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Abstract
Dichloroacetate (DCA) and trichloroacetate (TCA) were previously found to induce various levels
of oxidative stress in the hepatic tissues of mice after subacute and subchronic exposure. The cells
are known to have several protective mechansims against production of oxidative stress by
different xenobiotics. To assess the roles of the antioxidant enzymes and glutathione (GSH) in
DCA- and TCA-induced oxidative stress, groups of B6C3F1 mice were administered either DCA
or TCA at doses of 7.7, 77, 154 and 410 mg/kg/day, by gavage for 4 weeks (4-W) and 13 weeks
(13-W), and superoxide dismutase (SOD) catalase (CAT) and glutathione peroxidase (GSH-Px)
activities, as well as GSH were determined in the hepatic tissues. DCA at doses ranging between
7.7-410, and 7.7-77 mg/kg/day, given for 4-W and 13-W, respectively, resulted in either
suppression or no change in SOD, CAT and GSH-Px activities, but doses of 154-410 mg DCA/kg/
day administered for 13-W were found to result in significant induction of the three enzyme
activities. TCA administration on the other hand, resulted in increases in SOD and CAT activities,
and suppression of GSH-Px activity in both periods. Except for the DCA doses of 77-154 mg/kg/
day administered for 13-W that resulted in significant reduction in GSH levels, all other DCA, as
well as TCA treatments produced no changes in GSH. Since these enzymes are involved in the
detoxification of the reactive oxygen species (ROS), superoxide anion (SA) and H2O2, it is
concluded that SA is the main contributor to DCA-induced oxidative stress while both ROS
contribute to that of TCA. The increases in the enzyme activities associated with 154-410 mg
DCA/kg/day in the 13-W period suggest their role as protective mechanisms contributing to the
survival of cells modified in response to those treatments.
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INTRODUCTION
Dichloroacetate (DCA) and trichloroacetate (TCA) are among the haloacetates formed
during the process of chlorinating municipal water supplies (Krasner et al., 1989,
Richardson et al., 2008; Uden and Miller; 1983). Trichloroethylene is a widely used organic
solvent that contaminates the surface water of several industrial areas, and in vivo
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metabolism of this solvent in humans and animals was found to generate DCA and TCA
(Decant et al., 1984; Green and Prout, 1985; Hathway, 1980). Studies on the long term
toxicity and carcinogenicity of DCA and TCA found the compounds to be hepatotoxic and
hepatocarcinogenic in rodents in general, and in B6C3F1 male mice, in particular (Bull et
al., 1990; Daniel et al., 1992; DeAngelo et al., 1991; 1999; Herren-Freund et al., 1987).
Although both compounds were suggested to act as complete hepatocarcinogens in mice
(Hassoun et al, 2010), two different pictures of hispathological changes were described for
hepatic tissues after chronic exposure to each of them (Bull et al., 1990). While DCA
treatment resulted in hepatomegaly associated with excessive accumulation of glycogen in
hepatocytes with areas of focal necrosis, TCA treatment resulted in quantitative increases in
cell size, accumulation of glycogen, no focal necrotic damage, but greater and marked
lipofuscin accumulation (Bull et al, 1990).

Various biomarkers of oxidative stress, including lipid peroxidation (LP), superoxide anion
(SA) and DNA damage were found to be induced in response to single high doses of DCA
and TCA (Austin et al., 1996; Hassoun and Dey, 2008; Larson and Bull, 1992; Nelson and
Bull, 1988; Nelson et al., 1989; Parrish et al., 1996). In addition to the contribution of the
chemicals-induced production of reactive oxygen species (ROS) to the process of oxidative
stress, studies also suggested the contribution of free radical generation by DCA and TCA
through reductive dechlorination pathways after administration of single oral doses (Larson
and Bull, 1992), and inhibition of glutathione S-transferase zeta1-1 (GSTZ1-1) by DCA
(Blackburn et al., 2006; Tzeng et al., 2000) to that process. However, recent studies in our
lab have indicated the induction of various biomarkers of oxidative stress, including SA, LP
and DNA-SSBs in hepatic tissues of B6C3F1 mice by DCA and TCA doses believed to
correspond to non-hepatocarcinogenic concentrations to those producing maximal
hepatocarcinogenicity (Hassoun et al., 2010). The studies also demonstrated significant
induction of SA, LP and DNA-SSBs after periods of exposure that were far less than those
required for the production of the hepatotoxic/hepatocarcinogenic effects and suggested the
role of early induction of those biomarkers in the later production of those effects (Hassoun
et al., 2010). The generation of various reactive oxygen species (ROS), as well as free
radicals is modulated by several antioxidant enzymes and glutathione (GSH). Superoxide
dismutase (SOD) is an antioxidant enzyme that results in SA dismutation to H2O2, and
catalase (CAT) and glutathione peroxidase (GSH-Px) act in concert with SOD catalyzing the
conversion of H2O2 to H2O (Davies, 1995, Halliwell et al., 1992; Josephy et al., 1997;
McCord, 1993). GSH in its reduced form, while serving as a substrate for GSH-Px, is also
known to render several ROS and free radicals non toxic (Anderson, 1985; Reed, 1994).

Previously observed differences in the levels of various oxidative stress biomarkers in
hepatic tissues of mice treated with DCA and TCA were noted at doses ranging between
non-hepatocarcinogenic and those producing maximal hepatocarcinogenicity (Hassoun et
al., 2010). Although induction of various biomarkers of oxidative stress is known to be
associated with oxidative tissue damage, all aerobic organisms utilize a series of primary
antioxidant defense mechanisms, such as scavengers, direct and indirect repair systems,
damage removal systems and antioxidant enzymes and protein, including GSH, to protect
against oxidant damage (Davies, 1995). This study was undertaken to assess the contribution
of the antioxidant enzymes and GSH to the previously observed differences in the induction
of various biomarkers of oxidative stress by different DCA and TCA treatments.

Materials and Methods
Chemicals

All of the chemicals used for this study were purchased from Sigma-Aldrich Chemical
Company (St. Louis, MO), and were at the highest grade available.
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Animals and treatments
The long term hepatotoxicity and hepatocarcinogenicity attributed to DCA and TCA have
been extensively studied in B6C3F1 male mice (Bull et al., 1990; Daniel et al., 1992;
DeAngelo et al., 1991; 1999; Herren-Freund et al., 1987). Further, subacute and subchronic
studies in our lab have found the compounds to induce dose- and time-dependent increases
in the levels of SA, LP and DNA-SSBs in B6C3F1 male mice (Hassoun et al., 2010). In
order to correlate the previously observed changes in SA, LP and DNA damage production
in response to DCA and TCA with possible changes in antioxidant enzyme activities and
GSH levels, the tissues used for the this study were same ones used previously (Hassoun et
al., 2010). In brief, approximately, 6-weeks old B6C3F1 male mice weighing 20 g were
purchased from Harlan Sprague Dawley (Indianapolis, IN). The mice were allowed to
acclimate for 3 days prior to the start of treatment and allowed free access to food and water.
Hepatotoxic and hepatocarcinogenic effects were found to be produced by DCA and TCA in
B6C3F1 mice at concentrations ranging from 1 to 5 g/l in the drinking water, administered
for 52-75 weeks (Bull et al., 1990; deAngelo et al, 1991; 1999; Herren-Freund et al., 1987).
The time-weighted mean daily doses for DCA that correspond to 0.05, 0.5, 3.5 and 5 g/l of
DCA in the drinking water were calculated in one study and found to be equivalent to 7.6,
77, 410 and 486 mg /kg/day, respectively (DeAngelo et al.1991). In another lifetime
exposure study; however, the time-weighed mean daily doses that correspond to 0.05, 0.5, 1,
2 and 3.5 g/l DCA in the drinking water were found to be equivalent to 8, 84, 168, 315, and
429 mg/kg/day (DeAngelo et al., 1999). DCA concentrations equivalent to 7.6, 77, and 410
mg/kg/day were identified as the doses that correspond to the non carcinogenic dose, the
threshold carcinogenic dose and the dose that results in 100% tumor prevalence, respectively
(DeAngelo et al., 1991). Further, Bull et al. (1990) found that 1 and 2 g/l of DCA or TCA
received by the B6C3F1 mice in the drinking water for 52 weeks were hepatocarcinogenic.
They also calculated the total doses of either compound that correspond to 1-2 g/l and found
them to be respectively equivalent to 150-300 mg DCA/kg/day, and 165-330 mg TCA/kg/
day. Accordingly, the doses of DCA and TCA for this study were chosen to be 7.7, 77, 154
and 410 mg/kg/day DCA and TCA, and were believed to resemble a range between non
carcinogenic dose to a dose producing maximal carcinogenesis. The compounds were
dissolved in distilled water (pH of the solutions was adjusted to 7) and administered by
gavage to groups of mice (7 animals/ group) for 4 weeks (4-W), (subacute treatment) or 13
weeks (13-W), (subchronic treatment). Control animals received distilled water (pH adjusted
to 7) at a rate of 5 ml/kg body weight/day. Animals were euthanized 24 hours after the end
of the 4-W and 13-W treatment periods, using carbon dioxide anesthesia, followed by
cervical dislocation.

Homogenization of the hepatic tissues
After the animals were euthanized, the livers were removed and weighed. The livers were
frozen at −80° C until they were used for the different assays. Experience in our lab
indicates insignificant changes in antioxidant enzyme activities when tissues are frozen for
at least 1 year at the specified temperature. A portion of each liver was homogenized in
sucrose buffer containing 0.32 M sucrose, 1 mM EDTA, and 10 mM Tris-HCL, to produce
10% (w/v) homogenates. The homogenates were centrifuged at 9,000 x g for 30 min and
supernatants were used for the determination of SOD, CAT and GSH-Px activities (Jiang et.
al., 1998). Another portion of the liver was homogenized in 5% sulfosalicylic acid to
generate 20% (w/v) homogenates. The homogenates were centrifuged at 900 x g for 5 min
and supernatants were used for the determination of GSH.

Determination of SOD activity
SOD activity was determined according to the method of Marklund and Marklund (1974),
with modification, and is based on the inhibition of pyrogallol autooxidation by SOD. An
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aliquot of the supernatant (200 μl) was mixed with 750 μl Tris-cacodylic buffer, containing
50 mM Tris-HCL, 50 mM cacodylic acid and 1 mM EDTA, pH 8.2, followed by the
addition of 250 μl of 0.5 mM pyrogallol. The reactions were carried out at a temperature of
25° C and absorbances of the mixtures were recorded at 420 nm immediately, and then
every 30 sec for 3 min using a Spectronic 20 spectrophotometer (Spectronic Instrument,
Rochester, NY). Changes in the rates of absorbances were calculated and converted into
units of SOD activity per mg protein, where one unit is equivalent to the quantity of SOD
that is needed to produce 50% inhibition of pyrogallol autooxidation (Marklund and
Marklund, 1974).

Determination of CAT activity
CAT activity was determined according to the method of Cohen et al. (1970), with
modification. The assay was based on enzyme-catalyzed decomposition of H2O2, using
potassium permanganate (KMNO4) and had three components, the blank, standard and
sample. The blank, standard, and the sample tubes contained 100 μl of sucrose buffer,100 μl
of deionized water, and 100 μl of supernatant, respectively. One ml of 6mM H2O2 was
added to the sample and the blank tubes, and 1 ml of deionized water was added to the
standard tube. The tubes were vortexed and placed on ice for 3 min and the reactions were
then stopped by adding 200 μl of 6N H2SO4 to each tube. After stopping the reactions, 1.4
ml of 2 mM KMnO4 was added to each tube and absorbances were immediately recorded at
480 nm, using a Biotek® Spectrophotometer. Absorbance values were converted into units
of CAT /mg protein, where a unit is equal to k/0.00693. The first order reaction rate constant
(k) = log (S0/S2) × (2.3/t). The logarithm conversion factor is 2.3 and t was equivalent to the
incubation time (3 min). S0 and S2 were determined by subtracting the blank absorbance
from the standard absorbance, and the sample absorbance from the standard absorbance,
respectively (Jiang et. al., 1998).

Determination of glutathione peroxidase (GSH-Px) activity
The method of Lawrence and Burk (1976) was employed to measure the activity of GSH-
Px. In brief, a 100 μl aliquot of supernatant was mixed with 700 μl of reaction mixture
containing, 1 mM EDTA, 1 mM NaN3, 0.2 mM NADPH and 1 mM GSH in a phosphate
buffer saline, pH 7.2, and 100 μl containing 10 units of glutathione reductase. The tubes
were vortexed and incubated for 5 min at room temperature. After incubation, 100 μl of 0.2
mM H2O2 was added to initiate the reaction and absorbance recorded at 340 nm,
immediately and then every 30 sec over a period of 3 min, using a Spectronic-20
spectrophotometer (Spectronic Instruments, Rochester, NY). Changes in the rate of
absorbance were converted into nmoles of NADPH oxidized/min/mg protein, using an
extinction coefficient of 6.22 × 103 L mol −1cm −1 (Lawrence and Burk, 1976)

Determintaion of total GSH
Total GSH (GSH + GSSG, in GSH equivalents) was determined by the recycling assay
described by Anderson (1985), and is based on GSH oxidation by 5,5′-dithiobis(2-
nitrobenzoic acid (DTNB) to yield GSSG and the stoichiometric formation of 5-thio-2
nitrobenzoic acid (TNB). GSSG is then reduced to GSH by the action of GSSG reductase in
the presence of NADPH. The assay required the stock buffer containing 143 mM sodium
phosphate and 6.3 mM tertra sodium EDTA, pH 7.5, the daily buffer containing 0.248 mg/
ml NADPH in stock buffer and GSSG reductase solution containing 266 units of the
enzyme /ml of stock buffer. The assay mixture contained 10 μl of supernatant, 700 μl daily
buffer, 100 μl DTNB solution, and 190 μl deionized water. The mixtures were incubated at
30°C for 15 min, followed by the addition of 10 μl GSSG-reductase solution. Absorbances
of the mixtures were recorded at 412 nm immediately, and then every 30 sec for 3 min,
using a Spectronic 20 spectrophotometer (Spectronic Instruments, Rochester, NY). A
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standard curve for GSH was prepared following the aforementioned method but replacing
the 10 μl of sample with 10 μl solutions containing 1-4 nmole of GSH.

Determination of protein
The protein content of the hepatic tissue homogenates was determined according to the
method of Lowry et al. (1951), using BSA as the standard.

Statistical methods
Data were analyzed using Microsoft Excel® data analysis tool package. Data are expressed
as means of 7 samples (animals) ± S.D. A two-factor Analysis of Variance (ANOVA) with
replication was used to compare between the effects of different doses and time points on
each enzyme, and Scheffe’s S method was used as a post hoc test. Student’s t-test was used
to compare between the effects of various doses of DCA and TCA at each period of
treatment and the corresponding control at each of those periods. A significance level of p <
0.05 was employed. .

Results
The effects of DCA and TCA on SOD activity are shown in Figures 1 A and B, respectively.
DCA resulted in SOD suppression at all tested doses in the 4-W treatment period compared
with corresponding controls (Figure1A). DCA doses of 7.7-77 mg/kg/day given for 13-W
also resulted in SOD activity inhibition when compared with corresponding control;
however, the observed decreases were significantly lower than those produced at same
doses in the 4-W period (Figure 1 A). The figure also shows that DCA administration at
doses of 154-410 for 13-W resulted in significant increases in SOD activity when compared
with corresponding controls, and a greater rise was observed in response to 410 mg/kg/day
dose compared with 154 mg/kg/day dose. TCA on the other hand resulted in dose-dependent
elevation in SOD activity in both treatment periods, with significantly greater increases
produced with different doses in the 13-W period compared with the corresponding doses at
4-W (Figure 1 B).

The effects of DCA and TCA on CAT activity are demonstrated in Figures 2 A and B,
respectively. While all of DCA tested doses at the 4-w period, and 7.7-77 mg DCA/kg/day
doses at 13-W period did not produce any significant changes in CAT activity, the 154-410
mg DCA/kg/day resulted in significant increases in CAT activity in 13-W period compared
with corresponding controls (Figure 2A). Figure 2 A also shows that the rise in CAT
activity in response to 410 mg DCA/kg/day was significantly greater than that associated
with the 154 mg/kg/day dose. TCA administration on the other hand resulted in significant
and dose-dependent elevation in CAT activity in the two tested periods, with significantly
higher increases observed with different doses in the 13-W period compared with
corresponding doses in the 4-W treatment period (Figure 2 B).

DCA and TCA effects on GSH-px activity are demonstrated in Figures 3 A and B,
respectively. While none of the DCA tested doses produced significant changes in GSH-Px
activity in the 4-W treatment period, doses of 7.7-77 and 154-410 mg DCA/kg/day resulted
in respectively, significant suppression and induction in the 13-W treatment period
compared with corresponding controls (Figure 3A). The Figure also shows a significantly
greater increase produced in response to 410 mg DCA/kg/day in the 13-W treatment period
compared with 154 mg/kg/day dose. TCA administration at doses ranging between 7.7-410
mg/kg/day for 4-W and 13-W produced significant inhibition of GSH-Px activity when
compared with corresponding controls (Figure 3 B).
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Figures 4A and 4B demonstrate the effects of DCA and TCA on GSH levels. Except for the
DCA doses of 77-154 mg/kg/day at 13-W treatment period that resulted in significant lower
GSH levels (Figure 4A), all other DCA and TCA treatments caused no significant effects on
GSH levels in the hepatic tissues of treated mice (Figures 4A &B).

Discussion
Table 1 summarizes the results of previous studies in our lab conducted on the same tissues
that were used for this study (Hassoun et al., 2010). As indicated in the table, the results of
the studies demonstrated dose-dependent increases in SA production in response to DCA
doses of 7.7-410, and 7.7-154 mg/kg/day in the 4-W and 13-W treatment periods,
respectively (Hassoun et al., 2010). The studies also demonstrated a fall in the level of SA
occurring in response to 410 mg DCA/kg/day in the 13-W period (Hassoun et al., 2010).
SOD is responsible for SA dismutation to H2O2 (Davies, 1995;Josephy et al., 1997).
Therefore, SOD suppression in response to DCA treatment for 4-w and to 7.7-77 mg DCA/
kg/day for 13-w indicates insignificant SA dismuation to H2O2, while SOD marked
increases in activity in response to 154-410 mg DCA/kg/day indicate significant SA
dismutation to that ROS. CAT and GSH-Px act in concert with SOD and catalyze H2O2
conversion to water (Davies, 1995;Josephy et. al., 1997). The observed no marked changes
in CAT activity, together with either no changes or significant suppression of GSH-Px
activity that are associated with SOD inhibition by certain DCA treatments may all confirm
insignificant SA dismutation to H2O2. Data may also demonstrate the main contribution of
DCA-induced SA production to the oxidative damage that was previously reported in liver,
in response to DCA treatments (Hassoun et al., 2010). Knowing that DCA can induce
peroxisome proliferation after 14-days of exposure to concentrations falling in the range of
doses used for this study (DeAngelo et al., 1989), the contribution of H2O2 from this source
to DCA-induced hepatotoxicity should not be excluded. This is especially true for DCA
doses associated with no change or suppression of CAT and/ or GSH-Px activities.
Treatment with 154-410 mg DCA/kg/day for 13-w resulted in concerted increases in the
three tested antioxidant enzyme activities. Studies on ROS-induced liver injuries in
response to various insults demonstrated up-regulation of antioxidant enzyme activities and
suggested that to be a compensatory mechanism of normal cells in response to those injuries
(Crosby et al., 2008; Fella et al, 2005;Pey et al., 2003;Tsai et al., 2009). Knowing that
extensive cellular modification, including cancer production was previously observed (Bull
et al., 1990;Daniel et al., 1992;DeAngelo et al., 1991;1999; Herren-Freund et al., 1987) with
treatments equivalent to DCA doses associated with enhanced antioxidant enzyme activities,
the observed enzymic rise may contribute to the survival of those modified cells, rather than
normal cells. This can be also confirmed by the previously reported reduction in LP and
DNA damage production that was associated with hepatomegaly, in response to 410 mg/kg/
day of DCA in the 13-W treatment period compared with responses to lower doses of this
compound in that treatment period (Hassoun et al, 2010). In addition, if the enzymic
increases reflected compensatory up-regulation mechanisms to resist hepatic damage by
DCA, the rise in enzymic activity would have likely been associated with 7.7 and 77 mg
DCA/kg/day, which corresponded to a non carcinogenic dose and threshold dose for
carcinogenesis, respectively (DeAngelo et al., 1991).

Tissues from TCA-treated mice used in this study previously demonstrated dose-dependent
increases in the production of SA, LP and DNA damage, with marked increases observed in
the 13-w compared with the 4-w treatment period (Hassoun et al., 2010). The present results
show dose- and time- dependent rise in SOD activity in response to TCA, indicating SA
dismutation to H2O2. However, SOD elevation occurred concomitantly with increases and
suppression of CAT and GSH-PX activity, respectively. This may indicate a main role of
CAT in H2O2 conversion to water, as opposed to an insignificant contribution of GSH-Px to
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that process. This may also indicate partial SA-H2O2 detoxification, and contribution of
H2O2, besides SA, to the previously observed time- and dose-dependent increases in LP and
DNA damage produced by TCA (Hassoun et al., 2010). Previous studies showed
enhancement of peroxisome proliferation in the mouse liver by TCA (DeAngelo et. al.,
1989; Nelson et. al., 1989), which suggest contribution of H2O2 from that source to TCA-
induced hepatotoxicity. However, the TCA-induced increase in CAT activity and
suppression of GSH-PX may also suggest partial detoxification of H2O2 contributed by that
source. While TCA treatment did not result in any marked effects on GSH levels, DCA
doses of 77-154 mg/kg/day resulted in significant reduction in concentration of GSH when
administered for 13-W. These results are supported by studies demonstrating DCA-induced
suppression of GSH in the J774A.1 cells, and the significant role of GSH against DCA-
induced cellular death when added simultaneously with DCA (Hassoun and Mehta, 2008).
DCA was found to undergo more extensive metabolism through a reductive dechlorination
pathway, and a more rapid rate of elimination than TCA in B6C3F1 mice and rats after oral
administration of single high doses (Larson and Bull., 1992). Other studies attributed the
rapid elimination of DCA to a glutathione-dependent metabolic pathway that occurs
primarily in hepatic cytosol (Lipscomb, et al., 1995; James et al., 1997), and utilizes
glutathione S-transferase zeta1-1 (GSTZ1-1) (Tong et al.; 1998). However, DCA is also
known as a mechanism based inhibitor of GSTZ and a loss in enzyme activity was found to
occur after repeated doses or prolonged drinking water exposures (Gonzalez-Leon, 1999,
Cornett et al., 1999). Therefore, it is likely that repeated exposure to DCA induced GSTZ
inhibition and resulted in accumulation of electrophilic intermediates. Knowing that GSH
detoxifies free radicals, besides ROS (Reed, 1994), production of free radicals through
aforementioned pathway may also contribute to GSH suppression by DCA. The no changes
in total GSH concentrations in response to TCA and certain DCA treatments reflect non
depletion of GSH. However, those unchanged concentrations may acquire differences in the
ratios of oxidized: reduced GSH. Future studies that included determining GSTZ activity
and the ratio of oxidized: reduced glutathione in response to different treatments with DCA
and TCA are required to support our suggestions.

In summary, exposure of mice to DCA doses that were previously found to be associated
with increases in SA, LP and DNA damage production results in either suppression or no
marked changes in the antioxidant enzyme activities, suggesting a predominant role of SA in
the previously observed DCA-induced oxidative damage. However, exposure to DCA doses
that were previously found to be hepatotoxic/hepatocarcinogenic but were associated with
decreases in SA, LP and DNA damage production, resulted in concomitant increases in the
antioxidant enzyme activities, suggesting a role for these enzymes in the previously noted
cellular resistance to oxidative damage by DCA. TCA treatment on the other hand resulted
in dose- and time-dependent rise in SOD and CAT activities and dose- and time-dependent
decreases in GSH-Px, activity suggesting a partial role of SOD-CAT in protection against
cellular toxicity and the contribution of SA and H2O2 to the previously observed oxidative
cellular damage associated with TCA treatment. GSH levels on the other hand were found to
undergo a little, though significant suppression in response to some DCA doses in the 13-w
but not in the 4-w period, suggesting a significant role of GSH in protecting against DCA-
induced earlier effects.
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Figures 1.
A and B: SOD activity determined in hepatic tissues of DCA- (A) and TCA-treated mice
(B), 4 and 13 weeks after treatment. The effects of different doses (including the controls),
and different lengths of treatment were compared. Columns with non identical superscripts
are significantly different (p< 0.05)
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Figures 2.
A and B: Catalase activity determined in hepatic tissues of DCA- (A) and TCA-treated (B)
mice, 4 and 13 weeks after treatment. The effects of different doses (including the controls),
and different lengths of treatment were compared. Columns that do not share identical
superscripts are significantly different (p < 0.05)
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Figures 3.
A and B: Glutathione peroxidase activity in hepatic tissues of DCA- (A) and TCA-treated
(B) mice, 4 and 13 weeks after treatment. The effects of different doses (including the
controls), and different lengths of treatment were compared. Columns that do not share
identical superscripts are significantly different (p < 0.05).
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Figures 4.
A and B Total glutathione (GSH) determined in hepatic tissues of DCA- (A) and TCA-
treated (B) mice, 4 and 13 weeks after treatment. * Indicates significant difference when
compared with the corresponding control (p< 0.05), using t-test.
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