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better in subjects who sustain the injury at a younger age.
This study aims to determine the subchronic exposure
effect of chlorpyrifos, carbofuran, and cypermethrin to
sciatic nerve histopathology in juvenile rats. This study
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This is an Open acces article un-

der the CC-BY license used 30 male Wistar rats (Rattus norvegicus) which were
divided into 5 groups, normal group (N), control group

(K), chlorpyrifos group (P1), carbofuran group (P2)

BY and cypermethrin group (P3). Subcutaneous injection

of pesticides was carried out for 21 days. Rats were
sacrificed using the cervical dislocation method, and
the right sciatic nerve was taken for histopathological
observation. Assessment of the degree of ischiatic nerve
histopathological damage is using the Jensen et al., (2018)
method. Data were analyzed using the Kruskal-Wallis test
and continued with the Mann-Whitney test. This study
showed a significantly increased degree of histopathological
damage in the chlorpyrifos group, carbofuran group, and
cypermethrin group compared to the control group and the
normal group (p<0.05). It can be concluded that exposure
to chlorpyrifos, carbofuran, and cypermethrin pesticides
increased damage and degeneration of the ischiadicus
nerve in juvenile rats.

69



QANUN MEDIKAVol 7 | No1 January 2023

it

R

JLRNALKEDOKTERAN F

JURNAL & un
KEDOKTERAN \Qaaeehy

INTRODUCTION

Pesticides are substances that are often used
in the agroindustry to kill pests that have the
potential to damage crops. Pesticides can be
classified based on their target and chemical
composition.  Based on their chemical
composition, pesticides are divided into
several groups, including organophosphates,
carbamates, and pyrethroids (Kaur et al.,
2019). Several types of pesticides that are
often used are chlorpyrifos (organophosphate
group), carbofuran (carbamate group), and
cypermethrin (pyrethroid group). The use of
chlorpyrifos is quite high, reaching 60% in
the United States and 53% in China (Foong
et al., 2020). Chlorpyrifos is also often used
by farmers in Indonesia (Sulaeman et al.,
2016). In addition to chlorpyrifos, carbofuran
is also often used, especially because
organochlorines are prohibited, so carbofuran
is an alternative (Indraningsih, 2008). For the
pyrethroid group, cypermethrin is often used,
such as in Botswana, Africa, where more than
50% of farmers use the pesticide cypermethrin
(Sharma et al., 2019).

Pesticides can kill pests but also can cause
toxic effects on humans when exposed.
Pesticides can enter the human body through
various ways, such as inhalation, dermal
contact, and ingestion. Dietary exposures
are also the main source of nonoccupational
exposure to chlorpyrifos (Kadem Majeed et
al., 2014;(Eaton et al., 2008). Weakness of
limbs, muscle tremors, ataxia, convulsions,
coma, and even death have been reported
as a result of pesticide exposure in humans.
Cypermethrin is known to have a toxic dose
of 100-1000 mg/KgBW and a potentially
lethal dose of 1-10 g/KgWB Exposure to
these cypermethrin doses causes symptoms
of toxicity and may lead to death (Das &
Parajuli, 2007; Yadav, 2018). A study showed
that exposure to chlorpyrifos 135 mg/KgBW
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had a Case Fatality rate (CFR) of 7.6% in 1376
patients, and carbofuran 8 mg/KgBW had a
Case Fatality rate (CFR) of 1% in 479 patients
(Dawson et al., 2010)(Dawson et al., 2010).

One of the adverse effects of pesticide exposure
isadisturbance in the peripheral nervous system.
Chlorpyrifos, carbofuran, and cypermethrin
have been shown to cause toxic effects in
humans, especially on peripheral nerves. Some
of these clinical symptoms in peripheral nerves
are numbness, paresthesias, muscle weakness,
especially in distal leg muscles, and urinary
disturbances (Eaton et al., 2008; Mishra et al.,
2020; Yilmaz et al., 2008; Grisold & Carozzi,
2021). In addition to clinical symptoms, the
toxicity of pesticides on peripheral nerves can
also be assessed from the histopathological
features of peripheral nerves. Several studies
conducted on rats exposed to chlorpyrifos,
carbofuran, and cypermethrin found features
of axon degeneration in peripheral nerves.
The histopathological picture is vacuolation,
digestion chamber, axon swelling, and
perineurial edema (Rogers-Cotrone et al., 2010;
Sundukov, 2006; Kadem Majeed et al., 2014).

The sciatic nerve is the largest peripheral
nerve in the body and has both sensory and
motor components. The sciatic nerve has an
important role in the body’s motor because it is
responsible for innervating most of the muscles
in the body’s lower extremities (Elder, 2007).
Pesticides have been known to cause damage to
the sciatic nerve (Bostan, 2017). The high use
of pesticides increases the risk of sciatic nerve
injury in workers in the agroindustry sector due
to exposure to pesticides, especially workers
who are teenagers. Based on data from the
Central Statistics Agency (BPS), the majority
of youth aged 16-30 years in rural areas work in
agriculture, with a percentage of 39.41%. The
data also shows that the highest percentage of
rural youth who work in agriculture is in the 16-
18 year age group, with a percentage of 32.70%.
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Age is an essential factor in peripheral nerve
damage. Nerve injury is one of the most
common injuries in children and adolescents
and is estimated at 10% to 15% of all cases
in specialized units (Costales et al., 2019).
However, the clinical outcome of peripheral
nerve injury is known to be better in subjects
who experienced the damage at a younger age
(Chemnitz et al., 2013). Therefore, this study
aimed to determine subchronic exposure effect
of chlorpyrifos, carbofuran, and cypermethrin
to sciatic nerve histopathology in juvenile rats.

METHODS

Male Wistar rats (Rattus norvegicus) aged 30
to 60 days in healthy condition characterized
by active movement and good appetite were
used in this study. Rats were obtained from
the Laboratory of Animal Physiology of UIN
Maulana Malik Ibrahim Malang, East Java.
Rats were placed in separate cages with each
cage containing 2 rats. Rats were fed with
pellets and fed with mineral water.

The pesticides chlorpyrifos, carbofuran,
and cypermethrin are trademarks of Sigma-
Aldrich. The pesticides were then made into
stock solutions by dissolving them in dimethyl
sulfoxide (DMSO) and sterile distilled water.
Chlorpyrifos 20 mg/Kg, carbofuran 0.2 mg/Kg,
and cypermethrin 20 mg/K g were each dissolved
in DMSO. The mixture was then dissolved
in sterile distilled water until homogeneous.
The chlorpyrifos stock solution was stored
at low temperature while the carbofuran and
cypermethrin stock solutions were stored at
room temperature.

In this study, rats were divided into 5 groups,
namely groups N, K, P1, P2, and P3. The normal
group (N) did not get treatment. The control
group was given a subcutaneous injection of
5% DMSO solution. Treatment group 1 (P1)
was given a subcutaneous injection of 20 mg/

Kg of chlorpyrifos solution. Treatment group
2 (P2) was given a subcutaneous injection of
0.2 mg/Kg of carbofuran. Treatment group
3 (P3) was given a subcutaneous injection of
cypermethrin 20 mg/Kg. The administration
of DMSO solution and pesticide injection was
once a day and was carried out for 21 days. At
the end of the study, the rats were sacrificed
using the cervical dislocation method. The rats
were then dissected, and the right sciatic nerve
was taken for histopathological preparations
and observation. This research has received
ethical approval from the Ethics Commission
of the Faculty of Medicine, University of
Jember, number 1.605/H25.1.11/KE/2022.

The sciatic nerve was taken in the right part with
alength of I cm. Histopathological preparations
of the sciatic nerve using longitudinal sections
and Hematoxylin-Eosin (H&E) staining.
Histopathology was observed by double
blinding using an Olympus microscope with a
magnification of 400x. Assess the degree of
histopathological damage to the sciatic nerve
using the Jensen et al., (2018) method. Data
were analyzed using the Kruskal-Wallis test
and continued with the Mann-Whitney test,
with a significance level of 95% (0=0.05), with
a p-value of <0.05 considered significant.

RESULTS

The data is the degree of nerve damage based on
the criteria of Jensen et al., (2018). The degree
of damage to the sciatic nerve can be seen in
Table 1. Based on the data on the average
degree of damage to the sciatic nerve in each
group, it is known that the average degree of
damage starts from the highest to the lowest
degree, P2 (carbofuran), P1 (chlorpyrifos),
P3 (cypermethrin), K (control group) & N
(normal group). The highest was in the P2
group (carbofuran) and the lowest was in the
normal group. The higher means the damage is
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Table 1. The sciatic nerve damage degree

Group Degree of Damage
(Average = SD)

N (Normal) 2.45+0.274

K (Control) 2.50 + 0.586

P1 (Chlorpyrifos) 3.85+0.821

P2 (Carbofuran) 4.00 £ 0.433

P3 (Cypermethrin) 3.65+0.822

Table 2. The Kruskal Wallis test result

Degree of Damage

Kruskal-Wallis H 16.358
df 4
Asymp. Sig. .003

Table 3. The post hoc Mann-Whitney test result
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Figure 1. The Histopathological picture of the sciatic nerve in the Hematoxylin-Eosin (H&E)
staining, 400x magnification; 1. chlorpyrifos administration 20mg/Kg; 2. Carbofuran
administration 0.2 mg/Kg; 3. Cypermethrin administration 20 mg/Kg; 4. Control; 5.
Normal. (V:vacuolation, D: Digestion chamber, S: swelling of axons and myelin, N:
normal axons).
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more severe, and the lower means the damage
is lighter.

In the normal and control groups, the
histopathological assessment results showed
an average degree of slight damage or grade
2. Histopathological appearance at this grade
showed that more than 7 axons to less than
25% of axons looked abnormal or degenerated.
In the treatment group that was exposed to
pesticides, namely groups P1 (chlorpyrifos),
P2 (carbofuran), and P3 (cypermethrin) had
the same average degree of damage, marked
or grade 4. Histopathological appearance
at this stage shows that 50-80% of axons
appear abnormal or degenerate.  Nerve
degeneration is indicated by vacuolation and
digestion chamber images on axons. The
histopathological appearance of the sciatic
nerve can be seen in Fig 1.

The data were analyzed using the Kruskal-
Wallis non-parametric test. The results of
the Kruskal-Wallis test can be seen in Table
2. Based on the results of the Kruskall-Wallis
test, the result is 0.003 (P <0.05). These
results indicate differences in the degree of
damage between groups in the study. The
data then continued with the post hoc Mann-
Whitney test. The Mann-Whitney test table
can be seen in Table 3.

The result showed that the normal group did
not show a significant difference in the degree
of damage when compared to the control
group. The normal group and the control
group showed significant differences in the
degree of damage when compared to groups
P1 (chlorpyrifos), P2 (carbofuran), and P3
(cypermethrin). There was no significant
difference in the degree of damage between
the P1 (chlorpyrifos), P2 (carbofuran) and P3
(cypermethrin).
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DISCUSSION

Pesticides can increase nerve damage and
degeneration through increased production of
Reactive Oxygen Species (ROS), resulting in
increased oxidative stress on nerves. Increased
ROS and oxidative stress can increase nerve
damage and degeneration (Fukui, 2016).
Pesticides also induce neuronal microtubule
damage, interfering with the distribution of
the Nicotinamide mononucleotide adenylyl
transferase enzyme (Nmnat), which protects
neurons from degeneration (Li & Collins,
2019). In this study, adolescent rats were
exposed to three pesticides: chlorpyrifos,
carbofuran, and cypermethrin. This study
showed increased damage and degeneration
of the sciatic nerve in juvenile rats exposed to
chlorpyrifos, carbofuran, and cypermethrin.

In the normal and control groups, the
histopathological assessment results showed
an average degree of slight damage or
degree 2. In the normal and control groups,
histopathological ~ features were found
indicatingaxondegeneration,namely digestion
chamber, vacuolation, and axon swelling,
although there were slight. The degenerate
axon picture can also be found in normal
nerves because the axon degeneration process
also occurs in normal neurodevelopment. This
is in accordance with other studies that the
process of axon degeneration can also occur
in normal development. Axon degeneration
in normal development aims to eliminate
unwanted or inappropriate axon branching
in its region (Saxena & Caroni, 2007; Luo &
O’Leary, 2005).

The treatment group that was exposed to
pesticides, namely groups P1 (chlorpyrifos),
P2 (carbofuran), and P3 (cypermethrin) had
the same average degree of damage, marked
or grade 4. The picture of vacuolation,
digestion chambers, and axonal swelling on
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the axons showed nerve degeneration. The
results of the comparison between the treatment
group and the normal group, and the control
group showed a significant difference in the
degree of damage. The treatment group had a
higher degree of injury when compared to the
normal group and the control group. These
results indicate that the administration of three
types of pesticides in the treatment group
both increased damage and degeneration of
the nerves. Nerve degeneration is shown by
vacuolation and digestion chamber images on
axons. In the treatment group, there was an
increase in the picture of the digestive chamber
and vacuolation of the nerves when compared
to the normal group and the control group. This
is in accordance with several studies conducted
by Rogers-Cotrone et al., (2010), Sundukov,
(2006), Kadem Majeed et al., (2014) that the
three types of pesticides increase nerve damage
and degeneration. The increase in axon damage
and degeneration in this treatment group may
occur because pesticides can increase the
production of Reactive Oxygen Species (ROS)
and induce microtubule damage resulting in
increased nerve damage and degeneration
(Karami-mohajeri & Abdollahi, 2011; Gupta
et al., 2007). Research conducted on adult rats
exposed to organophosphate pesticides showed
an increase in vacuolation of the lumbar region
of the nerves (Rogers-Cotrone et al., 2010).
Another study conducted using adult rats
exposed to chlorpyrifos and carbaryl either
alone or in combination showed a pathological
effect on the sciatic nerve which was observed
through histopathological and biochemical
observations (Sundukov, 2006).  Another
study conducted on adult rats with exposure
to cypermethrin increased neurodegeneration.
The increase in nerve degeneration is indicated
by an increase in the vacuolation of the number
and size of the spinal and sciatic nerves (Kadem
Majeed et al., 2014).

Increased ROS, decreased antioxidants,
and microtubule damage can be caused by
excessive excitation of nerves due to pesticides
(Karami-mohajeri & Abdollahi, 2011; Gupta
et al,, 2007). The three pesticides in this
study, namely chlorpyrifos, carbofuran, and
cypermethrin, work by inhibiting the action of
acetylcholinesterase (AChE) and modulating
sodium and calcium channels and then
increasing excitation in the nerves (Eaton et
al., 2008; Saquib et al., 2021; Kadem Majeed
et al., 2014). Increased excitation of nerves
leads to dysfunction of mitochondria. Neurons
cannot control ROS production, so ROS
production is excessive and results in increased
oxidative stress and neurodegeneration (Fukui,
2016; Karami-mohajeri & Abdollahi, 2011).
In addition, excess intracellular calcium due
to the effects of pesticide exposure induces
phosphorylation of Collapsin  Response
Mediator Protein (CRMP-2) and an increase
in HDCAS5, which results in microtubule
damage. Microtubule damage to neurons
disrupts the distribution of Nicotinamide
mononucleotide adenylyl transferase enzyme
(Nmnat) which protects neurons from damage
and degeneration (Li & Collins, 2019). Sub-
chronic exposure to chlorpyrifos, carbofuran,
and cypermethrin in this study showed an
increase in damage and degeneration of the
sciatic nerve in adolescent rats. The limitation
of this study is that no clinical assessment was
carried out to determine the effect of pesticide
exposure on the clinical condition of the lower
extremities of subjects.

CONCLUSION

Based on this study, it can be concluded
that subchronic exposure to chlorpyrifos,
carbofuran, and cypermethrin increase damage
and degeneration of the sciatic nerve in
adolescent rats.

75



QANUN MEDIKAVol 7 | No1 January 2023

it

Ry

JLRNALKEDOKTERAN F

JURNAL & un
KEDOKTERAN \Qaaehy

REFERENCES

Article, O. (2008). Effects of Cypermethrin
on Isolated Frog Sciatic Nerve: An
Ultrastructural Study. 38(2), 121-125.

Bostan, H. (2017). A Histopathological
Examination: The Sciatic Nerve Injury
Following Analgesic Drug Injection In
Rats. Northern Clinics of Istanbul, May.
https://doi.org/10.14744/nci.2017.28190

Chemnitz, A., Bjorkman, A., Dahlin, L. B., &
Rosén, B. (2013). Functional outcome
thirty years after median and ulnar nerve
repair in childhood and adolescence.
Journal of Bone and Joint Surgery -
Series A, 95(4), 329-337. https://doi.
org/10.2106/JBJS.L.00074

Costales, J. R., Socolovsky, M., Sanchez
Lazaro, J. A., & Alvarez Garcia, R.
(2019). Peripheral nerve injuries in
the pediatric population: a review of
the literature. Part I: traumatic nerve
injuries. Child’s Nervous System, 35(1),
29-35. https://doi.org/10.1007/s00381-
018-3974-8

R. N.,, & Parajuli, S. (2007).
Cypermethrin  Poisoning and Anti-
cholinergic = Medication- A  Case
Report.  Internet Journal of Medical
Update - EJOURNAL, 1(2). https://doi.
org/10.4314/ijmu.v1i2.39840

Dawson, A. H., Eddleston, M., Senarathna, L.,
Mohamed, F., Gawarammana, 1., Bowe,
S. J., Manuweera, G., & Buckley, N. A.
(2010). Acute human lethal toxicity of
agricultural pesticides: A prospective
cohort study. PLoS Medicine, 7(10).
https://doi.org/10.1371/journal.
pmed.1000357

Eaton, D. L., Daroff, R. B., Autrup, H.,
Bridges, J., Buffler, P., Costa, L. G.,

Das,

76

Coyle, J., McKhann, G., Mobley, W. C.,
Nadel, L., Neubert, D., Schulte-Hermann,
R., & Spencer, P. S. (2008). Review
of the toxicology of chlorpyrifos with
an emphasis on human exposure and
neurodevelopment. Critical Reviews in
Toxicology, 38(SUPPL.2), 1-125. https://
doi.org/10.1080/10408440802272158

Elder, J. B. (2007). THIEME Atlas of
Anatomy Series. In Neurosurgery (Vol.
61, Issue 3). https://doi.org/10.1227/01.
neu.0000290923.01213.93

Foong, S. Y., Ma, N. L., Lam, S. S., Peng, W.,
Low, F., Lee, B. H. K., Alstrup, A. K. O., &
Sonne, C. (2020). A recent global review
of hazardous chlorpyrifos pesticide in fruit
and vegetables: Prevalence, remediation
and actions needed. Journal of Hazardous
Materials, 400(April), 123006. https://
doi.org/10.1016/j.jhazmat.2020.123006

Grisold, W., & Carozzi, V. A. (2021). Toxicity
in peripheral nerves: An overview.
Toxics, 9(9). https://doi.org/10.3390/
toxics9090218

Gupta, R. C., Milatovic, S., Dettbarn, W. D.,
Aschner, M., & Milatovic, D. (2007).
Neuronal oxidative injury and dendritic
damage induced by carbofuran: Protection
by memantine. Toxicology and Applied
Pharmacology, 219(2-3),97-105. https://
doi.org/10.1016/j.taap.2006.10.028

Indraningsih. (2008). Pengaruh Penggunaan
Insektisida Karbamat Terhadap Kesehatan
Ternak dan Produknya. J. Wartazoa,
18(2), 101-114.

Jensen, V. F. H., Molck, A. M., Soeborg, H.,
Nowak, J., Chapman, M., Lykkesfeldt, J.,
& Bogh, 1. B. (2018). Proximal Neuropathy
and Associated Skeletal Muscle Changes
Resembling Denervation Atrophy in
Hindlimbs of Chronic Hypoglycaemic



QANUN MEDIKAVol 7 | No1 January 2023

¥

ey

JURNAL KEDOKTERAN Fi

JURNAL S
KEDOKTERAN R

Rats. Basic and Clinical Pharmacology
and Toxicology, 122(1), 165-175. https://
doi.org/10.1111/bcpt. 12870

Kadem Majeed, S., Jabal Hussein, T., & Waheed,
Z. (2014). Effects of Different Dose of
Cypermthrin on Serum Acetylcholine
Concentration, Spinal Cord and Sciatic
Nerve Histopathology in Adult Rats.
Basrah Journal of Veterinary Research,
13(1), 116—124. https://doi.org/10.33762/
bvetr.2014.88131

Karami-mohajeri, S., & Abdollahi, M. (2011).
Human & Experimental Toxicology. https://
doi.org/10.1177/0960327110388959

Kaur, R., Mavi, G. K., Raghav, S., & Khan, I.
(2019). Pesticides Classification and its
Impact on Environment. International
Journal  of  Current  Microbiology
and Applied Sciences, 8(03), 1889—
1897. https://doi.org/10.20546/
ijcmas.2019.803.224

Li, J., & Collins, C. A. (2019). Mechanisms
of Axonal Degeneration and
Regeneration. In The Oxford Handbook
of Invertebrate Neurobiology (Issue
April 2018). https://doi.org/10.1093/
oxfordhb/9780190456757.013.33

Luo, L, & O’Leary, D. D. M. (2005).
Axon retraction and degeneration in
development and disease. Annual
Review of Neuroscience, 28, 127-
156. https://doi.org/10.1146/annurev.
neuro.28.061604.135632

Mishra, S., Zhang, W., Lin, Z., Pang, S., Huang,
Y.,Bhatt, P., & Chen, S. (2020). Carbofuran
toxicity and its microbial degradation
in contaminated environments.
Chemosphere, 259, 127419. https://doi.
org/10.1016/j.chemosphere.2020.127419

Rogers-Cotrone, T., Burgess, M. P., Hancock,
S. H., Hinckley, J., Lowe, K., Ehrich, M.

77

F., & Jortner, B. S. (2010). Vacuolation
of sensory ganglion neuron cytoplasm
in rats with long-term exposure to
organophosphates. Toxicologic
Pathology, 38(4), 554-559. https://doi.
org/10.1177/0192623310369343

Saquib, Q., Alwathnani, H. A., Ansari, S. M., &

Al-khedhairy, A. A. (2021). Carbofuran
cytotoxicity , DNA damage , oxidative
stress , and cell death in human umbilical
vein endothelial cells : Evidence of
vascular toxicity. October 2020, 847—
860. https://doi.org/10.1002/jat.4150

Saxena, S., & Caroni, P. (2007). Mechanisms

of axon degeneration: From development
to disease. Progress in Neurobiology,
83(3), 174-191. https://doi.org/10.1016/j.
pneurobio.2007.07.007

Sharma, A., Kumar, V., Shahzad, B., Tanveer,

M., Sidhu, G. P. S., Handa, N., Kohli,
S. K., Yadav, P, Bali, A. S., Parihar, R.
D., Dar, O. I., Singh, K., Jasrotia, S.,
Bakshi, P., Ramakrishnan, M., Kumar, S.,
Bhardwaj, R., & Thukral, A. K. (2019).
Worldwide pesticide usage and its impacts
on ecosystem. SN Applied Sciences,
I(11), 1-16.  https://doi.org/10.1007/
s42452-019-1485-1

Sulaeman, E., Ardiwinata, A. N., Yani, M.,

Pertanian, P. L., Raya, J., Km, J., Pos,
K., & Jawa, P. (2016). Eksplorasi Bakteri
Pendegradasi  Insektisida  Klorpirifos
di Tanah Sayuran Kubis di Jawa Barat
Exploration of Chlorpyrifos Insecticide
Degrading Bacteria in Cabbage Crop
Land at West Java. Jurnal Tanah Dan
Iklim, 40(2), 103—112.

Sundukov, Y. N. (2006). First record of the

ground beetle Trechoblemus postilenatus
(Coleoptera, Carabidae) in Primorskii
krai. Far Eastern Entomologist,

165(April), 16. https://doi.org/10.1002/
tox



QANUN MEDIKA Vol 7 | No 1l January 2023

it

Ry

JLRNALKEDOKTERAN F

Yadav, B. (2018). Cypermethrin Toxicity: Yilmaz, O. 2008. Effects of cypermethrin

A Review. Journal of Forensic on isolated frog sciatic nerve: an
Sciences & Criminal Investigation, ultrastructural study. 38(2):121-125.
9(4), 9-11.  https://doi.org/10.19080/

jfsci.2018.09.555767

78



