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TO: HEALTH AND SCIENCE COMMITTEE

FINAL SAB STATEMENTS

Attached zre HSIA's statements submitted to the Science
Advisory Board £for the August 1l1-14 meetings on mouse liver and
rat kidney tumors, methylene chloride, and trichloroethylene. 2
bound copy with tabs of the appropriate statements was sent
directly to each member of the Halogenated Organics Subcommittee
and the Environmental Health Committee. All documents listed in
the attachments were included with the copies sent to the SaB.

Daniel M. Byrd III
Director of Scientific Affairs

Attachments
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<Title> <First Name> <Last Name>
<Company>

<Address 1>

<Optional><Address 2>
<Optional><Address 3>

<City>, <State> <Zip>

Dear <Title> <Last Name>:

We have assembled the enclosed information to assist your
review of EPA’s draft Addendum to the Health Assessment Document
for Trichloroethylene. Most of the information in this package
consists of photocopies of research reports and papers from
scientific literature (some of which are difficult to obtain).
Overall, HSIA does not agree with the qualitative or quantitative
conclusions regarding possible carcinogenic effects of
trichlorocethylene. The draft Addendum lacks a serious effort to
evaluate epidemiological data and, for this reason alone, merits
revision and re-review.

some of the information concerning trichloroethylene is
included in our comments regarding the workshop on mouse liver
tumors and rat kidney tumors on August 12, 1987.

If you should have questions about any of the enclosed
materials, please call us at (202) 223-5890.

Sincerely,

Paul A. Cammer, Ph.D.
President

Enclosures
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STATEMENT BEFORE THE SCIENCE ADVISORY BOARD
ON THE DRAFT ADDENDUM TO THE HEALTH ASSESSMENT DOCUMENT
FOR TRICHLOROQETHYLENE

AUGUST 7, 1987
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STATEMENT BEFO \'J
DRAFT ADDENDUM T

FOR TRICHLOROETHYLENE

Our overall response to EPA’s assessment of the carcino-
genicity of trichloroethylene is summarized immediately below.
Detailed evaluations, data, and supporting information can be
found in the indicated attachments. Our five major points are:

(1) EPA has not carried out an adequate evaluation of a new
epidemiology study by Shindell and Ulrich, which has a
sufficiently large cohort to detect a risk double that of
background. Neither the Shindell and Ulrich study nor the six
other epidemiology studies support the conclusion that human
exposure to trichloroethylene increases cancer risk.
(Attachment A).

(2) Conclusions in the draft Addendum regarding the carcinogenic
pathway in rodents are in error. The preponderant evidence from
pharmacokinetic, whole animal biocassay, and cell culture
experiments is that trichloroacetic acid is the proximal
carcinogen by virtue of its ability to induce peroxisomes.
However, cell culture experiments show that trichloroacetic acid
is not likely to be carcinogenic in man. Even if it is assumed

that trichloroacetic acid exerts carcinogenic effects in man,
pharmacokinetic experiments indicate that rodent models greatly
overstate this risk. (Attachment B)

(3) Animal evidence is "limited"™ under EPA’s guidelines for
carcinogen risk assessment because of metabolic evidence that
mouse liver tumors are not indicative of human risk. This
conclusion is supported by studies of carcinogenic mechanisms of
mouse liver and rat kidney tumors. This subject is summarized in
our comments for the Workshop on August 12 and only a few points
will be repeated here. (Attachment C)

(4) Trichloroethylene lacks genotoxicity for mammals and other
higher animals. (Attachment D)

(5) Recent oncogene studies indicate that the B6C3F1 mouse may
be genetically predisposed to liver tumors, making it an
inappropriate model for direct comparison to the human.
(Attachment E)

EPA’s draft Addendum does not take into account the
available human epidemiology evidence. The best scientific
evidence addressing the question of human carcinogenicity of
any substance is provided by epidemiology studies. Such studies
are often confounded by factors such as cohort size, extent of
exposure, latency considerations, and comparison to appropriate
control cohorts, which frequently result in the inability to
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prove an absence of hazard. Thus, the hazard evaluation process
relies on the results of animal toxicity studies as well as on
human experience. In the case of trichloroethylene, the
epidemiological studies carried out to date, including the most
recently completed study by Shindell and Ulrich, do not
demonstrate an increase in cancer in a large cohort with
trichloroethylene exposure. While all of the epidemiology
studies are confounded to varying degrees by the previously
mentioned factors common to most epidemiological studies, they
are consistent with extensive workplace experience with this
solvent. Any assessment of risk, or lack thereof, from
trichloroethylene must take these human data into account.

EPA also has not attempted an integration of the available human
studies.

EPA has calculated the risk to humans as if trichloro-
ethylene were a human carcinogen by applying a linear,
non-threshold, mathematical extrapolation model to several sets
of animal tumor data for trichloroethylene. The calculated risk
is less than likely could be observed in any hypothetical
epidemiological study, no matter how extensive, given worst case
estimates of exposure conditions and available cohort sizes.

Our views as to the relevance of recent work concerning
peroxisome proliferation and oncogenes also lead to an evaluation
of the potential carcinogencity of trichloroethylene in humans
that is different than EPA’s. Trichloroethylene induces rodent
tumors through metabolism to trichloroacetic acid, the proximal
rodent carcinogen. Human tissue does not induce the biochemical
activities associated with a carcinogenic response to
trichloroacetic acid in rodents.

Thus, much of the rodent bicassay evidence on trichloro-
ethylene is not relevant to man. Hepatocarcinogenic effects
similar to those seen in the mouse have not been observed in the
rat, which responds differently to trichloroethylene. Because
the rat and the mouse are much more closely related to each other
than either is to the human, the lack of replication of the mouse
findings in the rat indicates that automatic extrapolation of the
B6C3F1 liver tumor response to man is not appropriate.

EPA should describe the animal data as limited instead of
adequate. Although many of the effects in animals have been
replicated, they are of uncertain biological significance and
were obtained at doses that were too high to allow meaningful
hazard assessment. EPA needs to integrate the mechanism data
which have been developed for trichloroethylene with the biocassay
data, in order to develop a plausible hypothesis as to the
sensitivity of the mouse relative to the rat and human.

Pharmacokinetic and other evidence suggests that

trichloroethylene is not a proximal carcinogen in the mouse.
A metabolite, trichloroacetic acid, is the likely cause of the
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liver tumor response obs rved in the bioassays. As recently
reported by Herren-Freund and coworkers, trichloroacetic acid
causes hepatocellular carcinoma in B6C3Fl1l mice.

Following exposure to trichloroethylene, blood levels of
trichloroacetic acid are 7-fold greater in mice than in rats,
In cell culture experiments Elcombe has shown that mouse
hepatocytes produce 30-fold more trichloroacetic acid that rat
hepatocytes, which in turn produce 3-fold more trichloroacetic
acid than human hepatocytes. The rat undergoes biochemical
responses to trichloroacetic acid in vitro that are similar to
those observed in the mouse, when isolated hepatocytes from the
two species are exposed in cell culture experiments. The absence
of a carcinogenic effect in the intact rat would appear to be a
function of its lower rate of production of trichloroacetic
acid. Trichloroacetic acid levels vary between species due to
pharmacokinetic differences. This can account for species
variation in the induction of tumors in rodents.

Trichloroacetic acid is a peroxisomal inducer for rodent
liver, both in the intact animal and in cell culture.
Peroxisomal induction by many substances has been associated with
rodent liver tumors (Attachment B).

Elcombe has shown that peroxisome proliferation does not
occur in human hepatocytes following in vitro exposure to
trichloroacetic acid, whereas it does occur in rodent hepato-
cytes. Thus, humans are unlikely to show a carcinogenic response
to trichloroethylene, presumably because they fail to respond
biochemically by the formation of peroxisomes. Humans also do
not respond to a variety of other substances which induce
peroxisomes in rodent cells and induce liver tumors in the mouse.

EPA’s treatment of the pharmacokinetics of trichloroethylene
(also referred to in the section on "oncodynamics") is in error.
The evidence strongly favors trichloroacetic acid as the proximal
carcinogen, and the pharmacokinetics of this substance are
understood.

Some scientists believe that liver tumor findings in the
B6C3F1 mouse, in the absence of demonstrable direct genotoxic
activity, but in the presence of other epigenetic (promotional)
events, are an anomaly and are not always indicative of true
carcinogenic risk for man. The high spontaneous incidence of
these tumors complicates both the statistical and biological
evaluation of the weight of the evidence. Two recent papers
(Attachment E) show that DNA from liver tumor tissue taken from
B6C3F1 mice that had spontaneously developed the tumors expressed
the activated H-ras oncogene. These studies indicate that the
B6C3F1 mouse may be genetically predisposed to liver tumors,
making it an inappropriate model for direct comparison to the
human.
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Induction of peroxisomes is not thought to be a linear
function of trichloroacetic acid concentration in the liver
(i.e., not thought to be a one-hit phenomenon), and in the case
of trichloroethylene, is accompanied by the induction of DNA
synthesis in the B6C3Fl1 mouse liver. The data suggest that
. peroxisomal proliferation and induction of hepatic DNA synthesis,
along with the presence of the H-ras oncogene in the B6C3F1 mouse
liver, cause the B6C3F1 mouse to be an ultrasensitive indicator
of tumor enhancing potential. Genetic predisposition is a
critical factor. Henschler has reported that, after oral
exposure to purified, amine-stabilized trichloroethylene, Swiss
mice do not develop hepatic tumors, whereas NTP has shown that
B6C3F1 mice do, although both strains are thought to metabolize
trichloroethylene in a similar fashion quantitatively. These
data, taken together, support the concept that trichloroethylen
enhances spontaneous liver tumors in B6C3Fl1 mice by a secondary
(perhaps promotional) mechanism, which conceptually embodies the
principle of a practical threshold.

EPA’s summary of the earlier Health Assessment Document
(HAD) and its review by the Science Advisory Board is misstated.
The HAD described trichloroethylene as belonging in either IARC
Group 2B or 3. SAB reviewed this classification and disagreed
with the Agency, recommending instead that trichloroethylene
belonged in Group 3. IARC Group 3 is not consistent with
classification of trichloroethylene in Category B2 under the EPA
Guidelines. The statement in the HAD that mouse liver tumors
alone constitute sufficient evidence to place trichloroethylene
into Category B2 was not reviewed by SAB. It is flatly
inconsistent with the Board’s position in its recent review of an
addendum to the Health Assessment Document for perchloroethylene.

Finally, the draft Addendum states (at 4-5) that Goldsworthy
and Popp found that trichloroethylene is more potent than
trichloroacetic acid as a peroxisomal inducer. This is not
accurate. Goldsworthy and Popp reported that 1000 mg/kg of
trichloroethylene increases peroxisome levels 625% in male B6C3F1
mice and 360% in female mice, whereas 500 mg/kg of trichloro-
acetic acid increased male peroxisome levels by 280% and female
by 305%.

EPA has also mischaracterized the results of Bergman, who
found DNA adducts only in jin vitro experiments. The draft
Addendum interprets Bergman’s in vitro experiments as if they
were whole animal adduct studies. This experimental situation
differs vastly from one in which animals exposed to
trichloroethylene are shown to have DNA adducts. In fact,
Bergman did such experiments and found no DNA adducts. Further,
EPA has not analyzed the experiments of Stott, Quast, and
Watanabe correctly. Those experiments specified a very low upper
bound to possible DNA adducts, based on detection limit, not
actual DNA adducts, as described in HAD.
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HSIA member companies have conducted (and desire to continue
to support) research to provide additional insight into the
pharmacokinetics and mechanism of toxicity of trichloroethylene.
In addition, the Chemical Industry Institute of Toxicology has
studies in progress on hepatic peroxisomal proliferation in mice
and renal alpha-2-microglobulin induction in rats.
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ATTACHEMENT A

o Text of Comments

o] Shindell, S., and Ulrich, S., A Cohort Study of
Employees of a Manufacturing Plant Using
Trichloroethylene, J. Occup. Med. 27:577~579
(1985) .
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The draft Addendum indicates that EPA considers the
epidemiologic data base inadequate to evaluate the carcinogenic
potential of trichloroethylene. Epidemiology studies cannot
generally disprove a cancer risk estimate based on animal
studies, because the exposures will be lower and because
experimental conditions cannot be controlled. Nevertheless, the
1985 Health Assessment Document (HAD) summarizes six such studies
on trichloroethylene, none of which indicated elevated levels of
cancer deaths. These studies have been criticized by EPA, but
none is consistent with or supports the hypothesis that
trichloroethylene is a human carcinogen, as the 1985 HAD states
(p. 8-128):

The epidemiologic studies on TCI
[trichloroethylene] provide no evidence for
its carcinogenicity...

There is, moreover, a subsequent significant addition to the
epidemiologic data base for trichloroethylene: a study by
Shindell and Ulrich of a cohort of over 2,600 employees who
worked three months or more during the period from January 1957
to July 1983 in a manufacturing plant that used
trichloroethylene as a degreasing agent. Ninety-eight percent of
the cohort was traced, accounting for over 16,000 man-years of
employment (i.e., an average of over 6 years per employee) and
over 38,000 man-years of follow-up. This study found no
increased risk of cancer in the exposed population. Rather, the
study found a deficit of cancer-related deaths compared to the
number expected in exposed white male workers, and this result
was statistically significant (p < 0.05). This study offers a
far more extensive period of follow-up and a larger cohort than
previous studies, and thus adds substantially to the scientific
data base concerning human health effects. The occupational
exposures in the study, particularly in the past, were orders of
magnitude higher than ambient exposures.

The review of the Shindell and Ulrich study in the draft
Addendum does not adequately assess the utility of these data to
assist in a determination of carcinogenic risk of
trichloroethylene exposure to humans. The draft Addendum simply
repeats the words of the study authors as to cohort definition,
potential for exposure, vital status ascertainment, and mortality
experience with little interpretation of the significance of the
results. The draft Addendum seems more concerned with the
presentation of the data in the Shindell and Ulrich article
(e.g., failure to report the distribution of the follow-up and
the duration of exposure) than with the actual conduct of the

study itself.
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In fact, the study follows rather standard cohort analysis
procedures. An apparent shortcoming of the study is its
inability to determine the exposures which the cohort would have
received historically, although the article reports that
monitoring of current employees suggests that exposures were
within the OSHA Permissible Exposure Limit of 100 ppm. More
detail on exposure would be desirable, but this does not preclude
a reasonable assessment of the mortality experience of the cohort
in order to determine if there is an increased risk of cancer in
this population.

In short, the evaluation of the Shindell and Ulrich study in
the draft Addendum is inadequate. The draft Addendum tends to
focus on the presentation rather than on the strength of the
study to detect an effect. There should be an evaluation of the
power of the study, i.e., its ability to detect an increased risk
of cause-specific mortality when one exists in the cohort, before
the study is determined to be inadequate to assess human cancer
risk. Power calculations for various detectable risks in the
Shindell and Ulrich study are presented below for all cancers,
nonrespiratory cancer, and respiratory cancer.

Power

Nonrespiratory Respiratory
Relative Risk All Cancers Cancer Cancer

99.8% 97.6%
100.0% 100.0%

These calculations suggest that this study cohort was of a
sufficient size and the age and follow-up were adequate to detect
a 50% increased risk of death due to cancer in this working
population if in fact one existed. As the Agency tends not to
require interspecies site concurrence for cancer, the "all
cancers numbers" is the most useful. It demonstrates that this
study has very good sensitivity for an epidemiology study. The
power of the study to detect increased risk of nonrespiratory
cancer and respiratory cancer is also quite good, demonstrating
that a two-fold risk could have been detected 90% of the

time.

Given the power of the Shindell and Ulrich, the failure of
the draft Addendum to use it to calculate an upper bound on risk
is a major shortcoming in the document. It is not appropriate to
continue to rely on the upper bound computed in the 1985 HAD from
the Axelson study, which was far less comprehensive.




A Cohort Study of Employees of a
Manufacturing Plant Using
Trichlorethylene

Sidney Shindell, M.D., LL.B., and Slack Ulrich, B.Sc.Ch.E.

A prospective study was conducted of 2,646 employees
who worked three months or mare during the petiod Jan-
uary, 1957, through July, 1983, in a manviacturing plant
that used trichiorethylene as a degreasing agent through-
out the study period. Ninety-eight percent of the study
Cohort were traced: they accounted for 16338 person-years
of empioyment and 38,052 person-years of follow-up. Mor-
tality experience was found to be generally moee favarabie
than that of the comparable segment of the U.S. popula-
tion over the same period of time. For the white male
cohort there were fewer deaths than expected from heart
disease, cancer, and trauma (sandard mortality rate for ail
causes =0.79, p<.01). Reports by current and former em-
ployees of heaith problems requiring medical treatment
showed that there were only one third as many persans
with heart disease or hypertension as were reported in a
comparable reference population studied over the past five
years,

ln the summer of 1983 a study was initiated at 3 manu-
facturing plant in northern [llinois where trichlorethyiene
(TCE) had been used as a degreasing agent aimost exclu-
sively for the whole of the plant's existence. The purpose
of the study was to determine whether employees at the
facility had experienced any pacerns of iliness or death
different from those abserved among comparable seg-
ments of the populations of the United States atlarge and/
or of the local geographic area.

During the course of a water survey conducted in the
area by the lllinois Department of Energy and Natural Re-
sources,’ ground water in the area in which the plant was
located was found to have an elevated nitrate content, and

From the Department of Preventive Medicine. Medicsl College of
Wisconsin, P.7). Box 26509, Milwaukee. WI SI225 (Dr. Shindetl: and
Ergotopoiogy, Inc., Milwaukee (Mr. Ulnein.

The studv was commussioned by the Waener €lectnc 8rake & Clutch
Company and was conducted in its plant v Roscoe. 0.

Journal of Qccupatonal MedicinesVol. 27, No. 8/August 1985

tests for selected volatile organic compounds showed small’
amounts of a variety of chemicals in some of the wells of
the area as well. The wells supplying water to the plant
itself were also found to contain small amounts of TCE.
Since TCE is used extensively as a degreasing agent fol-
lowing both the machining and stamping operations at the
plantand since all employees drank water containing trace
amounts of TCE, concern regarding the long-term heaith
effects of exposure to this chemnical was exprassed.

While its use in the plant is under controiled conditions,
i.e., in degreasing machines that are designed to control
the vapors, small amounts of this highly volatile substance
tend to escape into the atmosphere. During the recla-
mation process and while maintenance acivities were being
periormed on these machines, additional possibilities ex-
isted for exposure of workers engaged in these activities.
Quantification of the amount of the exposure for the en-
tire period of the plant operation was not possible. Mon-
itoring of the levels to which current employees have been
exposed reveaied conformance to Occupational Safety and
Health Administraton standards for the work environ-
ment. The wells contained amounts comparable with those
found in the public water suppiies in which the chemical
has been detected (43 ppb).

Prior studies of workers exposed to TCE in the work
environmerit have not reflected any long-term hazard. Ax-
eison and co-workers! in Sweden studied 518 men ex-
posed to TCE in the 19508 and 1960s and found both the
overail mortality experience and the cancer morality ex-
perience to be less than expected (risk ratio of 0.8) during
a follow-up of 20 years. Tola and co-workers® in Finiand
examined the mortality experience of 2,117 workers ex-
posed from 1963 to 1976 and found similar resuits. Two
studies in Czechoslovakia similarly reported negative re-
sults in a retrospective study of persons with liver cancer
and among dry cleaners using TCE'.

Because these studies either covered a limited number
of workers or provided a limited period of follow-up, it
was felt that a srudy dealing with a cohort of maore than
2.600 employees and covering an extensive period of em-
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ATTACHMENT B

Prout, M. S., Provan, M., and Green, T., Species
Differences in Response to Trichlorocethylene,
Toxicol. Appl. Pharmacol. 79:389-400 (1985).

Green, T., and Prout, M. §., Species Differences
in Response to Trichloroethylene, Toxicol. Appl.
Pharmacol. 79:401-411 (1985).

Herren~Freund, S§. L., Pereira, M. A., Olsen, G.
and DeAngelo, A. B., The Carcinogenicity of
Trichloroethylene (TCE) and Its Metabolites,
Trichloroacetic Acid (TCA), and Dichloroacetic

Acid (DCA) in Mouse Liver, Proceedings of AACR,
Vol. 27, (1986).

Daniel, J., The Metabolism of Cl-Labelled
Trichloroethylene and Tetrachloroethylene in the
Rat, Biochem. Pharmacol. 12:795-802 (1963).




ATTACHMENT C

Text of Comments

Henschler, D., Elasser, H., Romen, W., and
Elder, E., Carcinogenicity Study of
Trichloroethylene, With and Without Expoxide
Stabilizers, in Mice, J. Cancer Res. Cln. Oncol.
107:149-156 (1984).

Kimbrough, R. D., Mitchell, F. L., and
Houk, V. N., Trichloroethylene: An Update, J.
Toxicol. Environ. Health 15:369-383 (1985).

Elcombe, C. R., Rose, M. S., and Pratt, I. S.,
Biochemical, Histological, and Ultrastructural
Changes in Rat and Mouse Liver following the
Administration of Trichloroethylene, Toxicol.
Appl. Pharmacol. 79:365-376 (1985).

Michalopoulos, G. K., Eckl, P. M., Cruise, J. L.,
Novicki, D. L., and Jirtle, R. L., Mechanisms of

Rodent Liver Carcinogenesis, Toxicol. Ind. Health
Vol. 3, No. 1, (1987).

Butterworth, B. E., Loury, D. J., Smith-Oliver,
T., and Cattley, R. C., The Potential Role of
Chemically Induced Hyperplasia in the Carcinogenic
Activity of the Hypolipidemic Carcinogens,
Toxicol. Ind. Health Vol. 3, No. 1, (1987).
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OVERALL WEIGHT OF THE EVIDENCE

The overall weight of the evidence supports
classification of trichloroethylene as a possible human
carcinogen in Group C under the EPA Guidelines. The only
unequivocally positive results in the bioassays are mouse liver
tumors. These should constitute limited evidence of animal
carcinogenicity, in light of the available information showing
that trichloroethylene is not genotoxic and that the liver
tumors result from peroxisome proliferation. A number of
bioassays show mixed results in the mouse lung. The only
positive results reported in the rats are either benign,
equivocal, or not likely to be related to trichloroethylene
administration. 1In addition, the available human epidemiology
data do not support classification of trichloroethylene as a
probable human carcinogen.

The animal biocassay results are summarized below.
Data on epidemiology, mechanism, and genotoxicity are addressed
in Attachments A, B, and D.

I. Mouse Studies

A. 1976 NCI Study

This gavage study showed an increased incidence of
liver tumors in male and female BgC3F) mice. Science Advisory

Board members and others have offered a number of criticisms of
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the study, including the use of massive doses in large amounts
of corn oil and improper housing of the test animals.
Interpretation of the study is confounded by the presence of
stabilizers, including epichlorohydrin, in the test material.

B. 1982 NTP Study

This gavage study also showed an increased incidence

of liver tumors in BgC3Fj mice. While the test material was

purified, the same gavage dosing technique was used as in the
1976 study, resulting in atypical metabolic effects,

c. 1980 Henschler Study

NMRI mice were exposed to purified trichloroethylene
by inhalation. No increase in cancer was reported in male
mice. An increase in the incidence of lymphomas was observed
in females, but the authors did not ascribe this effect to
trichloroethylene exposure.

D. 1984 Henschler Study

This corn o0il gavage study showed no significant
increases in tumors in either sex of Swiss mice gavaged with
purified trichloroethylene. The authors concluded that "there
is no indication of a tumorigenic potential of pure, amine
based-stablized TRI [trichloroethylene]" and "this study does
not support the suggestion that trichloroethylene itself is
carcinogenic under realistic exposure conditions."

E. 1983 Fukuda Study

ICR mice were treated by inhalation with

trichloroethylene. No increased incidence of tumors was
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observed in the males. Female mice had an increased incidence
of lung tumors at the two highest doses. If adenomas and
carcinomas are combined, no increase in tumors was observed,
Instead, there was a high incidence of benign adenomas in
untreated controls, some of which appeared to convert to
adenocarcinomas after exposure to trichloroethylene.

F. Maltoni Study

This inhalation study showed an increased incidence
of lung tumors in male Swiss mice and female BgC3F3 mice. Only
benign adenomas were found, not carcinomas. Hepatomas also
were observed in male Swiss mice and both sexes of BgC3F3
mice. These results have not been peer-reviewed,

G. van Duuren Study

This series of studies in female Swiss mice involved

administration of trichloroethylene by topical, subcutaneous,

and gavage routes, and included initiation-promotion studies.
No carcinogenic response was reported.

H. Herren-Freund Study

No statistically significant increase in tumors was
found in male BgC3F) mice exposed to trichloroethylene by
drinking water in this study. Treatment by trichloroethylene
metabolites increased the incidence of liver carcinomas.

II. Rat Studies

A. 1976 NCI Study

This gavage study showed no increased incidence of

cancer in Osborne-Mendel rats.




B. 1982 NTP Study

Tnis gavage stady in Fischer 344 rats was considered
inadequate to evaluate the presence or absence of a
carcinogenic response.

C. 1987 NTP Studies

These gavage studies in four strains of rats were
considered inadequate to evaluate the presence or absence of a
carcinogenic response,

D. 1980 Henschler Study

This inhalation study showed no increased incidence

of cancer in Wistar rats.

E. 1983 Fukuda Study

This inhalation study showed no increased incidence
of cancer in female Sprague-Dawley rats.

F. 1986 Maltoni Studies_

These studies in Sprague-Dawley rats, both by gavage
and inhalation, reportedly showed an increased trend or
incidence of leukemias, adenocarcinomas and Leydig cell tumors
in males. No increased incidence of cancer was observed in the
females. These results have not been peer-reviewed.

III. Other Studies

A. 1980 Henschler Study

This inhalation study showed no increased incidence

of cancer in Syrian hamsters.,
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B. 1978 MCA Study

- An audit of this inhalation study in Charles River
rats and BgC3F] mice concluded that it was inadegquate to
évaluate the presence or absence of a carcinogenic response.
IV. Other Data

As discussed in Attachment A, seven epidemiology
studies of workers exposed to trichloroethylene show no
elevated risk of cancer in the exposed populations. The most
recent of these studies, involving a cohort of over 2,600
employees, found a statistically significant deficit of
cancer-related deaths in the largest employee group.

As discussed in Attachment B, extensive research has
demonstrated that trichloroethylene induces hepatic peroxisome
proliferation in mice, but not in rats. Much more extensive
metabolism of trichloroethylene occurs in mice than in rats,
resulting in much higher blood levels of the metabolite
trichloroacetic acid. Man metabolizes significantly less
trichloroethylene than mice or rats, resulting in significantly
lower levels of trichloroacetic acid in man than in rodents.
Moreover, research has established that trichloroacetic acid
does not induce peroxisome proliferation in human hepatocytes
in vitro.

As discussed in Attachment D, stablized
trichloroethylene has the potential to cause marginal increases

in genotoxic effects in higher order animals. Purified

trichloroethylene appears to be nongenotoxic.
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V. Application of the Guidelines

Analysis of the animal biocassay data on
trichloroethylene is difficult because of the existence of
conflicting results. Two studies have shown an increased
incidence of liver tumors in BgC3F; mice. The Science Advisory
Board has previously indicated, in the case of tetrachloro-
ethylene, that such results even where replicated do not
constitute sufficient evidence under the EPA Guidelines.

Three inhalation studies show conflicting results
four different strains of mice. An increase in lung tumors
reported in male Swiss mice and female BgC3F), mice, and in
female ICR mice. No increase in lung tumors was reported in
either sex of NMRI mice, male BgC3F1, mice, female Swiss mice,

or male ICR mice. The mechanism by which lung tumors have been

produced is not understood, nor is the reason for the

conflicting results in various strains. 1In these
circumstances, pending a determination of the biological
significance of the varying mouse lung results, the positive
studies should be considered limited, not sufficient, evidence
of carcinogenicity in animals.

The draft Addendum emphasizes the Fukuda study as
supportive of a finding of sufficient evidence. The Addendum
states that the concentration of epichlorohydrin as stabilizer
was 0.019%, It does not mention that a number of other
putative carcinogenic substances were present as well in the

reagent grade of trichloroethylene that Fukuda used.
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Scientists from the Centers for Disease Control
offered the following critique of the Fukuda study in a recent
article*/:

The incidence of total lung tumors ~- that

is, adenomas and adenocarcinomas -- was not

significantly increased if controls were

compared to exposed mice. 1In addition, the

incidence at the higher dose was about the
same as that at the lower dossa.

In addition, metastases of mammary tumors (in both
controls and dosed groups) were observed to spread to the
lung. Based on the report it is not possible to tell whether
metastatic tumors were included in the tumor count. However,
there was a 12% tumor incidence in the lungs of control mice.
At most, there might have been an enhancement of spontaneously
occurring lung tumors in dosed animals.

Results in rat bioassays have been negative, with the
exception of recent gavage and inhalation studies by Maltoni.
Maltoni reported no increase in tumors in female rats. There
was an increased incidence of Leydig cell tumors in male rats.

Maltoni regarded the Leydig cell tumors as benign, as Leydig

¥/ Kimbrough, R.D., Mitchell, F.L., Houk, V.N.,
Trichloroethylene: An Update, J. Tox. Env. Health 15: 369-383

(1985). This article also points out that the report of the
Fukuda study does not indicate whether the slides were examined

in a blind fashion.
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cells are microscopically benign in character. Historical data
would be useful to determine if there is any evidence that
these tumors progress to malignancy. Under the EPA Guidelines,
benign tumors are considered limited evidence of
carcinogenicity unless they have the potential to progress to
an associated malignancy of the same histogenic organ.

There was a slight elevation in renal adenocarcinomas
and of leukemias in one exposure group in the male rats in the
Maltoni study. These findings are also equivocal, however, and
it is by no means clear that they are either meaningful or
related to trichloroethylene exposure.

In considering the Maltoni results and their
relevance for assessing human risk, it must be emphasized that

those studies have never received peer review as we know it in

the United States. Maltoni publishes his work privately. The

other studies in the draft Addendum have generally received
scientific scrutiny prior to being reviewed by EPA.

Maltoni breeds his own animals and the particular
sensitivity of these breeds and their historical tumor
incidence rates need to be understood to place his most recent
results in proper perspective. Moveover, Maltoni follows a
different procedure from the current "state of the art" method
for conducting carcinogenicity bioassays. After exposure for
52 weeks, the animals typically are allowed to live until

spontaneous death. This may make it difficult to interpret
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the relevance of late-occurring tumors that would not have been
detected at terminal sacrifice taking place at weeks 105
through 107. This may result in counting metastatic tumors
rather than tumors which arise de novo in an organ, and thus
reporting greater potency than is appropriate.

A workshop was held in Washington, D.C. in December
1985 to discuss Maltoni's recent work. Only a few slides were
available for review. The workshop resulted in recommendations
for

- a pathology review of a 10-20% sample of
tumors for a quality assurance evaluation,
and '

- a detailed statistical analysis of all

tumor responses, particularly with

mortality correction (this was not done in
either the private publication or in the

draft Addendum).
A delegation was to have visited Maltoni's laboratory to
conduct the pathology review. Since this has never taken
place, the quality of the data is subject to question.

While the draft Addendum attempts to correct for
mortality, more data are needed to adjust for mortality
effects. Similarly, a comparison with historical control data
is necessary to understand the nature of the Leydig cell tumors
in these studies relative to Maltoni's rat colony.

In conclusion, the animal bioassay data are largely

conflicting and equivocal. The mouse lung results are
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divided. Tne unequivocally positive mouse liver results have
been shown to be caused by induction of peroxisomal
proliferation by trichloroethylene metabolites, an effect that
would not be seen in humans. The benign Leydig cell tumor
increase does not meet the criteria for sufficient evidence.
Other assertedly positive responses in male rats reported by
Maltoni are too equivocal to be significant. Trichloroethylene
should be considered a possible, but not a probable, human

carcinogen on the basis of this limited animal evidence.

-10-
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Carcinogenicity Study of Trichloroethylene,
With and Without Epoxide Stabilizers, in Mice

D. Henschler!, H. Elsasser!, W. Romen 2, and E. Eder?

! Institute of Toxicology, Versbacher Str. 9. D-3700 Wirzburg. Federal Republic of Germany
* Institute of Pathology, Joseph-Schneider-Str. 2, D-8700 Wiirzburg, Federal Republic of Germany

Summary. Previous analytical studies of industrial
sampies of trichloroethylene (TRI) have revealed the
presence of mutagenic and carcinogenic epoxides
which, it was proposed, might be responsible for the
carcinogenicity of such samples, as demonstrated with
mice in other laboratories. To test this hypothesis,
Swiss mice (ICR/HA) of both sexes, bred and kept in
SPF conditions, were dosed daily with TR! in corn oil
by gavage (males: 2.4 g/kg. females: 1.8 with or
without iti f i b

wiw). 1.2-epoxybutane (BO. 0.8%), or EPC+BO
o) 0t 18 months. The ensuing observa-

ciend /0 T Vs

tion period termunated at 106 weeks (from start of ex-

periment). Gross and microscopic examination of all
organs revealed a statistically significant increase in
the incidence of forestomach papillomas and car-
cinomas after EPC., BO-. and (EPC + BO)-stabilized
sampies of TRI, but not after pure. amine base-stabi-

lized TRI. This type of tumor is believed to be mduced

Bv the direct alkylating epoxides epichlorohydrin and

.

4

epoxybutane, whose industrial use in stabilizing
chlorinated aliphatic hydrocarbons should be discon-
tinued. No other significant increase in_tumor inci-
dences was found. Again, this study does not support
the suggestion that trichioroethylene itself is carcino-
genic under realistic exposure conditions.

Key words: Trichloroethylene - Epichlorohydrin —
1.2-Epoxybutane —Carcinogenicity.

Introduction

The assumed carcinogenic potential of trichloroethy-
lene (TRI) (NIOSH 1976) is still the subject of debate.
Findings on its mutagenicity in vitro are controversial

Offprint reguests to: D. Henschler (address see above)
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(Greim et al. 1975; Shahin and von Borstel 1977,
Bartsch et al. 1979). A long-term inhalation study in
rats, mice, and Syrian hamsters, with 0, 100, and 500

ppm of highly purified trichloroethylene stabilized
with 0.0015% triethanolamine, gave no indication of
a tumorigenic potential of TRI; a dose-related increase
in lymphoma rate in female mice was regarded as a
possibly nonspecific effect, or at least not as proof of
a carcinogenic potential (Henschler et al. 19802).

A bioassay with industrial-grade TRI at maximum
tolerated doses resulted in a dose-related increase in
malignant liver tumors in both male and female
B4C,F, mice, but not in rats (NIOSH, 1976). The in-
dustrial TRI sample was stabilized with epichlorohy-
drin (EPC) and 1,2-epoxybutane (BO), both of which
are mutagenic and suspected carcinogenic substances
which might cause. or contribute to, the carcinogenic
effect (Henschler et al. 1977). To test this hypothesis
and to elucidate the significance of the observed liver
carcinomas in a strain of mice in one parent strain of
which, C4H, this kind of tumor reputedly has a high
sponaneous incidence (Deringer 1959; Heston et al.
1960; Sabine et al. 1973), we performed a comparative
long-term carcinogenicity study by gavage at similarly
high doses of TRI alone and of TRI with added
epichlorohydrin and/or 1.2-epoxybutane in a strain of
mice with no or minimally few spontaneous liver tu-
mors (Eaton et al. 1980).

Materials and Methods
Experimental Animals

In all, 600 SPF-bred ICR/HA-Swiss mice (Ivanovas GmbH, Kiss-
legg/Allgiu) aged S weeks were randomized into 12 groups of 50 ani-
mals cach. Body weights varied over ranges of 19-28 g (males. 6
groups) and 18-26 g (females. 6 groups). The mice were kept in
transparent plastic cages (Makrolon) covered with stainless steel
wire, in subgroups of § each (females) or singly (males). A diet of
standardized pellets (Altromin no. 1324) and tap water, autoclaved
and acidified to pH 3 with HCL was available ad libitum 24 h/day.
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TRICHLOROETHYLENE: AN UPDATE

Renate D. Kimbrough, Frank L. Mitchell, Vernon N. Houk

Center for Environmental Health, Centers for Disease Controi,
Public Health Service, U.S. Department of Heaith and
Human Services, Atanta, Ceorgia

The o xicity of wicholoroethyiene (TCE) has been summarized in 3 number of reviews.
In this pariicular updare, only the more recent studies that deal with metabolism arnd
carcinogenicity hawe been exammned. In reviewing the more recent publicanons on
metaboliun of TCE, we determined that differences exist in s metabolism if low doses
are compared wth high dases in animals, There may also be a difference in the
metabolism of TCE between different spacies—namely mice, rats, and humans. TCE
has not been shown (o be 3 potent carcinogen in rats and it only seems to be a potent
carcinogen in one specific sirain of mice, namely the 86C3F1 mouse. fpidermiciogy
studies have been rather imwted. The number of persons exammed 3o far for chrome
taxic eflects is unall, compared with the enarmous site of the work farce that is
exposed to TCE ower prolonged penods. On arr empincal baus, the occupational
experence wih TCE does not suggest that this compound is a potent carcinogen. The
risk associated with expasure (Q trace amount (ppb) concemrations of TCE in water
2ppear 1o be minimal or perhaps negligible.

Becawse there are dilferences in metabolism of TCE, it is imponam that theoreucal
risks attribwied to TCE in the past be reexamined. Rt is highly possible that in humans,
the metabolic pachway leading (0 the lormation of the pronmae carcinogen 15 not
activared at low doses, where TCE is excrered by first-order kinetics.

INTRODUCTION

Tricholoroethylene (TCE) is a solvent used extensively for vapor
degreasing of fabricated metal parts. To a minor degree, it is used as a
solvent in the textile industry, as a solvent for adhesives, as a lubricant,
and as a low-temperature heat transfer fluid. It is a component in several
consumer products such as spot removers and cleaning fluids for rugs. A
pharmaceutical grade of TCE is used as a general anesthetic in surgical,
dental, and obstetrical procedures, and as an analgesic in the treatment
of trigeminal neurolgia. It has aiso been used as a disinfectant and deter-
gent for skin, minor wounds, and surgical instruments. It has also beer:
used on a variety of animals as a volatile anesthetic (IARC, 1979),

Use of trade names is lor idemification anly and does not constitute endorsement by the ?ublic
Mealth Service or by the U. S Department of Health and Human Services.

Requests far reprints should be sent 10 Renate D. Kimbrough, Center for Environmental Heith,
Centers lor Disease Cantrol. Public Mealth Service, U. 5. Department of Health and Human Services.
Atisnta. Ceorgia, 30333

369

journal of Toricolegy and Enviroamental Health, 15:36%-183, ("™1S
Copyrgint ® 1M3 by Memitphere Publishing Carporation SL 03 78 73




* ‘ TOXICOLOGY AND APPLIED PHARMACOLOGY 79, 365-~376 (1985)

Biochemical, Histological, and Ultrastructural Changes in Rat and Mouse
Liver following the Administration of Trichloroethylene: Possible
Relevance to Species Differences in Hepatocarcinogenicity

CLIFFORD R. ELCOMBE, MICHAEL S. ROSE,! AND IONA S. PRATT?

Central Toxicology Laboratory, Imperial Chemical Industries PLC. Alderiey Park,
Macxlesfield. Cheshire SK10 4TJ, United Kingdom

Received January 21, 1984: accepted February 6, 1985

Biochemical, Histological. and Ultrastructural Changes in Rat and Mouse Liver following
the Administration of Trichloroethylene: Possible Relevance to Species Differences in Heparto-
carcinogenicity. Etcomae, C. R, RosgE, M. 5, AND PraTT, L 8. (1985). Toxicol. Appl.
Pharmacol. 79, 365-376. Trichloroethylene (TRI), administered by gavage for 10 consecutive
days, at doses of 500 1o 1500 mg/kg body wt increased liver weight (175% of control), decreased
hepatic DNA concentration (66% of control), and increased the synthesis of DNA (500% of
conwrol; as measured by ["HMT incorporation) in B6C3F, mice and Alderley Park mice.
Similar treatment of Osborne-Mendel rats or Alderley Park rats resuited in smaller increases
in liver weight (130% of conwrol) and decresses in DNA concentration (83% of control). No
effect of TRI on DNA synthesis was seen in rats, The increased DNA synthesis in the mouse
was not apparently due w0 regenerative hyperplasia since no signs of necrosis were seen.
Furthermore the increased ["HIAT incorporation probably represented semiconservative repli-
cation of DNA and not repsir. since a parailel incresse of mitotic figures was observed. Hence,
the liver growth noted afier TRI administration appears to be due to liver cell enlargement
{hypertrophy) in the rat, but both hypertrophy and hyperplasia (cell proliferation) in the mouse.
An important observation has been that TRI induced the peroxisomal enzyme activities,
caraiase, and cyanide-insensitive palmitoyl-CoA oxidation (147 and 786% of control. respectively),
in mice but not in rats. Furthermore, increases in peroxisome volume density (up to 1110% of
conurol) were obscrved in mice receiving TRL These observations lead us 1o suggest that the
specie difference in hepatocarcinogenicity of TRI, seen between the rat and mouse, is possibly
i due 1o a species difference in peroxisome proliferation and cell proliferation, the peroxisome
proliferation leading to increased reactive oxygen species and DNA damage, and the cell
proliferation then acting to promote this lesion. @ 1965 Academuc fram, Iac.

~—— a—

Trichloroethylene (TRI) is a colordess, volatile
liquid which has been used extensively as an
industrial solvent. Its primary use is a fat
solvent for degreasing metal parts prior
to painting, anodizing, and electroplating,
Waorldwide production of TRI was estimated
to be 2260 million pounds in 1973 (Mc-
Connell &1 al., 1975).

' Present address: Corporate Bioscieace Group, ICT
PLC, The Heath, Runcorn, Cheshire, UK

2 Present address: Department of Pharmacology, Uni-
versity College, Foster Avenue, Blackrock, Dublin, Ire-
land. .

Studies by the National Cancer Institute
(1976) demonstrated an increased incidence
of hepatocellular carcinoma in B6C3F, hybrid
mice after oral administration of TRI at high
doses for 78 weeks. In a paralle! study no
increased incidence of hepatocellular carci-
noma was observed in Osborne~Mendel rats.
The significance of these studies was ques-
tioned because the TRI utilized contained
mutagenic epoxide stabilizers. However, more
recent studies by the National Toxicology
Program (1983) with non-epoxide stabilized
material over a period of 103 weeks have

365 0041-008X/85 $3.00
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Species Differences in Response to Trichloroethylene
|. Pharmacokinetics in Rats and Mice
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Appl. Pharmacol. 74, 258-266.
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Biochemical Toxicology Section, Cemtral Toxicology Laboratorv. Imperial Chemucal Industries PLC.
Alderley Park. Macclesfield. Chesture SK10 4TJ. United Kingdom
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Species Differences in Response to Trichloroethylene. [. Pharmacokinetics in Rats and Mice.
PROUT. M. §., PROVAN, W. M., AND GREEN. T, (1985). Toxicol. Appl. Pharmacol. 79, 389-
400. The elimination of radioactivity in two strains of rats and mice following a singie po dose
of trichloro{'*Clethylene 3t dose levels from 10 to 2000 mg/kg has shown a marked dose
dependence in rats but not in mice. The metabolism of trichloroethyiene in the mouse was
linear over the range of doses used, whereas in the rat it became constant and independent of
dose at 1000 mg/kg and above. At the 10-mg/kg dosage, both species metabolized trichloroethylene
aimont completely, 60% of the dose being excreted in urine with only | to 4% being eliminated
unchanged in expired air in the first 24 hr. At 2000 mg/kg, 78% of the dose was eliminated
unchanged in the rat, but only 14% in the mouse. Consequently at high dosages. the mouse
was exposed to significantly higher concentrations of trichloroethylene metabolites than the rat
Blood level kinetics of trichloroethyiene and its metabolites confirmed a faster rate of
metabolism in the mouse than in the rat. Peak concentrations of the metabolites were reached
within 2 hr of dosing in the mouse compared to 10 to 12 hr in the rat. The concentrations of
both trichloroethanol (4X) and trichloroacetic acid (7X) were significantly higher in the mouse
than in the rat. Whereas michlorocthanol was rapidly eliminated from blood, the higher
concentrations of trichloroacetic acid were maintained for over 30 hr. The high blood quantities
of trichloroethyiene-derived trichloroacetic acid are known to induce hepatic peroxisome
proliferation in mice but are insufficient to induce this response in rats. These data suggest that
trichloroacetic acid blood amounts, peroxisome proliferation, and the link between peroxisontes
and liver cancer are the bass of species difference in response to trichloroethylene, © 1938
Acade: Frem. Inc,

s =

1,1,2-Trichloroethylene is a volatile, non-
flammable liquid used extensively in vapor
degreasing of fabricated metal parts. In recent
years two carcinogenicity bicassays (NCI,
1976; NTP, 1983) have indicated that the
daily administration of high oral doses of
trichloroethylene leads to an increased inci-
dence of hepatocellular carcinoma in B6C3F1
mice. In the same studies trichloroethylene
did not cause hepatocellular carcinoma in
Osborne-Mendel (NCI, 1976) or Fischer 344
(NTP, 1983) rats.

' To whom all correspondence should be addressed.

Several mechanisms have been suggested
to explain trichloroethylene-induced hepato-
carcinogenicity. These have included the in--
teraction of reactive trichloroethylene metab-
olites with cellular macromolecules and in
particular DNA (Greim et al., 1975; Simmon
et al, 1977) which may result in carcinoge-
nicity by somatic mutation. It has also been
suggested that cytotoxicity and the resulting
cell division caused by chemicals of this type
enhance the high background incidence of
hepatocellular carcinoma found in B6C3F1
mice (Schumann e al., 1980; Elashoff er al..
1979), These two mechanisms are those most

389 0041.008X/85 $3.00
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wed in the food industry: The
netics of methylene chloride,
oform and trichloroethylene
1 the rat. J. Enwiron. Pathol.

Species Differences in Response to Trichioraethyiene. [I. Biotransformation in Rats and
Mice. GREEN, T.. AND PROUT, M. S. (1985). Taxicol. Appl. Pharmacol. 19, 401411, Detailed
analysis of urine from two strains of rats and mice dosed po with trichioroethylene at four
doses from 10 to 2000 mg/kg failed w detect any major species or strain differences in the
metabolism of trichloroethylene. Althowgh a greater proportion of the dose was metabolized in
mice than in rats, the relative proportions of the major metabolites were very similar in both
strains and were unaffected by the dose amount. Analysis of the same urine samples for minor
metabolites failed 1o establish 2 major species difference. Small amounts of dichloroacetic acid
(< 1% of the dose) were present in both rat and mouse urine and were not considered significant.
Monachtoroacetic acid accounted for <0.1% of the dose. Daily dosing of trichloroethylene
(1000 mg/kg po) for 180 days did not induce the overall metabolism of trichloroethylene but
did double the urinary excretion of trichioroacetic acid. This finding was accompanied by an
equivalent percentage decrease in the comcentration of trichloroethanol. CO; has been shown
to be a major mewabolite of trichiroscetic acid, suggesting that this is the source of
trichloroethylene-derived CO,. Trichloroucetic acid was also excreted in bile in both rais and
mice suggesting possible conjugation of this metabolite in the liver. Very little evidence was
found for the farmation of chemically reactive species from trichloroethylene in either rats or
mice and none that could be the basis of 2 major species difference. The increased rate of
mewabolism in the mouse, the resylting high blood concentrations of trichloroacetic acid, and
stimulation of hepatic peroxisome proliferation in this species appears o be the major species

. difference possibly related to tumor formation iz the liver. The conjugation of trichloroacetic

acid and its metabolism to CO, may be relsted o peruxisome proliferation.  © 1985 Academue

Pram, inc.

It was first suggested by Powell (1945) and
again later by Byington and Leibman (1965)
that trichloroethylene is metabolized via an
epoxide to chioral and chioral hydrate. During
the 1970s many studies suggested that mono-
chloroethylene (vinyl chloride) is an animal
and human carcinogen as a result of metab-
olismn to a reactive electrophilic epoxide in-
termediate (IARC, 1979a). This work implied
that the other chioroethylenes, including tri-

' To whom all correspondence should be addressed.

401

chloroethylene, could present a similar risk.
Subsequent bioassays of vinylidene chioride
(IARC, 1979b), trichloroethylene (NCI. 1976;
NTP, 1983), and perchloroethylene (NCI,
1977) have demonstrated each of them to be
carcinogens in laboratory animals and it is
generally assumed that epoxides play a role
in their carcinogenicity (Henschler er al,
1976). There is no cvidence, however, to
suggest that these other chloroethylenes are
human carcinogens; their potency in labora-
tory animals is considerably less than that of
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e The Carcinogenicity of Trichleroethylens (TCEZ) snd fes Me—

cabolitea, Trichwlersaretic Acid (TCA) and Dichlaroscecic
acid (DCA), 1in Mewss Uiver. IS.L. Bercem—Praand, ‘4.4,
fareita, 2¢. Olsen, sad lA.3. Dusngele. l0.S. EPA, Claein-
natl, OF 43268 sod 2Pathalegy Associstes, loc., Cloginaaci,
OR 43229 (Iacreduced by T.V. Laddy)

TCE, which 1s wond as su fodustrial solvent, has been
showa t& ba carcimogeais 1 mwuss liver. The matabolism of
TCR results, L8 paxrt, ia the fermacion. of chlorioaced ace=
ete acide: TCA smd DCA. Tieww chlerisscad acecic acids bave
beat shewm O w seeguetsxic anml £0 induce peroxisoms
srolifatation. Tharwfern, we deternined tha ability of TCE,
TCA and DCA to #cC o et prvasters in mouse liver. Male,
36CITL miecn ware aminimiscerwd L.p. 1.3 ug/g echylaitrosc—
uraa (ENU) om day 1S of age. Az 28 days of age., the mige
ware placed om driakisg wmtar cam T (3 and 30
wg/l)y TGA (2 amd 5 @/1), or DCA (2 amd 5 g/1). ALl drink~
fag vacar had a fimal pf of 7.0. The animale were killed
after approximacely 4L weeks of axpasurs (45 veaks of age).
Both DCA and TUA af o dess of 5 /1 wars carcinegesnls withe
out prior iaitlacion with FWO snd resulted 1 862 and 350I,
cospactivaly, of tha saimals with twaors. Expaswre to TCX
at 30 wg/l vichewt prier TN imitistios reswlted 1n 193 of
the suimals with tmsrs. Prettsatawac with ENG did soc.
increase the tumor ipeldests {m Cha TCE, TCA or DCA CZaatad
xige. ENU traactmenr by ftsalfl yialded tumers ia L1Z of the
auimala. Ouly 5I of the sucTeated antsals bud tussrs, ALL
shrae of these cowpsnmis {wincsd peverisoss prolifaracien
is mouse liver wvich--ICA baing the stroagest induced fol—
lowed by DCA and chem TEEZ. Thwe the carcinogenaic pocamey
of thase cowpompmis sppsardd et te parallel .thail rwlative
abilicy to indoce mrwciseews. This sbecragt doas soC
sessesarily teflact IPA pelizy.. . . . ’

(+)BENZO(a) PTRENE. DIDL-DPGEIDE § (RFDE).
Faufmans, 0G Lmafuea, Deparcesst of Pathaolegy .
Linsbarger-Cancer Raseateh Comter, Usniversicy of Noerth. .-
Carolina, Chapel 111, WC 27514

Tha samwicivicy of preliferacisg ¢ulls to carcisogens—
sis may ba-ianflussesd by the phane of the cell cyela at
vaich csreinogen-isdeced dmegs is iscurred, the abilicy
of calls to Tepair DHA dmage, amd rwplicacicn of dasaged *
A, To iovescigata the ister-ralaciouships of thess
fagcors during che imitistise of hay inog in,.
hapacocyte proliferacime was- isdmced in F3ek recs by a
Swo-chipds partial hapetectewy (PU) md rats received one
dose af BPDE (0.01 weele/hyg) via rhe portal vein vhen
Yepacocytes vers ia asrly Gy (4b) or early $ (1%5h). Car-
cinogenesis vas promeced wizh discary phenobarbital and
acplages were emmeraced 43 weeks post-creaacvmenc. Bepair
of DNA damage amd tha effect of APDE oo DMA syncheais wvere
ilso evaluaced by uciliziag sa ELISA for BPUE-DNA adducte
184 by ssasuring che speeific activicy of JS-chymidisa
ireordoration inte DMA. Rats tresced vhen hapatocyces
Yers in early 3 had a sigmificsncly higher incidenca of
spstocytic neoplasms (BOX) vhan did racs treaced in aearly
G (423). The peak of DMA symchesis after PH vas dalayed
3 12 hes ia Livers d vhan B yras wvare ia
tarly G- In the same ltwvers, adducts vera reduced by 350Z
At che time of chis pask of DMA syachaers. Thess prelimi-
*ary results suggest thar bepatocyte suscepcibility zo
taisiacion of carciseqwmasis by 3PDE is call cycle-
“egendenc, wich hepatocycas in early 5 being Dore sensie
ilve han hepacocytes is esely Gy, For G; shasa hapacto-
S7tes ehe delay in DRA swaehesis folloving IPOE ireacaent
2av have reduced the risk by providing additional cive
I3 tne repair of demsged DMA. Supported oy NIH granes
-AJ1218 ana ZSOT1L7.
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£ II TRLAL QF M-METHYLFORMAMIDE (0O TN
HEAD AND NECK CANCER. UY.C. Vogel, A.A. Phra
sugl. R.3. Yatale, G. Schour. Tha Untwersi:
and Ans Arbor VA Madical Cancars. Amm Arber,

MY ia & polar P d which 4 11111
accivicy aod cell diffaremcistion in premell
Is Phase I studias dowe-limiting toxicity w
observed primarily with weekly doses axzessdi
Hausea amd vomiting. and cardise coxieity als
kighar dases. Ia this erial. tha initigl do
1000 wg/wl LV bolus, days L+$5 (3 pea) asd, 3
pes). In che absames af toxicity dose waa e
ug/N4/cyele (max. 1000 mg/M4). Dose was red
savars (gr 1) mausas and vomicing. The madiz
(rauge 46=69) and performance sctacus 80 (ran
pt bad 0o prior thearspy, s=radiocherapy (XT)
apy (CT), S-surgery and RI, G=wurgery + KT +
had adsquacta Boms WATTOW Feserve, serum cres
normal SGOT. 3CFT., serum dLlirubin, alkalise
(AP). Prs with heart dissasa vears mot eligid
wahle pes (2 too early) 1S had progresaicn e
treated with 300 ag/Né was vithdravao frow so
savere hepstotoxigity. MNausaa and vomiring .
pes sud vas severs in 4. Hepatoceziciry def.
liver function test (LIT) alevaced 3 I Hasel
9/20 cyeles: slavaced SCOT im 9/20 cyclas. S
AP=3/20 cycles. Ome patienc vas removad from
alavation »100 I bagelina. ITve. pts bad pers:
amermaliciss which dalayed Tetrsacesmt. Ooe
cant wild LIT abmorsalities 4 souths after &
ponis sgeurved in 2 pes (VBC ), 4600 mmd 1,200
thrombacycopania tn 2 (platelecs 62,000 am4 :
m). o eardiotexigity was obesrved. Thess
cata thay 3MF as wsed im. this trial 1a wec o
ia the trestamt of symamous sell bead and w
patisacs. ae ’ h

Yo are axmpining the speatrum of srtatis
by the aareioog | OXY+2 ylainglu
at the dihydrafolate redugcase loous of Chine
ovary oslls. Ve mve obtainmd 29 independent
with i DIFY” haixygots oall lite.
i3 dateated by SoutBary blet mmalyz
ONAs gigestad vith RstfIT a
fwoaia snd cDWA fregeant
patters ildentical to

translocation, iaversion, ar duplicatianm.
by HPLL cthe ratic of deacetylated (353%) to ac
(123) 4G adduots fwemed in the parental qells
weat vitn AAF. The ratio of poilnt stations
groa3 struotursl ahanges (280%) is zimilar €3
aG=AF st CwAAF adduets forwed indieating a
sorrelation batwesn the type of confersationa
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ATTACHMENT D

o Text of Comments

o Bergman, K., Interactions of Trichloroethylene
with DNA in vitro and with RNA and DNA of Various
Mouse Tissues in vivo, Arch. Toxicol. 54: 181-193

(1983).

o Stott, W. T., Quast, J. F., and Watanabe, P. G.,
The Pharmacokinetics and Macromolecular
Interactions of Trichloroethylene in Mice and
Rats, Toxicol. Appl. Pharmacol. 62:137-151 (1982).
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GENOTOXICITY

EPA’s conclusion concerning the genotoxicity of
trichloroethylene in the 1985 Health Assessment Document (HAD)
was apparently carried forward into the draft Addendum. The 1985
HAD states (p.l1-3):

A conclusion about the mutagenic potential of
pure TCI [trichloroethylene] cannot be made.

If TCI is mutagenic, the available data suggest
that it would be a very weak indirect mutagen.

This conclusion was based on (1) overinterpretation of a few
marginally positive results at very high doses, (2)
misinterpretation of the DNA binding study of Stott and
coworkers, in which a detection limit was taken as suggesting
that "TCI [trichloroethylene] or its metabolites are capable of
binding to DNA but only to a limited extent," and (3) speculation
about the role of trichloroethylene oxide, a labile, postulated
intermediate in the metabolism of trichloroethylene. In fact,
trichloroethylene has been tested extensively in many different
biological systems, including man. In the 1985 HAD, 19 studies
were considered negative, 10 were thought positive and the
results of the remaining 17 were not interpretable. The only
large increases came in a mouse assay for which there is an
alternative interpretation based on peroxisomal induction.

(Peroxisomal induction leads to increased levels of intracellular
hydrogen peroxide, and hydrogen peroxide is mutagenic.) The
draft Addendum summarizes new data since the 1985 HAD, but does
not evaluate these studies or integrate this information with the
previous evaluation. Six out of seven of the new assays are
negative.

Trichloroethylene is generally not considered to be
genotoxic. While the existing data are difficult to interpret
because much testing of trichloroethylene has been done on
commercial grades containing stabilizers and impurities, there is
a consensus that trichloroethylene is either not mutagenic, or is
at most a very weak, indirect mutagen when stabilized. According
to Elcombe:

TRI (trichlorocethylene) has been extensively
examined for mutagenic potential, but many
studies were bedeviled by the presence of
mutagenic epoxide stabilizers. However, in
general, TRI has been found to be only
"marginally" mutagenic or non-mutagenic.




Similarly, the 1985 HAD concludes (p. 7-36):

The available data provide suggestive
evidence that commercial-grade TCI
(trichloroethylene)is a weakly active,
indirect mutagen. Based on this,

commercial TCI may have the potential to
cause weak or borderline increases above the
spontaneous level of mutagenic effects in
exposed human tissue. The data on pure TCI
do not allow a conclusion to be drawn about
its mutagenic potential. However, mutagenic
potential cannot be ruled out. If it is
mutagenic the available data suggest TCI
would be a very weak, indirect mutagen.

This distinction between stabilized and pure

trichloroethylene is of considerable importance and should be
emphasized in the Addendum.
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Interactions of Trichloroethylene
with DNA in vitro and with RNA and DNA
of Various Mouse Tissues in vivo

Kerstin Bergman
Department of Toxicology, Uppsala University, Box 573. 5-751 23 Uppsala, Sweden

Abstract. The covalent binding of *C-1,1.2-trichloroethylene (*C-TRI)
metabolites to calf thymus DNA in vitro and to RNA and DNA of mouse
brain, lung, liver, kidney, spleen, pancreas. and testis after repeated i.p.
injections has been studied. Hydrolysates of DNA reacted with *C.TRI in
vitro and hydroiysates of RNA and DNA from selected organs were
separated on Aminex A6 for quantitation of alkylation products. The
presence of 3.N*-etheno(deoxy)cytidine. 1.N®-etheno(deoxy)adenosine and
1.N®-ethenoadenine was investigated. ) P

No radioactivity could be registered in DNA incubated with C-TRI in
the absence of liver microsomes. Covalent binding of “C-TRI to DNA took
place in the presence of liver microsomes from control mice. The binding was
enhanced by 50% if liver microsomes from phenobarbital pretreated mice
were used. The radioactivity in DNA reacted with “C-TRI and microsomes
from control mice was eluted in early fractions and together with thymidine.
The same two peaks appeared on chromatography of DNA incubated with
4C-TRI and liver microsomes from phenobarbital pretreated mice. In
addition. radioactivity was eluted together with 1, N%ethenoadenine.

Radioactivity was registered in RNA and DNA from all of the studied
organs after i.p. injections of “C-TRI. The radioactivity in RNA increased
in the order brain < testis < pancreas < kidney « liver < lung < spleen. The
radioactivity in DNA increased in the order brain < kidney « testis < lung <
pancreas < liver < spleen.

Aminex A6 chromatography revealed that the entire radioactivity in
RNA from liver and kidney and in DNA from kidney, testis. lung, pancreas,
and spleen was due 10 metabolic incorporation. particularly into guanine and
adenine. This finding indicates that the C-C bond in TRI is split, with the
formation of C,-fragments, during biotransformation in vivo. In liver DNA,

Send offprint requests to: K. Bergman’s present address: Toxicology Laboratory. Nartional Food
Administration. Box 622, 5-751 26 Uppsala, Sweden
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