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Abstract 
Fenamiphos is a broad-spectrum organophosphate insecticide. It is used in agriculture to control soil nematodes in several cops like peanuts, 

tomatoes, ginger, as well as in pineapples, cotton in worldwide. Naringenin is one of the flavonoids and was found to display strong anti-

inflammatory and antioxidant effect. In this study, we investigated how naringenin had protective effects on the damaged rat heart tissue caused by 

fenamiphos. In the study, experimental rats were organized into four equal groups. These; control, naringenin, fenamiphos and fenamiphos plus 

naringenin. The chemicals were given to the rats by orally during for 28 days. After 4th week, malondialdehyde (MDA) levels and antioxidant 

enzyme activities (SOD, CAT, GPx and GST) in rat heart tissues were investigated spectrophotometrically by various methods. Also, 

histopathological changes were analysed by light microscope. Any important changes were observed between control and naringenin treated groups. 

End of the experimental timeline, fenamiphos caused increasing the levels of MDA while a decrease in antioxidant enzyme activities were detected 

in comparison with the control animals. In addition, many pathological changes were observed in fenamiphos treated group. Fewer pathological 

changes and less oxidative damage were detected in the group in which fenamiphos and naringenin were administered together. In the study it is 

observed that fenamiphos caused oxidative stress and histopathological changes in rat heart tissue, naringenin treatment reduced this toxicity. 
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1. INTRODUCTION  

Pesticides are known as important environmental pollutants to which we are exposed in different ways. They are very harmful to 

living organisms in the soil, water and induced various abnormalities in plants [1]. It has been known that pesticide exposure caused 

oxidative damages in many living organisms, leading to disruption of the cellular membrane structure, mutations, inflammations, and 

several toxic effects on metabolism [2]. Organophosphates (Ops) are a class of that are widely used in agricultural areas. 

Organophosphate compound residues or metabolites have been considerably founding in the vegetable fruit products and also soil [3]. 

It has been known that Ops caused inhibitions of blood and tissues acetylcholinesterase (AChE) activity in many organisms [4,5]. 

Fenamiphos (ethyl 4-methylthio-m-tolyl isopropylphosphoramidate-FNP) is a compound used in many agricultural products and 

agricultural areas for nematode control [6]. It is known to be highly soluble in water in terms of chemical properties [6]. It is a 

colourless, waxy, solid organophosphorus pesticide. It is known to rapidly decompose into metabolites in soil [7].  

Reactive oxygen species (ROS) are extremely toxic compounds that occur during normal biochemical reactions in cells [3]. ROS 

compounds can oxidize macromolecules such as lipids, proteins, and nucleic acids. Especially unsaturated fatty acids in cell 

membranes are sensitive to oxidation and their oxidation initiates lipid peroxidation chain reactions. As a result of lipid peroxidation, 

lipid peroxides and other intermediates are formed, and the most common of these products, which affects the properties and 

physiological functions of cell membranes, is malondialdehyde (MDA). Antioxidant enzymes are responsible for the first line of 

cellular defense system against oxidative agents by suppressing the increase of ROS [8]. 

Phenolic compounds are known to be a secondary metabolite found in large amounts in plants. They protect the plant against insect 

and animal pests. Phenolic compounds are divided into two mains groups as phenolic acids and flavonoids. Due to their structural 

differences, there are lots of different phenolic compounds in plants and the products obtained from them. Phenolic compounds also 

show natural antioxidant properties. By stopping or preventing the reactions caused by free radicals, they prevent the formation of 
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many diseases such as cancer, heart disease and lung diseases [9–11]. Naringenin (NAR) is a compound that has been accepted as a 

pharmacologically potential antioxidant and has anti-atherogenic, anti-carcinogenic, anti-mutagenic, anti-inflammatory, 

hepatoprotective and nephroprotective activities. It has a potential protection role properties of reactive oxygen species and it used for 

many therapeutic effect experiments [12,13].  

The aim of this study is to investigate the protective effect of naringenin which has antioxidant properties, on the effect of FNP, which 

is widely used, on the lung tissue of rats. For this purpose, the histopathological effect of FNP in the heart tissue of rats, antioxidant 

enzyme activities [glutathione peroxidase (GPx), superoxide dismutase (SOD), glutathione-S-transferase (GST), catalase (CAT)] and 

malondialdehyde (MDA) levels possible changes and the protective effects of naringenin on these changes were investigated. 

2. MATERIAL AND METHODS 

2.1 Animals and Experimental Protocol 

This study, the animal’s experimental protocols were used, and Local Animal Ethics Committee of Gazi University approval was 

obtained (Ethical number: G.U. ET-22.011). Twenty-four male albino Wistar rats (average weight of 250-300 g) were provided from 

the Laboratory Animals Raising and Experimental Researcher Centre of Gazi University. The standard conditions of a 12-hour 

light/dark cycle at standard room temperature and 40% relative humidity were maintained, and standard rodent feed and free water 

were provided for all groups. Firstly, all rats are organized into control (n=6) and experimental groups (n=18). Control rats received 

only water (1 ml/kg bw. distilled water). FNP treated rats (1/25 LD50; 0,76 mg/kg bw.), naringenin treated rats (NAR, 50 mg/kg bw.), 

and FNP plus NAR treated rats (0,76 mg/kg bw. FNP and 50 mg/kg bw. NAR, respectively) Applications to all groups continued for 

28 days by gavage. 

2.2 Determination of Oxidative Stress Biomarkers 

Heart tissues are homogenized using the homogenizer and these homogenates were in accordance with the procedure centrifuged and 

then separated. Separate homogenates were obtained for MDA and enzyme measurements. and centrifuges were performed according 

to separate protocols using spectrophotometer. The protein level in the heart was determined for all tissues in accordance with the 

protocol [14]. Catalase enzyme measurement was analysed in tissue homogenates study in accordance with Aebi’s protocol [15]. Also, 

cellular antioxidants like superoxide dismutase (SOD) [16], glutathione-S-transferase (GST) [17], and glutathione peroxidase (GPx) 

[18] have been spectrobolometrically studies in homogenized tissues to found cellular oxidative damage markers with different 

methods in heart tissues. MDA, primarily the product of lipid peroxidation, was measured calorimetrically in all groups [19]. 

2.3 Histopathologic Investigations 

After 28 days’ protocol, all the treated rats along with the control group rats were sacrificed. Heart tissue sections were fixed in 10% 

neutral formal fixative solution, and then normal histological tissue procedure was applied. Tissues embedded in paraffin and then cut 

into 6-7 μm-thickness sections and sections were taken from a paraffin water bath using a slide. Hematoxylin and eosin were used to 

stain the sections of the tissues and observed using the light microscope at 400X magnification for any cellular changes.  

2.4 Statistical Analyses 

GraphPad prism version 8 and SPSS program version 22 were used for all statistical protocols. Data were detected using ANOVA and 

Tukey tests and expressed as ± SD. p < 0.05 was considered significant. 

3. RESULTS AND DISCUSSION 

3.1 Evaluation of Antioxidant Enzyme Activities and Malondialdehyde Levels 

According to the results shown in Figures 1–5, there is no important difference between control and NAR groups. We found increased 

MDA in the hearts in group FNP compared to group control. In heart tissues of FNP and we found a statistically significant decrease 

in enzyme activities (p ≤ 0.05). A significant increase was observed in GPx, CAT, GST, and SOD activities at the end of the 
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experimental period in FNP plus NAR group, compared to FNP group, (p ≤ 0.05). A significant decrease was observed in MDA levels 

in FNP plus NAR compared to FNP group (p ≤ 0.05). 

 

Figure 1. Effects of exposure to fenamiphos and naringenin on the CAT activity of rat heart tissues. aSignificant difference between control group and 

other groups, bSignificant difference between NAR and other groups, cSignificant difference between FNP and other groups. Significance at p<0.05 

 

Figure 2. Effects of exposure to fenamiphos and naringenin on the SOD activity of rat heart tissues. a Significant difference between control group 

and other groups, b Significant difference between NAR and other groups. Significance at p < 0.05 

 

Figure 3. Effects of exposure to fenamiphos and naringenin on the GPx activity of rat heart tissues. aSignificant difference between control group and 

other groups., bSignificant difference between NAR and other groups, cSignificant difference between FNP and other groups. Significance at p<0.05 
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Figure 4. Effects of exposure to fenamiphos and naringenin on the GST activity of rat heart tissues. aSignificant difference between control group and 

other groups, bSignificant difference between NAR and other groups, cSignificant difference between FNP and other groups. Significance at p<0.05 

 

Figure 5. Effects of exposure to fenamiphos and naringenin on the MDA levels of rat heart tissues. aSignificant difference between control group and 

other groups, bSignificant difference between NAR and other groups, cSignificant difference between FNP and other groups. Significance at p<0.05 

3.2 Effects of FNP and NAR on Histopathological Findings 

The heart in the control and NAR, we showed normal myocardial cells (Figure 6A-B). degeneration in myocardial cells, congestion of 

blood vessels and edema were seen in heart tissues of the FNP (Figure 6C). In the heart tissues of FNP plus NAR, degeneration 

myocardial cells, congestion of blood vessels were determined in microscopic studies (Figure 6D). 
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Figure 6. Histopathological appearance of hearts among groups. A. Normal tissue architecture in control group (H & E, 400 X), B. Treated rats with 

naringenin, normal heart histology (H & E, 400 X), C. Treated rats with fenamiphos, degeneration in myocardial cells (), congestion of blood 

vessels () and edema (H & E, 400 X), D. Treated rats with fenamiphos and naringenin degeneration in myocardial cells (), congestion of blood 

vessels () (H & E, 400 X) 

Many chemicals, including pesticides, cause pathological changes and oxidative damage in various tissues of experimental animals 

[20–23]. Studies have reported that free radicals play a role in cardiac toxicity [24]. It is known that pesticides exposure may induce 

histopathological changes in cardiac [25]. Similarly, we found that many pathological changes in heart tissues in FNP treated rats. 

Exposure to FNP may occur through different ways like absorption from dermatological way, ingestion of contaminated foods or 

water, and respiratory tract contaminated with FNP residues [26]. Oral lethal dose of FNP in rats has been reported as LD50 dose of 19 

mg/kg [27].  In our study, we applied that 1/25 LD50 dose and no rat mortality was observed during the experimental studies. 

Our findings are in concordance with previous studies showing the effect of pesticides on oxidative damages [23]. It is known that 

several cellular pathways have been shown to be involved in pesticides cardiotoxicity. Especially organophosphates cause induces 

oxidative stress in a dose-related mode. They alter lipid metabolism and increases cytotoxicity enzymes activity [28]. 

Parameters measured in this study, MDA levels, SOD, CAT, GPX and GST enzymes are enzymes that work together in the cell. GST 

is a potent part of the intracellular non-enzymatic antioxidant system. It effectively scavenges free radicals. It responsible also as a 

cofactor for GSH peroxidase in the reduction of hydrogen peroxide [29]. In cell, SOD converts superoxide anion to hydrogen 

peroxide, while CAT and GPx convert hydrogen peroxide into molecular oxygen and water [30]. 

The normalization of LPO and other parameters following NAR treatment is very likely due to its anti-peroxidative and anti-

inflammatory properties, as has been shown previously [31]. NAR may have been protective against heart damage due to these 

cellular protective properties, including those due to oxidative injuries in our study. 
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4. CONCLUSION 

In conclusion, FNP can alter heart cellular structure and then an increase in oxidative parameters, and histopathological damage to 

myocardial cells. Clearly, we can say that NAR displays antioxidant role via oxidative stress and tissues damages suppression against 

FNP-induced cardiotoxicity. The application of NAR via their therapeutic effects via antioxidant properties supplied to be reducing 

the FNP-induced this toxicity.  
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