African Journal of Pharmacy and Pharmacology Vol. 6(11), pp. 806-813, 22 March, 2012

Available online at http://www.academicjournals.org/AJPP
DOI: 10.5897/AJPP11.628
ISSN 1996-0816 ©2012 Academic Journals

Full Length Research Paper

Potential hepatoprotective effects of vitamin E and
selenium on hepatotoxicity induced by
malathion in rats

Gaber El-Desoky’?*, Mohammed Abdelreheem®* Abdulaziz AL-Othman®, Zeid ALOthman?,
Mohamed Mahmoud®’ and Kareem Yusuf!

'Department of Chemistry, College of Science, King Saud University, Riyadh, Saudi Arabia.
“Department of Biochemistry, College of Agriculture, Cairo University, Cairo, Egypt.
®Department of Biochemistry, College of Agriculture, Ain Shams University, Cairo, Egypt.
*Research Center, College of Science, King Saud University, Riyadh, Saudi Arabia.
°Department of Community Health Sciences, College of Applied Medical Science, King Saud
University, Riyadh, Saudi Arabia.
®Department of Human Nutrition, National Research Center, Dokki, Cairo, Egypt.
"Deanship of Scientific Research, King Saud University, Riyadh, Saudi Arabia.

Accepted 7 March, 2012

The aim of this present study was to analyze the hepatotoxic effect of malathion in adult male rats and
evaluate the possible hepatoprotective effect of vitamin E and/or selenium. Oral administration of
malathion for 45 days significantly induced marked hepatic injury as revealed by increased activity of
the plasma enzymes (alanine aminotransferase (ALT), aspartate aminotransferase (AST), lactate
dehydrogenase (LDH) and gamma-glutamyl transferase GGT). Oral administration of vitamin E and
selenium in combination with malathion exhibited a significant protective effect by lowering the
elevated plasma levels of the previous enzymes. Light microscopic investigation revealed that
malathion exposure was associated with necrosis of hepatocytes, marked changes of liver tissues in
the form of dilated veins, hemorrhagic spots and some degenerative signs of hepatocytes. Co-
administration of vitamin E and selenium with malathion to rats showed mild histopathological
changes. Thus, it appears that vitamin E and/or selenium ameliorate malathion hepatotoxicity but are
not completely protective.
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INTRODUCTION

Widespread use of pesticides in public health and
agricultural programs has resulted in the pollution of
water, air and food that has lead to severe acute and
chronic cases of human poisoning (Moghadamnia and
Abdollahi, 2002). The World Health Organization (WHO,
1997) estimating that the incidence of pesticide poisoning
in developing countries has doubled in between 1987 and
1997, and one million serious accidental and two million
suicidal poisonings with insecticides occur, worldwide,
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from which, approximately 220,000 die (WHO, 1997).
International or accidental acute organophosphates
pesticides (OP) poisoning is unfortunately very common
and many fatal cases are reported. However, the use of
OP has increased considerably due to their low potency
(Moghadamnia and Abdollahi, 2002; Jalali et al., 2003).
OP compounds are primarily recognized for their ability to
induce toxicity in mammals through the inhibition of acetyl
cholinesterase (AChE) in target tissues (Rezg et al.,
2008a; Rezg et al., 2008b) and have been found to affect
the mammalian reproductive system (Bustos-Obregon
and Gonzales-Hormazabal, 2003).

Other organs that could be affected by OPs intoxication
include liver, pancreas and kidney (Possamai et al., 2006;



Pournourmohammadi et al., 2007; Kalender et al., 2010).
As studied in hen, mouse, rat, cow and men, Malathion is
highly lipid soluble and it stored in liver and other
lipophilic tissues (Garcia-Repetto et al.,, 1995).
Additionally, malathion was found to have a rapid but
asymmetrical transmembrane uptake by the liver.
Therefore, the liver which is the most important organ in
glucose and lipid homeostasis and production of related
enzymes can be a target for Malathion toxicity (Yang et
al., 2000). The toxicity of OP agents may be due to, at
least in part, the formation of reactive oxygen species
(ROS), lipid peroxidation (LPO), which is generally
assessed by an increase in the levels of thiobarbituric
acid reactive substances (TBARS) (Verma and
Srivastava, 2001; Hazarika et al., 2003; Cemek et al.,
2010; Kalender et al., 2010; Olorunnisola et al., 2011). In
addition, Malathion is a lipophilic substance; it may
enhance LPO by directly interacting with the cellular
plasma membrane (Hazarika et al., 2003; Yan-Bin et al.,
2011) so it may damage the membranes by inducing
LPO. It is evident that LPO is accompanied by an
alteration (inhibition or activation) in the antioxidant
defense system in different organs following acute,
subchronic and chronic exposure to OP compound
(Hazarika et al., 2003; Fortunato et al., 2006; Jingtao et
al., 2011). Vitamin E (o-tocopherol) is the major lipid-
soluble antioxidant and is known to protect cellular
membranes and lipoproteins from peroxidation (Yavuz et
al., 2004). Moreover, several studies have shown that a-
tocopherol inhibits free radical formation (Kalender et al.,
2004) and may effectively minimize lipid peroxidation in
biological system (Traber and Atkinson, 2007).

Also, selenium is known to be antioxidant. It is a
constituent of cytosolic enzyme glutathion peroxidase
and facilitates the action of vitamin E in reducing peroxy
radicals (Kaneko, 1989). In chicken, absorption of vitamin
E is impaired by severe selenium deficiency and
selenium alleviates vitamin E deficiencies by permitting
higher level of vitamin E to be absorbed (Machlin, 1991).

The current study was undertaken to evaluate the
hepatoprotective potential of vitamin E and selenium
against malathion-induced hepatotoxicity.

MATERIALS AND METHODS
Chemicals

A commercial formulation of malathion (agrothion 57% EC) was
purchased from local market of Saudi Arabia and was used in this
study. All chemicals were of analytical reagent grade and chemicals
required for all biochemical assays were obtained from Sigma-
Aldrich Chemicals Company (St. Louis, Mo, USA) and Merck
(Darmstadt, Germany). Kits were obtained from Human GmbH,
Germany.

Animals

Male Wister albino rats, weighting 200 to 250 g were obtained from
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animal house, College of Medicine, King Saud University. The
animals were housed throughout the experiment in polypropylene
cages (with each cage housing ten animals) and allowed to
acclimatize to the laboratory environment for 10 days. Animals were
maintained under controlled conditions of temperature at 25+2°C,
relative humidity of 50+15% and normal photoperiod (12-12 h light-
dark cycle). The animals were allowed free access to standard dry
pellet diet and water ad libitum. The experiments reported here
complied with current laws and regulations of Saudi Arabia on the
care and handling of experimental animals and the animal ethical
committee of King Saud University, College of Medicine, Saudi
Arabia.

Experimental design

Fifty adult male Wister albino rats were divided into 5 groups (n =
10). Group | (Normal Control): Corn oil (0.5 ml/animal). Group II:
Malathion (27 mg/kg b.wt.). Group IIl: Malathion (27 mg/kg b.wt.) +
Vitamin E (100 mg/kg b.wt.) + Selenium (0.1 mg/kg b.wt.). Group
IV: Malathion (27 mg/kg b.wt.) + Vitamin E (100 mg/kg b.wt.). Group
V: Malathion (27 mg/kg b.wt.) + Selenium (0.1 mg/kg b.wt.). All
medications were given orally by gastric intubation in the morning
(between 09:00 AM and 10:00 AM) to non fasting animals for 45
days.

Blood sampling

On the 45th day blood samples were collected from all rats (under
ether anesthesia) into heparinized tubes by puncturing their retro-
orbital venous plexus with fine sterilized glass capillary tubes. Blood
samples were left for 20 min at room temperature, then centrifuged
at 3000 rpm for 10 min using Hereaeus Labofuge 400R, Kendro
Laboratory Products GmbH, Germany, to separate the plasma. The
obtained plasma samples were kept in a deep freezer (-20°C) until
analyzed within 1 week for the biochemical estimations.

Biochemical analysis

The plasma activity of marker enzymes such as AST and ALT was
assayed following the method of Reitman and Frankel (1957), while
the activities of alkaline phosphatase enzyme (ALP) was estimated
by the method of Douglas et al. (1979). The activities of LDH and
GGT were estimated in plasma according to Tietz (1995) and Szasz
(1969), respectively.

Effect on body weight gain and relative organ weight

Body weight of all rats was recorded at the beginning and the end
of the experiment. After blood collection, the rats were sacrificed by
cervical dislocation; their livers were separated and weighted
individually. Then, the relative liver weight was calculated.

Histopathological examination

Liver samples were dissected and fixed in 10% neutral formalin,
dehydrated in ascending grades of alcohol and imbedded in
paraffin wax. Paraffin sections (5 pum thick) were stained with
haematoxylin and eosin (H&E) as a routine stain. Tissue slides
were examined under light microscope and scored according to
Kerem et al. (2007) as follows: 0 = normal appearance, 1 = mild
cellular disruption in less than 25% of field area, 2 = moderate
cellular disruption of 25 to <50% of field area and 3 = extensive cell
disruption in greater than 50% of field area.
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Table 1. Effect of a-tocopherol and selenium on AST, ALT, ALP, GGT and LDH activities in plasma of malathion-treated
rats.

Treatment AST (U/L) ALT (U/L) ALP (U/L) GGT (U/L) LDH (U/L)
Group | 31.27+1.8 42.03+2.2 101.76+15.6 10.15+1.5 153.83+18.0
Group I 41.92+1.4% 52.98+0.9** 58.89+7.0% 15.43+0.9* 214.36+6.5*
Group IIl 32.38+1.6 41.89+1.3 102.79+19.1 11.20+0.7 155.63+14.9
Group IV 33.11+1.6 42.5445.2 100.99+15.5 11.56+1.6 164.32+27.8
Group V 36.39+5.2 46.5+4.4 80.79+15.9 12.73+2.2 185.47+27.2

Values are expressed as Mean+S.D. **P < 0.01 relative to group I, group | — Control, Group Il — Malathion Group Il - Malathion+
Vit.E+ Selenium, Group IV - Malathion+ Vit.E, group V - Malathion+ Selenium.

Table 2. Body and relative organs weights of experimental rats.

Treatment Group | Group Il Group Il Group IV Group V
Initial body weight (g) 243.2+1.9 245.2+2 .8** 245.0£2.5 245.2+3.1 244.8+3.4
Final body weight (g) 274.0£12.2 208.0+18.3** 283.6+£21.0 249.0+16.8 231.2+8.3
Body weight gain (in 45 day) 30.8+10.3 -37.2+15.5%* 38.6+18.5 3.8+0.8 -13.6+4.9
Liver weight (g) 4.3+0.2 2.7+0.1** 3.9+0.1 4.1+0.2 3.2+0.1
Liver-to-body weight ratio 0.016+0.002 0.013+0.002" 0.016+0.001 0.15+0.002 0.014+0.001

Values are expressed as mean + S.D. **P < 0.01 relative to Group |. Group | — Control. Group Il — malathion Group Ill - malathion+ Vitamin
E+ Selenium. Group IV - malathion+ Vitamin E. Group V - malathion+ Selenium.

Statistical analysis

The data were analyzed by using PASW (SPSS version 18.0) for
Windows and expressed as means+SD. Paired samples t-test was
used to compare between the data of the control and those of
treatments significance levels were considered for p<0.01.

RESULTS
Body weight and relative liver weights

No mortality occurred during the experimental period.
Data of final body weights and relative liver weights of
male rats subjected to different treatments are shown in
(Table 1) it was observed that malathion-treated rats
achieved significant decreases (P<0.01) in body weights
and relative liver weights compared to control and other
treatments. Co-treatment of malathion exposed rats with
vitamin E + selenium combination or vitamin E or
selenium alone showed body weights and relative liver
weights of no significant differences than those of control
group (Table 2).

Liver dysfunction

In order to determine whether the malathion dosing (27
mg/kg b.w/day) produced toxicity to animals, our results
(Table 1 and Figure 1) showed that AST, ALT, LDH and
GGT activities in plasma of malathion induced rats were

significantly (P<0.01) increased by 34.06, 26.05, 39.34
and 52.02%, respectively, whereas malathion dosing
produced significant (P<0.01) reduction in ALP activity by
42.13% relative to the control. This evidence suggests
that this malathion dose is able to induce some degree of
liver toxicity. Long-term vitamin E and selenium
combination treatment to Malathion induced rats
significantly (P<0.01) reduced the activities of AST, ALT,
LDH and GGT enzymes but significantly (P<0.01)
increased the activity of ALP compared with those of
Malathion treated rats. Also these enzymes activities
were arrange near the control values, on the other hand,
long term treatment with selenium alone to malathion
induced rats (group V), was not able to reverse
malathion-induced increase in plasma AST, ALT, LDH
and GGT activities or decreases in ALP activity.
Moreover, selenium produced a slight reduction in AST,
ALT, LDH and GGT activities and a slight elevation in
ALP activity in malathion induced rats, but it were
marginally significant compared to those of control (P=
0.07, 0.08, 0.06, 0.06 and 0.06, respectively) and
significantly differences compared to those of malathion
treated rats. In the same respect, long-term treatment
with vitamin E to malathion induced rats (group IV) was
able to reverse malathion induced increase in AST, ALT,
LDH and GGT activities or decrease in ALP activity and
produced significant reduction in AST, ALT, LDH and
GGT activities and significant elevation in ALP activity
compared to those of malathion induced rats and
arranged near to those of the control activities (Table 1
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Figure 1. The effect of vitamin E and selenium on AST, ALT, ALP, GGT and LDH activities (U/L) in malathion-treated rat
plasma. Values are expressed as mean *SD. ** significantly differ from control group [group 1] (p<0.01) (one way

ANOVA).

Figure 2. Paraffin sections stained by haematoxylin and eosin (H&E, X 400) for histopathological examination
of hepatocytes: A Liver tissue of control showing normal structure, central vein (C.V.), normal arrangement of
hepatic cords (H.C.), normal blood sinusoids (S) and hepatocytes; (B1) Liver tissue of malathion treated rats
showing hemorrhage in the central vein (<), necrosis; (B2) Liver tissue of malathion treated rats showing
dilation of blood sinusoids (<), and necrosis; and (C) Liver tissue of vitamin E + selenium-treated rats showing
few necrosis (N). (D) Liver of malathion plus vitamin E treated rat showing mild necrotic changes; E Liver of
malathion plus selenium treated rat showing moderate degenerative changes, congestion and hyperplasia.

and Figure 1).

Histopathological findings

In control rats (Group 1) the histopathological examination
of liver showed no pathological alterations. Liver tissues

of rats showing normal structure, normal hepatocytes
with normal nuclei and normal blood sinusoids appeared
between the liver cords (Figure 2A). However, liver
tissues of animals intoxicated with (27 mg/kg b.w)
Malathion (Group ), showed vacuolization of
hepatocytes, congested blood sinusoids in between the
liver cords with intense mononuclear inflammatory cellular
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Table 3. Histopathological changes in the liver of experimental rats, based on scoring severity of injury.

Treatment Score average (range) Severity
Control 0.0 Normal
Malathion 3.0 Sever
Malathion+ Vit.E+ selenium 0.0 Normal
Malathion+ Vit.E 1.0 Mild
Malathion+ selenium 2.15 Moderate

# Scores in terms of numerical values are mentioned in Section 2.3.3. Histopathological studies.

infiltration. Liver cells appeared swollen and areas of
hemorrhage were noticed between the cells. Nuclei of the
cells become flattened-shaped (Figure 2B).

The number of rats displaying histopathological
changes in liver was decreased in (Group Il and 1V)
which had received malathion plus vitamin E and
selenium combination and malathion plus vitamin E alone
as the rats of this group revealed only mild necrotic
changes in the liver tissues (Figure 2C and D), but, in
selenium plus malathion treated rats (Figure 2E),
moderate degenerative changes was observed in the
hepatocytes associated with congestions oedema and
hyperplasia. Nuclei of the cells become flattened shaped.

Histopathologic examinations, based on scoring
severity of injury in the livers of the rats are presented in
Table 3. The livers of malathion-treated rats showed
sever injury. In contrast, treatment with vitamin E and
selenium combinations to malathion-induced rats tends to
improve this injury and showed mild injury in liver,

DISCUSSION

In recent years there is wide spread concern over
exposure to low levels of OPs in the diet over a long
period of time. There are reports which suggest that OPs
insecticides manifest their toxic effects by enhanced
production of ROS which is a major cellular source of
oxidative stress (Abdollahi et al., 2004; Kalender et al.,
2010; Cemek et al., 2010). ROS can damage every major
cellular component including membrane, lipids,
carbohydrate and DNA (Altuntas and Delibas, 2002). The
pathological consequence of such uncontrolled injury is
widespread tissue damage (Banerjee et al.,, 2001;
Kalender et al., 2010). The objective of this study was to
evaluate the biochemical and pathological changes in
hepatocytes of malathion induced rats. Also study the
protective effect of vitamin E and/or selenium on liver
injury induced by malathion .

Body weight and relative liver weight

In toxicological studies, organ and relative organ weights
are important criteria for evaluation of toxicity (Crissman

et al., 2004). In the present study, the body weight and
relative liver weights of rats treated with malathion were
significantly (P<0.01) lower than those of control group.
The final body weights were decreased after malathion
administration. This may be attributed to decrease food
intake (anorexia or food avoidance) or poor food
palatability due to treatment related toxicity. Furthermore,
malathion may induce oxidative stress leading to
generation of free radicals and alterations in antioxidant
status or ROS which cause metabolic disorder and
weight loss. For this reason, treatment with antioxidants
and free radical scavengers (vitamin E and/or selenium)
can decrease the oxidative stress and improve metabolic
process of malathion treated rats, so improve rat food
palatability, food intake and consequently their body
weight and liver/body weight ratio. Also administration of
vitamin E to Malathion induced rats significantly improve
body weights than that of selenium which increase body
weight marginally significant (P<0.07) compared to
normal group.

Liver dysfunction

Liver play a control rule in the detoxification process and
along with kidney faces the threat of maximum exposure
to xenobiotics and their metabolic by-products. The
susceptibility of liver tissues to this stress due to
exposure to pesticides is a function of overall balance
between the degree of oxidative stress and the
antioxidant capacity (Khan et al., 2005). However, serum
enzymes including ALP, ALT, AST, GGT and LDH are
mainly used in the evaluation of hepatic damage. Results
of the present study revealed that malathion treatment
caused an increase in the activities of ALT, AST, GGT
and LDH in serum of male rats. Whereas, there was a
decrease in the activity of ALP enzyme compared to that
in normal control. These results are confirmed with other
studies (Khan et al., 2005; Ogutcu et al., 2008; Ncibi et
al., 2008; Celik et al., 2009; Kalender et al., 2010) they
mentioned that OP insecticides can elevate the
enzymatic activity of ALT, AST and LDH.

Also, these results are consistent with the damage to
the hepatic tissues in the malathion-treated rats seen by
light microscopy. But, about ALP activity, there are



contradictory results. The previous authors found that OP
increases the activity of this enzyme but in this study we
found that malathion treatment decrease ALP activity.
The decrease activity of ALP by malathion treatment may
be attributed to food restriction or poor food palatability
due to treatment related toxicity which loss of normally
circulating intestinal fraction (Machlin, 1991). In this
respect, the final body weight confirms this data, where
malathion treatment decreased body weight and
liver/body weight ratio. Awad et al. (1998) found that cell
damage exhibited good correlation with the enzyme
leakage. Also, the increase in serum LDH activity may be
due to the hepatocellular necrosis leading to leakage of
the enzyme into the blood stream (Wang and Zhai,
1988). It has been previously reported that during liver
damage there was an observed decrease in anti oxidant
defenses in the liver (Seven et al., 2004). The hepatic
function test corroborated the histopathological lesions
observed in the present study. These observations
indicated marker changes in the overall histoarchitecture
of liver in response to malathion, which could be due to
its toxic effects primarily by the generation of ROS
causing damage to the various membrane components of
the cell.

Our results are confirmed by other studies conducted
on OP insecticides (Wang and Zhai, 1988; Mansour and
Mossa, 2005; Mansour et al., 2008). Interestingly, our
results indicated that co-administration of selenium or
vitamin E or combination of vitamin E and selenium to
malathion intoxicated male rats reverted most of these
altered biochemical parameters levels to be within normal
limits and improved liver dysfunction. A partial
amelioration of this damage by a combination of vitamin
E and selenium or vitamin E alone or selenium alone
would be attributed to antioxygenic role of selenium as a
component of glutathione peroxidase (GPx) and vitamin
E as a free radical scavenger and an effective inhibitor of
autocatalytic process of lipid peroxidation (Sodhi et al.,
2008). Ozden et al. (2009) reported that vitamin E is the
most important lipophilic antioxidant and exists mainly in
the cellular membranes, thus helping to maintain
membrane stability. Kaneko (1989) mentioned that
tissues of animals deficient in selenium and vitamin E
have a greater tendency to peroxidize both in vivo and in
vitro than those of animals adequate in these nutrients.

Histopathological studies

In the present study, malathion caused histopathological
alterations in hepatic tissue. Free radicals produced from
LPO in the liver, were probably responsible for sever
tissue damage, leading to necrosis of hepatocytes,
marked damage of the liver tissues in the form of dilated
veins, hemorrhagic spots and some degenerative signs
of the hepatocytes. These changes are entirely
consistent with the changes in various biochemical
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parameters that were also observed. In the same
respect, Gokcimen et al. (2007) mentioned that, such
liver damage may arise from the toxic effect of malathion,
which disturbs the detoxification mechanisms of the liver.
In addition, it is possible that malathion, like several other
insecticides, adversely affects the cytochrome P450
system or the mitochondrial membrane transport system
of hepatocytes. These results are coincide with El-
Halwgy et al. (2008) who found that administration of
fenitrothion OP to the rats showed pathological signs in
liver tissues varying from dilated veins, hemorrhagic
spots and distorted nuclear membrane.

In this study all of biochemical and histological changes
that were induced by malathion exposure were at least
partially normalized when vitamin E and selenium were
given together with malathion. Moreover, our light
microscopic analysis revealed that the vitamin treated
malathion-exposed animals did not exhibit the hepatic
calcification, vacuolar degeneration and necrosis seen in
the liver of the malathion treated group. Thus, vitamin E
could ameliorate the liver damage induced by malathion
exposure. Also, Kim and Mahan (2003) have reported a
clear cut relation between reduced GPx levels, which
related to selenium reduction, and development of liver
necrosis. In the same aspect, Sulak et al. (2005) reported
that a toxic dose of methidathion OP in rats stimulates
peroxidation and dietary supplementation of vitamin E
and C alleviate both peroxidation and toxic effects. These
observations are in accordance with Bottje et al. (1995)
who reported the protective effect of vitamin E in
ameliorating oxidative stress in liver and lung of broilers.
Giray (2001) observed ameliorating effect of vitamin E in
quenching free radicals in liver induced by cypermethrin
OP by attenuating processes leading lipid peroxidation
and improve antioxidant capacity.

Conclusions

Administration of malathion in rats induce body weight
and relative liver weight losses, increase the activities of
ALT, AST, GGT and LDH while decrease ALP activity
also caused histopathological alteration in hepatic tissues
which appear in the form of necrosis and damage of liver,
dilated veins, hemorrhagic spots and some degenerative
signs. Co-administration of vitamin E, or selenium or
combination of vitamin E and selenium to malathion
induced rats improve body weights, arrange the enzyme
activities near to the control and ameliorate the
histopathological alteration. This may be due to the anti-
oxygenic role of selenium or free radical scavenger of
vitamin E. Thus it may be suggested that vitamin E and
selenium, the potent antioxidants can partially quench the
deleterious effects of chronic toxicity of malathion by
scavenging the free radicals and ROS, as alleviation of
hepatic damage by vitamin E and/or selenium is evident
in present study.
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