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Abstract

Chronic exposure to insecticides, even at low levels, has led to chronic neurotoxicity. Adolescent brain is still
undergoing important developments, including in the hippocampus. This study investigated neurotoxicity
effects of subacute exposure to chlorpyrifos, carbofuran and cypermethrin in the brain of adolescent rats. This
study was performed at the Histology, Biochemistry, and Animal House Laboratory of Jember University from
November to December 2021. Subjects were divided into five groups: normal, control, chlorpyrifos, carbofuran,
and cypermethrin. Short-term memory was evaluated by Y maze test and tissue damage was evaluated by
histological examination. Brain MDA levels were determined by thiobarbituric acid reactive substance method
to evaluate the oxidative stress effect on the organ. This study showed spontaneous alternation in the Y maze
test and the number of pyramidal neurons in hippocampus decreased in the cypermethrin group. There was
a significant elevation of brain MDA level in carbofuran and cypermethrin groups. Thus, cypermethrin causes
more severe neurotoxicity than carbofuran and chlorpyrifos. Improvements in the insecticide application

management are urgently needed to prevent neurotoxicity.
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Introduction

Many fields use insecticide, like agriculture,
industry, and household activity. The organic
synthetic insecticide group consists of
organophosphate, carbamate, pyrethroid, and
organochlorine substances.! Organophosphate
plays a role by inhibiting acetylcholinesterase
activity in the neural organ. One of the active
substances in the organophosphate group used
widely in Indonesia is chlorpyriphos.2® Like
organophosphate, the carbamate group also
can inhibit cholinesterase activity in the neuron.
Carbofuran is one of the carbamate substances
commonly used.* The Pyrethroid group, like
cypermethrin, has a role in neural sodium
channel modulation.®
Theinsecticideisariskfactor forneurotoxicity.
High doses with short-term insecticide exposure
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caused acute neurotoxicity. Low doses with
long-term exposure to insecticide can make
substance accumulation that ends with chronic
neurotoxicity.® Neurotransmitter disturbance,
oxidative stress, and neuroinflammation are
primary mechanisms of insecticide-related
neurotoxicity that can lead to a degenerative
state.’

Naturally, human has matured brain since
they were born. However, in the adolescent
stage, critical development of the brain occurs
in the cortex and limbic system, including the
hippocampus. Anatomic changes are determined
by increasing volume, thickening of grey and
white matter, increasing plasticity, and synaptic
remodeling.8 This research explores whether
neurotoxicity occurs in sub-acute exposure
to insecticide chlorpyriphos, carbofuran, and
cypermethrin in the adolescent rat.

Methods

Chlorpyriphos (Pestanal®), carbofuran
(Pestanal®), and cypermethrin (Pestanal®) were
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purchased from Sigma-Aldrich, Saint Louis, USA.
Thiobarbituric acid was purchased from Tokyo
Chemical Industry, Portland, USA. Other reagents
and materials were obtained from the laboratory.

This study was conducted from November to
December 2021 at the Histology, Biochemistry,
and Animal House Laboratory of Jember
University. Twenty-five male healthy Wistar
adolescent rats (Rattus norvegicus) aged 40
days old were kept in a 12:12 light-dark cycle.
Each 2 to 3 rats were kept in one cage and
fed ad libitum. They were divided into five
groups (n=5); normal: receiving no-treatment,
control: receiving DMSO 5% subcutaneously,
chlorpyriphos: receiving chlorpyriphos 20 mg/
kgBW /day subcutaneously, carbofuran: receiving
carbofuran 0.2 mg/kgBW/day subcutaneously,
cypermethrin: receiving cypermethrin 20 mg/
kg BW/day subcutaneously. The treatment lasts
for 21 days. The three treatment doses are 10%
LD50 doses. Y maze test was performed on the
first day and the 21st day. The rats were then
terminated with cervical dislocation on the 21st
day after the Y Maze test and the rat’s brain was
removed. Furthermore, the brain MDA levels
were examined and the brain histopathological
preparation was carried out. This study was
approved by the Health Ethics Committee of the
Faculty of Medicine, University of Jember (letter
no: 1547/H25.1.11/KE/2021).

The Y maze test was used to analyze the rat’s
short-term memory. Memory was expressed
in percentage as spontaneous alternation.
Spontaneous alternation was calculated as the
ratio of the number of correct arms admissions
to the probability of spontaneous alternation
(total arm entry minus two). For example,
the rat entered the Y Maze arms in this order:
BCACBACABC (10 arms). Meanwhile, there were
5 correct alterations (BCA-ACB-CBA-BAC-ABC),
then the percentage of spontaneous alternation
was (5/8)x100=63%. The minimum number of
arms to be entered is 8 and is consideredto be in
the arms if the entire body has passed the half-
arms.’

MDA levels were measured in g/mL using the
thiobarbituric acid (TBA) method, the data were
shown in percentage relative to normal. The brain
tissue was weighed, then grounded in a medium
containing 50 mM Tris/HCl and 300mM sucrose
pH 7.4 at a ratio of 10% (w/v). The mixture was
homogenized and then centrifuged at 1,400 g for
10 minutes at 4°C. The supernatant was stored
at -80°C until the measurement. As much as 0.25
ml of the supernatant was mixed with 0.25 ml

Figure Illustration of Y Maze’

of 20% trichloroacetic acid, then centrifuged
at 1,000 rpm for 4 minutes. The thiobarbituric
acid (0.5 mL 0.67% in 0.026 M tris buffer) was
added to the supernatant and then heat at 100°C
for 15-30 minutes. The solution was placed on
ice for 10 minutes and the results were read
with a spectrophotometer (Thermo Spectronic,
4001/4, USA) at a wavelength of 532 nm.!?

Histological preparations were made after
7 days of brain tissue fixation in 10% buffered
formalin. Formalin blocks were made from the
coronal section of the brain -3.8 mm from the
bregma (containing hippocampus). The Cresyl
violet staining procedure is as follows, we
removed paraffin with xylol, put in 100%, 95%,
and 70% ethanol sequentially for 5 minutes,
then rinsed with distilled water. The histological
preparations were painted with 0.1% cresyl
violet for 10 minutes at 37°C, then put into
70%, 95%, and 100% ethanol sequentially, after
adding xylol and covering with a glass deck.
Microscopic (Olympus, CX21LEDFS1, Japan)
observations with 400x magnification counted
the number of pyramidal neurons in cornu
ammonis 1 (CA1) hippocampus in 3 fields of
view each. This process was using Image ]. Cells
were counted if the nucleus was stained clearly.
The cells with darkly stained and wrinkled were
not counted.

T-test was used to determine the effect of
chlorpyrifos, carbofuran, and cypermethrin on
short-term memory at the beginning and end of
the treatment. The one-way ANOVA test followed
by Tukey’s HSD post hoc test was used to
determine the effect of those three insecticides’
exposure to brain MDA levels and the histology
of the hippocampus. The significance level is
0.05 (p<0.05).
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Figure 2 Effect of Insecticides Exposure on Y-maze Test

(A) The number of an entered arm, and (B) spontaneous alternation. Data was shown with mean + SD group
on day 1 and day 21 in all groups. *) statistically significant, p<0.05

Results

Spontaneous alternations and the number of the
entered arm as Y maze test results on the 1st
and 21st day are shown in Figure 2. It was found
that the administration of the three insecticides
caused a reduction in spontaneous alternation
and the number of maze arms entered by rats.
The cypermethrin group showed a significant
decrease in spontaneous alternation on the
comparison of the maze test measurements on
day 1 and day 21 (p<0.05).

The results of measurements of brain tissue
MDA levels in each group can be seenin Figure 3.
Exposure to insecticides in all treatment groups
showed a tend to increase MDA levels. The
carbofuran group showed a significant increase
in MDA levels compared to the normal group
(p<0.05), and cypermethrin group showed a
significant increase in MDA levels compared to
the normal and control group (p<0.05).

Evaluation of the number of pyramidal
neurons in the CA1 hippocampus through a
microscope can be seen in Figure 4A. The number
of pyramidal neurons CA1 hippocampus in the
cypermethrin group was less than in the normal
and control group (p<0.05). Furthermore, it was
found pyknosis nuclear and cell degeneration in
all treatment groups (Figure 4B).

Discussion

The result of the study showed that there was a
neurotoxicity effect due to sub-acute exposure
to the insecticides chlorpyriphos, carbofuran,
and cypermethrin in the brains of adolescent
rats. Neurotoxicity could be determined by the

elevation of brain MDA level, which is a marker
of oxidative stress. A decrease in the number of
pyramidal neurons in the CA1 hippocampus and
short-term memory impairment as indicated
by a decrease in spontaneous alternation in the
Y maze test is also evidence of neurotoxicity.
Among these groups, cypermethrin is the
most significant insecticide which caused the
neurotoxicity effect.

Oxidative stress in the brain due to
insecticide exposure noticeably in elevation of
brain MDA levels, especially in the cypermethrin
and carbofuran group. This result is following
a previous study about carbofuran exposure
causing elevation of the MDA level in the brain.!!
Cypermethrin exposure in oral route with
25.089 mg/kg for 4 weeks also made elevation
brain MDA level.’? In vitro cypermethrin study
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Figure 3 Brain MDA Level

MDA level in all groups, shown by mean *
SD. #) statistically significant compared with
the normal group, *) statistically significant
compared with the normal and control group
(p<0.05).
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Figure 4 Histology Hippocampus

(A) The number of pyramidal neurons in the CA1 hippocampus is shown by mean+SD in each group.
*) statistically significant compared with the normal and control group, (p<0.05). (B) Histology image
of rat CA1 hippocampus with cresyl violet staining, 400x magnification. Pyknosis degeneration in
pyramidal neurons occurred in all treatment groups (arrow). (a) normal group, (b) control group, (c)
chlorpyriphos group, (d) carbofuran group, (e) cypermethrin group.

showed increased production of reactive oxygen
species (ROS). Administration of cypermethrin
or carbofuran could inhibit the activity of
antioxidant enzymes; catalase, glutathione, and
superoxide dismutase.'*'** These findings were
one of the possible reasons for the occurrence of
oxidative stress in brain tissue due to exposure
to carbofuran and cypermethrin, resulting in
an increase in MDA levels in brain tissue. In
this study, the elevation of the MDA level of
the chlorpyriphos group was not statistically
significant. Compared to a previous study by
Ibrahim, chlorpyriphos exposure duration in
our study was shorter than their study that
exposed their treatment group to chlorpyriphos
for 4 weeks.? They showed that chlorpyriphos
exposure for 4 weeks could increase the MDA
level in the brain.

This study showed histological changes in
the CA1 hippocampus due to cypermethrin
exposure, such as a decrease in pyramidal neuron
number, pyknosis, and neuronal degeneration.
This finding is in line with other studies that
cypermethrin oral exposure ata dose of 150 mg/
kg (medium dose) and 300 mg/kg (high dose,
approaching LD, ) for 28 days caused neuronal
pyknosis in the brain.!® Another study stated that
oral administration of cypermethrin at a dose of
12 mg/kg to pregnant and lactating rats caused
neuronal damage in the medulla oblongata

indicated by chromatolysis and pyknosis.® These
histological changes can be due to oxidative
stress, indicated by an increase in brain MDA
levels. The subcutaneously given cypermethrin
will be distributed and accumulate in the brain.
Because of its small molecular weight, it will
easily pass through the blood-brain barrier. The
presence of cypermethrin in brain tissue will
be considered a toxic agent so it will trigger
oxidative stress; increased ROS production and
inhibition of antioxidant enzymes in brain tissue.
These all will cause cellular damage, and in the
end can cause neuronal death.!* Apart from
oxidative stress, neuronal death can be induced
by astrogliosis and microgliosis processes.
Astrogliosis and microgliosis will trigger the
production and release of proinflammatory
cytokines which cause neuronal damage.'” In the
chlorpyrifos and carbofuran groups, neuronal
degeneration and pyknosis were seen. The
decrease in pyramidal neuron number in the two
groups was starting to be seen. This result was
in line with other studies, chlorpyrifos exposure
at a dose of 16.32 mg/kg for 4 weeks caused
degeneration and pyknosis in rat cerebral cortex
neurons.'’? Meanwhile, carbofuran exposure
to pregnant rats resulted in a reduction in
the number of hippocampal neurons in the
embryos.!®

The results of this study showed that
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insecticides exposure, especially cypermethrin,
impaired rat’s short-term memory, indicated by
a decrease in spontaneous alternation during
the Y maze test of the post-exposure group
compared to the pre- exposure group. These
results were supported by other studies which
use cypermethrin at a dose of 25 mg/kg for 6
weeks in rats and caused memory impairment.'’
Rats with agood memory will remember well
the previously visited Y maze arms. The rats
tend to enter the infrequently-visited Y maze
arms. This was indicated by the high value of
the presentation of spontaneous alternation;
the higher the value of spontaneous alternation,
the better the function of short-term memory.*
Hippocampus CA1l in mice plays an important
role in the formation of short-term memory and
conversion to long-term memory.?* From these
prior studies, it can be suspected that a reduction
in the number of pyramidal CA1 neurons in the
hippocampus is one of the causes of short-term
memory disorders in the cypermethrin group.
Another possible cause is due to oxidative stress
in the brain due to the increase in ROS production.
This phenomenon was characterized by an
increased level of MDA. ROS will transmute to
H,0,. It passes through the neuron membrane
and activates the signaling of extracellular signal-
regulated kinase and calcium calmodulin kinase
[I. When the signaling is activated, it disrupts
protein synthesis for synaptic function.?? An
excessive amount of ROS will interfere with
long-term potentiation as the basis for memory
formation.”®> Other assumptions regarding the
possibility that underlies the memory disorders
were the presence of a neuroinflammatory
process and the formation of amyloid beta and
tau protein. These proteins contribute to long-
term potentiation disorders.* In the chlorpyrifos
and carbofuran groups, memory impairment
was starting to be seen. The limitation of this
study is that the concentration of cypermethrin,
carbofuran, and chlorpyrifos in the brain tissue
was not measured. The conclusion of this study
is that cypermethrin causes impaired memory,
increased MDA brain level, decreased amount
of pyramidal neurons, and induced structure
damage in the hippocampus of adolescent
rats. Cypermethrin is a neurotoxic agent that
is quite strong when compared to carbofuran
and chlorpyrifos. It is necessary to study more
extensively the neurotoxic effects of insecticides
so that their management and prevention can be
carried out properly.
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