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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 examine the effects of alive or heat - 
killed Limosilactobacillus reuteri (L. reuteri) administration on 
some blood antioxidant and cytokine levels in rats exposed to 
chronic cadmium toxicity. For this purpose, rats (n = 48) were 
randomly separated into six equal groups : cadmium, alive L. 
reuteri, cadmium + alive L. reuteri, dead L. reuteri, cadmium + 
dead L. reuteri, and control. cadmium was administered orally 
to the cadmium, cadmium + alive L. reuteri, and cadmium 
+ dead L. reuteri groups three times a week for four weeks. 
Also, alive or heat - killed L. reuteri were administered orally to 
alive L. reuteri, dead L. reuteri, cadmium + alive L. reuteri, and 
cadmium + dead L. reuteri groups at the same periods. After 
the treatment period, serum samples were obtained from the 
animals and analyzed for serum cadmium and glutathione 
peroxidase levels, catalase and superoxide dismutase enzyme 
activities, malondialdehyde concentration, and tumor necrosis 
factor - alpha (TNF - α), interleukin - 6 (IL - 6), IL - 10, and IL 
- 1beta (β) levels. The administration of alive or heat - killed 
L. reuteri suspension decreased the cadmium accumulation in 
serum samples of alive L. reuteri and dead L. reuteri (especially) 
group animals compared to the cadmium group (P < 0.05). 
While the administration of alive L. reuteri lowered serum 
superoxide dismutase enzyme activity, the dead L. reuteri 
decreased glutathione peroxidase levels in comparison to the 
control group (P < 0.05). In conclusion, alive and dead L. reuteri 
strains had varied protective effects on the serum cytokine 
levels of rats, but their effects on oxidative stress indicators 
were limited. 
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RESUMEN

El propósito de este estudio fue examinar cómo la 
administración de Limosilactobacillus reuteri (L. reuteri), ya 
sea en su forma viva o muerta por calor, influye sobre los 
niveles de ciertos antioxidantes y citocinas en la sangre de 
ratas expuestas a la toxicidad crónica del cadmio. Para ello, 
se separó aleatoriamente a las ratas (n = 48) en seis grupos 
homogéneos : cadmio, L. reuteri vivo, cadmio + L. reuteri 
vivo, L. reuteri muerto, cadmio + L. reuteri muerto y grupo de 
control. Se administró cadmio por vía oral a los grupos cadmio, 
cadmio + L. reuteri vivo y cadmio + L. reuteri muerto tres veces 
por semana durante cuatro semanas. Se dio L. reuteri, ya sea 
vivo o muerto por calor, por vía oral a los grupos L. reuteri 
vivo, L. reuteri muerto, cadmio + L. reuteri vivo y cadmio + L. 
reuteri muerto durante el mismo tiempo. Tras el periodo de 
tratamiento, se obtuvieron muestras de suero de los animales. 
Se estudiaron los niveles de cadmio y glutatión peroxidasa en 
la sangre, así como las actividades de las enzimas catalasa y 
superóxido dismutasa. Se evaluaron también los niveles de 
malondialdehído (MDA) y los niveles de factor de necrosis 
tumoral alfa (TNF - α), interleucina - 6 (IL - 6), IL - 10 e IL - 
1β. La administración de L. reuteri, ya sea vivo o muerto por 
calor, redujo la acumulación de cadmio en muestras de suero 
de los animales de los grupos L. reuteri vivo y L. reuteri muerto 
(especialmente) en comparación con el cadmio (P < 0,05). 
La administración de L. reuteri vivo redujo la actividad de la 
enzima superóxido dismutasa en suero, mientras que,  el L. 
reuteri muerto disminuyó los niveles de glutatión peroxidasa 
en comparación con el grupo control (P < 0,05). En conclusión, 
las cepas vivas y muertas de L. reuteri tuvieron diversos efectos 
protectores sobre los niveles séricos de citocinas en ratas, 
pero sus efectos sobre los indicadores de estrés oxidativo se 
limitaron.
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INTRODUCTION

Cadmium (Cd) toxicity is one of the most common cases 
of toxic exposure to heavy metals worldwide, particularly in 
industrialized countries. Worldwide, it has a detrimental effect 
on human health, animals, and the ecosystem [1]. Cd is released 
into the environment through natural causes such as volcanic 
eruptions, forest fires, soil erosion, sea salt aerosols, and the 
chemical / physical breakdown of rocks containing Cd [2 ,3].  

The classification of Cd as a toxic, carcinogenic, and stimulant 
element has resulted in extensive study of its biological 
significance over the past few decades [4]. The widespread 
availability of Cd in air, food, feed, and water is an important 
problem regarding human and animal health. Previous studies 
have estimated that heavy metals pollute 13 % of farmland and 
40 % of the world’s rivers and lakes [5].

The binding of Cd to blood erythrocytes (RBC) and albumine 
(Alb) following its entry into an organism through inhalation, 
food, feed, or water results in the reaching of different 
important tissues and organs. Then, it triggers the production 
of metallothionein mRNA by binding to low molecular weight 
proteins to form metallothioneins. It enters the bloodstream 
following renal glomerular filtration processes and is reabsorbed 
by proximal epithelial cells [6]. 

Numerous studies suggest that prolonged exposure to Cd 
can result in numerous diseases that affect humans, including 
Alzheimer disease, Parkinson disease, amyotrophic lateral 
sclerosis, multiple sclerosis, diabetes, cardiovascular disease, 
decreased kidney function, pancreatic damage, and cancer 
[7 ,8 ,9 ,10].

Prior research on the topic has revealed that exposure 
to Cd results in the production of reactive oxygen species 
(ROS), which subsequently causes oxidative damage to cells. 
Additionally, it has been demonstrated that Cd mostly binds 
to antioxidant enzymes that include thiols, which lowers the 
amounts of these enzymes in the living organism [11]. It has also 
been observed that Cd exposure affects the malondialdehyde 
(MDA) concentrations and some antioxidant enzyme activities, 
including superoxide dismutase (SOD), catalase (CAT), and 
glutathione peroxidase (GPx), in living beings [12 ,13]. 

The process of inflammation is complicated and multifaceted. 
It is an organism’s defense mechanism against injury (from 
physical stimuli, chemicals, etc.) or infection (from microbes). 
Its functions include removing the agents that cause harm, 
preventing tissue damage, starting the healing process, and 
reestablishing the physiological functions of the tissue or organ 
that is impacted by the inflammatory process [14]. 

It has been found that oxidative stress (OS) and inflammation 
are intimately associated with each other. Previous studies have 
indicated that Cd causes OS and also affects certain cytokine 
levels such as tumor necrosis factor alpha (TNF - α), interleukin 
- 6 (IL - 6), IL - 10, and IL – 1 - beta (β) in different tissues of the 
body [15 ,16].

A variety of approaches have been investigated to reduce 
the toxicity of Cd, with an increasing amount of focus being 
placed on the use of chemical agents, herbal remedies, and 
detoxification strategies [17 ,18]. 

Heavy metals can be eliminated from the body cost-effectively 
and in an environmentally friendly way using microbiological 
methods. Microbiological procedures indicate that numerous 
benefits encompass enhanced processing ability, high 
environmental adaptability, cost - effectiveness, and ecological 
sustainability. The cell walls of fungi contain polyphosphoric 
acid, chitin and other ingredients that can react with elements 
such as heavy metals. Also, fungi are microorganisms that have 
the capacity to eliminate heavy metals that are present in the 
natural environment [19 ,20]. 

In addition to fungi, certain beneficial microorganisms of 
food origin have attracted attention for their detoxification 
capabilities. Lactic acid bacteria (LAB), particularly L. reuteri, are 
frequently employed as probiotics in fermented milk and non 
- dairy foods. These microorganisms not only help to preserve 
food and increase nutritional quality, but they also improve food 
safety by lowering hazardous chemicals such as mycotoxins and 
heavy metals. Therefore, it is important to investigate the ability 
of L. reuteri to regulate cadmium toxicity in the context of public 
health and food safety [21 ,22].

In recent years, researchers have been reported that specific 
strains of LAB possess the capability to bind and detoxify Cd in 
both in - vitro and in - vivo circumstances [23]. It was suggested 
that Lactobacillus and Bifidobacterium probiotic strains 
that decrease systemic absorption by binding Cd ions in the 
gastrointestinal tract [24 ,25].

Limosilactobacillus reuteri (L. reuteri), which was previously 
classified within the Lactobacillus genus, is naturally found in 
various systemic areas, including the digestive system, urinary 
system, skin, and mammary tissue. The amount of L. reuteri 
has been shown to vary from person to person and depending 
on individual circumstances. Many L. reuteri strains have 
been shown to play different roles in various diseases, such as 
hypercholesterolemia, skin infections, allergy - induced asthma, 
periodontitis, and autism spectrum disorders. For example, in 
allergy-related asthma, L. reuteri has been reported to reduce 
airway inflammation by modulating the immune response. 
This is reportedly enhancing anti - inflammatory pathways and 
influencing cytokine balance. It has been suggested that L. 
reuteri supports the immune system in treating skin infections 
by producing bioactive compounds that exhibit antimicrobial 
activity against pathogenic microorganisms. It has been reported 
that, in conditions of periodontitis, it may contribute to the 
control of dysbiosis by producing antimicrobial compounds 
such as 3 - hydroxypropionaldehyde, thereby balancing the oral 
biofilm and improving the balance between pathogenic and 
commensal microbiota, as well as reducing plaque formation. In 
addition, it is suggested that it modulates the immune response 
by reducing levels of the pro-inflammatory cytokines IL - 1β, TNF 
- α and IL - 6 while increasing the anti - inflammatory cytokine 
IL - 10; furthermore, it may reduce the inflammatory response 
by inhibiting the Nuclear Factor kappa B (NF – κB) signalling 
pathway. It is thought that these mechanisms may result in a 
reduction in periodontal inflammation and tissue degeneration. 
In addition, they have been found to act as critical probiotics, 
particularly in gastrointestinal disorders [26 ,27 ,28].

It has been reported that L. reuteri may be effective in the 
prevention of Cd toxicity in living beings [29]. However, the 
effect of L. reuteri on specific serum cytokine and antioxidant 
levels in rats (Rattus norvegicus) chronically exposed to Cd has 
not been determined. In this context, the aim of this study was 
to determine whether L. reuteri (alive or dead) had a protective 
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effect on certain serum cytokine and antioxidant levels in rats 
exposed to chronic Cd toxicity.   

MATERIAL AND METHODS 

Ethical committee approval 

In the present study, all research procedures carried out 
on animals were approved by the Experimental Animal Ethics 
Committee of Balıkesir University (Approval no: 2024 / 11 – 11). 

Assessment of resistance to Cd 

The L. reuteri strain exhibiting the strongest resistance to 
Cd was utilized in this study. Minimum inhibitory concentration 
(MIC) and minimum lethal concentration (MLC) were deter-
mined for four different L. reuteri strains. Each strain was grown 
in de Man, Rogosa and Sharpe (MRS) broth (Merck, Darmstadt, 
Germany) supplemented with different concentrations of cad-
mium chloride (CdCl₂), following the method described by Zhai 
et al. [30] with minor modifications.

Cadmium concentrations ranging from 0.1 to 200 mg / L 
were used in order to cover a wide range including environmen-
tally relevant levels and concentrations previously reported to 
affect lactic acid bacteria growth and cadmium interactions with 
probiotic bacteria [31 ,32]. All required concentrations were 
prepared by ten - fold serial dilutions from a 1.000 mg / L CdCl₂ 
stock solution, resulting in progressively decreasing Cd concen-
trations. Each dilution was inoculated with L. reuteri strains and 
incubated at 37 °C for 24 - 48 h in an incubator (Memmert, mod-
el E412.0361, Schwabach, Germany).

Bacterial growth was monitored by visual turbidity and opti-
cal density measurements at 600 nm (OD600) using a microplate 
spectrophotometer (SPECTROstar Nano, BMG LABTECH GmbH, 
Ortenberg, Germany). MIC was defined as the lowest Cd con-
centration that inhibited observable bacterial growth, whereas 
MLC was determined as the lowest concentration resulting in no 
growth after subculturing onto fresh Cd - free MRS agar plates. 
Each experiment was performed in triplicate.

At the end of the incubation period, L. reuteri DSM 17938, 
which showed growth at the highest Cd concentration, was 
identified as the most Cd - resistant strain and was selected for 
use in subsequent experiments

Preparation of live and heat - inactivated L. Reuteri

L. reuteri was cultivated in 10 mL of de MRS broth and 
incubated (Memmert, model E412.0361, Schwabach, Germany) 
at 37 °C for 24 h. At the end of the incubation period, bacterial 
cultures were centrifuged (Hermle Z380, Germany) at 4200 
× g for 5 minutes (min) at 4 °C using a refrigerated centrifuge 
(Hermle Z380, Germany). The supernatants were discarded and 
the bacterial pellets were resuspended in 10 mL of sterile skim 
milk solution (Merck, 115363, Darmstadt, Germany).

For preparation of live L. reuteri, the bacterial suspension was 
adjusted to obtain a final concentration of approximately 109 - 
1010 cfu/mL and directly used as the experimental treatment. 
The selected bacterial dose (109 - 1010 cfu/mL) was chosen based 
on previous studies evaluating the detoxification and binding 

capacity of Lactobacillus strains and represents a concentration 
commonly used in probiotic intervention experiments [31 ,33].

For preparation of heat - inactivated L. reuteri, the bacterial 
suspension was subjected to heat treatment at 121 °C for 
15 min using an autoclave (Hirayama, Hiclave HV85, Japan). 
Following heat treatment, the suspensions were cooled to room 
temperature and used as the dead - cell treatment. The absence 
of bacterial growth after heat treatment was confirmed by 
plating on MRS agar.

Animals and study design

Study design and administration of Cd were performed 
according to the method described before by Kısadere et al. 
[17], Almenara et al. [34], and Wardani et al. [35]. In the present 
study, 48 healthy male Wistar albino rats (~ 12 - 16 weeks old, 
weighing (Kern, EW 620 - Germany) 200 ± 30 g) obtained from 
Balıkesir Experimental Animal Production Center, were used. 
The rats were kept under conventional laboratory conditions 
(standard plastic rat cages, 12 hours light / 12 hours dark, 23 ± 2 
°C, 55 ± 10 % relative humidity, ad libitum feeding and watering) 
during the experiment. The rats were randomly divided into six 
equal groups : Cd, the alive L. reuteri (ALR), the Cd + ALR, the 
dead L. reuteri group (DLR), Cd + DLR, and the control (C) group.  

1.   Cd (n = 8) : CdCl₂ (2 mg / kg / d) was administered to animals 
via gastric gavage three times a week for four weeks [17 ,25]. 

2.	 ALR (n = 8) : Alive L. reuteri solution (containing ~ 109 - 1010 
cfu / mL) was administered to animals via gastric gavage 
three times a week for four weeks [31 ,33]. 

3.	 Cd + ALR (n = 8) : CdCl₂ (2 mg / kg / d) and alive L. reuteri 
solution (containing ~ 109 - 1010 cfu / mL) were administrated 
to animals via gastric gavage three times a week for four 
weeks [17 ,25 ,31 ,33]. At this stage, the rats were first 
administered CdCl₂ and then, without any waiting time, ALR.

4.	 DLR (n = 8): Dead L. reuteri solution (containing ~ 109 - 1010 
cfu / mL) was administered to animals via gastric gavage 
three times a week for four weeks [31 ,33]. 

5.	 Cd + DLR (n = 8) : CdCl₂ (2 mg / kg / day) and dead L. reuteri 
solution (containing ~ 109 - 1010 cfu / mL) were administrated 
to animals via gastric gavage three times a week for four 
weeks [17 ,25 ,31 ,33].    At this stage, the rats were first 
administered CdCl₂ and then, without any waiting time, DLR.

6.	 C (n = 8) : The physiological saline solution was administered 
to animals via gastric gavage three times a week for four 
weeks. 

The rats were given the treatment by way of an oral gavage, 
with a volume of 1 mL/kg body weight (b.w.). Following the 28 
- d experiment, a cardiac puncture was performed to obtain 
blood samples from the rats’ hearts for the study. Rats were 
euthanised under anaesthesia using an intramuscular injection 
of Ketamine / Xylazine (0.1 mL / 100 g b.w.) at the end of the 4 
- week experimental period. Five milliliters of blood were drawn 
and placed in tubes without anticoagulants. Centrifugation was 
used to separate the serum samples (Hermle Z380, Germany, 
3500 rpm, 15 min). Before analysis, serum samples were stored 
at -80 °C (Arçelik 270530EB, Türkiye). 
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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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Assessment of Cd levels in serum samples 

The determination of serum Cd levels was carried out using 
an Inductively Coupled Plasma Optical Emission Spectroscopy 
(ICP-OES) (Perkin Elmer Optima 7300, USA) device in accordance 
with the methodologies established by Altundag and Tüzen 
[36] and Tokay and Bağdat [37]. Serum samples (1 mL) were 
taken into teflon containers. After, H₂O₂ (2 mL) and HNO₃ (5 
mL) solutions were added to these containers. Then, the teflon 
containers were heated to 90 °C. Clear solutions were obtained 
by continuous mineralization. Clear samples were transferred to 
balloon vials and diluted to 10 mL with ultrapure water. 

Assessment of serum cytokine and antioxidant levels 

The serum concentrations of TNF - α [(Bioassay Technology 
Laboratory (BT Lab), E0764Ra, China)], IL -1β [(BT Lab, E0119Ra, 
China)], IL - 6 [(BT Lab, E0135Ra, China)], and IL - 10 (BT Lab, 
E0108Ra, China) were quantified utilising commercially available 
ELISA kits in line with the protocol outlined by the manufacturer’s 
by using an ELISA reader (SPECTROstar Nano, Germany).   

The concentrations of MDA (BT Lab, E0156Ra, China), 
GPX values (BT Lab, E1172Ra, China), SOD (BT Lab, E1444Ra, 
China), and CAT (BT Lab, E0869Ra, China) enzyme activities 
were quantified utilizing commercially available ELISA kits in 
accordance with the manufacturer’s instructions and an ELISA 
reader (SPECTROstar Nano, Germany).  

Statistical analysis

The data was statistically analyzed using SPSS 26 (IBM SPSS 
Statistics for Windows, Version 22.0, Armonk, New York: IBM 
Corporation). The mean ± SEM was used to show all data. The 
Shapiro - Wilk test was employed to assess the distribution 
characteristics of variables and the homogeneity of variance. 
Parameters were assessed using analyses of variance (ANOVA) 
and subsequently evaluated with Duncan’s test. A P -value of 
less than 0.05 indicated statistical significance for the collected 
data.

RESULTS AND DISCUSSION 

In the Cd group, serum Cd levels were found to be significantly 
higher than in the other groups (P < 0.05). On the other hand, Cd 
+ ALR showed significantly higher serum Cd levels than Cd + DLR 
in the present study (P < 0.05). Serum concentrations of Cd were 
not significantly different within the C, ALR, and DLR groups (P 
> 0.05). The serum Cd levels of the animals are shown in FIG 1.   

FIGURE 1. Serum Cd levels in rats. a, b, c, d The bars exhibit a significant difference (P < 0.05) in 
the superscripts. Cd : Cadmium; µg : Microgram; L : Liter. 

Tumor necrosis factor alpha (TNF – α) levels were determined 
to be higher in the Cd group compared to the C group (P < 0.05). 
Although the administration of ALR and DLR alone increased 
TNF - α levels when compared to the C group, this increase 
was lower than that observed in the Cd group. In addition, the 
Cd + ALR and Cd + DLR groups observed a decrease in TNF - α 
levels; however, this difference was not considered statistically 
significant (P > 0.05). When compared to the C group, IL - 6 levels 
were significantly higher in the Cd group (P < 0.05). DLR group 
showed higher IL - 6 levels than ALR group. On the other hand, 
when compared to the Cd group, the Cd + ALR and Cd + DLR 
groups showed a decrease in IL - 6 levels that was statistically 
significant (P < 0.05). 

In this study, IL - 10 levels were determined higher in the C 
group compared to other experimental groups (P < 0.05). The 
IL - 1β level in the Cd group was lower than that in the C and 
ALR groups.  On the other hand, IL - 1β levels in the Cd + ALR 
group were elevated compared to the Cd group and comparable 
to those in the C group (P < 0.05). In contrast, Cd + DLR did not 
significantly improve IL - 1β levels in rats. The levels of serum 
cytokines are presented in TABLE I.

TABLE I
Some serum cytokine levels of the rats

Groups n TNF - α (ng / L) IL - 6 (ng / L) IL - 10 (pg / mL) IL - 1β (pg / mL)

C 8 1.52 ± 0.24c 0.66 ± 0.11d 267.82 ± 72.09a 47.55 ± 2.80a

ALR 8 2.31 ± 0.02ab 0.95 ± 0.09c 144.86 ± 4.63b 50.04 ± 7.53a 

DLR 8 2.04 ± 0.11b 1.23 ± 0.05bc 100.17 ± 18.60b 35.03 ± 5.33ab

Cd 8 2.56 ± 0.12a 2.02 ± 0.11a 116.75 ± 8.82b 21.42 ± 3.26b 

Cd + ALR 8 2.32 ± 0.16ab 1.08 ± 0.06bc 88.17 ± 12.42b 42.79 ± 4.53a

Cd + DLR 8 2.31 ± 0.04ab 1.30 ± 0.12b  86.82 ± 8.05b 25.02 ± 4.80b 
It means that different letters in the same column are significantly different (P < 0.05). C: Control, ALR: Alive L. reuteri group, DLR : Dead L. reuteri group, Cd : Cadmium, Cd + ALR: Cadmium 
+ Alive L. reuteri group, Cd + DLR : Cadmium + Dead L. reuteri group. TNF – α : Tumor Necrosis Factor - Alpha; IL – 6 : Interleukin - 6; IL – 10 : Interleukin - 10; IL - 1β : Interleukin 1 – Beta; n 
: Number of animals; ng : Nanograms; L : Liter; pg : Pictograms; mL : Mililiter.
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In terms of serum MDA and CAT levels, no significant 
differences were observed between the groups (P > 0.05). In 
contrast, the group that obtained Cd administration showed a 
significant decrease in GPx levels, although group C presented 
the highest levels 

The GPx levels in the Cd + ALR and Cd + DLR groups were 
similar to those in the Cd group and did not show statistically 

significant increases. The C group showed the highest SOD 
levels, while the Cd group exhibited the lowest, with statistically 
significant differences observed in comparison to the other 
groups. Furthermore, when compared to the C group, the ALR 
administration demonstrated significantly lower levels, but 
when compared to the Cd group, it showed significantly higher 
levels. Serum oxidant - antioxidant levels are presented in TABLE 
II. 

TABLE II
MDA concentrations and some serum antioxidant levels in the experimental groups

Groups n MDA (nmol / mL) GPX (ng / mL) SOD (ng / mL) CAT (ng / mL)

C 8 1.32 ± 0.14 2000.00 ± 488.25a  22.56 ± 3.37a 12.43 ± 5.65

ALR 8 1.25 ± 0.16 1385.00 ± 287.36ab 15.30 ± 1.63b 10.73 ± 3.05

DLR 8 1.48 ± 0.02 975.00 ± 15.08b 12.76 ± 1.48bc 7.71 ± 0.26

Cd 8 1.69 ± 0.22 898.75 ± 42.71b 6.77 ± 0.43c 7.36 ± 2.11

Cd + ALR 8 1.67 ± 0.23 1042.50 ± 27.17b 12.43 ± 3.20bc 9.53 ± 0.58 

Cd + DLR 8 1.57 ± 0.08 992.50 ± 54.23b 8.74 ± 2.08bc  7.45 ± 1.14 
It means that different letters in the same column are significantly different (P < 0.05). C : Control, ALR : Alive L. reuteri group, DLR : Dead L. reuteri group, Cd : Cadmium, Cd + ALR : Cadmium 
+ Alive L. reuteri group, Cd + DLR : Cadmium + Dead L. reuteri group. MDA : Malondialdehyde; SOD : Superoxide Dismutase; GSH : Glutathione; CAT: Catalase; n : Number of animals; nmol 
: Nanomol; ng : Nanograms; mL : Mililiter.

It has been suggested that Cd exacerbates metabolic 
dysfunction and tissue damage by upregulating ROS production 
and encouraging chronic inflammatory responses, which upset 
cellular homeostasis [38]. In the present study, serum Cd levels 
considerably elevated in the Cd group (2 mg / mL for 4 weeks, 
peros (p.o.)) compared to the other experimental groups. 
Similarly, Kısadere et al. [25] suggested that Cd administration 
(2.04 mg / mL for 28 days, p.o.) increased the serum Cd levels 
(83.96  ±  8.48 μg / L) in female Wistar rats. In addition, it was 
reported by Andjelkovic et al. [39] that serum Cd levels rose to 
5.42 ± 0.88 and 8.97 ± 1.16 μg / L as a result of a single oral dose 
of Cd (15 and 30 mg / kg) administration. 

The outcomes demonstrate that the utilized dosage regime 
raises blood Cd levels in a manner consistent with findings 
from prior investigations. On the other hand, serum Cd levels 
decreased in the Cd + ALR and Cd + DLR groups after the alive or 
dead L. reuteri administrations in this study. This reduction was 
observed significantly greater in Cd + DLR group than Cd + ALR 
group. Zhai et al. [40] confirmed that increased blood Cd levels 
(6.32 ± 4.44 μg / L) following the Cd administration (100 mg / 
L CdCl₂) were ameliorated by using the probiotic L. plantarum 
CCFM8610 (1 × 10⁹ cfu, administered orally for eight weeks) 
in rats. In a previous study, it was reported that L. plantarum 
administration led to a decrease of serum Cd levels in female 
Wistar rats [25]. The changes may have been observed due to 
the metal - binding activity of DLR (especially) and ALR. 

Recently, researchers have reported that Cd administration 
alters the levels of various pro - and anti - inflammatory 
cytokine levels in the blood [41]. In the immune system, IL - 6 
is a multifunctional cytokine that exhibits both pro - and anti - 
inflammatory activities. It typically exists in the bloodstream in 
small quantities, but when the organism is exposed to harmful 
substances, toxic chemicals, infections, or tissue injury, its levels 
rise dramatically [42 ,43]. 

The levels of IL - 6 were determined to be the highest in the Cd 
group (2.02 ± 0.11 ng / L) when compared to the C group (0.66 ± 
0.11 ng / L) in the present study. The results were in line with the 

results of past studies on IL - 6 levels [29 ,44 ,45 ,46 ,47]. On the 
contrary, Kısadere [41] found that administration of Cd did not 
change the blood IL - 6 levels in male Wistar rats, interestingly. 
These differences may be influenced by factors such as gender, 
dose, time, or administration method [23]. 

In this study, increased IL - 6 levels (2.02 ± 0.11 ng / L) due 
to Cd administration were ameliorated by using alive or dead L. 
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actions of probiotic - derived structural components. TNF - α, 
a significant proinflammatory cytokine, is primarily produced 
by macrophages, monocytes, T lymphocytes, and natural 
killer (NK) cells. It induces an acute inflammatory response in 
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Besides, IL-1β (a proinflammatory cytokine that increases 
the inflammatory response with TNF - α) plays a crucial role 
in the body›s initial immune response against infection or 
tissue damage. It is generally produced by monocytes and 
macrophages, and is crucial for beginning and continuing 
inflammation [50]. 

In this study, the administration of Cd increased TNF - α 
levels but decreased IL - 1β levels in Wistar rats. Interestingly, 
Li et al. [46] suggested that Cd administration (5 mg / kg for 28 
d) caused to increase in both TNF - α and IL - 1β levels in rats. 
Conversely, it was reported that TNF - α and IL - 1β levels were 
not affected by Cd administration in female rats [25]. 

On the other hand, Kısadere [41] also concluded that TNF - α 
levels increased in Wistar rats after CdCl₂ administration (at a 
dose of 2 mg / kg / day for four weeks). The dose and duration 
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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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of Cd administration, and the use of different commercial kits 
may explain the differences in the results [51 ,52]. This study 
demonstrated that L. reuteri administration, as a probiotic, 
exhibited a tendency to decrease TNF - α levels in the Cd + ALR 
and Cd + DLR groups. 

In addition, TNF - α levels decreased after the administration 
of DLR alone in the present study. Also, it was determined that 
administration of ALR and Cd + ALR increased IL - 1β levels, 
thereby eliminating the inhibitory effect of Cd. However, it was 
found that neither DLR nor Cd + DLR administration increased 
IL - 1β levels in the present study. Moreover, Sajjad et al. [29] 
reported that increased levels of TNF - α and IL - 1β depended 
on the Cd administration (2 mg / kg) were ameliorated by the L. 
reuteri administration in the breast cancer - detected mice (Mus 
musculus). 

Similarly, Li et al. [53] found that a novel polysaccharide 
derived from Lactobacillus - fermented Nostoc commune Vauch. 
reduced IL - 6, IL - 1β, and TNF - α levels and mitigated Cd - 
induced kidney injury in rats. These obtained results indicate 
that L. reuteri has a limited inhibitory effect on inflammation 
caused by Cd. In addition, alive probiotics can play a regulatory 
and balancing role in the immune system. 

The main function of the cytokine IL - 10 is to reduce 
inflammation. This characteristic prevents the production of pro 
- inflammatory cytokines such IL - 1β, IL - 6, and TNF - α. It protects 
the organism from tissue damage and stops an overabundance 
of immune response activation [54]. In this study, the C group’s 
higher IL - 10 levels (267.82 ± 72.09 pg / mL) in comparison to 
the other groups is suggestive of the system’s natural responses 
that reduce inflammation in physiological conditions. 

On the other hand, Cd administration led to a decrease of 
rat’s IL - 10 levels in the present study. Similarly, Cd exposure 
significantly suppressed the IL - 10 secretion of rats in previous 
studies [25]. These outcomes might have been brought on by Cd’s 
immunosuppressive function. On the other hand, administration 
of either the alive (144.86 ± 4.63 pg / mL) or dead forms (100.17 
± 18.60 pg / mL) of L. reuteri resulted in a significant decrease 
of IL - 10 levels in rats compared to the C group (267.82 ± 72.09 
pg / mL) in this study. Sajjad et al. [29] reported that IL - 10 
levels (60.2 ± 2.0 pg / mL) decreased with the administration 
of cadmium + tamoxifen + Lactobacillus reuteri (20.8 ± 1.1 pg / 
mL) in rats. Also, Kısadere et al. [25] reported that L. plantarum 
administration decreased the increased serum IL - 10 levels after 
Cd administration in female Wistar rats. It may be expressed 
that probiotics have immunomodulatory properties in both 
their alive and dead forms.  

It has been reported that Cd exposure increases ROS and 
OS parameters by reducing intracellular glutathione (GSH) 
levels and inhibiting the action of antioxidant enzymes such as 
SOD and CAT in living beings [55]. MDA, one of the important 
markers of lipid peroxidation, concentration was not affected by 
the different administrations in the present study. 

Conversely, Cd administration increased the serum MDA 
concentrations in rats in the previous studies [25 ,56 ,57]. 
The findings may have varied depending on the Cd dose, 
administration period, individual characteristics, or utilized 
commercial kits. Similar to Cd administration, alive or dead 
L. reuteri treatments did not cause any changes in the serum 
MDA concentration of rats in the present study. This result 

may indicate that the effect of L. reuteri administration on lipid 
peroxidation products is limited. In addition, Cd administration 
led to a decrease in serum GPx levels (898.75 ± 42.71 ng / mL) 
of Cd group animals compared to C group (2000.00 ± 488.25 ng 
/ mL) in this study. 

Galażyn-Sidorczuk et al. [58] and Poli et al. [59] also 
determined similar results to this study regarding GPX levels 
in rats’ serum and kidney tissues exposed to Cd. On the other 
hand, administration of neither alive nor dead L. reuteri caused 
any crucial change in GPX levels of the Cd + ALR (1042.50 ± 27.17 
ng / mL) and Cd + DLR (992.50 ± 54.23 ng / mL) groups compared 
to the Cd group (898.75 ± 42.71 ng / mL) in the present study. 

On the contrary, Banwo et al. [23] and Li et al. [53] 
observed protective effects of different types of Lactobacillus 
administrations (Lactiplantibacillus plantarum ML05 and 
Lactobacillus - fermented Nostoc commune Vauch) in the tissue 
GPX and GSH levels in rats exposed to Cd. Furthermore, Kısadere 
et al. [25] reported that the administration of L. plantarum 
did not affect the serum GSH levels in female rats. Although 
serum CAT enzyme activity tended to decrease in the Cd group 
compared to the other groups, it did not cause significant 
change in this study. 

Similarly, it was suggested that administration of Cd (2.04 mg 
/ mL for 28 days, p.o.) did not influence the serum CAT enzyme 
activities in female rats [25]. In contrast, serum CAT activities 
in Sprague Dawley female rats were found to be reduced as a 
result of Cd administration by Xue et al. [60]. 

Also, numerous studies demonstrated that Cd adversely 
affected the CAT enzyme activity in various tissues and organs 
[59 ,61]. The dose of Cd administration, different genders, or 
individual properties may explain the different results. 

On the other hand, alive or dead L. reuteri administration 
could not affect the serum CAT enzyme activities in the Cd + ALR 
and Cd + DLR groups compared to only Cd treated group in the 
present study. In a previous study, Tian et al. [48] suggested that 
Lp TW1 - 1 ameliorated the enzymatic activities of CAT in the 
serum of diethylhexylphthalate - administered male mice. 

These findings are compatible with Kisadere et al. [25]’s 
results regarding to serum CAT enzyme activity. The different 
antioxidant properties of probiotic strains may explain the 
various results. In the present study, Cd administration 
decreased the serum SOD enzyme activity in male Wistar rats. 

On the contrary, Kisadere et al. [25] confirmed that Cd 
administration did not lead to an alteration in serum SOD 
levels in female Wistar rats. Suhartono et al. [62] also found 
similar results to this study regarding to SOD enzyme activity 
in male Sprague - Dawley male rats exposed to Cd. In other 
investigations, it has also been established that Cd suppresses 
the activity of the SOD enzyme in different tissues [45 ,63 ,64].  

In this study, SOD enzyme activity was found markedly lower 
in the ALR group (15.30  ± 1.63 ng/mL) when compared to C 
group (22.56  ±  3.37 ng / mL), interestingly. It was found that 
SOD activity was significantly reduced in the CD group (6.77 ± 
0.43 ng/mL) compared to group C (22.56 ± 3.37 ng/mL). It is 
thought that this is due to the suppression of the antioxidant 
defence system resulting from cadmium-induced oxidative 
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stress. Additionally, the decrease in SOD enzyme activities 
caused by Cd could not be ameliorated in the Cd + ALR and Cd + 
DLR groups by the administration of live or dead L. reuteri. 

Moreover, it was determined that L. plantarum administration 
did not cause any influence on the serum SOD levels of rats 
exposed to Cd [25]. In contrast, Lactiplantibacillus plantarum 
ML05 and Lactobacillus - fermented Nostoc commune Vauch 
administrations showed a positive reversal impact on SOD 
enzyme activities in animals (rats and mice) whose kidney 
and liver tissues were exposed to Cd toxicity [23 ,53]. This 
may be due to the low binding rate of Cd ions by L. reuteri in 
the gastrointestinal tract compared to other bacterial strains 
(Lactobacillus and Bifidobacterium probiotic strains) [24]. 

Due to the fact that L. reuteri strains are food - derived and 
are frequently employed as probiotics in the fermentation of 
dairy products, the Cd binding capacity and effects on cytokine 
modulation observed in this study indicate a potential role in 
the enhancement of the safety of food contaminated with heavy 
metals, as well as in the maintenance of health. These probiotic 
applications can be regarded as a biotechnological approach 
to reducing toxic metal residues in the food chain that is both 
environmentally friendly and food compatible.

CONCLUSIONS 

The investigation of the beneficial effects of probiotics can 
be extended by using cadmium as a toxic substance. 

The findings of this investigation showed that dead L. reuteri 
can bind to Cd especially in the bloodstream. 

Although the effect on markers of oxidative stress is limited, 
when cytokine levels are taken into account, the protective 
effect of both live and dead L. reuteri is clear. 

Further studies at both the molecular and cellular levels are 
necessary to better understand the protective effect of L. reuteri 
strains in Cd toxicity. L. reuteri, a food - derived bacterium 
frequently used in functional and fermented foods, shows Cd 
binding capacity and immunomodulatory effects, suggesting 
potential applications in the development of probiotic foods and 
food safety.

Funding 

The Scientific Research Unit of Balıkesir University provided 
the financial support for this study (BAP Project No : 2024 / 032).

Conflicts of interest

The authors of this article do not have potential conflicts of 
interest.

BIBLIOGRAPHIC REFERENCES

[1]  	 Soni S, Jha AB, Dubey RS, Sharma P. Mitigating cadmium 
accumulation and toxicity in plants: The promising role 
of nanoparticles. Sci. Total Environ. [Internet]. 2024; 
912:168826. doi: https://doi.org/gzwvbd

[2]  	 Kubier A, Wilkin RT, Pichler T. Cadmium in soils and 
groundwater: A review. Appl. Geochem. [Internet]. 2019; 
108:104388. doi: https://doi.org/gjks3j

[3]  	 Suhani I, Sahab S, Srivastava V, Singh RP. Impact of 
cadmium pollution on food safety and human health. 
Curr. Opin. Toxicol. [Internet]. 2021; 27:1–7. doi:  https://
doi.org/gpwrnw

[4]  	 Fanfani A, Papini S, Bortolotti E, Vagnoni G, Saieva C, 
Bonaccorsi G, Caini S. Cadmium in biological samples 
and site-specific cancer risk and mortality: A systematic 
review of original articles and meta-analyses. Cancer 
Epidemiol. [Internet]. 2024; 92:102550. doi: https://doi.
org/q6jj

[5]  	 Kanwel S, Gulzar F, Alofaysan H, Tanriverdiyev S, Jing 
H. Toxic metal pollution in freshwater ecosystems: 
A systematic review of assessment methods using 
environmental and statistical indices. Mar. Pollut. Bull. 
[Internet]. 2025; 218:118028. doi:  https://doi.org/q6jk

[6]  	 Nordberg M, Nordberg GF. Metallothionein and 
cadmium toxicology—historical review and commentary. 
Biomolecules. [Internet]. 2022; 12(3):360. doi:  https://
doi.org/gpm2vz

[7]  	 Fiati-Kenston SS, Su H, Li Z, Kong L, Wang Y, Song X, Gu Y, 
Barber T, Aldinger J, Hua Q, Li Z, Ding M, Zhao J, Lin X. The 
systemic toxicity of heavy metal mixtures in rats. Toxicol. 
Res. [Internet]. 2018; 7(3):396–407. doi: https://doi.org/
q6jm

[8]  	 Park E, Kim J, Kim B, Park EY. Association between 
environmental exposure to cadmium and risk of 
suspected non-alcoholic fatty liver disease. Chemosphere. 
[Internet]. 2021; 266:128947. doi: https://doi.org/
gkkzmg

[9]  	 Tan LL, Xiong YW, Zhang J, Li DX, Huang Y, Wang H. Like 
father, like daughter: Paternal cadmium exposure causes 
hepatic glucose metabolic disorder and phospholipids 
accumulation in adult female offspring. Chemosphere. 
[Internet]. 2023; 338:139437. doi: https://doi.org/
gzk6n2

[10]  	 Verzelloni P, Urbano T, Wise LA, Vinceti M, Filippini T. 
Cadmium exposure and cardiovascular disease risk: A 
systematic review and dose-response meta-analysis. 
Environ. Pollut. [Internet]. 2024; 345:123462. doi: 
https://doi.org/q6jp

[11] 	 Hernández-Cruz EY, Arancibia-Hernández YL, Loyola-
Mondragón DY, Pedraza-Chaverri J. Oxidative stress and 
its role in Cd-induced epigenetic modifications: Use of 
antioxidants as a possible preventive strategy. Oxygen. 
[Internet]. 2022; 2(2):177-210. doi: https://doi.org/q6jq

[12] 	 Solleiro-Villavicencio H, Rivas-Arancibia S. Effect of 
chronic oxidative stress on neuroinflammatory response 
mediated by CD4+ T cells in neurodegenerative diseases. 
Front. Cell. Neurosci. [Internet]. 2018; 12:114. doi:  
https://doi.org/gdjpfp

[13]  	 Goyal T, Mitra P, Singh P, Sharma P, Sharma S. Evaluation 
of oxidative stress and pro-inflammatory cytokines 
in occupationally cadmium exposed workers. Work. 
[Internet]. 2021; 69(1):67–73. doi: https://doi.org/q6jr

[14] 	 Das U.N. Inflammation. In: Molecular Basis of Health and 
Disease. Dordrecht: Springer; 2011. doi: https://doi.org/
cc26qn      

7 of 10

https://doi.org/gzwvbd
https://doi.org/gjks3j
https://doi.org/gpwrnw
https://doi.org/gpwrnw
https://doi.org/q6jj
https://doi.org/q6jj
https://doi.org/q6jk
https://doi.org/gpm2vz
https://doi.org/gpm2vz
https://doi.org/q6jm 
https://doi.org/q6jm 
https://doi.org/gkkzmg
https://doi.org/gkkzmg
https://doi.org/gzk6n2
https://doi.org/gzk6n2
https://doi.org/q6jp
https://doi.org/q6jq
https://doi.org/gdjpfp
https://doi.org/q6jr
https://doi.org/cc26qn
https://doi.org/cc26qn


The Protective Effect of Limosilactobacillus reuteri in Cadmium Toxicity / Kisadere et al.

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.
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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

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

[63]  	 Koyuturk M, Yanardag R, Bolkent S, Tunali S. Influence 
of combined antioxidants against cadmium-induced 
testicular damage. Environ. Toxicol. Pharmacol. 
[Internet]. 2006; 21(3):235–240. doi: https://doi.org/
c7gx38

[64]  	 Jihen El H, Imed M, Fatima H, Abdelhamid K. Protective 
effects of selenium (Se) and zinc (Zn) on cadmium (Cd) 
toxicity in the liver of the rat: Effects on the oxidative 
stress. Ecotoxicol. Environ. Saf. [Internet]. 2009; 
72(5):1559–1564. doi: https://doi.org/c9w3mp

10 of 10

https://doi.org/c7gx38 
https://doi.org/c7gx38 
https://doi.org/c9w3mp

	_Hlk222219484
	_Hlk212782222
	_Hlk213228456
	_Hlk222214491
	_Hlk222215227
	_Hlk222216556
	_Hlk222216574
	_Hlk212782998
	_Hlk209543280
	_Hlk213234680
	_Hlk209543304
	_Hlk209543337
	_Hlk209543367
	_Hlk209543399
	_Hlk210740556
	_Hlk210742979
	_Hlk189714126
	_Hlk189740019
	_Hlk209612072
	_Hlk209612137
	_Hlk209612154
	_Hlk189667663
	_Hlk189667846
	_Hlk189667377
	_Hlk210637837
	_Hlk210637864
	_Hlk189741429
	_Hlk189741460
	_Hlk210637897
	_Hlk210637952
	_Hlk210638077
	_Hlk210638107
	_Hlk210638160
	_Hlk210638129
	_Hlk210638189
	_Hlk210641583
	_Hlk210641597
	_Hlk210641648
	_Hlk210641819
	_Hlk210641937
	_Hlk210742998
	_Hlk210641974
	_Hlk217427690
	_Hlk217427759
	_Hlk217772625
	_Hlk219892689
	_heading=h.6jqse55v844
	_heading=h.4on5299rqshf
	_heading=h.61ltwqneojbs
	_heading=h.rzueebu0c1dp
	_heading=h.kpceweti001p
	_heading=h.5gbjq7syl1yg
	_heading=h.u10i6gitk4bp
	_heading=h.cjb4znr6fnom
	_heading=h.pyh3s330js81
	_heading=h.mufp9h9t0fiy
	_heading=h.sgr1g6ygfgot
	_heading=h.5mefk2wilc1z
	_heading=h.42pneu4w06yy
	_heading=h.jwjnvqlrsu9f
	_heading=h.8u9il069ma9s
	_heading=h.r1fw7pkov8sl
	_Hlk213524444
	_Hlk215093251
	_Hlk219811060
	_Hlk219811335
	_Hlk219811521
	_Hlk219812141
	_Hlk219813093
	_Hlk211642670
	_Hlk215093236
	_Hlk213629835
	_Hlk213630131
	_Hlk219811191
	_Hlk219811233
	_Hlk219811505
	_Hlk219811646
	_Hlk219813078
	_Hlk219813343
	_Hlk219813655
	_Hlk219813408
	_Hlk219836270
	_Hlk219836909
	_Hlk220494003
	_Hlk227168559
	_Hlk220491284
	_Hlk222471266
	_Hlk220401064
	_Hlk220401078
	_Hlk218875010
	_Hlk220401091
	_Hlk220401109
	_Hlk222562555
	_Hlk220667918
	_Hlk220667975
	_Hlk220668202
	_Hlk220668382
	_Hlk220692762
	_Hlk220695550
	_Hlk220700611
	_Hlk220698017
	_Hlk220699404

