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Abstract
Introduction: Malathion is one of organophosphate poisons (OPPs) that inhibit cholinesterase activity and
induce oxidative stress in target organs, such as the reproductive system. The aim of this study was to assess the
effects of Malathion on serum and erythrocyte cholinesterase activity in male rats and also to assess the protective
effects of vitamin C in this regard.
Methods: This experimental study was performed in the Pharmacology Laboratory of the Pharmacy Faculty and
in the Advanced Histology Techniques Laboratory of the Medical Faculty of Mashhad University of Medical
Sciences (MUMS) in January 2014. Thirty male wistar rats, weighting 200-250 g, were divided into five groups
of six. The different groups were exposed as follows:  group 1: Malathion 50 mg/kg; group 2: Vitamin C; group
3: Malathion plus Vitamin C with the specified doses; sham group: normal saline; and control group: no
exposure. After six weeks, 3 ml blood samples were taken from the rats, and titrimetric and Ellman methods were
used to assess serum and erythrocyte cholinesterase activity, respectively. The data was analyzed by SPSS 16,
and p < 0.05 was considered significant.
Results: The activities of serum and erythrocyte cholinesterase were inhibited significantly in the Malathion
exposed group compared to the control group (p < 0.001). The administration of Vitamin C alone significantly
increased the activities of serum and erythrocyte cholinesterase. The serum and erythrocyte cholinesterase
inhibition showed improvement in the group that received both Malathion and Vitamin C.
Conclusion: Malathion reduced the activities of serum and erythrocyte cholinesterase in exposed animals. It
probably has the same intoxication effects on people who are exposed. Improvement of cholinesterase activity by
antioxidant effects of Vitamin C suggests that Vitamin C supplementation can be used to decrease side effects of
OPP exposure.
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1. Introduction
The organophosphate poisons (OPPs), i.e., herbicides and pesticides, are chemical compounds that are hazardous to
environment (1). The indiscriminate use of OPPs is one of the main concerns of WHO. Increased population
followed by increased demands for food, especially agricultural products, has pushed farmers to increase their
products, and this has led to the greater use of pesticides and poisons (2). OPPs can enter the human body through
skin and mucous membranes, such as eyes, mouth, or by inhaling the poison while it is being sprayed. Generally,
OPPs have high toxicity and induce many negative effects on different organs (3). They can cause many
complications, including nausea, dizziness, dyspnea, and urticaria (4). The human organs and systems that can be
affected by OPPs are the liver, kidneys, pancreas, heart, immune system, and vascular walls (5-7). Studies have
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shown the destructive effects of OPPs on the endocrine and reproductive systems of animals (8). One of the effects
of these pesticides is that they produce free radicals, which consequently change cell antioxidant systems and induce
membrane lipid peroxidation (9). In the human body, there are two types of cholinesterase enzyme; one is the real
cholinesterase (acetyl-cholinesterase), which is in the red blood cells, neural systems, and muscular systems. The
other type is pseudo-cholinesterase, which has a structure similar to that of acetyl-cholinesterase and is in serum, the
pancreas, the liver, the brain, and in heart cells (10-12). OPPs inhibit the activity of both types of cholinesterase,
causing the accumulation of acetylcholine neurotransmitter in the sympathetic and parasympathetic fibers and in
muscles’ neural connections. As a consequence, this accumulation disrupts the transportation of messages through
the cholinergic synapses (4, 13). Decreased serum cholinesterase activity (PchE) is a sign of acute intoxication, and
decreased acetylcholinesterase (AchE) in erythrocytes indicates chronic intoxication (14). Malathion is one of the
most important and most used OPPs in world, including Iran. Malathion (diethyl methoxy thio phosphine thio
succinate) is a parasympatholytic organophosphadate poison, which makes an irreversible bond/link with
cholinesterase (15). After being absorbed into the body, Malathion is converted to malaoxon and oxygen analogs by
the metabolism, and malaoxon is 61 times more toxic than Malathion (16). The mechanism of induced oxidative
stress by Malathion is producing free radicals including reactive oxygen species (ROSs). ROSs change antioxidants’
systemic defense in different organs (17). Oxidative stress harms many macromolecules by starting destructive
processes, including lipid peroxidation, DNA oxidation, protein oxidation, inactivation of enzymes, and causing
dysfunction in different membranes (18). Most of insecticides have hydrophobic molecules that readily attach to
biological membranes, especially to the two phospholipid layers of membranes, which causes membrane lipid
peroxidation (13). One of the ways of dealing with OPP intoxication is by using antioxidants, which prevent
excessive production of toxic free radicals and the damage they induce. Vitamin C or ascorbic acid is a known
antioxidant that seems necessary in many processes in the body, including forming bones and and repairing tissue
scars (19). Vitamin C decreases oxidative stress and lipid peroxidation, thereby preventing many damaging
processes in cells (20). Since Malathion is one of the most commonly used OPPs and it inhibits cholinesterase
activity, our aim in this study was to determine the toxic effects of Malathion on serum and erythrocyte
cholinesterase activity in male rats. Another aim was to assess the protective effects of Vitamin C in this regard.

2. Material and Methods
2.1. Research design and Sample size
This was an experimental study performed in pharmacology laboratory of Pharmacy Faculty and in advanced
histology techniques laboratory of Medical Faculty of Mashhad University of Medical Sciences (MUMS) in January
2014. The study protocol was approved by Ethic Committee of Mashhad University of Medical Science. The study’s
sample size was calculated based on a formula and previous studies (11, 13). The study population consisted of 30
two-month-old Vistar rats that weighed between 200 and 250 grams.

2.2. Experiment and data collection
The rats were assigned randomly assigned into five groups of six members each. The groups’ exposures were as
follows:

1) Experimental group 1: daily administration of 50 mg/kg of Malathion in normal saline solution
2) Experimental group 2: daily administration of 200 mg/kg of vitamin C
3) Experimental group 3: daily administration of 50 mg/kg of Malathion and 200 mg/kg of vitamin C
4) Sham group: administration of 50 mg/kg of normal saline
5) Control group: received nothing (21, 22).

Exposure to Malathion, Vitamin C, and normal saline (product of Sigma Company) were by intra-peritoneal
injection (23). After six weeks of daily exposure, the levels of acetylcholinesterase in erythrocyte and serum were
measured. Malathion 99% was purchased from Ariashimi Company and stock solution with a concentration of 50
mg/ml in normal saline was prepared as needed. To measure erythrocyte cholinesterase, the rats were anesthetized
with intra-peritoneal injection of 0.1 ml/100g (24). A 3-ml blood sample was taken from animal heart with
heparinized syringes. Half of the blood sample was centrifuged and then 3 ml of reactant DTNB (dithiobis
nitrobenzoic acid) and 100 ml of the substrate solution (acetyl thio colin idone) were added to a glass tube, and the
tube was placed in a water bath at 37 °C for 10 seconds. Then, 100 µl of the hemolysis solution were added, and the
glass tube remained in the water bath at 37 °C for 10 more minutes, after which 1 ml of reactant stopper was added
to it. The contents of the tube were stirred, and the tube was removed from the water bath. The blank samples were
prepared with this same method with the exception that, in the last step after adding reactant stopper, 100 µl of
hemolysis solution were added to each tube that was taken out of the water bath. Since each hemolyzed sample had
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its own absorption characteristics, one separate blank was prepared independently for use in determining the enzyme
activity in each sample, and each sample’s absorption in front in of its blank was read immediately at the
wavelength of 440 nm. This process was repeated three times for each hemolyzed sample, and their mean was
calculated. The element method was used to measure the inhibition of acetyl-cholinesterase enzyme in erythrocyte
(51), and serum cholinesterase was measured with titrometery. In this method, the main solution was acetylcholine
chloride, and 0.5 ml of serum was added to 10 ml of the acetylcholine chloride. Then, two drops of Trizol reagent (a
pH indicator that is yellow in acidic condition and purple in alkaline condition) were added and mixed. Also, 5 cm3
of 10% acetic acid were added to the acetylcholine chloride to enhance its stability.

2.3. Statistical analysis
The collected results were entered into and analyzed by SPSS version 16 (SPSS Inc., Chicago, Illinois, USA). The
statistical analysis of erythrocyte cholinesterase was made by ANOVA, and the means were compared by the
Tukey-Kramer test. Since serum cholinesterase data were reported as percentages, the Mann-Whiney test was used
to compare the means between the groups, and p-values < 0.05 were considered to be significant.

3. Results
The mean of serum cholinesterase activity was 26.66 ± 2.88, 24± 4.18, and 29.16 ± 4.91 in the control, normal
saline, and Vitamin C groups. These means in the Malathion and Malathion + Vitamin C groups were 12 ± 2.73 and
18 ± 4.47, respectively.  The results indicated that the activity of serum cholinesterase in the Malathion group was
significantly decreased compared to the other groups. The differences between the means for the control group,
normal saline group, and Vitamin C groups and the mean of the Malathion group were significant (p-value < 0.001
for all three comparisons) (Table 1). The mean of erythrocyte cholinesterase activities in the control, normal saline,
and Vitamin C groups were 3.33 ± 0.28, 2.72 ± 0.42, and 2.8 ± 0.43. These means in the Malathion and the
Malathion + Vitamin C groups were 1.29 ± 0.17 and 2.04 ± 0.18, respectively. The comparison of mean erythrocyte
cholinesterase activities in the control, normal saline, Vitamin C and Malathion + Vitamin C groups with the
Malathion group showed significant differences (p < 0.0001 for the first three groups and p = 0.002 for the last
group) (Table 2). Regarding the protective effects of Vitamin C, the comparison of mean and standard deviation of
both serum and erythrocyte cholinesterase activity between the control group and the group that received only
Vitamin C showed that enzyme activity was significantly improved by the administration of Vitamin C (p = 0.03 for
both comparisons). Our results also showed that the mean of serum cholinesterase activity in the rats that received
Malathion + Vitamin C was not significantly different from the control group (p = 0.009), while the difference
between the group that was exposed only to Malathion and the control group was significant (p < 0.0001). The
differences between the mean of erythrocyte cholinesterase activity in the control group and the Malathion and the
Malathion + Vitamin C groups also were significant (p < 0.0001 for both).

Table 1. Comparison of serum cholinesterase activity between experimental groups and with the control group
Groups Serum cholinesterase;

Mean ± SD
p-value (Comparison of
groups with control)

p-value (Comparison of
groups with Malathion)

Control 26.66 ± 2.88 - < 0.0001
Normal saline 50 ml/kg 24 ± 4.18 0.38 < 0.0001
Malathion 50 mg/kg 12 ± 2.73 < 0.0001 -
Vitamin C  200 mg/kg 29.16 ± 4.91 0.03 < 0.0001
Malathion  50 mg/kg +
Vitamin C  200 mg/kg

18.4.47 0.009

Table 2. Comparison of erythrocyte cholinesterase activity between experimental groups and with the control group
Groups Erythrocytecholinesterase;

Mean ± SD
p-value (Comparison of
groups with control)

p-value (Comparison of
groups with Sham)

Control 3.33 ± 0.28 - < 0.0001
Normal saline 50 ml/kg 2.72 ± 0.42 0.02 < 0.0001
Malathion 50 mg/kg 1.29 ±0.17 < 0.0001 -
Vitamin C 200 mg/kg 2.8 ± 0.43 0.03 < 0.0001
Malathion 50 mg/kg +
Vitamin C 200 mg/kg

2.04 ± 0.18 < 0.0001 0.002
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4. Discussion
This study aimed to evaluate the activity level of serum and erythrocyte cholinesterase in male rats exposed to
Malathion and Vitamin C. Our results showed that the activity of both serum and erythrocyte cholinesterase
significantly decreased in rats exposed to Malathion compared with control group (p < 0.0001).  The administration
of Vitamin C alone significantly increased serum and erythrocyte cholinesterase activity in comparison with control
group (p < 0.03). The difference between serum cholinesterase activity in the rats that received Malathion + Vitamin
C and the control group was not significant (p = 0.09), however the difference between mean of erythrocyte
cholinesterase activity was significant (p < 0.0001). These findings indicated that Vitamin C had a protective effect
on serum cholinesterase activity but not on erythrocyte cholinesterase activity. The results of this study showed that
serum and erythrocyte cholinesterase activities in the group exposed to Malathion were significantly less than the
control group (p < 0.001), which were similar to the results of other studies. These findings confirmed the results of
Inbaraj et al.’s study that was performed on fish exposed to Malathion (25). They showed that Malathion
demonstrated a dose-dependent inhibition of brain acetylcholinesterase activity. The results of Ansari et al.’s study
on fish and Abdollahi et al.’s study on rats also demonstrated the decrease in acetylcholinesterase activity upon
exposure to OPPs, especially Malathion (26, 27). Another study that evaluated the effects of three OPPs (Malathion,
Diazinon, and Parathion) on wildfowl eggs showed that all of these OPPs can significantly decrease the activity of
fetal plasma cholinesterase (28). The results of all of these studies indicated the intoxication of live animals by
OPPs, especially Malathion. Since OPPs are very commonly used poisons worldwide, intoxication by them seems
inevitable, therefore attention is now being focused on determining ways to reduce their intoxication. Antioxidants,
including Vitamin C, are one of the suggested products. The studies’ results have shown that Vitamin C can reduce
the production of free radicals produced by oxidative stress (13). In our study, one group of rats received Vitamin C
and Malathion, and the results illustrated a significant increase in serum cholinesterase compared with the group that
received only Malathion. This finding was similar to the results of Uzun et al.’s study about Malathion-induced
testicular toxicity in male rats and the protective effect of vtamins C and E (13).  Their results indicated that co-
treatment of rats exposed to Malathion with Vitamins E and C had a protective effect on sperm count, sperm
motility, and abnormal sperm numbers. Kalender et al. also found that Vitamins C and E can reduce Malathion
hepatotoxicity (29). The reduction in serum cholinesterase caused by Malathion restrains the activity of
hypothalamus-hypophysis-gonadal axis and leads to the reduction of the production of sexual hormones and causes
disorders in the reproductive system (30). It must be considered that the results of this study only showed changes of
serum and erythrocyte cholinesterase activity under Malathion exposure and also indicated that Vitamin C, as an
antioxidant, reduced the effects of oxidative stress caused by Malathion intoxication. However, the results do not
imply any protective effect of Vitamin C for the reproductive system upon exposure to Malathion. Since
antioxidants can reduce the harmful effects of exposure to OPPs, people who are exposed to OPPs in direct ways
(contact or inhalation) or indirect ways (using contaminated agricultural products or proteins), the use of
antioxidants, such as Vitamin C, may decrease the damage.

5. Conclusions
Our findings showed that Malathion decreased the activity of serum and erythrocyte cholinesterase in exposed rats
and that the administration of Vitamin C reduced the induced damage.  Since Malathion is a very commonly used
insecticide and people are exposed to it in different ways, it could have similar intoxication effects on people who
are exposed to it. Vitamin C has been shown to have protective effects against Malathion toxicity in animal studies,
therefore Vitamin C supplementation is suggested for people who are exposed to Malathion. However, to generalize
these results, additional studies with larger sample sizes or different populations are recommended.
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