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NOTE TO THE READER

This is one in a series of experiments designed to determine whether selected chemicals produce
cancer in animals. Chemicals selected for testing in the NTP carcinogenesis program are chosen
primarily on the bases of human exposure, level of production, and chemical structure. Selection per se
is not an indicator of a chemical’s carcinogenic potential. Negative results, in which the test animals do
not have a greater incidence of cancer than control animals, do not necessarily mean that a test
chemical is not a carcinogen, inasmuch as the experiments are conducted under a limited set of
conditions, Positive results demonstrate that a test chemical is carcinogenic for animals under the
conditions of the test and indicate that exposure to the chemical has the potential for hazard to
humans. The determination of the risk to humans from chemicals found to be carcinogenicin animals
requires a wider analysis which extends beyond the purview of this study.

This study was designed and conducted at the National Institute of Environmental Health Sciences,
National Toxicology Program.

Comments and questions about the National Toxicology Program Technical Reports on Carcino-
genesis Studies should be directed to the National Toxicology Program, located at Research Triangle
Park, North Carolina 27709 (919-541-3991) or at Room 835B, Westwood Towers, 5401 Westbard
Ave., Bethesda, Maryland 20205 (301-496-1152).

Although every effort is made to prepare the Technical Reports as accurately as possible, mistakes
may occur. Readers are requested to communicate any mistakes to the Deputy Director, NTP (P.O.
Box 12233, Research Triangle Park, NC 27709), so that corrective action may be taken. Further,
anyone who is aware of related ongoing or published studies not mentioned in this report is encouraged
to make this information known to the NTP.

These NTP Technical Reports are available for sale from the National Technical Information
Service, U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-
4650).

Single copies of this carcinogenesis studies technical report are available without change (while
supplies last) for the NTP Public Information Office, National Toxicity Program, P.O. Box 12233,
Research Triangle Park, NC 27709.
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CARCINOGENESIS STUDIES
OF AMOSITE ASBESTOS

ABSTRACT

Carcinogenesis studies of amosite asbestos were conducted by administering diets containing 1% of
the asbestos in pellets from the conception of the mothers through the lifetime of male and female
Syrian golden hamsters. Control groups consisted of 127 male and 126 female hamsters and the amosite
asbestos groups consisted of 252 male and 254 female hamsters.

No adverse effect on body weight gain or survival was observed from treatment with amosite
asbestos. Neither of the amosite asbestos groups showed increased neoplasia in any organ or tissue
compared to the control groups.

Under the conditions of these studies, the ingestion of amosite asbestos at a level of 1% in the diet for
their lifetime was not toxic and did not cause a carcinogenic response in male and female Syrian golden
hamsters.

5 Amosite Asbestos



CONTRIBUTORS

National Toxicology Program
Box 12233
Research Triangle Park
North Carolina 27709

® Evaluation of experiments, interpretation of results, and report of findings:

Dr. Ernest E. McConnell (Chemical Manager) -
Dr. Joseph K. Haseman

Dr. James Huff

Dr. John A. Moore

e Conduct of Study:

Illinois Institute of Technology Research Institute
The carcinogenesis bioassay using Syrian golden hamsters was begun in 1977
and terminated in 1979.

Mr. Alan Shefner - Principal Investigator
Dr. Patricia Holmes - Toxicologist
Ms. Josephine Reed - Quality Assurance

® Pathology Evaluation:

Hlinois Institute of Technology Research Institute
Dr. John Rust

® Pathology Quality Assurance NTP Pathology Working Group (3 April 1981)

Experimental Pathology Laboratory Dr. Gary A. Boorman
Dr. Bhola N. Gupta

Dr. Larry Lomax

Dr. Ernest E. McConnell
Dr. Gerd Reznik

Dr. J. Stinson

Dr. Jerry Hardisty
Dr. James Procter

Dr. J. Ward

® Format, Typing, and Collation:

Ms. Beth H. deBrito Ms. Sheridan Jameson

Ms. Ethel Gilchrist Ms. Geraldine Wandrisco
o Report Review:

NTP/NIH Staff Peer Review Committee

Dr. J. F. Douglas Dr. J. E. Huff

Dr. C. K. Grieshaber Dr. E. E. McConnell

Dr. L. Hart Dr. J. A. Moore

Dr. J. K. Haseman Dr. R. W. Tennant

Amosite Asbestos 6



REVIEWERS

National Toxicology Program Board of Scientific Counselors’
Technical Reports Review Subcommittee

Margaret Hitchcock, Ph.D. (Chairperson)
John B. Pierce Foundation Laboratory
New Haven, Connecticut

Curtis Harper, Ph.D.
Associate Professor of Pharmacology
University of North Carolina
Chapel Hill, North Carolina

Alice Whittemore, Ph.D.
Stanford University School of Medicine
Palo Alto, California

Ad Hoc Subcommittee Panel of Experts

Roy Shore, Ph.D
New York University Medical Center
New York, New York

Norman Breslow, Ph.D.
University of Washington
Seattle, Washington

Joseph Highland, Ph.D.
Environmental Defense Fund
Washington, D.C.

Frank Mirer, Ph.D. (Principal Reviewer)
International Union, United Auto
Workers
Detroit, Michigan

Sheldon D. Murphy, Ph.D.
Professor of Toxicology
University of Texas Medical School
Houston, Texas

Svend Nielsen, D.V.M., Ph.D.
Professor of Pathology
The University of Connecticut
Storrs, Connecticut

Bernard A. Schwetz, D.V.M., Ph.D.
Toxicology Research Laboratory
Dow Chemical U.S.A.

Midland, Michigan

James Swenberg, D.V.M., Ph.D. (Principal
Reviewer)
Chemical Industry Institute of
Toxicology
Research Triangle Park, North
Carolina

Gary M. Williams, M.D.
Chief of Experimental Pathology
American Health Foundation
Valhalla, New York

Amosite Asbestos



SUMMARY OF PEER REVIEW COMMENTS ON THE CARCINOGENESIS
STUDIES OF AMOSITE ASBESTOS

On June 23, 1981, this carcinogenesis technical report on amosite asbestos underwent peer review and
was approved by the National Toxicology Program Board of Scientific Counselors’ Technical Reports
Review Subcommittee and associated Panel of Experts at an open meeting held in Building 101,
National Toxicology Program, Research Triangle Park, North Carolina.

Dr. Swenberg, as a principal reviewer for the report on the carcinogenesis studies of amosite asbestos,
agreed with the conclusion that the ingestion of amosite asbestos was not carcinogenic in male and
female Syrian golden hamsters. The asbestos was administered in pelleted diet in 1% quantities for the
entire lifetime of the hamsters. He said the description of animal replacement following missexing
could be expanded, additional non-tumor pathology data and information on autolyzed or cannibal-
ized animals should be added if available [see page 25], and the discussion on azoxymethane should be
clarified.

As second principal reviewer, Dr. Mirer inquired as to the rationale for this being a lifetime
carcinogenesis study as opposed to the usual two-year studies. Dr. E. McConnell, NTP, said this was
done not only to avoid missing late appearing tumors, especiaily in the gastrointestinal tract, but to
determine the effects in animals of exposure beginning in utero and continuing through the full life
span. Another reason was to learn more about the incidence rates of neoplasms over an extended time
in control hamsters. As an example, inhalation studies with asbestos in rats have shown that most
mesotheliomas do not appear until after 27 months.

Dr. Moore, NTP, said that there was disagreement between the original pathologist and the
Pathology Working Group for both this report and the chrysotile asbestos report. Dr. Swenberg felt
that this was handled well in the reports. He said that the quality assurance review findings should also
be included in the report or at least a statement to the effect that the findings are available on request.

Dr. Swenberg moved that the report on the carcinogenesis studies of amosite asbestos be approved
following minor revisions. Dr. Mirer seconded the motion and the technical report was approved
unanimously by the Peer Review Panel.
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1. INTRODUCTION

The term asbestos has a commercial/ industrial
derivation limited to naturally occurring fibrous
minerals of the serpentine or amphibole series.
Chrysotile is the only asbestos in the serpentine
series, whereas the amphibole series is repre-
sented by actinolite, amosite, anthophyllite, cro-
cidolite, and tremolite. The essential characteris-
tic of asbestos materials is their fibrous nature.
The gross fibers of asbestos which are visible to
the naked eye are actually bundles of much finer
fibrils that are submicroscopic in size.

Studies during the past 25 years have clearly
established an association between occupational
exposure to asbestos and increased risk of cancer.
Human studies have shown that increased tumor
risk is associated with chrysotile, amosite, and
anthophyllite exposure; animal studies also impli-
cate crocidolite.

Excellent reviews of the carcinogenic and pub-
lic health effects associated with asbestos are
those by Selikoff (1980), the Environmental Pro-
tection Agency (1980), Selikoff and Hammond
(1979), and the International Agency for Research
on Cancer (1977).

Lung cancer and mesothelioma are neoplasms
most frequently observed in people exposed to
asbestos, with the latter tumor perhaps unique in
its association with these fibers. A modest increase
in the incidence of gastrointestinal tumors has
also been observed among asbestos insulation
workers, miners, and factory workers. The
increased incidence of gastrointestinal
cancer and possibly peritoneal mesothelioma in
occupationally exposed populations may be a
consequence of direct fiber ingestion or ingestion
of inhaled fibers cleared from the nasal or tra-
cheobronchial portions of the respiratory system
by mucociliary processes.

Large portions of the population ingest asbes-
tos through consumption of food and water.
Analysis of water samples from 365 cities found
459% to have detectable levels of asbestos (Millette,
1979). Forty-one cities had asbestos concentra-
tions in water that exceeded 10 million fibers per
liter. Asbestos or asbestos-like fibers may gain
access to water supplies as a result of mining
(Lake Superior), the presence of natural serpen-
tine or amphibole deposits in water sheds (Seat-
tle, Washington, and San Francisco, California),
or, under certain conditions, through the use of
asbestos cement pipe in municipal water supplies
(EPA, 1980). In the latter instance erosion of fib-
ers is associated with the “aggressiveness” of the

Amosite Asbestos
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water, a term representing a mathematical expres-
sion of pH, alkalinity, and calcium content.
About 69% of U.S. water systems utilize water
that is potentially capable of eroding
asbestos-cement pipe (EPA, 1980).

Harrington et al. (1978) failed to detect an
association between the use of asbestos-cement
pipe for municipal water supplies and the inci-
dence of gastrointestinal cancer. In a study of the
cancer incidence in the San Francisco Bay area,
Kanarek et al. (1980) reported a statistically sig-
nificant trend for the incidence of several cancer
types, including stomach, gallbladder, esopha-
geal, and peritoneal cancer, when analyzing cen-
sus tracts on a gradient of low to high asbestos
content in municipal water. In subsequent stud-
ies, Cooper et al. (1979) confirmed the associa-
tion between asbestos levels in San Francisco
Bay area drinking water and cancer of the diges-
tive tract.

Furthermore, beers and wines could contain
asbestos, possibly as a consequence of the use of
asbestos filters in the preparation of these prod-
ucts (Cunningham and Pontefract, 1971). The
ingestion of rice treated with talc that contains
asbestos has been hypothesized to be associated
with an increased incidence of stomach cancer
{Merliss, 1971a and 1971b).

A number of studies have provided evidence
that ingestion of asbestos in either food or water
can result in the migration of asbestos fibers
through the gastrointestinal mucosa and distant
organ sites in humans (Carter and Taylor, 1980)
in rats (Cunningham et al., 1977), and in baboons
(Storeygard and Brown, 1977). Electron micro-
scopic studies confirmed the presence of amphi-
bole mineral fibers in the urine of people who
ingested water containing these fibers (Cook and
Olson, 1979).

Studies in animals have shown that the inhala-
tion of asbestos can produce lung carcinoma and
mesothelioma in the pleural cavity. Intrapleural,
intratracheal, and intraperitoneal injection of
asbestos will also produce neoplasia in several
species of laboratory animals. A review of these
studies is given by Levine (1978).

Asbestos (chrysotile, amosite, and crocidolite),
has been shown to be cytotoxic in vitro to human
embryonic intestine, mouse epithelial-like colon-
derived cells, and rat liver epithelial cells (Reiss et
al., 1979). However, chrysotile asbestos was far
more cytotoxic than the amphibole fibers, and
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effects were more pronounced in the intestine-
derived cells than in those derived from the liver.
Asbestos was also found to be cytotoxic to
Syrian hamster peritoneal macrophages (Bey and
Harrington, 1971).

Using the HGPRT locus/ resistance to 6-thio-
guanine assay system, Reiss et al. (1979) showed
that the above three forms of asbestos were not
mutagenic. In addition, no mutagenic activity
was demonstrated using chrysotile, amosite, or
crocidolite asbestos in Escherichia coli or Sal-
monella typhimurium systems (Chamberlain and
Tarmy, 1977). From these studies, asbestos is not
likely to be genotoxic, but rather a solid-state
carcinogen (Weisburger and Williams, 1979).

In 1973 the National Institute of Environmen-
tal Health Sciences and the Environmental Pro-
tection Agency cosponsored a symposium on the
possible biological effects of ingested asbestos
(EHP, 1974). This conference concluded that a
paucity of data existed concerning the effects of
ingested asbestos and that specific research was
needed.

A Subcommittee of the DHEW Committee to
Coordinate Toxicology and Related Programs

11

subsequently reviewed existing data and prepared
a draft research protocol that the Committee felt
was responsive to the major public health con-
sensus. The protocol was widely distributed within
and outside the government. On the basis of the
comments received, a revised protocol was devel-
oped which required long-term animal toxicol-
ogy and carcinogenesis studies to evaluate the
ingestion of several forms of asbestos for carci-
nogenic effect. The forms of asbestos to be stud-
ied included chrysotile (a serpentine asbestos)
(NTP TR 246), amosite (NTP TR 249 for Syrian
golden hamsters and NTP TR 279 for F344/N
rats) and crocidolite (representative of amphi-
bole asbestos) (NTP TR 280), and a nonfibrous
tremolite (NTP TR 267) which contained low
levels of asbestiform fibers,

All materials were to be tested in the Fischer
344 strain of rat, whereas two forms of asbestos
were to be tested in hamsters. All studies were to
encompass the lifetime of the animal, defined as
the period from which the animal commences
eating solid food until death.

This technical report presents the results of
those studies undertaken to determine the effects
of amosite asbestos in the diet fed to male and
female golden hamsters.

Amosite Asbestos
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II. MATERIALS AND METHODS: TEST MATERIALS

TEST MATERIALS

An amosite sample (S-33) from a mine in
Penge, Transvaal, Republic of South Africa was
purchased by the Bureau of Mines from the Atlas
Asbestos Company, Montreal, Quebec, Canada.
The Bureau obtained 4,000 pounds and provided
to The National Institute of Environmental Health
Sciences about 1,200 pounds for these studies.

Composed primarily of grunerite asbestos
(—94%), with a minor amount of actinolite asbes-
tos (<5%), the sample was processed by a single
pass through an air jet mill to improve the
homogeneity of the amosite. The high abrasive
action of amosite caused erosion of the steel sur-
faces of the mill which increased the chromium
content of the milled product from 90 to 170

Sixty lots of milled amosite were packaged in
20 pound lots in virgin fiberboard drums, which

were color coded by type of asbestos and stored
with other types of asbestos in a special ware-
house at Research Triangle Park, North Caro-
lina. Random sampling of the drums determined
that the amosite was of uniform homogeneity.

The homogeneity of the samples and the phys-
ical and chemical properties of the materials were
characterized by the Bureau of Mines (Supt. of
Documents No. 1 28.23:8452) and the Fine Par-
ticle Laboratories, Illinois Institute of Technol-
ogy Research Institute, Chicago, Illinois (Special
Report and Addendum on Project L6085, con-
tract No 1-ES-5-3157). Copies of these reports
are available upon request from the National
Toxicology Program.

Selected chemical and physical properties of
the amosite asbestos are given in Table 1. The
results of analyses of each lot of blended feed are
given in Appendix A.

TABLE 1. CHEMICAL AND PHYSICAL PROPERTIES OF THE AMOSITE SAMPLE

Mineralogical Composition

Grunerite asbestos and actinolite asbestos were detected at a volume percent abundance of about 94
and 5, respectively; minor amounts of biotite, siderite, plagioclase, ziosite, glass, opaques, and quartz

were detected.

Fiber Characteristics

Amosite Asbestos

36+£03t040x0.1 ()
3.35 + 0.026 SD

Surface area (m?/g)
Density (g/cm)
Transmission Electron Microscopy Data

fiber count/gm 3466 x 106

length (um) median 4.37, range 0.85 - 995 ()
diameter (um) median 0.72, range 0.064 - 12.4
median fiber aspect ratio (I1/d) 6,4248
Chemical - Instrumental Analysis
(Wt. %) (Wt. %)
AlLO3 0.42 Na20 0.03
CaO 0.48 MnO 2.66
FeO 34,61 Cry04 0.03
Fe203 2.24 NiO 0.01
MgO 6.22 CO; 0.88
K20 0.30 H20- 0.15
SiO2 50.36 H20+ 2.30
benzene extracted
organics 0.021

(a) As measured using Quantrachrome or Perkin-Elmer surface area instruments on 15-30 inde-
pendent samples.

(b) Amosite had a high percentage (24.6%) of fibers in the length class >100 #m and had several
fibers over 1000 ym.
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II. MATERIALS AND METHODS: TEST DIETS

TEST DIETS

An NIH 31 open formula rodent diet prepared
by Zeigler Brothers Inc., Gardners, PA was used.
The test diet contained 1% by weight of amosite
asbestos. Pilot studies determined that homo-
geneous mixing of asbestos in the diet occurred
when a 55 cu. ft. Patterson Kelly “V” blender was
loaded by alternate layering of feed and asbestos.

Feed was pelleted into oval %” x %" pellets using
a SproutWaldron pelleter. Pelleted feed was
packaged in 25 pound aliquots in standard
paper feed bags that were color coded to mini-
mize feeding errors at the test laboratory. Each
lot of blended feed was analyzed for asbestos
concentration (Appendix A).

SOURCE AND SPECIFICATIONS OF TEST ANIMALS

Disease free, mated female outbred Syrian

golden hamsters were obtained over a period of

20 weeks in 1977 from Charles River Lakeview

Laboratories, New Field, NJ. The hamsters had
been mated 6 days prior to shipping.

ANIMAL MAINTENANCE

Upon arrival the mated female hamsters were
weighed and sorted into weight ranges. They
were then distributed randomly between control
and treatment groups which were housed in
separate rooms. Each dam was placed in its
respective room in an individual cage with filter
top. Treated or control food was placed in feed
jars on the floor of each cage ad libitum. Water
was provided ad libitum in water bottles. The
hamsters were not handled except to change the
cages just before the litters were due to be born.
New litters were left undisturbed until approxi-
mately 10 days of age. The cages were then
changed weekly (Table 2) until the offspring were
weaned at 4 weeks of age.

At weaning, the offspring were weighed indi-
vidually and separated by sex, at which time the
dams were killed. Twenty male and 20 female
offspring were removed from the study for endo-
and ectoparasite examination (Appendix B) to
confirm that the test groups were of a desired
health status. Hamsters for the lifetime study
were divided into four groups composed of 127
male and 126 female controls, and 252 male and
254 female treated animals. The test animals were
randomly placed into groups of 3 males or 3
females and housed in polycarbonate cages for
the remainder of the lifetime study. Extra off-

15

spring were retained as alternates in case of sexing
errors. At about 6 weeks after weaning (10 weeks
of age), all missexed hamsters were killed, along
with their cage mates, and replaced with the
alternates which had been maintained and treated
in an identical manner. The remaining extra
hamsters were killed. The experimental design
insured that ingestion of asbestos spanned the
entire period of solid food consumption during
the lifetime of the animal. Food consumption
was not determined because of the hamsters’
habit of sequestering feed in their bedding. Con-
trol hamsters were housed in separate rooms.

During the test period, the temperature was
maintained at 22°C + 2° and the relative humid-
ity ranged from 40% to 80%. To minimize asbes-
tos contamination of room air, each cage was
totally enclosed. Incoming air to the cages was
filtered through fiberglass filters and exiting air
was filtered through fiberglass roughing filters
and bag housing filters. The cage air pressure
was negative in relation to the room and the
room pressure was slightly negativein relation to
corridor air. Air flow within the animal rooms
was changed at least 20 times per hour. Fluores-
cent lighting was provided on a 12 hours per day
cycle.

Amosite Asbestos



TABLE 2. MATERIALS AND METHODS FOR ANIMAL MAINTENANCE

Item Manufacturer Specifications Frequency of Change
or Cleaning
Cages Maryland Plastics Econo-Cage Weekly
New York, NY polycarbonate
19” x 1014” x 8”
Racks Bussy Products Stainless steel Monthly
20 cages/rack
Bedding Ab-sorb-Dri, Inc. Hardwood Weekly
Rochelle Park, NJ 50 1b/bag
Cage tops Able Molded GE Lexan Monthly
Plastics, Inc. polycarbonate
Chicago, IL
Cage Filter Associated Air Filter Co. 3” Diameter cut Monthly
Rosemont, IL from FGS0 filter mats
Metal Holder for C.D. Cash Manufacturing Outer shell with screen Monthly
Cage Filter Chicago, IL and baffle; inner
shell with screen
Snap Ring for Keats-Lorenz Spring Co. Phosphor bronze Monthly
Holder Chicago, IL Spring tempered
Feed Dish with W. Braun Company 16 oz. Opal or Weekly
Metal Lips Chicago, IL clear glass jars
Feed Follower Unifab Corp. Stainless steel Weekly
Kalamazoo, MI with 7 holes
Water Bottles Continental Glass Co. Pint flint glass Weekly
Chicago, IL
Watering Tube Wahmann Mfg. Co. Stainless steel Weekly
Timonium, MD 5/16” OD 7)4” length
with 120° bend 114"
from bottle
Feed Zeigler Brothers NIH 31 diet Weekly
Gardners, PA 25 or 50 Ib bags
Cage & Bottle Blakeslee Tunnel wash Daily check
Washer Cicero, IL Monthly maintenance
Autoclaves American Sterilizer Models
1) Medallion Bimonthly
2) RSP {Vacumatic S) maintenance
Washing Economics Labs, Inc. Spearhead
Compounds St. Paul, MN Lime away
Room Air Filters (Roughing Filters) Amer-Glass filters
(Exhaust) Air Filter Equip. Corp. Type G filters
Chicago, IL
(Bag Housing) Dri Pak
Pure Air Filter 2100 H Class 11
Chicago, IL
Absolute filters
Am. Air Filter Astrocel
Rack Washer Metal Wash Machinery Mark V Daily check

Elizabeth, NJ

Monthly maintenance

Amosite Asbestos
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II. MATERIALS AND METHODS: CLINICAL EXAMINATIONS AND

PATHOLOGY

CLINICAL EXAMINATIONS AND PATHOLOGY

All hamsters were observed daily for signs of
toxicity and individual body weights were re-
corded weekly throughout the study. All animals
were allowed to die or were killed with pentobar-
bital sodium when moribund. A complete post-
mortem examination was performed on all
animals unless they were severely cannibalized
or autolyzed. Thus, the number of animals from
which particular organs or tissues were exam-
ined microscopically does not necessarily repre-
sent the number of animals that were placed on
study in each group.

The gastrointestinal tract, chosen as one of the
target organs, was handled in a manner slightly
different than is normally followed in rodent life-
time studies. The entire esophagus was opened
and pinned so that the exterior surface was adja-
cent to cardboard prior to placement in fixative.
The stomach and cecum were prepared in a sim-
ilar manner. Two-centimeter lengths of duode-
num and ileum and 2 portions of jejunum were
placed unopened in fixative so that cross sec-
tions of these tissues were available for histo-
pathological examination. The remaining small
intestine was opened, washed gently with saline,
and examined. Suspected lesions were processed
separately and identified as to location. The
entire colon with anus was opened, examined,
and pinned similarly to cardboard prior to fixa-
tion. The size and location of masses were
recorded. Masses greater than | mm diameter
were removed for processing as separate speci-
mens. After fixation the colon was “carpet-rolled”

starting at the posterior end and the mucosal sur-
face was faced inward prior to embedding.

All tissues were fixed in 10% neutral buffered
formalin, sectioned, and stained with hematoxylin
and eosin. Tissues/organs examined microscopi-
cally were: tissue masses, the above-mentioned
portions of gastrointestinal tract, mesenteric and
bronchial lymph nodes, mammary gland, sali-
vary gland, thigh muscle, bone marrow (ster-
num), nasal cavity with turbinates, larynx, tra-
chea, lungs and bronchi, heart, thyroid, liver,
parathyroid, gallbladder, pancreas, spleen, kid-
neys, adrenal glands, urinary bladder, seminal
vesicles/ prostate/testes, ovaries/uterus, brain,
pituitary gland, eyes, and spinal cord.

The findings of the contractor pathologist
were reviewed by an independent pathology con-
tractor. All tumors diagnosed by the original
pathologist, target organs (gastrointestinal tract)
from all animals, and all organs from randomly
selected hamsters were examined and a tissue
count on all animals was taken. Sections fromall
tumors and any other organ where a discrepancy
existed between the original and reviewing
pathologists were submitted to the NTP Pathol-
ogy Working Group (NTP/PWG) for review.
When a discrepancy in tumor diagnosis between
the original pathologist and the NTP/PWG
reviewers occurred, slides were returned to the
original pathologist for reevaluation. The tables
shown in this report represent the original
pathologist’s final diagnosis. Cases in which the
original pathologist did not agree with the
NTP/PWG are reported separately.

DATA RECORDING AND STATISTICAL METHODS

Individual animal pathology data from this ex-
periment were recorded in the Carcinogenesis
Bioassay Data System. The data elements include
descriptive information on the chemicals, ani-
mals, experimental design, clinical observations,
survival, and pathologic results.

Probabilities of survival estimated by the pro-
duct-limit procedure of Kaplan and Meier (1958)
are presented in this report graphically. Animals

17

were statistically censored as of the time that they
died of other than natural causes or were found
to be missing; animals dying from natural causes
were not statistically censored. Differences in
survival were evaluated by Cox’s (1972) life table
method.

As noted earlier, concurrent studies were con-
ducted in this laboratory with another form of
asbestos (short and intermediate range chryso-
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II. MATERIALS AND METHODS: DATA RECORDING AND

STATISTICAL METHODS

tile) using the same protocol (NTP, 1983).
Although the results of these studies for treated
animals are not given in this report, the chrysotile
controls were included with the amosite control
groups as part of the pooled controls for statisti-
cal analyses.

The incidence of lesions is given as the ratio of
the number of animals bearing such lesions at a
specific anatomic site (numerator) to the total
number of animals in which that site is examined
(denominator). In most instances, the denomina-
tors represent only those animals for which that
site was examined histologically. However, when
a macroscopic examination was required to detect
lesions (e.g., skin or mammary tumors) prior to
histologic sampling, or when lesions could have
appeared at multiple sites (e.g., lymphomas), the
denominators consist of the numbers of animals
necrospied.

For the statistical analysis of tumor incidence
data, two methods of adjusting for intercurrent
mortality were employed. Each used the classical
methods for combining contingency tables devel-
oped by Mantel and Haenszel (1959).

For the first method of analysis it was assumed
that all tumors of a given type either directly or
indirectly caused the death of the animal. The
proportions of tumor-bearing animals in the
treated and control groups were compared at
each point in time at which an animal died with a

Amosite Asbestos
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tumor of interest. The denominators of these
proportions denoted the total number of animals
at risk in each group. These results were then
combined by Mantel-Haenszel methods to obtain
an overall probability (P) value. This method of
adjusting for intercurrent mortality is Cox’s
(1972) life table method.

The second method of analysis assumed that
all tumors of a given type were “incidental,” i.e.,
they were merely observed at autopsy in animals
dying of an unrelated cause. The proportions of '
animals found to have tumors in treated and con-
trol groups were compared within five time inter-
vals. For male hamsters, the intervals were 0-52,
53-78, 79-92,93-103, and greater than 103 weeks.
For female hamsters, whose median survival was
considerably less than the males, the time inter-
vals were 0-44, 45-52, 53-60, 61-68, and greater
than 68 weeks. The denominators of these pro-
portions were the number of animals actually
autopsied during the time interval. The individ-
ual time interval comparisons were then com-
bined by the previously described methods to
obtain a single overall result. (See Peto et al,,
1980).

In addition to these tests, one other statistical
analysis, the Fisher exact test based on the over-
all proportion of tumor-bearing animals (Gart et
al.,, 1979), was carried out for each primary
tumor. All reported P values are one sided.
Except where noted, the three alternative analy-
ses gave similar results.
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III. RESULTS: ESTABLISHMENT OF TEST GROUPS

ESTABLISHMENT OF TEST GROUPS

Because the experiment was designed to evalu-
ate the effects of orally ingested amosite asbestos
during the entire life of the animal from the time
it was able to eat, mated female hamsters were
placed on the test diets for approximately 2
weeks before the first litters were born. Between
109% and 15% of the females were either not preg-
nant, aborted, or produced litters which died
immediately after birth. Several other dams
died during the week following birth; these anim-
als had prolapsed rectums. The incidences of
infertility and neonatal deaths were unrelated to
the test diet. The litters were not manipulated or
handled during lactation to minimize the chance
that the mothers would reject or cannibalize
them. However, many of the pups that died dur-
ing the nursing period were cannibalized by their
mothers. In those pups in which a postmortem
examination was possible, the stomachs typically

contained no milk, suggesting maternal rejection
or the inability to compete with litter mates.
None of these effects were related to the ingestion
of the asbestos.

Between weaning and 14 weeks of age,
approximately 2% of the offspring in all groups
died from cage fighting injuries or contraction of
an enteritis of undetermined origin. Histologi-
cally, the enteritis resembled the acute form of
proliferative ileitis (“wet tail”), a common dis-
ease of hamsters. Incidences of combined cage
fighting injuries and contraction of enteritis were
also observed, but these also were not treatment
related. Replacement hamsters were incorpo-
rated into the groups, as necessary, in additional
cages to maintain group sizes until the animals
were 10 weeks of age, at which time the remain-
ing extra hamsters were killed (Figure 1).

Figure 1. Schedule of Major Events in the Amosite Asbestos Study

Weeks

-1

+4

+10

Lifetime

Events

Pregnant Dams Obtained - 6 July 77
Start Test Diet

Birth
Weaned
Weighed
Sexed

Randomly Grouped - 3/ Cage
Ecto + Endoparasite Exam

Missexed Hamsters Discarded
Alternates Added
Remaining Extra Hamsters Discarded

Natural Death or Moribund Sacrifice

BODY WEIGHTS AND CLINICAL SIGNS

Amosite asbestos consumption appeared to
increase body weight in both male and female
hamsters compared to the temporal control groups
(Figures 2 and 3). No compound related clinical
signs were observed during the entire study.

Amosite Asbestos
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Occasional skin lesions and bite wounds were
observed in both sexes, particularly in males.
These injuries decreased after the hamsters
reached 20 weeks of age.
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III. RESULTS: SURVIVAL

The survival rate was significantly (P<<0.01)
higher in both males and females on the amosite
diet when compared with the corresponding con-
trol groups (Figures 4 and 5). The median life

SURVIVAL

spans of control and treated females were short- for treated females and males.

1.00

er than for the corresponding groups of males.
The median survival was 55 and 81 weeks,
respectively, for control female and male ham-
sters in contrast to 60 and 84 weeks, respectively,
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Figure 4. Survival Curves for Male Hamsters Receiving Amosite Ashestos

23

165.00 180.00

Amosite Asbestos



$0159QSY dnisowy

¥

PROPORTION SURVIVING

1.00

0.90

0.80

0.70 1

0.60 -

0.50 -

0.40

0.30]

0.20 1

0.10 1

0.00

O - CONTROL
O - AMOSITE

0.00

10.00

2000 3000 4000 5000 6000 7000 80.00 9000 100.00
TIME OF STUDY (WEEKS)

Figure 5. Survival Curves for Female Hamsters Receiving Amaosite Ashestos

a8t
110.00

120.00



III. RESULTS: PATHOLOGY AND STATISTICAL ANALYSES

OF RESULTS

PATHOLOGY AND STATISTICAL ANALYSES OF RESULTS

The number of hamsters available for histopa-
thologic examination is shown in Table 3. The
majority of animals not included in the patho-
logic analysis were excluded because of autolysis

or cannibalism. A review of the clinical records
of hamsters lost to autolysis or cannabalization
gave no indication that these animals had neo-
plasms.

TABLE 3. DISPOSITION OF HAMSTERS FROM THE AMOSITE ASBESTOS FEEDING STUDY

Histopathologic
Group Sex On Test Evaluation Missing  Cannibalized Autolyzed Missexed
Control M 127 122 0 4 1
F 126 119 1 5
Treated M 252 248 0 3 1
F 254 237 0 5 7

Various neoplasms were observed in control
(Tables 4 and 5) and amosite exposed (Tables 6
and 7) hamsters. The proportions of control male
and female hamsters bearing primary tumors
were not statistically different among the four
control groups. Thus, statistical comparisons were
made with pooled as well as temporal controls.
Male hamsters had a slightly higher rate of neo-
plasia than the females.

The only statistically significant (P<<0.05) dif-
ference in tumor incidence observed in this study
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was a decrease in islet cell adenomas observed in
female hamsters receiving amosite (Table 7). A
greater than 4% incidence of neoplasia in treated
or control groups was observed for the adrenal
gland and pancreas (Islets of Langerhans), and
the parathyroid. None of the amosite treated
groups showed an increased rate of neoplasia
compared to temporal or pooled control groups,
particularly in the gastrointestinal tract, which
was the proposed target organ (Table 8).

Amosite Asbestos



TABLE 4. INCIDENCE OF PRIMARY TUMORS IN MALE HAMSTER CONTROL GROUPS

Intermediate
Short Range Range (IR) DMH (a) and IR
Amosite Chrysotile Chrysotile Chrysotile
Controls Controls Controls Controls
(%) (%) (%) (%)
Animals with primary tumors 217122 (17) 21/115 (18) 26/116 (22) 27/119 (23)
Skin or sub. tissues: All tumors 0/122 (0) 0/115 (0) 1/116 (1) 0/119 (1)
Lung and trachea: All tumors 0/120 (0) 0/115 (0) 0/116 (0) 0/119 (0)
Adrenal: Cortical adenoma 8/119 (7) 7/115 (6) 7/115 (3) 3/117 (3)
Cortical carcinoma 3/119 (3) 3/115 (3) 3/115(3) 4/117 (3)
Pheochromocytoma 3/119 (3) 2/115 (2) 5/115 (4) 3/117 3)
Other tumors 1119 (D 0/115 (0) 3/115(3) 2/117 (2)
Pancreas: Islet cell adenoma 3/114 (3) 2/111 (2) 7/110 (6) 8/110 (7)
Islet cell carcinoma 0/114 (0) 1/111 (1) 0/110 (0) 0/110 (0)
Thyroid: C-cell adenoma 1/106 (1) 3/109 (3) 3/106 (3) 0/107 (0)
C-cell carcinoma 1/106 (1) 1,109 (1) 1/106 (1) 0/107 (0)
Other 0/ 106 (0) 0/109 (0) 0/106 (0) 1/107 (1)
Parathyroid: Adenoma 0/64 (0) 0/72 (0) 1/71 (1) 1/64 (2)
G.1. Tract: All tumors 2/122 (1) 2/115(2) 17116 (1) 2/119 (2)
Pituitary: All tumors 0/81 (0) 0/84 (0) 0/77 (0) 0/80 (0)
Kidney: All tumors 17120 (1) 0/115 (0) 2/116 (2) 1/119 (1)
Liver: All tumors 0/120 (0) 0/115 (0) 0/116 (0) 0/119 (0)
Leukemia or malignant lymphoma 1/122 (1) 2/115(2) 1/116 (1) 4/119 (4)
Hemangioma or Hemangiosarcoma 2/122 (2) 0/115 (0) 0/116 (0) 3/119 (3)
All other tumors 1/122 (1) 1/115 (1) 0/116 (0) 3/119 (3)

(a) 1,2-Dimethylhydrazine dihydrochloride
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TABLE 5. INCIDENCE OF PRIMARY TUMORS IN FEMALE HAMSTER CONTROL GROUPS

Intermediate
Short Range . Range (IR) DMH (aj and IR
Amosite Chrysotile Chrysotile Chrysotile
Controls Controls Controls Controls
(%) (%) (%) (%)
Animals with primary tumors 15/119 (13) 19/114 (17) 17/119 (14) 15/120 (12)
Skin or sub. tissues: All tumors 0/119 (0) 0/114 (0) 0/119 (0) 0/120 (0)
Lung and trachea: All tumors 0/119 (0) 0/114 (0) 0/119 (0) 0/119 (0)
Adrenal: Cortical adenoma 2/118 (2) 4/112 (4) 6/118 (5) 3/120 (2)
Cortical carcinoma 0/118 (0) 0/112 (0) 0/118 (0) 0/120 (0)
Pheochromocytoma 0/118 (0) 0/112 (0) 0/118 (0) 0/120 (0)
Other tumors 0/118 (0) 0/112 (0) 0/118 (0) 0/120 (0)
Pancreas: Islet cell adenoma 3/115 (3) 2/109 (2) 5/116 (4) 5/116 (4)
Islet cell carcinoma 0/115 (0) 1/109 (1) 0/116 (0) 0/116 (0)
Thyroid: C-~cell adenoma 1/106 (1) 2/107 (2) 3/115(3) 0/112 (0)
C-cell carcinoma 0/106 (0) 0/107 (0) 0/115 (0) 1/112 (1)
Other tumors 0/106 (0) 2/107 (2) 0/115 (0) 0/112 (0)
Parathyroid: Adenoma 1/61 (1) 3/68 (4) 1777 (1) 1/74 (1)
G.I. Tract: All tumors 17119 (1) 1/114 (1) 2/119 () 1/120 (1)
Pituitary: All tumors 0/79 (0) 0/77 (0) 2/67 (3) 0/62 (0)
Kidney: All tumors 0/119 (0) 0/114 (0) 17119 (1) 0/120 (0)
Liver: All tumors 0/118 (0) 0/114 (0) 0/119 (0) 0/119 (0)
Leukemia or malignant lymphoma 2/119(2) 2/114 (2) 0/119 (0) 3/120 (2)
Hemangioma or hemangiosarcoma 1/119 (1) 0/114 (0) 0/119 (0) 1/120 (1)
Uterus: All tumors 2/119 (2) 3/113(3) 1/119 (1) 2/120 (2)
All other tumors 2/119 (2) 3/114 (3) 0/119 (0) 1/120 (1)

(a) 1,2-Dimethylhydrazine dihydrochloride
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TABLE 6. INCIDENCE OF PRIMARY TUMORS IN MALE HAMSTERS ADMINISTERED AMOSITE

ASBESTOS
Amosite Pooled Amosite
Controls Controls Dosed

(%) %) (%)

Animals with primary tumors 21/122 (17) 95/472 (20) 577248 (23)
Skin or sub. tissues: All tumors 0/122 (0) 2/472 (L1]) 0/248 (0)
Lung and trachea: All tumors 0/120 (0) 0/470 (0) 0/248 (0)
Adrenal: Cortical adenoma 8/119 (7) 25/466 (5) 13/246 (5)
Cortical carcinoma 3/119 (3) 13/466 (3) 7/246 (3)
Pheochromocytoma 3/119 (3) 13/466 (3) 4/246 (2)

Other tumors 1/119 (1) 6/466 (1) 2/246 (1)
Pancreas; Islet cell adenoma 3/114 (3) 20/445 (4) 11/234 (5)
Islet cell carcinoma 0/114 (0) 1/445 (<1) 0/234 (0)

Thyroid: C-cell adenoma 1/106 (1) 7/428 (2) 7/221 (3)
C-cell carcinoma 1/106 (1) 3/428 (1) 2/221 (1)

Other tumors 0/106 (0) 1/428 (<1) 2/221 (1)
Parathyroid: Adenoma 0/64 (0) 2/271 (1) 2/150 (1)
G.I. Tract: All tumors 17122 (1) 6/472 (1) 6/248 (2)
Pituitary: All tumors 0/81 (0) 0/322 (0) 0/182 (0)
Kidney: All tumors 1/120 (1) 4/470 (1) 2/248 (1)
Liver: All tumors 0/120 (0) 0/470 (0) 0/247 (0)
Leukemia or malignant l[ymphoma 1/122 (1) 8/472 (2) 5/248 (2)
Hemangioma or hemangiosarcoma 2/122 (2) 5/472 (1) 2/248 (1)
All other tumors 1/122 (1) 5/472 (1) 2/248 (1)
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TABLE 7. INCIDENCE OF PRIMARY TUMORS IN FEMALE HAMSTERS ADMINISTERED

AMOSITE ASBESTOS

Amosite Pooled Amosite
Controls Controls Dosed

(%) (%) (%)

Animals with primary tumors 15,119 (13) 66472 (14) 307237 (13)
Skin or sub. tissues: All tumors 0/119 (0) 0/472 (0) 27237 (1)
Lung and trachea: All tumors 0/ 119 (0) 0/471 (0) 0/234 (0)
Adrenal: Cortical adenoma 2/ 118 (2) 15/468 (3) 6/234 (3)
Cortical carcinoma 0; 118 (0) 0/468 (0) 07234 (0)
Pheochromocytoma 0/118 (0) 0/468 (0) 2/234 (1)

Other tumors 0/ 118 (0) 0;468 (0) 0/234 (0)
Pancreas: Islet cell adenoma 3,115 (3) 15/456 (3) 2/222 (1) (a)
Islet cell carcinoma 0/115 (0) 1/456 (<1) 0/222 (0)

Thyroid: C-cell adenoma 1/ 106 (1) 6/440 (1) 4;215 (2)
C-cell carcinoma 0/106 (0) 17440 (<1) 17215 (<)

Other tumors 0/106 (0} 2/440 (<) 0:215 (0)
Parathyroid: Adenoma 1/61(2) 6,280 (2) 17141 (D)
G.1. Tract: All tumors 1119 (1 5/472 (1) 4/237(2)
Pituitary: All tumors 0,79 (0} 2;285 (<1) 0/149 (0)
Kidney: All tumors 0/1