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Introduction
Malathion (diethyl methoxy 
thio‑phosphoryl thio‑succinate) is a 
chemical pesticide organophosphate 
pesticide family, which is widely used in 
industry, agriculture to control insects on 
crops, produce ornamental plants, grasses, 
fruits, and vegetables as well as in the 
medical sector for disease vector control 
in many countries.[1] Despite malathion has 
the less toxic insecticide than parathion, 
use of malathion has risen, especially in 
developing countries as nowadays, this 
compound has been reported as the third 
leading cause of poisoning and death 
in Iran.[2] These pesticides are absorbed 
through the skin and mucous membranes[3] 
and affect various organs of the body 
including liver, kidneys, pancreas, and 
testis.[4] Malathion in the body, during 
oxidation‑reduction reactions, is converted 
into a metabolite called malaoxon, the 
main role of which is to cause toxicity 
in mammals, insects, and plants so that 
malaoxon toxicity is 40 times more than that 
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Abstract
Background: Malathion is one of organophosphate pesticides that is widely used in agriculture 
and crops to control insects. Malathion affects body organs such as the reproductive system by 
inhibiting acetylcholinesterase activity and induction of oxidative stress. This study is aimed to 
investigate the effects of malathion on glutathione (GSH) and malondialdehyde (MDA) level 
in testis of male rats, as well as to study the protective role of Ascorbic Acid. Methods: In this 
study, 30 adult male Wistar rats weighing approximately 200–250 g were divided into 5 groups of 
6 rats each. These groups include a control group (no intervention), sham (normal saline 0.9%), 
experimental Group 1 (malathion 50 mg/kg), experimental Group 2 (Malathion 50 mg/kg + Ascorbic 
Acid 200 mg/kg), and experimental Group 3 (Ascorbic Acid 200 mg/kg). Malathion, solvents, and 
ascorbic acid were injected intraperitoneally. After 6 weeks, all groups were anesthetized, and the 
right testis was used to measure levels of MDA and GSH. MDA as a marker of lipid peroxidation 
and GSH content was used. Results: The results showed that malathion increased MDA level 
and decreased GSH level compared with the control group (P < 0.001). It was also found that 
administration of malathion in combination with ascorbic acid reduced MDA level and increased 
the GSH level. Conclusions: Malathion‑induced lipid peroxidation and oxidative stress in the testis 
of rats. In addition, it seems that ascorbic acid, due to its antioxidant capabilities, can improve 
malathion‑induced poisonous changes.
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of malathion, the main purpose of which is 
to disrupt the nervous system of insects.[5] 
Different mechanisms of organophosphate 
toxicity have been proposed, including the 
inhibition of acetylcholinesterase, which 
lead to the accumulation of acetylcholine 
and cholinergic activity in muscarinic and 
nicotine recipients.[6] Oxidative stress is 
another mechanism affecting the toxicity 
of organophosphate pesticides, which 
leads to the production of free radicals 
such as reactive oxygen species (ROS) 
and changes in enzyme activity along with 
antioxidant defense mechanisms in the 
body,[7] which leads to oxidative damage of 
biological macromolecules such as nucleic 
acid, proteins, fats, and carbohydrates.[8,9] 
Plasma thiol groups are also evaluated as 
an indicator of oxidative stress. These 
groups are sensitive to oxidative damage, 
and their decrease is an important 
indicator of oxidative stress which is 
capable of sweeping free radicals.[10] 
Glutathione (GSH) is one of thiol groups 
as well as an essential component of 
the normal immune system and plays 
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started, 3 ml phosphoric acid (1%) and 1 ml TBA (6%) 
were added to 10% tissue homogenates in the potassium 
chloride and then the mixture was heated in boiling 
water bath for 45 min. After cooling the mixture, 4 ml 
of n‑butanol was added and was vertexed for 1 min and 
was centrifuged for 10 min (3000 RPM). The upper layers 
were later removed for 20–25 min and were transferred to 
a test tube. The absorbance was read at 532 NM using a 
spectrometer.[23] The calibration curve is designed using 
tetrabutylammonium MDA. The MDA level was expressed 
as nmol/g of tissue (n Mol/g tissue).

Glutathione reduction method

The level of GSH in the testis tissue was investigated 
using Moron et al.’s method.[24] The task’s basis is 
the formation of yellow color following the addition 
of 5,5’‑Dithiobis‑(2‑nitrobenzoic acid) (DTNB) to the 
compound containing sulfhydryl groups. To do this, l300 μ 
of the homogenated tissue was mixed and vertexed with 
300 μl of Trichloroacetic acid 10% (TCA). The upper 
layers were removed after centrifugation at 2500 RPM 
for 10 min and were mixed with the reaction mixture 
containing 2 ml phosphate buffer (pH: 8) and l μ DTNB 
500. At the time of 10 min, the absorption at a wavelength 
of 412 nm was read using a spectrophotometer. At the 
end, the amount of GSH standard generated curve was 
determined using commercially available GSH, and GSH 
level was expressed using nMol/g tissue.

Statistical analysis

In this study, data were analyzed using SPSS 
software (SPSS 16 Software, Chicago, IL, USA). Results 
are expressed as mean ± standard deviation. Statistical 
analysis was performed using one‑way ANOVA and Tukey–
Kramer test to compare the mean differences between 
the groups and the difference was considered statistically 
significant at P < 0.05.

Chemicals

In this study, technical malathion 99% was purchased 
from Aria shimi Company and the stock solution with a 
concentration of 50 mg/ml was freshly prepared in normal 
saline 0.9%. MDA tetrabutylammonium, reduced GSH, 
DTNB (dithiobis nitrobenzoic acid), and ascorbic acid were 
purchased from Sigma CO.

an essential role in protecting body cells from damages 
caused by peroxidase hydrogen and oxygen species such 
as oxidative stress.[11] The severity of oxidative damage 
can be measured by estimating aldehyde products of lipid 
peroxidation such as malondialdehyde (MDA). These 
aldehydes can covalently bind to proteins through reacting 
with thiol groups and alter biological macromolecules 
function.[12] Antioxidants exist in two enzymatic and 
nonenzymatic forms.[13] Ascorbic acid is a nonenzymatic 
antioxidant with low molecular weight and soluble in 
water, which decreases lipid peroxidation and prevents 
many damaging effects on cells by reducing the production 
of oxidative stress.[14] With regard to the conditions 
mentioned above, for the first time, we determined GSH 
and MDA levels in 50 mg/kg malathion‑induced of the 
testis toxic in adult male Wistar Rats and evaluated the 
protective effects of Ascorbic Acid.

Methods
In this experimental study, 30 male 2‑month‑old Wistar 
rats weighing 200–250 g[15] were randomly divided into 
5 groups each containing of 6 rats,[16,17] which include 
control group (no intervention), sham group receiving 
daily (50 mg/kg of normal saline 0.9%), experimental 
Group 1 (malathion 50 mg/kg),[18‑20] experimental Group 
2 (Malathion 50 mg/kg + Ascorbic Acid 200 mg/kg), 
and experimental Group 3 (Ascorbic Acid 200 mg/kg) 
[Table 1]. The study lasted for 6 weeks and malathion, 
solvent (normal saline), and ascorbic acid (product of 
Sigma CO.) were injected intraperitoneally.[14,21] After 
6 weeks,[22] rats were anesthetized with intraperitoneal 
ketamine/xylazine (60 mg/kg and 6 mg/kg, respectively). 
Animals were sacrificed, and the right testis were used 
to measure the levels of MDA and GSH. These rats were 
kept in the standard conditions (temperature 2 ± 22°C and 
12‑h light/dark cycle) and had free access to food and 
water throughout the experiment. All the experimental 
protocols were approved by the Ethical Committee of 
Mashhad University of Medical Science (IR. MUMS. 
REC.1393.136).

Lipid peroxidation testing

Lipid peroxidation content was investigated by measuring 
the levels of MDA in the testis tissue of Rats. MDA 
reacts with thiobarbituric acid (TBA) and creates a pink 
complex with maximum absorbance at 532 nm. To get 

Table 1: Mean±standard deviation of glutathione, malondialdehyde, and compare them with different groups
Treatments GSH* MDA*
Control 8868.16±72.35 113.06±4.08
Sham (normal saline 50 mg/kg) 8451.80±151.08 113.06±7.10
Experimental Group 1 (malathion 50 mg/kg) 4473.49±79.05 181.57±12.44
Experimental Group 2 (malathion 50 mg/kg + Vitamin C 200 mg/kg) 5726.82±33.84 130.47±7.01
Experimental Group 3 (Vitamin C 200 mg/kg) 8799.88±112.86 112.56±4.92
*Values with small different letters in columns shown that are significantly different and similar letters are not significantly different 
(P<0.05) in various groups. GSH=Glutathione, MDA=Malondialdehyde
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Results
The effect of ascorbic acid on lipid peroxidation of rats 
treated with malathion

As shown in Table 1, a significant increase in MDA levels 
in the experimental Group 1 (malathion), compared to the 
control group (P < 0.001). In addition, the level of MDA in 
the experimental Group 2 (malathion + Ascorbic Acid) was 
significantly decreased compared with the experimental 
Group 1 (malathion) (P < 0.001). However, the level of 
MDA in control, sham, and Ascorbic Acid groups [Figure 1] 
was not significantly different (P > 0.001).

The effect of ascorbic acid on glutathione levels in the 
testis tissue of rats after receiving malathion

As shown in Table 1, in the experimental Group 1, rats 
treated with malathion showed a significant reduction in the 
levels of GSH compared with the control group (P < 0.001). 
Furthermore, GSH levels were significantly increased 
in the experimental Group 2 (vitamins C + malathion) 
compared with the experimental Group 1 (P < 0.001). 
Moreover, control, sham and Ascorbic Acid groups 
showed no significant difference in terms of levels of 
GSH (P > 0.001) [Figure 2].

Discussion
In this study, we investigated MDA and GSH level changes 
related to the testis tissue of malathion‑induced rats and the 
protective role of ascorbic acid. The results of comparing 
the average numbers showed that MDA levels in the 
experimental Group 1 that had only received malathion 
was significantly more than that compared with the control 
group (P < 0.001). However, the administration of ascorbic 
acid along with malathion in the experimental Group 2 
reduced the level of MDA compared with the experimental 
Group 1. Since ascorbic acid, as an effective antioxidant 
and as a mitigation of the effects of oxidative stress, 
can contribute to the improvement of blood poisoning, 
therefore, the results of this study are consistent with the 
results obtained by Uzun et al. who investigated the effect 

Figure 1: Effect of malathion and Vitamin C on malondialdehyde levels in 
groups. ***P < 0.001 versus control, ###P < 0.001 versus malation

of malathion on testis of male rats and the protective role 
of ascorbic acid.[14] MDA as a marker of oxidative stress 
is the last product of lipid catabolism.[25] Evidence showed 
that malathion leads to systemic disorders and consequently 
leads to hormonal changes such as the reproductive 
system by changing in the cell antioxidant system and 
increasing membrane lipid peroxidation and by inhibiting 
acetylcholinesterase enzyme.[26,27]

Furthermore, these pesticides by making some changes 
in DNA or its binding protein can damage the testis 
tissues and cause mutations in spermatogonia cells, which 
ultimately leads to changes in the sperm.[28] According 
to the similar previous studies, these pesticides cause 
biochemical changes in reproductive organs, including 
testis[10] and also, it is proved that any increase in the 
levels of MDA and reducing the antioxidant immune 
system.[8,29] Hence, the findings showed that malathion 
induces toxicity and DNA damage in the cells (human 
liver carcinoma cells) HepG2 increases levels of MDA 
through oxidative stress.[30] The results of these studies 
are consistent with the results of the present study. In 
this study, the level of MDAandGSH levels also were 
assessed.[31] In the present study, a comparison between 
the experimental Group 1 and control group showed that 
GSH level in the experimental Group 1 was significantly 
decreased compared to the control group (P < 0.001) 
that the concomitant use of malathion and ascorbic acid 
in the experimental Group 2 increase the level of GSH. 
This difference is statistically significant. The previous 
studies have also confirmed the reduced MDA levels and 
increased GSH antioxidant system and lipid peroxidation 
in rats kidneys and the study are consistent with the results 
of the present study.[32] In a similar study on one of the 
organophosphates such as diazinon, it was found that 

Figure 2: Effect of malathion and Vitamin C on glutathione levels in groups. 
***P < 0.001 versus control, ###P < 0.001 versus malation
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levels of GSH and MDA were significantly decreased and 
increased in the testis tissue of male rats.[10] Furthermore, 
the previous investigation showed that GSH levels were 
significantly decreased in the liver tissue and blood of 
rats treated with malathion.[33,34] Furthermore, according to 
the results of recent studies decreased antioxidant activity 
has been observed in the testis tissue following the use 
of organophosphate insecticides and ROS production.[10,34] 
In such circumstances, along with avoiding exposure 
to organophosphate pesticides, use of an appropriate 
antioxidant such as ascorbic acid used in this research 
can reduce adverse effects of exposure to these pesticides. 
Vitamin C is available in many foods and easily intake 
an antitoxic effect by daily consuming. The form of 
ascorbic acid reduction is maintained unchanged thorough 
reaction with GSH.[24] Ascorbic Acid is a water‑soluble 
vitamin that can decrease the amount of free radicals 
through its antioxidant properties.[35] Thus, the aim of the 
present study was to administer ascorbic acid to a group 
of rats, along with intraperitoneal injection of malathion 
for 42 days. The results of treatment with ascorbic acid 
and malathion (experimental Group 2), compared to 
those who only received malathion showed a significant 
increase in GSH levels and a significant reduction in 
the level of MDA (P < 0.002). Thus, according to the 
results of this study, the key role of ascorbic acid as 
an antioxidant will improve the oxidative stress.[36] 
Simultaneous use of vitamins E and C will significantly 
contribute to the improvement of lipid peroxidation 
induced by these pesticides in the heart tissue.[37] Another 
complementary study undertaken by research Sutcu 
et al. in this regard, revealed that ascorbic acid can, 
respectively, justify decreased oxidative stress in brain 
tissue and decreased lipid peroxidation of rats erythrocytes 
in the organophosphorus pesticide poisoning.[36] Hence, 
the results of this study are consistent with the results of 
previous studies that investigated the effect of ascorbic 
acid on the damage caused by lipid peroxidation.[38]

According to the results obtained in this study, it can 
be concluded the oxidative stress in rats treated with 
malathion causes cell toxicity. Furthermore, considering the 
biochemical effects of malathion in rats’ testis (reducing 
GSH content and increasing levels of MDA), there is the 
risk of cytotoxicity in farmers and other people who are 
in contact with these substances. Thus, according to the 
results of the present study, there is a dire need to treat and 
prevent the entry of pesticides into the body, prevent tissue 
damage under the influence of these pesticides, and prevent 
other disorders such as dysfunction of the gonads and the 
risk of infertility. Therefore, the use of ascorbic acid as an 
antioxidant in this study can protect the testis tissue against 
this toxicity by after reducing the MDA level and increasing 
GSH content. This study was limited by the assessment of 
apoptotic effect, the other antioxidant parameters such as 
Nrf‑2, and sperm quality in expouse  to malathion. For this 

reason, it was necessary to doing superior studies on large 
sample size to evaluate this factors.
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