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Hepatoprotective Effect of Vitamin-E (a-Tocopherol) on Trichloroethylene and Toluene
Induce Liver Damage in Rats
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Abstract: This study was design to investigate the harmful effect of trichloroethylene and toluene on the hepatic
cell of rats and possible protective effect of vitamin-E (a-tocopherol) on these detrimental effects. This study
aimed to evaluate organic solvents which are persistent and uninterrupted ecological pollutants that are capable
to cause numerous dysfunctions in target tissues of exposed animal as well as humans. This study suggests that
trichloroethylene (TCE) and toluene when administered in rats changes their metabolic disposition. Therefore,
investigation work performed as to (a) Compare the rate of lipid peroxidation in hepatic tissues, (b). To study the
concomitant effect on reduced glutathione in liver of rats subjected to TCE and toluene with vitamin-E (VE) to
protect the damage of liver cells.
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Introduction

Organic solvent are environmental toxicant and chlorinated hydrocarbon and not found in
impacting negative health effects and over all natural habitat even though it could be
well being of exposed individual. Recently detectable in underground and surface water
industrial activities have been rapidly increased (Gilbert  etal, 2017) generally human
which leads to prolong direct or indirect population exposed through transdermal
exposure of various organic solvents in absorption, inhalation and ingestion.

humans, which may be exposed during Toluene is a highly toxic and lethal compound
manufacture, handling and transport etc. to mammals (Pelletti etal 2018). Toluene is a
Trichloroethylene is an occupational and good solvent for some types of paint thinner,
environment contaminant, which produces and permanent markers, contact cement and certain
applies on huge scale and after use discarded types of glue; toluene is sometimes used as a
inappropriately (Hurzmann, et al 2020). The recreational inhalant (McKeown NJ, 2015), and
primary sources of trichloroethylene release has the potential of causing severe neurological
into the environment are metal cleaning and harm. Organs like liver and kidney being
decreasing operations, (Wu and Schaum 2000). extremely sensitive to the toxic affects of
These type of organic solvents are well known xenobiotics agents viz toluene and other
carcinogens and associated with several toxic harmful chemicals, due to the presence of high
effect including immunotoxicity, hepatic- detoxifying, degrading and bio activation
toxicity, neurotoxicity and even nephrotoxicity, enzymes of these organ to metabolize
(Huang2021). Neurodegenerative changes due xenobiotics compounds (Nigam, etal 2021).
to organic solvent also reported by (DeMiranda Cytochrome P450 enzymes primarily present in
and Green mayor 2020). Trichloroethylene is a hepatic cell which is responsible for the
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metabolism of the xenobiotics in the organ
(Wu, et al 2021).

The liver plays a key role in transforming and
clearing chemicals and is susceptible to the
toxicity from these agents. When these
chemical or agents enter in the body and causes
dysfunction in hepatic cells is known as
hepatotoxic. The liver is the chief target organ
for the xenobiotic compounds like toluene and
trichloroethylene toxicity. Hepatic cells when
exposed to various stimuli, such as the
extensive destruction of hepatic tissue by
toxins, viruses, or even surgical removal,
exhibit a very good regeneration response. The
liver's coordinated and controlled reaction to
tissue damage brought on by toxic or chemical
agents causes oxidative stress in the liver and it
leads to the regeneration of the liver tissues
(Rabelo etal, 2006). Vitamin-E is fat soluble
vitamin recognised as essential nutrient for all
living species of animals and human and it
plays a magnificent role as most powerful

Table 1: Experimental Protocol

@ £

antioxidant of lipid membrane. Antioxidant
may prevent or delay some type of cell
damage. When human body exposed by several
pollutants, free radicals (FR) are formed. These
free radicals are highly reactive and unstable
compound they can damage DNA and cause in
health effect and even mutation. Antioxidant
can neutralize these unstable molecules and
reduce the chance of cell damage by them.

Materials and methods:

Animal: 4-month-old male Wistar rats were
selected for this investigation. They were
acclimatized individually for 10 days, in
polypropylene cages under standard laboratory
condition (R.T.25+ 50C, R.H.50+10%) and
fed on the diet following the guideline of NIH
(USA).

Experimental protocol: Rats were divided
into 5 groups. Each group contained sufficient
no. of rats, so as to get statistically valid
results. (Table 1).

Group Treatment No. Of Rats Dose Vehicle Treatment
Employed  Administered/ /Route Duration
(Male) 100gm Body
Weight
A TCE 05 0.5ml OliveOil  Each Alternate
Tntra Day for 30 days
peritoneal
B TCE+ 05 0.5ml -do- -do-
Vitamin-E
C Toluene 05 0.5ml -do- -do-
D Toluene + 05 0.5ml -do- -do-
Vitamin-E
E Control: 05 0.5ml -do- -do-
Olive Oil

Analysis:

After the treatments all the experimental rats
were starved overnight and sacrifice next
morning by the decapitation. Pieces of liver
were quickly removed and process for the
Malondialdehyde estimation by Thiobarbituric
acid (Wako Japan method), 1.1.3. -
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Tetramethoxypropane (Japan Wako) was used
as standard. Reduced glutathione (GSH) was
using 5, 5 dithiobis-2 nitrobenzoic acid (Sigma
USA). Protein was estimated by Lowry method
(Lowry etal, 1951). Inter group comparison
were made using student t- test.
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Results and Discussion

Table 2: Protective effect of Vitamin-E on Lipid Peroxidation in Rats’ Liver Treated with TCE &

Toluene
Group Treatment MDA in Liver
(n-mole/ mg protein)
A TCE 0.181+0.032b
B TCE + Vitamin-E 0.175+0.0422
C Toluene 0.248 + 0.050
D Toluene + Vitamin-E 0.199 + 0.031
E Control: Olive QOil 0.146 + 0.002

Values are mean + SE of 05 observations in each group of rats P value a<0.01: b<0.02
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Fig 1: MDA in Rats’ Liver
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Table 3: Protective Effect of Vitamin-E on Glutathione in Rats’ Liver Treated with TCE & Toluene

Group Treatment Liver GSH
(M9/g)
A TCE 1400 + 4.68
B TCE + Vitamin-E 1498 + 10.262
C Toluene 1315 + 8.08%
D Toluene + Vitamin-E 1396 + 3.68
E Control: Olive Oil 1510 + 4.69

Values are mean + SE of 05 observations in each group of rats P value a<0.001
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Fig 2: Glutathione in Rats’ Liver
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Per-oxidation of the membranous lipid was
higher in the liver of toluene treated and

followed by trichloroethylene treatment
however, formation of Malondialdehyde
decrease with comparison of vitamin-E

simultaneously treated rates. Malondialdehyde
(MDA) is most determinant biomarker for
detection of lipid peroxidation or pathogenesis
of tissue by any toxic substances if value of
MDA increase it indicates injury in cell
membrane or variety of chronic disease both
animals and humans (Table 2).

Increase in lipid peroxidation corresponded
with glutathione depletion. Hepatic injury by
trichloroethylene and toluene has been a
controversial issue. (Rana and Sunil 1994).
According to previous research, the primary
cause of the cell damage caused by aromatic
organic compounds is because of the covalent
binding of their reactive metabolites to
macromolecules. Oxygen species so produced
create oxidative stress and which ultimately
results in lipid peroxidation. GSH
(Glutathione) is important antioxidant and
protects cells against oxidative injuries by
reducing H>O; and scavenging reactive oxygen
and nitrogen radicals. As our results shows
that values of GSH decrease, in rats treated

with trichloroethylene and toluene alone when
TCE and toluene injected with vitamin E value
level of GSH increases Table( 3). GSH is
essential for normal function and survival of
cells, as one of the principal reducing
molecule in the hepatic cells. Redox state of
sulfhydryl group of cellular protein is
regulated by GSH by virtue of its major
antioxidant property. It fights with exogenous
oxidative stress and captures endogenous
species. When we give Vitamin-E to rats, there
is changed in liquid peroxidation and GSH
observations. It shows that vitamin E has the
ability to reverse or prevents chemical induced
hepatotoxicity as also reported earlier (Khalifa
et al, 2009).

Disordering of GSH, liver homeostasis not
only causes ROS production that oxidise
protein, lipids and DNA, but also effect
several signalling pathways and thus affects
intermediary metabolism, proliferation and
survival. As a result liver dysfunction and
various pathologies of liver may occur.
Vitamin-E, inhibits ~ membranous  lipid
peroxidation, but enhances GSH values by
means of two mechanisms, on one side it
eliminates the free radicals that produces
during lipid peroxidation and inhibit the
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oxidation chain reaction and on other side it
acts as a singlet oxygen chelator. Vitamin-E
ruptures the oxidation chain that prevents the
propagation of free radical in reactions. This
protect cell from oxidative stress. Particularly
vitamin-E is an important cell protector against
lipid peroxidation during which free radicals
attack the unsaturated fatty acids, which result
structural damage to the membrane and form
secondary cytotoxic products such as MDA
among others (Jervis and Robaries 2004).

Conclusion

Our finding reflects the hepatotoxicity of these
two organic solvents which may be attributed
to increase the generation of free radicals and
disturbance of antioxidant enzymes. This
finding indicates that addition of vitamin-E
was efficacious in decreasing of lipids
peroxidation by lessening the oxidative stress
and elevating glutathione level.

This shows that vitamin-E behaves as a free
radical scavenger and can give an effective
protection to both animals and humans by
reducing damage due to oxidative stress and
hepatotoxicity in industrial workers. Thus, we
recommend more experimental and clinical
studies to confirm the efficacy of Vitamin-E in
treating xenobiotic-induced toxicity due to
oxidative stress damages.
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