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FOREWORD: This report presents the results of the bioassay of
 
lithocholic acid conducted for the Carcinogenesis Testing Program,
 
Division of Cancer Cause and Prevention, National Cancer Institute
 
(NCI), National Institutes of Health, Bethesda, Maryland. This is
 
one of a series of experiments designed to determine whether selected
 
chemicals have the capacity to produce cancer in animals. Negative
 
results, in which the test animals do not have a significantly
 
greater incidence of cancer than control animals, do not necessarily
 
mean the test chemical is not a carcinogen because the experiments
 
are conducted under a limited set of circumstances. Positive results
 
demonstrate that the test chemical is carcinogenic for animals under
 
the conditions of the test and indicate a potential risk to man.
 
The actual determination of the risk to man from animal carcinogens
 
requires a wider analysis.
 

CONTRIBUTORS: This bioassay of lithocholic acid was conducted by
 
Litton Bionetics, Inc., Kensington, Maryland, initially under direct
 
contract to the NCI and currently under a subcontract to Tracor
 
Jitco, Inc., prime contractor for the NCI Carcinogenesis Testing
 
Program.
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Howard (4) and Mr. H. D. Thornett (4); Mr. H. Paulin (4) analyzed
 
dosed feed mixtures. Ms. J. Blalock (4) was responsible for data
 
collection and assembly. Chemical analysis was performed by Midwest
 
Research Institute (6) and the analytical results were reviewed by
 
Dr. N. Zimmerman (7).
 

Histopathologic examinations were performed by Dr. B. C. Zook
 
(4) at Litton Bionetics, Inc., the pathology narratives were written
 
by Dr. B. C. Zook (4), and the diagnoses included in this report
 
represent the interpretation of this pathologist. Histopathology
 
findings and reports were reviewed by Dr. R. L. Schueler (8).
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SUMMARY
 

A bioassay for the possible carcinogenicity of lithocholic acid
 
was conducted using Fischer 344 rats and B6C3F1 mice. Lithocholic
 
acid was administered by gavage, at eitner of two dosages, to groups
 
of 50 male and 50 female animals of each species, except for 49 low
 
dose female rats. Twenty animals of each sex and species were placed
 
on test as controls. The high and low dosages of lithocholic acid
 
administered were, respectively, 500 and 250 mg/kg for rats and 250
 
and 125 mg/kg for mice. The compound was administered to rats and
 
mice for 103 weeks. The period of compound administration was fol­
lowed by an observation period of 1 week for rats and 2 weeks for
 
mice.
 

There were no significant positive associations between the dos­
ages of lithocholic acid administered and mortality in rats or mice
 
of either sex. Adequate numbers of animals in all groups survived
 
sufficiently long to be at risk from late-developing tumors. Slight
 
dose-related mean body weight depression was observed in male rats
 
and female mice and high incidences of chronic kidney inflammation
 
were observed in female rats, indicating that the dosages of litho­
cholic acid administered to these animals in this bioassay may have
 
approximated the maximum tolerated dosages. Since no mean body
 
weight depression, relative to controls, no significant accelerated
 
mortality, and no other signs of toxici.ty were associated with ad­
ministration of lithocholic acid to male mice, it is possible that
 
these animals may have been able to tolerate a higher dosage. How­
ever, in the Subchronic study there were deaths among all the dosed
 
male mouse groups, even those receiving lithocholic acid at a level
 
only twofold greater than the high dose utilized in the chronic
 
study.
 

None of the statistical tests for any site in rats or in mice of
 
either sex indicated a significant positive association between com­
pound administration and tumor incidence.
 

Under the conditions of this bioassay, lithocholic acid was not
 
carcinogenic when administered by gavage to Fischer 344 rats or
 
B6C3F1 mice.
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I. INTRODUCTION
 

Lithocholic acid (Figure 1) (NCI No. C03861), a naturally oc­

curring bile acid, was selected for bioassay by the National Cancer
 

Institute because it has been reported to promote the development
 

of hepatoma and hyperplastic nodules induced by DL-ethionine in rat
 

liver (Hiasa et al., 1971), and because of the strong correlation
 

between concentrations of neutral sterols and bile acid derivatives
 

in human feces and the incidence of human colon cancer (Hill et al.,
 

1971).
 

The Chemical Abstracts Service (CAS) Ninth Collective Index
 

(1977) name for this compound is (3o,5p)-3-hydroxycholan-24-oic
 

acid.* It is also called 3o;-hydroxy-5p-cholan-24-oic acid; 3#­

hydroxy-5p-cholanic acid; Scf-hydroxychloanic acid; 3-monohydroxy­

cholanic acid; and 17(3-( l-methyl-3-carboxypropyl)ethiocholan-3Q'-ol.
 

Lithocholic acid and a number of other bile acids occur in hu­

man feces in concentrations which vary with the predominant dietary
 

composition of the individual or individuals from whom samples are
 

taken. In one study, the following average daily levels of excreted
 

lithocholic acid were measured: among 17 Americans on a mixed West­

ern diet high in fat and animal protein, 81.1 +_ 12.9 mg/day; among 11
 

American Seventh-Day Adventists on a mixed Western diet without meat,
 

15.0 _^4.1 mg/day; among 12 American strict vegetarians, 23.4 ^_4.7
 

mg/day; among 21 Japanese-Americans on a Japanese diet, 22.8 + 3.3
 

*The CAS registry number is 434-13-9.
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CH3 

XCH—CH2CH2COOH 

FIGURE 1
 
CHEMICAL STRUCTURE OF LITHOCHOLIC ACID
 



mg/day; and among 11 Chinese-Americans on a Chinese diet, 20.0 +_ 5.7
 

mg/day (Reddy and Wynder, 1973). The high levels of lithocholic and
 

other bile acids in fecal samples from Americans show a strong cor­

relation with the significantly increased incidence of colon cancer
 

among this population over that of Japanese and Seventh-Day Advent­

ists. No comparable data are available for Chinese or American
 

vegetarian populations (Reddy and Wynder, 1973).
 

Further evidence for a connection between lithocholic acid and
 

colon cancer is the increased level of this compound in the feces of
 

colon cancer patients (5.7 +_ 1.0 mg/g dry feces) over that of con­

trols (3.4 _+ 0.02 mg/g dry feces) (Reddy et al., 1975).
 

Lithocholic acid does not appear to be produced in commercial
 

quantities (in excess of 1000 pounds or $1000 in value annually) by
 

any U.S. companies (U.S. International Trade Commission, 1977).
 

Lithocholic acid is produced in smaller quantities for biological
 

research, either by purification from bile or by chemical modifi­

cation of the related bile acids deoxycholic acid and cholic acid
 

(Hawley, 1977).
 

Lithocholic acid has been shown to exert tumor-promoting activity
 

in two mammalian studies. Hepatocellular carcinoma was found in the
 

liver of 9 of 12 male Wistar rats surviving 20 to 34 weeks after
 

initiation of a diet containing 0.5 percent lithocholic acid and 0.1
 

percent DL-ethionine, but was found in only 3 of 12 surviving rats
 

receiving 0.1 percent DL-ethionine alone. No carcinoma was found in
 



9 control rats, 14 receiving 0.5 percent lithocholic acid, 13
 

receiving 0.05 percent DL-ethionine, or 12 receiving 0.5 percent
 

lithocholic acid plus 0.05 percent DL-ethionine (Hiasa et al., 1971).
 

In a second study with Charles River CD-Fischer rats of both sexes,
 

lithocholic acid increased the frequency of N-methyl-N'-nitro-N­

nitrosoguanidine (MNNG)-induced colorectal neoplasms after intrarec­

tal administration. Neoplasms were found in 15 of 29 rats receiving
 

one intrarectal dose of 4 mg MNNG followed by intrarectal adminis­

tration of 1 mg lithocholic acid 5 times weekly for 13 months.
 

Administration of MNNG alone induced neoplasms in 8 of 32 rats. No
 

neoplasms were found in 32 rats receiving only lithocholic acid
 

(Narisawa et al., 1974).
 



II. MATERIALS AND METHODS
 

A. Chemicals
 

Lithocholic acid was purchased from California Biochemical Cor­

poration, Los Angeles, California. Chemical analysis was performed
 

by Midwest Research Institute, Kansas City, Missouri. The melting
 

point (184̂  to 186°C) compared favorably with the literature values
 

reported (Berger et al., 1955 [183° to 184.5°C]; Heusser and Wuthier,
 

1947 [187° to 188°C]; Fischer, 1911 [184°C]). The results of elemen­

tal analysis of the compound were within 1 percent of that expected
 

on a theoretical basis. Thin-layer chromatography was performed
 

utilizing two solvent systems (i.e., ethyl acetate and acetone:ben­

zene). Each plate was visualized with methyl red and each indicated
 

the presence of three spots, one major spot and two impurities.
 

Vapor-phase chromatography yielded two peaks, one approximately
 

10 percent of the area of the second. The results of infrared and
 

nuclear magnetic resonance analyses were consistent with those ex­

pected based upon the structure of the compound and agreed with
 

the literature spectra (Fischmeister, I960; Small et al., 1969).
 

Ultraviolet analysis revealed ^-max at 209 nm with a molar extinc­

tion coefficient of 67. No literature value was found for compari­

son. Virtually all (i.e., 100 _+_ 2 percent) of the material responded
 

to titration of the acid function.
 

Throughout this report, the term lithocholic acid is used to
 

represent this material.
 



B. Dosage Preparation
 

Fresh solutions of lithocholic acid in shelf-grade A&P corn oil
 

(Great Atlantic and Pacific Tea Company, Baltimore City, Maryland)
 

were prepared on each day that intubation was performed. Excess
 

portions of the mixtures were disposed of rather than stored. The
 

concentration of lithocholic acid in corn oil ranged from 5 to 10
 

percent for rats, and from 2.5 to 5 percent for mice.
 

Dosed corn oil preparations containing 48 and 100 mg/ml of litho­

cholic acid were analyzed spectrophotometrically. The mean result
 

immediately after preparation was 94 percent of theoretical (rang­

ing from 90 to 98 percent).
 

C. Animals
 

The two animal species, Fischer 344 rats and B6C3F1 mice, used
 

in the carcinogenicity bioassay were obtained through contracts of
 

the Division of Cancer Treatment, National Cancer Institute. Rats
 

were supplied by the Frederick Cancer Research Center, Frederick,
 

Maryland, and Charles River Breeding Laboratories, Inc., Wilmington,
 

Massachusetts. All mice were supplied by Charles River Breeding
 

Laboratories, Inc., Wilmington, Massachusetts.
 

Rats and mice were approximately 4 weeks old when received.
 

Upon receipt, animals were examined and any obviously ill or runted
 

animals were killed. The remaining animals were quarantined for
 

2 weeks prior to initiation of test. Animals which did not manifest
 

clinical signs of disease were placed on test at this time. Animals
 



were assigned to groups and distributed among cages so that the
 

average body weight per cage was approximately equal for a given
 

species and sex.
 

D. Animal Maintenance
 

All animals were housed by species in rooms with a temperature
 

range of 22° to 26°C and a range in relative humidity of 45 to 55
 

percent. Incoming air was filtered through HEPA filters (Flanders
 

Filters, McLean, Virginia) at a rate of 12 to 15 complete changes of
 

room air per hour. Fluorescent lighting was provided 8 hours per day
 

(9:00 a.m. to 5:00 p.m.).
 

All rats were housed four per cage by sex and all mice were
 

housed five per cage by sex. Throughout the study dosed and control
 

animals of both species were housed in polycarbonate cages (Lab
 

Products, Inc., Garfield, New Jersey) suspended from aluminum racks.
 

Racks were fitted with a continuous piece of stainless steel mesh
 

over which a sheet of filter paper was firmly secured. Filter paper
 

was changed at 2—week intervals, when the racks were sanitized.
 

Clean cages and bedding were provided twice weekly. Ab-sorb-dri®
 

hardwood chip bedding (Wilner Wood Products Company, Norway, Maine)
 

was used in polycarbonate cages for the entire bioassay.
 

Acidulated water (pH 2.5) was supplied to animals in water bot­

tles. Water bottles were changed and washed twice weekly, and sipper
 

tubes were washed at weekly intervals. All animals were supplied
 

with Wayne Lab-Blox® meal in hanging stainless steel hoppers which
 



were refilled three times per week and sanitized weekly. Food and
 

water were available ad libitum for both species.
 

All dosed and control rats were housed in a room with other rats
 

receiving diets containing* EDTA trisodium salt (150-38-9); rats
 

receiving I.P. injections of methiodal sodium (126-31-8); and other
 

rats intubated with pivalolactone (1955-45-9).
 

All dosed and control mice were housed in a room with mice
 

receiving diets containing N,N'-diethylthiourea (105-55-5); EDTA
 

trisodium salt (150-38-9); 3,3'-dimethoxybenzidine-4,4'-diisocyanate
 

(91-93-0); triphenyltin hydroxide (76-87-9); carbromal (77-65-6);
 

diaminozide (1596-84-5); p-quinone dioxime (105-11-3); and 4-amino­

2-nitrophenol (119-34-6); and other mice receiving I.P. injections of
 

methiodal sodium (126-31-8).
 

E. Gastric Intubation
 

Intubation was performed for three days per week on a mg/kg body
 

weight basis, utilizing the most recently observed group mean body
 

weight as a guide for determining the dose. All animals were weighed
 

and dosages adjusted once monthly, based on group mean body weight.
 

Thus, although the ratio of dose to weight remained constant, the
 

total dose administered changed with an increase or decrease in group
 

mean body weight. Animals of each sex within a dosed group received
 

the same dosage.
 

CAS registry numbers are given in parentheses.
 



F. Selection of Initial Dose Levels
 

To establish the dosages of lithocholic acid for administration
 

to dosed animals in the chronic studies, Subchronic toxicity tests
 

were conducted with both rats and mice. Animals of each species were
 

distributed among six groups, each consisting of five males and five
 

females. During the first week of the Subchronic study, lithocholic
 

acid was incorporated into the basal laboratory diet and supplied ad
 

libitum to five of the six groups of each species in concentrations
 

of 6800, 10,000, 14,700, 21,600 and 31,500 ppm. The remaining group
 

of each species served as a control group, receiving only the basal
 

laboratory diet.
 

Due to the instability of lithocholic acid in feed, the chemical
 

was administered by gavage beginning in week 2 of the Subchronic
 

test. The dosages utilized were 464, 681, 1000, 1470, and 2150 mg/kg
 

and were, respectively, administered to the groups initially receiv­

ing 6800, 10,000, 14,700, 21,600, and 31,500 ppm. Intubation was
 

performed 3 times per week for 7 weeks, followed by a 1-week obser­

vation period. The control group received corn oil by gavage from
 

weeks 2 through 8. Individual body weights and food consumption data
 

were recorded twice weekly throughout the study. Upon termination of
 

the study all survivors were sacrificed and necropsied.
 

The following table indicates the mean body weight gain, rela­

tive to controls, and survival observed in each of the dosed rat
 

groups at the end of the Subchronic test.
 



RAT SUBCHRONIC STUDY RESULTS
 

Mean Body Weight Gain (%)* Survival**
 
\e (rag/kg) Males Females Males Females
 

2150 -20 +3 5/5 5/5
 
1470 -15 +6 5/5 5/5
 
1000 - 8 +8 5/5 5/5
 
681 - 6 +4 5/5 5/5
 
464 -11 +4 5/5 5/5
 

0 r 5/5 5/5
 
— —
 

No other clinical signs were recorded for any rat group. The
 

high dose selected for administration to dosed rats in the chronic
 

bioassay was 500 mg/kg.
 

The following table indicates the mean body weight gain, rela­

tive to controls, and survival observed in each of the dosed mouse
 

groups at the end of the Subchronic test.
 

MOUSE SUBCHRONIC STUDY RESULTS
 

Mean Body Weight Gain (%)* Survival**
 
Dosage (mg/kg) Males Females Males Females
 

2150 — — 0/5 0/5
 
1470 — — 0/5 0/5
 
1000 — — 0/5 0/5
 
681 + 7 - 7 2/5 4/5
 
464 +16 -13 4/5 5/5
 
0 — -- 5/5 5/5
 

No other clinical signs were recorded for any mouse group. The
 

high dose selected for administration to dosed mice in the chronic
 

bioassay was 250 mg/kg.
 

+ is indicative of mean body weight gain greater than that of con­
trols
 

- is indicative of mean body weight gain less than that of con­
trols.
 

Number of animals observed/number of animals originally in group.
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G. Experimental Design
 

The experimental design parameters for the chronic study (spe­

cies, sex, group size, dosages administered, and duration of treated
 

and untreated observation periods) are summarized in Tables
 

1 and 2.
 

All rats were approximately 6 weeks old at the time the test
 

was initiated and were placed on test simultaneously. The dosages
 

of lithochlolic acid administered to rats were 500 and 250 mg/kg.
 

Throughout this report those rats receiving the former dosage are
 

referred to as the high dose groups and those receiving the latter
 

dosage are referred to as the low dose groups. Dosed rats were
 

administered lithocholic acid for 103 weeks followed by a 1-week
 

observation period.
 

All mice were approximately 6 weeks old at the time the test
 

was initiated and were placed on test simultaneously. The dosages
 

of lithocholic acid administered were 250 and 125 mg/kg. Throughout
 

this report those mice receiving the former dosage are referred to
 

as the high dose groups and those receiving the latter dosage are
 

referred to as the low dose groups. Dosed mice were administered
 

lithocholic acid for 103 weeks followed by a 2-week observation
 

period.
 

Vehicle control animals were intubated with 5 ml/kg corn oil
 

three times per week for 103 weeks and received no intubations for
 

the remaining 2 weeks of the bioassay.
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TABLE 1
 

DESIGN SUMMARY FOR FISCHER 344 RATS
 
LITHOCHOLIC ACID GAVAGE EXPERIMENT
 

INITIAL LITHOCHOLIC OBSERVATION PERIOD 
GROUP ACID TREATED UNTREATED 
SIZE DOSAGE3 (WEEKS) (WEEKS) 

MALE
 

VEHICLE
 
CONTROL 20 0 0 104
 

LOW DOSE 50 250 103
 
0 1
 

HIGH DOSE 50 500 103
 
0 1
 

FEMALE
 

VEHICLE
 
CONTROL 20 0 0 104
 

LOW DOSE 49 250 103
 
0 1
 

HIGH DOSE 50 500 103
 
0 1
 

aDosages, given in mg/kg body weight, were administered by gavage 3
 
days per week.
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TABLE 2
 

DESIGN SUMMARY FOR B6C3F1 MICE
 
LITHOCHOLIC ACID GAVAGE EXPERIMENT
 

MALE
 

VEHICLE
 
CONTROL
 

LOW DOSE
 

HIGH DOSE
 

FEMALE
 

VEHICLE
 
CONTROL
 

LOW DOSE
 

HIGH DOSE
 

INITIAL
GROUP
SIZE

 LITHOCHOLIC 
 ACID 

DOSAGEa 

20 0 

50 . 125 
0 

50 250 
0 

20 0 

50 125 
0 

50 250 
0 

OBSERVATION PERIOD
 
TREATED UNTREATED
 
(WEEKS) (WEEKS)
 

0 105
 

103
 
2
 

103
 
2
 

0 105
 

103
 
2
 

103
 
2
 

aDosages, given in rag/kg body weight, were administered by gavage 3
 
days per week.
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H. Clinical and Histopathologic Examinations
 

Animals were weighed immediately prior to initiation of the ex­

periment. Body weights for rats were recorded at monthly intervals
 

throughout the bioassay. Body weights for mice were recorded once a
 

week for the first 6 weeks, every 2 weeks for the next 4 weeks, and
 

at monthly intervals thereafter. All animals were inspected twice
 

daily. Food consumption data were collected at monthly intervals
 

from 20 percent of the animals in each group.
 

All moribund animals or animals that developed large, palpable
 

masses that jeopardized their health were killed. A necropsy was
 

performed on each animal regardless of whether it died, was killed
 

when moribund, or was killed at the end of the bioassay. The animals
 

were euthanized with carbon dioxide, and were immediately necropsied.
 

The histopathologic examination consisted of gross and microscopic
 

examination of all major tissues, organs, and gross lesions taken
 

from sacrificed animals and, whenever possible, from animals found
 

dead.
 

Tissues were preserved in a 10 percent neutral buffered formalin
 

solution, embedded in paraffin, sectioned, and stained with hematox­

ylin and eosin prior to microscopic examination.
 

Slides were prepared from the following tissues: skin, subcuta­

neous tissue, lungs and bronchi, trachea, bone marrow, spleen, lymph
 

nodes, thymus, heart, salivary gland, liver, gallbladder (mice), pan­

creas, esophagus, stomach, small intestine, large intestine, kidney,
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urinary bladder, pituitary, adrenal, thyroid, parathyroid, seminal
 

vesicle, testis, prostate, brain, uterus, mammary gland, and ovary.
 

A few tissues were not examined for some animals, particularly
 

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

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

preclude histopathologic interpretation. Thus, the number of animals
 

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

scopically varies and does not necessarily represent the number of
 

animals that were recorded in each group at the time that the test
 

was initiated.
 

I. Data Recording and Statistical Analyses
 

Pertinent data on this experiment have been recorded in an auto­

matic data processing system, the Carcinogenesis Bioassay Data System
 

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

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

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

as recommended by the International Union Against Cancer (Berenblum,
 

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

scription and for statistical review.
 

These data were analyzed using the statistical techniques de­

scribed in this section. Those analyses of the experimental results
 

that bear on the possibility of carcinogenicity are discussed in the
 

statistical narrative sections.
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Probabilities of survival were estimated by the product-limit
 

procedure of Kaplan and Meier (1958) and are presented in this report
 

in the form of graphs. Animals were statistically censored as of the
 

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

missing; animals dying from natural causes were not statistically
 

censored. Statistical analyses for a possible dose-related effect
 

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

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

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

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

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

The incidence of neoplastic or nonneoplastic lesions has been
 

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

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

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

nators included only those animals for which that site was examined
 

histologically. However, when macroscopic examination was required
 

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

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

lymphomas), the denominators consist of the numbers of animals
 

necropsied.
 

The purpose of the statistical analyses of tumor incidence is
 

to determine whether animals receiving the test chemical developed a
 

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

test (Cox, 1970, pp. 48-52) was used to compare the tumor incidence
 

of a control group to that of a group of treated animals at each dose
 

level. When results for a number of treated groups, k, are compared
 

simultaneously with those for a control group, a correction to ensure
 

an overall significance level of 0.05 may be made. The Bonferroni
 

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

any comparison be less than or equal to 0.05/k. In cases where this
 

correction was used, it is discussed in the narrative section. It
 

is not, however, presented in the tables, where the Fisher exact
 

P-values are shown.
 

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

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

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

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

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

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

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

from linear trend.
 

A time-adjusted analysis was applied when numerous early deaths
 

resulted from causes that were not associated with the formation of
 

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

tumor was observed were excluded by basing the statistical tests on
 

animals that survived at least 52 weeks, unless a tumor was found at
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the anatomic site of interest before week 52. When such an early
 

tumor was found, comparisons were based exclusively on animals that
 

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

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

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

Cochran-Armitage tests, etc.) were followed.
 

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

incidence of tumors. Curves of the proportions surviving without an
 

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

during which animals died naturally or were sacrificed was entered
 

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

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

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

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

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

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


tailed test) were also noted.
 

The approximate 95 percent confidence interval for the relative
 

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

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

is defined as Pt/pc where pt is the true binomial probability of the
 

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

and pc is the true probability of the Spontaneous incidence of the
 

same type of tumor in a control group. The hypothesis of equality
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between the true proportion of a specific tumor in a treated group
 

and the proportion in a control group corresponds to a relative risk
 

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

larger proportion in the treated group than in the control.
 

The lower and upper limits of the confidence interval of the
 

relative risk have been included in the tables of statistical anal­

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

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

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

would be within the interval calculated from the experiment. When
 

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

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

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

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

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

the lower limit indicates the absence of a significant result while
 

the upper limit indicates that there is a theoretical possibility
 

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

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

A. Body Weights and Clinical Observations
 

Slight dose-related mean body weight depression was apparent in
 

male rats throughout a major portion of the bioassay. Dosed female
 

rats, however, did not evidence mean body weight depression relative
 

to controls (Figure 2).
 

No other clinical signs were recorded.
 

B. Survival
 

The estimated probabilities of survival for male and female rats
 

in the control and lithocholic acid-dosed groups are shown in Figure
 

3. The Tarone test did not indicate a significant positive associa­

tion between dosage and mortality for rats of either sex. Similarly,
 

the Cox tests comparing the dosed groups to the control were also not
 

significant.
 

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


developing tumors as 80 percent (40/50) of the high dose, 90 percent
 

(45/50) of the low dose, and 80 percent (16/20) of the controls sur­

vived on test until the termination of the study.
 

There was also an adequate number of female rats at risk from
 

late-developing tumors, as 66 percent (33/50) of the high dose, 82
 

percent (41/50) of the low dose, and 80 percent (16/20) of the
 

controls survived on test for at least 104 weeks.
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C. Pathology
 

Histopathologic findings on neoplasms in rats are summarized in
 

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

summarized in Appendix C (Tables Cl and C2).
 

There was a spontaneous occurrence of a variety of tumors in the
 

control and dosed groups. A few neoplasms occurred only, or with a
 

greater frequency, in rats in dosed groups as compared with controls.
 

One adenocarcinoma of the colon and one adenocarcinoma of the small
 

intestine were seen in high dose males. The neoplasms which were
 

observed have all been reported to occur spontaneously at similar
 

incidences in this strain of rats. None of the neoplasms were con­

sidered compound-related.
 

A number of inflammatory and degenerative lesions were encoun­

tered both in control and dosed rats. The lesions are all well-


recognized as spontaneous in older rats of this strain. Chronic
 

inflammation of the kidneys was especially common and observed more
 

often in dosed rats, suggesting a positive relation to the compound,
 

especially in female rats.
 

Based on the results of this pathologic examination, lithocholic
 

acid was not carcinogenic to male or female Fischer 344 rats under
 

the conditions of this bioassay.
 

D. Statistical Analyses of Results
 

The results of the statistical analyses of tumor incidence in
 

rats are summarized in Tables 3 and 4. The analysis is included for
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TABLE 3
 

ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS AT
 
SPECIFIC SITES IN MALE RATS TREATED WITH LITHOCHOLIC ACID2
 

TOPOGRAPHY : MORPHOLOGY
 

Lung: Alveolar /Bronchiolar Adenoma
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Hematopoietic System: Leukemia or
 
Malignant Lymphoma^
 

P	 Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Liver: Hepatocellular Carcinoma or
 
Hepatocellular Adenoma^
 

P	 Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

CONTROL
 

1/20(0.05)
 

N.S.
 

104
 

2/20(0.10)
 

N.S.
 

99
 

0/19(0.00)
 

N.S.
 

LOW	 HIGH
 
DOSE	 DOSE
 

4/50(0.08) 1/50(0.02)
 

N.S.	 N.S.
 

1.600	 0.400
 
0.175	 0.005
 
77.169	 30.802
 

89 104
 

4/50(0.08) 5/50(0.10)
 

N.S.	 N.S.
 

0.800	 1.000
 
0.128	 0.184
 
8.436	 10.007
 

91 96
 

1/49(0.02) 3/50(0.06)
 

N.S. N.S.
 

Infinite Infinite
 
0.021 0.238
 
Infinite Infinite
 

104	 103
 



TOPOGRAPHY : MORPHOLOGY
 

Pituitary: Chromophobe Adenoma
 

P Values
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Adrenal: Pheochromocytoma or
 
Pheochromocytoma, Malignant
 

P Values0
 
ho
 
Ul
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Thyroid: Follicular-Cell Carcinoma
 
or Follicular-Cell Adenoma
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

TABLE 3 (CONTINUED)
 

CONTROL
 

0/19(0.00)
 

N.S.
 

3/20(0.15)
 

N.S.
 

104
 

0/09(0.00)
 

N.S.
 

LOW
 
DOSE
 

5/47(0.11)
 

N.S.
 

Infinite
 
0.533
 
Infinite
 

104
 

7/50(0.14)
 

N.S.
 

0.933
 
0.245
 
5.215
 

104
 

2/39(0.05)
 

N.S.
 

Infinite
 
0.076
 
Infinite
 

104
 

HIGH
 
DOSE
 

6/46(0.13)
 

N.S.
 

Infinite
 
0.691
 
Infinite
 

104
 

12/50(0.24)
 

N.S.
 

1.600
 
0.503
 
8.185
 

103
 

1/27(0.04)
 

N.S.
 

Infinite
 
0.020
 
Infinite
 

104
 



TOPOGRAPHY: MORPHOLOGY
 

Thyroid: C-Cell Adenoma
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Pancreatic Islets: Islet-Cell
 
Adenoma^*
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Testis: Interstitial-Cell Tumor
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

TABLE 3 (CONTINUED) 

CONTROL
 

0/09(0.00)
 

N.S.
 

2/20(0.10)
 

N.S.
 

99
 

19/20(0.95)
 

N.S.
 

86
 

LOW
 
DOSE
 

4/39(0.10)
 

N.S.
 

Infinite
 
0.242
 
Infinite
 

104
 

3/50(0.06)
 

N.S.
 

0.600
 
0.076
 
6.860
 

89
 

45/49(0.92)
 

N.S.
 

0.967
 
0.900
 
1.173
 

59
 

HIGH
 
DOSE
 

1/27(0.04)
 

N.S.
 

Infinite
 
0.020
 
Infinite
 

103
 

2/50(0.04)
 

N.S.
 

0.400
 
0.032
 
5.277
 

104
 

47/50(0.94)
 

N.S.
 

0.989
 
0.922
 
1.168
 

70
 



TABLE 3 (CONCLUDED)
 

aTreated groups received doses of 250 or 500 mg/kg by gavage 3 times/week.
 

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

The probability level for the Cochran-Armitage test is given beneath the incidence of tumors in
 
the control group when P < 0.05; otherwise, not significant (N.S.) is indicated. The probability
 
level for the Fisher exact test for the comparison of a treated group with the control group is
 
given beneath the incidence of tumors in the treated group when P < 0.05; otherwise, not signifi­
cant (N.S.) is indicated. For both Cochran-Armitage and Fisher exact" tests a negative designa­
tion (N) indicates a lower incidence in the treated group(s) than in the control group.
 

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



TABLE 4 

ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS AT 
SPECIFIC SITES IN FEMALE RATS TREATED WITH LITHOCHOLIC ACID£ 

TOPOGRAPHY : MORPHOLOGY CONTROL 
LOW 
DOSE 

HIGH 
DOSE 

Hematopoietic System:
Malignant Lymphoma 

P Values0 

 Leukemia or 
3/20(0.15) 

N.S. 

11/49(0.22) 

N.S. 

13/50(0.26) 

N.S. 

Relative Risk (Control) 
Lower Limit 
Upper Limit 

1.497 
0.460 
7.741 

1.733 
0.556 
8.773 

Weeks to First Observed Tumor 65 87 77 

ho 
00 Pituitary:

P Values0 
 Chromophobe Adenoma 10/20(0.50) 

N.S. 

18/46(0.39) 

N.S. 

21/48(0.44) 

N.S. 

Relative Risk (Control) 
Lower Limit 
Upper Limit 

0.783 
0.443 
1.585 

0.875 
0.510 
1.732 

Weeks to First Observed Tumor 76 87 64 

Adrenal: Pheochromocytoma 

P Values0 
0/20(0.00) 

N.S. 

3/47(0.06) 

N.S. 

1/50(0.02) 

N.S. 

Relative Risk (Control) 
Lower Limit 
Upper Limit 

Infinite 
0.266 
Infinite 

Infinite 
0.022 
Infinite 

Weeks to First Observed Tumor 93 104 



TABLE 4 (CONCLUDED) 

LOW HIGH 
TOPOGRAPHY: MORPHOLOGY CONTROL DOSE DOSE 

Mammary Gland : Fibroadenoma 1/20(0.05) 6/49(0.12) 6/50(0.12) 

P Values N.S. N.S. N.S. 

Relative Risk (Control) 2.449 2.400 
Lower Limit 0.332 0.325 
Upper Limit 110.166 108.021 

Weeks to First Observed Tumor 104 104 85 

Uterus: Endometrial Stromal Polyp 1/20(0.05) 7/48(0.15) 7/50(0.14) 

P Values0 N.S. N.S. N.S. 

Relative Risk (Control) 2.917 2.800 
Lower Limit 0.420 0.403 
Upper Limit 128.374 123.407 

Weeks to First Observed Tumor 104 104 77 

Treated groups received doses of 250 or 500 mg/kg by gavage 3 times/week.
 

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

"The probability level for the Cochran-Armitage test is given beneath the incidence of tumors in
 
the control group when P < 0.05; otherwise, not significant (N.S.) is indicated. The probability
 
level for the Fisher exact test for the comparison of a treated group with the control group is
 
given beneath the incidence of tumors in the treated group when P < 0.05; otherwise, not signifi­
cant (N.S.) is indicated. For both Cochran-Armitage and Fisher exact tests a negative designa­
tion (N) indicates a lower incidence in the treated group(s) than in the control group.
 

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



every type of malignant, tumor in either sex where at least two such
 

tumors were observed in at least one of the control or lithocholic
 

acid-dosed groups and where such tumors were observed in at least 5
 

percent of the group.
 

None of the statistical tests indicated a significant positive
 

association between the administration of lithocholic acid and an
 

increased tumor incidence at any site for rats of either sex. Thus,
 

at the dose levels used in this experiment, there was insufficient
 

evidence to conclude that lithocholic acid was a carcinogen in
 

Fischer 344 rats.
 

To provide additional insight into the possible carcinogenicity
 

of this compound, 95 percent confidence intervals on the relative
 

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

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

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

of statistically significant results. It should also be noted that
 

many of the confidence intervals have an upper limit greater than
 

one, indicating the theoretical possibility of tumor induction in
 

rats by lithocholic acid that could not be established under the con­

ditions of this test.
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IV. CHRONIC TESTING RESULTS: MICE
 

A. Body Weights and Clinical Observations
 

No dose-related mean body weight depression was apparent in male
 

mice. There was slight mean body weight depression after week 45,
 

when dosed females were compared to controls (Figure 4).
 

No other clinical signs were recorded.
 

B. Survival
 

The estimated probabilities of survival for male and female mice
 

in the control and lithocholic acid-dosed groups are shown in Figure
 

5. Neither the Tarone test nor the Cox tests indicated a significant
 

positive association between dosage and mortality in either male or
 

female mice.
 

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


developing tumors, as 64 percent (32/50) of the high dose, 74 percent
 

(37/50) of the low dose and 75 percent (15/20) of the controls sur­

vived on test for at least 105 weeks.
 

An adequate number of female mice were at risk from late-


developing tumors as 82 percent (41/50) of the high dose, 68 percent
 

(34/50) of the low dose and 65 percent (13/20) of the controls sur­

vived on test until the termination of the study.
 

C. Pathology
 

Histopathologic findings on neoplasms in mice are summarized in
 

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

summarized in Appendix D (Tables Dl and D2).
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A variety of tumors was observed in both the control and dosed
 

groups. A few neoplasms occurred only, or with a greater frequency,
 

in mice of dosed groups as compared with controls. The neoplasms
 

which were observed have all been reported to occur spontaneously at
 

similar incidences in this strain of mouse. No neoplasms were
 

considered to be compound-related.
 

Nonneoplastic lesions were common in all groups. They were gen­

erally common chronic inflammatory, degenerative or fibrotic lesions,
 

and none appeared to be compound-related.
 

Based on the results of this pathologic examination, lithocholic
 

acid was not carcinogenic in male or female B6C3F1 mice under the con­

ditions of this bioassay.
 

D. Statistical Analyses of Results
 

The results of the statistical analyses of tumor incidence in
 

mice are summarized in Tables 5 and 6. The analysis is included for
 

every type of malignant tumor in either sex where at least two such
 

tumors were observed in at least one of the control or lithocholic
 

acid-dosed groups and where such tumors were observed in at least 5
 

percent of the group.
 

None of the statistical tests indicated a significant positive
 

association between the administration of lithocholic acid and an
 

increased incidence of tumors at any site for mice of either sex.
 

In male mice, the low dose to control Fisher exact test indicated
 

a significant negative association between compound administration and
 



TABLE 5
 

ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS AT
 
SPECIFIC SITES IN MALE MICE TREATED WITH LITHOCHOLIC ACID^
 

TOPOGRAPHY: MORHPOLOGY
 

Lung: Alveolar/Bronchiolar Carcinoma
 
or Alveolar/Bronchiolar Adenoma"3
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Hematopoietic System: Leukemia or
 
Malignant Lymphoma^
 

P Values0
 

Departure from Linear Trend
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Liver: Hepatocellular Carcinoma
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

CONTROL
 

1/20(0.05)
 

N.S.
 

105
 

7/20(0.35)
 

N.S.
 

P = 0.020
 

74
 

5/20(0.25)
 

N.S.
 

86
 

LOW
 
DOSE
 

7/48(0.15)
 

N.S.
 

2.917
 
0.420
 

128.374
 

97
 

4/48(0.08)
 

P = O.Oll(N)
 

0.238
 
0.060
 
0.839
 

78
 

14/47(0.30)
 

N.S.
 

1.191
 
0.487
 
3.765
 

53
 

HIGH
 
DOSE
 

5/46(0.11)
 

N.S.
 

2.174
 
0.271
 

100.415
 

104
 

7/47(0.15)
 

N.S.
 

0.426
 
0.154
 
1.259
 

86
 

6/47(0.13)
 

N.S.
 

0.511
 
0.152
 
1.916
 

76
 



TABLE 5 (CONCLUDED)
 

LOW HIGH
 
TOPOGRAPHY : MORPHOLOGY CONTROL DOSE DOSE
 

Liver: Hepatocellular Carcinoma or
 
Hepatocellular Adenoma^ 6/20(0.30) 17/47(0.36) 9/47(0.19)
 

P Values0 N.S. N.S. N.S.
 

Relative Risk (Control) 1.206 0.638
 
Lower Limit 0.554 0.244
 
Upper Limit 3.263 1.939
 

Weeks to First Observed Tumor 86 53 76
 

Pancreatic Islets : Islet-Cell 
Adenomab 2/19(0.11) 0/46(0.00) 0/44(0.00) 

P Values0 P = 0.027(N) N.S. N.S. 

Relative Risk (Control) 0.000 0.000 
Lower Limit 0.000 0.000 
Upper Limit 1.386 1.447 

Weeks to First Observed Tumor 104 

Treated groups received doses of 125 or 250 mg/kg by gavage 3 times/week.
 

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

"The probability level for the Cochran-Armitage test is given beneath the incidence of tumors in
 
the control group when P < 0.05; otherwise, not significant (N.S.) is indicated. The probability
 
level for the Fisher exact test for the comparison of a treated group with the control group is
 
given beneath the incidence of tumors in the treated group when P < 0.05; otherwise, not signifi­
cant (N.S.) is indicated. For both Cochran-Armitage and Fisher exact tests a negative designa­
tion (N) indicates a lower incidence in the treated group(s) than in the control group.
 

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

"The probability level of the test for departure from linear trend is given beneath the control
 
group when P < 0.05.
 



TABLE 6
 

ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS AT
 
SPECIFIC SITES IN FEMALE MICE TREATED WITH LITHOCHOLIC ACID£
 

TOPOGRAPHY : MORPHOLOGY
 

Lung: Alveolar /Bronchiolar Adenoma
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Hematopoietic System: Leukemia or
 
Malignant Lymphoma^
 

P Values0
 

Relative Risk (Control)d
 

Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Liver: Hepatocellular Carcinoma
 

P Values0
 

Relative Risk (Control)d
 

Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

CONTROL
 

0/19(0.00)
 

N.S.
 

5/19(0.26)
 

N.S.
 

78
 

0/18(0.00)
 

N.S.
 

LOW
 
DOSE
 

1/44(0.02)
 

N.S.
 

Infinite
 
0.024
 
Infinite
 

105
 

17/45(0.38)
 

N.S.
 

1.436
 
0.619
 
4.371
 

67
 

1/45(0.02)
 

N.S.
 

Infinite
 
0.022
 
Infinite
 

105
 

HIGH
 
DOSE
 

3/50(0.06)
 

N.S.
 

Infinite
 
0.238
 
Infinite
 

105
 

12/50(0.24)
 

N.S.
 

0.912
 
0.360
 
2.959
 

90
 

3/50(0.06)
 

N.S.
 

Infinite
 
0.227
 
Infinite
 

67
 



TABLE 6 (CONCLUDED) 

Treated groups received doses of 125 or 250 mg/kg by gavage 3 times/week. 

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

The probability level for the Cochran-Armitage test is given beneath the incidence of tumors in 
the control group when P < 0.05; otherwise, not significant (N.S.) is indicated. The probability 
level for the Fisher exact test for the comparison of a treated group with the control group is 
given beneath the incidence of tumors in the treated group when P < 0.05; otherwise, not signifi­
cant (N.S.) is indicated. For both Cochran-Armitage and Fisher exact tests a negative designa­
tion (N) indicates a lower incidence in the treated group(s) than in the control group. 

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

to 
oo 



the incidence of a combination of leukemia and malignant lymphomas
 

and the Cochran-Armitage test indicated a significant negative asso­

ciation between dosage and the incidence of islet-cell adenomas of the
 

pancreas.
 

To provide additional insight into the possible carcinogenicity
 

of this compound, ^5 percent confidence intervals on the relative risk
 

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

tumor incidence rates. In many of the intervals shown in Tables 5
 

and 6, the value one is included; this indicates the absence of sta­

tistically significant results. It should also be noted that many
 

of the confidence intervals have an upper limit greater than one,
 

indicating the theoretical possibility of tumor induction in mice by
 

lithocholic acid that could not be established under the conditions
 

of this test.
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V. DISCUSSION
 

There were no significant positive associations between the
 

dosages of lithocholic acid administered and mortality in rats or
 

mice of either sex. Adequate numbers of animals in all groups sur­

vived sufficiently long to be at risk from late-developing tumors.
 

Slight dose-related mean body weight depression was observed in male
 

rats and female mice and high incidences of chronic kidney inflamma­

tion were observed in dosed female rats, indicating that the dosages
 

of lithocholic acid administered to these animals in this bioassay
 

may have approximated the maximum tolerated dosages. Since no mean
 

body weight depression, relative to controls, no significant acceler­

ated mortality, and no other signs of toxicity were associated with
 

administration of lithocholic acid to male mice, it is possible that
 

these animals may have been able to tolerate a higher dosage. How­

ever, in the Subchronic study there were deaths among all the dosed
 

male mouse groups, even those receiving lithocholic acid at a level
 

only twofold greater than the high dose utilized in the chronic
 

bioassay.
 

None of the statistical tests for any site in rats or in mice of
 

either sex indicated a significant positive association between com­

pound administration and tumor incidence.
 

Under the conditions of this bioassay, lithocholic acid was not
 

carcinogenic when administered by gavage to Fischer 344 rats or
 

B6C3F1 mice.
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Review of the Bioassay of Lithocholic Acid* for Carcinogenicity
 
by the Data Evaluation/Risk Assessment Subgroup
 
of the Clearinghouse on Environmental Carcinogens
 

August 31, 1978
 

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

The primary reviewer agreed with the conclusion in the report that
 
Lithocholic Acid was not carcinogenic, under the conditions of test.
 
Although he indicated that there were too few control animals, it did
 
not impact upon the interpretation of the study. He concluded that the
 
bioassay was an adequate test for the carcinogenicity of Lithocholic
 
Acid. He said that the data would indicate that Lithocholic Acid posed
 
no unusual hazard with respect to human risk. He recommended that the
 
report be accepted as written.
 

The secondary reviewer agreed that Lithocholic Acid was not carcin­
ogenic, under the conditions of test. The major drawback to the study,
 
he said, was some doubt that a maximum tolerated dose was tested. He
 
stated that Lithocholic Acid would appear not to pose a direct risk as a
 
human carcinogen. He recommended that the report on the bioassay of
 
Lithocholic Acid be accepted.
 

A Subgroup member commented that the results were interesting since
 
certain bile acids have been implicated in the etiology of colon cancer.
 
A Program staff pathologist pointed out that a few intestinal tumors
 
were observed among treated animals. Although they were not found in a
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statistically significant incidence, he said that their spontaneous
 
occurrence was relatively rare. One Clearinghouse member noted that
 
Lithocholic Acid has been suggested to act as a tumor promoter.
 

A motion was approved unanimously that the report on the bioassay
 
of Lithocholic Acid be accepted as written.
 

Members present were:
 

Arnold Brown (Chairman), University of Wisconsin Medical School
 
Joseph Highland, Environmental Defense Fund
 
(Verald Rowe, Dow Chemical, USA, submitted a written review)
 
Michael Shimkin, University of California at San Diego
 
Louise Strong, University of Texas Health Sciences Center
 
(Kenneth Wilcox, Michigan State Health Department, submitted a written review)
 

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

SUMMARY OF THE INCIDENCE OF NEOPLASMS
 
IN RATS TREATED WITH LITHOCHOLIC ACID
 





TABU; A I
 
SUMMARY O K T H K I N C I D U N C L OF NLOPLASMS IN M A L L RATS TRI ATI-D W I T H LITHOC'IIOLK.' AC ID
 

CCNTECMVEH) LOS COSE HIGH DOSE
 
11-1195 11-1U93 11-1U91
 

AHIBALS INITIALLY IN STUDY 20 50 50
 
AMIRALS NECBOPSIED 20 50 50
 
MIHALS EXAMINED HISTOPATHCLCGICALLY ** 20 50 50
 

INTSGUBENTARY SYSTEB
 

•SKIM	 (20) (50) (50)
 
PAPILLCMA, NOS 1 (5X)
 
SEBACEOUS ADENOHA 1 (2*)
 
SEBACEOUS ADEHOCABCISOBA 1 (2X)
 

•SOBCOT TISSUE (20) (50) (50)
 
FIBHOHA 1 (5») 1 (2»)
 
HBUROFIBHOSARCOHA 1 (5X) 1 (2»)
 

E1SPIB»TORY SYSTEH
 

tLOIS (20) (50) (50)
 
ALVEOLAR/EHONCHIOLAR AEEKCKA 1 (5*) U (8X) 1 (2%)
 
PHZOCHROHOCYTOMA, HETASTATIC 1 (2*)
 
NEDBOFIBRCSABCOHA,, HE1AS1A1IC 1 (5X)
 

HIMATOPOIETIC SISTEH
 

*iDLtIPLE ORGARS (20) (50) (50) 
NALIGNA»T LIHPHORA, NOS 1 (21) 
LEOKEHIA.NOS 2 («*) 1 (2X) 
DHDIFFEREN1IATED LEUKEMIA 2 (10H) 2 (U«) 1 (2X) 
GIADOLOCTIIC LEUKEMIA 1 (2X) 

• SPLIIH (20) (49 )
 
ADIIIOCABCIIIOHA, NOS, B8TAS1AIIC
 

•LJHPH	 RODE (20) (U9) (50) 
ADEIOCABCINONA, NOS, N E T A S 1 A T I C 1 ( 2 1 } 

•LITE!	 ( 1 9 ) (It 9) (50)
 
LBUljBBIA. HOS
 

* H O M B K R OF A N I H A L S HITH TISSUI EXABI1IID MICROSCOPICALLY 
*	 HOB BEE OF AlI f lALS N E C B O F S I E D 

**EXCLUDES PARTIALLY ADTOLYZED ANIMALS 
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CIRCULATORY SYSTEM
 

NONE
 

DIGESTIVE SYS1IM
 

•LIVKE

ADENOCARCINOMA, NOS, METAS1ATIC
 
HEPATOCELLULAR ADENOMA
 
HEPATOCELLULAR CARCINOMA
 

•PANCREAS

ADENOCARCINOMA, NOS, HETASTA1IC
 
ACINAR-CELL ADENOMA
 

• STOMACH

PAPILLOHA, NOS
 
ADENOCA8CINCNA, NOS, MEIAS1ATIC
 

•SHALL	 INTESTINE

ADENOCARCINOMA, NOS
 
ADENOCARCINOHA, NOS, ME1AS1ATIC
 

•COLON

ADENOCARCINOMA, NOS
 

URINARY SYSTEM
 

• KIDNEY

PHEOCHROHOCYTOHA, METASTATIC


(URINARY ELADDER

PAPILLOMA, NOS


ENDOCRINE SYSTEM
 

• P I T U I T A R Y

C H R O N O F H O E E A D E N O M A


•ADRENAL

CQBTICAL APJ*OBA „


TABLK A I (CONTINUED) 

CONTROL (VEH) LOW COSE HIGH DOSE 
11-11195 11-1493 11-1*91 

 (19) (19) (50) 

2 («*) 
1 (2X) 1 (2S) 

 (20) (50) (50) 
1 (2X) 

1 (2X) 1 (2() 

 (20) (50) (49) 

 (20) (50) (19) 

 (19) (19) (49) 

 (20) (50) (50) 
1 

 (18) (37) (38) 
1 (6X) 

 (19) (47) (46) 
5 (11X) 6 

 (20) (50) (50) 
. 2. JUJ 

t NUMBER OF ANIMALS KITH TISSOf EXAMIHED MICROSCOPICALLY
 
* NUMBER OF ANIMALS NECBOPSIED
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TABLE A1 (CONTINUED) 

PHEOCHSOHCCiTOBA
PHEOCRBOHOCYTOBA. HALIGNAHT

«THIROID
FO1LICULA8-CBLL ADIiOBA
FOLLICULA8-CEIL C A R C I N O M A
C-CBLL ADEHCHA

•PAHCREATIC ISLETS
ISLET-CELL ADEDOHA

CONTROL ( V E H )
11-1*95

 3 (15%)

 (9)

 (20)
 2 (10*)

 10» DOSE
 11-U93

 7 (1UX)

 (39)
 2 (5X) 

t (10*)

 (50)
 3 (6X)

 HIGH DOSE 
 11-1U91 

9 (18%) 
3 (6X) 

 (27) 

1 (4X) 
1 (U«) 

 (50) 
2 (UX) 

SEPBODOCTHE SYSTEB 

tPBOSTATE
ADEXOCAACI10HA, NOS, HETAS1ATIC

•S1MIMAL VESICLE
ADE»OCARCISCHA. NOS. ME1AS1ATIC

tTESTIS
IKTERSTITIAL-CELL TDBCB

 (18)

 (20)

 (20)
 19 (95X)

 (45)

 (50)

 (49)
 45 (92X)

 (42) 
1 (2X) 

 (50) 
1 (2X) 

 (50) 
 47 (94X) 

HJStOUS SYSTEB 

IBIAIN
ASTIOCYTCMA

 (20) (49) (50) 
1 ( 2 X ) 

SPECIAL SENSE OEGABS 

none 

BOSCOICSKEIETAL SYS1IM 

DONE 

BCDT CATITIES 

•ABDOHIHAL CAVITY 
HEOEOFIBPOSARCOHA 

*BESINTERY 
_______ AD.EltOC.A-gCI Ml?HA.f MOS. Bj 

t 1IUBBEH OF A K I M A L S U I T H T I S S U E
* IIUHBER OF ASIMALS NECBOPSIED 

(2C) 

(20) 

(50) 

1 (2X) 

(50) 

 E X A M K i E D M I C B O S C O P I C A L L Y 

(50) 

(50) 
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TABLEAi (CONCLUDED)
 

COHTEOL(VEH) LOU DOSE HIGH DOSI 
11-1495 11-1493 11-1*91 

*TONICA VAGINALIS (20) (50) (50)
 
MESOTHELICMA, HCS 1 (2K)
 

ALL OTHEB SYSTEMS
 

•MULTIPLE OFGAUS (20) (50) (50)
 
HESOTRELIONA, NOS 1 (2*)
 

DIAPHRAGM
 
ADENOCARCINOMA, NOS, METASIATIC
 

ANIMAL DISPOSITION SUMMARY
 

AMIHALS INITIALLY I» STUDY 20 50 50
 
NATOBAL DEATHS
 
MORIBUND SACRIFICE
 
SCHECD1ED SACRIFICE
 
ACCIDENTALLY KILLED
 
TERMINAL SACRIFICE 16 HO
 
ANIMAL MISSING
 

• INCLUDES AUTOLTZEC ANIMALS
 

TOSCB SUHHARY
 

TOTAL ANIMALS KITH PRIMARY TUMCES* 19 I47 48
 
TOTAL PRIMARY TDHORS 31 81 88
 

TOTAL ANIHALS KITH BENIGN TUR08S 19 145 48
 
TOTAL BENIGN TUMORS 28 73 72
 

TOTAL ANIMALS KITH MALIGNANT TUMCBS 3 7 12
 
TOTAL 8ALIGNAMT TUBOFS 3 7 14
 

TOTAL ANIMALS WITH SECOHDARI TQMCRSt 1 3
 
TOTAL SECONDARY TUMORS 1 12
 

TOTAL ANIHALS KITH TUMORS UNCERTAIN­
BENIGN OR MALIGNANT 1 2
 
TOTAL ONCERTAIN TUMORS 1 2
 

TOTAL ANISALS HITH TUMORS UNCERTAIN­
PEIHARY OB METASTATIC
 

TOTAL UNCERTAIN TUMORS
 

* PRINABY TUMORS: ALL TUMCBS EXCEPT SECONDARY TUMORS
 
t SECONDARY TUNORS: METASTATIC TUMOBS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN
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TABLE A2
 
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS TREATED WITH LITHOCHOLIC ACID
 

C O N T R O L ( V E H ) LOU DOSE H I G H D O S E 
11-1U96 11-1491* 11-1H92 

A H I H A L S I N I T I A L L Y III S T U D Y 20 50 50 
A B I B A L S H E C 8 0 P S I E D 20 U 9 50 
A N I M A L S E X A M I N E D H I S T O P A T H O L O G I C A L L Y ** 20 U 9 50 

I B T I G U H E N T A B Y S Y S T E M 

»SICIII (XO) ( U 9 ) ( 5 0 ) 
BASAL-CELL T U M O R 1 (2*) 

»SOBCOT TISSUE ( 2 0 ) ( « 9 ) (50) 
T B I C H O E P I I H E L I O M A 1 (2*) 
F IBSOMA 1 ( 2 X ) 

BfSPIBATOHY S Y S T E M 

»Ln«S (20) (HR) (U9)
 
ALVIOLAB/ERONCHIOLAK AOEiORA I (2H) 1 (21}
 

HERATOPOIETIC SYSTEM
 

• ROLTIPLE OBGANS (20) (MS) (50)
 
LEUKEMIA, «OS 3 (6%) 6 (12*)
 
DNDIFFEBEIITIATED LEUKEHIA 2 (1C*) 5 (10%) S (10*)
 
GBAIULOCYTIC LEOKEHIA 3 (6t) 2 (US)
 

I8ESEVTBBIC L. RODE (20) (16) (17)
 
NALICHAKT LINPHONA. NOS 1 (5J)
 

CIBCOLATOBY SYS1EH
 

HOME
 

DIGZSTITI SYS1EB
 

ILIYI1 (20) <a9) (19)
 

t IOHBEB OF AHIBAIS HITJI TISSUE E I A K I M E D HICRCSCOPICALLY 
* BOBBEB OF A III MAIS BECBOPSIED 
"EXCLUDES PARTIALLY AOTOLTZED ANIMALS 
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TABLE A2 (CONTINUED) 

C O N T R O L ( V E H ) LOg DOSE HIGH DOSE 
11-1t96 11-1494 11-1492 

IS10MACH ( 2 0 ) (18) (50) 
S A R C O M A , NOS 1 (2S) 

U R I N A R Y S Y S T E f l 

I O R I N A R Y B L A D D E R	 (17) (40) (40) 
TRANSITIONAL-CELL CARCINOMA	 1 (3*)
 

ENDOCRINE SYSTEM
 

f P I T U I T A R Y (20) (1)6) (48) 
C H H O M O P H O E E A D E N O M A 10 (50*) 16 (391) 21 (44J) 

• A D R E N A L (20) (47) (50 ) 
P H E O C H R O M O C Y r O M A 3 < 6 X ) 1 (2X) 

I T H Y R O I D (19) (29) (27)
 
C-CELL A D E N O M A 1 (3X)
 

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

• M A M M A R Y	 G L A N D (20) (19) (50) 
F I B R O A E E N C M A 1 (5*) 6 (12X) 6 (12*) 

• M A M M A R Y	 L O B U L E (20) (50)
 
P A P I L L A R Y A D E N O M A 1 <2X)
 

* U T E R U S (20) (US) (50) 
LEIOHIOSA8COMA 1 (5%) 
ENDOHETHIAL STROMAL POLYE 7 (15X) 7 (W) 

•CERVIX	 UTERI (20) (18) (50)
 
LEIOMYOMA
 

NERVOUS SYSTEM
 

tBRAIN (19) (48) (50)
 
AST80CYTOMA 1 (2X)
 

SPECIAL SENSE CBGANS
 

HONE
 

* NUMBER OF ANIMALS HITH TISSO! EXAMINED MICROSCOPICALLY
 
* NUMBER OF ANIMALS NECROPSIED
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HUSCOLCSKELETHL SYSTEM
 

HONE
 

BOBI CAVITIES
 

NONE
 

All OTHES SYSTEMS
 

* M O L T I P L E O R G A N S
H E S O T H S L I C M A , M E T A S T A ^ I C

A N I M A L DISPOSITION S U H M A F Y 

ANIMALS INITIALLY IN STUCY

NATURAL DEATHS

MORIBUND SACRIFICE

SCHEDULED SACRIFICE
 
ACCIDENTALLY KILLED
 
TERMINAL SACRIFICE

ANIMAL MISSIN3
 

8 I»CLOOtS .A,UtO,L.YJl£.-/>I.H.AiS,


TABLE A2 (CONTINUED)
 

CONTROL (VEH) LOU COSE HISH DOSE
 
11-1196 11-1l(Q(t 11-1U92
 

 ( 2 C ) (49) (50)
 
1 ( 2 X )
 

 20 50 50
 
3 U 9
 
3 5 8
 

 1« UO 33
 

,
 

I NUMBER OF ANIMALS WITH TISSUE EXAMINED MICPOSCOPICftLLY
 
* NUMBER OF ANIBULS NECBOFSIED
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TABLE A2 (CONCLUDED)
 

CONTROL (VEH) LOU COSE HIGH DOSE
 
11-11*96 11-1IJ9M 11-1192
 

TUHCR S U M M A R Y
 

TOTAL ANIMALS WITH PRIMARY TUHCSE* 31* 35
 
TOTAL PPINHRY TUMORS 16 53 55
 

TOTAL ANIMALS KITH BENIGN TUPCFS 1 1 30 26
 
TOTAL BENIGN TUBOFS 12 42 39
 

TOTAL ANIMALS WITH flALIGNANT TUMCES 11 16
 
TOTAL MALIGNANT TUMOPS 11 16
 

TOTAL A N I M A L S WITH SECONEAEY TUMC5S* 1
 
TOTAL SECONDARY TUMORS 1
 

TOTAL A N I M A L S HUH IUMOPS UNCE«T»IN­
BENIGN OE MALIGNANT
 

TOTAL UNCERTAIN IUMCFS
 

TOTHL ANI1A1S WITH TOMOSS USCiBlAIN-

FflMfPY OR META3TATIC
 

TOTAL HNCERTMN IDMCES
 

* P R I M A R Y TUHCES: ALL TUMORS EXCEPT SECCNDAPY TUMCES
 
* SECONDAPY TOMOPS: METASTATIC TUMCES CE TUMORS INVASIVE INTO AN ADJACENT ORGAN
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APPENDIX B
 

SUMMARY OF THE INCIDENCE OF NEOPLASMS
 
IN MICE TREATED WITH LITHOCHOLIC ACID
 





TABLI-: Bl
 
SUMMARY Oh"nil: INCH)! NCI: {)!• Nl OI'LASMS IN MALI- MICI: TRI:ATI:I) WII'll LI I1IOC IIOLIC ACID
 

CCN1BCL(VEH) 
22-2M95 

LOU COSE 
22-2493 

HIGH
22-2

 ECSE 
491 

ANIMALS INITIALLY IN STUDY 20 
ANIMALS MISSING 
ANIMALS NECHOPSIED 20 
ANIMALS EXAMINED HI STOPATHGLOGICALL Y. ** 20 

50 
2 

48 
48 

50 
3 

it? 
U7 

INTIGU8ENTARY SYSTEM
 

*SKIN (20) (48) (47)
 
SEBACEOUS ADENOMA 1 (2X)
 
FIBHOSAHCCMA 1 (2%)
 

EESPIlATORi SYSTEM
 

• LUUG (20) (U8) (46) 
A . L V E O L A R / E H O N C H I O L A R A D E N C M A 1 (5X) 6 (13X) 5 
A L T E O L A S / E R C N C H I O L A R C A F C K C M A 1 <2X) 

HBHATOEOIETIC SYS1EB
 

*MOLTIPIE OEGANS (20) (48) (47) 
MALIGNANT LYMPHCMA, NOS 1 (5X) 1 (2X) 1 (2X) 
MALIG.LYKPHOMA, HISTIOCYIIC TYPE 2 (10K) 2 («X) 2 <4X) 
LEDKEMIA,NOS 1 (5)1) 
UMDIPPBSENTIATED LEUKEMIA 1 (2X) 
LYMPHOCYTIC LEUKEMIA 1 (2X) 
GSANOLOCYTIC LEUKEMIA 1 (2X) 
HONOCYTIC LEUKEMIA 1 (2X) 

tSPLKEN (14) (44) (42) 
RIMAN3IOSARCOMA 1 (2X) 

*REOIASTINAL L . N O D E (20) (46) (42) 
A1VEOLAR/ESONCHIOLA8 CA. M I I A S T A 1 (2X) 

*HESENTEBIC L. N O D E ( 2 0 ) (46) (42) 
B A L I G . L Y M P H O M A , L Y H P H O C Y 1 I C T Y E E 2 (10X) 1 (2X) 

tSHALL I N T E S T I N E	 (19) (46) (46) 
G. LYBFgCHA,, , mSTIO.CYTI.C IY1E _1 (5X) 

I NDHBES OF A N I M A L S W I T H TISSUE E X A M I N E D M I C R O S C O P I C A L L Y 
*	 NOHBER OF A N I M A L S N E C E O P S I E D 
"EXCLUDES PARTIALLY AUTOLYZED ANIMALS 
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CONTROL (VEH) LOW DOSE HIGH DOSE
 
22-2495 22-2193 22-2491
 

CIRCULATORY SYSIEB
 

NONE
 

DIGESTIVE SYSlEf
 

tllVEE (20) (47) (47)
 
HEPATOCELLULA8 ADENOMA 1 (5X) 3 (6X)
 
HEPATOCiiLLULAE CARCINOMA 5 (251) 14 (30%) 6 (13X)
 

tBILE DUCT (20) (47) (47)
 
BILE DUCT CARCINOMA
 

• STOMACH (19) (45) (45)
 
SQUAMOUS CELL CARCINOMA 1 (2X)
 

U8INA8Y SYSTEK
 

HONE
 

INDCCRINE SYSTEM
 

ITHYROID (12) (34) (32)
 
POLLICULAR-CELL ADENOMA 1 (3X)
 

IPANCREATIC ISLETS (19) (46) (44)
 
ISLET-CELL ADENOMA 2 (11X)
 

REPBOCOCTIVE £YSTE(i
 

NONE
 

*EB»CUE SYSTEB
 

NONE
 

SPECIAL SENSE ORGANS
 

__NOJIJ , . , ,
 

I NUMBER OF ANIMALS WITH TISSUE EXAMINED MICBCSCCPICAILY
 
* NUMBER OF ANIMALS NECEOPSIEC
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NOSCDLOSIttLElAL SYSTEM
 

HOWE
 

BODY CAVITIES
 

H E B A N G I O S A R C O M A , M E 1 A S T A T I C

ALL OTHER SYSTEMS
 

NODI
 

AIIBAL DISPOSITION SUMMARY
 

ASISALS INITIALLY IN STUDY

HAT-URAL DEATHS

BOHIBOND SACRIFICE

SCHEDULED SACRIFICE
 
ACCIDENTALLY KILLED

TERMINAL SACRIFICE

ANIMAL UISSINS


TABLE B I (CONTINUED)
 

C O N T B O L ( V E H ) LOi DOSE HIGH DOSE 
22-2<f93 22-2U91 

( 2 0 )	 (18) <«7) 
1 (2J) 

 20 50 50
 
5 5 3
 

5 7
 

1
 
 15 37 32
 

2 3
 

t NOHBEH OF ANIMALS WITH TISSUI EXAMINED MICEOSCCPICAILY
 
* NOHBER OF ANIMALS HECROPSIED
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TABLE Bl (CONCLUDED)
 

CONTROL (VEH) I LOB DCSE HIGH DOSE
 
22-2U95 22-2H93 22-2U91
 

TUHCR SUMMARY
 

TOTAL ANIMALS WITH PRIMARY 1CMCBS* 12 26 20
 
TOTAL PRIMARY TUMORS 17 31 23
 

TOTAl ANIMALS HITH BENIGN 1UBCFS U 10 7
 
TOTAL BENIGN TUMORS 4 11 8
 

TOTAL ANIMALS WITH MAIIGNAKT TUHCBS 11 20 15
 
TOTAL MALIGNANT TUHORS 13 20 15
 

TOTAL ANIMALS HITH SECONDARY TU(!CRS* 1 1
 
TOTAL SECONDARY TUMORS 1 1
 

TOTAL ANIMALS MI1H TUMOPS UNCERTAIN­
BEHIGII OR MALIGNANT
 
TOTAL UNCERTAIN TUMORS
 

TOTAL ANIMALS WITH TUMORS UNCIHTMN­
PBIMART OR METASTATIC
 
TOTAL UNCERTAIN TUMORS
 

* PRIMARY TUMOHS: ALL TUHORS EXCEPT SECONDARY TUMORS
 
* SECOHDARY TUMORS: METASTATIC TUHCRS OR TUMORS INVASIVE INTO AN ADJACENT ORGA»
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TABLI: B:
 
S U M M A R Y 01 THi: I N C I D I - N C ' h OF N E O P L A S M S IN F H M A L I MICI TRHATKn WITH LITHOCIIOL1C ACID
 

CONTBCL (VEH) 
22-2116 

LOU EOSE 
22-2494 

BIGH DOSE 
22-2492 

ANIMALS INITIALLY IN STUDY 20 
ANIMALS MISSING • 1 
ANIMALS NECHOFSIED 19 
ANIMALS EXAMINED HISTOPATHCLOGICALLY *» 19 

50 
5 

45 
U5 

50 
50 

INTEGUMENTARY SYSTEM
 

*SOBCUT TISSUE (19) (45) (50) 
HBHANGIOSAPCOMA 1 (2%) 
NBOROFIBRCSA8COMA 1 (2X) 

BISPIRATCEY SYSTEM
 

ILUNG (19) (50) 
ALVEOLAB/ERONCHIOLAR ADENCBA 1 (2%) 3 (6X) 
riBROSARCOMA, METASTATIC 1 (2X) 

HBHATOEOIETIC SYSTEM
 

•MULTIPLE ORGANS (19) (US) (50) 
MALIGNANT LYMPHOMA, NOS 1 (2*) 1 (2X) 
MALIG.LYHPHOMA, LYMPHOCYTIC TYPE 2 (4X) 3 (6X) 
MALIG.LYMFHOMA, HISTIOCYTIC TYPE 3 (16*) 5 (11X) 2 (4X) 
MALIGNANT LYMPHOMA, MIXEE TYPE 1 ( 5 X ) 2 (UX) 
LEUKEMIA.NOS 1 (2X) 2 ( 4 X ) 
UHDIFFERENTIATED LEUKEMIA 1 (2*) 
LYMPHOCYTIC LEUKEMIA 1 (2*) 
GHANULOCYTIC LEUKEMIA 1 (2X) 1 (2X) 
HONOCYTIC LEUKEMIA 1 , (5X) 

•SPLEEN	 (16) (11) ( 4 9 ) 
HBHAHGIOSARCOMA 1 (2*) 

(LYMPH NODE ( 1 6 ) ( U 3 ) (47) 
MALIGNANT LYMPHCMA, NOS 1 < 2 X ) 

«MES2NTEBIC L. NODE (18) (43) (47) 
MAlIG.LYJPJOMAf 

i N U M B E R OF A N I M A L S SITH T I S S U E E X » M I N E  C M I C R O S C O P I C A L L Y 
* N D M B E R OF A N I M A L S N E C S O P S I E E 

**EXCLUDES PARTIALLY AUTOLYZED ANIMALS 
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MAIIG.LYMPHOMA, HIS1IOCY7IC 1YFE

MALIGNANT LYMPHC.MA, NIXEE TYPE


•LIVES

M A L I G N A N T L Y M P K C « A , N O S


C I R C U L A T O B Y S Y S l E f l 

N O N E 

DIGESTIVE SYSltM
 

• LIVES

HEPATOCELIULAE CABCINCBA

HEMANGIOSABCOMA


*DUODEHUM

ADENOMATCUS POLYP, NOS


UBINAKY SYSTEM
 

NC1E
 

EUCCCBINE SYSTEM
 

• ADRENAL

PHEOCHSOMOCYTOMA


BEEEOBUCTIVE SYSTEM
 

• UTEBDS

HEMANGIOMA


tOVABY

GBANOLOSA-CELL TUMOR


NEKVOOS SYSTEM
 

NONE
 

SEiCIAl SENSE CBGANS
 

T A H I . H B2 ( C O N T I N U E D ) 

C O N T R O L ( V E H )
22-7U96

 L O U DOSE
 22-2<t9U

 HIGH DOSE 
 22-2<192 

1 (2%) 
1 (2%) 

 (18) (U5) (50) 
1 (2*) 

 (18) («5) (50) 
1 (2S) 3 (6*) 

1 (2*) 

 (16) (tt2) (47) 
1 (2J) 

 (1U) (U2) (43) 
1 (2%) 

 (18) (K2) (U9) 
1 (6X) 1 (2*) 

 (16) (3E) (K5) 
1 (3X) 

t NUHBEH OF ANIMALS KITH TISSUE EKAMIHED MICROSCOPICAL1Y
 
* KDMBEP OF ANIMALS NECROPSIED
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TABLE B2 (CONTINUED) 

CONTROL (VEH) LOW COSE H I G H DOSE 
22-2U96 22-2< t9H 22-2192 

HOSCUI.CSKEI.E1AL SYS1EH 

HONE 

BOCY CAVITIES
 

*HES»MTERY (19) (15) (50) 
LIFOHA 1 (2X) 

ALL OTHER SYSTERS
 

THORAX
 
PIBHOSAHCCHA
 

AKIBAL DISEOSITION SDnHASY
 

AHIHALS INITIALLY IN STUDY 2C 50 50
 
NATDBAL DEATHS t
 
BORIBOSD SACBIFICE 2
 
SCHEDULED SACRIFICE
 
ACCIDENTALLY KILLED
 
T8RMINAL SACRIFICE 13
 
ANIMAL MISSING 1
 

a metopes A U I O L Y Z E E A M ; M A L S 

HOHBBR OF ANIBALS WITH TISSUE EXAMINED «(ICSOSCOPICH IIY
 
DUMBER OF ASIBALS NBCROE.SIED
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TABLK B2 (CONCLUDED)
 

CONTROL (VEH) LOU COSE HIGH DOSE
 
22-2U96 22-2H9U 22-2492
 

TUMCB SUMMARY
 

TOTAL ANIMALS HUH PRIHASY TOHCRE* 6 20 23
 
TOTAL PRIMARY TOHOBS 6 22 25
 

TOTAL ANIMALS KITH BENIGN TUKCBS 1 1 7
 
TOTAL BENIGN TUMORS 1 1 7
 

TOTAL A HIHA IS WITH MALI3NANT TUMORS 5 18 17
 
TOTAL MALIGNANT TOMOFS 5 20 18
 

TOTAL ANIMALS HITH SECONDARY TUMCBS* 1
 
TOTAL SECONDARY TUNORS 1
 

TO'AL ANIMALS HITH TUNORS UNCEETAIN­
BENIGN OB MALIGNANT 1
 
TOTAL UNCERTAIN TUMORS 1
 

TOTAL ANIMALS HITH TUMORS UNCERTAIN­
PFIHASY 08 HETASTATIC
 
TOTAL UNCIBTAIN TUMORS
 

* PRIMARY TUHOBS: ALL TUMORS EICEPI SECONDARY TUMORS
 
* SICONOABY TUNOBS: NilASTATIC TUMCBS CF TUHORS INVASIVE INTO AN ADJACENT ORGAN
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APPENDIX C
 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC
 
LESIONS IN RATS TREATED WITH LITHOCHOLIC ACID
 





T A B L I i C I 
S U M M A R Y OI: T H i : INC1DI N C I : ( > ! • N O N N I OI'LASTIC LHSIONS I N M A L I RATS TRI A IT 

CONTECL (VEH) 
11-11495 

LOU COSE
11-11493

 HIGH CCSI 
 11-11491 

ANIBALS INITIALLY 111 STUDY 20 
ANIMALS NECROPSIE.D 20 
ANIMALS EXAMINED HI STOPATHCLCG ICALLY ** 20 

50
50
50

 • 50 
 50 
 50 

INTEGUMENTARY SYSTEB
 

*SKIN (20) (5C) (50)
 
EPIDEPBAL INCLUSION CYSI 1 (5%)
 

*SDBCOT TISSUE (20) (50) (50)
 
INFLAMMATION, CHRONIC SUEPURATIV 1 (5%)
 

FESPIBATOPY SYSTEM
 

•TRACHEA	 (19) (49) (145)
 
INFLAMMATION, NOS 1 (2*)
 
INFLAMMATION, DIFFUSE 1 (2S)
 
ABSCESS, NOS 1 (2%}
 

ILUNG (20) (50) (50)
 
CONGESTION, NOS 1 (2%)
 
HEMORRHAGE 1 (2X)
 
PNEUMONIA, ASPIRATION 5 (25X)
 
ERCNCHCPNEOMONIA SUPPUEATIVE 1 (2%)
 
BBONCHOPNEUMONIA, ACUTE 1 (2%)
 
PNEDMONIA, CHRONIC MURINE 114 (70)!) 18 (36X) 27 (514*)
 
METAPLASIA, OSSEOUS 1 (2%)
 

HF.MATOPOIETIC SYSTEB
 

*ECNE HABROH (20) (148) (50)
 
HEMORRHAGE 1 (2»)
 

fSPLEEN (20) (i*8) («9)
 
AMYLOIDOSIS 1 <2X) 1 (2)t)
 
HEHOSIEEBOSIS 1 (2%)
 

tHANDIBULAR I. NODE (20) (49) (50)
 
lYMJPHANSIECTASIS 1- L2*l _.. . ,
 

f NDMBER OF A N I M A L S KITH TISSUE E X A M I N E E MICRCSCOEICAUY 
*	 N U M B E R OF A N I M A L S N E C R O P S I E D 
**EXCLUDES PARTIALLY AOTOLYZED ANIMALS 
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TABU CI (C'ONTINUI-.I)J
 

HIGH DOSE
 
11-1191
 

(50)
 
2 (IX)
 

(50)
 
1 (2X)
 

(50)
 
1 (2X)
 

(50)
 
1 (2X)
 

10 (20X)
 
1 (8X)
 
2 (IX)
 

(50)
 

(50)
 

(50)
 

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

(50)
 

(50)
 
5 flOX)
 

•MESENTERIC	 I. NODE
 
LYMPHJNalEClASIS
 

CIRCULATORY SYSTEM
 

•HEART
 
INFLAMMATION, CHRONIC FCCAI
 

IHEART/ATRIUM
 
THPOMBOSIS, NOS
 

«(1YOCARDIUM
 
INFLAMMATION, FCCAL
 
INFLAMMATION, SUPPURATIVE
 
INFLAMMATION, CHRONIC
 
FIBSOSIS
 
DEGENERATION, NCS
 

*CCRONAPY ARTERY
 
ARTERIOSCLEROSIS, NOS
 

*PANCREATIC ARTESY,
 
A8TEBIOSCLERCSIS, NOS
 

*RENAL APTERY
 
INFLAMMATION, CHRONIC
 
NECROSIS, NOS
 

DIGESTIVE SYS1EB
 

*LI»ER
 
INFLAMMATION, CHRONIC
 
MECROSIS, FOCAL
 
AMYLOIDOSIS
 
AMYLOIDOSIS, FOCAL
 
HYPEPPLASTIC NOEULE
 
HYPERPLASIA, FOCAL
 
REGENERATIVE NODDLE
 

1LIVEP/FERIPOHTAL
 
FIPROSIS
 

IBILE DUCT
 

CONTROL (VEH)

11-1105


(2C)


(20)


(20)


(20)


5 (25X)

1 (5X)


(20)


(20)


(20)


(19)


3 (16%)


(19)


(19)

.1 RliL „_


 LOH COSE
 
 11-1193
 

 (19)
 

 (50)
 

 (50)
 
1 <2X)
 

 (50)
 

1 <2X)
 
 15 (30X)
 

7 (11X)
 

 (50)
 
1 <2X)
 

 (50)
 
1 <2X)
 

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

 (19)
 

3 <6X)
 

 (19)
 
3 (6X)
 

 (19)
 
W.a2JJt)_..._
 

* NOMBER OF ANIMALS WITH TISSDI EXAMINEE MIC8CSCOPICALLY
 
* NUMEEt OF ANIMALS NECHOPSIED
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TABLE Cl (CONTINUED)
 

CONTROL (VEH) LOU COSE HIGH DOSE
 
11-1195 11-1«93 11-1191
 

•PANCREAS	 (20) (50) (50)
 
INFLAMMATION, CHBONIC FCCAL 1 <2X)
 
ATBOPHY, FOCAL 3 (6X)
 

iPAlCREATIC ACINUS (20) (50) (50)
 
ATBOPHY, NOS 1 (5*) 6 (12%)
 
ATROPHI, FOCAL 2 <10X) 1 (2X)
 

tSTOHACH (20) (50) (19)
 
OLCER, NOS 1 (2*)
 

•SHALL INTESTINE (20) (50) («9)
 
INFLAMMATION, NOS 1 (5X)
 

•COLON	 (19) (U9) («9)
 
PARASITISM 10 (53*) 16 (37«) 27 (55*)
 

UBINABY SYSTEB
 

•KIDNEY	 (20) (50) (50)
 
INFLAMMATION, CHRONIC 13 (65*) 36 (72*) 45 (90*)
 
INFLAMMATION, CKRONIC DIFFUSE 1 (2*)
 

IKIDNEY/TUBULE (20) (50) (50)
 
CAST, NOS 1 (2*)
 

•OBINARY	 BLADDER (18) (37) (38)
 
MINERALIZATION 1 (3X>
 
HBHOPRHAGE 1 <6»)
 
HEHORRHAGIC CYST 1 (3*)
 
INFLAHHATION, NOS 1 (3X)
 

INDCCFINE SYSTEM
 

•THYROID	 (9) (39) (27)
 
HYPEFPLASIA, C-CELL 1 (11X1
 

•PANCBBATIC ISLETS (20) (50) (50)
 
HYPERPLASIA, NOS 1 (2*)
 

REPRODUCTIVE SYSTEB
 

•PROSTATE	 (1S) (15)
 

» NOKBER OF ANIMALS WITH TISSUE EXAMINED MIC^CSCOPICJ.LIY
 
* NUMBER OF ANIMALS NECROPSIFD
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*SENINAL VESICLE

INFLAMMATION, SOPPURATIVE


NEBVOUS SYSTEM
 

«BRAIN

ABSCESS, NOS

ATROPHY, PRESSURE


SPECIAL SENSE ORGANS
 

HONE
 

HOSCULOSKEIETAL SYSTEM
 

NONE
 

BODY CAVITIES
 

'ABDOMINAL CAVITY

STEATITIS

NECROSIS, FAT


*PEHITONEDM

INFUMMATION, CHRONIC


*PERICARDIUM

INFLAMMATION, SUPPUBATIVI


ALL OTHEB SYSTEMS
 

ACIPOSE TISSUE
 
INFLAMMATION, CHRONIC

INFLAMMATION, GEANOLOMATOUS

NECROSIS, FAT


SPECIAL MOBFHCLCGY SOMflAEI
 

NONE
 

TABLE Cl (CONCLUDED) 

CONTROL ( V E H ) L O U COSE HIGH DOSE 
11-11495 11-1193 11-1491 

 (2C) (50) (50)
 
1 (5%) 2 (14%)
 

 (20) («9)	 (50)
 
1	 (5X)
 

1 (2X)
 

 (20)	 (50) (50)
 
1 (2%)
 
1 (2X)
 

 (20)	 (50) (50)
 
1 (2*)
 

 (20) (50)	 (50)
 

1


* NUMBER OF ANIMfLS WITH TISSUI	 EXAMINED MICaCSCOPICAIIY
 
* NUMBER OF ANIMALS NECROPSIEE
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1 (2X)
 

3
 
1
 
2 1
 



TABLF.C: 
SUM M A R Y OF THE I N C I D E N C E OF NONNEOPLASTIC Ll iSIONS IN F E M A L E RATS I 'REATED WITH LITI IOCIIOl . l t ACID 

CONTECL (VEH) LOU EOSE HISH DOSE
 
11-T496 11-1494 11-1492
 

ANIMALS INITIALLY IN STUDY 20 50 50
 
ANIMALS NECBOPSIED 20 19 50
 
ANIMALS EXAMINED HISTOPATHCLCGICAUY ** 20 U9 50
 

INTIGUMENTARY SYSTEM
 

MODE
 

RESPIRATORY SYSTEM
 

•TRACHEA	 (20) (46) (45)
 
INFLAMMATION, NCS 1 (2X)
 
INFLAMMATION, .SUFPHRATIVE 1 <2X) 1 (2*)
 

• LONG (20) (48) (49)
 
PNEUMONIA, ASPIRATION 3 (15*)
 
PNEUMONIA, CHRONIC MURINE 6 (30*) 8 (17*) 15 (31X)
 

HEMATOPOIE1IC SYSTEM
 

•SPLEEN	 (20) (48) (49)
 
INFA8CT, NOS 1 <2X)
 
HEBOSIDEECSIS 1 (2X)
 
HYPE8PLASIA, LYMPHOID 1 (5*)
 

•MANOIBULAR	 L. NODE (20) (46) (47)
 
LYMPHANGIECTASIS 1 <5X)
 

•HESENTERIC L. NODE (20) (46) (47)
 
LYBPHANSIECTASIS 1 (2X)
 
HYPERPLASIA, LYBPHOID 1 <2X)
 

CIBCOLATCRY SYSTEM
 

•HYOCAROIDH	 (20) (46) (149)
 
IHFLAHHATIOM. HOS
 .JJUU 

* NUMBER OF ANIMALS WITH TISSUE EXAHISiD HICRCSCCPICALLY 
*	 N U M B E R OF A N I M A L S N E C R O P S I E D 
"EXCLUDES PARTIALLY AUTOLYZED ANIMALS 
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TABLF. C: (CONTINUI-ID)
 

CONTROL (VEH) LOW DCSE HIGH DOSE
 
11-1496 11-1492
 

ABSCESS, NOS 1 <2X)
 
INFLAMMATION, CHRONIC 5 (11X) 5 (10*)
 
FIBROSIS 2 (1C*) 1 (2X) 4 <8X)
 

DIGESTIVE SYSTEK
 

tSALIVARY GLAND (19) (43) (4U)
 
INFLAMMATION, CHRONIC DIFFUSE I (2X)
 
METAPLASIA, SQUAMOUS 1 (2X)
 

*LI7ER (20) (49) (49)
 
INFLAMMATION, NCS (4X)
 
INFLAMMATION, SOPPURATIVE <2X>
 
INFLAMMATION, NECBOIIZING 1 (2X)
 
DEGENERATION, NOS 1 (2X)
 
NECROSIS, NCS 2 («X)
 
NECROSIS, FOCAL 1 <2X)
 
BETA MOPEHCSIS FATTY 1 (5)1) 2 (4«) 5 (10X)
 
HYPEBPLASIA, NODULAfi 1 (2X)
 
HYPEFPLASIA, FOCAL 4 (8X) 7 (14X)
 
HYPEPPLASIA, RETICULOM CELL 1 <2X)
 

*LIVER/CENTRILOBOLAR (20) (49) (49)
 
NECROSIS, NCS 1 (2X)
 

iLI7ES/PERIPCRTAL (20) (49) (19)
 
FIBROSIS 1 <2X) 1 (2X)
 
FIBFCSIS, FOCAL 1 (2X)
 

»LIVER/HEPATCCYTES (20) (U9) (49)
 
HYPERPLASIA, FOCAL 3 (6X> 2 (4%)
 

• BILE DUCT (20) (49) (49)
 
HYPERPHSIA, NOS 1 (5*) 8 (16X) 5 (10*)
 

tPANCREAS (20) (16) (46)
 
ATROPHY, FOCAL 1 (2X)
 

tPANCREATIC ACINUS (20) (46) (46)
 
ATROPHY, NOS (5X) 2 (<»*)
 
ATROPHY, FOCAL 1 (2*)
 

tSTOBACH (20) (48) (50)
 
. .ULCER. NC,S -JLJiiL
 

t SOMBER OF ANIMALS WITH TISSBI EXAMINED BICHCSCOPICALLY
 
* MOHBER OF ANIMALS NECRCESIED
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TABLE C2 (CONTINUED) 

CONTEOL (VEH) LOB DOSE
 
11-1U96 11-1491
 

•colon	 (20) (147)
 
PARASITISM 9 (i*5X) 21 (45*)
 

OBIHABY SYSTEf!
 

IKIDNEI (20) (16)
 
INFLAMMATION, CHFONIC 3 (15*) 23 (18*)
 
HEPHFOPATHY, TOXIC
 
SEPHHOSIS, CHOLEHIC
 
INFABCT, ACUTE 1 (2X)
 
PIGMENTATION, SOS
 

•KIDNEY/CORTEX	 (20) (18)
 
CYST, SOS 1 <2X)
 

tORISABY ELABDER (17) (40)
 
INFLAMMATION, DOS
 
HYPEHPLASIA, PAEI1LAEY
 

*0. BLADDER/S UBM UCOSA (17) (10)
 
HBM05RHAGE 1 (3*)
 

INDOCBINE SYSTEM
 

IPIIUITABY (20) (46)
 
CYST, NOS 2 (10*) 2 <4X)
 
HEMORRHAGE 1 (551)
 
HYPEEPLASIA, CHEOHOPHOBE-CELl 1 <5X)
 

IXDRENAI (20) (47)
 
IHFARCT, NOS
 
LIPOIDOSIS
 

fACSENAL HEDULLA (20) (17)
 
HYPEBPLASIA, NOS 1 (5X)
 
HYPEFPLASIA, FOCAL 1 <5*)
 

*THYBOID (19) (29)
 
HYPEEPLASIA, C-CELL 2 (1%)
 

BEPEODUCTIVE SYSTEM
 

*BA(1I1AEY GLAND	 (20) (1?)
 
- __ ̂ IA.TAIIO^/DUCT?	 1..J&XJ
 

* N U M B E R O F A N I M A L S W I T H T I E S U J E X A M I N E D M I C P C S C O F I C A 1 L Y 
» N U M B E S O F A N I M A L S N E C 8 0 E S I Z D 

09 

HIGH DOSE
 
11-1492
 

(18)
 
17 (35*)
 

(50)
 
37 (74X)
 
1 (2*)
 
1 <2X)
 

3 (6*)
 

(50)
 

(40)
 
1 (3X)
 
1 <3X)
 

(40)
 

(48)
 
3 (6X)
 

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

(50)
 

(27)
 

(50)
 
3 (6J1
 



INFLAMMATION, NOS
 
INFLAMMATION, SUPPURATIVE
 
HYPERPLAEIA, NOS
 

•MAMMARY	 LOBULE
 
HYPERPLASIA, NOS
 

tUTEROS
 
INFLAMMATION, NOS
 
INFLAMMATION, SOPPtJHATIVE
 
POLYPOID HYPERPLASIA
 

tUTERUS/ENDOHETRIUM
 
CYST, NOS
 
INFLAMMATION, SUPPUBA1IVE
 
INFLAMMATION, ACUTE
 
ABSCESS, NOS
 
INFLAMMATION, CHRONIC
 
HYPERPLASIA, NOS
 
HYPERPLASIA, CYSTIC
 

iOVASY
 
CYST, NOS
 
INFLAMMATION, NOS
 
ABSCESS, NOS
 

NERVOUS FYSTER
 

tBRAIN
 
INFLAMMATION, FOCAL
 
INFARCT, NOS
 
ATROPHY, PRESSURE
 

SPICIAL SEHSE OBGANS
 

NCNE
 

BDSCULCSKELETAL SYSTEM
 

•SKELETAL MUSCLE
 

"os
 

TABLI-: C2 (CONTINUED) 

CONTROL (VEH) LOW DOSE HIGH DOSE
 
11-1496 11-1494 11-1492
 

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

1 <2X)
 

(20)	 (49) (50)
 
1 (2X)
 

(20)	 (48) (50)
 
1 <2X)
 
3 (6X)
 
1 (2X)
 

(20)	 (48) (50)
 
1 <2X)
 

6 (12X)
 
4 <8X)
 

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

2 (4X) 3 (6X)
 

(20) (47)	 (50)
 
1	 (5X) 3 (6X) 5 (10X)
 

1 UX)
 
1 (2X)
 

(19)	 (48) (50)
 
1 <2X)
 

1 (2X)
 
3 (16*) 1 (2X) 5 (10X)
 

(20) (49)	 (50)
 

* NUMBER OF ANIMALS WITH TISSUE EXAMINED MICFCSCCPICALLY
 
* NUMBER OF ANIMALS NECROFSIEC
 

(HO
 



TABLI- (.'.: (CONCLUDl-D)
 

CONTROL |VEH) IOK DOSE HIGH DOSE
 
11-11)96 11-1U94 11-1*92
 

BCDJ CAVITIES
 

*FLEURA (20) (19) (50)
 
ABSCESS, NOS 1 (2*)
 

*MESENTERY (20) (19) (50)
 
NECROSIS, FAT 1 (5%)
 

AIL OTHER SYS1EMS
 

ADIPOSE TISSUE
 
INFLAMMATION, NECBOTIZING 1
 
INFLAMMATION, CHRONIC  1 1 1
 
INFLAMMATION, GRANULC»A1CU£ 1 1
 

ROUND LIGAMINT
 
INFLAMMATION, SUPPUFATIVi 1
 

SPECIAL MOHEHCLOGY SOSMAEY
 

NO LESION REPORTED 1 1
 

* NUMBER OF ANIMALS WITH TISSUE EXAMINED KICRCSCCPI:ALLY
 
* NUMBER OF ANIMALS NECROPSIiC
 

C-ll
 





APPENDIX D
 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC
 
LESIONS IN MICE TREATED WITH LITHOCHOLIC ACID
 





I A B L I . 1)1
 
S U M M A R Y (11 T i l l : IN( I D I . N C i : O I NONNEOPLASTIC LI SIONS IN M A L I : M I C H I R h A T H D WITH LITHOCHOLIC ACID
 

CCN1BCL (VEH)
22-2495

 LOU DOSE
 22-2493

 HIGH COSE 
 22-2491 

ANIMALS INITIALLY IN STUDY 20
ANIMALS MISSING
ANIMALS NECBOPSIED 20
ANIMALS EXAMINED HISIOPA^HCLOGICALLY ** 20

 50
 2

 48
 48

 50 
3 

 47 
 47 

INTEGUHENTABY SYSTEM
 

NONE
 

RESPIRATORY SYSTEM
 

(LUNG (20) (48) (46)
 
PNEUMONIA, CHRONIC MUKINE 5 (25*) 2 (4X) 3 (7JS)
 
HYPEBPLASIA, ALVEOLAS EPITHELIUM 1 (2X)
 

HBBATOPOIETIC SYSTEM
 

*SPIEEN (18) (44) (42)
 
HEMATOPOIESIS 1 (2X)
 

IBESENTERIC L. NODE (20) (46) (42)
 
CONGESTION, NOS 1 (5)!)
 
HEMORRHAGE 1 (5*) 1 (2S)
 
HEMOSIDERCSIS 1 (5*)
 
HYPEEPLASIA, NOS 2 (5X)
 

CIRCULATORY SYSTHM
 

tHYOCARDIUM (20) (43) (47)
 
FIBROSIS 1 (2%)
 

D I G Z S T I V I S Y S 1 E M 

t L I V E R ( 2 0 ) ( 4 7 ) (47) 
R U P T U R E 1 (2%) 

« NOMBEP. O F A N I M A L S K I T H T I S S U E E X A C I N E D M I C R C S C O E I C A I L Y 
* N U B E E R OF A N I M A L S N E C B O P S I E E 

**EXCLUDES PARTIALLY AUTOLYZED AM HALS 

D-3
 



LYMPHOCYTIC INFLAHMATOFY IKFIIT*
 
NECROSIS, FOCAL
 
ARYLOIDOSIS
 
METAMORPHOSIS FATTY
 
HEPATOCYTCREGALY
 
ANGIECTASIS
 

•LITEB/PEHIPORTAL

LYNPHOCYTIC INFLAMMATORY IKFILTB
 

IBILE DUCT

CYST, NOS
 
LYMPHOCYTIC INFLANHATCBY INFILTB


•COLON

NEHATODIASIS
 
PARASITISM
 

UBINABY SYSTEM
 

•KIDNEY
 
INFLAMMATION, CHRONIC
 

•URINARY BLADDER
 
INFLAMMATION, CHRONIC
 

ENDOCRINI SYSTEM
 

•PITUITARY
 
HYPE8PLASIA, NOS
 

•ADBBNAL
 
FIBROSIS, FOCAL
 

•THYROID
 
COLLOID CYST
 

BEPROEDCTIVI SYSTEM
 

•PREPUCE
 
. INFLAMMATION. JIPA
 

TABLE D1 (CONTINUED) 

CONTROL (VEH) LOU DOSE HIGH DOSE
 
22-2195 22-2193 22-2191
 

1 (2X)
 

1 (2X)
 
1 <5X) 1 <9X)
 

1 (5X)
 

 (20)	 (H7) (17)
 
1 (2X)
 

 (20)	 (17)
 
2 (IX)
 

1
 

 (16) (16) (15) 
1	 (2X)
 

<2X)
 

(20)	 (17)
 
1 (2*) <2X)
 

(18)	 (12)
 
<2X)
 

(10)	 (22) (28)
 
1 (IX)
 

(12)	 (38) (38)
 
1 (3X)
 

(12) (32)
 
1 (8X)
 

(20)	 <U7)
 

t HOHBEB OF ANIMALS KITH TISSUE EXAHINEE MICBCSCCPICALLY
 
* NUMBER OF ANIMALS NSCROPSIEC
 

0-4
 



NERVOUS SYSTEM
 

• BBAIN
 
CORPORA ABYLACEA
 
CALCIFICATION, FOCAL
 

SPECIAL SENSE CBGAKS
 

NOME
 

BUSCDLOSKEIETAL SYSTEM
 

NOSE
 

BCDI CAVITIES
 

*PLEURA

INFLAMMATION, SUPPUBATIVS
 

*PERICARDIUM

INFLAMMATION, CHRONIC
 

*BESENTERY

PERIARTEBITIS
 
NECROSIS, FAT
 

AIL OTHEB SYSTEBS
 

OBENTUM
 
NECROSIS, FAT
 

SPECIAL BORPHCLCGY SUMMARY
 

NO LESION REPORTED

ANIMAL 1ISSIHG/NC NECPOPSY
 
AUTO/NECROPSY/HISTO PEFF
 

TABLE Dl (CONCLUDED)
 

COKTSOL (VEH) LOU DOSE HIGH DOSE
 
22-2495 22-2t93 22-2491
 

(20) (18) (17)
 
1 (2*) 1 (2X1
 

2 (10*)
 

 (20)	 (48) (U7)
 
1 (2X)
 

 (20)	 (48) (U7)
 
1 (2X)
 

 (20) (48) (47)
 
1 (2X)
 
1 (2X) 3 (6X)
 

1
 

2 15 16
 
2 3
 
•• 1
 

I NDBEER OF ANIMALS WITH TISSUE EXAP.IBED KICRCSCCPICALLJ
 
* NQBBEP OF ANIHALS NEC80FSIED
 

D-5
 



i ABU n:
 
SUMMARY O1 THIi INCIDI-NCl: OF NONNEOPLASTIC LESIONS IN I I.MALI MIC1-: TKI A I I I ) WITH IITHOCHOLIC ACID
 

CCNTSCL (VEH) LOU COSE HIGH DOSE
 
22-2U96 22-2U9U 22-.2H92
 

ANIMALS INITIALLY IN STUEY 20 50 50
 
ANIMALS MISSING 1 5
 
ANIMALS NEC50PSIED 19 45 50
 
ANIMJLS EXAMINED HISTOPATHOLOGICALL1 ** 19 45 50
 

INTIGUMENTASY SYSTEM
 

NONE
 

EESEIBATOSY SJSIEM
 

•LUNG	 (19) (1U) (50)
 
HEMOR8H1GE 1 (5X)
 
INFLAMMATION, INTE8S1!TIAL 1 (2X)
 
PNEDMONIA, ASPIRATION 1 (2X)
 
PNEUMONIA, CHEONIC MURINE 2 (11*) 11 (255!) 9 (18*)
 

HEMATOPOIETIC SYSTEP
 

tSPLEEN (16) (41) (19)
 
HEMOSIDEPCSIS 1 (2S)
 
HYPEPP1ASIA, NOS 1 (2X)
 
HYPEEPLASIA, LYMPHOID 1 (2%)
 
HEMATOPOIESIS 1 (6X) 1 (2)8)
 

tMANDIBULAS L. NOD£ (13) (43) («7)
 
HYPEBPLASIA, NOS 1 (2X)
 

CIRCULATCBY SYSTEM
 

NONE
 

DIGESTIVE SYSTEM
 

tLIVER	 (13) («5) (50)
 

LOjjoPJULliC.jjiJiMMAXSJ.JL.ljai.LJX LJMJ	 ,1, _12*\__ 

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

**EXCLUDES PARTIALLY AUTOLYZED ANIMALS 

D-6 



FIBFCSIS, FCCAL
 
INFABCT, NCS
 
HEMAIOPOIESIS
 

•IIVER/CENTRILOEULAE
 
NECROSIS, COPULATIVE
 

•LIVER/KUPFFEE	 C£LL
 
HYPEBPLASIA, NCS
 

•PANCEEAS
 
CYSTIC DUC1S
 
FIBBOSIS, DIFFUSE
 

UKINABY SYSTEK
 

•KIDNEY
 
LYNPHOCYTIC INFLAMMATORY IKFILIB
 
INFLAMMATION, CHRONIC
 

ENDOCRINE SYSTEM
 

•THYROID
 
CYSTIC FOLLICLES
 

REPRODUCTIVE SYSTEM
 

•UTERUS
 
PYCMETBA
 

•UTERUS/ENDOMETB1UM
 
INFLAMMATION, SUPPUEATIVE
 
INFLAMMATION, CHRONIC SUPPCKATIV
 

•OVARY/OVIDUCT
 
CYST, NOS
 

•OVASY
 
CYST, NOS
 
FOLLICOLAE CYST, NOS
 
HEMATOMA, NOS
 
AIROPJiY. _NOS


TAHLi: 1)2 (CONTINUI-:!))
 

CONTROL (VEH) LOW DOSE HIGH DOSE
 
22-2H96 22-2H9U 22-2192
 

1 (2X)
 
1 (2X)
 

(18)	 (1*5) (50)
 
1 (6%)
 

(18)	 (U5) (50)
 
1 (2%)
 

(16)	 (1*1) (18)
 
1 <2X)
 
1 (2X)
 

(19)	 (15) (50)
 
1	 (6*)
 

1 <2X)
 

(9)	 (30) (32)
 
1 (3*)
 

(18)	 (12) (19)
 
1 (22*) 10 (21X)
 

(13)	 (12) (19)
 
1	 (2X) 1 <2X)
 

1 (2X)
 

(18)	 (12) (19)
 
1 (6*)
 

(16)	 (35) (15)
 
3 (19X) 1 (11X)
 

1 (2%)
 
1 (2X)
 

I .1.31)
 

*	 NUSBEB OF ANIMALS WITH TISSU! EXAMINED MICECSCCPICALLY
 
*	 NUMBER OF ANIMALS NECECFSIEC
 

D-7
 



NERVOUS SYSTEM
 

tBHAIN

HYD80CEPHALUS, KCS

CALCIFICATION, FOCAL


SPECIAL SEKSE CRGANS
 

NONE
 

MUSCULCSKELrlAL SYS1E1
 

*VEHTEBPA

FIBPCDS CSTECDYSThOPHY


BODY CAVITIIS
 

*AEDOMINAL VISCERA

PESIARTEPITIS


*«ESJENTERY

STEA1ITIS

LYMPHOCY-IC INFLAMMATCPY INFILIB

PEBIARTESITIS


ALL OTHER SYSlEfS
 

NONE
 

SPECIAL RCKEHCLCJY S'J«nASY
 

NO LESION K£P03TED

ANIM»L 1ISSING/NC NECKCFSY

AOTO/NECFOFSY/HISIO PESF


TABLH D2 (CONCLUDHD) 

C O N T R O L ( V E H )
22-2196

 (18)

 1 (63!)
 

(19)

 1 (5X)
 

(19)


 (19)


 5

 1


 L O W DOSE H I G H DOSE 
 22-21914 22-2*92 

 (41) (50)
 

1 (2«)
 

 (45) (50)
 

 (45)	 (50)
 
1 (2*)
 

 (45)	 (50)
 
1 (7%)
 
1 (2%)
 
1 (2«)
 

9 13
 
 ••
 

1
 

#	 NUHEEP OF ANIMALS WITH TISSUE EXABINED MICSCSCCEICALLY
 
*	 NUKEER OF ANIMALS NECBOPSIEE
 

D-8
 





DHEW Publication No. (NiH) 79-1731 


	BIOASSAY OF LITHOCHOLIC ACID FOR POSSIBLE CARCINOGENICITY CAS No. 434-13-9
	FOREWORD
	CONTRIBUTORS
	SUMMARY
	TABLE OF CONTENTS
	I. INTRODUCTION
	II. MATERIALS AND METHODS
	A. Chemicals
	B. Dosage Preparation
	C. Animals
	D. Animal Maintenance
	E. Gastric Intubation
	F. Selection of Initial Dose Levels
	H. Clinical and Histopathologic Examinations
	I. Data Recording and Statistical Analyses

	III. CHRONIC TESTING RESULTS: RATS
	A. Body Weights and Clinical Observations
	B. Survival
	C. Pathology
	D. Statistical Analyses of Results

	IV. CHRONIC TESTING RESULTS: MICE
	A. Body Weights and Clinical Observations
	B. Survival
	C. Pathology
	D. Statistical Analyses of Results

	V. DISCUSSION
	VI. BIBLIOGRAPHY
	Review of the Bioassay of Lithocholic Acid* for Carcinogenicity by the Data Evaluation/Risk Assessment Subgroup of the Clearinghouse on Environmental Carcinogens
	APPENDIX A SUMMARY OF THE INCIDENCE OF NEOPLASMS IN RATS TREATED WITH LITHOCHOLIC ACID
	TABLE A1 SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS TREATED WITH LITHOCHOLIC ACID
	TABLE A2 SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS TREATED WITH LITHOCHOLIC ACID

	APPENDIX B SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MICE TREATED WITH LITHOCHOLIC ACID
	TABLE B1 SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE TREATED WITH LITHOCHOLIC ACID
	TABLE B2 SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE TREATED WITH LITHOCHOLIC ACID

	APPENDIX C SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN RATS TREATED WITH LITHOCHOLIC ACID
	TABLE C1 SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS TREATED WITH LITHOCHOLIC ACID
	TABLE C2 SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS TREATED WITH LITHOCHOLIC ACID

	APPENDIX D SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MICE TREATED WITH LITHOCHOLIC ACID
	TABLE D1 SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE TREATED WITH LITHOCHOLIC ACID
	TABLE D2 SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE TREATED WITH LITHOCHOLIC ACID

	LIST OF ILLUSTRATIONS
	FIGURE 1 CHEMICAL STRUCTURE OF LITHOCHOLIC ACID
	FIGURE 2 GROWTH CURVES FOR LITHOCHOLIC ACID CHRONIC STUDY RATS
	FIGURE 3 SURVIVAL COMPARISONS OF LITHOCHOLIC ACID CHRONIC STUDY RATS
	FIGURE 4 GROWTH CURVES FOR LITHOCHOLIC ACID CHRONIC STUDY MICE
	FIGURE 5 SURVIVAL COMPARISONS OF LITHOCHOLIC ACID CHRONIC STUDY MICE

	LIST OF TABLES
	TABLE 1 DESIGN SUMMARY FOR FISCHER 344 RATS LITHOCHOLIC ACID GAVAGE EXPERIMENT
	TABLE 2 DESIGN SUMMARY FOR B6C3F1 MICE LITHOCHOLIC ACID GAVAGE EXPERIMENT
	TABLE 3 ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS AT SPECIFIC SITES IN MALE RATS TREATED WITH LITHOCHOLIC ACID
	TABLE 4 ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS AT SPECIFIC SITES IN FEMALE RATS TREATED WITH LITHOCHOLIC ACID
	TABLE 5 ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS AT SPECIFIC SITES IN MALE MICE TREATED WITH LITHOCHOLIC ACID
	TABLE 6 ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS AT SPECIFIC SITES IN FEMALE MICE TREATED WITH LITHOCHOLIC ACID


