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The subchronic exposure to malathion, an
organophosphate pesticide, causes lipid
peroxidation, oxidative stress, and tissue damage
in rats: the protective role of resveratrol

Erten Akbel,a Damla Arslan-Acaroz,b Hasan Huseyin Demirel,c Ismail Kucukkurt *b

and Sinan Inced

The present study was planned to evaluate the protective role of resveratrol (Res) against subchronic

malathion exposure in rats over four weeks. In total, 48 Wistar rats were used and divided equally into six

groups. The groups were designed as the control group (received only a rodent diet and tap water), the

corn oil group (0.5 ml corn oil by the oral route), and the malathion group (100 mg kg−1 day−1 by the oral

route). Other three groups received malathion (100 mg kg−1 day−1) plus Res (5, 10, and 20 mg kg−1 day−1,

respectively) by the oral route. Malathion increased malondialdehyde and 8-OHdG levels, whereas it

decreased glutathione levels. Also, acetylcholinesterase, superoxide dismutase, and catalase activities

were found to be low in the blood, liver, kidney, heart, and brain tissues. Biochemical parameters were

not notably changed in all groups. In contrast, Res treatment inverted malathion-induced oxidative stress,

lipid peroxidation, and activity of enzymes. Additionally, malathion-induced histopathological changes in

the liver, kidney, heart, and brain were ameliorated by Res treatment. These results demonstrate that

malathion increases oxidative stress and decreases the antioxidant status while Res has a protective func-

tion against malathion toxicity in rats.

Introduction

Organophosphorus pesticides (OPs) are the most widely-used
pest control agents in many countries. However, OPs have
caused severe environmental pollution, which results in a sig-
nificant health hazard to target and non-target organisms
alike, including humans.1,2 Malathion [O,O-dimethyl-S-(1,2-
dicarcethoxyethyl) phosphorodithioate] is an OP, used to eradi-
cate or control disease-inducing pests, that has been targeted
by public health programs.3 Several studies have suggested the
hazardous effects of malathion on humans and animals while
other studies have shown that OPs have produced reactive
oxygen species (ROS) by causing damage to various membra-
nous cell components. Treatment with antioxidants or mineral
substances can decrease lipid peroxidation (LPO) and oxidative
stress related to OP-induced toxicity.4–12

Polyphenols, such as flavonoids, anthocyanins, and pheno-
lic acids, are antioxidant substances used for this purpose.
Resveratrol (3,4′,5-trihydroxystilbene; Res) is a subgroup of stil-
benes and is a polyphenolic compound found in grapes, wine,
peanuts, and blueberries. Res was originally discovered in
1976 as phytoalexin in grapes. In 1982, Res was called Kojo-
kon and also Itadori tea in China and Japan, where it was used
to treat skin infections, fungal infections and heart, liver, and
vascular diseases.13,14 Since then, many studies have shown
that Res can prevent the progression of many diseases, includ-
ing cancer, cardiovascular disease, and ischemic injuries, as
well as increase stress resistance and prolong the life span of
various organisms.15,16 The natural antioxidant role of Res can
be explained by its various effects. One of them is that it
reduces the oxidative chain complex at the site of ROS for-
mation. The other is through the capture of superoxide rad-
icals, which are formed by mitochondria, and the inhibition of
lipid peroxidation that has been induced by the products of
the Fenton reaction. Numerous studies have shown that Res
has the ability to capture both superoxide and hydroxyl
radicals.17

Until now, according to our knowledge, the protective role
of Res against malathion has not been examined, so this study
aimed to evaluate the protective role of Res against malathion-
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induced oxidative damage. Therefore, malondialdehyde (MDA)
as a LPO marker, acetylcholinesterase (AChE), superoxide dis-
mutase (SOD), catalase (CAT), reduced glutathione (GSH), and
histopathological changes in tissues were evaluated in rats.

Materials and methods
Materials and experimental protocol

Malathion and Res were purchased from Agrobest A.S. (Izmir,
Turkey) and Terraternal (Santa Clara, CA, USA), respectively. All
the other chemicals which are analytical reagent grade were
obtained from commercial sources. Wistar male rats
(200–250 g and 12–16 weeks of age) were obtained from the
Experimental Animal Research and Application Center
(Afyonkarahisar, Turkey). The animals were kept at 25 °C and
50–55% humidity with ad libitum access to rodent diet and
water.

The animals were separated into 6 groups consisting of
8 animals each. The rodent diet and fresh water were given to
the control and treated groups. Corn oil (0.5 ml) was given by
gastric gavage to the corn oil group for a period of 28 days.
Malathion (100 mg kg−1 day−1; dissolved in corn oil) was given
by gastric gavage to the malathion group for a period of 28
days. Three different doses of Res (5, 10, and 20 mg kg−1 day−1;
dissolved in corn oil) were given by gastric gavage to the other
groups (Res + malathion) throughout the entire period of 28
days. In this study, doses of malathion (toxic and adverse
effects) and Res (cell protective effects) were chosen according
to the previous studies.6,18 Also, Res was given to the animals
one hour before malathion administration and the experi-
mental protocols were also approved by the Animal Care and
Use Committee at Afyon Kocatepe University (2013/59269667).

Blood collection and erythrocyte preparation

Blood samples from each group were collected by cardiac
puncture into heparinised and non-heparinised tubes under
light ether anesthesia at the end of 28 days. Within 30 min of
blood collection, the erythrocytes were precipitated by centrifu-
gation at 600g for 15 min at 4 °C, and the plasma and serum
were removed. The erythrocytes were washed three times with
isotonic saline and the puffy coat was discarded. Then, the
same volumes of isotonic saline and erythrocytes were added
into vials and stored at −20 °C in a deep freeze. When used,
the erythrocyte suspension was destroyed by osmotic pressure,
using five times cold deionised water. The erythrocyte lysate
was stored at 4 °C until measurements within 3 days.19

Preparation of homogenate

Animals were sacrificed by cervical dislocation and the liver,
kidney, and brain tissues were washed immediately with ice
cold 0.9% NaCl. Each tissue was trimmed free of extraneous
tissue and rinsed in chilled 0.15 M Tris–HCl buffer (pH 7.4).
These tissues were blotted dry, and homogenized in 0.15 M
Tris–HCl buffer (pH 7.4) to yield a 10% (w/v) homogenate.
Then, they were centrifuged at 2100g for 10 min at 4 °C. The

pellets represented the nuclear fraction and the supernatants
were subjected to centrifugation at 18 600g for 20 min at 4 °C.
The resultant pellets and the supernatants represented the
mitochondrial fraction and the cytosolic (including the micro-
somal fraction) fraction, respectively. Reactive oxygen species
generation was observed in all the fractions as well as the
whole homogenate.

Preparation of tissues for histopathological analysis

At the end of the experimental period, 48 male rats were sacri-
ficed. Then, animals were dissected and the liver, kidney, and
heart tissues from each animal were collected. Tissues were
fixed into 10% formalin solution for 48 h and then dehydrated
through graded alcohol series (70 to 100%), cleared in xylene
and embedded in paraffin. 5 to 6 µm thick paraffin sections
were cut and stained with haematoxylin-eosin (H&E) and ana-
lyzed under a light microscope (Olympus Bx51 model, Tokyo,
Japan) equipped with a camera (Olympus DP20, Tokyo, Japan).

Measurement of 8-OHdG, AchE, and biochemical parameters
in serum

The serum samples were examined for their concentration of
8-hydroxy-2′-deoxyguanosine (8-OHdG) using a competitive
enzyme immunoassay (EIA) kit (Cayman Chemical Company,
Ann Arbor, MI, USA)20,21 and intra-assay and inter-assay CVs
were found to be 5.3% and 8.2%, respectively. AchE activity
was also measured using a quantitative sandwich EIA kit
(Cusabio Chemical Company, Wuhan, Hubei Province,
P. R. China) and intra-assay and inter-assay CVs were found to
be 6.4% and 8.1%, respectively. ELISA measurements were per-
formed by using an ELx800 Absorbance Microplate Reader
(BIOTEK, Bad Friedrichshall, Germany). Serum alanine amino-
transferase (ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP), urea, creatinine, cholesterol, high-density
lipoprotein (HDL), low-density lipoprotein (LDL), triglyceride,
and glucose levels were also determined using COBAS test kits
(Roche Diagnostics Systems, Istanbul, Turkey) according to the
manufacturers’ instructions in the Biochemistry Laboratory,
Faculty of Medicine, University of Afyon Kocatepe (Turkey).

Measurement of LPO and reduced GSH in whole blood and
tissue homogenates

Malondialdehyde, as a marker of LPO, was determined by the
methods of Draper and Hadley22 in whole blood and of
Ohkawa et al.23 in tissue homogenates. The principle of the
methods is based on the spectrophotometric measurement of
the colour produced during the reaction of thiobarbituric acid
with MDA and its absorbance was measured spectrophotome-
trically at 532 nm. The concentration of MDA was expressed in
nmol per ml blood and nmol per g protein. Reduced GSH con-
centration was measured using the method described by
Beutler et al.24 in whole blood and tissue homogenates. The
optical density was measured at 412 nm using a spectrophoto-
meter. The results were expressed as nmol per ml blood and
nmol per g protein. Spectrophotometric measurements were
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performed by using a Shimadzu 1601 UV–VIS spectrophoto-
meter (Tokyo, Japan).

Measurement of SOD and CAT activities in erythrocyte lysate
and tissue homogenates

The antioxidant enzyme activity of SOD in the erythrocyte
lysate and tissue homogenate was measured according to the
method of Sun et al.25 The measurement of SOD is based on
the principle that xanthine reacts with xanthine oxidase as a
source of substrate (superoxide) and reduced nitroblue tetra-
zolium (NBT) as an indicator of superoxide. In this method,
xanthine–xanthine oxidase was used to generate a superoxide
flux. The absorbance obtained from NBT reduction to blue for-
mazon by superoxide was determined at 560 nm spectrophoto-
metrically. SOD activity was expressed in U per gHb erythrocyte
and U per µg protein tissue. CAT activities in the erythrocyte
lysate and tissue homogenate were determined according to
the methods of Luck26 and Aebi,27 respectively. The method is
based on the decomposition of H2O2 by catalase. The reaction
mixture was composed of 50 mM phosphate buffer (pH 7.0),
10 mM H2O2 and the sample. The reduction rate of H2O2 was
followed at 240 nm for 45 s at room temperature. One unit of
catalase is the amount of catalase decomposing 1.0 μmol H2O2

per min at pH 4.5 at 25 °C, and the catalase activity
(k, nmol min−1) was expressed in k per gHb erythrocyte and
k per µg protein tissue.

Measurement of hemoglobin (Hb) and protein concentrations

Hb was determined using a colorimetric cyanomethemoglobin
method according to Drabkin and Austin,28 and the tissue
protein content was assayed according to the colorimetric
method of Lowry et al.29

Analysis of malathion and malaoxon concentration

The concentrations of malathion and malaoxon which is a
malathion metabolite in the diet, water and tissue samples
were measured by liquid chromatography/tandem mass spec-
trometry (LC-MS/MS). For malathion and malaoxon determi-
nation, sample extractions were carried out according to the
validated methods reported by Hogendoorn and van Zoonen.30

Briefly, 1 g sample was put into a 50 ml centrifuge tube, fol-
lowed by adding 15 ml acetonitrile containing 1% acetic acid.
After shaking for 5 min, 2.5 g anhydrous MgSO4 plus sodium
acetate was added into the tube. The mixed solution was cen-
trifuged for 5 min at 1650g and then 6 ml supernatant was
transferred into a 15 ml tube (containing 300 mg primary sec-
ondary amine sorbent plus 1.8 g anhydrous MgSO4, which con-
stituted a cleanup procedure called dispersive solid-phase
extraction). Similarly, the solution was centrifuged for 5 min at
1650g and then 1 ml supernatant was transferred into auto-
sampler vials for analysis by LC-MS/MS. The LC-MS/MS system
used in this work consisted of an Agilent 1200 series including
a vacuum solvent degassing unit, a binary high-pressure gradi-
ent pump, an automatic sample injector, a column thermostat
and a photodiode array detector. Mass spectrometry was per-
formed using an Agilent 6460 LC-MS Triple Quadrupole instru-

ment equipped with an ESI source (Agilent Technologies,
Waldbronn, Germany). The detection limit for malathion and
malaoxon was 0.01 µg kg−1.

Statistical analyses

Data obtained from experimental animals were expressed as
means and standard deviation of means (±SD) and analysed
using one-way analysis of variance (ANOVA), followed by
Duncan post-hoc tests on the SPSS (20) software computer
program. A difference in the mean values of p < 0.05 was con-
sidered to be significant.

Results
Malaoxon levels in tissue samples

The malaoxon concentration of plasma (0.08 ± 0.005 ng kg−1;
Fig. 1A), liver (1.49 ± 0.26 ng kg−1; Fig. 1B), kidney (0.15 ±
0.007 ng kg−1; Fig. 1C), heart (0.17 ± 0.01 ng kg−1; Fig. 1D),
and brain (0.08 ± 0.005 ng kg−1; Fig. 1E) tissues was found to
be at high levels in malathion groups compared to Res groups
(p < 0.05). Malaoxon concentrations of Res5, Res10, and Res20
were found to be 0.08 ± 0.005, 0.06 ± 0.005 (p < 0.01), and
0.06 ± 0.004 ng kg−1 (p < 0.01) in plasma, respectively.
Malaoxon concentrations of Res5, Res10, and Res20 were found
to be 0.84 ± 0.06 (p < 0.01), 0.58 ± 0.07 (p < 0.001), and 0.56 ±
0.06 ng kg−1 (p < 0.001) in the liver, respectively. Malaoxon con-
centrations of Res5, Res10, and Res20 were found to be 0.11 ±
0.01 (p < 0.05), 0.10 ± 0.008 (p < 0.01), and 0.08 ± 0.01 ng kg−1

(p < 0.001) in the kidney, respectively. Malaoxon concentrations
of Res5, Res10, and Res20 were found to be 0.15 ± 0.004 (p <
0.05), 0.12 ± 0.01 (p < 0.01), and 0.11 ± 0.005 ng kg−1 (p < 0.001)
in the heart, respectively. Malaoxon concentrations of Res5,
Res10, and Res20 were found to be 0.09 ± 0.004, 0.07 ± 0.004 (p <
0.001), and 0.07 ± 0.005 ng kg−1 (p < 0.001) in the brain, respect-
ively. Res treatment in a dose dependent manner significantly
decreased the concentration of malaoxon in the plasma, liver,
kidney, heart, and brain. Also, the malathion residue was not
detected in either the diet or water sample.

Effect of AChE activity and 8-OHdG level

AChE activity and 8-OHdG level in the evaluation of malathion
toxicity are shown in Fig. 2. There was a significant decrease of
AChE activity in the serum compared to the control group
(Fig. 2A). By contrast, the 8-OHdG level in the serum was
found to be higher (p < 0.05) in the malathion group than in
the control group (Fig. 2B). In a dose-dependent manner, Res
administration reversed the malathion-induced alterations,
AChE activity and 8-OHdG levels, in rat serum.

Effects of markers of liver and kidney functions

The hepatic biochemical data for the evaluation of malathion
toxicity are summarized in Table 1. There was a significant
increase in the serum ALT, AST, and ALP (p < 0.05) levels of
the malathion-exposed group compared to the control group.
However, the administration of Res at doses of 5, 10, and
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Fig. 1 Malaoxon levels in the plasma (A), liver (B), kidney (C), heart (D), and brain (E) of rats treated with malathion at a dose of 100 mg kg−1 day−1,
orally. Values are expressed as the mean ± SD of 8 samples per group. Statistical significance: *p < 0.05, ** p < 0.01, ***p < 0.001 versus the control
group.

Fig. 2 8-OHdG (A) and AchE activity (B) levels in serum of rats treated with malathion at a dose of 100 mg kg−1 day−1, orally. Values are expressed
as the mean ± SD of 8 samples per group. Statistical significance: *p < 0.05 versus the malathion group.

Table 1 Effects of malathion (100 mg kg−1) and resveratrol (Res: 5, 10, and 20 mg kg−1) + malathion (100 mg kg−1) on alanine aminotransferase
(ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), urea and creatinine levels in serum of rats

Experimental design ALT (U l−1) AST (U l−1) ALP (U l−1) Urea (mg dl−1) Creatinine (mg dl−1)

Control 38.63 ± 9.73c 40.05 ± 8.87c 0.88 ± 0.43c 53.54 ± 4.23a 0.39 ± 0.06
Corn oil 41.03 ± 10.11c 44.85 ± 6.30c 0.70 ± 0.39c 48.88 ± 3.28a 0.38 ± 0.08
Malathion 64.33 ± 10.67a 60.35 ± 10.06a 7.05 ± 1.03a 45.12 ± 4.96b 0.33 ± 0.04
Res5 + malathion 51.37 ± 10.29b 113.53 ± 11.52a 6.33 ± 1.07a 44.45 ± 3.42b 0.34 ± 0.06
Res10 + malathion 50.22 ± 8.62bc 112.85 ± 7.31a 6.05 ± 1.27ab 43.40 ± 6.06b 0.33 ± 0.04
Res20 + malathion 49.50 ± 10.53bc 77.88 ± 12.03b 3.47 ± 1.60b 41.67 ± 5.05b 0.32 ± 0.04

Values are mean ± S.D., n = 8. U, unit. Mean values within a column not sharing a common superscript letter were significantly different (p <
0.05).
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20 mg kg−1 day−1 reversed the malathion-induced alteration of
hepatic biochemical parameters in a dose-dependent manner.
The serum urea level was found to be low in the malathion-
exposed group compared to the control group whereas serum
creatinine levels did not change in the groups.

Effects of markers of lipid profile

The lipid profile values for the evaluation of malathion toxicity
are summarized in Table 2. There were no significant changes
in the serum cholesterol, HDL, LDL, triglyceride, and glucose
(p > 0.05) levels in the malathion-exposed and Res + malathion
groups compared to the control group.

Effects on LPO and reduced GSH levels

Highly significant elevation in the MDA levels of whole blood,
liver, kidney, heart, and brain (p < 0.05) tissues was observed
in the malathion group compared to the control group.
However, MDA levels of whole blood and tissues were found to
be lower in the malathion + Res groups than in the malathion
group (Table 3). Reduced GSH levels in whole blood, liver,
kidney, and heart (p < 0.05) tissues were found to be low in
the malathion group compared to the control group. However,
the administration of Res in a dose-dependent manner
showed significantly increased GSH levels compared to the
malathion group (Table 4).

Table 3 Effects of malathion (100 mg kg−1) and resveratrol (Res: 5, 10, and 20 mg kg−1) + malathion (100 mg kg−1) on malondialdehyde levels in
whole blood, liver, kidney, heart and brain tissue homogenates of rats

Experimental
design

Blood
(nmol ml−1)

Liver
(nmol per g tissue)

Kidney
(nmol per g tissue)

Heart
(nmol per g tissue)

Brain
(nmol per g tissue)

Control 3.76 ± 0.62b 4.45 ± 0.86b 3.82 ± 2.20b 3.34 ± 0.40c 3.64 ± 0.74b

Corn oil 3.83 ± 0.83b 4.30 ± 0.54b 4.14 ± 1.27b 3.26 ± 0.68c 3.57 ± 0.75b

Malathion 7.27 ± 1.80a 7.68 ± 0.99a 6.98 ± 1.00a 6.19 ± 1.08a 7.41 ± 1.14a

Res5 + malathion 4.78 ± 0.69ab 6.04 ± 1.76ab 5.53 ± 1.52ab 6.05 ± 1.25a 5.66 ± 2.52ab

Res10 + malathion 4.41 ± 0.48ab 5.25 ± 1.32b 5.47 ± 1.22ab 4.87 ± 0.51b 4.51 ± 0.62b

Res20 + malathion 4.14 ± 0.70b 4.30 ± 0.70b 5.07 ± 1.24b 3.89 ± 0.49c 4.11 ± 1.07b

Values are mean ± S.D., n = 8. Mean values within a column not sharing a common superscript letter were significantly different (p < 0.05).

Table 4 Effects of malathion (100 mg kg−1) and resveratrol (Res: 5, 10, and 20 mg kg−1) + malathion (100 mg kg−1) on reduced glutathione levels in
whole blood, liver, kidney, heart and brain tissue homogenates of rats

Experimental
design

Blood
(nmol ml−1)

Liver
(nmol per g tissue)

Kidney
(nmol per g tissue)

Heart
(nmol per g tissue)

Brain
(nmol per g tissue)

Control 21.19 ± 2.37a 23.94 ± 5.86a 25.43 ± 1.78a 20.83 ± 6.47a 21.21 ± 5.32
Corn oil 21.22 ± 3.23a 22.44 ± 4.37a 20.13 ± 1.76a 17.10 ± 2.57ab 20.81 ± 3.26
Malathion 14.01 ± 1.26b 14.93 ± 1.18b 14.64 ± 2.78c 14.44 ± 2.49b 16.48 ± 1.74
Res5 + malathion 14.81 ± 2.54b 15.85 ± 1.59b 15.48 ± 2.25c 16.68 ± 2.33ab 17.84 ± 1.21
Res10 + malathion 16.67 ± 1.50ab 16.16 ± 1.73b 16.04 ± 0.50bc 16.85 ± 1.66a 17.46 ± 1.61
Res20 + malathion 19.23 ± 2.56ab 21.25 ± 2.14a 16.27 ± 2.27bc 21.91 ± 7.47a 18.41 ± 4.65

Values are mean ± S.D., n = 8. Mean values within a column not sharing a common superscript letter were significantly different (p < 0.05).

Table 2 Effects of malathion (100 mg kg−1) and resveratrol (Res: 5, 10, and 20 mg kg−1) + malathion (100 mg kg−1) on cholesterol, high density lipo-
protein (HDL), low density lipoprotein (LDL), triglyceride and glucose levels in the serum of rats

Experimental design
Cholesterol
(mg dl−1)

HDL-cholesterol
(mg dl−1)

LDL-cholesterol
(mg dl−1)

Triglyceride
(mg dl−1)

Glucose
(mg dl−1)

Control 62.94 ± 9.24 14.76 ± 2.84 57.45 ± 8.00 144.42 ± 11.69 81.12 ± 13.91
Corn oil 63.89 ± 8.72 11.91 ± 1.40 49.76 ± 8.00 149.11 ± 13.50 84.70 ± 12.10
Malathion 58.67 ± 3.92 10.52 ± 1.19 52.68 ± 3.39 161.19 ± 19.57 106.28 ± 7.02
Res5 + malathion 59.72 ± 10.55 13.13 ± 4.98 55.70 ± 15.71 140.28 ± 15.31 96.63 ± 12.10
Res10 + malathion 54.10 ± 7.17 13.05 ± 2.33 51.48 ± 18.74 131.51 ± 12.91 93.84 ± 13.55
Res20 + malathion 52.91 ± 9.54 12.89 ± 1.78 50.99 ± 9.13 132.82 ± 12.15 89.74 ± 9.88

Values are mean ± S.D., n = 8.
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Effects on antioxidant enzymes

Antioxidant enzymes SOD and CAT activities were determined
in the erythrocyte, liver, kidney, heart and brain tissues of rats,
as shown in Tables 5 and 6, respectively. In the malathion
group, SOD and CAT activities were found to be low in erythro-
cytes and all tissues (p < 0.05) compared to the control group.
By contrast, Res administration before malathion treatment
was observed to reverse the malathion-induced alterations of
SOD and CAT activities.

Histopathological examination

This study also evaluated the histopathological changes in
brain, heart, liver, and kidney tissues. Focal gliosis and neuro-
nal degenerations in the brain (Fig. 3A3), hyaline degenerations
in the heart (Fig. 3B3), sinusoidal dilatation and degenerations
of hepatocytes in the liver (Fig. 3C3), and degenerations in the
tubule and shrinkage of Bowman’s capsule in the kidney
(Fig. 3D3) were observed in the malathion group.

In the malathion + Res groups, mild sinusoidal dilatation
in the liver (Fig. 3C4–C6) and slight degenerations in the
kidney (Fig. 3D4–D6) were observed, as was mild focal gliosis
in the brain (Fig. 3A4–A6), and slight degenerations in the
heart (Fig. 3B4–B6). In the control (Fig. 3A1, B1, C1, and D1)
and corn oil (Fig. 3A2, B2, C2, and D2) groups, no significant
histopathological changes were observed in the liver, kidney,
heart, and brain tissues. According to histopathological find-
ings, Res has obviously preventive effects on malathion-
induced toxicity, especially at high doses (Res10 and Res20).

Discussion

Prior to this investigation, malathion distributions in tissues
were examined by Rashid et al.31 in rats that had been orally
treated with malathion (10, 25, and 50 ml per kg bw). The con-
centration was the highest in the liver of these rats. Coban
et al.6 also reported that when malathion was orally adminis-
tered at 100 mg kg−1 to rats, the malaoxon levels in the liver of
rats were high. Richardson and Seiber32 reported on 3 mg kg−1

diazinon and 0.6 mg kg−1 parathion that were given to
pigeons. In this study, OP levels were detected at 0.06 mg kg−1

diazinon and 0.07 mg kg−1 parathion in the kidney tissue by
gas chromatography. Similarly, malaoxon levels in the tissues
were found to be quite high as well. However, malaoxon levels
were found to be low in the Res group, which indicates that
Res may exhibit a preventive effect against malathion toxicity.
This situation may demonstrate that Res enhances the bio-
transformation of malaoxon or that Res causes an increase in
malaoxon excretion from organisms.

Serum AChE activity was found to occur at a low level in the
case of OP toxicity;6 likewise, this study showed that malathion
inhibited the AChE activities in the serum of rats. By contrast,
Res administered in a dose-dependent manner can improve
and sustain AChE activity. 8-OHdG as a biomarker of oxidative
stress shows the mutagenic damage.33 In this study, the treat-
ment of malathion caused enhanced levels of 8-OHdG in the
serum of rats. Moore et al.34 reported that even a low level of
malathion exposure caused cytotoxic effects in human liver

Table 5 Effects of malathion (100 mg kg−1) and resveratrol (Res: 5, 10, and 20 mg kg−1) + malathion (100 mg kg−1) on superoxide dismutase activity
in erythrocyte, liver, kidney, heart and brain tissue homogenates of rats

Experimental
design

Erythrocyte
(U per gHb)

Liver
(U per µg protein)

Kidney
(U per µg protein)

Heart
(U per µg protein)

Brain
(U per µg protein)

Control 62.66 ± 10.85a 4.93 ± 1.21a 4.94 ± 1.40 5.57 ± 0.77a 4.26 ± 0.53a

Corn oil 68.44 ± 11.70a 4.56 ± 0.82a 4.87 ± 1.45 5.11 ± 0.66a 4.15 ± 0.47a

Malathion 18.41 ± 6.41b 3.43 ± 0.54b 3.26 ± 0.71 3.68 ± 0.81b 0.77 ± 0.13d

Res5 + malathion 26.83 ± 13.01b 3.48 ± 0.77b 3.52 ± 1.16 3.37 ± 1.18b 0.84 ± 0.29d

Res10 + malathion 30.00 ± 7.64b 3.51 ± 1.05b 3.60 ± 0.69 3.51 ± 0.62b 1.72 ± 0.32c

Res20 + malathion 62.42 ± 10.29a 4.47 ± 0.69ab 3.79 ± 0.79 3.92 ± 1.04b 3.13 ± 0.27b

Values are mean ± S.D., n = 8. U, unit. Mean values within a column not sharing a common superscript letter were significantly different (p <
0.05).

Table 6 Effects of malathion (100 mg kg−1) and resveratrol (Res: 5, 10, and 20 mg kg−1) + malathion (100 mg kg−1) on catalase activity in erythro-
cyte, liver, kidney, heart and brain tissue homogenates of rats

Experimental
design

Erythrocyte
(k per gHb)

Liver
(k per µg protein)

Kidney
(k per µg protein)

Heart
(k per µg protein)

Brain
(k per µg protein)

Control 60.77 ± 15.65a 707.61 ± 63.93a 581.27 ± 50.28a 265.95 ± 43.98 36.94 ± 3.86a

Corn oil 60.10 ± 16.70a 704.16 ± 64.50a 664.48 ± 54.26a 217.95 ± 31.55 38.58 ± 3.71a

Malathion 22.47 ± 7.34b 259.59 ± 78.44b 163.51 ± 39.12c 202.99 ± 47.11 12.60 ± 2.28d

Res5 + malathion 27.93 ± 8.07b 271.52 ± 39.21b 222.40 ± 55.10c 208.41 ± 38.96 13.16 ± 2.52d

Res10 + malathion 26.89 ± 7.51b 265.90 ± 79.17b 316.53 ± 47.44c 228.35 ± 46.75 17.58 ± 2.37c

Res20 + malathion 42.12 ± 9.13ab 427.06 ± 98.07ab 450.21 ± 36.97b 278.97 ± 28.24 30.53 ± 5.77b

Values are mean ± S.D., n = 8. k, nmol min−1. Mean values within a column not sharing a common superscript letter were significantly different
(p < 0.05).
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carcinoma (hepG2) cells, and exposure to high levels resulted in
genotoxic effects within rats. Nevertheless, Res decreased the
8-OHdG levels in rats that had been administered with Res
compared with those that had been given malathion. As such,
Res might alleviate the mutagenic damage and oxidative stress
created by malathion.

Liver damage was evident from the increased serum levels
of ALP, ALT, and AST although OP insecticides can also
increase these serum enzymes.35 In this study, ALP, ALT, and
AST levels were higher in the malathion-treated groups than in
the control group, which is consistent with the hepatic tissue
damage observed in malathion-treated rats. In contrast, Res
was effective at protecting the rats against malathion-induced
hepatotoxicity, as proven by a dose-dependent decrease in ALP,
ALT, and AST activities.36 Serum urea levels were found to be
low in the malathion-exposed group compared to the control
group. Also Res has not been shown to have a positive effect
on the serum urea levels in rats. Similarly, El-Sebae et al.37

suggested that OP compounds caused hypoglycaemia in rats
and also reduced their blood urea concentration.

Numerous research studies have demonstrated that
malathion causes oxidative damage,38 as well as increases in
the levels of MDA, depletion of GSH, and decreased activities
of antioxidant enzymes, such as SOD and CAT.39 In this study,
the increased blood and tissue LPO that was observed aligned
with the results of other studies. Res has been shown to act as

a scavenger of superoxide, hydroxyl radicals, and singlet mole-
cular oxygen.40,41 Consistent with our results, the Res treat-
ment administered in a dose-dependent manner significantly
decreased lipid peroxides in comparison with the malathion
treatment. Coban et al.6 reported that malathion intoxication
reduced GSH levels in the blood, liver, kidney, and brain. Also,
Alp et al. and Bhatti et al. showed that free radicals produced
by malathion could cause a dramatic drop in GSH, but Res
reduced the peroxidative activity in cells, so it resulted in
normal GSH levels.

SOD and CAT activities were determined since they are
important markers of the cellular defence systems against oxi-
dative stress. SOD turns superoxide into hydrogen peroxide
(H2O2), and CAT disintegrates H2O2 into H2O and O2 to protect
the tissues from highly reactive hydroxyl radicals.42 In this
study, malathion administration decreased the SOD and CAT
activities in tissues and erythrocytes, a finding that is in
accordance with Possamai et al.43 and Coban et al.6 Similar to
the OP toxicity in the malathion group, low levels of SOD and
CAT might be related to the utilization of these enzymes. SOD
and CAT activities increased in the Res groups, which
suggested that Res could encourage and sustain the activity of
these enzymes.44,45

Malathion (100 mg kg−1 day−1) produced noticeable histo-
pathological changes in the livers, kidneys, hearts, and brains
of the rats. Focal gliosis and neuronal degenerations in the

Fig. 3 The effect of resveratrol (Res) on malathion induced damage in the brain (A), heart (B), liver (C), and kidney (D) of rats. Representative figures
were stained with H&E. The original magnification was ×20 and the scale bars represent 100 µm. Arrows and arrow heads indicate focal gliosis and
neuronal degenerations in the brain (A3), hyaline degenerations in the heart (B3), sinusoidal dilatation and degenerations of hepatocytes in the liver
(C3), and degenerations in the tubule and shrinkage of Bowman’s capsule in the kidney (D3) of rats, respectively. (1) The control group, (2) the corn
oil group, (3) animals treated with 100 mg kg−1 day−1 malathion, (4) animals treated with 5 mg kg−1 day−1 Res and 100 mg kg−1 day−1 malathion, (5)
animals treated with 10 mg kg−1 day−1 Res and 100 mg kg−1 day−1 malathion, and (6) animals treated with 20 mg kg−1 day−1 Res and 100 mg kg−1 day−1

malathion.
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brain were observed; degenerations in the kidney and heart
were evident, and sinusoidal dilatation and liver degeneration
were seen in the malathion group of rats. Kalender et al.35

administered 27 mg kg−1 of malathion to rats for 28 days, and
mononuclear cell infiltration, haemorrhage, calcification,
degeneration of the vacuoles, dilation of sinusoids, vascular
congestion, and necrosis were observed. Tos-Luty et al.46 also
reported that dermal exposure to malathion at 16 mg kg−1

caused swollen mitochondria in cardiomyocytes. Moreover,
Alp et al.47 reported that malathion (200 mg kg−1) evoked
necrosis and inflammatory cell infiltration in the kidneys.
Sharma et al.48 reported that dimethoate, an OP compound,
caused lymphocytic infiltration that may have resulted in
chronic, mild meningeal changes in the brain. On the other
hand, Res, administered using a dose-dependent approach,
protected the liver, kidney, heart, and brain tissue of the rats
against malathion-induced cellular damage.

Conclusion

The results of this study demonstrate that Res, given in a dose-
dependent manner, successfully prevented malathion-induced
toxicity in rats. These results suggest that Res increases the
activity of the antioxidant defence system, as well as inhibits
LPO, thus enhancing tissue regeneration in rats.
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