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E. ANALYSIS OF LIVER AND CO-EXPOSURE ISSUES FOR THE
TCE TOXICOLOGICAL REVIEW

The purpose of this Appendix is to provide scientific support and rationale for the hazard
and dose-response sections of the Toxicological Review of Trichloroethylene (TCE) regarding
liver effects and those of co-exposures. It is not intended to be a comprehensive treatise on the
chemical or toxicological nature of TCE. Please refer to the Toxicological Review of
Trichloroethylene (TCE) for characterization of EPA’s overall confidence in the quantitative and
qualitative aspects of hazard and dose-response for TCE-induced liver effects. Matters
considered in this appendix include knowledge gaps, uncertainties, quality of data, and scientific
controversies. This characterization is presented in an effort to make apparent the scientific
issues regarding the data and mode-of-action considerations for experimental animal data for
liver effects in the TCE assessment.

E.1. BASICPHYSIOLOGY AND FUNCTION OF THE LIVER—A STORY OF
HETEROGENEITY

The liver is a complex organ whose normal function and heterogeneity are key to
understanding and putting into context perturbations by TCE, cancer biology, and variations in
response observed, and anticipated for susceptible lifestages and background conditions.

E.1.1. Heterogeneity of Hepatocytes and Zonal Differences in Function and Ploidy
Malarkey et al. (2005) state that: (1) the liver transcriptome (i.e., genes expressed as
measured by mRNA\) is believed only second to the brain in its complexity and includes about
25-40% of the approximately 50,000 mammalian genes; (2) during disease states, the
transcriptome can double or triple and its increased complexity is due not only to differential
gene expression (up- and downregulation of genes) but also to the mRNA contributions from the
heterogeneous cell populations in the liver; and (3) when one considers that over a dozen cell
types comprise the liver in varying proportions, particularly in disease states, knowledge about
the cell types and cell-specific gene expression profiles help unravel the complex genomic and
proteomic data sets. Gradients of gene and protein activity varying from the periportal region to
the centrilobular region also exist for sinusoidal endothelial cells, Kupffer cells, hepatic stellate
cells, and the matrix in the space of Disse. Malarkey et al. (2005) also estimate that hepatocytes
constitute 60%, sinusoidal endothelial cells 20%, Kupffer cells 15%, and stellate cells 5% of
liver cells. Therefore, in experimental paradigms where liver homogenates are used for the
determination of “changes in liver,” gene expression, or other parameters, the individual changes
from cells residing in differing zones and by differing cell type is lost. Malarkey et al. (2005)
define the need to better characterize the histological cellular components of the tissues from

E-1


http://hero.epa.gov/index.cfm?action=search.view&reference_id=497646
http://hero.epa.gov/index.cfm?action=search.view&reference_id=497646
http://hero.epa.gov/index.cfm?action=search.view&reference_id=497646

which mRNA and protein is extracted and referred to “phenotypic anchoring” and cite
acetaminophen as a “model hepatotoxicant under study to assess the strengths and weaknesses of
genomics and proteomics technologies” as well as “a good example for understanding and
utilizing phenotypic anchoring to better understand genomics data.” After acetaminophen
exposure “there is an unexplained and striking inter and intralobular variability in acute hepatic
necrosis with some regions having massive necrosis and adjacent areas within the same lobe or
other lobes showing no injury at all.” Malarkey et al. (2005) go on to cite similar lobular
variability in response for “copper distribution, iron and phosphorous, chemical and spontaneous
carcinogenesis, cirrhosis and regeneration” and suggest that although uncertain “factors such as
portal streamlining of blood to the liver, redistribution of blood to core of the liver secondary to
nerve stimulation, and exposures during fetal development and possibly lobular gradients are
important.” Hepatic interlobe differences exist for initiating agents in terms of DNA alkylation
and cell replication. In the rat, diethylnitrosamine (DEN) alkylation has been reported to occur
preferentially in the left and right median lobes, while cell replication was higher in the right
median and right anterior lobes (Richardson et al., 1986). Richardson et al. (1986) reported that
exposure to DEN induced a 100% incidence of HCC in the left, caudate, left median, and right
median lobes of the liver by 20 weeks vs. only 30% in the right anterior and right posterior
hepatic lobes. There was a reported interlobe difference in adduct formation, cell proliferation,
liver lobe weight gain, number and size of y-glutamyltranspeptidase (GGT)+ foci, and carbon
14 labeling from a single dose of DEN. Richardson et al. (1986) suggest that many growth-
selection studies utilizing the liver to evaluate the carcinogenic potential of a chemical often
focus on only one or two of the hepatic lobes, which is especially true for partial hepatectomy,
and that for DEN and possibly other chemicals, this procedure removes the lobes most likely to

get tumors. Thus, the “distribution of toxic insult may not be correctly assessed with random
sampling of the liver tissue for microarray gene expression analysis” (Malarkey et al., 2005) and
certainly any such distributional differences are lost in studies of whole-liver homogenates.

The liver is normally quiescent with few hepatocytes undergoing mitosis and, as
described below, normally occurring in the periportal areas of the liver. Mitosis is observed only
in approximately 1 in every 20,000 hepatocytes in adult liver (Columbano and Ledda-
Columbano, 2003). The studies of Schwartz-Arad et al. (1989), Zajicek et al. (1991), Zajicek
and Schwartz-Arad (1990), and Zajicek et al. (1989) have specifically examined the birth, death,
and relationship to zone of hepatocytes as the “hepatic streaming theory.” They report that
hepatocytes and littoral cells continuously stream from the portal tract toward the terminal
hepatic vein and that the hepatocyte differentiates as it goes with biological age closely related to
cell differentiation. In other words, the acinus may be represented by a tube with two orifices,
one for cell inflow situated at the portal tract rim and the other for cell outflow, at the terminal

hepatic vein with hepatocytes streaming through the tube in an orderly fashion. In normal liver,
cell proliferation is suggested as the only driving force of this flow with each mitosis associated
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with displacement of the cells by one cell location and the greater the cell production, the faster
the flow and vice versa (Zajicek et al., 1991). Thus, the microscopic section of the liver

“displays an instantaneous image of a tissue in flux” (Schwartz-Arad et al., 1989). Schwartz-
Arad et al. (1989) further suggest that:

throughout its life the hepatocyte traverses three acinus zones; in each it is
engaged in different metabolic activity. When young it performs among other
functions gluconeogenesis, which is found in zone 1 hepatocytes (i.e. periportal),
and when old it turns into a zone 3 cell (i.e., pericentral), with a pronounced
glycolitic make up. The three zones thus represent differentiation stages of the
hepatocyte, and since they differ by their distance from the origin, e.g. zone 2
(i.e., midzonal) is more distant than zone 1, again, hepatocyte differentiation is
proportional to its distance.

Chen et al. (1995) report that:

Hepatocytes are a heterogeneous population that are composed of cells expressing
different patterns of genes. For example, gamma-glutamy! transpeptidase and
genes related to gluconeogenesis are expressed preferential in periportal
hepatocytes, whereas enzymes related to glycolysis are more abundant in the
centrilobular area. Glutamine synthetase is expressed in a small number of
hepatocytes surrounding the central veins. Most cytochrome p450 enzymes are
expressed or induced preferentially in centrilobular hepatocytes relative to
periportal hepatocytes.

Along with changes in metabolic function, Vielhauer et al. (2001) reported that there is
evidence of zonal differences in carcinogen DNA effects and, also, chemical-specific differences
for DNA repair enzyme and that enhanced DNA repair is a general feature of many carcinogenic
states including the enzymes that repair alkylating agents but also oxidative repair. As part of
this process of differentiation and as livers age, the hepatocyte changes and increases its ploidy
with polyploid cells predominant in zone 2 of the acinus (Schwartz-Arad et al., 1989). The
reported decrease in DNA absorbance in zone 3 may be due to: (1) a decline in chromatin
affinity to the dye; (2) cell death; and (3) DNA exit from intact cells and Zajicek and Schwartz-
Arad (1990) suggest that the fewer metabolic demands in Zone 3, under normal conditions,
causes the cell to “deamplify” its genes and for DNA excess to leak out cells adjacent to the
terminal hepatic vein or to be eliminated by apoptosis reflecting cell death. Thus, the three
acinus zones represent differentiation states of one and the same hepatocyte, which increase
ploidy as functional demands change. Zajicek and Schwartz-Arad (1990) also report that nuclear
size is generally proportional to DNA content and that as DNA accumulates, the nucleus
enlarges. This has import for histopathological descriptions of hepatocellular hypertrophy and
attendant nuclear changes after toxic insult as well.
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The gene amplification associated with polyploidy is manifested by DNA accumulation
that involves the entire genome (Zajicek and Schwartz-Arad, 1990). Polyploidization is always
attended by the intensification of the transcription and translation and in rat liver the amino acid

label and activity of many enzymes increases proportionately to their ploidy. “Individual
chromosomes of a tetraploid genome of a hepatocyte reduplicate in the same sequence as in a
diploid one. In this case the properties of the chromosomes evidently remain unchanged and
polyploidy only means doubling the indexes of the diploid genome” (Brodsky and Uryvaeva,
1977). Polyploidy will be manifested in the liver by either increases in the number of
chromosomes per nucleus in an individual cell or by the appearance of two nuclei in a single cell.
Most cell polyploidization occurs in youth with mitotic polyploidization occurring
predominantly from 2 to 3 weeks postnatally and increases with age in mice (Brodsky and
Uryvaeva, 1977). Hepatocytes progress through a modified or polyploidizing cell cycle, which
contains gaps and S-phases, but proceeds without cytokinesis. The result is the formation of the
first polyploidy cell, which is binucleated with diploid nuclei and has increased cell ploidy but
not cell number. The subsequent proliferation of binucleated hepatocytes occurs with a fusion of
mitotic nuclei during metaphase that gives rise to mononucleated cells with higher levels of

ploidy. Thus, during normal liver ontogenesis, a polyploidizing cell cycle without cytokinesis
alternates with a mitotic cycle of binucleated cells and results in progressive and irreversible
increases in either cell or nuclear ploidy (Brodsky and Uryvaeva, 1977).

Polyploidization of the liver occurs during maturation in rodents, and therefore,
experimental paradigms that treat or examine rodent liver during that period should take into
consideration the normally changing baseline of polyploidy in the liver. The development of
polyploidy has been correlated in rodents to correspond with maturation. Brodsky and Uryvaeva
(Brodsky and Uryvaeva, 1977) report that it is cells with diploid nuclei that proliferate in young
mice, but that among the newly formed cells, the percentage of those with tetraploid nuclei is
high. By 1 month, most mice (CBA/C57BL mice) already have a polyploid parenchyma, but
binucleated cells with diploid nuclei predominate. In adult mice, the ploidy class with the
highest percentage of hepatocytes was the 4n X 2 class. The intensive proliferation of diploid
hepatocytes occurs only in baby mice during the first 2 weeks of life and then toward 1 month,
the diploid cells cease to maintain themselves and transform into polyploid cells. In aged
animals, the parenchyma retains only 0.02% of the diploid cells of the newborn animal. While
the weight of the liver increases almost 30 times within 2 years, the number of cells increase

much less than the weight or mean ploidy. Hence, the postnatal growth of the liver parenchyma
is due to cell polyploidization (Brodsky and Uryvaeva, 1977). In male Wistar rats, fetal
hepatocytes (22 days gestation) were reported to be 85.3% diploid (2n) and 7.4% polyploid (4n +
8n) cells with 7.3% of cells in S-phase (S1 and S2). By 1 month of age (25-day-old suckling
rats) there were 92.9% diploid and 2.5% polyploid; at 2 months, 47.5% diploid and 50.9%
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polyploid; at 6 months, 29.1% diploid and 69.6% polyploid; and by 8 months, 11.1% diploid and
87.3% polyploidy (Sanz et al., 1996). However, mouse and rat differ in their polyploidization.

In the mouse, which has a higher degree of polyploidy than the rats, the scheme of
polyploidization differs in that each cell class, including mononucleate cells,
forms from the preceding one without being supplemented by self-maintenance.
Each cell class is regarded as the cell clone and it is implied that the cells of each
class have the same mitotic history and originate from diploid initiator cells with
similar properties. In this model 1 reproduction would give a 2n x 2 cell, the
second reproduction a 4n cell, and third reproduction a 4n X 2 cell all coming
from an originator diploid cell (Brodsky and Uryvaeva, 1977).

The cell polyploidy is most extensive in mouse liver, but also common for rat and
humans livers. The livers of young and aged mice differ considerably in the ploidy of the
parenchymal cells, but still perform fundamentally the same functions. In some mammals, such
as the mouse, rats, dog and human, the liver is formed of polyploid hepatocytes. In others, for
example, guinea pig and cats, the same functions are performed by diploid cells (Brodsky and
Uryvaeva, 1977). One obvious consequence of polyploidization is enlargement of the cells. The
volume of the nucleus and cytoplasm usually increases proportionately to the increase in the
number of chromosome sets with polyploidy reducing the surface/volume ratio. The labeling of
tritium doubles with the doubling of the number of chromosomes in the hepatocyte nucleus
(Brodsky and Uryvaeva, 1977). Kudryavtsev et al. (1993) have reported that the average levels
of cell and nuclear ploidy are relatively lower in humans than in rodent, but the pattern of
hepatocyte polyploidization is similar, and at maturity and especially during aging, the rate of
hepatocyte polyploidization increases with elderly individuals having binucleated and polyploid
hepatocytes constituting about one-half of liver parenchyma. Gramantieri et al. (1996) report
that in adult human liver, a certain degree of polyploidization is physiological; the polyploidy
compartment (average 33% of the total hepatocytes) includes both mononucleated (28%) and
binucleated (72%) cells and the average percentage of binucleated cells in the total hepatocyte
population is 24% (Melchiorri et al., 1994).

Historically, aging in human liver has been characterized by fewer and larger
hepatocytes, increased nuclear polyploidy, and a higher index of binucleate hepatocytes (Popper,
1986), but Schmucker (2005) notes that data concerning the effect of aging on hepatocyte
volume in rodent and humans are in conflict with some showing increases in volume to be
unchanged and to increase by 25% by age 60 by others in humans. The irreversibility of
hepatocyte polyploidy has been used in efforts to identify the origin of tumor progenitor cells
(diploid vs. polyploidy) (see Section E.3.1.8, below). The associations with polyploidy and
disease have been an active area of study in cancer mode-of-action studies (see Sections E.3.1.4
and E.3.3.1, below).
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Not only are polyploid cells most abundant in zone 2 of the liver acinus and increase in
number with age, but polyploid cells have been reported to be more abundant following a
number of toxic insults and exposure to chemical carcinogens. Wanson et al. (1980) reported
that one of the earliest lesions obtained in the liver after N-nitrosomorpholine treatment
development of hypertrophic parenchymal cells presenting a high degree of ploidy. Gupta
(2000) reports hepatic polyploidy is often encountered in the presence of liver disease and that
for animals and people, polyploidy is observed during advancement of liver injury due to
cirrhosis or other chronic liver disease (often described as large-cell dysplasia referring to
nuclear and cytoplasmic enlargement, nuclear pleomorphisms, and multinucleation and probably
representing increased prevalence of polyploidy cells) and in old animals with toxic liver injury
and impaired recovery. Gorla et al. (2001) report that weaning and commencement of feeding,
compensatory liver hypertrophy following partial hepatectomy, toxin and drug-induced liver
disease, and administration of specific growth factors and hormones may induce hepatic
polyploidy. They go on to state that “although liver growth control has long been studied,
whether the replication potential of polyploidy hepatocytes is altered remains unresolved, in part,
owing to difficulties in distinguishing between cellular DNA synthesis and generation of
daughter cells.” Following carbon tetrachloride intoxication, the liver ploidy rises and more cells
become binucleate (Zajicek et al., 1989). Minamishima et al. (2002) report that in 8—12-week-
old female mice before partial hepatectomy, there were 78.6% 2C, 19.1% 4C, and 2.3% 8C cells
but 7 days after, there were 42.0% 2C, 49.1% 4C, and 9.0% 8C. Zajicek et al. (1991) describe
how hepatocyte streaming is affected after the rapid hepatocyte DNA synthesis that occurs after
the mitogenic stimulus of a partial hepatectomy. These data are of relevance to findings of
increased DNA synthesis and liver weight gain following toxic insults and disease states.
Zajicek et al. (1991) suggest that following a mitogenic stimulus, not all DNA synthesizing cells
do divide but accumulate newly formed DNA and turn polyploid (i.e., during the first 3 days
after partial hepatectomy in rats 50% of synthesized DNA was accumulated) and that since the
acinus increased 15% and cell density declined 10%, overall cell mass increased 5%. However,

cell influx rose 1,300%. “In order to accommodate all these cells, the ‘acinus-tube’ ought to
swell 13-fold, while in reality it increased only 5% and that on day 3 “the liver remnant did not
even double in its size.” Zajicek et al. (1991) conclude that apparently “cells were eliminated
very rapidly, and may have even been sloughed off, since the number of apoptotic bodies was
very low” and therefore, “partial hepatectomy triggers two processes: an acute process lasting
about a week marked by massive and rapid cell turnover during which most newly formed
hepatocytes are eliminated, probably sloughed off into the sinusoids; and a second more
protracted process which served for liver mass restoration mainly by forming new acini.” Thus,
a mitogenic stimulus may induce increased ploidy and increased cell number as a result of
increased DNA synthesis, and many of the rapidly expanding number of cells resulting from
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such stimulation are purged, and therefore, do not participate in subsequent disease states of the
liver.

Zajicek et al. (1989) note that the accumulation of DNA rather than proliferation of
hepatocytes “should be considered when evaluating the labeling index of hepatocytes labeled
with tritiated thymidine” as the labeling index, defined as the proportion of labeled cells, can
serve as a proliferation estimate only if it is assumed that a synthesizing cell will ultimately
divide. In tissues, such as the liver, “where cells also accumulate DNA, proliferation estimates
based on this index may fail” (Zajicek et al., 1989). The tendency to accumulate DNA is also
accompanied by a decreasing probability of a cell to proliferate, since young hepatocytes
generally divide after synthesizing DNA, while older cells prefer instead to accumulate DNA.
However, polyploidy per se does not preclude cells from dividing (Zajicek et al., 1989). The
ploidy level achieved by the cell, no matter how high, does not, in itself, prevent it from going
through the next mitotic cycle and the reproduction of hepatocytes in the ploidy classes of 8n and
8n X 2 is common phenomenon (Brodsky and Uryvaeva, 1977). However, along with a reduced
capacity to proliferate, Sigal et al. (1999) report that the onset of polyploidy increases the
probability of cell death. The proliferative potentials of hepatocytes depend not only on their
ploidy, but also on the age of the animals, with liver restoration occurring more slowly in aged
animals after partial hepatectomy (Brodsky and Uryvaeva, 1977). Species differences in the
ability of hepatocytes to proliferate and respond to a mitogenic stimulus have also been
documented (see Section E.3.2, below). The importance of the issues of cellular proliferation vs.
DNA accumulation and the differences in ability to respond to a mitogenic stimulus becomes
apparent as identification of the cellular targets of toxicity (i.e., diploid vs. polyploidy) and the
role of proliferation in proposed modes of action are brought forth. Polyploidization, as
discussed above, has been associated with a number of types of toxic injury, disease states, and
carcinogenesis by a variety of agents.

E.1.2. Effects of Environment and Age: Variability of Response

The extent of polyploidization of the liver not only changes with age, but structural and
functional changes, as well as environmental factors (e.g., polypharmacy), also affect the
vulnerability of the liver to toxic insult. In a recent review by Schmucker (2005), several of
these factors are discussed. Schmucker (2005) reports that approximately 13% of the population
of the United States is over the age of 65 years, that the number will increase substantially over
the next 50 years, and that increased age is associated with an overall decline in health and
vitality contributing to the consumption of nearly 40% of all drugs by the elderly. Schmucker
(2005) estimates that 65% of this population is medicated and many are on polypharmacy
regimes with a major consequence of a marked increase in the incidence of adverse drug
reactions (ADRs) (i.e., males and females exhibit three- and fourfold increases in ADRs,
respectively, when 20- and 60-year-old groups are compared). The percentage of deaths
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attributed to liver diseases dramatically increases in humans beyond the age of 45 years with data
from California demonstrating a fourfold increase in liver disease-related mortality in both men
and women between the ages of 45 and 85 years (Siegel and Kasmin, 1997). Furthermore,
Schmucker (2005) cites statistics from the U.S. Department of Health and Human Services to
illustrate a loss in potential lifespan prior to 75 years of age due to liver disease (i.e., liver disease
reduced lifespan to a greater extent than colorectal and prostatic cancers, to a similar extent as
chronic obstructive pulmonary disease, and nearly as much as HIV). Thus, the elderly are
predisposed to liver disease.

As stated above, the presence of high polyploidy cell in normal adults, nuclear
polyploidization with age, and increase in the mean nuclear volume have been reported in
people. Watanabe et al. (1978) reported the results from a cytophotometrical analysis of
35 cases of sudden death including 22 persons over 60 years of age that revealed that although
the nuclear size of most hepatocytes in a senile liver remains unchanged, there was an increase in
cells with larger nuclei. Variations in both cellular area and nucleocytoplasmic ratio were also
analyzed in the study, but the binuclearity of hepatocytes was not considered. No cases with a
clinical history of liver disease were included. Common changes in senile liver were reported to
include atrophy, fatty metamorphosis of hepatocytes, and occasional collapse of cellular cords in
the centrilobular area, slight cellular infiltration and proliferation of Kupffer cells in sinusoids,
and elongation of Glisson’s triads with slight to moderate fibrosis in association with round cell
infiltration. Furthermore, cells with giant nuclei, with each containing two or more prominent
nucleoli, and binuclear cells were increased. There was a decrease in diploid populations with
age and an increase in tetraploid population and a tendency of polyploidy cells with higher
values than hexaploids with age. Cells with greater nuclear size and cellular sizes were observed
in livers with greater degrees of atrophy.

Schmucker notes that one of the most documented age-related changes in the liver is a
decline in organ volume but also cites a decrease in functional hepatocytes and that other studies
have suggested that the size or volume of the liver lobule increases as a function of increasing
age. Data are cited for rats suggesting sinusoidal perfusion rate in the rat liver remains stable
throughout the lifespan (Vollmar et al., 2002) but evidence in humans shows age-related shifts in
the hepatic microcirculation attributable to changes in the sinusoidal endothelium (McLean et al.
2003) (i.e., a 60% thickening of the endothelial cell lining and an 80% decline in the number of
endothelial cell fenestrations, or pores, with increasing age in humans) that are similar in baboon
liver (Cogger et al., 2003). Such changes could impair sinusoidal blood flow and hepatic
perfusion, and the uptake of macromolecules such as lipoproteins from the blood. Schmucker
reports that there is a consensus that hepatic volume and blood flow decline with increasing age
in humans but that the effects of aging on hepatocyte structure are less clear. In rats, the volume
of individual hepatocytes was reported to increase by 60% during development and maturation,
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but subsequently decline during senescence yielding hepatocytes of equivalent volumes in
senescent and very young animals (Schmucker, 2005).

The smooth surfaced endoplasmic reticulum (SER), which is the site of a variety of
enzymes involved in steroid, xenobiotic, lipid, and carbohydrate metabolism, also demonstrated
a marked age-related decline rat hepatocytes (Schmucker et al., 1978; Schumucker et al., 1977).
Schmucker also notes that several studies have reported that the older rodents have less effective
protection against oxidative injury in comparison to the young animals, age-related decline in
DNA base excision repair, and increases in the level of oxidatively damaged DNA in the livers
of senescent animals in comparison to young animals. Age-related increases in the expression an
activity of stress-induced transcription factors (i.e., increased NF-«kB binding activity but not
expression) were also noted, but that the importance of changes in gene expression to the role of
oxidative stress in the aging process remains unsolved. An age-related decline in the
proliferative response of rat hepatocytes to growth factors following partial hepatectomy was
noted, but despite a slower rate of hepatic regeneration, older livers eventually achieved their
original volume with the mechanism responsible for the age-related decline in the
posthepatectomy hepatocyte proliferative response unidentified.

As with other tissues, telomere length has been identified as a critical factor in cellular
aging with the sequential shortening of telomeres to be a normal process that occurs during cell
replication (see Sections E.3.1.1 and E.3.1.5, below). An association in telomere length and
strain susceptibility for carcinogenesis in mice has been raised. Herrera et al. (1999) examined
susceptibility to disease with telomere shortening in mice. However, this study only cites shorter
telomeres for C57BL6 mice in comparison to mixed C57BL6/129sv mice. The actual data are
not in this paper and no other strains are cited. Of the differing cell types examined, Takubo and
Kaminishi (2001) report that hepatocytes exhibited the next fastest rate of telomere shortening
despite being relatively long-lived cells raising the question of whether or not there are
correlations between age, hepatocyte telomere length, and the incidence of liver disease
(Schmucker, 2005). Aikata et al. (2000) and Takubo et al. (2001) report that the mean telomere
length in healthy livers is approximately 10 kilobase (kb) pairs at 80 years of age and these
hepatocytes retain their proliferative capacity but that in diseased livers of elderly subjects was
approximately 5 kb pairs. Thus, short telomere length may compromise hepatic regeneration and
contribute to a poor prognosis in liver disease or as a donor liver (Schmucker, 2005).

Schmucker (2005) reports that interindividual variability in Phase | drug metabolism was
so large in human liver microsomes, particularly among older subjects, that the determination of
any statistically significant age or gender-related differences were precluded. In fact, Schmucker

(2001) notes that “the most remarkable characteristic of liver function in the elderly is the
increase in interindividual variability, a feature that may obscure age-related differences.”
Schumer notes that The National Institute on Aging estimates that only 15% of individuals aged
over 65 years exhibit no disease or disability with this percentage diminishing to 11 and 5% for
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men and women respectively over 80 years. Thus, the large variability in response and the
presence of age-related increases in pharmacological exposures and disease processes are
important considerations in predicting potential risk from environmental exposures.

E.2. CHARACTERIZATION OF HAZARD FROM TCE STUDIES

The 2001 Draft assessment of the health risk assessment of TCE (U.S. EPA, 2001)
extensively cited the review article by Bull (2000) to describe the liver toxicity associated with
TCE exposure in rodent models. Most of the attention has been paid to the study of TCE
metabolites, rather than the parent compound, and the review of the TCE studies by Bull (2000)
was cursory. In addition, gavage exposure to TCE has been associated with a significant
occurrence of gavage-related accidental deaths and vehicle effects, and TCE exposure through
drinking water has been reported to decrease palatability and drinking water consumption, and to
have significant loss of TCE through volatilization, thus further limiting the TCE database.

In its review of the draft assessment, U.S. EPA’s Science Advisory regarding this topic
suggested that in its revision, the studies of TCE should be more fully described and
characterized, especially those studies considered to be key for the hazard assessment of TCE.
Although the database for studies of the parent compound is somewhat limited, a careful review
of the rodent studies involving TCE can bring to light the consistency of observations across
these studies, and help inform many of the questions regarding potential modes of action of TCE
toxicity in the liver. Such information can inform current mode-of-action hypothesis (e.g., such
as PPARa activation) as well. Accordingly, the primary acute, subchronic, and chronic studies
of TCE will be described and examined in detail below with comments on consistency, major
conclusions, and the limitations and uncertainties in their design and conduct. Since all chronic
studies were conducted primarily with the goal of ascertaining carcinogenicity, their descriptions
focus on that endpoint, however, any noncancer endpoints described by the studies are described
as well. For details regarding evidence of hepatotoxicity in humans and associations with
increased risk of HCC, please refer to Sections 4.5.1 and 4.5.2. Some of the earlier studies with
TCE were contaminated with epichlorhydrin and are discussed in Sections 4.6 and 4.7 of the
TCE assessment document.

E.2.1. Acute Toxicity Studies

A number of acute studies have been undertaken to describe the early changes in the liver
after TCE administration with the majority using the gavage route of administration. Some have
been detailed examinations, while others have reported primarily liver weight changes as a
marker of TCE-response. The matching and recording of age, but especially initial and final
body weight for control and treatment groups, is of particular importance for studies using liver
weight gain as a measure of TCE-response as difference in these parameters affect TCE-induced
liver weight gain. Most data are for exposures of at least 10 days.
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E.2.1.1. Soni et al. (1998)

Soni et al. (1998) administered TCE in corn oil to male Sprague-Dawley rats (200-250 g,
8-10 weeks old) i.p. at exposure levels of 250, 500, 1,250, and 2,500 mg/kg. Groups (4—

6 animals per group) were sacrificed at 0, 6, 12, 24, 36, 48, 72, and 96 hours after administration
of TCE or corn oil. Using this paradigm only 50% of rats survived the 2,400 mg/kg i.p. TCE
administration with all deaths occurring between days 1 and 3 after TCE administration.
Tritiated thymidine was also administered i.p. to rats 2 hours prior to euthanasia. Light
microscopic sections of the central lobe in 3—4 sections were examined for each animal. The
grading scheme reported by the authors was: 0, no necrosis; +1 minimal, defined as only
occasional necrotic cells in any lobule; +2, mild, defined as less than one-third of the lobular
structure affected; +3, moderate, defined as between one-third and two-thirds of the lobular
structure affected; and +4 severe, defined as greater than two-thirds of the lobular structure
affected. At the 2,500 mg/kg dose, histopathology data were obtained for the surviving rats
(50%). Lethality studies were done separately in groups of 10 rats. The survival in the groups of
rats administered TCE and sacrificed from 0 to 96 hours was given as 30% mortality at 48 hours
and 50% mortality by 72 hours.

The authors report that controls and 0-hour groups did not show signs of tissue injury or
abnormality. The authors only report a single number with one significant figure for each group
of animals with no means or SDs provided. In terms of the extent of necrosis there was no
difference between the 250 and 500 mg/kg/treated dose groups though 96 hours with a single
+1 given as the maximal amount of hepatocellular necrosis (minimal as defined by occasional
necrotic cells in any lobule). At the 1,250 mg/kg dose, the maximal score was achieved 24 hours
after TCE administration and was reported as simply +2 (mild, defined as less than one-third of
lobular structure affected). The level of necrosis was reported to diminish to a score of 0 by
72 hours after 250 mg/kg TCE with no decrease at 500 mg/kg. At 1,250 mg/kg, the extent of
necrosis was reported to diminish from +2 to +1 by 72 hours after administration. At the
2,500 mg/kg dose (LDsq for this route) by 48 hours, the surviving rats were reported to have a
score of +4 (severe as defined by greater than two thirds of the lobular structure affected). The
authors report that:

The necrosed cells were concentrated mostly in the midzonal areas and the cells
around central vein area were unaffected. Extensive necrosis was observed
between 24 and 48 hours for both 1250 and 2500 mg/kg groups. Injury was
maximal in the group receiving 2500 mg/kg between 36 and 48 hours as
evidenced by severe midzonal necrosis, vacuolization, and congestion.

Infiltration of polymorphonuclear cell was evident at this time as a mechanism for
cleaning dead cells and tissue debris from the lobules. At the highest dose, the
injury also started to spread toward the centrilobular areas. At the highest dose,
30 and 50% lethality was observed at 48 and 72 h, respectively. After 48 h, the
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number of necrotic cells decreased and the number of mitotic cells increased. The
groups receiving 500 and 1250 mg/kg TCE showed relatively higher mitotic
activity as evidenced by cells in metaphase compared to other groups.

The authors do not give a quantitative estimate or indication as to the magnitude of the
number of cells going through mitosis. Although there was variability in the number of animals
dying at 1,250 mg/kg through this route of exposure, no indication of variability in response
within these treatment groups was given by the authors in regard to extent of histopathological
changes. The authors do not comment on the manner of death using this paradigm or of the
effects of i.p. administration regarding potential peritonitis and inflammation.

TCE hepatotoxicity was “assessed by measuring plasma” SDH and ALT after TCE
administration with vehicle treated control groups reported to induce no increases in these
enzymes. Plasma SDH levels were reported to increase in a linear fashion after 250, 500, and
1,250 mg TCE/Kkg i.p. administration by 6 hours (i.e., ~3-, 10.5-, 22-, and 24.5-fold in
comparison to controls from 250, 500, 1,250, and 2,500 mg/kg TCE, respectively) with little
difference between the 1,250 and 250 mg/kg dose. By 12 hours the 250, 500, and 1,250 mg/kg
levels had diminished to levels similar to that of the 250 mg/kg dose at 6 hours. The
2,500 mg/kg levels was somewhat diminished from its 6-hour level. By 24 hours after TCE
exposure by the i.p. route of administration, all doses were similar to that of the 250-mg/kg-TCE
6-hour level. This pattern was reported to be similar for 5-, 36-, 48-, 72-, and 96-hour time
points as well. The results presented were the means and SE for four rats per group. The authors
did not indicate which rats were selected for these results from the 4-6 that were exposed in each
group. Thus, only SDH levels showed dose-dependence in results at the 6-hour time point, and
such increases did not parallel the patterns reported for hepatocellular necrosis from
histopathological examination of liver tissues.

For ALT, the pattern of plasma concentrations after i.p. TCE administration differed both
from that of SDH and from liver histopathology. Plasma ALT levels were reported to increase in
a nonlinear fashion and to a much smaller extent than SDH (i.e., ~2.7-, 1.9-, 2.1-, and 4.0-fold of
controls from 250, 500, 1,250, and 2,500 mg/kg TCE, respectively). The patterns for 12, 24, 36,
48, 72, and 96 hours were similar to that of the 6-hour exposure and did not show a dose-
response. The authors injected carbon tetrachloride (2.5.mL/kg) into a separate group of rats and
then incubated the resulting plasma with unbuffered TCA (TCA,; 0, 200, 600, or 600 nmol) with
decreases in enzyme activity in vitro at the two higher concentrations. It is not clear whether in
vitro unbuffered TCA concentrations of this magnitude, which could precipitate proteins and
render the enzymes inactive, are relevant to the patterns observed in the in vivo data. The extent
of extinguishing of SDH and ALT activity at the two highest TCA levels in vitro were the same,
suggestive of the generalized in vitro pH effect. However, the enzyme activity levels after TCE
exposure had different patterns, suggesting that in vitro TCA results are not representative of the
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in vivo TCE results. Neither ALT nor SDH levels corresponded to time course or dose-response
reported for the histopathology of the liver presented in this study.

Tritiated thymidine results from isolated nuclei in the liver did not show a pattern
consistent with either the histopathology or enzyme results. These results were for whole-liver
homogenates and were not separated by nuclear size or cell origin. Tritiated thymidine
incorporation was assumed by the authors to represent liver regeneration. There was no
difference between treated and control animals at 6 hours after i.p. TCE exposure and only a
decrease (~50% decrease) in thymidine incorporation after 12 hours of the 2,500 mg/kg TCE
exposure level. By 24 hours, there was 5.6- and 2.8-fold tritiated thymidine incorporation at the
500 and 1,250 mg/kg TCE levels, with the 250 and 2,500 mg/kg levels similar to controls. For
36, 48, and 72 hours after i.p. TCE exposure, there continued to be no dose-response and no
consistent pattern with enzyme or histopathological lesion patterns. The authors presented “arca
under the curve” data for tritiated thymidine incorporation for 0—95 hours, which did not include
control values. There was a slight elevation at 500 mg/kg TCE and a slight decrease at
2,500 mg/kg from the 250 mg/kg TCE levels. Again, these data did not fit either histopathology
or enzyme patterns and also can include the contribution of nonparenchymal cell nuclei as well
as changes in ploidy.

The use of an i.p. route of administration is difficult to compare to oral and inhalation
routes of exposure given that peritonitis and direct contact with TCE and corn oil with liver
surfaces may alter results. Whereas Soni et al. (1998) report the LDs, to be 2,500 mg/kg TCE
via i.p. administration, both Elcombe et al. (1985) and Melnick et al. (1987) do not report
lethality from TCE administered for 10 days at 1,500 mg/kg in corn oil, or up to 4,800 mg/kg-
day for 10 days in encapsulated feed. Also, TCE administered via gavage or oral administration
through feed will enter the liver through the circulation with periportal areas of the liver the first
areas exposed with the entire liver exposed in a fashion dependent on blood concentration levels.
However, with i.p. administration, the absorption and distribution pattern of TCE will differ.
The lack of concordance with measures of liver toxicity from this study and the lack
concordance of patterns and dose-response relationships of toxicity reported from other more
environmentally and physiologically relevant routes of exposure make the relevance of these
results questionable.

E.2.1.2. Soni et al. (1999)

A similar paradigm and the same results were reported for Soni et al. (1999), in which
hepatocellular necrosis, tritiated thymidine incorporation, and in vitro inhibition of SDH and
ALT data were presented along with dose-response studies with ally alcohol and a mixture of
TCE, thioacetamide, allyl alcohol, and chloroform. The same issues with interpretation present
for Soni et al. (1998) also apply to this study as well.
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E.2.1.3. Okino et al. (1991)

This study treated adult Wistar male rats (8 weeks of age) with TCE after being on a
liquid diet for 3 weeks and either untreated or pretreated with phenobarbital or ethanol. TCE
exposure was at 8,000 ppm for 2 hours, 2,000 or 8,000 ppm for 2 hours, and 500 or 2,000 ppm
for 8 hours. Each group contained five rats. Livers from rats, that were not pretreated with
either ethanol or phenobarbital, were reported to show only a few necrotic hepatocytes around
the central vein at 6 and 22 hours after 2 hours of 8,000 ppm TCE exposure. At increased
lengths and/or concentrations of TCE exposure, the frequencies of necrotic hepatocytes in the
centrilobular area were reported to be increased, but the number of necrotic hepatocytes was still
relatively low (out of ~150 hepatocytes the percentages of necrotic pericentral hepatocytes were
0.2+04,0.3+04,2.7+1.0,0.2+0.4, and 3.5 + 0.4% for control, 2,000 ppm TCE for 2 hours,
8,000 ppm TCE for 2 hours, 500 ppm TCE for 8 hours, and 2,000 ppm TCE for 8 hours,
respectively).

“Ballooned” hepatocytes were reported to be zero for controls and all TCE treatments
with the exception of 0.3 £ 0.6% ballooned midzonal hepatocytes after 8,000 ppm TCE for
2 hours of exposure. Microsomal protein (mg/g/liver) was increased with TCE exposure
concentration and duration, but not reported to be statistically significant (i.e., mg/g/liver
microsomal protein was 21.2 + 4.3,22.0 + 1.5, 25.9 £ 1.3, 23.3 £ 0.8, and 24.1 + 1.0 for control,
2,000 ppm TCE for 2 hours, 8,000 ppm TCE for 2 hours, 500 ppm TCE for 8 hours, and
2,000 ppm TCE for 8 hours, respectively).

The metabolic rate of TCE was reported to be increased after exposures over 2,000 ppm
TCE (i.e., metabolic rate of TCE in nmol/g/liver/minute was 29.5 + 5.7, 51.3 £ 6.0, 63.1 + 16.0,
37.3 £ 3.3, and 69.5 £ 4.3 for control, 2,000 ppm TCE for 2 hours, 8,000 ppm TCE for 2 hours,
500 ppm TCE for 8 hours, and 2,000 ppm TCE for 8 hours, respectively). However, the CYP
content of the liver was not reported to increase with TCE exposure concentration or duration.

The liver/body weight ratios were reported to increase with all TCE exposures except
500 ppm for 8 hours (i.e., the liver/body weight ratio was 3.18 + 0.15, 3.35 + 0.10, 3.39 + 0.20,
3.15+0.10, and 3.57 + 0.14% for control, 2,000 ppm TCE for 2 hours, 8,000 ppm TCE for
2 hours, 500 ppm TCE for 8 hours, and 2,000 ppm TCE for 8 hours, respectively). These values
represent 1.05-, 0.99-, 1.06-, and 1.12-fold of control in the 2,000 ppm TCE for 2 hours,

8,000 ppm TCE for 2 hours, 500 ppm TCE for 8 hours, and 2,000 ppm TCE for 8 hours
treatment groups, respectively. A statistically significant difference observed after 8 hours of
2,000 ppm TCE exposure. Initial body weights and those 22 hours after cessation of exposure
were not reported, which may have affected liver weight gain. However, these data suggest that
TCE-related increases in metabolism and liver weight occurred as early as 22 hours after
exposures of this magnitude from 2 to 8 hours of TCE with little concurrent hepatic necrosis.

Ethanol and phenobarbital pretreatment were reported to enhance TCE toxicity. In
ethanol-treated rats, a few necrotic hepatocytes were reported to be around the central vein along
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with hepatocellular swelling without pyknotic nuclei at 6 hours after TCE exposure with no
pathological findings in the midzonal or periportal areas. At 22 hours, centrilobular hepatocytes
were reported to have a few necrotic hepatocytes and cell infiltrations around the central vein,
but midzonal areas were reported to have ballooned hepatocytes with pyknotic nuclei frequently
accompanied by cell infiltrations. In phenobarbital-treated rats 6 hours after TCE exposure,
centrilobular hepatocytes showed prenecrotic changes with no pathological changes reported to
be observed in the periportal areas. By 22 hours, zonal necrosis was reported in centrilobular
areas or in the transition zone between centrilobular and periportal areas. Treatment with
phenobarbital or ethanol induced hepatocellular necrosis primarily in centrilobular areas with
phenobarbital having a greater effect (89.1 + 8.5% centrilobular necrosis) at the higher dose and
shorter exposure duration (8,000 ppm % 2 hours) with ethanol having a greater effect

(16.8 = 5.3% centrilobular necrosis) at the lower concentration and longer duration of exposure
(2,000 ppm x 8 hours).

E.2.1.4. Nunes et al. (2001)

This study was focused on the effects of TCE and lead co-exposure but treated male
75-day-old Sprague-Dawley rats with 2,000 mg/kg TCE for 7 days via corn-oil gavage (n = 10).
The rats ranged in weight from 293 to 330 g (~12%) at the beginning of treatment and were
pretreated with corn oil for 9 days prior to TCE exposure. TCE was reported to be 99.9% pure.
Although the methods section states that rats were exposed to TCE for 7 days, Table 1 of the
study reports that TCE exposure was for 9 days. The beginning body weights were not reported
specifically for control and treatment groups, but the body weights at the end of exposure were
reported to be 342 £ 18 g for control rats and 323 + 3 g for TCE-exposed rats, and that difference
(~6%) to be statistically significant. Because beginning body weights were not reported, it is
difficult to distinguish whether differences in body weight after TCE treatment were treatment-
related or reflected differences in initial body weights. The liver weights were reported to be
12.7 £ 1.0 g in control rats and 14.0 + 0.8 g for TCE treated rats with the percent liver/body
weight ratios of 3.7 and 4.3%, respectively. The increase in percent liver/body weight ratio
represents 1.16-fold of control and was reported to be statistically significant. However,
difference in initial body weight could have affected the magnitude of difference in liver weight
between control and treatment groups. The authors report no gross pathological changes in rats
gavaged with corn oil or with corn oil plus TCE, but observed that one animal in each group had
slightly discolored brown kidneys. Histological examinations of “selected tissues” were reported
to show an increased incidence of chronic inflammation in the arterial wall of lungs from
TCE-dosed animals. There were no descriptions of liver histology given in this report for
TCE-exposed animals or corn-oil controls.
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E.2.1.5. Tao et al. (2000)

The focus of this study was to assess the effects of methionine on methylation and
expression of c-Jun and c-Myc in mouse liver after 5 days of exposure to TCE (1,000 mg/kg in
corn oil) and its metabolites. Female 8-week-old B6C3F; mice (n = 4-6) were administered
TCE (“molecular biology or HPLC grade”) for 5 days with and without methionine (300 mg/kg
I.p.). Data regarding percent liver/body weight was presented as a figure. Of note is the
decrease in liver/body weight ratio by methionine treatment alone (~4.6% liver/body weight for
control and ~4.0% liver/body weight for control mice with methionine or ~13% difference in
liver/body weight ratios between these groups). Neither initial body weights nor body weights
after exposure were reported by the authors, so the reported effects of treatment could have
reflected differences in initial body weights of the mice. TCE exposure was reported to increase
the percent liver/body weight ratio to ~5.8% without methionine and to increase percent
liver/body weight ratio to ~5.7% with methionine treatment. These values represent 1.26-fold of
control levels from TCE exposure without methionine and 1.43-fold of control from TCE
exposure with methionine. The number of animals examined was reported to be 46 per group.
The authors reported the differences between TCE treated animals and their respective controls
to be statistically significant, but did not examine the differences between controls with and
without methionine. There were no descriptions of liver histology given in this report for
TCE-exposed animals or corn-oil controls.

E.2.1.6. Tucker et al. (1982)

This study describes acute LDsp, and 5- and 14-day studies of TCE in a 10% emulphor
solution administered by gavage. Screening-level subchronic drinking water experiments with
TCE dissolved in 1% emulphor in mice were also conducted but with little detail reported. The
authors did describe the strains used (CD-1 and ICR outbred albino) and that they were
“weanling mice,” but the ages of the mice and their weights were not given. The TCE was
described as containing 0.004% diisopropylamine as the preservative and that the stabilizer had
not been found carcinogenic or overtly toxic. The authors report that “the highest concentration
a mouse would receive during these studies is 0.03 mg/kg/day.” The main results are basically
an LDsg study and a short-term study with limited reporting for 4- and 6-month studies of TCE
exposure. Importantly, the authors documented the loss of TCE from drinking water solutions
(<20% of the TCE was lost during the 3 or 4 days in the water bottles at 1.0, 2.5, and 5.0 mg/mL
concentrations, but in the case of 0.1 mg/mL, up to 45% was lost over a 4-day period). The
authors also report that high doses of TCE in drinking water reduced palatability to such an
extent that water consumption by the mice was significantly decreased.

The LDs with 95% confidence were reported to be 2,443 mg/kg (1,839-3,779 mg/kg) for
female mice and 2,402 mg/kg (2,065-2,771 mg/kg) for male mice. However, the number of
mice used in each dosing group was not given by the authors. The deaths occurred within
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24 hours of TCE administration with no animals recovering from the initial anesthetic effect of
TCE dying during the 14-day observation period. The authors reported that the only gross
pathology observed was hyperemia of the stomach of mice dying from lethal doses of TCE, and
that mice killed at 14 days showed no gross pathology.

In a separate experiment, male CD-1 mice were exposed to TCE by daily gavage for
14 days at 240 and 24 mg/kg. These two doses did not cause treatment-related deaths and body
weight and “most” organ weights were reported by the authors to not be significantly affected
but the data were not shown. The only effect noted was increased liver weight, which appeared
to be dose dependent but was reported to be significant only at the higher dose. The only
significant difference found in hematology was a 5% lower hematocrit in the higher dose group.
The number of animals tested in this experiment was not given by the authors.

Male CD-1 mice (n = 11) were given TCE via gavage for 5 days (0.73 g/kg TCE twice on
day 0, 1.46 g/kg twice on day 1, 2.91 g/kg twice on day 3, and 1.46 g/kg TCE on days 4 and 5)
with only 4 of 11 mice treated with TCE surviving.

In a subchronic study, male and female CD-1 mice received TCE in drinking water at
concentrations of 0, 0.1, 1.0, 2.5, and 5 mg/mL in 1% emulphor, and a naive group received
deionized water. There were 140 animals of each sex in the naive group and in each treatment
group, except for 260 mice in the vehicle groups. Thirty mice of each sex and treatment were
selected for recording body weights for 6 months. The method of “selection” was not given by
the authors. These mice were weighed twice weekly and fluid consumption was measured by
weighing the six corresponding water bottles. The authors reported that male mice at the two
highest doses of TCE consumed 41 and 66 mL/kg-day less fluid over the 6 months of the study
than mice consuming vehicle only and that this same decreased consumption was also seen in the
high dose (5 mg/mL) females. They report that weight gain was not affected except at the high
dose (5mg/mL) and even though the weight gain for both sexes was lower than the vehicle
control group, it was not statistically significant. However, these data were not shown. The
authors report that gross pathological examinations performed on mice killed at 4 and 6 months
were unremarkable and that a number of mice from all of the dosing regimens had liver
abnormalities, such as pale, spotty, or granular livers. They report that 2 of 58 males at
4 months, and 11 of 59 mice at 6 months had granular livers and obvious fatty infiltration, and
that mice of both sexes were affected. Animals in the naive and vehicle groups were reported to
infrequently have pale or spotty livers, but exhibit no other observable abnormalities. No
guantitation or more detailed descriptions of the incidence of or severity of effects were given in
this report.

The average body weight of male mice receiving the highest dose of TCE was reported to
be 10% lower at 4 months and 11% lower at 6 months with body weights of female mice at the
highest dose also significantly lower. Enlarged livers (as percentage of body weight) were
observed after both durations of exposure in males at the three highest doses and in females at
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the highest dose. In the 4-month study, brain weights of treated females were significantly
increased when compared to vehicle control. However, the authors state:

This increase is apparently because the values for the vehicle group were low,
because the naive group was also significantly increased when compared to
vehicle control. A significant increase in kidney weight occurred at the highest
dose in males at 6 months and in females, after both 4 and 6 months of TCE
exposure. Urinalysis indicated elevated protein and ketone levels in high-dose
females and the two highest dose males after 6 months of exposure (data not
shown).

The authors describe differences in hematology to include:

a decreased erythrocyte count in the high dose males at 4 and 6 months (13% and
16%, respectively); decreased leukocyte counts, particularly in the females at

4 months and altered coagulation values consisting of increased fibrinogen in
males at both times and shortened prothrombin time in females at 6 months (data
not shown). No treatment-related effects were detected on the types of white cells
in peripheral blood.

It must be noted that effects reported from this study may have also been related to
decreased water consumption, this study did not include any light microscopic evaluation, and
that most of the results described are for data not shown. However, this study does illustrate the
difficulties involved in trying to conduct studies of TCE in drinking water, that the LDs, values
for TCE are relatively high, and that liver weight increases were observed with TCE exposure as
early as a few weeks and increased liver weight were sustained through the 6-month study
period.

E.2.1.7. Goldsworthy and Popp (1987)

The focus of this study was peroxisomal proliferation activity after exposure to a number
of chlorinated solvents. In this study 1,000 mg/kg TCE (99+% epoxide stabilizer free) was
administered to male F-344 rats (170-200 g or ~10% difference) and B6C3F; (20-25 g or ~20%
difference) mice for 10 days in corn oil via gavage. The ages of the animals were not given. The
TCE-exposed animals were studied in two experiments (experiments #1 and #3). In
experiment #2, corn oil and methyl cellulose vehicles were compared. Animals were killed
24 hours after the last exposure. The authors did not show data on body weight, but stated that
the administration of test agents (except WY-14,643 to rats which demonstrated no body weight
gain) to rats and mice for 10 days “had little or no effect on body weight gain.” Thus,
differences in initial body weight between treatment and control groups, which could have
affected the magnitude of TCE-induced liver weight gain, were not reported. The liver/body
weight ratios in corn oil gavaged rats were reported to be 3.68 £ 0.06 and 4.52 + 0.08% after
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TCE treatment, which represented 1.22-fold of control (n =5). Cyanide-(CN-)insensitive
palmitoyl CoA' oxidation (PCO) was reported to be 1.8-fold increased after TCE treatment in
this same group. In B6C3F; mice the liver/body weight ratio in corn oil gavaged mice was
reported to be 4.55 £ 0.13 and 6.83 + 0.13% after TCE treatment which represented 1.50-fold of
control (n = 7). CN-insensitive PCO activity was reported to be 6.25-fold of control after TCE
treatment in this same group. The authors report no effect of vehicle on PCO activity, but do not
show the data nor discuss any effects of vehicle on liver weight gain. Similarly, the results for
experiment #3 were not shown nor liver weight discussed with the exception of PCO activity
reported to be 2.39-fold of control in rat liver and 6.25-fold of control for mouse liver after TCE
exposure. The number of animals examined in Experiment #3 was not given by the authors or
the variation between enzyme activities. However, there appeared to be a difference in PCO
activity in experiments #1 and #3 in rats. There were no descriptions of liver histology given in
this report for TCE-exposed animals or corn-oil controls.

E.2.1.8. Elcombe et al. (1985)

In this study, preservative-free TCE was given via gavage to rats and mice for
10 consecutive days with a focus on changes in liver weight, structure, and hepatocellular
proliferation induced by TCE. Male Alderley Park rats (Wistar derived) (180-230 g), male
Osborne-Mendel rats (240-280 g), and male B6C3F; or male Alderley Park Mice (Swiss)
weighing 30-35 g were administered 99.9% pure TCE dissolved in corn oil via gavage. The
ages of the animals were not given by the authors. The animals were exposed to 0, 500, 1,000,
or 1,500 mg/kg body weight TCE for 10 consecutive days. The number of mice and rats varied
widely between experiments and treatment groups and between various analyses. In some
experiments, animals were injected with tritiated thymidine approximately 24 hours following
the final dose of TCE and killed 1 hour later. The number of hepatocytes undergoing mitosis
was identified in 25 random high-power fields (X40) for each animal with 5,000 hepatocyte per
animal examined. There was no indication by the authors that zonal differences in mitotic index
were analyzed. Sections of the liver were examined by light and electron microscopy by
conventional staining techniques. Tissues selected for electron microscopy included central vein
and portal tract so that zonal differences could be elucidated. Morphometric analysis of
peroxisomes was performed “according to general principles of Weibel et al. (1964) on
electronphotomicrographs from pericentral hepatocytes.” DNA content of samples and
peroxisomal enzyme activities were determined in homogenized liver (catalase and PCO
activity).

The authors reported that TCE treatment had no significant effect on body-weight gain in
either strain of rat or mouse during the 10-day exposure period. However, marked increases (up

2CoA = coenzyme A.
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to 175% of control value) in the percent liver/body weight ratio were observed in TCE-treated
mice. Smaller increases (up to 130% of control) in relative liver weight were observed in
TCE-treated rats. No significant effects of TCE on hepatic water content were seen, so the liver
weight did not represent increased water retention.

An interesting feature of this study was that it was conducted in treatment blocks at
separate times with separate control groups of mice for each experimental block. Therefore,
there were three control groups of B6C3F; mice (n = 10 for each control group) and three control
groups for Alderley Park (n = 9-10 for each control group) mice that were studied concurrently
with each TCE treatment group. However, the percent liver/body weight ratios were not the
same between the respective control groups. There was no indication from the authors as to how
controls were selected or matched with their respective experimental groups. The authors did
not give liver weights for the animals, so the actual changes in liver weights were not given. The
body weights of the control and treated animals were also not given by the authors. Therefore, if
there were differences in body weight between the control groups or treatment groups, the
liver/body weight ratios could also have been affected by such differences. The percentage
increase over control could also have been affected by what control group each treatment group
was compared to. There was a difference in the mean percent liver/body weight ratio in the
control groups, which ranged from 4.32 to 4.59% in the B6C3F; mice (~6% difference) and from
5.12 to 5.44% in the Alderley Park mice (~6% difference). The difference in average percent
liver/body weight ratio for untreated mice between the two strains was ~16%. Because the ages
of the mice were not given, the apparent differences between strains may have been due to both
age or to strain.

After TCE exposure, the mean percent liver/body weight ratios were reported to be
5.53% for 500 mg/kg, 6.50% for 1,000 mg/kg, and 6.74% for 1,500 mg/kg TCE-exposed
B6C3F; mice. This resulted in 1.20-, 1.50-, and 1.47-fold values of control in percent liver
weight/body weight for B6C3F; mice. For Alderley Park mice, the percent liver/body weight
ratios were reported to be 7.31, 8.50, and 9.54% for 500, 1,000, and 1,500 mg/kg TCE treatment,
respectively. This resulted in 1.43-, 1.56-, and 1.75-fold of control values. Thus, there appeared
to be more of a consistent dose-related increase in liver/body weight ratios in the Alderley Park
mice than the B6C3F; mice after TCE treatment. However, the variability in control values may
have distorted the dose-response relationship in the B6C3F; mice. The SDs for liver/body
weight ratio were as much as 0.52% for the treated B6C3F; mice and 0.91% for the Alderley
Park treated mice. In regard to the correspondence of the magnitude of the TCE-induced
increases in percent liver/body weight with the magnitude of difference in TCE exposure
concentrations, in the B6C3F;, mice the increases were similar (approximately twofold) between
the 500 and 1,000 mg/kg TCE exposure groups. For the Alderley Park mice, the increases in
TCE exposure concentrations were slightly less than the magnitude of increases in percent
liver/body ratios between all of the concentrations (i.e., ~1.3-fold of control vs. 2-fold for 500
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and 1,000 mg/kg TCE dose and 1.3-fold of control vs. 1.5-fold for the 1,000 and 1,500 mg/kg
TCE dose).

The DNA content of the liver varied greatly between control animal groups. For B6C3F;
mice it ranged from 2.71 to 2.91 mg/g liver. For Alderley Park mice, it ranged from 1.57 to
2.76 mg/g liver. The authors do not discuss this large variability in baseline levels of DNA
content. The DNA content in B6C3F; mice was mildly depressed by TCE treatment in a
nondose-dependent manner. DNA concentration decrease from control ranged from 20 to 25%
between all three TCE exposure levels in B6C3F; mice. For Alderley Park mice there was also
nondose related decrease in DNA content from controls that ranged from 18 to 34%. Thus, the
extent of decrease in DNA content of the liver from TCE treatment in B6C3F; mice was similar
to the variability between control groups. The lack of dose-response for apparent treatment-
related effects in B6C3F; mice and especially in the Alderley Park mice was confounded by the
large variability in the control animals. The changes in liver weight after TCE exposure for the
AP mice did not correlate with changes in DNA content further, raising doubt about the validity
of the DNA content measures. However, a small difference in DNA content due to TCE
treatment in all groups was reported for both strains and this is consistent with hepatocellular
hypertrophy.

The reported results for incorporation of tritiated thymidine in liver DNA showed large
variation in control groups and SDs that were especially evident in the Alderley Park mice. For
B6C3F; mice, mean control levels were reported to range from 5,559 to 7,767 dpm/mg DNA
with SDs ranging from 1,268 to 1,645 dpm/mg DNA. In Alderley Park mice, mean control
levels were reported to range from 6,680 to 10,460 dpm/mg DNA with SDs ranging from 308 to
5,235 dpm/mg DNA. For B6C3F; mice, TCE treatment was reported to induce an increase in
tritiated thymidine incorporation with a very large SD, indicating large variation between
animals. For the 500 mg/kg TCE treatment group, the values were reported as 12,334 + 4,038,
for the 1,000 mg/kg TCE treatment group, 21,909 + 13,386, and for the 1,500 mg/kg treatment
TCE group, 26,583 £ 10,797 dpm/mg DNA.. In Alderley Park mice, TCE treatment was reported
to give an increase in tritiated thymidine incorporation also with a very large SD. For 500 mg/kg
TCE, the values were reported as 19,315 + 12,280; for 1,000 mg/kg, TCE 21,197 + 8,126; and
for 1,500 mg/kg TCE, 38,370 = 13,961. As a percentage of concurrent control, the increase in
tritiated thymidine was reported to be 2.11-, 2.82-, and 4.78-fold of control in B6C3F; mice, and
2.09-, 2.03-, and 5.74-fold of control in Alderley Park mice. Accordingly, the change in tritiated
thymidine incorporation did show a treatment related increase but not a dose-response.

Similar to the DNA content of the liver, the large variability in measurements between
control groups and variability between animals limit quantitative interpretation of these data.
The increase in tritiated thymidine, seen most consistently only at the highest exposure level in
both strains of mice, could have resulted from either a change in ploidy of the hepatocytes or cell
number. However, the large change in volume in the liver (75%) in the Alderley Park mice,
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could not have resulted from only a fourfold of control in cell proliferation even if all tritiated
thymidine incorporation had resulted from changes in hepatocellular proliferation. As mentioned
in Section E.1.1 above, the baseline level of hepatocellular proliferation in mature control mice is
very low and represents a very small percentage of hepatocytes.

In the experiments with male rats, the same issues discussed above, associated with the
experimental design, applied to the rat experiments with the additional concern that the numbers
of animals examined varied greatly (i.e., 6-10) between the treatment groups. In Osborne-
Mendel rats, the control liver/body weight ratio was reported to vary from 4.26 to 4.36% with the
SDs varying between 0.22 and 0.27%. For the Alderley Park rats, the liver/body weight ratios
were reported to vary between 4.76 and 4.96% (in control groups) with SDs varying between
0.24 and 0.47%. TCE treatment was reported to induce a dose-related increase in liver/body
weight ratio in Osborne-Mendel rats with mean values of 5.16, 5.35, and 5.53% in 500, 1,000,
and 1,500 mg/kg TCE treated groups, respectively. This resulted in 1.18-, 1.26-, and 1.30-fold
values of control. In Alderley Park rats, TCE treatment was reported to result in increased liver
weights of 5.45, 5.83, and 5.65% for 500, 1,000, and 1,500 mg/kg TCE respectively. This
resulted in 1.14-, 1.17-, and 1.17-fold values of control. Again, the variability in control values
may have distorted the nature of the dose-response relationships in Alderley Park rats. TCE
treatment was reported to result in SDs that ranged from 0.31 to 0.48% for Osborne-Mendel rats
and from 0.24 to 0.38% for Alderley Park rats. What is clear from these experiments is that TCE
exposure was associated with increased liver/body weight in rats.

The reported mean hepatic DNA concentrations and SDs varied greatly in control rat
liver as it did in mice. The variation in DNA concentration in the liver varied more between
control groups than the changes induced by TCE treatment. For Osborne-Mendel rats, the mean
control levels of mg DNA/g liver were reported to range from 1.99 to 2.63 mg DNA/liver with
SDs varying from 0.17 to 0.33 mg DNA/g. For Alderley Park rats, the mean control levels of mg
DNA/g liver were reported to be 2.12-3.16 mg DNA/g with SD ranging from 0.06 to 1.04 mg
DNA/g. TCE treatment decreased the liver DNA concentration in all treatment groups. For
Osborne-Mendel rats, the decrease ranged from 8 to 13% from concurrent control values and for
Alderley Park rats the decrease ranged from 8 to 17%. There was no apparent dose response in
the decreases in DNA content, with all TCE treatment levels giving a similar decrease from
controls and the same limitations discussed above for the mouse data apply here. The magnitude
of increases in liver/body ratios shown by TCE treatment were not correlated with the changes in
DNA content. However, as with the mouse data, the small differences in DNA content due to
TCE treatment in all groups and in both strains were consistent with hepatocellular hypertrophy.

Incorporation of tritiated thymidine was reported to be even more variable between
control groups of rats than it was for mice and was reported to be especially variable between
control groups (i.e., 2.7-fold difference between control groups within strain) and differed
between the strains (average of 2.5-fold between strains). For Osborne-Mendel rats, the mean
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control levels were reported to range from 13,315 to 33,125 dpm/mg DNA, while for Alderley
Park rats, tritiated thymidine incorporation ranged from 26,613 to 69,331 dpm/mg DNA for
controls. The SDs were also very large (i.e., for control groups of Osborne-Mendel rats, they
were reported to range from 8,159 to 13,581 dpm/mg DNA, while for Alderley Park rats, they
ranged from 9,992 to 45,789 dpm/mg DNA). TCE treatment was reported to induce increases
over controls of 110, 118, and 106% for 500, 1,000, and 1,500 mg/kg TCE-exposed groups,
respectively, in Osborne-Mendel rats with large SDs for these treatment groups as well. In
Alderley Park rats, the increases over controls were reported to be 206, 140, and 105% for 500,
1,000, and 1,500 mg/kg TCE, respectively. In general, these data do indicate that TCE treatment
appeared to give a mild increase in tritiated thymidine incorporation but the lack of dose-
response can be attributable to the highly variable measurements of tritiated thymidine
incorporation in control animal groups. The variation in the number of animals examined
between groups and small numbers of animals examined additionally decrease the likelihood of
being able to discern the magnitude of difference between species- or strain-related effects for
this parameter. Again, given the very low level of hepatocyte turnover in control rats, this does
not represent a large population of cells in the liver that may be undergoing proliferation and
cannot be separated from changes in ploidy.

The authors report that the reversibility of these phenomena was examined after the
administration of TCE to Alderley Park mice for 10 consecutive days. Effects upon liver weight,
DNA concentration, and tritiated thymidine incorporation 24 and 48 hours after the last dose of
TCE were reported to be still apparent. However, 6 days following the last dose of TCE, all of
these parameters were reported to return to control values with the authors not showing the data
to support this assertion. Thus, cessation of TCE exposure would have resulted in a 75%
reduction in liver weight by one week in mice exposed to the highest TCE concentration.

Analyses of hepatic peroxisomal enzyme activities were reported for catalase and
B-oxidation (PCO activity) following administration of TCE to B6C3F; mice and Alderley Park
rats exposed to 1,000 mg/kg TCE for 10 days. The authors only used five control and five
exposed animals for these tests. An 8-fold of control value for PCO activity and a 1.5-fold of
control value for catalase activity were reported for B6C3F; mice exposed to 1,000 mg/kg TCE.
In the Alderley Park rats, no significant changed occurred. It is unclear which mice or rats were
selected from the previous experiments for these analyses and what role selection bias may have
played in these results. The reduced number of animals chosen for this analysis also reduces the
power of the analysis to detect a change. In rats, there was a reported 13% increase in PCO,;
however, the variation between the TCE-treated rats was more than double that of the control
animals in this group and the other limitations described above limit the ability to detect a
response. There was no discussion given by the authors as to why only one dose was tested in
half of the animals exposed to TCE or why the strain with the lowest liver weight change due to
TCE exposure was chosen as the strain to test for peroxisomal proliferative activity.
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The authors provided a description of the histopathology at the light microscopy level in
B6C3F; mice, Alderley Park mice, Osborne-Mendel rats, and Alderley Park rats, but did not
provide a quantitative analysis or specific information regarding the variability of response
between animals within groups. There appeared to be 20 animals examined in the 1,000 mg/kg
TCE exposed group of B6C3F; mice but no explanation as to why there were only 10 animals
examined in analyses for liver weight changes, DNA concentration, and tritiated thymidine
incorporation. There was no indication by the authors regarding how many rats were examined
by light microscopy.

Apart from a few inflammatory foci in occasional animals, hematoxylin and eosin (H&E)
section from B6C3F; control mice were reported to show no abnormalities. The authors suggest
that this is a normal finding in the livers of mice kept under “non-SPF conditions.” A stain for
neutral lipid was reported to not be included routinely in these studies, but subsequent electron
microscopic examination of lipid was reported to show increases in the livers of corn-oil treated
control animals. The individual fat droplets were described as “generally extremely fine and are
not therefore detectable in conventionally process H&E stained sections, since both glycogen
and lipid are removed during this procedure.” Thus, this study documents effects of using corn
oil gavage in background levels of lipid accumulation in the liver.

The finding of little evidence of gross hepatotoxicity in TCE-treated mice was reported,
even at a dose of 1,500 mg/kg. Specifically,

Of 19 animals examined receiving 1500 mg/kg body weight TCE, only 6 showed
any evidence of hepatocyte necrosis, and this pathology was restricted to single
small foci or isolated single cells, frequently occurring in a subcapsular location.
Examination of 20 animals receiving 1000 mg/kg body wt TCE demonstrated no
hepatocyte necrosis. Of 20 animals examined receiving 500 mg/kg body wt TCE,
1 showed necrosis of single isolated hepatocytes; however, this change was not a
treatment-related finding.

TCE-treated mice were reported to show:

a change in staining characteristic of the hepatocytes immediately adjacent to the
central vein of the hepatocyte lobules, giving rise to a marked ‘patchiness’ of the
liver sections. Often this change consisted of increased eosinophilia of the central
cells. There was some evidence of cell hypertrophy in the centrilobular regions.
These changes were evident in most of the TCE treated animals, but there was a
dose-related trend, relatively few of the 500 mg/kg animals being affected, while
the majority of the 1,500 mg/kg animals showed central change. No other
significant abnormalities were seen in the liver of TCE treated mice compared to
controls apart from occasional mitotic figures and the appearance of isolated
nuclei with an unusual chromatin pattern. This pattern generally consisted of a
course granular appearance with a prominent rim of chromatin around the
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periphery of the nucleus. These nuclei may have been in the very early stages of
mitosis. Similar changes were not seen in control mice.

The authors briefly commented on the findings in the Alderley Park mice stating that:

H& E sections from Alderley Park mice gave similar results as for B6C3F; mice.
No evidence of hepatotoxicity was seen at a dose of 500 mg/kg body wt TCE.
However, a few animals at the higher doses showed some necrosis and other
degenerative changes. This change was very mild in nature, being restricted to
isolated necrotic cells or small foci, frequently in subcapsular position.
Hypertrophy and increased eosinophilia were also noticed in the centrilobular
regions at higher doses.

Thus, from the brief description given by the authors, the centrilobular region is
identified as the location of hepatocellular hypertrophy due to TCE exposure in mice, and for it
to be dose-related with little evidence of accompanying hepatotoxicity.

The description of histopathology for rats was even more abbreviated than for the mouse.
H& E sections from Osborne-Mendel rats showed that:

livers from control rats contained large quantities of glycogen and isolated
inflammatory foci, but were otherwise normal. The majority of rats receiving
1,500 mg/kg body weight TCE showed slight changes in centrilobular
hepatocytes. The hepatocytes were more eosinophilic and contained little
glycogen. At lower doses, these effects were less marked and were restricted to
fewer animals. No evidence of treatment-related hepatotoxicity (as exemplified
by single cell or focal necrosis) was seen in any rat receiving TCE. H& E
sections from Alderley Park Rats showed no signs of treatment-related
hepatotoxicity after administration of TCE. However, some signs of dose-related
increase in centrilobular eosinophilia were noted.

Thus, both mice and rats exhibited pericentral hypertrophy and eosinophilia as noted
from the histopathological examination.

The study did report a quantitative analysis of the effects of TCE on the number of
mitotic figures in livers of mice. Few if any control mice exhibited mitotic figures. But, the
authors report:

a considerable increase in both the numbers of figures per section was noted after
administration of TCE.” The numbers of animals examined for mitotic figures
ranged from 75 (all control groups were pooled for mice) to 9 in mice, and ranged
from 15 animals in control rat groups to as low as 5 animals in the TCE treatment
groups. The range of mitotic figures found in 25 high-power fields was reported
and is equivalent to the number of mitotic figures per 5,000 hepatocytes examined
in random fields.
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Thus, the predominance of mitotic figures in any zone of the liver cannot be ascertained.
For B6C3F; mice, the number of animals with mitotic figures was reported to be 0/75,
3/20, 7/20, and 5/20 for control, 500, 1,000, and 1,500 mg/kg TCE exposed mice, respectively.
The range of the number of mitotic figures seen in 5,000 hepatocytes was reported to be 0, 0-1,
0-5, and 0-5 for those same groups with group means of 0, 0.15+0.36,0.6 £ 1.1, and 0.5 £ 1.2.
These results demonstrate a very small and highly variable response due to TCE treatment in
B6C3F; mice in regard to mitosis. Thus, the highest percentage of cells undergoing mitosis
within the window of observation would be on average 0.012% with a SD twice that value. The
data presented for mitotic figures also indicated no differences in results between 1,000 and
1,500 mg/kg treated B6C3F; mice in regard to mitotic figure detection. However, the tritiated
thymidine incorporation data indicated that thymidine incorporation was approximately twofold
greater at 1,500 than 1,000 mg/kg TCE in B6C3F; mice. For Alderley Park mice, the number of
animals with mitotic figures was reported to be 1/15, 0/9, 4/9, and 2/9 for control, 500, 1,000,
and 1,500 mg/kg TCE exposed mice. The range of the number of mitotic figures seen in
5,000 hepatocytes was 01, 0, 0-2, and 0-1 for those same groups with group means of 0.06 +
0.25,0.7£0.9, and 0.2 + 0.4. These results reveal the detection of, at the most, two mitotic
figures in 5,000 hepatocytes for any mouse an any treatment group and no dose-related increased
after TCE treatment in Alderley Park mice. Thus, the highest percentage of cells with a mitotic
figure would be on average 0.014% with a SD twice that value. The small number of animals
examined reduces the power of the experiment to draw any conclusions as to a dose-response.
Similar to the B6C3F; mice, there did not appear to be concordance between mitotic
figure detection and thymidine incorporation for Alderley Park mice. Thymidine incorporation
showed a 2-fold increase over control for 500 and 1,000 mg/kg TCE and a 5.7-fold increase for
1,500 mg/kg TCE treated animals. However, in regard to mitotic figure detection, there were
fewer mitotic figures in 500 mg/kg TCE treated mice than controls, and fewer animals with
mitotic figures and fewer numbers of figures in the 1,500 mg/kg dose than the 1,000 mg/kg
exposed group. The inconsistencies between mitotic index data and thymidine incorporation
data in both strains of mice suggest that either thymidine incorporation is representative of only
DNA synthesis and not mitosis, an indication of changes in ploidy rather than proliferation, or
that this experimental design is incapable of discerning the magnitude of these changes
accurately. Data from both mouse strains show very little, if any, hepatocyte proliferation due to
TCE exposure with the mitotic figure index data having that advantage of being specific for
hepatocytes and to not to also include nonparenchymal cells or inflammatory cells in the liver.
The results for rats were similar to those for mice and even more limited by the varying
and low number of animals examined. For Osborne-Mendel rats, the numbers of animals with
mitotic figures were reported to be 8/15, 2/9, 0/7, and 0/6 for control, 500, 1,000, and
1,500 mg/kg TCE exposed rats groups, respectively, with the respective ranges of the number of
mitotic figures seen in 5,000 hepatocytes to be 0-8, 0-3, 0, and 0. The group means were 1.5 +
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2.0,0.4 +£1.0,0, and O for these groups. It would appear from these results that there are fewer
mitotic figures after TCE treatment with the highest percentage of cells undergoing mitosis to be
on average 0.03% in control rats. However, thymidine incorporation studies show a modest
increase at all treatment levels over controls in Osborne-Mendel rats rather than a decrease from
controls. For Alderley Park rats, the numbers of animals with mitotic figures were reported to be
13/15, 5/9, 9/9, and 4/9 for control, 500, 1,000, and 1,500 mg/kg TCE exposed rat groups with
the ranges of the number of mitotic figures seen in 5,000 hepatocytes to be 0-26, 0-5, 1-7, and
0-9. The group means were 7.2 4.7, 1.6 + 4.3, 3.8 + 3.4, and 1.8 = 2.9 for these groups.

It would appear that there are fewer mitotic figures after TCE treatment with the highest
percentage of cells to an average of 0.14% in control rats. However, thymidine incorporation
studies show twofold greater level at 500 mg/kg TCE than for control animals and a 40 and 5%
increase at 1,000 and 1,500 mg/kg TCE exposure groups, respectively. Similar to the results
reported in mice, results in both rat strains show an inconsistency in mitotic index and thymidine
incorporation. The control rats appear to have a much greater mitotic index than any of the
mouse groups (treated or untreated) or the TCE-treatment groups. However, it is the mice that
were exhibiting the largest increased in liver weight after TCE exposure. By either thymidine
incorporation or mitosis, these data do provide a consistent result that at 10 days of exposure,
very little sustained hepatocellular proliferation is occurring in either mouse or rat and neither is
correlated well with the concurrent changes in liver weight observed from TCE exposure.

This study provided a qualitative discussion and quantitative analysis of structural
changes using electron microscopy. The qualitative discussion was limited and included
statements about increased observances without quantitative data shown other than the
morphometric analysis. The authors reported that:

the ultrastructure of control mouse liver was essentially normal, although mild
dilatation of RER and SER was a frequent finding. Lipid droplets were also
usually present in the cell cytoplasm. The ultrastructural changes seen in mouse
liver following administration of up to 1,500 mg/kg body wt TCE for 10 days
were essentially similar in the B6C3F; mouse and the Alderley Park mouse. The
most notable change in both strains of mouse was a dramatic increase in the
number of peroxisomes. This change was only apparent in the cells immediately
surrounding the central veins. Peroxisome proliferation was not noticeable in
periportal cells. The induced peroxisomes were generally small and very electron
dense and frequently lacked the characteristic nucleoid core found in peroxisomes
of control livers.

The authors conclude that:

morphometric analysis showed evidence of a dose-related response, peroxisomal
induction appearing to reach a maximum at 1,000 mg/kg in B6C3F; mice...Lipid
was increased in the livers of treated mice at all doses and was present both as
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free droplets in the cytoplasm and as liposomes (small lipid droplets in ER
cisternae). The centrilobular cell, which showed the greatest increase in numbers
of peroxisomes, showed no evidence of this lipid accumulation: fatty change was
more prominent in those cells away from the central vein (i.e., zone 2 of the liver
acinus). Accumulation of lipid, particularly in liposomes, was less marked in
Alderley Park mouse than in B6C3F; mouse. Mild proliferation of smooth
endoplasmic reticulum was seen in both strains and both rough and smooth
endoplasmic reticulum was generally more dilated than in control mice.

Electron microscopic results for rat liver were reported

to show similar changes in Osborne-Mendel and Alderley Park rat treated with
TCE...Rats receiving either 1,000 or 1,500 mg/kg TCE for 10 days generally
showed mild proliferation of SER in centrilobular hepatocytes. The cisternae of
RER were frequently dilated, giving rise to a rather disorganized appearance in
contrast to the parallel stacks seen in control livers, although no detachment of
ribosomes was evident. The SER was also dilated. In contrast to mice,
peroxisomes were only very slightly and not significantly, increased in the liver of
TCE —treated rats. Morphometric analysis confirmed this observation, with the
volume density of peroxisomes in the cytoplasm of centrilobular hepatocytes
being only slightly increased in rats of both strains receiving 1,000 or 1,500
mg/kg body wt TCE...Lipid droplets were occasionally increased in some livers
obtained from rats receiving TCE, but the degree of fatty change generally
appeared similar to that found in control rats receiving corn oil. There were no
changes in membrane —bound liposomes, other organelles, or Golgi condensing
vesicles. Centrilobular glycogen was somewhat depleted in male rats receiving
1,500 mg/kg TCE. Periportal cells were ultrastructurally normal in all rats.

For the morphometric analysis, the number of mice examined ranged from seven in the
control group to eight in the 1,500 mg/kg TCE exposed group. The authors did not indicate
which control animals were used for the morphometric analysis from the 75 animals examined
for mitotic index, the 20 examined by light microscopy, or the 30 mice used as concurrent
controls in the liver weight, DNA concentration, and tritiated thymidine incorporation studies.
The authors stated that morphometry was performed on three randomly selected
photomicrographs from each of three randomly selected pericentral hepatocytes for each animal
(i.e., nine photomicrographs per animal). A mean value representing the exposure group was
reported with the variability between photomicrographs per animal or the variation between
animals unclear. The morphometric analysis did not examine all treatment groups (e.g., only the
control and 500 mg/kg TCE group were examined in Alderley Park mice).

The percent cytoplasmic volume of the peroxisomal compartment (mean + SD) was
reported to be 0.6 £ 0.6% for controls, 4.8 + 3.3% for 500 mg/kg TCE, 6.7 £ 1.9% for
1,000 mg/kg TCE, and 6.4 + 2.5% for 1,500 mg/kg TCE in B6C3F; mice. In Alderley Park
mice, only 12 control and 12,500 mg/kg TCE exposed mice were examined and, similarly, their

E-28



selection criteria was not given. The percent cytoplasmic volume of the peroxisomal
compartment was 1.2 = 0.4% for control and 4.7 + 2.8% for 500 mg/kg TCE exposed mice.

For Osborne-Mendel rats, control rats (n = 9) were reported to have a percent
cytoplasmic volume of the peroxisomal compartment of 1.8 £ 0.4%; 1,000 mg/kg TCE (n = 5),
2.3 = 1.6%, and 1,500 mg/kg exposed rats (n = 7), 2.3 £ 2.0%. For Alderley Park rats, only two
groups were examined (control and 1,000 mg/kg TCE exposure). The percent cytoplasmic
volume of the peroxisomal compartment for control rats (n = 15) was reported to be 1.8 + 0.8%
and for 1,000 mg/kg TCE (n = 16), 2.4 £ 1.2%. The varying numbers of animals examined, the
varying and inconsistent number of treatment groups examined, the limited number of
photomicrographs per animal, and the potential selection bias for animals examined make
quantitative conclusions regarding this analysis difficult. Although control levels differed by a
factor of 2 between the two strains of mice examined, as well as the number of control animals
examined (7 vs. 12), it appears that the 500-mg/kg TCE-exposed B6C3F; and Alderley Park
mice had similar percentages of peroxisomal compartment in the pericentral cells examined
(~4.8%). There also appeared to be little difference between 1,000 mg/kg TCE treated Osborne-
Mendel and Alderley Park rats for this parameter (~2.4%). Although few animals were
examined, there was little difference reported between 500, 1,000, and 1,500 mg/kg TCE
exposure groups in regard to percentages of peroxisomal compartment in B6C3F; mice (4.8—
6.7%). For the few rats of the Osborne-Mendel strain examined, there also did not appear to be a
difference between 1,000 and 1,500 mg/kg TCE exposure for this parameter (2.3%).

Based on peroxisome compartment volume data, one would expect there to be little
difference between TCE exposure groups in mice or rats in regard to enzyme activity or other
“associated events.” However, such comparisons are difficult due to limited power to detect
differences and the possibility of bias in selection of animals in differing assays. For the B6C3F;
mice, only 5 animals per group were examined for enzyme analysis, 7-8 animals for
morphometric analysis, 75 animals in control, and 20 animals in 1,000 mg/kg TCE-exposed
groups for mitotic figure identification, and 10 animals per group for thymidine incorporation.
Since only a few animals were tested for enzyme activity, the comparison between peroxisomal
compartment volume and that parameter is very limited. There was a reported 47% increase in
catalase activity between control (n = 5) and 1,000 mg/kg TCE exposed B6C3F; mice (n =5)
and a 7.8-fold increase in PCO activity. The percent peroxisome compartment was reported to
be 10.6-fold greater (0.6 vs. 6.4%). However, the B6C3F; control percent volume of
peroxisomal compartment was reported to be half that of the Alderley Park mouse control. An
accurate determination of the quantitative differences in peroxisomal proliferation would be
dependent on an accurate and stable control value. For Alderley Park rats, there was an 8%
decrease in catalase activity between control (n = 5) and 1,000 mg/kg TCE exposed rats (n = 5),
and a 13% increase in PCO activity. The percent peroxisome compartment was reported to be
33% greater in the TCE-exposed than control group. Thus, for the very limited data that were

E-29



available to compare peroxisomal compartment volume with enzyme activity, there was
consistency in result.

However, were such increases in peroxisomes associated with other events reported in
this study? Mouse peroxisome proliferation associated enzyme activities in B6C3F; mice at
1,000 mg/kg TCE were reported to be 8-fold over control values in mice after 10 days of
treatment. However, this increase in activity was not accompanied by a similar increase in
thymidine incorporation (2.8-fold of control) or concordant with increases in mitotic figures
(7/20 mice having any mitotic figures at all with a range of 0-5 and a mean of 0.014% of cells
undergoing mitosis for 1,000 mg/kg TCE vs. 0 for control).

Although results reported in the rat showed discordance between thymidine incorporation
and detection of mitotic figures, there was also discordance with these indices and those for
peroxisomal proliferation. In comparison to controls, there was a reported 13% increase in PCO
activity in Alderley Park rats exposed to 1,000 mg/kg TCE, a group mean of mitotic figures half
that in the TCE treated animals vs. controls, and increase in thymidine incorporation of 40%.
Thus, these results are not consistent with TCE induction of peroxisome enzyme activity to be
correlated with hepatocellular proliferation by either mitotic index or thymidine incorporation.
Thymidine incorporation in liver DNA seen with TCE exposure also did not correlate with
mitotic index activity in hepatocytes and suggests that this parameter may be a reflection of
polyploidization rather than hepatocyte proliferation. More importantly, these data show that
hepatocyte proliferation, indicated by either measure, is confined to a very small population of
cells in the liver after 10 days of TCE exposure. Hepatocellular hypertrophy in the centrilobular
region appears to be responsible for the liver weight gains seen in both rats and mice rather than
increases in cell number. These results at 10 days do not preclude the possibility that a greater
level of hepatocyte proliferation did not occur earlier and then had subsided by 10 days, as is
characteristic of many mitogens. Thymidine incorporation represents the status of the liver at
one time point rather than over a period of whole week, and thus, would not capture the earlier
bouts of proliferation. However, there is no evidence of a sustained proliferative response, as
measured at the 10-day time period, in hepatocytes in response to TCE indicated from these data.

In regards to weight gain, although the volume of the peroxisomal compartment was
reported to be similar at 500 mg/kg TCE in B6C3F; and Alderley Park mice (4.3%), the liver
weight/body weight gain in comparison to control was 20% higher in B6C3F; mice vs. 43%
higher in Alderley Park mice after 10 days of exposure. The liver/body weight ratio was 5.53%
in the B6C3F; mice and 7.31% in the Alderley Park mice at 500 mg/kg TCE for 10 days.

Similarly, although the peroxisomal compartment was similar at 1,000 mg/kg TCE in
Osborne-Mendel (2.3%) and Alderley Park rats (2.4%), the liver weight/body weight gain was
26% in Osborne-Mendel rats but 17% in Alderley Park rats at this level of TCE exposure. The
liver/body weight ratio was 5.35% in the Osborne-Mendel rats and 5.83% in the Alderley Park
mice at 1,000 mg/kg TCE for 10 days. Although there are several limitations regarding the
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quantitative interpretation of the data, as discussed above, the data suggest that liver weight and
weight gain after TCE treatment was not just a function of peroxisome proliferation. This study
does clearly demonstrate TCE-induced changes at the lowest level tested in several parameters
without toxicity and without evidence of regenerative hyperplasia or sustained hepatocellular
proliferation. In regards to susceptibility to liver cancer induction in more susceptible (B6C3F;)
vs. less susceptible (Alderley Park/Swiss) strains of mice (Maltoni et al., 1988), there was a
greater baseline level of liver weight/body weight ratio change, a greater baseline level of
thymidine incorporation as well as greater responses for those endpoints due to TCE exposure in

the “less susceptible” strain. However, both strains showed a hepatocarcinogenic response to
TCE induction and the limitations of being able to make quantitative conclusions regarding
species and strain susceptibility TCE toxicity from this study have been described in detail
above.

E.2.1.9. Dees and Travis (1993)

The focus of this study was to evaluate the nature of DNA synthesis induced by TCE
exposure in mice. The mitotic rate of liver cells was extrapolated using tritiated thymidine
uptake into DNA of male and female mice treated with HPLC grade (99 + pure) TCE. Male and
female hybrid B6C3F; mice 8 weeks of age (male mice weighed 24-27 g [~12% difference] and
females weighing 18-21 g [~4% difference]) were dosed orally by gavage for 10 days with 100,
250, 500, and 1,000 mg/kg body weight TCE in corn oil (n = 4 per treatment group). Sixteen
hours after the last daily dose of TCE, mice received tritiated thymidine and were sacrificed
6 hours later. Hepatic DNA was extracted from whole liver and standard histopathology was
also performed. Hepatic DNA content and cellular distributions were also determined for
thymidine uptake using autoradiography of tissue sections. Tritiated thymidine incorporation
into DNA was determined by microscopic observations of autoradiography slides and reported as
positive cells per 100 (200x power) fields.

Changes in the treatment groups were reported to:

include an increase in eosinophilic cytoplasmic staining of hepatocytes located
near central veins, accompanied by loss of cytoplasmic vacuolization.
Intermediate zones appeared normal and no changes were noted in portal triad
areas. Male and female mice given 1,000 mg/kg body weight TCE exhibited
apoptosis located near central veins. No evidence of cellular proliferation was
seen in the portal areas. No evidence of increased lipofuscin was seen in liver
sections from male and female mice treated with TCE. Evaluation of cell death in
male and female mice receiving TCE was performed by enumerating apoptosis.

The apoptosis “did not appear to be in proportion to the applied TCE dose given to male
or female mice.” The mean number of apoptosis per 100 (400x) fields in each group of
4 animals (male mice) was 0, 0, 0, 1, and 8 for control, 100, 250, 500, and 1,000 mg/kg TCE
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treated groups, respectively. Variations in number of apoptosis between mice were not given by
the authors. Feulgen stain was <1 for all doses except for 9 at 1,000 mg/kg.

Mitotic figure were reported to be:

frequently seen in liver sections from both male and female mice treated with
TCE. Dividing cells were most often found in the intermediate zone and
resembled mature hepatocytes. Incorporation of the radiolabel into cells located
near the portal triad areas was rare. In general, mitotic figures were very rare, but
when found they were usually located in the intermediate zone. Little or no
incorporation of label was seen in areas near the bile duct epithelia or in areas
close to the portal triad.

No quantitative description of mitotic index was reported by the authors, but this
description is consistent with there being replication of mature hepatocytes induced by TCE.

The distribution of tritiated thymidine was given for specific cell types in the livers of
five animals per treatment group and radiolabel was reported to be predominantly associated
with perisinusoidal cell in control mice. The authors state that the label was more often found in
cells resembling mature hepatocytes. The mean number of labeled cells in autoradiographs per
100 (200x power) fields was reported to be ~125 and ~150 labeled perisinusoidal cells in
controls male and female mice, respectively. The authors do not give any SDs for the female
perisinusoidal data except for the 1,000-mg/kg exposure group. For mature hepatocytes, the
mean baseline level of cell labeling for control male and female mice were reported to be
~65 and ~90 labeled cells, respectively. Although the baseline levels of hepatocyte labeling
were reported to differ between male and female mice, the mean peak level of labeling was
similar at ~250 labeled cells for male and female mice treated with TCE. In male mouse liver,
the number of labeled cells increased approximately twofold of control levels after 500 and
1,000 mg/kg TCE and in female mouse liver increased approximately fourfold of control levels
after 250, 500, and 1,000 mg/kg TCE over their respective control levels.

Incorporation of tritiated thymidine into DNA extracted from whole liver in male and
female mice was reported to be significantly elevated after TCE treatment but, unlike the
autoradiographic data, there was no difference between genders and the mean peak level of
tritiated thymidine incorporation occurred at 250 mg/kg TCE treatment and remained constant
for the 500 and 1,000 mg/kg treated groups. Increased thymidine incorporation into DNA
extracted from liver of male and female mice were reported to show a very large SD with TCE
treatment (e.g., at 100 mg/kg TCE exposure, male mice had a mean of ~130 dpm tritiated
thymidine/pg DNA with the upper bound of the SD to be 225 dpm). The increased thymidine
incorporation peaked at a level that was a little <2-fold of control level. Thus, for both male and
female mice both autoradiographs and total hepatic DNA were reported to show that male and
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female mice had similar peaks of increased thymidine incorporation after TCE exposure that
reached a plateau at the 250 mg/kg TCE exposure level and did not increase with increasing
exposure concentration. These data also indicate a very small population undergoing mitosis due
to TCE exposure after 10 days of exposure. If higher levels of hepatocyte replication had
occurred earlier, such levels were not sustained by 10 days of TCE exposure. More importantly,
these data suggest that tritiated thymidine levels were targeted to mature hepatocytes and in areas
of the liver where greater levels of polyploidization occur. The ages and weights of the mice
were described by these authors, unlike Elcombe et al. (1985), and a different strain was used.
However, these results are consistent with those of Elcombe in regard to the magnitude of
thymidine incorporation induced by TCE treatment and the lack of a dose response once a
relative low level of exposure has been exceeded.

The total liver DNA content of male and female mice treated with TCE were also
determined with the total micrograms DNA/g liver reported to be ~4 pg/g for female control
mice and ~2 pg/g for male control mice. Although not statistically significant, the total DNA
concentration dropped from ~4 to ~3 at 100 mg/kg through 1,000 mg/kg exposure to TCE in
female mice. For male mice, the total DNA rose slightly in the 250- and 500-mg/kg groups to
~3 pg/g and was similar to control levels at the 100 and 1,000 mg/kg TCE treatment groups. The
SD in male mice was very large and the number of animals small making quantitative judgments
regarding this parameter difficult. The slight decrease reported for female mice would be
consistent with the results of Elcombe et al. (1985) who describe a slight decrease in hepatic
DNA in male mice. However, the reported slight increase in hepatic DNA in male mice in this
study is not consistent. Given the small number of animals and the large deviations for female
and male mice in the TCE treated groups, this study may not have had the sensitivity to detect
slight decreases reported by Elcombe et al. (1985).

In regard to clinical evaluation and weight analyses, both male and female mice given
TCE were reported “to appear clinically ill. These mice showed reduced activity and failed to
groom. Control mice showed no adverse effects. Female mice were markedly more affected by
TCE than their male counterparts. Several deaths of female mice occurred during the course of
the TCE treatment regimen.” The authors do not give cause of deaths but state that two female
mice died in the group receiving 250 mg/kg TCE and one in the group receiving 1,000 mg/kg
during the gavage regimen of the female mice. This appears to be similar gavage error or
“accidental death” reported in NTP studies chronic studies of TCE (see below).

The authors report:

no significant difference in the absolute body weight of male and female mice
were noted in control groups. Body weight gain in female and males mice treated
with TCE was not significantly different from that of control mice. Liver weights
in male mice given 500 or 1,000 mg/kg and corrected for total body weight were
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significantly elevated. The corrected liver weights of female mice increase
proportionally with the applied dose of TCE.

For male mice, liver weights were reported to be 1.40 £ 0.16, 1.38 £ 1.23, 1.48 = 0.09,
1.61 £ 0.07, and 1.63 £ 0.11 g for control, 100, 250, 500, and 1,000 mg/kg TCE in male mice
(n =5), respectively. Body weights were smaller for the 100 mg/kg TCE treatment group
although not statistically significant. The liver weights after treatment had a much larger
reported SD (1.23 g for 100 mg/kg group vs. <0.16 for all other groups). The percent liver/body
weight ratios were reported to be 5.40, 5.41, 5.42, 5.71, and 6.34% for the same groups in male
mice. This represents 1.06- and 1.17-fold of control at the 500 and 1,000 mg/kg dose. The
authors report a statistically significant increase in percent liver/body weight ratio only for the
500 mg/kg (i.e., 1.06-fold of control) and 1,000 mg/kg (i.e., 1.17-fold of control) TCE exposure
groups.

The results for female mice liver weights were reported in Table 111 of the paper, which
was mistakenly labeled as for male mice. The reported values for liver weight were 1.03 £ 0.07,
1.05+0.10, 1.15+ 0.98, 1.21 £ 0.18, and 1.34 + 0.08 g for control, 100, 250, 500, and
1,000 mg/kg TCE in female mice (n = 5, except for 250 and 1,000 mg/kg groups), respectively.
The percent liver/body weight ratios were 5.26, 5.44, 5.68, 6.24, and 6.57% for the same groups.
These values represent 1.03-, 1.08-, 1.19-, and 1.25-fold of controls in percent liver/body weight.
The magnitude of increase in TCE-induced percent liver/body weight ratio in female mice is
reflective of the magnitude of the difference in dose up to 1,000 mg/kg where it is slightly lower.
The female mice were reported to have statistically significant increases in percent liver/body
ratios at the lowest dose tested (100 mg/kg TCE) after 10 days of TCE exposure that also
increased proportionately with dose. Male mice were not reported to have a significant increase
in percent liver/body weight until 500 mg/kg TCE but a statistically significant increase in liver
weight at 250 mg/kg TCE. Male mice had a much larger variation in initial body weight than did
female mice (range of means of 24.86-27.84 g between groups for males or ~11% difference and
range of means of 19.48-20.27 g for females or ~4%), which may contribute to an apparent lack
of effect for a parameter that is dependent on body weight. Only five mice were used in each
group so the power to detect a change was relatively small.

The results from this experiment are consistent with those of Elcombe et al. (1985) in
showing a slight increase in thymidine incorporation (approximately twofold of control) and
mitotic figures that are rare after TCE exposure. This study also records a lack of apoptosis with
TCE treatment except at the highest exposure level (i.e., 1,000 mg/kg). The increases in liver
weight induced by TCE were reported to be dose-related, especially in female mice where
baseline body weights were more consistent. However, the incorporation of tritiated thymidine
reached a plateau at 250 mg/kg TCE in the DNA of both genders of mice. This study
specifically identified where thymidine incorporation and mitotic figures were occurring in
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TCE-treated livers and noted that the mature hepatocyte that appeared to be primarily affected,
as well as in the portion of the liver where mature hepatocytes with higher ploidy are found. The
authors note that the “lack of thymidine incorporation in the periportal area, where the liver stem
cells are reside,” suggesting that the mature hepatocyte is the target of TCE effects on DNA
synthesis. This finding is consistent with a change in ploidy accompanying hepatocellular
hypertrophy and not just cell proliferation after 10 days of TCE exposure. Like Elcombe et al.
(1985), these data represent “a snapshot in time,” which does not show whether increased cell
proliferation may have happened at an earlier time point and then subsided by 10 days.

However, like ElIcombe et al. (1985), it suggests that sustained proliferation is not a feature of
TCE exposure and that the level of DNA synthesis (which is very low in quiescent control liver)
is increased in a small population of hepatocytes due to TCE exposure that is not dose-dependent
(only twofold increase over control in animals exposed from 250 to 1,000 mg/kg TCE). In
regards to toxicity, no evidence of increased lipid peroxidation in TCE-treated animals was
reported using histopathologic sections stained to enhance observation of lipofuscin. No
necrosis is noted by these authors and the deaths in female mice are likely due to gavage error.

E.2.1.10. Nakajima et al. (2000)

This study focused on the effect of TCE treatment on PPARa-null mice in terms of
peroxisome proliferation but also included information on differences in liver weight between
null and wild-type mice, as well as gender-related effects. SV129 wild-type and PPARa-null
mice (10 weeks of age) were treated with corn oil or 750 mg/kg TCE in corn oil daily for
2 weeks via gavage (n = 6 per group). A small portion of the liver was removed for
histopathological examination but the lobe used was not specified by the authors. Liver
peroxisome proliferation was reported to be evaluated morphologically using 3,3’-diamino-
benzidine (DAB) staining of sections and electron photomicroscopy to detect the volume density
of peroxisomes (percent of cytoplasm) in 15 micrographs of the pericentral area per liver. A
number of B-oxidation enzymes and P450s were analyzed by immunoblot of liver homogenates.

The final body weights, liver weights, and percent liver/body weight ratios were reported
for all treatment groups. For male mice, vehicle treated PPARa-null mice had slightly lower
mean body weights (24.5 + 1.8 vs. 25.4 + 1.9 g [SD]), slightly larger liver weights (1.14 + 0.13
vs. 1.05 + 0.15 g or ~9%), and slightly higher percent liver/body weight ratios (4.12 + 0.32 vs.
4.10 + 0.37%) than wild-type mice. The mean values for final body weights of the groups of
mice in this study were reported and were similar which, as demonstrated by the inhalation
studies by Kjellstrand et al. (1983b) (see Section E.2.2.5), is particularly important for
determining the effects of TCE treatment on percent liver/body weight ratios. For both groups of
male mice, 2 weeks of TCE treatment significantly increased both liver weight and percent
liver/body weight ratios. For male wild-type mice, the increase in percent liver/body weight was
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1.50-fold of vehicle control and for male PPARa-null mice the increase was 1.26-fold of control
after 2 weeks of TCE treatment.

For female mice, vehicle-treated PPARa-null mice had slightly higher mean body
weights (22.7 + 2.1 vs. 22.4 + 2.0 g), slightly larger liver weights (0.98 + 0.15vs. 0.95+0.14 g
or ~3%), and slightly higher percent liver/body weight ratios (4.32 £ 0.35 vs. 4.24 + 0.41%) than
wild-type mice. For both groups of female mice, 2 weeks of TCE treatment significantly
increased percent liver/body weight ratios. For liver weights, there was a reporting error for
PPARa-null female treated with TCE so that liver weight changes due to TCE treatment cannot
be determined for this group. For female wild-type mice, the increase in percent liver/body
weight was 1.24-fold of vehicle control and for female PPARa-null mice, the increase was
1.26-fold of control after 2 weeks of TCE treatment.

Thus, for both wild-type and PPARa-null mice, TCE exposure resulted in increased
percent liver/body weight over controls that was statistically significant after 2 weeks of gavage
exposure using corn oil as the vehicle. For male mice, there was a greater TCE-induced increase
in percent liver/body weight in wild-type than PPARa-null mice (1.50- vs. 1.26-fold of control)
that was statistically significant, but for female mice, the induction of increased liver weight was
statistically increased but the same in wild-type and PPARa-null mice (i.e., both were ~1.25-fold
of control). These date indicate that TCE-induced increases in mouse liver weight were not
dependent on a functional PPARa receptor in female mice and suggest that some portion may be
in male mice.

In regard to light and electron microscopic results, the numbers of peroxisomes in
hepatocytes of wild-type mice were reported to be increased, especially in the pericentral area of
the hepatic lobule, to a similar extent in both males and females (15 micrographs, n = 4 mice).
TCE exposure was reported to increase the volume density of peroxisomes twofold of control in
the pericentral area with no evident change in peroxisomes in the periportal areas, but data were
not shown for that area of the liver lobule. In contrast, no increase in peroxisomes was reported
to be observed in PPARa-null mice. Therefore, increases in liver weight observed in
PPARa-null mice after TCE treatment did not result from peroxisome proliferation. Similarly,
the small twofold increase in peroxisome volume from 2 to 4% of cytoplasmic volume in the
pericentral area of the liver lobule in wild-type mice could not have been responsible for the 50%
increase liver weight observed in male wild-type mice.

Although no difference was reported between male and female wild-type mice in regard
to TCE-induced peroxisome proliferation in wild-type mice, the levels of hepatic enzymes
associated with peroxisomes (acyl-CoA [AOX], peroxisomal bifunctional protein [PH],
peroxisomal thiolase [PT], very long chain acyl-CoA synthetase, and D-type peroxisomal
bifunctional protein [DBF], cytosolic enzyme [cytosolic thioesterase Il (CTEII)], mitochondrial
enzymes [mitochondrial trifunctional protein o subunits a and B(TPa and TP)], and microsomal
enzymes [CYP 4A1 (CYP4ALl)]) as measured by immunoblot analysis were significantly
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elevated in male wild-type mice (n = 4) by a factor of ~2-3, but except for a slight elevation in
PH and PT, were reported to not be elevated in female wild-type mice (n = 4). The magnitude of
increase in peroxisomal enzymes was similar to that of peroxisomal volume in male mice. No
TCE-induced increases in any of these enzymes were reported in male or female PPARa-null
mice by the authors. For CYP4AL, an enzyme reported to be induced by peroxisomal
proliferators, TCE exposure resulted in a much lower amount in female than male wild-type
mice (i.e., 2% of the level induced by TCE in males). However, the expression of catalase was
reported to be “nearly constant in all samples” (at most ~30% change), which the authors
suggested resulted from induction by TCE that was independent of PPARa. The basis for
selection of four mice for this comparison out of the six studied per group was not given by the
authors. A comparison of control wild-type and PPARa-null mice showed that in males
background levels of the enzymes examined were generally similar except for DBF in which the
null mice had values ~50% of the wild-type controls. A similar decrease was reported for female
PPARa-null mice. With regard to gender differences in wild-type mice, females had similar
values as males with the exceptions of TPa, TPB, and CYP2E1, which were in untreated female
wild-type mice at a 3.06-, 2.38-, and 1.63-fold for 1 TPa, TPB, and CYP2EI1 levels over males,
respectively. Female PPARa-null mice had increases of 2.50-, 1.54-, and 2.07-fold over male
wild-type mice.

With regard to the induction of TCE metabolizing enzymes (CYP1A2, CYP2EL, and
ALDH), CYP1A2 was reported to be decreased by TCE treatment of both male and female wild-
type mice but liver CYP2E1 reported to be increased in male mice and constant in female mice
which resulted in similar expression level in both genders after TCE treatment. There was no
gender difference in ALDH activity reported after TCE exposure and activity was reported to be
independent of PPARa. The authors concluded that TCE metabolizing abilities of the liver of
male and female mice were similar, and therefore, poor induction of peroxisomal related
enzymes was not due to gender-related differences in TCE metabolism.

To investigate whether the a gender-related difference peroxisomal enzymes after TCE
exposure was due to a lower levels of PPARa and RXRa receptors, western blotting was
employed (n = 3). The level of PPARa protein was reported to be increased in both male wild-
type mice with less induction in females (control vs. TCE, 1.00 £ 0.20 vs. 2.17 + 0.24 in males
and 0.95 £0.25 vs. 1.44 £ 0.09 in females) after TCE treatment. The hepatic level of RXRa was
also reported to be increased in the same manner as PPARa (control vs. TCE, 1.00 + 0.33 vs.
1.92 £0.04 in males 0.81 + 0.16 vs. 1.14 = 0.10 in females). Northern blot analysis of hepatic
PPARa mRNA was reported to show greater TCE induction in male (2.6-fold of control) than in
female (1.5-fold of control) wild-type mice. Thus, males appeared to have higher induction of
the two receptor proteins as well as a greater response in peroxisomal enzymes and CYP4A1,
even though TCE-induced increases in peroxisomal volume was similar between male and
female mice. The increased response in males for induction of the two receptor proteins is
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consistent with liver weight data that shows some portion of the induction of increased liver
weight response in male mice using this paradigm may be due to gender-specific differences in
PPARa response. However, as noted below (see Section E.2.2), corn oil vehicle has liver effects

alone, especially in the male liver, that have also been associated with PPARa responses.

E.2.1.11. Berman et al. (1995)

This study included TCE in a suite of compounds used to compare endpoints for
toxicological screening methods. Female F344 rats of 77 days of age (n = 8 per group) were
administered TCE in corn oil for 1 day (0, 150, 500, 1,500, or 5,000 mg/kg-day) or for 14 days
(0, 50, 150, 500, or 1,500 mg/kg-day). Blood samples were taken 24 hours after the last dose
and livers were weighed and H&E sections were examined for evidence of parenchymal cell
degeneration, necrosis, or hypertrophy. No details were provided by the authors for the extent or
severity of the liver affects by histopathological examination. The serum chemistry analysis
included LDH, ALP, ALT, AST, total bilirubin, creatine, and BUN. The starting and ending
body weights of the animals or the absolute liver weights were not reported by the authors.

The results of a multivariate analysis were reported to show a lowest effective dose of
1,500 mg/kg after 1 day of TCE exposure and 150 mg/kg after 14 days of TCE exposure that was
statistically significant. Liver weight and liver weight changes were not reported by the authors
but the percent liver to body weight ratios were. For the two control groups, there was a
difference in percent liver/body weight of ~8% (3.43 + 0.74% for the 1-day control group and
3.16 £ 0.41% for the 14-day control group, mean £ SEM). For the 1-day groups, only the
5,000 mg/kg group was reported to show a statistically significant difference in percent
liver/body weight between control and TCE treatment (i.e., ~1.08-fold increase). Hepatocellular
necrosis was noted to occur in the 1,500 and 5,000 mg/kg groups in 6/7 and 6/8 female rats,
respectively, but not to occur in lower doses. The extent of necrosis was not noted by the authors
for the two groups exhibiting a response after 1 day of exposure. Serum enzymes indicative of
liver necrosis were not presented and because only positive results were presented in the paper,
were presumed to be negative. Therefore, the extent of necrosis was not of a magnitude to affect
serum enzyme markers of cellular leakage.

After 14 days of TCE exposure, there was a dose-related increase reported for percent
liver/body weight ratios that was statistically significant at all TCE dose levels although the
multivariate analysis indicated the lowest effective dose to be 150 mg/kg. The percent
liver/body weight ratio was 3.16 + 0.41, 3.38 + 0.56, 3.49 £ 0.69, 3.82 £ 0.76, and 4.47 £ 0.66%
for control, 50, 150, 500, and 1,500 mg/kg TCE exposure levels, respectively, after 14 days of
exposure. No hepatocellular necrosis was reported at any dose and hepatocellular hypertrophy
was reported only at the 1,500 mg/kg dose and in all rats. These rat liver weights were 1.07-,
1.10-, 1.21-, and 1.41-fold of controls for the 50, 150, 500, and 1,500 mg/kg TCE dose groups,
respectively. The 7% increase in liver weight at the 50 mg/kg dose was approximately the same
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difference between the two control groups for days 1 and 14 treatments. Without the data for
starting and final body weights and an examination of whether the control animals had similar
body weight, it is impossible to discern whether the reported effects at the low dose of TCE were
also reflected differences between the control groups. No serum enzyme levels changes were
reported after 14 days of exposure to TCE for any group.

The authors note that their study provided evidence of liver effects at lower levels than
other studies citing Elcombe et al. (1985) and Goldsworthy and Popp (1987). They suggest that
the differences in sensitivity to TCE between their results and those of these two studies may
reflect differences in strain or gender of the rats examined. However, they did not study male
rats of this strain concurrently so that differences in gender may have reflected differences
between experiments. The increase in liver weight without reporting increases in hepatocellular
hypertrophy as well as the lack of necrosis as low doses is consistent with the results of Melnick
et al. (1987) in male Fischer rats given TCE orally (see Section E.2.1.12).

E.2.1.12. Melnick et al. (1987)

The focus of this study was to assess microencapsulation as a way to expose rodents to
substances such as TCE that have issues related to volatilization in drinking water or apparent
gavage-related deaths. In this study, liver weight changes, extent of focalized necrosis, and
indicators of peroxisome proliferation were reported as metrics of TCE toxicity. TCE (99+ %)
was encapsulated in gelatin-sorbitol microcapsules and was 44.1% TCE w/w. The TCE
microcapsules were administered to male F344 rats (6-week-old and weighing between 89 and
92 g or ~3% difference) in the diet (0, 0.55, 1.10, 2.21, and 4.42% TCE in the diet) for 14 days.
The number of animals in each group was 10. A parallel group of animals was administered
TCE in corn oil gavage for 14 consecutive days (corn oil control, 0.6, 1.2, and 2.8 g/kg-day
TCE). The dosage levels of TCE in the gavage study were reported to be “adjusted 5 times
during the 14-day” treatment period to be similar to the dosage levels of TCE in the feed study.
The TWA dosage levels of TCE in the feed study were reported to be 0.6, 1.3, 2.2, and 4.8 g/kg-
day.

There was less food consumption reported in the 2.2 and 4.8 g/kg-day dose feed groups,
which the authors attribute to either palatability or toxicity. There were no deaths in any of the
groups treated with microencapsulated TCE while, similar to many other gavage studies of TCE
reported in the literature, there were four deaths in the high-dose gavage group. Mean body
weight gains of the two highest dose groups of the feed study and of the highest dose group of
the gavage study were reported to be significantly lower than the mean body weight gains of the
respective control groups (i.e., ~22 and ~35% reduction at 2.2 and 4.8 g/kg-day in the feed study,
respectively, and ~33% reduction at 2.8 g/kg-day TCE in the gavage study).

After 14 days of treatment, liver weights were reported to be 8.1 £0.8,8.4 +0.8,9.5
0.5,10.1+£1.2,89+1.3,and 7.4 £ 0.5 g for untreated control, placebo control, 0.6, 1.3, 2.2, and
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4.8 g/kg TCE exposed feed groups, respectively. The corresponding percent liver/body weight
ratios were reported to be 5.2 +0.3,5.3+0.2,6.0+0.3,6.5+£0.5,7.0£ 0.9, and 7.1 + 0.5% for
untreated control, placebo control, 0.6, 1.3, 2.2, and 4.8 g/kg TCE exposed groups, respectively.
The increased percent liver/body weight ratio represents 1.13-, 1.23-, 1.32-, and 1.34-fold of
placebo controls, respectively.

For the gavage experiment, after 14 days of treatment, liver weights were reported to be
71+13,93+£1.2,9.1+£0.9,and 7.7 £ 0.4 g for corn oil control, 0.6, 1.2, and 2.8 g/kg TCE
exposed groups, respectively. The corresponding percent liver/body weight ratios were reported
tobe5.0+0.4,6.0£0.4,6.1+£0.3, and 7.3 £ 0.5% for corn oil control, 0.6, 1.2, and 2.8 g/kg
TCE exposed groups, respectively. The percent liver/body weight ratios represent 1.20-, 1.22-,
and 1.46-fold of corn oil controls, respectively. The 2.8 g/kg TCE gavage results are reflective
of the 6 surviving animals in the group rather than 10 animals in the rest of the groups. There
was no explanation given by the authors for the lower liver weights in the control gavage group
than the placebo control in the feed group (i.e., 20% difference), although the initial and final
body weights appeared to be similar. The decreased body weights in the feed and gavage study
are reflective if TCE systemic toxicity and appeared to affect the TCE-induced liver weight
increases in those groups.

The authors reported that the only treatment-related lesion observed microscopically in
rats from either dosed-feed or gavage groups was individual cell necrosis of the liver with the
frequency and severity of this lesion similar at each dosage levels of TCE administered
microencapsulated in the feed or in corn oil. Using a scale of minimal = 1-3 necrotic
hepatocytes/10 microscopic 200x fields, mild = 4—7 necrotic hepatocytes/10 microscopic 200
fields, and moderate = 8-12 necrotic hepatocytes/10 microscopic 200x fields, the frequency of
lesion was 0-1/10 for controls, 2/10 for 0.6 and 1.3 g/kg, and 9/10 for 2.2 and 4.8 g/kg feed
groups. The mean severity was reported to be 0.0-0.1 for controls, 0.3-0.4 for 0.6 and 1.3 g/kg,
and 2.0-2.5 for 2.2 and 4.8 g/kg feed groups. For the corn oil gavage study, the corn oil control
and 0.6 g/kg groups were reported to have a frequency of 0 lesions/10 animals; the 1.2 g/kg
group had a frequency of 1/10 animals, while the 2.8 g/kg group had a frequency of 5/6 animals.
The mean severity score was reported to be 0 for the control and 0.6 g/kg groups, 0.1 for the
1.2 g/kg groups, and 1.8 for the remaining six animals in the 2.8 g/kg group. The individual cell
necrosis was reported to be randomly distributed throughout the liver lobule with the change to
not be accompanied by an inflammatory response. The authors also report that there was no
histologic evidence of cellular hypertrophy or edema in hepatic parenchymal cells. Thus,
although there appeared to be TCE-treatment-related increases in focal necrosis after 14 days of
exposure, the extent was, even at the highest doses, mild and involved few hepatocytes.

Microsomal NADPH cytochrome c-reductase was reported to be elevated in the 2.2 and
4.8 g/kg feed groups and in the 1.2 and 2.8 g/kg gavage groups. CYP levels were reported to be
elevated only in the two highest dose groups of the feed study. The authors reported a dose-
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related increase in peroxisome PCO and catalase activities in liver homogenates from rats treated
with TCE microcapsules or by gavage, and that treatment with corn oil alone, but not placebo
capsules, caused a slight increase in PCO activity.

After 14 days of treatment, PCO activities were reported to be 270 £ 12, 242 + 17, 298 +
64, 424 + 55, 651 + 148, and 999 + 266 nmol hydrogen peroxide (H,O,) produced/minute/g liver
for untreated control, placebo control, 0.6, 1.3, 2.2, and 4.8 g/kg TCE exposed feed groups,
respectively. This represents 1.23-, 1.75-, 2.69-, and 4.13-fold of placebo controls, respectively.
After 14 days of treatment, catalase activities were reported to be 8.49 £ 0.81, 7.98 £ 1.62, 8.49 +
1.92,8.59 £ 1.31, 13.03 + 2.01, and 15.76 + 1.11 nmol H,0, produced/minute/g liver for
untreated control, placebo control, 0.6, 1.3, 2.2, and 4.8 g/kg TCE exposed groups, respectively.
This represents 1.06-, 1.07-, 1.63-, and 1.97-fold of placebo controls, respectively. Thus,
although reported to be dose related, only the two highest exposure levels of TCE increased
catalase activity and to a smaller extent than PCO activity in microencapsulated TCE fed rats.

For the gavage experiment, after 14 days of treatment, PCO activities were reported to be
318 + 27, 369 £ 26, 413 + 40, and 1,002 £ 271 nmol H,O; produced/minute/g liver for corn oil
control, 0.6, 1.2, and 2.8 g/kg TCE exposed groups, respectively. This represents 1.16-, 1.29-,
and 3.15-fold of corn oil controls. After 14 days of treatment, catalase activities were reported to
be 8.59 £ 0.91, 10.10 + 1.82, 12.83 + 3.43, and 13.54 + 2.32 nmol H,O; produced/minute/g liver
for corn oil control, 0.6, 1.2, and 2.8 g/kg TCE exposed groups, respectively. This represents
1.18-, 1.49-, and 1.58-fold of corn oil controls. As stated by the authors, the corn oil vehicle
appeared to elevate catalase activities and PCO activities.

In regard to dose-response, liver and body weight were affected by decreased body
weight gain in the higher dosed animals in this experiment (i.e., 2.2 g/kg-day TCE exposure and
above) and by gavage related deaths in the highest-dosed group. The lower liver weight in the
gavage control group also may have affected the determination of the magnitude of TCE-related
liver weight gain at that dose. At the two doses, below which body weight gain was affected,
there appeared to be an approximately 20% increase in percent liver/body weight ratio in the
gavage study and a 13 and 23% weight increase in the feed study.

The extent of PCO activity appeared to increase more steeply with dose in the feed study
than did liver weight gain (i.e., a 1.23-fold of liver/body weight ratio at 1.3 g/kg-day
corresponded with a 1.75-fold PCO activity over control). At the two highest doses in the feed
study, the increase in PCO activity was 2.69- and 4.13-fold of control, but the increase in liver
weight was not more than 34%. For the gavage study, there was also a steeper increase in PCO
activity than liver weight gain. For catalase activity, the increase was slightly less than that of
liver/body weight ratio percent for the two doses that did not decrease body weight gain in the
feed study. In the gavage study, they were about the same. In regard to what the cause of liver
weight gain was, the authors report that there was no histologic evidence of cellular hypertrophy
or edema in hepatic parenchymal cells and do not describe indicators of hepatocellular
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proliferation or increased polyploidy. Accordingly, the cause of liver weight gain after TCE
exposure in this paradigm is not readily apparent.

E.2.1.13. Laughter et al. (2004)

Although the focus of the study was an exploration of potential modes of action for TCE
effects through macroarray transcript profiling (see Section E.3.1.2 for discussions of limitations
of this approach and especially the need for phenotypic anchoring, Section E.3.4.1.3 for use of
PPARa knockout mice, and Section E.3.4.2.2 for discussion of genetic profiling data for TCE),
information was reported regarding changes in the liver weight of PPARa-null mouse and their
background strains. SV129 wild-type and PPARa-null male mice (9 + 1.5 weeks of age) were
treated with three daily doses of TCE in 0.1% methyl cellulose for either 3 days or 3 weeks
(n =4-5/group). Thus, this paradigm does not use corn oil, which has been noted to affect
toxicity (see Section E.2.2 below), but is not comparable to other paradigms that administer the
total dose in one daily gavage administration rather than to give the same cumulative dose but in
three daily doses of lower concentration. The initial or final body weights of the mice were not
reported. Thus, the effects of systemic toxicity from TCE exposure on body weight and the
influence of differences in initial body weight on percent liver/body weight determinations
cannot be made.

For the 3-day study, mice were administered 1,500 mg/kg TCE or vehicle control. For
the 3-week study, mice were administered 0, 10, 50, 125, 500, 1,000, or 1,500 mg/kg TCE
5 days/week except for 4 days/week on the last week of the experiment. In a separate study,
mice were given TCA or DCA at 0.25, 0.5, 1, or 2 g/L (pH ~7) in the drinking water for 7 days.
For each animal, a block of the left, anterior right, and median liver lobes was reported to be
fixed in formalin with five sections stained for H&E and examined by light microscopy. The
remaining liver samples were combined and used as homogenates for transcript arrays. In the
3-week study, bromodeoxyuridine (BrdU) was administered via miniosmotic pump on day 1 of
week 3 and sections of the liver assessed for BrdU incorporation in at least 1,000 cells per animal
in 10-15 fields.

Although initial body weights, final body weights, and the liver weights were not
reported, the percent liver/body ratios were. In the 3-day study, control wild-type and
PPARa-null mice were reported to have similar percent liver/body weight ratios of ~4.5%.
These animals were ~10 weeks of age upon sacrifice. However, at the end of the 3-week
experiment, the percent liver/body weight ratios were increased in the PPARa-null male mice
and were 5.1%. There was also a slight difference in the percent liver/body weight ratios in the
1-week study (4.3 £ 0.4 vs. 4.6 + 0.2% for wild-type and PPARa-null mice, respectively). These
results are consistent with an increasing baseline of hepatic steatosis with age in the PPARa-null
mice and increase in liver weight.
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In the 3-day study, the mean report for the percent liver/body ratio was 1.4-fold of the
wild type animals tested with TCE in comparison to the control level. In the PPARa-null mice,
there was a 1.07-fold of control level reported by the authors to not be statistically significant.
However, given the low number of animals tested (the authors give only that four to five animals
were tested per group without identification as to which groups had four animals and which had
five), the ability of this study to discern a statistically significant difference is limited.

In the 3-week study, wild-type mice exposed to various concentrations of TCE had
percent liver/body weights that were within ~2% of control values except for the 1,000 mg/kg
and 1,500 mg/kg groups that were ~1.18- and 1.30-fold of control levels, respectively. For the
PPARa-null mice exposed to TCE for 3 weeks, the variability in percent liver/body weight was
greater than that of the wild-type mice in most of the groups. The baseline level percent
liver/body weight was 1.16-fold in the PPARa-null mice in comparison to wild-type mice. At
the 1,500 mg/kg TCE exposure level, percent liver/body weights were not recorded because of
the death of the null mice at this level. The authors reported that at the 1,500 mg/kg level, all
PPARa-null mice were moribund and had to be removed from the study. However, at the
1,000 mg/kg TCE exposure level, there was a 1.10-fold of control percent liver/body weight
value that was reported to not be statistically significant. As noted above, the power of the study
was limited due to low numbers of animals and increased variability in the null mice groups.
The percent liver/body weight reported in this study was actually greater in the null mice than the
wild-type male mice at the 1,000 mg/kg TCE exposure level (5.6 + 0.4 vs. 5.2 + 0.5%, for null
and wild-type mice, respectively).

Thus, at 1 and 3 weeks, TCE appeared to induce increases in liver weight in PPARa-null
mice, although not reaching statistical significance in this study, with concurrent background of
increased liver weight reported in the knockout mice. At 1,000 mg/kg TCE exposure for
3 weeks, percent liver/body weight was reported to be 1.18-fold in wild-type and 1.10-fold in
null mice of control values. As discussed above, Nakajima et al. (2000) reported statistically
significant increased liver weight in both wild-type and PPARa-null mice after 2 weeks of
exposure with less TCE-induced liver weight increases in the knockout mice (see
Section E.2.1.10). They also used more mice, carefully matched to weights of their mice, and
used a single dose of TCE each day with corn oil gavage.

The authors noted that inspection of the livers and kidneys of the moribund null mice,
who were removed from the 3-week study, “did not reveal any overt signs of toxicity in this dose
group that would lead to morbidity” but did not show the data and did not indicate when the
animals were affected and removed. For the wild-type mice exposed to the same concentration
(1,500 mg/kg) but whose survival was not affected by TCE exposure, the authors reported that
these mice exhibited mild granuloma formation with calcification or mild hepatocyte
degeneration, but gave no other details or quantitative information as to the extent of the lesions
or what parts of the liver lobule were affected. The authors noted that “wild-type mice
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administered 1000 and 1500 mg/kg exhibited centrilobular hypertrophy” and that “the mice in
the other groups did not exhibit any gross pathological changes after TCE exposure.” Thus, the
hepatocellular hypertrophy reported in this study for TCE appeared to be correlated with
increases in percent liver/body weight in wild-type mice. In regard to the PPARa-null mice, the
authors stated that “differences in the liver to body weights in the control PPARa-null mice
[between Study 1 and 2 the 3-day and 3-week studies] were noted and may be due to differences
in the degree of steatosis that commonly occurs in this strain.” Further mention of the
background pathology due to knockout of the PPARa was not discussed. The increased percent
liver/body weight reported between control and 1,000 mg/kg TCE exposed mice (5.1 vs. 5.6%)
was not accompanied by any discussion of pathological changes that could have accounted for
the change.

Direct comparisons of the effects of TCE, DCA, and TCA cannot be made from this
study as they were not studied for similar durations of exposure. However, while TCE induced
increased in percent liver/body weight ratios after 3 days and 3 weeks of exposure in wild-type
mice at the highest dose levels, for TCA exposure, percent liver/body weight after 1 week
exposure in drinking water was slightly elevated at all dose levels with no dose-response (~10%
increase), and for DCA exposure in drinking water, a similar elevation in percent liver/body
weight was also reported for the 0.25, 0.5, and 1.0 g/L dose levels (~11%) and that was increased
at the 2.0 g/L level by ~25% reaching statistical significance. The authors interpret these data to
show no TCA-related changes in wild-type mice but the limited power of the study makes
quantitative conclusions difficult.

For PPARa-null mice, there was a slight decrease in percent liver/body weight between
control and TCA treated mice at the doses tested (~2%). For DCA-treated mice, all treatment
levels of DCA were reported to induce a higher percent liver/body weight ratio of at least ~5%
with a 13% increase at the 2.0 g/L level. Again, the limited power of the study and the lack of
data for TCE at similar durations of exposure as those studied for TCA and DCA makes
quantitative conclusions difficult and comparisons between the chemicals difficult. However,
the pattern of increased percent liver/body weight appears to be more similar between TCE and
DCA than TCA in both wild-type and PPARa-null mice.

In terms of histological description of effects, the authors note that “livers from the 2 g/L.
DCA-treated wild-type and PPARa-null mice had hepatocyte cytoplasmic rarefication probably
due to an increase in glycogen accumulation.” However, no special procedures of staining were
performed to validate the assumption in this experiment. No other pathological descriptions of
the DCA treatment groups were provided. In regard to TCA, the authors noted that “the livers
from wild-type but not PPARa-null mice exposed to 2.0g/L TCA exhibited centrilobular
hepatocyte hypertrophy.” No quantitative estimate of this effect was given and although the
extent of increase of percent liver/body weight was similar for all dose levels of TCA, there is no
indication from the study that lower concentrations of TCA also increased hepatocellular
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hypertrophy or why there was no concurrent increase in liver weight at the highest dose of TCA
in which hepatocellular hypertrophy was reported. Thus, reports of hepatocellular hypertrophy
for DCA and TCA in the 1-week study were not correlated with changes in percent liver/body
weight.

For control animals, BrdU incorporation in the last week of the 3-week study was
reported to be at a higher baseline level in PPARa-null mice than wild-type mice (~2.5-fold).
For wild-type mice the authors reported a statistically significant increase at 500 and
1,000 mg/kg TCE at levels of ~1 and ~4.5% hepatocytes incorporating the label after 5 days of
BrdU incorporation. Whether this measure of DNA synthesis is representative of cellular
proliferation or of polyploidization was not examined by the authors. Even at 1,000 mg/kg TCE,
the percent of cells that had incorporated BrdU was <5% of hepatocytes in wild-type mice. The
magnitude percent liver/body weight ratio change at this exposure level was fourfold greater than
that of hepatocytes undergoing DNA synthesis (16% increase in percent liver/body weight ratio
vs. 4% increase in DNA synthesis). The ~1% of hepatocytes undergoing DNA synthesis at the
500 mg/kg TCE level, reported to be statistically significant by the authors, was not correlated
with a concurrent increase in percent liver/body weight ratio. Thus, TCE-induced changes in
liver weight were not correlated with increases in DNA synthesis in wild-type mice after 3 weeks
of TCE exposure.

For PPARa-null mice, there was an approximately threefold of control value for the
percent of hepatocytes undergoing DNA synthesis at the 1,000 mg/kg TCE exposure level. The
higher baseline level in the null mouse, large variability in response at this exposure level, and
low power of this experimental design limited the ability to detect statistical significance of this
effect, although the level was greater than that reported for the 500 mg/kg TCE exposure in wild-
type mice that was statistically significant. Thus, TCE appeared to induce an increase in DNA
synthesis in PPARa-null mice, albeit at a lower level than wild-type mice. However, the ~2%
increase in percent of hepatocytes undergoing DNA synthesis during the 3™ week of a 3-week
exposure to 1,000 mg/kg TCE in PPARa-null mice was insufficient to account for the ~10%
observed increase in liver weight. For wild-type and PPARa-null mice, the magnitude of
TCE-induced increases in liver weight were four- to fivefold higher than that of increases in
DNA-synthesis under this paradigm and in both types of mice, a relatively small portion of
hepatocytes were undergoing DNA synthesis during the last week of a 3-week exposure
duration. Whether the increases in liver weight could have resulted from an early burst of DNA
synthesis as well as whether the DNA synthesis results reported here represents either
proliferation or polyploidization, cannot be determined from this experiment. Because of the
differences in exposure protocol (i.e., use of three daily doses in methylcellulose rather than one
dose in corn oil), the time course of the transient increase in DNA synthesis reported cannot be
assumed to be the same for this experiment and others.
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Not only were PPARa-null mice different than wild-type mice in terms of background
levels of liver weights, and hepatic steatosis, but this study also reported that background levels
of PCO activity to be highly variable and, in some instances, different between wild-type and
null mice. There was reported to be approximately sixfold PCO activity in PPARa-null control
mice in comparison to wild-type control mice in the 1-week DCA/TCA experiment (~0.15 vs.
0.85 units of activity/g protein). However, in the same figure, a second set of data are reported
for control mice for comparison to WY-14,643 treatment in which PCO activity was slightly
decreased in PPARa-null control mice vs. wild-type controls (~0.40 vs. 0.65 units of activity/g
protein). In the experimental design description of the paper, WY-14,643 treatment and a
separate control were not described as part of the 1-week DCA/TCA experiment. For the only
experiment in which PCO activity was compared between wild-type and PPARa-null mice
exposed to TCE (i.e., 3-day exposure study), there was a reported increased over the control
value of ~2.5-fold that was reported to be statistically significant at 1,500 mg/kg TCE (1.5 vs.
0.60 units of activity/g protein). For control mice in the 3-day TCE experiment, there was an
increase in this activity in PPARa-null mice in comparison to wild-type mice (~0.60 vs.

0.35 units of activity/g protein). While not statistically significant, there appeared to be a slight
increase in PCO activity after 1,500 mg/kg TCE exposure for 3 days in PPARa-null mice of
~30%. However, as noted above, the background levels of this enzyme activity varied widely
between the experiments with not only values for control animals varying as much as sixfold
(i.e., for PPARa-null mice), but also for WY-14,643 administration. There was a 6.6-fold
difference in PCO results for WY-14,643 in PPARa-null mice at the same concentration of
WY-14,643 in the 3-day and 1-week experiment, and a 1.44-fold difference in results in wild-
type mice in these two data sets.

E.2.1.14. Ramdhan et al. (2008)

Ramdhan et al. (2008) examined the role of CYP2EL in TCE-induced hepatotoxicity,
using CYP2E1 +/+ (wild-type) and CYP2E1 -/- (null) Sv/129 male mice (6/group) that were
exposed for 7 days to 0, 1,000, or 2,000 ppm TCE by inhalation for 8 hours/day. The exposure
concentrations are noted by the authors to be much higher than occupational exposures and to
have increased liver toxicity after 8 hours of exposure as measured by plasma AST levels. To
put this exposure concentration into perspective, the Kjellstrand et al. (1983a; 1983b) inhalation
studies for 30 days showed that these levels were well above the 150-ppm exposure levels in
male mice that induced systemic toxicity. Nunes also reported hepatic necrosis up to 4% in rats
at 2,000 ppm for just 8 hours not 7 days. AST and ALT were measured at sacrifice. Histological
changes were scored using a qualitative scale of 0 = no necrosis, 1 = minimal as defined as only
occasional necrotic cells in any lobule, 2 = mild as defined as less than one-third of the lobule
structure affected, 3 = moderate as defined as between one-third and two-thirds of the lobule
structure affected, and 4 = severe defined as greater than two-thirds of the lobule structure
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affected. Real-time polymerase chain reaction (PCR) was reported for mMRNA encoding a
number of receptors and proteins. Total RNA and Western Blot analysis was obtained from
whole-liver homogenates. The changes in mMRNA expression were reported as means for six
mice per group after normalization to a level of B-actin mMRNA expression and were shown
relative to the control level in the CYP2E1 wild-type mice.

The deletion of the CYP2EL1 gene in the null mouse had profound effects on liver weight.
The body were was significantly increased in control CYP2E1 -/- mice in comparison to wild-
type controls (24.48 + 1.44 g for null mice vs. 23.66 + 2.44 g, m £ SD). This represents a 3.5%
increase over wild-type mice. However, the liver weight was reported in the CYP2EL -/- mice to
be 1.32-fold of that of CYP2E1 +/+ mice (1.45 £ 0.10 g vs. 1.10 £ 0.14 g). The percent
liver/body weight ratio was 5.47 vs. 4.63% or 1.18-fold of wild-type control for the null mice.

The authors report that 1,000 and 2,000 ppm TCE treatment did induce a statistically
significant change body weight for null or wild-type mice. However, there was an increase in
body weight in the wild-type mice (i.e., 23.66 £ 2.44, 24.52 + 1.17, and 24.99 + 1.78 for control,
1,000, and 2,000 ppm groups, respectively) and an increase in the variability in response in the
null mice (i.e., 24.48 £ 1.44, 24.55 + 2.26, and 24.99 + 4.05, for control, 1,000, and 2,000 ppm
exposure groups, respectively). The percent liver/body weight was 5.47 + 0.23, 5.51 £ 0.27, and
5.58 + 0.70% for control, 1,000, and 2,000 ppm the CYP2EL1 -/- mice, respectively. The percent
liver/body weight was 4.63 + 0.13, 6.62 £ 0.40, and 7.24 + 0.84% for control, 1,000, and
2,000 ppm wild-type mice, respectively. Therefore, while there appeared to be little difference
in the TCE and control exposures for percent liver/body weights in the CYP2EL1 -/- mice (2%),
there was a 1.56-fold of control level after 2,000 ppm in the wild-type mice after 7 days of
inhalation exposure.

The authors reported that “in general, the urinary TCE level in CYP2E1 -/- mice was less
than half that in CYP2EL +/+ mice: urinary TCA levels in the former were about one-fourth
those in the latter.” Of note is the large variability in urinary TCE detected in the 2,000-ppm
TCE exposed wild-type mice, especially after day 4, and that, in general, the amount of TCE in
the urine appeared to be greatest after the 1 day of exposure and steadily declined between
1 and 7 days (i.e., ~45% decline at 2,000 ppm and a ~70% decline at 1,000 ppm) in the wild-type
mice. The amount of TCE in the urine was proportional to the difference in dose at days 1 and 5
(i.e., atwofold difference in dose resulted in a twofold difference in TCE detected in the urine).
As the detection of TCE in the urine declined with time, the amount of TCA was reported to
steadily increase between days 1 and 7 (e.g., from ~3 mg TCA after the 1% day to ~5.5 mg after
7 days after 2,000 ppm exposure in wild-type mice). However, unlike TCE, there was a much
smaller differences in response between the two TCE exposure levels (i.e., a 12-44% or 1.12—
1.44-fold difference in TCA levels in the urine at days 17 for exposure concentrations that
differ by a factor of 2). This could be indicative of saturation in metabolism and TCA clearance
into urine at these high concentrations levels. The authors note that their results suggest that the
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metabolism of TCE in both null and wild-type mice may have reached saturation at 1,000 ppm
TCE.

For ALT and AST activities in CYP2EL -/- or CYP2EL +/+ mice, both liver enzymes
were significantly elevated only at the 2,000 ppm level in CYP2E1 +/+ mice. Although the
increases in excreted TCA in the urine differed by only ~33% between the 1,000 and 2,000 ppm
levels, liver enzyme levels in plasma differed by a much greater extent after 7 days exposure
between the 1,000 and 2,000 ppm groups of CYP2E1 +/+ mice (i.e., 1.26- and 1.83-fold of
control [ALT] and 1.40- and 2.20-fold of control [AST] for 1,000 and 2,000 ppm TCE exposure
levels, respectively). The authors reported a correlation between plasma ALT and both TCE (r =
0.7331) and TCA (r = 0.8169) levels but do not report details of what data were included in the
correlation (i.e., were data from CYP2E1 +/+ mice combined with those of the CYP2E1 -/- mice
and were control values included with treated values?).

The authors show photomicrograph of a section of liver from control CYP2E1 +/+ and
CYP2EL1 -/- mice and describe the histological structure of the liver to appear normal. This
raises the question as to the cause of the hepatomegaly for the CYP2E1 mice in which the liver
weight was increased by a third.

The qualitative scoring for each of the six animals per group showed that none of the
CYP2EL1 -/- control or treated mice showed evidence of necrosis. For the CYP2E1 +/+ mice,
there was no necrosis reported in the control mice and in three of six mice treated with
1,000 ppm TCE. Of the three mice that were reported to have necrosis, the score was reported as
1-2 for two mice and 1 for the third. It is not clear what a score of 1-2 represented given the
criteria for each score given by the authors, which defined a score of 1 as minimal and 2 as mild.
For the 2,000 ppm TCE-exposed mice, all mice were reported to have at least minimal necrosis
(i.e., four mice were reported to have scores of 1-2, one mouse a score of 3, and one mouse a
score of 1).

What is clear from the histopathology data are that there appeared to be great
heterogeneity of response between the six animals in each TCE-exposure group in CYP2E1 +/+
mice and that there was a greater necrotic response in the 2,000 ppm exposed mice than the
1,000 ppm mice. These results are consistent with the liver enzyme data but not consistent with
the small difference between the 1,000 and 2,000 ppm exposure groups for TCA content in urine
and, by analogy, metabolism of TCE to TCA. A strength of this study is that it reports the
histological data for each animal so that the heterogeneity of liver response can be observed (e.g.,
the extent of liver necrosis was reported to range from only occasional necrotic cells in any
lobule to between one-third and two-thirds of the lobular structure affected after 2,000 ppm TCE
exposure for 7 days). Immunohistochemical analysis was reported to show that CYP2E1 was
expressed mainly around the centrilobular area in CYP2E1 +/+ mice where necrotic changes
were observed after TCE treatment.
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Given the large variability in response within the liver after TCE exposure in CYP2E1
mice, phenotypic anchoring becomes especially important for the interpretation of mMRNA
expression studies (see Sections E.1.1 and E.3.1.2 for macroarray transcript profiling limitations
and the need for phenotypic anchoring). However, the data for mRNA expression of PPARGa,
peroxisomal bifunctional protein (hydratase+3-hydroxyacyl-CoA dehydrogenase),very long
chain acyl-CoA dehydrogenase (VLCAD), CYP4A10, NFxB (p65, P50, P52), and IkBa was
reported at the means £ SD for six mice per group and represented total liver homogenates. A
strength of the study was that they did not pool their RNA and can show means and SDs between
treatment groups. The low numbers of animals tested, however, limits the ability to detect
statistically significance of the response. By reporting the means, differences in the responses
within dose groups was limited and reflected differential response and involvement for different
portions of the liver lobule and for the responses of the heterogeneous group of liver cells
populating the liver.

The authors reported that they normalized values to the level of f-actin mRNA in the
same preparation with a value of 1 assigned as the mean from each control group. The values for
MRNA and protein expression reported in the figures appeared to have all been normalized to the
control values for the CYP2EL -/- mice. Although all of the CYP2E1 -/- control values were
reported as a value of 1, the control values for the CYP2E1+/+ mice differed with the greatest
difference being presented for the CYP4A10-mRNA (i.e., the control level of CYP4A10 mRNA
was approximately threefold higher in the CYP2E1+/+ mice than the CYP2E1 -/- mice). Further
characterization of the CYP2E1 mouse model was not provided by the authors.

The mean expression of PPARa mRNA was reported slightly reduced after TCE
treatment in CYP2EL -/- mice (i.e., 0.72- and 0.78-fold of control after 1,000 and 2,000 ppm
TCE exposure, respectively). The CYP2E1L -/- mice had a higher baseline of PPARa mRNA
expression than the CYP2E1+/+ mice (i.e., the control level of the CYP2EL -/- mice was 1.5-fold
of the CYP2E1+/+ mice). After TCE exposure, the CYP2EL +/+ had a similar increase in
PPARa mRNA (~2.3-fold) at both 1,000 and 2,000 ppm TCE. Thus, without the presence of
CYP2EI, there did not appear to be increased PPARa mRNA expression. For PPARa protein
expression, there was a similar pattern with ~1.6-fold of control levels of protein in the
CYP2EL1 -/- mice after both 1,000 and 2,000 ppm TCE exposures.

In the CYP2EI +/+ mice, the control level of PPARa protein was reported to be ~1.5-fold
of the CYP2EL1 -/- control level. Thus, while the mMRNA expression was less, the protein level
was greater. After TCE treatment, there was a 2.9-fold of control level of protein at 1,000 ppm
TCE and a 3.1-fold of control level of protein at 2,000 ppm. Thus, the magnitude of mMRNA
increase was similar to that of protein expression for PPARa in CYP2E1 +/+ mice. The
magnitude of both was threefold or less over control after TCE exposure. This pattern was
similar to that of TCA concentration formed in the liver where there was very little difference
between the 1,000 and 2,000 ppm exposure groups in CYP2E1 +/+ mice. However, this pattern
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was not consistent with the liver enzyme and histopathology of the liver that showed a much
greater response after 2,000 ppm exposure than 1,000 ppm TCE. In addition, where the mean
enzyme markers of liver injury and individual animals displayed marked heterogeneity in
response to TCE exposure, there was a much smaller degree of variability in the mean mRNA
expression and protein levels of PPARa.

For peroxisomal bifunctional protein, there was a greater increase after 1,000 ppm
TCE-treated exposure than after 2,000 ppm TCE-treatment for both the CYP2EL -/- and
CYP2E1 +/+ mice (i.e., there was a 2:1 ratio of mMRNA expression in the 1,000 vs. 2,000 ppm
exposed groups). The CYP2EL +/+ mice had a much greater response than the CYP2EL -/- mice
(i.e., the CYP2E1 -/- mice had a 2-fold of control and the CYP2E1 +/+ mice had a 7.8-fold of
control level after 1,000 ppm TCE treatment). For peroxisomal bifunctional protein expression,
the magnitude of protein induction after TCE exposure was much greater than the magnitude of
increase in MRNA expression. In the CYP2E1 -/- mice, 1,000 ppm TCE exposure resulted in a
6.9-fold of control level of protein, while the 2,000 ppm TCE group had a 2.3-fold level.
CYP2E1 +/+ mice had a ~50% higher control level than CYP2E1 mice and after TCE exposure,
the level of peroxisomal bifunctional protein expression was 44-fold of control at 1,000 ppm
TCE and 40-fold of control at 2,000 ppm. Thus, CYP2E1 -/- mice were reported to have less
MRNA expression and peroxisomal bifunctional protein formed than CYP2E1 +/+ mice after
TCE exposure. However, there appeared to be more mRNA expression after 1,000 than
2,000 ppm TCE in both groups and protein expression in the CYP2E1 -/- mice. After 2,000 ppm
TCE, there was similar peroxisomal bifunctional protein expression between the 1,000 and
2,000 ppm TCE treated CYP2EL +/+ mice. Again, this pattern was more similar to that of TCA
detection in the urine—not that of liver injury.

For VLCAD, the expression of mMRNA was similar between control and treated
CYP2EL1 -/- mice. For CYP2E1 +/+ mice, the control level of VLCAD mRNA expression was
half that of the CYP2EL1 -/- mice. After 1,000 ppm TCE, the mRNA level was 3.7-fold of
control and after 2,000 ppm TCE the mRNA level was 3.1-fold of control. For VLCAD, protein
expression was 1.8-fold of control after 1,000 ppm and 1.6-fold of control after 2,000 ppm in
CYP2EL1 -/- mice. The control level of VLCAD protein in CYP2E1 +/+ mice appeared to be
1.2-fold control CYP2EL1 -/- mice. After 1,000-ppm TCE treatment, the CYP2E1 -/- mice were
reported to have 3.8-fold of control VLCAD protein levels and after 2,000-ppm TCE treatment,
3.9-fold of control protein levels. Thus, although showing no increase in mRNA, there was an
increase in VLCAD protein levels that was similar between the two TCE exposure groups in
CYP2EL1 -/- mice. Both VLCAD mRNA and protein levels were greater in CYP2E1 +/+ mice
than CYP2EL -/- mice after TCE exposure. This was not the case for peroxisomal bifunctional
protein. The magnitudes of TCE-induced increases in mRNA and protein increases were similar
between the 1,000 and 2,000 ppm TCE exposure concentrations, a pattern more similar to TCA
detection in the urine but not that of liver injury.
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Finally, for CYP4A10 mRNA expression, there was an increase in expression after TCE
treatment of threefold for 1,000 ppm and fivefold after 2,000 ppm in CYP2E1 -/- mice. Thus,
although the enzyme assumed to be primarily responsible for TCE metabolism to TCA was
missing, there was still a response for the mRNA of this enzyme commonly associated with
PPARa activation. Of note is that urinary concentrations of TCA were not zero after TCE
exposure in CYP2EL -/- mice. Both 1,000 and 2,000 ppm TCE exposure resulted in ~0.44 mg
TCA after 1 day or about 15-22% of that observed in CYP2EL1 +/+ mice. Thus, some
metabolism of TCE to TCA is taking place in the null mice, albeit at a reduced rate. For
CYP2E1 +/+ mice, 1,000 ppm TCE resulted in an 8.3-fold of control level of CYP4A10 mRNA
and 2,000 ppm TCE resulted in a 9.3-fold of control level.

The authors did not perform an analysis of CYP4A10 protein. The authors state that “in
particular, the mMRNA levels of microsomal enzyme CYP4A10 significantly increased in
CYP2E1+/+ mice after TCE exposure in a dose-dependent manner.” However, the twofold
difference in TCE exposure concentrations did not result in a similar difference in response as
shown above. Both resulted in approximately ninefold of control response in CYP2E1 +/+ mice.
As with PPARa, peroxisomal bifunctional protein, and VLCAD, the response was more similar
to that of TCA detection in the urine and not measured of hepatic toxicity. These data show that
CYP2E1 metabolism of TCE is important in the manifestation of TCE liver toxicity; however,
data suggest that effects other than TCA concentration and indicators of PPARa are responsible
for acute hepatotoxicity resulting from very high concentrations of TCE.

The NF«kB family and IkBa were also examined for mRNA and protein expression.
These cell signaling molecules are involved in inflammation and carcinogenesis and are
discussed in Sections E.3.3.3.3 and E.3.4.1.4. Given that presence of hepatocellular necrosis in
some of the CYP2E1 +/+ mice to varying degrees, inflammatory cytokines and cell signaling
pathways would be expected to be activated. The authors reported that:

overall, TCE exposure did not significantly increase the expression of p65 and
p50 mMRNAs in either CYP2E1+/+ or CYP2E1L -/- mice... However, p52 mRNA
expression significantly increased in the 2,000 ppm group of CYP2E1+/+ mice,
and correlation analysis showed that a significant positive relationship existed
between the expression of NFkB p52 mRNA and plasma ALT activity.., while no
correlation was seen between NFkB p64 or pS0 and ALT activity (data not
shown).

The authors also note that TCE treatments “did not increase the expression of TNFR1 and
TNFR2 mRNA in CYP2E1+/+ and CYP2EL1 -/- mice (data not shown).”

A more detailed examination of the data reveals that there was a similar increases in p65,
p50, and p52 MRNA expression increases with TCE treatment in CYP2E1 +/+ mice at both TCE
exposure levels. However, only p52 levels for the 2,000 ppm exposed mice were reported to be
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statistically significant (see comment above about the statistical power of the experimental
design and variability between animals). For 1,000 ppm TCE exposure, the levels of p65, p50,
and p52 mRNA expression were 1.5-, 1.8-, and 2.0-fold of control. For 2,000 ppm TCE, the
levels of p65, p50, and p52 MRNA expression were 1.8-, 1.8-, and 2.1-fold of control. Thus,
there was generally a similar response in all of these indicators of NFkB mRNA expression in
CYP2E1 +/+ mice that was mild with little to no difference between the 1,000 and 2,000 ppm
TCE exposure levels. For IkBa mRNA expression, there was no difference between control and
treatment groups for either type of mice. For CYP2E1 -/- mice, there appeared to be a ~50%
decrease in P52 mRNA expression in mice treated with both exposure concentrations of TCE.
The authors plotted the relationship between p52 mRNA and plasma ALT concentration for both
CYP2EL1 -/- and CYP2E1 +/+ mice together and claimed that the correlation coefficient

(r =0.5075) was significant. However, of note is that none of the CYP2E1 -/- mice were
reported to have either hepatic necrosis or significant increases in ALT detection.

For protein expression, the authors showed results for p50 and p42 proteins. The control
CYP2EL1 -/- mice appeared to have a slightly lower level of p50 protein expression (~30%) with
a much larger increase in p52 protein expression (i.e., 2.1-fold) than CYP2EL +/+ mice. There
appeared to be a 2-fold increase in p50 protein expression after both 1,000 and 2,000 ppm TCE
exposures in the CYP2EL +/+ mice and a similar increase in p52 protein levels (i.e., 1.9- and
2.5-fold of control for 1,000- and 2,000-ppm TCE exposures, respectively). Thus, the magnitude
of MRNA and protein levels were similar for p50 and p52 in CYP2EL +/+ mice and there was no
difference between the 1,000 and 2,000 ppm treatments. For the CYP2EL -/- mice, there was a
modest increase in p50 protein after TCE exposure (1.1- and 1.3-fold of control for 1,000 and
2,000 ppm respectively) and a slight decrease in p52 protein (0.76- and 0.79-fold of control).
There was little evidence that the patterns of either expression or protein production of NFkB
family and IkBa corresponded to the markers of hepatic toxicity or that they exhibited a dose-
response. The authors note that although he expression of p50 protein increased in CYP2E1 +/+
mice, “the relationship between p50 protein and ALT levels was not significant (data not
shown).” For TNFRI1, there appeared to be less protein expression in the CYP2E1 +/+ mice than
the CYP2EL -/- mice (i.e., the null mice levels were 1.8-fold of the wild-type mice levels).
Treatment with TCE resulted in mild decrease of protein levels in the CYP2EL -/- mice and a
1.4- and 1.7-fold of control level in the CYP2E1 +/+ mice for 1,000 and 2,000 ppm levels,
respectively. For p65, although TCE treatment-related effects were reported, of note is that the
levels of protein were 2.4 higher in the CYP2E1 +/+ mice than the CYP2EL -/- mice. Thus,
protein levels of the NFkB family appeared to have been altered in the knockout mice. Also, as
noted in Section E.3.4.1.4, the origin of the NF-«B is crucial as to its effect in the liver and the
results of this report are for whole-liver homogenates that contain parenchymal as well as
nonparenchymal cell and have been drawn from liver that are heterogeneous in the magnitude of
hepatic necrosis. The authors suggest that “TCA may act as a defense against hepatotoxicity
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cause by TCE-delivered reactive metabolite(s) via PPARa in CYP2E1+/+ mice.” However, the
data from this do not support such an assertion.

E.2.1.15. Ramdhan et al. (2010)

Ramdhan et al. (2010) examined the role of mouse and human PPARa in TCE-induced
hepatic steatosis and toxicity using male wild type, PPARa-null and PPARa-null mice with
human PPARa inserted (WPPAR«) (Cheung et al., 2004) on Sv/129 male mice (6/group), which
were exposed for 7 days to 0, 1,000, or 2,000 ppm TCE by inhalation for 8 hours/day. This was
a similar paradigm as that used in Ramdhan et al. with results between wild type mice directly

comparable. The expression of human PPARa ¢cDNA in the humanized mice was limited to
hepatocytes under the control of tetracycline regulatory system.

Plasma aminotransferase activities (AST and ALT) were measured in plasma as well as
triglycerides. Hepatic triglyceride levels were measured as well. Urinary metabolites were
measured similarly to Ramdhan et al. (2008). Hepatic steatosis was identified based on the
presence of vacuoles consistent with lipid accumulation and classified as microvesicular steatosis
if the nucleus remained in the center of the hepatocyte. Hepatocyte proliferation was classified
based on the presence of large hepatocytes with prominent eosinophilic cytoplasm.
Histopathology findings were scored in 20 randomly selected 200x microscopic fields per
section with steatotic scores of 0—3: none, mild 5-44% of parenchymal involvement of steatosis),
moderate (33-66%), or severe (>66%). Necrotic cells were scored as 0—4: no necrosis, minimal
(only occasional necrotic cells in any lobule), mild (<one-third of the lobular structure affected),
moderate (one-third to two-thirds of lobular structure affected), or severe (>two-thirds of the
lobular structure affected). Hepatocyte proliferation was scored as 0 (absent) or 1 (present).

Real-time PCR analysis was performed on total RNA from whole liver. Western Blot
analysis was also performed on whole liver (derived from both hepatocytes and non-
parenchymal cells) for NFkB, p65, p50, p52, and PPARa.

Significant differences were observed among control mice for each genotype. The mean
body weight of hPPARa mice was 14 and 8.5% less than wild type mouse and PPARa-null mice,
respectively. The mean liver weight of hPPARa mice was 11% less than PPARa-null mice and
the liver/body weight ratio of PPARa-null mice was 11% higher than wild type mice. TCE, at
both 1,000 and 2,000 ppm, significantly increased liver weight in the three mouse lines to a
similar extent (i.e., 38 and 49% in wild type mice, 20 and 37% in PPAR-null mice, and 28 and
32% in hPPARa mice). The increases were not statistically significant between doses within
each strain. Liver/body weight ratios were also significantly increased with TCE exposure at
1,000 and 2,000 ppm relative to controls (i.e., 38 and 43% in wild type mice, 24 and 36% in
PPARa-null mice, and 27 and 39% in hPPARa mice, respectively). The difference between
2.000 and 1.000 ppm TCE exposure was statistically significant in PPARa-null mice.
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The authors reported no differences in urinary volume by genotype or exposure but did
not show the data. TCA and TCOH were detected in all exposed mice with no significant
differences between the 1,000 and 2,000 ppm TCE levels. TCA concentrations were reported to
be significantly lower and TCOH levels significantly higher in PPARa-null mice relative to wild
type mice with no differences in genotype between the sum of total TCA and TCOH
concentrations between genotypes.

AST and ALT liver injury biomarkers were reported to vary <10% among control mice
of each strain and to be significantly increased in all exposed mice relative to controls (41-74%
and 36-79% higher, respectively) with mean levels within each group higher, though not
statistically significantly different, with exposure to 2,000 vs. 1,000 ppm TCE.

Higher levels of plasma triglycerides were reported in untreated hPPARa mice than wild-
type mice (52%). Significantly higher liver triglyceride levels were reported in untreated
hPPARa mice than wild type mice or PPARa-null mice (77 and 30%, respectively) and between
untreated PPARa-null mice and wild-type mice (36%). Exposure to 2,000 ppm TCE was
reported to induce an even greater difference between the wild type and PPARa-null mice
(113%). Exposure to 1,000 ppm TCE was reported to induce greater liver triglyceride level in
hPPARa mice (50%) compared to wild type mice as well as 2,000 ppm TCE (87%). There were
no significant difference in mean plasma or liver triglyceride levels between the 2,000 and
1,000 ppm TCE treatment groups within each genotype. Hepatic triglyceride levels were
reported to be significantly correlated with liver/body weight ratios of all mice used in the study
(r=0.54).

Neither necrosis nor inflammatory cells were reported in liver sections from unexposed
mice. The authors reported small cytoplasmic vacuoles in sections from unexposed PPARa-null
mice and hPPARa mice that resulted in steatosis scores >0. Steatosis was reported to be absent
in unexposed wild type mice and significantly increased in exposed vs. unexposed PPARa-null
and hPPARa mice. Steatosis scores were reported to be significantly higher in the 2,000 vs.
1,000 ppm TCE exposures to PPARa-null mice. The authors reported steatosis scored to be
significantly correlated with liver triglyceride levels of all mice examined in the study (r = 0.75).
Macrovesicular steatosis was reported to occur more frequently in hPPARa than PPARa-null
mice. Necrosis scores were reported to be significantly higher in TCE exposed mice relative to
controls in all three genotype mice and to be significantly higher with 2,000 vs. 1,000 ppm TCE
exposure in wild type mice and hPPARa mice. Inflammation scores were reported to be
significantly higher with exposed group than control with 2,000 ppm TCE exposure than controls
for each genotype group with a difference between the 2,000 and 1,000 ppm exposure groups in
wild type mice. Hepatocyte proliferation was reported to be significantly increased with
2,000 ppm TCE exposure in wild-type mice, but not in the other genotypes or exposure
concentrations. Of note, the criteria for “proliferation” did not employ quantitative methods of
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DNA synthesis but phenotypic descriptions of enlarged hepatocytes that may be indicative of
polyploidy.

Background expression levels of several genes were reported to differ significantly
between strains in control mice. VLCAD, medium chain acyl-CoA dehydrogenase (MCAD),
peroxisomal bifunctional protein (hydratase+3-hydroxyacyl-CoA dehydrogenase) (PH),
peroxisomal thiolase (PT), diacylflicerol acyltransferase 1 (DGAT1), and p52 mRNA levels
were reported to be higher in untreated hPPARa mice than wild type mice and PPARa-null mice.
PPARGa, proliferation cell nuclear antigen (PCNA), p50, and tumor necrosis factor alpha (TNFa)
mRNA levels were reported to be higher in untreated hPPARa mice than PPARa-null mice.
VLCAD, PH, and PT mRNA levels were reported to be significantly lower in untreated
PPARa-null mice than wild type mice and p50, p52, PPARY, and TNFa were higher in untreated
PPARa-null mice than wild type mice.

Exposure to TCE was reported to not increase the expression of human PPARa mRNA in
hPPARa mice but 2,000 ppm TCE exposure did significantly increase mouse PPARa mRNA in
wild type mice. PCNA mRNA expression and mRNA expression of VLCAD, MCAD, PH, and
PT was increased in TCE exposed vs. control wild type mice and hPPARa mice. More
pronounced induction of PH and PT mRNA was reported for exposed wild type mice.
Significant differences were not reported in gene expression between 1,000 and 2,000 ppm TCE
exposures.

DGAT1 and DGAT2 mRNA was reported to be significantly increased in hPPARa mice
exposed to 2,000 ppm TCE and PPARa-null mice exposed to 1,000 and 2,000 ppm TCE in
comparison to respective control mice. Exposure to 1,000 and 2,000 ppm TCE was reported to
significantly increase PPARy mRNA in PPARa-null and hPPARa mice. DGAT1 and DGAT?2,
PPARy mRNA levels were not changed with TCE exposure in wild type mice.

NF«B p65 mRNA was reported to be significantly increase after TCE exposure in
PPARa-null and hPPARa mice but not wild type mice. NFxB pS0 mRNA expression was
reported to be significantly increased with exposure to TCE in PPARa-null mice only but NFxB
p52 and TNFa mRNA expression was increased significantly with exposure in all strains. The
authors reported that NFkB p52 mRNA levels were significantly correlated with plasma ALT
levels in all mice used in the study (r = 0.54).

Protein expression levels were reported to differ between the genotypes of untreated
mice. PPARa levels were 10.4 times higher in untreated hPPARa mice than wild type mice.
VLCAD, PT, acyl-CoA(ACOX) A, and ACOX B proteins were reported to be significantly
higher in untreated hPPARa mice than wild type and PPARa-null mice and NF«B p65 to be
lower in hPPARa mice than PPARa-null mice. VLCAD, MCAD, PH, PT, ACOX A, and
ACOX B expression was reported to be slightly lower and p65 and p52 expression slightly
higher in untreated PPARa-null mice vs. wild type mice.
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TCE exposure was reported to increase VLCAD, PH, PT, ACOX A, and ACOX B in
wild type and hPPARa mice but not to induce PPARa protein expression. MCAD protein was
significantly increased after TCE exposure in hPPARa mice only. PCNA protein was increased
in TCE exposed mice in comparison to controls in all strains. NFkB p52 and TNFa proteins
were also increased from TCE exposure in all strains but NFkB p50 and p65 proteins were
increased in TCE-exposed PPARa-null mice only. 4-Hydroxy-2- nonenal protein (a marker of
oxidative stress) was increased by 1,000 ppm TCE exposure in PPARa-null mice and by
2,000 ppm TCE exposure in wild type and hPPARa mice.

The authors reported that they measured hepatic protein expression of CYP2E1 and
ALDH2 enzymes and did not observe a significant difference among controls (data not shown)
and that TCE exposure did not alter hepatic CYP2EL expression but did decrease ALDH?2
expression to a comparable extent in all mouse lines (data not shown). Thus, changes in urinary
TCA levels in the differing strains were not related to changes in expression of these metabolic
enzymes.

While the authors of the paper suggested that the increased susceptibility of PPARa-null
mice and hPPATa mice to TCE toxicity is indicative of “protection” by having intact and normal
PPARa expression in mice, the disturbances they reported in these genotypes without treatment
shows that an already compromised animal is more susceptible to additional insult by high levels
of TCE exposure. This study provides an extensive set of parameters altered in the PPARa-null
and hPPARa mice by such genetic manipulation alone. In particular, insertion of human PPAR
in the null mice did not return the mice to a normal state. The authors noted that hepatic
triglyceride levels were the highest in untreated hPPARa among the three strains suggesting that
human PPARa insertion did not restore proper lipid regulation in the liver. The humanized mice
in particular exhibited a >10-fold expression of PPAR in an untreated state. Functional
differences between the human and rodent versions of PPAR are difficult to ascertain from this
study given the large differences in PPAR protein expression between wild type and humanized
mice and the presence of human PPAR only in the hepatocytes in this model. The authors noted
that the replacement of human PPARa in the humanized mouse may not have been sufficient to
prevent steatosis and that the differences in responses between wild type and humanized mice
may reflect functional consequences related to the use of an artificial construct of the reinserted
gene without normal control elements in addition to or instead of any differences between human
or mouse PPARa. They stated that because they used genetically modified mice with underlying
dysregulation, and evaluated very high TCE exposures, their findings may not directly reveal the
differences in human PPARa function between mice and humans. The increased toxicity from
overexpression of human PPARa in this model is also acknowledged as leading to greater
background toxicity in unexposed humanized mice.

Responses reported for gene expression are for liver homogenates so that NFxB and
TNFa mRNA expression changes could not be distinguished between Kupffer cell or
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hepatocytes origin. The authors noted the similarity of TCE induced hepatomegaly in PPARa
null mice in this study and that of Nakajima et al. (2000). They noted that TCE induction of
PCNA protein (cell proliferation marker) was increased in all three group but using their
phenotypic marker of increased cell size of evidence of increased hepatocyte proliferation in
wild type mice.

The authors noted differences in this study and their study of similar design (Ramdhan et
al., 2008) for gene expression induced by TCE exposure in wild type mice. Differences in

TCE-induced effects between the two studies include less pronounced induction of PPARa, more
pronounced increases in PH protein and VLCAD mRNA expression, and ALT and AST levels
for this study than the previous one for wild type mice. They stated that urinary TCA levels in
wild type mice were incorrectly reported by Ramdhan et al. (2008) but have been corrected in
this study. They also noted discrepancies in mRNA and protein expression for some genes in
this study. Finally, the authors acknowledged that the small number of mice examined in each
group limits the power to identify statistically significant biological effects.

E.2.2. Subchronic and Chronic Studies of TCE

For the purposes of this discussion, studies of duration of >4 weeks are considered
subchronic. Like those of shorter duration, there is variation in the depth of study of liver
changes induced by TCE with many of the longer duration studies focused on the induction of
liver cancer. Many subchronic studies were conducted a high doses of TCE that caused toxicity
with limited reporting of effects. Similar to acute studies, some of the subchronic and chronic
studies have detailed examinations of the TCE-induced liver effects while others have reported
primarily liver weight changes as a marker of TCE-response. Similar issues also arise with the
impact of differences in initial and final body weights between control and treatment groups on
the interpretation of liver weight gain as a measure of TCE-response.

For many of the subchronic inhalation studies, issues associated with whole-body
exposures make determination of dose levels difficult. For gavage experiments, death from
gavage dosing, especially at higher TCE exposures, is a recurring problem and, unlike inhalation
exposures, the effects of vehicle can also be at issue for background liver effects. Concerns
regarding effects of oil vehicles, especially corn oil, have been raised with Kim et al. (1990a)
noting that a large oil bolus will not only produce physiological effects, but alter the absorption,
target organ dose, and toxicity of VOCs. Charbonneau et al. (1991) reported that corn oil
potentiates liver toxicity from acetone administration that is not related to differences in acetone
concentration. Several oral studies, in particular, document that the use of corn oil gavage
induces a different pattern of toxicity, especially in male rodents (see Merrick et al., 1989,
Section E.2.2.1 below). Several studies listed below report the effects of hepatocellular DNA

synthesis and indices of lipid peroxidation (i.e., Channel et al., 1998) are especially subject to
background vehicle effects. Rusyn et al. (1999) report that a single dose of dietary corn oil
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increases hepatocyte DNA synthesis 24 hours after treatment by ~3.5-fold, activation of NF-xB
to a similar extent ~2 hours after treatment almost exclusively in Kupffer cells, a ~3—4-fold
increase in hepatocytes after 8 hours, and increased in TNFo mRNA between 8 and 24 hours
after a single dose in female rats. In regard to studies that have used the i.p. route of
administration, as noted by Kawamoto et al. (1988b) (see Section E.2.2.11), injection of TCE
may result in paralytic ileus and peritonitis and that subcutaneous treatment paradigm will result
in TCE not immediately being metabolized but retained in the fatty tissue. Wang and Stacey
(1990) state that “intraperitoneal injection is not particularly relevant to humans” and that
intestinal interactions require consideration in responses such as increase serum bile acid (see
Section E.2.6).

E.2.2.1. Merrick et al. (1989)

The focus of this study was the examination of potential differences in toxicity or orally
gavaged TCE administered in corn oil an aqueous vehicle in B6C3F; mice. As reported by
Melnick et al. (1987) above, corn oil administration appeared to have an effect on peroxisomal
enzyme induction. TCE (99.5% purity) was administered in corn oil or an aqueous solution of
20% Emulphor to 14-17-week-old mice (n = 12/group) at 0, 600, 1,200, and 2,400 mg/kg-day
(males) and 0, 450, 900, and 1,800 mg/kg-day (females) 5 times/week for 4 weeks. The authors
stated that due to “varying lethality in the study, 10 animals per dose group were randomly
selected (where possible) among survivors for histological analysis.” Hepatocellular lesions

were characterized:

as a collection of approximately 3-5 necrotic hepatocytes surrounded by
macrophages and polymorphonuclear cells and histopathological grading was
reported as based on the number of necrotic lesions observed in the tissue
sections: 0 = normal; 1 = isolated lesions scattered throughout the section; 2 = one
to five scattered clusters of necrotic lesions; 3 = more than five scattered clusters
of necrotic lesions; and 4 = clusters of necrotic lesions observed throughout the
entire section.”

The authors described lipid scoring of each histological section as “0 = no Oil-
Red O staining present; 1 = <10% staining; 2 = 10-25% staining; 3 = 25-30% staining;
and 4 =>50% staining.

The authors reported dose-related increases in lethality in both males and females
exposed to TCE in Emulphor with all male animals dying at 2,400 mg/kg-day with
8/12 females dying at 1,800 mg/kg-day. In both males and females, 2/12 animals also
died at the next highest dose as well with no unscheduled deaths in control or lowest dose
animals. For corn oil gavaged mice, there were 1-2 animals in each TCE treatment
groups of male mice that died while there were no unscheduled deaths in female mice.
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The authors stated that lethality occurred within the first week after chemical exposure.
The authors presented data for final body weight and liver/body weight values for

4 weeks of exposure and listed the number of animals per group to be 10-12 for corn oil
gavaged animals. The reduced number of animals in the Emulphor gavaged animals are
reflective of lethality and limit the usefulness of this measure at the highest doses (i.e.,
1,800 mg/kg-day for female mice). In mice treated with TCE in Emulphor gavage, the
final body weight of control male animals appeared to be lower than those that were
treated with TCE while for female mice the final body weights were similar between
treated and control groups. For male mice treated with Emulphor, body weights were
22.8 £0.8,25.3 £ 0.5, and 24.3 £ 0.4 g for control, 600, and 1,200 mg/kg-day and for
female mice body weights were 20.7 + 0.4, 21.4 £ 0.3, and 20.5 = 0.3 g for control, 450,
and 900 mg/kg-day of TCE.

For percent liver/body weight ratios, male mice were reported to have 5.6 + 0.2,

6.6 £0.1, and 7.2 + 0.2% for control, 600, and 1,200 mg/kg-day and for female mice were 5.1 +
0.1,5.8 £ 0.1, and 6.5 £ 0.2% for control, 450 and 900 mg/kg-day of TCE. These values
represent 1.11- and 1.07-fold of control for final body weight in males exposed to 600 and
1,200 mg/kg-day and 1.18- and 1.29-fold of control for percent liver/body weight, respectively.
For females, they represent 1.04- and 0.99-fold of control for final body weights in female
exposed to 450mg/kg-day and 900 mg/kg-day and 1.14- and 1.27-fold of control for percent
liver/body weight, respectively.

In mice treated with corn oil gavage, the final body weight of control male mice was
similar to the TCE treatment groups and higher than the control value for male mice given
Emulphor vehicle (i.e., 22.8 £ 0.8 g for Emulphor control vs. 24.3 + 0.6 g for corn oil gavage
controls or a difference of ~7%). The final body weights of female mice were reported to be
similar between the vehicles and TCE treatment groups. The baseline percent liver/body weight
was also lower for the corn oil gavage control male mice (i.e., 5.6% for Emulphor vs. 4.7% for
corn oil gavage or a difference of ~19% that was statistically significant). Although the final
body weights were similar in the female control groups, the percent liver/body weight was
greater in the Emulphor vehicle group (5.1 £ 0.1% in Emulphor vehicle group vs. 4.7 £ 0.1% for
corn oil gavage or a difference of ~9%, which was statistically significant). For male mice
treated with corn oil, final body weights were 24.3 + 0.6, 24.3 £ 0.4, 25.2 + 0.6, and 254+ 0.5 g
for control, 600, 1,200, and 2,400 mg/kg-day, and for female mice, body weights were 20.2 +
0.3,20.8£0.5,21.8 0.3, and 22.6 + 0.3 g for control, 450, 900, and 1,800 mg/kg-day of TCE.

For percent liver/body weight ratios, male mice were reported to have 4.7 + 0.1, 6.4 +
0.1,7.7+0.1, and 8.5 £ 0.2% for control, 600, 1,200, and 2,400 mg/kg-day and for female mice
were reported to have 4.7 £ 0.1,5.5+ 0.1, 6.0 £ 0.2, and 7.2 = 0.1% for control, 450, 900, and
1,800 mg/kg-day of TCE. These values represent 1.0-, 1.04-, and 1.04-fold of control for final
body weight in males exposed to 600, 1,200, and 2,400 mg/kg-day TCE and 1.36-, 1.64-, and
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1.81-fold of control for percent liver/body weight, respectively. For females, they represent
1.03-, 1.08-, and 1.12-fold of control for body weight for 450, 900, and 1,800 mg/kg-day and
1.17-, 1.28-, and 1.53-fold of control for percent liver/body weight, respectively.

Because of premature mortality, the difference in TCE treatment between the highest
doses that are vehicle-related cannot be determined. The decreased final body weight and
increased percent liver/body weight ratios in the Emulphor control animals make comparisons of
the exact magnitude of change in these parameters due to TCE exposure difficult to determine as
well as differences between the vehicles. The authors did not present data for age-matched
controls, which did not receive vehicle so that the effects of the vehicles cannot be determined
(i.e., which vehicle control values were most similar to untreated controls given that there was a
difference between the vehicle controls).

A comparison of the percent liver/body weight ratios at comparable doses between the
two vehicles shows little difference in TCE-induced liver weight increases in female mice.
However, the corn oil vehicle group was reported to have a greater increase in comparison to
controls for male mice treated with TCE at the two lower dosage groups. Given that the control
values were approximately 19% higher for the Emulphor group, the apparent differences in
TCE-dose response may have reflected the differences in the control values rather than TCE
exposure. Because controls without vehicle were not examined, it cannot be determined whether
the difference in control values was due to vehicle administration or whether a smaller or
younger group of animals was studied on one of the control groups. The body weight of the
animals was also not reported by the authors at the beginning of the study, so that the impact of
initial differences between groups vs. treatment cannot be accurately determined.

Serum enzyme activities for ALT, AST, and LDH (markers of liver toxicity) showed that
there was no difference between vehicle groups at comparable TCE exposure levels for male or
female mice. Enzyme levels appeared to be elevated in male mice at the higher doses (i.e.,
1,200 and 2,400 mg/kg-day for ALT and 2,400 mg/kg-day for AST), with corn oil gavage
inducing similar increases in LDH levels at 600, 1,200, and 2,400 mg/kg-day TCE. For ALT
and AST, there appeared to be a dose-related increase in male mice with the 2,400 mg/kg-day
treatment group having much greater levels than the 1,200 mg/kg-day group. In Emulphor
treatment groups there was a similar increase in ALT levels in males treated with 1,200 mg/kg
TCE as with those treated with corn oil and those increases were significantly elevated over
control levels. For LDH levels, there were similar increase at 1,200 mg/kg-day TCE for male
mice treated using either Emulphor or corn oil.

The authors report that visible necrosis was observed in 30-40% of male mice
administered TCE in corn oil, but not that there did not appear to be a dose-response (i.e., the
score for severity of necrosis was reported to be 0, 4, 3, and 4 for corn oil control, 600, 1,200,
and 2,400 mg/kg-day treatment groups from 10 male mice in each group). No information in
regard to variation between animals was given by the authors. For male mice given Emulphor
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gavage the extent of necrosis was reported to be 0, 0, and 1 for 0, 600, and 1,200 mg/kg-day TCE
exposure, respectively. For female mice, the extent of necrosis was reported to be 0 for all
control and TCE treatment groups using either vehicle.

Thus, except for LDH levels in male mice exposed to TCE in corn oil, there was not a
correlation with the extent of necrosis and the increases in ALT and AST enzyme levels.
Similarly, there was an increase in ALT levels in male mice treated with 1,200 mg/kg-day
exposure to TCE in Emulphor that did not correspond to increased necrosis.

For Oil-Red O staining, there was a score of 2 in the Emulphor-treated control male and
female mice, while 600 mg/kg-day TCE exposure in Emulphor gavaged male mice and
900 mg/kg-day TCE in corn oil gavaged female mice had a score of 0, along with the corn oil
gavage controls in male mice. For female control mice treated with corn oil gavage, the staining
was reported to have a score of 3. Thus, there did not appear to be a dose-response in Oil-Red
oil staining, although the authors claimed that there appeared to be a dose-related increase with
TCE exposure.

The authors described lesions produced by TCE exposure as:

focal and were surrounded by normal parenchymal tissue. Necrotic areas were
not localized in any particular regions of the lobule. Lesions consisted of central
necrotic cells encompassed by hepatocytes with dark eosinophilic staining
cytoplasm, which progressed to normal-appearing cells. Areas of necrosis were
accompanied by localized inflammation consisting of macrophages and
polymorphonuclear cells.

No specific descriptions of histopathology of mice given Emulphor were provided in
terms of effects of the vehicle or TCE treatment. The scores for necrosis were reported to be
only a 1 for the 1,200 mg/kg-day concentration of TCE in male mice gavaged with Emulphor,
but 3 for male mice given the same concentration of TCE in corn oil. However, enzyme levels
of ALT, AST, and LDH were similarly elevated in both treatment groups.

These results do indicate that administration of TCE for 4 weeks via gavage using
Emulphor resulted in mortality of all of the male mice and most of the female mice at a dose in
corn oil that resulted in few deaths. Not only was there a difference in mortality, but vehicle also
affected the extent of necrosis and enzyme release in the liver (i.e., Emulphor vehicle caused
mortality as the highest dose of TCE in male and female mice that was not apparent from corn
oil gavage, but Emulphor and TCE exposure induced little, if any, focal necrosis in males at
concentrations of TCE in corn oil gavage that caused significant focal necrosis). In regard to
liver weight and body weight changes, TCE exposure in both vehicles at nonlethal doses induced
increased percent liver/body weight changes male and female mice that increased with TCE
exposure level. The difference in baseline control levels between the two vehicle groups
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(especially in males) make a determination of the quantitative difference that the vehicle had on
liver weight gain problematic, although the extent of liver weight increase appeared to be similar
between male and female mice given TCE via Emulphor and female mice given TCE via corn
oil. In general, enzymatic markers of liver toxicity and results for focal hepatocellular necrosis
were not consistent and did not reflect dose-responses in liver weight increases. The extent of
necrosis did not correlate with liver weight increases and was not elevated by TCE treatment in
female mice treated with TCE in either vehicle, or in male mice treated with Emulphor. There
was a reported difference in the extent of necrosis in male mice given TCE via corn oil and
female mice given TCE via corn oil, but the necrosis did not appear to have a dose-response in
male mice. Female mice given corn oil and male and female mice given TCE in Emulphor had
no to negligible necrosis, although they had increased liver weight from TCE exposure.

E.2.2.2. Goel et al. (1992)

The focus of this study was the description of TCE exposure-related changes in mice
after 28 days of exposure with regard to TCE-induced pathological and liver weight change.
Male Swiss mice (20-22 g body weight or 9% difference) were exposed to 0, 500, 1,000, or
2,000 mg/kg-day TCE (BDH analytical grade) by gavage in groundnut oil (n = 6 per group)

5 days/week for 28 days. The ages of the mice were not given by the authors. Livers were
examined for “free -SH contents,” total proteins, catalase activity, acid phosphatase activity, and
“protein specific for peroxisomal origin of approx, 80 kd.”

The authors report no statistically significant change in body weight with TCE treatment
but a significant increase in liver weight. Body weight (mean + SE) was reported to be 32.67 +
1.54,31.67 £ 0.61, 33.00 £ 1.48, and 27.80 £ 1.65 g from exposure to oil control, 500, 1,000,
and 2,000 mg/kg-day TCE, respectively. There was a 15% decrease in body weight at the
highest exposure concentration of TCE that was not statistically significant, but the low number
of animals examined limits the power to detect a significant change. The percent relative
liver/body weight was reported to be 5.29 + 0.48, 7.00 £ 0.36, 7.40 £ 0.39, and 7.30 + 0.48%
from exposure to oil control, 500, 1,000, and 2,000 mg/kg-day TCE, respectively. This
represents 1.32-, 1.41-, and 1.38-fold of control in percent liver/body weight for 500, 1,000, and
2,000 mg/kg-day TCE, respectively.

The “free —SH content” in pmol —SH/g tissue was reported to be 5.47 £ 0.17, 7.46 £ 0.21,
7.84 £0.34, and 7.10 £ 0.34 from exposure to oil control, 500, 1,000, and 2,000 mg/kg-day TCE,
respectively. This represents 1.37-, 1.44-, and 1.30-fold of control in —SH/g tissue weight for
500, 1,000, and 2,000 mg/kg-day TCE, respectively. Total protein content in the liver in mg/g
tissue was reported to be 170 + 3, 183 + 5, 192 + 7, and 188 + 3 from exposure to oil control,
500, 1,000, and 2,000 mg/kg-day TCE, respectively. This represents 1.08-, 1.13-, and 1.11-fold
of control in total protein content for 500, 1,000, and 2,000 mg/kg-day TCE, respectively. Thus,
the increases in liver weight, “free -SH content,” and protein content were generally parallel and
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all suggest that liver weight increases had reached a plateau at the 1,000 mg/kg-day exposure
concentration, perhaps reflecting toxicity at the highest dose as demonstrated by decreased body
weight in this study.

The enzyme activities of 6-ALA dehydrogenase (“a key enzyme in heme biosynthesis”),
catalase, and acid phosphatase were assayed in liver homogenates. Treatment with TCE
decreased 6-ALA dehydrogenase activity to a similar extent at all exposure levels (32—35%
reduction). For catalase the activity as units of catalase/mg, protein was reported to be
25.01 £1.81, 32.46 £ 2.59, 41.11 + 5.37, and 33.96 + 3.00 from exposure to oil control, 500,
1,000, and 2,000 mg/kg-day TCE, respectively. This represents 1.30-, 1.64-, and 1.36-fold in
catalase activity for 500, 1,000, and 2,000 mg/kg-day TCE, respectively. The increasing
variability in response with TCE exposure concentration is readily apparent from these data as is
the decrease at the highest dose, perhaps reflective of toxicity. For acid phosphatase activity in
the liver, there was a slight increase (5-11%) with TCE exposure that did not appear to be dose-
related.

The authors report that histologically, “the liver exhibits swelling, vacuolization,
widespread degeneration/necrosis of hepatocytes as well as marked proliferation of endothelial
cells of hepatic sinusoids at 1,000 and 2,000 mg/kg TCE doses.” Only one figure is given at the
light microscopic level in which it is impossible to distinguish endothelial cells from Kupffer
cells and no quantitative measures or proliferation were examined or reported to support the
conclusion that endothelial cells are proliferating in response to TCE treatment. Similarly, no
quantitation regarding the extent or location of hepatocellular necrosis is given. The presence or
absence of inflammatory cells was not noted by the authors. In terms of white blood cell count,
the authors noted that it was slightly increased at 500 mg/kg-day but decreased at 1,000 and
2,000 mg/kg-day TCE, perhaps indicating macrophage recruitment from blood to liver and
kidney, which was also noted to have pathology at these concentrations of TCE.

E.2.2.3. Kjellstrand et al. (1981b)

This study was conducted in mice, rats, and gerbils and focused on the effects of 150 ppm
TCE exposure via inhalation on body and organ weight. No other endpoints other than organ
weights were examined in this study and the design of the study is such that quantitative
determinations of the magnitude of TCE response are very limited. NMRI mice (weighing ~30 g
with age not given), Sprague-Dawley rats (weighing ~200 g with age not given), and Mongolian
gerbils (weighing ~60 g with age not given) were exposed to 150-ppm TCE continuously. Mice
were exposed for 2, 5, 9, 16, and 30 days with the number of exposed animals and controls in the
2,5, 9, and 16 days groups being 10. For 30-day treatments, there were two groups of mice
containing 20 mice per group and one group containing 12 mice per group. In addition, there
was a group of mice (n = 15) exposed to TCE for 30 days and then examined 5 days after
cessation of exposure and another group (n = 20) exposed to TCE for 30 days and then examined
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30 days after cessation of exposure. For rats, there were three groups exposed to TCE for

30 days, which contained 24, 12, and 10 animals per group. For gerbils, there were three groups
exposed to TCE for 30 days, which contained 24, 8, and 8 animals per group. The groups were
reported to consist of equal numbers of males and females but for the mice exposed to TCE for
30 days and then examined 5 days later, the number was 10 males and 5 females. Body weights
were reported to be recorded before and after the exposure period. However, the authors state
“for technical reasons the animals within a group were not individually identified, i.e., we did not
know which initial weight in the group corresponded to which final one.” They authors stated
that this design presented problems in assessing the precision of the estimate. They go on to
state that rats and gerbils were partially identifiable as the animals were housed three to a cage
and cage averages could be estimated. Not only were mice in one group housed together, but:

even worse: at the start of the experiment, the mice in M2 [group exposed for

2 days] and M9 [group exposed for 9 days] were housed together, and similarly
M5 [group exposed for 5 days] and M16 [group exposed for 16 days]. Thus, we
had, e.g., 10 initial weights for exposed female mice in M2 and M9 where we
could not identify those 5 that were M2 weights. Owing to this bad design
(forced upon us by the lack of exposure units), we could not study weight gains
for mice and so we had to make do with an analysis of final weights.

The problems with the design of this study are obvious from the description given by the
authors themselves. The authors stated that they assumed that the larger the animal, the larger
the weight of its organs so that all organ weights were converted into relative weights as
percentage of body weight. The fallacy of this assumption is obvious, especially if there was
toxicity that decreased body weight and body fat but at the same time caused increased liver
weight, as has been observed in many studies at higher doses of TCE. In fact, Kjellstrand et al.
(1983Db) reported that a 150 ppm TCE exposure for 30 days does significantly decreases body
weight while elevating liver weight in a group of 10 male NMRI mice. Thus, the body weight
estimates from this study are inappropriate for comparison to those in studies where body
weights were actually measured. The liver/body weight ratios that would be derived from such
estimates of body weights would be meaningless.

The group averages for body weight reported for female mice at the beginning of the
30-day exposure varied significantly and ranged from 23.2 to 30.2 g (~24%). For males, the
group averages ranged from 27.3 to 31.4 g (~14%). For male mice, there was no weight estimate
for the animals that were exposed for 30 days and then examined 30 days after cessation of
exposure.

The authors only report relative organ weight at the end of the experiment rather than the
liver weights for individual animals. Thus, these values represent extrapolations based on what
body weight may have been. For mice that were exposed to TCE for 30 days and examined after

E-64


http://hero.epa.gov/index.cfm?action=search.view&reference_id=65254

30 days of exposure, male mice were reported to have “relative organ weight” for liver of 4.70 +
0.10 vs. 4.27 £ 0.13% for controls. However, there were no initial body weights reported for
these male mice, and the body weights are extrapolated values. Female mice exposed for

30 days and examined 30 days after cessation of exposure were reported to have “relative organ
weights” for liver 0f4.42 + 0.11 vs. 3.62 + 0.09% for controls. The group average of initial
body weights for this group was reported by the authors.

Although the initial body weight for female control mice as a group average was reported
to be similar between the female group exposed to 30 days of TCE and sacrificed 30 days later
and those exposed for 30 days and sacrificed 5 days later (30.0 vs. 30.8 g), the liver/body weight
ratio varied significantly in these controls (4.25 + 0.19 vs. 3.62 £ 0.09) as did the number of
animals studied (5 female mice in the animals sacrificed after 5 days exposure vs. 10 female
mice in the group sacrificed after 30 days exposure). In addition, although there were
differences between the three groups of mice exposed to TCE for 30 days and then sacrificed
immediately, the authors present the data for extrapolated liver/body weight as pooled results
between the three groups. In comparison to control values, the authors report 1.14-, 1.35-, 1.58-,
1.47-, and 1.75-fold of control for percent liver/body weight using body weight extrapolated
values in male mice at 2, 5, 9, 16, and 30 days of TCE exposure, respectively. For females, they
report 1.27-, 1.28-, 1.49-, 1.41-, and 1.74-fold of control at 2, 5, 9, 16, and 30 days of TCE,
respectively.

Although the authors combine female and male relative increases in liver weight in a
figure, assign error bars around these data point, and attempt to draw assign a time-response
curve to it, it is clear that these data, especially for female mice, do not display time-dependent
increase in liver/body weight from 5 to 16 days of exposure and that a comparison of results
between 5 and 26 animals is very limited in interpretation. Of note is the wide variation in the
control values for relative liver/body weight.

For male mice, there did not seem to be a consistent pattern with increasing duration of
the experiment, with values of 4.61, 5.15, 5.05, 4.93, and 4.04% for 2-, 5-, 9-, 16-, and 30-day
exposure groups. This represented a difference of ~27%. For female mice, the relative
liver/body weight was 4.14, 4.58, 4.61, 4.70, and 3.99% for 2-, 5-, 9-, 16-, and 30-day exposure
groups. Thus, it appears that the average relative liver/body weight percent was higher in the 5-,
9-, and 16-day treatment group for both genders than that in the 30-day group and was consistent
between these days. There is no apparent reason for there to be such large difference between
the 16- and 30-day treatment groups due to increasing age of the animals. Of note is that for the
control groups paired with animals treated for 30 days and then examined 30 days later, the male
mice had increased relative liver/body weights (4.27 vs. 4.04%), but that the females had
decreases (3.62 vs. 3.99%). Such variation between controls does not appear to be age or size
related, but rather due to variations in measure or extrapolations, which can affect comparisons
between treated and untreated groups and add more uncertainty to the estimates. In addition, the
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number of mice in the groups exposed to 2—16 days were only 5 animals for each gender in each
group, while the number of animals reported in the 30-day exposure group numbered 26 for each
gender.

For animals exposed to 30 days and then examined after 5 or 30 days, male mice were
reported to have percent liver/body weight 1.26- and 1.10-fold of control after 5 and 30 days
cessation of exposure, while female mice were reported to have values of 1.14- and 1.22-fold of
control after 5 and 30 days cessation of exposure, respectively. Again, the male mice exposed
for 30 days and then examined after 30 days of cessation of exposure did not have reported
initial body weights, giving this value a great deal of uncertainty. Thus, while liver weights
appeared to increase during 30 days of exposure to TCE and decrease after cessation of exposure
in both genders of mice, the magnitudes of the increases and decreases cannot be determined
from this experimental design. Of note is that liver weights appeared to still be elevated after
30 days of cessation exposure.

In regard to initial weights, the authors reported that the initial weights of the rats were
different in the three experiments they conducted with them and state that “in those 2 where
differences were found in females, their initial weights were about 200 g and 220 g, respectively,
while the corresponding weights were only about 160 g in that experiment where no differences
were found.” The differences in initial body weight of the rat groups were significant. In
females, group averages were 198, 158, and 224 g, for groups 1, 2, and 3, respectively, and for
males, group averages were 222, 166, and 248 g for groups 1, 2, and 3 respectively. This
represents as much as a 50% difference in initial body weights between these TCE treatment
groups. Control values varied as well with group averages for controls ranging from 167 g for
group 2 to 246 g for group 3 at the start of exposure. For female rats, control groups ranged from
158 to 219 g at the start of the experiment.

The number of animals in each group varied greatly as well, making quantitative
comparison even more difficult with the numbers varying between 5 and 12 for each gender in
rats exposed for 30 days to TCE. The authors pooled the results for these very disparate groups
of rats in their reporting of relative organ weights. They reported 1.26- and 1.21-fold of control
in male and female rat percent relative liver/body weight after 30 days of TCE exposure.
However, as stated above, these estimates are limited in their ability to provide a quantitative
estimate of liver weight increase due to TCE.

There were evidently differences between the groups of gerbils in response to TCE with
one group reported to have larger weight gain than control and the other two groups reported to
not show a difference by the authors. Of the three groups of gerbils, group 1 contained
12 animals per gender but groups 2 and 3 only 4 animals per gender. As with the rat
experiments, the initial average weights for the groups varied significantly (30% in females and
males). The authors pooled the results for these very disparate groups of gerbils in their
reporting of relative organ weights as well. They reported a nearly identical increase in relative
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liver/body weight increase for gerbils (1.22-fold of control value in males and 1.25-fold in
females) as for the rats after 30 days of TCE exposure. However, similar caveats should be
applied in the confidence in this experimental design to determine the magnitudes of response to
TCE exposure.

E.2.24. Woolhiser et al. (2006)

An unpublished report by Woolhiser et al. (2006) was received by the U.S. EPA to fill
the “priority data needed” for the immunotoxicity of TCE as identified by the ATSDR and
designed to satisfy U.S. EPA OPPTS 870.7800 Immunotoxicity Test Guidelines. The study was
conducted on behalf of the Halogenated Solvents Industry Alliance and has been submitted to the
U.S. EPA but not published. Although conducted as an immunotoxicity study, it does contain
information regarding liver weight increases in female Sprague-Dawley female rats exposed to 0,
100, 300, and 1,000 ppm TCE for 6 hours/day, 5 days/week for 4 weeks. The rats were 7 weeks
of age at the start of the study. The report gives data for body weight and food weight for
16 animals per exposure group and the mean body weights ranged between 181.8 and 185.5 g on
the first day of the experiment. Animals were weighed pre-exposure, twice during the first week,
and then “at least weekly throughout the study.” All rats were immunized with a single i.v.
injection of SRBCs via the tail vein at day 25. Liver weights were taken and samples of liver
retained “should histopathological examination have been deemed necessary.” But,
histopathological analysis was not conducted on the liver.

The effect on body weight gain by TCE inhalation exposure was shown by 5 days and
continued for 10 days of exposure in the 300 and 1,000 ppm groups. By day 28, the mean body
weight for the control group was reported to be 245.7 g, but 234.4, 232.4, and 232.4 g for the
100, 300, and 1,000 ppm groups, respectively. Food consumption was reported to be decreased
in the day 1-5 measurement period for the 300 and 1,000 ppm exposure groups and in the 5—
10-day measurement period for the 100 ppm group.

Although body weight and food consumption data are available for 16 animals per
exposure group, for organ and organ/body weight summary data, the report gives information for
only eight rats per group. The report gives individual animal data in its appendix so that the data
for the eight animals in each group examined for organ weight changes could be examined
separately. The final body weights were reported to be 217.2, 212.4, 203.9, and 206.9 g for the
control, 100, 300, and 1,000 ppm exposure groups containing only eight animals. For the
8-animal exposure groups, the mean initial body weights were 186.6, 183.7, 181.6, and 181.9 g
for the control, 100, 300, and 1,000 ppm groups. Thus, there was a difference from the initial
and final body weight values given for the groups containing 16 rats and those containing 8 rats.
The ranges of initial body weights for the eight animals were 169.8-204.3, 162.0-191.2, 169.0—
201.5, and 168.2-193.7 g for the control, 100-, 300 -, and 1,000-ppm groups. Thus, the control
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group began with a larger mean value and large range of values (20% difference between highest
and lowest weight rat) than the other groups.

In terms of the percent liver/body weight ratios, an increase due to TCE exposure is
reported in female rats, although body weights were larger in the control group and the two
higher exposure groups did not gain body weight to the same extent as controls. The mean
percent liver/body weight ratios were 3.23, 3.39, 3.44, and 3.65%, respectively, for the control,
100, 300, and 1,000 ppm exposure groups. This represented 1.05-, 1.07-, and 1.13-fold of
control percent liver/body weight changes in the 100, 300, and 1,000 ppm groups. However, the
small number of animals and the variation in initial animal weight limit the ability of this study
to determine statistically significant increases and the authors report that only the 1,000 ppm
group had statistically significant liver weight increases.

E.2.2.5. Kjellstrand et al. (1983b)

This study examined seven strains of mice (wild, C57BL, DBA, B6CBA, A/sn, NZB, and
NMRI) after continuous inhalation exposure to 150 ppm TCE for 30 days. “Wild” mice were
reported to be composed of “three different strains: 1. Hairless (HR) from the original strain,

2. Swiss (outbred), and 3. Furtype Black Pelage (of unknown strain).” The authors did not state
the age of the animals prior to TCE exposure, but stated that weight-matched controls were
exposed to air only chambers. The authors stated that “the exposure methods” have been
described earlier (Kjellstrand et al., 1980) but the only reference provided was (Kjellstrand et al.,
1981b). In both this study (Kjellstrand et al., 1983b) and the 1981 study, animals were
continuously exposed with only a few hours of cessation of exposure noted each week, for a
change of food and bedding. Under this paradigm, there is the possibility of additional oral
exposure to TCE due to grooming and consumption of TCE on food in the chamber.

The study was reported to be composed of two independent experiments with the
exception of strain NMRI, which had been studied in Kjellstrand et al. (1983a; 1981b). The
number of animals examined in this study ranged from three to six in each treatment group. The

authors reported “significant difference between the animals intended for TCE exposure and the
matched controls intended for air-exposure were seen in four cases (Table 1),” and stated that the
grouping effects developed during the 7-day adaptation period. Premature mortality was
attributed to an accident for one TCE-exposed DBA male and fighting to the deaths of two
TCE-exposed NZB females and one B6CBA male in each air exposed chamber. Given the small
number of animals examined in this study in each group, such losses significantly decrease the
power of the study to detect TCE-induced changes. The range of initial body weights between
the groups of male mice for all strains was between 18 g (as mean value for the A/sn strain) and
32 g (as mean value for the B6CBA strain) or ~44%. For females, the range of initial body
weights between groups for all strains was 15 g (as mean value for the A/sn strain) and 24 g (as
mean value for the DBA strain) or ~38%.
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Rather than reporting percent liver/body weight ratios or an extrapolated value, as was
done in Kjellstrand et al. (1981b), this study only reported actual liver weights for treated and
exposed groups at the end of 30 days of exposure. The authors reported final body weight
changes in comparison to matched control groups at the end of the exposure periods but not the
changes in body weight for individual animals. They reported the results from statistical
analyses of the difference in values between TCE and air-exposed groups.

A statistically significant decrease in body weight was reported between TCE-exposed
and control mice in experiment 1 of the C57BL male mice (~20% reduction in body weight due
to TCE exposure). This group also had a slight but statistically significant difference in body
weight at the beginning of exposure, with the control group having a ~5% difference in starting
weight. There was also a statistically significant decrease in body weight of 20% reported after
TCE exposure in one group of male BGCBA mice that did not have a difference in body weight
at the beginning of the experiment between treatment and control groups. One group of female
and both groups of male A/sn mice had statistically significant decreases in body weight after
TCE exposure (10% for the females, and 22 and 26% decreases in the two male groups) in
comparison to untreated mice of the same strain. The magnitude of body weight decrease in this
strain after TCE treatment also reflects differences in initial body weight as there were also
differences in initial body weight between the two groups of both treated and untreated A/sn
males that were statistically significant, 17 and 10% respectively. One group of male NZB mice
had a significant increase in body weight after TCE exposure of 14% compared to untreated
animals. A female group from the same strain treated with TCE was reported to have a
nonsignificant 7% increase in final body weight in comparison to its untreated group. The one
group of male NMRI mice (n = 10) in this study was reported to have a statistically significant
12% decrease in body weight compared to controls.

For the groups of animals with reported TCE exposure-related changes in final body
weight compared to untreated animals, such body weight changes may also have affected the
liver weights changes reported. The authors did not explicitly state that they did not record liver
and body weights specifically for each animal, and thus, would be unable to determine liver/body
weight ratios for each. However, they did state that the animals were housed 4-6 in each cage
and placed in exposure chambers together. The authors only present data for body and liver
weights as the means for a cage group in the reporting of their results. While this approach lends
more certainty in their measurements than the approach taken by Kjellstrand et al. (1981b) as
described above, the relative liver/body weights cannot be determined for individual animals.

It appears that the authors tried to carefully match the body weights of the control and
exposed mice at the beginning of the experiment to minimize the effects of initial body weight
differences and distinguish the effects of treatment on body weight and liver weight. However,
there was no ability to determine liver/body weight ratios and adjust for difference in initial body
weight from changes due to TCE exposure. For the groups in which there was no change in
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body weight after TCE treatment and in which there was no difference in initial body weight
between controls and TCE-exposed groups, the reporting of liver weight changes due to TCE
exposure is a clearer reflection of TCE-induced effects and the magnitude of such effects.
Nevertheless, the small number of animals examined in each group is still a limitation on the
ability to determine the magnitude of such responses and there statistical significance.

In wild-type mice, there were no reported significant differences in the initial and final
body weight of male or female mice before or after 30 days of TCE exposure. For these groups
there was 1.76- and 1.80-fold of control values for liver weight in groups 1 and 2 for female
mice, and for males 1.84- and 1.62-fold of control values for groups 1 and 2, respectively. For
DBA mice, there were no reported significant differences in the initial and final body weight of
male or female mice before or after 30 days of TCE exposure. For DBA mice, there was
1.87- and 1.88-fold of control for liver weight in groups 1 and 2 for female mice, and 1.45- and
2.00-fold of control for group 1 and 2 males, respectively. These groups represent the most
accurate data for TCE-induced changes in liver weight not affected by initial differences in body
weight or systemic effects of TCE, which resulted in decreased body weight gain. These results
suggest that there is more variability in TCE-induced liver weight gain between groups of male
than female mice.

The C57BL, B6CBA, NZB, and NMRI groups all had at least one group of male mice
with changes in body weight due to TCE exposure. The A/sn group had not only decreased body
weight in both male groups after TCE exposure (along with differences between exposed and
control groups at the initiation of exposure), but also decreased body weight in one of the female
groups. Thus, the results for TCE-induced liver weight change in these male groups also
reflected changes in body weight. These results suggest a strain-related increased sensitivity to
TCE toxicity as reflected by decreased body weight.

For C57BL mice, there was 1.65- and 1.60-fold of control for liver weight after TCE
exposure was reported in groups 1 and 2 for female mice, and for males, 1.28-fold (the group
with decreased body weight) and 1.82-fold of control values for groups 1 and 2, respectively.
For B6CBA mice there was 1.70- and 1.69-fold of controls values for liver weight after TCE
exposure in groups 1 and 2 for female mice, and for males, 1.21-fold (the group with decreased
body weight) and 1.47-fold of control values reported for groups 1 and 2, respectively. For the
NZB mice, there was 2.09-fold (n = 3) and 2.08-fold of control values for liver weight after TCE
exposure in groups 1 and 2 for female mice, and for males, 2.34- and 3.57-fold (the group with
increased body weight) of control values reported for groups 1 and 2, respectively. For the
NMRI mice, whose results were reported for one group with 10 mice, there was 1.66-fold of
control value for liver weight after TCE exposure for female mice, and for males, 1.68-fold of
control value reported (a group with decreased body weight). Finally, for the A/sn strain that had
decreased body weight in all groups but one after TCE exposure and significantly smaller body
weights in the control groups before TCE exposure in both male groups, the results still show
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TCE-related liver weight increases. For the As/n mice, there was 1.56- and 1.72-fold (a group
with decreased body weight) of control value for liver weight in groups 1 and 2 for female mice,
and for males, 1.62-fold (a group with decreased body weight) and 1.58-fold (a group with
decreased body weight) of control values reported for groups 1 and 2, respectively.

The consistency between groups of female mice of the same strain for TCE-induced liver
weight gain, regardless of strain examined, is striking. The largest difference within female
strain groups occurred in the only strain in which there was a decrease in TCE-induced body
weight. For males, even in strains that did not show TCE-related changes in body weight, there
was greater variation between groups than in females. For strains in which one group had
TCE-related changes in body weight and another did not, the group with the body weight
decrease always had a lower liver weight as well. Groups that had increased body weight after
TCE exposure also had an increased liver weight in comparison to the groups without a body
weight change. These results demonstrate the importance of carefully matching control animals
to treated animals and the importance of the effect of systemic toxicity, as measured by body
weight decreases, on the determination of the magnitude of liver weight gain induced by TCE
exposure. These results also show the increased variation in TCE-induced liver weight gain
between groups of male mice and an increase incidence of body weight changes due to TCE
exposure in comparison to females, regardless of strain.

In terms of strain sensitivity, it is important not only to take into account differing effects
on body weight changes due to TCE exposure but also to compare animals of the same age or
beginning weight as these, parameters may also affect liver weight gain or toxicity induced by
TCE exposure. The authors do not state the age of the animals at the beginning of exposure and
report, as stated above, a range of initial body weights between the groups as much as 44% for
males and 38% for females. These differences can be due to strain and age. The differences in
final body weight between the groups of controls, when all animals would have been 30 days
older and more mature, was still as much as 48% for males and 44% for females.

The data for female mice, in which body weight was decreased by TCE exposure only in
one group in one strain, suggest that the magnitude of TCE-induced liver weight increase was
correlated with body weight of the animals at the beginning of the experiment. For the C57BL
and As/n strains, female mice starting weights were averaged 17.5 and 15.5 g, respectively,
while the average liver weights were 1.63- and 1.64-fold of control after TCE exposure,
respectively. For the B6GCBA, wild-type, DBA, and NZB female groups, the starting body
weights averaged 22.5, 21.0, 23.0, and 21.0 g, respectively, while the average liver weight
increases were 1.70-, 1.78-, 1.88-, and 2.09-fold of control after TCE exposure. Thus, groups of
female mice with higher body weights, regardless of strain, generally had higher increases in
TCE-induced liver weight increases.

The NMRI group of female mice, did not follow this general pattern and had the highest
initial body weight for the single group of 10 mice reported (i.e., 27 g) associated with a
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1.66-fold of control value for liver weight. It is probable that the data for these mice had been
collected from another study. In fact, the starting weights reported for these groups of 10 mice
are identical to the starting weights reported for 26 mice examined in Kjellstrand et al. (1981b).
However, while this study reports a 1.66-fold of control value for liver weight after 30 days of
TCE exposure, the extrapolated percent liver/body weight given in the 1981 study for 30 days of
TCE exposure was 1.74-fold of control in female NMRI mice. In the Kjellstrand et al. (1983a)
study, discussed below, 10 female mice were reported to have a 1.66-fold of control value for
liver weight after 30 days exposure to 150 ppm TCE with an initial starting weight of 26.7 g.
Thus, these data appear to be from that study. Thus, differences in study design, variation
between experiments, and strain differences may account for the differences results reported in
Kjellstrand et al. (1983b) for NMRI mice and the other strains in regard to the relationship to
initial body weight and TCE response of liver weight gain.

These data suggest that initial body weight is a factor in the magnitude of TCE-induced
liver weight induction rather than just strain. For male mice, there appeared to be a difference
between strains in TCE-induced body weight reduction, which in turn affects liver weight. The
DBA and wild-type mice appeared to be the most resistant to this effect (with no groups
affected), while the C57BL, B6CBA, and NZB strains appearing to have at least one group
affected, and the A/sn strain having both groups of males affected. Only one group of NMRI
mice were reported in this study and that group had TCE-induced decreases in body weight.

As stated above, there appeared to be much greater differences between groups of males
within the same strain in regard to liver weight increases than for females and that the increases
appeared to be affected by concurrent body weight changes. In general, the strains and groups
within strains, that had TCE-induced body weight decreases had the smallest increases in liver
weight, while those with no TCE-induced changes in body weight in comparison to untreated
animals (i.e., wild-type and DBA) or had an actual increase in body weight (one group of NZB
mice) had the greatest TCE-induced increase in liver weight. Therefore, only examining liver
weight in males rather than percent liver/body weight ratios would not be an accurate predictor
of strain sensitivity at this dose due to differences in initial body weight and TCE-induced body
weight changes.

E.2.2.6. Kjellstrand et al. (1983a)

This study was conducted in male and female NMRI mice with a similar design as
Kjellstrand et al. (1983b). The ages of the mice were not given by the authors. Animals were
housed 10 animals per cage and exposed from 30 to 120 days at concentrations ranging from
37 to 3,600 ppm TCE. TCE was stabilized with 0.01% thymol and 0.03% diisopropylene.
Animals were exposed continuously with exposure chambers being opened twice a week for
change of bedding food and water resulting in a drop in TCE concentration of ~1 hour. A group
of mice was exposed intermittently with TCE at night for 16 hours. This paradigm results not
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only in inhalation exposure, but also oral exposure from TCE adsorption to food and grooming
behavior. The authors state that “the different methodological aspects linked to statistical
treatment of body and organ weights have been discussed earlier (Kjellstrand et al., 1981b). The

same air-exposed control was used in three cases.” The design of the experiment, in terms of

measurement of individual organ and body weights and the inability to assign a percent
liver/body weight for each animal, and limitations are similar to that of Kjellstrand et al. (1983a).

The exposure design was for groups of male and female mice to be exposed to 37, 75,
150, and 300 ppm TCE continuously for 30 days (n = 10 per gender and group except for the
37 ppm exposure groups) and then for liver weight and body weight to be determined.
Additional groups of animals were exposed for 150 ppm continuously for 120 days (n = 10).
Intermittent exposure of 4 hours/day for 7 days/week were conducted for 120 days at 900 ppm
and examined immediately or 30 days after cessation of exposure (n = 10). Intermittent
exposures of 16 hours/day at 255-ppm group (n = 10), 8 hours/day at 450 ppm, 4 hours/day at
900 ppm, 2 hours/day at 1,800 ppm, and 1 hour/day at 3,600 ppm 7 days/week for 30 days were
also conducted (n = 10 per group).

As in Kjellstrand et al. (1983b), body weights for individual animals were not recorded in
a way that the initial and final body weights could be compared. The approach taken by the
authors was to match the control group at the initiation of exposure and compare control and
treated average values. At the beginning of the experiment, only one group began the
experiment with a statistically significant change in body weight between treated and control
animals (female mice exposed 16 hours a day for 30 days). In regard to final body weight, which
would indicate systemic TCE toxicity, five groups had significantly decreased body weight (i.e.,
males exposed to 150 ppm continuously for 30 or 120 days, males and females exposed
continuously to 300 ppm for 30 days) and two groups significantly increased body weight (i.e.,
males exposed to 1,800 ppm for 2 hours/day and 3,600 ppm for 1 hour/day for 30 days) after
TCE exposure.

Thus, the accuracy of determining the effect of TCE on liver weight changes, reported by
the authors in this study for groups in which body weight were also affected by TCE exposure,
would be affected by similar issues as for data presented by Kjellstand et al. (1983b). In
addition, comparison in results between the 37 ppm exposure groups and those of the other
groups would be affected by difference in number of animals examined (10 vs. 20). As with
Kjellstrand et al. (1983b), the ages of the animals in this study are not given by the author.
Difference in initial body weight (which can be affected by age and strain) reported by
Kjellstrand et al. (1983b) appeared to be correlated with the degree of TCE-induced change in
liver weight. Although each exposed group was matched to a control group with a similar
average weight, the average initial body weights in this study varied between groups (i.e., as
much as 14% in female control, 16% in TCE-exposed female mice, 12% in male control, and
16% in male exposed mice).
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For female mice exposed to 37—-300 ppm TCE continuously for 30 days, only the 300 pm
group experienced a 16% decrease in body weight between control and exposed animals. Thus,
liver weight increased reported by this study after TCE exposure were not affected by changes in
body weight for exposures <300 ppm in female mice. Initial body weights in the TCE-exposed
female mice were similar in each of these groups (i.e., range of 29.2-31.6 g, or 8%), with the
exception of the females exposed to 150 ppm TCE for 30 days (i.e., initial body weight of
27.3 g), reducing the effects of differences in initial body weight on TCE-induced liver weight
induction. Exposure to TCE continuously for 30 days resulted in a dose-dependent change in
liver weight in female mice with 1.06-, 1.27-, 1.66-, and 2.14-fold of control values reported for
liver weight at 37, 75, 150, and 300 ppm TCE, respectively. In females, the increase at 300 ppm
was accompanied by statistically significant decreased body weight in the TCE exposed groups
compared to control (~16%). Thus, the response in liver weight gain at that exposure is in the
presence of toxicity. However, the TCE-induced increases in liver weight consistently increased
with dose of TCE in a linear fashion.

For male mice exposed to 37-300 ppm TCE continuously for 30 days, both the 150 and
300 ppm groups experienced a 10 and 18% decrease in body weight after TCE exposure,
respectively. The 37 and 75 ppm groups did not have decreased body weight due to TCE
exposure, but varied by 12% in initial body weight. Thus, there are more factors affecting
reported liver weight increases from TCE exposure in the male than female mice, most
importantly toxicity. Exposure to TCE continuously for 30 days resulted in liver weights of
1.15-, 1.50-, 1.69-, and 1.90-fold of control for 37, 75, 150, and 300 ppm, respectively. The
flattening of the dose-response curve for liver weight in the male mice is consistent with the
effects of toxicity at the two highest doses, and thus, the magnitude of response at these doses
should be viewed with caution. Consistent with Kjellstrand et al. (1983b) results, male mice in
this study appeared to have a higher incidence of TCE-induced body weight changes than female
mice.

The effects of extended exposure, lower durations of exposure but at higher
concentrations, and of cessation of exposure were examined for >150 ppm TCE. Mice exposed
to TCE at 150 ppm continuously for 120 days were reported to have increased liver weight (i.e.,
1.57-fold of control for females and 1.49-fold of control for males), but in the case of male mice,
also to have a significant decrease in body weight of 17% in comparison to control groups.
Increasing the exposure concentration to 900-ppm TCE and reducing exposure time to
4 hours/day for 120 days also resulted in increased liver weight (i.e., 1.35-fold of control for
females and 1.49-fold of controls for males) but with a significant decrease in body weight in
females of 7% in comparison to control groups. For mice that were exposed to 150 ppm TCE for
30 days and then examined 120 days after the cessation of exposure, liver weights were 1.09-fold
of control for female mice and the same as controls for male mice.
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With the exception of 1,800 and 3,600 ppm TCE groups exposed at 2 and 1 hour,
respectively, exposure from 225, 450, and 900 ppm at 16, 8, and 4 hours, respectively, for
30 days did not result in decreased body weight in males or female mice. These exposures did
result in increased liver weights in relation to control groups and for female mice the magnitude
of increase was similar (i.e., 1.50-, 1.54-, and 1.51-fold of control for liver weight after exposure
to 225 ppm TCE 16 hours/day, 450 ppm TCE 8 hours/day, and 900 ppm TCE 4 hours/day,
respectively). For these groups, initial body weights varied by 13% in females and 14% in
males. Thus, under circumstances without body weight changes due to TCE toxicity, liver
weight appeared to have a consistent relationship with the product of duration and concentration
of exposure in female mice.

For male mice, the increases in TCE-induced liver weight were more variable (i.e., 1.94-,
1.74-, and 1.61-fold of control for liver weight after exposure to 225 ppm TCE 16 hours/day,
450 ppm TCE 8 hours/day, and 900 ppm TCE 4 hours/day, respectively) with the product of
exposure duration and concentration did not result in a consistent response in males (e.g., a lower
dose for a longer duration of exposure resulted in a greater response than a larger dose at a
shorter duration of exposure).

Kjellstrand et al. (1983a) reported light microscopic findings from this study and report

that:

after 150 ppm exposure for 30 days, the normal trabecular arrangement of the
liver cells remained. However, the liver cells were generally larger and often
displayed a fine vacuolization of the cytoplasm. The nucleoli varied slightly to
moderately in size and shape and had a finer, granular chromatin with a varying
basophilic staining intensity. The Kupffer cells of the sinusoid were increased in
cellular and nuclear size. The intralobular connective tissue was infiltrated by
inflammatory cells. There was no sign of bile stasis. Exposure to TCE in higher
or lower concentrations during the 30 days produced a similar morphologic
picture. After intermittent exposure for 30 days to a time weighted average
concentration of 150 ppm or continuous exposure for 120 days, the trabecular
cellular arrangement was less well preserved. The cells had increased in size and
the variations in size and shape of the cells were much greater. The nuclei also
displayed a greater variation in basophilic staining intensity, and often had one or
two enlarged nucleoli. Mitosis was also more frequent in the groups exposed for
longer intervals. The vacuolization of the cytoplasm was also much more
pronounced. Inflammatory cell infiltration in the interlobular connective tissue
was more prominent. After exposure to 150 ppm for 30 days, followed by

120 days of rehabilitation, the morphological picture was similar to that of the air-
exposure controls except for changes in cellular and nuclear sizes.

Although not reporting comparisons between changes in male and female mice in the
results section of the paper, the authors stated in the discussion section that “However, liver mass
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increase and the changes in liver cell morphology were similar in TCE-exposed male and female
mice.”

The authors do not present any quantitative data on the lesions they describe, especially
in terms of dose-response. Most of the qualitative description is for the 150 ppm exposure level,
in which there are consistent reports of TCE induced body weight decreases in male mice. The
authors suggest that lower concentrations of TCE give a similar pathology as those at the
150 ppm, but did not present data to support that conclusion. Although stating that Kupffer cells
were increased in cellular and nuclear size, no differential staining was applied light microscopy
sections distinguish Kupffer from endothelial cells lining the hepatic sinusoid in this study.
Without differential staining, such a determination is difficult at the light microscopic level.
Indeed, Goel et al. (1992) describe proliferation of sinusoidal endothelial cells after 1,000 and
2,000 mg/kg-day TCE exposure for 28 days in male Swiss mice. However, the described
inflammatory cell infiltrates in the Kjellstrand et al. (1983a) study are consistent with invasion of
macrophages and well as polymorphonuclear cells into the liver, which could activate resident
Kupffer cells.

Although not specifically describing the changes as consistent with increased
polyploidization of hepatocytes, the changes in cell size and especially the continued change in
cell size and nuclear staining characteristics after 120 days of cessation of exposure are
consistent with changes in polyploidization induced by TCE. Of note is that in the histological
description provided by the authors, although vacuolization is reported and consistent with
hepatotoxicity or lipid accumulation, which is lost during routine histological slide preparation,
there is no mention of focal necrosis or apoptosis resulting from these exposures to TCE.

E.2.2.7. Buben and O’Flaherty (1985)

This study was conducted with older mice than those generally used in chronic exposure
assays (male Swiss-Cox outbred mice between 3 and 5 months of age) with a weight range
reported between 34 and 45 g. The mice were administered distilled TCE in corn oil by gavage
5 times/week for 6 weeks at exposure concentrations of either 0, 100, 200, 400, 800, 1,600,
2,400, or 3,200 mg TCE/kg-day. While 12—-15 mice were used in most exposure groups, the
100 and 3,200 mg/kg groups contained 4—6 mice and the two control groups consisted of 24 and
26 mice. Liver toxicity was determined by “liver weight increases, decreases in liver glucose-
6-phosphate (G6P) activity, increases in liver triglycerides, and increases in serum glutamate-
pyruvate transaminase (SGPT) activity.” Livers were perfused with cold saline prior to testing
for weight and enzyme activity and hepatic DNA was measured.

The authors reported the mice to tolerate the 6-week exposed with TCE with few deaths
occurring except at the highest dose and that such deaths were related to CNS depression. Mice
in all dose groups were reported to continue to gain weight throughout the 6-week dosing period.
However, TCE exposure caused “dose-related increases in liver weight to body weight ratio and
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since body weight of mice were generally unaffected by treatment, the increases represent true
liver weight increases.” Exposure concentrations, as low as 100 mg/kg-day, were reported to be
“sufficient to cause statistically significant increase in the liver weight/body weight ratio,” and
the increases in liver size to be “attributable to hypertrophy of the liver cells, as revealed by
histological examination and by a decrease in the DNA concentration in the livers.”

Mice in the highest dose group were reported to display liver weight/body weight ratios
that were about ~75% greater than those of controls and even at the lowest dose there was a
statistically significant increase (i.e., control liver/body weight percent was reported to be 5.22 +
0.09 vs. 5.85 £ 0.20% in 100 mg/kg-day exposed mice). The percent liver/body ratios were
5.22 +0.09, 5.84 +0.20,5.99 + 0.13, 6.51 £ 0.12, 7.12 £ 0.12, 8.51 £ 0.20, 8.82 £ 0.15, and
9.12 £ 0.15% for control (n = 24), 100 (n =5), 200 (n = 12), 400 (n = 12), 800 (n = 12),

1,600 (n =12), 2,400 (n = 12), and 3,200 (n = 4) mg/kg-day TCE. This represents 1.12-, 1.15-,
1.25-, 1.36-, 1.63-, 1.69-, and 1.75-fold of control for these doses. All dose groups of TCE
induced a statistically significant increase in liver/body weight ratios. For the 200-1,600 mg/kg-
day exposure levels, the magnitudes of the increases in TCE exposure concentrations were
similar to the magnitudes of TCE-induced increases in percent liver/body weight ratios (i.e., an
approximately twofold increase in TCE dose resulted in ~1.7-fold increase change in percent
liver/body weight).

TCE exposure was reported to induce a dose-related trend towards increased triglycerides
(i.e., control values of 3.08 £ 0.29 vs. 6.89 + 1.40 at 2,400 mg/kg TCE) with variation of
response increased with TCE exposure. For liver triglycerides, the reported values in mg/g liver
were 3.08 £0.29 (n=24),3.12+0.49(n=5),4.41+£0.76 (n = 12), 453 £ 1.05 (n = 12),

576 £0.85 (n=12),5.82+0.93 (n = 12), 6.89 £ 1.40 (n = 12), and 7.02 + 0.69 (n = 4) for
control, 100, 200, 400, 800, 1,600, 2,400, and 3,200 mg/kg-day dose groups, respectively.

For G6P, the values in pg phosphate/mg protein/20 minutes were 125.5 + 3.2 (n = 12),
117.8+6.0(n=5),116.4+28(n=9),117.3+46(n=9),111.7+3.3(n=9),899+1.7
(n=9),83.8+2.1(n=8),and 83.0 = 7.0 (n = 3) for the same dose groups. Only the
2,400 mg/kg-day group was reported to be statistically significantly increased for triglycerides
after TCE exposure although there appeared to be a dose-response. For decreases in G6P, doses
>800 mg/kg-day were statistically significant.

The numbers of animals varied between groups in this study but, in particular, only a
subset of the animals were tested for G6P with the authors providing no rationale for the
selection of animals for this assay. The differences in the number of animals per group and small
number of animals per group affected the ability to determine a statistically significant change in
these parameters but the changes in liver weights were robust enough and the variation was small
enough between groups that all TCE-induced changes were described as statistically significant.
The livers of TCE treated mice, although enlarged, were reported to appear normal.
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A dose-related decrease in G6P activity was reported with similar small decreases
(~10%) observed in the TCE exposed groups that did not reach statistical significance until the
dose reached 800 mg/kg TCE exposure. SGPT activity was not observed to be increased in
TCE-treated mice except at the two highest doses and even at the 2,400 mg/kg-day dose half of
the mice had normal values. The large variability in SGPT activity was indicative of
heterogeneity of this response between mice at the higher exposure levels for this indicator of
liver toxicity. However, the results of this study also demonstrate that hepatomegaly was a
robust response that was observed at the lowest dose tested, was dose-related, and was not
accompanied by toxicity.

Liver histopathology and DNA content were determined only in control, 400, and
1,600 mg/kg-day TCE exposure groups. DNA content was reported to be significantly decreased
from 2.83 £ 0.17 mg/g liver in controls to 2.57 + 0.14 in 400 mg/kg-day TCE treated group, and
to 2.15 + 0.08 mg/kg-day liver in the 1,600 mg/kg-day exposed group. This result was consistent
with a decreased number of nuclei/g of liver and hepatocellular hypertrophy.

Liver degeneration was reported as swollen hepatocytes and to be common with
treatment. “Cells had indistinct borders; their cytoplasm was clumped and a vesicular pattern
was apparent. The swelling was not simply due to edema, as wet weight/dry weight ratios did
not increase.” Karyorrhexis (the disintegration of the nucleus) was reported to be present in
nearly all specimens and suggestive of impending cell death. A qualitative scale of negative, 1,
2, 3, or 4 was given by the authors to rate their findings without further definition or criterion
given for the ratings. “No karyorrhexis, necrosis, or polyploidy was reported in controls, but a
score of 1 for karyorrhexis was given for 400 mg/kg TCE and 2 for 1,600 mg/kg TCE.” Central
lobular necrosis reported to be present only at the 1,600 mg/kg-day TCE exposure level and as a
score of 1. “Polyploidy was also characteristic in the central lobular region” with a score of 1 for
both 400 and 1,600 mg/kg TCE. The authors reported that “hepatic cells had two or more nuclei
or had enlarged nuclei containing increased amounts of chromatin, suggesting that a regenerative
process was ongoing” and that there were no fine lipid droplets in TCE-exposed animals.

The finding of “no polyploidy” in control mouse liver is unexpected given that binucleate
and polyploid hepatocytes are a common finding in the mature mouse liver. It is possible that
the authors were referring to unusually high instances of “polyploidy” in comparison to what
would be expected for the mature mouse. The score given by the authors for polyploidy did not
indicate a difference between the two TCE exposure treatments and that it was of the lowest
level of severity or occurrence.

No score was given for centrolobular hypertrophy although the DNA content and liver
weight changes suggested a dose response. The “karyorrhexis” described in this study could
have been a sign of cell death associated with increased liver cell number or dying of maturing
hepatocytes associated with the increased ploidy, and suggests that TCE treatment was inducing
polyploidization. Consistent with enzyme analyses, centrilobular necrosis was only seen at the
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highest dose and with the lowest qualitative score, indicating that even at the highest dose there
was little toxicity.

Thus, the results of this study of TCE exposure for 6 weeks are consistent with acute
studies and show that the region of the liver affected by TCE is the centrilobular region, that
hepatocellular hypertrophy is observed in that region, and that increased liver weight is induced
at the lowest exposure level tested and much lower than those inducing overt toxicity. These
authors suggest that polyploidization is occurring as a result of TCE exposure, although a
quantitative dose-response cannot be determined from these data.

E.2.2.8. Channel et al. (1998)

This study was performed in male hybrid B6C3F;/CrIBR mice (13 weeks old, 25-30 g)
and focused on indicators of oxidative stress. TCE was administered by gavage 5 days/week in
corn oil for up to 55 days for some groups. Although the study design indicated that water
controls, corn oil controls, and exposure levels of 400, 800, and 1,200 mg/kg-day TCE in corn
oil, results were not presented for water controls for some parameters measured. Initial body
weights and those recorded during the course of the study were not reported for individual
treatment groups. Liver samples were collected on study days 2, 3, 6, 10, 14, 21, 28, 35, 42, 49,
and 56. Histopathology was studied from a single section taken from the median lobe.
Thiobarbituric acid-reactive substances (TBARS) were determined from whole-liver
homogenates. Nuclei were isolated from whole-liver homogenates and DNA assayed for
8-hydroxy-2’ deoxyguanosine (8-OHdG). There was no indication that parenchymal cell and
nonparenchymal cells were distinguished in the assay. Free radical electron paramagnetic
resonance (EPR) for total radicals was analyzed in whole-liver homogenates. For peroxisome
detection and analysis, livers from three mice from the 1,200 mg/kg-day TCE and control (oil
and water) groups were analyzed via electron microscopy. Only centrilobular regions, the area
stated by the authors to be the primary site of peroxisome proliferation, were examined. For
each animal, 7 micrographs of randomly chosen hepatocytes immediately adjacent to the central
vein were examined with peroxisomal area to cytoplasmic area, the number of peroxisomes per
unit area of cytoplasm, and average peroxisomal size quantified. Proliferation cell nuclear
antigen (PCNA), described as a marker of cell cycle except GO, was examined in histological
sections for a minimum of 18 fields per liver section. The authors did not indicate what areas of
the liver lobule were examined for PCNA. Apoptosis was detected on liver sections using a
apoptosis kit using a single liver section from the median lobe and based on the number of
positively labeled cells per 10 mm? in combination with the morphological criteria for apoptosis
of Columbano et al. (1985). However, the authors did not indicate what areas of the liver lobule
were specifically examined.

The authors reported that body weight gain was not adversely affected by TCE dosing of
the time course of the study but did not show the data. No gross lesions were reported to be
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observed in any group. For TBARS, no water control data were reported by the authors. Data
were presented for six animals per group for the corn oil control group and the 1,200 mg/kg-day
group (error bars representing the SE). No data were presented without corn oil so that the
effects of corn oil on the first day of the study (day 2 of dosing) could not be determined.

After 2 and 3 days of dosing, the corn oil and 1,200 mg/kg-day TCE groups appeared to
have similar levels of TBAR detected in whole liver as nmol TBARS/mg protein. However, by
day 6, the corn oil treated control had a decrease in TBAR that continued until day 15 where the
level was ~50% of that reported on days 2 and 3. The variation between animals as measured by
SE was reported to be large on day 10. By day 20, there was a slight increase in variation that
declined by day 35 and stayed the same through day 55. For the TCE-exposed group, the
TBARS remained relatively consistent and began to decline by about day 20 to a level that
similar to the corn oil declines by day 35. Therefore, corn oil alone had a significant effect on
TBAR detection inducing a decline by 6 days of administration that persisted thought 55 days.
TCE administration at the 1,200 mg/kg-day dose in corn oil appeared to have a delayed decline
in TBARS. The authors interpreted this pattern to show that lipid peroxidation was elevated in
the 1,200 mg/kg-day TCE group at day 6 over corn oil. However, corn oil alone induced a
decrease in TBARs. At no time was TBARS in the TCE treatment groups reported to be greater
than the initial levels at days 2 and 3, a time in which TCE and corn oil treatment groups had
similar levels. Rather than inducing increasing TBARS over the time course of the study, TCE,
at the 1,200 mg/kg-day dose, appeared to delay the corn oil induced suppression of TBARS
detection. Because the authors did not present data for aqueous control animals, the time course
of TBARS detection in the absence of corn oil cannot be established.

For the 800 and 400 mg/kg-day TCE data, the authors presented a figure, without SE
information, for up to 35 days that shows little difference between 400 mg/kg TCE treatment and
corn oil suppression of TBAR induction. There was little difference between the patterns of
TBAR detection for 800 and 400 mg/kg-day TCE, indicating that both delayed TBARS
suppression by corn oil to a similar extent and did not induce greater TBARS than corn oil alone.

For 8-OHdG levels, the authors reported that elevations were modest with the greatest
increase noted in the 1,200 mg/kg-day TCE treatment group of 196% of oil controls on day 56.
Levels fluctuated throughout the study with most of the time points that were elevated showing
129% of control for the 1,200 mg/kg-day group. Statistically significant elevations were noted
on days 2, 10, 28, 49, and 56 with depression on day 3. On all other days (i.e., days 6, 14, 21,
35, and 42), the 8-OHdG values were similar to those of corn oil controls. No statistically
significant effects were reported to be observed at lower doses.

The figure presented by the authors shows the percent of controls by TCE treatment at
1,200 mg/kg-day but not the control values themselves. The pattern by corn oil is not shown and
neither is the SE of the data. As a percent of control values, the variations were very large for
many of the data points and largest for the data given at day 55 in which the authors report the
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largest difference between control and TCE treatment. There was no apparent pattern of
elevation in 8-OHdG when the data were presented in this manner. Because the data for the corn
oil control was not given, as well as no data given for aqueous controls, the effects of corn oil
alone cannot be discerned.

Given that for TBARS corn oil had a significant effect and showed a pattern of decline
after 6 days, with TCE showing a delayed decline, it is especially important to discern the effects
of corn oil and to see the pattern of the data. At time points when TBARS levels were reported
to be the same between corn oil and TCE (days 42, 49 and 56), the pattern of 8-OHdG was quite
different with a lower level at day 42, a slightly increased level at day 49, and the highest
difference reported at day 56 between corn oil control and TCE treated animals. The authors
reported that the pattern of “lipid peroxidation” was similar between the 1,200 and 800 mg/kg-
day doses of TCE, but that there was no significant difference between 800 mg/kg-day TCE and
corn oil controls. Thus, the pattern of TBARS as a measure of lipid peroxidation and 8-OHdG
level in nuclear DNA did not match.

In regard to total free radical levels as measured by EPR, results were reported for the
1,200 mg/kg TCE as a signal that was subtracted from control values with the authors stating that
only this dose level induced an elevation significantly different from controls. Again, aqueous
control values were not presented to discern the effects of corn oil or the pattern that may have
arisen with time of corn oil administration.

The pattern of total free radical level appeared to differ from that of lipid peroxidation
and for that of 8-OHdG DNA levels, with no changes at days 2, 3, a peak level at day 6, a rapid
drop at day 10, mild elevation at day 20, and a significant decrease at day 49. The percentage
differences between control and treated values reported at days 6 and 20 by the authors was not
proportional to the fold-difference in signal indicating that there was not a consistent level for
control values over the time course of the experiment. While differences in lipid peroxidation
detection between 1,200 mg/kg-day TCE and corn oil control were greatest at day 14, total free
radicals showed their biggest change between corn oil controls and TCE exposure on day 6, time
points in which 8-OHdG levels were similar between TCE treatment and corn oil controls.
Again, there was no reported difference between corn oil control and the 800 mg/kg-day TCE
exposed group in total free radical formation, but for lipid peroxidation, the 800 mg/kg-day TCE
exposed group had a similar pattern as that of 1,200 mg/kg-day TCE.

Only the 1,200 mg/kg-day group was evaluated for peroxisomal proliferation at days 6,
10, and 14. Thus, correlations with peroxisome proliferation and other parameters in the report
at differing times and TCE exposure concentrations could not be made. The authors reported
that there was a treatment and time effect for percent peroxisomal area, a “treatment only” effect
for number of peroxisome and no effect for peroxisomal size. They also reported that
hepatocytes examined from corn oil control rats were no different than those from water control
rats for all peroxisomal parameter, thus discounting a vehicle effect.
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However, there was an effect on peroxisomal size between corn oil control and water
with corn oil decreasing the peroxisomal size in comparison to water on all days tested. The
highest TCE-induced percent peroxisomal area and number occurred on day 10 of the three time
points measured for this dose and the fold increase was ~4.5- and ~3.1-fold increase,
respectively. The day-10 peak in peroxisomal area and number did not correlate with the
reported pattern of free radical or 8-OHdG generation.

For cell proliferation and apoptosis, data were given for days 2, 6, 10, 14, and 21 in a
figure. PCNA cells, a measure of cells that have undergone DNA synthesis, was elevated only
on day 10 and only in the 1,200 mg/kg-day TCE exposed group with a mean of ~60 positive
nuclei per 1,000 nuclei for six mice (~6%). Given that there was little difference in PCNA
positive cells at the other TCE doses or time points studied, the small number of affected cells in
the liver could not account for the increase in liver size reported in other experimental paradigms
at these doses.

The PCNA positive cells as well as “mitotic figures” were reported to be present in
centrilobular, midzonal, and periportal regions with no observed predilection for a particular
lobular distribution. No data were shown regarding any quantitative estimates of mitotic figures
and whether they correlated with PCNA results. Thus, whether the DNA synthesis phases of the
cell cycle indicated by PCNA staining were indentifying polyploidization or increased cell
number cannot be determined. The authors reported that there was no cytotoxicity manifested as
hepatocellular necrosis in any dose group and that there was no significant difference in
apoptosis between treatment and control groups with data not shown. The extent of apoptosis in
any of the treatment groups, or which groups and timepoints were studied for this effect cannot
be determined. No liver weight or body weight data were provided in this study.

These results confirm that as a vehicle corn oil is not neutral in its affects in the liver.
The TBARS results indicate a reduction in detection of TBARS in the liver with increasing time
of exposure to corn oil alone. Although control animals “treated with water” gavage were
studied, only the results for peroxisome proliferation were presented by the study, so that the
effects of corn oil gavage were not easy to discern. In addition, the data were presented in such a
way for 8-OHdG and total free radical changes that the pattern of corn oil administration was
obscured. It is not apparent from this study that TCE exposure induces oxidative damage.

E.2.2.9. Dorfmueller et al. (1979)

The focus of this study was the evaluation of “teratogenicity and behavioral toxicity with
inhalation exposure of maternal rats” to TCE. Female Long-Evans hooded rats (n = 12) of
~210 g weight were treated with 1,800 + 200 ppm TCE for 6 hours/day, 5 days/week, for
22 £ 6 days (until pregnancy confirmation) continuing through GD 20. Control animals were
exposed 22 * 3 days before pregnancy confirmation. The TCE used in this study contained 0.2%
epichlorohydrin. Body weights were monitored as well as maternal liver weight at the end of
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exposure. Other than organ weight, no other observations regarding the liver were reported in
this study. The initial weights of the dams were 212 + 39 g (mean + SD) and 204 + 35 g for
treated and control groups, respectively. The final weights were 362 + 32 g and 337 + 48 g for
treated and control groups, respectively. There was no indication of maternal toxicity by body
weight determinations as a result of TCE exposure in this experiment and there was also no
significant difference in absolute or relative percent liver/body weight between control and
treated female rats in this study.

E.2.2.10. Kumar et al. (2001a)

In this study, adult male Wistar rats (130 £ 10 g body weight) were exposed to
376 +1.76 ppm TCE (“AnalaR grade”) for 8, 12, and 24 weeks for 4 hours/day 5 days/week.
The ages of the rats were not given by the authors. Each group contained six rats. The animals
were exposed in whole-body chambers and thus, additional oral exposure was probable. Along
with histopathology of light microscopic sections, enzymatic activities of ALP and acid
phosphatase, glutamic oxoacetate transaminase, glutamic pyruvate transaminase, reduced GSH,
and “total sulphydryl” were assayed in whole-liver homogenates as well as total protein. The
authors stated that “the size and weight of the liver were significantly increased after 8, 12, and
24 weeks of TCE exposure.” However, the authors did not report the final body weight of the
rats after treatment nor did they give quantitative data of liver weight changes. In regard to
histopathology, the authors stated:

After 8 weeks of exposure enlarged hepatocytes, with uniform presence of fat
vacuoles were found in all of the hepatocytes affecting the periportal, midzonal,
and centrilobular areas, and fat vacuoles pushing the pyknosed nuclei to one side
of hepatocytes. Moreover congestion was not significant. After exposure of 12
and 24 weeks, the fatty changes became more progressive with marked necrosis,
uniformly distributed in the entire organ.

No other description of pathology was provided in this report. In regard to the
description of fatty change, the authors only did conventional H&E staining of sections with no
precautions to preserve or stain lipids in their sections. The authors provided a table with
histological scoring of simply + or — for minimal, mild, or moderate effects and do not define the
criteria for that scoring. There was also no quantitative information given as to the extent,
nature, or location of hepatocellular necrosis. The authors reported “no change was observed in
GOT and GPT levels of liver in all the three groups. The GSH level was significantly decreased
while TSH level was significantly increased during 8, 12, and 24 weeks of TCE exposure. The
acid and ALPs were significantly increased during 8, 12, and 24 weeks of TCE exposure.” The
authors presented a series of figures that are poor in quality to demonstrate histopathological
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TCE-induced changes. No mortality was observed from TCE exposure in any group despite the
presence of liver necrosis.

E.2.2.11. Kawamoto et al. (1988b)

The focus of this study was the long-term effects of TCE treatment on induction of
metabolic enzymes in male adult Wistar rats. The authors reported that eight rats weighing
200 g were treated with 2 g/kg TCE in olive oil administered subcutaneously twice a week for
15 weeks with seven rats serving as olive oil controls. In a separate experiment, five rats were
injected with 1 g/kg TCE in olive oil i.p. once a day for 5 continuous days. For comparative
purposes, groups of five rats each were administered 3-methylcholanthrene (20 mg/kg in olive
oil i.p.), phenobarbital (80 mg/kg in saline i.p.) for 4 days as well as ethanol administered in
drinking water containing 10% ethanol for 14 days. Microsomes were prepared 1 week after the
last exposure from rats administered TCE for 15 weeks and 24 hours after the last exposure for
the other treatments.

Body weights were reported to be slightly less for the TCE treated group than for controls
with the initial weights, shown in a figure, to be similar for the first weeks of exposure. At
15 weeks, there appeared to be ~7.5% difference in mean body weights between control and
TCE treated rats, which the authors reported to not be significantly different. Organ weights at
the termination of the experiment were reported to only be different for the liver with a 1.21-fold
of control value reported as a percentage of body weight with TCE treatment. The authors
reported their increase in liver weights in male rats from subcutaneous exposure to TCE in olive
oil (2.0 g/kg) to be consistent with the range of liver weight gain in rats reported by Kjellstrand
et al. (1981b) for 150 ppm TCE inhalation exposure (see comments on that study above). The
5-day i.p. treatment with TCE was also reported to only produce increased liver weight but the
data were not shown and the magnitude of the percentage increase was not given by the authors.
No liver pathology results were studied or reported.

Along with an increase in liver weight, 15-week treatment with TCE was reported to
cause a significant increase of microsomal protein/g liver of ~20% (10.64 + 0.88 vs.
12.58 £+ 0.71 mg/g liver for olive oil controls and TCE treatment, respectively). Microsomal
CYP content was reported to show a mild increase that was not statistically significant of
1.08-fold (1.342 + 0.205 vs. 1.456 £ 0.159 nmol/mg protein for olive oil controls and TCE
treatment, respectively) of control. However, CYP content showed 1.28-fold of control value
(14.28 £ 2.41 vs. 18.34 + 2.31 nmol/g liver for olive oil controls and TCE treatment,
respectively) in terms of g/liver. Chronic treatment of TCE was also reported to cause a
significant increase in cytochrome b-5 level (~1.35-fold of control) and NADPH-cytochrome ¢
reductase activity (~1.50-fold of control) in g/liver.

The 5-day TCE treatment via the i.p. route of administration was reported to cause a
significant increase in microsomal protein (~20%) and induce CYP (~50% increase g/liver and
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22% increase in microsomal protein), but to also increase cytochrome b-5 and NADPH-
cytochrome c reductase activity by 50 and 70% in g/liver, respectively. Although weaker, 5-day
I.p. treatment with TCE induced an enzyme pattern more similar to that of phenobarbital and
ethanol rather methylcholanthrene (i.e., increased CYP but not microsomal protein and NADPH-
cytochrome c reductase). Direct quantitative comparisons of vehicle effects and potential impact
on response to TCE treatments for 15 weeks subcutaneous exposure and 5-day i.p. exposure
could not be made as baseline levels of all enzyme and protein levels changed as a function of
age.

Of note is that, in the discussion section of the paper, the authors disclosed that injection
of TCE 2 or 3 g/kg i.p. for 5 days resulted in paralytic ileus from TCE exposure as unpublished
observations. They noted that the rationale for injecting TCE subcutaneously was that it not only
did not require an inhalation chamber, but also guarded against peritonitis that sometimes occurs
following repeated i.p. injection. In terms of comparison with inhalation or oral results, the
authors noted that the subcutaneous treatment paradigm will result in TCE not immediately
being metabolized but retained in the fatty tissue and that after cessation of exposure, TCE
metabolites continued to be excreted into the urine for >2 weeks.

E.2.2.12. NTP (1990)
E.2.2.12.1.  13-Week studies

The NTP conducted a 13-week study of 7-week-old F344/N rats (10 rats per group) that
received doses of 125-2,000 mg/kg (males [0, 125, 250, 500, 1,000, or 2,000 mg/kg]) and
62.5 to 1,000 mg/kg (females [0, 62.5, 125, 250, 500, or 1,000 mg/kg] TCE via corn oil gavage
5 days/week (see Table E-1). For 7-week-old B6C3Fimice (n = 10 per group), the dose levels
were reported to be 375-6,000 mg/kg TCE (0, 375, 750, 1,500, 3,000, or 6,000 mg/kg). Animals
were exposed via corn oil gavage to TCE that was epichlorhydrin-free.

Table E-1. Mice data for 13 weeks: mean body and liver weights

Body weight % liver weight/body
Dose (mg/kg (mean in g) Liver weight weight
TCE) Survival Initial | Final (mean final in g) (fold change vs. control)
Male
0 10/10 21 36 2.1 5.8
375 10/10 20 35 1.74 5.0 (0.86)
750 10/10 21 32 2.14 6.8 (1.17)
1,500 8/10 19 29 2.27 7.6 (1.31)
3,000 3/10 20 30 2.78 8.5 (1.46)
6,000 0/10 22 - - -
Female
0 10/10 18 26 1.4 55
375 10/10 17 26 1.31 5.0 (0.91)
750 9/10 17 26 1.55 5.8 (1.05)
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1,500 9/10 17 26 1.8 6.5 (1.18)

3,000 9/10 15 26 2.06 7.8 (1.42)

6,000 1/10 15 27 2.67 9.5 (1.73)

All rats were reported to survive the 13-week study, but males receiving 2,000 mg/kg
exhibited a 24% difference in final body weight. However, there was great variation in initial
weights between the dose groups with mean initial weights at the beginning of the study reported
to be 87, 88, 92, 95, 101, and 83 g for the control, 125, 250, 500, 1,000, and 2,000 mg/kg dose
groups in male rats, respectively. This represents a 22% difference between the highest and
lowest initial weights between groups. Thus, changes in final body weight after TCE treatment
also reflect differences in starting weights between the groups that, in the case of the 500 and
1,000 mg/kg groups, would result in a lower-than-expected change in weight due to TCE
exposure.

For female rats, the mean initial starting weights were reported to be 81, 72, 74, 75, 73,
and 76 g, respectively for the control, 62.5, 125, 250, 500, and 1,000 mg/kg dose groups. This
represents a ~13% difference between initial weights. In the case of female rats, the larger mean
initial weight in the control group would tend to exaggerate the effects of TCE exposure on final
body weight. The authors did not report the variation in initial or final body weights within the
dose groups. At the lowest doses for male and female rats, body mean weights were reported to
be decreased by 6 and 7% in male and female rats, respectively. Organ weight changes were not
reported for rats.

For male mice, mean initial body weights ranged from 19 to 22 g (~16% difference) and
for female mice ranged between 18 and 15 g (20% difference), and thus, similar to rats, the final
body weights in the groups dose with TCE reflect not only the effects of the compound but also
differences in initial weights. For male mice, the mean final body weights were reported to be
3-17% less than controls for the 375-3,000 mg/kg doses. For female mice, the percent
difference in final body weight was reported to be the same except for the 6,000 mg/kg dose
group, but this lack of difference between controls and treated female mice reflected no change
in mice that started at differing weights.

Male mice started to exhibit mortality at 1,500 mg/kg with 8/10 surviving the
1,500 mg/kg dose, 3/10 surviving the 3,000 mg/kg dose, and none surviving the 6,000 mg/kg
dose of TCE until the end of the study. For females, 1 animal out of 10 died in the 750, 1,500,
and 3,000 mg/kg dose groups and 1/10 survived the 6,000 mg/kg group.

In general, the magnitude of increase in TCE exposure concentration was similar to the
magnitude of increase in percent liver/body weight for the 750 and 1,500 mg/kg TCE exposure
groups in male B6C3F; mice and for the 750-3,000 mg/kg TCE exposure groups in female mice
(i.e., atwofold increase in TCE exposure resulted in an approximate twofold increase in percent
liver/body weight).
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The descriptions of pathology in rats and mice given by this study were not very detailed.
For rats, only control and high-dose rats were examined histologically. For mice, only controls
and the two highest dose groups were examined histologically. Only mean liver weights were
reported with no statistical analyses provided to ascertain quantitative differences between study
groups.

Pathological results were reported to reveal that 6/10 males and 6/10 female rats had
pulmonary vasculitis at the highest concentration of TCE. This change was also reported to have
occurred in 1/10 control male and female rats. Most of those animals were also reported to have
had mild interstitial pneumonitis. The authors report that viral titers were positive during this
study for Sendai virus.

In mice, liver weights (both absolute and as a percent of body weight) were reported to
increase with TCE-exposure level. Liver weights were reported to have increased by >10%
relative to controls for males receiving >750 mg/kg and for females receiving >1,500 mg/kg.
The most prominent hepatic lesions detected in the mice were reported to be centrilobular
necrosis, observed in 6/10 males and 1/10 females administered 6,000 mg/kg.

Although centrilobular necrosis was not seen in either males or females
administered 3000 mg/kg, 2/10 males had multifocal areas of calcifications
scattered throughout their livers. These areas of calcification were considered to
be evidence of earlier hepatocellular necrosis. Multifocal calcification was also
seen in the liver of a single female mouse that survived the 6000 mg/kg dosage
regime. One female mouse administered 3000 mg/kg also had a hepatocellular
adenoma, an extremely rare lesion in female mice of this age (20 weeks).

There appeared to be consistent decrease in liver weight at the lowest dose in both female and
male mice after 13 weeks of TCE exposure. Liver weight was increased at exposure
concentrations in which there was not increased mortality due to TCE exposure at 13 weeks of
TCE exposure.

E.2.2.12.2.  2-Year Studies

In the 2-year phase of the NTP study, TCE was administered by corn oil gavage to
groups of 50 male and 50 female F344/N rats, and B6C3F; mice. Dosage levels were 500 and
1,000 mg/kg for rats and 1,000 mg/kg for mice. TCE was administered 5 times/week for
103 weeks and surviving animals were killed between weeks 103 and 107. The same number of
animals receiving corn oil gavage served as controls. The animals were 8 weeks old at the
beginning of exposure. The focus of this study was to determine if there was a carcinogenic
response due to TCE exposure so there was little reporting of non-neoplastic pathology or
toxicity. There was no report of liver weight at termination of the study, only body weight.
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The authors reported that there was no increase in necrosis in the liver from TCE
exposure in comparison to control mice. In control male mice, the incidence of HCC (tumors
with markedly abnormal cytology and architecture) was reported to be 8/48 in controls, and
31/50 in TCE-exposed male mice. For female control mice, HCCs were reported in 2/48 of
controls and 13/49 of TCE-exposed female mice. Specifically, the authors described liver
pathology in mice as follows:

Microscopically the hepatocellular adenomas were circumscribed areas of
distinctive hepatic parenchymal cells with a perimeter of normal appearing
parenchyma in which there were areas that appeared to be undergoing
compression from expansion of the tumor. Mitotic figures were sparse or absent
but the tumors lacked typical lobular organization. The hepatocellular carcinomas
had markedly abnormal cytology and architecture. Abnormalities in cytology
included increased cell size, decreased cell size, cytoplasmic eosinophilia,
cytoplasmic basophilia, cytoplasmic vacuolization, cytoplasmic hyaline bodies,
and variations in nuclear appearance. In many instance, several or all of the
abnormalities were present in different areas of the tumor. There were also
variations in architecture with some of the hepatocellular carcinomas having areas
of trabecular organization. Mitosis was variable in amount and location.

The authors reported that the non-neoplastic lesion in male mice differing from controls
was focal necrosis in four vs. one animal in the dosed group (8 vs. 2%). There was no fatty
metamorphosis in treated male mice vs. two animals in control. In female mice, there was focal
inflammation in 29 vs. 19% of animals (dosed vs. control) and no other changes. Therefore, the
reported pathological results of this study did not show that the liver was showing signs of
toxicity after 2 years of TCE exposure except for neoplasia.

For hepatocellular adenomas, the incidence was reported to be “7/48 control vs.

14/50 dosed in males and 4/48 in control vs. 16/49 dosed female mice.” The administration of
TCE to mice was reported to cause increased incidences of HCCs in males (control, 8/48; dosed,
31/50: p = 0.001) and in females (control 2/48; dosed 13/49; p < 0.005). HCCs were reported to
metastasize to the lungs in five dosed male mice and one control male mouse, while none were
observed in females. The incidences of hepatocellular adenomas were reported to be increased
in male mice (control 7/48; dosed 14/50) and in female mice (control 4/48; dosed 16/49;

p <0.05).

The survival of both low- and high-dose male rats and dosed male mice was reported to
be less than that of vehicle controls with body weight decreases dose dependent. Female mice
body weights were comparable to controls. The authors report adjusted rates of 20.6% for
control vs. 53.1% for dosed males for adenoma, 22.1% control, and 92.9% for carcinoma in
males, and liver carcinoma or adenoma adjusted rates of 100%. For female mice, the adjusted
rates were reported to be 12.5% adenoma for control vs. 55.6% for dosed, and 6.2% control
carcinoma vs. 43.9% dosed, with liver carcinoma or adenoma adjusted rates of 18.7% for control
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vs. 69.7% for dosed. All of the liver results for male and female mice were reported to be
statistically significant. The administration of TCE was reported to cause earlier expression of
tumors as the first animals with carcinomas were 57 weeks for TCE-exposed animals and

75 weeks for control male mice.

In male rats, there was no reported treatment-related non-neoplastic liver lesions. In
female rats, a decrease in basophilic cytological change was reported to be of note in TCE
treated rats (~50% in controls but ~5% in TCE treatment groups). However, the authors reported
that “the results in male F344/N rats were considered equivocal for detecting a carcinogenic
response because both groups receiving TCE showed significantly reduced survival compared to
vehicle controls (35/70, 70%; 20/50, 40%; 16/50, 32%) and because 20% of the animals in the
high-dose group were killed accidently by gavage error.” Specifically 1 male control, 3 low-
dose males, 10 high-dose males, 2 female controls, 5 low-dose females, and 5 high-dose female
rats were killed by gavage error.

E.2.2.13. NTP (1988)

The studies described in the NTP (1988) TCE report were conducted “to compare the
sensitivities of four strains of rats to diisopropylamine-stabilized TCE.” However, the authors
concluded:

that because of chemically induced toxicity, reduced survival, and incomplete
documentation of experimental data, the studies are considered inadequate for
either comparing or assessing TCE-induced carcinogenesis in these strains of rats.
TCE (more than 99% pure, stabilized with 8ppm diisopropylamine) was
administered via corn oil gavage at exposure concentrations of 0, 500 or 1000
mg/kg per day, 5 days per week, for 103 weeks to 50 male and female rats of each
strain. The survival of “high-dose male Marshal rats was reduced by a large
number of accidental deaths (25 animals were accidentally killed).

However, the report stated that survival was decreased at both exposure levels of TCE
because of mortality that occurred during the administration of the chemical. The number of
animals accidently killed were reported to be: 11 male ACI rats at 500 mg/kg, 18 male ACI rats
at 1,000 mg/kg, 2 vehicle control female ACI rats, 14 female ACI rats at 500 mg/kg, 12 male
AClI rats at 1,000 mg/kg, 6 vehicle control male August rats, 12 male August rats at 500 mg/kg,
11 male August rats at 1,000 mg/kg, 1 vehicle control female August rats, 6 female August rats
at 500 mg/kg, 13 male August rats at 1,000 mg/kg, 2 vehicle control male Marshal rats, 12 male
Marshal rats at 500 mg/kg, 25 male Marshal rats at 1,000 mg/kg, 3 vehicle control female
Marshal rats, 14 female Marshal rats at 500 mg/kg, 18 female Marshal rats at 1,000 mg/kg,

1 vehicle control male Osborne-Mendel rat, 6 male Osborne-Mendel rats at 500 mg/kg, 7 male
Osborne-Mendel rats at 1,000 mg/kg, 8 vehicle control female Osborne-Mendel rats, 6 female
Osborne-Mendel rats at 500 mg/kg, and 6 female Osborne-Mendel rats at 1,000 mg/kg. The ages
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of the rats “when placed on the study” were reported to differ and were for ACI rats (6.5 weeks),
August rats (8 weeks), Marshal rats (7 weeks), and Osborne-Mendel rats (8 weeks). The ages of
sacrifice also varied and were 17-18 weeks for the ACI and August rats and 110-111 weeks for
the Marshal rats.

Results from a 13-week study were briefly mentioned in the report. For the 13-week
duration of exposure, groups of 10 male ACI and August rats were administered 0,125, 250, 500,
1,000, or 2,000 mg/kg TCE in corn oil gavage. Groups of 10 female ACI and August rats were
administered 0, 62.5, 125, 250, 500, or 1,000 mg/kg TCE. Groups of 10 male Marshal rats
received 0, 268, 308, 495, 932, or 1,834 mg/kg and groups of female Marshal rats were given 0,
134, 153, 248, 466, or 918 mg/kg TCE. With the exception of three male August rats receiving
2,000 mg/kg TCE, all animals survived to the end of the 13-week experimental period. “The
administration of the chemical for 13 weeks was not associated with histopathological changes.”

In the 2-year study the report noted that there:

was no evidence of liver toxicity described as non-neoplastic changes in male
ACI rats due to TCE exposure with 4% or less incidence of any lesion in control
or treated animals. For female ACI rats, the incidence of fatty metamorphosis
was 6% in control vehicle, 9% in low dose TCE, and 13% in high dose TCE
groups. There was also a 2%, 11%, and 8% incidence of clear cell change,
respectively. A 6% incidence of hepatocytomegaly was reported in vehicle
control and 15% incidence in the high dose group.

All other descriptors had reported incidences of <4%.

For August rats, there was also little evidence of liver toxicity. In male August rats, there
was a reported incidence of 8, 4, and 10% focal necrosis in vehicle control, low dose, and high
dose, respectively. Fatty metamorphosis was reported to be 8% in control, and 2 and 4% in low
and high dose. All other descriptors were reported to be <4%. In female August rats, all
descriptors of pathology were reported to have a <4% incidence except for hepatomegaly, which
was 10% for vehicle control, 6% for the low dose, and 2% for high dose TCE.

For male Marshal rats, there was a reported 63% incidence of inflammation, NOS in
vehicle control, 12% in low dose, and values not recorded at the high dose. There was a reported
6 and 14% incidence of fatty metamorphosis in control and low-dose male rats. Clear cell
change was 8% in vehicle with all other values <4%. For female Marshal rats, all values were
<4% except for fatty metamorphosis in 6% of vehicle controls.

For male Osborne-Mendel rats, there was a reported 4, 10, and 4% incidence of focal
necrosis in vehicle control, low, and high dose, respectively. For “cytoplasmic change/NOS,”
there were reported incidences of 26, 32, and 27% in vehicle, low-dose, and high-dose animals,
respectively. All other descriptors were reported to be <4%. In female Osborne-Mendel rats,
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there was a reported incidence of 10% of focal necrosis at the low dose with all other descriptors
reported at <4%.

Obviously, the negative results in this bioassay are confounded by the killing of a large
portion of the animals accidently by experimental error. Still, these large exposure
concentrations of TCE did not seem to be causing overt liver toxicity in the rat. Organ weights
were not reported in this study, which would have been hard to interpret if they had been
reported because of the mortality.

E.2.2.14. Fukuda et al. (1983)

In this 104-week bioassay designed primarily to determine a carcinogenic response,
female noninbred Crj:CD-1 (ICR) mice and female Crj:CD (Sprague-Dawley) rats 7 weeks of
age were exposed to “reagent grade” TCE at 0, 50, 150, and 450 ppm for 7 hours/day,

5 days/week. During the 2-year duration of the experiment, inhalation concentrations were
reported to be within 2% of target values. The numbers of animals per group were reported to be
49-50 mice and 49-51 rats at the beginning of the experiment. The impurities in the TCE were
reported to be 0.128% carbon tetrachloride benzene, 0.019% epichlorohydrin, and 0.019%
1,1,2-trichloroethane. After 107 weeks from commencement of the exposure, surviving animals
were reported to be killed and completely necropsied. “Tumors and abnormal organs as well as
other major organs were excised and prepared for examination in H&E sections.” No other
details of the methodologies used for pathological examination of tissues were given including
what areas of the liver and number of sections examined by light microscopy.

Body weights were not given, but the authors reported that “body weight changes of the
mice and rats were normal with a normal range of standard deviation.” It was also reported that
there were no significant differences in average body weight of animals at specified times during
the experiments and no significant difference in mortality between the groups of mice. The
report included a figure showing, that for the first 60 weeks of the experiment, there was a
difference in cumulative mortality at the 450 ppm dose in ICR mice and the other groups. The
authors reported that significantly increased mortalities in the control group of rats compared to
the other dosed groups were observed at 85 weeks and after 100 weeks, reflecting many deaths
during the 81-85-week and 96-100-week periods for control rats. No significant comparable
clinical observations were reported to be noted in each group but that major symptoms such as
bloody nasal discharge (in rats), local alopecia (in mice and rats), hunching appearance (in mice),
and respiratory disorders (in mice and rats) were observed in some animals mostly after 1 year.

The authors reported that “the numbers of different types of tumors were counted and
only malignant tumors were counted when both malignant and benign tumors were observed
within one organ.” They also reported that “all animals were included in the effective numbers
except for a few that were killed accidently, severely autolyzed or cannibalized, and died before
the first appearance of tumors among the groups.”
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In mice, the first tumors were observed at 286 days as thymic lymphoma and most of the
malignant tumors appearing later were described as lymphomas or lymphatic leukemias. The
incidences of mice with tumors were 37, 36, 54, and 52% in the control, 50, 150 and 450 ppm
groups, respectively, by the end of the experiment. “Tumors of the ovary, uterus, subcutaneous
tissue, stomach, and liver were observed in the dose groups at low incidences (2—7%) but not in
the controls.” For the liver, the control, 50 and 150 ppm groups were all reported to have no
liver tumors with one animal (2%) having an adenoma at the 450 ppm dose.

For rats, the first tumor was reported to be observed at 410 days and the incidences of
animals with tumors were 64, 78, 66, and 63% for control, 50, 150, and 450 ppm TCE,
respectively, by the end of the experiment. Most tumors were distributed in the pituitary gland
and mammary gland with other tumors reported at a low incidence of 2—4% with none in the
controls. For the liver, there were no liver tumors in the control or 150 ppm groups, but one
animal (2%) had a cystic cholangioma in 50 ppm group and one animal (2%) had a HCC in the
450 ppm group of rats. No details concerning the pathology of the liver or organ weight changes
were given by the authors, including any incidences of hepatomegaly or preneoplastic foci. Of
note is that there were no background liver tumors in either strain, indicative of the relative
insensitivity of these strains to hepatocarcinogenicity. However, the carcinogenic potential of
TCE was reflected by a number of other tumor sites in this paradigm.

E.2.2.15. Henschler et al. (1980)

This report focused on the potential carcinogenic response of TCE in mice (NMRI
random bred), rats (WIST random bred), and hamsters (Syrian random bred) exposed to 0, 100,
and 500 ppm TCE for 6 hours/day 5 days/week for 18 months. The TCE used in the experiment
was reported to be pure with the exception of trace amounts of chlorinated hydrocarbons,
epoxides, and triethanolamines (<0.000025% w/w) and stabilized with 0.0015% triethanolamine.
The number of animals in each group was 30 and the ages and initial and final body weights of
the animals were not provided in the report. For the period of exposure (8 am—2 pm), animals
were deprived of food and water. The exposure period was for 18 months with mice and
hamsters sacrificed after 30 months and rats after 36 months. “Deceased animals” were reported
to be autopsied; spleen, liver, kidneys, lungs, and heart were weighed; and these organs, as well
as stomach, CNS, and tumorous tissues, were examined in H&E sections.

Body weight gain was reported to be normal in all species with no noticeable differences
between control and exposed groups but data were not shown. However, a “clearly dose-
dependent decrease in the survival rate for both male and female mice” was reported to be
statistically significant in both sexes and concentrations of TCE with no other significant
differences reported in other species. The increase in mortality was more pronounced in male
mice, especially after 50 weeks of exposure. Hence, the opportunity for tumor development was
diminished due to decreased survival in TCE treated groups.
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No organ weights were provided for the study due to the design, in which a considerable
period of time occurred between the cessation of exposure and the sacrifice of the animals. Liver
weights changes due to TCE may have been diminished with time.

For the 30 autopsied male mice in the control group, one hepatocellular adenoma and one
HCC was reported. Whether they occurred in the same animal cannot be determined from the
data presentation. In the 29 animals in the 100 ppm TCE exposure group, two hepatocellular
adenomas and one mesenchymal liver tumor were reported but no HCCs also without a
determination as whether they occurred in the same animal or not. In the 30 animals autopsied in
the 500 ppm exposure group, no liver tumors were reported. In female mice, of the 29 animals
autopsied in the control group, 30 animals autopsied in the 100 ppm group, and the 28 animals
autopsied in the 500 ppm group, there were also no liver tumors reported.

In both the 100 and 500 ppm exposure groups, of male mice especially, low numbers of
animals studied, abbreviated TCE exposure duration, and lower numbers of animals surviving to
the end of the experiment limit the power of this study to determine a treatment-related
difference in liver carcinogenicity. As discussed in Section E.2.3.2 below, the use of an
abbreviated exposure regime or study duration and low numbers of animals examined limits the
power of a study to detect a treatment-related response. The lack of any observed background
liver tumors in the female mice and a very low background level of two tumors in the male mice
are indicative of a low sensitivity to detect liver tumors in this paradigm, which may have
occurred either through its design, or a low sensitivity of mouse strain used for this endpoint.
However, the carcinogenic potential of TCE in mice was reflected by a number of other tumor
sites in this paradigm.

For rats and hamsters the authors reported “no dose-related accumulation of any kind of
tumor in either sex of these species.” For male rats, there was only one hepatocellular
adenoma reported at 100 ppm in the 30 animals autopsied and no carcinomas. For female rats,
there were no liver tumors reported in control animals but, more significantly, at 100 ppm, there
was one adenoma and one cholangiocarcinoma reported at 100 ppm, and at 500 ppm, there were
two cholangioadenomas. Although not statistically significant, the occurrence of this relatively
rare biliary tumor was observed in both TCE dose groups in female rats. The difference in
survival, as reported in mice, did not affect the power to detect a response in rats, but the low
numbers of animals studied, abbreviated exposure duration, and apparent low sensitivity to
detect a hepatocarcinogenic response suggest a study of low power. Nevertheless, the
occurrence of cholangioadenomas and one cholangiocarcinoma in female rats after TCE
treatments is of concern, especially given the relationship in origin and proximity of the bile and
liver cells and the low incidence of this tumor. For hamsters, the low background rate of tumors
of any kind suggests that in this paradigm, the sensitivity for detection of this tumor is relatively
low.
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E.2.2.16. Maltoni et al. (1986)

The report by Maltoni et al. (1986) included a series of “systematic and integrated
experiments (BT 301, 302, 303, 304, 304bis, 305, 306 bis) started in sequence, testing TCE by
inhalation and by ingestion.” The first experiment (BT 301) was begun in 1976 and the last in
1983, with this report representing the completed summary of the findings and results of project.
The focus of the study was detection of a neoplastic response with only a generalized description
of tumor pathology phenotype given and no reporting of liver weight changes induced by TCE
exposure.

In experiment BT 301, TCE was administered in male and female Sprague-Dawley rats
(13 weeks at start of experiment) via olive oil gavage at control, 50, or 250 mg/kg exposure
levels for 52 weeks (4-5 days weekly). The animals (30 male, 30 female for each dose group)
were examined during their lifetime. In experiment BT 302, male and female Sprague-Dawley
rats (13 weeks old at start of the experiment) were exposed to TCE via inhalation at 0, 100, and
600 ppm, 7 hours/day, 5 days/week, for 8 weeks. The animals (90 animals in each control group,
60 animals in each 100 ppm group, and 72 animals in each 600 ppm group) were examined
during their lifetime. In experiment BT 304, male and female Sprague-Dawley rats (12 weeks
old at start of the experiment) were exposed TCE via inhalation at 0, 100, 300, and 600 ppm
7 hours/day, 5 days/week, for 104 weeks. The animals (95 male, 100 female rats control groups,
90 animals in each 100 ppm group, 90 animals in each 300 ppm group, and 90 animals in each
600 ppm group) were examined during their lifetime. In experiment BT304bis, male and female
Sprague-Dawley rats (12 weeks old at start of the experiment) were exposed to TCE via
inhalation at 0, 100, 300, and 600 ppm for 7 hours/day, 5 days/week, for 104 weeks. The
animals (40 male, 40 female rats control groups, 40 animals in each 100 ppm group, 40 animals
in each 300 ppm group, and 40 animals in each 600 ppm group) were examined during their
lifetime.

In experiment BT 303, Swiss mice (11 weeks old at the start of the experiment) were
exposed to TCE via inhalation in for 8 weeks using the same exposure concentrations as for
experiment BT 302. The animals (100 animals in each control group, 60 animals in the 100 ppm
exposed group, and 72 animals in each 600 ppm group) were examined during their lifetime. In
experiment BT 305, Swiss mice (11 weeks old at the start of the experiment) were exposed to
TCE via inhalation in for 78 weeks, 7 hours/day, 5 days/week. The animals (90 animals in each
control group, 90 animals in the 100 ppm exposed group, 90 animals in the 300 ppm group, and
90 animals in each 600 ppm group) were examined during their lifetime. In experiment BT 306,
B6C3F; mice (from NCI source) (12 weeks old at the start of the experiment) were exposed to
TCE via inhalation in for 78 weeks, 7 hours a day, 5 days a week. The animals (90 animals in
each control group, 90 animals in the 100-ppm-exposed group, 90 animals in the 300-ppm group,
and 90 animals in each 600-ppm group) were examined during their lifetime. In experiment
BT 306bis, B6C3F; mice (from Charles River Laboratory as source) (12 weeks old at the start of
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the experiment) were exposed to TCE via inhalation for 78 weeks, 7 hours/day, 5 days/week.
The animals (90 animals in each control group, 90 animals in the 100 ppm exposed group,
90 animals in the 300 ppm group, and 90 animals in each 600 ppm group) were examined during
their lifetime.

In all experiments, TCE was supplied, tested, and reported by the authors of the study to
be was highly purified and epoxide free with butyl-hydroxy-toluene at 20 ppm used as a
stabilizer. Extra virgin olive oil was used as the carrier for ingestion experiments and was
reported to be free of pesticides. The authors described the treatment of the animals and running
of the facility in detail and reported that:

Animal rooms were cleaned every day and room temperature varied from

19 degrees to 22 degrees and was checked 3 times daily. Bedding was changed
every two days and cages changes and washed once weekly. The animals were
handled very gently and, therefore, were neither aggressive nor nervous.
Concentrations of TCE were checked by continuous gas-chromatographic
monitoring. Treatment was performed by the same team. In particular, the same
person carried out the gavage of the same animals. This is important, since
animals become accustomed to the same operators. The inhalation chambers
were maintained at 23 + 2 degrees C and 50 + 10% relative humidity. Ingestion
from Monday to Friday was usually performed early in the morning. The status
and behavior of the animals were examined at least three times daily and
recorded. Every two weeks the animals were submitted to an examination for the
detection of the gross changes, which were registered in the experimental records.
The animals which were found moribund at the periodical daily inspection were
isolated in order to avoid cannibalism. The animals were weight every two weeks
during treatment and then every eight weeks. Animals were kept under
observation until spontaneous death. A complete necropsy was performed.
Histological specimens were fixed in 70% ethyl alcohol. A higher number of
samples was taken when particular pathological lesions were seen. All slides
were screened by a junior pathologist and then reviewed by a senior pathologist.
The senior pathologist was the same throughout the entire project. Analysis of
variance was used for statistical evaluation of body weights. Results are
expressed as means and standard deviations. Survival time is evaluated using the
Kruskal-Wallis test. For different survival rates between groups, the incidence of
lesions is evaluated by using the Log rank test. Non-neoplastic, preneoplastic,
and neoplastic lesions were evaluated using the Chi-square of Fisher’s exact test.
The effect of different doses was evaluated using the Cochran-Armitage test for
linear trends in proportions and frequencies.

The authors stated that: “Although the BT project on TCE was started in 1976 and most
of the experiments were performed from the beginning of 1979, the methodological protocol
adopted substantially met the requirements of the Good Laboratory Practices Act.” Finally, it
was reported that “the experiments ran smoothly with no accidents in relation to the conduct of
the experiment and the health of the animals, apart from an excess in mortality in the male
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B6C3F; mice of the experiment BT 306, due to aggressiveness and fighting among the animals.”
This is in contrast to the description of the gavage studies conducted by NTP (1990, 1988) in
which gavage error resulted in significant loss of experimental animals.

Questions have been raised about the findings, experimental conditions, and experimental
paradigm of the European Ramazzini Foundation (ERF) from which the Maltoni et al. (1986)
experiments were conducted (EFSA, 2006). However, these concerns were addressed by
Caldwell et al. (2008a), who concluded that the ERF bioassay program produced credible results
that were generally consistent with those of NTP

In regards to effects of TCE exposure on survival:

a nonsignificant excess in mortality correlated to TCE treatment was observed
only in female rats (treated by ingestion with the compound) and in male B6C3F;
mice. In B6C3F; mice of the experiment BT 306 bis, the excess in mortality in
treated animals was higher (p < 0.05 after 40 weeks) but was not dose correlated.
No excess in mortality was observed in the other experiments.

The authors reported that “no definite effect of TCE on body weight was observed in any
of the experiments, apart from experiment BT 306 bis, in which a slight nondose correlated
decrease was found in exposed animals.”

In mice, “hepatoma” was the term used by the authors of these studies to describe all
malignant tumors of hepatic cells, of different subhistotypes, and of various degrees of
malignancy. The authors reported that the hepatomas induced by exposure to TCE:

may be unique or multiple, and have different sizes (usually detected grossly at
necropsy). Under microscopic examination these tumors proved to be of the
usual type observed in Swiss and B6C3F; mice, as well as in other mouse strains,
either untreated or treated with hepatocarcinogens. They frequently have
medullary (solid), trabecular, and pleomorphic (usually anaplastic) patterns. The
hepatomas may produce distant metastases, more frequently in the lungs.

In regard to the induction of “hepatomas” by TCE exposure, the authors report that in
Swiss mice exposed to TCE by inhalation for 8 weeks (BT303), the percentage of animals with
hepatomas was 1.0% in male mice and 1.0% in female mice in the control group (n = 100 for
each gender). For animals exposed to 100 ppm TCE, the percentage in female mice was 1.7%
and male mice 5.0% (n = 60 for each gender). For animals exposed to 600 ppm TCE, the
percentage in female mice was 0% and in male mice 5.5% (n = 72 for each gender).

The relatively larger number of animals used in this bioassay, in comparison to NTP
standard assays, allows for a greater power to detect a response. It is also apparent from these
results that Swiss mice in this experimental paradigm are a “less sensitive” strain in regard to
spontaneous liver cancer induction over the lifetime of the animals. These results suggest that
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8 weeks of TCE exposure via inhalation at 100 or 600 ppm may have been associated with a
small increase in liver tumors in male mice in comparison to concurrent controls.

In Swiss mice exposed to TCE via inhalation for 78 weeks (BT 305), the percentage of
animals with hepatomas was reported to be 4.4% in male mice and 0% in female mice in the
control group (n = 90 for each gender). For animals exposed to 100 ppm TCE, the percentage in
female mice was reported to be 0% and male mice 2.2% (n = 90 for each gender). For animals
exposed to 300 ppm TCE, the percentage in female mice was reported to be 0% and in male
mice 8.9% (n = 90 for each gender). For animals exposed to 600 ppm TCE, the percentage in
female mice was reported to be 1.1% and in male mice 14.4%. As with experiment BT303, there
is a consistency in the relatively low background level of hepatomas reported for Swiss mice in
this paradigm. After 78 weeks of exposure, there appears to be a dose-related increase in
hepatomas in male but not female Swiss mice via inhalation exposure.

In B6C3F; mice exposed to TCE by inhalation for 78 weeks (BT306), the percentage of
animals with hepatomas was reported to be 1.1% in male mice and 3.3% in female mice in the
control group (n = 90 for each gender). For animals exposed to 100 ppm TCE, the percentage in
female mice was reported to be 4.4% and in male mice 1.1% (n = 90 for each gender). For
animals exposed to 300 ppm TCE, the percentage in female mice was reported to be 3.3% and in
male mice 4.4% (n = 90 for each gender). For animals exposed to 600 ppm TCE, the percentage
in female mice was reported to be 10.0% and in male mice 6.7%. This was the experimental
group with excess mortality in the male group due to fighting. The excess mortality could have
affected the results. The authors reported that there was a difference in the percentage of males
bearing benign and malignant tumors that was due to early mortality among males in experiment
BT306. Itis unexpected for the liver cancer incidence to be less in male mice than female mice
and not consistent with the results reported for the Swiss mice.

In B6C3F; male mice exposed to TCE via inhalation (BT 306 bis), the percentage of
animals with hepatomas was reported to be 18.9% in male mice in the control group (n = 90).
For animals exposed to 100 ppm TCE, the percentage in male mice was reported to be 21.1%
(n=90). For animals exposed to 300 ppm TCE, the percentage in male mice was reported to be
30.0% (n = 90). For animals exposed to 600 ppm TCE, the percentage in male mice was
reported to be 23.3%. This experiment did not examine female mice. The authors reported a
decrease in survival in mice from this experiment that could have affected results. It is apparent
from the BT 306 and BT 306 bis experiments that the background level of liver cancer was
significantly different in male mice, although they were supposed to be of the same strain. The
finding of differences in response in animals of the same strain but from differing sources has
also been reported in other studies for other endpoints (see Section E.3.1.2).

The authors reported four liver angiosarcomas: one in an untreated male rat (BT 304);
one in a male and one in a female rat exposed to 600 ppm TCE for 8 weeks (experiment BT302);
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and one in a female rat exposed to 600 ppm TCE for 104 weeks (BT 304). The authors
concluded that:

the tumors observed in the treated animals cannot be considered to be correlated
to TCE treatment, but are spontaneously arising. These findings are underlined
because of the extreme rarity of this tumor in control Sprague-Dawley rats,
untreated or treated with vehicle materials. The morphology of these tumors is of
the liver angiosarcoma type produced by vinyl chloride in this strain of rats.

In rats treated for 104 weeks, TCE was reported to not affect the percentages of animals
bearing benign and malignant tumor and of animals bearing malignant tumors. Moreover, it did
not affect the number of total malignant tumors per 100 animals. This study did not report a
treatment-related increase in liver cancer in rats. The report only explicitly described positive
findings so it is assumed that there were no increases in “hepatomas” in rat liver associated with
TCE treatment. The authors concluded that “under the tested experimental conditions, the
evidence of TCE (without epoxide stabilizer) carcinogenicity, gives the result of TCE treatment-
related hepatomas in male Swiss and B6C3F; mice. A borderline increased frequency of
hepatomas was also seen after 8 weeks of exposure in male Swiss mice.” Thus, the increase in
liver tumors in both strains of mice exposed to TCE via inhalation reported in this study is
consistent with the gavage results from the NTP (1990) study in B6C3F; mice, where male mice
had a higher background level and greater response from TCE exposure than females.

E.2.2.17. Maltoni et al. (1988)

This report was an abbreviated description of an earlier study (Maltoni et al., 1986)
focusing on the identification of a carcinogenic response in rats and mice by chronic TCE
exposure.

E.2.2.18. Van Duuren et al. (1979)

This study exposed male and female noninbred HA:ICR Swiss mice at 6-8 weeks of age
to distilled TCE with no further descriptions of purity. Gavage feeding of TCE was once weekly
in 0.1 mL trioctanoin. Neither initial nor final body weights were reported by the authors. The
authors reported that, at the termination of the experiments or at death, animals were completely
autopsied with specimens of all abnormal-appearing tissues and organs excised for
histopathologic diagnosis. Tissues from the stomachs, livers, and kidneys were reported to be
taken routinely for the intragastric feeding experiments. Tissues were reported to be stained for
H&E for pathologic examination, but no further description of the lobe(s) of the liver examined
or the sections examined was provided by the authors.

Results were only reported for the no of mice with forestomach tumors exposed to
0.5 mg/mouse of TCE treatment given once a week in 0.1 mL trioctanoin. Mouse body weights
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were not given, so the dose in mg/kg for the mice cannot be ascertained. The protocol used in
this experiment kept the mg/mouse constant with a 1-week dosing schedule so that as the mice
increased weight with age, the dose as a function of body weight was decreased. The days on
test were reported to be 622 for 30 male and female mice.

Two male and one female mice were reported as having forestomach tumors. For
30 mice treated with trioctanoin alone, the number of forestomach tumors was reported to be
zero. For mice with no TCE treatment, 5 of 100 male mice were reported to have forestomach
tumors and of 8 of 60 female mice were reported to have forestomach tumors for 636 and
649 days on test. No results for liver were presented by the authors by the intragastric route of
administration including background rates of the incidences of liver tumors or treatment results.
The authors noted that except for repeated skin applications of certain chemicals, no significant
difference between the incidence of distant tumors in treated animals compared with no
treatment and vehicle control groups was noted. Given the uncertainties in regard to dose, the
once-a-week dosing regime, the low number of animals tested with resulting low power, and the
lack of reporting of experimental results, the ability to use the results from this experiment in
regard to TCE carcinogenicity is very limited.

E.2.2.19. NCI (1976)

This bioassay was “initiated in 1972 according to the methods used and widely accepted
at that time” with the design of carcinogenesis bioassays having “evolved since then in some
respects and several improvements” having been developed. The most notable changes reported
in the foreword of the report are changes “pertaining to preliminary toxicity studies, numbers of
controls used, and extent of pathological examination.” Industrial-grade TCE was tested (99%
TCE, 0.19% 1,2,-epoxybutane, 0.04% ethyl acetate, 0.09% epichlorhydrin, 0.02% N-methyl
pyrrole, and 0.03% diisobutylene) with rats and mice exposed via gavage in corn oil
5 times/week for 78 weeks using 50 animals per group at two doses with both sexes of Osborne-
Mendel rats and B6C3F; mice. However, for control groups, only 20 of each sex and species
were used. Rats were Killed after 110 weeks and mice after 90 weeks. Rats and mice were
initially 48 and 35 days of age, respectively, at the start of the experiment with control and
treated animals born within 6 days of each other. Initial weight ranges were reported for treated
and control animals to be 168-229 g for male rats, 130-170 g for female rats, 11-22 g for male
mice, and 11-18 g for female mice. Animals were reported to be “randomly assigned to
treatment groups so that initially the average weight in each group was approximately the same.”
Mice treated with TCE were reported to be:

maintained in a room housing other mice being treated with one of the following
17 compounds: 1,1,2-2-tetrachloroethane, chloroform, 3-chloropropene,
chloropicrin, 1,2-dibromochloropropane, 1,2, dibromoethane, ethylene dichloride,
1,1-diochloroethane, 3-sulfolene, idoform, methyl chloroform, 1,1,2-trichloro-
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ethane, tetrachloroethylene, hexachloroethane, carbon disulfide,
trichlorofluoromethane, and carbon tetrachloride. Nine groups of vehicle controls
and 9 groups of untreated controls were also housed in this same room.

The authors noted that:

TCE-treated rats and their controls were maintained in a room housing other rats
being treated with one of the following compounds: dibromochloropropane,
ethylene dichloride, 1,1-dichloroethane, and carbon disulfide. Four groups of
vehicle-treated controls were in the same room.” Thus, there was the potential of
co-exposure to a number of other chemicals, especially for the mice, resulting
from exhalation in treated animals housed in the same room, including the control
groups, as noted by the authors. The authors also noted that “samples of ambient
air were not tested for presence of volatile materials” but state that “although the
room arrangement is not desirable as is stated in the Guidelines for Carcinogen
Bioassay in Small Rodents, there is no evidence the results would have been
different with a single compound in a room.

The initial doses of TCE for rats were reported to be 1,300 and 650 mg/kg. However,
these levels were changed based on survival and body weight data “so that the TWA doses were
549 and 1,097 mg/kg for both male and female rats.” For mice, the initial doses were reported to
be 1,000 and 2,000 mg/kg for males and 700 and 1,400 mg/kg for females. The “doses were
increased so that the time weighted average doses were 1,169 and 2,339 mg/kg for male mice
and 869 and 1,739 mg/kg for female mice.”

The authors reported that signs of toxicity, including reduction in weight, were evident in
treated rats, which, along with increased mortality, “necessitated a reduction in doses during the
test.” In contrast “very little evidence of toxicity was seen in mice, so doses were increased
slightly during the study.” Doses were “changed for the rats after 7 and 16 weeks of treatment,
and for the mice after 12 weeks.” At 7 weeks of age, male and female rats were dosed with
650 mg/kg TCE, at 14 weeks they were dosed with 750 mg/kg TCE, and at 23 weeks of age
500 mg/kg TCE. For the high exposure level, the exposure concentrations were 1,300, 1,500,
and 1,000 mg/kg TCE, respectively, for the same changes in dosing concentration. For rats the
percentage of TCE in corn oil remained constant at 60%. For female mice, the TCE exposure at
the beginning of dosing was 700 mg/kg TCE (10% in corn oil) at 5 weeks of age for the “lower
dose” level. The dose was increased to 900 mg/kg-day (18% in corn oil) at 17 weeks of age and
maintained until 83 weeks of age. For male mice, the TCE exposure at the beginning of dosing
was 1,000 mg/kg TCE (15% in corn oil) at 5 weeks of age for the “lower dose” level. At
11 weeks, the level of TCE remained the same but the percentage of TCE in corn oil was
reduced to 10%. The dose was increased to 1,200 mg/kg-day at 17 weeks of age (24% in corn
oil) and maintained until 83 weeks of age. For the “higher dose,” the TCE exposure at the
beginning of dosing was 1,400 mg/kg TCE (10% in corn oil) at 5 weeks of age in female mice.
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At 11 weeks of age, the exposure level of TCE was kept the same but the percentage of TCE in
corn oil increased to 20%. By 17 weeks of age, the exposure concentration of TCE in corn oil
was increased to 1,800 mg/kg (18% in corn oil) in female mice. For the “higher dose” in male
mice, the TCE exposure at the beginning of dosing was 2,000 mg/kg (15% in corn oil) which
was maintained at 11 weeks in regard to TCE administered but the percent of TCE corn oil was
increased to 20%. For male mice, the exposure concentration was increased to 2,400 mg/kg
(24% in corn oil). For all of the mice, treatment continued on a 5 days/week schedule of gavage
dosing throughout the timecourse of treatment (78 weeks of treatment). Thus, not only did the
total dose administered to the animals change, but the volumes of vehicle in which TCE was
administered changed throughout the experiment.

The authors stated that at 37 weeks of age, “To help assure survival until planned
termination the dosing schedule was changed for rats to a cycle of 1 week of no treatment
followed by 4 weeks of treatment.” for male and female rats. Thus, the duration of exposure in
rats was also changed. All lobes of the liver were reported to be taken including the free margin
of each lobe with any nodule or mass represented in a block 10 x 5 x 3 mm cut from the liver
and fixed in a marked capsule.

Body weights (mean + SD) were reported to be 193 + 15.0 g (n = 20), 193 + 15.8 g
(n =50), and 195 + 16.7 g (n = 50) for control, low-, and high-dose male rats at initiation of the
experiment. By 1 year of exposure (50 weeks), 20/20 control male rats were still alive to be
weighed, 42/50 of the low dose rats were alive and 34/50 of high dose rats were still alive. The
body weights of those remaining were decreased by 6.2 and 17% in the low- and high-dose
animals in comparison with the controls. For female rats, the mean body weights were reported
tobe 146 + 11.4 g (n = 20), 144 £ 11.0 g (n = 50), and 144 £ 9.5 g (n = 50) for control, low-, and
high-dose female rats at initiation of the experiment. By 1 year of exposure (50 weeks),

17/20 control female rats were still alive; 28/50 low-dose and 39/50 high-dose rats were alive.
The body weights of those remaining were decreased by 25 and 30% in the low- and high-dose
animals in comparison with the controls.

For male mice, the initial body weights were 17 £ 0.5 g (n = 20), 17 + 2.0 g (n = 50), and
17 + 1.1 g (n = 50) for control, low, and high doses. By 1 year of exposure (50 weeks), 18/20
control male mice were still alive; 47/50 or the low-dose and 34/50 high-dose mice were still
alive. The body weights of those remaining were unchanged in comparison to controls. For
female mice, the initial body weights were 14 £ 0.0 g (n = 20), 14 £ 0.6 g (n =50), and 14 +
0.7 g (n =50) for control, low, and high doses. By 1 year of exposure (50 weeks), 18/20 control
male mice were still alive; 45/50 of the low dose and 41/50 of the high-dose groups were still
alive. The body weights of those remaining were unchanged in comparison to controls.

A high proportion of rats were reported to die during the experiment with 17/20 control,
42/50 low-dose, and 47/50 high-dose animals dying prior to scheduled termination. For female
rats, 12/20 control, 35/48 low-dose, and 37/50 high-dose animals were reported to die before
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scheduled termination with two low-dose females reported to be missing and not counted in the
denominator for that group. The authors reported that earlier death was associated with higher
TCE dose. A decrease in the percentage of tumor-bearing animals was reported to be lower in
treated animals and attributed by the authors to be likely related to the decrease in their survival.

A high percentage of respiratory disease was reported to be observed among the rats
without any apparent difference in the type, severity, or morbidity as to sex or group. The
authors reported that “no significant toxic hepatic changes were observed” but no other details
regarding results in the liver of rats were provided.

Carbon tetrachloride was administered to rats as a positive control. A low incidence of
both HCC and neoplastic nodule was reported to be found in both colony controls (1/99 HCC
and 0/99 neoplastic nodule in male rats and 0/98 HCC and 2/98 neoplastic nodules in female
rats) and carbon-tetrachloride-treated rats. Hepatic adenomas were included in the description of
neoplastic nodules in this study with the diagnosis of HCC to be “based on the presence of less
organized architecture and more variability in the cells comprising the neoplasms.”

The authors reported that “increased mortality in treated male mice appears to be related
to the presence of liver tumors.” For both male and female mice, the incidences of HCC were
reported to be high from TCE treatment with 1/20 in age matched controls, 26/50 in low-dose,
and 31/48 in high-dose males. Colony controls for male mice were reported to be 5/77 for
vehicle and 5/70 for untreated mice. For female mice HCCs were reported to be observed in
0/20 age-matched controls, 4/50 low-dose, and 11/47 high-dose mice. Colony controls for
female mice were reported to be 1/80 for vehicle and 2/75 for untreated mice. In male mice,
HCCs were reported to be observed early in the study with the first seen at 27 weeks. HCCs
were not observed so early in low-dose male or female mice.

The diagnosis of HCC was reported to be based on histologic appearance and the
presence of metastasis especially to the lung with no other lesions significantly elevated in
treated mice. The tumors were reported to be:

varied from those composed of well differentiated hepatocytes in a relatively
uniform trabecular arrangement to rather anaplastic lesions in which mitotic
figures occurred in cells which varied greatly in size and tinctorial characteristics.
Many of the tumors were characterized by the formation of relatively discrete
areas of highly anaplastic cells within the tumor proper which were, in turn,
surrounded by relatively well differentiated neoplastic cells. In general, various
arrangements of the hepatocellular carcinoma occurred, as described in the
literature, including those with an orderly cord-like arrangement of neoplastic
cells, those with a pseudoglandular pattern resembling adenocarcinoma, and those
composed of sheets of highly anaplastic cells with minimal cord or gland-like
arrangement. Multiple metaplastic lesions were observed in the lung, including
several neoplasms which were differentiated and relative benign in appearance.”
The authors noted that almost all mice treated with carbon tetrachloride exhibited
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liver tumors and that the “neoplasms occurring in treated [sic carbon tetrachloride
treated] mice were similar in appearance to those noted in the TCE-treated mice.

Thus, phenotypically this study reported that the liver tumors induced in mice by TCE
were heterogeneous and typical of those arising after carbon tetrachloride administration. The
descriptions of liver tumors in this study and the tendency of metastasis to the lung are similar to
the descriptions provided by Maltoni et al. (1986) for TCE-induced liver tumors in mice via
inhalation.

In terms of noncancer pathology of the liver, one control male rat was reported to display
fatty metamorphosis of the liver at 102 weeks. However, for the low dose, three male rats were
reported to display fatty metamorphosis (90, 110, and 110 weeks), two rats to display cystic
inflammation (76, 110 weeks), and one rat to display general inflammation (110 weeks). At the
high dose, six rats were reported to display fatty metamorphosis (12, 35, 49, 52, 52, and
58 weeks), one rat to display cytomegaly (42 weeks), two rats to display centrilobular
degeneration (53 and 58 weeks), one rat to display diffuse inflammation (62 weeks), 1 rat to
display congestion (Week 12), and five rats to display angiectasis or abnormally enlarged blood
vessels, which can be manifested by hyperproliferation of endothelial cells and dilatation of
sinusoidal spaces (35, 42, 52, 54, and 65 weeks). One control female rat was reported o display
fatty metamorphosis of the liver at 110 weeks, and one control female rats to display
“inflammation” of the liver at 110 weeks. Of the TCE dosed female rats, only one high-dose
female rat displayed fatty metamorphosis at week 96.

Thus, for male rats, there was liver pathology present in some rats due to TCE exposure
examined from 12 weeks to a year at their time of their premature death. For mice, the liver
pathology was dominated by the presence of HCC with additional hyperplasia noted in two mice
of the high-dose male and female groups and one or less mouse exhibiting hyperplasia in the
control or low-dose groups.

The authors noted that “while the absence of a similar effect in rats appears most likely
attributable to a difference in sensitivity between the Osborne-Mendel rat and B6C3F; mouse,
the early mortality of rats due to toxicity must also be considered.” They concluded that “the test
in rats is inconclusive: large numbers of rats died prior to planned termination; in addition, the
response of this rat strain to the hepatocarcinogenicity of the positive control compound, carbon
tetrachloride, appeared relatively low.” Finally, the authors noted that “while the results
obtained in the present bioassay could possibly have been influenced by an impurity in the TCE
used, the extremely low amounts of impurities found make this improbable.”

E.2.2.20. Herren-Freund et al. (1987)

This study gave results primarily in initiated male B6C3F; mice that were also exposed to
TCE metabolites in drinking water for 61 weeks. However, in Table 1 of the report, results were
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given for mice that received no initiator but were given 40 mg/L TCE or 2 g/L sodium chloride
as control. The mice were reported to be 28 days of age when placed on drinking water
containing TCE. The authors reported that concentrations of TCE fell by about half at the

40 mg/L dose of TCE during the twice a week change in drinking water solution. For control
animals (n = 22), body weight at termination was reported to be 32.93 + 0.54 g, liver weight
1.80 + 0.05 g, and percent liver/body weight 5.47% * 0.16%. For TCE treated animals (n = 32),
body weight at termination was reported to be 35.23 + 0.66 g, liver weight was 1.97 + 0.10 g,
and percent liver/body weight was 5.57% + 0.24%. Thus, hepatomegaly was not reported for
this paradigm at this time of exposure. The study reported that for 22 control animals the
prevalence of adenomas was 2/22 animals (or 9%), with the mean number of adenomas per
animal to be 0.09 + 0.06 (SEM). The prevalence of carcinomas in the control group was
reported to be 0/22. For 32 animals exposed to 40 mg/L TCE, the prevalence of adenomas was
3/32 animals (or 9%), with the mean number of adenomas per animal to be 0.19 £ 0.12 (SEM).
The prevalence of animals with HCCs was 3/32 animals (or 9%) with the mean number of HCCs
to be 0.10 = 0.05 (SEM).

Thus, similar to the acute study of Tucker et al. (1982), significant loss of TCE is a
limitation for trying to evaluate TCE hazard in drinking water. However, despite difficulties in
establishing accurately the dose received, an increase in adenomas per animal and an increase in
the number of animals with HCCs were reported to be associated with TCE exposure after
61 weeks of exposure. Also of note is that the increase in tumors was reported without
significant increases in hepatomegaly at the end of exposure. The authors did not report these
increases in tumors as being significant but did not do a statistical test between TCE exposed
animals without initiation and control animals without initiation. The low numbers of animal
tested limits the statistical power to make such a determination. However, for carcinomas, there
was none reported in controls but 9% of TCE-treated mice had HCCs.

E.2.2.21. Anna et al. (1994)

This report focused on presenting incidence of cancer induction after exposure to TCE or
its metabolites and included a description of results for male B6C3F; mice (8 weeks old at the
beginning of treatment) receiving 800 mg/kg-day TCE via gavage in corn oil, 5 days/week for
76 weeks. There was very limited reporting of results other than tumor incidence. There was no
reporting of liver weights at termination of the experiment. Although the methods section of the
report gives 800 mg/kg-day as the exposure level, Table 1 in the results section reports that TCE
was administered at 1,700 mg/kg-day. This could be a typographical error in the table as a
transposition with the dose of “perc” administered to other animals in the same study. The
methods section of the report states that the authors based their dose in mice that used in the
1990 (NTP) study. The NTP study only used a 1,000 mg/kg-day in mice, suggesting that the
table is mislabeled and that the actual dose is 800 mg/kg-day in the Anna et al. (1994) study.
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All treated mice were reported to be alive after 76 weeks of treatment. For control
animals, 10 animals exposed to corn oil and 10 untreated controls were Killed in a 9-day period.
The remaining controls were killed at 96, 103, and 134 weeks of treatment. Therefore, the
control group (all) contains a heterogeneous group of animals that were sacrificed from 76 to
134 weeks and were not comparable to the animals sacrificed at 76 weeks.

At 76 weeks, 3 of 10 the untreated and two of the 10 corn oil treated controls were
reported to have one small hepatocellular adenoma. None of the controls examined at 76 weeks
were reported to have any observed HCCs. The authors reported no cytotoxicity for TCE, corn
oil, and untreated control group. At 76 weeks, 75 mice treated with 800 mg/kg-day TCE were
reported to have a prevalence of 50/75 animals having adenomas with the mean number of
adenomas per animal to be 1.27 + 0.14 (SEM). The prevalence of carcinomas in these same
animals was reported to be 30/70 with the mean number of HCCs per animal to be 0.57 £ 0.10
(SEM).

Although not comparable in terms of time until tumor observation, corn oil control
animals examined at much later time points did not have as great a tumor response as did those
exposed to TCE. At 76-134 weeks, 32 mice treated with corn oil were reported to have a
prevalence of 4/32 animals having adenomas with the mean number of adenomas per animal to
be 0.13 + 0.06 (SEM). The prevalence of carcinomas in these same animals was reported to be
4/32 with the mean number of HCCs per animal to be 0.12 + 0.06 (SEM). Despite only
examining one exposure level of TCE and the limited reporting of findings other than incidence
data, this study also reported that TCE exposure in male B6C3F; mice to be associated with
increased induction of adenomas and HCC, without concurrent cytotoxicity.

In terms of liver tumor phenotype, Anna et al. (1994) reported the percent of H-ras codon
61 mutations in tumors from concurrent control animals (water and corn oil treatment groups
combined) examined in their study, historical controls in B6C3F; mice, and in tumors from TCE
or DCA (0.5% in drinking water) treated animals. From their concurrent controls, they reported
H-ras codon 61 mutations in 17% (n = 6) of adenomas and 100% (n = 5) of carcinomas. For
historical controls (published and unpublished), they reported mutations in 73% (n = 33) of
adenomas and in 70% (n = 30) of carcinomas. For tumors from TCE-treated animals, they
reported mutations in 35% (n = 40) of adenomas and 69% (n = 36) of carcinomas, while for
DCA-treated animals, they reported mutations in 54% (n = 24) of adenomas and in 68% (n = 40)
of carcinomas. The authors reported that “in this study, the H-ras codon 61 mutation frequency
was not statistically different in liver tumors from DCA and TCE-treated mice and combined
controls (62, 51 and 69%, respectively).” In regard to mutation spectra in H-ras oncogenes
detected B6C3F; mouse liver “tumors,” the authors reported combined results for concurrent and
historical controls of 58% AAA, 27% CGA, and 14% CTA substitutions for CAA at codon 61
out of 58 mutations. For TCE “tumors” the substitution pattern was reported to be 29% AAA,
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24% CGA, and 40% CT A substitutions for CAA at codon 61 out of 39 mutations and for DCA
28% AAA, 35% CGA, and 38% CTA substitutions for CAA at codon 61 out of 40 mutations.

E.2.2.22. Bull et al. (2002)

This study primarily presented results from exposures to TCE, DCA, TCA, and
combinations of DCA and TCA after 52 weeks of exposure with some animals examined at
87 weeks. It only examined and described results for liver. In a third experiment, 1,000 mg/kg
TCE was administered once daily 7 days/week for 79 weeks in 5% alkamuls in distilled water to
40 B6C3F; male mice (6 weeks old at the beginning of the experiment). At the time of
euthanasia, the livers were removed, tumors were identified, and the tissues section was
examined by a pathologist and immunostaining. Liver weights were not reported. For the TCE
gavage experiment, there were 6 gavage-associated deaths during the course of this experiment
among a total of 10 animals that died with TCE treatment. No animals were lost in the control
group.

The limitations of this experiment were discussed in Caldwell et al. (2008b).
Specifically, for the DCA- and TCA-exposed animals, the experiment was limited by low
statistical power, a relatively short duration of exposure, and uncertainty in reports of lesion
prevalence and multiplicity due to inappropriate lesions grouping (i.e., grouping of hyperplastic
nodules, adenomas, and carcinomas together as “tumors”), and incomplete histopathology
determinations (i.e., random selection of gross lesions for histopathology examination).

For the TCE results, Bull et al. (2002) reported a high prevalence (23/36 B6C3F; male
mice) of adenomas and HCC (7/36) and gave results of an examination of approximately half of
the lesions induced by TCE exposure. Tumor incidence data were provided for only 15 control
mice and reported as 2/15 (13%) having adenomas and 1/15 (7%) carcinomas. Thus, this study
presents results that are consistent with other studies of chronic exposure that show TCE
induction of HCC in male B6C3F; mice.

For determinations of immunoreactivity to c-Jun as a marker of differences in “tumor”
phenotype, Bull et al. (2002) did include all lesions in most of their treatment groups, decreasing
the uncertainty of his findings. The exceptions were the absence of control lesions and inclusion
of only 16/27 and 38/72 lesions for 0.5 g/L DCA + 0.05 g/L TCA and 1 g/kg-day TCE exposure
groups, respectively. Immunoreactivity results were reported for the group of hyperplastic
nodules, adenomas, and carcinomas. Thus, changes in c-Jun expression between the differing
types of lesions were not determined.

Bull et al. (2002) reported lesion reactivity to c-Jun antibody to be dependent on the
proportion of the DCA and TCA administered after 52 weeks of exposure. Given alone, DCA
produced lesions in mouse liver for which approximately half displayed a diffuse
immunoreactivity to a c-Jun antibody, half did not, and none exhibited a mixture of the two.
After TCA exposure alone, no lesions were reported to be stained with this antibody. When
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given in various combinations, DCA and TCA co-exposure induced a few lesions that were only
c-Jun+, many that were only c-Jun—, and a number with a mixed phenotype whose frequency
increased with the dose of DCA. For TCE exposure of 79 weeks, TCE-induced lesions also had
a mixture of phenotypes (42% c-Jun+, 34% c-Jun—, and 24% mixed) and were most consistent
with those resulting from DCA and TCA co-exposure but not either metabolite alone.

Mutation frequency spectra for the H-ras codon 61 in mouse liver “tumors” induced by
TCE (n = 37 tumors examined) were reported to be significantly different than that for TCA
(n =41 tumors examined), with DCA-treated mice tumors giving an intermediate result
(n = 64 tumors examined). In this experiment, TCA-induced “tumors” were reported to have
more mutations in codon 61(44%) than those from TCE (21%) and DCA (33%). This frequency
of mutation in the H-ras codon 61 for TCA is the opposite pattern as that observed for a number
of peroxisome proliferators in which the mutation spectra in tumors has been reported to be
much lower than spontaneously arising tumors (see Section E.3.4.1.5).

Bull et al. (2002) noted that the mutation frequency for all TCE-, TCA-, or DCA-induced
tumors was lower in this experiment than for spontaneous tumors reported in other studies (they
had too few spontaneous tumors to analyze in this study), but that this study utilized lower doses
and was of shorter duration than that of Ferreira-Gonzalez et al. (1995). These are additional
concerns along with the effects of inappropriate lesion grouping, in which a lower stage of
progression is grouped with more advanced stages. In a limited subset of tumor that were both
sequenced and characterized histologically, only 8 of 34 (24%) TCE-induced adenomas but
9/15 (60%) of TCE-induced carcinomas had mutated H-ras at codon 61, which the authors
suggest is evidence that this mutation is a late event.

The issues involving identification of mode of action through tumor phenotype analysis
are discussed in detail below for the more general case of liver cancer as well as for specific
hypothesized modes of action (see Sections E.3.1.4, E.3.1.8, E.3.2.1, and E.3.4.1.5). In an earlier
paper, Bull (2000) suggested that “the report by Anna et al. (1994) indicated that TCE-induced
tumors possessed a different mutation spectra in codon 61 of the H-ras oncogene than those
observed in spontaneous tumors of control mice.” Bull (2000) stated that “results of this type
have been interpreted as suggesting that a chemical is acting by a mutagenic mechanism” but
went on to suggest that it is not possible to a priori rule out a role for selection in this process and
that differences in mutation frequency and spectra in this gene provide some insight into the
relative contribution of different metabolites to TCE-induced liver tumors. Bull (2000) noted
that data from Anna et al. (1994), Ferreira-Gonzalez et al. (1995), and Maronpot et al. (1995a)
indicated that mutation frequency in DCA-induced tumors did not differ significantly from that
observed in spontaneous tumors, that the mutation spectra found in DCA-induced tumors has a
striking similarity to that observed in TCE-induced tumors, and that DCA-induced tumors were
significantly different than that of TCA-induced liver tumors.
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What is clear from these observations is that the phenotype of TCE-induced tumors
appears to be more like DCA-induced tumors (which are consistent with spontaneous tumors), or
those resulting from a co-exposure to both DCA and TCA, than from those induced by TCA.
More importantly, these data suggest that using measures other than dysplasticity and tincture
indicate that mouse liver tumors induced by TCE are heterogeneous in phenotype. The
descriptions of tumors in mice reported by the NTP (1990) and Maltoni et al. (1986) studies are
also consistent with phenotypic heterogeneity as well as consistency with spontaneous tumor
morphology.

E.2.3. Mode of Action: Relative Contribution of TCE Metabolites

Several metabolites of TCE have also been shown to induce liver cancer in rodents with
DCA and TCA having been the focus of study as potential active agent(s) of TCE liver toxicity
and/or carcinogenesis and both able to induce peroxisome proliferation (Caldwell and Keshava,
2006). A variety of DCA effects from exposure have been noted that are consistent with
conditions that increase risk of liver cancer (e.g., effects on the cytosolic enzyme GST-zeta,
diabetes, and glycogen storage disease), with the pathological changes induced by DCA on
whole liver consistent with changes observed in preneoplastic foci from a variety of agents
(Caldwell and Keshava, 2006). CH is one of the first metabolites from oxidative metabolism of
TCE with a large fraction of TCE metabolism appearing to go through CH and then subsequent
metabolism to TCA and TCOH (Chiu et al., 2006b). Similarities in toxicity may indicate that
common downstream metabolites may be toxicologically important, and differences may
indicate the importance of other metabolic pathways.

Although both induce liver tumors, DCA and TCA have distinctly different actions
(Caldwell and Keshava, 2006) and apparently differ in induced tumor phenotype (see discussions
above in Section E.2.2. and many studies have been conducted to try to elucidate the nature of
those differences (Caldwell et al., 2008b). Limitations of all of the available chronic studies of
TCA and most of the studies of DCA include less-than-lifetime exposures, varying and small
numbers of animals examined, and few exposure concentrations that were relatively high.

E.2.3.1. Acute studies of DCA/TCA

The studies in this section focus on studies of DCA and TCA that examine, to the extent
possible, similar endpoints using similar experimental designs as those of TCE examined above
and that give insight into proposed modes of action for all three. Of note for any experiment
involving TCA is whether exposure solutions were neutralized. Unbuffered TCA is commonly
used as a reagent to precipitate proteins so that any result from studies using unbuffered TCA
could potentially be confounded by the effects on pH.
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E.2.3.1.1. Sanchez and Bull (1990)

In this report TCA and DCA were administered to male B6C3F; mice (9 weeks of age)
and male and female Swiss-Webster mice (9 weeks of age) for up to 14 days. At 2, 4, or
14 days, mice were injected with tritiated thymidine. Experiments were replicated at least once
but results were pooled so that variation between experiments could not be determined. B6C3F;
male mice were given DCA or TCA at 0, 0.3, 1.0, or 2.0 g/L in drinking water (n = 4 for each
group for 2 and 5 days, but n = 15 for control and n = 12 for treatment groups at day 14). Swiss-
Webster mice (n = 4) at were exposed to DCA only on day 14 at 0, 1.0, or 2.0 g/L. Mice were
injected with tritiated thymidine 2 hours prior to sacrifice. The pH of the drinking water was
adjusted to 6.8—7.2 with sodium hydroxide. Concentrations of TCA and DCA were reported to
be stable for a minimum of 3 weeks.

Hepatocyte diameters were reported to be determined by randomly selecting five
different high power fields (400x) in five different sections per animals (total of 25 fields/animal
with “cells in and around areas of necrosis, close to the edges of the section, or displaying
mitotic figures were not included in the cell diameter measurements.” PAS staining was
reported to be done for glycogen and lipofuscin determined by autofluorescence. Tritiated
thymidine was reported to be given to the animals 2 hours prior to sacrifice. In two of three
replications of the 14-day experiment, a portion of the liver was reported to be set aside for DNA
extraction with the remaining group examined autoradiographically for tritiated thymidine
incorporation into individual hepatocytes. Autoradiographs were also reported to be examined in
the highest dose of either DCA or TCA for the 2- and 5-day treatment groups. Autoradiographs
were reported to be analyzed in randomly selected fields (5 sections per animal in 10 different
fields) for a total of 50 fields/animal and reported as percentage of cells in the fields that were
labeled. There was no indication by the authors that they characterized differing zones of the
liver for preferential labeling. DNA thymidine incorporation results were not examined in the
same animals as those for individual hepatocyte incorporation and also not examined at 2- or
5-day time periods. The only analyses reported for the Swiss-Webster mice were of hepatic
weight change and histopathology. Variations in results were reported as SE of the mean.

Liver weights were reported but not body weights, so the relationship of liver/body
weight ratio could not be determined for the B6C3F; mice. For liver weight, the numbers of
animals examined varied greatly between and within treatment groups. The number of control
animals examined were reported to be n =4 on day 2, n =8 on day 5, and n = 15 on day 14.
There was also a large variation between control groups in regard to liver weight. Control liver
weights for day 2 were reported to be 1.3 £ 0.1, day 5 to be 1.5 + 0.05, and for day 14 to be 1.3 +
0.04 g. Liver weights in Day 5 control animals were much greater than those for day 2 and
day 14 animals and thus, the means varied by as much as 15%.

For DCA, there was no reported change in liver weights compared to controls values at
any exposure level of DCA after 2 days of exposure. After 5 days of exposure, there was no
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difference in liver weight between controls and 0.3 g/L exposed animals. However, the animals
exposed at 1.0 or 2.0 g/L DCA had identical increases in liver weight of 1.7 £ 0.13 and 1.7 £
0.8 g, respectively. Due to the low power of the experiment, only the 2.0 g/L DCA result was
identified by the authors as significantly different from the control value. For TCA, there was a
slight decrease reported between control values and the 0.3 g/L treatment group (1.2 £ 0.1 g vs.
1.3£0.1g), but the 1.0 and 2.0 g/L treatment groups had similar slight increases over control
(for 1.0 g/L liver weight was 1.5 £ 0.1 and for 2.0 g/L liver weight was 1.4 + 0.1 g). The same
pattern was apparent for the 5-day treatment groups for TCA as for the 2-day treatment groups.

For 14-day exposure periods, the number of animals studied was increased to12 for the
TCA and DCA treatment groups. After 14 days of DCA treatment, there was a reported dose-
related increase in liver weight that was statistically significant at the two highest doses (i.e., at
0.3 g/L DCA liver weight was 1.4 = 0.04, at 1.0 g/L DCA liver weight was 1.7 £ 0.07 g, and at
2.0 g/L DCA liver weight was 2.1 £ 0.08 g). This was 1.08-, 1.31-, and 1.62-fold of controls,
respectively. After 14 days of TCA exposure, there was a dose-related increase in liver weight
that the authors reported to be statistically significant at all exposure levels (i.e., at 0.3 g/L liver
weight was 1.5 £ 0.06, at 1.0 g/L liver weight was 1.6 £ 0.07 g, and at 2.0 g/L liver weight was
1.8 £0.10 g). This represents 1.15-, 1.23-, and 1.38-fold of control.

The authors note that at 14 days, that DCA-associated increases in hepatic liver weight
were greater than that of TCA. What is apparent from these data are that while the magnitude of
difference between the exposures was ~6.7-fold between the lowest and highest dose, the
differences between TCA exposure groups for change in liver weight was ~2.5. For DCA, the
slope of the dose-response curve for liver weight increases appeared to be closer to the
magnitude of difference in exposure concentrations between the groups (i.e., a difference of
7.7-fold between the highest and lowest dose for liver weight induction). Given that the control
animal weights varied as much as 15%, the small number of animals examined, and that body
weights were also not reported, there are limitations for making quantitative comparisons
between TCA and DCA treatments. However, after 14 days of treatment, it is apparent that there
was a dose-related increase in liver weight after either DCA or TCA exposure at these exposure
levels. For male and female Swiss-Webster mice, 1 and 2 g/L DCA treatment (n = 4) was
reported to also induce an increase in percent liver/body weight that was similar to the magnitude
of exposure difference (see below).

Grossly, livers of B6C3F; mice treated with DCA for 1 or 2 g/L were reported to have
“pale streaks running on the surface” and occasionally, discrete, white, round areas were also
observed on the surface of these livers. Such areas were not observed in TCA-treated or control
B6C3F; mice. Pale streaks on the surface of the liver were not observed in Swiss-Webster mice.
Again there was no significant effect on total body or renal weights (data not shown).

Swiss-Webster mice were reported to have dose-related increases in hepatic weight and
hepatic/body weight ratios were observed. DCA-associated increases in relative hepatic weights
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in both sexes were comparable to those in B6C3F; mice. The authors report liver weights for the
Swiss-Webster male mice (n = 4 for each group) to be 2.1 + 0.1 g for controls, 2.1 £ 0.1 g for

1.0 g/L DCA, and 2.4 £ 0.2 g for 2.0 g/L DCA 14-day treatment groups. The percent liver/body
weights for these same groups were reported to be 6.4 £ 0.4, 6.9 £ 0.2, and 8.1 £ 0.3%,
respectively. For female Swiss-Webster mice (n = 4 for each group), the liver weights were
reported to be 1.1 + 0.1 g for controls, 1.5+ 0.1 g for 1.0 g/L DCA, and 1.7 + 0.2 g for 2.0 g/L
DCA 14-day treatment groups. The percent liver/body weights for these same groups of Swiss
mice were reported to be 4.8 £0.2, 6.0 £ 0.2, and 6.8 £ 0.4%, respectively.

Thus, while there was no significant difference in “liver weight” between the control and
the 1.0 g/L DCA treatment group for male or female Swiss-Webster mice, there was a
statistically significant difference in liver/body weight ratio reported by the authors. These data
illustrate the importance of reporting both measures and the limitations of using small numbers
of animals (n = 4 for the Swiss Webster vs. n = 12-14 for B6C3F; 14-day experiments).

Relative liver weights were reported by the authors for male B6C3F; mice only for the
14-day groups, as a function of calculated mean water consumption, as pooled data from the
three experiments, and as a figure that was not comparable to the data reported for Swiss-
Webster mice. The liver weight data indicate that male mice of the same age appeared to differ
in liver weight between the two strains without treatment (i.e., male B6C3F; mice had control
liver weights at 14 days of 1.3 + 0.04 g for 15 mice, while Swiss-Webster mice had control
values of 2.1 £ 0.1 for 4 mice). While the authors report that results were “comparable” between
the B6C3F; mice in regard to DCA-induced changes in liver weight, the increase in percent
liver/body weight ratios were 1.27-fold of control for Swiss-Webster male mice (n = 4) and
1.42-fold of control for females while the increase in liver weight for B6C3F; male mice
(n =12-14) was 1.62-fold of controls after 14 days of exposure to 2 g/L DCA.

The concentration of DNA in the liver was reported as mg hepatic DNA/g of liver. This
measurement can be associated with hepatocellular hypertrophy when decreased, or increased
cellularity (of any cell type), increased DNA synthesis, and/or increased hepatocellular ploidy in
the liver when increased. The number of animals examined for this parameter varied. For
control animals, there were four animals reported to be examined at 2 days, eight animals
examined at 5 days, and at 14 days eight animals were examined.

The mean DNA content in control livers were not reported to vary greatly, however, and
the variation between animals was relatively low in the 5- and 14-day control groups (i.e., 1.67 £
0.27,1.70 £ 0.05, and 1.69 mg DNA/qg, for 2-, 5-, or 14-day control animals, respectively). For
treatment groups, the number of animals reported to be examined appeared to be the same as the
control animals.

For DCA treatment, there did not appear to be a dose-response in hepatic DNA content
with the 1 g/L exposure level having the same reported value as control but the 0.3 and 2.0 g/L
values reported to be lower (mean values of 1.49 and 1.32 mg DNA/g, respectively). After
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5 days of exposure, all treatment groups were reported to have a lower DNA content that the
control value (i.e., 1.44 £ 0.06, 1.47 =+, and 1.30 £ 0.14 mg DNA/g, for 0.3, 1.0, and 2.0 g/L
exposure levels of DCA, respectively). After 14 days of exposure, there was a reported increase
in hepatic DNA at the 0.3 g/L exposure level, but significant decreases at the 1.0 and 2.0 g/L
exposure levels (i.e., 1.94 + 0.20, 1.44 + 0.14, and 1.19 = 0.16 mg DNA/g for the 0.3, 1.0, and
2.0 g/L exposure levels of DCA, respectively).

Changes in DNA concentration in the liver were not correlated with the pattern of liver
weight increases after DCA treatment. For example, while there was a clear dose-related
increase in liver weight after 14 days of DCA treatment, the 0.3 g/L DCA exposed group was
reported to have a higher rather than lower level of hepatic DNA than controls. After 2 or 5 days
of DCA treatment, liver weights were reported to be the same between the 1.0 and 2.0 g/L
treatment groups but hepatic DNA was reported to be decreased.

For TCA, there appeared to be a dose-related decrease in reported hepatic DNA after
2 days of treatment (i.e., 1.63 + 0.07, 1.53 + 0.08, and 1.43 + 0.04 mg DNA/qg for the 0.3, 1.0,
and 2.0 g/L exposure levels of TCA, respectively). After 5 days of TCA exposure, there was a
reported decrease in hepatic DNA for all treatment groups that was similar at the 1.0 and 2.0 g/L
exposure groups (i.e., 1.45+ 0.17, 1.29 £ 0.18, and 1.26 + 0.22 mg DNA/qg for the 0.3, 1.0, and
2.0 g/L exposure levels of TCA, respectively). After 14 days of TCA treatment, there was a
reported decrease in all treatment groups in hepatic DNA content that did not appear to be dose-
related (i.e., 1.31+0.17, 1.21 £ 0.17, and 1.33 £ 0.18 mg DNA/g for the 0.3, 1.0, and 2.0 g/L
exposure levels of TCA, respectively).

Thus, similar to the results reported for DCA, the patterns of liver weight gain did not
match those of hepatic DNA decrease for TCA-treated animals. For example, although there
appeared to be a dose-related increase in liver weight gain after 14 days of TCA exposure, there
was a treatment- but not dose-related decrease in hepatic DNA content.

In regard to the ability to detect changes, the low number of animals examined after
2 days of exposure (n = 4) limited the ability to detect a significant change in liver weight and
hepatic DNA concentration. For hepatic DNA determinations, the larger number of animals
examined at 5- and 14-day time points and the similarity of values with relatively smaller SE of
the mean reported in the control animals made quantitative differences in this parameter easier to
determine. However, animals varied in their response to treatment and this variability exceeded
that of the control groups. For DCA, results reported at 14 days and those for TCA reported at
5 and 14 days, the SEs for treated animals showed a much greater variability than those of the
control animals (range of 0.04—0.05 mg DNA/g for control groups, but ranges of 0.17-0.22 mg
DNA/g for TCA at 5 days and 0.14-0.20 mg DNA/g for DCA or TCA at 14 days). The authors
stated that:
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the increases in hepatic weights were generally accompanied by decreases in the
concentration of DNA. However, the only clear changes were in animals treated
with DCA for 5 or 14 days where the ANOV As were clearly significant (P<0.020
and 0.005, respectively). While changes of similar magnitude were observed in
other groups, the much greater variation observed in the treated groups resulted in
not significant differences by ANOVA (p =0.41, 0.66. 0.26, 0.15 for DCA -2
days, and TCA for 2,5, and 14 days, respectively).

The size of hepatocytes is heterogeneous and correlated with its ploidy, zone, and age of
the animal (see Section E.1.1). The authors did not indicate if there was predominance in zone
or ploidy for hepatocytes included in their analysis of average hepatocyte diameter in the random
selection of 25 fields per animal (n = 3—7 animals). There appeared to be a dose-related increase
in cell diameter associated with DCA exposure and a treatment but not dose-related increase with
TCA treatment after 14 days of treatment. For control B6C3F; male mice (n = 7), the hepatocyte
diameter was reported to be 20.6 + 0.4 microns. For mice exposed to DCA, hepatocyte diameter
was reported to be 22.2 £ 0.2, 25.2 £ 0.6, and 26.0 £ 1.0 microns for 0.3, 1.0, and 2.0 g/L treated
mice (n = 4 for each group), respectively. For mice exposed to TCA hepatocyte diameter was
reported to be 22.2 £ 0.2, 22.4 + 0.6, and 23.2 + 0.4 microns for 0.3, 1.0, and 2.0 g/L treated
mice (n = 4 for the 0.3 and 1.0 g/L groups and n = 3 for the 2.0 g/L group), respectively.

The small number of animals examined limited the power of the experiment to determine
statistically significant differences with the authors reporting that only the 1.0 g/L DCA and
2.0 g/L DCA- and TCA-treated groups statistically significant from control values. The dose-
related increases in reported cell diameter were consistent with the dose-related increases in liver
weight reported for DCA after 14 days of exposure. However, the pattern for hepatic DNA
content did not. For TCA, the dose-related increases in cell diameter were also consistent with
the dose-related increases in liver weight after 14 days of exposure. Similar to DCA results, the
changes in hepatic DNA content did not correlate with changes in cell size. In regard to the
magnitude of increases over control values, the 68 vs. 38% increase in liver weight for DCA vs.
TCA at 2.0 g/L, was less than the 26 and 13% increases in cell diameter for the same groups,
respectively. Therefore, for both DCA and TCA exposure, there appeared to be dose-related
hepatomegaly and increased cell size after 14-days of exposure.

The authors reported PAS staining for glycogen content as an attempt to examine the
nature of increased cell size by DCA and TCA. However, they did not present any quantitative
data and only provided a brief discussion. The authors reported that:

hepatic sections of DCA-treated B6C3F; mice (1 and 2 g/L) contained very large
amounts of perilobular PAS-positive material within hepatocytes. PAS stained
hepatic sections from animals receiving the highest concentration of TCA
displayed a much less intense staining that was confined to periportal areas.
Amylase digesting confirmed the majority of the PAS-positive material to by
glycogen. Thus, increased hepatocellular size in groups receiving DCA appears
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to be related to increased glycogen deposition. Similar increases in glycogen
deposition were observed in Swiss-Webster mice.

There is no way to discern whether DCA-induced glycogen deposition was dose-related
and therefore correlated with increased liver weight and cell diameter. While the authors suggest
that Swiss-Webster mice displayed “similar increased in glycogen deposition,” the authors did
not report a similar increase in liver weight gain after DCA exposure at 14 days (1.27-fold of
control percent liver/body weight ratio in Swiss male mice and 1.42-fold in female Swiss-
Webster mice vs. 1.62-fold of control in B6C3F; mice after 14 days of exposure to 2 g/L DCA).
Thus, the contribution of glycogen deposition to DCA-induced hepatomegaly and the nature of
increased cell size induced by acute TCA exposure cannot be determined by this study.
However, this study does show that DCA and TCA differ in respect to their effects on glycogen
deposition after short-term exposure.

The authors report that:

localized areas of coagulative necrosis were observed histologically in both
B6C3F; and Swiss-Webster mice treated with DCA at concentrations of 1 and

2 g/L for 14 days. The necrotic areas corresponded to the pale streaked areas seen
grossly. These areas varied in size, shape and location within sections and
occupied up to several mm?. An acute inflammatory response characterized by
thin rims of neutrophils was associated with the necrosis, along with multiple
mitotic figures. No such areas of necrosis were observed in animals treated at
lower concentrations of DCA, or in animals receiving the chemical for 2 or

5 days. Mice treated with 2 g/L TCA for 14 days have some necrotic areas, but at
such low frequency that it was not possible to determine if it was treatment-
related (2 lesions in a total of 20 sections examined). No necrosis was observed
in animals treated at the lower concentrations of TCA or at earlier time points.

Again there were no quantitative estimates given of the size of necrotic areas, variation
between animals, variation between strain, or dose-response of necrosis reported for DCA
exposure by the authors. The lack of necrosis after 2 and 5 days of exposure at all treatment
levels and at the lower exposure level at 14 days of exposure is not correlated with the increases
in liver weight reported for these treatment groups.

Autoradiographs of randomly chosen high powered fields (400x%) (50 fields/animal) were
reported as the percentage of cells in the fields that were labeled. There was significant variation
in the number of animals examined and in the reported mean percent of labeled cells between
control groups. The number of control animals was not given for the 2-day group but for the
5- and 14-day groups were reported to be n =4 and n = 11, respectively. The mean percent of
labeling in control animals was reported at 0.11 + 0.03, 0.12 + 0.04, and 0.46 + 0.07% of
hepatocytes for 2-, 5-, and 14-day control groups, respectively. Only the 2.0 g/L exposures of
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DCA and TCA were examined at all three times of exposure, while all groups were examined at
14 days. However, the number of animals examined in all treatment groups appeared to be only
four animals in each group.

There was not an increase over controls reported in the 2.0 g/L DCA or TCA 2- and
5-day exposure groups in hepatocyte labeling with tritiated thymidine. After 14 days of
exposure, there was a statistically significant but very small dose-related increase over the
control value after DCA exposure (i.e., 0.46 + 0.07, 0.64 £ 0.15, 0.75 £ 0.22, and 0.94 + 0.05%
labeling of hepatocytes in control, 0.3, 1.0, and 2.0 g/L DCA treatment groups, respectively).
For TCA, there was no change in hepatocyte labeling except for a 50% decrease from control
values at after 14 days of exposure to 2.0 g/L TCA (i.e., 0.46 + 0.07, 0.50 + 0.14, 0.52 + 0.26,
and 0.26 + 0.14% labeling of hepatocytes in control, 0.3, 1.0, and 2.0 g/L TCA treatment groups,
respectively). The authors report that:

labeled cells were localized around necrotic areas in these [sic DCA treated]
groups. Since counts were made randomly, the local increased in DCA-treated
animals at concentrations of 1 and 2 g/L are in fact much higher than indicated by
the data. Labeling indices in these areas of proliferation were as high as 30%.
Labeled hepatocytes in TCA-treated and the control animals were distributed
uniformly throughout the sections. There was an apparent decrease in the
percentage of labeled cells in the group of animals treated with the highest dose of
TCA. This is because no labeled cells were found in any of the fields examined
for one animal.

The data for control mice in this experiment are consistent with others showing that the
liver is quiescent in regard to hepatocellular proliferation with few cells undergoing mitosis (see
Section E.1.1). For up to 14 days of exposure with either DCA or TCA, there was little increase
in hepatocellular proliferation except in instances and in close proximity to areas of proliferation.
The increases in liver weight reported for this study were not correlated with and cannot be a
result of hepatocellular proliferation as only a very small population of hepatocytes is
undergoing DNA synthesis. For TCA, there was no increase in DNA synthesis in hepatocytes,
even at the highest dose, as shown by autoradiographic data of tritiated thymidine incorporation
in random fields.

Whole-liver sections were examined for tritiated thymidine incorporation from DNA
extracts. The number of animals examined varied (i.e., n = 4 for the 2-day exposure groups and
n = 8 for 5- and 14-day exposure groups), but the number of control animals examined was the
same as the treated groups for this analysis. The levels of tritiated thymidine incorporation in
hepatic DNA (dpm/mg DNA expressed as mean x 10° + SE of the number of animals) were
reported to be similar across control groups (i.e., 56 = 11, 56 £ 6, and 56 + 7 dpm/mg DNA, for
2-, 5-, and 14-day treatment groups, respectively).
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After 2 days of DCA exposure, there appeared to be a slight treatment-related, but not
dose-related, increase in reported tritiated thymidine incorporation into hepatic DNA (i.e., 72 £
23,80 £ 6, and 68 + 7 dpm/mg DNA for 0.3, 1.0, or 2.0 g/L DCA, respectively). After 5 days of
DCA exposure, there appeared to be a dose-related increase in reported tritiated thymidine
incorporation into hepatic DNA (i.e., 68 + 18, 110 + 20, and 130 £+ 7 dpm/mg DNA for 0.3, 1.0,
or 2.0 g/L DCA, respectively). However, after 14 days of DCA exposure, levels of tritiated
thymidine incorporation were less than those reported at 5 days and the level for the 0.3 g/L
exposure group was less than the control value (i.e., 33 + 11, 77 £ 9, and 81 £ 12 dpm/mg DNA
for 0.3, 1.0, or 2.0 g/L DCA, respectively).

After 2 days of TCA exposure, there did not appear to be a treatment-related increase in
tritiated thymidine incorporation into hepatic DNA (i.e., 82 + 16, 52 = 7, and 54 £ 7 dpm/mg
DNA for 0.3, 1.0, or 2.0 g/L TCA, respectively). Similar to the reported results for DCA, after
5 days of TCA exposure, there appeared to be a dose-related increase in reported tritiated
thymidine incorporation into hepatic DNA (i.e., 79 £ 23, 86 £ 17, and 158 + 33 dpm/mg DNA
for 0.3, 1.0, or 2.0 g/L TCA, respectively). After 14 days of TCA exposure, there were
treatment-related increases, but not a dose-related increase, in reported tritiated thymidine
incorporation into hepatic DNA (i.e., 71 £ 10, 73 £ 14, and 103 + 14 dpm/mg DNA for 0.3, 1.0,
or 2.0 g/L TCA, respectively).

It would appear that for both TCA and DCA, the increase in tritiated thymidine
incorporation into hepatic DNA was dose related and peaked after 5 days of exposure. The
authors report that the decrease in incorporation into hepatic DNA observed after 14 days of
DCA treatment at 0.3 g/L to be statistically significant as well as the increases after 5 and
14 days of TCA exposure at the 2.0 g/L level. The small numbers of animals examined, the
varying number of animals examined, and the degree of variation in treatment-related effects
limit the statistical power of this experiment to detect quantitative changes.

Given the limitations of this experiment, determination of an accurate measure of the
quantitative differences in tritiated thymidine incorporation into whole-liver DNA or that
observed in hepatocytes are hard to determine. In general, the results for tritiated thymidine
incorporation into hepatic DNA were consistent with those for tritiated thymidine incorporation
into hepatocytes in that they show that there were, at most, a small population of hepatocytes
undergoing DNA synthesis after up to 14 days of exposure at relative high levels of exposure to
DCA and TCA (i.e., the largest percentage of hepatocytes undergoing DNA synthesis for any
treatment group was <1% of hepatocytes). The highest increases over control levels for hepatic
DNA incorporation for the whole liver were reported at the highest exposure level of TCA
treatment after 5 days of treatment (threefold of control) and after 14 days of TCA treatment
(twofold of control).

Although the authors report small areas of focal necrosis with concurrent localized
increases in hepatocyte proliferation in DCA-treated animals exposed t01.0 g/L and 2.0 g/L
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DCA, the levels of whole-liver tritiated thymidine incorporation were only slightly elevated over
controls at these concentrations, and were decreased at the 0.3 g/L exposure concentration for
which no focal necrosis was reported. The whole-liver DNA incorporation of tritiated thymidine
was not consistent with the pattern of tritiated thymidine incorporation observed in individual
hepatocytes. The authors state that “at present, the mechanisms for increased tritiated thymidine
uptake in the absence of increased rates of cell replication with increasing doses of TCA cannot
be determined.” The authors do not discuss the possibility that the difference in hepatocyte
labeling and whole-liver DNA tritiated thymidine incorporation could have been due to the
labeling representing increased polyploidization rather than cell proliferation, as well as
increased numbers of proliferating nonparenchymal and inflammatory cells. The increased cell
size due from TCA exposure without concurrent increased glycogen deposition could have been
indicative of increased polyploidization. Finally, although both TCA- and DCA-induced
increases in liver weight were generally consistent with cell size increases, they were not
correlated with patterns of change in hepatic DNA content, incorporation of tritiated thymidine
in DNA extracts from whole liver, or incorporation of tritiated thymidine in hepatocytes. In
regard to cell size, although increased glycogen deposition with DCA exposure was noted by the
authors of this study, lack of quantitative analyses of that accumulation precludes comparison
with DCA-induced liver weight gain.

E.2.3.1.2. Nelson et al. (1989) and Nelson and Bull (1988)

Nelson and Bull (1988) administered TCE (0, 3.9, 11.4, 22.9, and 30.4 mmol/kg) in
Tween 80® via gavage to male Sprague-Dawley rats and male B6C3F; mice, sacrificed them
4 hours after treatment (n = 4-7), and measured the rate of DNA unwinding under alkaline
conditions. They assumed that this assay represented increases in SSBs. For rats, there was little
change from controls up to 11.4 mmol/kg (1.5 g/kg TCE) but a significantly increased rate of
unwinding at 22.9 and 30.4 mmol/kg TCE (approximately twofold greater at 30.4 mmol). For
mice, there was a significantly increased level of DNA unwinding at 11.4 and 22.9 mmol.
Concentrations >22.9 mmol/kg were reported to be lethal to the mice. In this same study, TCE
metabolites were administered in unbuffered solution using the same assay. DCA was reported
to be most potent in this assay with TCA being the lowest, while CH closely approximated the
dose-response curve of TCE in the rat. In the mouse, the most potent metabolite in the assay was
reported to be TCA followed by DCA with CH considerably less potent.

The focus of the Nelson et al. (1989) study was to examine whether reported SSBs in
hepatic DNA induced by DCA and TCA (Nelson and Bull, 1988) were secondary to peroxisome
proliferation also reported to be induced by both. Male B6C3F; mice (25-30 g but no age
reported) were given DCA (10 mg/kg or 500 mg/kg) or TCA (500 mg/kg) via gavage in 1%
aqueous Tween 80® with no pH adjustment. The animals were reported to be sacrificed 1, 2, 4,
or 8 hours after administration, and livers were examined for SSBs as a whole-liver homogenate.
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In a separate experiment (experiment #2), treatment was parallel to the first (500 mg/kg
treatment of DCA or TCA), but levels of PCO activity were measured as an indication of
peroxisome proliferation and expressed as pumol/minute/g liver. In a separate experiment
(experiment #3), mice were administered 500 mg/kg DCA or TCA for 10 days with Clofibrate
administered at a dose of 250 mg/kg as a positive control. Twenty-four hours after the last dose,
animals were killed, and liver was examined by light microscopy and PCO activity. Finally, in
an experiment parallel in design to experiment #3, SSBs were measured in total hepatic DNA
after 500 mg/kg exposure to TCA (experiment #4). Electron microscopy was performed on two
animals/group for vehicle, DCA, or TCA treatment, with six randomly chosen micrographic
fields utilized for peroxisome profiles. These micrographs were analyzed without identification
as to what area of the liver lobules they were being taken from. Hence, there is a question as to
whether the areas that are known to be peroxisome rich were assayed or not.

The data from all control groups were reported as pooled data in figures, but statistical
comparisons were made between concurrent control and treated groups. The results for DNA
SSBs were reported for “13 control animals” and each experimental time point “as at least 6
animals.”

DNA strand breaks were reported to be significantly increased over concurrent control by
a single exposure to 10 or 500 mg/kg DCA or 500 mg/kg TCA for 1, 2, or 4 hours after
administration but not at 8 or 24 hours. There did not appear to be a difference in the magnitude
of response between the three treatments (the fraction of unwound DNA was ~2.5 times that of
control). PCO activity was reported to be not increased over control within 24 hours of either
DCA or TCA treatment (n = 6 animals per group). The fraction of alkaline unwinding rates as
an indicator of SSBs were reported to not be significantly different from controls and TCA-
treated animals after 10 days of exposure (n = 5).

Relative to controls, body weights were reported to not be affected by exposures to DCA
or TCA for 10 days at 500 mg/kg (data were not shown.) (n = 6 per group). However, both DCA
and TCA were reported to significantly increase liver weight and liver/body weight ratios (i.e.,
liver weights were 1.3 £ 0.05, 2.1 £ 0.10, and 1.7 £ 0.09 g for control, 500 mg/kg DCA, and
500 mg/kg TCA treatment groups, respectively while percent liver/body weights were
4.9+0.14,7.5%0.18, and 5.7 = 0.14% for control, 500 mg/kg DCA, and 500 mg/kg TCA
treatment groups, respectively).

PCO activity (umol/minute/g liver) was reported to be significantly increased by DCA
(500 mg/kg), TCA (500 mg/kg), and Clofibrate (250 mg/kg) treatment (i.e., levels of oxidation
were 0.63 £ 0.07, 1.03 £ 0.09, 1.70 + 0.08, and 3.26 + 0.05 for control, 500 mg/kg DCA,

500 mg/kg TCA, and 250 mg/kg Clofibrate treatment groups, respectively). Thus, the increases
were ~1.63-, 2.7-, and 5-fold of control for DCA, TCA, and Clofibrate treatments.

Results from randomly selected electron photomicrographs from two animals (six per
animal) were reported for DCA and TCA treatment and to show an increase in peroxisomes per
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unit area that was reported to be statistically significant (i.e., 9.8 + 1.2, 25.4 £2.9,and 23.6 £ 1.8
for control, 500 mg/kg DCA, and 500 mg/kg TCA, respectively). The 2.5- and 2.4-fold of
control values for DCA and TCA gave a different pattern than that of PCO activity. The small
number of animals examined limited the power of the experiment to quantitatively determine the
magnitude of peroxisome proliferation via electron microscopy. The enzyme analyses suggested
that both DCA and TCA were weaker inducers of peroxisome proliferation than Clofibrate.

The authors reported that there was no evidence of gross hepatotoxicity in vehicle or
TCA-treated mice. Light microscopic sections from mice exposed to TCA or DCA for 10 days
were stained with H&E and PAS for glycogen. For TCA treatment, PAS staining “produced
approximately the same intensity of staining and amylase digesting revealed that the vast
majority of PAS-positive staining was glycogen.” Hepatocytes were reported to be “slightly
larger in TCA-treated mice than hepatocytes from control animals throughout the liver section
with the architecture and tissue pattern of the liver intact.” The histopathology after DCA
treatment was reported to be “markedly different than that observed with either vehicle or TCA
treatments” with the “most pronounced change in the size of hepatocytes.” DCA was reported
to:

produce marked cellular hypertrophy uniformly throughout the liver. The
hepatocytes were approximately 1.4 times larger in diameter than control liver
cells. This hypertrophy was accompanied by an increase in PAS staining;
indicating greater glycogen deposition than in TCA-treated and control liver
tissue. Multiple white streaks were grossly visible on the surface of the liver of
DCA-treated mice. The white areas corresponded with subcapsular foci of
coagulative necrosis. These localized necrotic areas were not encapsulated and
varied in size. The largest necrotic foci occupied the area of a single lobule.
These necrotic areas showed a change in staining characteristics. Often this
change consisted of increased eosinophilia. A slight inflammatory response,
characterized by neutrophil infiltration, was present. These changed were evident
in all DCA-treated mice.

The results from this experiment cannot inform as to dose-response relationships for the
parameters tested with the exception of DNA SSBs where two concentrations of DCA were
examined (10 and 500 mg/kg). For this parameter, the 10 mg/kg exposure of DCA was as
effective as the 500 mg/kg dose where toxicity was observed. This effect on DNA was observed
before evidence of induction of peroxisome proliferation. The authors did not examine
Clofibrate for effects on DNA so whether it too, would have produced this effect is unclear. The
results from this study are consistent with those of Sanchez and Bull (1990) for induction of
hepatomegaly by DCA and TCA, the lack of hepatotoxicity at this dose by TCA, and the
difference in glycogen deposition between DCA and TCA.
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E.2.3.1.3. Styles et al. (1991)

In this report, a similar paradigm is used as Nelson et al. (1989) for the intention of
repeating that work on SSBs and to study DNA synthesis and peroxisome proliferation. In
regard to the findings of SSBs, Styles et al. (1991) reported for a similar paradigm of 500 mg/kg
neutralized TCA administered to male B6C3F; mice (7-8 weeks of age) and examined at 1, 4, 8,
and 24 hours after dosing. They reported no increased unwinding of DNA 1 or 24 hours after
TCA administration. In a separate experiment, tritiated thymidine was administered to mice
1 hour before sacrifice at 24, 36, 48, 72, and 96 hours after the first dose of 500 mg/kg TCA for
3 days via gavage (n = 5 animals per group).

The hepatic DNA uptake of tritiated thymidine was reported to be similar to control
levels up to 36 hours after the first dose and then to increase to a level approximately sixfold
greater than controls by 72 hours after the first dose of TCA. By 96 hours, the level of tritiated
thymidine incorporation had fallen to approximately fourfold greater than controls. The
variation, reported by SD, was very large in treated animals (e.g., SD was equal to approximately
+1.3-fold of control for 48 hour time point). Individual hepatocytes were examined with the
number of labeled hepatocytes/1,000 cells reported for each animal.

The control level was reported to be ~1 with a SD of similar magnitude. The number of
labeled hepatocytes was reported to decrease between 24 and 36 hours and then to rise slowly
back to control levels at 48 hours and then to be significantly increased 72 hours after the first
dose of TCA (~9 cells/1,000 with a SD of 3.5) and then to decrease to a level of ~5 cells/1,000.
Thus, it appears that increases in hepatic DNA tritiated thymidine uptake preceded those of
increased labeled hepatocytes and did not capture the decrease in hepatocyte labeling at
36 hours. By either measure, the population of cells undergoing DNA synthesis was small, with
the peak level being <1% of the hepatocyte population.

The authors go on to report the zonal distribution of mean number of hepatocytes
incorporating tritiated thymidine but no variations between animals were reported. The decrease
in hepatocyte labeling at 36 hours was apparent at all zones. By 48 hours, there appeared to be
slightly more periportal than midzonal cells undergoing DNA synthesis with centrilobular cells
still below control levels. By 72 hours, all zones of the liver were reported to have a similar
number of labeled cells. By 96 hours, the midzonal and centrilobular regions have returned
almost to control levels while the periportal areas were still elevated. These results are consistent
with all hepatocytes showing a decrease in DNA synthesis by 36 hours and then a wave of DNA
synthesis occurring starting at the periportal zone and progressing through to the pericentral zone
until 72 hours and then the midzonal and pericentral hepatocytes completing their DNA
synthesis activity.

Peroxisome proliferation was assessed via electron photomicrographs taken in mice (four
controls and four treated animals) given 10 daily doses of 500 mg/kg TCA and killed 14 hours
after the last dose. No details were given by the authors as to methodology for peroxisome
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volume estimate (e.g., how many photos per animals were examined and whether they were
randomly chosen). The mean percent cell volume occupied by peroxisome was reported to be
2.1 +0.386 and 3.9 = 0.551% for control and 500 mg/kg TCA, respectively. Given that there
were no time points examined before 10 days for peroxisome proliferation, correlations with
DNA synthesis activity induced by TCA cannot be made from this experiment. However, it is
clear from this study that a wave of DNA synthesis occurs throughout the liver after treatment of
TCA at this exposure concentration and that it has peaked by 72 hours even with continuous
exposure to 96 hours. Whether the DNA synthesis represents polyploidization or cell
proliferation cannot be determined from these data; neither can a dose-response be determined.

E.2.3.14. Carter et al. (1995)

The aim of this study was to “use correlative biochemical, pathologic and morphometric
techniques to characterize and quantify the acute, short-term responses of hepatocytes in the
male B6C3F; mouse to drinking water containing DCA.” This report used tritiated thymidine
incorporation, DNA concentration, hepatocyte number per field (cellularity), nuclear size, and
binuclearity (polyploidy) parameters to study 0, 0.5, and 5 g/L neutralized DCA exposures up to
30 days. Male B6C3F; mice were started on treatment at 28 days of age. Tritiated thymidine
was administered by miniosmotic pump 5 days prior to sacrifice.

The experiment was conducted in two phases, which consisted of 5-15 days of treatment
(Phase 1) and 20-30 days of treatment (Phase Il) with five animals per group in groups sacrificed
at 5-day intervals. Liver sections were stained for H&E, PAS (for glycogen) or methyl green
pyronin stain (for RNA). DNA was extracted from liver homogenates and the amount of tritiated
thymidine determined as dpm/pg DNA. Autoradiography was performed with the number of
hepatocyte nuclei scored in 1,000 hepatocytes selected randomly to provide a labeling index of
“number of labeled cells/1000 X 100%.” Changes in cellularity, nuclear size and number of
multinucleate cells were quantified in H&E sections at 40 x power. Hepatocyte cellularity was
determined by counting the number of nuclei in 50 microscopic fields with multinucleate cells
being counted as one cell and nonparenchymal cells not counted. Nuclear size was also
measured in 200 nuclei with the mean area plus 2 SD was considered to be the largest possible
single nucleus. Therefore, polyploid diploid cells were identified by the authors but not cells that
had undergone polyploidy with increased DNA content in a single nucleus.

Mean body weights at the beginning of the experiment varied between 18.7 and 19.6 g in
the first three exposure groups of Phase | of the study. Through 15 days of exposure, there did
not appear to be a change in body weight in the 0.5 g/L exposure groups but in the 5 g/L
exposure group body weight was reduced at 5, 10, and 15 days with that reduction statistically
significant at 5 and 15 days. Liver weights did not appear to be increased at day 5 but were
increased at days 10 and 15 in both treatment groups (i.e., means + SEM. for day 10, 1.36 = 0.03,
1.46 + 0.03, and 1.59 £ 0.08 g for control, 0.5, and 5 g/L DCA, respectively; and for day 15,
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1.51 +0.06, 1.72 £ 0.05, and 2.08 = 0.11 g for control, 0.5, and 5 g/L DCA, respectively). The
percent liver/body weight followed a similar pattern with the exception that at day 5, the 5 g/L
exposure group had a statistically significant increase over control (i.e., for day 10, 6.00 £ 0.10,
6.72 £ 0.17, and 8.21 + 0.10% for control, 0.5, and 5 g/L DCA, respectively; and for day 15,
6.22 £ 0.08, 6.99 £ 0.15, and 10.37 £ 0.27% g for control, 0.5, and 5 g/L DCA, respectively).

In Phase Il of the study, control body weights were smaller than Phase | and varied
between 16.6 and 16.9 g in the first three exposure groups. Liver weights of controls were also
smaller making it difficult to quantitatively compare the two groups in terms of absolute liver
weights. However, the pattern of DCA-induced increases in liver weight and percent liver/body
weight remained. The patterns of body weight reduction only in the 5 g/L treatment groups and
increased liver weight with DCA treatment at both concentrations continued from 20 to 30 days
of exposure.

For liver weight, there was a slight but statistically significant increase in liver weight for
the 0.5 g/L treatment groups over controls (i.e., for day 20, 1.02 £ 0.02, 1.18 + 0.05, and 1.98 +
0.05 g for control, 0.5, and 5 g/L DCA, respectively; for day 25, 1.15 + 0.03, 1.34 + 0.04, and
2.06 £ 0.12 g for control, 0.5, and 5 g/L DCA, respectively, for day 30, 1.15 £ 0.03, 1.39 £ 0.08,
and 1.90 = 0.12 g for control, 0.5, and 5 g/L DCA, respectively). For percent liver/body weight,
there was a small increase at 0.5 g/L that was not statistically significant but all other treatments
induced increases in percent liver/body weight that were statistically significant (i.e., for day 20,
4.82 £0.07,5.05 £ 0.09, and 9.71 + 0.11% for control, 0.5, and 5 g/L DCA, respectively; for
day 25, 5.08 + 0.04, 5.91% + 0.09, and 10.38 + 0.58% for control, 0.5, and 5 g/L DCA,
respectively; for day 30, 5.17 £ 0.09, 6.01 + 0.08, and 10.28 + 0.28% for control, 0.5, and 5 g/L
DCA, respectively).

Of note is the dramatic decrease in water consumption in the 5 g/L treatment groups that
were consistently reduced by 64% in Phase | and 46% in Phase Il. The 0.5 g/L treatment groups
had no difference from controls in water consumption at any time in the study. The effects of
such water consumption decreases would affect body weight as well as dose received. Given the
differences in the size of the animals at the beginning of the study and the concurrent differences
in liver weights and percent liver/body weight in control animals between the two phases, the
changes in these parameters through time from DCA treatments cannot be accurately determined
(e.g., control liver/body weights averaged 6.32% in Phase | but 5.02% in Phase Il). However,
percent liver/body weight increase were reported to be consistently increased within and between
both phases of the study for the 0.5 g/L DCA treatment from 5 to 30 days of treatment (i.e., for
Phase I, the average increase was 9.5% and for Phase I, the average increased was 12.5% for
0.5 g/L DCA treated groups). Although increased at 5 days, the nonsignificance of the change
may be resultant from the small number of animals examined. The difference in magnitude of
dose and percent liver/body weight increase is difficult to determine given that the 5 g/L dose of
DCA reduced body weight and significantly reduced water consumption by ~50% in both phases
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of the study. Of note is that the differences in DCA-induced percent liver/body weight were
~6-fold for the 15, 25, and 30-day data between the 0.5 and 5 g/L DCA exposures rather than the
10-fold difference in exposure concentration in the drinking water.

The incorporation of tritiated thymidine into total hepatic DNA control treatment groups
was reported to be 73.34 + 11.74 dpm/ug DNA at 5 days, 34 = 4.12 dpm/ug DNA at 15 days,
and 28.48 + 3.24 dpm/pg DNA at 20 days but was not reported for other treatments. The results
for 0.5 g/L treatments were not reported quantitatively but the authors stated that the results
“showed similar trends of initial inhibition followed by enhancement of labeling, the changes
relative to controls were not statistically significant.” For 5 g/L treatment groups, the 5-day
treated groups DNA tritiated thymidine incorporation was reported to be 42.8% of controls and
followed by a transient increase at 15 and 20 days (i.e., 2.65- and 2.45-fold of controls,
respectively) but after 25 and 30 days, was not significantly different from controls (data not
shown).

Labeling indices of hepatocytes were reported as means, but variations as either SEM or
SD were not reported. Control means were reported as 5.5, 4, 2, 2, 3.2, and 3.5% of randomly
selected hepatocytes for 5, 10, 15, 20, 25, and 30 days, respectively, for four to five animals per
group. In contrast to the DNA incorporation results, no increase in labeling of hepatocytes was
reported to be observed in comparison to controls for any DCA treatment group from 5 to
30 days of DCA exposure. The 5 g/L treatment group showed an immediate decrease in
hepatocyte labeling from day 5 onwards that gradually increased approximately half of control
levels by day 30 of exposure (i.e., <0.5% labeling index at day 5, ~1% labeling index at day 10,
~0.6% labeling index at day 20, 1% labeling index at day 25, and 2% labeling index at day 30).
For the 0.5 g/L treatment, the labeling index was reported to not differ from controls from days 5
though 15, but to be significantly decreased between days 20 and 30 to levels similar to those
observed for the 5 g/L exposures. The relatively higher number of hepatocytes incorporating
label reported in this study than others can be a reflection of the longer times of exposure to
tritiated thymidine. Here, incorporation was shown for 1 weeks worth of exposure and reflects
the percent of cell undergoing synthesis during that time period. Also, the higher labeling index
in control animals at the 5- and 10-day exposure periods is probably a reflection of the age of the
animals at the time of study.

From the data reported by the authors, there was a correlation between the patterns of
total DNA incorporation of label and hepatocyte labeling indices in control groups (i.e., higher
level of labeling at 5 days than at 15 and 20 days). However, the patterns of decreased thymidine
labeling reported for hepatocytes were not correlated with a transient increase in total DNA
thymidine incorporation reported with DCA treatment, especially at the 5 g/L exposure level
with a large decrease reported for the number of labeled hepatocytes at the same time an increase
in total DNA thymidine incorporation was reported.
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Although reported to be transiently increased, the total hepatic DNA labeling still
represented at most a 2.5-fold increase over control liver, which represents a small population of
cells. Given that the study examined hepatocyte labeling in random fields and did not report
quantitative zonal differences in proliferation, a more accurate determination of what hepatocytes
were undergoing proliferation cannot be made from the labeling index results. Also, although
the authors report signs of inflammatory cells for 5-day treatment there is no reference to any
inflammatory changes that may have been observed at later time periods when cellular
degeneration and loss of nuclei were apparent. Such an increase inflammatory infiltrates can
increase the DNA synthesis measurements in the liver. The difference in labeling index and total
DNA synthesis could reflect differences in nonparenchymal cell proliferation or ploidy changes
vs. mitoses in hepatocytes. Clearly, the increases in liver weight that were reported as early as
5 days of exposure could not have resulted from increased hepatocyte proliferation.

The H&E sections were reported to have been fixed in an aqueous solution that reduced
glycogen content. However, residual PAS positive material (assumed to be glycogen) was
reported to be present indicating that not all of the glycogen had been dissolved. The authors
report changes in pathology between 5 and 30 days in control animals that included straightening
of hepatocyte cording, decreased mitoses, less clarity and more fine granularity of pericentral
hepatocellular cytoplasm, increased numbers of larger nuclei that were not labeled, and reported
differences between animals in the amount of glycogen present (i.e., two or three animals out of
the five had less glycogen than other members of the group with less glycogen in the central and
midzonal areas). These changes are consistent with increased polyploidization expected for
maturing mice (see Sections E.1.1 and E.1.2).

After 5 days of treatment, 0.5 g/L exposed animals were reported to have livers with
fewer mitoses and tritiated thymidine hepatocyte labeling, but by 10 days, there was an increase
in nuclear size. Labeling was reported to be predominantly in small nuclei. Animals given
0.5 g/L DCA for 15, 20, and 25 days were reported to have “focal cells in the middle zone with
less detectable or no cell membranes and loss of the coarse granularity of the cytoplasm” with
some cells not having nuclei or cells having a loss of nuclear membrane and apparent karyolysis.
“Cells without nuclei because the plane of the section did not pass through the nuclei had the
same type of nuclei. Cells without nuclei not related to plane of section had a condensed
cytoplasm.” Livers from 20-day and later sacrifice groups treated with 0.5 g/L DCA were
reported to have normal architecture. After 25 days of treatment, apoptotic bodies were reported
to be observed with fewer nuclei around the central veins nuclei that were larger in central and
midzonal areas.

In animals treated with 5 g/L DCA, the authors report similar features as for 0.5 g/L but
in a zonal pattern. Inflammatory cells were reported to not be observed, and after 5 and 10 days,
a marked decrease in labeled nuclei. After 5 days of 5 g/L. DCA, nuclear depletion in the central
and mid-zonal areas was reported. In methyl green pyronin-stained slides a marked loss of
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cellular membranes was reported at 5 days with a loss of nuclei and formation of “lakes of liver
cell debris.” After 15 days of treatment, there was a reported increase in labeling in comparison
to animals sacrificed after 5 or 10 days. The cells nearest to the triads were reported to have
clearing of their cytoplasms and an increase in PAS positivity. Hepatocytes of both 0.5 and 5
g/L DCA treatment groups were reported to have “enlarged, presumably polyploidy nuclei.”
Some of the nuclei were reported to be “labeled, usually in hepatocytes in the mid-zonal area.”

The morphometric analyses of liver sections were reported to reveal statistically
significant changes in cellularity, nuclear size (as measured by either nuclear area or mean
diameter of the nuclear area equivalent circle), and multinucleated cells during 30 days of
exposure to DCA. The authors reported that the concentration of total DNA in the liver, reported
as total pg nuclear DNA/g liver, ranged between 278.17 £ 16.88 and 707.00 + 25.03 in the
control groups (i.e., two- to fivefold range). No 0.5 g/L DCA treatment groups differed from
their control group in terms of liver DNA concentration. However, for 10-30 days of exposure,
hepatic DNA concentrations were reported to be decreased in the 5 g/L treatment groups (at
5 days, there appeared to be ~30% increase over control). The number of cells per field was
reported to range between 24.28 + 1.94 and 43.81 + 1.93 in control livers (i.e., 1.8-fold range).
From 5 to 15 days, the number of cells/field decreased with 0.5 g/L DCA treatment, although
only at day 15 was the change statistically significant. From 20 to 30 days of treatment, only the
30-day treatment showed a slight decrease in cells/field and that change was statistically
significant. After 5 days of treatment, the number of cells/field was 1.6-fold of control, by
15 days, it was reduced by ~20%, and for 20-30 days, it continued to be reduced by as much as
40%.

Although the authors reported that the changes in cellularity and DNA concentration to
be closely correlated, the patterns in the number of cells/field varied in their consistency with
those of DNA concentration (i.e., for days 5, 20, and 25 the direction of change with dose was
similar between the two parameters but not for days 10, 15, and 30). If changes in liver weight
were due to hepatocellular hypertrophy, the increased liver size would be matched by a decrease
in liver DNA concentration and by the number of cells/field. The large increases in liver/body
weight induced by 5 g/L. DCA were matched by decreases in liver DNA concentration except for
the 5-day exposure group. In general, the small increases in liver/body weight consistently
induced by 0.5 g/L treatment from days 5 through 30 were not correlated with DNA
concentrations or cells/field.

The small number of animal examined for these parameters (i.e., n = 4-5) and the highly
variable control values limit the power to accurately detect changes. The apparent dehydration
in the animals treated at 5 g/L DCA was cited by the authors for the transient increase in
cellularity and DNA concentration in the 5-day exposure group. However, drinking water
consumption was reported to be similarly reduced at all treatment periods for 5 g/L. DCA-treated
animals so that all groups would experience the same degree of dehydration.
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The percentage of mononucleated cells was reported as percent of mononucleated
hepatocytes with results given as means, but with no reports of variation within groups. The
mean control values were reported to range between 60 and 75% for Phase | and between 58 and
71% for Phase Il of the experiment (n = 4-5 animals per group). The percent of mononucleated
hepatocytes was reported to be similar between control and DCA treatment groups at 5- and
10-day exposures. At 15 days, both DCA treatments were reported to give a similar increase in
mononucleated hepatocytes (~80 vs. 60% in control) with only the 5 g/L DCA group statistically
significant. The increase in mononucleated cells reported for DCA treatment is similar in size to
the variation between control values. For Phase Il of the study, DCA treatment was reported to
increase the number of mononucleated cells in at all concentrations and exposure time periods in
comparison to control values. However, only the increases for the 5 g/L treatments at days 20
and 25, and the 0.5 g/L treatment at day 30 were reported to be statistically significant. Again,
small numbers of animals limit the ability to accurately determine a change. However, the
consistent reporting of an increasing number of mononucleated cells between 15 and 30 days
could be associated with clearance of mature hepatocytes as suggested by the report of
DCA-induced loss of cell nuclei.

Mean nuclear area was reported to range between 45 and 54 p? in Phase | and between
41 and 48 1 in Phase I of the experiment with no variation in measurements given by the
authors. The only statistically significant differences reported between control and treated
groups in Phase I was a decrease from 54 to ~42 u? in the 0.5 g/L DCA 10-day treatment group
and a small increase from 50 to ~52 p? in the 15-day treatment group. Clearly, the changes
reported by the authors as statistically significant did not show a dose-related pattern and were
within the range of variation reported between control groups. For Phase Il of the experiment,
both DCA treatment concentrations were reported to induce a statistically significant increase the
nuclear area that was dose-related, with the exception of day 30 in which the nuclear area was
similar between the 0.5 and 5 g/L treatment groups. The largest increase in nuclear area was
reported at 20 days for the 5 g/L treatment group (~72 vs. 41 p? for control).

The patterns of increases in nuclear area were correlated with those of increased
percentage of mononucleated cells in Phase Il of the study (20-30 days of treatment) as well as
the small changes seen in Phase | of the experiment. An increase in nuclear cell area is
consistent with increase polyploidization without mitosis, as cells are induced towards
polyploidization. A decrease in the numbers of binucleated cells in favor of mononucleated cells
is consistent with clearance of mature binucleated hepatocyte as well induction of further
polyploidization of diploid or tetraploid binucleated cell to tetraploid or octoploid
mononucleated cells. The authors suggested that the “large hyperchromatic mononucleated
hepatocytes are tetraploid” and suggest that such increases in tetraploid cells have also been
observed with nongenotoxic carcinogens and with di(2-ethylhexyl) phthalate (DEHP).

E-126



In terms of increased cellular granularity observed by the authors with DCA treatment,
this result is also consistent with a more differentiated phenotype (Sigal et al., 1999). Thus, these
results for DCA are consistent with a DCA-induced change in polyploidization of the cells
without cell proliferation.

The pattern of consistent increase in percent liver/body weight induced by 0.5 g/L DCA
treatment from days 5 though 30 was not consistent with the increased numbers of
mononucleated cells and increase nuclear area reported from day 20 onward. The large
differences in liver weight induction between the 0.5 and 5 g/L treatment groups at all times
studied also did not correlate with changes in nuclear size and percent of mononucleated cells.
Thus, increased liver weight was not a function of cellular proliferation, but probably included
both aspects of hypertrophy associated with polyploidization and increased glycogen deposition
induced by DCA. The similar changes reported after short-term exposure for both the 0.5 and
5 g/L exposure concentration were suggested by the authors to indicate that the carcinogenic
mechanism at both concentrations would be similar. Furthermore, they suggest that although
there is evidence of cytotoxicity (e.g., loss of cell membranes and apparent apoptosis), DeAngelo
et al. (1999) suggested that the present study does not support that the mechanism of
DCA-induced hepatocellular carcinogenesis is one of regenerative hyperplasia following
massive cell death nor peroxisome proliferation as the 0.5 g/L exposure concentration has been
shown to increase hepatocellular lesions after 100 weeks of treatment without concurrent
peroxisome proliferation or cytotoxicity.

E.2.3.1.5. DeAngelo et al. (1989)

Various strains of rats and mice were exposed to TCA (12 and 31 mM) or DCA (16 and
39 mM) for 14 days with Sprague-Dawley rats and B6C3F; mice exposed to an additional
concentration of 6 MM TCA and 8 mM DCA. Although noting that in a previous study, with
high concentrations of chloracids, there was decreased water consumption, the authors did not
measure drinking water consumption in this study.

This study exposed several strains of male rats and mice to TCA at two concentrations in
drinking water (12 and 31 mM neutralized TCA) for 14 days. The conversion of mmol/L or mM
TCAis 5, 2,and 1 g/L TCA for 31, 12, and 6 mM TCA, respectively. The conversion of
mmol/L of mM DCA is 5, 2, and 1 g/L DCA for 39, 16, and 8 mM DCA, respectively. The
strains of mice tested were Swiss-Webster, B6C3F;, C57BL/6, and C3H and for rats were
Sprague-Dawley, Osborne-Mendel, and F344. For the F344 rat and B6C3F; mice, data from two
separate experiments were reported for each. The number of animals in each group was reported
to be six for most experiments with the exception of the Sprague-Dawley rats (n = 3 at the
highest dose of TCA and n =4 or 5 for the control and the lower TCA dose), one study in
B6C3F; mice (n =4 or 5 for all groups), and one study in F344 rats (n = 4 for all groups).
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The body weight of the controls was reported to range from 269 to 341 g in the differing
strains of rats (1.27-fold) and 21-28 g in the differing strains of mice (1.33-fold, age not
reported). For percent liver/body weight ratios, the range was 4.4-5.6% in control rats
(1.27-fold) and 5.1-6.8% in control mice (1.33-fold).

As discussed in other studies, the determination of PCO activity appears to be highly
variable. This enzyme activity is often used as a proxy for peroxisome proliferation. For PCO
activity, the range of activity in controls was much greater than for either body weight or percent
liver/body weight. For rats, there was a 2.8-fold difference in PCO control activity, and in mice,
there was a 4.6-fold difference in PCO activity. Between the two studies performed in the same
strain of rat (F344), there was a 2.83-fold difference in PCO activity between controls, and for
the two studies in the same strain of mouse (B6C3F;) there was a 3.14-fold difference in PCO
activity between controls. Not only were there differences between strains and experiments in
the same strain, but also differences in control values between species with a wider range of
values in the mice. The lowest level of PCO activity in control rats, expressed as nanomoles
NAD reduced/minute/mg/protein, was 3.34, and for control mice, was 1.40. The highest level
reported in control in rats was 9.46, and for control mice, was 6.40.

These groups of rats and mice were exposed to 2 g/L sodium chloride, or 2 or 5 g/L TCA
in drinking water for 14 days and their PCO activity was assayed. These doses of TCA did not
affect body weight except for the Sprague-Dawley rats, which lost ~16% of their body weight.
This was also the same group in which only three rats survived treatment. The Osborne-Mendel
and F344 strains did not exhibit loss of body weight or mortality due to TCA exposure.

There was a large variation in response to TCA exposure between the differing strains of
rats and mice with a much larger difference between the strains of mice. For the three rat strains
tested, there was a range between 0% change and 2.38-fold of control for PCO activity at the
5 g/L TCA exposure. For the 2 g/L TCA exposure, there was a range of 0% change to 1.54-fold
of control for PCO activity. The Osborne-Mendel rats had 1.54-fold of control value for PCO
activity at 2 g/L TCA and 2.38-fold of control value for PCO activity reported at 5 g/L,
exhibiting the most consistent increase in PCO with increased dose of TCA. Two experiments
were reported for F344 rats with one reporting a 1.63-fold of control and the other a 1.79-fold of
control value for 5 g/L TCA. Only one of the F334 experiments also exposed rats to 2 g/L TCA
and reported no change from control values.

For the four strains of mice tested, there was a range of 7.44-22.13-fold of control values
reported at the 5 g/LL TCA exposures and 3.76-25.92-fold of control values at the 2 g/L TCA
exposures for PCO activity. For the C57BL/6 strain of mice, there was little difference between
the 5 and 2 g/L TCA exposures and a generally threefold higher induction of PCO activity by
TCA at the 5 g/L TCA exposure level than for the other mouse strains. Although there was a
2.5-fold difference between the 5 and 2 g/L TCA exposure dose, the difference in magnitude of
PCO activity between these doses ranged from 0.85- to 2.23-fold for all strains of mice. For the
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B6C3F; mice, there was a difference between reported increases of PCO activity in the text (i.e.,
reported as 9.59-fold of control) for one of the experiments and that presented graphically in
Figure 2 (i.e., 8.70-fold of control). Nevertheless in the two studies of B6C3F; mice, 5 g/L TCA
was reported to induce 7.78-fold of control and 8.70-fold of control for PCO activity, and 2 g/L
TCA was reported to induce 5.56-fold of control and 4.70-fold of control for PCO activity.

For the two F344 rat studies in which ~200 mg/kg or 5 g/L TCA was administered for
10 or 14 days, there was 1.63-fold of control and 1.79-fold of control values reported for PCO
activity. Thus, for experiments in which the same strain and dose of TCA were administered,
there was not as large a difference in PCO response than between strains and species.

Whether increases in percent liver/body weight ratios were similar in magnitude to
increased PCO activity can be assessed by examination of the differences in magnitude of
increase over control for the 5 and 2 g/L TCA treatments in the varying rat and mouse strains.
The relationship in exposure concentration was a 2.5:1 ratio for the 5 and 2 g/L doses. For rats
treatment of 5 g/L TCA to Sprague-Dawley rats resulted in a significant decrease in body weight,
and therefore, affected the magnitude of increase in percent liver/body weight ratio for this
group. However, for the rest of the rat and mouse data, this dose was not reported to affect body
weight so that there is more confidence in the dose-response relationship.

For the Sprague-Dawley rat, there was no change in the percent liver/body weight ratio at
2 g/L but a 10% decrease at 5 g/L TCA exposure with no change in PCO activity for either.
However, for the Osborne-Mendel rats, there was no change in percent liver/body weight ratios
for either exposure concentration of TCA, but PCO activity was reported to be 1.54-fold of
control at 2 g/L and 2.38-fold of control at 5 g/L TCA. Thus, there was a ratio of 2.5-fold
increase in PCO activity between the 5 and 2 g/L treatment groups. For the F344 rats, there was
a 2-fold difference in liver weight increases (i.e., 12 vs. 6% increase over control) between the
two exposure concentrations but 1.6-fold of control value for PCO activity at the 5 g/L TCA
exposure concentration and no increase in PCO activity at the 2 g/L level. Thus, for the three
strains of rats, there did not appear to be a consistent correlation between liver weight induction
by TCA and PCO activity.

For differing strains of mice, similar concentrations of TCA were reported to vary in the
induction of liver weight increases. The range of liver weight induction was 1.26—1.66-fold of
control values between the four strains of mice at 5 g/L TCA and 1.16-1.63-fold at 2 g/L TCA.
In general, for mice the magnitudes of the difference in the increase in dose between the 5 g/L
and 2 g/L TCA exposure concentration (2.5-fold) was generally higher than the increase percent
liver/body weight ratios at these doses. The differences in liver weight induction between the
2 and 5 g/L doses were ~40% for the Swiss-Webster, C3H, and for one of the B6C3F; mouse
experiments. For the C57BL/6 mouse, there was no difference in liver weight induction between
the 2 and 5 g/L TCA exposure groups. For the other B6C3F; mouse experiments, there was a
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2.5-fold greater induction of liver weight increase for the 5 g/L TCA group than for the 2 g/L
exposure group (1.39- vs. 1.16-fold of control for percent liver/body weight, respectively).

For PCO activity, the Swiss-Webster, C3H, and one of the B6C3F; mouse experiments
were reported to have approximately twofold difference in the increase in PCO activity between
the two doses. For the other B6C3F; mouse experiment, there was only about a 50% increase
and for the C57BL/6 mouse data, there was 15% less PCO activity induction reported at the 5
g/L TCA dose that at the 2 g/L dose. None of the difference in increases in liver weight or PCO
activity in mice from the 2 or 5 g/L TCA exposures were of the same magnitude as the difference
in TCA exposure concentration (i.e., 2.5-fold) except for liver weight from the one experiment in
B6C3F; mice. These are also the data used for comparisons with the Sprague-Dawley rat
discussed below.

In regard to strain differences for TCA response in mice, there did not appear to be
correlations of the magnitude of 5 g/L TCA-induced changes in percent liver/body weight ratio
or PCO activity with the body weights reported for control mice for each strain. The control
weights between the four strains of mice varied from 21 to 28 g. The strain with the greatest
response (C57BI/6) for TCA-induced changes in percent liver/body weight ratio (i.e., 1.66-fold
of control) and PCO activity (22.13-fold of control) had a mean body weight reported to be 26 g
for controls. At this dose, the range of percent liver/body weight for the other strains was
reported to be 1.26-1.39-fold of control and the range of PCO activity reported to be of 7.48—
8.71-fold of control.

Of note is that in the literature, this study has been cited as providing evidence of
differences between rats and mice for peroxisomal response to TCA and DCA. Generally, the
PCO data from the Sprague-Dawley rats and B6C3F; mice at the highest dose of TCA and DCA
have been cited. However, the Sprague-Dawley strain was reported to have greater mortality
from TCA at this exposure than the other strains tested (i.e., only three rats survived and
provided PCO levels) and a lower PCO response (no change in PCO activity over control) that
the other two strains tested in this study (i.e., Osborne-Mendel rats was reported to have had
2.38-fold of control and the F344- had a 1.63-1.79-fold of control for PCO activity after
exposure to 5 g/L TCA with no mortality). The B6C3F; mouse was reported to have a 7.78- or
8.71-fold of control for PCO activity from 5 g/L TCA exposure. Certainly, the male mouse is
more responsive to TCA induction of PCO activity. However, as discussed above, there are
large variations in control levels of PCO activity and in the magnitude and dose-response of
TCA-induction of PCO activity between rat and mouse strains and between species. It is not
correct to state that the rat is refractory to TCA-induction of peroxisome activity.

Unfortunately, the authors chose the Sprague-Dawley rat (i.e., the most unresponsive
strain for PCO activity and most sensitive to toxicity) for studies for comparative studies
between DCA and TCA effects. The authors also tested for carnitine acetyl CoA transferase
(CAT) activity as a marker of peroxisomal enzyme response and took morphometric analysis of
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peroxisome number and cytoplasmic volume for one liver section for each of two B6C3F; mice
or Sprague-Dawley rats from the 5 g/L TCA and 5 g/L DCA treatment groups. Only six electron
micrograph fields were analyzed from each section (12 fields total) were analyzed without
identification as to what area of the liver lobules they were being taken from. Hence, there is a
question as to whether the areas that are known to be peroxisome rich were assayed of not. Also
as noted above, previous studies have indicate that such high concentration of DCA and TCA
inhibit drinking water consumption and therefore, raising issues not only about toxicity, but also
the dose that rats and mice received.

The number of peroxisomes per 100 pm® and cytoplasmic volume of peroxisomes was
reported to be 6.60 and 1.94%, respectively, for control rats, and 6.89 and 0.61% for control
mice, respectively. For 5 g/L TCA and 5 g/L DCA, the numbers of peroxisomes were reported
to be increased to 7.14 and 16.75, respectively, in treated Sprague-Dawley rats. Thus, there was
2.5- and 1.08-fold of control reported in peroxisome numbers for 5 g/L DCA and TCA,
respectively. The cytoplasmic volume of peroxisomes was reported to be 2.80 and 0.89% for
59/L DCA and 5 g/L TCA, respectively (i.e., a 1.44-fold of control and ~60% reduction for
59/L DCA and 5 g/L TCA, respectively). Thus, 5 g/L TCA was reported to slightly increase the
number of peroxisomes, but decrease the percent of the cytoplasmic volume occupied by
peroxisome by half. For DCA, the reported pattern was for both to increase. PCO activity was
reported to increase by a similar magnitude as peroxisome numbers but not volume in the 5 g/L
TCA treated Sprague-Dawley rats. However, although peroxisomal volume was reported to be
cut nearly in half and for peroxisome number to be similar, 5 g/L TCA treatment was not
reported to change PCO activity in the Sprague-Dawley rat.

For comparisons between DCA and TCA, B6C3F; mice were examined at 1, 2, and 5 g/L
concentrations. DCA was reported to induce a higher percent liver/body weight ratio that did
TCA at every concentration (i.e., 1.55-, 1.27-, and 1.21-fold of control for DCA and 1.39-, 1.16-,
and 1.08-fold of control for TCA at 1, 2, and 5 g/L concentrations, respectively). As noted
above, for other strains of mice tested and a second experiment with B6C3F; mice, there was
<40% difference in percent liver/body weight ratio between the 2 and 5 g/L exposures to TCA,
but for this experiment, there was a 2.5-fold difference. Thus, at 5 g/L, there was ~40% greater
induction of liver weight for DCA than TCA.

In the B6C3F; mice, 5 g/L TCA was reported to increase peroxisome number to
30.75 and cytoplasmic volume to 4.92% (i.e., 4.4- and 8.1-fold of control, respectively). For
5 g/L DCA treatment, the peroxisome number was reported to be 30.77 and 3.75% (i.e., 4.5- and
6.1-fold of control, respectively). While there was no difference in peroxisome number and
~40% difference in cytoplasmic volume at the 5 g/L exposures of DCA and TCA, there was a
greater difference in the magnitude of PCO activity increase. The 5 g/L TCA exposure was
reported to induce 4.3-fold of control for PCO activity, while 5 g/L. DCA induced as 9.6-fold of
control PCO activity (although a figure in the report shows 8.7-fold of control), which is a
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~2.5-fold difference between DCA and TCA at this exposure concentration. Thus, for one of the
B6C3F; mouse studies, 5 g/L DCA and TCA treatments were reported to give a similar increase
peroxisome number, TCA to induce a 40% greater increase in peroxisomal cytoplasmic volume
than DCA and a 2.5-fold greater increase in PCO activity, but DCA to induce ~40% greater liver
weight induction than TCA.

Not only were PCO activity, peroxisome number, and cytoplasmic volume occupied by
peroxisomes analyzed, but also CAT activity as a measure of peroxisome proliferation. For TCA
and DCA, the results were opposite those reported for PCO activity. In Sprague-Dawley rats,
control levels of CAT were reported to be 1.81 nmoles of carnitine transferred/min/mg/protein.
Exposure to 5 g/L TCA was reported to increase CAT activity by 3.21-fold of control, while
5 g/L DCA was reported to induce CAT activity to 10.33-fold of control levels in Sprague-
Dawley rats. However, while PCO activity was reported to be the same as controls and
peroxisomal volume decreased, 5 g/L TCA increased CAT activity 3.21-fold of control in these
rats. The level of CAT induced by 5 g/L DCA was over 10-fold of control in the rat while
peroxisome number was only 2.5-fold of control and cytoplasmic volume 1.4-fold of control.
Thus, the fold increases for these three measures were not the same for DCA treatment and for
TCA inrats. Nevertheless for CAT, DCA was a stronger inducer in rats than was TCA.

In B6C3F; mice, 5 g/L TCA and 5 g/L DCA induced CAT activity to a similar extent
(4.50- and 5.61-fold of control, respectively). The magnitude of CAT induction was similar to
that of peroxisome number for both 5 g/L DCA and 5 g/L TCA and lower than PCO activity in
DCA-treated mice and cytoplasmic volume in TCA-treated mice by about half. Thus, using
CAT as the marker of peroxisome proliferation, the rat was more responsive than the mouse to
DCA and nearly as responsive to TCA as the mouse at this high dose in these two specific
strains. These data illustrate the difficulty of using only one measure for peroxisome
proliferation and show that the magnitude of increased PCO activity is not necessarily predictive
of the peroxisome number or cytoplasmic volume or CAT activity. The difficulty of
interpretation of the data from so few animals and sections for the electron microscopy analysis,
and the low number of animals for PCO activity and CAT activity (n = 3-6), the high dose
studied (5 g/L), and the selection of a rat strain that appears to be more resistant to this activity
but more susceptible to toxicity than the others tested, should be taken into account before
conclusions can be made about differences between these chemicals for peroxisome activity
between species.

Of note is that PCO activity was also shown to be increased by corn oil alone in F344 rats
and to potentiate the induction of PCO activity of TCA. After 10 days of exposure to either
water, corn oil, 200 mg/kg-day TCA in corn oil, or 200 mg/kg TCA in water via gavage dosing,
there was 1.40-fold PCO activity from corn oil treatment alone in comparison to water, a
1.79-fold PCO activity from TCA in water treatment in comparison to water, and a 3.14-fold
PCO activity from TCA in corn oil treatment in comparison to water.
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The authors provided data for three concentrations of DCA and TCA for Sprague-Dawley
and for one experiment in the B6C3F; mouse for examination of changes in body and percent
liver/body weight ratios (1, 2, or 5 g/L DCA or TCA) after 14 days of exposure. As noted above,
not only did the 5 g/L exposure concentration of DCA result in mortality in the Sprague-Dawley
strain of rat, but the 5 and 2 g/L concentrations of DCA were reported to decrease body weight
(~20 and 25%, respectively). The 5 g/L dose of TCA was also reported to induce a statistically
significant decrease in body weight in the Sprague-Dawley rat. There were no differences in
final body weight in any of the mice exposed to TCA or DCA.

As noted above, no TCA or DCA exposure group of Sprague-Dawley rats was reported
to have a statistically significant increase in percent liver/body weight ratio over control. For the
B6C3F; male mice, the percent liver/body weight ratio was 1.22-, 1.27-, and 1.55-fold of control
after exposure to 1, 2, and 5 g/L DCA, respectively, and 1.08-, 1.16-, and 1.39-fold of control
after exposure to 1, 2, and 5 g/L TCA, respectively. Thus, for DCA, there was only a 20%
increase in liver weight corresponding to the twofold increase between the 1 and 2 g/L exposure
levels of DCA. Between the 2 and 5 g/L exposure concentrations of DCA, there was a 2-fold
increase in liver weight corresponding to a 2.5-fold increase in exposure concentration. For
TCA, the magnitude of increase in dose was reported to be proportional to the magnitude of
increase in percent liver/body weight ratio in the B6C3F; male mouse. As stated above, the
correspondence between magnitude of dose and percent liver weight for TCA exposure in this
experiment differed from the other experiment reported for this strain of mouse and also differed
from the other three strains of mice examined in this study where the magnitude in liver weight
gain was much less than exposure concentration.

E.2.3.2. Subchronic and Chronic Studies of DCA and TCA

Several experiments have been conducted with exposure to DCA and TCA, generally at
very high levels with a limited dose range, for less periods of time than standard carcinogenicity
bioassays, and with very limited information on any endpoints other than the liver tumor
induction. Caldwell and Keshava (2006) and Caldwell et al. (2008b) have examined these
studies for inferences of modes of action for TCE. Key studies are briefly described below for
comparative purposes of results reported in TCE studies.

E.2.3.2.1. Snyder et al. (1995)

Studies of TCE have reported either no change or a slight increase in apoptosis only after
a relatively high exposure level (Channel et al., 1998; Dees and Travis, 1993). Inhibition of
apoptosis, which has been suggested to prevent removal of “initiated” cells from the liver and
lead to increased survival of precancerous cells, has been proposed as part of the mode of action
for peroxisome proliferators (see Section E.3.4). The focus of this study was to examine whether
DCA, which has been shown to inhibit DNA synthesis after an initial transient increase (see
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Section E.2.3.1.1), also alters the frequency of spontaneous apoptosis in mice. This study
exposed 28-day-old male B6C3F; male mice (n =5) to 0, 0.5 or 5.0 g/L buffered DCA in
drinking water for up to 30 days (Phase | = 5-15 days exposure and Phase 11 = 20-30 days
treatment).

Portions of the left lobe of the liver were prepared for histological examination after H&E
staining. Hepatocyte number was determined by counting nuclei in 50 fields with
nonparenchymal cell nuclei excluded on the basis of nuclear size. Multinucleate cells were
counted as one cell. Apoptotic cells were visualized by in situ TDT nick end-labeling assay from
2 to 4 different liver sections from each control or treated animal. The average number of
apoptotic cells was then determined for each animal in each group. The authors reported that in
none of the tissues examined were necrotic foci observed, there was no any indication of
lymphocyte or neutrophil infiltration indicative of an inflammatory response, and suggested that
no necrotic cells contributed to the responses in their analysis.

Control animals were reported to exhibit apoptotic frequencies ranging from ~0.04 to
0.085% and that over the 30-day period the frequency rate declined. The authors suggested that
this result is consistent with reports of the livers of these young animals undergoing rapid
changes in cell death and proliferation. They note that animals receiving 0.5 g/L DCA also had a
similar trend of decreasing apoptosis with age, supportive of the decrease being a physiological
phenomenon. The 0.5 g/L exposure level of DCA was reported to decrease the percentage of
apoptotic hepatocytes as the earliest time point studied and to remain statistically significantly
decreased from controls from 5 to 30 days of exposure. The rate of apoptosis ranged from
~0.025 to 0.060% after 0.5 g/L DCA exposure during the 30-day period (i.e., and ~30-40%
reduction). Animals receiving the 5.0 g/L DCA dose exhibited a significant reduction at the
earliest time point that was sustained at a similar level and statistically significant throughout the
time-course of the experiment (percent apoptosis ranged from 0.015 to 0.030%).

The results of this study not only provide a baseline of apoptosis in the mouse liver,
which is very low, but also show the importance of taking into account the effects of age on such
determinations. The authors reported that the for rat liver, the estimated frequency of
spontaneous apoptosis to be ~0.1%, and therefore, greater than that of the mouse. The
significance of the DCA-induced reduction in apoptosis, of a level that is already inherently low
in the mouse, for the mode of action for induction of cancer is difficult to discern.

E.2.3.2.2. Mather et al. (1990)

This 90-day study in male Sprague-Dawley rats examined the body and organ weight
changes, liver enzyme levels, and PCO activity in livers from rats treated with estimated
concentrations of 3.9, 35.5, 345 mg/kg-day DCA or 4.1, 36.5, or 355 mg/kg-day TCA from
drinking water exposures (i.e., 0, 50, 500, and 5,000 ppm or 0.05, 0.5, or 5.0 g/L DCA or TCA in
the drinking water). All dose levels of DCA and TCA were reported to result in a dose-
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dependent decrease in fluid intake at 2 months of exposure. The rats were 9 (DCA) or 10 (TCA)
weeks old at the beginning of the study (n = 10/group). Animals with body weights that varied
>20% of mean weights were discarded from the study. The DCA and TCA solutions were
neutralized. The mean values for initial weights of the animals in each test group varied <3%.

DCA treatment induced a dose-related decrease in body weight that was statistically
significant at the two highest levels (i.e., a 6, 9.5, and 17% decrease from control). TCA
treatment also resulted in lower body weights that were not statistically significant (i.e., 2.1, 4.4,
and 5.9%). DCA treatments were reported to result in a dose-related increase in absolute liver
weights (1.01-, 1.13-, and 1.36-fold of control that were significantly different at the highest
level) and percent liver/body weight ratios (1.07-, 1.24-, and 1.69-fold of control that were
significant at the two highest dose levels). TCA treatments were reported to not result in
changes in either absolute liver weights or percent liver/body weight ratios with the exception of
statistically significant increase in percent liver/body weight ratios at the highest level of
treatment (1.02-fold of control).

Total serum protein levels were reported to be significantly depressed in all animals
treated with DCA with animals in the two highest dose groups also exhibiting elevations of ALP.
Alanine-aminotransferase levels were reported to be elevated only in the highest treatment
group. No consistent treatment-related effect on serum chemistry was reported to be observed
for the TCA-treated animals with data not shown.

In terms of PCO activity, there was only a mild increase at the highest dose of 15% for
TCA and a 2.5-fold level of control for DCA treatment that were statistically significant. The
difference in PCO activity between control groups for the DCA and TCA experiments was
reported to be 33%. No treatment effect was reported to be apparent for hepatic microsomal
enzymes, or measures of immunotoxicity for either DCA or TCA, but data were not shown.
Focal areas of hepatocellular enlargement in both DCA- and TCA-treated rats were reported to
be present with intracellular swelling more severe with the highest dose of DCA treatment.
Livers from DCA treated rats were reported to stain positively for PAS, indicating significant
amounts of glycogen with TCA treated rats reported to display “less evidence of glycogen
accumulation.” Of note is that, in this study of rats, DCA was reported to induce a greater level
of PCO activity than did TCA.

E.2.3.2.3. Parrish et al. (1996)

Parrish et al. (1996) exposed male B6C3F; mice (8 weeks old and 20-22 g upon
purchase) to TCA or DCA (0, 0.01, 0.5, and 2.0 g/L) for 3 or 10 weeks (n = 6). Livers were
excised and nuclei isolated for examination of 8-OHdG and homogenates examined for cyanide
insensitive acyl-CoA oxidase (ACO) and laurate hydroxylase activity. The authors noted that
control values between experiments varied as much as a factor of twofold for PCO activity and
that data were presented as percent of concurrent controls. Initial body weights for treatment
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groups were not presented and thus, differences in mean values between the groups cannot be
ascertained.

Final body weights were reported to not be statistically significantly changed by DCA or
TCA treatments at 21 or 71 days of treatment (all were within ~8% of controls). The mean
percent liver/body ratios were reported to be 5.4, 5.3, 6.1, and 7.2% for control, 0.1, 0.5, and
2.0 g/L TCA, respectively, and 5.4, 5.5, 6.7, and 7.9% for control, 0.1, 0.5, and 2.0 g/L DCA,
respectively, after 21 days of exposure. This represents 0.98-, 1.13-, and 1.33-fold of control
levels with these exposure levels of TCA and 1.02-, 1.24-, and 1.46-fold of control levels with
DCA after 21 days of exposure. For 71 days of exposure, the mean percent liver/body ratios
were reported to be 5.1, 4.6, 5.8, and 6.9% for control, 0.1, 0.5, and 2.0 g/L TCA, respectively
and 5.1, 5.1, 5.9, and 8.5% for control, 0.1, 0.5, and 2.0 g/L DCA, respectively. This represents
0.90-, 1.14-, and 1.35-fold of control with TCA exposure and 1.0-, 1.15-, and 1.67-fold of
control with DCA exposure after 71 days of exposure. The magnitude of difference between the
0.1 and 0.5 g/L TCA doses is 5, and between 0.5 and 2.0 g/L doses is fourfold.

For the 21- and 71-day exposures the magnitudes of the increases in percent liver/body
weight over control values were greater for DCA than TCA exposure at same concentration with
the exception of 0.5 g/L doses at 71 days in which both TCA and DCA induced similar
increases. For TCA, the 0.01 g/L dose produces a similar 10% decrease in percent liver/body
weight. Although there was a fourfold increase in magnitude between the 0.5 and 2.0 g/L TCA
exposure concentrations, the magnitude of increase for percent liver/body weight increase was
2.5-fold between them at both 21 and 71 days of exposure. For DCA, the 0.1 g/L dose was
reported to have a similar value as control for percent liver/body weight ratio. Although there
was a 4-fold difference in dose between the 0.5 and 2.0 g/L DCA exposure concentrations, there
was a ~2-fold increase in percent liver/body weight increase at 21 days and ~4.5-fold increase at
71 days.

As a percentage of control values, TCA was reported to induce a dose-related increase in
PCO activity at 21 days (~1.5-, 2.2-, and ~4.1-fold of control, for 0.1, 0.5, and 2 g/L TCA
exposures). Only the 2.0 g/L dose of DCA was reported to induce a statistically significant
increase at 21 days of exposure of PCO activity over control (~1.8-fold of control) with the
0.1 and 0.5 g/L exposure PCO activity to be slightly less than control values (~20% less). Thus,
although there was no increase in percent liver/body weight at 0.1 g/L TCA, the PCO activity
was reported to be increased by ~50% after 21 days. A 13% increase in liver weight at 0.5 g/L
TCA was reported to be associated with 2.2-fold of control level of PCO activity and a 33%
increase in liver weight after 2.0 g/L TCA to be associated with 4.1-fold of control level of PCO
activity.

Thus, increases in PCO activity were not necessarily correlated with concurrent
TCA-induced increases in liver weight and the magnitudes of increase in liver weight between
0.5and 2.0 g/L TCA (2.5-fold) was greater than the corresponding increase in PCO activity
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(1.8-fold of control). Although there was a 20-fold difference in TCA dose, the magnitude of
increase in PCO activity between 0.1 and 2.0 g/L TCA was ~2.7-fold. As stated above, the
4-fold difference in TCA dose at the two highest levels resulted in a 2.5-fold increase in liver
weight. For DCA, the increases in liver weight at 0.1 and 0.5 g/L DCA exposures were not
associated with increased PCO activity after 21 days of exposure. The 2.0 g/L DCA exposure
concentration was reported to induce 1.8-fold of control PCO activity.

After 71 days of treatment, TCA induced a dose-related increase in PCO activity that was
approximately twice the magnitude as that reported at 21 days (i.e., ~9-fold greater at 2.0 g/L).
After 71 days, for DCA the 0.1 and 0.5 g/L doses produced a statistically significant increase in
PCO activity (~1.5- and 2.5-fold of control, respectively). The administration of 1.25 g/L
clofibric acid in drinking water was used as a positive control and reported to induce
approximately six- to sevenfold of control PCO activity at 21 and 71 days of exposure.

Laurate hydroxylase activity was reported to be elevated significantly only by TCA at
21 days (2.0 g/L TCA dose only) and to increased to approximately the same extent (~1.4—
1.6-fold of control values) at all doses tested. For 0.1 g/L DCA, the laurate hydroxylase activity
was reported to be similar to that of 0.1 g/L TCA (~1.4-fold of control) but to be ~1.2-fold of
control at both the 0.5 and 2.0 g/L DCA exposures. At 71 days, both the 0.5 and 2.0 g/L TCA
exposures induced a statistically significant increase in laurate hydroxylase activity (i.e., 1.6- and
2.5-fold of control, respectively) with no change after DCA exposure. The actual data rather
than percent of control values were reported for laurate hydroxylase activity. The control values
for laurate hydroxylase activity varied 1.7-fold between 21 and 71 days experiments.

The results for 8-OHAG levels are discussed in Section E.3.4.2.3. Of note is that the
increases in PCO activity noted for DCA and TCA were not associated with 8-OHdG levels
(which were unchanged, see Section E.3.4.2.3) and also not with changes laurate hydrolase
activity or percent liver/body weight ratio increases observed after either DCA or TCA exposure.
A strength of this study is that it examined exposure concentrations that were lower than those
examined in many other short-term studies of DCA and TCA.

E.2.3.2.4. Bull et al. (1990)

The focus of this study was the determination of “dose-response relationships in the
tumorigenic response to these chemicals [sic DCA and TCA] in B6C3F; mice, determine the
nature of the nontumor pathology that results from the administration of these compounds in
drinking water, and test the reversibility of the response.” Male and female B6C3F; mice (age
37 days) were treated from 15 to 52 weeks with neutralized TCA and TCA. A highly variable
number and generally low number of animals were reported to be examined in the study with
n =5 for all time periods except for 52 weeks where in males the n = 35 for controls, n =11 for
1g/LDCA,n=24for2 g/L DCA,n=11for 1 g/L TCA, and n =24 for 2 g/L TCA exposed
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mice. Female mice were only examined after 52 weeks of exposure and the number of animals
examined was n = 10 for control, 2 g/L DCA, and 2 g/L TCA exposed mice.

“Lesions to be examined histologically for pathological examination were selected by a
random process” with lesions reported to be selected from 31 of 65 animals with lesions at
necropsy. 73 of 165 lesions identified in 41 animals were reported to be examined
histologically. All hyperplastic nodules, adenomas, and carcinomas were lumped together and
characterized as hepatoproliferative lesions. Accordingly, there were only exposure
concentrations available for dose-response analyses in males and only “multiplicity of
hepatoproliferative lesions” were reported from random samples. Thus, these data cannot be
compared to other studies and are unsuitable for dose-response with inadequate analysis
performed on random samples for pathological examination.

The authors state that some of the lesions taken at necropsy and assumed to be
proliferative were actually histologically normal, necrotic, or an abscess as well. It is also
limited by a relatively small number of animals examined in regard to adequate statistical power
to determine quantitative differences. Similar concerns were raised by Caldwell et al. (2008b)
with a subsequent study (eg., Bull et al., 2002). For example, the authors report that
5/11 animals had “lesions” at 1 g/L TCA at 52 weeks and 19/24 animals had lesions at 2 g/L
TCA at 52 weeks. However, while 7 lesions were examined in 5 mice bearing lesions at 1 g/L
TCA, only 16 of 30 lesions from 11 of the 19 animals bearing lesions examined in the 2 g/L
TCA group. Therefore, almost half of the mice with lesions were not examined histologically in

that group along with only half of the “lesions.”

The authors reported the effects of DCA and TCA exposure on liver weight and percent
liver/body changes (m £ SEM) and these results gave a pattern of hepatomegaly generally
consistent with short-term exposure studies. The authors report “no treatment produced
significant changes in the body weight or kidney weight of the animals (data not shown).”

In male mice (n =5) at 37 weeks of exposure, liver weights were reported to be 1.6 £ 0.1,
2.5+0.1,and 1.9 £ 0.1 g for control, 2 g/L DCA, and 2 g/L TCA exposed mice, respectively.
The percent liver/body weights were reported to be 4.1 + 0.3, 7.3 £ 0.2, and 5.1 + 0.1% for
control, 2 g/L DCA, and 2 g/L TCA exposed mice, respectively. In male mice at 52 weeks of
exposure, liver weights were reported to be 1.7 +0.1,25+0.1,5.1£0.1,2.2+0.1,and 2.7 £ 0.1
g for control (n = 35), 1 g/L DCA (n=11),2 g/L DCA (n =24), 1 g/L TCA (n=11),and 2 g/L
TCA (n = 24) exposed mice, respectively. In male mice at 52 weeks of exposure, percent
liver/body weights were reported to be 4.6 £ 0.1, 6.5+ 0.2, 10.5+0.4,6.0+0.3,and 7.5 £ 0.5%
for control, 1 g/L DCA, 2 g/L DCA, 1 g/L TCA, and 2 g/L TCA exposed mice, respectively. For
female mice (n = 10) at 52 weeks of exposure, liver weights were reported to be 1.3 + 0.1, 2.6 +
0.1,and 1.7 £ 0.1 g for control, 2 g/L DCA, and 2 g/L TCA exposed mice, respectively. The
percent liver/body weights were reported to be 4.8 + 0.3, 9.0 £ 0.2, and 6.0 = 0.3% for control,

2 g/L DCA, and 2 g/L TCA exposed mice, respectively.

E-138


http://hero.epa.gov/index.cfm?action=search.view&reference_id=630407
http://hero.epa.gov/index.cfm?action=search.view&reference_id=628817

Although the number of animals examined varied threefold between treatment groups in
male mice, the authors reported that all DCA and TCA treatments were statistically increased
over control values for liver weight and percent body/liver weight in both genders of mice. In
terms of percent liver/body weight ratio, female mice appeared to be as responsive as males at
the exposure concentration tested. Thus, hepatomegaly reported at these exposure levels after
short-term exposures appeared to be further increased by chronic exposure with equivalent levels
of DCA inducing greater hepatomegaly than TCA.

Interestingly, after 37 weeks of treatment and then a cessation of exposure for 15 weeks,
liver weights were assessed in control male mice, 2 g/L DCA treated mice, and 2 g/L TCA
treated mice (n = 11 for each group but results for controls were pooled and therefore, n = 35).
Liver weights were reported to be 1.7 £ 0.1, 2.2 £ 0.1, and 1.9 + 0.1 g for control, 2 g/L DCA,
and 2 g/L TCA exposed mice, respectively. The percent liver/body weights were reported to be
4.6 +£0.1,5.7 £ 0.3, and 5.4 + 0.2% for control, 2 g/L DCA, and 2 g/L TCA exposed mice,
respectively. After 15 weeks of cessation of exposure, liver weight and percent liver/body
weight were reported to still be statistically significantly elevated after DCA or TCA treatment.

The authors partially attributed the remaining increases in liver weight to the continued
presence of hyperplastic nodules in the liver. The authors stated that because of the low
incidence of lesions in the control group and the two groups that had treatments suspended, all of
the lesions from these groups were included for histological sectioning. However, the authors
presented a table indicating that, of the 23 lesions detected in seven mice exposed to DCA for
37 weeks, 19 were examined histologically. Therefore, groups that were exposed for 52 weeks
had a different procedure for tissue examination as those at 37 weeks.

In terms of liver tumor induction, the authors stated that “statistical analysis of tumor
incidence employed a general linear model ANOVA with contrasts for linearity and deviations
from linearity to determine if results from groups in which treatments were discontinued after
37 weeks were lower than would have been predicted by the total dose consumed.” The
multiplicity of tumors observed in male mice exposed to DCA or TCA at 37 weeks and then
sacrificed at 52 weeks were reported by the authors to have a response in animals that received
DCA very close to that which would be predicted from the total dose consumed by these
animals. The response to TCA was reported by the authors to deviate significantly (p = 0.022)
from the linear model predicted by the total dose consumed.

Multiplicity of lesions per mouse and not incidence was used as the measure. Most
importantly, the data used to predict the dose response for “lesions” used a different
methodology at 52 weeks than those at 37 weeks. Not only were not all animal’s lesions
examined but foci, adenomas, and carcinomas were combined into one measure. Therefore, foci,
of which a certain percentage have been commonly shown to spontaneously regress with time,
were included in the calculation of total “lesions.” Pereira and Phelps (1996) note that in
initiated mice treated with DCA, the yield of altered hepatocytes decreases as the tumor yields

E-139


http://hero.epa.gov/index.cfm?action=search.view&reference_id=628878

increase between 31 and 51 weeks of exposure suggesting progression of foci to adenomas.
Initiated and noninitiated control mice also had fewer foci/mouse with time.

Because of differences in methodology and the lack of discernment between foci,
adenomas, and carcinomas for many of the mice exposed for 52 weeks, it is difficult to compare
differences in composition of the “lesions” after cessation of exposure. For TCA treatment, the
number of animals examined for determination of which “lesions” were foci, adenomas, and
carcinomas was 11/19 mice with “lesions” at 52 weeks, while all 4 mice with lesions after
37 weeks of exposure and 15 weeks of cessation were examined.

For DCA treatment, the number of animals examined was only 10/23 mice with “lesions”
at 52 weeks while all 7 mice with lesions after 37 weeks of exposure and 15 weeks of cessation
were examined. Most importantly, when lesions were examined microscopically, they did not all
turn out to be preneoplastic or neoplastic. Two lesions appeared “to be histologically normal”
and one necrotic. Not only were a smaller number of animals examined for the cessation
exposure than continuous exposure, but only the 2 g/L exposure levels of DCA and TCA were
studied for cessation. The number of animals bearing “lesions” at 37 and then 15 week cessation
weeks was 7/11 (64%) while the number of animals bearing lesions at 5 weeks was 23/24 (96%)
after 2 g/L DCA exposure. For TCA, the number of animals bearing lesions at 37 weeks and
then 15 weeks cessation was 4/11 (35%), while the number of animals bearing lesions at
52 weeks was 19/24 (80%). While suggesting that cessation of exposure diminished the number
of “lesions,” conclusions regarding the identity and progression of those lesions with continuous
vs. noncontinuous DCA and TCA treatment are tenuous.

Macroscopically, the “livers of many mice receiving DCA in their drinking water
displayed light colored streaks on the surface” at every sacrifice period and “corresponded with
multi-focal areas of necrosis with frequent infiltration of lymphocytes.” At the light microscopic
level, the lesions were described to also be present in the interior of the liver as well. For
TCA-treated mice, “similar necrotic lesions were also observed... but at a much lower
frequency, making it difficult to determine if they were treatment-related.” Control animals were
reported not to show degenerative changes. “Marked cytomegaly” was reported for mice treated
with either 1 or 2 g/L DCA “throughout the liver.” In regard to cell size, the authors did not give
any description in the methods section of the paper as to how sections were selected for
morphometric analysis or what areas of the liver acinus were examined but reported after
52 weeks of treatment the long axis of hepatocytes measured (mean £ S.E.) 24.9 £0.3,
38.5+ 1.0, and 29.3 £ 1.4 um in control, DCA-, and TCA-treated mice, respectively.

Mice treated with TCA (2 g/L) for 52 weeks were reported to have livers with
“considerable dose-related accumulations of lipofuscin.” However, no quantitative analyses
were presented. A series of figures representative of treatment showed photographs (1,000x) of
lipofuscin fluorescence indicating greater fluorescence in TCA treated liver than control or DCA
treated liver.
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A series of photographs of H&E sections in the report (see Figures 2a, b, and c) were
shown as representative histology of control mice, mice treated with 2 g/L DCA and 2 g/L TCA.
The area of the liver from which the photographs were taken did not include either portal tract or
central veins and the authors did not give the zone of the livers from which they were taken. The
figure representing TCA treatment shows only a mild increase in cell volume in comparison to
controls, while for DCA treatment, the hepatocyte diameter was greatly enlarged, pale stained so
that cytoplasmic contents appear absent, nuclei often pushed to the cell perimeter, and the
sinusoids appearing to be obscured by the swollen hepatocytes. The apparent reduction of
sinusoidal volume by the enlarged hepatocytes raises the possibility of decreased blood flow
through the liver, which may have been linked to focal areas of necrosis reported for this high
exposure level.

In a second set of figures, glycogen accumulation was shown with PAS staining at the
same level of power (400x) for the same animals. In control animals, PAS-positive material was
not uniformly distributed between or within hepatocytes but tended to show a zonal pattern of
moderate intensity. PAS positive staining (which the authors reported to be glycogen) appeared
to be slightly less than controls but with a similar pattern in the photograph representing TCA
exposure. However, for DCA, the photograph showed a uniform and heavy stain within each
hepatocyte and across all hepatocytes.

The authors stated in the results section of the paper that “the livers of TCA-treated
animals displayed less evidence of glycogen accumulation and it was more prominent in
periportal than centrilobular portions of the liver acinus.” In their abstract they state “TCA
produced small increases in cell size and a much more modest accumulation of glycogen.” Thus,
the statement in the text, which is suggestive that TCA induced an increase in glycogen over
controls that was not as much as that induced by DCA, and the statement in the abstract, which
concludes TCA exposure increased glycogen is not consistent with the photographs. In the
photograph shown for TCA, there is less not more PAS-positive staining associated with TCA
treatment in comparison to controls.

In Sanchez and Bull (1990), the authors report that “TCA exposure induced a much less
intense level of PAS staining that was confined to periportal areas” but do not compare PAS
staining to controls but only to DCA treatment. In the discussion section of the paper, the
authors state “Except for a small increase in liver weight and cell size, the effects produced by
DCA were not observed with TCA.” Thus, there seems to be a discrepancy with regard to what
the effects of TCA are in relation to control animals from this report that has caused confusion in
the literature. Kato-Weinstein et al. (2001) reported that in male mice exposed to DCA and TCA
the DCA increased glycogen and TCA decreased glycogen content of the liver using chemical
measurement of glycogen in liver homogenates and using ethanol-fixed sections stained with
PAS, a procedure designed to minimize glycogen loss.
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E.2.3.2.5. Nelson et al. (1990)

Nelson et al. (1990) reported that they used the same exposure paradigm as Herren-
Freund et al. (1987), with little description of methods used in treatment of the animals. Male
B6C3F; mice were reported to be exposed to DCA (1 or 2 g/L) or TCA (1 or 2 g/L) for
52 weeks. The number of animals examined for nontumor tissue was 12 for controls. The
number of animals varied from two to eight for examination of nontumor tissue, hyperplastic
nodules, and carcinoma tissues for c-Myc expression. There was no description for how
hyperplastic nodules were defined and whether they included adenomas and foci. For the
52-week experiments, the results were pooled for lesions that had been obtained by exposure to
the higher or lower concentrations of DCA or TCA (i.e., the TCA results are for lesions induced
by either 1.0 or 2.0 g/L TCA).

A second group of mice were reported to be given either DCA or TCA for 37 weeks and
then normal drinking water for the remaining time until 52 weeks with no concentrations given
for the exposures to these animals. Therefore, it is impossible to discern what dose was used for
tumors analyzed for c-Myc expression in the 37-week treatment groups and if the same dose was
used for 37 and 52 week results.

Autoradiography was described for three different sections per animal in five different
randomly chosen high power fields per section. The number of hyperplastic nodules or the
number of carcinomas per animal induced by these treatments was not reported nor the criteria
for selection of lesions for c-Myc expression. Apparently, a second experiment was performed
to determine the expression of c-H-ras. Whereas in the first experiment, there were no
hyperplastic nodules, in the second, one control animal was reported to have a hyperplastic
nodule. The number of control animals reported to be examined for nontumor tissue in the
second group was 12. The numbers of animals in the second group was reported to vary from
one to seven for examination of nontumor tissue, hyperplastic nodules, and carcinoma tissues for
c-H-ras expression. The number of animals per group for the investigation of H-ras did not
match the numbers reported for that of c-Myc. The number of animals treated to obtain the
“lesion” results was not presented (i.e., how many animals were tested to get a specific number
of animals with tumors that were then examined). The number of lesions assessed per animal
was not reported.

At 52 weeks of exposure, hyperplastic nodules (n = 8 animals) and carcinomas
(n = 6 animals) were reported to have approximately twofold expression of c-Myc relative to
nontumor tissue (n = 6 animals) after DCA treatment. After 37 weeks of DCA treatment and
cessation of exposure, there was a ~30% increase in c-Myc in hyperplastic nodules (n = 4
animals) that was not statistically significant. There were no carcinomas reported at this time.

After 52 weeks of TCA exposure, there was approximately twofold of nontumor tissue
reported for c-Myc in hyperplastic nodules (n = 6 animals) and approximately threefold reported
for carcinomas (n = 6 animals). After 37 weeks of TCA exposure, there was ~2-fold c-Myc in
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hyperplastic nodules (n = 2 animals) that was not statistically significant and ~2.6-fold increase
in carcinomas (n = 3 animals) that was reported to be statistically significant over nontumor
tissue. There was no difference in c-Myc expression between untreated animals and nontumor
tissue in the treated animals.

The authors reported that c-Myc expression in TCA-induced carcinomas was “almost
6 times that in control tissue (corrected by subtracting nonspecific binding),” and concluded that
c-Myc in TCA-induced carcinomas was significantly greater than in hyperplastic nodules or
carcinomas and hyperplastic nodules induced by DCA. However, the c-Myc expression reported
as the number of grains per cells was ~2.6-fold in TCA-induced carcinomas and ~2-fold in
DCA-induced carcinomas than control or nontumor tissue at 52 weeks. The hyperplastic nodules
from DCA and TCA treatments at 52 weeks gave identical ratios of approximately twofold. In
three animals per treatment, c-Myc expression was reported to be similar in “selected areas of
high expression” for either DCA or TCA treatments of 52 weeks.

There did not appear to be a difference in c-H-ras expression between control and
nontumor tissue from DCA- or TCA-treated mice. The levels of c-H-ras transcripts were
reported to be “slightly elevated” in hyperplastic nodules induced by DCA (~67%) or TCA
(~43%) but these elevations were not statistically significant in comparison to controls.
However, carcinomas “derived from either DCA- or TCA-treated animals were reported to have
significantly increased c-H-ras levels relative to controls.” The fold increase of nontumor tissue
at 52 weeks for DCA-induced carcinomas was ~2.5-fold, and for TCA induced carcinomas,
~2.0-fold. Again, the authors stated that “if corrected for nonspecific hybridization, carcinomas
expressed approximately 4 times as much c-H-ras than observed in surrounding tissues” Given
that control and nontumor tissue results were given as the controls for the expression increases
observed in “lesions,” it is unclear what the usefulness of this “correction” is. The authors
reported that “focal areas of increased expression of c-H-ras were not observed within
carcinomas.”

The limitations of this experiment include uncertainty as to what doses were used and
how many animals were exposed to produce animals with tumors. In addition, results of
differing doses were pooled and the term hyperplastic nodule was undefined. The authors state
that c-Myc expression in itself is not sufficient for transformation and that its overexpression
commonly occurs in malignancy. They also state that “Unfortunately, the limited amount of
tissue available prevented a more serious pursuit of this question in the present study.” In regard
to the effects of cessation of exposure, the authors do not present data on how many animals
were tested with the cessation protocol, what doses were used, and how many lesions comprised
their results and thus, comparisons between these results and those from 52 weeks of continuous
exposure are hard to make. Quantitatively, the small number of animals, whose lesions were
tested, was n = 2—4 for the cessation groups. Bull et al. (1990) is given as the source of data for
the cessation experiment (see Section E.2.3.2.4).
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E.2.3.2.6. DeAngelo et al. (1999)

The focus of this study was to “determine a dose response for the hepatocarcinogenicity
of DCA in male mice over a lifetime exposure and to examined several modes of action that
might underlie the carcinogenic process.” As DeAngelo et al. (1999) pointed out, many studies
of DCA had been conducted at high concentrations and were less-than-lifetime studies, and
therefore, were of suspect relevance to environmental concentrations. This study is one of the
few that examined DCA at a range of exposure concentrations to determine a dose-response in
mice. The authors concluded that DCA-induced carcinogenesis was not dependent on
peroxisome proliferation or chemically sustained proliferation. The number of HCCs/animals
was reported to be significantly increased over controls at all DCA treatments including 0.05 g/L
and a NOEL was not observed. Peroxisome proliferation was reported to be significantly
increased at 3.5 g/L DCA only at 26 weeks and did not correlate with tumor response. No
significant treatment effects on labeling of hepatocytes (as a measure of proliferation) outside
proliferative lesions were reported, and thus, the DCA-induced liver cancer was not dependent
on peroxisome proliferation or chemically sustained cell proliferation.

Male B6C3F; mice were 28-30 days of age at the start of study and weighed 18-21 g (or
~14% range). They were exposed to 0, 0.05, 0.5, 1.0, 2.0, and 3.5 g/L DCA via drinking water
as a neutralized solution. The time-weighted mean daily water consumption calculated over the
100-week treatment period was reported to be 147, 153, 158, 151, 147, and 124 (84% of
controls) mL/kg/day for 0, 0.05, 0.5, 1, 2, and 3.5 g/L DCA, respectively. The number of
animals used for interim sacrifices was 35, 30, 30, 30, and 30 for controls, 0.5, 1.0, 2.0, and
3.5 g/L DCA-treated groups respectively (i.e., 10 mice per treatment group at interim sacrifices
of 26, 52, and 78 weeks). The number of animals at final sacrifice was reported to be 50, 33, 24,
32, 14 and 8 for controls, 0.05, 0.5, 1.0, 2.0, and 3.5 g/L DCA-treated groups respectively. The
number of animals with unscheduled deaths before final sacrifice was reported to be 3, 2, 1, 9,
11, and 8 for controls, 0.05, 0.5, 1.0, 2.0, and 3.5 g/L DCA-treated groups respectively. The
Authors reported that early mortality tended to occur from liver cancer.

The number of animals examined for pathology were reported to be 85, 33, 55, 65, 51,
and 41 for controls, 0.05, 0.5, 1.0, 2.0, and 3.5 g/L DCA treated groups, respectively. The
experiment was conducted in two parts with control, 0.5, 1.0, 2.0, and 3.5 g/L groups treated and
then 1 months later, a second group consisting of 30 control group mice and 35 mice in a
0.05 g/L DCA exposure group were studied.

The authors reported no difference in prevalence and multiplicity of hepatocellular
neoplasms in the two groups so that data were summed and reported together. The number of
animals reported as examined for tumors were n = 10 animals, with controls reported to be
35 animals split among three interim sacrifice times—exact number per sacrifice time is
unknown. The number of animals reported “with pathology” and assumed to be included in the
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tumor analyses from Table 1, and the sum of the number of animals “scheduled for sacrifice that
survived until 100 weeks” and “interim sacrifices” do not equal each other. For the 1 g/LL DCA
exposure group, 30 animals were sacrificed at interim periods 32 animals were sacrificed at

100 weeks and 9 animals were reported to have unscheduled deaths, but of those 71 animals,
only 65 animals were reported to have pathology for the group. Therefore, some portion of
animals with unscheduled deaths must have been included in the tumor analyses. The exact
number of animals that may have died prematurely but included in analyses of pathology for the
100-week group is unknown.

In Figure 3 of the study, the authors reported prevalence and multiplicity of HCCs
following 79-100 weeks of DCA exposure in their drinking water. The number of animals in
each dose group used in the tumor analysis for 100 weeks was not given by the authors. Given
that the authors included animals that survived past the 78-week interim sacrifice period but died
unscheduled deaths in their 100-week results, the number must have been greater than those
reported as present at final sacrifice. A comparison of the data for the 100-week data presented
in Table 3a and Figure 3 shows that the data reported for 100 weeks is actually for animals that
survived from 79 to 100 weeks.

The authors report a dose-response that is statistically significant from 0.5 to 3.5 g/L
DCA for HCC incidence and a dose-response in HCC multiplicity that is significantly increased
over controls from 0.05 to 0.5 g/L DCA that survived 79-100 weeks of exposure (i.e., 0, 8-, 84-,
168-, 315-, and 429 mg/kg-day dose groups with prevalences of 26, 33, 48, 71, 95, and 100%,
respectively, and multiplicities of 0.28, 0.58, 0.68, 1.29, 2.47, and 2.90, respectively).
Hepatocellular adenoma incidence or multiplicity was not reported for the 0.05 g/L DCA
exposure group.

In Table 3 of the report, the time course of HCCs and adenoma development are given
and summarized in Table E-2.
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Table E-2. Prevalence and multiplicity data from DeAngelo et al. (1999)

Multiplicity
(lesions/animal m £ SEM)

Prevalence Carcinomas Adenomas
52 wks control = 0% carcinomas, 0% adenoma 0 0
0.5 g/L DCA = 0/10 carcinoma, 1/10 adenomas 0 0.10 £ 0.09
1.0 g/L DCA = 0/10 carcinomas, 1/10 adenomas 0 0.10 £ 0.09
2.0 g/L DCA = 2/10 carcinomas, 0/10 adenomas 0.20+0.13 0
3.5 g/L DCA = 5/10 carcinomas, 5/10 adenomas 0.70+£0.25 0.80 +£0.31
78 wks control = 10% carcinomas, 10% adenomas 0.10+£0.10 0.10 £ 0.09
0.5 g/L DCA = 0/10carcinoma, 1/10 adenomas 0 0.10 £ 0.09
1.0 g/L DCA = 2/10 carcinomas, 2/10 adenomas 0.20+0.13 0.20+0.13
2.0 g/L DCA = 5/10 carcinomas, 5/10 adenomas 1.0+£047 1.00 £-0.42
3.5 g/L DCA = 7/10 carcinomas, 5/10 adenomas 1.20+£0.37 1.00 £ 0.42
100 wks control = 26% carcinoma, 10% adenoma 0.28 + 0.07 0.12 +0.05
0.5 g/L DCA = 48% carcinoma, 20% adenomas 0.68+0.17 0.32+0.14
1.0 g/L DCA = 71% carcinomas, 51.4% adenomas 1.29+0.17 0.80+£0.17
2.0 g/L DCA = 95% carcinomas, 42.9% adenomas 2.47+0.29 0.57+0.16
3.5 g/L DCA = 100% carcinomas, 45% adenomas 2.90+£0.40 0.64 £0.23

The authors reported HCCs and number of lesions/animal in mice that survived 79—
100 weeks of exposure. They combined exposure groups to be animals after the week 78
sacrifice time that did and did not make it to 100 weeks. These are the same data reported above
for the 100-week exposure with the inclusion of the 0.05 g/L DCA data. The difference between
number of animals at interim and final sacrifices and those “with pathology” and used in the
tumor analysis but most likely coming from unscheduled deaths is reported in Table E-3 as

“extra” and varied across treatment groups.

Table E-3. Difference in pathology by inclusion of unscheduled deaths from
DeAngelo et al. (1999)

Dose = prevalence of Number hepatocellular
hepatocellular carcinoma carcinoma/animal n = at 100 wks Extra added in
Control = 26% 0.28 50 0
0.05 g/L = 33% 0.58 33 0
0.5 g/L = 48% 0.68 24 1
19/L=71% 1.29 32 3
2 g/L = 95% 2.47 14 7
3.5 g/L = 100% 2.9 8 3

These data show a dose-related increase in tumor formation and decrease in time-to-
tumor associated with DCA exposure at the lowest levels examined. These findings are limited
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by the small number of animals examined at 100 weeks but especially those examined at
“interim sacrifice” periods (n = 10). The data illustrate the importance of examining multiple
exposure levels at lower concentrations at longer durations of exposure and with an adequate
number of animals to determine the nature of a carcinogenic response.

Preneoplastic and non-neoplastic hepatic changes were reported to have been described
previously and summarized as large preneoplastic foci observed at 52 weeks with multiplicities
0f0.1,0.1,0.2 and 0.16 for 0.5, 1, 2, and 3.5 g/L DCA exposure, respectively. At 100 weeks, all
values were reported to be significant (0.03, 0.06, 0.14, 0.27 for 0.5, 1, 2, and 3.5 g/L DCA
exposure respectively). Control values were not reported by the authors.

The authors reported that the prevalence and severity of hepatocellular cytomegaly and of
cytoplasmic vacuolization with glycogen deposition to be dose-related and considered significant
in all dose groups examined when compared to control liver. However, no quantitative data
were shown.

The authors reported a severity index of 0 = none, 1 =<25%, 2 = 50-75%, and 4 = 75%
of liver section for hepatocellular necrosis and report, at 26 weeks, scores (n = 10 animals) of
0.10+0.10,0.20 £ 0.13, 1.20 £ 0.38, 1.20 £ 0.39, and 1.10 £ 0.28 for control, 0.5, 1, 2, and
3.5 g/L DCA treatment groups, respectively. Thus, there appeared to be a treatment-related, but
not dose-related, increase in hepatocellular necrosis that does not involve most of the liver from
1to 3.5 g/L DCA at this time point. At 52 weeks of exposure, the score for hepatocellular
necrosis was reported to be 0, 0, 0.20 £ 0.13, 0.40 £ 0.22, and 1.10 + 0.43 for control, 0.5, 1, 2,
and 3.5 g/L DCA treatment groups, respectively. At 78 weeks of exposure, the score for
hepatocellular necrosis was reported to be 0, 0, 0, 0.30 £ 0.21, and 0.20 £ 0.13 for control, 0.5, 1,
2, and 3.5 g/L DCA treatment groups, respectively. Finally, at the final sacrifice time when
more animals were examined, the extent of hepatocellular necrosis was reported to be 0.20 +
0.16, 0.20 + 0.08, 0.42 + 0.15, 0.38 + 0.20, and 1.38 £ 0.42 for control, 0.5, 1, 2, and 3.5 g/L
DCA treatment groups, respectively.

Thus, there was no reported increase in hepatocellular necrosis at any exposure period for
0.5 g/L DCA treatment, and the mild hepatocellular necrosis seen at the three highest exposure
concentrations at 26 weeks had diminished with further treatment except for the highest dose at
up to100 weeks of treatment. Clearly, the pattern of hepatocellular necrosis did not correlate
with the dose-related increases in HCCs reported by the authors and was not increased over
control at the 0.5 g/L. DCA level where there was a DCA-related tumor increase.

The authors cited previously published data and state that CN-insensitive palmitoyl CoA
oxidase activity (a marker of peroxisome proliferation) data for the 26-week time point plotted
against 100-week HCC prevalence of animals bearing tumors was significantly enhanced at
concentrations of DCA that failed to induce “hepatic PCO” activity. The authors reported that
neither 0.05 nor 0.5 g/ DCA had any marked effect on PCO activity and that it was “only
significantly increased after 26 weeks of exposure to 3.5 g/L DCA and returned to control level
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at 52 weeks (data not shown).” In regards to hepatocyte labeling index after treatment for 5 days
with tritiated thymidine, the authors reported that animals examined in the dose-response
segment of the experiment at 26 and 52 weeks were examined but no details of the analysis were
reported. The authors commented on the results from this study and a previous one that included
carlier time points of study and stated that there were “no significant alterations in the labeling
indexes for hepatocytes outside of proliferative lesions at any of the DCA concentrations when
compared to the control values with the exception of 0.05 g/L DCA at 4 weeks (4.8 + 0.6 vs.

2.7 £ 0.4 control value; data not shown).”

The effects of DCA on body weight, absolute liver weight, and percent liver/body weight
were given in Table 2 of the paper for 26, 52, 78, and 100 weeks of exposure. For 52- and
78-week studies, 10 animals per treatment group were examined. Liver weights were not
determined for the lowest exposure concentration (0.05 g/L DCA) except for the 100-week
exposure period. At 26 weeks of exposure, there was not a statistically significant change in
body weight among the exposure groups (i.e., 35.4 £ 0.7, 37.0 £ 0.8, 36.8 £ 0.8, 37.9 £ 0.6, and
34.6 = 0.8 g for control, 0.5, 1, 2, and 3.5 g/L DCA, respectively). Absolute liver weight was
reported to have a dose-related significant increase in comparison to controls at all exposure
concentrations examined, with liver weight reaching a plateau at the 2 g/L concentration (i.e.,
1.86 + 0.07, 2.27 £ 0.10, 2.74 £ 0.08, 3.53 £ 0.07, and 3.55 + 0.1 g for control, 0.5, 1, 2, and
3.5 g/L DCA, respectively). The percent liver/body weight ratio increases due to DCA exposure
were reported to have a similar pattern of increase (i.e., 5.25+ 0.11, 6.12 £ 0.16, 7.44 £ 0.12,
9.29 £ 0.08, and 10.24 + 0.12% for control, 0.5, 1, 2, and 3.5 g/L DCA, respectively). This
represented a 1.17-, 1.41-, 1.77-, and 1.95-fold of control percent liver/body weight at these
exposures at 26 weeks.

At 52 weeks of exposure, there was not a statistically significant change in body weight
among the exposure groups except for the 3.5 g/L exposed group in which there was a significant
decrease in body weight (i.e., 39.9 +0.8,41.7+0.8,41.7 £ 0.9, 40.8 + 1.0, and 35.0 + 1.1 g for
control, 0.5, 1, 2, and 3.5 g/L DCA, respectively). Absolute liver weight was reported to have a
dose-related significant increase in comparison to controls at all exposure concentrations
examined with liver weight reaching a plateau at the 2 g/L concentration (i.e., 1.87 + 0.13,
2.39+£0.04,2.92 £0.12, 3.47 £ 0.13, and 3.25 + 0.24 g for control, 0.5, 1, 2, and 3.5 g/L DCA,
respectively). The percent liver/body weight ratio increases due to DCA exposure were reported
to have a similar pattern of increase (i.e., 4.68 + 0.30, 5.76 £ 0.12, 7.00 £ 0.15, 8.50 £ 0.26, and
9.28 = 0.64% for control, 0.5, 1, 2, and 3.5 g/L DCA, respectively).

For liver weight and percent liver/body weight, there was much larger variability between
animals within the treatment groups compared to controls and other treatment groups. There
were no differences reported for patterns of change in body weight, absolute liver weight, or
percent liver/body weight between animals examined at 26 weeks and those examined at
52 weeks.
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At 78 weeks of exposure, there was not a statistically significant change in body weight
among the exposure groups except for the 3.5 g/L exposed group in which there was a significant
decrease in body weight (i.e., 46.7 £ 1.2,43.8 +1.5,43.4+£0.9,42.3 + 0.8, and 40.2 + 2.2 g for
control, 0.5, 1, 2, and 3.5 g/L DCA, respectively). Absolute liver weight was reported to have a
dose-related increase in comparison to controls at all exposure concentrations examined, but
none were reported to be statistically significant (i.e., 2.55 + 0.14, 2.16 + 0.09, 2.54 + 0.36,

3.31 £ 0.63, and 3.93 =+ 0.59 g for control, 0.5, 1, 2, and 3.5 g/L DCA, respectively). The percent
liver/body weight ratio increases due to DCA exposure were reported to have a similar pattern of
increase over control values but only the 3.5 g/L exposure level was reported to be statistically
significant (i.e., 5.50 + 0.35, 4.93 + 0.09, 5.93 £ 0.97, 7.90 £ 1.55, and 10.14 + 1.73% for
control, 0.5, 1, 2, and 3.5 g/L DCA, respectively).

Finally, for the animals reported to be sacrificed between 90 and 100 weeks, there was
not a statistically significant change in body weight among the exposure groups except for the
2.0 and 3.5 g/L exposed groups in which there was a significant decrease in body weight (i.e.,
43.9+0.8,43.3+0.9,42.1+0.9,43.6 £0.7,36.1 + 1.2, and 36.0 + 1.3 g for control, 0.05, 0.5, 1,
2, and 3.5 g/L DCA, respectively). Absolute liver weight did not show a dose-response pattern
at the two lowest exposure levels but was elevated with the three highest doses with the two
highest being statistically significant (i.e., 2.59 £ 0.26, 2.74 + 0.20, 2.51 + 0.24, 3.29 + 0.21,

4.75 £ 0.59, and 5.52 + 0.68 g for control, 0.05, 0.5, 1, 2, and 3.5 g/L DCA, respectively). The
percent liver/body weight ratio increases due to DCA exposure were reported to have a similar
pattern of increase over control values but only the 2.0 and 3.5 g/L exposure levels were reported
to be statistically significant (i.e., 6.03 £ 0.73, 6.52 £ 0.55, 6.07 £ 0.66, 7.65 = 0.55, 13.30 +
1.62, and 15.70 + 2.16% for control, 0.05, 0.5, 1, 2, and 3.5 g/L DCA, respectively).

It must be recognized that liver weight increases, especially in older mice, will reflect
increased weight due to tumor burden and thus, DCA-induced hepatomegaly will be somewhat
obscured at the longer treatment durations. However, by 100 weeks of exposure, there did not
appear to be an increase in liver weight at the 0.05 and 0.5 g/L exposures, while there was an
increase in tumor burden reported. Examination of the 0.5 g/L exposure group from 26 to
100 weeks shows that slight hepatomegaly, reported as either absolute liver weight increase over
control or change in percent liver/body ratio, was present by 26 weeks (i.e., 22% increase in liver
weight and 17% increase in percent liver/body weight), decreased with time, and while similar at
52 weeks, was not significantly different from control values at 78- or 100-week durations of
exposure. However, tumor burden was increased at this low concentration of DCA.

The authors present a figure comparing the number of HCCs per animal at 100 weeks
compared with the percent liver/body weight at 26 weeks and show a linear correlation
(r* = 0.9977). Peroxisome proliferation and DNA synthesis, as measured by tritiated thymidine,
were reported to not correlate with tumor induction profiles and were also not correlated with
early liver weight changes induced by DCA exposure. Most importantly, in a paradigm that
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examined tumor formation after up to 100 weeks of exposure, DCA-induced tumor formation
was reported to occur at concentrations that did not also cause cytotoxicity and at levels 20—
40 times lower than those used in “less than lifetime” studies reporting concurrent cytotoxicity.

E.2.3.2.7. Carter et al. (2003)

The focus of this study was to present histopathological analyses that included
classification, quantification, and statistical analyses of hepatic lesions in male B6C3F; mice
receiving DCA at doses as low as 0.05 g/L for 100 weeks and at 0.5, 1.0, 2.0, and 3.5 g/L for
between 26 and 100 weeks. This analysis used tissues from the DeAngelo et al. (1999) (two
blocks from each lobe and all lesions found at autopsy).

This study used the following diagnostic criteria for hepatocellular changes. Altered
hepatic Foci (AHF) were defined as histologically identifiable clones that were groups of cells
smaller than a liver lobule that did not compress the adjacent liver. Large foci of cellular
alteration (LFCA) were defined as lesions larger than the liver lobule that did not compress the
adjacent architecture [previously referred to as hyperplastic nodules by Bull et al. (1990)] but
had different staining. These are not non-neoplastic proliferative lesions termed “hepatocellular
hyperplasia” that occur secondary to hepatic degeneration or necrosis. Adenomas showed
growth by expansion resulting in displacement of portal triad and had alterations in both liver
architecture and staining characteristics. Carcinomas were composed of cells with a high
nuclear-to-cytoplasmic ration and with nuclear pleomorphism and atypia that showed evidence
of invasion into the adjacent tissue. They frequently showed a trabecular pattern characteristic of
mouse hepatocellular carcinomas.

The report grouped lesions as eosinophilic, basophilic and/or clear cell, and dysplastic.
“Eosinophilic lesions included lesions that were eosinophilic but could also have clear cell,
spindle cell or hyaline cells. Basophilic lesions were grouped with clear cell and mixed cell (i.e.,
mixed basophilic, eosinophilic, hyaline, and/or clear cell) lesions.” The authors reported that:

this grouping was necessary because many lesions had both a basophilic and clear
cell component and a few <10 % had an eosinophilic or hyaline
component...Lesions with foci of cells displaying nuclear pleomorphism,
hyperchromasia, prominent nucleoli, irregular nuclear borders and/or altered
nuclear to cytoplasmic ratios were considered dysplastic irrespective of their
tinctorial characteristics.

Therefore, Carter et al. (2003) lumped mixed phenotype lesions into the basophilic
grouping so that comparisons with the results of Bull et al. (2002) or Pereira (1996), which
segregate mixed phenotype from those without mixed phenotype, cannot be done.

This report examined type and phenotype of preneoplastic and neoplastic lesions pooled
across all time points. Therefore, conclusions regarding what lesions were evolving into other
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lesions have left out the factor of time. Bannasch (1996) reported that examining the evolution
of foci through time is critical for discerning neoplastic progression and described foci evolution
from eosinophilic or basophilic lesions to more basophilic lesions. Carter et al. (2003) suggested
that size and evolution into a more malignant state are associated with increasing basophilia, a
conclusion consistent with those of Bannasch (1996). The analysis presented by Carter et al.
(2003) also suggested that there was more involvement of lesions in the portal triad, which may
give an indication where the lesions arose. Consistent with the results of DeAngelo et al. (1999),
Carter et al. (2003) reported that “DCA (0.05 — 3.5 g/L) increased the number of lesions per
animal relative to animals receiving distilled water and shortened the time to development of all
classes of hepatic lesions.” They also concluded that:

although this analysis could not distinguish between spontaneously arising lesions
and additional lesions of the same type induced by DCA, only lesions of the kind
that were found spontaneously in control liver were found in increased numbers in
animals receiving DCA...Development of eosinophilic, basophilic and/or clear
cell and dysplastic AHF was significantly related to DCA dose at 100 weeks and
overall adjusted for time.

The authors concluded that the presence of isolated, highly dysplastic hepatocytes in
male B6C3F; mice chronically exposed to DCA suggested another direct neoplastic conversion
pathway other than through eosinophilic or basophilic foci.

It appears that the lesions being characterized as carcinomas and adenomas in
DeAngelo et al. (1999) were not the same as those by Carter et al. (2003) at 100 weeks even
though they were from the same tissues (see Table E-4). Carter et al. (2003) identified all
carcinomas as dysplastic despite tincture of lesion and subdivided adenomas by tincture. If the
differing adenoma multiplicities are summed for Carter et al. (2003), they do not add up to the
same total multiplicity of adenoma given by DeAngelo et al. (1999).

Table E-4. Comparison of data from Carter et al. (2003) and DeAngelo et al.

(1999)
Sum of Sum of
Exposure adenomas adenomas
level of DCA Total and and
at 79— Total adenoma| Total adenoma | carcinoma | Total carcinoma| carcinoma | carcinoma
100 wks multiplicity multiplicity multiplicity multiplicity multiplicity | multiplicity
(g/L) (Carter) (DeAngelo) (Carter) (DeAngelo) (Carter) (DeAngelo)
0 0.22 0.12 0.05 0.28 0.27 0.40
0.05 0.48 - <0.025 0.58 ~0.50 -
0.5 0.44 0.32 0.20 0.68 0.64 1.0
1.0 0.52 0.80 0.30 1.29 0.82 2.09
2.0 0.60 0.57 1.55 2.47 2.15 3.27
35 1.48 0.64 1.30 2.90 2.78 3.54
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It is unclear how many animals were included in the differing groups in both studies for
pathology. The control and high-dose groups differ in respect to “animals with pathology”
between DeAngelo et al. (1999) and the “number of animals in groups” examined for lesions in
Carter et al. (2003). Neither report gave how many animals with unscheduled deaths were
treated in regards to how the pathology data were included in presentation of results. Given that
DeAngelo et al. (1999) represents animals at 100 weeks as also animals from 79 to 100 weeks of
exposure, it is probable that the animals that died after 79 weeks were included in the group of
animals sacrificed at 100 weeks. However, the number of animals affecting that result (which
would be a mix of exposure times) for either DeAngelo et al. (1999) or Carter et al. (2003) is
unknown from published reports.

In general, it appears that Carter et al. (2003) reported more adenomas/animal for their
100 week animals than DeAngelo et al. (1999) did, while DeAngelo et al. (1999) reported more
carcinomas/animal.

In order to compare these data with others (eg., Pereira and Phelps, 1996) for estimates of
multiplicity by phenotype or tincture it would be necessary to add foci and LFCA together as
foci, and adenomas and carcinomas together as tumors. It would also be necessary to lump
mixed foci together as “basophilic” from other data sets as was done for Carter et al. (2003) in

describing “basophilic lesions.” If multiplicity of carcinomas and adenomas are summed from
each study to control for differences in identification between adenoma and carcinoma, there are
still differences in the two studies in multiplicity of combined lesions/animal with DeAngelo et
al. (1999) giving consistently higher estimates. However, both studies show a dose response of
tumor multiplicity with DCA and a difference between control values and the 0.05 DCA
exposure level. Error is introduced by having to transform the data presented as a graph in
Carter et al. (2003). Also no SEM is given for the Carter data.

In regard to other histopathological changes, the authors report that:

necrosis was found in 11.3% of animals in the study and the least prevalent toxic
or adaptive response. No focal necrosis was found at 0.5 g/L. The incidence of
focal necrosis did not differ from controls at 52 or 78 weeks and only was greater
than controls at the highest dose of 3.5 g/L at 100 weeks. Overall necrosis was
negatively related to the length of exposure and positively related to the DCA
dose. Necrosis was an early and transitory response. There was no difference in
necrosis 0 and 0.05 g/L or 0.5 g/L. There was an increase in glycogen at 0.5 g/L
at the perioportal area. There was no increase in steatosis but a dose-related
decrease in steatosis. Dysplastic LFCA were not related to necrosis indicating
that these lesions do not represent, regenerative or reparative hyperplasia.
Nuclear atypia and glycogen accumulation were associated with dysplastic
adenomas. Necrosis was not related to occurrence of dysplastic adenomas.
Necrosis was of borderline significance in relation to presence of hepatocellular
carcinomas. Necrosis was not associated with dysplastic LFCAs or Adenomas.
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They concluded that “the degree to which hepatocellular necrosis underlies the
carcinogenic response is not fully understood but could be significant at higher DCA
concentrations (>1 g/L).”

E.2.3.2.8. Stauber and Bull (1997)

This study was designed to examine the differences in phenotype between altered hepatic
foci and tumors induced by DCA and TCA. Male B6C3F; mice (7 weeks old at the start of
treatment) were treated with 2.0 g/L neutralized DCA or TCA in drinking water for 38 or
50 weeks, respectively. They were then treated with additional exposures (n = 12) of 0, 0.02,
0.1, 0.5,1.0, or 2.0 g/L DCA or TCA for an additional 2 weeks. Three days prior to sacrifice in
DCA-treated mice or 5 days for TCA-treated mice, animals had miniosmotic pumps implanted
and administered BrdU.

Immunohistochemical staining of hepatocytes from randomly selected fields (minimum
of 2,000 nuclei counter per animal) from five animals per group were reported for 14- and
28-day treatments. It was unclear how many animals were examined for 280- and 350-day
treatments from the reports. The percentage of labeled cells in control livers was reported to
vary between 0.1 and 0.4% (i.e., fourfold).

There was a reported ~3.5-fold of control level for TCA labeling at a 14-day time period
and a ~5.5-fold for DCA. At 28 days, there was ~2.5-fold of control for TCA, but a ~2.3-fold
decrease of control for DCA. At 280 days, there was no data reported for TCA, but for DCA,
there was a ~2-fold decrease in labeling over control. At 350 days, there were no data for DCA,
but a reported ~2.3-fold decrease in labeling of control with TCA. The authors reported that the
increases at day 14 for TCA and DCA exposure and the decrease at day 28 for DCA exposure
were statistically significant, although a small number of animals were examined. Thus,
although there may be some uncertainty in the exact magnitude of change, there was, at most,
~5-fold of control labeling for DCA within after 14 days of exposure that was followed by a
decrease in DNA synthesis by day 28 of treatment. These data show that hepatocytes
undergoing DNA synthesis represented a small population of hepatocytes with the highest level
with either treatment <1% of hepatocytes. Rates of cell division were reported to be less than
control for both DCA and TCA by 40 and 52 weeks of treatment.

In this study, the authors reported that there was no necrosis with the 2.0 g/L DCA dose
for 52 weeks and concluded that necrosis is a recurring but inconsistent result with chronic DCA
treatment. Histological examination of the livers involved in the present study found little or no
evidence of such damage or overt cytotoxicity. It was assumed that this effect has little bearing
on data on replication rates.

Foci and tumors were combined in reported results, and therefore, cannot be compared
the results Bull et al. (2002) or to DeAngelo et al. (1999). Prevalence rates were not reported.
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Data were reported in terms of “lesions” with DCA-induced “lesions” containing a number of
smaller lesions that were heterogeneous and more eosinophilic with larger “lesions” tending to
less numerous and more basophilic. For TCA results using this paradigm, the “lesions” were
reported to be less numerous, more basophilic, and larger than those induced by DCA. The
DCA-induced larger “lesions” were reported to be more “uniformly reactive to c-Jun and c-Fos
but many nuclei within the lesions displaying little reactivity to c-Jun.” The authors stated that
while most DCA-induced “lesions” were homogeneously immunoreactive to c-Jen and C-Fos
(28/41 lesions), the rest were stained heterogeneously. For TCA-induced lesions, the authors
reported not difference in staining between “lesions” and normal hepatocytes in TCA-treated
animals. Again, of note is that not only were “lesions” comprised of foci and tumors at different
stages of progression reported in these results, but that also DCA and TCA results were reported
for different durations of exposure.

E.2.3.2.9. Pereira (1996)

The focus of this study was to report the dose-response relationship for the carcinogenic
activity of DCA and TCA in female B6C3F; mice and the characteristics of the lesions. Female
B6C3F; mice (7-8 weeks of age) were given drinking water with either DCA or TCA at 2.0,
6.67, or 20 mmol/L and neutralized with sodium hydroxide to a pH or 6.5-7.5. The control
received 20 mmol/L sodium chloride. Conversion of mmol/L to g/L was as follows:

20.0 mmol/L DCA = 2.58 g/L, 6.67 mmol/L DCA =0.86 g/L, and 2.0 mmol/L =0.26 g/L;

20.0 mmol/L TCA =3.27 g/L, 6.67 mmol/L TCA =1.10 g/L, and 2.0 mmol/L TCA =0.33 g/L.

The concentrations were reported to be chosen so that the high concentration was comparable to
those previously used by us to demonstrate carcinogenic activity. The mice were exposed until

sacrifice at 360 (51 weeks), or 576 days (82 weeks) of exposure.

Whole liver was reported to be cut into ~3 mm blocks and along with representative
sections of the visible lesions, fixed and embedded in paraffin and stained with H&E for
histopathological evaluation of foci of altered hepatocytes, hepatocellular adenomas, and HCCs.
The slides were reported to be evaluated blind. Foci of altered hepatocytes in this study were
defined as containing six or more cells and hepatocellular adenomas were distinguished from
foci by the occurrence of compression at >80% of the border of the lesion.

Body weights were reported to be decreased only the highest dose of DCA from
40 weeks of treatment onward. For TCA, there were only two examination periods (weeks 51
and 82) that had significantly different body weights from control and only at the highest dose.
Liver/body weight percentage was reported in comparison to concentration graphically and
shows a dose-response for DCA with steeper slope than that of TCA at 360 and 576 days of
exposure. The authors reported that all three concentrations of DCA resulted in increased
vacuolation of hepatocytes. Such vacuolization was probably due to glycogen removal from
tissue processing. Using a score of 1-3 (with 0 indicating the absence of vacuolization,
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+1 indicating vacuolated hepatocytes in the periportal zone, + 2 indicating distribution of
vacuolated hepatocytes in the midzone, and +3 indicating maximum vacuolization of hepatocytes
throughout the liver), the authors also reported that “the extent of vacuolization of the
hepatocytes in the mice administered 0, 2.0, 6.67 or 20.0 mmol/I DCA was scored as 0.0, 0.80
0.08,2.32+0.11, or 2.95 £ 0.05, respectively.”

Cell proliferation was reported to be determined in treatment groups containing 10 mice
each and exposed to either DCA or TCA for 5, 12, or 33 days with animals implanted with
miniosmotic pumps 5 days prior to sacrifice and administered BrdU. Tissues were
immunohistochemically stained for BrdU incorporation. At least 2,000 hepatocytes/mouse were
reported to be evaluated for BrdU-labeled and unlabeled nuclei and the BrDU-labeling index was
calculated as the percentage of hepatocytes with labeled nuclei.

Pereira (1996) reported a dose-related increase in BrDU labeling in 2,000 hepatocytes
that was statistically significant at 6.67 and 20.mmol/L DCA at 5 days of treatment but that
labeling at all exposure concentrations decreased to control levels by days 12 and 33 of
treatment. The largest increase in BrdU labeling was reported to be twofold of controls at the
highest concentration of DCA after 5 days of exposure. For TCA, all doses (2.0, 6.67, and
20 mmol/L) gave a similar and statistically significant increase in BrDU labeling by 5 days of
treatment (~3-fold of controls) but by days 12 and 33, there were no increases above control
values at any exposure level. Given the low level of hepatocyte DNA synthesis in quiescent
control liver, these results indicate a small number of hepatocytes underwent increased DNA
synthesis after DCA or TCA treatment and that by 12 days of treatment, these levels were similar
to control levels in female B6C3F; mice.

Incidence of foci and tumors in mice administered DCA or TCA (prevalence or number
of animals with tumors of those examined at sacrifice) in this report are given in Tables E-5 and
E-6.
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Table E-5. Prevalence of foci and tumors in mice administered NaCl, DCA,
or TCA from Pereira (1996)

Foci Adenomas Carcinomas

Treatment N Number ‘ % Number % Number %
82 wks
20.0 mmol NaCl 90 10 111 2 2.2 2 2.2
20.0 mmol DCA 19 17 89.5% 16 84.2% 5 26.3°
6.67 mmol DCA 28 11 39.3% 7 25.0° 1 3.6
2.0 mmol DCA 50 7 14.0 3 6.0 0 0
20.0 mmol TCA 18 11 61.1° 7 38.9° 5 27.8°
6.67 mmol TCA 27 9 33.3° 3 11.1 5 18.5°%
2.0 mmol TCA 53 10 18.9 4 7.6 0 0
51 wks
20.0 mmol NacCl 40 0 0 1 2.5 0 0
20.0 mmol DCA 20 8 40.0° 7 35° 1 5
6.67 mmol DCA 20 1 5 3 15 0 0
2.0 mmol DCA 40 0 0 0 0 0 0
20.0 mmol TCA 20 0 0 2 15.8 5 25°
6.67 mmol TCA 19 0 0 3 7.5 0 0
2.0 mmol TCA 40 3 7.5 3 2.5 0 0
% < 0.05.

NaCl = sodium chloride control
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Table E-6. Multiplicity of foci and tumors in mice administered NaCl, DCA,
or TCA from Pereira (1996)

Treatment ‘ N Foci/mouse ‘ Adenomas/mouse Carcinomas/mouse
82 wks
20.0 mmol NaCl 90 0.11£0.03 0.02 £0.02 0.02 £0.02
20.0 mmol DCA 19 7.95 + 2.00° 558 +1.14% 0.37+0.17°
6.67 mmol DCA 28 0.39+0.11° 0.32+0.13" 0.04 £0.04
2.0 mmol DCA 50 0.14 £0.05 0.06 £ 0.03 0
20.0 mmol TCA 18 1.33+0.31° 0.61+0.22° 0.39+0.16°
6.67 mmol TCA 27 0.41+0.13° 0.11+0.06 0.22+0.10°
2.0 mmol TCA 53 0.26 £ 0.08 0.08£0.04 0
51 wks
20.0 mmol NaCl 40 0 0.03+£0.03 0
20.0 mmol DCA 20 0.60 + 0.22° 0.45+0.17° 0.10+0.10
6.67 mmol DCA 20 0.05 £ 0.05 0.20£0.12 0
2.0 mmol DCA 40 0 0 0
20.0 mmol TCA 20 0 0.15+0.11 0.50 +0.18°
6.67 mmol TCA 19 0 0.21£0.12 0
2.0 mmol TCA 40 0.08 £0.04 0.08 £0.04 0
% < 0.01.
bp < 0.05.

These data show the decreased power of using fewer than 50 mice, especially at shorter
durations of exposure. By 82 weeks of exposure, increased adenomas and carcinomas induced
by TCA or DCA treatment are readily apparent.

The foci of altered hepatocytes and the tumors obtained from this study were reported to
be basophilic, eosinophilic, or mixed containing both characteristics and are shown in Tables E-7
and E-8. DCA was reported to induce a predominance of eosinophilic foci and tumors, with over
80% of the foci and 90% of the tumors in the 6.67 and 20.0 mmol/L concentration groups being
eosinophilic. Only approximately half of the lesions were characterized as eosinophilic with the
rest being basophilic in the group administered 2.0 mmol/L DCA. The eosinophilic foci and
tumors were reported to consistently stained immunohistochemically for the presence of GST-x,
while basophilic lesions did not stain for GST-x, except for a few scattered cells or small areas
comprising <10% of foci.
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Table E-7. Phenotype of foci reported in mice exposed to NaCl, DCA, or
TCA by Pereira (1996)

Treatment % Foci

at 51 and 82 wks N Basophilic Eosinophilic Mixed
20.0 mmol NaCl 10 70 30 0
20.0 mmol DCA 150 3.3 96.7 0
6.67 mmol DCA 11 18.2 81.8 0
2.0 mmol DCA 7 42.8 57.2 0
20.0 mmol TCA 22 36.4 54.6 9.1
6.67 mmol TCA 11 45.5 54.5 0
2.0 mmol TCA 13 38.5 61.5 0

Table E-8. Phenotype of tumors reported in mice exposed NaCl, DCA, or

TCA by Pereira (1996)

Treatment Tumors

at 51 and 82 wks N Basophilic Eosinophilic Mixed
20.0 mmol NacCl 4 50 25 25.5
20.0 mmol DCA 105 2.9 96.1 1
6.67 mmol DCA 10 10 90 0
2.0 mmol DCA 3 0 100 0
20.0 mmol TCA 18 61.1 22.2 16.7
6.67 mmol TCA 6 100 0 0
2.0 mmol TCA 4 100 0 0

The foci of altered hepatocytes in the TCA treatment groups were approximately equally
distributed between basophilic and eosinophilic in tincture. However, the tumors were
predominantly basophilic, lacking GST-pi (21 of 28 or 75%) including all 11 HCCs. The limited
numbers of lesions (i.e., 14) in the sodium chloride (vehicle control) group were characterized as
64.3, 28.6, and 7.1% basophilic, eosinophilic, and mixed, respectively.

These data for female B6C3F; mice show that DCA and TCA treatment induced a
mixture of basophilic or eosinophilic foci. The pooling of the data between time and adenoma
vs. carcinoma decreases the ability to ascertain the phenotype of tumor due to treatment or the
progression of phenotype with time as well as the small number of tumor examined at lower
exposure concentrations. Foci that occurred at 51 and 82 weeks were presented as one result.
Adenoma and carcinoma data were pooled as one endpoint (n = number of total foci or tumors
examined). Therefore, evolution of phenotype between less to more malignant stages of tumor
were lost.
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E.2.3.2.10.  Pereira and Phelps (1996)

The focus of this study was to determine tumor response and phenotype in methyl
nitrosourea (MNU)-treated mice after DCA or TCA exposure. The concentrations of DCA or
TCA were the same as Pereira (1996). For Pereira (1996), the animals were reported to be 7—

8 weeks of age when started on treatment and sacrificed after 360 or 576 days of exposure (51 or
82 weeks). For this study and Tao et al. (2004b), animals were reported to be 6 weeks of age
when exposed to DCA or TCA via drinking water and to be 31 or 52 weeks of age at sacrifice.
Thus, exposure time would be ~24 or 45 weeks. A control group of non-MNU treated animals
was presented for female B6C3F; mice treated for 31 or 52 weeks and are discussed in

Table E-9.

Table E-9. Multiplicity and incidence data (31 week treatment) from Pereira
and Phelps (1996)

Treatment Number | Foci/mouse incidence % Adenomas/mouse incidence %
20.0 mmol NacCl 15 0.13+£0.13 6.7 0.13+£0.13 not reported
20.0 mmol DCA 10 0.40x0.16 40 0 0
6.67 mmol DCA 10 0.10+0.10 10 0 0
2.0 mmol DCA 15 0 0 0 0
20.0 mmol TCA 10 0 0 0 0
6.67 mmol TCA 10 0 0 0 0
2.0 mmol TCA 15 0 0 0 0

Although this paradigm appears to be the same paradigm as those reported in Pereira
(1996), fewer animals were studied. The number of animals in each group varied between
8 controls and 14 animals in the 2.0 mmol/L treatment groups. In mice that were not treated with
MNU but were treated with either DCA or TCA at 31 weeks, there were no reported statistically
significant treatment-related effects upon the yield of foci or altered hepatocytes and liver tumors
but the number of animals examined was small and therefore, of limited power to detect a
response. The results below indicate a DCA-related increase in foci and percentage of mice with
foci.

See Section E.4.2.3 for further discussion of the results of co-exposures to MNU and
DCA or TCA from this study.

E.2.3.2.11.  Ferreira-Gonzalez et al. (1995) HCCs induced by TCA or DCA in male
B6C3F; mice. Mice (28-day

The focus of this study was the investigation of differences in H-ras mutation spectra in
old) were exposed for 104 weeks to 0. 1.0, or 3.5 g/L DCA or 4.5 g/L TCA that was pH adjusted.
Tumors observed from this treatment were diagnosed as either hepatocellular adenomas or
carcinomas. DNA was extracted from either spontaneous, DCA- or TCA-induced HCCs.
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Samples for analysis were chosen randomly in the treatment groups, of which 19% of untreated
mice had spontaneous liver HCCs (0.26 carcinomas/animal).

DCA treatment induced 100% prevalence at 3.5 g/L (5.06 carcinomas/animal) and 70.6%
carcinomas at 1.0 g/L (1.29 carcinomas/animal). TCA treatment was reported to induce 73.3%
prevalence at 4.5 g/L (1.5 carcinomas/animal). The number of samples analyzed was 32 for
spontaneous carcinomas, 33 for mice treated with 3.5 g/L DCA, 13 from mice treated with
1.0 g/DCA, and 11 from mice treated with 4.5 g/L TCA.

This study has the advantage of comparison of tumor phenotype at the same stage of
progression (HCC), for allowance of the full expression of a tumor response (i.e., 104 weeks),
and an adequate number of spontaneous control lesions for comparison with DCA or TCA
treatments. However, tumor phenotype at an endstage of tumor progression reflects of tumor
progression and not earlier stages of the disease process.

There were no ras mutations detected except at H-61 in DNA from spontaneously arising
tumors of control mice. Only 4/57 samples from carcinogen-treated mice were reported to
demonstrate mutation other than in the second exon of H-ras. In spontaneous liver carcinomas,
58% were reported to show mutations in H-61 as compared with 50% of tumor from 3.5 g/L
DCA-treated mice and 45% of tumors from 4.5.g/L TCA-treated mice. Thus, there was a
heterogeneous response for this phenotypic marker for the spontaneous, DCA-, and TCA-
treatment induced HCCs.

All samples positive for mutation in the exon 2 of H-ras were sequenced for the
identification of the base change responsible for the mutation. The authors noted that H-ras
mutations occurring in spontaneously developing HCCs from B6C3F; male mice are largely
confined to codon 61 and involve a change from CAA to either AAA or CGA or CTA in aratio
of 4:2:1. They noted that in this study, all of the H-ras second codon mutations involved a single
base substitution in H-61 changing the wild-type sequence from CAA to AAA (80%), CGA
(20%), or CTA for the 18 HCCs examined.

In the 16 HCCs from 3.5 g/L DCA treatment with mutations, 21% were AAA
transversions, 50% were CGA transversions, and 29% were CTA transversions. For the six
HCCs from 1.0 g/L DCA with mutations, 16% were an AAA transversion, 50% were a CGA
transversion, and 34% were a CTA transversion. For the five HCCs from 4.5 g/L TCA with
mutations, 80% were AAA transversions, 20% CGA tranversions, and 0% were CTA
transversions. The authors note that the differences in frequency between DCA and TCA base
substitutions did not achieve statistical significance due to the relatively small number of tumors
from TCA-treated mice. They note that the finding of essentially equal incidence of H-ras
mutations in spontaneous tumors and in tumors of carcinogen-treated mice did not help in

determining whether DCA and TCA acted as “genotoxic” or “nongenotoxic” compounds.
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E.2.3.2.12.  Pereiraetal. (2004a)

Pereira et al. (2004a) exposed 7—8-week-old female B6C3F; mice treated with “AIN-76A
diet” to neutralized 0 or 3.2 g/LL DCA in the drinking water and 4.0 or 8.0 g/kg L methionine
added to their diet. The final concentration of methionine in the diet was estimated to be
11.3 and 15.3 g/kg. Mice were sacrifice 8 and 44 weeks after exposure to DCA, with body and
liver weights evaluated for foci, adenomas, and HCCs. No histological descriptions were given
by the authors other than tinctorial phenotype of foci and adenomas for a subset of the data. The
number of mice examined was 36 for the DCA + 8.0 g/kg methionine or 4.0 g/kg methionine
group sacrificed at 44 weeks. However, for the DCA-only treatment group, the number of
animals examined was 32 at 44 weeks and for those groups that did not receive DCA but either
methionine at 8.0 or 4.0 g/kg, there were only 16 animals examined. All groups examined at
8 weeks had eight animals per group.

Liver glycogen was reported to be isolated from 30 to 50 mg of whole liver. Peroxisomal
acyl-CoA oxidase activity was reported to be determined using lauroyl-CoA as the substrate and
was considered a marker of peroxisomal proliferation. Whole-liver DNA methylation status was
analyzed using a 5-MeC antibody.

Methionine (8.0 g/kg) and DCA co-exposure was reported to result in the death of three
mice, while treatment with methionine (4.0 g/kg) and DCA or methionine (8.0 g/kg) alone was
reported to kill one mouse in each group. The authors reported that “There was an increased in
body weight during weeks 12 to 36 in the mice that received 8.0 g/kg methionine without DCA.
There was no other treatment-related alteration in body weight.” However, the authors do not
present the data and initial or final body weights were not presented for the differing treatment
groups.

DCA treatment was reported to increase percent liver/body weight ratios at 8 and
44 weeks to about the same extent (i.e., ~2.4-fold of control at 8 weeks and 2.2-fold of control at
44 weeks). Methionine co-exposure was reported to not affect that increase (~2.4-, 2.2-, and
2.1-fold of control after DCA treatment alone, DCA/4 g/kg methionine, and DCA/8 mg/kg
methionine treatment for 8 weeks, respectively). There was a slight increase in percent
liver/body weight ratio associated with 8.0 g/kg methionine treatment alone in comparison to
controls (~7%) at 8 weeks with no difference between the two groups at 44 weeks.

After 8 weeks of only DCA exposure, the amount of glycogen in the liver was reported to
be ~2.09-fold of the value for untreated mice (115 vs. 52.5 mg/g glycogen in treated vs. control,
respectively, at 8 weeks). Both 4 and 8 g/kg methionine co-exposure reduced the amount of
DCA-induced glycogen increase in the liver (~1.64-fold of control for DCA/4.0 g/kg methionine
and ~1.54-fold of control for DCA/8.0 mg/kg methionine). Thus, for treatment with DCA alone
or with the two co-exposure levels of methionine, the magnitude of the increase in liver weight
was greater than that of the increase in liver glycogen (i.e., 2.42- vs. 2.09-fold of control percent
liver/body weight vs. glycogen content for DCA alone, 2.20- vs. 1.64-fold of control percent
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liver/body weight vs. glycogen content for DCA/4.0 g/kg methionine, 2.10- vs. 1.54-fold of
control percent liver/body weight vs. glycogen content for DCA/8.0 g/kg methionine). Thus, the
magnitudes of treatment-related increases were higher for percent liver/body weight than for
glycogen content in these groups.

In regard to percentage of liver mass that glycogen represented, the control value for this
study is similar to that presented by Kato-Weinstein et al. (2001) in male mice (~60 mg
glycogen/g liver) and represents ~6% of liver mass. Therefore, a doubling of the amount of
glycogen is much less than the twofold increases in liver weight observed for DCA exposure in
this paradigm. These data suggest that DCA-related increases in liver weight gain are not only
the result of increased glycogen accumulation, and that methionine co-exposure is affecting
glycogen accumulation to a much greater extent than the other underlying processes that are
contributing to DCA-induced hepatomegaly after 8 weeks of exposure. The authors reported that
8-weeks of DCA exposure alone did not result in a significant increase in cell proliferation as
measured by PCN index (neither data nor methods were shown). This is consistent with other
data showing that DCA effects on DNA synthesis were transient and had subsided by 8 weeks of
exposure.

The levels of lauroyl-CoA oxidase activity were reported to be increased (~1.33-fold of
control) by DCA treatment alone at 8 weeks and to be slightly reduced by 8 g/kg methionine
treatment alone (~0.83-fold of control). Methionine co-exposure was reported to have little
effect on DCA-induced increases in lauroyl-CoA oxidase activity. The levels of DNA
methylation were reported to be increased by 8.0 g/kg methionine only treatment at 8 weeks
~1.32-fold of control, and reduced by DCA only treatment to ~0.44-fold of control. DCA and
4.0 g/lkg methionine co-exposure gave similar results as controls (within 2%). Co-exposures of
DCA and 8.0 g/kg methionine treatments were reported to increase DNA methylation 1.22-fold
of controls after 8 weeks of co-exposure.

In the 44-week study, the authors reported that foci and hepatocellular adenomas were
found. However, the authors do not report the incidences of these lesions in their study groups
(how many of the treated animals developed lesions). As noted above, the numbers of animals in
these groups varied widely between treatments (e.g., n = 36 for DCA and co-exposure to 8.0 g/kg
methionine but only n = 16 for 8 g/kg methionine treatment alone). Although reporting
unscheduled deaths in the 8.0 g/kg methionine and DCA co-exposure groups, the authors did not
indicate whether these mortalities occurred in the 44- or 8-week study groups.

Multiplicities of foci and adenoma data were presented. DCA was reported to induce
2.42 £ 0.38 foci/mouse and 1.28 + 0.31 adenomas/mouse (mean * SE) after 44 weeks of
treatment. The DCA-induced foci and adenomas were reported to stain as eosinophilic with
“relatively large hepatocytes and nuclei.” The authors did not present data on the percent of foci
and adenomas that were eosinophilic using this paradigm. The addition of 4.0 or 8.0 g/kg
methionine to the AIN-76A diet was reported to reduce the number of DCA-induced
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adenomas/mouse to 0.167 + 0.093 and 0.028 £ 0.028, respectively. However, the addition of
4.0 g/kg methionine to the DCA treatment was reported to increase the number of foci/mouse
(3.4 £ 0.46 foci/mouse). The addition of 8.0 g/kg methionine to the DCA treatment was reported
to yield 0.94 + 0.24 foci/mouse. There were no foci or tumors in the 16 mice that received either
the control diet or the 8.0 g/kg methionine treatment without DCA. The authors did not report
whether methionine treatment had an effect on the tincture of the foci or adenomas induced by
DCA.

Therefore, a very high level of methionine supplementation to an AIN-760A diet, was
shown to affect the number of foci and adenomas (i.e., decrease them) after 44 weeks of co-
exposure to very high exposure concentration of DCA. However, a lower level of methionine
co-exposure increased the incidence of foci at the same concentration of DCA. Methionine
treatment alone at the 8 g/kg level was reported to increase liver weight, decrease lauroyl-CoA
activity, and increase DNA methylation.

No histopathology was given by the authors to describe the effects of methionine alone.
Co-exposure of methionine with 3.2 g/L DCA was reported to decrease by ~25% DCA-induced
glycogen accumulation and increase mortality, but not to have much of an effect on peroxisome
enzyme activity (which was not elevated by >33% over control for DCA exposure alone). The
authors suggested that their data indicate that methionine treatment slowed the progression of
foci to tumors. Whether these results would be similar for lower concentrations of DCA and
lower concentrations of methionine that were administered to mice for longer durations of
exposure cannot be ascertained from these data. It is possible that in a longer-term study, the
number of tumors would be similar. Whether methionine treatment co-exposure had an effect on
the phenotype of foci and tumors was not presented by the authors in this study. Such data
would have been valuable to discern if methionine co-exposure at the 4.0 mg/kg level that
resulted in an increase in DCA-induced foci, resulted in foci of a differing phenotype or resulted
in a more heterogeneous composition than DCA treatment alone.

E.2.3.2.13. DeAngelo et al. (2008)

In this study, neutralized TCA was administered in drinking water to male B6C3F; mice
(28-30 days old) in three studies. In the first study, control animals received 2 g/L sodium
chloride while those in the second study were given 1.5 g/L neutralized acetic acid (HAC) to
account for any taste aversion to TCA dosing solutions. In a third study, deionized water served
as the control.

No differences in water uptake were reported. Mean initial weights were reported to not
differ between the treatment groups (19.5 + 2.5 9 —21.4 + 1.6 g or ~10% difference). The first
study was reported to be conducted at the U.S. EPA laboratory in Cincinnati, Ohio in which mice
were exposed to 2 g/L sodium chloride, or 0.05, 0.5, or 5 g/L TCA in drinking water for
60 weeks. There were five animals at each concentration that were sacrificed at 4, 15, 31, and
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45 weeks with 30 animals sacrificed at 60 weeks of exposure. There were 3 unscheduled deaths
in the 0.05 g/L TCA group leaving 27 mice at final necropsy. For the other exposure groups,
there were 29 or 30 animals at final necropsy.

In the second study, also conducted in the same laboratory, mice were reported to be
exposed to 1.5 g/L neutralized acetic acid or 4.5 g/L TCA for 104 weeks. Serial necropsies were
conducted (5 animals per group) at 15, 30, and 45 weeks of exposure and 10 animals in the
control group at 60 weeks. For this study, a total of 25 animals were sacrificed in interim
necropsies in the 1.5 g/L HAC group and 15 in the 4.5 g/L TCA group. There were
7 unscheduled deaths in the HAC group and 12 in the 4.5 g/L TCA group, leaving 25 and
30 animals in the final necropsy groups, respectively.

Study 3 was conducted at the U.S. EPA laboratory in Research Triangle Park, North
Carolina. Mice were exposed to deionized water or 0.05 or 0.5 g/L TCA in the drinking water
for 104 weeks with serial necropsies (n = 8 per group) conducted at 26, 52, and 78 weeks. There
were 19-21 animals reported at interim sacrifices and 17 unscheduled deaths in the deionized
water group, 24 unscheduled deaths in the 0.05 g/L TCA group, and 24 unscheduled deaths in
the 0.5 g/L TCA group. This left 34 mice at final necropsy in the control group, 29 mice in the
0.05 g/L TCA group, and 27 mice in the 0.5 g/L group.

At necropsy, liver, kidneys, spleen, and testes weights were reported to be taken and
organs examined for gross lesions. Tissues were prepared for light microscopy and stained with
H& E. At termination of the exposure periods, a complete rodent necropsy was reported to be
performed. Representative blocks of tissue were examined only in five mice from the high-dose
and control groups with the exception of gross lesions, liver, kidney, spleen, and testis at interim
and terminal sacrifices. If the number of any histopathologic lesions in a tissue was
“significantly increased above that in control animals,” then that tissue was reported to be
examined in all TCA dose groups.

For Study #3, a second contract pathologist reviewed 10% of the described hepatic
lesions. No “major differences” were reported between the two pathologic diagnoses.

The prevalence and multiplicity of hepatic tumors were reported to be derived by
performing a histopathologic examination of surface lesions and four sections cut from each of
four tissue blocks excised from each liver lobe. Tumor prevalence was reported to be calculated
as the percentage of the animals with a neoplastic lesion compared to the number of animals
examined. Tumor multiplicity was reported to be calculated by dividing the number of each
lesion or combined adenomas and carcinomas by the number of animals examined.
Preneoplastic large foci of cellular alteration were also observed over the course of the study.

The prevalence and severity of hepatocellular cytoplasmic alterations, inflammation, and
necrosis were reported to be determined using a scale based on the amount of liver involved of
1 = minimal (occupying 25%), 2 = mild (occupying 25-50%), 3 = moderate (occupying 50—
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75%), and 4 = marked (occupying >75%). The only “significant change outside of the liver”
was reported to be testicular degeneration.

LDH was determined in arterial blood collected at 30 and 60 weeks (Study 1) and 4, 30,
and 104 weeks (Study 2). Cyanide insensitive PCO was also reported to be measured. Five days
prior to sacrifice, tritiated thymidine (Studies 1 and 2) or BrdU (Study 3) was administered via
miniosmotic pumps and the number of hepatocyte nuclei with grain counts >6 were scored in
1,000 cells or chromogen pigment over nuclei (BrdU). The labeling index was calculated by
dividing the number of labeled hepatocyte nuclei by the total number of hepatocytes scored.

Total neoplastic and preneoplastic lesions (multiplicity) were counted individually or
combined (adenomas and carcinomas) for each animal. The analysis of tumor prevalence data
was reported to include only those animals examined at the scheduled necropsies or animals
surviving to week 60 (Study 1) or longer than 78 weeks (Studies 2 and 3). The data from all of
the scheduled necropsies were combined for an overall test of treatment-related effect.

For Study #1 (60-week exposure), all TCA-treated groups experienced a decrease in
drinking water consumption, with the decreases in drinking water for the 0.5 and 5 g/L TCA
exposure groups reported as statistically significant by the authors. The water consumption in
mL/kg-day was reported to be reduced by 11, 17, and 30% in the 0.05, 0.5, and 5 g/L TCA
treated groups compared to 2 g/L sodium chloride control animals as measured by time-weighted
mean daily water consumption measured over the study. The control value was reported to be
171 mL/kg/day. Although the 0.05 g/L exposure concentrations were not measured, the 0.5 and
5 g/L solutions were within 4% of target concentrations. The authors estimated that the mean
daily doses were 0, 8, 68, and 602 mg/kg-day.

For the 102-week studies, the mean water consumption with deionized water was
reported to be 112 and 132 mL/kg-day for control animals given 1.5 g/L HAC. Therefore, there
appeared to be a 35% decrease in water consumption between the controls in Study #1 given
2 g/L sodium chloride and controls in Study #3 given deionized water but conducted at a
different laboratory. There appeared to be a 23% reduction in water consumption between
animals given 2 g/L sodium chloride and those given 1.5 g/L HAC at the same laboratory
(Study #2).

As the concentrations of TCA were increased, there would be a corresponding increase in the
amount of sodium hydroxide needed to neutralize the solutions and a corresponding increase in
salts in the solution as well as TCA. The authors did not address nor discuss the differences in
drinking water consumption between the differing control solutions between the studies.

DeAngelo et al. (1999) reported mean drinking water consumption of 147 mL/kg/day in
control mice of over 100 weeks and that the highest dose of DCA (3.5 g/L) reduced drinking
water consumption by 26%. Carter et al. (1995) reported that DCA at 5 g/L decreased drinking
water consumption by 64 and 46%, but 0.5 g/L DCA did not affect drinking water consumption.
In this study, while reporting that Study #1 showed that increasing TCA concentration decreased

E-165


http://hero.epa.gov/index.cfm?action=search.view&reference_id=630476
http://hero.epa.gov/index.cfm?action=search.view&reference_id=628830

drinking water consumption, the drinking water consumption in Studies #2 and #3 were similar
between controls and TCA exposure groups with both being less than the control and low TCA
concentration values reported in Study #1 (i.e., in Study #2, the 1.5 g/L HAC and 4.5 g/L TCA
drinking water consumption was ~130 mL/kg/day and in Study #3, the drinking water
consumption was ~112 mL/kg/day for the deionized water control and 0.05 and 0.5 g/L TCA
exposure groups). Thus, the drinking water concentrations for Study #3 was ~35% less than for
the control values for Study #1 and was also ~25% less than for DeAngelo et al. (1999). The
reasons for the apparently lower drinking water averages for Study #3 and the lack of effect of
the addition of 0.5 g/L TCA that was reported in Study #1 and in other studies, was not discussed
by the authors.

In Study #1, there was little difference between exposure groups (n = 5) noted for the
final body weights (mean range of 27.6-28.1 g) in mice sacrificed after 4 weeks of exposure.
However, absolute liver weight and percent liver/body weight ratios increased with TCA dose.
The percent liver/body weight ratios were 5.7 + 0.4, 6.2 £ 0.3, 6.6 £ 0.4, and 7.7 £ 0.6% for the
2 g/L sodium chloride control, 0.05, 0.5, and 5 g/L TCA exposure groups, respectively. These
represent 1.09-, 1.16-, and 1.35-fold of control levels that were statistically significant.

At 15 weeks of exposure the fold increases in percent liver/body weight ratios were 1.14-,
1.16-, and 1.47-fold of controls for 0.05, 0.5, and 5 g/L TCA. At 31 weeks of exposure, the fold
increases in percent liver/body weight ratios were 0.98-, 1.09-, and 1.59-fold of controls for 0.05,
0.5,and 5 g/L TCA. At 45 weeks of exposure, the fold increases in percent liver/body weight
ratios were 1.13-, 1.45-, and 1.98-fold of controls for 0.05, 0.5, and 5 g/L TCA. At 60 weeks of
exposure, the percent liver/body weight ratios were 0.94-, 1.25-, 1.60-fold of controls for 0.05,
0.5,and 5 g/L TCA.

Thus, the range of increase at the lowest level of TCA exposure (i.e., 0.05 g/L) was 0.94—
1.14-fold of controls. These data consistently show TCA-induced increases in liver weight from
4 to 60 weeks of the study that were dose-related. For the 0.5 g/L exposure group, the magnitude
of the increase compared to control was reported to be about the same between weeks 4 and 30,
with the highest increase reported to be at week 45 (1.45-fold of control). In regard to the
correspondence with magnitude of difference in dose of TCA and liver weight increase, there
was ~2-fold increase in liver weight gain corresponding to 10-fold increases in TCA
concentration at 4 weeks of exposure. For the 4- and 15-week exposures, there were ~3.3- and
3.9-fold difference in liver weight that corresponded to a 100-fold difference in exposure
concentration of TCA (i.e., 0.05vs. 5.0 g/L TCA).

The small number of animals examined, n = 5, limit the power of the study to determine
the change in percent liver/body weight up to 45 weeks, especially at the lowest dose. However,
the 0.05 g/L TCA exposure groups at 4 and 15 weeks were reported to significantly increased
percent liver/body weight ratios.
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The percent liver/body weight ratios for all of the treatment groups and the ability to
detect significant changes were affected by changes in final body weight and changing numbers
of animals. After 4-30 weeks of exposure, the final body weights of mice increased in control
animals but were within 11% of each other between weeks 31 and 60. The percent liver/body
weight ratios in controls decreased from 4 to 31 weeks and were slightly elevated by 60 weeks
compared to the 31-week level. Although control values were changing, there appeared to be no
difference between control values and treated values in final body weight for any duration of
exposure with the exception of the 5 g/L TCA exposure group after 60 weeks of exposure, which
was decreased by ~15%. At the 31- and 60-week exposure durations, the 0.05 g/L TCA groups
did not have increased percent liver/body weight ratios over controls.

In Study #2, conducted in the same laboratory but with a 1.5 g/L HAC solution used for
control groups, there was <5% difference in final body weights between control mice give HAC
and those treated with 4.5 g/L TCA up to 45 weeks. However, final body weight was reduced by
TCA treatment by 104 weeks by ~15%. Between the interim sacrifices of 15, 30, and 45 weeks,
the percent liver/body weight ratios in control mice were similar at 15 and 45 weeks (~4.8%) but
greater in the 30-week control group (5.3 or ~10% greater than other interim control groups).
The TCA-induced increases in body weight were 1.60-, 1.40-, and 1.79-fold of control for the
15-, 30-, and 45-week groups exposed to 4.5 g/L TCA in Study #2. The smaller magnitude of
TCA-induced liver weight increase at 30 weeks than that for 15 and 45 weeks, was a reflection
of the increased percent liver/body weight ratio reported for the HAC control at that time point.

Comparisons can be made between Studies #1 and #2 for 4.5 or 5.0 g/L TCA exposure
levels and controls for 15, 30/31, and 45 weeks of exposure to ascertain the consistency of
response from the same laboratory. Although the two studies had differing control solutions and
reported different drinking water consumption overall, they were exposing the TCA groups to
almost the same concentration of TCA in the same buffered solutions for the same periods of
time with the same number of mice per group.

Between Studies #1 and #2, there were consistent percent liver/body weight ratios
induced by either 5.0 or 4.5 g/L TCA at weeks 15 and 30/31 (i.e., within 3% of each other). The
percent liver/body ratios for these exposure groups ranged from 7.3 to 7.7% between weeks 15
and 30/31 for the ~5.0 g/L TCA exposure in both studies. Final body weights were within 10%.
While the percent liver/body weight ratios induced by ~5.0 g/L TCA were similar, the magnitude
of increase in comparison to the controls was 1.47- and 1.59-fold of control for Study #1, and
1.60- and 1.40-fold of control for Study #2 after 15 and 30/31 weeks of exposure, respectively.
At 45 weeks, the percent liver/body weight ratios were within 11% of each other (9.4 vs. 8.4%)
and final body weights were within 2% of each for this exposure concentration between the two
studies giving a 1.98- and 1.79-fold of control percent liver/body weight, respectively. Thus, the
apparent magnitude of TCA-induced increase in percent liver/body weight was affected by
control values used as the basis for comparison. The percent liver/body weights reported for
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either 4.5 or 5.0 g/L TCA exposure groups for weeks 15 and 30/31 was similar between the two
studies conducted in the same laboratory.

Study #3 was conducted in a separate laboratory, interim sacrifice times were not the
same as for Study #1, the number of animals examined differed (n = 5 for Study #1 and n = 8 for
Study #3), and control animals studied for comparative purposes were given different drinking
water solutions (deionized water vs. 2 g/L sodium chloride). Most importantly, the body weights
reported at 52 weeks were much greater than that reported at 45 weeks for Studies #1 and #2.

However, a comparison of TCA-induced liver weight gain and the effects of final body
weight can be made between the 0.05 and 0.5 g/L TCA exposure groups at 30 weeks (Study #1)
and 26 weeks (Study #3), at 45 weeks and 60 weeks (Study #1), and 52 weeks (Study #3). At
31 weeks, there was <2% difference in mean final body weights between control and the two
TCA-treatment groups in Study #1. There was also little difference between the TCA-treated
groups at week in Study #3 at week 26 and the TCA treatment groups in at week 31 in Study #1
(i.e., range of 42.6-43.5 g for 0.05 and 0.5 g/L TCA treatments in Studies #1 and #3). However,
in Study #3, the control value was 12% lower than that of Study #1 for mean final body weight.
Based on final body weights, there would be an expectation of similar results between the two
studies at the 26- and 30-week time points.

At the 45-week (Study #1), 52-week (Study #3), and 60-week (Study #1) durations of
exposure, the mean final body weights varied little between their corresponding control groups at
each sacrifice time (<4% variation between control and TCA-treated groups). However, there
was variation in mean final body weights between the differing sacrifice times. Control and
TCA-treated groups were reported to have lower mean final body weights at 45 weeks of
exposure in Study #1 than at either 30 or 60 weeks. The 45-week mean final body weights in
Study #1 were also reported to be lower than those at 52 weeks in Study #3. Control mean body
weight values were 28% higher at 52 weeks in Study #3 than 45 weeks in Study #1 and 15%
higher for 60 weeks in Study #1. In essence, for Study #1, mean final body weights went down
between 31 and 45 weeks of exposure and then went back up at 60 weeks of exposure for control
mice (~43, ~40, and ~44 g for 31, 45, and 60 weeks, respectively) as well as for both TCA
concentrations. However, for Study #3, final mean body weights went up between 26 and
52 weeks of exposure for control mice (~39 vs. ~51 g) and for both TCA concentrations.

While for Study #1, the percent liver/body weight ratios were 0.98- and 1.09-fold of
control at 31 weeks of exposure, at week 45, the ratios were 1.13- and 1.45-fold of control, and
at week 60, they were 0.94- and 1.25-fold of controls for the 0.05 and 0.5 g/L TCA exposure
levels, respectively. For Study #3, the pattern differed than that of Study #1. There was a
1.07- and 1.18-fold of control percent liver/body weight for 26 weeks but a 0.92- and 1.04-fold
of control percent liver/body weight change at 52 weeks of exposure at 0.05 and 0.5 g/L TCA
exposure, respectively.
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Thus, there appeared to be differences in control and the treatment groups at the 26-week
sacrifice groups in Study #3 that was not apparent at the 52-week sacrifice time. Overall, the
final body weights appeared to be similar between controls and TCA treatment groups at the
52-week sacrifice time in Study #3 and at the 31-, 45-, and 60-week sacrifice times in Study #1.
However, although consistent within sacrifice times, the final body weights differed between the
various sacrifice times in Studies #1 and #3. The patterns of percent liver/body weight at
differing and similar sacrifice times appeared to differ between the Studies #1 and #3 at the same
concentrations of TCA. The largest difference appeared to be between week 45 group in
Study #1 and week 52 group in Study #3 where both concentrations of TCA were reported to
induce increases in percent liver/body weight in one study but to have little difference in the
other. The differences in mean final body weights between these two sacrifice times were also
the largest although control and TCA-treatment groups had little difference on this parameter.
Similar to the work of Kjellstrand and colleagues with TCE (Kjellstrand et al., 1983a), the
groups with the lower body weight appeared to have the greatest response in liver weight
increase.

These data illustrate the variability in findings of percent liver weight induction between
laboratories, studies, choice of controls solutions, and the effects of final body weights on this
parameter. They also illustrate the limitations for determining either the magnitude or pattern of
liver weight increases using a small number of test animals. As animals age, the size of their
liver changes, but also during the latter parts of the lifespan, foci and spontaneously occurring
liver tumors can affect liver weight. The results of Study #1 show a consistent dose-response in
TCA liver weight increases at 4- and 15-week time periods over a range of concentration from
0.05to 5 g/L TCA.

In regard to non-neoplastic pathological changes, the authors reported that:

Increased incidences and severity of centrilobular cytoplasmic alterations,
inflammation, and necrosis were the only nonproliferative changes seen in livers
of animals exposed to TCA for 60 weeks (Tables 7-9; Study 1. Incidences were
between 21 and 93%; severity ranged from minimal to mild; and some lesions
were transient. Centrilobular cytoplasmic alterations (Table 7) were the most
prominent nonproliferative lesion. The incidence and severity were dose related
and significantly increased at all TCA concentrations. Centrilobular alterations
are a low-grade degeneration of the hepatocytes characterized by an intense
eosinophilic cytoplasm with deep basophilic granularity (microsomes) and slight
hepatomegaly. The distribution ranged from centrilobular to diffuse. The
incidence of inflammation was increased significantly in the 5 g/L. TCA treatment
group (Table 8), but was significantly lower in the 0.05- and 0.5 g/L groups
between 31 and 45 weeks, but abated by 60 weeks. There was a significant dose-
related trend, but a significant increase in severity was only found at 5 g/L. No
alteration in the severity of this lesion was observed. The occurrence and severity
of nonproliferative lesions in animals exposed to 0.5 and 4.5 g/L TCA for

104 weeks were similar to those observed at 60 weeks (data not shown). No
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pathology outside the liver was observed except for a significant dose-related
trend and incidence of testicular tubular degeneration at 0.5 and 5 g/L TCA.

The results shown in Table 7 by the authors for the 60-week TCA-exposed mice did not
show a dose-response for either incidence or severity of centrilobular cytoplasmic alterations.
They reported a 7, 48, 21, and 93% incidence and a 0.10 = 0.40, 0.70 £ 0.82, 0.34 + 0.72, and
1.60 + 0.62 mean severity score for control, 0.05, 0.5, and 5.0 g/L TCA exposure groups,
respectively. Thus, for control, 0.05, and 0.5 g/L TCA exposure, there was less than minimal
(i.e., score of 1 or occupying <25% of the microscopic field) severity of this finding for the 27—
30 mice examined in each group. Only slight hepatomegaly is noted by the authors to be
included in their description of the centrilobular cytoplasmic alteration. Interestingly, the
elevation of this parameter for both incidence and severity in the 0.05 g/L TCA exposed group
compared to 0.5 g/L exposure group did not correspond to an increase in percent liver/body
weight for this same exposure group. While the percent liver/body weight ratio was 32% higher,
the incidence and severity of this lesion were reported to be half that in the 0.5 vs. 0.05 g/L
exposure groups after 60 days of TCA exposure. Thus, TCA-induced hepatomegaly did not
appear to be associated with this centrilobular cytoplasmic change.

Similarly the incidence of hepatic inflammation was reported to be 10, 0, 7, and 24% and
severity, 0.11 £ 0.40, 0.09 £ 0.30, 0.12 + 0.33, and 0.29 + 0.48 for control, 0.05, 0.5, and 5.0 g/L
TCA exposure groups, respectively. Thus, at no TCA exposure concentration was the incidence
>24%, and the severity was considerably less than minimal. The reported results for hepatic
necrosis were pooled from data from the five mice exposed for either 30 or 45 weeks (n = 10
total). No incidences of necrosis were reported for either control or 0.05 g/L. TCA exposed mice.
At 0.5 g/L, TCA 3/10 mice were reported to have necrosis but at a severity level of 0.50 £ 0.97.
At 5.0 g/L, TCA 5/10 mice were reported to have necrosis but at a severity level of 1.30 £ 1.49.
The limitations of the small number of animals pooled in these data are obvious. However, there
does not appear to be much more than minimal necrosis at the highest dose of TCA between
30 and 45 weeks and this response is reported by the authors to be transient.

Serum LDH activity was reported by the authors for 31- and 60-week TCA exposures in
Study #1. They state that:

There was a dose-related trend at 31 weeks; serum LDH was significantly
increased at 0.5 and 5 g/L TCA (161 £ 39 and 190 * 44, respectively vs. 100 * 28
IU for the control). LDH activity returned to control levels at 60 weeks.
Similarly, elevated LDH levels were observed at early time periods for 0.5 and
4.5 g/L TCA during the 104 week exposure (data not shown: Studies 2 and 3).

The data presented by the author for Study #1 are from 5 animals/group for the 30-week
results and 30 animals/group for the 60-week results. Of interest is for the 60-week data, there
appears to be 50% decreased in LDH activity at 0.05 and ~25% decrease in LDH activity at
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0.5 g/L TCA treatment with the LDH level reported to be the same as control for the 5 g/L TCA
exposure group. For the 31-week data, in which only five animals were tested in each treatment
group, there appeared to be a slight increase at the 0.5 g/L (60% increase over control) and 5 g/L
(90% increase over control) treatment groups. The data for necrosis detected by light
microscopy and by LDH level is consistent with no changes from control detected at the 0.05 g/L
TCA treatment group and less than minimal necrosis of on a 60% increase in LDH level over
control reported for 0.5 g/L TCA treatment. Even at the highest dose of 5.0 g/L TCA, there is
still little necrosis or LDH release reported over control.

Data for testicular tubular degeneration was reported for Study #1 after 60 weeks of TCA
exposure. The incidence of testicular tubular degeneration was reported to be 7, 0, 14, and 21%
for mice exposed to 2.0 g/L sodium chloride, 0.05, 0.5, and 5.0 g/L TCA. The severity of the
lesions was reported to be 0.10 + 0.40, 0, 0.17 £ 0.47, and 0.21 £ 0.41 with a significant trend
with dose reported by the authors for severity and for the 0.5 and 5 g/L treatment groups to be
significantly increased over control incidence levels. Of note, similar to the percent liver/body
weight ratios and hepatic inflammation values for this data set, the values for testicular tubular
degeneration were slightly higher in control mice than 0.05 g/L TCA exposed mice. In regard to
mean severity levels for testicular degeneration, although still minimal, there was little difference
between the results for reported for the 0.5 and 5.0 g/L TCA exposed mice.

In regard to peroxisome proliferation, liver PCO activity was presented for up to
60 weeks (Study #1) and 104 weeks (Study #2). Similar to the data for LDH activity,
~30 animals were examined at the 60-week time point but only 5 animals per exposure group
were examined for 4-, 15-, 31-, and 45-week results. The data are presented in a figure, and in
some instances, it is hard to determine the magnitude of change.

Similar to other reports, the baseline level of PCO activity was variable between control
groups and ranged 2.7-fold (~1.49-4.06 nmol NAD reduced/minute/mg protein given by the
authors). There appeared to be little change in PCO activity between the 0.05 g/L TCA exposure
and control levels for up to 45 weeks of exposure (i.e., the groups with n = 5) in Study #1. For
the 60-week group, the 0.05 g/L TCA group PCO activity was ~1.7-fold of control but was not
statistically significant. For the 0.5 g/L TCA treatment groups, the increase ranged from ~1.3- to
2.7-fold of control after 4, 15, 31, and 45 weeks of exposure with the largest differences reported
at 4 and 60 weeks (i.e., 2.2- and 2.7-fold of control, respectively). For the 5.0 g/L TCA exposure
groups, the increase ranged from ~3.2- to ~5.7-fold of control after 4, 15, 31, and 45 weeks of
exposure.

While the data at 60 weeks had the most animals examined (~30 vs. 5) with ~1.7-, 2.7-,
and 4.5-fold of control PCO activity, at this time period, the authors report the occurrence of
tumors had already occurred. At the earlier time points of 4 and 15 weeks, there was a difference
in the magnitude of TCA-induced increases in PCO activity. As displayed graphically, at
4 weeks, the PCO increases were ~1.3-, 2.4-, and 5.3-fold of control for 0.05, 0.5, and 5.0 g/L
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TCA, respectively, while at 15 weeks, the PCO levels were decreased by 5%, increased to
1.3-fold, and increased to 3.2-fold of control with only the 5.0 g/L treatment group difference to
be statistically significant.

For Study #2, the authors present a figure (Figure #4) that states that PCO values were
given for mice given HAC or 4.5 g/L TCA for 4-60 weeks. However, the data presented in #4
appears to be for 15-, 30-, 45-, and 104-week exposures. The number of mice is not given in the
figure but the methods section states that serial sections were conducted on 5 mice/group for
these interim sacrifice periods. The number of mice examined for PCO activity at 104 weeks
was not given by the authors but the number of mice at final sacrifice was given as 25. The
levels of PCO in the control tissues varied by ~33% for weeks 15-45 but there was a ~5-fold
difference between the level reported at 104 weeks and that for the earlier time periods in control
mice shown in the figures (~2.23 vs. 0.41 nmol NAD reduced/min/mg protein as given by the
authors). The increase over control induced by 4.5 g/L TCA in Study #2 was shown to be ~6.9-,
4.8-, 3.6-, and 19-fold of controls for 15, 30, 45 and 104 weeks, respectively.

Therefore, at a comparable level of TCA exposure (~5.0 g/L), number of mice examined
(n =5), and durations of exposure (15, 30, and 45 weeks), the increase in PCO activity induced
by ~5.0 g/L TCA varied between 3.2- and 5.7-fold of control in Study #1 and between 3.6- and
6.9-fold of control in Study #2. There was not a consistent pattern between the two studies in
regard to level of PCO induction from ~5 g/L TCA and duration of exposure. The lowest
TCA-induced PCO activity increase was recorded at 15 weeks in Study #1 (i.e., 3.2-fold of
control) and highest PCO activity increase was recorded at 15 weeks in Study #2 (i.e., 6.9-fold of
control). No PCO data were reported for data in Study #3 with the exception of the authors
stating that “PCO activity was significantly elevated for the 0.5 g/L TCA exposure over the
104 weeks (study 3). The extent of the increases was similar to those measured for 0.5 g/L TCA
(200-375%: data not shown) in Study 1.” No other details are given for PCO activity in
Study #3.

Hepatocyte proliferation was reported by the authors to be assessed by either
incorporation of tritiated thymidine (Studies #1 and #2) or BrdU (Study #3) into hepatocyte
nuclei. As noted previously, these techniques measure DNA synthesis and not necessarily
hepatocyte proliferation. The authors did not report whether specific areas of the liver were
analyzed by autoradiographs or how many autoradiographs were examined in the analyses they
conducted. For later time points of examination (60—-104 weeks), the authors did not indicate
whether hepatocytes in foci or adenomas were excluded from DNA synthesis reports. The
authors present data for what are clearly, 31-, 45-, and 60-week exposures for Study #1 as the
percent tritiated thymidine labeled nuclei. An early time point that appears to be 8 weeks is also
given.

However, for Study #1, only 4- and 15-week durations were tested, so it cannot be
established what time period the earlier time point represents. What is very apparent from the
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data presented for Study #1 is that the baseline level of tritiated thymidine incorporation was
relatively high and was highly variable for the five animals examined (~8% of hepatocytes were
labeled). There did not appear to be an apparent pattern of TCA treatment groups at this
timepoint, with the 0.05 and 5.0 g/L TCA groups having a similar percentage of labeled
hepatocytes and for 0.5 g/L TCA reported to have a 60% reduction in labeled hepatocytes.

After 31 weeks of exposure, the control values were reported to be 2% of hepatocytes
labeled. The authors report that only the 5.0 g/L TCA group had a statistically significant
increase of control and was elevated to ~6% of hepatocytes. The two lower exposure
concentrations of TCA had similar reported incidences of labeled hepatocytes of 4.5% that were
not reported to be statistically significant.

For the 45-week exposure period in Study #1, the control value was reported to be 1.2%,
with only the 5.0 g/L TCA value reported to be statistically significantly increased at 3.2% and
the other two TCA groups to be similar to control. Finally, for the 60-week group from Study
#1, the control value was reported to be 0.6% of hepatocytes labeled and only the 0.5 g/L TCA
dose reported to be statistically significantly increased over control at 3.2%.

What is clear from this study is that the control value for the unidentified early time point
is much higher than the other values. There should not be such a large difference in mature mice
nor such a high level. The difference in control values between the earlier time point and the
31-week time point was fourfold. The difference between the earlier time point and the 45-week
time point was approximately sevenfold. There did not appear to be an increase in hepatocyte
tritiated thymidine labeling due to any concentration of TCA at the early unidentified time point
(approximately week 10 from the figure) from Study #1. There was no dose-response apparent
for the other study periods and the percent of hepatocytes labeled were <3%. These results
indicated that DNA synthesis was not increased by 10-60-week exposures to TCA exposure that
induced increased liver tumor response.

For Study #2, results were reported for tritiated thymidine incorporation into hepatocytes
in a figure that was labeled as 4.5 g/L TCA and control tissue for 104 weeks but showed data for
15, 30, and 45 weeks of exposure. Of note is that the control values for this study were much
lower than that reported for Study #1. The percent of hepatocytes labeled with tritiated
thymidine was reported to be ~2% for the 15-week exposure period and <1% for the 30- and
45-week exposure periods. For the 4.5 g/L TCA exposures, the percent hepatocytes labeled with
tritiated thymidine were ~2—4% at all time points with only the 45-week period identified by the
authors as statistically significant.

For Study #3, rather than tritiated thymidine, BrdU was used as a measure of DNA
synthesis. The results are presented in Figure #8 of the report in which the 0.5 g/L TCA
concentration is mislabeled as 0 g/L and the figure is mislabeled as having a duration of
104 weeks, but the data are presented for 26, 52, and 78 weeks of exposure. The percent of
hepatocytes at 26 weeks was reported to be ~1-2% for the control, 0.05, and 0.5 g/L TCA
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groups. At 52 weeks, the control value was ~1%, the 0.05 g/L TCA value was <0.1% and the
0.5 g/L TCA value was ~3.5% but was not statistically significant. At 78 weeks of exposure, the
control value was reported to be ~0.2% with only the 0.05 g/L TCA group having a statistically
significant increase over control.

From these data, the estimated control values for DNA synthesis at similar time points of
exposure ranged from 0.4 to 2% at 26—-31 weeks and ~0.1-1.2% at 45-52 weeks. The results for
Studies #1 and #2 were inconsistent in regard to the magnitude of tritiated thymidine
incorporation, but were consistent in that there was a lot of variability in these measurements, not
a consistent pattern with time that was TCA-dose related, and, even at the highest dose of TCA,
did not indicate much of an increase in cell proliferation at 15-45 weeks of exposure. Similarly,
the results for Studies #1 and #3 indicate that at the two lower doses of TCA, there were not
generally statistically significant increases in DNA synthesis from 15 to 45 weeks of exposure,
although there was an increase in liver tumor response at later time points.

The authors reported that “all gross and microscopic histopathological alterations were
consistent across the three studies.” However, the histological descriptions that follow were
focused on the liver for both neoplastic and non-neoplastic parameters. As stated above, only a
few animals (n = 5) from the control and high TCA dose level were examined for lesions other
than liver, kidneys, spleen, and testes. Thus, whether other neoplastic lesions were induced by
TCA exposure cannot be determined from this set of studies.

Study #1 was conducted for 60 weeks. Although of short duration and using
<30 animals, the authors reported in the text that:

a significant trend with dose was found for liver cancer. The prevalence and
multiplicity of adenomas (38%; 0.55 + 0.15) or carcinoma (38%; 0.42 + 0.11)
were statistically significant at 602 mg/kg-day TCA compared to control (7%;
0.07 £ 0.05) [sic for both adenoma and carcinoma the same value was given,
mean + SD]. When either an adenoma or a carcinoma was present, statistical
significant was seen at both 5 g/L (55%; 1.00 + 0.19) and 0.5 g/L (38%: 0.52 +
0.14 TCA exposure groups compared to control (13%; 0.13 + 0.06).

No significant changes in liver neoplasia were reported to be observed by the
authors at 0.05 g/L TCA. Preneoplastic large foci of cellular alteration (24%) were seen
in the 5 g/L TCA group compared to control.

Although not statically significant, there was an incidence of 15% adenoma in the
0.05 g/L TCA treatment group (n = 27) and a multiplicity of 0.15 £ 0.07 adenomas/mouse
reported, with both values being twice that of the values given for the controls (n = 30). The
incidence and multiplicity for carcinomas was approximately the same for the 0.05 g/L TCA
treatment group and the control group. Given the small number of animals examined, the study
was limited in its ability to determine statistical significance for the lower TCA exposure level.
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The fold increases of incidence and multiplicity of adenomas at 60 weeks was 2.1-, 3.0-,
and 5.4-fold of control incidence and 2.1-, 3.4-, and 7.9-fold of control multiplicity for 0.05, 0.5,
and 5 g/L exposure to TCA. For multiplicity of adenomas and carcinomas combined, there was
a 1.46-, 4.0-, and 7.68-fold of control values. Analysis of tumor prevalence data for this study
included only animals examined at scheduled necropsy. Since most animals survived until
60 weeks, most were included and a consistent time point for tumor incidence was reported.

There are significant discrepancies for reporting of data for tumor incidences in this
report for the 104-week data. While the methods section and table describing the dose
calculation and animal survival indicate that Study #3 control animals were administered
deionized water and those from Study#2 were given HAC, Table 6 of the report gives 2 g/L
sodium chloride as the control solution given for Study #2 and 1.5 g/L HAC for Study #3. A
comparison of the descriptions of animal survival and tumor incidence and multiplicity between
the results given in DeAngelo et al. (2008) and George et al. (2000) (see Table E-10) shows not
only that the control data presented in DeAngelo et al. (2008) for Study #3 are the same data as
that presented by George et al. (2000) previously, but also indicates that rather than 1.5 g/L
HAC, the tumor data presented in DeAngelo et al. (2008) is for mice exposed to deionized water.
DeAngelo et al. (2008) did not report that these data were from a previous publication.

Table E-10. Comparison of descriptions of control data between George et
al. (2000) and DeAngelo et al. (2008)

Descriptor George et al. (2000) DeAngelo et al. (2008)
Species Mouse Mouse

Strain B6C3F; B6C3F;

Gender Male Male

Age 28-30d 28-30d

Source Charles River, Portage Charles River, Portage

Mean initial body weight 195+£25¢ 195+£25¢

Water consumption 111.7 mL/kg-d 112 mL/kg-d

Laboratory Research Triangle Park, North Research Triangle Park, North
Carolina Carolina

Number of animals at start 72 72

Number of animals at interim sacrifice |22 21

Number of unscheduled deaths 16 17

Number of animals at final sacrifice 34 34

Number of animals for pathology 65 63

Adenoma incidence 21.40% 21%

Adenoma multiplicity 0.21 +0.06 0.21 +0.06

Carcinoma incidence 54.80% 55%

Carcinoma multiplicity 0.74+£0.12 0.74+£0.12
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For Studies #2 and #3, tumor prevalence data were reported in the methods section of the
report to include necropsies of animals that survived >78 weeks and thus, included animals that
were scheduled for necropsy but also those that were moribund and sacrificed at differing times.

Thus, for the longer times of study, there was a mixture of exposure durations that
included animals that were ill and sacrificed early and those that survived to the end of the study.
Animals that were allowed to live for longer periods or did not die before scheduled sacrifice
times had a greater opportunity to develop tumors. However, animals that died early may have
died from tumor-related causes.

The mislabeling of the tumor data in DeAngelo et al. (2008) has effects on the
interpretation of results; if the tumor results table was not mislabeled, it would indicate that
17 animals were included in the liver tumor analysis that were not included in the final necropsy
and that the seven unscheduled deaths could not account for the total number of “extra” mice
included in the tumor analysis, so some of the animals had to have come from interim sacrifice
times (<78 weeks) and that for Study #3, the data from 9 animals at terminal sacrifice were not
used in the tumor analysis. Not only does it appear that the control data was mislabeled for
Study #3, but the control data were also apparently mislabeled for Study #2 as being 2.0 g/L
sodium chloride rather than 1.5 g/L HAC. Of the 42 animals used for the tumor analysis in
Study #3, only 34 were reported to have survived to interim sacrifice so that 8 animals were
included from unscheduled deaths. However, the authors report that there were 17 unscheduled
deaths in the study, but not all were included in the tumor analysis. The basis for the selection of
the eight animals for tumor analysis was not given by the authors.

Not only are the numbers of control animals used in the tumor analysis different between
two studies (25 mice in Study #2 and 42 mice in Study #3), but the liver tumor results reported
for Study #2 and Study #3 were very different. Of the 42 “control” mice examined from
Study #3, the incidence and multiplicity of adenomas were reported to be 21% and 0.21 + 0.06,
respectively. For carcinomas, the incidence and multiplicity were reported to be 55% and
0.74 £ 0.12, respectively, and the incidence and multiplicity of adenomas and carcinomas
combined were reported to be 64% and 0.93 £ 0.12, respectively. For the 25 mice reported by
the authors for Study #2 to have been treated with “2.0g/L NaCl” but were probably exposed to
1.5 g/L HAC, the incidence and multiplicity of adenomas was 0%. For carcinomas, the
incidence and multiplicity were reported to be 12% and 0.20 + 0.12, respectively, and the
incidence and multiplicity of adenomas and carcinomas combined were reported to be 12% and
0.20 £ 0.12, respectively. Therefore, while ~64% the 42 control mice in Study #3 were reported
to have adenomas and carcinomas, only 12% of the 25 mice were reported to have adenomas and
carcinomas in Study #2 for 104 weeks.

While the effect of using fewer mice in one study vs. the other will be to reduce the
power of the study to detect a response, there are additional factors that raise questions regarding
the tumor results. Not only were the tumor incidences reported to be higher in control mice from
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Study #3 than Study #2, but the number of unscheduled deaths was reported to also be twofold
higher. The age, gender, and strain of mouse were reported to be the same between Studies #2
and #3 with only the vehicles differing and weight of the mice to be reported to be different.
Although the study by George et al. (2000) described the same control data set as for Study #3 as
being for animals given deionized water, there is uncertainty as to the identity of the vehicle used
for the tumor results reported for Study #3 and there are some discrepancies in reporting between
the two studies. As discussed below in Section E.2.5, the differences in the weight of the mice
between Studies #1, #2, and #3 is critical to the issue of differences in background tumor rate
and hence interpretability of the study.

As noted by Leakey et al. (2003a), the greatest correlation with liver tumor incidence and
body weight appears between the ages of 20 and 60 weeks in male mice. As reported in
Section E.2.5, the mean 45-week body weight reported for control male B6C3F; mice in the
George et al. (2000) study, which is the same control data as DeAngelo et al. (2008) was ~50 g.
This is a much greater body weight than reported for Study #1 at 45 weeks (i.e., 39.6 g) and for
Study #2 at 45 weeks (i.e., 39.4 g). Using probability curves presented by Leakey et al. (2003a),
the large background rate of 64% of combined adenomas and carcinomas for Study #3 is in the
range predicted for such a large body weight (i.e., ~65%). Such a high background incidence
compromises a 2-year bioassay, as it prevents demonstration of a positive dose-response
relationship. Thus, Study #3 of DeAngelo et al. (2008) is not comparable to the results in
Studies #1 and #2 for the determination of the dose-response for TCA.

The accurate determination of the background liver tumor rate is very important in
determining a treatment-related effect. The very large background level of tumor incidence
reported for Study #3 makes the detection of a TCA-related change in tumor incidence at low
exposure levels very difficult to determine. Issues also arise as to what the source of the tumor
data were in the TCA-treatment and control groups in Study #3. While 29 mice exposed to
0.05 g/L TCA were reported to have been examined at terminal sacrifice, 35 mice were used for
liver tumor analysis. Similarly, while 27 mice exposed to 0.5 g/L TCA were reported to have
been examined at terminal sacrifice, 37 mice were used for tumor analysis. Finally, for the
42 control animals examined for tumor pathology in the control group, 34 were examined at
terminal sacrifice. Clearly, more animals were included in the analyses of tumor incidence and
multiplicity than were sacrificed at the end of the experiment. What effect differential addition
of the results from mice not sacrificed at 104 weeks and the selection bias that may have resulted
from their inclusion on these results cannot be determined. Not only were the background levels
of tumors reported to be increased in the control animals in Study #3 compared to Study #2 at
104 weeks, but the rate of unscheduled deaths was doubled. This is also an expected
consequence of using much larger mice (Leakey et al., 2003a).

For the 35 mice examined after 0.05 g/L TCA in Study #3, the incidence and multiplicity
of adenomas were reported to be 23% and 0.34 + 0.12, respectively. For carcinomas, the
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incidence and multiplicity were reported to be 40% and 0.71 + 0.19, respectively, and the
incidence and multiplicity of adenomas and carcinomas combined were reported to be 57% and
1.11 + 0.21, respectively. For the 37 mice examined after 0.5 g/L TCA in Study #3, the
incidence and multiplicity of adenomas were reported to be 51% and 0.78 + 0.15, respectively.
For carcinomas, the incidence and multiplicity were reported to be 78% and 1.46 + 0.21,
respectively, and the incidence and multiplicity of adenomas and carcinomas combined were
reported to be 87% and 2.14 £ 0.26, respectively.

Thus at 0.5 g/LL TCA, the results presented for this study for the “104 week” liver tumor
data were significantly increased over the reported control values. However, these results are
identical to those reported in Study #3 for a 10-fold higher concentration of TCA (4.5 g/L TCA)
for the same 104 weeks of exposure but in the much larger mice. Of the 36 animals exposed to
4.5 g/L TCA in Study #2 and included in the tumor analysis, 30 animals were reported to be
examined at 104 weeks. The incidence and multiplicity of adenomas were reported to be 59%
and 0.61 = 0.16, respectively. For carcinomas, the incidence and multiplicity were reported to be
78% and 1.50 + 0.22, respectively, and the incidence and multiplicity of adenomas and
carcinomas combined were reported to be 89% and 2.11 + 0.25, respectively.

The importance of selection and determination of the control values for comparative
purposes of tumor induction are obvious from these data. The very large difference in control
values between Study #2 and Study #3 is the determinant of the magnitude of the dose response
for TCA after 104 weeks of exposure. The tumor response for 0.5 and 4.5 g/L TCA exposure
between the two experiments was identical. Therefore, only the background tumor rate
determined the magnitude of the response to treatment. If similar control values (i.e., a historical
control value) were used in these experiments, there would appear to be no difference in
TCA-tumor response between 0.5 and 4.5 g/L TCA at 104 weeks of exposure. DeAngelo et al.
(1999) report for male B6C3F; mice exposed only water for 79-100 weeks the incidence of
carcinomas to be 26% and multiplicity to be 0.28 lesions/mouse. For 100-week data, the
incidence and prevalence of adenomas were reported to be 10% and 0.12 £ 0.05 and to be 26%
and 0.28 + 0.07 for carcinomas.

Issues with reporting for that study have already been discussed in Section E.2.3.2.6.
However, the data for DeAngelo et al. (1999) are more consistent with the control data for
“1.5 g/L HAC” for Study #2 in which there were 0% adenomas and 12% carcinomas with a
multiplicity of 0.20 + 0.12, than for the control data for Study #3 in which 64% of the control
mice were reported to have adenomas and carcinomas and the multiplicity was 0.93 £ 0.12. If
either the control data from DeAngelo et al. (1999) or Study #2 were used for comparative
purposes for the TCA-treatment results of Study #2 or #3, there would be a dose-response
between 0.05 and 0.5 g/L TCA but no difference between 0.5 and 4.5 g/L TCA after 100 weeks
of exposure. The tumor incidence would have peaked at ~90% in the 0.5 and 4.5 g/L TCA
exposure groups. These results would be more consistent with the 60-week results in Study #1
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in which 0.5 and 5 g/L TCA exposure groups already had incidences of 38 and 55% of adenomas
and carcinomas combined, respectively, compared to the 13% control level. With increased time
of exposure, the differences between the two highest TCA exposure concentrations may diminish
as tumor progression is allowed to proceed further. However, the use of the larger and more
tumor prone mice in Study #3 also increases the tumor incidence at the longer period of study.

The authors also presented data for multiplicity of combined adenomas or carcinomas for
mice sacrificed at weeks 26, 52, and 78 for Study #3 (n = 8 per group). No indication of
variability of response, incidence data, statistical significance, or data for adenomas vs.
carcinomas, or the incidence of adenomas was reported. The authors reported that “neoplastic
lesions were first found in the control and 0.05 g/L TCA groups at 52 weeks. At 78 weeks,
adenomas or carcinomas were found in all groups (0.29, 0.20, and 0.57 tumors/animals for
control, 0.05 g/L TCA, and 0.5 g/L TCA, respectively).” Because no other data were presented
at the 52 and 78 week time points in this study, these results cannot be compared to those
presented for Study #1, which was conducted for 60 weeks. Of note, the results presented from
Study #1 for 60 weeks of exposure to control, 0.05, or 0.5 g/L TCA exposure in 27—-30 mice
show a 13, 15, and 38% incidence of hepatocellular adenomas and carcinomas and a multiplicity
of 0.13 £ 0.06, 0.19 + 0.09, and 0.52 + 0.14, respectively. Both the incidence and multiplicity of
adenomas were twofold higher in the 0.05 g/L TCA treatment group than for the control.
However, the interim data presented by the authors from Study #3 for 52 weeks of exposure in
only eight mice per group gives a higher multiplicity of adenomas and carcinomas for control
animals (~0.25) than for either 0.05 or 0.5 g/L TCA treatments. Again, comparisons between
Studies #2 and #3 are difficult due to difference in mouse weight.

Of note, there are no descriptions given in this report in regard to the phenotype of the
tumors induced by TCA or for the liver tumors reported to occur spontaneously in control mice.
Such information would have been of value, as this study reports results for a range of TCA
concentration and for 60 and 100 weeks of exposure. Insight could have been gained as to the
effects of differing concentrations of TCA exposure and whether TCA-induced liver tumors had
a similar phenotype as those occurring spontaneously, as well as information in regard to effects
on tumor progression and heterogeneity.

Although only examining tissues from five mice from the control and high-dose groups
only at 104 weeks at organ sites other than the liver, the authors report that:

neoplastic lesions at 104 weeks (Studies #2 and #3) at organ sites other than the
liver were found in the lung, spleen, lymph nodes, duodenum (lymphosarcoma),
seminal vesicles, skin, and thoracic cavity of control and treated animals. All
were considered spontaneous for the male B6C3F; mouse and did not exceed the
tumor incidences when compared to a historical control database (NIEHS, 1998;
Haseman et al., 1984).
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No data were shown. The limitations involved in examining only five animals in the
control and high-dose groups, and the need to examine the concurrent control data in each
experiment, especially given the large variation in liver tumor response between long-term
studies carried out in the two different laboratories used for Study #2 and Study #3 using the
same strain and gender of mouse, make assertions regarding extrahepatic carcinogenicity of TCA
from this study impossible to support.

A key issue raised from this study is whether changes in any of the parameters measured
in interim sacrifice periods before the appearance of liver tumors (i.e., 4-15 weeks) corresponded
to the induction of liver tumors. The first obstacle for determining such a relationship is the
experimental design of these studies in which only a full range of TCA concentrations is treated
for 60 weeks of exposure with a small number of animals available for determination of a
carcinogenic response (i.e., <30 animals in Study #1) and a very small number of animals
(n =5 group) examined for other parameters. Also as stated above, PCO activity was highly
variable between controls and between treatment groups (e.g., the PCO activity for Studies #1
and #2 at ~5 g/L exposure for 15 weeks).

On the other hand, most of the animals that were examined at terminal sacrifice were also
utilized for the tumor results without the differential deletion or addition of “extra” animals for
the tumor analysis. For the 60-week data in Study #1, there appeared to be a consistent dose-
related increase in the incidence and multiplicity of tumors after TCA exposure (Table E-11).
The TCA-induced increases in liver tumor responses can be compared with both increased liver
weight and PCO activity that were also reported to be increased with TCA dose as earlier events.
Although the limitations of determining the exact magnitude of responses has already been
discussed, as shown below, the incidence and multiplicity of adenomas show a dose-related
increase at 60 weeks. However, the magnitude of differences in TCA concentrations was not
similar to the magnitude of increased liver tumor induction by TCA after 60 weeks of exposure.

First of all, the greater occurrence of TCA-induced increases in adenomas than
carcinomas reported after 60 weeks of exposure would be expected for this abbreviated duration
of exposure as they would be expected to occur earlier than carcinomas. For adenoma induction,
there was an approximately twofold increase between the 0.05 g/L dose of TCA and the control
group for incidence (7 vs. 15%) and multiplicity (0.07 vs. 0.15 tumors/animals). However, an
additional 10-fold increase in TCA dose (0.5 g/L) only resulted in a reported 1.8-fold greater
incidence (15 vs. 21%) and 2.2-fold increase in multiplicity (0.15 vs. 0.24 tumors/animal) of
control adenoma levels. An additional 10-fold increase in dose (5.0 vs. 0.5 g/L TCA) resulted in
a 2.2-fold increase in incidence (21 vs. 38%) and 2.9-fold increase in multiplicity (0.24 vs.

0.55 tumors/animal) of control adenoma levels.

Thus, a 100-fold difference in TCA exposure concentration resulted in differences of
fourfold of control incidence and sixfold of control multiplicity for adenomas. For adenomas or
carcinomas combined (a parameter that included carcinomas for which only the two highest
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exposure levels of TCA were reported to increase incidence and multiplicity), the incidences
were reported to be 13, 15, 38, and 55%, and the multiplicity was reported to be 0.13, 0.19, 0.52,
and 1.00 for control, 0.05, 0.5, and 5.0 g/L TCA at 60 weeks. For multiplicity of adenomas or
carcinomas, the 0.05 g/L TCA exposure induced a 1.5-fold increase over control. An additional
10-fold increase in TCA (0.5 g/L) induced a 6-fold increase in tumors/animal. An additional
10-fold increase in TCA (5.0 vs. 0.5 g/L) induced an additional 2.2-fold increase in
tumors/animal. Therefore, using combinations of adenomas or carcinomas, there was a 13-fold
increase in multiplicity that corresponded with a 100-fold increase in dose.
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Table E-11. TCA-induced increases in liver tumor occurrence and other parameter over control after 60 weeks

(Study #1)
Dose TCA g/L Adenomas Adenomas or carcinomas % liver/body weight PCO activity
Sodium chloride| Incidence 7% Multiplicity 0.07 Incidence 13% Multiplicity 0.13 4-wk 15-wk 4-wk 15-wk
0.05 15% (2.1-fold) 0.15 (2.1-fold) 15% (1.2-fold) 0.19 (1.5-fold) 1.09-fold 1.14-fold 1.3-fold 1.0 -fold
0.5 21% (3.0-fold) 0.24 (3.4-fold) 38% (2.9-fold) 0.52 (4.0-fold) 1.16-fold 1.16-fold 2.4-fold 1.3-fold
5.0 38% (5.4-fold) 0.55 (7.9-fold) 55% (4.2-fold) 1.00 (7.7-fold) 1.35-fold 1.47-fold 5.3-fold 3.2-fold
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The results for adenoma induction at 60 weeks of TCA exposure (i.e., ~2-fold increased
incidences and 2—3-fold increases in multiplicity with 10-fold increases in TCA dose) are similar
to the ~2-fold increase in liver weight gain resulting from 10-fold differences in dose reported at
4 weeks of exposure. For PCO activity, there was a ~30% increase in PCO activity from control
at 0.05 g/L TCA. A 10-fold increase in TCA exposure concentration (0.5 g/L) resulted in an
additional ~5-fold increase in PCO activity. However, another 10-fold increase in TCA
concentration (0.5 vs. 5 g/L) resulted in a 3-fold increase in PCO activity. The 100-fold increase
in TCA dose (0.05 vs. 5 g/L TCA) was correlated with a 14-fold increase in PCO activity. For
15 weeks of TCA exposure, there was no difference in 0.05 g/L and control PCO activity and
only a 30% difference between the 0.05 and 0.5 g/L TCA exposures. There was a sevenfold
difference in PCO activity between the 0.5 and 5.0 g/L TCA exposure concentrations. The
increases in PCO activity and liver weight data at 15 weeks did not fit the magnitude of increases
in tumor multiplicity or incidence data at 60 weeks as well as did the 4-week data. However, the
TCA-induced increase in tumors at 60 weeks (especially adenomas) seemed to correlate more
closely with the magnitude of liver weight increase than for PCO activity at both 4 and 15 weeks.

In regard to Studies #1 and #2, there were consistent periods of study for percent
liver/body weight with the consistency of the control values being a large factor in the magnitude
of TCA-induced liver weight increases. As discussed above, there were differences in the
magnitude of percent liver/body weight increase at the same concentration between the two
studies (e.g., a 1.47-fold of control percent liver/body weight in the 5 g/L TCA exposed group in
Study #1 and 1.60-fold of control in Study #2 at 15 weeks). For the two studies that had
extended durations of exposure (Studies #2 and #3), the earliest time period for comparison of
percent liver/body weight is 26 weeks (Study #3) and 30 weeks (Study #2). If those data sets
(26 weeks for Study #3 and 30 weeks for Study #2) are combined, then 0.05, 05, and 4.5 g/L
TCA gives a percent liver body/weight increase of 1.07-, 1.18-, and 1.40-fold over concurrent
control levels. Using this parameter, there appears to be a generally consistent pattern as that
reported for Study #1 at weeks 4 and 15. Generally, a 10-fold increase in TCA exposure
concentration resulted in ~2.5-fold increased in additional liver weight observed at ~30 weeks of
exposure, which correlated more closely with adenoma induction at 60 weeks than did changes
in PCO activity. A similar comparison between Studies of longer duration (Studies #2 and #3)
could not be made for PCO activity as data were not reported for Study #3.

For 104-week studies of TCA-tumor induction (Studies #2 and #3), the lower TCA
exposure levels (0.05 and 0.5 g/L TCA) were assayed in a separate experiment and by a separate
laboratory than the high dose (5.0 g/L TCA) and most importantly in larger, more tumor prone
mice. The total lack of similarity in background levels of tumors in Studies #2 and #3, the
differences in the number of animals included in the tumor analyses, and the low number of
animals examined in the tumor analysis at 104 weeks (<30 for the TCA treatment groups) makes
the determination of a dose-response TCA-induced liver tumor formation after 104-weeks of
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exposure problematic. The correlation of percent liver/body weight increases with incidence and
multiplicity of liver tumors in Study #1 and the similarity of dose-response for early induction of
percent liver/body weight gain between Study #1 suggest that there should be a similarity in
tumor response. However, as noted above, the 104-week studies had very difference background
rates of spontaneous tumors reported in the control mice between Studies #2 and #3.

Table E-12 shows the incidence and multiplicity data for Studies #2 and #3 along with
the control data for DeAngelo et al. (1999) for the same paradigm. It also provides an estimate
of the magnitude of increase in liver tumor induction by TCA treatments if the control values
from the DeAngelo et al. (1999) data set were used as the background tumor rate. As shown
below, the background rates for Study #2 are more consistent with those of DeAngelo et al.
(1999). Whereas there was a 2:1 ratio of multiplicity for adenomas and adenomas and
carcinomas between 0.5 and 5.0 g/L TCA after 60 weeks of exposure, there was no difference in
any of the data (i.e., adenoma, carcinoma, and combinations of adenoma and carcinoma
incidence and multiplicity) for these exposure levels in Studies #2 and #3 for 104 weeks. The
difference in the incidences and multiplicities for all tumors was twofold between the 0.05 and
0.5 g/L TCA exposure groups in Study #2. These results are consistent with the two highest
exposure levels, reaching a plateau of response with a long enough duration of exposure (~90%
of animals having liver tumors) and with the 2-fold difference in liver tumor induction between
concentrations of TCA that differed by 10-fold, reported in Study #1.
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Table E-12. TCA-induced increases in liver tumor occurrence after 104 weeks (Studies #2 and #3)

Adenomas Carcinomas Adenomas or carcinomas
Dose TCA Incidence ‘ Multiplicity Incidence | Multiplicity Incidence ‘ Multiplicity
Study #3
1.5 g/L HAC (H,0?) 21% 0.21 55% 0.74 64% 0.93
0.05¢g/L TCA 23% 0.34 40% 0.71 57% 1.11
(1.1-fold) (1.6-fold) (0.7-fold) (1.0-fold) (0.9-fold) (1.2-fold)
0.5g/L TCA 51% 0.78 78% 1.46 87% 2.14
(2.4-fold) (3.7-fold) (1.4-fold) (2.0-fold) (1.4-fold) (2.3-fold)
Study #2
2.0 g/L NaCl (HAC?) 0% 0 12% 0.20 12% 0.20
45g/L TCA 59% 0.61 78% 1.50 89% 2.14
? ? (6.5-fold) (7.5-fold) (7.4-fold) (11-fold)
DeAngelo et al. (1999)
H,O 10% 0.12 26% 0.28
0.05 g/TCA (S #3) (2.3-fold) (2.8-fold) (1.5-fold) (2.5-fold)
0.5 g/L TCA (S #3) (5.1-fold) (6.5-fold) (3.0-fold) (5.2-fold)
5.0 g/L TCA (S#2) (5.9-fold) (6.5-fold) (3.0-fold) (5.4-fold)
H,O = water

E-185



http://hero.epa.gov/index.cfm?action=search.view&reference_id=630476

If either the control values for Study #2 or the control values from DeAngelo et al. (1999)
were used for as the background rate of spontaneous liver tumor formation, the magnitude of
liver tumor induction by the 0.05 g/L TCA over control levels differs dramatically from that
reported as control tumor rates in Study #3. To put the 64% incidence data for carcinomas and
adenomas reported in DeAngelo et al. (2008) for the control group of Study #3 in context, other
studies cited in this review for B6C3F; mice show a much lower incidence in liver tumors in
that: (1) the NCI (1976) study of TCE reports a colony control level of 6.5% for vehicle and
7.1% incidence of HCCs for untreated male B6C3F; mice (n = 70-77) at 78 weeks; (2) Herren-
Freund et al. (1987) report a 9% incidence of adenomas in control male B6C3F; mice with a
multiplicity of 0.09 £ 0.06 and no carcinomas (n = 22) at 61 weeks; (3) NTP (1990) reports an
incidence of 14.6% adenomas and 16.6% carcinomas in male B6C3F; mice after 103 weeks (n =
48); and (4) Maltoni et al. (1986) report that B6C3F; male mice from the “NCI source” had a
1.1% incidence of “hepatoma” (carcinomas and adenomas) and those from “Charles River Co.”
had a 18.9% incidence of “hepatoma” during the entire lifetime of the mice (n = 90 per group).
The importance of examining an adequate number of control or treated animals before
confidence can be placed in those results in illustrated by Anna et al. (1994) in which at 76
weeks 3/10 control male B6C3F; mice that were untreated and 2/10 control animals given corn
oil were reported to have adenomas but from 76 to 134 weeks, 4/32 mice were reported to have
adenomas (multiplicity of 0.13 £ 0.06) and 4/32 mice were reported to have carcinomas
(multiplicity of 0.12 + 0.06).

Using concurrent control values reported in Study #3, there is no increase in incidence of
multiplicity of adenomas and carcinomas for the 0.05 g/L exposure group. However, compared
to either the control data from DeAngelo et al. (1999) or the control data from Study #3, there is
a ~2-3- or ~5-fold increased in incidence or multiplicity of liver tumors, respectively. Thus,
trying to determine a correspondence with either liver weight increases or increases in PCO
activity at earlier time points will depend on the confidence placed in the concurrent control data
reported in Study #3 in the 104 week studies. As noted previously, the use of larger, tumor
prone mice in Study #3 limits its usefulness to determine the dose-response for TCA.

The authors provided a regression analysis for “tumors/animal” or multiplicity as a
percent of control values and PCO activity for the 60- and 104-week data. Whether adenomas
and carcinomas combined or individual tumor type were used was not stated. In addition,
comparing PCO activity at the end of the experiments, when there was already a significant
tumor response rather than at earlier time points, may not be useful as an indicator of PCO
activity as a key event in tumorigenesis. A regression analysis of these data are difficult to
interpret because of the dose spacing of these experiments as the control and 5 g/L exposure
levels will basically determine the shape of the dose-response curve. The 0.05 and 0.5 g/L
exposure groups in the regression were so close to the control value in comparison to the 5 g/L
exposure, that the dose response will appear linear between control and the 5.0 g/L value with
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the two lowest doses not affecting the slope of the line (i.c., “leveraging” the regression). The
value of this analysis is limited by: (1) the use of tumor prone larger mice in Study #3 that had
large background rates of tumors, which make inappropriate the apparent combination of results
from Studies #2 and #3 for the multiplicity as percentages of control values; (2) the low and
varying number of animals analyzed for PCO values and the variability in PCO control values;
(3) the appropriateness of using PCO values from later time points; and (4) the dose-spacing of
the experiment.

Similarly, the authors reported a regression analysis that compares “percent of
hepatocellular neoplasia,” which again, is indicated by tumor multiplicity with TCA dose as
represented by mg/kg-day. This regression analysis also is of limited value for the same reasons
as that for PCO with added uncertainty, as the exposure concentrations in drinking water have
been converted to an internal dose and each study gave different levels of drinking water with
one study showing a reduction of drinking water at the 5 g/L level. The authors attempted to
identify a NOEL for tumorigenicity using tumor multiplicity and TCA dose. However, it is not
an appropriate descriptor for these data, especially given that “statistical significance” of the
tumor response is the determinant of the conclusions regarding a dose in which there is no
TCA-induced effect. Only the 60-week experiment (i.e., Study #1) is useful for the
determination of tumor dose-response due to the issues related to appropriateness of control in
Study #3. A power calculation of the 60-week study shows that the type Il error, which should
be >50% and thus greater than the chances of “flipping a coin,” was 41 and 71% for incidence
and 7 and 15% for multiplicity of adenomas for the 0.05 and 0.5 g/L. TCA exposure groups. For
the combination of adenomas and carcinomas, the power was 8 and 92% for incidence and 6 and
56% for multiplicity at 0.05 and 0.5 g/L TCA exposure. Therefore, the designed experiment
could accept a false null hypothesis, especially in terms of tumor multiplicity, at the lower
exposure doses and erroneously conclude that there is no response due to TCA treatment.

E.2.3.2.14. DeAngelo et al. (1997)

The design of this study appears to be similar to that of DeAngelo et al. (2008) but to
have been conducted in F344 rats. Rats (28-30 day old rats), reported to be of similar weights,
were exposed to 2.0 g/L sodium chloride, 0.05, 0.5, or 5.0 g/L TCA in drinking water for
104 weeks. There were groups of animals sacrificed at 15, 30, 45, and 60 weeks (n = 6) for PCO
analysis. There were 23, 24, 19, and 22, animals reported to be examined at terminal sacrifice at
104 weeks and 23, 24, 20, and 22 animals reported to be used in the liver tumor analysis reported
by the authors for the control, 0.05, 0.5, and 5.0 g/L treatment groups, respectively. Complete
pathological exams were reported to be performed for all tissues from animals in the high-dose
TCA group at 104 weeks. No indication was given as to whether a complete necropsy and
pathological exam was performed for controls at terminal sacrifice. Tritiated thymidine was
reported to be administered at interim sacrifices 5 days prior to sacrifice and to be examined with
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autoradiography. The 5 g/L TCA treatment group was reported to have a reduction in growth to
89.3% of controls.

For water consumption, TCA was reported to slightly decrease water consumption at all
doses with a 7, 8, and 4% decrease in water consumption reported for 0.05, 0.5, and 5.0 g/L TCA,
respectively. Body weight was decreased by