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Abstract
Background: Pesticides exposure is considered a global
health problem. Increased risk of neurodegenerative
disorders has been strongly associated with chronic
repeated exposure to organophosphates. The mechanism of
chronic neurotoxicity is still unclear and seems to be
different from cholinergic affection in acute toxicity.

Methods & Findings: This work aims to verify the
degenerative effects of chronic malathion exposure on
dopaminergic system in BALB/c mice and to identify the
possible contributing mechanism. Behavioural tests were
done to assess locomotor performance in malathion-treated
mice. To evaluate the histopathological consequences in the
mice brains, dopaminergic neurons in the substantia nigra
were assessed by antibodies to tyrosine hydroxylase.
Additionally, microglia and neuroinflammation were
identified using Iba-1 immunostaining. We also investigated
the role of dexamethasone (Dx) and acetyl salicylic acid
(ASA) in ameliorating malathion neurotoxic effects. Results
revealed that some neurobehavioural deficits were
detected in malathion-treated mice. They were associated
with decreased corpus striatum fiber density, increased
dopaminergic neurodegeneration in substantia nigra and
increased number of activated microglia. Treatment with
ASA and Dx imparted significant protection against
malathion neurotoxicity as evidenced by improved
neurobehavioural performance and diminished
neurodegeneration in the nigrostriatal system.

Conclusion: Our findings advocate the use of anti-
inflammatory drugs as possible neuroprotective therapy
against organophosphates-induced neurodegeneration. It is
recommended to perform longer studies to examine the
complete reversibility of OPs-induced neurotoxicity in
response to different anti-inflammatory agents (the exact

doses and duration) and to extrapolate the findings to
humans chronically exposed to malathion.

Keywords Malathion; Neurotoxicity; Anti-inflammatory
drugs

Introduction
Pesticides are utilized for preventing, destroying, repelling or

mitigating pests. They are also used in industry, therapeutics and
warfare related products [1]. Organophosphate pesticides (OPs)
are extensively used worldwide. Their high-intensity
occupational application constitutes a global health problem
due to the resultant environmental pollution and deleterious
chronic health effects especially in developing countries [2,3].

It is worthy-mentioning that prolonged low level OPs
exposure is not only limited to occupational settings, but also
includes living with those occupationally exposed, living near
OPs manufacturing and application sites or ingesting
contaminated food [4].

The toxic effects of OPs include different phases i.e. acute
toxicity, which involves acute cholinergic crisis due to
accumulation of acetyl choline as a result of inhibition of
cholinesterase (ChE) enzyme [5]. On the other hand, many
reports stated that OPs neurotoxicity (especially in case of
chronic exposure) may occur in the absence of ChE inhibition
[6-8]. The exact clinical phenotyping of OPs-induced chronic
neurotoxicity has been an area of debate with different
suggested mechanisms [9,10].

Despite that chronic exposure usually causes symptoms not
accompanied by acute cholinergic overstimulation, it is claimed
to be associated with neuropsychiatric conditions, such as
anxiety and depression. Furthermore, many reports proved
positive correlation between different types of OPs and the
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increased risk of cognitive deficits and neurodegenerative
disorders, such as Parkinson’s disease (PD), Alzheimer’s disease,
and amyotrophic lateral sclerosis [4,11,12].

Parkinson’s disease is the most common neurodegenerative
disorder that is accompanied by motor disability. The hall mark
pathological finding in this disease is progressive degeneration
of dopaminergic system, mainly the substantia nigra and corpus
striatum [13]. The aetiology of sporadic PD (the most common
form) is still not fully determined [14]. A current theory assumed
that there is a gene-environment interaction, where genetic
changes increase the vulnerability of dopaminergic neurons to
risk of environmental toxic agents [15].

The mechanism of OPs-induced neurodegeneration is still
unclear and seems to be different from AChE inhibition involved
in acute toxicity. One suggested mechanism for OPs induced-
neurotoxicity is neuroinflammation [9,10]. In the present study,
we aimed to verify the degenerative effects of long term
exposure to malathion on dopaminergic system in mice and to
identify the possible contributing mechanism.

Material and Methods
This study was approved by Medical Research Ethics

Committee, Faculty of Medicine, Mansoura University (code no:
MD/106). All chemicals were purchased from Sigma -Aldrich™

(Saint Louis, MO, USA) unless otherwise declared.

Animals and Experimental Design
This work was conducted in Medical Experimental Research

Centre (MERC), Faculty of Medicine, Mansoura University, Egypt.
First, a pilot study was performed to figure out the highest
sublethal dose of malathion that produced no toxic clinical
cholinergic signs, no morbidities as well as no mortalities. Three
doses for malathion were tried (50, 100 and 200 mg/kg given to
the mice by gavage).

To conduct the experiment, forty-eight BALB/c adult male
mice (Albino inbred strains), and four month-old, 25-30 grams
weight, were obtained from MERC. They were housed in clean
cages under standard laboratory conditions including suitable
temperature (22 ± 2°C), good lighting and aeration. They were
fed a standard laboratory diet and tap water.

Mice were randomly divided into four groups (12 mice each)
as follows: Control vehicle group (G1) that received distilled
water (which is used to dissolve the treatments employed in the
current study). Group 2 received malathion in a dose of 200
mg/kg dissolved in distilled water (1/2 ml). Malathion was
administered orally by gastric gavage every day for 8 weeks. The
other two groups received two different anti-inflammatory
drugs (purchased from Amriya Company for pharmaceutical
industries) in conjunction with malathion for 8 weeks as follows:
Group 3 (G3): "malathion+dexamethasone" M+DX-treated
group: mice were given malathion plus subcutaneous
dexamethasone injection "3 mg/kg/day" [16] and G4:
"malathion+acetyl-salicylic acid" M+ASA-treated group: mice
were given malathion plus intraperitoneal injection of ASA "100

mg/kg/day"[17]. Weights of the animals were recorded once a
week throughout the experiment.

Assessment of the Neurotoxic Effects of
Malathion on Dopaminergic System

Locomotor performance tests
Evaluation of the locomotor activity in mice was done at the

end of the 8th week by using ANY-box® (Stoelting Company,
USA) which is a multi-configuration behaviour apparatus (Figure
1).

Figure 1: ANY-box ® apparatus (Stoelting Company, USA).

Two different behavioural tests were performed in a room
that was completely isolated from external noises:

Parallel rod floor test: Parallel rod floor test apparatus
consists of a clear acrylic plastic box 20 cm × 20 cm × 30 cm
(width, length, height) and a series of parallel stainless-steel rods
placed on stainless steel base plate that acted as a floor for the
chamber. The locomotor activity was assessed using two
parameters: Foot slips (numbers of errors) which are measured
by a touch sensor underneath the parallel rod floor in addition
to efficient path (horizontal distance travelled by the mouse in
cm).

Open-field test: The apparatus is constructed of a clear acrylic
plastic box 40 cm × 40 cm × 35 cm (width, length, height) fits to
ANY-box base. Two perpendicular lines were drawn on the floor
with a marker and were visible through the clear wall. These
lines divided the floor into four equal quadrants: North East
(NE), North West (NW), South East (SE) and South West (SW).
Each animal was placed individually at the center of the
apparatus, allowed to explore it freely and observed for five
minutes. Each mouse trial was recorded for latter analysis, using
a camera positioned above the apparatus. Locomotor activity
was assessed for each mouse using numbers of mid zone cross,
immobility, the number of entries into these quadrants and the
duration that each animal spent in each quadrant.

Immunohistochemistry
At the end of the second month, the mice were perfused

through the aorta with 50 mL of 10 mM phosphate-buffered
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saline (PBS), followed by 150 mL of a cold fixative consisting of
4% paraformaldehyde, 0.35% glutaraldehyde, and 0.2% picric
acid in 100 mM phosphate buffer (PB), under deep anesthesia
with pentobarbital (100 mg/kg, i.p.). After perfusion, the brain
was quickly removed and post-fixed for 2 days with
paraformaldehyde in 100 mM PB and then transferred to 15%
sucrose solution in 100 mM PB containing 0.1% sodium azide at
4°C. The brain pieces were processed into paraffin blocks, and
then cut by microtome (20 µm). Antigen retrieval was done by
emersion of the slides in ethylene diamine tetra-acetic acid
(EDTA) solution for 20 minutes in a water bath at 90°C. Slides
were then incubated with primary mouse monoclonal anti-
tyrosine hydroxylase (TH) antibody (diluted 1:1000) or ionized
calcium binding adaptor molecule 1 (anti-iba-1 antibody: diluted
1:2000) over the night at 4°C in a refrigerator. After several
washes by PBS, this was followed by biotinylated secondary
antibody for 10 min then the avidin-biotin-peroxidase complex
(ABC) 10 min at room temperature. All the sections were
washed several times with PBS between each incubation, and
labeling was then revealed by Diaminobenzidine (DAB) which
was used as a chromogen. Slides were counterstained with
Meyer’s hematoxylin, dehydrated and cover slipped. Brain
sections were examined with standard Olympus® light
microscope (model-CX31RTSF).

Image analysis
Analysis was performed by a blinded investigator. The

following areas were examined:

Striatal TH-fiber density measurement: Pictures were
captured by a digital camera (Olympus® model E-420) and
analyzed by using image J software version ij146-jdk6 for
windows 7. Mean optical density of TH-positive dopaminergic
fibers in the corpus striatum was assessed. To evaluate the
entire striatal complex, the images were taken at six rostral-
caudal levels corresponding to antero-posterior (AP): +1.60,
+1.20, +0.20, -0.30, -0.90 and -1.40 mm from bregma. The
striatum in each section was delineated and measured using the
image J software. Non-specific background was correlated by
subtraction of the non-specific binding as measured from the
corpus callosum and for the TH-positive staining completely
denervated areas of the striatum. The data represented the
average of the six levels [18].

Dopaminergic neurons in Substantia Nigra pars compacta
(SNpc): TH-positive cells in the SNpc of both hemispheres were
counted, in every fourth section, throughout the entire nucleus.
The anatomical levels considered, in the anteroposterior (AP)
extension, fell within -5.20 and -5.80 mm, with respect to
bregma. Results were expressed as the percentage of cell loss
compared to control. Neurodegeneration was ranked from one
to four indicating loss of up to 25%, 50%, 75%, 100% in cell
count respectively [19].

Microglia in nigrostriatal pathway: Microglial count in SNpc
and corpus stiatum was evaluated using anti-Iba1 staining. Cells
positive for Iba1 antibodies were counted in the same pattern as
TH +ve neurons in both areas.

Statistical Analysis
The statistical analysis of data was performed using the

computerized statistical package for the social sciences (SPSS)
version 22.0 released 2013 and excel program for figures.
Quantitative data was described as mean ± standard error of
mean (SEM). For quantitative data; student t-test was used to
compare between two groups. One way analysis of variance
(ANOVA) test was used to compare more than two groups
followed by Tukey’s post hoc test. P is significant if<0.05 at
confidence interval 95%.

Results and Discussion
Several researches reported a possible correlation between

pesticides exposure and development of neurodegenerative
disorders [3,20]. Since OPs are the most widely used pesticides,
the previously mentioned studies focused on a link between OPs
and PD which is the most common neurodegenerative disease.
More interesting, some types of organophosphates have been
proved to induce degeneration in the dopaminergic system
[10,21].

In the present work, we investigate the neurotoxic effects of
chronic malathion administration (an organophosphate
compound that is widely used in Egypt) in BALB/c mice
behaviourally and pathologically. Open field and parallel rod
floor tests were used to assess exploratory behavior, anxiety,
locomotor activity and motor incoordination [22].

We found that the change in the weights of the tested
animals was insignificant. Some behavioural parameters were
significantly affected in the Malathion group in comparison to
the control mice. For instance, in parallel rod test, the efficient
path was decreased (26.00 ± 2.45) and the number of foot slips
was significantly increased in the malathion treated group (3.6 ±
0.24) in comparison with the control group (35.0 ± 1.67 and 0.9
± 0.28 respectively). With respect to the open field test, the
malathion treated mice had more North East entry frequency
(2.6 ± 0.40) and they spent less duration in the South East area
(27.6 ± 3.72) when compared to the control group (1.3 ± 0.30
and 45.6 ± 6.38 respectively).

It was reported that rats treated with malathion (50 and 100
mg/kg, for 3 days) presented anxiogenic behavior in the open-
field test [23]. Additionally, Gould et al. [24] stated that reduced
movement around the arena, and reluctance to enter or move
from one place to another or spend time in the open central
area indicated anxiety-related behaviour in the tested mice as
observed in the current study.

It was necessary to verify the pathological impact of
malathion on the dopaminergic system of the brains in the
studied mice. Tyrosine hydroxylase (TH), an enzyme involved in
the synthesis of dopaminergic neurons, was immune-
histochemically labelled (TH+) to visualize the dopaminergic
neurons and their neuronal processes. Furthermore, ionized
calcium binding adaptor molecule 1 (Iba-1), a protein expressed
by activated microglia was immunohistochemically labelled to
detect microglial cell activation. The observed locomotor deficits
were proved to be associated with evident degeneration in the
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dopaminergic system compared to the control group. Image
analysis of corpus striatum showed significant degeneration in
G2, treated with Malathion, compared to the control group as
illustrated in Figures 2 and 3. The quantification of neurons in
substantia nigra revealed parallel loss of dopaminergic neurons.
Moreover, quantification of cells positive for Iba1 (microglia)
showed accompanying increase in microglial cell count in
parallel with microglial activation as evidenced by arborization
of cells when examined under high power magnification (4 x)
and this also paralleled the resultant neurodegeneration (Table
1 and Figures 2 and 3).

Figure 2: Photomicrographs showing immunohistochemical
staining of corpus striatum against anti TH antibody. The
photo shows corpus striatum in control group (A), Malathion
treated group 200mg/kg (B) and Malathion plus
Dexamethasone (3 mg/kg) treated group (C). The photo
shows that density of dopaminergic fibers was significantly
decreased in Malathion treated group (B) compared to the
control (A). However, treatment with anti-inflammatory agent
offered neuroprotection to this vulnerablearea (C).
(Magnification X4).

Figure 3: Photomicrographs showing immunohistochemical
staining of corpus striatum against anti Iba 1 antibody as a
marker for microglia. The photo shows control group (A),
Malathion treated group "200 mg/kg" (B), Malathion plus ASA
"100 mg/kg"(C) and Malathion plus Dexamethasone "3
mg/kg" treated group (D). As shown, microglia number was
evidently increased in Malathion treated group (see arrows in
B). However, treatment of mice groups with ASA or
dexamethasone decreased the number of microglia to be
comparable to the control group. (Magnification 10X).

Table 1: Results of neurobehavioural tests and immunohistochemical examination of the brains in the studied mice groups.

Groups (n=10 mice each)

Control group (G1)

Group 2 Group 3 Group 4

Parameter M (200 mg/kg)
M (200 mg/kg)

+ Dx (3 mg/kg)

M (200 mg/kg)

+ ASA (100mg/kg)

(A) Neurobehavioural tests #

1. Parallel rod test

Foot slips
0.9 ± 0.28

 

3.6 ± 0.24 1 ± 0.29 2.67 ± 0.33

P value 0.001*a
0.82a

0.00*b

0.001*a

0.08b

Efficient path
35.0 ± 1.67

 

26.00 ± 2.45 30.00 ± 2.36 26.67 ± 1.67

P value 0.001*a
0.05*a

0.19b

0.001*a

0.83b

2. Open field test

North East quadrant entry
frequency 1.3 ± 0.30 2.6 ± 0.40 1.65 ± 0.34 2.0 ± 0.17

P value

 

 

 

0.01*a

 

0.5a

0.02* b

0.67a

0.19b

South East quadrant stay
duration 45.6 ± 6.38 27.6 ± 3.72 23.89 ± 7.14 22.22 ± 4.8
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P value

 

 

 

0.035*a

 

0.003*a

0.66b

0.002*

0.53b

Mid zone cross 1.1 ± 0.23 0.80 ± 0.37 0.67 ± 0.29 1.33 ± 0.29

P value

 

 

 

0.59a

 

0.36a

0.81b

0.62a

0.35b

Immobility 0.3 ± 0.15 0.6 ± 0.24 0.11 ± 0.11 0.00 ± 0.00

P value 0.06

(B) Immunohistochemical examination of the brains #

Fiber density of corpus striatum 157.92 ± 5.19

 

91.52 ± 1.79 127.64 ± 2.58 127.12 ± 10.10

P value 0.001*a 0.001*a, b 0.001*a

Degree of neuro-degeneration
in substantia nigra 0.00 ± 0.00

 

4.00 ± 0.00 1.33 ± 0.14 1.58 ± 0.15

P value 0.001*a 0.001*a, b 0.001*a, b

Number of activated microglia 121.33 ± 1.26

 

252.50 ± 19.96 187.72 ± 16.79 164.91 ± 6.69

P value 0.001*a 0.001*a, b 0.001*a, b

N.B. M: malathion, ASA: acetyl salicylic acid, Dx: dexamethasone.

# Data are expressed as mean ± SEM.

a: means p value compared to the control group whereas b: means p value compared to M (malathion) group.

*p value is significant if ≤ 0.05.

The results demonstrated in the present research are in
accordance with previous findings showing dopaminergic
degeneration due to chronic treatment with other types of
organophosphates [25-27].

In order to verify the role of OPs induced-neuroinflammation
in the current work, we assessed the therapeutic effect of two
anti-inflammatory drugs (dexamethasone and ASA)
behaviourally and pathologically. Our work revealed better
performance in some parameters of the behavioural tests as
well as significant improvement of the histopathological findings
in G3 & G4 in comparison with the malathion exposed group
despite they did not reach the same values of the control mice.
Concurrent treatment with dexamethasone or salicylates
reduced the number of activated microglia in striata of the
treated mice compared to malathion alone treatment. In
addition, the brain sections stained against TH showed
significant decrease in the number of dopaminergic neurons in
the substantia nigra. This cellular loss was parallel with
decreased dopaminergic fibres density in corpus striatum. The
decrease in microglia, hence neuroinflammation, was also
accompanied with significant protection to dopaminergic system
as evidenced by less degree of neurodegeneration and cell loss.

Thus, anti-inflammatory drugs administration in conjunction
with malathion improved the behavioural dysfunction in
malathiontreated mice and was associated with decreased levels
of anxiety. Interestingly, anxiety has been reported to be a
predominant clinical symptom of neurodegenerative diseases
[28]. Therefore, dexamethasone and ASA may have a protective
effect in the treatment of neurodegenerative disorderassociated
anxiety. Besides, idiopathic PD is characterized by the
progressive loss of dopaminergic neurons in the substantia nigra

pars compacta leading to dopamine depletion [29] which is also
improved after administration of these drugs as demonstrated in
the current research.

One important area that correlates OPs and PD is the
mechanism of action. Some studies revealed that one of the
mechanisms of dopaminergic degeneration is through
neuroinflammatory mediators [30,31]. The proinflammatory
cytokines and cells play crucial role in the damage of vulnerable
dopaminergic cells. On the other hand, several reports showed
that OPs induce chronic neurotoxicity through induction of
neuroinflammation and could also induce dopaminergic damage
through their proinflammatory effects [21,32,33].

In the present work, malathion treated mice showed
significant elevation of microglial count and activation in corpus
striatum. Worthy mentioning, microglia is the resident immune
cells (macrophages) of the brain which can be triggered and
activated in response to proinflammatory trigger or neuronal
death. Then, several reactive oxygen species and
proinflammatory factors (e.g., tumor necrosis factor α,
interleukin-1β) are produced and in turn, contributing to
neurotoxicity and degeneration [34,35]. In this context, OPs
including malathion may initiate an inflammatory response
leading to the activation of microglia as noticed in the current
work.

These findings denote proinflammatory mechanism of
malathion induced neurodegeneration which support previous
reports on OPs mechanisms of neurotoxicity and aetiological
pathways for dopaminergic system damage [36,37].

One limitation of our study is the lack of assessment of
cholinesterase levels. However, it is known that the decreased
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AChE activity does not correlate with the observed symptoms or
reported deficits and manifestations of exposure persist long
after ChE levels return to normal [8,38].

In conclusion, the present findings denote the ability of OPs to
damage dopaminergic system. Moreover, microglia activation
indicates that these effects may be related to malathion induced
dopaminergic degeneration and could be induced by
neuroinflammation. Targeting inflammation offered
neuroprotection in our work, this may advocate the use of anti-
inflammatory drugs as therapeutic strategy. Further longer
studies are warranted to examine the complete reversibility of
OPs neurotoxicity in response to different anti-inflammatory
agents (the exact doses and duration) and to extrapolate these
findings to humans chronically exposed to malathion.
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