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Summary: A carncinogenesis bioossay of USP grade chlonoform was conducted

-usding Osbonne-fendel nats and'86C3F] mice., .Clbﬁonogonm was admindstered
onally (by gavage) in conn odl to 50 animals df each sex and at twe dose

Levels §ive Zimes per week fon 78 weeks. Rats were siarted on Tesl at

52 days of age and saciificed agtern 111 weeks, The dose Levels fon makes
were 90 and 180 mg/!*g body welight. Female nats were started at 125 and
250 mg/kg, nreduced Zo 90 and 150 mg/kg aﬁiejc 22 weeks, with an eavenrage
.ﬁevd'oﬂ 100 and, 200 mg/kg forn the study. A decrease in Zu/wiu.aﬁl rate

and wedight gain was evident fon all treated groups. The most sdgindfLcant
obsecrvation (P-= .0016) was kidiney epithelial Zumons in male kats with
ineidences of: 0% Ln com‘ﬁoU §% 4in Zhe Low dose and 24% in the high
dose groups. AUhough an dncrease Lin thyrold tumors was also observed in

treated forale nats, this finding was not considened biolLogically sdignificant.

Mice wene stanted on test at 35 days and saerificed aften 92-93 weeks.

‘ :q.-.,z e "’.r,u-‘.

Initial dose Levels were 100 and 200 mg/kg for males and 200 and 400 wmg/kg
fon female mice, These Levels wenre Lncreased aften 18 weeks fo 15()/300 and
250/500 mg/kg nrespectively so that the average Levels were 138 and 277 mg/kg
for males and 238 and 477 mg/kg for female mice. Swwival rates and welght
gaing wexe comparable forn all groups except high dose females which had a
decneased sunvival, Highly significant {ncreases (P < ,001) 4n hepa,toce,uwﬁan ’
carcinoma were chserved in both sexes of mice with incidences of: 96% and .
953 fon males and females at the high dose; 36% and §0% forn males -and females
at the Low dose as compared with 6% in both matched and colony contrnol males,
v An matched centrol females and 1% in colony contrnol females. . Nodubar -
hypenplasia of the Liver was observed in many Low dose male mice that had
not developed Icha,toce,(’,ﬁuﬁa@ carelnoma.
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IMIRODUCTION:

Chloroform (CHC13), also knpwn.as'iricﬁloromethane, is primafi]y used
(93%) in the manufacture of f]uo}ocarboné for refrigeranfs, propellants,
and plastics. The remainder is used for many purposes including
extracting and purifying antibiotics, as an industrial.so}vent,'in
preparation 6f dyes, arugs.and pesticides, as'a.component of some

toothpastes, cough medicines, liniments, salves, in photographic

processing and in industrial drycleaning (1)." Chloroform was selected

for carcinogenesis bioassay as one agent in a study of halogenated

alkanes that occur in the general and occupational envirorment
of humans.. Chloroform was included in this study because of its

‘chemical structure, use, and prior suspicion of ‘carcinogenici- (2).
: P 3

MATERIALS AND METHODS:

Design of Chronic Studies - The experiment's basic design consisted -

of administering chloroform at two dose levels to groups of 50 animals
of each sex and species. Thus, 400 treated anima]s diVided into 8

groups were used. Treatment was by oral gavage 5 times per week for

.78 weeks with sacrifice of surviving rats at 111 weeks from start of

study and mice at 92-93 weeks. Rats were started on treatment at 52
days and mice at 35 days of age, The initial highest dose level was

the estimated maximum tolerated dose (MTD) basgd‘upon a preliminary
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toxicity study in which chloroform was administereq.for 6 wecks at

various dose levels followed by an additional 2 weeks-of observation.

The parameters evaluated in the toxicity stddy were mainly survival,

weight differences and clinical/necropsy observations.

_ The dose levels for male rats were 180 and 90 mg/kg throughout the

chronic study. -For female rats, it was necessary to lower the doses

from starting levels of 250 and 125 mg/kg to 180 and 90 mg/kg after

" 22 weeks. The initial dose levels for mice were 200 and 100 mg/kg

for males and 400 and 200 mg/kg for females. ]ﬁése were increased

_ slightly after 58 weeks to 300/150.mg/kg for males and 500/250'mg/kg

'for.females sipce it was considered that the animals could tq}érate

a higher dose. Actual doses, days on treatment at each dose, "time

weighted average dose levels”, and estimated average daily doses

for each group are presented in Table I. The average doses ranged

from 36-90 milligrams for rats and 4-14 milligrams for mice.

Three types of controls were used in this study, "matched" controls,
"colony" controls and “"positive" controls. The "matched" controls
were animals.as nearly identical to the chloroform-treated animals

as possible. They were from the same source, with identical animal

care, housed in same room and received a like quantity of the vehicle,

corn oil, as the treated animals. Rats were.assigned to treated and

matched control groups:in a randomized manner, such that the average

i B S
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weight in each group vas approx1mate1y the same, The matched control
groups of mice wero started on the veh1c]e treatmcnt 1 week cax]icr

than the ch]oroform treated mice but were otherwise comparab1e

"Colony" control "animals were of same strain and source, and were
started on test within 3 months of the ch}oroform ~treated animals.
They were maintained in the same manner and rece1ved corn oil as
_described for the chloroform "matched” controYs. The colony control
included the ch]oroform-matched controls plus mgﬁched controls to
other chemicals'that were tested simu]taneous?y. Tﬁe:“mafched" .
controls cons1sted of 20 for each sex of each spec1es ‘whereas the
colony controTs consisted of 99 male and 98 female rats and. 77:male
and &0 female m1ce AT co]onj contro] mice were housed in thé
'same room whereas colony control rats were housed in two different

rYooms.

wpositive" control animals were of same strain.and source, a]s§:
housed in the same way. These, hovwiever, received a known cartinogen,
carbon tetrachloride, and vere 1nc1uded as a contro] for the entire
series of ha]ogenated chemicals on test. The purpoce of the p051t1ve
control was to ver1fy the senswt1v1ty of the test an1mals to
carc1nogen1c1ty by halogenated chemicals and to serve as a check on
procedures and techniques. The experimental design for the carbon

tetrachloride test was essentially the same as the chloroform study




excepl that the dose levels werce: -47'5nd'94 mg/kg for male rats;
80 and 160 mg/kg for female rats;. and 1250 and 2J00 mg/kg for both
mate and fcmé]e mice. A compar1son of ch]oroform and cC1, dose 1evels

is presented in Table II. ' . »

Table 11. Comparison of Dose Leve]s for Ch1orofm i and Carbon Te‘uachlm 1dc»
Treated Groups . : :

EXPERIMENTAL GROUP . CHLORQFORM © LCl4

Rats (mg/kg)* (mg/ke)*
Males Low Dese - 90 , 47
High Dose 180 . - 94
Females Low Dose o . 100 = : £0
High Dose 200 . 160

Mice

Males ‘Low Dose A 138 1250
- High Dose 277 2500
Females Low Dose . L. 238 . 1250
High Dose . 477 . o 2500

* Mg/kg body weight. Single dose administered by gavage -5 x/week for 78 veens.

In evaluating suspected treatment-related effects, the matched contrels .

were initia]ly compared to the tést groupc Sinée the matched control
groups were small, 20 per sex and specxes, in comparison w1th the
treated groups, comparisons were also made with the larger groups of
colony controls. Complete data on all tumors are presented for the
.matched controls and for the chioroform-treated groups. For colony

" and CC]a controls, on]y.thé ddta relating to total tumors, and/o}

specific lesions of concern are presented in the analysis tables and

~x

~ comparison” figures.

. .
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".Chemicals - The material tested was USP grade chloroform purchased

-from A]dfi;h Chemical Companj; Inct,'940 West Saint Paul Avenue,

Milwaukee, Wisconsin. USP grade chloroform should be at least 99.0%

chloroform ghgié*s:l,p%\ethy1 alcohol., Ethyl alcohol is added by the

manufacturer as a stab1112er The purlty was checked by Hazleton

Laboratories America, Inc., using gas- ]1qu1d chromatogwaphy (gic) wwth

flame iohizqtioh detector and infrared spectrometry. Approximately 98%

6f the-g]c peak area was chloroform with eth}] alcohol accounting for
the remainder. Infrafed spec{rometric and glc analysis at intervals
during the bioassay indicated no significantfchange in chémical |
composition, | |

s .
Chloroforn was administered by oral gavage using corn oil as a

veﬁ{fie Freéh solutions of chloroform in corn oil were prepared
veekly in amounts suff1c1ent to treat al] an1mals, sea]ed and
refr1gerated until use. The concentrat1on of ch]c:oform Jn corn
0il wasilo% for rats and 2—5% for mice. The corn oil was purchaséﬁA
from a}distributor, C. F. Sauer Company, nghmond, Virginia. For

safety purposes, the %esy solutions were maintained cold to minimize

volatilization, and dosing was conducted under a Tood.

~ Animals - Rats and mice of both sexes, obtained through éontracts

of the Division of Cancer Treatment, NCI, were used in these tests.

- The rats were Osborne-Mendel strain, procured from Battelle Memorial

" Institute, Columbus, Ohio, and the mice were BGC3F) hybrids obtained

s W
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from Charles River Breeding Laboratories, Inc., Wilm.ngton, Massachusetts,

-Upon receipt, animals. were quarantined for-7-10 days, determinced to

be free from observable disease or parasites and randomly assigned

L]

to the experimental groups.

- . & - * I3 - . . . .
Animal Maintenance - A1l animals were housec in temperature and humidity-

. controlled rooms. Tncoming air was filtercd throdgh 2-inch thick -

disposable fiberglass filters at a r@te providing 12 changes of room
air per hour. Lighting was provided on a 12-hour per 8ay.cycle. Rats
were individually housed‘in suspended steel, gire~mesh cages and mice
in polypropylene cages. Ten mice were houéﬁﬁ ir each cége. Clean
cages with bedd1ng (San1 ch1ps manU4actured bv Shurfire ) vere provided

tw1ce each ueeP for mice, wh11e the rat cages were chz noLA vieexly.

. Food containers were changed and sterilized once a weck fr ihe first

10 weeks .and once a month thereafter. Steri]e'g1ass water bottles

were provided three times a week for mice and twice a week for rats.

Food (Wayne Laboratory Blox Meal) and water were consumed ad libitum,

Racks were rotated in the room and positioned at random. The rats

were housed in a room in which 1,].2,2itétrachloroethane 3-chloro-

propene, ethylene dwbrom1de and carbon tetrach]oride were also on test
Ch]oroform treated mice were housed*in the same room as m1ce receiving
1,1,2,2-tetrachloroethane, 3-chloropropene, chloropicrin, 1,1-dichloro-

ethane;gtrichloroethy]ene, sulfolene, iodoform, ethylene dichloride,

N\



methylchloroform, 1, 1'2-frichloroethane -ietracﬁ]oroethylene;
hexach]oroethane carbon d1su1f1de tr1ch]orof1uoromothane carbon
tctrach1or1de cthylene dibromide and dlbromochloropropane Vehicle
matched control groups were housed in the same room as their fespective .

treated groups. '

. C11n1ca1/Pathology Examxnat1ons - A]l anlma1s were inspected twice

da1]y Body weights and food consumpt1on were recorded week]y for

the first 10 weeks and monthly thereafter “Animals appear1ng

moribund when examzned were sacrwfxced an&‘mmmedxateTy necropsied.
“In. the chronwc study a necropSJ vas performOd on each animal regardless
of whether it died, was sacrificed ear1y or survived to term1nat1on
Animals were anesthetized, exsengu1naLed and immediately necroos1ed
The following tissves were taken from sacrificed animals and where
possible from those found dead: brain, pitugtary, adrenal, thyroid,
parathyroid, tra wchea, esophanus thymus; salivary gland, 1ymph nodes
(mesenteric and cervical), heart, nasal passages, lung, spleen, livef,
kidney; stomach, small intestine, ]arge intestine, pancreas, urinary
bladder, prostate or uterus, testis with epididymué, seminal vesicles,

ovary, skin with mammary glahd, muscle, nerve, bone, bone marrow, and

tissue masses.

Tissues wvere preserved in 10% buffered formalin, cmbedded in paraffin,

sectioned, stained with hematoxylin and eosin, and examined
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microscopically. Because some tissues (espeéia]]y small organs) were
lost during the gross autopsy, and.the histologic preparation process,
the denominator used for a particular organ, tissue or lesion in

Appendixes A and B, does not necessarily equal the number of animals

placed on experiment in each Qroup.

The pathologic find{ngs of the Experimental Pathology Laboratories and

Hazleton Laboratories America, Inc., were reviewed by_ﬁatho]bgists

at Tracor Jitco, Inc., and the National Cancer Institute, with special

attention given to hepatic and renal lesions.

EY

at

Data Recording and Statistical Analysis - Pertinenf data on this
o 7 $ o f :
experiment have been recorded in an automatic data processing system,

the Cércinogenesis Bioassay Data System (3). The data elements

“include descriptive information on the chemical, znimals, experimental

L

design, clinical observations, survival, animal weights, and individual
pathologic results, as recommended by the International Union Against
Cancer (UICC) (4). Data tables were generated for Statistica] review

and verification of data transcriptién.

ﬁurviyal probabilities were estimated by the product-limit proéédure.-

- of Kaplan and Meier (5). The statistical analysis of tumor-iﬁcidence

reported in Tables III and*VII was performed-using the Armitage Test

A
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for lincar trend in proportions (6a). This analysis determines if

" the slope of a dose-response plot is statistical]y different from

zero (P < .05), -assuming a linear trend. . If the assSociated statistic
which detects departure from linear trend was significant, then the
Fisher Exact Test (6b) was used to compare controls to each dose

level. A correction for simultaneous comparison of controls was

. made using ‘the Bonferroni inequa]ify (7). Thus, a corrected

P value < .05 was also deemed significant.

- RESULTS:

A. Rat .

« 1. Survival -"As ilustrated in Figure 1, the survival rate
for both male and female rats treated with chloroform was -
considerab]y»}ess than for controls. - whfle decreased surviva} .
appeared dose-related, the difference between high and Yow
dose females became substantial only after 70 weeks. . At
approximately 90 weeks, the death fate for ma]é controls
_increased, probably due to respirétqry and-renal conditions.

2. Body Heights, Food Consumption and Clinical Signs —.ﬂs

evident in Figure 2, treated animals of both sexes gained less

Weight than did the controls. The weight gain apbears dfrectly

related to the dose level. Food ;onshmption was also slightly

. .depressed in treated groups. S ‘ e

AN

10
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~During the first 10 weeks of the study in all treatment groups,

" “"Jow to moderate numbers of animals developed a hunched. appearance, -

urine stains on the lower.abdomen, redness of the eyelids and
apparent.We%ght.losg. During the remainder ofitﬁe first year

of the study, a large percentage of;the’test_anima]s were hunched
and wheezing, and the urine staining.continued. The first

palpable nodule-was noted at week 50 in the low dose male group.

Dufing the second year of the sthdy, the incidence of the zbove
described clinical signs gradually increased in all test groups.

In additidn, rough haircoat, stains on ﬁaircoat, localized alopecia

on éxtrgmities or trunk, sores on the.body, head, and particularly

on the f%il wére also noted. Botﬁ matched ana-co1ony control
groups began to exhibit similar signs in the 70th week and

by 110 weeks clinical observations were essenfia]]y the same
in the test and conéro] groups. Several pé]pable nodules and
tisshe masses vere noted in all groups'duting the latter part
of the second year. Occasionally, the small nodules palpated
at one observation period were not palpable at a later time or

were replaced by small sores. These nodules were epparently

-'small subcutaneous. abscesses which drained and healed.

3. Pathology - Of the 200 treated and 40 matched, control rats

entered into the study, four wére lost (two missing and tvo

13
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“autolyzed). Histopathologic-findings of tumors are tabulated

in Appendix A, From an examination of Appendix A, djfferences
in tuﬁor'incidénces between chloroform—treatéd and controls Qere
abparent only for kidney tumors in males and females and thyroid
tumors in female-rats. These data were statistiéa]ly analyzed
and the results presented in Table III. In:addition-to those
results and that of total tumor incidente, the incidence of
heﬁatoce]]ular carcinomas aré also presented for comparison

purposes as highly statistical differences of this tumor type were

observed in mice. . e *

The t6tal incidence of animals with tumors‘of'any.kind-did not

- vary greatly between treated and centrol groups. A slightly higher.

percentage of matcl°d contrels had tumors than in the h1g
dose males and the fema]es of bofh doses. As the survival of
all treated groups was -considerably less, this slight (and not

significant) negative trend is likely attributable to fewer

treated animals at risk for the deve]opment ofAspontaneous tumors

that appear late in life.. As the pathology d1agnos1s for co]ony

. contro]s are undergoing review to standardize nomenclature, the

data on total tumors are not presented. However,.there_was no

"indication of an unusual response in the matched controls from

other control groups included in the colony ‘control.

.

A statistically significant increase (P < .05) in epithelial

tumors of renal tubular-cell origin was observed in treated males,

W N
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as shown by the data presented in Table III _ Primary epithelial

" tumors were ohserved in the kidneys and rona] pe]V1s of 18 rats,.

all chloroform treated of these, 16 were in ma]es 12 in the |

high dose group and 4 at the low dose. The other two tumors were : z

in the high dose female group - The observatlon of two kidney

tumors 1n the high dose fcma]e group vias noL squ1f1cant when : ' 1
compared wwth colony contro]s (P 0)92) ~ No primary epwthe11a1

tumor of the kidney was found in- any of the 49 Tow dose females

or 197 controls. Figure 3 illustrates the percentages of animals

with these tumors according to experwmentéﬁ group " In addition

to the purely epithe]ial tumors, four malxgnant mixed tumors,

- and three hamartomas vere also observed. ‘However, these were found

in both the colony contno1 anc¢ treated groups, end ﬁot»considered

treatment related. |
L .

Two male rats had more than one primary repal tumor a low dose

male with both a m malignant m1ved tumor and a tubu]ar cell adenoma

in the left kidnrey, ;nd,a high dose male with both a tubular cell

carcinoma and a tubular cell adencma in the right kidney.

0f the 13 tumors’of renal tubU]ar—ce]] ep1£helium observed in

12 of the 50 high dose male rats, ten were carcinomas and three
adenomas; two of the cGrc1nomas vere found to have metastafwzed
Two carcincmas and two adenomas Qf rena] tubu]ar eplthe11um'were

observed among the 50 Tow dose male rats. One carcinoma of-renal

16
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tubular epithelium and one squamous cell carcinoma arising from

renal pelvic transitional epithelium were observed among the 48

high dose Temale rats. The tubular-cell adenocarcinoma widely.

L

metastasized.

Microscopicé]iy, the appearance of thése epithelial tumors'varied
from czrcumscr1bed vell- d)fferent1ated tubular-cell adenomas to
h1gh]y pleomorphic, poorly d]ffernntwated carcinomas which had

invadéd and metastasized. The cells in adenomas were relatively

uniform and polygonal, with abundant eogiﬁbphilic cytoplasm,

Nuclei were central or basal in location, with minimal atypia

and llttle increase in m1t0t1c index (Figure 4).- Most carcinomas
were va*/ ]crge and rep ]accd a cons1derab]e portion of the renal

-

perenchymna. They were poorly circumscribgd and infiltrated
surreunding normal tissues. These were of irregﬁ]ar shcets, nests,
and tubular arrangemcnts of ceils with'varyinQﬂdegrees of anaplasia
and increased nuc]c@z/cytoplabmlu ratio (F1Jures 5 and 6). The.
nests of cells were often surrounded by a.delicate fibrovascular
stroma, and central necrosis was sometimes presenﬁ in the more

anaplastic neoplasms, Rarely, a papi]]afy g]an&ular pattern was

observed..

The seven renal tumors that were not purely epithelial contained

renal epithelial, stromal, and fatty tissue'components.,.Four of these

(two 1n low dose male rats and two in male colony controls) were
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. of tumors as malignant.

hfsto]ogicélly malignant -and were classificd as malignant mixed

. tumors (Figure 7). The other three tumors (one each from low dose

male, high dose male and male colony controls) appeared ben1gn and

L]

viere c1a531f10d as hamartomas. In addwtwon to these seven tumors,

one herrangioma also occurred jn the kidney of a high dose female -

rat,

Criteria for differentiating malignant from benign primary tumors
of the kidney, both purely epithelial and mized types, included:
loss of normal cellular architecture; evi@gn;e of invas{on of
renal parenchyma, vessels, or adjacent tissués;.ée]1u1ar atypia
iné]uding nuc]gan/cytbp]ashic;ratio;'prominent nucleoli;
nbmerousfénd/or abnormal mitotic figures; and abhorma]~§ize and
shepe of néop]asﬁic cells. Evidence of metastasis, although

observed in several tumors, was not a requirement for classification

Y

Malignant mixed tumors and hamartomas have been seen in a low
spontaneous incidence at severa! laboratories in aged Osborne-Mendel

rats used on the Bioassay Program, occurring with- equal frequency

in contré] and test rats. In contrast, purely epithelial tumors of
. the renal tubules or renal pe?vic’transjtionai epithe]iﬁm yarely

~ occur spontaneoué]y in these QOsborne-Mendel- rats.
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Figure 4, Well differentiated tubular cell adenoma with distiﬁct

marqin, kidney.

eosin, X750, _

Figure 5. Tubular cell carcinoma, kidney:
: Hematoxylin and cosin, X25C,
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Pat, high dose male. Hematoxylin and

Rat, high dose male. -
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Figure 6. Tubular cell carcinoma; kidney. Rat, hiah dose male,

Hematoxylin and eosin, X4rQ..-
Figure 7. Malignant mixed tumor, kidney, Rat, low dose male.
' Hematoxylin and eosin, X250, - .
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_Follicular cell and C-cell tumors of the thyroid gland were

observed fh both control and te§t~jroups. Follicular cel{
adenomas appeared microscopically as wel]icircumscr%hed, Jsua]ly'
single masses composed of enlarged follicles lined by hyperbaso-
philic fo?lftu]arrce]]s. The cells were increased in numbgr,

either by papillary infolding of simple cuboida]ror columnar

epithelium into the follicular lumen, or stratification of follicular

cells surrounding the lumen. Distinct compression of surrounding
normal thyroid parenchyma, usually with somgdevidence of fibrous
encap;u]ation,iwas present, Follicular architecture and cytology

within the mass differed markedly from that of the adjacent normal

4.fhyroid pafénchyma. Follicular cell lesions were ¢lassifed as

carcinoma based upon the presence of anaplasia and histolegic

arrangemenf in disorderly nests and/or sheets. Areas with

'papi]lgry patterns were also often présent. Fibrous stroma often

intermingled with, but did not encapsulate the tumors. Some of
the carcinomas encompassed the entire thyroid lobe, and the fibrous
stroma present made it impossible to %ecognize the normal thyroid

capsule. -

.C-ce1l lesions were classified as adenomas when the proliferating

C-cells were present in nodular masses which-widely separated
thyroid follicles and distorted normal fo]]icufar architecture.

In the larger, moké'discrete, nodular lesions, the proliferating
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C-cells were present as interlacing bundles of elongated, spindling

_cells, rather than the polyhedral to spherical‘sbape characteristic

of normal C-cells. In the one rat in which the C-cell lesion

A

was classified as a carcinoma, ‘microscopic evidence of capsular

~ invasion and multiple pulmonary meta:tases was present.

The incidences pf female rats wfth thyroid tumors was statistically
higher fﬁan controls at both doég levels (P = .05) as was the
departure from linear trend when compéring treatéd_w{th the colony
controls. In contrast, 'the incidence in males was reversed (not
significant at P = ,05) with a h)gher pekégntage of -controls with
thyroid tumors than ch]orofowm treated animals. The eva]uat1on

of "tota?" thyroid tumor's was not considered va11d swnce tvo
epithe11a1 cell types of the ther]d (follicular cell and C-cell)
were observed, havwng dwstxnct]/ d1fferbnt embryonic or1gmns and
phys1o]ogwc functions. Based upon this and the variability of |
observed spontancous incidence of thesg'tumors in this rat strain
and laboratory with opposfie and inconsistent effects in mé]es and
females, the thyroid differences'were not.considered of biological
significance. The incidences of these different cell types is |

presented in Table IV.

Table 1V. TIncidence of Thyroid Tumors - Pats

MALES ° ' . FEPALES
CONTROLS LOM  HIGH CONTROLS ° LOW  HIGH
TUMOR TOLOKY HAYCHED DOSE DOSE  TOLOMY FATCITD DOSE DOSE
Follicular-cell  4/99 3719 1749 2/48 1/98 N9 2748 6749
c-Cent 4/99  1/19  2/09 2/48° 0798 0/1¢ /49 4748
Total Thyroid ' 8/99 4719 3/43 4718 1792 1719 8749 10/49
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Only two hepatocellu}ar~caréihomas were observed among all rats

| p in the study, one in a male colony control dying at 97 weeks,

nodules occurred in the liver of 10/197 test rats (5.0%) and 2/197
- colony control rats (1%). Such nodules "have recently been defined
morphologically and designated as neopla§tic nodules (8). As such,

they have;begn categorized and coded as neoplasms when observed

in this.study;

Table V shows a comparison of the survival of rats receiving

chloroform and the known carcinogen, carbon tetrachloride

with pooledlfo]ony'controlé at 90 and 110 weeks. .

Teble V. Comparison of Survival of Colony Centrols, Chloroform and
) Carben Tetrachloride-Treated Pats - .

CHLOSOF0RM CAREON TETRACHLORIDE

TRITIAL 78 TIT TEITTEL 78 170

__ANIMAL GROUP N0, WEEKS  WEEKS MO WEEKS  WEEKS ~
Males Controls 100 67 26 - 100 67 26
Low Dose 50 - 39 27 . 50 34 14
. High Dose . 50 27 14 50 . 34 7
Females Controls 100 75 51 - 100 75 B
Low Dose 50 28 23 ‘ 50 38 20
. Righ Dose 50 - 25 15 50 21 14

24

‘and the other a high dose male rat that died at 11 weeks.. Neoplastic
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The incidences of both hepatocellular carcinomas and neoplastic
nodules in colony controls and in rats rcceiving chloroform or

carbon tetrachloride are given in Table VI. .

Table VI;' Incidences of Liver Tumors - Colony Conirols, Chloroform and.

Carbon Tetrachloride - Treated Rats

ANIVAL GROUP . HEPATCCELLULAR CARCIRONA - NEQPLASTIC RODULE

" CHUOROFORM 0, CRLCRUFORIT — (TTd
MALES Controls 1/9¢9 1/99 0/9% 0/939
- Low Dose 0/50 2/50 1/50 2/50
High Dose 1/50 2/50 2/50 /50
FEMALES Controls 0/98 0/98 2/98 2/98
Low Dose 0/49 . 4449 * .4/69 2/4¢
High Dose : 0/48. - /49 3/48 3/49

7
Numerous other neoplasms, that often occur spontancously in zged

laboratory rats, were observed in test and control groups without

«  sps . . . . . '
significant differences in frequency. These included fibrous

histiocytomas of subcutis, hemangiomas and hemangiosarcomas

of ép]een and other organs, pituitary adenomas, adrenal tumors,
and islet cell tumors of pancreds; hematopoietié tumors,
mesenchymal and epithe]ia]-mammar& tumors, endometrial stromal

polyps and astrocytomas of the brain.

In addition to tumors, numerous inflamnatery, degenerative,
and proliferative lesions commonly seen in aged rats occurred

with approximaté?x eQua] frequency in treated and control animalé.
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These included pericholangitis and biliary Hyperp]asia chronic

.nephrltws with tubu]ar dilatation and epithe]1a] hyperplasia

of the renal pelvis, subacuto to chronwc prostatitis, and

atrdphy of seminiferous epithelmum of the testes.

Non-neoplastic, possibly treatment-related lesions were observed

in the lungs, 1fvef, urinary bladder, and spleen as described

- in the following paragraphs.

Although inflammatory pu]monary lesions occurred in all groups

of control and test rats, there was a’ dkstwnct difference in the
nature and severwty of ‘the 1es1ons between tr;afed and control
groups.ffControl rats of both sexes had pu]monary lesions
characteristic of the Ezgéglgggg~associated chronic pneuménia
observed very co#moﬁ]y in aged laboratory rats; i.e., peribrenchial
and perivascular ljmpho1d agaregatcs and accunu]atlon of a]veo]ar
macrophages in }nterst1t1um and alveoli. Yhile the compound treated
rats of both sexes and at both dose levels had lesions s1m1]ar

to the.controls, the lesions were more severe and occurred in a
higher incidence. In addition, lungs of many animals (apﬁroximafely

30%) contained foreign-body giant cells and large marcophages

“filled with a fine granular material wﬁich in scme sections stained

brown with hematoxylin and eosin.

26
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. Necrosis of hepatic parenchyma occurred in chloroform-ireated

-rats as follows: ~3/50 low.dose'males, 4/5C high dose males,

3/49 Yow dose females,.and ]]/48'high dose femd]cg.

Hyperplasia of the epithelium of the urinary bladder occurred
in 1/18 matched control males, 7/45 low dose males, 1/45% high

dose males, 6/43 low dose females, and 2/40 high dose females.,
A poésible increase in splenic hematopoiesis was observed in
male rats: 1/18 matched control males, 3/45 low dose males and

6/45 at the high dose. - .

Mice /

1. Survival - As illustrated in Figure 8, survival wes comparehle
in both treated and.cohtro1 groups with the exception of thé high
dose females. The earlier deaths in féma]e hiéh dose mice cannct

be explained with certainty, but the incidence of hepatocelluler |
carcinomas was very high in this group In addition, pulmonary
inflammation was observed in 8, and cardiac thrombosis in 9 of

the 4]'high dose females. This latter lesion was not seen in either

the control or low dose females.

2, Body Weights, Food Consumption and Clinical Signs - As illustrated

in Figure 9, there was very little difference in the growth curves for
control or treated mice of both sexes. Food consumplion was also

combarable with no treatment-related effect evident,

27 o A
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'Durfng the firét 10 months of the study, the appearance and behavior

of the treated and control mice were generally comparab]e. Alopecia
(generalized and/or localized), sores on the back and other parts of
the body, small palpable nodules on ]owcr midline and/or inguinal

areas were noted in incre as1ng numbers of male mice, beglnnxng at week

9 and per51st1ng dur1ng the study After 42 weeks of treatment

bloating or abdom1na1 dlstenswon was noted in the high dose fema]es
and beginning in week 78 in the high dose males, By week 86, nearly
all high dose females and more than 50% of the high dose males had

abdominal distention. This was also apparént in eight low dose

A
r

females, ~HNecropsy offthesg'animals confirmed the presence of liver
lesions; the majority of which were subsequently diagnosed as

7 o
hepatocellular carcinomas.

3. Pathology - Twenty of the ?ﬂO treated anJ control animals were
lost to the study Of these, 15 (6%) were autolyzed, 4 were missing,
and 1 was accidentally %illed. Although most losses were in the

high dose aroups, the influence on the results was neg]igisle.
Histopathologic findings of all £Qmors observed are tabulated in
Appendix .B. From an examinafioﬁ of Appendix B, dffferonces in tumor.

incidences between chloroform-treated and controls were apparent» ’

-only for total tumors and hepatoce]]u]ar cavclnoma in both males

and females. These data were statistically ana]yzed and the

results presented jn Table VII. 1In addition to those results
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~the incidence of kidney épithe]ial and thyroid tumors are
“._prcscnted for comparison purﬁoses'as’statistical3differences

of these tumor types were observed in rats.

The incidence of total tumors was groat]y elevated in bofh male

and female mice at both dose 1eve1s. The increase is due to the

occurrence. of a specific type of tumor, hepatocellular carcinoma.

A significantly increased incidence of hepatocellular carcinomas

was found in all treated groups of mice (P < .001). These lesions
were observed in treated animals dying as early as 54-60 weeks.

Ao

Figure 10 illustrates the incidences of hepatocellular carcinomas.

. Va . .
The hepatocellular carcinomas observed in the various test and control

groLps comprised the full spectrum of morphology of this entity. The
tumors varied frcm those composed of well- d]fuerent1ated thatOC/cQS
~with a relat1Vﬂ1y unlfozm arrangemcnt to those whxch vere very
anaplastic and poorly differentiated w1th numerous mitotic figures.
Various types of hepatocellular carcinomaéﬁdescribed in the
literature were seeﬁ; including those with an_order]y cord-like
arrangement of neop]ast%c.ce11s (Figure 11), those with é pseudo-
}g]anduTah,pattern resembling adenocarcinoma, and thoée composed of
sheets of highly anaplastic cells with little tendency to form a

cord or gland-like arrangement. The diagnosis of hepatocef]u]ar

carcinoma was primarily based on histologic characteristics of the

32 U .
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neoplasm, Hepatoée]lu]ar,carcfhomas were found to have metastasized

to the Jung in two Tow dose males (Figure 12), and two high dose

females, and to the kidney in a high dose male.

- Few mice receiving carbon tetrachloride survived until the

planned termination of the test, compared with a considerable
number in each of the chloroform-treated groups as shown in

Table VI1I,

et

Table VIII. Comparison of Survival of Colony Contro] - Vehicle and
) Ch]oroform- and Carhon Tetrachleride-Trea d Mice

/ CHLOROFORH . ' CAﬁEOH TETPACHLOR DS

S TRITTED 78 0 IRIVIALD Y SR )

ANIIAL GROUP KO. WEEKS  WEEKS 1o. VEFKS  WEEKS
Males Controls 77 53 . 38 77 53 38
Low Dose 50 43 . 37 - 50 11 0

High Dose 50 . 4 - 35 - ‘50 2 0

*

Females Controls 80 77 . 65 20 71 65
Low Dose 50 - 43 36 50 10 - 0
High Dose 50 36 1 50 4 1

Hepatocel]u]ar carc1nomas were found 1n ‘practically all mlce rece1v1ng

~ carbon tetrach]or1de, including those dying before termlnatmon of the

33
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PCRCENTAGE OF ANIMALS WITH HEPATOCELLULAR CARCINGMA
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Figure 10. Comparison qf Incidences of Hepatocellular Carcincma (Chloroform)
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test. The incidence of liver tumors wWas somewhat greater in carbon
tetrachloride-treated mice (especially at the lower dose levels) than

in chlo%orbrm~treated mice as shown in Table fX.'

1

Table IX. 'Comparjson of Hepalecellular Carcinoma Incidence in Colony
Control - Vehicle Treated and Chloroform- and Carbon
Tetrachloride-Treated Mice

"ANIMAL GROUP ) CHLOROFORM - CARBCH TETRACELCRIDE

Males Controls 5777 5777

: Low Dose 18/50 49/49

High Dose 44745 L 47/48

Females Controls . “1/80 - 1/80
o Low Dose = © 36/45 T 40/40°
High Dose . 39/4) . o 43745

These livér tumofs.in.carbbn tetrachloride-treated mice varied

greatly in appearance from ]esions.ﬁhich qontained well differentiated
hepatic cells that had. a relatively uniform arrangement of the ‘
cords to very anaplastic liver ce]]s having large hyperchiromatic
nuclei, often with iﬁc]usion bddies, and with vacuolated, pale
cytoplasm, Arrangement of ‘the neop]ast1c liver ce]]s varied from |
short stubby cords to nests of fcpatwc cells and occa51ona11y acinar
arrangements. MltOtTC figures were often present; - Some ‘of the tumors
were characterized by discrete areas Q? h{ghly anaplastic cells |
surrounded by re]ative]y well differentiafed tumor cells. The |

neoplasms occurring in the cel —treated mice were s1m1]ar in

appearance to those notcd in the chloroform treated mice, o .

s . R
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The test weeé at which the first animal died in which a hepatocellular

carcinoma was observed -in each group is given in Table X.

v

Table X. Comperison of Time to Liver Tumor Detection in Colony Control -
' and Chlorcform- and Cerbon Tetrachloride-Treeted Hice

ANIVAL GROUP . C?lLdROFO?ﬁ . CAPBON TETRACHIORIDE
‘Males Controls : 72 . ) 72
Low Dose ' .. 80 . : 48
High Dose S ¥ . 26
Females Controls ’ 90 80
’ Low Dose . 66 : 16
High Dose 67 . . 19

at

&

In addition to the. higher incidence, hepatocellular carcinomas were

observed much earlier in carbon tetrachloride-treated mice than in the
7 .

"

chloroform-treated mice. Tumors in contrpl mice were observed much

later than with either other compound.

A very small number of non-hepatic spontaneous iumors were observed
in the various control and test groups, but no significant differences

were observed.

. Non-neoplastic hepatic proliferative changes werevfound in both the high

and. low dose mice of both sexes. OFf these, lesions of the liver
classified as nodular hyperplasia occurred in- 10 of 50 low dose males,

6 of 45 low dose females, and 1 of 41 high dose females. Hepatic

necrosis was observed.in six mice (all treated), 1 low dose male,

4 low dose females and 1 high dose female..

37 A N
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. A variety of inf]ammatory, QQgcnerative, and pfo]iferative lesions

" occurred in both control and.trcated groups of mice. There was ‘
a generally 1ow {ncidence of such lesions, and most, did not occur
more commonly in test than in control animé]s. Examples of such
spontancously occurring lesions included testicular atfpphy or |
mineralization, and mild infiammato}y alterations of the seiminal

- vesicle, Tung; 1ymph node, skin, urinary bladder, epididymus, testis,
ovary, and uterus. Cyétic endometrial-hyperplasia occurred very -
commonly in both control and treated female mice. ‘Cardiac atrial
thrombosis occurred in 9 of 41 high dose'féha]es,_a11 of'which died
on study and had coﬁcurrent hepatocellular carcinoma.

;o

Inf1amﬁé£ofy alterations of the kidney, primarily chronic,: occurred
in 10 of 18 controls, 2 of 50 low dose males, and 1 of 50 high:dose
maiés. Significant renal inflammation did not océur in any ponttol

or treated female mice. No exp]anation.caﬁ beigiven‘for this effect. J

DISCUSSION:

This study clearly indicates that chloroform has induced hepatocellular

A.carcinomas in both male and female mice (P < .OO]) and renal epithelial

tumors (P = .0016) in male rats. While there was also a statistically

significant (P < .05) incidence of total thyroid tumors in treated female

38
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rats, the patho?oglsts did not attach an/ b]o]og1ca? svgn1f1cance to
those. f1nd1ngs (see page 23). The 0bservat1on of Tiver cancer war not
totally unexpected on the basis of earlier studies w1th chloroform
(9, 10), howeVer the increased incidence of P1dney tumors had not been
predicted, |
The previous chloroform studies: were cdnducted 30 yeaee ago (1945- 1946) by
Eschenbrenner and Miller ’9 10) and suggested the potent1a] hepato—
Acarc1nogen1c1ty of ch]oroform In those studies chloroform was administered
by stomach tube to_St}ain A mice. Thirty doses {at five cifferent
concentrat1ons) were given at 4- day intervals for a ]20 day treatment
_perlod w1th sacrwfmce 1 month fo]]owxng the last - treatment HEPdLOTaS
were found in 7/15 female mice at the highest dose ]eve]s no hepatic _
tumor was observed in any male nor female at the lower dose levels.

: .. .
The results of the present study clearly support and eytend the f1nd1ngs
of Eschenbrenner and Miller, that chloroform administered by gastiric
gavage can induce hepatocellular proliferative lesions, including
hepatocellular carcinomas, in mice. In fhis study a high incidence
of hepatoce]]u]ar carc1nomas was observed in both males and fema]es while
a high 1nc1dence was found only in females in the Eschenbrenner and Miller
' study This might be attributed not only to a, sex difference in
susceptwb111ty of the Strain A mouse, but also to the shorter duratwon
of treatmcnt (120 days) and earlier sacrifice (at 150 days after start

of treatment) in the Fschenbrenner and M]]ler study

39 .




.. The term “hepatoce1]ulér carcinoma” was. used for broliferatjve lesions
of the livers in mice which, in the judgment of the patho]ogists,‘ .
“had the potential or the capacity fér progressive growth, invasion,
and metastasis and for causing death of Fhe host; This judgmcnt
vas based upon the cytologic and histo]ogfc features of the neoplasms
and the knowledge that ]esipns with the same morbho]ogic characteristics
have exhibited malignant biologic behavior.. The observation of nodular
hyperplasia in many male mice at the low dose without hepatocellular
carcinomas, while virtually all high dose males, had hepatocellular .
carcinomas, would tehd to support the hypothéﬁis thétvnodular hyperpiasia
is a stage in the'deve]opmenf-bf,chrcihoma.. | |

i} -
The terms "necplastic nodule” and “"hepatocellular carcincma" used to-
 djagnose proliferative hépatic lesions in.rats were based on the
morphologic criteria andanomenclaturefrecehtiy Eeported from a workshop

on the classification of specif.ic hepatocellular-lesions in rats (8).

The observation of kidney tumors in rats and liver tumors in mice

illustrates species differences in organ épecificity and sensitivity,

In regard to the choice of animal models, the Osborne-Mendel rat was
selected because of the experience gained by the Food and Drug
“Administration, where this strain has been used for many years as a

general purbose test animal., 1In addition, it was known to be

"49 - | T N
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sensitive to the carcinogenic effects of tC1 administerod by
subcutaneous injection (]1) The BGCBF] Strawn of mouse has been
eytcnsivc]y used by NCI for carcxnogonesis hioanays Current
experience with this strawn in our Program 1nd1cates-an incidence
of hepatoce]lu]ar carcinomas in control mice of approximately 5-10%
in males and 1% in females. The matched and colony control animals

in this study conformed we]] to this erpected incidence.

From the relatively low response of the rats to CC]4 (< 57 W]th

" hepatocellular carcinomas), it would appear that the Osborne-Mendel

e

rats used in these studies were 1ess sensutlv& to hepatOCgrc1nogon1c1ty

" than thosr used by Reuber (11) : In contrast near?y 10fl of the

CC]q-treatcd mnce developed hepatoce]]u]ar carcinomas with many

occurring in animals dying in the first year. While it would appear

';that the mouse was more sensitive to_CC14 ﬁhan chlorofori, the greater

dose levels of cC1, (5-9 % that of chloroform), should be considercd.

A concern in any testing program is the possib]é influence of extraneous
factors. Because severa] other compounds vere on test in the same rooms
wit! the present test animals, the possibility of a low level exposure
to these compounds in the air must be conswdered The absence of an
increased incidence of tumors in controls is evidence agalnst any direct
pronounced cffect of such respiratory e<posure but the poss1b1]1ty

cannot be 011m1naied that the effects OLserved were accentuated by

41 .
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concurrent exposures to these contaminants. Mo experimental studies

of cross contamination or simu]téheou§ administration. are available.

We would not expect a protcctlve effcct from 51mu1tangous exposure to
other halogenated so]vcnts, and 1t is highly un])kely that an
interaction of possible airborne contaminant amounts of so]vgnts with

the high doses of chloroform used wou]d.brihg about false positives.

With mice, stringent precaut1ons agawnst cross contamination were

- employed. The mice were kept in cages with filter top° which limited

the amount of expired chemical in the air availdble for 1nha]at1on

by other animals, the total air in each rocm was changed 10 to 15 times

.per hour, and thg mouse racks were transported to another room with

a large hood for_the dajly intubations. Furthermore, the he pato-

-

carcinomas in mice were present at a greater than P = 0.01 level of

significance and were produced by doses of chloroform of 90-477 mg/kg,

which are ‘several thousand-fold greater than any possible contamination

could have been.’ A dose related effect was observed and, any possib]é
chemical in general room air did not affect pdqtrols. Thué, although
this room arrangement ié-nof desirable as is stated in the NCI
Guidelines for Carﬁinogcn Bioassay in Small Rodents {12), there is

no evideﬁce the results would have been different with a single

compound in a room.
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The muthedology used in these studies differs from that currently

:adopied by 1CI (1?) in that: (a) tﬁe tesfing for subchronic toxicity

. was for 42 rathcr thah 90 dayS' (b) the dosage was changod during the

test; (c) the pe:1od of treatment was for 18 ratlher than 24 months
(d) the number of matched controls was ZQ rather than 50; and (c) several
volatile compounds were3te§ted in the seme room, In spite of these
Timitations, this bfoassay is cdngidered a valid test for carcinogenic
effect. Vhile the induction of hepatocellular carcinoma in mice, and
epithe]ié] tumors of the kidney in rats were highly significant, even
using the small matched control groups, thé use of:poolgdbcolony

controls further increasediihe va]idity ot these differences.
Due to changés in dosage of chioroform during the study and the use

of only t«o dose levels, a quantitative assessment of a dose-response

~relationship is not considered feasible. However, a linear dose trend:

was seen for both hepatocellular carc1nomas in mice and renu] epithelial

tumorg in the male rat.
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APPENDIX A -

SUMMARY OF TUMORS OBSERVED IN RATS

{CHLOROFORHM)
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MALL RATS WITII PRIFARY TUHORS BY ANATOHIC STT_(CHLOROFORM)

" TABLE AV

(PERCEMNYAGES:

BY SYSTCEM AND CRGAN ARF PAS[C CN THE CFFECTIVE HU’U[R

OF ANIMALS)

ALVEQGL&R-CELL LCENOMA

‘LDU oo £

THIGH DO E

T - o - "CONT POL
EFFECTIVE NUBGER OF ANIMALS® 19 (160%) 50 (1067 SO (100t}
TARIMALS wITH PRIMARY TUMORS 9 (47%) 24 (407 2C (4C2)
-, ‘
LHTEGUMENTARY SYSTEM 2 (11%) € (123 1 (2%)
SUBCUT TISSUE . 2 (112} 4L (&%) 1 (24}
FIBROUS HISTIOCYTOMAS 1 1 1
HALIGNANT FI18R0US HIoTIOCYTOVA 1 2
FIBREOMA 1
SKIN 0 10%) 2 (4%) D (ex) )
KERATOACANTHOUA 1
SQUAMOUS CELL CARC IMUMA » 1
RESPIRATIRY SYSTEM 0 102} 1 125%) 9 (ov)
LUNG 0/i° {071} 1750 (22) grer (03)
1
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TABLE Al. MALE RATS WITH PRIMARY TUMORS BY ANATOMIC SITE (CHLOROFORM) (CONTINUED})

.

{PERCENTAGES B8Y SYSTEH AND O7GAN ARE BASED ON THE EFFECTIVE NUPBER (F BNIMALS)

e e e e e e o e m e ot e e s o T s S ot At o i o o o e e s i S e o e - e e e o e o A e o e S W - o —— A e 4me A = o - e - - o
i i e e e et o e e A e S S

CONTRCL LOW DOSC PIGH THSE
ENOCCRINE SYSTEM (CONT} . o ’ .
PITUITARY ' ' . . 0/16 10%) 47464 (9T) 1747 (27)
CHROMOPHOBE ACENOHA : R . i 4 T
ADRENAL ' 2719 (11%) 0749 (0%}  0/49 (0%)
HEMANGIOSARCOHA 1 .
PHEOCHROMCCY TOHA o
PANCREATIC ISLETS ‘ ' 1716 (62} 2/50 (4%) 1769 (2%)
ISLET-CELL CARCINOMA o 1 _
[SLET-CELL 2CENQHY - 1 _ S 1
MEPATOPOLETIC SYSTEM . - .. 1 £5%) 4 t83) 2 14%)
SOLEEN y o 1717 (67) - 4765 (8%) 2748 (&%)
HEMANGIOSARCOMAS ‘ o 1 ) t , ’
HE:"&NGIO"{A . 3 2
 REPRODUCT [VE SYSTEM. - e 1 (5% .0 (0%) 0 (0%
. MAMMARY GL AND . : 1719 (5%) 0/50 10X)  0/45 10X
ADENDCARC TNOMS ' I8 .
NERVOUS SYSTEM . o tofy 1 (2%) ©o1 27y
BRAIN : © 0/18 (0%} 1750 (22} 1/50 (21)
ASTROCYTONA - T 1
KUSCULOSKELETAL SYSTEM )
NONE
SPECIAL SENSE ORGANS
NONE
ALL QTHER SYSTEMS . 0 (ot ¢ (o) L 2%
MULTIPLE ORGANS ' ; o (ot 0 (o3 1 (2%)
RETICULUM-CELL SARCOMA ‘ L . A TR
o COLUMNS ARF GFFSET ACCORNING TO ORGAN SYSTEM, SPECIFIC GRGAN AND TUVOR- TYPE.
. .. . ‘, \\‘
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‘ TABLE Al. MALE RATS WITH PRIW\RY TUMORS BY 'ANATOMIC SITE ‘(CHLOROFORM) (CONTINUED)

{PEPCENTAGES BY SYSTEM AND ‘ORGAN ARE BASEC ON THE EFFECTIVE NUMRER OF ANTHMALS)

e e e e e S > 2 o o i e S o e A ol S 48 ot R S S S e
T L L L e e re e e e i e e e s e e e e o pary

T - T CCNT 0L LCh COSE F1GHk DOSE -
TUMOR SUMMBRY _
TOTAL ANIMALS WITH BENIGN TUMORS 5 (26%) 16 (322} 10 (20%)
TOTAL BEMIGN TUMORS 5 : 18 1l
TOTAL ANIMALS WITH WAUIGKANT TUMORS 4 (21%) 1C (207) 14 (287)
- TOTAL MALIGNANT TUMORS 6 11 18°
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TRBLE A2,

“(CHLOPOFORM)

TIMALT RATS WITH PRIMARY TUMORS BY ANATOMIC SITLC

(PFRCCNTAGFS BY SYSTEM AND QORGAN ARE BASED OM THE EFFECTIVE NUFRLR CF ANIMLLS)

-...-......._....._..._......_._,._..._..._._......._...._...._....__.__.._._..._.__..._........._...._._.....__-- e o + — eh . e e e te tm mn e o e o ee e — ———

TTTTTTTTT T oo e CORTROL . {owousr LIGHE DLSE
EFFECYIVE NUMBER OF ARIMALS™® 20 11007) 49 (1001) 43 (1022}
ANIMALS WITH PRIKARY TUMORS 12' (600) 26 t4aci) 24 1507%)
INTEGUMFHNTLRY SYSTFM 0 (pz:* 2 (62) N {0v)
SUBCUT TISSUE 0 (0%) 1 2%} 0 (0%}
LT PO“A 1
SKIN 0 (0%} 1 t2%) 0 (07)
PAPTLLCMA 1
RESPIRATORY SYSTEM 0 (oS} 1 12%) 0 10%)
LUNG 0720 (02} 1745 (2%} C/e7 (O}
HALIGNANT FIBROUS HISTIOCYTO™A : : 1
ClRCUlATOQY SYSTEM
NONE v
DIGESTIVE SYSTEM 2 trory 5 (10%) & 157
LIVER 2/20 (10%) 766 (10Z) 3742 [67)
NEDPLASTIC NCDULE 2 4 3 .
C MALIGNANT FLBO0DUS HISTICCYTCHA : 1
PANCRESS 0/20 (07) 1749 (27%) C/48 (0%}
MAL1GNANT FIBROUS HISTICCYTOMA 1
BILE DUCT 0720 (0%} 0/49 (0%} 1748 £2%)
HAMAR TOMA S ' 1
URINARY SYSTEM 0 (0%) 1 (2%) 3 lexy’
KIDNEY 0720 (0%} 1745 (2%) 2748 lany
MALTGNANT FIBRNUS HISTIDCYTOMA R
HEMANGIOMA i
TUBULAR-CELL. ADENOCARC I NOMA 1%e(1)
RENAL PELVIS _ - 0/20 {O%) /49 (0%) 1748 (27)-
SOUAMOUS CELL CARC INDIA 1 ‘

-——..._.....-.-_—.-.......-~....—......_.——...-..—-..-..-..-——......._—......-_...-—_.__..~.-.—...--—v..-.-...—u....,...—_.—.-..-.._.--._.....____._—_—-.

% COLUMNS ARE OFFSET ACCORDING TO CRGAN SYSTFM,
SO{X) NUMDER [N PARENTHESIS INDICATES YHE NUMBER OF -MEYASTAS]2ED

SPECIFIC DRGAN AND TUMOR TYPE.
YUMCRS
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TABLE A2, FEMALE PATS WITH

GF “E1

’

52

PRIMARY TUMORS ‘BY ANATOMIC SITE (CHL

e o Pt a2

(PERCENTAGES BY SYSTEM AND ORGAN ARE BASED ON THE EFFEC UMOER CF ANIPALS)
mzooIIIIISITETSIERIIIEEEIRIEERRERIEESRTSTGUROL CCn DOSE  mion CnSE
ENDOCRINE SYSTEM 9 (45%) 17 (357) 12 (25%)
PITUITARY . 6720 1307) S10/45 (22%) 345 LR
CHRCHCPHCBE BDENOMSA 6 10 3.
THYROTD 1719 (5%} 87649 (1621 10/46 1227)
FOLLICUL AR-CELL ACENOMA 1 1 : 4
FOLLICULAP-CELL CARCINCHA : 1 2
C-CELL ADENOMA 6 3
 C—CELL CARCINGCHA Lve (1)
ADRENAL 2720 1102} 1748 (2¥)  O/48 10%)
CORTICAL BCENCHA 1 K 1
PHEQCHRONCLCYTCMA 1
AMCFEATIC ISLETS ' 2720 (1C1) 0749 (02) 0748 (0%
JSLET-CELL CARCLHOMA 1 , S 3
Y SLET-CELL AGENONA i
MEMATSFCIETIC SYSTEM 0 (0%) 1 (22) c-10%)
SPLEEN , q)zo-(ozi 1742 (2%) . 0768 (9%)
CHEMANG IOMA .. ! :
REPRODUCT IVE SVSTEM 8 (40%) 1S (313 14 1257)
PAPMBRY GLAND 7720 (25%1 13748 (27%) L1746 (263%)
FIORISARCLMA 1
FIRROADENOMA 7 g 7
F1BROMA 3 1
SADENDOMA 2 2
ADENDCARC INCHA - 1
- - UTERUS 1720 (51} 1748 (2%} . 3/46 (7T)
SQUANOUS CELL CARCINOMA 1 A )
ENDOMETRI AL STPOMAL PGLYP 1 2
HEMANG [0 SARCOMA 1
OV ARY , 0720 (CT) 1768 (2%) 1748 (2%}
PALICNANT FIBROUS HISTICCYTOMA 1 _ :
GRANULDSA—CELL TUMOR 1
NERVOUS SYSTEW
NONE
COLUMNS ARF OFFSET ACCORDING TO CREAN SYSTFM, SPECIFIC CRGAN AND TUMOR TYPF.
e» (X ) NUMBER IN PARENTHESLS INDICATES THE NUPOER ASTASIZED TUMCRS
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TABLE A2.  FIMALE PATS WITH PRIMARY TUMORS BY AHNATOMIC SITE {CHLOROFORM) (CORTINUED)

{PEPCENTHCES BY SYSTEM AND ORGAN ARE-BASED ON THE EFFECTIVE NUMBER OF ENTVALSY

S it et e e o e an e e e e e o on A W e e ot S S e S o - e o 5t B~ S B = 8 e e T B = e ot A s m e A e s o e e e pr e e on = b ——

o o e s et e e o o e et e e v e e e o e T ot et e e S e e i S S st e e P e S o o £ o . S e e At B St on e rm ot . i o o e e o e P T e o e e o e e e ns o o o

CONTPDL LOW DOSE HINK RUSE
PUSCULCSXELETAL SYSTEM 0 102! ¢ (C3). 11271
KaXILLA . o ’ 0/20 (0%) 0/49 (0%) 1767 (2%)
CST EQMA . . ' 1
SPECIAL SENSE ORGANS
AONE
ALL OTHER SYSTEMS ’ 0 tox) - 1 t21) 0 (n%)
MESENTERY a .. 0720 (0T) 1745 (2%1 048 (271
MALIGRANT FIBROUS HISTIGCYTOMA. S _ .1
PLEURA | . €720 (0X) - 1/49 (2%)  0/%7 (0%)
MALIGNANT FIEPOUS HIST IDCYTOMA - A |
TUMOR SuMwzRy ™ .
TOT&L &NTMALS WITH BEMIGN ruuous 12 (60%) 23410 23 (e
TOTAL BENIGH TUNORS 17 ) 36 21
TOTAL ANDMSLS WiT PALIGNANT TUMORS - 3 (15%) L6 (129} 5 (19%)
TOTAL PALIGNANT TUMORS 5 6 10

T ek e e e e S i e e i e e S e i e i e e e e e S e S St s n . 2t i e et o S B e e s e e o A e o e e e A o e e e . e o e

v  COLUMNS ARE OFFSET ACCORDING TO CRGAN.SYSTE“o SPECIFIC CRGAN AND TUMOR TYPF,
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TABLE BY, HMALE MICC WITH PRIMARY TUMORS BY ANATOMIC SITE (CHLOROFORI)

4

J e e

{PERCENTAGFS BY SYSTEM AND 8Y ORGAK ARE BA.SI':D Ot THE CFFECTYIVE NUMBER CF aMIMaLS) -

;] ~~“"—""—“—"~’—“'"""—“""'"""*'"'"""""'_'1—"66E?EBC""""_"{E&_EEEF"""'EiEﬂ“ﬁhiﬁ_—""'
¥ EFFECTIVE NUMRER OF ANIMALS * 18 (1007} 50 (1G0X) 45 (10GL)
- “ANIMALS WITH PPIMARY TUMCES 4 (2271 26 (52%1 &4 {aR7)
v ' ’ *
*3 INTEGUMENTARY SYSTEM 0 tox) 1 (22 1 (27
; SKIN ) 0/18 (0%) 1745 (2%)  0/44 (0F7)
§ FIBROSARCOMA : . : L
23 SUBCUT TISSUS 0/186 (02) 0/49 (0%) 17464 (27}
FIBRDSARCCHA ’ le= (1), °
:}  RESPIRATORY SYSTEM 1 (651 . 3 (61) 3 7%)
_ LUNG .. wne ey T3/50 (%) 37440 (T3
j; - ALVEOLAR-CELL ACEKO“A I 1 S o3 2 i
o RETICULUX-CELL SerCOM& . - . . o ) I
o P :
“} CIRCULATORY SYSTEM -
" NONE . :
;3 TTTTTTTTTTT T T TTTTTTTTT T STy T
- DYGESTIVF SYSTEH 2 (1) 20 (401) 46 (9R7)
- LIVER : 2/18 1112)  19/5C {36%) 44745 (98%
3 HEPATOCELLULAR CarCINGHA 1 18572 {2) Late(})
: RETICULUM—CELL SLRCOMA - : 1 -
HEHANG I QM A 1
™ LYMPHOSARCOMA 1 . »
3 LARGE INTESTINE © 0/18 (0%) 1750 {2%1  0/45 (0%)
i RETICULUK-CELL SARCCHA 1
j ————————————————————————————————————————————————————————————————————————————————————
- UR INARY SYSTEM B 1 671 2 14%) 3 (79 .
7 KIDNEY - 118 €7 2/50 (4%} 3745 (7T)
; LYMPHOSARCOMA . o 1 Y
TUBULAR-CCLL ADENOMA ' t - 1
TURUL AR-CELL ADENOCARCINDOMA . : -
3 ~~~~~~~~~ A, —— . B g - v v —— oy S — —-.— - g Sy W G . — S S s W GRSt S Uy, Qs Y e Gt Dt i e e O W
f ENDOCRINE SYSTEH 0 (0%} 0 (01} 2 (5¢8)
k ADRENAL 0/18 (CY) 0/50 (0%]  2/44 (ST)
3 PHEOCHROHOCY TOMA . _ . |
LYMPHOSARCOMA : . ‘ - Y
3 ® CCOLUMNS ARE OFFSET ACCORDING TO ORGAN SYSTEM, SPECIFIC- ORGAN AND TUMOR TYPE.

$OEXT NUMBER IN PARCNTHESIS INDICATES YHE AUMPER: CF FEYASTASIZEC TUMORS
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TABLE.B]. MALE MTCC WITH PRIMARY TUMORS BY ANATOMIC SITE (CHLOROFCRM) (CONTINULD)

(DERCCHMGES BY SYSTEM AND  BY ORGAN ARE CASEO on THE [rFECTIVE HUMBSER OF ANIMALS)
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CCRTPCL LCW DCSE F1GH GOSE-

HEMATOPOTETIC SYSTFH 0 10%) ' 1 (27 - 3 07%)

_ LYMPH NODE 0/18 (0%) 1/50 (21) . 3/45 (77)
RETICULUM-CELL SARCOMA 1 2 :
LYMPHOSARCCHA . : i

SPLEEN ) 0/18 (0%2) 1749 (2%} 2745 (42)
RETICULUN ~-CELL SAPCOWA . 1 1 ’
. LYPPHCSARCOMA _ s . 1
BONE. HARROW 0718 {0%) 0/5¢C (G%) 1765 (21)
LYKPHOSARCOMA . \ : . 1
REPRODUCTIVE SYSTEM 0 (0%} | 1 (22 0 (0%
TESTIS - ' : 0718 (0%) /50 (22). 0/45 (0%)
SERTOLI-CELL TUMOR : , : 1 ]
i e et e o e o o em e e o e e et et e e e e e e e e o 5t o e e e o 2 ot e e e e e e e o
NERVTUSS SUSTEM ) 0 {01} 2 (4% "0 (0%)
RRAIN ‘ : " ¢/18 (o) 2/6C (4T)  C/an (0X)
LYVPHCSARCO”A . V4 .
MUSCULCSS<ELSTAL SYSTEM
NONE
SPFCIAL SENSE ORGANS
NONE ' _
ALL OTHER SYSTEMS o 0 (073 1 (2% 0 (0%)

MULT [PLE ORGANS - . . 0 {0%) 1 t27) - 0 (o0%)

LYMPHOSARCOMA : , , _ 1
TUMOR SUNMARY

TOTAL ANTMALS WITH DENIGN TUMORS 3 (17%) 5 (107) 4 (8%)
TOTAL RENIGN TU“ORS : .3 5 . Cg

TOTAL ANIMALS WITH PALIGNANT TUMGRS 1 te%) - 22 (443) 44 {S8T) -
TOTAL MAL IGNANT TUMORS 1 24 50 :

-.—--.—-........-...-......—-—..-—.....———-.-.-.--—.—-.........._...-..--.--.—--.-.»-.—---.—-.-._.-—.-—~_..—-._.-—.- T S P e a2 . - - - -

* CCLUKNS ARE NFFSET ACCORNING TO ORGAN SYSTEM, SPECIFIC CRGAN AND TUMOR TYPE.
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TABLE B2.

FEMALE MICC WITH PRIMARY TUMORS BY ANATOMIC SITE (CHLOROFORM)

(PERCENTAFES BY SYSTEM &ND BY ORGAN AKE BASCL ON THE LFF[CTIVC hLVﬂlP GF IAIMALS)

e e e T et e et e e e ot s o e s . e e e T o . . o s st e s e S s G e ot e e e ot o oo e o T T e e e e e e e e 2 e ————— T

CONTPUL LC+ DOSE HIGH GCSE
EFFECT!VF MUMRER OF ANImaLS * 20 (100 } 46 L1GOoX) 41 (IGO')
ANJMALS WITH PRIMARY TUMCRS 2 (10%}) 37 (8021 39 (9;:)
INTEGUHENTYARY SYTEM
NOME
RESPTRATORY SYSTEM 0 (021 * 3 (77 0 (0%
LUNG o _ 0/20 (0 . 3/66- 117) 0/41 (n3¥)
ALVEGLAP~CELL ADENDHA 1
MYEL GSARCOMA 2
CIRCULATORY SYSTEM
" NONE
DIGESTIVE SYSTEW 0 {0z} 27 (€020 26 {S5%)
, . | ‘
LIVER - C/2C (C%j 377645 15221 39/%1 (S%%)
HEPATQCFLLUL5R CARCINOHA I8 36 39%z (2)
. MYELOSLRCOM& 2
URINARY SYSTEM
NONE
ENDOCRINE SYSTEM 0 (0%3 C (07} 1tz
.ADRENAL X ) . 0720 (0%) 0/43 (C3%) 1761 2%}
PHEOCHROMOCYTOMA : 1 .
EEMATOPd[ETIC'SYSTEH c (o) 1 (2% 0 (0%}
SPLEEN 0/19 (0%} 1746 (2%) 074t (CYT)
MYEL DSARCOMA 1
REPRODUCTIVE SYSTENM 2 tiovy 0 (0%) g (cY)
OVARY 1720 (5%) 0740 10T} 0/36 (0%}
YERATOMA 1 : ’

* COLUHNS ARF OFFSEY ACCORDING YO GRGAN SYSTEM,
IN PARENTHESIS INCICATES THE ‘NUMRER OF HE¥A<IASllfﬂ IU“ORS

& (X) NJMBER

SPECIFIC CRGAN AND TUMOR TYpF,
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