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The aim of this study was to determine the chronic toxicity of a mixture of chlorinated
alkanes and alkenes (CA) consisting of chloroform, 1,1 -dichloroethane, 1,1-dichloro-
ethylene, 1,1,1 -trichloroethane, trichloroethylene, and tetrachloroethylene. These chlori-
nated organic solvents were present in the underground water near an electronic appli-
ances manufactory in Taoyuan, Taiwan. Male and female weanling ICR mice were treated
with low-, medium-, and high-dose CA mixtures in drinking water for 16 and 18 mo,
respectively. A significant number of male mice treated with the high-dose CA mixture
developed tail alopecia and deformation, which was not prominent in CA-treated female
mice. Medium- and high-dose CA mixtures induced marginal increases of liver and lung
weights, blood urea nitrogen, and serum creatinine levels in male mice. In female mice,
the high-dose CA mixture increased liver, kidney, and uterus and ovary total weights,
without affecting serum biochemistry parameters. CA mixtures had no effects on the total
glutathione content or the level of glutathione S-transferase activity in the livers and kid-
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neys of male and female mice. Treatments with CA mixtures produced a trend of increas-
ing frequency of hepatocelluar neoplasms in male mice, compared to male and female
controls and CA-treated female mice. The high-dose CA mixture induced a significantly
higher incidence of mammary adenocarcinoma in female mice. The calculated odds ratios
of mammary adenocarcinoma in female mice induced by low-, medium-, and high-dose
CA mixtures were 1.14, 1.37, and 3.53 times that of the controls, respectively. The low-
dose CA mixture induced a higher incidence of cysts and inflammation in and around the
ovaries. This study has demonstrated that the CA mixture is a potential carcinogen to male
and female mice. These animal toxicology data may be important in assessing the health
effects of individuals exposed to the CA mixture.

Chlorinated organic solvents contaminate underground water as a con-
sequence of chlorination during water treatment or illegal deposition and
dumping. Chemical analysis of the underground water near a manufactory
of electronic appliances in Taoyuan, Taiwan, revealed the presence of chlo-
rinated alkanes and alkenes (CA) including chloroform, 1,1-dichloroethane
(DCA), 1,1-dichloroethylene (DCE), 1,1,1-trichloroethane (TCA), trichloro-
ethylene (TCE), and tetrachloroethylene (PCE) (EPA, R.O.C., 1994). The con-
centrations of many CA in the underground water were markedly higher
than the 5 pg/ml regulatory standard. For instance, TCE and PCE reached 87
and 211 pg/ml, respectively, in the water of wells near the factory (Table 1).

In rodents, chlorinated hydrocarbons show systemic toxicity of the liver,
kidney, and central nervous system (Snyder & Andrews, 1996). Multiple
organ sites are susceptible to the carcinogenic effects of chlorinated hydro-
carbons. Chronic treatment with DCE induced hemangiosarcoma in female
CD-1 mice and mammary gland tumors in female Sprague-Dawley rats
(Chu & Milman, 1981). TCE produced tumors in male Swiss mouse liver
and lungs (Bruning & Bolt, 2000). In humans, acute exposure to TCE re-
sulted in temporal loss of movement and sense, hypersensitivity, loss of
taste, and irreversible kidney damage (Bruning et al., 1998). An epidemiol-
ogy study indicated that women exposed to PCE-contaminated drinking

TABLE 1. Concentrations (pg/ml) of Chlorinated Alkanes and Alkenes (CA) in CA Mixtures and
Underground Water Near an Electronic Appliances Factory

CA mixture
Underground

Component Low Medium High water
Chloroform 5.8 7.6 14.0 n.d.-3.0
1,1-Dichloroethane (DCA) 5.8 12.8 41.3 n.d.-36.1
1,1-Dichloroethylene (DCE) 1.2 4.1 10.6 n.d.-82.4
1,1,1-Trichloroethane (TCA) 2.0 3.4 119 n.d.-10.1
Trichloroethylene (TCE) 441 106.0 471.2 n.d.-87.0
Tetrachloroethene (PCE) 36.0 90.3 606.5 n.d.—210.6

Note. The concentrations of component compounds in the underground water represent the re-
sults of GC/MS analysis of water samples from 20 wells near a manufacturer of electric appliances in
Taoyuan, Taiwan (EPA R.O.C., 1994). n.d., Not detectable.



POLLUTED WATER AND MAMMARY ADENOCARCINOMA 281

water showed an increased risk of breast cancer, particularly during the
postmenopausal years (Aschengrau et al., 1998). A major mechanism of CA
toxicity involves metabolic activation of the chlorinated hydrocarbons to
reactive intermediates. Glutathione and glutathione S-transferase play an
important metabolic role in the tumorigenicity of halogenated alkenes after
long-term administration (Dekant & Henschler, 1999). Cytochrome P-450
(P-450)-dependent monooxygenases are the primary enzyme system re-
sponsible for oxidative metabolism of CA. Among the multiplicity of P-450
enzymes, CYP2E1 is involved in metabolic activation of TCE to chloral hy-
drate (Lash et al., 2000).

Toxicology and risk assessment studies of chemical mixtures have re-
ceived increasing attention because in reality most environmental con-
taminants exist as a mixture of compounds, instead of single entities (Cala-
brese, 1995; Feron et al., 1998). Chlorinated hydrocarbons represent a
major complex mixture of underground water contaminants (Yang & Rauck-
man, 1987). The aim of this study was to determine the chronic toxicity of a
CA mixture in which concentrations of the chlorinated hydrocarbons were
similar to those in the underground water near the electronics factory site in
Taoyuan. This study may provide hazard identification data important for
health risk assessment of the CA mixture.

METHODS

Animal Treatments

Male and female weanling ICR mice were purchased from the Animal
Center of the College of Medicine, National Taiwan University, Taipei,
Taiwan. Before the experiments, mice underwent 1-wk acclimation in quar-
ters with air conditioning and an automatically controlled photoperiod of
12 h daily. The mice were fed rodent laboratory chow (Purina Mills, Inc.,
St. Louis, MO) ad libitum and were housed six per cage in plastic shoebox
cages with sawdust bedding (PWI Hardwood Sawdust, Lowville, NY). Re-
agent-grade chloroform, DCA, DCE, TCA, TCE, and PCE were obtained
from Sigma Chemical Co. (St. Louis, MO).

Male and female mice were treated with low-, medium-, and high-
dose CA mixtures in drinking water for 16 and 18 mo, respectively. Table
1 shows the average concentrations of the CA compounds in drinking water
determined using gas chromatography—mass spectrometry on d 1, 4, and
7 after preparation of CA mixtures. In view of the physical and chemical
properties of these volatile organic CA compounds, fresh CA mixture was
prepared and fed to mice on a weekly basis and glassware was used in CA
mixture preparation and feeding procedures.

Enzyme Assays

Blood from individual mouse was collected using a sterile Vacutainer
tube containing SST gel and clot activator (Beckton Dickinson Vacutainer
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Systems, Franklin Lakes, NJ) and centrifuged at 2500 rpm for 10 min. The
resulting serum was kept at 4°C overnight before serum biochemistry analy-
sis. Liver and kidney were homogenized and the resulting homogenates
were subjected to differential centrifugation to prepare cytosols. The
homogenates and cytosols were kept at —=70°C until enzyme assays within 2
wk. Sera, tissue homogenates, and cytosols from two animals within the
same treatment group were pooled when the sample volume from an indi-
vidual mouse was insufficient for the respective enzyme assays.

Serum enzymes and other biochemical parameters of the controls and
mice treated with CA mixtures were determined using a model 7450 auto-
matic autoanalyzer system from Hitachi Ltd., Tokyo, as described previously
(Ueng et al., 1998). The total glutathione content of tissue homogenate was
determined with the enzymatic recycling assay based on glutathione reduc-
tase following the method of Tietze (1969). The cytosolic glutathione S-
transferase activity toward 1,2-dichloro-4-nitrobenzene was determined fol-
lowing the spectrophotometric method of Habig et al. (1974). The protein
concentration was determined by the method of Lowry et al. (1951) using
bovine serum albumin as a standard.

Pathology

Necropsy specimens were fixed in 10% neutral buffered formalin, em-
bedded in paraffin, sectioned at 5 pm, and stained with hematoxylin and
eosin. Sections of tissues evaluated routinely included the liver, kidney,
lungs, heart, testis, ovary, uterus, vagina, esophagus, stomach, small and
large intestines, and cecum. Because cystic endometrial hyperplasia is a
common aged lesion in mice and leukocytes normally infiltrate the endo-
metrium in different stages of the estrus cycle, which can be judged from
the histology of vaginal and uterine mucosa (Jacoby & Fox, 1984; Turusov
et al., 1994; Maekawa & Maita, 1996), only those lesions considered
above the baseline were recorded. Similar criteria applied to lesions in and
around the ovaries (McEntee, 1990; Sass & Rehm, 1994). Histologic typ-
ings of hepatocellular, mammary, and lung neoplasms were done accord-
ing to the criteria used by Frith et al. (1994), Rehm and Liebelt (1996),
and Rittinghausen et al. (1996), respectively.

Statistical Analysis

The significance (p < .05) of the difference between the control and CA-
treated group was evaluated by analysis of variance (ANOVA) and Student’s
t-test, utilizing the least-square means of the general linear model proce-
dure (SAS System, SAS Institute, Inc., Cary, NC).

RESULTS

The untreated and CA mixture-treated male mice showed a mortality
rate ranging from 43% to 47% at 16 mo (Table 2). Therefore, the chronic
treatment of male mice was terminated at this point. In female mice, the



POLLUTED WATER AND MAMMARY ADENOCARCINOMA 283

TABLE 2. Effects of Chronic Treatments with CA Mixture on the Mortality Rate of Male and Female
ICR Mice

CA mixture
Control Low Medium High

Male

Total number of animals 40 33 33 43

Number of animals survived 23 18 18 23

Mortality (%) 43 45 45 47
Female

Total number of animals 36 37 38 41

Number of animals survived 24 28 23 26

Mortality (%) 33 24 39 37

Note. Male and female ICR mice were fed CA mixture in drinking water at the indicated doses for
16 and 18 mo, respectively.

control and CA-treated groups showed a mortality rate ranging from 24% to
39% at 18 mo. Cage-side observations revealed that 34% of male mice
treated with the high-dose CA mixture had tail alopecia and deformations
such as rings and wrinkles, compared to the respective 20% tail alopecia
and 2% tail deformations in the controls.

Treatment of male mice with the high-dose CA mixture caused a 10%
increase in liver weight; treatment with the medium-dose CA mixture
caused 25% and 37% increases in lung weight and lung to body weight
ratio, respectively (Table 3). CA mixtures did not cause significant changes
in body, liver, or kidney weights in male mice. Treatment of female mice
with the high-dose CA mixture caused 21%, 11%, and 17% increases in
liver weight, liver to body weight ratio, and kidney weight, respectively, as
well as a two—fold increase in the uterus and ovary total weight. The low-
and medium-dose CA mixtures produced a trend of increase in the uterus
and ovary total weight and tissue to body weight ratio; however, the differ-
ences were not statistically significant. Treatments with CA mixtures had no
effects on body weight, liver, kidney, or lung weights or on tissue to body
weight ratios in female mice.

In male mice, the levels of blood urea nitrogen (BUN) and creatinine
(CRE) in CA mixture-treated groups showed a trend of dose-dependent in-
crease; however, only the levels of the medium-dose CA mixture-treated
group were significantly higher than their respective controls (Table 4). The
levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), y-
glutamyltransferase (yGT), and lactate dehydrogenase (LDH) in CA-treated
mice were similar to the respective controls. In female mice, the CA mix-
tures caused a trend of dose-dependent increases of serum ALT and AST
levels, and the high-dose CA mixture produced a 45% increase of yGT level;
however, the differences were not statistically significant. The CA mixtures
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TABLE 3. Effects of Chronic Treatments with CA Mixture on the Body and Tissue Weights in Male and
Female ICR Mice

CA mixture
Control Low Medium High

Male (n=23) (n=18) (n=18) (n=23)
Body weight, g 489+1.0 50.7+1.4 45.5+1.57 50.7+1.0
Liver weight, g 2.78+0.08 2.80+0.10 2.75+0.24 3.05 = 0.09°
Liver/body weight x 100, g/g 5.68 + 0.11 5.60 + 0.23 5.98 + 0.42 6.03 +£0.14
Kidney weight, g 1.10+0.03 1.10+ 0.04 1.01 +£0.04 1.15+0.05
Kidney/body weight x 100, g/g 225+0.06 220+0.06 223+0.07 228+0.08
Lung weight, g 0.32 £0.01 0.30+0.03 0.40 £ 0.04*  0.35+0.01
Lung/body weight x 100, g/g 0.67+0.03 0.70+0.09 0.92+0.11° 0.69 + 0.03

Female (n=24) (n=28) (n=23) (n=26)
Body weight, g 403 +1.4 41.0+£1.5 423+1.4 435+1.4
Liver weight, g 2.03 £0.09 2.04 £ 0.08 2.22+0.10 2.45+0.12°
Liver/body weight x 100, g/g 5.04+0.16  4.97+£0.09 524+0.14 5.59+0.16"
Kidney weight, g 0.58 £ 0.02 0.59 £ 0.02 0.66 = 0.07 0.68 + 0.03°
Kidney/body weight x 100, g/g 1.44+0.04 146+003 155+0.11  1.56+0.05
Lung weight, g 0.35+0.03 0.37 +0.03 0.34 +0.02 0.34 +0.02
Lung/body weight x 100, g/g 090+0.08 094+0.09 0.83+0.06 0.79+0.04
Uterus and ovary weight, g 0.51+0.03 0.79+0.13 1.22 +0.57 1.02 +0.22°

Uterus and ovary/body weight x 100, g/g  1.30+£0.12  1.96+0.33  2.64 + 1.02 2.35+0.51

Note. Male and female ICR mice were fed CA mixture in drinking water at the indicated doses for 16
and 18 mo, respectively. Each value represents the mean + SE in each group.
Value significantly different from the respective control, p < .05.

had no effects on the BUN or CRE levels in female mice. Further studies
were carried out to analyze the metabolic activation systems for chlorinated
hydrocarbons in liver and kidney. In both male and female mice, no signifi-
cant changes of the total glutathione content and cytosolic glutathione S-
transferase activity were observed in the livers and kidneys (Table 5).

In male mice, the CA mixture-treated groups showed a general trend of
higher incidence of hepatocellular neoplasms (HN) as compared to the un-
treated males and females and CA-treated females (Table 6 and Figure 1).
Histologically, hepatocellular adenomas were predominantly a basophilic
type sometimes mixed with few vacuolated cells. Hepatocellular carcino-
mas were predominantly a well-differentiated trabecular type, and some
carcinomas apparently “arose within adenoma.” There were also sporadic
incidences of aging lesions including multifocal testicular atrophy and min-
eralization, Leydig-cell adenomas predominantly of the undifferentiated
type and occasionally carcinomas, bronchioloalveolar adenomas and car-
cinomas, and miscellaneous mesenchymal tumors (lymphomas, hemagio-
sarcomas, fibrosarcoma, leiomyosarcomas, and a few undifferentiated sar-
comas); however, the differences between the control and treated groups
were not significant.
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In female mice, the high-dose CA mixture induced a higher frequency of
mammary adenocarcinomas (MA) (Table 7). Grossly, MA present as subcu-
taneous masses distributed primarily in the abdominal-inguinal and occa-
sionally in the chest and anal areas of the mice (Figure 2). Masses of MA
were well circumscribed, pale, fleshy, and oval to nodular in shape, ranging
from 0.5 to 2.0 cm in diameter, with occasional red discoloration presum-
ably caused by hemorrhage and/or necrosis. Histologically, most MA were
predominantly a mixture of acinar (Figure 3), tubular, papillary, and solid
patterns (formerly type B), and a few MA were pure acinar type with cyto-
plasmic vacuoles and secretory activity (formerly type A) or adenomyo-
epithelioma (formerly type C). The calculated odd ratios of female mice
treated with low-, medium-, and high-dose CA mixtures showing MA were
1.14, 1.37, and 3.53 times that of the controls (normalized to 1), respectively.

In some CA mixture-treated female mice, the uterus showed unilateral
or bilateral diffuse endometrial hyperplasia together with luminal dilatation
(Figure 4; Maekawa & Maita, 1996), up to 5 cm (from the cervix to the end
of horn) x 3 mm, while the normal size of uterus usually measured only 2—
3.5 cm x 1-2 mm. Some uteri simply had endometrial hyperplasia without
luminal dilatation. Histologically, a thickened mucosa containing hyper-
plastic and occasionally cystically dilated uterine glands (Figure 4, as seen
grossly) with hyperplastic stroma was observed. Although these lesions

TABLE 4. Effects of Chronic Treatments with CA Mixture on the Serum Biochemistry Parameters in Male
and Female ICR Mice

CA mixture
Control Low Medium High

Male (n=12) (n=9) (n=10) (n=11)
Alanine aminotransferase, U/L 107.0+ 13.0 138.0+ 28.0 117.0+32.0 94.0+ 14.0
Aspartate aminotransferase, U/L 223.0+15.0 242.0+14.0 231.0+17.0 212.0+15.0
y-Glutamyltranspeptidase, U/L 7.0+ 0.0 6.0+ 0.0 7.0+0.0 9.0+ 1.0
Lactate dehydrogenase, U/L 1436.0+£97.0 1559.0+62.0 1447.0+113.0 1425.0+115.0
Blood urea nitrogen, mg/dl 28.7+1.2 329+2.8 46.0 + 7.47 72.5+322
Creatinine, mg/dl 0.3+0.0 0.4+0.0 0.6 £0.1° 1.1+ 0.6

Female (n=13) (n=8) (n=15) (n=19)
Alanine aminotransferase, U/L 48.0+ 4.0 52.0+ 4.0 64.0+9.0 88.0+27.0
Aspartate aminotransferase, U/L 185.0+ 8.0 200.0+10.0 229.0+40.0 263.0+56.0
y-Glutamyltranspeptidase, U/L 6.5+0.2 6.4+0.2 6.9+0.8 9.4+29
Lactate dehydrogenase, U/L 11740+ 86.0 1317.0+86.0 1260.0+138.0 1167.0+124.0
Blood urea nitrogen, mg/dl 26.8+0.7 28.9+0.8 348+7.9 271+ 1.1
Creatinine, mg/dl 0.4+00 0.4+0.0 0.4+0.0 0.4+0.0

Note. Male and female ICR mice were fed CA mixture in drinking water for 16 and 18 mo, respectively.
Sera from two animals within the same treatment group were pooled when the serum volume of individual
mouse was insufficient for serum biochemistry analysis. Each value represents mean + SE for the number of
samples indicated in the parentheses.

“Value significantly different from the respective control, p < .05.
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TABLE 5. Effects of Chronic Treatments with CA Mixture on the Total Glutathione Content and
Glutathione S-Transferase Activity in Male and Female ICR Mice

CA mixture
Control Low Medium High
Male

Liver (n=14) (n=14) (n=14) (n=14)
Glutathione (umoVliver) 4.56 + 0.27 4,78 +0.24 4.66 + 0.29 4.84 +0.33
Glutathione S-transferase 2.57+£0.12 2.42 +£0.08 2.44 +0.07 2.60 +0.09

(pmol DNPG/min/mg protein)

Kidney (n=8) (n=9) (n=7) (n=8)
Glutathione (umol/kidney) 1.27 £0.10 1.38 +0.06 1.29 + 0.05 1.34 + 0.06
Glutathione S-transferase 0.58 + 0.02 0.60 +0.01 0.53 +£0.02 0.59 + 0.01

(pmol DNPG/min/mg protein)
Female

Liver (n=14) (n=14) (n=14) (n=14)
Glutathione (umoVliver) 4.56 + 0.27 4,78 +0.24 4.66 + 0.29 4.84 +0.33
Glutathione S-transferase 2.57+£0.12 2.42 +£0.08 2.44 +0.07 2.60 +0.09

(pmol DNPG/min/mg protein)

Kidney (n=8) (n=9) (n=7) (n=8)
Glutathione (umol/kidney) 1.27 £0.10 1.38 +0.06 1.29 + 0.05 1.34 + 0.06
Glutathione S-transferase 0.58 + 0.02 0.60 +0.01 0.53 +£0.02 0.59 + 0.01

(pmol DNPG/min/mg protein)

Note. Male and female ICR mice were fed CA mixture in drinking water for 16 and 18 mo, respec-
tively. Tissue homogenates and cytosols from two mice were pooled when the homogenate or
cytosol sample volume was insufficient for assays. The total glutathione content and glutathione S-
transferase activity were determined as described in Methods.

Each value represents mean + SE for the number of samples indicated in the parentheses.

were considered age related, they were not impressive in control females in
this study.

Female mice treated with low- and high-dose CA mixtures showed a
trend of increases in the frequency of cystic endometrium and uterine in-
flammation. however the increases were not statistically significant (Table
7). Female mice treated with low-dose CA mixture also had a higher fre-
quency of ovarian cysts and inflammation. The high-dose CA mixture also
showed a similar high frequency but the difference was not significant. The
ovarian cysts were primarily epoophoron and paroophoron, measured up
to 0.7-2 cm in diameter, either solitary or multiple, usually filled with a
clear transparent fluid and occasionally blood clot (hematocysts). The nor-
mal ovaries usually were 1-2 mm in diameter. Histologically, the ovarian
cysts were lined by ciliated lining epithelium with surrounding smooth
muscle fibers, and usually associated with atrophy of adjacent parenchyma.
The endometrial hyperplasia and various ovarian cysts and inflammation
were consistent with the increased uterus and ovary weight shown in Table
3. Other tumors observed in female mice were similar to those described in
male mice.
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TABLE 6. Effects of Chronic Treatments with CA Mixture on Hepatocellular Tumorigenicity in Male
and Female ICR Mice

CA mixture
Control Low Medium High
Male 1(n=23) 3(n=18) 47 (n=15) 1(n=23)
Female 0(n=24) 0(n=28) 0 (n=22)° 0 (n=25)

Note. Male and female ICR mice were fed CA mixture in drinking water for 16 and 18 mo, respec-
tively. The number of animals in each group is indicated in the parentheses.

“Value significantly different from the controls, p < .05.

bThree mice had liver missing during processing were not included.

‘One mouse had liver missing during processing was not included.

DISCUSSION

The present findings demonstrate that chronic treatment with CA mix-
ture has the ability to promote the occurrence of MA and HN in ICR
mice. MA and HN are considered common aging lesions for female and
male mice, respectively (Frith et al., 1994; Rehm & Liebelt, 1996). The
spontaneous incidences of MA and HN in control female and male mice
were 0% and 4.3%, respectively, in this study (Tables 6 and 7), which

FIGURE 1. A basophilic hepatocellular adenoma with prominent mitotic figures (arrowheads) that
form a nodule (upper and lower right) bordering (b) adjacent normal hepatocytes (left) in an ICR male
mouse treated with the medium-dose CA mixture. Bar = 37 pm.
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TABLE 7. Effects of Chronic Treatments with CA Mixture on Mammary Adenocarcinoma and the
Reproductive System of Female ICR Mice

CA mixture
Control Low Medium High
(n=24) (n=28) (n=23) (n=126)
Mammary gland
Adenocarcinoma 0 1 0 5¢
Uterus
Cyst? 2 6 3 7
Inflammation® 0 3 0 0
Ovary
Cyst® 3 11 2 6
Inflammation? 0 1 0 1

Note. Female ICR mice were fed CA mixture in drinking water for 18 mo. The number of animals
in each group is indicated in the parentheses.

Cystic endometrium.

"Endometritis, pyometra, metritis, uterine abscess, parametritis, and/or perisalpingitis.

‘Predominantly parovarian cysts and/or occasionally rete cyst and hematocyst.

“Periovaritis.

“Value significantly different from the control, p < .05.

were slightly lower than the spontaneous incidences of 1.6% and 9.6% in
related female and male ICR mice in 18-mo studies reported elsewhere
(Charles River, 1987). However, the present data showed that CA mixture-
treated female and male ICR mice had statistically significant higher inci-
dences of MA and HN, compared to their respective control animals, in 16-
to 18-mo studies. Thus, these data strongly suggest that the CA mixture pro-
duced a promotional effect in increasing the incidences of aging lesions
MA and HN in ICR mice.

‘.:Em\

FIGURE 2. Mammary adenocarcinomas characterized grossly as pale, fleshy, nodular, well-circum-
scribed masses are present in the neck (left arrow) and inguinal (right arrow) areas of an ICR female
mouse treated with the high-dose CA mixture.
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FIGURE 3. Mammary adenocarcinomas, containing predominantly acinar pattern in this case, are
present more frequently in female ICR mice treated with the CA mixture. Bar = 74 pm.

This chronic toxicity study of CA mixture reveals pronounced sex differ-
ences. The female mice showed a greater mammary carcinogenicity and a
longer life span, while the male mice showed a greater hepatocellular
tumorigenicity and a more frequent tail abnormality. The higher frequency
of tail abnormality in CA mixture-treated male mice might be hormone re-
lated. Male mice treated with low- and medium-dose CA mixtures showed
a trend of higher incidence of HN (Table 6), compatible with the under-
standing that spontaneous HN in the males are more frequent than in the
females in many mouse strains (Frith et al., 1994).

The concentrations of chlorinated hydrocarbons in the CA mixtures
were comparable to their respective concentrations in the underground
water near a factory producing electronic appliances in Taoyuan, Taiwan.

T T T YTV YT YT

FIGURE 4. Bilateral diffuse endometrial hyperplasia together with luminal dilatation (right) are pre-
sent more frequently in female ICR mice treated with CA mixture. Notice the cystic endometrium
(arrow) and the ovarian cyst (arrowhead). A normal uterus is shown on the left for comparison.
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The toxicological data derived from these environmentally relevant con-
centrations should allow a reasonable extrapolation of animal toxicology
data to human health risk. Previous studies showed that DCE induced rat
mammary-gland tumors and DCE, TCE, and PCE induced mouse hepato-
cellular tumors (Bruning & Bolt, 2000; Chu & Milman, 1981). Therefore,
these chlorinated hydrocarbons contributed at least partially to the forma-
tion of tumors in mice in this study. The present data do not exclude the
possibility that other compounds in the mixture and their metabolites might
have caused synergistic or antagonistic effects during different stages of
systemic toxicity and tumorigenesis. The present data showed that chronic
treatment with CA mixture had no effect on the total glutathione content
and glutathione S-transferase activity (Table 5). The CA mixture did not
alter P-450 content or CYP2E1-dependent aniline hydroxylase activity in
liver and kidney microsomes (data not shown). This lack of effects on the
glutathione S-transferase- and P-450-mediated pathways suggests that these
metabolic enzymes played limited roles in the later stages of chronic toxic-
ity of CA mixture, among other possibilities.

The increases in liver and kidney weights and BUN and CRE indices
(Tables 3 and 4) in CA mixture-treated mice are in general agreement with
the characteristic hepatotoxicity and renal toxicity of chlorinated hydrocar-
bons (Snyder & Andrews, 1996). However, the increases in organ weights,
thought to be hypertrophies (Bruning & Bolt, 2000), could not be readily
detected microscopically and biochemically in mice treated with CA mix-
ture. Damage of Clara cells that occurs after the acute or subacute inhala-
tion exposure to chlorinated hydrocarbons (Moser & Balster, 1985) was not
evident in this chronic oral exposure study. The CA-elicited increase in the
uterus and ovary total weight (Table 3) of female mice was consistent with
the endometrial hyperplasia and luminal dilatation (Figure 4) and lesions
found in and around the female reproductive system (Table 7). It is not
inconceivable that CA mixture acted as an endocrine disruptor and predis-
posed the female reproductive system to the various diseases found (Table
7). Additional studies are needed to explore this possibility.

The tumorigenic effects of CA mixture did not exhibit the regular
dose-response relationships (Tables 6 and 7). This irregularity may be a
reflection of the fact that the mice were exposed to a mixture of chemi-
cals whose complex chemical interactions differentially modulated tumori-
genicity of CA mixture. In conclusion, the present study shows that the
CA mixture induces mammary carcinogenesis in female ICR mice and
hepatocelluar tumorigenesis in the male mice. These data emphasize the
need to carry out long-term health assessment of humans exposed to the
CA mixture.
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