
Hardonan 1land 

Paptllary cystadenoma, NOS 
N N N N N N N N N N N N N N N N N N N N N N N N N 

X X 

MOSCOLOSKELEtAL SYSTEM 
Muaclo 

Fibrosarcoma, 1nvaa1va 
N N N N N N N N N N N N N N N N N N N N N N N N N 

ALL OTRER SYSTEMS 
Multiple orp111, NOS 

F1brosarcoma, metaatatlc 
Mah1 lymphoma, lymphocytiC type 
Mah1. lymphoma, hllt1ocytlc type 

N N N N N N N N N N N N N N N N N N N N N N N N N 

X X 

• Arnmala Necropa1od 
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TABLE 83. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO
YEAR FEED STUDY OF CHLORENDIC ACID: HIGH DOSE 

NUMBER 

WEEKS ON 

STUDY 


INTEGUMENTARY SYSTEM 
Subcutaneous t>ssue 

Ftbroma 
Ftbrosarcoma 

RESPIRATORY SfSIEM 
Lu11p and broncht 

Hepatocellular carctnoma, motastattc 
Alveolarlbronchtolar adenoma 
Alveolarlbronchtolar camnoma 

Trachea 

HEMATOPOIETIC SYSTEM 
Bona marrow 
Spleen

Mahr lymphoma, htst1ocyt1c type
Lymph nodes 
Thymus 

CmCuLATORY SYSTEM 
Heart 

OIGESTivE SYSTEM 
Sahvary gland 
L1ver 

Hepatocellular adenoma 
Hepatocellular camnoma 

Blleduct 
Gallbladder & common blle duct 
Pancreas 

~~::.!~r· 
Camnoma 1n s1tu, NOS 

Small111tast1ne 
Adenomatous polyp, NOS 

Large 1ntast1na 
Rectum 

Muetnoua cystadenocaranoma 

URINARY SYSTEM 
Ktdney
Unnary bladder 

Trans1t1onalcell camnoma 

ENDOCRINE SYSTEM 
Pltu1tary 
Adrenal 

Adenoma, NOS 
Hepatocellular camnoma, metastat1c 

Thyrotd 
Folhcular cell adenoma 

Parathyrotd 

REPROOuCT!vE SYSTEM 
Mainmary 11land 
Tast1s 

Interstttlalcell tumor 
Prostate 

NERVOuS SYSTEM 
Bratn 

ALL OTRER SYSTEMS 
Multtple orpns, NOS 

Mahr lymphoma, h1st1ocyt1c type
Mahpant lymphoma, mutod type 

+ + + + + + 

X 

+ + + + + + + 

X 

+ + + + 

X 

+ 

X 

+ 
X 

+ 

X 

+ + + + + 

+ + 

- + 

+ 

+ 

+ 

+ 

+ 

X 

+ 

+ 

+ 

+ 

+ 

+ + 

+ + 

+ 

+ 

+ + 

+ + 

+ 

+ 

+ 
X 
X 

+ 

+ 

+ 

+ 

+ 

+ 

X 
+ 

+ 

X 
X 
+ 

+ 

+ 

+ 
X 

+ 

+ 

+ 

+ 

+ 

+ 

X 

+ 

+ 

+ 

+ 

+ 

+ + 
+ + 

+ + 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 
+ 

+ 
+ 

+ + 
+ + 

+ + 
+ 

+ 
+ 

+ 

+ + 
+ + 

+ + 
+ -

+ 
+ 

+ 

+ 
+ 

+ 
-

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 
X 
+ 

+ 
+ 

+ 

+ 
+ 
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TABLE 83. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: HIGH DOSE 
(Continued) 

TOTAl:. 
WEEKS ON TISSUES 

STUDY TUMORS 


INTEGUMENTARY SYSTEM 
Subcutaneous t1uue + + + + + + + + + + + + + + + + + + + + + + + + + *50 

F1broma 1 
F>broaarcoma X X 7 

RESPIRAIORY SYSIEM 
I:.unp and bronch1 + + + + + + + + + + + + + + + + + + + + + + + + + M 

Hepatocellular c&I'Clnoma, metaatat1c X X X X X 7 
Alveolarlbronch>olar adenoma X X X 7 
Alveolarlbronch>olaf cai'Clnoma X 3 

Trachea + + + + + + + + + + + + + + + + + + + + + + + + + ~ 

HEMATOPOIETIC SYSTEM 
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Spleen + + + + + + + + + + + + + + + + + + + + + + + + + M 

Mah11 lymphoma, hllt>oeyt>c type 1 
I:.ymph nodes + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Thymus + + + + + + + + + + - + + + + + + + 29 

CIRCuLATORY SYSTEM 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + M 

DIGESTIVE SYSTEM 
Sahvary 11land + + + + + + + + + + + + + + + + + + + + + + + + + 50 
L1ver + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Hepatocellular adenoma X X X X X X X 10 
Hepatocellular cai'Clnoma X X X X X X X X X 20 

Blia duct + + + + + + + + + + + + + + + + + + + + + + + + + 50
Gallbladder & common blie duct N + + + + + + N + + + + + + + + + + + N + + + + + •so 
Pancreas + + + + + + + + + + + + + + + + + + + + + + + + + 49 
Eaophasus + + + + + + + + + + + + + + + + + + + + + + + + + 49 
Stomach + + + + + + + + + + + + + + + + + + + + + + + + + 49 

Carc1noma >n s1tu, NOS X l 
SmalllDtast>ne + + + + + + + + + + + + + + + + + + + + + + + + 50 

Adenomatous polyp, NOS l 
I:.arp >ntest>ne + + + + + + + + + + + + + + + + + + + + + + + + + 49
Rectum N N N N N N N N N N N N N N N N N N N N N N N N N •so 

Mue1nous cystadenocamnoma 2 

uRINARY SYSTEM 
K>dney + + + + + + + + + + + + + + + + + + + + + + + + + M 
Unnary bladder + + + + + + + + + + + + + + + + + + + + + + + + + M 

Trans1t1onal cell camnoma 1 

ENDOCRINE SYSTEM 
PltUltary + + + + + + + + + + + + + + + + + + + + + + + + + 48 
Adrenal + + + + + + + + + + + + + + + + + + + + + + + + + 49 

Adenoma, NOS X l 
Hepliltocellular camnoma, metastat>c l 

Thyro1d + + + + + + + + + + + + + + + + + + + + + + + + + 50 
Folhcular cell adenoma X X 3 

Parathyroid + + + + + + + + + + + + + + + + + + + + + + + + + 46 

REPRODUCTIVE SYSTEM 
Mammary iland N N N N N N N N N N N N N N N N N N N N N N N N N •o 
Tost11 + + + + + + + + + + + + + + + + + + + + + + + + + ~ 

Interstlt1al cell tumor 1 
Prostate + + + + + + + + + + + + + + + + + + + + + + + + + M 

NERVouS SYSTEM 
Bratn + + + + + + + + + + + + + + + + + + + + + + + + + 50 

ALL OTHER SYSTEMS 
Mult1ple orpns, NOS N N N N N N N N N N N N N N N N N N N N N N N N N °M 

Mah11 lymphoma, h1st1oeyt1c type X 2 
Mahllftant lymphoma, mlll:ed type l 

•An1mals N ecrops>ed 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR 
FEED STUDY OF CHLORENDIC ACID: UNTREATED CONTROL 

WEEKS ON 

STUDY 


HESP!KATORY SYS'ttlll 
Lunp and bronchi 

Alveolar/bronchiolar camnoma 
Trachea 

AE&lATUPOIEIIC SY&TEII 
Bone marrow 
Spleen

Mahr. lymphoma, undllfer type 
Mahr. lymphoma, h1ot10eyt1c type 

Lympli nodes 
Thymus 

CIRCuLATORY SY51'tlll 
Heart 

DIGtrnvt SYSTElll 
Sahvary rland 
L1ver 

Hepatocellular adenoQia 
Hepatocellular camnoma 

B1le duct 
Gallbladder & common b1le duct 
Pancreas 

~:::.!~r· 
Squamous cell papdloma 

Small1ntest1ne 
Larp 1ntest1ne 

tflUNARy SYSTElll 
K1dney 
Unnary bladder 

ENDOCRINE SYSTElll 
PitUitary 

Camnoma, NOS 
Adenoma, NOS 

Adrenal 
Adenoma, NOS 
Pheochromocytoma

Thyro1d 
Parathyro1d
Pancreatic 1slet1 

Islet cell adenoma 

REPRODuCTivE SrSTtlll 
Mammary rland 
Uterus 

Leiomyosarcoma
Endometnalstromal polyp 

Ovary
Papdlary cystadenoma, NOS 

NERvOuS SYSTtlll 
Bra1n 

SPECIAL SENSE ORGANS 
Hardenan rland 

Papdlary adenoma 

ALL <TtRER SYSTEMS 
Mult1ple orrans, NOS 

Mal,... lymphoma, undllfer type 
Mahr. lymphoma, lymphocytic type 
Mahr. lymphoma, h11t1oeyt1c type
Mahrnant lymphoma, mlSed type 
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X 

N N N N N 

+ Tluue E:um1ned M1croseop1cally No Tluue Informat1on Subm1tted 
Requ1red Tiuue Not E:um1ned M1croseop1cally c Necropsy, No HatolOI'Y Due To Protocol 

X Tumor I!lCldence A Autoly11a 
N Necropsy, No Autolyoa, No M1croseop1c E:um1nat10n M An1mal M1U1nr 
s Anunal Miuezed B No Necropsy Performed 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: UNTREATED 
CONTROL (Continued) 

~=-R 
WEEKS ON 
STUDY 

!I ~I ~I ~I ~I !I ~I !I ~I ~I ~I ~I ~~ ~ ~ ~ ~] ~ ~ ~l ~ ~I 
1 
0 
0 

gjgjglglglglglgl111rgJgJglgJglgl~lgJ]l~l~l~lgJ~555555555555555555555555 

TOTAL 
TISSUES 
TUMORS 

---
50 

1 
50 

---
50 
so 

1 
1 

so 
39 

---
50 

---
49 
50 
2 
1 

so
•so 
50 
50 
50 

3 
49 
so 

---
so 
49 

---
48 

1 
12 
50 

t 
t 

50 
42 
50 

1 

---
•so 
50 

1 
2 

49 
1 

---
so 

---
•so 

t 
---

•so 
2 
4 
2 
6 

---

RESPIRATORY sYSTEM 
Lunp and broncht 

Alveolarlbronchtolar camnoma 
Trachea 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
X 

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

REMATOPOIETIC SY$1 EM 
Bono marrow 
S~oon

altg. lymphoma, undtlfer type 
Maltg. lymphoma, htsttocyttc type 

Ltmplinodea
T ymua 

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

X 
X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + - - - + + + - + + + + + + + + + + + + - + + 

CIRCuLATORY SYStEM 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 

DIGESTIVE SYSTEM 
Saltvary gland 
Ltver 

Hepatocellular adenoma 
Hepatocellular camnoma 

Btleduct 
Gallbladder & common blle duct 
Pancreao 
Eoophar-
Stomac 

Squamous cell paptlloma 
Smalltntesttno 
.Larp tnteatute 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
X 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + N + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

URINARY SYSTEM 
Ktdnoy
Unnary bladder 

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

ENDOCRINE SYSTEM 
Pttuttary

Camnoma, NOS 
Adenoma, NOS 

Adrenal 
Adenoma, NOS 
Pheochromocytoma

Thyrotd
Parathyrotd 
Pancreattc tslets 

Islet cell adenoma 

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

X X X X X X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + - + + + + - + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

REPRODuCTIVE SfS'I'EM 
Mammary gland 
Uterus 

Letomyoaarcoma 
Endomatnal stromal polyp 

Ovary ' 
Paptllary cystadenoma, NOS 

+ + + + + + + + + + + + + + + + + + + + + +'+ + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
X 

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

NEltvOuS SYSTEM 
Bratn + + + + + + + + + + + + + + + + + + + + + + + + + 

SPECIAL SENSE ORGANS 
Hardenan rland 

Paptllary adenoma 
N N N N N N N N N N N N N N N N N N N N N N N N N 

X 

ALL OTRER SYSTEMS 
Multtple orpna, NOS 

Mahg. lymphoma, undtlfor type 
Maltg. lymphoma, lymphocyttc type 
Mabg. lym~homa, htsttocytlc type 
Mabgnant ymphoma, mlSod type 

N N N rj' N N N N N N N N N N N N N N N N N N N N N 
X X 

X 
X 

X X X 

• Antmals Necropsted 
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TABLE 84. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO·YEAR 
FEED STUDY OF CHLORENDIC ACID: LOW DOSE 

~R 5555555666666rl ~I il ~I ~I ~I gl ~I ~I !I ~I ~I ~I ~I ~I ~I ~I ~I ~I ~I ~I ~I ~I ~I 2345679023567l 

WEEKS ON 

STUDY 
 ~I ~I ~I !I ~I ~I ~I :1 :1 ~I ~lgl~glgl~glgl~~gl~~glg 

INTEGUMENTARY SYSTEM 
Subcutanaoua ttuue + + + + + + + + + + + + + + + + + + + + + + + + + 

Oataoaarcoma X 

RESPIRATORY SYSTEM 
Lunp and bronch1 + + + + + + + + + + + + + + + + + + + + + + + + + 

Adenocamnoma, NOS, metaatat1c X 
Alveolarlbronchtolar adenoma X 
Alveolarlbronchtole.r camnoma 

Trachea + + - + + + + + + + + + + + + + + + + + + + + + + 

REMATOPO!E'tlc SYSTEM 
Bone marro• + + + + + + + + + + + + + + + + + + + + + + + + + 

+ + - + + + + + + + + + + + + + + + + + + + + + +S~een
em&nflosarcoma X 

Lhmphncldes + + + + + + + + + + + + + + + + + + + + + + + + + 
T ymua + + - + - + - - + - + + + + + + + + + - + + + + + 

ciRCuLATORY SYSTEM 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 

DiGESTIVE SYSTEM 
Sehvary rland + + + + + + + + + + + + + + + + + + + + + + + + + 
L1ver + + + + - + + + + + + + + + + + + + + + + + + + + 

Hepatocellular adenoma 

Hepatocellular camnoma 
 X 

Blle duct + + + + - + + + + + + + + + + + + + + + + + + + + 
Gallbladder & common bllo duct + + + N N + + + + + + + + + + + + + + + + + + + + 
Pancreas + + - + + + + + + + + + + + + + + + + + + + + + + 

+ + - + + + + + + + + + + + + + + + + + + + + + +Esopbaf"
Stomac + + - + + + + + + + + + + + + + + + + + + + + + + 
Smallt11test1ne + + - + + + + + + + + + + + + + + + + + + + + + + 
Larp tntesttne + + - + + + + + + + + + + + + + + + + + + + + + + 

Lstomyoma X 

uRINARY SYSTEM 
Ktdney + + + + + + + + + + + + + + + + + + + + + + + + + 
Unnary bladder + + - - + + + + + + + + + + + + + + + + + + + + + 

ENDOCRiNE SYSTEM 
Pttuttary + + - + + + + + + + + + + + + + + + + + + + + + + 

Adenoma, NOS X X 
Adrenal + + + + + + + + + + + + + + + + + + + + + + + + + 
Thyrotd - + + + + + + + + + + + + + + + + + + + + + + + + 
Parathyrotd - - - + - + - + + + + + + + + + - + - + - + + + 
REPRODUCTIVE SY5TEM 
Mammary rland + + N + + + + + + + + + N + + + + N + + + + + + + 

Adenoma, NOS 

Adenocamnoma, NOS 
 X 
Paptllary cystadenoma, NOS 

Uten11 + + - + - + + + + + + + + + + + + + + + + + + + + 
Endometnalstromal polyp X 

Ovary + + - - - + + + + + + + + + + + + + + + + + + + + 
Cystadenoma, NOS X 

NERVouS SY5TtM 
Bratn + + + + + + + + + + + + + + + + + + + + + + + + + 

SOot CAV11'IES 
N N N N N N N N N N N N N N N N N N N N N N N N N 

Ftbrosarcoma 
Pentoneum 

X 

ALL OTRER SY5TtMS 
N N N N N N N N N N N N N N N N N N N N N N N N NMulttple or,ans, NOS 

Ftbroaarcoma, tnvaatve X 

Mahr lymphoma,lymphocyttc type 
 X 

X X 

MahJil&nt ymphoma, m\.l[ed type 

Mahr. lymyhoma, htsttocyttc type 

X X X X X 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: LOW DOSE 
(Continued) 

~=-R 
WEEKS ON 
STUDY 

il :1 ~I ~I il !I ~ il ~I 11 il ~I ~I il ~I il ~I :1 ~I ~I ~I ~I ~I il ~ 8 0 

glgJgjgjgJ~gjgJ~gJglgJgJgJgJfgJgJgJgJgJgjgJ~~5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

TOTAL 
TISSUES 
TUMORS 

INTEGuMENTARY SYSTEM 
Subcutaneoua tWIUe 

Oateoaareoma 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

---
•so 

l 

RESPIRATORY SYSTEM 
Lunp and bronchi 

Adenocamnoma, NOS, metaatat1c 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar camnoma 

Trachea 

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

X X X 
X X 

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

---
50 

l 
4 
2 

49 

REMAToP01tTIC SYSTEM 
Bone marrow 
S~een 

elll&nii'OI&rtOma 
Ltmphn0d11
T ymus 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + - + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + - + + + - + + + - - + + - + + + + 

---
50 
48 

l 
50 
39 

ClRCOLATOltY SYSTEM 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 

---
50 

DtQESTlVE SYSTEM 
Sahvary 1land 
LIVer 

Hepatocellular adenoma 
Hepatocellular camnoma 

Bile duct 
Gallbladder a. common bile duct 
Pancreas 
Esophar•
Stomac 
Smalllntesttne 

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

X X 
X X X X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + - + + + + + + + + + + + + + + + + + + + + + + 
+ + - + + + + + + + + + + + + + + + + + + + + + + 

---
50 
49 

2 
5 

49
•so 

49 
49 
48 
48 

Larp tntlsttne 
Letomyoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 49 
l 

URINARY StStEM 
Ktdney 
Unnary bladder 

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

---
50 
48 

ENDOCRINE SYSTEM 
Pttuttary 

Adenoma, NOS 
Adrenal 
Thyrotd 
Parathyrotd 

+ + + + + + + + + - + + + + + - + + + + + + + + + 
X X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ - + + + + + - + + + + - + - + + + + + + + + - + 

---
47 

4 
50 
49 
36 

---REPR00uct1vt SYSTEM 
Mammary 1land 

Adenoma, NOS 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
•so 

l 
Adenocamnoma, NOS 
Paptllary cystadenoma, NOS 

Uterus 
Endometnal stromal polyp 

Ovary
Cystadenoma, NOS 

X 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

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

l 
l 

48 
l 

47 
l 

NERVOUS SYSTEM 
Sr&lD + + + + + + + + + + + + + + + + + + + + + + + + + 

---
50 

BOOY CAVITIES 
Pontoneum 

Ftbrosareoma 
N N N N N N N N N N N N N N N N N N N N N N N N N 

---
•so 

l 

ALL OTHER SYSTtMS 
Multtple orpns, NOS 

Ftbro•reoma, 1nvastve 
Mah1. lymphoma,lymphocyttc type 
Mah1 lym~homa, litattocyttc type 
Mahpant ymphoma. aused type 

N N N N N N N N N N N N N N N N N N N N N N N N N 

X X X X X X X 

---
•so 

l 
l 
2 

12 

---
• Antmala Necropsted 

101 Chlorendic Acid, NTP TR 304 



TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE 
TWO·YEAR FEED STUDY OF CHLORENDIC ACID: HIGH DOSI: 

~I ~I !I il ~I ~I il !I !I ~I !I gl ~I ~I ~I ~I ~I ~I ~I ~I ~I 'I ~I :I 2Mi~ 6 
5 

WEEKS ON 

STUDY 
 0ilil:l!lilililil~l~l~l~lglgl~l~l~l~l ~I ~I ~I ~I ~I ~I 

1 

4 

INTEGUMENTARY SYSTEM 
Slon + + + + + + + + + + + + + + + + + + + + + + + + + 

Camnoma, NOS X 
Haman11osarcoma, tnvaatva 

RESPIRATORY SYStEM 
Luap and broach• + + + + + + + + + + + + + + + + + + + + + + + + + 

Alveolar/bronchiolar adenoma X X 

Alveolar/bronchiolar camnoma 
 X 
Osteosarcoma, metastatic X 

Trachea + + + + + + + + + + + + + + + + + + + + + + + + + 

REMATOPOIEfie SYSTEM 
Bona DUltrOW + + + + + + + + + + + + + + + + + + + + + + + + + 
Spleen + + + + + + + + + + + + + + + + + + + + + + + + + 

HemanllO&arcoma X 
Malignant lymphoma, milled type X 

Lymph nodes A + + + + + + + + + + + + + + + + + + + + + + + + 
Camnoma, NOS, metastat1c X 

Thymus + + + + - - + - + - - - - + + + + + + - + - + + + 

CIRCULATORY SYSTEM 
Heart A + + + + + + + + + + + + + + + + + + + + + + + + 

DIGESTIVE SYSTEM 
Sahvary rlaad A + + + + + - + + + + + + + + + + + + + + + + + + 
L1ver + + + + + + + + + + + + + + + + + + + + + + + + + 

Hepatocellular ada noma 

Hepatocellular camnoma 
 X X X 

Hemanii'Oo&rcoma, metastatic 
 X 

Blleduct + + + + + + + + + + + + + + + + + + + + + + + + + 
Gallbladder a. common b1le duct + + + N + + + + + + + + N + N + + + + + + + + + + 
Pancraaa + + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + - + + + + + + + + + + + + + + + + + + +~:~~~r- + + + + + + + + + + + + + + + + + + + + + + + + + 
Small1ntest1ne + + + + + + + + + + + + + + + + + + + + + + + + + 
Larre 1ntest1ne + + + + + + + + + + + + + + - + + + + + + + + + + 

uRINARY SYSTEM 
K1dney + + + + + + + + + + + + + + + + + + + + + + + + + 
Unaary bladder + + + + + + + + + + + + + + + + + + + + + + + + + 

ENDOCRINE SYSTEM 
PltUitary + + + + + + + + + + + + + + + + + + + + + + + + + 

Adenoma, NOS X 
Adranal + + + + + + + + + + + + + + + + + + + + + + + + + 
Thyro•d + + + + + + + + + + + + + + + + + + + + + + + + + 
Parathyro•d + - + - - - + + - + + + + - - + - + - + + + + + + 

REPRODUCTIVE SYSTEM 
Mammary rlaad + + N + + N + + + N + + + + + + + + + + + + + + + 

Adenocamnoma, NOS X 
Uterus + + + + + + + + + + + + + + + + + + + + + + + + + 

Endometnalstromal polyp X X X 
Ham&DI\Oa&rcoma, tnvutva 

Ovary + + + + + + + + + + + + + - +- + + + + + + + + + + 
XTeratoma. NOS 

NERVOuS SySTEM
Bratn + + + + + + + + + + + + + + + + + + + + + + + + + 

SPECIAL SENSE ORGANS 
Hardenaa rland N N N N N N N N N N N N N N N N N N N N N N N N N 

Camnoma, NOS, tnvastve X 

Paplllary adenoma 


SODY CAVrnES 
N N N N N N N N N N N N N N N N N N N N N N N N N 

HemaaJIIoo&rcoma 
Mesentery 

ALL OTRER SYSTEMS 
Mult1ple orre111, NOS N N N N N N N N N N N N N N N N N N N N N N N N N 

Mahr. lymphoma, uadlffer type X 

Mahr. lymphoma, lymphocytic type 
 lt 

X X X 

Mahgnant ymphoma, mlll8d type 

Mahr. lymf.homa, h11t1ocyt1c type 

X X 
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TABLE 84. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: HIGH DOSE 
(Continued) 

~=-R 
WEEKS ON 
STUDY 

!l~lil!l!lrl~l~l!l~l~l~lilil!l~l!l~l~l~l~l!l!l~l 
3 
0 
0 

~~~~~~~~~l~l~l~l~l~l~l~l~l~l~l~l~l~l~lgl~l~l~l 5 
4444444444444444444~5555 

TOTAL. 
TISSUES 
TUMORS 

---
•5o 

1 
1 

---
~0 
4 
2 
1 

50 

---
49 
50 
2 
1 

49 
1 

38 

---
49 

---
48 
50 

3 
4 
1 

50
•so 
50 
49 
50 
50 
49 

---
50 
50 

---
50 
3 

50 
50 
37 

---
•so 

1 
50 

3 
1 

48 
1 

---
~0 

---
·~o 

1 
1 

---
·~o 

1 

---
•so 

l 
2 
4 
5 

---

INTEGUMENTARY SYSTEM 
Slan 

Camnoma, NOS 
Heman~toaarcoma. tavas1ve 

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

X 

RESPIRA'lOKY SYSTEM 
Lunp and bronchi 

Alveolarrbronch1olar adenoma 
Alveolarrbroncluolar camnoma 
Oateoaarcoma. metastatic 

Trachea 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
X X 

X 

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

REMXTOP01ET1C SYSTEM 
Bone marrow 
S~een 

emaniJ.Osartoma 
Mahtp~ant lymphoma, m1>:ed type 

Lymplinodea 
Camnoma, NOS, metastat1c 

Thymus 

+ + + + + + + - + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

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

+ + + + - + + + + + + + + - + + + + + - + + + + + 

CtRCOLATOkY SYSTEM 
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 

DIGESTivE SYSTEM 
Sohvary 1lancl 
L1ver 

Hepatocellular adenoma 
Hepatocellular camnoma 
Heman11oaarcoma, metastatiC 

Blle duct 
Gallbladder lo common bile duct 
Pancreas 

~:::=r· 
Small1ntesttne 
Larp >nteat•n• 

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

X X X 
X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + N + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

uRINARY SYSTEM 
K1dney 
Unnary bl .. Jc~r 

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

ENDOCRINE SYSTEM 
PttUltary 

Adenoma, NOS 
Adrenal 
Thyro1d 
Parathyrotd 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
X X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + ... ... + + + + 
+ - + + + + + - + + + + + + + - + - + + + + + + + 

REPRODuCTIVE SYSTEM 
Mammary 1land 

Adenocamnoma, NOS 
Uterus 

Endometnal stromal polyp 
Hemanrtourcoma, u1vaatve 

Ovary 
Teratoma, NOS 

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

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

X 
+ + + + + + + + + + + + + + + + + + + + - + + + + 

NEkvOOS SYSTEM 
Brau1 + + + + + + + + + + + + + + + + + + + + + + + + + 

SPECIAL ~!!NS£ ORGANS 
Hardenan1land 

Camnoma, NOS, IIIV&IlVI 
Paplllary adeno:na 

N N N N N N N N N N N N N N N N N N N N N N N N N 

X 

80Dt CAViTIES 
Mesentery 

Hem&IIIIOUrcoma 
N N N N N N N N N N N N N N N N N N N N N N N N N 

X 

ALL OtREK SY5T£MS 
Multiple orpna, NOS 

Mah1. lymphoma, undtlfer tn>~ 
Mah1. lymphoma, lymphocytiC type 
Mah(l. lymyboma, lustlocytlc type 
Mah~~~&nt ymphoma, miSed type 

N N N N N N N N N N N N N N N N N N N N N N N N N 

X 
X 

X X X 

• Antmala Necrop11ed 

103 Chlorendic Acid, NTP TR 304 



Chlorendic Acid, NTP TR 304 104 



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 Cl. 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 
#Bone marrow 

2 (4%) 
(49) 

5 (10%) 
(50) 

2 (4%) 
(50) 

Atrophy, NOS 
Myelofibrosis 

1 (2%) 
1 (2%) 1 (2%) 2 (4%) 

Hyperplasia, hematopoietic 1 (2%) 3 (6%) 
#Spleen (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 
Hematopoiesis 

#Splenic capsule 

1 
1 

(50) 

(2%) 
(2%) 1 

(50) 
(2%) 1 

(49) 
(2%) 

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 Cl. 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 

Congestion, NOS 
Hemorrhage 
Pigmentation, NOS 
Erythrophagocytosis 
Hyperplasia, plasma cell 
Hyperplasia, reticulum cell 
Hyperplasia,lymphoid 

#Hepatic lymph node 
Hemorrhage 

#Pancreatic lymph node 
Hemorrhage 
Necrosis, NOS 
Pigmentation, NOS 
Hyperplasia, reticulum cell 
Hyperplasia, lymphoid 

#Mesenteric lymph node 
Hemorrhage 
Necrosis, NOS 
Pigmentation, NOS 
Hyperplasia, plasma cell 
Hyperplasia, reticulum cell 
Hyperplasia, lymphoid 

#Renal lymph node 
Hemorrhage 
Necrosis, NOS 
Pigmentation, NOS 
Hemosiderosis 
Erythrophagocytosis 
Hyperplasia, lymphoid 

#Brachial lymph node 
Hemorrhage 

#Lung 
Leukocytosis, NOS 
Hyperplasia, lymphoid 

#Hepatic sinusoid 
Leukocytosis, NOS 

#Kidney 
Hyperplasia, lymphoid 

#Thymus 
Abscess, NOS 

#Thymic lymphocytes 
Necrosis, NOS 

(50) 

1 (2%) 
7 (14%) 
4 (8%) 
1 (2%) 

(50) 

(50) 
1 (2%) 
1 {2%) 
3 (6%) 

(50) 
1 (2%) 
2 (4%) 

16 (32%) 

(50) 

1 (2%) 
3 (6%) 

(50) 
1 (2%) 

(50) 
1 (2%) 

26 (52%) 
(50) 

1 (2%) 
(50) 

8 (16%) 
(41) 

(41) 
1 (2%) 

(50) 

4 (8%) 
4 (8%) 
5 (10%) 

(50) 

(50) 

5 (10%) 
1 (2%) 
2 (4%) 

(50) 

4 (8%) 
1 (2%) 

3 (6%) 
(50) 

1 (2%) 

1 (2%) 
(50) 

(50) 

28 (56%) 
(50) 

(50) 
19 {38%) 

(39) 

{39) 

(50) 
1 (2%) 
3 (6%) 
7 (14%) 
6 (12%) 
1 (2%) 
1 (2%) 
1 (2%) 

(50) 
1 (2%) 

(50) 

(50) 

2 (4%) 

1 (2%) 
4 {8%) 

(50) 
1 (2%) 

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

(50) 

(50) 
2 (4%) 

18 (36%) 
(50) 

(50) 
15 (30%) 

(36) 
1 {3%) 

{36) 

CIRCULATORY SYSTEM 
#Mandibular lymph node 

Lymphangiectasis 
(50) 

10 (20%) 
(50) 

16 (32%) 
(50) 

10 (20%) 
#Mediastinal lymph node (50) (50) (50) 

Lymphangiectasis 3 (6%) 
#Mesenteric lymph node 

Lymphangiectasis 
(50) 

2 (4%) 
(50) 

2 (4%) 
(50) 

6 (12%) 
#Renal lymph node 

Lymphangiectasis 
(50) (50) (50) 

1 {2%) 
#Lung (50) (50) (50) 

Thrombus, organized 1 (2%) 
#Heart (50) (50) {50) 

Myxomatosis, cardiac valve 
Inflammation, chronic 
Fibrosis 

8 

2 

(16%) 

(4%) 

13 (26%) 
2 (4%) 
2 (4%) 

8 (16%) 
1 (2%) 
2 (4%) 
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TABLE Cl. 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%) (2%) 2 (4%) 
Pigmentation, NOS 1 (2%) 1 (2%) 1 (2%) 
Focal 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 Cl. 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 (50) (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 (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%) 

I 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 Cl. 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 

#Pituitary intermedia (50) 
2 (4%) 

(50) 
1 (2%) 

(50) 
Cyst, NOS 1 (2%) 

#Anterior pituitary (50) (50) (50) 
Cyst, NOS 3 (6%) 2 (4%) 1 (2%) 
Fibrosis, focal 1 l2%) 
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 
Inflammation, granulomatous focal 

1 (2%) 
1 (2%) 

Fibrosis, focal 1 (2%) 
*Preputial gland 

Dilatation/ducts 
Cystic ducts 
Inflammation, chronic 

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

(50) 
1 (2%) 

1 (2%) 
Inflammation, granulomatous (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 Cl. 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%) 
Hyposperma togenesis 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%) 7 (14%) 

•Epididymis (50) (50) (50) 
Edema, interstitial 2 (4%) 2 (4%) 4 (8%) 
Steatitis 1 (2%) 
Inflammation, chronic 1 (2%) 
Granuloma, spermatic 1 (2%) (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 (50) (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 Cl. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALJt~ RATS IN THE 
TWO-YEAR FEED STUDY OF CHLORENDIC ACID (Continued) 

Control Low Dose High Dose 

ALL OTHER SYSTEMS 
*Multiple organs (50) (50) (50) 

Congestion, NOS 1 (2%) 
Hemorrhage 1 (2%) 
Inflammation, suppurative 1 (2%) 
Inflammation, chronic 1 (2%) 

Diaphragm 
Inflammation, pyogranulomatous 
Degeneration, NOS 

Adipose tissue 
Fibrosis 2 

SPECIAL MORPHOLOGY SUMMARY 
None 

• Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
# Number ofanimals 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 

ANIMALS INITIALLY IN STUDY 
ANIMALS NECROPSIED 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 

50 
50 
50 

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 
*Skin 

Epidermal inclusion cyst 
Hyperplasia, epithelial 

*Subcutaneous tissue 
Edema, NOS 

(50) 
2 (4%) 
1 (2%) 

(50) 

(50) 

(50) 
1 (2%) 

(50) 

(50) 

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) (50) (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 
#Mediastinal lymph node 

6 (12%) 
(50) 

7 (14%) 
(50) 

17 (34%) 
(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) 

Myxomatosis, cardiac valve 7 (14%) 1 (2%) 1 (2%) 
Thrombus, fibrin 1 (2%) 
Inflammation, chronic 1 (2%) 

#Heart/atrium 
Thrombus, organized 

(50) (50) 
1 (2%) 

(50) 

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) f50) 
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%) l (2%) 
Metamorphosis, fatty 3 (6%) 5 (10%) 
Pigmentation, NOS l (2%) 3 (6%) 8 (16%) 
Focal cellular change 30 (60%) 23 (47%) 28 (56%) 
Hyperplasia, NOS l (2%) l (2%) 
Hyperplasia, focal l (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 l (2%) 1 (2%) 
Hyperplasia, nodular 1 (2%) l (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 l (2%) 
Hyperkeratosis 2 (4%) 

#Stomach (50) (49) (50) 
Hyperkeratosis l (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) (50) 
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%) (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 NONNEOPLASTIC LESIONS IN FEMALE RATS IN 
THE TWO-YEAR FEED STUDY OF CHLORENDIC ACID (Continued) 

Control Low Dose High Dose 

ENDOCRINE SYSTEM (Continued) 
#Adrenal cortex 

Metamorphosis, fatty 
Cytoplasmic vacuolization 
Hypertrophy, focal 
Hyperplasia, focal 
Angiectasis 

#Adrenal medulla 
Necrosis, NOS 
Pigmentation, NOS 
Hyperplasia, focal 
Angiectasis 

#Thyroid 
Follicular cyst, NOS 
Hyperplasia, C-cell 

#Parathyroid 
Hyperplasia, NOS 

(50) 
3 

2 
1 
1 

(50) 

1 
1 

(50) 
1 

14 
(45) 

15 

(6%) 

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

(2%) 
(2%) 

(2%) 
(28%) 

(33%) 

(49) 
3 (6%) 

1 (2%) 
1 (2%) 

(49) 

3 (6%) 
1 (2%) 

(50) 

9 (18%) 
(47) 

8 (17%) 

(50) 
2 (4%) 
1 (2%) 
1 (2%) 

3 (6%) 
(50) 

1 (2%) 
1 (2%) 

(50) 

6 (12%) 
(47) 

2 (4%) 

REPRODUCTIVE SYSTEM 
*Mammary gland 


Dilatation/ducts 

Galactocele 

Inflammation, chronic 

Hyperplasia, NOS 


*Clitoral gland 
Dilatation/ducts 
Inflammation, suppurative 
Abscess, NOS 
Inflammation, granulomatous focal 

#Uterus 

Hydrometra 

Cyst, NOS 

Inflammation, acute/chronic 


#Cervix uteri 

Cyst, NOS 

Epidermal inclusion cyst 

Inflammation, suppurative 

Amyloid, NOS 

Hyperplasia, epithelial 

Hyperkeratosis 


#Uterus/endometrium 

Cyst, NOS 

Edema, NOS 

Hyperplasia, NOS 

Hyperplasia, focal 

Hyperplasia, cystic 


#Uterus/myometrium 

Edema, NOS 


#Ovary 

Cyst, NOS 

Parovarian cyst 


(50) 
2 (4%) 

21 	 (42%) 
9 (18%) 

(50) 
3 (6%) 
3 (6%) 

(50) 

(50) 
1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 

(50) 
5 (10%) 

(50) 

(50) 

2 (4%) 

(50) 

6 (12%) 

(50) 
2 (4%) 

1 (2%) 
1 (2%) 

(49) 
5 (10%) 

(49) 

1 (2%) 

(49) 
8 (16%) 

1 (2%) 
1 (2%) 

(49) 

(49) 
1 (2%) 
7 (14%) 

(50) 

5 (10%) 

2 (4%) 
(50) 

(50) 
5 (10%) 
1 (2%) 
1 (2%) 

(50) 

1 (2%) 

(50) 
11 	 (22%) 

1 (2%) 
1 (2%) 

(50) 
1 (2%) 

(50) 

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 (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 
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 ofanimals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
#Number ofanimals examined microscopically at this site 
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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 Dl. 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 (2%) 
Inflammation, acute (2%) 
Inflammation, acute focal 1 (2%) (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 (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) (47) (50) 

Hyperplasia, NOS 3 (6%) 
Hyperplasia, hematopoietic 2 (4%) 1 (2%) 
Myelopoiesis 3 (6%) 

#Spleen (50) (49) (50) 
Hemorrhage 1 (2%) 
Pigmentation, NOS (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 
Myelopoiesis 

(49) (47) (50) 
1 (2%) 
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TABLE Dl. 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) (47) (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) (47) (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%) 

#Iliac lymph node (49) (47) (50) 
Hemorrhage 1 (2%) 
Hyperplasia, lymphoid 4 (8%) 3 (6%) 2 (4%) 
Hematopoiesis 1 (2%) 

#Axillary lymph node (49) (47) (50) 
Pigmentation, NOS 1 (2%) 
Erythrophagocytosis 1 (2%) 
Hyperplasia, lymphoid 1 (2%) 

#Inguinal lymph node (49) (47) (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%) 

#Payer's patch (50) (47) (50) 
Hyperplasia, lymphoid 2 (4%) 

#Kidney (50) (49) (50) 
Leukocytosis, NOS 1 {2%) 
Hyperplasia, lymphoid 14 (28%) 6 (12%) 10 (20%) 

*Epididymis (50) (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 Dl. 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) (47) (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 Dl. 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) 

Inflammation, acute focal 1 (2%) 
Abscess, NOS (2%) 
Necrosis, focal (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 (2%) 
Necrosis, focal (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%) 7 (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%) 
Hyperplasia, epithelial 1 (2%) 
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TABLE Dl. 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) (47) (48) 

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

Hyperplasia, focal 1 (2%) 
#Adrenal (49) (47) (49) 

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

Hyperplasia, focal 11 (22%) 1 (2%) 3 (6%) 
#Adrenal cortex (49) (47) (49) 

Degeneration, NOS 3 (6%) 1 (2%) 
Atrophy, NOS 1 (2%) 
Hypertrophy, focal (2%) 
Hyperplasia, focal 1 (2%) 

#Adrenal medulla (49) (47) (49) 
Hypertrophy, NOS 1 (2%) 1 (2%) 
Hypertrophy, diffuse 1 (2%) 
Hyperplasia, focal 1 (2%) 1 (2%) 

#Thyroid (50) (47) (50) 
Embryonal rest 1 (2%) 2 (4%) 
Cystic follicles 3 (6%) 
Hyperplasia, follicular cell 2 (4%) 1 (2%) 1 (2%) 

#Pancreatic islets (50) (47) (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 
Abscess, NOS 

3 
7 

(6%) 
(14%) 

5 
4 

(10%) 
(8%) 

3 
1 

(6%) 
(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 Dl. 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) (50) 

Distention 1 (2%) 1 (2%) 1 (2%) 
Cyst, NOS 7 (14%) 6 (12%) 1 (2%) 
Inflammation, acute 1 (2%) 
Abscess, NOS 3 (6%) 
Inflammation, active chronic 1 (2%) 
Inflammation, chronic 1 (2%) 
Inflammation, chronic diffuse 1 (2%) 1 (2%) 
Necrosis, focal 1 (2%) 
Hyperplasia, epithelial 1 (2%) 

#Testis (49) (48) (49) 
Mineralization 3 (6%) 3 (6%) 
Spermatocele 1 (2%) 
Degeneration, NOS 3 (6%) 1 (2%) 3 (6%) 
Hypospermatogenesis 3 (6%) 
Hyperplasia, interstitial cell 1 (2%) 

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

NERVOUS SYSTEM 
None 

SPECIAL SENSE ORGANS 
*Eye/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/necropsylhisto 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 J<'EMALE 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) 

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 

Atrophy, NOS 
(39) (39) (38) 

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%) 
#Iliac 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%) 

#Ovary (49) (47) (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 
Pleomorphism 

1 (2%) 1 (2%) 5 (10%) 
1 (2%) 

Hepatocytomegaly 
Angiectasis 

1 
3 

(2%) 
(6%) 

#Hepatic capsule 
Abscess, NOS 

(50) (49) (50) 
1 (2%) 

# Liver/hepatocytes 
Degeneration, NOS 

(50) (49) (50) 
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%) 

#AdrenaVcapsule (50) (50) (50) 
Hyperplasia, NOS 3 (6%) 
Hyperplasia, focal 4 (8%) 2 (4%) 
Hyperplasia, diffuse 2 (4%) 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 

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) (37) 
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 (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) (47) (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%) 
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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 

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 (2%) 1 (2%) 

ALL OTHER 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. 
II Number ofanimals 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 El. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR .I<'EED STUDY 
OF CHLORENDIC ACID 

Control 620 ppm 1,250 ppm 

Skin: Keratoacanthoma 

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

Adjusted Rates (b) 14.6% 

Terminal Rates (c) 2/24(8%) 

Week ofFirst Observation 98 

Life Table Tests (d) P=0.418N 

Incidental Tumor Tests (d) P=0.471N 

Cochran-Armitage Trend Test (d) P=0.424N 

Fisher Exact Test (d) 


Subcutaneous Tissue: Fibroma 
Overall Rates (a) 4/50(8%) 
Adjusted Rates (b) 14.4% 
Terminal Rates (c) 3/24(13%) 
Week ofFirst Observation 75 
Life Table Tests (d) P=0.401N 
Incidental Tumor Tests (d) P=0.415N 
Cochran-Armitage Trend Test (d) P=0.424N 
Fisher Exact Test (d) 

Subcutaneous Tissue: Fibrosarcoma 
Overall Rates (a) 0/50(0%) 
Adjusted Rates (b) 0.0% 
Terminal Rates (c) 0/24(0%) 
Week ofFirst Observation 
Life Table Tests (d) P=0.053 
Incidental Tumor Tests (d) P=0.062 
Cochran-Armitage Trend Test (d) P=0.060 
Fisher Exact Test (d) 

Subcutaneous Tissue: Fibroma or Fibrosarcoma 
Overall Rates (a) 4/50 (8%) 
Adjusted Rates (b) 14.4% 
Terminal Rates (c) 3/24 (13%) 
WeekofFirstObservation 75 
Life Table Tests (d) P=0.313 
Incidental Tumor Tests (d) P =0.313 
Cochran-Armitage Trend Test (d) P = 0.309 
Fisher Exact Test (d) 

Subcutaneous Tissue: Fibrosarcoma or Neurofibrosarcoma 
Overall Rates (a) 1/50 (2%) 
Adjusted Rates (b) 4.2% 
Terminal Rates (c) 1124 (4%) 
Week ofFirst Observation 104 
LifeTableTests(d) P=0.193 
Incidental Tumor Tests (d) P = 0.206 
Cochran-Armitage Trend Test (d) P=0.201 
Fisher Exact Test (d) 

Subcutaneous Tissue: Sarcoma. Fibrosarcoma. or Neurofibrosarcoma 
Overall Rates (a) 1/50 (2%) 
AdjustedRates(b) 4.2% 
Terminal Rates (c) 1/24 (4%) 
Week ofFirst Observation 104 
LifeTableTests(d) P=0.093 
Incidental Tumor Tests (d) P=0.102 
Cochran-Armitage Trend Test(d) P=0.101 
FisherExactTest(d) 

4/50(8%) 
11.7% 
3/32 (9%) 
97 
P=0.495N 
P=0.542N 

P=0.643 

4/50 (8%) 
12.5% 
4/32 (13%) 
104 
P=0.495N 
P=0.610N 

P=0.643N 

1/50(2%) 
3.1% 
1132 (3%) 
104 
P=0.557 
P=0.557 

P=0.500 

5/50(10%) 
15.6% 
5/32 (16%) 
104 
P=0.616N 
P=0.563 

P=0.500 

1/50 (2%) 
3.1% 
1132 (3%) 
104 
P=0.697N 
P=0.697N 

P=0.753 

1/50 (2%) 
3.1% 
1/32 (3%) 
104 
P=0.697N 
P=0.697N 

P=0.753 

3/50(6%) 
12.0% 
3/25 (12%) 
104 
P=0.495N 
P=0.554N 

P=0.500N 

3/50(6%) 
12.0% 
3/25 (12%) 
104 
P=0.481N 
P=0.495N 

P=0.500N 

3/50 (6%) 
10.0% 
1/25(4%) 
88 
P=O.ll9 
P=O.l20 

P=O.l21 

6/50(12%) 
21.3% 
4/25(16%) 
88 
P=0.380 
P=0.373 

P=0.370 

3/50(6%) 
10.0% 
1/25 (4%) 
88 
P=0.304 
P=0.309 

P=0.309 

4/50 (8%) 
13.7% 
2/25(8%) 
88 
P=0.182 
P=0.185 

P=O.l81 
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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% 
TerminalRates(c) 4/24(17%) 5/32(16%) 5125(20%) 
WeekofFirstObservation 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 ofFirst Observation 104 100 
Life Table Tests (d) P=O.Ol9 P=0.175 P=0.036 
Incidental Tumor Tests (d) P=O.Ol4 P=O.l75 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 ofFirst Observation 104 100 
Life Table Tests (d) P=0.025 P=0.104 P=0.036 
Incidental Tumor Tests (d) P=0.019 P=O.l04 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 ofFirst Observation 65 86 72 
Life Table Tests (d) P=0.285 P=0.160N P=0.330 
Incidental TumorTests(d) P=0.216 P=0.524N P=0.193 
Cochran-Armitage Trend Test (d) P=0.241 
Fisher Exact Test (d) P=0.421N 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 ofFirst 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) 1150 (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%) 3/25 (12%) 
Week ofFirst 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=O.l19 
Fisher Exact Test (d) P=0.492 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 

Liver: Neoplastic Nodule 
Overall Rates (a) 2/50(4%) 21150 (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 ofFirst 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<O.OOl 
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 ofFirst Observation 77 104 104 
Life Table Tests (d) P=0.244N P=0.498 P=0.304N 
Incidental Tumor Tests (d) P=0.277N 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 (c) 3/24(13%) 20/32(63%) 19/25(76%) 
Week of First Observation 77 97 83 
Life Table Tests (d) P<0.001 P<0.002 P<0.001 
Incidental Tumor Tests (d) P<0.001 P<O.OOl P<O.OOl 
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 ofFirst Observation 88 104 
Life Table Tests (d) P=O.Oll P=0.104 P=O.Ol8 
Incidental Tumor Tests (d) P=O.Ol4 P=0.082 P=0.018 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P=0.015 
P=0.061 P=0.014 

Fancreatic Islets: Islet Cell Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 

2/49 (4%) 
5.9% 

5/50(10%) 
13.5% 

6/50(12%) 
22.4% 

Terminal Rates (c) 
Week ofFirst Observation 

0/24(0%) 
89 

2/32(6%) 
89 

5/25(20%) 
92 

Life Table Tests (d) P=0.101 P=0.320 P=0.139 
Incidental Tumor Tests (d) P=O.l18 P=0.232 P=0.162 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P=O.l13 
P=0.226 P=0.141 

Pancreatic Islets: Islet Cell Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 

4/49(8%) 
15.0% 
3/24(13%) 

1/50 (2%) 
3.1% 
1/32 (3%) 

3/50(6%) 
12.0% 
3/25 (12%) 

Week ofFirst 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) 
Fisher Exact Test (d) 

P=0.406N 
P=0.175N P=0.489N 
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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 

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 (c) 10/24(42%) 16/32(50%) 15/25 (60%) 
Week of First Observation 75 74 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 (c) 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=0.017N 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=0.081N 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 (c) 7/24(29%) 7/32(22%) 9/25(36%) 
Week of First Observation 91 104 87 
Life Table Tests (d) P=0.363 P=O.l18N P=0.428 
incidental Tumor Tests (d) P=0.404 P=0.146N P=0.468 
Cochran-Armitage Trend Test (d) P=0.350 
Fisher 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 (c) 4/24(17%) 2/32(6%) 3/25(12%) 
Week ofFirst 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=0.307N 
Cochran-Armitage Trend Test (d) P=0.284N 
Fisher Exact Test (d) P=0.357N P=0.357N 

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=0.057N 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 (c) 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%) 
Adjusted Rates (b) 4.2% 27.8% 
Terminal Rates (c) 1/24(4%) 7/32(22%) 
Week of First Observation 104 81 

4/50 (8%) 
13.2% 
2/25(8%) 
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) 
Terminal Rates (c) 
Week ofFirst Observation 

97.5% 
23/24(96%) 
73 

80.9% 
24132 (75%) 
81 

61.5% 
12/25 (48%) 
64 

Life Table Tests (d) 
Incidental Tumor Tests (d) 

P<O.OOlN 
P<O.OOlN 

P=0.008N 
P=0.013N 

P=0.002N 
P<O.OOlN 

Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P<O.OOlN 
P=0.085N P<0.001N 
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TABLE El. 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 ofthe 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%) 
Adjusted Rates (b) 8.7% 
Terminal Rates (c) 2131 (6%) 
Week of First Observation 91 
Life Table Tests (d) P = 0.178N 
Incidental Tumor Tests (d) P = 0.207N 
Cochran-Armitage Trend Test (d) P = 0.203N 
Fisher Exact Test (d) 

Hematopoietic System: Mononuclear Cell Leukemia 
Overall Rates (a) 13/50 (26%) 
Adjusted Rates (b) 32.6% 
Terminal Rates (c) 6/31 (19%) 
Week of First Observation 82 
Life Table Tests(d) P=0.387 
Incidental Tumor Tests (d) P = 0.307 
Cochran-Armitage Trend Test (d) P =0.292 
Fisher Exact Test (d) 

Liver: Neoplastic Nodule 
Overall Rates (a) 1150(2%) 
Adjusted Rates (b) 3.2% 
Terminal Rates (c) 1131 (3%) 
Week of First Observation 104 
Life Table Tests (d) P=0.001 
Incidental Tumor Tests (d) P=0.001 
Cochran-Armitage Trend Test (d) P<0.001 
Fisher Exact Test (d) 

Liver: Hepatocellular Carcinoma 
Overall Rates (a) 0/50(0%) 
Adjusted Rates (b) 0.0% 
Terminal Rates (c) 0/31 (0%) 
Week of First Observation 
Life Table Tests (d) P=0.028 
Incidental Tumor Tests (d) P=0.023 
Cochran-Armitage Trend Test (d) P=0.023 
Fisher Exact Test (d) 

Liver: Neoplastic Nodule or Hepatocellular Carcinoma 
Overall Rates (a) 1150 (2%) 
Adjusted Rates (b) 3.2% 
Terminal Rates (c) 1131 (3%) 
Week ofFirst Observation 104 
LifeTableTests(d) P<0.001 
Incidental Tumor Tests (d) P<0.001 
Cochran-Armitage Trend Test (d) P<0.001 
Fisher Exact Test (d) 

Pituitary: Adenoma 
Overall Rates (a) 31150(62%) 
Adjusted Rates (b) 83.3% 
Terminal Rates (c) 25/31 (81%) 
Week of First Observation 82 
Life Table Tests (d) P=0.027N 
Incidental Tumor Tests (d) P=0.060N 
Cochran-Armitage Trend Test (d) P=0.063N 
Fisher Exact Test (d) 

1/50 (2%) 1/50 (2%) 
2.8% 2.9% 
1136(3%) 1/35 (3%) 
104 104 
P=0.262N P=0.277N 
P=0.323N P=0.314N 

P=0.309N P=0.309N 

15/50(30%) 16/50(32%) 
34.9% 38.0% 
9/36(25%) 10/35(29%) 
64 73 
P=0.542 P=0.425 
P=0.380 P=0.347 

P=0.412 P=0.330 

3/49 (6%) 11/50(22%) 
8.3% 31.4% 
3/36(8%) 11/35(31%) 
104 104 
P=0.359 P=0.004 
P=0.359 P=0.004 

P=0.301 P=0.002 

3/49(6%) 5/50 (10%) 
7.8% 14.3% 
2/36 (6%) 5/35 (14%) 
95 104 
P=0.146 P=0.044 
P=0.133 P=0.044 

P=0.117 P=0.028 

5/49(10%) 16/50(32%) 
13.2% 45.7% 
4/36(11%) 16/35(46%) 
95 104 
P=0.138 P<0.001 
P=0.130 P<0.001 

P=0.098 P<0.001 

34150(68%) 23/50(46%) 
76.9% 55.7% 
26136(72%) 17/35(49%) 
64 82 
P=0.498N P=0.035N 
P=0.476 P=0.083N 

P=0.338 P=0.080N 
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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 

Pituitary: Carcinoma 
Overall Rates (a) 2/50(4%) 3/50(6%) 1/50(2%) 
Adjusted Rates (b) 5.6% 7.7% 2.9% 
Terminal Rates (c) 1131 (3%) 1/36 (3%) 1/35(3%) 
Week of First Observation 96 99 104 
Life Table Tests (d) P=0.371N 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(75%) 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) 2150(4%) 3/49(6%) 2/50(4%) 
Adjusted Rates (b) 5.3% 7.9% 5.7% 
Terminal Rates (c) 1/31 (3%) 2136(6%) 2/35 (6%) 
WeekofFirstObservation 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) 5131 (16%) 8/36(22%) 12/35(34%) 
Week ofFirst 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=O.l07 
Cochran-Armitage Trend Test (d) P=0.085 
Fisher Exact Test (d) P=0.298 P=O.l05 

Thyroid: C·Cell Carcinoma 
Overall Rates (a) 2/50 (4%) 7/50(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 ofFirst Observation 104 100 104 
Life Table Tests (d) P=0.511N P=0.119 P=0.651N 
Incidental Tumor Tests (d) P=0.542N P=O.l12 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) 7/31 (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%) 4150(8%) 
Adjusted Rates (b) 58.5% 38.5% 11.4% 
Terminal Rates (c) 16/31 (52%) 11/36(31%) 4/35(11%) 
Week of First Observation 87 82 104 
Life Table Tests (d) P<O.OOlN P=0.081N P<O.OOlN 
Incidental Tumor Tests (d) P<O.OOlN P=0.162N P<O.OOlN 
Cochran-Armitage Trend Test (d) P<0.001N 
Fisher Exact Test (d) P=0.151N P<0.001N 

Mammary Gland: Adenoma 
Overall Rates (a) 1150 (2%) 3/50(6%) 3/50(6%) 
Adjusted Rates (b) 3.2% 8.3% 8.6% 
Terminal Rates (c) 1131 (3%) 3/36(8%) 3/35 (9%) 
Week ofFirst 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) 1150 (2%) 5/50 (10%) 4/50(8%) 
Adjusted Rates (b) 3.2% 12.8% 10.0% 
Terminal Rates (c) 1131 (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=O.l18 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%) 7/50(14%) 
Adjusted Rates (b) 61.3% 41.0% 20.0% 
Terminal Rates (c) 17/31 (55%) 12/36 (33%) 7/35(20%) 
Week ofFirst 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 ofFirst 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=0.267N 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) 
Terminal Rates (c) 

11.3% 
2/31 (6%) 

13.9% 
5/36(14%) 

16.5% 
5/35(14%) 

Week ofFirst Observation 82 104 99 
Life Table Tests (d) 
Incidental Tumor Tests (d) 

P=0.369 
P=0.299 

P=0.578 
P=0.518 

P=0.432 
P=0.323 

Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P=0.309 
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%) 7/3507%) 
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 (c) 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%) 7/50(14%) 7/50(14%) 
Adjusted Rates (b) 14.9% 19.2% 19.1% 
Terminal Rates (c) 4/37 (11 %) 1128(4%) 2/29(7%) 
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 ofFirst Observation 69 65 47 
Life Table Tests (d) P=0.410 P=0.546 P=0.454 
Incidental Tumor Tests (d) P=0.417N 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 Observation 69 65 4'7 
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 ofFirst Observation 104 84 41 
Life Table Tests (d) P=0.286N P=0.028N P=0.393N 
Incidental Tumor Tests (d) P=O.l97N P=0.013N P=0.298N 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P=0.155N 
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% 7.1% 9.1% 
Terminal Rates (c) 5/37(14%) 2/28(7%) 1/29 (3%) 
Week ofFirst 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) 
Fisher Exact Test (d) 

P=0.276N 
P=0.227N P=0.358N 

Chlorendic Acid, NTP TR 304 142 



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%) 

Adjusted Rates (b) 40.5% 

Terminal Rates (c) 15/37 (41%) 

Week of First Observation 104 

Life Table Tests (d) P = 0.202N 

Incidental Tumor Tests (d) P=O.ll2N 

Cochran·Armitage Trend Test(d) P=0.081N 

Fisher Exact Test (d) 


Hematopoietic System: Malignant Lymphoma, Histiocytic Type 
Overall Rates (a) 1150 (2%) 
Adjusted Rates (b) 2.7% 
Terminal Rates (c) 1137 (3%) 
Week of First Observation 104 
LifeTableTests(d) P=O.l79 
Incidental Tumor Tests (d) P = 0.238 
Cochran-Armitage Trend Test (d) P=0.240 
Fisher Exact Test (d) 

Hematopoietic System: Malignant Lymphoma, Mixed Type 
Overall Rates (a) 3/50 (6%) 
Adjusted Rates (b) 8.1% 
Terminal Rates (c) 3/37 (8%) 
Week ofFirst Observation 104 
Life Table Tests (d) P =0.233N 
Incidental Tumor Tests (d) P=O.l54N 
Cochran-Armitage Trend Test(d) P=O.l78N 
Fisher Exact Test (d) 

Hematopoietic System: Lymphoma, All Malignant 
Overall Rates (a} 4/50 (8%) 
Adjusted Rates (b) 10.8% 
Terminal Rates (c) 4/37 (11 %) 
Week ofFirst Observation 104 
Life Table Tests (d) P=0.455 
Incidental Tumor Tests (d) P = 0.505N 
Cochran-Armitage Trend Test (d) P = 0.57 4 
Fisher Exact Test (d) 

Liver: Hepatocellular Adenoma 
Overall Rates (a) 5/50(10%) 
Adjusted Rates (b) 13.5% 
Terminal Rates (c) 5/37 (14%) 
Week of First Observation 105 
Life Table Tests (d) P=0.038 
Incidental Tumor Tests (d) P=0.041 
Cochran-Armitage Trend Test (d) P=O.l11 
Fisher Exact Test (d) 

Liver: Hepatocellular Carcinoma 
Overall Rates (a) 9/50(18%) 
Adjusted Rates (b) 22.1% 
Terminal Rates (c) 6137 (16%) 
Week of First Observation 70 
Life Table Tests (d) P=0.004 
Incidental Tumor Tests (d) P=0.023 
Cochran-Armitage Trend Test (d) P=0.012 
Fisher Exact Test (d) 

4/49(8%) 9/50(18%) 
13.1% 25.9% 
3/28(11%) 5/29(17%) 
84 41 
P=0.023N P=0.291N 
P=0.012N P=0.159N 

P=0.005N P=0.121N 

3/50(6%) 3/50(6%) 
9.7% 9.6% 
2/28(7%) 1/29 (3%) 
84 99 
P=0.227 P=0.233 
P=0.357 P=0.258 

P=0.309 P=0.309 

0/50(0%) 1/50 (2%) 
0.0% 2.6% 
0/28 (0%) 0/29(0%) 

83 
P=0.174N P=0.380N 
P=0.174N P=0.230N 

P=0.122N P=0.309N 

4/50(8%) 4/50(8%) 
12.0% 11.9% 
2/28(7%) 1/29 (3%) 
81 83 
P=0.510 P=0.522 
P=0.553N P=0.634N 

P=0.643N P=0.643N 

9/49(18%) 10/50(20%) 
30.1% 33.3~ 

8/28(29%) 9/29(31%) 
30 102 
P=0.077 P=0.047 
P=0.081 P=0.050 

P=0.185 P=0.131 

17/49(35%) 20/50(40%) 
46.5% 51.8% 
9128 (32%) 11129(38%) 
75 60 
P=O.Ol8 P=0.005 
P=0.084 P=0.038 

P=0.048 P=O.Ol3 
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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 ofFirst 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: FoiUcular Cell Adenoma 
()verallFtates(a) 0/50(0%) 0/47(0%) 3/50(6%) 
Adjusted Ftates (b) 0.0% 0.0% 9.1% 
Terminal Ftates (c) 0/37(0%) 0/28 (0%) 2/29 (7%) 
Week ofFirst 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) 
Fisher Exact Test (d) 

P=0.038 
(e) P=0.121 

Harderian Gland: Papillary Adenoma 
Overall Ftates (a) 3/50 (6%) 0/50(0%) 0150 (0%) 
Adjusted Rates (b) 8.1% 0.0% 0.0% 
Terminal Ftates (c) 3/37(8%) 0/28(0%) 0/29(0%) 
Week ofFirst Observation 104 
Life Table Tests (d) P=0.059N P=0.174N P=O.l67N 
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=0.121N 

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 (7%) 0/29(0%) 
Week ofFirst 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 ofanimals examined at the site 
(b) Kaplan-Meier estimated tumor incidences at the end ofthe 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 Pvalue is reported because no tumors were observed in the 620-ppm and control groups. 
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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%) 

Adjusted Rates (b) 0.0% 

Terminal Rates (c) 0/39 (0%) 

Week ofFirst Observation 

Life Table Tests (d) P=0.047 

Incidental Tumor Tests (d) P=0.050 

Cochran-Armitage Trend Test (d) P=0.060 

Fisher Exact Test (d) 


Lung: Alveolar/Bronchiolar Adenoma or Carcinoma 
Overall Rates (a) 1/50 (2%) 
Adjusted Rates (b) 2.6% 
Terminal Rates (c) 1/39 (3%) 
Week ofFirst Observation 104 
Life Table Tests (d) P=0.034 
Incidental Tumor Tests (d) P=0.037 
Cochran-Armitage Trend Test (d) P=0.049 
Fisher Exact Test (d) 

Hematopoietic System: Malignant Lymphoma, Undifferentiated Type 
Overall Rates (a) 3/50 (6%) 
AdjustedRates(b) 7.7% 
Terminal Rates (c) 3/39 (8%) 
Week of First Observation 104 
Life Table Tests (d) P==0.198N 
Incidental Tumor Tests (d) P=0.199N 
Cochran-Armitage Trend Test (d) P=0.178N 
Fisher Exact Test (d) 

Hematopoietic System: Malignant Lymphoma, Lymphocytic Type 
Overall Rates (a) 4/50 (8%) 
Adjusted Rates (b) 9.1% 
Terminal Rates (c) 2/39 (5%) 
Week of First Observation 76 
Life Table Tests (d) P = 0.273N 
Incidental Tumor Tests (d) P == 0.222N 
Cochran-Armitage Trend Test (d) P = 0.241 N 
Fisher Exact Test (d) 

Hematopoietic System: Malignant Lymphoma, Histiocytic Type 
Overall Rates (a) 3/50 (6%) 
AdjustedRates(b) 7.7% 
Terminal Rates (c) 3/39 (8%) 
Week of First Observation 104 
Life Table Tests (d) P=0.379 
Incidental Tumor Tests (d) P = 0.496 
Cochran-Armitage Trend Test(d) P=0.416 
Fisher Exact Test (d) 

Hematopoietic System: Malignant Lymphoma, Mixed Type 
Overall Rates (a) 6/50 (12%) 
Adjusted Rates (b) 15.4% 
Terminal Rates (c) 6/39 (15%) 
Week of First Observation 104 
Life Table Tests (d) P=0.465 
Incidental Tumor Tests (d) P = 0.491 
Cochran-Armitage Trend Test (d) P = 0.551N 
Fisher Exact Test (d) 

4/50 (8%) 4/50 (8%) 
10.3% 10.5% 
4/39(10%) 3/35(9%) 
104 74 
P=0.063 P==0.054 
P=0.063 P==0.066 

P=0.059 P==0.059 

5/50(10%) 6/50 (12%) 
12.8% 16.1% 
5/39(13%) 5/35(14%) 
104 74 
P=0.103 P=0.045 
P=0.103 P=0.053 

P=0.102 P=0.056 

0/50 (0%) 1/50 (2%) 
0.0% 2.7% 
0/39 (0%) 0/35(0%) 

102 
P=0.121N P=0.341N 
P=0.121N P=0.336N 

P=0.122N P=0.309N 

1/50 (2%) 2/50(4%) 
2.5% 5.7% 
0/39(0%) 2/35(6%) 
103 104 
P=0.191N P==0.380N 
P=0.214N P=0.306N 

P=0.181N P=0.339N 

2/50 (4%) 4/50 (8%) 
4.5% 9.5% 
0/39(0%) 1/35 (3%) 
69 74 
P=0.510N P=0.456 
P=0.518N P=0.533 

P=0.500N P=0.500 

12/50(24%) 6/50(12%) 
30.8% 16.4% 
12/39 (31%) 5/35(14%) 
104 90 
P=0.091 P==0.544 
P=0.091 P=0.578 

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 (c) 14/39(36%) 12/39(31%) 8/35(23%) 
Week ofFirst 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 (c) 0/39(0%) 1/39 (3%) 2/35(6%) 
Week of First Observation 104 90 
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 (c) 2/39(5%) 2139(5%) 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) 
Fisher Exact Test (d) 

P=0.407 
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) 1139(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) 
Fisher Exact Test (d) 

P=0.161 
P=0.098 P=0.181 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 

3/50(6%) 
7.7% 
3/39 (8%) 
104 

7/49(14%) 
17.4% 
6139(15%) 
97 

7/50(14%) 
18.5% 
5/35(14%) 
87 

Life Table Tests (d) P=0.100 P=0.161 P=0.123 
Incidental Tumor Tests (d) P=O.l33 P=0.143 P=0.160 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P=0.137 
P=0.151 P=0.159 

Forestomach: Squamous Cell Papilloma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 

3/50(6%) 
7.7% 
3/39(8%) 

0/48(0%) 
0.0% 
0138(0%) 

0/50 (0%) 
0.0% 
0/35(0%) 

Week of First Observation 104 
Life Table Tests (d) 
Incidental Tumor Tests (d) 

P=0.044N 
P=0.044N 

P=O.l26N 
P=O.l26N 

P=0.141N 
P=O.l41N 

Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P=0.039N 
P=O.l29N P=O.l21N 
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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%) 4/47 (9%) 3/50(6%) 
Adjusted Rates (b) 30.8% 10.2% 8.6% 
Terminal Rates (c) 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,.,o_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 (c) 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%) 
AdjustedRates(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=0.497N 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 ofanimals 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 B6C3Ft MICE RECEIVING NO TREATMENT 
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TABLE Fl. 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 %) 111,689 (0.1 %) 
SD(c) 0.35% 0.37% 0.35% 

Range(d) 
High 1149 1146 1149 
Low 0/89 0/89 0/89 

(a) Data as ofAugust3, 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 2411,723 (1.4%) 13/1,723 (0.8%) 35/1,723 (2.0%) 
SD(b) 1.82% 1.47% 2.02% 

Range(c) 
. High 3/49 3/50 3/49 

Low 0/89 0/50 0/50 

(a) Data as of August 3, 1984, for studies ofat least 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of35 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 6111,719 (3.5%) 12/1,719 (0.7%) 73/1,719 (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 ofAugust 3, 1984, for studies ofat least 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of35 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 of35 or more animals. 
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TABLE F5. 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 ofat least 104 weeks 
(b) No acinar cell carcinomas have been observed. 
(c) Standard deviat.ion 
(d) Range and SD are presented for groups of35 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(c) 
High 20/49 3/48 21149 
Low 2/50 0/50 3/50 

(a) Data as of August3, 1984, for studies of at least 104 weeks 
(b) Standard deviation 
(c) Range and SO a1·e presented for groups of35 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) 1,51111,703 (88.7%) 
SD(c) 7.79% 

Range(d) 
High 49/50 
Low 34/50 

(a) Data as of August3,1984, 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 ofAugust3,1984, for studies ofat least 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of35 or more animals. 
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TABLE Ft. 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 7139 0/50 9/39 

(a) Data as of August3,1984, for studies of at least 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of35 or more animals. 

TABLE FlO. mSTORICAL 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 (2.5%) (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 5/50 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 of35 or more animals. 
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TABLE Fll. 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 ofAugust 3, 1984, for studies of at least 104 weeks 
(b) Standard deviation 
(c) Range and SO are presented for groups of35 or more animals. 

TABLE F12. HISTORICAL INCIDENCE OF HEPATOCELLULAR TUMORS IN MALE B6C3F1 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(c) 
High (d)22/50 16/50 (e) 29/50 
Low 0/49 4150 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 FOLUCULAR CELL TUMORS IN MALE 
B6C3F1 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(c) 2.06% 0.49% 2.09% 

Range(d) 
High 3/42 1147 3/42 
Low 0/50 0/50 0/50 

(a) Data as ofAugust 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 of35 or more animals. 

TABLE F14. HISTORICAL INCIDENCE OF ALVEOLAR/BRONCHIOLAR TUMORS IN MALE B6C3F1 
MICE RECEIVING NO TREATMENT (a) 

Incidence in Controls 
Adeno~a Carcinoma Adenoma or Carcinoma 

No 2-year studie,s 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 1149 

(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 of35 or more animals. 
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TABLE F15. HISTORICAL INCIDENCE OF ALVEOLAR/BRONCHIOLAR TUMORS IN FEMALE B6C3Ft 
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 87/1,777 (4.9%) 36/1,777 (2.0%) 122/1,777 (6.9%) 
SD(b) 3.86% 1.98% 4.44% 

Range(c) 
High 7/50 3/50 8/50 
Low 0/50 0/50 0/50 

(a) Data as of August 3, 1984, for studies ofatleast 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of35 or more animals. 

TABLE F16. HISTORICAL INCIDENCE OF PITUITARY GLAND TUMORS IN FEMALE B6C3F1 
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) 7/1,542 (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 ofAugust3,1984, 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 of35 or more animals. 
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APPENDIX G 


GENETIC TOXICOLOGY OF CHLORENDIC ACID 
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TABLE Gl. MUTAGENICITY OF CHLORENDIC ACID IN SALMONELLA TYPHIMURIUM 

Strain Dose 
(pg/plate) 

-89 
Revertants/~late ~!!Jb~ 

+S9(rat) + 89 (hamster) 

TAtOO 0 
100 
333 

1,000 
3,333 
7,690 

102 ± 3.5 
98 ± 5.0 

106 ± 10.1 
104 ± 6.4 
92 ± 7.0 
91 ± 1.2 

135 ± 2.2 
136 ± 11.3 
140 ± 13.3 
139 ± 2.6 
137 ± 5.9 
172 ± 13.3 

134 ± 
151 ± 
153 ± 
128 ± 
134 ± 
141 ± 

2.0 
8.7 
6.4 
0.9 
4.9 
3.4 

TA1535 0 
100 
333 

1,000 
3,333 
7,690 

10 ± 
10 ± 
13 ± 
8± 

10 ± 
10 ± 

0.9 
4.4 
5.4 
1.8 
0.9 
4.7 

9± 
11± 
10 ± 
12 ± 
12 ± 
9± 

2.3 
1.5 
2.1 
1.5 
3.8 
2.0 

13 ± 
13 ± 
12 ± 
10 ± 
11± 
13 ± 

2.1 
0.9 
0.3 
1.2 
0.6 
0.7 

TA1537 0 
100 
333 

1,000 
3,333 
7,690 

3± 0.3 
3± 1.5 
4± 1.2 
4± 1.5 
3± 0.7 

Toxic 

4± 
5± 
5± 
3± 
5± 
4± 

1.8 
1.0 
1.2 
0.7 
1.2 
0.9 

5± 
5± 
6± 
6± 
6± 
4± 

1.2 
1.0 
0.9 
0.9 
0.9 
1.0 

TA98 0 
100 
333 

1,000 
3,333 
7,690 

20 ± 
15 ± 
15 ± 
14 ± 
20 ± 
13 ± 

3.3 
3.2 
2.6 
2.0 
5.6 
2.6 

26 ± 
24 ± 
31 ± 
27 ± 
35 ± 
29 ± 

4.2 
2.3 
5.5 
1.9 
2.4 
5.9 

56± 4.2 
70 ± 8.3 
61 ± 6.6 
63 ± 1.7 
70 ± 10.9 
63 ± 13.2 

(a) The 89 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 89 or buffer. After the addition ofsot\ 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 ± standard error 
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TABLE G2. MUTAGENICITY OF CHLORENDIC ACID IN L5178Y MOUSE LYMPHOMA CELLS IN THE 
ABSENCE OF S9 (a) 

Total Relative Mutation Frequency 
Compound Dose Mutant Clones Cloning Efficiency Total Growth (mutants/1()8 

(pg/ml) (percent) (percent) clonable cells) 

DMSO 
1% 118 109 16 36 

134 98 15 46 
112 114 16 33 
75 105 13 24 

Methylmethane
sulfonate 

15 520 69 34 253 
628 60 33 347 

Chlorendic acid 
1,300 96 94 66 34 

109 98 71 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 55 4 315 
598 77 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 106 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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I. Identity and Purity Determinations of Chlorendic Acid Performed by the 
Analytical Chemistry Laboratory 

A. LotNo.6287 

1. Physical properties 

a. Appearance: 

b. Melting point: 

2. Spectral data 

a. Infrared 

Instrument: 

Phase: 

Results: 

b. Ultraviolet/visible 

Instrument: 

Solvent: 

Results: 

Determined 

White microcrystalline powder 

238° C (open capillary, 
BO.chi mp/bp apparatus). 
Endotherm, 205°-217° C, 
with shoulder at 197°-205° C; 
small endotherm, 245°-247° C 
(Dupont 900 DT A) 

Beckman IR-12 

1.5% Potassium 
bromide pellet 

See Figure 5 

Cary 118 

Methanol 

No absorbance from 800
350 nm. No maximum 
from 350-230 nm, but an 
increase in the absorbance 
toward the solvent cutoff. 

Literature values 

208°-210°C (sealed 
tube). 
Loses water, melts as 
the anhydride at 
230°-235°C 

Consistent with 
literature spectrum 
(Sadtler Standard 
Spectra) 

No literature reference 
found. Spectrum 
consistent with the 
structure. 
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FIGURE 5. INFRARED ABSORPTION SPECTRUM OF CHLORENDIC ACID (LOT NO. 6287) 
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Determined 

c. Nuclear magnetic resonance 

Instrument: 	 Varian EM-360A 

Solvent: 	 Deuterated dimethyl 
sulfoxide with internal 
tetramethylsilane 

Assignments: 	 See Figure 6 

Chemical shift (3): 	 a s, 4.02 ppm 
b broad singlet, 12.70 ppm 

Integration ratios: 	 a 2.00 

b 1.54 


3. 	 Titration: Titration of two carboxylic acid 
groups with 0.1N sodium 
hydroxide, 99.7% ± 0.3(5)% 

4. Water analysis (Karl Fischer): 0.95% ± 0.04(8)% 

5. Elemental analysis 

Element 	 c H Cl 

Literature values 

Consistent with 
literature spectrum. 
(Sadtler Standard 
Spectra) 

Theory(T) 27.80 1.04 54.70 

Determined (D) 27.35 0.97 55.55 
27.41 0.99 55.69 

PercentD/T 98.49 94.23 101.68 
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FIGURE 6. NUCLEAR MAGNETIC RESONANCE SPECTRUM OF CHLORENDIC ACID (LOT NO. 6287) 
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6. Chromatographic analysis 

a. Thin-layer chromatography 

Plates: Silica Gel60 F-254 
Reference standard: 2,4,5-Trichlorophenoxypropionic acid (50 pg) (10 mg/ml 
methanol) 
Amount spotted: 100 and 300 pg (10 mg/ml methanol) 
Visualization: 254 nm and methyl red acid indicator 

System 1: Methanol:acetic acid (98:2) 

Rr: 0.63 (origin) 
Rst: 0.86 

System 2: Ethyl acetate:formic acid (98:2) 

Rr: 0.67 (ultraviolet and methyl red positive) 
Rst: 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 pl) 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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System2 

Column: 3% OV-17 on 80/100 Supelcoport, 1.8 m X 4 mm ID, glass 
Samples injected: Solutions (4pl) of 1% and 0.5% chlorendic acid in 
dichloromethane to quantitate impurities and check for overloading 

Results: Single homogeneous peak with a retention time of23.4 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, ultravioleVvisible, and nuclear magnetic resonance spectra were 
consistent with the structure ofchlorendic acid. 
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B. 	 Lot no. 6745 

1. Appearance: 

2. Spectral data 

a. 	 Infrared 

Instrument: 

Determined 

White microcrystalline powder 

Perkin-Elmer 283 

Phase: 1% in potassium 

Results: 

b. 	 Ultraviolet/visible 

Instrument: 

Solvent: 

Results: 

bromide pellet 

See Figure 7 

Cary 219 

Methanol 

No absorbance from 800
350 nm at 10 mglml. No 
maximum from 350 to 
202 nm, but an increase 
in absorbance toward the 
solvent cutoff at a concen
tration of0.0001 mg/ml 

c. Nuclear magnetic resonance 

Instrument: 

Solvent: 

Assignments: 

Chemical shift (8): 

Integration ratios: 

Varian EM-360A 

Deuterated dimethyl 
sulfoxide with internal 
tetramethy!silane 

See Figure 8 

a s,4.00ppm 
b broad singlet, 12.17 ppm 

a 2.00 
b 1.72 

Literature values 

Consistent with 
literature spectrum 
(Sadtler Standard 
Spectra) 

No literature reference 
found. Spectrum 
consistent with 
structure. 

Consistent with 
literature spectrum 
(Sadtler Standard 
Spectra) 
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FIGURE 7. INFRARED ABSORPTION SPECTRUM OF CHLORENDIC ACID (LOT NO. 6745) 




~-
I ..ta_,..t;... Sltr) 

1(.) Vf·J.OO ¥.00 
(1.) ti =L71 12.11 

• .. 


•~;JLL••~s 
,..,.,., 11.... 11 e, 11 ·LIItt'tt' .,,,. •oe ,.,, 11 • • 11 "1"'. •· 1 •• ,,. ,., 1 , ·1·,, ei..&.&..L~Lu.&i~•£•" ''' oe •I• 1 • • ••ee ·Aoe• o!l 

FIGURE 8. NUCLEAR MAGNETIC RESONANCE SPECTRUM OF CHLORENDIC ACID (LOT NO. 6745) 



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/m V electrode, 
98.8% ± o.2<o>% 

4. 	 Water analysis (Karl Fischer): 0.05% ± O.Ol(o)% 

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 Gel60-F254, 0.25-mm layer 
Reference standard: 2,4,5-Trichlorophenoxypropionic acid, 10 llg (llll of a 
10 llg/lll solution in methanol) 
Amount spotted: 100 and 300 llg (10 and 30111 ofa 10 llg/}ll solution in methanol) 
Visualization: 254 nm and methyl red acid indicator 

System 1: Methanol: acetic acid (98:2) 

Spot 

Intensity Rr Rst 


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 Rr Rst 

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. Gas chromatography 

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 (41ll) ofchlorendic 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 

System2 

Column: 3% OV-17 on 80/100 Supelcoport, 1.8 m X 4 mm ID, glass 
Inlet temperature: 210° C 
Samples injected: Solutions (4 Jl}) 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(8)%; 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 of0.02%. One impurity was reported for 
lot no. 6287 on this column, after the major peak, with a relative area of0.03o/o. 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% 
± 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. 

175 	 Chlorendic Acid, NTP TR 304 



APPENDIX H. CHEMICAL CHARACTERIZATION 


II. Chemical Stability Study Performed by the Analytical Chemistry Laboratory 

A. 	 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. 

B. 	 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 of0.5% 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 

C. 	 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(8) 
60°C 	 100.7 ± 1.5(8) 

D. 	 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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III. 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 


03/07179 6287 97.52 

05/17179 6287 97.15 97.22 

09/11179 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 

01116/81 6745 97.35 97.70 


05/81 6745 96.95 97.89 

09/25/81 6745 97.50 97.47 

01127/82 6745 97.76 97.71 

05/21182 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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I. Two-week Stability in Feed 

A. 	Preparation procedure 

1. 	 Premix: Chlorendic acid (1.500 g) was mixed by spatula with about 5 g offeed 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. 

2. 	 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 ml with hexane. Final concentration was 0.50 11g/ml. 
Sodium chloride solution--22% (weight/weight): 22 g of reagent-grade sodium chloride 
was dissolved in 78 ml ofwater. 
Chlorendic acid matrix standard solution--100 mg ofchlorendic 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. 

2. 	 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 pi petted 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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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 ml of internal standard 
solution. The vials were immediately sealed and shaken vigorously for 1 minute. The 
dimethyl chlorendate content of the upper he:xane 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: 221o C, isothermal 
Volume injected: 4 }ll 
Carrier gas: Nitrogen 
Retention times: Dimethyl chlorendate--3.8 minutes 

Aldrin--3.0 minutes 

3. 	 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. 

4. 	 Results 

Storage Chlorendic Acid Percent Stability 

Temperature Found in Feed (a) (ppm) (- 20° c = 100%) (b) 


-20°C 1,040 	 100 ± 1 
soc 970 93 ± 2 


25°C 960 92 ± 4 

4S°C 930 89 ± 3 


(a) Results corrected for a zero-time spiked recovery yield of97 .1% ± 0.8%. The target 

concentration ofchlorendic acid in feed was 1,000 ppm. Values are the mean ofthree 

determinations. 

(b) Error values are maximum deviations from the main values. 

5. 	 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 S0 

, 25°, or 
45° C was 93%, 92%, or 89% of the -20° C sample, respectively. 
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II. Homogeneity Analysis 

A. 	 Preparation and analysis: Samples were prepared and analyzed as described in Section I. 

B. 	 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 ofchlorendic 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 
}lg/ml. The linear coefficient was 0.99732. 

C. 	 Results 

15-Minute Blend Chlorendic Acid Percent Recovery 
Sampling Location Found in Feed (a) (ppm) (found/target) (b) 

Right shell 1,012 ±13 101.2 ± 1.3 
L~lft shell 978 ±9 97.8 ± 0.9 
Bottom port 1,006 ± 15 100.6 ± 1.5 

<a) Results corrected for a zero-time spiked recovery yield of97.1% ± 0.8%. The target 

concentration ofchlorendic acid in feed was 1,000 ppm. Values are the mean ofthree 

determinations. 

(b) Error values are maximum deviations from the mean values and represent the sum of 

the analytical errors plus feed blend variations. 


D. 	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. 

III. 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 offeed with 50-mg 
quantities of chlorendic acid, weighed to the nearest 0.1 mg, in 1,000-ml 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. 

B. 	 Extraction and analysis: The analytical method used in this study was the same as was 
used in the 2-week stability study cited in LB., 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 gin 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 individual16 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 ml 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 o 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 

Storage Duration 
at Room Temperature 

2days 

4days 

7days 

Chlorendic Acid 
Found (a) (ppm) 

1,008 ± 5(b) 

945 ± 11 

973 ± 15 

Average Percent 
Concentration Ratio 

(found/target) (b) 

100.8 ± 0.5 

94.5 ± 1.1 

97.3 ± 1.5 

(a) Corrected for a zero-time spiked recovery yield of 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 ofchlorendic acid from feed dosed at 1,000 ppm was 97.3% 
± 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 lO-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 gin 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-pl 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 Q1.8 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 pi 
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 I.A. 
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II. Analytical Chemistry Laboratory 

A. 	 Boron trifluoride procedure 

1. 	 Special reagents 

Extracting solution--Prepared by mixing 10 ml 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 ml of de

ionized water 


2. 	 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. 

3. 	 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. 

4. 	 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 individual6-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° Coven 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 pi petted into 30-ml septum vials containing 5 ml of sodium chloride solution 
and 20 ml of internal standard solution (aldrin in pesticide-quality hexane, 0.108 J.lg/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 pl 
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. 


2. 	 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 ofnitrogen. 

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 of22% 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 }ll 
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 Kl. RESULTS OF HOMOGENEITY ANALYSIS OF FORMULATED DIETS IN THE 
THIRTEEN·WEEK FEED STUDIES OF CHLORENDIC ACID (a) 

Concentration ofChlorendic Acid 
Blender in Feed ~l!l!m} Determined as a 
Location Target Determined Percent ofTarget 

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 

(al Results ofduplicate analysis 
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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 
06/25/80 
06/30/80 
07/02/80 
07/14/80 
08/11/80 
09/29/80 
11/24/80 
01/05/81 
02/16/81 
04120/81 
08/17/81 
10/19/81 
10/28/81 
12/14181 
02/08/82 
03/29/82 
05/17/82 

580 
575 
600 

560 

630 
680 
625 
710 
595 

(c)555 
(d) 565 

620 
610 

(b) 705 
645 

1,165 

1,235 
(b) 1,095 

1,165 
1,200 
1,315 
1,270 
1,290 
1,215 
1,180 

1,310 
1,140 
1,380 
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 ofsamples 14 14 

(a) Results of duplicate analysis 
(b) Out of specification. Mix was used in the study. 
(c) Originally analyzed out ofspecification. Value presented is the corrected concentration. Mix not used in 
the study. 
(d) Remix. Not included 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 

(ppm) 
Study Laboratory Analytical Laboratory 

07/02/80 
01/05/81 
08/17/81 
12/14/81 

05/17/82 

620 
1,250 
1,250 
1,250 

620 

600 
1,315 
1,215 
1,310 

640 

(a) 585 
(a) 1,190 

(b,c) 1,020 
(a) 1,090 
(b) 1,150 
(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 ofanimal health that occurs during the toxicologic 
evaluation ofchemical 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 B6C3Ft 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 
Inhibition 

Complement 
Fixation ELISA 

Mice PVM (pneumonia virus of mice) 
Reo 3 (reovirus type 3) 
GDVII (Theiler's 

encephalomyelitis virus) 
Poly (polyoma virus) 
MVM (minute virus of mice) 
Ectro (infectious ectromelia) 
Sendai (12, 18, 24 mo) 

M.Ad. (mouse adenovirus) 
LCM (lymphocytic 

choriomeningitis virus) 
Sendai (6 mo) 
MHV (6, 12 mo) 

MHV (mouse hepatitis 
virus) (18, 24 mo) 

Rats PVM 
KRV (Kilham rat virus) 
H-1 (Toolan's H-1 virus) 
Sendai (6, 12, 18 mo) 

RCV (rat corona virus) 
Sendai (24 mo) 

II. Results 


Results are presented in Table Ll. 
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TABLE Ll. MURINE VIRUS ANTIBODY DETERMINATIONS FOR RATS AND MICE IN THE 
TWO-YEAR FEED STUDIES OF CHLORENDIC ACID (a) 

Interval (months) 

RATS 

6 

12 

18 

24 

MICE 

6 

12 

18 

24 

No. of 
Animals 

10/10 

3/10 
117 

4/10 

1n 
2/4 

Positive Serologic 
Reaction for 

None positive 


RCV 


None positive 


KRV 

Sendai 

RCV 


GDVII 

MHV 


None positive 


None positive 


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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TABLE Ml. FEED AND COMPOUND CONSUMPTION BY MALE RATS IN THE TWO-YEAR FEED STUDY 
OF CHLORENDIC ACID 

Control 620 l!l!m 11250 1mm 
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 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 77 
4 16 252 15 246 0.9 38 16 239 1.0 84 
5 15 269 14 259 0.9 34 15 254 1.0 74 
6 16 284 15 268 0.9 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 0.9 24 15 369 0.9 51 
33 17 429 16 402 0.9 25 15 381 0.9 49 
37 15 440 15 414 1.0 22 15 390 1.0 48 
41 15 443 14 417 0.9 21 14 395 0.9 44 
45 15 446 15 421 1.0 22 15 401 1.0 47 
49 16 453 15 430 0.9 22 14 406 0.9 43 
53 16 434 15 410 0.9 23 15 392 0.9 48 
57 15 447 13 421 0.9 19 14 398 0.9 44 
61 15 444 15 420 1.0 22 15 398 1.0 47 
65 17 445 16 424 0.9 23 16 402 0.9 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 0.9 47 
85 15 437 14 420 0.9 21 14 398 0.9 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 0.9 56 
SD(d) 
CV(e) 

1.2 
7.6 

0.8 
5.3 

0.1 
10.0 

7 
25.9 

1.6 
10.8 

0.1 
11.1 

15 
26.8 

(a) Grams of feed per day for the dosed group divided by that for the controls 
(b) Estimated milligrams ofchlorendic 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 TWO-YEAR FEED 
STUDY OF CHLORENDIC ACID 

Control 620 eem 1~50 Item 
Grams Body Grams Body Low/ Dose/ Grams Body High/ Dose/ 
Feed/ Weight Feed/ Weight Control (a) Day (b) Feed/ Weight Ccmtrol (a) Day (b) 

Week Day (c) (grams) Day (c) (grams) Day (c) (grams) 

1 10 143 14 143 1.4 61 10 140 1.0 89 
2 12 153 13 151 1.1 53 11 147 0.9 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 1.4 48 10 172 1.0 73 
8 11 187 14 183 1.3 47 11 174 1.0 79 
9 10 192 15 187 1.5 50 11 178 1.1 77 

10 12 195 12 186 1.0 40 11 177 0.9 78 
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 0.9 63 
25 10 229 14 214 1.4 41 12 202 1.2 74 
29 11 234 14 217 1.3 40 10 204 0.9 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 0.9 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 10 271 15 245 1.5 38 11 221 1.1 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 1.2 31 11 247 0.9 56 
73 12 325 14 283 1.2 31 11 251 0.9 55 
77 12 329 14 289 1.2 30 11 250 0.9 55 
81 13 330 13 286 1.0 28 12 253 0.9 59 
85 12 335 14 294 1.2 30 11 259 0.9 53 
89 13 344 15 300 1.2 31 13 267 1.0 61 
93 12 350 13 302 1.1 27 11 271 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 11.4 252 13.9 230 1.2 39 10.9 211 1.0 66 
SD(d) 
CV(e) 

0.9 
7.9 

0.9 
6.5 

0.1 
8.3 

10 
25.6 

0.9 
8.3 

0.1 
10.0 

12 
18.2 

(a) Grams offeed 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 M3. FEED AND COMPOUND CONSUMPTION BY MALE MICE IN THE TWO-YEAR FEED STUDY 
OF CHLORENDIC ACID 

Control 620 ~~m 1~50 ~~m 
Grams Body Grams Body Low/ Dose/ Grams Body Hight 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 28.5 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 30.3 1.2 248 
8 5 30.6 5 31.0 1.0 100 5 30.8 1.0 203 
9 5 31.6 5 30.4 1.0 102 5 30.5 1.0 205 

10 5 32.2 5 30.4 1.0 102 5 30.6 1.0 204 
11 5 32.4 6 31.8 1.2 117 6 31.4 1.2 239 
12 5 33.0 4 31.7 0.8 78 4 31.4 0.8 159 
13 4 32.9 4 31.9 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 34.3 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 35.5 1.0 70 4 36.1 1.0 139 
41 4 38.9 4 36.4 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 37.4 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 
77 4 40.8 4 39.5 1.0 63 5 37.7 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 37.4 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 34.3 1.1 89 4.9 33.7 1.1 185 
SD(d) 0.7 0.9 0.2 25 0.9 0.2 50 
CV(e) 15.6 18.8 18.2 28.1 18.4 18.2 27.0 

(a) Grams offeed per day for the dosed group divided by that for the controls 
(b) Estimated milligrams ofchlorendic acid consumed per day per kilogram ofbody weight 
(c) Grams of feed removed from feed hopper per animal per day. Not corrected for scatter. 
(d) Standard deviation 
(e) Coefficient ofvariation =(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 22m 1~50 22m 
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 20.4 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 0.9 354 
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 24.9 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 30.4 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 ~3.1 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 37.4 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 37.6 6 35.8 1.0 104 5 34.3 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 17.4 10.0 38.6 

(a) Grams offeed per day for the dosed group divided by that for the controls 
(b) Estimated milligrams ofchlorendic acid consumed per day per kilogram ofbody weight 
(c) Grams offeed removed from feed hopper per animal per day. Not corrected for scatter. 
(d) Standard deviation 
(e)Coefficientofvariation =(standard deviation/mean) X 100 
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APPENDIX N 


INGREDIENTS, NUTRIENT COMPOSITION, AND 


CONTAMINANT LEVELS IN 


NIH07RAT AND MOUSE RATION 


Meal Diet: June 1980 to July 1982 
(Manufactured by Zeigler Bros., Inc., Gardners, PA) 
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TABLE Nl. 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 (61)% 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 

Ds 
d-a-Tocopheryl acetate 
Riboflavin 
Thiamine 
Niacin 
d-Pantothenic acid 
Folic acid 

Pyridoxine 

812 
Biotin 

Ks 

Choline 


Minerals 

Iron 

Manganese 

Zinc 

Copper 

Iodine 

Cobalt 


5,500,000 IU 

4,600,000 IU 
20,000IU 

3.4g 
lO.Og 
30.0g 
18.0g 
2.2g 
1.7 g 

4,000 p.g 
140.0 mg 

2.8g 
560.0g 

120.0 g 
60.0g 
16.0g 
4.0g 
1.4g 
0.4g 

Stabilized vitamin A 
palmitate or acetate 

0-activated animal sterol 

Thiamine mononitrate 

d-Calcium pantothenate 

Pyridoxine hydrochloride 

d-Biotin 
Menadione activity 
Choline chloride 

Iron sulfate 
Manganous oxide 
Zinc oxide 
Copper sulfate 
Calcium iodate 
Cobalt carbonate 

(a) Per ton (2,000 lb) offinished product 
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TABLE N3. NUTRIENT COMPOSITION OF NIH 07 RAT AND MOUSE RATION (a) 

Mean ± Standard 
Nutrient Deviation Range Number ofSamples 

Crude protein (percent by weight) 24.20 ± 1.00 
Crude fat (percent by weight) 5.02 ± 0.46 
Crude fiber (percent by weight) 3.48 ± 0.41 
Ash (percent by weight) 6.66 ± 0.41 

Essential Amino Acids (percent of total diet) 

Arginine 1.260 
Cystine 0.395 
Glycine 1.175 
Histidine 0.553 
Isoleucine 0.908 
Leucine 1.905 
Lysine 1.250 
Methionine 0.310 
Phenylalanine 0.967 
Threonine 0.834 
Tryptophan 0.175 
Tyrosine 0.587 
Valine 1.085 

Essential Fatty Acids (percent of total diet) 

Linoleic 

Linolenic 

Arachidonic 


Vitamins 

Vitamin A (IU/kg) 

Vitamin D (IU/kg) 

a-Tocopherol (ppm) 

Thiamine (ppm) 

Riboflavin (ppm) 

Niacin (ppm) 

Pantothenic acid (ppm) 

Pyridoxine (ppm) 

Folic acid (ppm) 

Biotin (ppm) 

Vitamin 8 12 (ppb) 

Choline (ppm) 


Minerals 

Calcium (percent) 

Phosphorus (percent) 

Potassium (percent) 

Chloride (percent) 

Sodium (percent) 

Magnesium (percent) 

Sulfur (percent> 

lron(ppm) 

Manganese (ppm) 

Zinc(ppm) 

Copper (ppm) 

Iodine (ppm) 

Chromium (ppm) 

Cobalt (ppm) 


2.37 
0.308 
0.008 

11,087 ± 1,723 
6,300 
37.6 

18.8 ± 0.36 
6.9 

75 


30.2 

7.2 

2.1 


0.24 

12.8 


3,315 


1.27 ± 0.19 
1.00 ± 0.08 

0.809 
0.557 
0.304 
0.172 
0.278 
418 
90.8 
55.1 
12.68 
2.58 
1.86 
0.57 

22.6-26.3 24 

4.2-6.0 24 

2.4-4.3 24 


5.97-7.42 24 


1.21-1.31 2 

0.39-0.40 2 

1.15-1.20 2 


0.530-0.576 2 

0.881-0.934 2 


1.85-1.96 2 

1.20-1.30 2 


0.306-0.314 2 

0.960-0.974 2 

0.827-0.840 2 

0.171-0.178 2 

0.566-0.607 2 


1.05-1.12 2 


1 

1 

1 


7,200-17,000 24 

1 


31.1-44.0 2 

7.4-26.0 (b)23 

6.1-7.4 2 

65-85 2 


29.8-30.5 2 

5.6-8.8 2 

1.8-2.4 2 


0.21-0.27 2 

10.6-15.0 2 


3,200-3,430 2 


0.81-1.6 24 

0.84-1.10 24 


0.772-0.846 2 

0.479-0.635 2 

0.258-0.349 2 

0.166-0.177 2 

0.270-0.285 2 


409-426 2 

86.0-95.5 2 

54.2-56.0 2 


9.65-15.70 2 

1.52-3.64 2 

1.79-1.93 2 

0.49-0.65 2 


(a) One or two batches offeed analyzed were manufactured in January and/or April1983. 
(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 orSamples 

Arsenic (ppm) 0.39 ± 0.17 0.13-0.93 24 
Cadmium (ppm) (a) <0.1 24 
Lead(ppm) 1.09 ± 0.72 0.33-2.93 24 
~ercury(ppm)(a) 0.05 24 
Selenium (ppm} 0.30 ± 0.07 0.16-0.48 24 

24Aflatoxin& (ppb) (a,b} <10 

Nitrate nitrogen (ppm) (c) 8.50 ± 4.39 0.6-18.0 24 
Nitrite nitrogen (ppm) (c) 2.05 ± 1.28 0.4-5.3 24 
BHA (ppm)(d,e) 3.68 ± 2.71 0.4-11.0 24 
BHT (ppm) (d) 2.65 ± 1.13 1.2-4.9 24 

Aerobic plate count <CFU/g) (f) 70,729 ± 49,351 7,000-210,000 21 
Coliform (~PN/g) (g) 731 ± 880 <3-2,400 24 
E. coli (~PN/g) 7.50 ± 7.68 <3-23 24 

Total nitrosamines (ppb) (h,i) 7.24 ± 6.70 1.8-24.5 22 
Total nitrosamines (ppb) (hj) 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,l) 13.29 ± 26.86 0.7-99 24 
N-Nitrosopyrrolidine (ppb) 1.32 ± 0.81 0.3-3.5 24 

Pesticides (ppm) 

a-BHC(a,m) <0.01 24 
P-BHC(a) <0.02 24 
y-BHC-Lindane (a) <0.01 24 
li-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 
~irex(a) <0.01 24 
~ethoxychlor(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 
~ethyl parathion (a) <0.02 24 
Ethyl parathion (a) <0.02 24 
~alathion (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 ofcontamination: alfalfa, grains, and fish meal 
(d) Source of contamination: Soy oil and fish meal 
(e) Two batches contained less than 0.5 ppm. 
<0 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 4127/81. 

(j) Mean, standard deviation, and range include the very high values given in footnote i. 

(kl Mean, standard deviation, and range exclude two very high values of97.9 and 99 ppb for batches produced on 1/26/81 and 

4/27/81. 

(}) Mean, standard deviation, and range include the high values given in footnote k. 

(m) BHC =hexachlorocyclohexane or benzene hexachloride 

(nl 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 0 


DISPOSITION AND EXCRETION OF CHLORENDIC ACID 

IN FISCHER 344 RATS 

(Gary M. Decad and Minerva T. Fields, 

Journal ofToxicology and Environmental Health 9:911-920, 1982; reproduced with the permission of 


Hemisphere Publishing Corp., New York, NY) 
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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 dlcorboxylic acid, 
chlorendic acid, was studied In the mole Fischer 344 rat. (1 4 C/Chlorendlc acid was 
absorbed after an oral dose of 7. 7 jU'TIOI per kilogram of body weight. The distribu
tion in various tissues was similar whether the treatment was by the oral or the 
intravenous route. The major site of { 14 C/chlorendic acid deposition was the liver, 
with smaller amounts found in the blood, muscle, skin, and kidneys. Ch/orendlc 
acid-deri111d 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 also primarily metabolites of chlorendlc acid. Thus, chlorendlc 
acid was absorbed, metabolized, and excreted primarily in the feces as metabolites. 
The rapid metabolism and biliary excretion of chlorendlc acid contrast with 
observations for the closely related lipophilic compounds aldrin and dieldrin. 

INTRODUCTION 

1 ,4,5,6,7 ,7-Hexachlorendo-S-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 (IARC, 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). 
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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- 14 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 Environmental Health Sciences. The radiolabcled com
pound was ;;;;r.99% radiochemically pure. The dose solution was made 
up by dissolving [ 14 C)chlorendic acid in a 1:1 mixture of Emulfor, 
a polyoxyethylated vegetable oil (GAF Corp., New York), and ethanol 
along with unlabeled chlorendic acid (K & K laboratories, Irvine, Calif), 
;;;.,g9% 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). [ 14 C}Chlorendic 
acid solution was injected iv into the tail vein of rats (3 mg/kg, 7.7 ~o~mol/kg, 
11 ~o~Ci/kg, 1 ml/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 
14 C02 in a Packard model 3068 biological oxidizer {Packard Instrument 
Co., Downers Grove, Ill.). Recovery of 14 C02 radioactivity was 
determined and corrected for quenching in a Beckman model lS8100 
liquid scintillation system (Beckman lnsiruments, Fullerton, Calif.). 
In each case, a section of the tail injection site with 0.5 cm 2 of sur
rounding tissue was removed and the residual radioactivity determined. 
When the injection site contained as much as 5% of the [ 14 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 (SO mg perirenal), and skin (1 00 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 
muscle 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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DISPOSITION OF CHLORENDIC ACID 

with mortar and pestle; two 1 00-mg samples of each daily collection 
were oxidized. [ 14 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 [ 14 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-1 0 tubing and bile collected at 
timed intervals for 6 h. Excretion in bile was determined by counting 
duplicate 1 0-1.d 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 N2 • Concentrated extracts were chromatographed 
as a band on 20 X 20 em silica gel G thin-layer plates (Analtech, Inc., 
Newark, Del.) for 15 em. 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 [14 C)chlorendic 
acid (Rr = 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 vigo"r'ously with 20 ml Aquasol, and counted. 

Bile samples were analyzed by thin-layer chromatography with 
the solvent systems described above both ·before and after hydrolysis 
in 1 N HCI at 90°C for 1 h. Bile samples were also treated with {3
glucuronidase or aryl sulfatase and then a portion of the unextracted 
sample was subjected to thin-layer chromatography as described 
above. Approximately 20 ~tl 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 J3-glucuronidase (bovine liver, type Bl 0, Sigma 
Chemical Co., St. Louis, Mo.) or 30 U/ml aryl sulfatase (abalone 
entrails, type VIII, 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 ±SO, n ;;> 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 aram of tissue (n ;;. 3 animals) 

Tissue 15 min 30min 1 h 3h 7h 1 d 

Blood 1.19±0.17 1.13 ± 0.65 1.21 ±0.15 0.24 :i 0.17 0.03 i 0.01 0.04 :i 0.006 
liver 6.87 i 0.71 4.85 :t 1.19 3.68 :i 0.18 1.39±0.18 0.522 :t 0.033 0.206 :i 0.122 
Kidney 3.23 t 0.588 2.08 t 0.175 1.46 t 0.183 0.340 t 0.040 0.015 t 0.014 0.019 t 0.014 
Thymus 0.141 i 0.098 0.432 t 0.4~3 0.089 :1: 0.019 0.014 t 0.009 0 0 
Adrenals 9.99:1:5.85 6.70 t 1.65 3.69 :i 1.83 0.350 :t 0.606 0 0 

\0...... 
Spleen 
Testes 

0.410 i 
0.085 i 

0.062 
0.015 

0.500:1:0.07 
0.499 :1: 0.720 

0.212 i 0.032 
0.060 :1: 0.004 

0.286 :1: 0.440 
0.022 :1: 0.004 

0.008 :i 0.013 
0 

0 
0 

lunas 0.508 ± 0.125 0.750 :1: 0.684 0.212 :i 0.032 0.078 :1: 0.055 0.010 :i 0.006 0 
Small intestine 

Contents 
0.438:1: 0.196 
0.301 i 0.170 

1.00:1: 1.64 •3.55 :1: 1.65 
7.99:1: 3.57 

10.49 :1: 2.04 
1.14±0.751 
19.6 :1: 11.25 

0.266 :1: 0.149 
2.49:1: 1.90 

0.010 i 
0.122 t 

0.018 
0.039 

Larae intestine 0.213 i 0.112 0.081 :t 0.016 0.177 :1:0.112 0.592 :1: 0.292 1.14 :1: 0.315 0.035 :1: 0.019 

t-:1.... 
en 

Contents 
Skin 

0.227 i 0.192 
0.386:1: 0.081 

0.128 i 0.027 
0.280 :1: 0.037 

0.028 :1: 0.016 
0.183 i 0.066 

4.95:1: 1.18 
0.020 :1: 0.001 

26.7 :1: 9.53 
0 

1.76 i 1.19 
0 

Brain 0.079 i 0.049 0.045 :1: 0.013 0.020 :1: 0.024 0 0.002 :1: 0.003 0 
Adipose 0.004 i 0.003 0.004 i 0.007 0.003 :1: 0.001 0 0 0 
Muscle 0.161 :1: 0.028 0.091 :1: 0.008 0.058 i 0.011 0.004 :1: 0.004 0 0 
Heart 0.352 :1: 0.054 0.228 :1: 0.081 0.142:1:0.043 0.036 i 0.014 0.009 :1: 0.015 0 
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RESULTS 

Intravenous Administration 

The dose of [14 C]chlorendic acid (7.7 ~mol/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 chlorendic 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 I iver 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%) [14 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 chlorendic acid-derived radioactivity 

FIGURE 1. Percent of total chlorendic acid dose in liver versus time. Animals were given 7.7 ~mol/kg 
[I4 C)chlorendic acid iv. Each point represents the mean :1: 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 

FIGURE 2. Percent of total chlorendlc acid dose in blood versus time. Animals were given 7.7 llmol/ 
kg [14 C) chlorendic acid iv. Each point represents the mean :t SD for three animals. 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 l5 min it was approxi
mately equivalent to 0.11 pmol/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 min to 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 chloreni:lic 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 pmol/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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TABLE 2. Distribution of Radioactivity 1 d after Administration of 
(14 C) Chlorendic Acid 

Percent of total dose (n :> 3 animals) 

Tissue Oral Intravenous 

Blood 
Liver 
Kidney 
Small intestine 

Contents 
Large intestine 

Contents 
Feces 
Urine 

0.033 :t O.Q14 
1.08 :t 0.035 

0.018 :t 0.008 
0.188 :t 0.137 
0.460 :t 0.194 

1.16 :t 0.394 
12.7 :t 2.76 

73.00 :t 5.93 
2.98 :t 1.35 

0.524 :t 0.026 
0.524 :t 0.026 
0.021 :t 0.016 
0.036 :t 0.062 
0.266 t 0.1 57 
0.070 t 0.035 

5.51 t 2.93 
77.80 t 13.10 

5.94 t 2.14 

Excretion 

Excretion of [ 14 CJchlorendic 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 tTable 2). Since the feces were the major 

FIGURE 3. Cumulative excretion of chlorendlc acid-derived radioactivity in bile. Samples were 
collected after iv administration of 7.7 "mol/kg (14 C]chlorendic acid into the femoral vein. Each 
point represents the mean :1: SO 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 [ 14 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 [14 C]chlorendic acid-derived radioactivity in bile 
was excreted in the feces. · 

The [ 14 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 Rr 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 (3-glucuronidase or aryl sulfatase did 
not alter the chromatographic results. 

Feces were sequentially extracted with hexane, methylene chloride, 
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 Rr 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 chlorendic 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 result 
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 (I ARC, 1974). It ac
cumulates in the food chain and was detected in human milk and adipose 
tissue (JARC, 1974). [14 C] Aldrin was converted to dieldrin after oral ad
ministration to male rats, and the dieldrin was stored in adipose tissue 
(JARC, 1975). 

The polarity of chlorendic acid and the ability of the rat to metabolize 
it and rapidly clear it from the body moy 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 B6C3Ft 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 ofthe 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 of9 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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