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Abstract : The present study was designed to evaluate the protective role of α-tocopherol
(vit.E) against the toxic effects of chlorinated insecticide endosulfan. Forty male albino mice
were used as mammalian model in this study. Animals were divided into 4 groups (ten animals
each) on the basis of Vitamin-E treatment and endosulfan exposure, Vitamin treatment was started
15 days prior to 1st exposure to endosulfan. Animals were exposed to endosulfan @ 5mg/kg
bidy weight by intramuscular route and vitamin-E @---mg/kg body weight, was administered
by forced drinking. Animals were sacrificed after 15 and 30 days of first exposure to endosulfan
and the role of Vitamin-E in reducing Endosulfan induced toxicity was evaluated by using liver
tissue biochemistry. Comparisons were made with respective control groups (table 1 & 2)

A significant inhibition was found in (1) Alkaline phosphatase in both vitamin non-treated
and vitamin treated exposed groups at 30 days, (2) protein, and body weight in only vitamin
non-treated exposed groups after 15 and 30 days. In contrast a significant elevation was observed
in (1) GOT and RNA at 15 and 30 days and (2) LDH at 30 days in both vitamin non-treated and
vitamin treated exposed groups. The comparison was also made between vitamin treated and
non treated exposed groups(table 3 and 4), it showed a pronounced elevation in, LDH (15 & 30
days), RNA (15 days) , DNA & GOT (30 days) in vitamin non treated exposed group. It can be
concluded from present study that Endosulfan alters various biochemical parameters (AP, GOT,
LDH, RNA and protein) and α-tocopherol may play a protective role in reducing toxicity of
endosulfan.
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Introduction
Pest control chemicals are poisons and

they may present immediate danger to user
if used improperly. Some of these are highly
toxic and may cause serious metabolic
disorders and even death if inhaled or
ingested through oral route (Frank and
Brawn, 1984; Zhou and Hu, 1984).
Important among these are organochlorines,
which have been used widely during previous

years (Lodha and Saxena, 1991). Extensive
use and limited biodegradation are the two
major factors involved in their worldwide
contamination and biomagnifications
(Hargrave et al., 1992; Fossi et al., 1995;
Nichols et al., 1995).

Endosulfan is one of the organochlorine
(OC) compounds used extensively for the
control of agricultural pests. Its metabolites
have strong tendencies to get accumulated in

* Corresponding author :  Najma Arshad, Department of Zoology, University of the Punjab, Lahore,
Pakistan. Phone : +92-42-923-12-46, E-mail : najmaarshad@yahoo.com



240

different organs and tissues of the body e.g.,
adipose tissue, liver and food items (Winter
and Street, 1992; Thao et al., 1993). They
induce metabolic changes in liver, which are
indicators of toxicity. A positive correlation
between changes in liver structure and
biochemical constituents of the liver and
serum has been shown in a number of studies
on different mammals exposed to various
pesticides (Boulechbache and Spries, 1974;
Gertig and Nowakzyk, 1975; Ali and
Shakoori, 1990, 1996 and 1999). However,
a considerable variation in nature, magnitude
and direction of changes in response to
pesticide exposure are evident from these
studies.

Several underlying mechanisms have
been invoked in past to explain the nature,
of changes in liver under given conditions of
pesticidal exposure and dosage (Kimbrough
et al., 1971; Meany and Pocker, 1979). The
suggested mechanisms include elevated
biosynthetic activity associated with parallel
regeneration of liver tissue, concomitant
curtailment of leakage of enzymes from it and
elevated synthesis of liver enzymes. This
leakage of enzymes is obviously due to
impaired functions of plasma membrane and
it has been reported that administration of
lindane significantly decreases the brush
border sialic acid content of the membrane,
which alters membrane permeability (Labana
et al., 1997). It is believed that the loss of
plasma membrane permeability is due to the
production of reactive oxygen species (ROS)
during the process of detoxification of
pesticides. ROS provoke unwanted
reactions in cell and lead to membrane
damage, alterations in metabolic activity,
necrosis and cell death. The altered
concentration of antioxidants along with
elevated activity of antioxidant enzymes has

been reported in sprayer population
(Parakasam et al., 2001) indicating their role
in detoxification of pesticides.

Keeping in view the deleterious effects of
organochlorines and protective role of vit. E in
various conditions, the present study was
planed to evaluate the protective role of
Vitamin-E against the potential damages and
abnormalities produced by insecticide exposure
Materials and Methods

In order to evaluate any effect of α-
tocopherol (vitamin-E) on liver biochemistry
of Endosulfan intoxicated animals. Forty mice
were divided into 4 groups (I-IV), ten
animals in each group, Group I was not
exposed to any treatment, Group II was
exposed to Vitamin-E, group III was
exposed to endosulfan and Group IV was
given Vitamin E as well as endosulfan. Vitamin
treatment was started 15 days prior to 1st

exposure to endosulfan. A rough estimate of
LC-50 (through intramuscular route) was
made prior to actual experimentation and a
sub-lethal dose was selected for exposure to
insecticide. Animals were exposed to
endosulfan intramuscularly @ 5 mg/kg b.w./
week (one injection/ wk) and vitamin-E was
administered by force drinking @ 80 mg/kg
b.w./day (group was administered a daily
dose of Vitamin E that would have equaled
800 units in human subjects). Animals were
sacrificed after 15 and 30 days of first
exposure to endosulfan i.e. after 2 and 4
times exposure to endosulfan respectively.
Liver was dissected out. The effects of
Vitamin-E on liver tissue biochemistry were
evaluated by using various parameters.
Comparisons were made between groups (i)
1vs III, (b) II vs IV, (c) IV vs III and (d) I
vs II using Student's "t" test (Steel and Torrie,
1982).

Body weight and various parameters of
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liver biochemistry were selected as indicators
of toxicity. Saline extract was prepared by
homogenizing a weighed piece of liver in
measured quantity of 0.89% (ice cold) saline
in a glass homogenizer. The homogenate was
centrifuged at 4000 rpm for 15 minutes, to
obtain clear supernatant. It was used for
different enzymes and soluble protein
estimations. Another portion of liver was
weighed and processed for the extraction and
estimation of nucleic acids (DNA and RNA)
following Shakoori and Ahmad (1973).

Aqueous liver extract was used for the
estimation of (i) Alkaline phosphatase (Ap),
and Acid phosphatase (AcP) activity
according to Kind and King (1954), (ii)
Glutamate Oxaloacetate transaminase
(GOT) and Glutamate pyruvate transaminase

(GPT) activity according to Reitman and
Frankle (1957), (iii) Lactate dehydrogenase
(LDH) activity according to Weisshaar,
(1975) and soluble proteins were estimated
using Biuret method (Henry et al., 1974).

Results and Discussion
Antioxidants are now being tried to

ascertain that (1) pesticides behave as
peroxidants and (2) To minimize losses due
to ROS released during the process of
detoxification at sublethal continuous
exposure to various toxicants (Reuber, 1981;
Zhang et al., 2001; Aldana et al., 2001).
Present study has been designed to evaluate
the role of antioxidant in reducing the toxicity
of endosulfan. Tables 1-2 are showing
effects of α-tocopherol on various
parameters in endosulfan intoxicated mice.

Effects of α-Tocopherol on Liver Biochemistry of Endosulfan Intoxicated Mice : A Preliminary Study

I II III IV
15 28.52±0.35a 26.25±0.95 22.87±0.15**b 28.52±1.23
30 27.60±0.33 27.00±0.40 23.00±1.23* 25.50±0.50
15 0.61±0.003 0. 58±0.008 0.48±0.001 0.32±0.006
30 0.64±0.008 0.65±0.001 0.259±0.005* 0.255±0.001*
15 2.29±0.05x 3.85±0.53 2.27±0.06 3.55±0.38
30 4.43±0.13 4.34±0.31 4.61±0.16 3.218±0.25
15 38.52±4.21 37.85±3.21 52.62±2.59*** 50.20±3.8**
30 36.67±1.57 34.65±3.15 55.5±1.5***a 49.9±2.5**
15 40.23±2.57 37.15±5.21 38.53±4.75 33.25±4.28
30 39.8±1.90 41.1±4.5 36.52±4.72 35.84±6.66
15 132.18±3.74 145.0±8.32 199.82±29.51*a 164.1±39.4
30 160.0±17.31 150.0±10.50 211.0±5.37**a 192.0±12.3**

LDH
(IU/g)

AP
(KAU/g)

AcP
(KAU/g)

GOT
(IU/g)

GPT 
(IU/g)

Parameters Duration of 
treatment 

GROUPS (n = 5)

Body 
Weight (g)

Table 1 : Effects of ααααα-tocopherol on body weight and Hepatic Enzymes in Endosulfan
Intoxicated Mice.

a Mean ± SEM
Estarics on group III show significant differences from group I and on group IV show significant
differences from group II * P>0.05; ** P>0.01; *** P>0.001
Alphabets a and b on group III show significant differences from group IV., a=p>0.05, b=p>0.01
Alphabets x on group I show significant differences from group II., x=p>0.05
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Body weight is an indicator of protein
and fat metabolism. Various authors have
shown a negative correlation in body weight
and dose of toxicants i.e., decrease in body
weight gain with increase in dose and time
of insecticide treatment (Laborda and
Delaperia, 1983; Ali and Shakoori, 1996,
1999). In present study, a significant
reduction in body weight 19.8% and 16.6%,
after 15 and 30 days respectively, was
recorded in vitamin non-treated exposed
group (group III) when compared with
group I and 19.8% after 15 days when
compared with group IV. The reduction in
body weight may be due to high rate of
protein breakdown, which might be needed
to fulfill energy requirement during
detoxification. At the same time, no variations
could be recorded in any of vitamin treated
exposed group (comparison in II vs IV). It
might be due to some protective role of
vitamin E. Cabral et al. (1982) did not
report any adverse effect of Dichloro-
diphenyl-trichloroethane on body weight up
to 500 ppm dose. Alkaline Phosphatase
(Ap) is widely distributed in the body. The

activity of alkaline phosphatase altered in
present experiments. It reduced both in
vitamin treated and non-treated intoxicated
groups after 30 days of endosulfan treatment.
The magnitude of deviation was 60.3% in
group IV when compared with group II and
59.5% in group III with respect to group I
vitamin non-treated group after 30 days of
exposure to toxicant. This depletion might be
due to low level of synthesis of the enzyme
or change in permeability of hepatocyte
membrane leading to its leakage from the cell.
Similar depletion in alkaline phosphatase was
also reported by Chitra et al. (1999) in testis
of endosulfan treated rats, who considered
it due to decreased metabolic activities. Acid
Phosphatase (AcP) is an enzyme of
lysosomal origin, but is also found in the
endoplasmic reticulum and possibly in the
hyaloplasm. AcP is used to estimate
interference with catabolic and autophagic
processes in the liver. No significant
alterations could be recorded in AcP level in
any experimental group except slight
depletion in group I when compared with
group II, but it seems to be some
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Table 2 : Effects of Vit, E on Tissue Protein and Nucleic Acids in Endosulfan
Intoxicated Mice

I II III IV
(n = 3) (n = 3) (n = 3) (n = 3)

Protein 15 days 2.67±0.04 3.12±0.04 1.47±0.02**b 2.85±0.08

(x102 mg/g) 30 days 2.40±0.04 3.10±0.05 1.30±0.01**c 2.70±0.01

RNA 15 days 2.75±0.02 2.35±0.08 3.78±0.03**b 2.42±0.05

(mg/g) 30 days 2.52±0.08 2.45±0.03 3.60±0.08*a 2.05±0.05
DNA 15 days 0.32±0.001 0.38±0.004 0.48±0.005 0.31±0.002

(mg/g) 30 days 0.31±0.008 0.34±0.006 0.56±0.004 0.31±0.003

GROUPS→
PARAMETERS↓

a Mean  SEM
Estarics on group III show significant differences from group I * P>0.05; ** P>0.01; *** P>0.001
Alphabets a - c on group III show significant differences from group IV., a = p>0.05, b=p>0.01,
c=p0.001
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experimental error or vitamin-E treratment
might has helped in stabilizing the
concentrations of various enzymes.

GOT is one of the enzymes, which gives
valuable diagnostic information for a number
of disease conditions. In present study a
significant elevation in GOT was recorded in
vitamin non-treated exposed groups
(comparison between group I vs III). The
magnitude of variation was 36.7% and
51.3% after 15 and 30 days respectively.
The vitamin treated group also showed
significant elevation in GOT level in
endosulfan exposed groups (comparison
between group II vs IV). The variations were
32.1 and 44.1% after 15 and 30 days
respectively. The raised level may be (1) due
to enzyme induction as a result of endosulfan
stress or (2) endosulfan may has adversely
affected oxidation by Kreb's cycle. Vitamin
E succinate is known to protect hepatocytes
against toxic effects of reactive oxygen
species at mitochondrial complexes I and III
(Zhang et al., 2001). As elevated levels of
GOT have also been observed in vitamin
treated groups thus our findings are not in
agreement with above-mentioned authors.
Glutamate Pyruvate Transaminase (GPT)
plays an important role in transporting amino
group to liver in a non-toxic form via a
pathway called Glucose alanine cycle. In
various tissues of body that degrade amino
acids for fuel, amino groups are collected in
the form of glutamate by transamination. In
present study, GPT has remained unaltered
in all groups. There are evidences that GOT
alters frequently as compared to GPT in
various types of stress conditions (Nelson
and Cox, 2001). Ali and Shakoori, (1996)
have also reported similar results.

Lactate dehydrogenase catalyses the
reversible oxidation of L. lactate to pyruvate.

It is also capable of oxidizing a number of
α-hydroxy acids. The enzyme has been
found to be very sensitive to exposure to
endosulfan. Just like GOT, its level has also
been found significantly elevated in both
vitamin treated and non-treated, exposed
groups (comparisons Groups I vs III, II vs
IV and IV vs III) but elevated level in Vit.
treated group (IV) was observed only after
30 days of exposure to endosulfan, where
as in vitamin non-treated exposed group (III),
the higher level of LDH was found high
throughout the experimentation. The higher
levels of LDH may be due to elevated rate
of enzyme synthesis it is probably reflecting
enhanced rate of gluconeogeneses. Similar
results have been reported in various studies
on pesticide exposure (Story and Freedland,
1979). It is interesting to note that in vitamin
treated group, the rise in LDH level was
delayed. It is pointing towards some
protective role of vitamin E (Zhang et al.,
2001).

Proteins are good indicators of
metabolic activity of cell. Hepatocyte fluids
contain both stimulatory and inhibitory
factors that selectively alter the protein
synthesis and secretions. A significant
depletion (44.9% and 45.8%) in soluble
protein was recorded in vitamin non-treated
exposed groups (at 15 and 30 days)
respectively, (comparison I vs III) a similar
depletion in protein concentration was also
observed while comparing group IV with
group III but no such variation could be
observed in vitamin treated exposed group
(II vs IV). The depletion may either be due
to low level of anabolic activity of cell or
higher levels of degradative activities. The
higher level of catabolic activity is also
evident by raised levels of GOT which is
involved in breakdown of proteins to amino

Effects of α-Tocopherol on Liver Biochemistry of Endosulfan Intoxicated Mice : A Preliminary Study
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acids and routing of these amino acids to
Kreb cycle for meeting higher energy
requirements under endosulfan insult (Barros
and Soliba, 1978; Zhou et al., 1985). The
depletion in soluble protein contents has been
reported by various authors under insecticidal
stress (Murty et al., 1986; Chitra et al.,
1999).

Concentration of RNA in cell reflects the
rate of transcription in the cell. Liver showed
higher levels of RNA only in vitamin non-
treated exposed group (I vs III, and IV vs
III) whereas no such variation could be
recorded in rest of the experimental groups.
But at the same time, total soluble proteins
were found depleted in the same group. It
might be indicating that endosulfan has the
potential to arrest protein synthesis at
translation stage. At the same time no
alteration in RNA level was observed in
vitamin treated exposed group ( II vs IV),
which might be due to vitamin
supplementations.

Deoxyribonucleic acid (DNA) is
confined to the nucleus. Its variation in tissue
is of clinical importance. In present study an
increasing pattern of DNA in vitamin non-
treated exposed group was observed in all
experiments but the variation was not
statistically significant. It might be due to slight
hypertrophy of tissue under insecticidal
stress. Depletion in total DNA contents in
testis has been reported by Chitra (1999),
whereas Ali and Shakoori (1996) have
reported a raised level of DNA in liver of rats
treated with chlorinated insecticide. No
variation in vitamin treated exposed group
might be reflecting a protective role of α-
tocopherol.

Following conclusion could be drawn
from present study :

1. Some parameters (AP, GOT, LDH,
RNA and protein).are more sensitive to
toxicity as compared to others (AcP, GPT,
DNA and body weight).

2. α-tocopherol may play a protective
role in reducing toxicity of endosulfan. The
supplementation of other antioxidant along
with vitamin E may give better results.. Chen
et al. (2001) have reported that vitamin E
along with ascorbic acid modulate activity of
NADPH oxidase and superoxide dismutase.
NAD is an important electron acceptor of
Kreb's cycle.
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