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ABSTRACT

Dimethoate (DMT) pesticide is one of the chemicals used to
protect some agricultural areas from harmful organisms. DMT
residues released directly or indirectly to the environment
cause serious problems in nature. DMT residues mixed with the
aquatic environment adversely affect aquatic organisms and
this effect is carried to humans through the food chain. In this
study, oxidative stress responses induced by DMT pesticide in
Pontastacus leptodactylus were investigated. For this purpose,
oxidative stress and antioxidant parameters Thiobarbituric acid
reactive substances (TBARS), Glutathione (GSH), Superoxide
dismutase (SOD), catalase (CAT) and glutathione peroxidase
(GPX) caused by dimethoate (DMT) pesticide in P. leptodactylus
at 17.5, 35, and 70 mg·L-1 concentrations at 24 and 96 hours
were investigated. Results were determined using ELISA kits.
No significant difference was observed in GSH levels and SOD
activities compared to control. Statistically significant differences
were observed between decreases in CAT and GPx activities and 
increases in TBARS levels. SPSS 24.0 package program one–way
ANOVA (Duncan 0.05) was used in the evaluation of biochemical 
analyzes. As a result, it was determined that DMT caused oxidative
stress formation in P. leptodactylus and caused changes in enzyme
activities.
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RESUMEN

El pesticida dimetoato (DMT) es uno de los productos químicos
utilizados para proteger algunas áreas agrícolas de organismos
nocivos. Los residuos de DMT liberados directa o indirectamente 
al medio ambiente causan graves problemas en la naturaleza.
Los residuos de DMT mezclados con el medio acuático afectan
negativamente a los organismos acuáticos y este efecto se
transmite a los humanos a través de la cadena alimentaria. En este
estudio, se investigaron las respuestas al estrés oxidativo inducidas
por el pesticida DMT en Pontastacus leptodactylus. Para ello, se
investigaron el estrés oxidativo y los parámetros antioxidantes
Sustancias reactivas al ácido tiobarbitúrico (TBARS), glutatión
(GSH), superóxido dismutasa (SOD), catalasa (CAT) y glutatión
peroxidasa (GPX) causados por el pesticida dimetoato (DMT)
en P. leptodactylus en concentraciones de 17,5; 35 y 70 mg·L-1

a las 24 y 96 horas. Los resultados se determinaron utilizando
kits de ELISA. No se observaron diferencias significativas en los 
niveles de GSH y las actividades de SOD en comparación con el
control. Se observaron diferencias estadísticamente significativas
entre disminuciones en las actividades de CAT y GPx y aumentos 
en los niveles de TBARS. Se utilizó ANOVA unidireccional del
programa SPSS 24.0 (Duncan 0,05) en la evaluación de los análisis
bioquímicos. Como resultado, se determinó que el DMT provocó 
la formación de estrés oxidativo en P. leptodactylus y provocó
cambios en las actividades enzimáticas.
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ABSTRACT

This study aimed to investigate the effects of topiramate and 
flunarizine on serum glutamine and neuropeptide Y (NPY) levels 
in adolescent (6 weeks) rats with a migraine model induced by 
trinitroglycerin (NTG). For this purpose, 48 Wistar albino male 
rats in the adolescent stage were used. The rats were divided 
into 6 groups, each consisting of 8 animals. Group 1 (n=8): 
Healthy control group; no agent was applied. Group 2 (n=8): 
Migraine group; NTG (10 mg/kg, IP) was administered once 
daily. Group 3 (n=8): Migraine + Topiramate group; NTG (10 mg/
kg, IP) was administered once daily, and topiramate (50 mg) 
was administered orally twice a day. Group 4 (n=8): Migraine + 
Flunarizine group; NTG (10 mg/kg, IP) was administered once 
daily, and flunarizine (5 mg) was administered orally twice a 
day. Group 5 (n=8): Topiramate group only; topiramate (50 mg) 
was administered orally twice a day. Group 6 (n=8): Flunarizine 
group only; flunarizine (5 mg) was administered orally twice 
a day. All applications were performed for 5 days. In the 
migraine-induced group, a significant increase in glutamine 
and NPY levels was observed compared to the control group. 
However, in the topiramate and flunarizine groups (grup 
5 and 6), no significant differences were detected in these 
levels compared to the control group. The NTG application 
was found to be suitable for creating a migraine model, but to 
observe better clinical findings, an increase in both dose and 
duration may be necessary. It was concluded that migraine 
results in brain damage, and as an indicator of damage, both 
NPY and glutaminase levels may increase. Glutaminase might 
be slightly more sensitive than NPY in detecting brain damage 
in migraine, but this sensitivity should be further compared in 
more experimental studies.

Key words: Migraine; adolescent rats; Topiramate; Flunarizine

RESUMEN

Este estudio se propuso investigar los efectos del topiramato 
y la flunarizina sobre los niveles séricos de glutamina y 
neuropéptido Y (NPY) en ratas adolescentes con un modelo 
de migraña inducida por trinitroglicerina (NTG). Para ello, se 
utilizaron 48 ratas macho albinas Wistar en fase adolescente. 
Las ratas se dividieron en 6 grupos, cada uno de los cuales 
constaba de 8 animales. Grupo 1 (n=8): Grupo de control sano; 
no se aplicó ningún agente. Grupo 2 (n=8): Grupo migrañoso; 
se administró NTG (10 mg/kg, IP) una vez al día. Grupo 3 (n=8): 
Grupo migraña + topiramato; se administró NTG (10 mg/kg, 
IP) una vez al día y topiramato (50 mg) por vía oral dos veces 
al día. Grupo 4 (n=8): Grupo de migraña + flunarizina; NTG (10 
mg/kg, IP) se administró una vez al día, y flunarizina (5 mg) se 
administró por vía oral dos veces al día. Grupo 5 (n=8): Grupo de 
topiramato únicamente; se administró topiramato (50 mg) por 
vía oral dos veces al día. Grupo 6 (n=8): Sólo grupo de flunarizina; 
se administró flunarizina (5 mg) por vía oral dos veces al día. 
Todas las aplicaciones se realizaron durante 5 días. En el grupo 
inducido por migraña, se observó un aumento significativo de 
los niveles de glutamina y NPY en comparación con el grupo de 
control. Sin embargo, en los grupos de topiramato y flunarizina 
(grupos 5 y 6) no se detectaron diferencias significativas en 
estos niveles en comparación con el grupo de control. Se 
comprobó que la aplicación de NTG es adecuada para crear 
un modelo de migraña, pero para observar mejores resultados 
clínicos puede ser necesario aumentar tanto la dosis como la 
duración. Se llegó a la conclusión de que la migraña provoca 
daños cerebrales y, como indicador de los mismos, pueden 
aumentar tanto los niveles de NPY como de glutaminasa. La 
glutaminasa podría ser ligeramente más sensible que el NPY a 
la hora de detectar daños cerebrales en la migraña, pero esta 
sensibilidad debería seguir comparándose en más estudios 
experimentales.
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INTRODUCTION

Migraine is an episodic headache disorder accompanied by 
neurological, gastrointestinal, and autonomic changes and is 
typically associated with symptoms such as nausea, vomiting, 
and light sensitivity [1]. Pediatric migraine is common in 
childhood, with a prevalence of 3-10.6%, and is one of the most 
common types of chronic episodic headaches [2 ,3 ,4].

It is recommended to avoid unnecessary tests in the 
diagnosis of migraine and to apply appropriate pharmacological 
treatments. Flunarizine is frequently preferred as an effective 
prophylactic agent in pediatric cases [5].

It is reported that rats are used as animal species for the 
migraine model and there are different migraine model methods 
[6 ,7]. In animal models, nitroglycerin (NTG) is commonly used 
to investigate migraine attacks. NTG triggers migraine through its 
vasodilator effect and is administered in rats (Rattus norvegicus) 
at a dose of 10 mg/kg [8 ,9] Adolescent rats are considered a 
suitable model representing childhood and adolescence in 
humans [6 ,7 ,10].

Glutamine and neuropeptide Y (NPY) are significant 
biomarkers in the pathophysiology of migraine. Elevated plasma 
glutamate levels in migraine patients, which decrease following 
prophylactic treatment, have been reported [11]. Oxidative 
agents are reported to activate Transient Receptor Potential 
(TRP) ion channels, triggering migraine attacks [12].

This study investigates the effects of Topiramate and 
Flunarizine on serum glutamine and NPY levels in a migraine 
model created in adolescent rats. The aim of the study was to 
test the effects of Flunarizine and Topiramate on the symptoms 
and some pathophysiological processes of NTG-induced 
migraine in adolescent rats.

MATERIALS AND METHODS

This study was conducted with ethical approval from the 
Local Ethics Committee for Animal Experiments of Van Yüzüncü 
Yil University (decision date: 01.12.2022, number: 2022/12-16). 
Experimental procedures were carried out at the Experimental 
Medicine Application and Research Center of Van Yüzüncü Yil 
University.

Experimental animals and housing conditions

The study used 48 Wistar albino rats, aged 6 weeks 
(adolescent period). The animals were housed in a room with a 
12-hour light/dark cycle, temperature of 20-24°C, and humidity 
of 40-60%. They were fed standard rat chow and tap water ad 
libitum.

Groups and treatments

Rats were randomly divided into 6 groups, with 8 animals 
per group:

Healthy control group (n=8): No procedure was applied.

Migraine group (n=8): NTG (10 mg/kg) was administered 
intraperitoneally once a day (d) for 5 d.

Migraine + Topiramate group (n=8): NTG (10 mg/kg) 
was administered once a d, and Topiramate (50 mg/kg) was 
administered orally twice a d, 12 hours (h) apart, for 5 d.

Migraine + Flunarizine group (n=8): NTG (10 mg/kg) 
was administered once a d, and Flunarizine (5 mg/kg) was 
administered orally twice a d, 12 h apart, for 5 d.

Topiramate Only group (n=8): Topiramate (50 mg/kg) was 
administered orally twice a d, 12 h apart, for 5 d.

Flunarizine only group (n=8): Flunarizine (5 mg/kg) was 
administered orally twice a d, 12 h apart, for 5 d.

Euthanasia and sample collection

At the end of the experiment, all animals were euthanized 
under general anesthesia using 10 mg/kg Xylazine HCl and 
75 mg/kg Ketamine, followed by exsanguination. Plasma and 
serum were separated from the blood samples (Nuve®, NF 
1200, Türkiye).

Serum analyses

NPY levels: Measured using the species-specific Rat 
Neuropeptide Y ELISA test (Cat. No: SL0521Ra; Sunlong Biotech 
Co. Ltd.®).

Glutaminase levels: Determined using the Rat Glutaminase 
ELISA test (Cat. No: NE010201603; Nephentine®).

Histopathological analysis

Brain tissue samples were fixed in 10% formalin and 
embedded in paraffin after routine histological processing. 
Sections of 5 μm thickness were stained with hematoxylin-eosin 
(H&E) and examined under a light microscope (E-400; Nikon, 
Japan). Images were recorded with a DS-Ri2 video camera (DS-
U3; Nikon, Japan).

Statistical analysis

The results of the study are shown as Mean and Standard 
Deviation. One-way Analysis of Variance (ANOVA) was used to 
compare group means. Following the analysis

of variance, the Duncan test was used to determine the 
different groups. The statistical significance level was taken 
as 5% and the SPSS (IBM SPSS for Windows, ver.26) statistical 
package program was used for calculations.

RESULTS AND DISCUSSION

A migraine attack is characterized by neuronal and vascular 
changes involving cortical exitability and the trigeminovascular 
system. The pathophysiology of migraine has not yet been 
fully elucidated. Depression, which involves neuronal, glial and 
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vascular cells, has been reported to affect the cerebral cortex in 
migraine symptoms. Glial cells play a key role in the alteration 
of cortical exitability in migraine. Glial cells are critical for 
central nervous system homeostasis under both physiological 
and pathological conditions. These cells may play a role in 
the development and progression of neurological diseases 
[14],15 ,16 ,17].

The general clinical condition of the rats in all groups was 
good and no significant difference was observed between the 
groups. It is stated that after the application of NTG in the 
migraine model, they showed signs of head scratching and tail 
lifting [18]. During the study, increased head scratching and cage 
climbing behavior, temporary tension and tail lifting behaviors 
were observed in the migraine-induced groups following the 
application of NTG (10 mg/kg). This situation is consistent with 
the researchers’ statements that it occurs because of the migraine 
model [7 ,13 ,18]. They state that these behaviors disappeared 
over time and no significant difference was detected in food and 
water consumption compared to the control group. 

Several studies using magnetization transfer ratio (MTR) 
imaging in migraine patients have reported focal microstructural 
damage associated with migraine; (another study reported no 
significant difference in MTR in the whole brain and normal-
appearing white matter in migraine patients compared to 
control subjects. Ischemic microvascular disorders together 
with focal hypoperfusion of the cerebral parenchyma are known 
to cause white matter lesions (WMLs) The pathophysiological 
mechanism leading to the formation of WMLs in migraine and 
the histopathological effect of migraine-related WMLs are not 
fully understood [19 ,20 ,21 ,22].

Necrotic neurons and hyperemia were observed in all 
groups except the control group (FIG. A), but these findings 
did not show a significant difference between the groups. In 
the migraine group, glial nodules, necrotic neurons, hyperemic 
vessels and inflammatory cells were observed in the brain 
parenchyma (FIGS. 1B-C-D). Glial nodules were not observed in 
the topiramate group, but hyperemic vessels were evident (FIG. 
1G). Glial nodules were not detected in the flunarizine group 
and histopathological findings were generally normal (FIG. 1H). 
These findings prove that NTG causes histopathological changes, 
and the migraine model occurs as stated by the researchers 
[7 ,18 ,19]. Glial nodules were detected in only one rat in the 
Migraine + Topiramate Group (FIG. 1E). No pathological changes 
were observed in the other members of the group. A similar 
situation was also present in the Migraine + Flunarizine Group 
(FIG. 1F). No nodules were detected in the Topiramate Only 
Group, but intensely hyperemic vessels were noted (FIG. 1G). 
No structural changes were observed in the Flunarizine Only 
Group and histopathological findings were normal (FIG. 1H). In 
the light of these histopathological findings, it is thought that 
this is due to the effectiveness of Topiramate and Flunarizine 
drugs used in migraine treatment [23],24 ,25].

FIGURE 1. Photomicrographs of rat brain sections stained by hematoxylin and eosin 
staining (H&E.). A) Control group; The normal histological structure of the brain tissue is 
observed. B) Migraine group; Glial nodules are observed in the brain. C) Migraine group; 
Necrotic neurons are observed in the brain. D) Migraine group; Hyperemia in brain tissue, 
inflammatory cells (arrows), and free erythrocytes in the brain parenchyma (arrowheads). 
E) Migraine + Topiramate group; Glial nodule structure observed in brain tissue. F) 
Migraine + Flunarizine group; Presence of glial nodules observed in brain tissue (arrows). 
G) Topiramate group; Hyperemia observed in brain tissue (arrows). H) Flunarizine group; 
Histological structure of brain tissue is close to normal. 

The decrease in glial nodules and the loss of necrotic neurons 
support the effectiveness of the treatment protocols used. 
These findings suggest that both drugs have neuroprotective 
effects in reducing migraine-induced brain tissue damage. 
Hyperemic vascular structure was observed in only one animal 
in the Topiramate only Group, while there was no structural 
change in the Flunarizine only Group; It shows that Flunarizine 
and Topiramate drugs work with different mechanisms as stated 
by the researchers [24 ,25], and that the use of these drugs 
in therapeutic doses does not cause serious histopathological 
damage.

Biochemical findings

In this study, the effects of Topiramate and Flunarizine 
on serum Glutaminase and neuropeptide Y (NPY) levels 
were evaluated in rats with a migraine model induced by 
nitroglycerin (NTG). During the study, transient tension and 
tail-raising behaviors were observed following NTG (10 mg/
kg) administration in the migraine groups, which gradually 
disappeared over time. This observation is considered an 
indicator that NTG successfully induces migraine attacks. 
Similarly, Sufka et al.  [13] reported increased locomotor activity 
in the NTG-treated group, supporting the validity of the migraine 
model. 

Neuropeptide Y (NPY) is a molecule that acts as a 
neuromodulator in the nervous system and regulates various 
functions such as pain, stress, feeding, and blood pressure 
[26]. In this study, although numerical differences in NPY levels 
were observed among the groups, these differences were not 
statistically significant compared to the control group (P>0.05) 
(TABLE I).  In their experimental migraine model study, Guo et al 
(2021) found that NPY mRNA expression and plasma NPY levels 
in rats with migraine were significantly higher than the control 
group [27].
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TABLE I
 Neuropeptide Y and Glutaminase Levels.

Groups Neuropeptide Y 
(pg/mL)

Glutaminase 
(ng/mL)

Control 40.79 ± 13.13ᵃ 1.41 ± 0.87ᵃ
Migraine 57.63 ± 15.84ᵃ 4.10 ± 1.32ᵇ

Migraine + Topiramate 43.57 ± 9.40ᵃ 1.74 ± 1.09ᵃ
Migraine + Flunarizine 49.85 ± 9.60ᵃ 1.69 ± 1.77ᵃ

Topiramate only 48.94 ± 13.73ᵃ 1.93 ± 0.87ᵃ
Flunarizine only 47.96 ± 11.72ᵃ 1.93 ± 0.87ᵃ

P Value P>0.05 P>0.05
No statistically significant difference was found when the control and treatment groups 
were compared as a result of NPY analysis (P>0.05). Glutaminase analysis showed a statisti-
cally significant increase in glutaminase levels in the migraine group (NTG) compared to the 
control and other groups (P<0.05)

These findings suggest that NPY is secreted during migraine 
attacks and that topiramate and flunarizine, used in migraine 
treatment, exhibit therapeutic effects. Considering NPY’s role 
in stress, pain, and neuronal excitability, its role in migraine 
pathophysiology warrants further detailed investigation [28 ,29].

Glutaminase is an enzyme considered a marker of brain 
tissue damage. Ferrari et al. [11] reported significantly elevated 
plasma glutamate levels in migraine patients compared to 
control groups. In this study, Glutaminase levels in the migraine 
group (4.10 ± 1.32 ng/mL) were significantly higher than in the 
control group (1.41 ± 0.87 ng/mL) (P<0.05), confirming the 
successful establishment of the migraine model (TABLE I).

The lower Glutaminase levels observed in the Topiramate 
and Flunarizine groups compared to the migraine group suggest 
that these drugs suppress Glutaminase levels and demonstrate 
their therapeutic effects on migraine. These findings suggest 
that, as researchers [23],24 ,25] have different mechanisms and 
that these drugs may have migraine related neuroinflammation 
reducing effects.

CONCLUSION

The nitroglycerin (NTG) administration at a dose of 10 mg/kg 
is suitable for establishing a migraine model. However, increasing 
the dose and duration could provide more pronounced clinical 
and histopathological findings. Elevated levels of NPY and 
glutaminase were observed during migraine induction. However, 
As a result of the statistical analysis, it was seen that glutaminase 
may be more sensitive than NPY as a marker of brain damage.
This sensitivity requires further validation through more 
extensive experimental studies. Both Topiramate and Flunarizine 
showed positive effects on biochemical parameters (NPY and 
glutaminase) and histopathological findings. This indicates 
that both drugs may be effective in migraine treatment. While 
the results of this study provide important information about 
the pathophysiology of migraine, long-term studies with more 
comprehensive analyses on the migraine model are needed.

ACKNOWLEDGEMENTS 

This study was supported by Van Yüzüncü Yıl University 
Scientific Research Project Coordination Unit as project number 
TSA-2022-9960. We would like to thank the Van Yüzüncü Yıl 
University Scientific Research Projects Coordination Unit for 
their support.

Conflict of interest 

The authors declare that they have no competing financial 
interests.

Project information

This research was conducted under the project number 
TSA-2022-9960, supported by the Scientific Research Projects 
Coordination Unit of Van Yüzüncü Yıl University.

BIBLIOGRAPHIC REFERENCES

[1]  	 Graves BW. Management of migraine headaches. J. 
Midwifery Womens Health. [Internet]. 2006; 51(3):174–
184. doi: https://doi.org/bxs453

[2]  	 Serdaroğlu, E. Evaluation of Occipital Region Headache 
in Children: Descriptive Research.  Turk. Klin. J. Pediatr. 
[Internet]. 2022; 31(1):53-58. doi: https://doi.org/pwwn

[3]  	 Bektaş G. Pediatrik Migrenin Önleyici Tedavisi: Amitriptilin 
mi Topiramat mı? Turk. J. Neurol. [Internet]. 2017; 23:90-
91. doi: https://doi.org/pwwp

[4]  	 Kipoğlu O, Kırık S. Headache and Autoimmune Diseases. 
. In: Canpolat M, editor. Turkiye Klinikleri Pediatric 
Neurology - Special Topics Book Identity. Turk. Klin. 
[Internet]Ankara: Türkiye Clinics. 2023; p. 119-124.  

[5]  	 Aydın H, Bucak İ. Çocuk nöroloji polikliniğine başvuran 
migren tanılı hastaların retrospektif özelliklerinin 
incelenmesi. Pamukkale Med. J. [Internet]. 2021; 
14(2):330-336. doi: https://doi.org/pwwq

[6]  	 Kaya MZ, Pehlivan SB, Öner L. Migren Araştırmalarında 
Kullanılan Güncel Hayvan Modelleri. Hacet. J. Fac. Pharm. 
[Internet]. 2023; 43(4):364-379. doi: https://doi.org/
pwwr

[7]  	 Koşal V, Okulmuş Ç, Koçak Y, Keleş ÖF, Ceylan N, Başbuğan 
Y. The Effect of Nitroglycerin in Testicular Histopathology, 
Reproductive Hormones and Testicular Oxidative Stress 
in Adolescent Rats. Mansoura Vet. Med. J. [Internet]. 
2023; 24(3):12. doi: https://doi.org/pwws

[8]  	 Costa A, Smeraldi A, Tassorelli C, Greco R, Nappi G. Effects 
of acute and chronic restraint stress on nitroglycerin-
induced hyperalgesia in rats. Neurosci. Lett. [Internet]. 
2005; 383(1-2):7-11. doi: https://doi.org/dq47g4

[9]  	 Pradhan AA, Smith ML, McGuire B, Tarash I, Evans CJ, 
Charles A. Characterization of a novel model of chronic 
migraine. Pain. [Internet]. 2014; 155(2):269-274. doi: 
https://doi.org/f5pb7p

[10]  	 Uysal N, Gönenç S, Sönmez A, Aksu İ, Topçu A, Kayatekin 
BM, Açıkgöz O. Adölesan Sıçan Beyninde Antioksidan 
Enzim Aktiviteleri ve Lipid Peroksidasyon Düzeyleri. Ege. 
J. Med. [Internet]. 2005 [cited 2025 april 14]; 44(2):75-
79. Available in: https://goo.su/XtMq

4 of 5



Effects of Topiramate and Flunarizine in Rats with migraine / Ceylan and Başbuğan

Received: 12/07/2024 Accepted: 29/10/2024 Published: xx/01/2025  1 of 7

https://doi.org/10.52973/rcfcv-e35488  Revista Científica, FCV-LUZ / Vol. XXXV

ABSTRACT

Dimethoate (DMT) pesticide is one of the chemicals used to 
protect some agricultural areas from harmful organisms. DMT 
residues released directly or indirectly to the environment 
cause serious problems in nature. DMT residues mixed with the 
aquatic environment adversely affect aquatic organisms and 
this effect is carried to humans through the food chain. In this 
study, oxidative stress responses induced by DMT pesticide in 
Pontastacus leptodactylus were investigated. For this purpose, 
oxidative stress and antioxidant parameters Thiobarbituric acid 
reactive substances (TBARS), Glutathione (GSH), Superoxide 
dismutase (SOD), catalase (CAT) and glutathione peroxidase 
(GPX) caused by dimethoate (DMT) pesticide in P. leptodactylus 
at 17.5, 35, and 70 mg·L-1 concentrations at 24 and 96 hours 
were investigated. Results were determined using ELISA kits. 
No significant difference was observed in GSH levels and SOD 
activities compared to control. Statistically significant differences 
were observed between decreases in CAT and GPx activities and 
increases in TBARS levels. SPSS 24.0 package program one–way 
ANOVA (Duncan 0.05) was used in the evaluation of biochemical 
analyzes. As a result, it was determined that DMT caused oxidative 
stress formation in P. leptodactylus and caused changes in enzyme 
activities.

Key words:  Dimethoate, Pontastacus leptodactylus, oxidative 
stress, antioxidant, biomarkers

RESUMEN

El pesticida dimetoato (DMT) es uno de los productos químicos 
utilizados para proteger algunas áreas agrícolas de organismos 
nocivos. Los residuos de DMT liberados directa o indirectamente 
al medio ambiente causan graves problemas en la naturaleza. 
Los residuos de DMT mezclados con el medio acuático afectan 
negativamente a los organismos acuáticos y este efecto se 
transmite a los humanos a través de la cadena alimentaria. En este 
estudio, se investigaron las respuestas al estrés oxidativo inducidas 
por el pesticida DMT en Pontastacus leptodactylus. Para ello, se 
investigaron el estrés oxidativo y los parámetros antioxidantes 
Sustancias reactivas al ácido tiobarbitúrico (TBARS), glutatión 
(GSH), superóxido dismutasa (SOD), catalasa (CAT) y glutatión 
peroxidasa (GPX) causados   por el pesticida dimetoato (DMT) 
en P. leptodactylus en concentraciones de 17,5; 35 y 70 mg·L-1 
a las 24 y 96 horas. Los resultados se determinaron utilizando 
kits de ELISA. No se observaron diferencias significativas en los 
niveles de GSH y las actividades de SOD en comparación con el 
control. Se observaron diferencias estadísticamente significativas 
entre disminuciones en las actividades de CAT y GPx y aumentos 
en los niveles de TBARS. Se utilizó ANOVA unidireccional del 
programa SPSS 24.0 (Duncan 0,05) en la evaluación de los análisis 
bioquímicos. Como resultado, se determinó que el DMT provocó 
la formación de estrés oxidativo en P. leptodactylus y provocó 
cambios en las actividades enzimáticas.

Palabras clave:  Dimetoato, Pontastacus leptodactylus, estrés 
oxidativo, antioxidante, biomarcadores.

The effect of Dimethoate on oxidative stress and antioxidant responses 
of Pontastacus leptodactylus

El efecto del dimetoato sobre el estrés oxidativo y las respuestas 
antioxidantes de Pontastacus leptodactylus

Ayşe Nur Aydın1     , Hilal Bulut2*     , Osman Serdar3     

1Central Fisheries Research Institute, Ministry of Agriculture and Forestry, Republic of Türkiye. Trabzon, Türkiye.  
2Firat University, Fisheries Faculty. Elazig, Türkiye.  

3Munzur University, Fisheries Faculty. Tunceli, Türkiye.  
*Corresponding author: hhaykir@firat.edu.tr

UNIVERSIDAD
DEL ZULIA Serbiluz

Sistema de Servicios Bibliotecarios y
de Información

Biblioteca Digital
Repositorio Académico

[11]  	 Ferrari A, Spaccalopelo L, Pinetti D, Tacchi R, Bertolini 
A. Effective prophylactic treatments of migraine lower 
plasma glutamate levels. Cephalalgia. [Internet]. 2009; 
29(4):423-429. doi:  https://doi.org/ddm2m2

[12]  	 Ahmi ÖZ, Uğuz AC. Migren patogenezinde oksidatif strese 
duyarlı TRP kanallarının rolleri. Med. J. SDÜ. [Internet]. 
2015[cited 2025 april 14]; 22(4):144-150. Available in: 
https://goo.su/iSWg

[13]  	 Sufka KJ, Staszko SM, Johnson AP, Davis ME, Davis RE, 
Smitherman TA Clinically relevant behavioral endpoints 
in a recurrent nitroglycerin migraine model in rats. J. 
Headache Pain. [Internet]. 2016; 17:40. doi: https://doi.
org/pwwt

[14]  	 Vanmolkot KR, Kors EE, Turk U, Turkdogan D, Keyser A, 
Broos LA, Kia SK, van den Heuvel JJ, Black DF, Haan J, 
Frants RR, Barone V, Ferrari MD, Casari G, Koenderink JB, 
van den Maagdenberg AM. Two de novo mutations in the 
Na,K-ATPase gene ATP1A2 associated with pure familial 
hemiplegic migraine. Eur. J. Hum. Genet. [Internet]. 
2006; 14:555-560. doi: https://doi.org/b88zrw 

[15]  	 Parpura V, Heneka MT, Montana V, Oliet SHR, Schousboe 
A, Haydon PG, Stout Jr RF, Spray DC, Reichenbach A, 
Pannicke T, Pekny M, Pekna M, Zorec R, Verkhratsky A. 
Glial cells in (patho)physiology. J. Neurochem. [Internet]. 
2012; 121(1):4–27. doi: https://doi.org/fxpwcv

[16]  	 Boran HE, Bolay H. Pathophysiology of Migraine. Noro 
Psikiyatr Ars. [Internet]. 2013; 50:1-7. doi: https://doi.
org/g34zv8 

[17]  	 Hanani M, Verkhratsky A. Satellite Glial Cells and 
Astrocytes, a Comparative Review. Neurochem. Res. 
[Internet]. 2021; 46:2525–2537. doi: https://doi.org/
ghzr43 

[18]  	 Chen QW, Meng RT, Ko CY. Exploring Migraine 
Pathogenesis: Transcriptomic Insights and Pathway 
Analysis in Nitroglycerin-Induced Rat Model. Curr. Issues 
Mol. Biol. [Internet]. 2025; 47(4):241. doi: https://doi.
org/pwwv 

[19]  	 Colombo B, Dalla Libera D, Comi G: Brain white matter 
lesions in migraine: what’s the meaning? Neurol. Sci. 
[Internet]. 2011; 32(1):37-40. doi: https://doi.org/d8ktgj 

[20]  	 Granziera C, Daducci A, Romascano D, Roche A, Helms G, 
Krueger G, Hadjikhani N: Structural abnormalities in the 
thalamus of migraineurs with aura: a multiparametric 

study at 3T. Hum. Brain Mapp. [Internet]. 2014; 35:1461-
1468. doi: https://doi.org/f3nbkv 

[21]  	 Granziera C, Romascano D, Daducci A, Roche A, Vincent 
M, Krueger G, Hadjikhani N: Migraineurs without aura 
show microstructural abnormalities in the cerebellum 
and frontal lobe. Cerebellum. [Internet]. 2013; 12:812–
818. doi: https://doi.org/gf8p7f 

[22]  	 Coppola G, Casillo F, Sebastianelli G, Abagnale C, Genovese 
F, Messina R. Neuroimaging Studies of Migraine Without 
Aura. In: Petrušić, I., Wang, Y. (eds). Neuroimaging of 
Headache Disorders. Headache. [Internet]. Springer, 
Cham. 2025; p. 83–109. doi: https://doi.org/pwwz 

[23]  	 Akerman S, Goadsby PJ. Topiramate inhibits cortical 
spreading depression in rat and cat: impact in migraine 
aura. Neuroreport. [Internet]. 2005; 16(12):1383-1387. 
doi: https://doi.org/bptc2g 

[24]  	 Mohos V, Harmat M, Kun J, Aczél T, Zsidó BZ, Kitka T, 
Farkas S, Pintér E, Helyes Z. Topiramate inhibits adjuvant-
induced chronic orofacial inflammatory allodynia in the 
rat. Front. Pharmacol. [Internet]. 2024; 15:1461355. doi: 
https://doi.org/pww2 

[25]  	 Fan D, Leng W, Zhang L. Systematic evaluation and meta-
analysis of Flunarizine Hydrochloride combined with 
traditional Chinese medicine decoction in the treatment 
of migraine headaches, Clinics. [Internet]. 2024; 
79:100431, doi: https://doi.org/pww3 

[26]  	 Saklani P, Khan H, Gupta S, Kaur A, Singh, TG. 
Neuropeptides: Potential neuroprotective agents in 
ischemic injury. Life Sci. [Internet]. 2022; 288:120186. 
doi: https://doi.org/pww4

[27]  	 Guo Y, Cheng Y, An J, Qi Y, Luo G. Neuropeptide changes 
in an improved migraine model with repeat stimulations. 
Transl. Neurosci. 2021; 12(1), 523-532. doi: https://doi.
org/pww5 

[28]  	 Gülsün M, Tamam L. Özçelik F. Neuropeptide Y and Stress. 
Psikiyatride güncel yaklaşımlar.  [Internet]. 2012; 4(1):14-
36. doi: https://doi.org/fnwhjs

[29]  	 Zhang Y, Liu CY, Chen WC, Shi YC, Wang CM, Lin S, He HF. 
Regulation of neuropeptide Y in body microenvironments 
and its potential application in therapies: a review. Cell 
& Biosci. [Internet]. 2021; 11:151. doi: https://doi.org/
gnv9hq

5 of 5

https://doi.org/b88zrw
https://doi.org/g34zv8
https://doi.org/g34zv8
https://doi.org/ghzr43
https://doi.org/ghzr43
https://doi.org/pwwv
https://doi.org/pwwv
https://doi.org/d8ktgj
https://doi.org/f3nbkv
https://doi.org/gf8p7f
https://doi.org/pwwz
https://doi.org/bptc2g
https://doi.org/pww2
https://doi.org/pww3
https://doi.org/pww5
https://doi.org/pww5

	_GoBack
	_Hlk173157447
	_Hlk140228311
	OLE_LINK2
	_Hlk160523804
	_Hlk173110011
	_Hlk174364367
	_GoBack
	_Hlk178189031
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk141559472
	_Hlk152339446
	_Hlk180864520
	_GoBack
	_Hlk151745492
	_Hlk151745636
	_Hlk185507223
	_Hlk180415314
	_Hlk185421530
	_Hlk185421514
	_Hlk179967775
	_GoBack
	_GoBack
	_Hlk170905689
	_Hlk186968309
	_GoBack
	_GoBack
	_Hlk184230629
	_Hlk184230845
	_Hlk184231333
	OLE_LINK1
	OLE_LINK3
	OLE_LINK2
	_Hlk184231395
	_Hlk184231440
	_GoBack
	_Hlk184231590
	_Hlk184231662
	_Hlk184231732
	_Hlk184232687
	_Hlk184232768
	_Hlk184233075
	_Hlk182584963
	_GoBack
	_Hlk168348233
	_Hlk181956635
	_Hlk181966113
	_Hlk181966439
	_Hlk181966543
	_Hlk181967834
	_Hlk181968062
	_Hlk181968452
	_Hlk181968717
	_Hlk180574923
	_GoBack
	_Hlk186146270
	_GoBack
	_Hlk112620752
	_Hlk112621506
	_Hlk112622385
	_Hlk106378939
	_GoBack
	_Hlk181175958
	_Hlk189731515
	_GoBack
	_heading=h.30j0zll
	_heading=h.1fob9te
	_heading=h.3znysh7
	_GoBack
	_GoBack
	_Hlk186052998
	_Hlk186053137
	_Hlk186053255
	_Hlk186053441
	_Hlk186053669
	_Hlk186053796
	_Hlk186053989
	_Hlk186054114
	_Hlk186054132
	_Hlk186055276
	_Hlk186055383
	_Hlk186055439
	_Hlk186055528
	_Hlk190118973
	_Hlk190124017
	_Hlk190124060
	_Hlk183610334
	_Hlk186056525
	_Hlk186056540
	_Hlk186056741
	_Hlk185098180
	_Hlk186053502
	_Hlk185024701
	_Hlk183701208
	_Hlk185092272
	_Hlk184889195
	_Hlk184889214
	_Hlk184889311
	_Hlk184889337
	_Hlk184889546
	_Hlk184889417
	_Hlk186034836
	_Hlk184564570
	_Hlk184564744
	_Hlk190113197
	_Hlk126671077
	_Hlk186035060
	_Hlk189815636
	_Hlk189816031
	_Hlk190093193
	_Hlk185947033
	_Hlk186033870
	_Hlk185947187
	_Hlk185947338
	_Hlk185947534
	_Hlk189816759
	_Hlk189822307
	_Hlk189822277
	_Hlk189816733
	_Hlk185947794
	_Hlk189817207
	_Hlk185947923
	_Hlk185947981
	_Hlk126434422
	_Hlk126668841
	_Hlk126667637
	_Hlk185017287
	_Hlk185948224
	_Hlk185948277
	_Hlk126436619
	_Hlk185948903
	_Hlk189831304
	_Hlk185957704
	_Hlk189835006
	_Hlk190113158
	_Hlk190335630
	_Hlk189825830
	_Hlk189829311
	_Hlk189827539
	_Hlk184888566
	_Hlk182598231
	_Hlk184888574
	_Hlk182599115
	_Hlk184888625
	_Hlk185960261
	_Hlk184888635
	_Hlk189827806
	_Hlk190116290
	_Hlk190110997
	_Hlk190093898
	_Hlk190094280
	_Hlk184888656
	_Hlk183978013
	_Hlk184564688
	_Hlk183977833
	_Hlk185949881
	_Hlk189836305
	_Hlk185949948
	_Hlk184888712
	_Hlk190335840
	_Hlk190336141
	_Hlk190114680
	_Hlk190114464
	_Hlk190095752
	_Hlk190114589
	_Hlk185966751
	_Hlk185950562
	_Hlk185966717
	_Hlk182600830
	_Hlk185950650
	_Hlk185950872
	_Hlk190111134
	_Hlk185024701
	_Hlk189836430
	_Hlk190111046
	_Hlk189836328
	_GoBack
	_heading=h.gjdgxs
	_heading=h.30j0zll
	_Hlk183269409
	Guerri
	_GoBack
	_heading=h.gjdgxs
	_heading=h.1fob9te
	_Hlk191557036
	_heading=h.3znysh7
	_Hlk191644251
	_Hlk191644362
	_Hlk191740526
	_Hlk191587484
	_heading=h.2et92p0
	_Hlk191587884
	_Hlk191587957
	_Hlk191587968
	_Hlk191587979
	_Hlk191588026
	_Hlk191587991
	_heading=h.tyjcwt
	_Hlk191588095
	_Hlk191588118
	_Hlk191644696
	_Hlk191642910
	_Hlk191588412
	_Hlk191647660
	_Hlk191647680
	_Hlk191588183
	_Hlk191588216
	_Hlk191152840
	_Hlk191554937
	_Hlk191647757
	_Hlk191588551
	_Hlk191588779
	_Hlk191647906
	_Hlk191648025
	_Hlk191648164
	_Hlk191588997
	_Hlk191589124
	_Hlk191648304
	_Hlk191648277
	_Hlk191589836
	_Hlk191589910
	_Hlk191648722
	_Hlk191589989
	_Hlk191648790
	_Hlk191648966
	_Hlk191728773
	_Hlk191590233
	_Hlk191649001
	_Hlk191649048
	_Hlk191590980
	_Hlk191591050
	_Hlk191590966
	_Hlk191591454
	_Hlk191649172
	_Hlk191591430
	_Hlk191591504
	_Hlk191591124
	_Hlk191649243
	_Hlk191858654
	_Hlk191591542
	_Hlk191563936
	_Hlk191591642
	_Hlk191591679
	_Hlk191591823
	_Hlk191591806
	_Hlk191591846
	_Hlk191847248
	_Hlk191847272
	_Hlk191591914
	_Hlk191591997
	_GoBack
	_GoBack
	_GoBack
	_Hlk183065216
	_GoBack
	_Hlk183065265
	_Hlk185492827
	_heading=h.gjdgxs
	_heading=h.30j0zll
	_heading=h.1fob9te
	_heading=h.3znysh7
	_heading=h.2et92p0
	_heading=h.tyjcwt
	_heading=h.3dy6vkm
	_heading=h.1t3h5sf
	_heading=h.4d34og8
	_heading=h.2s8eyo1
	_heading=h.17dp8vu
	_heading=h.3rdcrjn
	_heading=h.35nkun2
	_heading=h.1ksv4uv
	_heading=h.44sinio
	_heading=h.2jxsxqh
	_heading=h.z337ya
	_heading=h.3j2qqm3
	_heading=h.1y810tw
	_heading=h.4i7ojhp
	_heading=h.2xcytpi
	_GoBack
	_Hlk190982363
	_GoBack
	_Hlk189094004
	_Hlk189093705
	_GoBack
	_Hlk182485446
	_Hlk182485610
	_Hlk184159324
	_Hlk182489850
	_Hlk187174475
	_GoBack
	_Hlk186495432
	_u4mgb7hfn32
	_n5qvxrnay9i
	_me2csf9wp9bl
	_zeoy72aaypoi
	_mrzra5bi9go5
	_bex6bwvwgncw
	_Hlk89945590
	_Hlk60054323
	_Hlk163118982
	_GoBack
	_GoBack
	page2
	page3
	_GoBack
	_Hlk169168606
	_Hlk169168731
	_Hlk169168981
	_GoBack
	_heading=h.gjdgxs
	_heading=h.30j0zll
	_heading=h.1fob9te
	_Hlk194588749
	_Hlk194585810
	_Hlk194585873
	_heading=h.3znysh7
	_awv748u4tm7w
	_td7yve4wb6vx
	_2bczgfivddup
	_b9sv9afxp43k
	_rimfti1a13t4
	_ah919k7uz8qg
	_dzd43xj05y2z
	_hmci2u5bpyob
	_ku6my0ondqjr
	_3udywt4ei8y7
	_hd6fmzl985ks
	_GoBack
	_heading=h.1h745e38subm
	_heading=h.gjdgxs
	_heading=h.30j0zll
	_heading=h.1fob9te
	_heading=h.3znysh7
	_heading=h.2et92p0
	_Hlk142661219
	_GoBack
	_Hlk198224888
	_Hlk198228562
	_GoBack
	_Hlk204152457
	_Hlk195799053



