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Abstract: The unconscious use of pesticides causes various adverse effects on non-target organisms, 

including humans. Enzymes that control metabolism become the target of the pesticide and the organs are 

damaged due to toxic effects. Glutathione s-transferase (GST, EC 2.5.1.18), an important enzyme of the 

detoxification mechanism and antioxidant defense system, can be affected by such toxic substances. 

Therefore, the effect of fenarimol on GST enzyme activity was investigated in our study. For this, 200 mg/kg 

fenarimol was administered intraperitoneally to male and female rats at different periods (2, 4, 8, 16, 32, 64 

and 72 hours). After application, GST enzyme activity was analysed in the liver, kidney, brain and small 

intestine tissues of the rats. According to our results, activation (liver, kidney, small intestine) or inhibition 

(brain) of the generally GST enzyme was observed in the tissues of rats exposed to fenarimol. It is thought 

that the increase and/or decrease in this enzyme activity may be the cause of the toxic effect of fenarimol. 
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INTRODUCTION 

Pesticides are defined as a toxic substance or mixture of substances that kill or eliminate unwanted 

organisms, prevent them from multiplying and feeding [1]. Unconsciously and intensely used pesticides pose 

a problem for various organisms and the environment, and during their use they can accumulate in food, soil, 

water and air, or undergo a dangerous conversion [2-4]. Therefore, they cause adverse effects (acute 

HIGHLIGHTS 
 

 Changes in GST enzyme activity in rat tissues exposed to fenarimol were investigated. 

 GST activity was increased in liver, kidney and small intestine tissues to fenarimol exposure. 

 GST activity was decreased in brain intestine tissues to fenarimol exposure. 

 Fenarimol can cause a toxic effect on metabolism by causing changes in GST activity. 
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poisoning, hormone and nervous system disorders, cancer and diabetes) on non-target organisms and 

humans [5-13]. Some pesticides such as dichlorvos, acetamipride, cyhalothrin, haloxyfop-p-methyl, 2,4-

dichlorophenoxy acetic acid, cypermethrin, imidacloprid, fenoxaprop-p-ethyl, glyphosate isopropylamine salt 

have been shown to inhibit the GST enzyme at millimolar level in blueberry fruits [14]. 

Pesticides that enter the body indirectly are removed from the body by detoxification reactions. 

Depending on the type of chemical change, these reactions can be divided into four groups: oxidation, 

reduction, hydrolysis (phase 1) and conjugation (phase 2). Pesticides are oxidized in phase 1 by cytochrome 

P450 monooxygenases in the liver and converted into polar compounds with short biological half-lives. In 

phase 2, the modified pesticides are conjugated with high polarity glucuronic acid or glutathione (GSH) in 

water. As a result of pesticide biotransformation, biologically activated pesticide metabolites increase their 

biological half-life by covalently binding to tissue macromolecules (DNA and protein). Binding of these 

pesticide metabolites to DNA or esterases causes a number of oncogenic or neurotoxic abnormalities to 

accelerate [15]. 

When pesticides with different classification criteria are grouped according to the target organism, 

fenarimol in the fungicide class is used for protection against fungal spores or fungi, especially in agriculture 

[16,17]. Members of this class with various active ingredients can affect different (single-site or multi-site) 

mechanisms. Those specific to the region (single region) show their effects only at one point of the metabolic 

pathway or on an enzyme and/or protein, depending on the needs of the target organism. Multicides, on the 

other hand, are effective in different metabolic pathways and target basic cellular processes that inhibit 

various biosynthesis in mushrooms [18]. In mammalian cells, fenarimol induces a variety of cytochrome P450 

isoforms from all inducible families, including key enzymes involved in the biosynthesis and metabolism of 

steroids [19]. Again, as a result of studies in experimental animals, fenarimol has been shown to have 

teratogenic and oncogenic effects on reproduction and inhibit aromatase activity in male rats [20]. In addition, 

as a result of a previous study conducted by our group, it was shown that hepatic marker enzyme activities 

(ALP, ALT, AST and CK) and some biochemical parameters in serum were affected in fenarimol-induced rats 

[21]. 

GSTs that conjugate various hydrophobic compounds containing electrophilic centres with 

endogen/exogenous substances are members of the Phase-II detoxification enzyme family. In this way, it 

catalyses their removal from the body and their conversion into less toxic metabolites [22,23]. GSTs that 

catalyse different substrates such as carcinogenic compounds, drugs, environmental pollutants, are 

classified according to their presence in the mitochondrial, cytosolic and microsomal parts of the cell [23]. 

Although it is commonly found in animals and plants, it has also been reported to be found in various 

organisms (flies, snails, sharks, some bacteria). The main and most important function of GST is the 

detoxification of reactive intermediates formed in xenobiotic metabolism. In addition, it has various 

physiological functions such as binding/transport of different ligands, reduction of lipid hydroperoxides, 

tyrosine catabolism, hormone biosynthesis and modulation of signal pathways [22,24,25]. 

In our study, the effect of fenarimol, which is frequently used in agriculture, on GST enzyme activity, 

which has an important role in the detoxification mechanism, was investigated. Accordingly, after fenarimol 

exposure, a significant increase in GST enzyme activity was observed in all tissues of the male and female 

rats, except the brain (GST inhibition was observed in the brain tissue). This study will serve as a source 

since there is no information about the GST enzyme activity of fenarimol in the literature. 

MATERIAL AND METHODS  

Animals 

The study was evaluated and approved by the Bursa Uludag University Animal Use and Care Committee 

(Decision No. 3-06. 2003/3). The Wistar-Albino rats used in our study weighed 200-250 g and were obtained 

from the Experimental Animals Breeding and Research Center of Bursa Uludag University Faculty of 

Medicine. Rats were maintained in an environment with established standard environmental conditions 

(temperature 23 ± 2 °C and 12 h light/dark cycle). 
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Animal Treatment 

A total of 48 rats were divided into 4 experimental and 2 control groups. This step was performed in the 

same way for each experiment period. (Control group n=16, experimental group n=32). While the 

experimental groups were injected intraperitoneally with 200 mg/kg LD50 dose of fenarimol (Sigma-Aldrich, 

St. Louis, MO), the control groups were given corn oil. Rats were fasted for 24 h before injection. After the 

injection, the animals were regularly fed with food and water until the trial period was completed. Rats in the 

treatment and control groups were kept in special cages. The animals were euthanized by cervical dislocation 

at the end of each specified interval (2, 4, 8, 16, 32, 64 and 72 h after injection). The brain, kidney, liver and 

small intestine of the rats were removed and perfused in cold 0.15 M KCl. The resulting tissues were 

homogenized at 2000 rpm in a T-line laboratory mixer type (model No: 136-2) homogenizer. Each 

homogenate was centrifuged at Dupont Instruments Sorvall (RC-5 super-fast cooled centrifuge) at 48000 g 

for 30 minutes at 4 °C. 

Protein determination 

The protein concentration was determined by the Bradford method [26] and bovine serum albumin was 

used as the protein standard. 

Glutathione s-transferase activity 

GST enzyme activities were determined by monitoring the thioether bond formed between GST and 1-

chloro-2,4-dinitrobenzene (CDNB) spectrophotometrically at 340nm wavelength for 5 minutes. In the test 

mixture, 10 mM potassium phosphate buffer (pH: 6.7), 5mM GSH prepared in potassium phosphate buffer, 

CDNB prepared in 99% ethyl alcohol and cytosolic fractions of tissues were used as enzyme 

source.  ε: Extinction Coefficient was accepted as 9.6mMˉ1 cmˉ1 [27]. The mean of inter- and intra-assay 

coefficients of variation of GST activity were calculated 15% and 10% respectively. 

Statistical analysis 

Statistical analyses were performed using GraphPad Prism 8.4.0 (Demo Version; GraphPad, San Diego, 

CA) statistical package program. Independent sample t-test was applied to examine the effect of fenarimol 

between experimental and control groups. The significance was calculated using one-way analysis of 

variance (ANOVA) and Student's t-test. A value of p<0.05, p<0.01, and p< 0.001 was considered statistically 

significant. 

RESULTS 

Effect of fenarimol on GST activity in liver tissue 

The liver GST findings obtained as a result of the experiments are shown in Figure 1. When liver GST 

activity is examined in both male and female rats in all experimental periods, it is seen that GST activity is 

higher than the control group. GST activity is significant in all experimental periods in males and females (p 

<0.001). 

 
Figure 1. Effect of fenarimol on GST activity in liver tissue of rats. *Refers to statistically significant differences compared 

to control: *(p <0.05); **(p <0.01); ***(p <0.001). Data are presented as mean ± SD (n=3) and analyses were performed 

using GraphPad program. SD, Standard Deviation; GST, Glutathione S-Transferase. 
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Effect of fenarimol on GST activity in kidney tissue 

The kidney GST findings obtained as a result of the experiments are shown in Figure 2. When kidney 

GST activity is examined in both male and female rats in all experimental periods, it is seen that GST activity 

is higher than the control group. GST activity is significant in all experimental periods in males and females 

(p <0.001). 

 
Figure 2. Effect of fenarimol on GST activity in the kidney tissue of rats. *Refers to statistically significant differences 
with respect to control: *(p <0.05); **(p <0.01); ***(p <0.001). Data are presented as mean ± SD (n=3) and analyses 
were performed using GraphPad program. SD, Standard Deviation; GST, Glutathione S-Transferase. 

Effect of fenarimol on GST activity in brain tissue 

Brain GST findings obtained as a result of experiments are shown in Figure 3. As a result of the statistical 

evaluation between the control and experimental groups, GST activity was observed to decrease. Inhibition 

of GST activity in male rats was statistically significant at all experimental hours (p <0.05 and p <0.001) and 

at 32nd and 64th h (p <0.01 and p <0.001) in female rats. 

 

 
Figure 3. Effect of fenarimol on GST activity in the brain tissue of rats. *Refers to statistically significant differences with 
respect to control: *(p <0.05); **(p <0.01); ***(p <0.001). Data are presented as mean ± SD (n=3) and analyses were 
performed using GraphPad program. SD, Standard Deviation; GST, Glutathione S-Transferase. 

Effect of fenarimol on GST activity in the small intestine tissue 

The small intestine GST findings obtained as a result of the experiments are shown in Figure 4. When 

GST activity was examined in both male and female rats in all experimental periods, it was observed that 

GST activity was higher than the control group. GST activity is significant in all experimental hours except for 

the 64th and 72th h in male and female rats (p <0.001). 
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Figure 4. Effect of fenarimol on GST activity in the small intestine tissue of rats. *Refers to statistically significant 
differences with respect to control: *(p <0.05); **(p <0.01); ***(p <0.001). Data are presented as mean ± SD (n=3) and 
analyses were performed using GraphPad program. SD, Standard Deviation; GST, Glutathione S-Transferase. 

DISCUSSION 

To understand whether pesticides affect non-target organisms, enzyme activities in damaged tissues 

can be examined [28-32]. Although there are studies on the GST activity of pesticides in the literature [33-

36], there is no study on the GST activity of fenarimol in rat tissues. Therefore, it is important to know the 

effect of fenarimol on rats. For example, in a study [37] when they investigated the effects of lambda sihalotrin, 

cypermethrin, chlorpyrifos, dichlorvos, glyphosate isopropylamine pesticides on GST enzyme activity purified 

from turkey liver, found that these pesticides inhibit the GST enzyme in vitro. Therefore, they suggested that 

pesticides may pose a risk for living. 

As a result of our studies, it was observed that GST activity in male and female rats treated with fenarimol 

increased significantly in all experimental hours (p <001). Since GST plays a role in the detoxification 

mechanism, an increase in its activity may have been observed to get rid of the toxic effect of fenarimol. 

When the results are evaluated, it is seen that GST activities in the liver and kidney are higher than other 

tissues (Figure 1 and Figure 2). The liver acts as the main organ in metabolism, and xenobiotic, antioxidant, 

various toxic substances are excreted through the kidneys after they are detoxified. Therefore, it can be 

concluded that GST activity is higher in these tissues after fenarimol toxicity. In a previous study of our group, 

after applying Dichlorvos, a different type of pesticide, it was observed that GST activity increased in all 

tissues investigated, but the highest effect was in the liver [38]. A study with epoxyconazole, a triazole group 

fungicide, showed that concentrations of 8, 24, 40 mg/kg bw increase GST activation in liver and kidney 

tissues after 28 days of application to Wistar rats [39]. Carbofuran, a pesticide commonly used in [40] studies, 

has been shown to increase the GST enzyme activity by inducing the cytochrome P450 enzyme system in the 

rat liver. In another study, when the effect of in vitro methyl parathion on GST activity was examined, it was 

seen that GST activity was highest in the hepatic fractions of rats, mice and 10 adult people [41]. 

According to our results, it is seen that there is a significant decrease in GST activity in the brain tissue 

of both male and female rats (Figure 3). Accordingly, although the decrease in GST activity in female rats is 

significant at 32 and 64 h, male rats show this result in all experimental periods. This inhibition in GST enzyme 

activity may have occurred due to estrogen [42,43]. Therefore, fenarimol, also known as an aromatase 

(estrogen synthase) inhibitor, can be interpreted as the cause of this decrease in the GST enzyme [19,44-

47]. This difference between male and female rats may be due to sex hormones affected by fenarimol. For 

example, chlorpyrifos, an organophosphate pesticide, is known to cause a change in hormonal balance, 

depending on gender [48]. In addition, atrazine has been observed to be an endocrine disrupter and inhibit 

testosterone production in male rats [49]. In another study, propiconazole, a different type of fungicide, has 

been found to be effective on endocrine distribution and reproductive parameters in male rats [50]. 

In conclusion, based on the experimental evidence obtained, we can suggest that GST can be useful in 

monitoring the effects of pesticide exposure on wildlife. However, more studies are needed to 

comprehensively examine the effects of fenarimol, which has been observed to cause a change in GST 

activity. In addition, fenarimol, which is widely used in agriculture, directly or indirectly affects the environment 

and living beings. Because this is critical to public health, caution should be exercised in the use of chemicals 

and consumers and/or manufacturers should be informed about potential hazards. 
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