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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

Adipokines regulate energy homeostasis. High-fat Western 
diet leads to obesity and disrupts adipocyte metabolism. 
Probiotics such as Lactobacillus rhamnosus GG are effective 
in obesity management. This study investigates the effect of 
Lactobacillus rhamnosus GG on serum adipokine levels in rats 
fed a High-fat Western diet. Thirty 5-6 week old male Wistar 
albino rats (Rattus norvegicus domestica) were randomly 
selected and divided into three groups: control (standard 
chow), W (45% fat), and a WLgroup supplemented orally with 
Lactobacillus rhamnosus GG in vegetable oil for 16 weeks. At 
the end of the study, blood samples were collected from rats via 
cardiac puncture, and serum adipokine levels were measured 
using ELISA kits. Body weight, naso-anal length, and BMI (body 
mass index) exhibited statistically significant increases in the 
W group. In the Lactobacillus rhamnosus GG-supplemented 
group (WL), body weight and BMI decreased, while naso-anal 
length increased. SFRP5 and CT1 levels were low, and asprosin 
and vaspin levels were high in the Wgroup. CT1, vaspin, and 
asprosin levels increased in the Lactobacillus rhamnosus GG-
supplemented group. In conclusion, Lactobacillus rhamnosus 
GG alleviates obesity, increases naso-anal length, and reduces 
BMI in rats fed a High-fat Western diet. These results suggest 
that L. rhamnosus may regulate serum CT1, vaspin, and 
asprosin levels, but not omentin or SFRP5 in the High-fat 
Western diet model.

Key words: Adipokine; high fat western diet; probiotic; Lactobacillus 
rhamnosus

RESUMEN

Las adipocinas regulan la homeostasis energética. La dieta 
occidental alta en grasas conduce a la obesidad y altera 
el metabolismo de los adipocitos. Los probióticos como 
Lactobacillus rhamnosus GG son eficaces en el manejo de la 
obesidad.Este estudio investiga el efecto de Lactobacillus 
rhamnosus GG en los niveles séricos de adipocinas en ratas 
alimentadas con una dieta occidental alta en grasas. Un total 
de 30 ratas macho Wistar albino (Rattus norvegicus domestica) 
de 5-6 semanas de edad fueron seleccionadas y divididas 
aleatoriamente en tres grupos: control (pienso estándar), 
W(45% de grasa) y un WL grupo suplementado oralmente 
con Lactobacillus rhamnosus GG en aceite vegetal durante 
16 semanas. Al final del estudio, se recolectaron muestras de 
sangre de las ratas mediante punción cardíaca y se midieron 
los niveles séricos de adipocinas utilizando kits ELISA. El 
peso corporal, la longitud naso-anal y el IMC (índice de masa 
corporal) mostraron aumentos estadísticamente significativos 
en el grupo W. En el grupo suplementado con LGG (WL), el peso 
corporal y el IMC disminuyeron, mientras que la longitud naso-
anal aumentó. Los niveles de SFRP5 y CT-1 fueron bajos, y los 
niveles de asprosina y vaspina fueron altos en el grupo W. Los 
niveles de CT-1, vaspina y asprosina aumentaron en el grupo 
suplementado con Lactobacillus rhamnosus GG. En conclusión, 
Lactobacillus rhamnosus GG alivia la obesidad, aumenta la 
longitud naso-anal y reduce el IMC en ratas alimentadas con 
una dieta occidental alta en grasas. Estos resultados sugieren 
que L. rhamnosus puede regular los niveles séricos de CT-1, 
vaspina y asprosina, pero no los de omentina o SFRP5 en el 
modelo de dieta occidental alta en grasas.

Palabras clave: Adipocina;dieta occidental alta en grasas; probiótico, 
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INTRODUCTION

Obesity is a significant public health problem. This condition 
affects a large portion of the population worldwide. Obesity 
plays an important role in the development of many metabolic 
diseases such as diabetes, hypertension and heart diseases. 
Therefore, high-fat diets, cafeteria diets and high-calorie diets 
are models of obesity that have been used for experimental 
studies in animals [1]. 

It has been suggested that, among these models, High-fat 
Western diet (HFWD) are more similar to the human diet [1]. 
Evidence from long-term studies indicates that diets with a 
substantial caloric content prepared with high levels of fat and/
or sugar expand adipose tissue and cause obesity [2].

Adipose tissue accumulates surplus calories in the form of 
triacylglycerol and has been considered an endocrine organ, 
secreting adipokines [3 ,[4]. Adipokines, structurally similar to 
cytokines, are responsive to fluctuations within adipocytes for 
triacylglycerol storage, exerting both local and systemic effects 
inflammatory processes [5],[6].

Gut microbiota modulate body weight, adipose tissue 
and low-grade inflammation [7]. In addition to family genes, 
environment, drug use and nutrition play a major role in the 
change of microbiota types in the digestive system [8].

Dietary patterns cause changes in intestinal microbiotaand 
its metabolic functions [9]. They may also affect the circulating 
adipokine levels [10]. Changes in intestinal structure or 
microbiota composition may affect adipokine levels [11].

There is increasing interest in modifying the composition 
or function of the gut microbiota to prevent obesity and 
related metabolic syndromes [12]. Administration of probiotic 
strains, including Bifidobacterium longum [13], Lactobacillus 
plantarum [14] and Lactobacillus casei [15 ,16], improves gut 
microbiota dysbiosis and consequently prevents obesity-related 
metabolic disorders. Lactobacillus rhamnosus (L. rhamnosus) is 
a representative strain of Lactobacillus. L. rhamnosus, which is a 
common probiotic, has been shown to be effective in combating 
obesity [17]. While the anti-obesity effects of L. rhamnosus have 
been explored [18], the impact of L. rhamnosus on adipokine 
levels requires further in-depth investigation.

Therefore, the aim of this study was to investigate the effects 
of L. rhamnosus GG (LGG) on some adipokine levels (omentin, 
secreted frizzled-related protein 5 (SFRP-5), cardiotrophin-1 (CT-
1), vaspin, asprosin) in rats (Rattus norvegicus) fed a HFWD.

MATERIALS AND METHODS

Experimental protocols were performed in accordance 
with the regulations regarding the use of laboratory animals. 
Ethical approval was obtained from the Animal Experimentation 
Committee (2019/8-14), Hatay Mustafa Kemal University 
Experimental Research Center, Hatay, Turkey.

Experimental design and animals

Thirty male Wistar albino rats (Rattus norvegicus), ages 5–6 
weeks, weighing an average of 123.33 ± 20.14 g, were used 
in this investigation. Three to four rats per cage were kept in 
stainless steel cages with standardized lighting (12 h of light and 
12 h of darkness), a constant temperature (22 ± 2 °C), and a 
humidity level of 55% ± 10%.

After one week of adaptation, the rats were randomly divided 
into three groups. Each group consisted of ten rats. All animals 
survived until the end of the experiment. The experiment lasted 
16 weeks. During the experiment, food and water were provided 
ad libitum.

Baseline and final measurements of body weight (OHAUS 
NVT 6201,Switzerland) and naso-anal length were obtained 
for all animals. The body mass index (BMI) of each animal was 
calculated as the ratio of body weight (g) to the square of the 
naso-anal length (cm2).

The control group (C) of rats was fed a commercial 
normocaloric standard rat chow (Bil-yem®,Turkey), which 
consisted of 2.70 kcal/g including 12% fat, 60% carbohydrate 
and 28% protein. 

The first experimental group (W) of rats was fed only a HFWD 
consisting of 5.00 kcal/g including 45% fat, 35% carbohydrate 
and 20% protein created based on open data principles (D12451, 
Research Diets) [19]. The second experimental group served as 
the probiotic (WL) group and received a HFWD supplemented 
with LGG.

LGG (ATCC 53103) was purchased from the Menarini 
Group (Florance, Italy) (trade name Kaleidon). The probiotic 
supplement was in liquid form and one probiotic drop contained 
1x109 CFU of LGG, sunflower oil and an emulsifier. One drop of 
LGG was mixed with 0.1 mL of vegetable oil and administered by 
gavage to the WL group, while rats in both the C and W groups 
received only 0.1 mL of vegetable oil daily (d) as a placebo for 
16 weeks.

Biochemical analysis

After the study was concluded, animals were euthanazied by 
cardiac puncture under anaesthesia (Xylazine 10 mg/kg (Rompun 
2%, Bayer, Germany) and Ketamine HCl 75 mg/kg (Ketasol 10%, 
interhas, Turkey)). Blood samples were collected and allowed to 
clot at room temperature for 30 min. Subsequently, they were 
centrifuged at 1790 G units (NF800R Desktop Centrifuge, Nuve, 
Turkey) for 15 min at 4°C. Serum supernatants were separated 
and stored at -80°C (DF290 Deep Freezer, Nuve, Turkey) until 
further analysis of serum adipokines. 

Serum omentin, SFRP-5, CT-1, vaspin, asprosin were 
determined by enzyme-linked immunosorbent assay (ELISA) 
kits. ELISA kits (Fine Test) for Omentin (Rat Intelectin1/Omentin/
ER1117), SFRP-5 (Rat SFRP-5/ER1945), CT-1 (Rat CT-1/ER0868), 
adipocyte/ER0249, Vaspin (Rat Vaspin/(Visceral Adipose Specific 
Serine Protease Inhibitor/ER1420), Asprosin (Rat Asprosin/
ER1944) were purchased from Fine Biological, Wuhan, China. 
All procedures were performed according to the manufacturer’s 
instructions. Analyses were performed using a microplate 
reader at 450 nm (Spectrostar Nano, BMG Labtech, Germany).
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Statistical analysis

For statistical evaluations, the Windows SPSS 22.0 package 
program was used. One-way analysis of variance (ANOVA) 
followed by Duncan’s post-hoc test was used for multiple 
comparisons in parametric data sets. For non-parametric data, 
multiple comparisons were performed using the Kruskal-Wallis 
test followed by Tamhane’s test. Analysed data are presented 
as mean ± standard error of the mean. A significance level of 
P<0.05 was used for statistical analysis.

RESULTS AND DISCUSSION

The increasing prevalence of obesity worldwide is attracted 
the adminstration of probiotics for the prevention and 
treatment of obesity attention [20]. The most obvious finding 
in HFWD studies is weight gain. Previous studies have shown 
that probiotic supplementation reduces weight gain [21 ,22]. At 
the beginning of the study, there were no differences in body 
weight among the groups  (P>0.05). At the end of the study, the 
body weight of the W group was significantly higher than that 
of the C group (P<0.05). Conversely, the body weight of the WL 
group was found to be notably lower compared to the W group 
at the end of the study (P<0.05). No significant difference was 
observed between the WL and C groups at the end of the study 
(P>0.05) (TABLE I). In addition, these effects are occured by 
regulating adipogenesis and glucose metabolism, and reducing 
proinflammatory cytokines in adipose tissue [20]. 

TABLE I
Baseline and final body weight changes of all animal groups

Groups

Parameter     C       W      WL   p

Baseline Weight(g) 122.02±21.10a 125.83±27.69a 123.00±11,64a 0.719 

Final Weight(g) 488.06±36.77b 550.88±61.95a 502.28±23.14b 0.001 
Values are presented as mean ± SE (standard error) C: Control, W: fed a high-fat western diet (HFWD) and WL: fed a HFWD supplemented with L.rhamnosus GG. Superscripts (a, b, c) indicate 
significant differences across groups in the same row (p<0.05).

Probiotic supplements cause decreases in the (BMI as well 
as body weight by the same mechanism [23]. A statistically 
significant decrease in BMI was evident in the WL group relative 
to the other two groups within this study. BMI fluctuations 
mirrored the changes seen in body weight (TABLE I) and 
naso-anal length (TABLE II). No significant differences in initial 
naso-anal lengths were observed among the groups (P>0.05).  
However, the naso-anal length of the WL group was significantly 
greater than that of both the W and C groups at the end of 
the study (both P<0.05) (TABLE II). This shows that probiotic 
supplements also contribute to height increase. The study of a 
systematic meta-analysis showed that probiotics supported the 
development of weight and height gain in children with growth 
retardation [24]. In addition, the relationship between growth 

hormone and the gut microbiome may have a positive impact 
on gut and metabolic health [25]. In this study showed that 
the naso-anal lenghtsof the rats in the WL group was longer, 
consistent with the literature, and the difference was statistically 
significant contrast to other two groups. LGG supplementation, 
butyrate production in the intestine increased and trabecular 
bone volume increased [26]. In addition, the increase in height 
may be related to LGG count and duration colonization and 
function in the animal’s gastrointestinal tract [27]. The current 
study findings are consistent with the studies conducted, and 
height and weight changes can be explained by the positive 
effects of L.rhamnosus GG supplemention to the diet on the 
intestinal microbiota.

TABLE II
Baseline and final naso-anal lengths changes of all animal groups

                             Groups

Parameter      C    W    WL p

Baseline naso-anal length (mm) 153.10±10.343a 152.40±14.14a 147.1±6.00a 0.115

Final naso-anal length (mm) 248.40±4.718c 253.50±4.58b 266.9±4.61a 0.000
Values are presented as mean ± SE (standard error) C: Control, W: fed a high-fat western diet (HFWD) and WL: fed a HFWD supplemented with L.rhamnosus GG.  Superscripts (a, b, c) 
indicate significant differences across groups in the same row (p<0.05).

By the end of the study, the W group, maintained on a HFWD, 
exhibited the highest BMI levels (P<0.05) (TABLE III). Both the 
probiotic-supplemented WL group and the control group (C) 
displayed BMI values that were markedly lower than the W 
group (P<0.001). Additionally, a notable distinction was observed 

between the C group and the WL group (P<0.001). The finding 
that the WL group, which received probiotic supplementation, 
presented the lowest BMI value strongly suggests that probiotics 
can significantly contribute to lowering BMI.
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TABLE III
Baseline and final Body mass index (BMI) changes of all animal groups

Groups

Parameter C W WL         P

Baseline BMI (gr/ cm2) 0.52±0.06a 0.55±0.14a 0.57±0.06a     0.507

Final BMI (g/ cm2) 0.79±0.04b 0.86±0.07a 0.70±0.02c     0.000
 Values are presented as mean ± SE (standard error). Body mass index (BMI).C: Control, W: fed a high-fat western diet (HFWD) and WL: fed a HFWD supplemented with L.rhamnosus GG.
Superscripts (a, b, c) indicate significant differences across groups in the same row (p<0.05).

Lactobacillus probiotics have been reported to attenuate 
adiposity, improve lipid profiles, and prevent adverse alterations 
in adipokine levels in animal models fed obesogenic diets 
[28]. Moreover, it increases the levels of anti-inflammatory 
adipokines while simultaneously decreasing the levels of pro-
inflammatory adipokines. Anti-inflammatory adipokines, such 
as adiponectin, omentin-1, SFRP5, and CT-1, play a crucial role 
in regulating energy metabolism. They contribute to improved 
energy utilization in key tissues, including the liver, skeletal 
muscle, pancreas, and adipose tissue itself [29]. Omentin-1 is 
highly expressed in visceral adipose tissue, while circulating 
levels of omentin are decreased in obese individuals [30].

In addition, especially exercise training result in a significant 
increase in the serum omentin-1 concentrations and insulin-
sensitization. In this study, no significant difference between 
three groups was seen in omentin levels. This result may indicate 
that L. rhamnosus supplementation may not affect omentin-1 

levels without exercise effect. Secreted frizzled-related protein 
5 SFRP5 has beneficial effects on insulin sensitivity and is a new 
marker of chronic inflammation associated with adipose tissue. 
Serum SFRP5 levels are low in subjects with obesity and type 2 
diabetes mellitus [31]. 

In the present study, SFRP-5 levels were decreased in the W 
and WL groups compared to the C group (TABLE IV). This finding 
may suggest that L. rhamnosus alone is not sufficient to correct 
this significant decrease. Serum concentrations of SFRP-5 have 
been increased in obese patients undergoing calorie restriction 
[32],33 ,34 ,35]. The relationship between CT-1 levels and 
obesity/metabolic diseases in humans remains elusive. While 
CT-1 gene expression levels are downregulated in white adipose 
tissue in diet-induced obese mice (Rattus norvegicus) [36], 
plasma levels have been shown to be increased in individuals 
with obesity and metabolic syndrome [37].

TABLE IV 
Presents the adipokine levels in all groups at the end of the experimental period

Groups

Parameters C     W     WL P

Omentin (ng/mL) 4.08±0.65 4.04±0.71 4.26±0.43 0.701

SFRP-5 (pg/mL) 9.16±1.65a 5.55±0.43b 5.86±2.05b 0.000

CT-1 (pg/mL) 24.05±3.37a 15.27±3.50b 21.78±3.70a 0.000

Vaspin (pg/mL) 155.77±11.48c 281.93±100.32b 536.64±99.25a 0.000

Asprosin (pg/mL) 93.09±15.58c 168.34±38.63b 222.17±39.67a 0.000
Values are presented as mean ± SE (standard error) . C: Control, W: fed a high-fat western diet (HFWD) and WL: fed a HFWD supplemented with L.rhamnosus GG.Superscripts (a, b, c) 
indicate significant differences across groups in the same row (P<0.05).

On the contrary, some studies are showed that CT-1 levels 
are lower in overweight and obese individuals compared to 
normal weight individuals [38]. In the present study, CT-1 
levels decreased in the W group. On the other hand, increased 
CT-1 levels in the C and WL groups were also consistent with 
decreased weight gain and BMI (TABLE IV). CT-1 is a protein that 
belongs to theinterleukin-6 (IL-6) cytokine family [39]. While 
initially identified for its role in cardiac hypertrophy, emerging 
evidence suggests potential involvement of CT-1 in regulating 
glucose and lipid metabolism [40]. The increased CT-1 levels in 
the WL group (TABLE IV), which was fed the same diet as the W 
group but supplemented with LGG, may indicate the beneficial 
effect of LGG on these pathway.

The other two adipokines evaluated in the current study are 
vaspin and aspirosin. Although they are linked to obesity and 
insulin resistance and are considered inflammatory adipokines, 
it has been stated that increases in these two parameters may be 
a protective mechanism against metabolic syndrome [41],42].

Vaspin is elevated in obese and streptozotocin-induced 
diabetes mellitus fed a high-fat diet [43]. On the contrary, it has 
been shown to enhance glucose tolerance and insulin sensitivity 
and inhibit the expression of genes associated with insulin 
resistance [44]. Similarly, asprosin levels are increased in obesity 
with insulin resistance [45]. The results of the current study 
were similar to these and vaspin and aspirosin levels increased 
and were statistically significant in the two experimental groups 
fed HFWD compared to the control group. However, this 
increase was statistically significant and higher in the WL group 
compared to the W group (Table IV).

Vaspin administration reduces food intake [46]. Asprosin, 
which stimulates food intake, is a centrally acting oroxygenic 
hormone. [47 ,48]. Asprosin levels exhibit a positive correlation 
with body mass index [49]. Despite all these negative data, 
asprosin is thought to play a role in the regulation of glucose 
homeostasis [45]. The change in vaspin concentrations with 
nutrition indicates that it may be a contributing factor in the 
regulation of body weight homeostasis [50].
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In this study, both adipokine levels were significantly higher 
in the WL group compared to the other two groups (TABLE 
IV). The lower BMI and body weight in this group despite 
higher adipokine levels suggest that LGG contributes to the 
maintenance of homeostasis despite HFWD feeding.

CONCLUSIONS

In the current study, it was shown that the strain-specific 
probiotic (L. rhamnosus) was effective in improving obesity-
related adipokines. On the other hand, the effectiveness 
of a high-fat western diet and L. rhamnosus application on 
omentin, Secreted frizzled-related protein 5, cardiotrophin-1 
and vaspin, aspirosin was investigated for the first time. L. 
rhamnosus was determined to have beneficial effects on a 
high-fat western protein feeding by preventing the decrease 
in serum cardiotrophin-1 levels. It also supports the effects 
of two adipokines on hunger and feed intake by causing a 
significant increase in vaspin and asprosin levels. L. rhamnosus 
supplementation together with a high-fat western protein 
provides the preservation of body mass index and body weight 
by acting on certain adipokines. However, further studies are 
needed to understand the physiological pathways of this effect.

 ACKNOWLEDGEMENTS

We would like to thank Dicle University Scientific Research 
Projects Coordination Office for their support in conducting the 
experiments.

Authors contrıbutıons

AO, MB and CT designed the experiments. AO performed the 
tests and collected the samples. MB and CT were present at all 
stages of the studies. AO prepared Elisa’s analyses and statistics. 
BD contributed to the preparation of the article for publication. 
AO was the author of the article. All authors contributed to 
the study and approved the final version of the manuscript for 
publication. 

Fundıng ınformatıon

This study was funded by The Scientific Research Projects 
Coordinatorship of Dicle University of Turkey (TIP.20.013).

Conflıct of ınterest 

The authors declared no conflict of interest.

Ethical approval

This study was approved by the Hatay Mustafa Kemal 
University Local Ethics Committee (2019/8-14) and the 
experimental methods were carried out in accordance with 
ethical rules.

BIBLIOGRAPHIC REFERENCES

[1]  	 Bortolin RC, Vargas AR, Gasparotto J, Chaves PR, Schnorr 
CE, Martinello KB, Silveira AK, Rabelo TK, Gelain DP, 

Moreira JCF. A new animal diet based on human Western 
diet is a robust diet-induced obesity model: comparison 
to high-fat and cafeteria diets in term of metabolic and 
gut microbiota disruption. Int. J. Obes. [Internet]. 2018; 
42(3):525-534. doi: https://doi.org/gdbp39

[2]  	 Vileigas DF, de Souza-Borges SL, Corrêa CR, Silva CCVA, 
de Campos DHS, Padovani CR, Cicogna AC. The effects of 
two types of Western diet on the induction of metabolic 
syndrome and cardiac remodeling in obese rats. J. Nutr. 
Biochem. [Internet]. 2021; 92:108625. doi: https://doi.
org/p8s4

[3]  	 Lynes MD, Tseng YH. Deciphering adipose tissue 
heterogeneity. Ann. NY. Acad. Sci. [Internet]. 2018; 
1411(1):5-20. doi:   https://doi.org/p8s5

[4]  	 Zhang Y, Proenca R, Maffei M, Barone M, Leopold L, 
Friedman JM. Positional cloning of the mouse obese 
gene and its human homologue. Nature. [Internet]. 
1994; 372(6505):425-432. doi:  https://doi.org/cjkx2m

[5]  	 Lehr S, Hartwig S, Sell H. Adipokines: a treasure trove 
for the discovery of biomarkers for metabolic disorders. 
Proteomics Clin. Appl. [Internet]. 2012;  6(1-2):91-101. 
doi: https://doi.org/c58stx

[6]  	 Mancuso P. The role of adipokines in chronic 
inflammation. Immunotargets Ther. [Internet]. 2016; 
5:47-56. doi: https://doi.org/gf5rt5

[7]  	 Sagkan-Ozturk A, Arpaci A. The comparison of changes in 
fecal and mucosal microbiome in metabolic endotoxemia 
induced by a high-fat diet. Anaerobe. [Internet]. 2022; 
77:102615. doi: https://doi.org/p8s6

[8]  	 den Besten G, van Eunen K, Groen AK, Venema K, 
Reijngoud DJ, Bakker BM. The role of short-chain fatty 
acids in the interplay between diet, gut microbiota, and 
host energy metabolism. J. Lipid. Res. [Internet]. 2013; 
54(9):2325-2340.  doi:  https://doi.org/f5ct3p

[9]  	 Martinez KB, Leone V, Chang EB. Western diets, gut 
dysbiosis, and metabolic diseases: Are they linked?. Gut 
Microbes. [Internet]. 2017; 8(2):130-142. doi: https://
doi.org/p8s7

[10]  	 Janiszewska J, Ostrowska J, Szostak-Węgierek D. The 
influence of nutrition on adiponectin—A narrative 
review. Nutrients. [Internet]. 2021; 13(5):1394. doi: 
https://doi.org/p8s8

[11]  	 Sahin-Efe A, Katsikeris F, Mantzoros CS. Advances in 
adipokines. Metabolism. [Internet]. 2012; 61(12):1659–
1665. doi: https://doi.org/gpqmrz

[12]  	 Sanz Y, Rastmanesh R, Agostoni C. Understanding the 
role of gut microbes and probiotics in obesity: how far 
are we?. Pharmacol. Res. [Internet]. 2013; 69(1):144–
155. doi: https://doi.org/f4qp74

[13]  	 Wu T, Sun M, Liu R, Sui W, Zhang J, Yin J, Fang S, Zhu 
J, Zhang M.  Bifidobacterium longum subsp. longum 
Remodeled Roseburia and Phosphatidylserine Levels 
and Ameliorated Intestinal Disorders and liver Metabolic 
Abnormalities Induced by High-Fat Diet. J. Agric. Food 
Chem. [Internet]. 2020; 68(16):4632–4640. doi: https://
doi.org/p8t5

[14]  	 Li H, Liu F, Lu J, Shi J, Guan J, Yan F, Li B, Huo G. Probiotic 
Mixture of Lactobacillus plantarum Strains Improves 
Lipid Metabolism and Gut Microbiota Structure in High 
Fat Diet-Fed Mice. Front. Microbiol. [Internet]. 2020; 
11:512. doi: https://doi.org/p8t6

5 of 7

https://doi.org/gdbp39
https://doi.org/p8s4
https://doi.org/p8s4
https://doi.org/p8s5
https://doi.org/cjkx2m
https://doi.org/c58stx
https://doi.org/gf5rt5
https://doi.org/p8s6
https://doi.org/f5ct3p
https://doi.org/p8s7
https://doi.org/p8s7
https://doi.org/p8s8
https://doi.org/gpqmrz
https://doi.org/f4qp74
https://doi.org/p8t5
https://doi.org/p8t5
https://doi.org/p8t6


Effects of L.rhamnosus on Adipokine Levels / Ozturk 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.

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

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

[15]  	 Guo Y , Wang Z , Chen L , Tang L , Wen S , Liu Y , Yuan 
J . Diet induced maternal obesity affects offspring gut 
microbiota and persists into young adulthood. Food 
Funct. [Internet]. 2018; 9(8):4317-4327. doi: https://doi.
org/p8t7

[16]  	 Bubnov R, Babenko L, Lazarenko L, Kryvtsova M, 
Shcherbakov O, Zholobak N, Golubnitschaja O, Spivak 
M. Can tailored nanoceria act as a prebiotic? Report on 
improved lipid profile and gut microbiota in obese mice. 
EPMA J. [Internet]. 2019; 10(4):317-335. doi: https://doi.
org/gknzct

[17]  	 Sun M, Wu T, Zhang G, Liu R, Sui W, Zhang M, Geng J,  
Yin J, Zhang M. Lactobacillus rhamnosus LRa05 improves 
lipid accumulation in mice fed with a high fat diet via 
regulating the intestinal microbiota, reducing glucose 
content and promoting liver carbohydrate metabolism. 
Food Funct. [Internet]. 2020; 11(11):9514-9525. doi: 
https://doi.org/p8t8

[18]  	 López-Almada G, Mejía-León ME, Salazar-López NJ. 
Probiotic, Postbiotic, and Paraprobiotic Effects of 
Lactobacillus rhamnosus as a Modulator of Obesity-
Associated Factors. Foods. [Internet]. 2024; 13(22):3529. 
doi:  https://doi.org/p8t9

[19]  	 Demir EA, Gulbol-Duran G, Urhan-Kucuk M, Dogan H, 
Tutuk O, Cimen F, Bayirli M, Tumer C, Duran N. Behavioral 
and Cognitive Consequences of Obesity in Parents 
and Offspring in Female and Male Rats: Implications 
of Neuroinflammation and Neuromodulation. Mol. 
Neurobiol. [Internet]. 2022; 59(6):3947-3968. doi: 
https://doi.org/p8vb

[20]  	 Yung-Tsung C, Shiou-Yun C, Ai-Hua H, Yu-Chun L, Jin-Seng 
L. Lactobacillus rhamnosus Strain LRH05 Intervention 
Ameliorated Body Weight Gain and Adipose Inflammation 
via Modulating the Gut Microbiota in High-Fat Diet-
Induced Obese Mice. Mol. Nutr. Food Res. [Internet]. 
2022; 66(1):e2100348. doi:  https://doi.org/gnj7fb

[21]  	 Alipour H, Gazerani P, Heidari M, Dardmeh F. Modulatory 
Effect of Probiotic Lactobacillus rhamnosus PB01 on 
Mechanical Sensitivity in a Female Diet-Induced Obesity 
Model. Pain Res Manag. [İnternet]. 2021; 2021:5563959. 
doi:  https://doi.org/p8vc

[22]  	 Khanna S, Walia S, Kondepudi KK, Shukla G. Administration 
of indigenous probiotics modulate high-fat diet-induced 
metabolic syndrome in Sprague Dawley rats. Antonie Van 
Leeuwenhoek. [Internet]. 2020; 113(9):1345–1359. doi: 
https://doi.org/p8vd

[23]  	 Borgeraas H, Johnson LK, Skattebu J, Hertel JK, 
Hjelmesaeth J. Effects of probiotics on body weight, 
body mass index, fat mass and fat percentage in subjects 
with overweight or obesity: A systematic review and 
meta-analysis of randomized controlled trials. Obes. 
Rev. [Internet]. 2018; 19(2):219–32. doi: https://doi.org/
gm8c7q

[24]  	 Onubi OJ, Poobalan AS, Dineen B, Marais D, McNeill G. 
Effects of probiotics on child growth: a systematic review. 
J. Health Popul. Nutr. [Internet]. 2015; 34:8. doi: https://
doi.org/gn6j9h

[25]  	 Jensen EA, Young JA, Jackson Z, Busken J, List EO, Carroll 
RK, Kopchick JJ, Murphy ER, Berryman DE. Growth 
Hormone Deficiency and Excess Alter the Gut Microbiome 
in Adult Male Mice. Endocrinology. [Internet]. 2020; 
161(4):bqaa026. doi: https://doi.org/p8vf

[26]  	 Tyagi AM, Yu M, Darby TM, Vaccaro C, Li JY, Owens JA, 
Hsu E, Adams J, Weitzmann MN, Jones RM, Pacifici R. 
The Microbial Metabolite Butyrate Stimulates Bone 
Formation via T Regulatory Cell-Mediated Regulation 
of WNT10B Expression. Immunity. [Internet]. 2018; 
49(6):1116-1131.e7. doi:  https://doi.org/gg4khx

[27]  	 Shi J, Zhao G, Huang X, Li X, Ma Y, Yang K. Effects of 
Lactobacillus rhamnosus Supplementation on Growth 
Performance, Immune Function, and Antioxidant 
Capacity of Newborn Foals. J. Equine Vet. Sci. [Internet]. 
2023; 129:104501. doi: https://doi.org/p8vg

[28]  	 Kang T, Ree J, Park JW, Choe H, Park YI. Anti-Obesity 
Effects of SPY Fermented with Lactobacillus rhamnosus 
BST-L.601 via Suppression of Adipogenesis and 
Lipogenesis in High-Fat Diet-Induced Obese Mice. Foods. 
[Internet]. 2023; 12(11):2202. doi: https://doi.org/p8xr

[29]  	 Lee MW, Lee M, Oh KJ. Adipose Tissue-Derived Signatures 
for Obesity and Type 2 Diabetes: Adipokines, Batokines 
and MicroRNAs. J. Clin. Med. [Internet]. 2019; 8(6):854. 
doi: https://doi.org/ggzfmw

[30]  	 Nosrati-Oskouie M, Asghari G, Yuzbashian E, Aghili-
Moghaddam NS, Zarkesh M, Safarian M, Mirmiran P. Does 
Dietary Intake Impact Omentin Gene Expression and 
Plasma Concentration? A Systematic Review. Lifestyle 
Genom. [Internet]. 2021; 14(2):49-61. doi: https://doi.
org/g8vpgv

[31]  	 Ouchi N, Higuchi A, Ohashi K, Oshima Y, Gokce N, Shibata 
R, Walsh K. Sfrp5 is an anti-inflammatory adipokine that 
modulates metabolic dysfunction in obesity. Science. 
[Internet]. 2010; 329(5990):454–457. doi: https://doi.
org/cskh6m

[32]  	 Hu Z, Deng H, Qu H. Plasma SFRP5 levels are decreased 
in Chinese subjects with obesity and type 2 diabetes 
and negatively correlated with parameters of insulin 
resistance. Diabetes Res. Clin. Pract. [Internet]. 2013; 
99(3):391-395. doi:  https://doi.org/f2jt6d

[33]  	 Hu W, Li L, Yang M, Luo X, Ran W, Liu D, Xiong Z, Liu 
H, Yang G. Circulating Sfrp5 is a signature of obesity-
related metabolic disorders and is regulated by glucose 
and liraglutide in humans. J. Clin. Endocrinol. Metab. 
[Internet]. 2013; 98(1):290-298. doi: https://doi.org/
f4hjh8

[34]  	 Schulte DM, Müller N, Neumann K, Oberhäuser F, Faust 
M, Güdelhöfer H, Brandt B, Krone W, Laudes M. Pro-
inflammatory wnt5a and anti-inflammatory sFRP5 are 
differentially regulated by nutritional factors in obese 
human subjects. PLoS One. [Internet]. 2012; 7(2):e32437. 
doi: https://doi.org/p8vh

[35]  	 Tan X, Wang X, Chu H, Liu H, Yi X, Xiao Y. SFRP5 correlates 
with obesity and metabolic syndrome and increases after 
weight loss in children. Clin. Endocrinol. [Internet]. 2014; 
81(3):363-369. doi: https://doi.org/f6c28b

[36]  	 Sanchez-Infantes D, White UA, Elks CM, Morrison RF, 
Gimble JM, Considine RV, Ferrante AW, Ravussin E, 
Stephens JM. Oncostatin m is produced in adipose 
tissue and is regulated in conditions of obesity and type 
2 diabetes. J. Clin. Endocrinol. Metab. [Internet]. 2014; 
99(2):E217-E225. doi:  https://doi.org/f5vn8t

[37]  	 Moreno-Aliaga MJ, Pérez-Echarri N, Marcos-Gómez B, 
Larequi E, Gil-Bea FJ, Viollet B, Gimenez I, Martínez JA, 
Prieto J, Bustos M. Cardiotrophin-1 is a key regulator of 

6 of 7

https://doi.org/p8t7
https://doi.org/p8t7
https://doi.org/gknzct
https://doi.org/gknzct
https://doi.org/p8t8
https://doi.org/p8t9
https://doi.org/p8vb
https://doi.org/gnj7fb
https://doi.org/p8vc
https://doi.org/p8vd
https://doi.org/gm8c7q
https://doi.org/gm8c7q
https://doi.org/gn6j9h
https://doi.org/gn6j9h
https://doi.org/p8vf
https://doi.org/gg4khx
https://doi.org/p8vg
https://doi.org/p8xr
https://doi.org/ggzfmw
https://doi.org/g8vpgv
https://doi.org/g8vpgv
https://doi.org/cskh6m
https://doi.org/cskh6m
https://doi.org/f2jt6d
https://doi.org/f4hjh8
https://doi.org/f4hjh8
https://doi.org/p8vh
https://doi.org/f6c28b
https://doi.org/f5vn8t


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

glucose and lipid metabolism. Cell Metab. [Internet]. 
2011; 14(2):242-253. doi: https://doi.org/cbjxhk

[38]  	 Hung HC, Lu FH, Wu HT, Ou HY, Yang YC, Wu JS, Chang 
CJ. Cardiotrophin-1 is inversely associated with obesity 
in non-diabetic individuals. Sci. Rep. [Internet]. 2015; 
5:17438. doi: https://doi.org/f7zs4d

[39]  	 Feng Y, Ye D, Wang Z, Pan H, Lu X, Wang M, Xu Y, Yu J, 
Zhang J, Zhao M, Xu S, Pan W, Yin Z, Ye J, Wan J. The 
Role of Interleukin-6 Family Members in Cardiovascular 
Diseases. Front. Cardiovasc. Med. [Internet]. 2022; 
9:818890. doi: https://doi.org/g6kvq6

[40]  	 Moreno-Aliaga MJ, Romero-Lozano MA, Castaño D, 
Prieto J, Bustos M. Role of cardiotrophin-1 in obesity and 
insulin resistance. Adipocyte. [Internet]. 2012; 1(2):112-
115. doi: https://doi.org/gb9wp3

[41]  	 Feng R, Li Y, Wang C, Luo C, Liu L, Chuo F, Li Q, Sun C. 
Higher vaspin levels in subjects with obesity and type 
2 diabetes mellitus: a meta-analysis. Diabetes Res. Clin. 
Pract. [Internet]. 2014; 106(1):88-94. doi: https://doi.
org/f2t82r

[42]  	 Romere C, Duerrschmid C, Bournat J, Constable P, Jain 
M, Xia F, Saha PK, Del Solar M, Zhu B, York B, Sarkar P, 
Rendon DA, Gaber MW, LeMaire SA, Coselli JS, Milewicz 
DM, Sutton VR, Butte NF, Moore DD, Chopra AR. Asprosin, 
a Fasting-Induced Glucogenic Protein Hormone. Cell. 
[Internet]. 2016; 165(3):566-579. doi: https://doi.org/
bd8m

[43]  	 Abdel-Fadeil MR, Abd Allah ESH, Iraqy HM, Elgamal 
DA, Abdel-Ghani MA. Experimental obesity and 
diabetes reduce male fertility: Potential involvement of 
hypothalamic Kiss-1, pituitary nitric oxide, serum vaspin 
and visfatin. Pathophysiology. [Internet]. 2019; 26(3-
4):181–189. doi: https://doi.org/p8vn

[44]  	 Hida K, Wada J, Eguchi J, Zhang H, Baba M, Seida A, 
Hashimoto I, Okada T, Yasuhara A, Nakatsuka A, Shikata 
K, Hourai S, Futami J, Watanabe E, Matsuki Y, Hiramatsu 

R, Akagi S, Makino H, Kanwar YS. Visceral adipose tissue-
derived serine protease inhibitor: a unique insulin-
sensitizing adipocytokine in obesity. Proc Natl. Acad. 
Sci. U.S.A. [Internet]. 2005; 102(30):10610-10615. doi:  
https://doi.org/bsv426

[45]  	 Corica D, Pepe G, Aversa T, Currò M, Curatola S, Li 
Pomi A, Alibrandi A, Ientile R, Wasniewska M. Meal-
Related Asprosin Serum Levels Are Affected by Insulin 
Resistance and Impaired Fasting Glucose in Children With 
Obesity. Front. Endocrinol. (Lausanne). [Internet]. 2022; 
12:805700. doi: https://doi.org/p8vq

[46]  	 Klöting N, Kovacs P, Kern M, Heiker JT, Fasshauer M, 
Schön MR, Stumvoll M, Beck-Sickinger AG, Blüher M. 
Central vaspin administration acutely reduces food 
intake and has sustained blood glucose-lowering effects. 
Diabetologia. [Internet]. 2011; 54(7):1819-1823. doi: 
https://doi.org/cpfkmf

[47]  	 Duerrschmid C, He Y, Wang C, Li C, Bournat JC, Romere C, 
Saha PK, Lee ME, Phillips KJ, Jain M, Jia P, Zhao Z, Farias 
M, Wu Q, Milewicz DM, Sutton VR, Moore DD, Butte 
NF, Krashes MJ, Xu Y, Chopra AR. Asprosin is a centrally 
acting orexigenic hormone. Nat. Med. [Internet]. 2017; 
23(12):1444-1453. doi: https://doi.org/gcjq93

[48]  	 Gökdemir GS, Gökdemir MT, Tasdemir E, Yokus B, Baylan 
M. Importance of curcumin effect and asprosin level on 
glucose metabolism in diabetic rats. Med. Sci. [Internet]. 
2023; 12(1):167-174. doi:  https://doi.org/p8vr

[49]  	 Ugur K, Aydin S. Saliva and blood asprosin hormone 
concentration associated with obesity. Int. J. Endocrinol. 
[internet]. 2019; 2019:2521096. doi:  https://doi.org/
p8vs

[50]  	 Jeong E, Youn BS, Kim DW, Kim EH, Park JW, Namkoong 
C, Jeong JY, Yoon SY, Park JY, Lee KU, Kim MS. Circadian 
rhythm of serum vaspin in healthy male volunteers: 
relation to meals. J. Clin. Endocrinol. Metab. [Internet]. 
2010; 95(4):1869-1875. doi: https://doi.org/d5p23w

7 of 7

https://doi.org/cbjxhk
https://doi.org/f7zs4d
https://doi.org/g6kvq6
https://doi.org/gb9wp3
https://doi.org/f2t82r
https://doi.org/f2t82r
https://doi.org/bd8m
https://doi.org/bd8m
https://doi.org/p8vn
https://doi.org/bsv426
https://doi.org/p8vq
https://doi.org/cpfkmf
https://doi.org/gcjq93
https://doi.org/p8vr
https://doi.org/p8vs
https://doi.org/p8vs
https://doi.org/d5p23w

	_GoBack
	_Hlk173157447
	_Hlk140228311
	OLE_LINK2
	_Hlk160523804
	_Hlk173110011
	_Hlk174364367
	_GoBack
	_Hlk178189031
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk141559472
	_Hlk152339446
	_Hlk180864520
	_GoBack
	_Hlk151745492
	_Hlk151745636
	_Hlk185507223
	_Hlk180415314
	_Hlk185421530
	_Hlk185421514
	_Hlk179967775
	_GoBack
	_GoBack
	_Hlk170905689
	_Hlk186968309
	_GoBack
	_GoBack
	_Hlk184230629
	_Hlk184230845
	_Hlk184231333
	OLE_LINK1
	OLE_LINK3
	OLE_LINK2
	_Hlk184231395
	_Hlk184231440
	_GoBack
	_Hlk184231590
	_Hlk184231662
	_Hlk184231732
	_Hlk184232687
	_Hlk184232768
	_Hlk184233075
	_Hlk182584963
	_GoBack
	_Hlk168348233
	_Hlk181956635
	_Hlk181966113
	_Hlk181966439
	_Hlk181966543
	_Hlk181967834
	_Hlk181968062
	_Hlk181968452
	_Hlk181968717
	_Hlk180574923
	_GoBack
	_Hlk186146270
	_GoBack
	_Hlk112620752
	_Hlk112621506
	_Hlk112622385
	_Hlk106378939
	_GoBack
	_Hlk181175958
	_Hlk189731515
	_GoBack
	_heading=h.30j0zll
	_heading=h.1fob9te
	_heading=h.3znysh7
	_GoBack
	_GoBack
	_Hlk186052998
	_Hlk186053137
	_Hlk186053255
	_Hlk186053441
	_Hlk186053669
	_Hlk186053796
	_Hlk186053989
	_Hlk186054114
	_Hlk186054132
	_Hlk186055276
	_Hlk186055383
	_Hlk186055439
	_Hlk186055528
	_Hlk190118973
	_Hlk190124017
	_Hlk190124060
	_Hlk183610334
	_Hlk186056525
	_Hlk186056540
	_Hlk186056741
	_Hlk185098180
	_Hlk186053502
	_Hlk185024701
	_Hlk183701208
	_Hlk185092272
	_Hlk184889195
	_Hlk184889214
	_Hlk184889311
	_Hlk184889337
	_Hlk184889546
	_Hlk184889417
	_Hlk186034836
	_Hlk184564570
	_Hlk184564744
	_Hlk190113197
	_Hlk126671077
	_Hlk186035060
	_Hlk189815636
	_Hlk189816031
	_Hlk190093193
	_Hlk185947033
	_Hlk186033870
	_Hlk185947187
	_Hlk185947338
	_Hlk185947534
	_Hlk189816759
	_Hlk189822307
	_Hlk189822277
	_Hlk189816733
	_Hlk185947794
	_Hlk189817207
	_Hlk185947923
	_Hlk185947981
	_Hlk126434422
	_Hlk126668841
	_Hlk126667637
	_Hlk185017287
	_Hlk185948224
	_Hlk185948277
	_Hlk126436619
	_Hlk185948903
	_Hlk189831304
	_Hlk185957704
	_Hlk189835006
	_Hlk190113158
	_Hlk190335630
	_Hlk189825830
	_Hlk189829311
	_Hlk189827539
	_Hlk184888566
	_Hlk182598231
	_Hlk184888574
	_Hlk182599115
	_Hlk184888625
	_Hlk185960261
	_Hlk184888635
	_Hlk189827806
	_Hlk190116290
	_Hlk190110997
	_Hlk190093898
	_Hlk190094280
	_Hlk184888656
	_Hlk183978013
	_Hlk184564688
	_Hlk183977833
	_Hlk185949881
	_Hlk189836305
	_Hlk185949948
	_Hlk184888712
	_Hlk190335840
	_Hlk190336141
	_Hlk190114680
	_Hlk190114464
	_Hlk190095752
	_Hlk190114589
	_Hlk185966751
	_Hlk185950562
	_Hlk185966717
	_Hlk182600830
	_Hlk185950650
	_Hlk185950872
	_Hlk190111134
	_Hlk185024701
	_Hlk189836430
	_Hlk190111046
	_Hlk189836328
	_GoBack
	_heading=h.gjdgxs
	_heading=h.30j0zll
	_Hlk183269409
	Guerri
	_GoBack
	_heading=h.gjdgxs
	_heading=h.1fob9te
	_Hlk191557036
	_heading=h.3znysh7
	_Hlk191644251
	_Hlk191644362
	_Hlk191740526
	_Hlk191587484
	_heading=h.2et92p0
	_Hlk191587884
	_Hlk191587957
	_Hlk191587968
	_Hlk191587979
	_Hlk191588026
	_Hlk191587991
	_heading=h.tyjcwt
	_Hlk191588095
	_Hlk191588118
	_Hlk191644696
	_Hlk191642910
	_Hlk191588412
	_Hlk191647660
	_Hlk191647680
	_Hlk191588183
	_Hlk191588216
	_Hlk191152840
	_Hlk191554937
	_Hlk191647757
	_Hlk191588551
	_Hlk191588779
	_Hlk191647906
	_Hlk191648025
	_Hlk191648164
	_Hlk191588997
	_Hlk191589124
	_Hlk191648304
	_Hlk191648277
	_Hlk191589836
	_Hlk191589910
	_Hlk191648722
	_Hlk191589989
	_Hlk191648790
	_Hlk191648966
	_Hlk191728773
	_Hlk191590233
	_Hlk191649001
	_Hlk191649048
	_Hlk191590980
	_Hlk191591050
	_Hlk191590966
	_Hlk191591454
	_Hlk191649172
	_Hlk191591430
	_Hlk191591504
	_Hlk191591124
	_Hlk191649243
	_Hlk191858654
	_Hlk191591542
	_Hlk191563936
	_Hlk191591642
	_Hlk191591679
	_Hlk191591823
	_Hlk191591806
	_Hlk191591846
	_Hlk191847248
	_Hlk191847272
	_Hlk191591914
	_Hlk191591997
	_GoBack
	_GoBack
	_GoBack
	_Hlk183065216
	_GoBack
	_Hlk183065265
	_Hlk185492827
	_heading=h.gjdgxs
	_heading=h.30j0zll
	_heading=h.1fob9te
	_heading=h.3znysh7
	_heading=h.2et92p0
	_heading=h.tyjcwt
	_heading=h.3dy6vkm
	_heading=h.1t3h5sf
	_heading=h.4d34og8
	_heading=h.2s8eyo1
	_heading=h.17dp8vu
	_heading=h.3rdcrjn
	_heading=h.35nkun2
	_heading=h.1ksv4uv
	_heading=h.44sinio
	_heading=h.2jxsxqh
	_heading=h.z337ya
	_heading=h.3j2qqm3
	_heading=h.1y810tw
	_heading=h.4i7ojhp
	_heading=h.2xcytpi
	_GoBack
	_Hlk190982363
	_GoBack
	_Hlk189094004
	_Hlk189093705
	_GoBack
	_Hlk182485446
	_Hlk182485610
	_Hlk184159324
	_Hlk182489850
	_Hlk187174475
	_GoBack
	_Hlk186495432
	_u4mgb7hfn32
	_n5qvxrnay9i
	_me2csf9wp9bl
	_zeoy72aaypoi
	_mrzra5bi9go5
	_bex6bwvwgncw
	_Hlk89945590
	_Hlk60054323
	_Hlk163118982
	_GoBack
	_GoBack
	page2
	page3
	_GoBack
	_Hlk169168606
	_Hlk169168731
	_Hlk169168981
	_GoBack
	_heading=h.gjdgxs
	_heading=h.30j0zll
	_heading=h.1fob9te
	_Hlk194588749
	_Hlk194585810
	_Hlk194585873
	_heading=h.3znysh7
	_awv748u4tm7w
	_td7yve4wb6vx
	_2bczgfivddup
	_b9sv9afxp43k
	_rimfti1a13t4
	_ah919k7uz8qg
	_dzd43xj05y2z
	_hmci2u5bpyob
	_ku6my0ondqjr
	_3udywt4ei8y7
	_hd6fmzl985ks
	_GoBack
	_heading=h.1h745e38subm
	_heading=h.gjdgxs
	_heading=h.30j0zll
	_heading=h.1fob9te
	_heading=h.3znysh7
	_heading=h.2et92p0
	_Hlk142661219
	_GoBack
	_Hlk198224888
	_Hlk198228562
	_GoBack
	_Hlk204152457
	_Hlk195799053
	_Hlk193659546
	_Hlk184205194
	_Hlk193474412
	_Hlk201745638
	_Hlk184414222
	_Hlk200197490
	_Hlk184414270
	_Hlk199504361
	R1
	_Hlk202808250
	R2
	R3
	R4
	R5
	R6
	R7
	R8
	R9
	R10
	R11
	R12
	R13
	R14
	R15
	R16
	R17
	R18
	R19
	R20
	R21
	R22
	R23
	R24
	R25
	R26
	R27
	R28
	R29
	R30
	_GoBack
	R31
	R32
	R33
	R34
	R35
	R36
	R38
	R39
	R40
	R41
	R42
	_GoBack
	_Hlk197589396
	_Hlk197591143
	_Hlk197336886
	_Hlk197348527
	OLE_LINK1
	_Hlk197596989
	OLE_LINK2
	_Hlk197436208
	_GoBack
	_Hlk202997080
	_Hlk192065922
	_Hlk190638740
	_Hlk190630790
	_Hlk203400786
	_Hlk203402393
	_Hlk203402435
	_Hlk195623914
	_Hlk203099923
	_Hlk203102999
	_Hlk203100723
	_Hlk203102262
	_Hlk203102715
	_Hlk203102538
	_Hlk203103912
	_Hlk203104580
	_Hlk203105592
	_Hlk188468221
	_Hlk203106359
	_Hlk203106577
	_Hlk203148345
	_Hlk198046734
	_Hlk198047263
	_Hlk198047781
	_Hlk198046358
	_Hlk198049501
	_Hlk180745462
	_Hlk180746024
	_Hlk196468199
	_Hlk180779732
	_Hlk180781900
	_Hlk180701254
	_Hlk193952598
	_Hlk193952656
	_Hlk193952739
	_Hlk204467857
	_Hlk204466250
	_Hlk194391456
	_Hlk194391257
	_Hlk194391546
	_Hlk197197527
	_Hlk199318947
	_Hlk64922578
	_Hlk64922725
	_Hlk199318792
	_Hlk199319076
	_Hlk204201313
	_Hlk153891545
	_Hlk120412412
	_Hlk194856691
	_Hlk197285446
	_Hlk197303463
	_Hlk204521039
	_Hlk203320991
	_Hlk197326006
	_Hlk202478319
	_GoBack
	_GoBack
	_Hlk196486192
	_Hlk208346758
	_Hlk204184267
	_Hlk208214660
	_fmpeom4kes0t
	_sghs5n7kn6wm
	_zep76apsdq6u
	_lwnurfrru8z8
	_lsiiydcyacba
	_s2jguz83vteh
	_iot8b5evxbw0
	_dmafp4hd41ik
	_ig1r4eo757em
	_gq8qbqb3fgqs
	_1lawvrzhca77
	_38f5cx8ytpg
	_Hlk208299340
	_wy4ti3ikwfjw
	_hfakwgcmm1h8
	_xvpg79iivj43
	_njbljva6umx4
	_hmq2fs4byw22
	_Hlk207278213
	_Hlk204851728
	_Hlk151791084
	_Hlk148941145
	_Hlk201847064
	_Hlk149809898
	_Hlk142498091
	_Hlk142498172
	_Hlk150187827
	_Hlk148774891
	_Hlk139650204
	_Hlk204958983
	_Hlk202763986
	_Hlk201681506
	_Hlk204234492
	_Hlk202851290
	_Hlk204231577
	_Hlk204611548
	_Hlk203992125
	_Hlk151113746
	_Hlk150788086
	_Hlk138087450
	_Hlk139354332
	_Hlk168480175
	_Hlk149139253



