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Lipid peroxidation is thought to be an important event contributing to the toxicity of a variety of compounds like
perchloroethylene (PER). PER is known to produce membrane damage through increased lipid peroxidation. An
investigation of the relative importance of vitamin E and taurine in rendering protection to liver and kidney
against PER induced cellular damage was performed. PER administered (3000 mg/kg body weight/day) mice
were subjected to vitamin E (400 mg/kg body weight/day) and taurine (100 mg/kg body weight/day) treatment
respectively for 15 days to study their individual effect on lipid peroxidative changes. A defective antioxidant
defense system in PER administered mice was evidenced by the low level of enzymic antioxidants (SOD, CAT,
GPx) and non-enzymic antioxidants (glutathione, ascorbic acid, total thiols, non-protein thiols, and vitamin E),
with a simultaneous increase in lipid peroxidation (LPO) level. Vitamin E and taurine supplemented mice showed
a marked reversal of these metabolic changes related to cellular damage caused by PER. These results suggest
that PER induced cellular damage may be associated with lipid peroxidation and that can be effectively prevented

by both vitamin E and taurine. (J. Nutr. Biochem. 8:270-274, 1997) © Elsevier Science Inc. 1997
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Introduction

One of the most attractive approaches to disease prevention
involves the use of specific nutrients to protect tissue
against toxic and carcinogenic injury and degenerative
diseases.'

Oxygen-centered free radicals are the important factors
in several pathological conditions.? These free radicals can
react with polyunsaturated fatty acids (PUFAs) to cause
lipid peroxidation.® Lipid peroxidation seems to play a
major role in the hepatotoxicity of halogenated hydrocar-
bons like perchloroethylene (PER).* Perchloroethylene is a
solvent with wide spread use, particularly as a metal
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degreaser. PER has increasing potential to be a health risk to
humans and an environmental problem as the major part of
annual world production in released into the environment.
On repeated and single exposure to PER, it has been shown
that the largest affected organs were the liver, and to a lesser
extent, the kidney.”

The endogenous defenses against the peroxidation of
membrane lipids remain an area of continuous interest.
Some xenobiotics are known to alter the activity of antioxi-
dants and thereby decrease their ability to destroy the active
oxygen species.®

The most widely studied protective agents are the anti-
oxidant nutrients, which include vitamin E, vitamin C,
taurine, carotenoids, and numerous polyphenolic com-
pounds. Because these compounds directly scavenge reac-
tive oxidants, they are hypothesized to constitute a vital
endogenous defense against oxidative cell and tissue injury
caused by toxic and carcinogenic chemicals.’

Vitamin E is a fat-soluble molecule and so enriched in
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the interior of membranes is believed to function as an
important cellular antioxidant.® It quenches and reacts with
singlet oxygen, and, therefore, protects the membranes
against this species. The important function of vitamin E is
that it reacts with lipid peroxy radicals to form vitamin E
radicals. It thus interrupts the chain reaction of lipid
peroxidation by acting as a chain terminator.” Our earlier
studies also proved the cytoprotective effect of vitamin E on
glycoprotein changes in PER induced cytotoxicity.'°

Taurine, a derived sulfur-containing amino acid has
recently attracted greater attention as it is present in high
amounts in various tissues, and it is considered to play
various important physiological functions in each organ.
For example, it has been demonstrated that taurine might
have a modulating action on the function of the central
nervous system, a protective effect in pancreatic cells
against pancreatotoxins and a membrane-stabilizing action
on the sarcoplasmic reticulum.'! Taurine has also been used
clinically as a therapeutic agent for liver diseases.'?

Considering the cytoprotective efficacious of vitamin E
and taurine, the present study was aimed to investigate the
modulating effect of both vitamin E and taurine on lipid
peroxidation and antioxidant defense in PER induced cyto-
toxicity in mice.

Methods and materials

Animals and treatment

Healthy male and female atbino Swiss mice (25 to 30 g) were used
throughout the study. The mice were maintained on commercial
rodent chow, manufactured by M/s. Hindustan Lever Ltd., Bom-
bay, India, in a light and temperature controlled room. Clean
drinking water was provide ad libitum. The mice were divided into
six groups of six animals each.

Group 1. Control animals treated with sesame oil (3000 mg/kg
bw/day) orally by intubation for 15 days.

Group II: Perchloroethylene treated animals (3000 mg/kg bw/day)
orally by intubation for 15 days.

Group III: PER treated animals (as in group II) followed immedi-
ately by the administration of vitamin E (400 mg/kg bw/day)
orally by intubation once a day for 15 days.

Group IV: PER treated animals (as in group II) followed imme-
diately by the administration of taurine (100 mg/kg bw/day)
orally by intubation once a day for 15 days.

Group V: Vitamin E alone treated animals (as in group III).

Group VI: Taurine alone treated animals (as in group IV).

At the end of the experimental period, the animals were fasted
overnight and killed by cervical dislocation. The liver and kidney
were quickly dissected out into ice-cold saline. Then 10% (wt/vol)
tissue homogenates (liver and kidney) were prepared in Tris-HCI
buffer, 0.1 M, pH 7.4 by using a high-speed Teflon homogenizer.
The following parameters were assayed in tissue homogenates.
Reduced glutathione (GSH) was determined by the method of
Moron et al.'* (using Ellman’s method'*) based on the reaction
with 5, 5’-dithiobis (2-nitro benzoic acid) to produce a compound
with maximum absorption at 412 nm. Total and nonprotein thiol
contents were determined by the method of Sedlak and Lindsay.'®
Ascorbic acid was measured by the method of Omaye et al.'®
The activity of catalase was measured as the amount of H,O,
consumed per minute per mg protein by the method of Sinha.'”
Glutathione peroxidase (GPx) activity was assayed by the method
of Rotruck et al.'"® The activity was expressed as pg of GSH

utilized per minute per mg protein. The superoxide dismutase
activity was measured by the method of Marklund and Mark-
lund.'® Lipid peroxidation was estimated by the method of
Devasagayam.?® Vitamin E was extracted, saponified and esti-
mated by following the reduction of ferric iron to ferrous iron
using bathophenanthroline as the chromogen by the method of
Desai.?! Protein was estimated by the method of Lowry et al.*

Statistical analysis

For statistical analysis, one-way analysis of variance (ANOVA)
was used, followed by the Newman—Keuls multiple comparison
test.

Results

Table 1 shows the levels of enzymatic and non-enzymatic
antioxidants in the liver of perchloroethylene-treated mice
in comparison with those of the age-matched group of
control-, vitamin E-, and taurine-administered groups.

The level of catalase (P < 0.001), GSH peroxidase
(P < 0.001), and superoxide dismutase (P < 0.001) were
significantly lowered in PER-treated groups. Nonenzymic
antioxidants such as ascorbic acid (P < 0.001) total thiols
(P < 0.001), nonprotein thiols (P < 0.001), reduced
GSH (P < 0.001), and vitamin E (P < 0.001) were also
significantly decreased. PER-administered mice, however,
when subjected to vitamin E and taurine supplementation,
the decreased enzymic and nonenzymic antioxidant levels
in liver showed a tendency to reach the levels seen in
control animals.

Table 2 depicts the levels of lipid peroxides, cellular
antioxidant defense enzymes such as superoxide dismutase,
catalase, and GPx and nonenzymic antioxidants ascorbic
acid, total thiols, nonprotein thiols, reduced GSH, and
vitamin E obtained in kidney tissues of the various experi-
mental groups. Administration of PER for 15 days resulted
in the reduced levels of scavenging enzymes, nonenzymic
antioxidants, and increased level of lipid peroxides, respec-
tively. Surprisingly, after the co-administration of vitamin E
and taurine the levels got concordantly increased in group
IIT and group IV animals. Group V and VI, however, did not
show any significant change when compared with control
animals.

Discussion

Peroxidation of unsaturated membrane lipids by free radi-
cals is one process which contribute to the toxic side effects
observed following administration of, or exposure to a wide
range of chemicals including PER. Green et al. suggested
that the cytotoxic action of PER may lead to hepatic
necrosis and kidney damage?* and the results obtained in the
present study demonstrate these actions.

The increase in lipid peroxidation observed in PER-
administered animals may be a consequence of higher levels
of superoxide radicals, which are produced in significant
amounts in response to PER exposure or inhibition of free
radical scavenging enzymes. Generally, cytochrome P, is
involved in the activation as well as in the detoxification
processes of xenobiotics. Cytochrome P,s,-dependent
monooxygenases could convert halogenated hydrocarbons
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into reactive metabolites that can either initiate LPO and/or
bind covalently to macromolecules.?* In previous studies, it
has been suggested that acute liver toxicity of different
chloroethylenes is probably caused by reactive intermedi-
ates that can bind to the liver tissues.?> Trichloroethylene,
one such compound causes destruction of drug-metaboliz-
ing enzymes, including cytochrome P,s, which is co-
valently bound to microsomal and nuclear membrane pro-
teins, and induces changes in membrane fatty acids.?®

The initiation of LPO starts as a free radical chain
reaction producing reactive chemical species such as lipid
hydroperoxides, which can then initiate further LPO.*’
Vitamin E inhibits LPO by terminating free radical chain
reactions.?® If enough vitamin E is present in the membrane,
the chain reaction is rapidly terminated and few chain
branching initiation sites are produced.

It is well known that taurine is conjugated with bile acids
in the liver and is excreted into bile as taurine conjugated
bile acids. The suppressive action of taurine on hepatic lipid
peroxidation that was found in vivo experiments suggests
that taurine may have a direct effect on microsomal mem-
branes and thus may decrease the susceptibility of the
membranes to lipid peroxides.” The present study also
clearly indicated that oral administration of taurine signifi-
cantly suppresses lipid peroxide formation in the liver and
kidney associated with PER administration.

Free radical production in cells is relatively low in
normal conditions, given the various and very active de-
fense systems including enzymic and nonenzymic antioxi-
dant enzymes. The present data indicate that administration
of PER caused a significant inhibition of glutathione per-
oxidase (GPx) in tissues (Tables I and 2). Decrease in GPx
activity in PER-administered mice may also be a conse-
quence of interaction of PER with selenium. PER metabo-
lites (trichloroacetic acid and dichlorovinyl cysteine) with
selenide associated with proteins of specific molecular
weights and make these PER-Se protein complexes inac-
tive, resulting in a decrease in enzyme activity.

Most of the SOD in tissues of cytoplasmic origin and
contains Cu and Zn an essential prosthetic groups.*® The
decrease in SOD after PER administration may be attribut-
able to an interaction between Cu and Zn with high levels of
PER in tissues.

Catalase and GPx seem to have complementary catalytic
activity. Decrease in catalase activity alone, therefore, may
not be of great significance, but its simultaneous decrease
with other antioxidant enzymes (GPx and SOD) might be of
greater significance in cellular damage in organs like liver
and kidney.*'

GSH is endogenously synthesized in the liver>? and is the
first line of defense against prooxidant stress.** The reduced
level may be attributable to two reasons: (1) GSH being
involved in the formation of conjugates with PER-derived
byproducts and (2) GSH acting as an intracellular e donor
for the activity of GPx. The metabolism of PER produce
trichloroacetic acid, which conjugates with GSH either
non-enzymatically or by an reaction catalysed by glutathi-
one-S-transferase.*® The increased lipid peroxidation
caused by PER administration also leads to the formation of
hydroperoxides that are removed by GPx. Both of these
reactions lead to a depletion of GSH levels.

The reduced GSH in tissues keeps up the cellular levels
of the active forms of vitamin C and vitamin E. These
vitamins also exist in interconvertible form and participat-
ing in neutralizing the free radicals. When there is a
reduction in the level of GSH, cellular level of ascorbic acid
level is lowered. This may be the reason for the decreased
vitamin C in PER-intoxicated mice.

The level of sulphydryl groups were decreased in PER-
induced cytotoxic conditions. Protein sulphydryl groups
have also been suggested to contribute significantly to the
antioxidant capacity of plasma although these oxidation
could also be considered as a oxidative damage. The
decrease in liver and kidney-SH group is because of GSH
depletion through oxidation of free radicals.>

Vitamin E and taurine treatment maintains the GSH level
and increases the activity of GPx. Thiriot et al.>® have
shown that vitamin E acts as a free radical scavenger and its
antioxidant function occurs before that of GSH. Taurine and
vitamin E increases the level of SOD and catalase. Similar
results have also been reported by Manjula et al.*’ in
experimental myocardial infarction. Taurine and vitamin E
directly scavenges superoxide radicals and reduces the
cellular damage caused by free radicals.

Conclusion

The results suggest that the biochemical lesions because of
the activation of lipid peroxidation and decrease in the
antioxidant status are significantly implicated in cellular
damage induced by PER. The protective role of vitamin E
and taurine is affected by decreasing the peroxide concen-
tration and by normalizing the antioxidant defense system.
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