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Abstract: In this study, we aimed to determine the toxic effect of increasing doses of 
Bendiocarb, an insecticide from the carbamate group, on human blood cells in vitro via 
by Comet test, determination of total antioxidant capacity, antioxidant enzyme activity 
and malondialdehyde (MDA) level. Leukocyte isolation was performed from blood 
samples taken from six healthy male individuals who did not smoke and use alcohol and 
were not exposed to any chemicals in the working environment, and then their 
leukocytes exposed to increasing doses of Bendiocarb (20, 40, 80, 160 µg / mL). Comet 
test, iron reduction antioxidant capacity (FRAP), 2-2'azinobis 3-ethylbenzothiazoline-6-
sulfonic acid (ABTS/TEAC) analysis with superoxide dismutase (SOD), catalase (CAT), 
glutathione peroxidase (GPx) and MDA were evaluated. At the end of the study, it was 
determined that antioxidant enzyme levels decreased significantly due to dose increase, 
whereas MDA levels increased significantly in all doses (p<0.05). According to FRAP and 
TEAC methods, the antioxidant capacity of blood cells decreased significantly in 
increasing doses of Bendiocarb compared to the control group (p<0.05). In the Comet 
test, DNA tail percentage, length and moment were increased significantly in increasing 
doses of Bendiocarb and DNA damage was detected (p<0.05). This study is a preliminary 
study on this subject, and it has been shown in our study that the uncontrolled use of 
Bendiocarb pesticide in nature will have harmful effects on the environment and living 
things. We believe that the research will contribute to the literature and shed light on 
future comprehensive studies.  

  
  

Bendiokarb İnsektisitinin İnsan Lökositlerinde Lipid Peroksidasyonu, Antioksidan 
Enzimler ve DNA Hasarı Üzerindeki Etkileri 

 
 

Anahtar Kelimeler 

Bendiocarb, 
Genotoksisite,  
Komet Testi,  
Pestisit,  
Antioksidan Enzimler 

Özet: Bu çalışma da karbamat grubundan bir insektisit olan Bendiokarb’ın artan 
dozlarının insan kan hücreleri üzerine in vitro koşullarda toksik etkisini komet testi, total 
antioksidan kapasite tayini, antioksidan enzim aktivitesi ve malondialdehit (MDA) 
seviyesini değerlendirmek suretiyle belirlemeyi amaçladık. Sigara ve alkol kullanmayan, 
çalıştığı ortamda herhangi bir kimyasal maddeye maruz kalmayan sağlıklı altı erkek 
bireyden heparinli tüplere alınan kan örneklerinden lökosit izolasyonu yapılmış ve 
lökositleri artan dozlarda Bendiokarb’a (20, 40, 80, 160 µg/mL) maruz bırakılmıştır. 
Komet testi, demir indirgeme antioksidan kapasitesi (FRAP),  2-2'azinobis 3-
ethilbenzotiazolin-6-sülfonik asit (ABTS/TEAC) analizleri ile antioksidan enzimler olan 
süperoksit dismutaz (SOD), katalaz (CAT), glutatyon peroksidaz (GPx) ve lipid 
peroksidasyon göstergesi olan MDA düzeyleri üzerine etkileri değerlendirilmiştir.  
Çalışma sonunda antioksidan enzim düzeylerinin doz artışına bağlı olarak anlamlı 
azaldığı, tüm dozlarda ise MDA düzeylerinin anlamlı olarak arttığı belirlenmiştir 
(p<0.05). FRAP ve TEAC yöntemlerine göre, kan hücrelerinin antioksidan kapasitesi, 
kontrol grubuna göre artan Bendiokarb dozlarında anlamlı olarak azalmıştır (p<0.05). 
Comet testinde artan Bendiokarb dozlarında DNA kuyruk yüzdesi, uzunluğu ve momenti 
anlamlı olarak artmış ve DNA hasarı tespit edilmiştir (p <0.05). 
Bu çalışma bu konuda yapılmış bir ön çalışma niteliği taşımakta olup, çalışmamızda 
Bendiokarb pestisitinin doğada kontrolsüz kullanımının çevreye ve canlılara zararlı 
etkileri olacağı gösterilmiştir.  Araştırmanın literatüre katkı sağlayacağı gibi bundan 
sonraki kapsamlı çalışmalara da ışık tutacağı düşünülmektedir. 
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1. Introduction 
 
Pesticides, which are widely used in agriculture, especially in the world, the residues left in the environment and 
foods become a serious public health problem. If the residual levels of pesticides in food exceed the daily 
acceptable limits, this can cause acute and chronic poisoning, as well as teratogenic effects, as well as very serious 
health problems such as mutagenic and carcinogenic effects [1].  
Pesticides are chemicals used to reduce the destructive effects of living forms such as insects, rodents, weeds, fungi 
that reduce or damage nutritional values during production, storage and consumption of food sources living on or 
around humans, animals and plants, and because of their toxic effects on all organisms. They cause serious harmful 
effects in the ecosystem [2, 3].  
Bendiocarb carbamate group is an insecticide [4]. Bendiocarb, whose commercial name is Ficam W and synonyms 
such as GarvoR, SeedoxR, TurcamR, MultamatR, NiomilR, TattooR, Ent-27695, OMS 1394, NC 6897, was first prepared 
in 1967 at Chesterford Park Research Station, Fisons Agrochemical Division (UK) (5). It is in solid white crystalline 
form and its chemical formula is C11H13NO4 and its molecular weight is 223.25 kDa [6]. 
Carbamate insecticides enter the bodies of both insects and mammals through contact, respiration and stomach. 
The LD50 dose of bendiocarb has been reported as 40 mg/kg orally in rats [7]. Symptoms of bendiocarb poisoning 
are weakness, blurred vision, headache, drop in blood pressure, irregular heartbeat, loss of reflexes and dizziness 
[4,8]. In many studies, it is revealed that Bendiocarb increases lymph-related tumors such as lymphoid and 
lymphosarcoma [9]. Although it is widely used worldwide, there are a limited number of studies on Bendiokarb 
use. In the literature review, studies related to DNA damage and oxidative stress caused by Bendiocarb in blood 
tissue are also extremely limited. 
In this study, we aimed to determine the toxic effect of increasing doses of Bendiocarb on human blood cells in 
vitro conditions by evaluating comet test, total antioxidant capacity determination, antioxidant enzyme activity 
(SOD, CAT and GPx) and malondialdehyde (MDA) level. 
 
2. Material and Methods 
 
2.1. Chemicals 
 
In the study, Bendiocarb was used in increasing doses (20, 40, 80, 160 µg/mL). Bendiocarb, chemicals used in 
biochemical analysis and comet test were obtained from Sigma-Aldrich (Germany). 
 
2.2. Leukocyte isolation and treatment of Bendiocarb 
 
Venous blood samples of approximately 20 ml were obtained in heparinized dry tubes from each of six male 
volunteers (range 25–30 years). All volunteers were healthy, had no drugs, no smoking, and none were exposed 
to any chemicals. Lymphocytes were isolated using the Biocoll (Source BioScience, Nottingham, U.K.) separating 
solution [10]. 
The samples were divided into two groups as control group (n = 6) and application group (n = 6). The application 
group is also divided into four groups and exposed to Bendiokarb for 1 hour at the determined doses. These; 
Group 1: 20 µg / mL Bendiocarb applied group (n = 6), 
Group 2: 40 µg / mL Bendiocarb applied group (n = 6), 
Group 3: 80 µg / mL Bendiocarb applied group (n = 6), 
Group 4: 160 µg / mL Bendiocarb applied group (n = 6), 
 
2.3. Biochemical Analysis 
 
MDA content, antioxidant enzyme activity and total antioxidant capacity analysis were determined by measuring 
the absorbance of the samples in a spectrophotometer. Protein concentration was determined according the 
method described by Lowry [11] using bovine serum albümin (BSA) as a standard. 
 
Malondialdehyde (MDA) is one of the last products of polyunsaturated fatty acids peroxidation in the cells and is 
a very toxic molecule.  A rise in free radicals causes overproduction of MDA. Malondialdehyde level is mostly 
known as a marker of oxidative stress. For the determination of MDA levels cells were incubated with 
thiobarbituric acid (TBA) at 95◦C (pH 3.4). MDA reacts with TBA to form a colored complex. MDA levels were 
determined as a result of the measurements made in the spectrophotometer at a wavelength of 532 nm [12]. 
 
The activity of SOD was determination assaying the autooxidation and elucidation of pyrogallol by the method of 
Marklund and Marklund [13].This analysis was observed at 440 nm. One unit of SOD activity was calculated as the 
amount of protein that caused 50% pyrogallol autooxidation prevention. 
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CAT activity was measured according to the method described by Aebi [14] via assaying the hydrolysis of H2O2 and 
the resulting decrease in absorbance at 240 nm over a 3 min period at 25◦C. For CAT activity samples were diluted 
with TritonX-100. Changes in absorbance per unit time using the constant number, ε240: 0.0394 mM / cm, were 
taken as the measurement of catalase activity. 
 
GPx activity was determined with H2O2 as a substrate. Analysis mixtures included reduced glutathione, glutathione 
reductase, NADPH and Tris–HCl. GPx activity was measured as the alter in absorbance at 340 nm [15]. GPx activity 
(ε340: 6220 M/cm) was calculated as the amount of NADPH spent by 1 mg of protein in 1 minute and the specific 
activity of its enzyme was determined. 
 
The FRAP analysis was done by measuring changes in absorbance at 593 nm due to the production of FeII-
triprididyltriazine compound from the oxidized form of FeIII. The FRAP reaction was prepared by stir 300 mmol/L 
acetate buffer with 10 mmol/L 2,4,6 tripyridyl-s-triazine in 40 mmol/L HCl and with 20 mmol/L ferric chloride  

[16]. 
 
The TEAC analysis is based on the prevention of the absorbance of the ABTS by tested antioxidant [17]. Solution 
of ABTS was diluted with phosphate buffer saline (PBS) to an absorbance of 0.70 (± 0.02) at 734 nm. ABTS was 
mixed with biological samples and kept for 6 minutes. Then at 734 nm, the decrease in absorbance was measured. 
 
2.4. Determination of DNA Damage by Comet Method 
 
10 µL of blood tissue that was exposed to Bendiocarb for 1 hour in increasing doses in the tubes was taken and 
centrifuged by adding RPMI. Supernatant was thrown and agarose was added to the pellet and smeared on the 
slide. Slides are covered with coverslips and incubated at 4 C for 1 hour. Then, it was kept in electrophoresis diluted 
from stock for 1 hour [18]. Preparations were placed in an electrophoresis tank and carried out at 200 volts. The 
resulting preparations were stained after cleaning with pure water and examined under a fluorescent microscope. 
Data were analyzed using BS 200 ProP with software image analysis. As a result of imaging, tail DNA percentage, 
tail length and tail moment were determined for 50 comet cells and the differences between the groups were 
calculated statistically. 
 
2.6. Statistical analysis 
 
All of the statistical analyzes were done with one-way variance analysis (ANOVA) and Tukey test in Windows SPSS 
11.5 computer program. P <0.05 value was considered statistically significant. 
 
3. Results  

 
3.1. Biochemical Results 
 
MDA levels in blood cells were measured and results are given as nmol/Hb and nmol/protein for blood cells. The 
results obtained in determining the level of MDA in erythrocytes are shown in Figure 1. When the groups with 
increased doses of Bendiocarb and the control group were compared, it was observed that there was a statistically 
significant increase in MDA level due to dose increase (p <0.05). 
When compared to the control group, there was a statistically significant decrease in SOD enzyme activity due to 
dose increase in the groups that received bendiocarb at increasing doses (20 µg /mL, 40 µg/mL, 80 µg/mL, 160 
µg/mL) (p <0.05). (Figure 1). Compared to the control group, a statistically significant decrease in CAT enzyme 
activity was found in groups that received bendiocarb at increasing doses (20 µg/mL, 40 µg/mL, 80 µg/mL, 160 
µg/mL) (p <0.05). (Figure 1). GPx enzyme activity results in blood tissue erythrocytes are shown in Figure 1. 
Compared to the control group, a statistically significant decrease in GPx enzyme activity was found in groups that 
received bendiocarb at increasing doses (20 µg/mL, 40 µg/mL, 80 µg/mL ml, 160 µg/mL) (p <0.05).   
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Figure 1. Biochemical analyses results (MDA, SOD, CAT, and GPx) (P < 0.05). 
 
FRAP and TEAC values of the control and Bendiocarb application groups were calculated to determine antioxidant 
capacity changes in blood tissue and the results are shown in Figure 2. According to the FRAP and TEAC methods, 
the antioxidant capacity of blood cells decreased statistically significantly in increasing doses of Bendiocarb 
compared to the control group (p <0.05) (Figure 2). 

 

  

Figure 2. FRAP and TEAC results of human leukocyte cells exposed to increasing doses of bendiocarb. 
 
3.2.  Comet Assay Results 
 
DNA tail percentage, tail length and tail moment values of the control group and application groups that we use to 
determine DNA damage in blood tissue are given in Table 1. When the control group and increasing doses of 
Bendiocarb application groups were compared in the Comet test, DNA tail percentage, tail length and tail moment 
were significantly increased in the increasing doses of Bendiocarb and DNA damage was detected (Figure 3). 
 
Table 1. Average values of% DNA, tail length and tail moment of DNA damage (± SD) of human leukocyte cells  
 

Doses Tail% DNA ± SD Tail Length ± SD Tail Moment ± SD 

Control 45.09±1.68a 12.18±3.44a 5.49±0.05a 

20 µg/mL 48.45±7.35a 14.25±8.12a 6.94±0.59a 

40 µg/mL 74.12±5.22b 35.62±3.12b 26.40±0.16b 

80 µg/mL 92.56±15.45c 52.12±5.45c 48.24±0.84c 

160 µg/mL 109.20±22.15d 75.22±3.42d 82.14±0,75d 
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Figure 3. Comet analysis of the effect of increasing doses of Bendiocarb on the DNA of human leukocyte cells. (A-
B) control, (C) 20 µg/mL, (D) 40 µg/ml, (E) 80 µg/mL, (F) 160 µg/mL. 
 
 
As a result of incubation of bendiocarb with leukocytes, DNA damage at a concentration of 20 μg/mL was 
determined to be low and close to the control group (p <0.05). DNA damage at 40, 80 and 160 μg/mL 
concentrations was statistically significant (p <0.05) and higher than the control group. In addition, the highest 
percentage of Tail DNA was determined as 100% at a concentration of 160 μg/mL.  
 
4. Discussion and Conclusion 
 
Pesticides are frequently used in agriculture and applied to the environment to control pests. Since they are 
permanent in the environment, their toxicity must be known and risk assessments must be made. 
Carbamate insecticides are carbamic acid derivatives used in agriculture in previous years due to their wide 
biological activity and low mammalian toxicity. Bendiocarb belongs to the class of carbamate insecticides and is 
effective against a wide range of agricultural pests. Bendiocarb is toxic for a lot of organisms, fish, birds and bees 
[19]. Determining pesticides left on air, soil and surface are essential to provide the grade and security of the 
products and reduce the risk to the health of people or other living things [20].   
 
Agrochemical manufacturers, practitioners and people who consume pesticide agricultural products in the last 
link of the chain are exposed to pesticides at different rates, either acute or chronic. Pesticides entering the 
organism in various ways affect the nervous system, endocrine system, immune system, liver, heart and muscle 
tissues negatively. One of the most important systems among these negatively affected systems is the defense 
system, that is, the antioxidant system. There are various defense mechanisms in the body to prevent the formation 
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of ROS and the damage caused by them. These classes are known as 'antioxidant defense systems' and 
'antioxidants'; They neutralize free radicals and help repair damage caused by free radicals and minimize the 
body's exposure to free radicals or restore the body's renewal [21]. 
 
In our study, changes in CAT, SOD and GPx activity, which are antioxidant defense enzymes, were investigated in 
human leukocytes exposed to increasing concentrations of Bendiocarb, the carbamate group insecticide. In line 
with the results obtained from the study, it was determined that the activity of CAT, SOD and GPx enzymes 
decreased with increasing concentration of bendiocarb. 
 
In addition to antioxidant enzyme activity, FRAP and TEAC values of the control and Bendiocarb application groups 
were calculated to determine antioxidant capacity changes in blood tissue. According to the results obtained, the 
antioxidant capacity of blood cells decreased significantly with increasing doses of Bendiocarb compared to the 
control group (P <0.05). 
 
In addition, in our study, MDA levels in blood cells were measured and the results were given as nmol/protein for 
blood cells. The results obtained in determining the MDA level of leukocytes from blood tissue elements are shown 
in Figure 1. When increasing doses of Bendiocarb and control group were compared, it was observed that there 
was a statistically significant increase in MDA level due to dose increase (P <0.05). 
 
Sobekov et al. [22] investigated SOD, CAT, GSHPx, glutathione reductase (GR), glutathione-S-transferase (GST) and 
thiobarbituric acid (TBARs) activities in rabbit liver and kidneys after exposure to bendiocarb. They found that 
SOD, CAT and GR activity in liver tissue was not affected by bendiocarb, SOD activity in the kidney increased 
significantly, new MnSOD isoenzymes were formed and CAT and GSHPx-H2O2 activities decreased significantly in 
experimental groups. In addition, the TBARs content in the kidney was not affected by bendiocarb. They showed 
that the response of organs to bendiocarb is different and may depend on specific organ damage and protective 
abilities. Changes in the anti-cocci defense system have shown that the toxic effect of bendiocarb may be related 
to the production of ROS in addition to acetylcholine esterase inhibition. 
 
Sakr and Al-Amoudi [23] studied histopathological changes in the kidney tissues of mammals exposed to 
deltamethrin to investigate the protective effect of basil against deltamethrin. As a result of these examinations, 
they observed a significant increase in the concentration of malondialdehyde (MDA) in kidney tissues of mammals 
exposed to deltamethrin, a decrease in superoxide dismutase (SOD) and catalase activity. 
 
Although there are restrictions on the use of pesticides, it should be remembered that they can harm human health 
due to their chemical structure, biological activity and misuse. For this reason, most studies have been 
investigating their mutagenic effects in recent years, and for this purpose studies have been conducted with 
Bacillus subtilis and Salmonella typhimurium test strains [24], and fewer studies on their direct effects on DNA. 
DNA damage determination studies have been investigated in recent years in vivo and in vitro and especially in 
human lymphocyte cells by the Comet technique [25-27].  
 
Comet technique is preferred in the evaluation of genotoxic effect because it is sensitive, economical, easy and in 
a short time, and it is possible to detect DNA damage in a single cell. The genotoxic effects of chemicals in the 
lymphocytes of human and experimental animals can be monitored with this method [28]. 
 
In our study, Comet test was used to investigate the genotoxic effects of bendiocarb on leukocytes, and it was 
determined that increased DNA breaks occurred at increasing levels depending on the dose. As a result of 
incubation of bendiocarb with leukocytes, DNA damage at a concentration of 20 μg/mL was determined low and 
close to the control group. DNA damage at 40, 80 and 160 μg/mL concentrations was statistically significant 
(P<0.05) and higher than the control group. Also, the highest tail DNA at 160 mg/mL concentration was 
determined to be 100 %. 
 
DNA damage was investigated by adding 3, 10, 30 and 100 μg/mL to lymphocytes and MDCK (Mine-Darby Canine 
Kidney) cells of aminocarb, carbaryl, methiocarb, promecarb and propoxur, in a similar project study with our 
study. It has been observed that pesticides at a concentration of 100 μg / mL are highly toxic in MDCK cells, in 
particular, carbaryl and methiocarb cause the death of almost all cells at this concentration. DNA damage in 
lymphocyte and MDCK cells of pesticides at concentrations of 10 and 30 μg/mL has been investigated, and it has 
been observed that methiocarb and carbaryl cause DNA damage in the 4th degree at a concentration of 30 μg/mL 
for 16 hours. Carbamate pesticides caused significant DNA damage to lymphocytes, while causing lower damage 
to MDCK cells (30 μg / mL concentration and 1st degree damage to carbaryl, methiocarb and promecarb in 48 
hours). Low genotoxicity in MDCK cells suggests that DNA damage repair mechanisms may be effective as a result 
of active cleavage [29]. 
 



Effects of Bendiocarb Insecticide on Lipid Peroxidation, Antioxidant Enzymes and DNA Damage in Human Leucocytes 

354 

In another study, human peripheral lymphocytes of 10, 50, 100 and 200 µg/mL dimethoate, methylparathion, 
propoxur, pirimicarb were applied to human peripheral lymphocytes and DNA damage was investigated in vitro 
by Comet technique. As in our study, a dose-dependent examination was made and DNA damage was found to be 
high. [30]. 
 
Swiss albino mice were administered orally 0.28 and 8.96 mg/kg chlorpyriphos ethyl, 12.25 and 392.00 mg/kg 
acephate. DNA damage was examined with Comet technique at 24, 48, 72 and 96 hours after the application. It was 
reported that a significant increase in Comet tail length was observed at 24 and 48 hours after the application and 
that the DNA damage was dose dependent. It has been reported that DNA damage gradually decreases 48 hours 
after application and Comet tail length decreases to the levels of the control group 96 hours later [31]. 
In another study, genotoxic effects, oxidative stress parameters and AChE activities were investigated in the 
production of organophosphorus pesticides for 21 workers and 21 control groups working for an average of 97 
months. In erythrocytes, lipid peroxidation levels, catalase, superoxide dismutase and glutathione peroxidase 
activities were measured as oxidative stress biomarkers, and AChE activity as toxicity biomarkers. To determine 
DNA damage, Comet tail length was measured in leukocytes. As a result of chronic exposure to organophosphorus 
pesticides, catalase, superoxide dismutase and glutathione levels were observed, while no statistically significant 
difference was observed in lipid peroxidation levels and AChE activity [32]. 
 
It has been determined that Bendiocarb insecticide has a toxic effect in all doses applied on blood tissue. 
Bendiocarb increased MDA levels in blood tissues at all doses administered, and decreased total antioxidant 
capacity and SOD, CAT, GPX levels statistically significantly in this study.  
 
Our study demonstrates that Bendiocarb causes damage on DNA due to the increase in dose in all doses applied. 
We think Bendiocarb has all these negative effects by causing oxidative stress. Based on these data, uncontrolled 
use of Bendiocarb pesticide in nature has been shown to have harmful effects on the environment and living things. 
However this study is a preliminary study on this subject, we believe that it will contribute to the existing literature 
and shed light on further studies. 
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