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MATERIAL:  Methvlene Chloride

aLUBJECT: FINAL REPORT
24.Month Oncogenicity Study in Mice
Praignt No  .12-106

SUMMARY

This report oresents the findings of a chronic studyv designed to
avaluate the oncogenic cotential of methylene chlowide when administerad
in detonized drinking water to BECBFL mice.

Four qroups of mice (unbalanced group size) received the test
material at levels of &0, 125, 185, and 250 mg/ka/day (Grouns 3, 4, 5, and
6, respectively). Two groups of mice (Groups I and 2) received deionized
drinking water onlv and served as control droups.

Indices monitored for compound affect were survival, body weight
changes, water consumotion, elinical sians (including oalpahble tissue
masses),‘totaT and differential leukocyte counts, and aross and micro-
scooic patholoay.

H1stomorpho1oaié alterations of the liver were observed in the
high=-dose males and females and consfsted of 2 marginal fncrease in the
amount of 011 Red 0 ovositive material. These findings were considered to
he rreatment related,

Proliferative heoatoce11u1ar lesions were observed in all groups

of both saxes including untreated controls. The {incidence of these
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lesions in treated female groups was comparable to control groups, The
incidence of these lesions in treated male groups was slightly higher
than control values. This increase, however, was not dose related or
statistically significant when compared to concurrent control rates.
Furthermore, the incidence of these lesions found in the treated male
groups was well within hoth the historical range of control values
compiled at Hazleton Laboratories America and reported in the literature.

No treatment-related effects were noted with regard to any other

parameters examined.

Based upon the results of this study, methylene chloride did not

fnduce a carcinogenic rasponse. A “no-2ffect" level of toxicologic and
n- -neoplastic histupathologic effects was observed at a dose level of
185 mg/ka/day.
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INTRODUCTION

This revort presents the Findings from a twenty-four-month study

designed to evaluate the oncogenic potential of methylene chloride when

administered in drinking water to 36035_ mice. This route was chosen

because it most closely mimics human exposure, For work schedule conve-
nience, compound administration began on different dates for each sex
with males starting on September 23, and females starting on September
25, 1980. Terminal sacrifice of the males began on September 22, 1982,
and was completed on October 6, 1982. Terminal sacrifice of the females

began on September 24, 1982, and was completed on October 4, 1957.

CONTROL AND TEST MATERIAL

Municipal tap water deionized to a resistance of 18 megohms/cm3

(Hwdro Service Water Purification System, Rockville, Maryland) served as
the vehicle control. The test material, methylene chioride (Lot #8122),
a clear liquid, was received in a fifty-five gallon drum? on September 22,
1980, from Diamond Shamrock Industries. The total bulk liquid was trans-
ferred to one-gallon amber bottles and stored in a refrigerator until
use, For dosage calculation purposes, the test sample was considered to

be 100X methylene chloride. Samples of the test ‘article (approximately

3 preliminary 1 quart sample of the test material was hand-delivered to
HLA on Sunday, September 21, 1980, so the study could start on schedule.
This small sample was also from Lot #8122, This sample was not used.
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100 m1 each) taken at six month intervals were forwarded to the sponsor

for purity assav, Results are presented in Appendix 12.

TEST ANIMALS

One thousand one hundred th1rty-five (731 male and 404 female)
BGC3F1 mice were received from Charles River Breeding Laboratories,
Portage, Michigan, on September 3, 1980. Mice in this shipment were born

between July 29, and August 4, 1980, inclusive. Upon receint and until

initiation of study, the animals were held in quarantine, During this

time, the animals were examined for general health by a staff veterinarian
to assess their fitness to be placed on study. Initial body weights
ranged from 15.4 to 26.2 grams for males, and from 15.5 to 22.2 grams for
females.

Mice were used in this stud~ because of the historical precedence
of using this species in safety evaluation and cancer hicassay studies,
The 8503F1 mouse was used b.cause it has been found to be sensitive to the

induction of cancer by halogerated compounds.

METHODS

Assignment to Groups

One thousand mice (650 males and 350 females) found to be c¢lini-
cally acceptable were assigned to groups and treatments listed on the

following page using a computerized randomization nrocess. This orocess
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involved gqenerating random numbers, assigning them to all available

animals, ranking the numbers and ass‘gning the ranked numbers and

' corresponding animals to treatment groups.

Group Numher gg_.e;f A:;zal: T;ESIEE 3:.;@
1 (Control) 60 £0 0
2 (Control) 65 50 0
3 {Low-~Dnse) 200 100 60
4 (Mid-Dose 1) 106 50 128
5 (Mid-Dose 2) 100 50 185
6 (High-Dose) 125 50 250

Following randomization, each animal was housad individually and
identified by a unique animal number on the animal cage. Animals not used

on study were sacrificead and discarded without necronsy.

Animal Husbandry

The mice were individually housed in stainless-steel hanging
wire-mesh cages on racks. The cages were color coded by group. The
drinking water (from watar t)ttles with stainless-steel ballpoint sipoer
tubes) containing the approoriate concentration cf methylene chloride,
and the basal diet of Purina Rodent Laboratory Chow® #5001 (Ralston
Purina, St. Louis, Missouri) were available ad libitum. The study was
conducted in a laminar airflow room desion (B1oc1ean®, Hazleton Systems,

Inc., Aberdeen, Maryland).
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The temperature and humidity were menitored and recorded at Teast
twice daily. The mean temperature and relative humidity during the stud
were 70.1%F (S.D. 1.93) and 54.6% (S.D. 4.89), respectively. A twelve-
hour light/dark cycie was maintained. The Bfoclean® filtration system
was checked periodically and verified to be functioning properly. Room
air was sampled for methylene chloride once during the study (Week 70) by
the sponsor. Results are presented in Appgndix 13.

A vertical numbering arrangement of cages was used to minimize
possible environmental influences arising from spatial arrangement. A
diagram of the arrungement is presented in Appendix 8. The location of

the racks was systematically rotated in the room every two weeks.

Diet Analyses

Fach batch of diet was analyzed on a prospective basis to ascer-

tain that the foilowing specifications were met:

Minimum Max imum

Lead 1.2 ppm
Arsenic 1.0 ppm
Cadmium 0.4 ppm
Mercury 1.0 pom
Selenium 0.05 pom 0.6 ppm
Total Aflatoxin .02 ppm

0000132
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A pesticide screen was also performed, Feed batches which did not meet
the specification limits were excluded from use on the study.? No feed
older than six months was used. Results of these analyses are presented
in Appendixl7. The dates for which different feed lots were used were

recorded,

Water Supply and Analysis

Defonized +ater was prepared on site using a Hydro Service

Purification System (Rockville, Maryland), A detailed description of the
system is given below. Analysis of the municipal water is on file with
the Department of Veterinary Medicine of Hazleton Laboratories America,

Vienna, Virginia,

The system was a model C2-44 (which used four separate tamks). It
was set up with a .5 to 1 micron nominal pore filter for particulates.
This filter was followed by a 44B tank which contained pharmaceutical
grade activated carbon, The activated carbon was of a size to give
maximum surface area for the most efficient organic adsorption. The
tank was designed so that incoming water must pass through the entire
tank before exiting, thus maintaining maximum contact time to the
carbon.

The next two tanks were mixed bed resin tanks. Hydro Service uses
Dow-type 1, nuclear grade resin which, when new, was subjected to
seven cvcles of chemical regeneration and exhaustion, A propietary
regeneration process maintained strict quality control of resin
preparation to assure maximum performance, During resin regenera-
tion, special attention was given to removal of organic contamination
according to ASTM recommendations.

2 gatches #17 and #18 with lead levels of 1.35 and 1.40 ppm, respectively,
were used because an alternative feed supply was not available.
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A light between the two deionizer tanks was a service indicator light.
When the 1ight was out, Hydro Service was notified, Built-in precau-
tions, however, were taken to. insure the final product water quality
would not zhange at that time. These precautions consisted of a
polisher tank which continued to deionize the water and the 448
organic absorbent tank which had a normal 1life much longer than the
deionizer.

The final water quality was 18 megohm/c:m3 specific resi{stance with
neutral pH, and was ammonia, chlorine and flourescence free.

Water from the defonizer unit was sampled at least every four
weeks® and each time the cariridges to the unit were changed. Samplas
were subjected to bacterial analysis using 5X sheep blood agar, F{ broth,
MacConkey agar and plate count media. All enteric organisms ware identi-
fied as to species. A1)l non-fermenting gram-negative rods were identified
as to genus. Results of these assays are presented in Appendix 6,

Water samples (approximately 30 ml each) were retained from the
new cartridge after installation, and from the old cartridge prior to

replacement. These samples were stored under refrigeration.

Compound Preparation and Administration

The test material was added to deionized water on a volume/volume
basis. An appropriate amount of methylene chloride was added to s
partially prefilied glass carboy and diluted to yield a 1% (10,000 ppm}
stock solution. A sample was analyzed to determine if the mixture wes

within 5% of the desired 1% concantration., If the' stock was not within

3 At several times during the study, microbiological analysis of water
was performed at greater than four.week intervals due to scheduling
problems.
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the 5% range, it was corrected to produce the desired concentration., The
corrected stock was analyzed retrospectively.

VoTumes of the 1X stock were taken and added to partially pre-
filled glass carboys and diluted to yield the desired concentrations of
methylene chlorided, For the first week, dosage formulation was based
on mean body weights recorded four days prior to initiation for males,
and three days prior to finitiation for females, and water consumption
values of 45.4 m1b/w¢ek (males) and 39.8 m1®/week (females). Ouring
the first thirteen weeks, dosage formulations were adjusted to the most
recently recorded body weight and water consumption data; dosage formula-
tions were altered every four weeks thereafter. The oreparation of the
stock solutions and dilutions, and the filling of the water bottles

c

occurred one day nrior to presentation, Fresh solutions were made and

presanted twice par week for animals of each sex.d No reserve samples

of the dosing solutions were retained due to the volatility of the test

material in the delivery systom,

3 Based on data from a pilet studvy (Hazleton Project No. 2112-100) to
determine the stability and homogeneity of methvlene chloride in the
drinking water, it was determined that there was a consistent loss of
methylene chloride of aporoximately 15X from the time of mixing until
the water was presented to the animals. For that reason, dose solutions
were formulated 15% above the target.

b Thesa values were derived from previous studies with 86C3F1 mice at this
lahoratory.

C preparation of the stock solution was rescheduled by a day or two when
preparation would ordinarily have fallen on a national holiday.

d The week was split into a 3-day followed by a 4-day perfod for the
males, and into a 4-day followed by a 3-day pariod for the females.
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Analysis of Dosing Solutions

Samples of dosing solutions (each sample consisting of three

water bottles) were taken and analyzed after the four-day period, each

waek, at Weeks 1 through 13, and also at Weeks 16, 18, 22, 26, 30, 34,
38, 40, 42, 46, 51, 54, 58, 62, 66, 70, 74, 78, 82, 86, 90, 94, 98, and
102. Representative sampies were chosen arbitrarily from bottles which
were on the animal cages for that period. The analytical method for

determining methylene chloride is presented in Appendix 5.

Observations and Records

A1l animals were observed twice daily for mortality and signs of
moribundity. The second observation on Saturday was made as late in the
day as possible., After Week 52, a third observation (during late evening)
from Sunday through Thursday, was addad.a Body weight measurements,
clinical observations and digital palpation were performed weekly. Water
consumntion was measured twice weekly (after three- and four-day perinds)
and the values combined to yield a seven-day total consumption. Estimates
of compound consumption were calculated weekly through Week 13 and there-
after at the same time that four-day samples of the dosing solutions were
assayed. Average water consumptions (wiv  standard deviations) were
calculated at the same intervals as assays of the four-day <amples with

the excention of Week 40 whean compound consumption was not calculated,

® Due to scheduling oroblems, the third daily observation was omitted
during the periods from 10/1/81 to 10/22/81, 3/23/82 to 3/30/82, and
4/19/82 to 5/9/82.




HAZLE:@N LABORATORIES AMERICA, INC.

AN LENBRUME TURANBU R, v ENMA ViIRGINGA B100. W BA

2112-106

Clinical Pathology
Blood samples were collected by orbital sinus puncture from ten

micealsex/qroup after fifty-two weeks of treatment and at termination
for leukocyte counts and leukocyte diffaerentials, The animals were food-
fasted overnight prior to bleeding. References for hematology methods

are prasented in Appendix 14.

Sacrifice and Necropsy

Animals found dead and those in a moribund condition were necrop-
sied as soon as possible following death or sacrifice. When an animal
could not be necropsied within thirty minutes, it was refrigerated. If

the necropsy could not be performed within one hour, the abdominal,

thoracic, and cranialb cavities were opened and the carcass placed in

cold 10% neutral buffered formalin (15 volumes of formalin/volume of
tissue) and refrigerated.

After 104 weeks of treatment, surviving animals were sacrificed
by exsanguination under sodium pentobarbital anesthesia. The schedule

presented on the following page was followed for order of sacrifice.

2 Those with the highest animal numbers.

[f an animal was found dead by the technician making the evening obser-
vation, the cranial cavity was not opened.
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Date 'No. of Mice/Group Sex

08/22/82 Male
09/23/82 Male
:09/24/82 . Female
09/24/82 Male
09/24/82 - Female
-09/24/82 i Female
09/.27/82 Male
09/28/82 Female
09/29/82 Male
09730/82 Female
10701782 Male
10/01/82 Male
'10/01/82 . Male
10704/82 Female
10704/82 Female
106/04/82 Female
10704/82 Female
10704/82 Female
'10704/82 Male
10705/82 Male
:10/05/82 Male
10705/82 Male
10705/82 Male
10706/82 Male

- w . b N
. w w9

-
LI O Ot " O L ON
« % w u

L
FS
-

Ll

2
1
2
1
1
6
2
1
1
2
1
2
3
2
3
4
5
6
6
3
4
5
6
3

% These animals were sacrificed on the same day to obtain liver and kidney
sections for genetic typing as described under RESULTS: Exceptional
Clinical Findings - Convulsions, page 20 of this report.

Complete necropsies were performed on all animals and findings recorded.

A pathologist was present during the terminal sacrifice and necropsy.

Photographs of tissue masses and/or unusual lesions were taken in situ at

the discretion of the pathologist.

Tissue Preservation and Histopathology

Tissues from all animals found dead or sacrificed in a moribund

condition during the study and animals sacrificed at termination were
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praserved in 10% neutral buffered formalin. Tissues stored for more than
twenty-four hours before histological opreparation were changed to fresh
formalin after twenty-four hours. The following tissues from all Group

1, 2 (contfo1), and 6 (high-dose) animals were examined microscopically

after embedding in Paraplast®, sectioning, and staining with hematoxylin

and sosgin:

Urinary bladder Brain (three sections)
Prostate Liver
Skin (dorsal Tumbar midline) Spleen
Mesenteric 1ymph nodes Kidneys
Mammary gland Adrenals
Salivary gland Sternum (with marrow)
‘Stomach Thymus
Small intestine (duodenum, Trachea
jajunum, and ileum) Seminal vesicles
Colon Tongue
Cecum Zymbal's glands
Rectum Gallbladdar
Thyroid with parathyroids : Femur (with joint)
Esophagus Spinal cord (three levels)
Costochondral junction Testes
Larynx Eyes
Lung Heart
Pituitary Dorsal aorta
Nerve muscle (right thigh) Pancreas
Sciatic nerve : Gross lesions (including tissue
Ovaries : masses and associated regional
Uterus Tymoh nodes)

In order to maximize the numbers of parathyroids avajlable for microscopic
examination, the thyroid was cut at cranial and caudal poles providing a
saction containing both lobes of thyroid attached éo the trachea, embedded

caudal pole down in paraffin, and two slidas were taken 50 or 60 microns

apart. Every attempt was made to obtain slides of thymus and male mammary
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tissue. The thymus, hoﬁever, is generally not obtainable in geriatric
mice due to atrophy, and male mammary tissue is qenerally difficult to
obtain in mice of any age.

Livers, tissue masses, eyes (males only), and suspected neoplasms
were examined from animals in Groups 3, 4, and 5. Additional sections of
Tiver from all mice were frozen and ‘stained with 011 Red 0 stain and

examined,

Statistical Analyses

The following data from control and treated groups of the same
sex were compared statistically: body weight changes (from initiation
through Weeks 6, 13, 26, 52, 78, and 104); mean weekly water consumption
{weekly average over the perfod from Week 1 through Weeks 6, 13, 26, 52,
78, and 104); and leukocyte counts (Week 52 and Week 104), Statistical
analyses consisted of a preliminary test for variance homogeneity
(Bartlett, 1937) followed by one-way classification analysis of variance
(ANOVA; Snedecor and Cochran, 1967)., If variances were homogeneous,
Fisher's least significant difference (LSD) test (Smedecor and Cochran,
1967) was used to compare the control vs. treatment group means. If the
variances proved to be heterogenacus, Wilcoxon's two-sample non-parametrig
rank-sum test (Snedecor and Cochran, 1967) was used for control vs.
treatment group mean comparisons., Simple linear regression analysis and
Tack of fit test (Draper and Smith, 1966) were performed upon all data

agzinst control Groups 1 and 2. separately, if group comparisons showed

0CCOo2!
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Groups 1 and 2 to be significantly different. If Groups 1 and 2 were

comparable, linear regression analysis and lack of fit tests were also

performed using combined data from Groups 1 and 2. Cumulative survival

data (through Week 104) were analyzed by the National Cancer Institute
Package (Thomas, Breslow and Gart, 1977).

The following tumor data from control and treated groups were
compared statistically: numbers of mice with hepatocellular adenomas,
numbers of mice with hepatocellular carcinomas, and numbers of mice with
hepatocellular adenomas and/or carcinomas. The analysis consisted of
computing the Kaplan-Mefer (Kaplan and Meier, 1958) estimated expected
numbers at risk in each case and then performing the Cochran-Armitage test
(Cochran, 1954; Armitage, 1955) for linear trend as well as asymptotic
normal tast for control vs. treatment group comparisons. Because the
two-sample normal test was used for multiple pairwise comparisons, a
Bonferroni correction (Miller, 1980} was made to keep the overall error
rate equal to the pre-assigned significance level.? A1 tumor
incidences in treatment qroups were evaluated against incidence in the
individual control groups and incidence in the control groun combined so

that normal biological variation could be identified.

% The Bonfarroni correction consists of dividing the significance level
by the number of group comparisons and using this result as the signifi-
cance level for group comparisons. In this case, the overall signifi-
cance level = ,05; therefore, each comparison was evaluated at the
.0125 (one-tailed) level.
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A1l analyses were conducted at the 5% significance level, Group

compar{sons were made at the 5% (two-tailed) significance level except in

tumor data, which was evaluated as noted in footnote a., Statistically

significant differences, as indicated from the aforementioned tests, are

designated in the tables and appendices of this report as listed below.

S+ = Significantly higher than Group 1 control
s+ = Significantly higher than Group 2 control
S = Significantly lower than Group 1 control
s- = Significantly lower than Group 2 control

The term "significant” used in this report is to mean a statisti-
cally significant finding.

Statistical references are presented in Appendix 14,

Spec imen, Raw Data, and Final Report Storage

A1l specimens, raw data, and the final report are stored in the

archives of Hazleton Laboratories Ame :, Inc.
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RESULTS

Mortality

Survival data are presanted in Table 1. Graphs of survival data
are presented in Figure 1.

Adiusted® male su~vival at study terwination (Week 104) was 38.3%
for Group 1, 76.6% for Group 2, B8l.5% for Group 3, 81.0% for Group 4,
82.8% for Groun 5, and Bl1.5% for Group 6. Statistical analysis revealed
no signif1cant linear trend or differences between groups. Adjusteda
female survival at study termination was 69.4% for Group 1, 78.0% for
Groun 2, 73.0% for Group 3, 84.0% for Group 4, 76.0% for Group 5, and
91.8% for Group 6. Statistical analysis revealed significant negative
Tinear trend in mortality. Group comparisons showed survival for Group 4
and Group 6 was significantly higher than Group 1. Group 6 survival was

also significantly higher than Group 2.

Clinical Sians

Alopecia was the most frequently noted clinical sian throughout
the study. Both treated and control groups were affected and no relation-
ship to treatment was evident. Othar findings noted much less frequently
than alopecia were hunched and/or thin appe~-ance; urine stains; rough
haircoats; squinted, lacrimating, or or:que eyes; and swellings or sores

affecting various body parts. These findings were noted for both treated

2 survival values were adjusted to compensate for animals that died as <
resylt of an accidental death or that ware sacrificed at an interim
necronsy, i.e., these animals were subtracted from the sample size as
well as the number of surviving animals.
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and control qroups and frequencies showed no apparent dose-response

relationship.

Exceotional Clinical Findings - Convulsions

Weekly incidence of convulsions by individual animal number is
presented in Appendix 3. Weekly incidence by gqroup is presented numeri-
cally in Table 2A, and graphically in Figure 2, Group incidence and
frequency summary data are presented in Table 28,

At Week 37, a convulsion was noted in a Group 6 female, and at
Week 39 a similar observation was noted for a Group 3 male. This behavior
was characterized by 1) quaking, 2) extension of the head, and 3) lowering
of the pinnae of the ears (Peyer reaction}. The behavior was either lim-
ited to these signs or progressed to full seizure including opisthotonos
and prostration. By Week 52 fer males and Week 54 for females, convul-

sions were notad in at least one animal from all grouos.a

A raview of
the individual data indicated that the number of animals "affected" (i.e.,

animals which had demonstrated convulsions at least once during the study)

increased with time, but this increase did not corvelate with any
b ,

increased mortality rate.
The tabulation of the weekly incidence of convulsions indicated

a high degree of variation from waek to week in the proportion of animais

? Gonvulsions were only noted during hody weiy, .t procedures when the
animals were placed on the weighing pan,

b On December 9, 1981 (Week 64), animals exhibiting reoresentative convul-
sions were filmed.
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demonstrating convulsions in any particular group (see Figure 2 and Table
2A). The proportion of animals surviving to study termination (Week 104)
demonstrating convulsions at least once was approximately equal in all
dosaqge qrounﬁ including control as was the mean number of times convul-

sions were noted in convulsing mice. These values are presented below.

Males Famales
3 4 5 [ 1 2 3 4

Percent with Convulsions at Least Once
86.8 89.8 20.4 74.1 76.8 77.2 100.0 89.7 90.4 88,1 94,7 9.1
Mean Frequency of Occurrence

5.4 6.3 4,1 4.3 5.2 5.0 8.6 7.6 8.0 80 7.1 8.3

Time adiusted analysis of incidence data (trend and homoaeneity analvsis
of prooortions, Thomas, Breslow, and Gart, 1979) revealed no linear trend
in data from either sex, but group comoarisons showed significantly lower
incidence in Groups 3 and 4 male mice when compared to both control groups
either separately or combined,

Several diagnostic procedures (hematologqy and virolejy studties,

.and histopathological examination) were implemented in an sttemot to

explain the convulsions. Two affected animals, Group § female No. 93169

and Groun 6 female MNo. 93363, wera sacrificed in moribund condition at
Weaks 62 and 56, respectively. In addition to all tissues orocessed for
histopathological examination in accordance with the protocol, serial

sections of the brain were prepared, stained with hematoxyiin and eosin,
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and examined by a pathologist. These data are presented in Appendix 9A.

No prohable cause for the convulsions was found. At Week 70, four animals

(Group 2 male No. 92545, Group 6 male No. 93290, Group 1 female No. 92455,

and Group 6 female No. 93352, selected based upon the highest frequency
of raported convulsions at that time) were sacrificed and necropsied,
Blood sampies were obtained for hematology and virology profiles and all
tissues preserved af'ter necropsy.

Hematology: Hematocrit: hemoglobin; red blood cell, white blood
cell, platelet and reticulocyte counts; and differential white blood cell
counts were determined, These data are oresented in Appendix 1C. The
results did not contribute to an explanation of the convulsions,

Virology: Viral antibody titres were determined for PVM, Reo 3,
GDV II, K, Sendai, MVM, MHV, and LCM. These data appear in Appendix 2.
The results were negative,

Histopathology: Sections of the brain (stained with hematoxylin
and eosin) were subjected to histopathological examination. These data
are presented in Appendix 10A. The histopathological examination did not
evplain the cause of the convulsions.

At the sponsor's request, additional diagnostic procedures were
implemented to evaluate mice in the study colony for genetic purity. The
evaluation was made by Or, H. Hoffman, of Animal Genetic Systems, Wheaton,
Marvland. The procedures involved taking blood samples (during Week 103)
and frozen 1liver and kidney sections (at study termination) from the

twenty-four mice prasented on the following page.
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1) mice with the highest frequency of convulsions;

Group 1 Males Group 1 Females

92387* 92432*
92393* 92454 *
92418* 92460*

Group 6 Males Group 6 Females

93225 93351
93238 93358
%3300 93360

2) mice which had never convulsed;

Group 1 Males Group 2 Females

92372* 92547+
92374* 92549*
92375* 92551 *

Group 6 Males Aroup § Females

931 9%* 93321
93198+ 93322
93199* 93324

Bloods: Samples of 0.3 ml were obtained from nonfasted mice by
orbital sinus puncture technique. Acid citrate dextrose (ACD), supplied
by Dr. Hoffman, was used as the anticoagulant. The samples, labeled only
1 through 24 with no other identification, were placed in a cooler over

wet ice and hand delivered to Dr. Hoffman in Wheaton, Mary]and.a

2 A11 animals listed above were bled on August 27, 1982, using EDTA as
the anticoagulant (as approved hy Dr, Hoffman). This anticoagulant,
however, proved to be unsatisfactory to the assay, necessitatirg a
rebleeding. Those fifteen animals whose numbers are followed by * were
bled again on September 13, 1982, and the samples were handled as
described in the text,

0onezo
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Liver and kidney sections: An approximate 1 cm transverse sec-

tion from the left lateral lobe of the liver, and one-half of sach kidney

(right cut cross-sectionally, and left cut longitudinally) were faken from

each of the aforementioned mice, Liver and kidney samples were placed in
Petri dishes (one for each mouse) labeled only 1 through 24 with no other
fdentification, The Petri dishas were immediately frozen over dry ice,
and delivered to Dr. Hoffman. A key to the samole numbers for bloods
and tissues is included in the raw data for this study. A copy of Dr,
Hoffman's report is presented in Appendix 11. Genetic typing confirmed
that these animals were, in fact, 56@35. mice and, accordingly, failed to

raveal any probable cause for the convulsions,

Tissue Masses

A summary of tissue mass incidence is presented in Table 3.

Weekly tissue mass incidence was below 10% for males throughout
the study, except for Week 74 when Group 1 incidence was 6/59 or 10.17%,
At termination, incidence was less than 3% for all male grouns. Tissue

mass incidence for females remained low throughout the study.

Body Weights

Group mean body weights are presented in Tahle 1. Mean body
waight data are presented qraphically in Figure 3. A summary of statis-

tical results is presanted beginning on page 27.
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Summary of Group Comparisons

Females

6 2 4
Start Through Week 6
S-
Start Through Week 13

s+ S+,5+ s+ S+, 54

Start Through Week 26

gl

S+, s+

Start Through Week 52

No significant differences between treated and control groups.

Start Through Week '8

St S

Start Through Week 104

s+ S+ S+

Summary of Linear Regression and Lack of Fit Analyses

Broups Included
in Analyses Males Females

Start Through Week 6

1, 3-6 Significantoregrass1on
and lack of fit (p = .017)
Slope = 0.0018 S ope = -0,0003
SE = 00,0008 SE = 0.0006




@ HAZLETON LAaoﬁATomss AMERICA, INC.

SRO0 EUSAUAG TLURNBIKE ENNA VRGING REVEO, W BA

2112-106

Summary of Linear Regression and Lack of Fit Amalyses - Continued

Groups Included
in Analyses

2, 3-8

1 & 2 Combined,
3-6

1 & 2 Combined,
3-6

Males

emales

Start Through Week 6 (Continued)

Significant regression
(p = .001)

and lack of fit (p = .010)

Slope = 0,0017
SE = 0.0005

Significant regression
(p = .001)

and lack of fit (p = .004)

Slope = 0.0014
SE = 0.0004

Start Through Week 13

Significant regression
(p - .000)
Slope = 0.0018
SE = 0.0005

Significant regression
(p = .000)
Slope = 0.0023
SE = 0.0005

Significant regression
(p = .000)
Slope = 0.0021
SE = 0.0005

Start Through Weak 26

Significant lack of fit
(p = .004)
Stope = 00,0008
SE = 0.0006

Slope = 0.0008
SE = 0.0006

Inappropriate because
of significant differ-
ance between control
groups

Significant lack of fit
(p = .046}
Slope = -0.0001
SE = 0.0008

Significant lack of fit
{p = .0386)
3Tope = 0.00005
SE = 0.0008

Significant lack of fit
(p = .010)
Stope = 0.0006
SE = 0.0007

Significant lack of fit
. (p = ,020)
Slope = -0.0005
SE = 0,0009
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Summary of Linear Regression and Lack of Fit Analyses - Continued

Groups Inc¢luded

in Analyses Males

Start Through Week 26 (Continued)

_Females

2, 3-6

1 & 2 Combined,
3-6

1, 3-6

2, 3-6

1 & 2 Combined,
3.6

1, 3-6

1 & 2 Combined,
3-6

Sfgnificant lack of fit
(p = .014)
Stope = 0,0003
SE ~ 0.0006

Significant lack of fit

(p = .007)
Slope = 0.0008
SE = 0.0006

Start Through Week 52

Slope = -0.0010
SE 0.0008

Slope = -0.0005
Se 0.0008

Slope = -0,0006
SE = 0.0008

Start Through Week 78

STope = -0.0004
SE = 0.0010

Significant lack of fit
(p = .040)
Slope = 0.00003
SE = 0.0010

Significant lack of fit
(p = .042

Slope = 0.0002
SE = 0.0009

Significant lack of fit
(p = .030)
Slope = 0.0002
SE = 0,0009

Significant lack of fit
(p = .023)
Slope = -0.0003
SE = 0.0008

Slope
SE

Slope
SE

Slope
SE

Significant lack of fit
(p = .004)
Slope = -0.0018
SE = 0,0014

Significant lack of fit

(p = .001)
Slope = -0,0003
SE = 0.0014

Significant lack of fit

(p = .001)
Slope = -0.0005
SE = 0.0013

penQze
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Summary of Linear Regression and Lack of Fit Analyses - Continued

Groups Included
in Analyses Males Females

Start Through Week 104

STope = 0.0011 Slope 0.0009
SE = 0.0009 SE 0.0015

Significant regression
{(p = .047)

Slope = 0.0019 Slope = -0.0017

SE = 0.0009 SE 0.0014
1 & 2 Combined, Slope = 0.0015 Inappropriate because
3-6 SE = 0.0008 of significant differ-
ence between control

groups

Significant regressioh was noted through Weeks 6 and 13 in the
male data. The significant regression through Week 6 was accompanied by
significant lack of fit, and significant regression was not noted consis-
tently for the other intervals analyzed, The isolated case of significant

regression hare is probably not indicative of treatment effect.

Water Consumption

Group mean weekly water consumption values are presented in Table
5A. Group mean four-day water consumption data (with standard deviations)
are presented in Table 5B. A summary of statistical analyses is presented

on page 33,
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Summary of Group Comparisons

6 2 3
Week 1 Through Week

S+,5- S+ S+,5-
Week 1 Through Week 13

S+ S+ s- S+ S+

Weak 1 Throygh Week 26

§- S+ S+, 54

Week 1 Through Week 52

S S+ S+, 5+

Week 1 Through Week 78

J+,5= S5+ S+,5+ s- S+ S+,s+

Week 1 Thraugh Week 104

S+ S+,5« 5+ S+ §= S+ S+,5t S+ S5+

Regression and lack of fit analyses were not performed using combined data
fron the control groups except where presented starting on the following
page because of statistically significant differences between control

groups in all but one case (Week 1 through Week 6 - females).
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Summary of Linear Regression and Lack of Fit Analyses

Groups Included
in Analyses

1, 36

2, 3-6

1 & 2 Combined,
3-6

Males

Week 1 Through Week 6

Significant lack of fit
{p = .004)
Slope = 0.0079
SE = 0.0043

Slope = -0.0066 .
SE = 0.0038

Inappropriate because
of significant differ-
ence between control
qroups

Week 1 Through Week 13

Significant lack of fit
(p = .000)
Slope = 0.0052
SE = 0,0037

Significant regression
(p = .017)

and lack of fit (p = .003)

STlope = -0,0076
SE = 0,0028

Week 1 Through Week 26

Significant lack of fit
{p = ,000
Slope = 0,0053
SE = 0,0033

Significant regression
{(p = .002)
and lack of fit
(p = .001)
Slope = -0.0097
SE = 0.0029

Females

0.0090
0.0053

-0.0010
0.0061

0.0046
0.0054

Significant lack of fit
(p = .003)
Slope = -0.00003
SE = 0.0049

Slope = -0.0082
SE = 0.0048

Significant lack of fit
(p = .000)
Slope = 0.0011
SE = 0.0035

Significant regression
{(p = .036)
and lack of fit
(p = .004)
Slope = -0.0072
SE = 0.0033

eeeoéd’
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Summary of Linear Regression and Lack of Fit Analyses - Continued

Groups Included
in Analyses Males Females

Week 1 Through Week 52

1, 3-6 Significant lack of fit Significant lack of fit
(p = ,000) (p = .000)
Slope = 0.0035 Slope = 0,0041
SE = 0,0022 SE = 0.0025

Significant regression
(p = .000) Significant lack of fit
and lack of fit (p = .000) (p = .000)
Slope = -0.0086 Slope = -0.0044
SE = 0.0018 SE = 0.0023

Week 1 Through Week 78

Significant lack of fit Significant lack of fit
(p_= .000) (p = .000)
Slope = 0.0026 Slope = 0.0032
SE = 0.0020 SE = 0,0020

Significant regression
{(p = .000) Significant lack of fit
and Tack of fit (p = .000) (p = .001)
Slope = -0.0069 Slope = -0.0004
SE = (.0017 SE = 0.0019

Week 1 Through Week 104

Significant lack of fit Significant lack of fit
(p = .000) (p = .000)
STope = 0.0015 Slope = (.0026
SE = 0.0025 SE = 0.0017

Significant regression

p=. Significant lack of fit

and lack of fit (p = .000) - (p = .004)

Slope = -0.0067 Slope = -0,00003
SE = 0.0023 SE = 0.0016
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Mean weekly water consumption was consistently higher than Group
1 for male Groups 2, 3, 4, and 5 and lower than Group 2 for male Group 6
through Weeks 6, 13, 26, 52, 78, and 104, Mean weekly water consumption
was consisfent1y higher than Group 1 for female Grouns 2, 3, 5, and 6 and
higher than Group 2 for female Group 3 through Weeks 26, 52, 78, and 104.

while several trends were noted in the water consumption data,
they were associated with significant lack of fit in each case. There-

fore, the relevancy of the findings to treatment is questionable.

Analysis of Dosing Solutions

Assay results of dosing solutions for methylene chloride are
presented in Appendix 4. The average percents of target for all treated

groups are presented below.

Group: 4
Males
101.12

10.503
36

Females
Mean 105.33 99,55

S.D. 16.004 10.119
N 36 3

Compound Consumption

Estimates of mean daily methylene chioride consumption are

presented in Table 6. These data are based on group mean body weights,
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mean four-day water consumption (from Table 58), and levels of methylene
chloride determined analytically. The estimated mean daily consumption

of methylene chloride during the study is presented below.

Group Tarqet Level Males Females
mq?Eg?Bay mg/kg/day * 5.0. mg/kg/day *+ 5.D.,
§0

60.55 + 7.680 59.46 + 8,413

125 123.61 + 14.356 118.19 + 16.799
185 177.45 + 19.214 172,41 + 22,950
250 234.29 + 26,495 237.76 + 29.329

Leukocyte Counts

tndividual leukocyte and differential counts are presented in

Appendix 1A (Week 52), and Appendix 1B (Week 104), Mean leukocyte counts

are presented in Table 4A (Week 52) and Table 4B (Week 104).

white blood cell counts were elevated in Group 6 males and
females at Week 52 with males significantly higher than both male control
groups and females significantly higher than Group 2 control only. The
mean leukocvte count for Group 3 females was significantly lower than the
Group 1 control value. Mean values for -the other treated groups were
comparable to the control groups of the same sex.

Analysis of white bHlood cell counts at Week 104 revealed no
significant differences between groups for either sex.

Examination of erythrocyte morphological data revealed a slight

trend toward increased numbers of echinocytes in treated male and female
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groups when compared to the control groups at Weeks 52 and 104, This

trend is not considered to be biologically significant.

Necropsy Findings

A summary of necropsy findings from deaths and moribund sacri-
fices throughout the study is presented in Table 7A. Findings from mice
sacrificed at termination are summarized and presented in Table 78.

Findings at necropsy for animals found dead or sacrificed in a

moribund condition during the study did not reveal any results which were

suggestive of possible treatment effect. At terminal sacrifice, incidence
of small masses in the lung of female mice increased with increasing dose

level,

Histopathology
Individual histopathology data are presented in Appendices 9A

(unscheduled deaths and sacrifices) and 98 (terminal sacrifice).

Summaries are presented in Table 8 categorized in the following way:

Table 8A - Deaths and Moribund Sacrifices - Non-Neoplastic Findings

Table 88 - Deaths and Moribund Sacrifices - Neoplasms

Table 8C - Terminal Sacrifice - Non-Neoplastic Findings

Table 80 - Terminal Sacrifice - Neoplasms

Table 8E - 911 Deaths and Sacrifices (all mice on study) = Non-Neoplastic

indings

Table 8F - A1l Deaths and Sacrifices - Neoplasms

Table 8G - A11 Deaths and Sacrifices - Expanded Summary of Non-Neoplastic
Liver Findings

A variety of spontaneous lesions were agbserved in a number of

tissues examined from control and treated groups of hoth sexes and were

0Cnross
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without relationship to treatment (e.g., including the Tung lesions noted
at necropsy in the treated female groups). Higher incidences of liver
and Harderian Gland lesions were noted and warranted further review and
explanation.

The incidence of proliferative hepatocellular lesions in female
test groups was essentfa]]y comparahle to control values. The incidence
was somewhat h1§héﬁ'than*control in male groups treated with methylene

cnloride, Thase data in male mice are presented below.

Number of Male Mice with Proliferative Hepatocellular Lesions

Group: 1 4 5 6

? 3
Number Examined: h0 65 200 100 99 125

Liver

(Mu1ti)Focal Hyperplasia? : 14 4 10
Percent Incidence 7 4 10

Hepatocellular Adenoma 20 14 14
Percent Incidence 10 i4 14

Hepatocellular Carcinoma 33 18 17
Percent Incidence 17 18 17

Adenoma and/or Carcinoma 51 30 k)}
Percent Incidence 26 30 3

2 Some animals with hyperplasia also had hepatocallular neoplasms,

The 1nc1dénce of focal or multifocal hepatoc911u1af hyperplasia

(foci of cellular alteration), was essentially comparable in all groups.
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The incidence of hepatocellular adenoma in Groups 3 through 6 was
_on1y marginally elevated when compared to the combined control incidences.
A relationship to treatment cannot be determined from these data.

The 1incidence of hepatocellular carcinoma in all treated male
groups was slightly increased when compared to the combined control
incidence., This incidence (17-18%), however, falls well within the range
(5-34%, Average - 16%) previously observed in this strain and age of mouse
at this laboratory. Furthermore, this incidence was not substantially
different from the incidence of 13.7% described by Ward et al. (1979) in a
total of 2543 male BGCBFi mice. Unfortunately, the range for the various
groups that he examined was not presented.

In most instances when comparing liver tumor incidences among
treated and control mice, it 1s aopropriate to combine adenomas and
carcinomas. There {s qood evidence for progression from benign to
malignant stages and the pathological criteria for separating these
stages are somewhat controversial. When animals bearing hepatocellular

adenoma and/or carcinoma were combined, the incidence in treated male

grouns (26-31%) was well within the rande reported for this strain of

mouse in the National Toxicology Program (7-58%) and was below the mean
level (32.1%) reported (Tarone, et. al., 1981). Thus, although there was
a slight increase in liver neoplasms in treated male groups which was
without relationship to increasing dose concentrations, it is difficult

to attribute this to the test compound.
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Frozen sections of liver stained by 0f1 Red 0 method showed a
marginal increase in the amount of 011 Red 0 positive material in males
and females receiving high doses of methylene chloride. More male mice
in the intermediate dosage groups had slight amounts of 011 Red O material
in the livers compared to controls, but this was not dose-related and is
falt. to be ﬁue to the subjectivitv of histological evaluation and stain

_ var1ation. These data are summarized below. There was no other histologic

© avidence of toxicity.

Number of Mice with 011 Red 0 Positive Material in the Liver

Males Females
Group: I 2 3 4 5 & 1 2 3 4 5 6
No. Examined: R0 65 200 100 99 125 ~“B0 ~50 69 50 50 50

Amount

None 2 -« - - - 1 1 2 - - - -

Minimal S0 60 166 61 82 28 26 32 74 41 34 9
STlight . 8 4 34 37 17 N0 23 16 25 9 15 32
Moderate - l - 2 - 6 - - - - 1 9

Parcent

None 3 0 0 0 O 1 6 4 o 0 o0 0
Minimal B3 92 8 61 83 22 50 64 75 8 68 18
Slight 13 6 17 37 117 712 44 32 25 18 30 64
Modlerate 0 ? 0 ? 0 5 0 0 0 0 2 18

Sections of eye which almost invariably included the Harderian

fland revealed that increased numbers of Harderian Gland neoplasms were

observed in males in Groups 4 and 6 (9% versus 5.6% in combined controls),

while other intermediate groups were essentially similar to controls. This
slight increase is considered to be the result of normal biological varia-

¥
tion. Moreover, Ward recently reported a National Toxicology Program



@HAZLE':ON LABORATORIES AVIERICA, G,

SEOQ EESAUST TURNSIRE. v ilNMNA VIBRGINGA BRSO | R & 2112- 106

- 42 -

where all glands were examined histologically in which the incidence was
12X in male mice of this strain (Ward, 1983). These data are presented

below.

Number of Male Mice with Harderian Gland Neoplasms

Group: _1 2 3 4 5
Number Examined: 60 65 200 100 9

Harderian G1and .

noma ‘ 13
Carcinoma 0
Percent
Adenoma
Carcinoma
Combined

Conclusion: The incidence of proliferative hepatocellular

lesions in male mice was somewhat increased in treated groups. This
elevation was slight, not dose related, and within the expected range of
biological variation. Livers of male and female mice recaiving high doses
of methvlene chloride contained greater amounts of 0i1 Red 0 material and
this 1s considered to be treatment related. The increased incidence of
Harderian Gland neoplasms in the mid-dose 1 and high=dose males is felt
to be related to biological variation.

Statistical Evaluation of Histopathologic Findings: A suwmary

of statistical analyses is presented on the following page. The analyses
were performed on each control group saparately and on the control groups

combined. Text Table A presents the Kaplan-Meier estimates of numbers of



http:SI.ImI.ry

@ HAZ LECQN"&EO#ATOHIES AMERICA, INC.

AROC LEESRUAG TURMBIRE. VIENAS vV IRGINGS JHE0. U A 2112-106

-43

mice actually at risk. The results of trend analysis and group compari-
sons are presented in Text Table B,

Aslind1cated in Text Table B, there were no statistically signi-
ficant linear trends at the 5% significance level for any of the compari-

sons (the lowest significance being noted at p = 0.058 when numbers of

mice with adanoma and/or carcinoma from treated groups were compared to
data from the combined control groups). With Bonferroni correction of
significance level, the only statistically significant group comparison
noted was that between control Group 1 vs. the high-dose group, with p =
0.0114 (which was less than the Bonferroni corrected level of 0.0125), in
the case of carcinoma alone. For the same case, when the high-dose group
was compared against control Group 2 and the combined control groups, the

p-values were 0.225 and 0.044, respectively.
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Text Table A
Kaplan-Meier Estimates of Liver Tumors

1 Co C1#Cp
Dose Level (mg/kg): {0) {0) (0) 60

Carcinoma
] .089 .127 .187 .213
SEp .038 032 .029 .042 .039

No. with tumor 5 14 3 17 23
No. at risk 56.1798 110.2362 176.4706 89.0052 107.9812

Adenoma
p .074 .09 .121
SEp .036 .028 025 .042 .040

No. with tumor ' 4 10 20 14 14
No. at risk §3.0973 54.0541 106,383 165.2893 81.8713 85.3659

Carcinoma and/or Adenoma

P .231 215 .201 .343 .346
SEp .056 .039 .034 050 .045

No. with tumor 13 24 51 30 i 35
No. at risk 55.27638 55.2771 111.62791 175.2577 87.4636 89.5954 108.6957




Tumor Type
(dose in mg/kq}

2112-106
Text Table B
Results of Test for Linear Trend and Group Comparisons with
Kaptan-Mejer Estimated Male Liver Tumor Data

Control vs. Treztment
. Group Comparisons by
Cochran-Armitage Test for Linear Trend Asymptotic Normal Test

Adenoma

vs. Control 1 {0)

vs. Control 2 {0)

vs. Controls 142 {0)

roups .
Compared
Trend Departure {dose level

X 4o P x4 P in mg/kg)

0 vs.
0 vs.
0 vs.
0 vs.

0 vs.




Tumor Type
{dose in ma/kq)
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Text Table 8 - Continued
Results of Test for Linear Trend and Group Comparisons with
Kaplan-Meier Estimated Male Liver Tumor Data

Control vs. Treatment
Group Comparisons by
Cochran-Armitage Test for Linear Trend Asymptotic llnr'm_al Test

Carcinoma

vs. Control 1 {0}

vs. Control 2 {0)

vs. Controls 142 (0)

Groups
Compared
Trend _ Departure (dose level
X2 df X? df in mg/kq)

a Statistically significantly different from control group after Bonferroni correction.
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Text Table B - Continued .-
Results of Test for Linear Trend and Group Comparisons with
Kaplan-Meier Estimated Male Liver Tumor Data

Control vs. Treatment
Tumor Type Group Comparisons by
{dose in mq/kg)} Cochran-Armitage Test for Linear Trend Asymptotic Normal Test
Groups '
. Compared
Trend Departure (dose levei
X2 df P X7 df P in mg/kg)

3
v

Carcinoma and/or Adenoma

vs. Control 1 {0) o vys, 60
0 vs. 125

0 vs. 185
0 vs. 250

vs. Cantrol 2 {0) 1.271 3 .736 0 vs. 60
. 0 vs. 125

0 vs. 185
0 vs. 250

vs. Controls 142 (0) : T 2,252 3 .522 0 vs. 60
0 vs. 125

0 vs, 185
0 vs. 250
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OVERALL CONCLUSION

No treatment-related effects were noted with regard to mortality
(males), clinical signs, body weight changes, water consumption, and
gross necropsy findings. Analysis of female mortality data actually
revealed a significant negative linear trend with several instances of
significantly higher survival in the treated groups.

While not considered to be compound related, from 74.1 to 100%
of the mice in all groups of each sex exhibited well-defined convulsions
during the studv. This observation was first noted in females during
Week 37 and for males during Week 39 of study and the frequency of
occurrence increased with time, Efforts to establish a basis for this
response were initiated, and included hematology and virology studies,
histopathologic examination of serial brain sections, and evaluation of
genetic purity. None of these specialized tests, however, helped in
establishing a cause for the convulsions in the affected mice. While the
incidence and appearance of convulsions in this study were thought to be
unusual, the convulsions appeared in mice from all groups including the
control qroups, and thus were not treatment related.

A statistically significant increase in mean Teukocyte count was
noted for the high~dose males and females following 52 weeks of treatment,

but not following 104 weeks of treatment. While the increase in Teukocyte

count at fifty-two weeks may bear some relationship to treatment, the
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response s considered transitory in nature with Tittle 1long-term
biological significance.

Treatment-related histomorphologic alterations of the liver were
observed and consisted of a marginal increase in the amount of 0il Red 0
positive material in the high-dose males and females. No other treatment-
related non-neoplastic histoﬁorphologic findings were observed.

No treatment-related increase . in neoplastic histomorphologic
findings was ohserved. While a slight increase in proliferative hepi.o-
cellular lesions (adenoma and carcinoma) was noted in the treated male
groups, this response was well within the historical range of control
values compiled at Hazleton Laboratories and reported in the literature,
Statistical analyses of these results failed to yield positive signifi-
cance for trend, and, exceot for one case, positive significance for
group comparisons. After careful consideration of all findings, no
persyasive argument for ascribing the resuits to a treatment-relatsd
carcinogenic response could be reached.

Based upon the results of this study, methviene chloride did not

induce a carcinogenic response, A "no-effect" level of toxicologic and

non-ncoplastic histopathologic effects was cbserved at a daose level of
185 mg/kq/day.
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Table 1
Mean Body Weights and Standard Deviations
24-Month Oncogenicity Study of Methylene Chloride in Mice
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