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Abstract. – OBJECTIVE: Humans and other
animals are liable to expose to low doses of
malathion (MAL). However, experimental studies
on its toxic threshold dose and toxic low-dose
effects have not been conducted. The aims of
this study were to detect the initiation of the tox-
ic effects of sub-acute low doses (2.5, 5, and 10
mg/kg) of MAL by immunohistochemical and
biochemical parameters in rat brain.

MATERIALS AND METHODS: Twenty-eight rats
were randomly assigned into four groups (n=7) in-
cluding control and three different amounts of
MAL-exposed groups (2.5, 5, and 10 mg/kg).

RESULTS: On immunohistochemical examina-
tion, the number of caspase-3-positive cells in all
MAL-exposed groups was significantly higher
than in the control group. Consistent with this, the
total antioxidant capacity, total oxidant status, and
the levels of superoxide dismutase, malondialde-
hyde, and paraoxanase activity were significantly
different in the 5 and 10 mg/kg MAL-exposed
groups compared with the control group. Addi-
tionally, the total oxidant status and malondialde-
hyde levels were significantly higher in the 5 and
10 mg/kg MAL-exposed groups compared with
those in the 2.5 mg/kg MAL-exposed group.

CONCLUSIONS: Our results indicate that over
5 mg/kg MAL exposure may result in dose-depen-
dent oxidative stress, increased caspase-3 activi-
ty, and launching to the toxic effects in rat brain.
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brain.

Introduction

Malathion is an organophosphate parasympa-
thomimetic drug, which effects by binding irre-
versibly to cholinesterase. It is widely used as a
pesticide in agriculture, residential landscaping,
public recreation areas, and in public health pest
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control programs such as mosquito, lice and
antieradication1. Therefore, it is the most com-
monly used organophosphate agent in many
fields of most countries. This also leads to expo-
sure with increasing extent and causes the toxici-
ty at different degrees. Even though commonly
named as a pesticide, it is still regarded as a ther-
apeutic drug for pediculosis in medicine. This
vast consumption gives rise to environmental
pollutions due to soil and groundwater contami-
nation. Thus, organophosphates, including MAL
remain a serious health hazard2.
Incidental or intentional MAL intoxication

with an increased mortality rate is a relevant
health problem especially in developing coun-
tries. The widespread use of MAL may cause
acute or chronic toxic effects from high- or low-
level exposure3,4. To the best of our knowledge,
no work has been yet done to find out its toxic
effective doses with regard to caspase-3 activity
and biochemical parameters in rat brain. There-
fore, this study was planned to investigate the
sub-acute toxic effects of low doses of MAL
(2.5, 5, or 10 mg/kg, orally and daily for 28 days)
using both various biochemical and immunohis-
tochemical parameters.

Materials and Methods

The Ethics Committee performed all proce-
dures used in this study after approval of the pro-
tocol. A total of 28 mature female Wistar rats
(250±30 g) were randomly assigned into four
groups including control and MAL groups (2.5,
5, and 10 mg/kg MAL), and each was comprised
of seven animals. MAL (#91481; Fluka, Sigma-
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Caspase-3
TAC TOS positive cell
(mmol (mmol SOD MDA numbers

Trolox Eq./g H2O2 Eq./g PON-1 (U/gr (nmol/gr (meanvalue/
Groups protein) protein) (U/L) protein) protein) 10HPF)

Control (I) 0.56 ± 0.07 153.9 ± 31.9 15.3 ± 3.1 3.72 ± 0.63 252.3 ± 23.6 12.8 ± 2.1
Malathion 2.5 mg/kg (II) 0.47 ± 0.17 168.7 ± 46.5 11.4 ± 2.7 2.73 ± 0.75 308.7 ± 72.1 21.2 ± 2.9
Malathion 5 mg/kg (III) 0.41 ± 0.07 198.8 ± 25.0 10.2 ± 2.2 2.19 ± 1.55 384.7 ± 79.6 29.5 ± 3.6
Malathion 10 mg/kg (IV) 0.37 ± 0.07 372.3 ± 49.8 8.7 ± 1.6 1.80 ± 0.71 443.2 ± 68.5 33.6 ± 4.2
p values
I – II 0.16 0.49 0.006* 0.071 0.12 0.001*
I – III 0.017* 0.045* 0.001* 0.008* 0.001* 0.001*
I – IV 0.003* 0.001* 0.001* 0.001* 0.001* 0.001*
II – III 0.28 0.17 0.38 0.32 0.038* 0.001*
III – IV 0.50 0.001* 0.28 0.47 0.10 0.028*
II – IV 0.086 0.001* 0.058 0.093 0.001* 0.001*

Table I. Biochemical and immunohistochemical results (mean ± Standard deviation)

*Statistically significant values (p < 0.05); TOS: total oxidant status; TAC: total antioxidant capacity; MDA: malondialdehyde;
SOD: superoxide dismutase; PON-1: paraoxonase-1; HPF: high power field.

Histopathological and
Immunohistochemical Analyses
Coronal brain sections from the fronto-tempo-

ral region were prepared to assess the level of
caspase-3 activity using an immunohistochemi-
cal staining procedure. During the this examina-
tion, the number of caspase-3-positive brain tis-
sue cells without vascular structures was counted
in ten randomly selected microscopic fields for
each rat (five gray matter fields and five white
matter fields), and the average number of stained
cells was calculated for statistical analysis. Due
to a possible aberrant staining, the vascular struc-
tures were excluded from analysis11,12.

Statistical Analysis
The normality of the distribution was tested

using the Kolmogorov-Smirnov test. Because the
distributions were normal, they were analyzed by
one-way ANOVA with a least-squares difference
post-hoc test. The data are expressed as the mean
± standard deviation. A p-value < 0.05 was con-
sidered to be statistically significant.

Results

Biochemical Results
As shown in Table I, SOD and TAC activity

was not significantly decreased in the 2.5
mg/kg MAL-exposed group compared with the
control group (p > 0.05). The TOS and MDA
levels in rat brain were not significantly in-

Aldrich Chemie Gmbh, Munich, Germany) was
administered orally and daily for 28 days. The
rats were anesthetized by intraperitoneal (50
mg/kg ketamine and 10 mg/kg xylazine) injec-
tion and were sacrificed by decapitation 24 h af-
ter the last administration of MAL. Tissue sam-
ples were collected from each animal’s brains. A
portion of the brain tissue was removed at 4°C,
washed with ice-cold saline, and stored immedi-
ately at −50°C for further biochemical analysis.
The remaining brain tissues were placed in 10%
formalin for 72 h for pathological examination.

Biochemical Analyses
The excised brain tissue samples were

weighed and immediately stored at −50°C. The
tissues were homogenized in five volumes of ice-
cold 1.15% KCl (w/v). Assays were performed
on the supernatant of a homogenate that was pre-
pared by centrifugation at 14,000 rpm for 30 min
at 4°C. The protein concentration of the tissues
was measured using the Lowry et al5 method.
SOD activity was measured according to the
method described by Fridovich6. The lipid perox-
idation level in the cerebrum is expressed as the
MDA level and was measured by the method of
Ohkawa7. PON-1 activity was measured spec-
trophotometrically using the modified Eckerson
method8. The TAC and TOS of the supernatant
fractions were evaluated using a novel automated
and colorimetric measurement method developed
by Erel9,10. The results are expressed as nmol
Trolox equivalent/mgprotein.
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Figure 1. Caspase-3-positive cells in the rat brain tissue. A, Control group. B, Malathion 2.5 mg/kg-exposed group. C,
Malathion 5 mg/kg-exposed group. D, Malathion 10 mg/kg-exposed group. A dose-correlated increase in the number of cas-
pase-3-positive glial cells in the different groups can be observed in (A-D) (immuno peroxidase staining, ×200), (arrows, cas-
pase-3 positive glial cells; arrowheads, caspase-3 positive vascular endothelial cells).

A B

C D

creased in the 2.5 mg/kg MAL-exposed group
compared with the control group (p > 0.05).
However, the decreased levels of SOD and
TAC, and increased levels of TOS and MDA,
were statistically significant (p > 0.05) in the 5
and 10 mg/kg MAL-exposed groups compared
with the control group. Additionally, PON-1 ac-
tivity was significantly decreased in the 2.5, 5,
and 10 mg/kg MAL-exposed groups compared
to the control group (p > 0.05).

Histopathological and
Immunohistochemical Results
On microscopic examination, the H&E-stained

brain tissues showed no noticeable pathological
changes in and between the groups. However, an
immunohistochemically significant increase in
the number of caspase-3-positive brain cells in
the gray and white matter of the MAL-exposed

tissues was revealed compared with the controls
(Figure 1a-d). The caspase-3-positive cell num-
bers in the brain tissues of the groups are demon-
strated in Table I. Accordingly, compared with
the control group, the 2.5, 5, and 10 mg/kg
MAL-exposed groups showed a significant and
dose-dependent increase in the number of cas-
pase-3-positive brain cells (p = 0.001 for each).

Discussion

Recent studies regarding MAL toxicity have
focused on chronic intoxication and environmen-
tal contamination. Some diseases arising from
the pesticides appear its effects in long-term and
delayed health problems in agricultural workers
and in populations exposed to environmental
sources13-15. To understand the pathophysiology



of these non-cholinergic effects, in vitro and in
vivo investigations have been performed using
concentrations of MAL comparable to their ex-
posure levels11,14. Our study was designed to in-
vestigate the oxidative stress imposed by sub-
acute exposure to low doses of MAL (2.5, 5, and
10 mg/kg) in terms of free radical production and
lipid peroxidation. Like other OP compounds,
MAL inhibits AChE activity. This effect is
thought to underlie the neurotoxicity formed by
these compounds16. In addition to inhibiting
AChE activity, some studies have shown that ox-
idative stress could be an important component
in the mechanism of OP toxicity. The brain has
the propensity to suffer significant oxidative in-
jury due to its lipid composition, which is easily
oxidized due to its high oxygen consumption rate
and relatively low concentration of antioxidant
substances. The brain levels of oxidants can be
measured separately in the laboratory. However,
measurement of the TOS accurately reflects the
oxidative status of tissues, indicating the level of
all free oxidant radicals caused by MAL-related
oxidative stress10,17. Lipid peroxidation, a well-
established mechanism of cellular injury in ani-
mals, was used as an indicator of oxidative stress
in the present study by measuring the production
level of MD18. Several authors have found in-
creased lipid peroxidation end-products after
acute, sub-acute, or chronic MAL exposure18,19.
Acute exposure to MAL (250 mg/kg, intraperi-
toneally) has been clearly demonstrated to in-
crease the levels of lipid peroxidation end-prod-
ucts in rat brain18. Additionally, Fortunato et al20

showed MAL-induced oxidative stress in rat
brain in acute and chronic protocols at doses of
25, 50, 100, and 150 mg MAL/kg. Our findings
indicate an increase of MDA and TOS levels in
all brains of MAL-exposed rats, but not signifi-
cantly increased in the 2.5 mg/kg MAL-exposed
group compared with the control group. Howev-
er, the TOS and MDA levels in rat brain were
significantly and dose-dependently increased in
the 5 and 10 mg/kg MAL-exposed groups com-
pared with the control group in the present study.
These results suggest that MAL causes oxidative
stress and toxic effects on brain tissue in rats at a
dose of ≥ 5 mg/kg.
Conversely, the brain contains many antioxi-

dant molecules that prevent and/or inhibit harm-
ful free radical reactions21) SOD is an antioxidant
enzyme and its activity limits the accumulation
of peroxides in tissues, contributing to antioxi-
dant protection against oxidative cell injury22. By
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contrast, TAC reflects the total antioxidant status
of tissues9,23 and may be an important factor in
protecting the brain from neurological damage
caused by MAL-related oxidative stress. Consid-
ering the extensive data showing increased lipid
peroxidation as a general finding after MAL ex-
posure, it is clear that the antioxidant system is
not coping with the oxidative challenge20,22. One
possible explanation for this increased lipid per-
oxidation is the parallel impairment in antioxi-
dant defenses, as presented in the current study.
The decrease in TAC and SOD activity in the
brain indicates reduced antioxidant defenses after
5 and 10 mg/kg sub-acute MAL exposure, which
is in-line with the increased levels of MDA.
However, some studies have indicated that the
activities of antioxidant enzymes are unchanged
in the brains of animals poisoned with MAL16,24.
Additionally, Dos Santos et al24 reported that bio-
chemical parameters related to oxidative stress
(glutathione peroxidase, glutathione reductase,
and catalase activity, as well as lipid peroxida-
tion) were not affected in the brain of animals
treated with a single dose of MAL (1.25 mg/kg).
However, in the present study, MAL was shown
to cause a significant and dose-dependent de-
crease in SOD and TAC activity. Thus, these data
support pro-oxidative action as the mechanism
for MAL neurotoxicity.
PON-1, which hydrolyzes aromatic carboxylic

acid esters and OPs, is synthesized by the liver25.
The detoxification of lipid peroxidation and an-
tioxidant property of PON-1 has been proposed26.
Sufficient evidence has revealed that serum
PON-1 activity can be inhibited by OPs27. Thus,
this may decrease the protective ability of PON-1
against free radicals28. In the present report, a
marked negative relationship between PON-1 ac-
tivity and lipid peroxidation levels was found in
rat brain exposed to MAL. Compared with the
control group, PON-1 activity was found to be
significantly lower in MAL-exposed rat brain tis-
sue in a dose-dependent manner (2.5, 5, and 10
mg/kg). Our results also show that all biochemi-
cal parameters were consistent with the effects of
MAL-correlating with the dose quantities-on rat
brain tissue. Thus, at higher doses, MAL may
cause more oxidative stress and toxic effects on
brain tissue.
Apoptosis, or programmed cell death, is one of

the most important signaling pathways triggered
by cytotoxic stresses such as oxidative stress; it
induces the activation of executioner caspases
such as caspase-3, leading to cellular destruc-
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tion29,30. Although the cytotoxicity of MAL has
been shown to involve several biochemical path-
ways, only one study demonstrated apoptosis fol-
lowing exposure to this compound in the litera-
ture. Accordingly, low-dose exposure to MAL
has been shown to be effective in apoptosis in a
time- and dose-dependent manner, and non-
cholinergic doses of MAL induce caspase-medi-
ated apoptosis11. In our study, immunohistochem-
ically significant increase in the number of cas-
pase-3-positive brain cells in the gray and white
matter of the MAL-exposed tissues was revealed.
And compared with the control group, the 2.5, 5,
and 10 mg/kg MAL-exposed groups showed a
significant and dose-dependent increase in the
number of caspase-3-positive brain cells (p =
0.001 for each). Todate, according to our litera-
ture search, this is the first report to demonstrate
caspase-3 immunoreactivity in the brain tissue of
MAL-exposed rats. Additionally, these findings
suggest that low doses of MAL induce caspase-
mediated apoptosis in rat brain tissue.
As a result, when we evaluated all of the bio-

chemical parameters in our study (SOD, TAC,
TOS, MDA, and PON-1), significant differences
were found in the 5 and 10 mg/kg MAL-exposed
groups compared with the control group (p <
0.05); however, a significant difference was not
found in the 2.5 mg/kg MAL-exposed group
compared with the control group (p > 0.05; ex-
cept for PON-1). In particular, TOS and MDA
levels were significantly increased in the 5 and
10 mg/kg MAL-exposed groups compared with
the 2.5 mg/kg-exposed group. Additionally, our
immunohistochemical results are consistent with
our biochemical results and indicate that low
doses, including ≥ 5 mg/kg of MAL, can lead to
oxidative stress and increased caspase-3 im-
munoreactivity in rat brain tissue.

Conclusions

These results indicate that ≥ 5 mg/kg of MAL
may dose-dependently cause oxidative stress, in-
creased caspase-3 immunoreactivity, and toxic
effects on rat brain tissue. However, additional
studies of the brain effects of repeated low doses
of MAL (including doses of < 5 mg/kg) should
be conducted.
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