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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.

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.
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ABSTRACT

Due to the toxic side effects of chemotherapeutic drugs used 
in breast cancer, interest in medicinal plants has increased in 
order to develop alternative cancer drugs. The experimental 
model of this study was created to observe the remedial 
impacts of the Terebinth (Pistacia terebinthus L.)   and the 
Sumac (Rhus coriaria L.)  plants against the negative effects 
of 7,12-Dimethylbenz[a]anthracene induced breast cancer 
on cardiac tissues in rats. For this purpose, the levels of 
malondialdehyde were analyzed the indicator of the oxidative 
stress breast cancer will cause on cardiac tissues, the catalase, 
glutathione transferase and superoxide dismutase enzymes, 
glutathione, which holds and important place among 
antioxidant impacts and proteins. At the end of the study, it 
was determined that there was an increase in malondialdehyde 
levels, a decrease in glutathione and protein amounts, and 
a decrease in antioxidant enzyme levels in rats treated with 
cancer-induced 7,12-Dimethylbenz[a]anthracene.

Key words: Breast cancer; cardiac; antioxidant

RESUMEN

Debido a los efectos secundarios tóxicos de los fármacos 
quimioterapéuticos utilizados en el cáncer de mama, ha 
aumentado el interés en las plantas medicinales para desarrollar 
fármacos alternativos contra el cáncer. El modelo experimental 
de este estudio se creó para observar los efectos terapéuticos 
de las plantas de terebinto (Pistacia terebinthus L.) y zumaque 
(Rhus coriaria L.) contra los efectos negativos del cáncer de 
mama inducido por 7,12-Dimethylbenz[a] anthracene en el 
tejido cardíaco de ratas. Para ello, se analizaron los niveles de 
malondialdehído, indicador del estrés oxidativo que el cáncer 
de mama causa en el tejido cardíaco; las enzimas catalasa, 
glutatión transferasa y superóxido dismutasa; y el glutatión, 
que desempeña un papel importante entre los antioxidantes 
y las proteínas. Al finalizar el estudio, se observó un aumento 
en el nivel de malondialdehído, una disminución en los niveles 
de glutatión y proteínas en las ratas con 7,12-Dimethylbenz[a] 
anthracene inducido por cáncer, y una disminución en los 
niveles de enzimas antioxidantes.

Palabras clave: Cáncer de mama; cardíaco; antioxidante
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INTRODUCTION

As some medicine used in breast cancer treatments, which 
chemotherapeutic treatment leads, may have toxicity and side 
effects that render chemotherapy unsuccessful, a leaning on 
medical plants for the purposes of alternative cancer medicine 
development has increased [1]. In fact, some of these drugs 
are known to have cardiotoxic effects. Anthracyclines such as 
Doxorubicin, Epirubicin, Daunorubicin and Idarubicin are the 
most commonly used clinically [2]. 

However, patients treated with Anthracyclines (Doxorubicin 
equivalent dose of 385 mg/m2, 19 trials; n = 660) had a 5.4% 
decrease in Left Ventricular Ejection Fraction (LVEF) compared 
to the placebo group [3], suggesting that they are not as toxic as 
previously thought. In other words, cumulative dose has been 
reported as the only significant risk factor for cardiotoxicity of 
doxorubicin [4].

Pistachia terebinthus L. and Rhus coriaria L. are also plants 
used for this purpose that belong to the Anacardiaceae (cashews) 
family of plants [5]. It is known that the P. terebinthus has 
different biological activities and that it is utilized in asthma and 
bronchitis treatments within Turkey as antiseptics, moreover, 
that they are used in various traditional treatments similarly to 
its usage for burns. It was reported owing to its abundance of 
secondary compounds found in fruits and/or resins, this plant 
has high antioxidant, antimicrobial, anti-inflammatory, and 
cytotoxic effects [5]. 

Moreover, studies reporting on the fact that the fruit 
extracts of P. terenbithus L. are utilized for anticarcinogen, 
antioxidant, antimicrobial, and anti-mutagenic purposes are 
present [6]. On the other hand, it is known that alongside the 
culinary application of the R. coriaria plant, its many therapeutic 
properties were also highlighted [7]. 

For instance, it is known that the plant has effective 
antioxidant activity due to the phenolic compounds contained 
in it [8]. R. coriaria extracts were reported to positively impact 
various diseases such as atherosclerosis related to reactive 
oxygen types in the body (ROS) [9], insulin resistance, type II 
diabetes [10], cardiovascular diseases [7], osteoarthritis [11], 
hepatocyte toxicity [12], and DNA damage [13]. 

A study inspecting the impact of the R. coriaria plant on 
breast cancer reported that by inducing the autophagic cell 
death of the plant and senescence, the plant holds strong anti-
breast cancer activity, and that it may be a candidate to be used 
against cancer as a hopeful alternative or a supporting treatment 
[14] On another study inspecting cancer, it was demonstrated 
that R. coriaria, as a vivo, inhibits tumor growth and metastasis 
[15].

Although the literature has focused on the active compounds 
contained in P. terebinthus (Terebinth) and R. coriaria (Sumac) to 
understand their anticancer properties, in our study, we thought 
that examining the effects of P. terebinthus and R. coriaria as the 
main material on cancer cells would contribute to the literature 
due to the difficulty of purification stages and limited use of 
active compounds. 

For this reason, in this study, the healing properties of 
Pistacia terebinthus L. subsp. Palaestina (Terebinth) and Rhus 

coriaria L. (Sumac) plants were tried to be correlated against the 
negative effects affecting the nearby cardiac tissue by examining 
their antioxidant effects in an experimentally created breast 
cancer model in rats.

MATERIALS AND METHODS

The collecting plants and preparing of extracts

From plants, Pistacia terebinthus L. subsp. Palaestina (Boiss.) 
was collected from the Elazığ/Center Obuz village while Rhus 
coriaria L. was collected nearby Elazığ/Harput in their seed 
seasons (between the months August-November 2017). The 
second volume of Davis’ [16] work titled “Flora of Turkey” was 
utilized for the diagnosis of the plants. 

Plant materials were dried in a sunless location (in the 
shade) in order to separate their seeds, afterwards, they were 
conserved in a cool environment until the experiment was 
conducted. 20 grams (g) of the seed parts of each plant were 
weighed, followed up by the addition of 1000 mL of sinkwater 
(20 mg/kg) and homogenization through the use of a blender. 
(Waring brand, USA) Afterwards, they were left to rest under 
40 oC for 1 hour (h) within a drying oven (Memmert brand, 
Germany), after which they were put through a sieve and given 
to rats as drinking water.

Animal experiment, experimental design and preparation of 
tissue homogenates 

Animals and experimental protocols used in the study were 
approved by the Local Animal Experiments Ethics Committees 
of Firat University (Elazig, Turkey). Animal maintenance and 
experimental protocols were carried out in accordance with 
the NIH Guide for the Care and Use of Laboratory Animals (NIH 
publication no. 12.10.2016/181). 

66 female Sprague-Dawley rats (Rattus norvegicus) were 
utilized in the study Sixty-six healthy female Sprague-Dawley 
rats, 8 weeks old, were obtained from the Firat University 
Experimental Research Center (Elazig, Turkey). The experiments 
were completed after 16 weeks.

Rats were separated into 6 groups:

Group 1: C (n=7): Being the control group, cancer was not 
formed and the group was only fed with the basic diet [(The 
control group was not added 7,12-Dimethylbenz[a]anthracene 
(DMBA)].

Group 2: S (n=7): (Rhus coriaria: Sumac) was given.

Group 3: T (n=7): (Pistacia terebinthus subsp. Palaestina: 
Terebinth) was given.

Group 4: DMBA (n=15):  80 mg/kg DMBA was given to female 
rats through gavage [17] and their feeding with the basic diet 
was ensured.

Group 5: DMBA+S (n=15): DMBA (80 mg/kg) + S (Rhus 
coriaria: Sumac) extract were given.
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Group 6: DMBA+T (n=15): DMBA (80 mg/kg) + T (Pistacia 
terebinthus subsp. Palaestina: Terebinth) extract were given.

In order to form breast cancer, DMBA, a type of carcinogen, 
was utilized. And through gavage (Genject brand, TURKEY), 
[(depending on the rat’s weight, an amount of 80 mg/kg that 
was dissolved in a mixture of olive oil and Dimethyl Sulfoxide 
(DMSO)] it was applied onto 8 weeks old female Sprague-Dawley 
rats [17]. The experiments were completed after 16 weeks. The 
cardiac tissues of the animal groups were homogenized through 
the Tris-HCL (pH 7,4) tampon and were centrifuged (Hettich 
Zentaifugen, Germany) under + 4°C at 150 cps for 15 second (s) 
in order to remove the tissues from their pellets, yielding the 
supernatant part. 

For the determination of antioxidant enzyme activities 
such as malondialdehyde (MDA), reduced glutathione (GSH), 
superoxide dismutase (SOD) through total protein analysis, 
catalase (CAT), glutathione-S-transferase (GST), this supernatant 
part was utilized [18].

Determination of protein levels

The total protein content in the tissues was conducted 
through a method determined by Lowry et al. [19] in a 
spectrophotometer (Shimadzu UV mini 1240 brand, USA).

Determination of MDA

Lipid peroxide level in tissue homogenate (MDA-TBARS) was 
calculated using thiobarbituric acid reagent according to the 
method of Ohkawa et al. [20]. 

The measurement of GSH content

1 mL of 10% trichloroacetic acid (TCA) was added to the 
obtained supernatant (1 mL) in order to precipitate the proteins. 
The mixture was left to wait in this manner in room temperature 
for 10 minutos (min) and was later centrifuged at 75  counts per 
s (cps) for 10  s .Upon  the precipitation of the proteins through 
this method, the supernatant part was transferred into another 
test tube, followed up by the addition of 2 mL 0.3 M NA2HPO4 solution and 1 mL 150 μM Ellman’s reagent [5,5′-dithiobis-
(2-nitrobenzoic acid) or DTNB] solution onto it, and was then 
mixed. Once the resulting yellow color properly stabilized in 
room temperature after 5-10 s, measurement was conducted 
through a spectrometer at 412 nm [21].

Enzyme activities (SOD, CAT, GST)

Superoxide dismutase activity was determined through the 
method that utilizes the inhibition of adrenochrome oxidation 
that forms through the epinephrin-xanthine and xanthine 
oxidase systems as a foundation [22]. For the determination of 
the catalase enzyme activity, the most commonly used method 
in literature, a UV method SOD that, as its foundation, utilizes the 
measurement of the absorbance values of hydrogen peroxide 
(H2O2) at a wavelength of 240 nm [23]. The glutathione-S-
transferase activity was determined through the measurement 
of its activity in 100 mM potassium phosphate tampon (pH 6.5), 
1 mM 1-chloro-2,4-dinitrobenzane (CDNB) and 1 mM GSH at 
340 nm [24].

Statistical analysis

One-way analysis of variance (ANOVA) and the Post Hoc 
Tukey-HSD test were used to determine the differences between 
the groups. Results are presented as mean ± S.E.M. SPSS/PC 
program (Version 15.0; SPSS, Chicago, IL) was used for statistical 
analysis. The conclusions were depicted with average ± standard 
errors. 

RESULTS AND DISCUSSION

Protein values

The cardiac tissue total protein analyses of rats who had 
breast cancer artificially developed in them through DMBA 
were depicted in TABLE I. When compared to the C group, all 
groups excluding the S group (DMBA, DMBA+T, DMBA+S, and 
T) demonstrated statistical decreases (P<0.05). On the other 
hand, a significant increase was detected in the Sumac (S) group 
(P<0.01). When the groups with added DMBA are compared to 
the DMBA group, it can be observed that both the DMBA+S and 
the DMBA+T groups demonstrated distinct increases (P<0.05). 
(TABLE I).

TABLE I
Protein levels of cardiac tissue (mg/g)

 GROUPS PROTEIN (mg/g)

C 59.87±6.12

S 65.25±2.17 c

T 58.01±7.37 a

DMBA 57.65±2.58 b

DMBA+S 59.13±4.02 a,b

DMBA+T 58.85±3.51 a,b

*d: P<0.001; c: P<0.01; b: P<0.05; a: P>0.05. * The 2nd letters in the *DMBA+S and the 
DMBA+T groups; are statistical values that communicate the comparison conducted 
between these two groups according to the DMBA group
S: Sumac (Rhus coriaria)
T: Terebinth (Pistacia terebinthus subsp. Palaestina)

In a study inspecting the protein values in breast cancer 
conducted by Dong et al. [25], determined that GSTP1 protein 
levels are very low in the human breast cancer cell line MCF-
7. This study is parallel with the study in the literature in that 
it demonstrated a decrease in protein levels even though it 
was not statistically meaningful in the DMBA-caused breast 
cancer group. Additionally, our treatment groups (DMBA+S 
and DMBA+T) demonstrated increases compared to the DMBA 
group.

MDA values

The MDA levels in cardiac tissues were demonstrated in 
TABLE II. Relative to the C group, the DMBA, DMBA+T, and 
DMBA+S groups demonstrated significant increases (P<0.001) 
while the S group demonstrated a distinct decrease (P<0.001), 
and the T group demonstrated a smaller decrease (P<0.05). 
(TABLE II).

3 of 6



Revista Científica, FCV-LUZ / Vol. XXXV

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

TABLE II
MDA levels of cardiac tissue (nmol/gr)

GROUPS MDA (nmol/gr)

Control 89.80±36.05

S 65.94±4.80 d

T 86.78±6.96 a

DMBA 138.28±25.14 d

DMBA+S 105.87±21.17 d,d

DMBA+T 113.01±11.03 d,c

*d: P<0.001; c: P<0.01; b: P<0.05; a: P>0.05. * The 2nd letters in the *DMBA+S and the 
DMBA+T groups; are statistical values that communicate the comparison conducted 
between these two groups according to the DMBA group.
S: Sumac (Rhus coriaria)
T: Terebinth (Pistacia terebinthus subsp. Palaestina)

The characterization with High-Performance Liquid 
Chromatography (HPLC) of P. terebinthus’ raw extracts revealed 
that it is rich in terms of luteolin and luteolin-7-glucozoid. It was 
reported that by eliminating the free radicals of these secondary 
metabolites, it demonstrates strong antioxidant activity with 
protective properties against the risk of cancer [26]. 

A previously conducted study investigated the tumor growth 
inhibiting effects luteolin, which is abundantly contained in P. 
terebinthus, on breast cancer cell lines (MDA-MB-231) with 
negative estrogen receptors (ER), and reported at the end that it 
suppresses the contribution of 3H, which depicts luteolin’s cell 
growth inhibition, that it stops the cell cycle in the G2/M and S 
phases, and that it has apoptotic activity. 

In conclusion, it was reported that luteolin effectively 
suppressed the MDA-MB-231 ER-negative breast cancer 
cell growth, and that it has anticancer activity due to its 
demonstration of inhibitive effects on cancer cell survival [27]. 
The anticancer effect of Rhus coriaria, on the other hand, was 
inspected on a three-type breast cancer cell line (MDA-MB-231, 
MCF-7, and T47D) level.

The ethanolic extract of R. coriaria (RCE), depending on 
time and concentration, was reported to stop the cell cycle in 
the G1 phase and inhibit the proliferation of these cell lines by 
inducting senescence [14]. 

In a previously conducted study, Hamdy et al. [28] measured 
the reducing activity effects of Hesperidin (HES), which is a 
flavanone glycoside, as well as Cyperus esculentus tubers 
(Tiger Nut (TN)) on cancer formed by DMBA. To this end, when 
the MDA levels in the serum are compared to the control 
group, while the DMBA and DMBA+TN groups demonstrated 
meaningful increases, a comparison with DMBA revealed that 
the DMBA+HES group demonstrated decreases of significant 
levels.

Another study examining the protective effects of Berberine, 
an alkaloid found in plants, on DMBA-induced breast cancer 
in female Sprague Dawley rats reported significant increases 
in MDA in the DMBA-treated groups. The study reported that 
pre- and post-treatment with Berberine provided significant 
protection against DMBA-induced increases in MDA [29].

GSH values

The changes in the GSH levels of cardiac tissues were 
depicted in TABLE III. When compared to the C group, while the 
GSH levels of the S and T groups demonstrated clear increases 
(P<0.05, P<0.001), with the DMBA group being in the lead, 
the DMBA+S and DMBA+T groups, in order, demonstrated 
decreases of varying degrees (P<0.05, P<0.001). The GSH levels 
of groups with added DMBA, when compared to the DMBA 
group; demonstrated a more distinct increase in the DMBA+S 
group while demonstrating smaller increases in the DMBA+T 
group (P<0.001, P<0.05).

TABLE III
GSH values of the cardiac tissue (µg/gr)

GROUPS GSH (µg/gr)

C 397.27±19.09

S 456.57±12.83 d

T 414.32±23.76 b

DMBA 344.60±40.63 d

DMBA+S 374.86±56.41 b,b

DMBA+T 351.07±38.80 d,a

*d: p<0.001; c: p<0.01; b: p<0.05; a: p>0.05. * The 2nd letters in the *DMBA+S and the 
DMBA+T groups; are statistical values that communicate the comparison conducted 
between these two groups according to the DMBA group.
S: Sumac (Rhus coriaria)
T: Terebinth (Pistacia terebinthus subsp. Palaestina)

Reduced GSH prevents or limits tissue damage by scavenging 
free radicals in the cell [30]. Therefore, a decrease in the GSH 
levels of cancer groups demonstrate the beginning of oxidative 
stress [31]. In a previously conducted study, Hamdy et al. 
[28] measured the reducing activity effects of HES, which is a 
flavanone glycoside, as well as Tiger Nut (TN) on cancer formed 
by DMBA.

In the study by Hamdy et al. [28], serum GSH levels showed 
significant decreases in DMBA and DMBA+TN levels compared 
to the control group, while they showed significant increases in 
the DMBA+HES group compared to the DMBA group.

In a breast cancer study where Berberine was applied, it was 
reported that GSH activities showed regeneration as a result 
of pre- and post-treatment [29]. This study is similar to other 
studies in terms of decreases in GSH activity.

Antioxidant enzymes activities

The CAT, GST, and SOD enzyme levels in cardiac tissues 
were depicted in TABLE IV. When compared to the C group, 
the CAT and GST enzymes, with the DMBA group being the 
lead, demonstrated clear decreases of varying degrees in the 
DMBA+S and DMBA+T groups (P<0.05, P<0.01, P<0.001). On 
the other hand, when the S and T groups are compared to the 
control group; while the S and T groups demonstrated decreases 
in the CAT enzyme, the GST and SOD enzymes were observed to 
increase in varying levels. When compared to the DMBA group, 
the enzyme levels of the groups with added DMBA, with the 
DMBA+S group being the lead, demonstrated distinct increases 
(P>0.05, P<0.05, P<0.01, P<0.001).
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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

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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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.
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TABLE IV
CAT, GST and SOD activities of cardiac tissue

GROUPS
CAT

(μg/g/1dk)
GST

(μg/g/1dk)
SOD

(% İnhibisyon)

C 995.89±54.81 9.32±0.43 56.15±5.19

S 893.65±82,70 b 9.79±0.98 b 77.24±4.04 d

T 886.99±66.05 c 9.35±0.65 a 73.81±5.76 d

DMBA 879.01±58.44 d 9.02±0.82 d 58.43±6.23 a

DMBA+S 978.62±68.10 c,c 9.22±1.55 d,a 60.66±8.93 b,d

DMBA+T 959.72±89.54 b,c 9.09±2.16 d,a 70.83±5.28 b,b

*d: p<0.001; c: p<0.01; b: p<0.05; a: p>0.05. * The 2nd letters in the *DMBA+S and the 
DMBA+T groups; are statistical values that communicate the comparison conducted 
between these two groups according to the DMBA group.
S: Sumac (Rhus coriaria)
T: Terebinth (Pistacia terebinthus subsp. Palaestina)

Enzyme antioxidant defense systems such as reduced SOD, 
CAT and glutathione peroxidase prevent tissue damage by 
clearing free radicals in the cell. By metabolizing free radicals, 
SOD turns superoxide anions into H2O2, protecting cells from 
lipid peroxidation [30, 31]. Catalase, on the other hand, fulfills 
this goal by turning H2O2 into H2O and O2 [32].

In the study by Handy et al. [28], serum SOD, CAT and GSH-Px 
activities showed significant decreases in DMBA and DMBA+TN 
levels compared to the control group, while they showed 
significant increases in the DMBA+HES group compared to the 
DMBA group. In the berberine study, regenerations in SOD and 
CAT activities were also reported as a result of pre- and post-
treatment [29]. Another similar study regarding GST activation 
in breast cancer conducted by Kadam and Abhang [33] recorded 
a significant decrease in the GST levels of breast cancer patients 
due to increased oxidative stress. This study is similar to previous 
studies in terms of decreases in antioxidant enzymes.

CONCLUSION

As a result of this study, an increase in MDA levels, an 
indicator of lipid peroxidation, was detected in DMBA groups, 
especially compared to the C group, and a decrease was detected 
in antioxidant-added DMBA groups, especially in the sumac 
group.	 The findings also support literature on antioxidant 
enzyme activities, which are indicators of cancer. These results 
suggest that terebinth and sumac extracts may play a role in 
counteracting the oxidative effects of breast cancer on other 
organs.

However, it’s important to note that our results require 
molecular and pathological support before these plant extracts 
or their ingredients can be used in pharmaceuticals or similar 
dietary supplements. 
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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.

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.
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