
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/273085244

Evaluation of in vitro genotoxic effects of benfuracarb in human peripheral

blood lymphocytes

Article  in  Fresenius Environmental Bulletin · January 2015

CITATIONS

9
READS

332

6 authors, including:

Some of the authors of this publication are also working on these related projects:

COVID-19 View project

Effect of Antidepressant Drugs on Ethanol withdrawal Syndrome in Rats View project

Sevim Feyza Erdoğmuş

Afyonkarahisar Health Sciences University

37 PUBLICATIONS   310 CITATIONS   

SEE PROFILE

Yasin Eren

T.C. Afyonkarahisar Sağlık Bilimleri Üniversitesi

22 PUBLICATIONS   415 CITATIONS   

SEE PROFILE

Dilek Akyıl

Afyon Kocatepe University

29 PUBLICATIONS   582 CITATIONS   

SEE PROFILE

Arzu Ozkara

22 PUBLICATIONS   338 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Sevim Feyza Erdoğmuş on 04 March 2015.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/273085244_Evaluation_of_in_vitro_genotoxic_effects_of_benfuracarb_in_human_peripheral_blood_lymphocytes?enrichId=rgreq-3e4f16478fb0a134547c31a9b591a941-XXX&enrichSource=Y292ZXJQYWdlOzI3MzA4NTI0NDtBUzoyMDMyMjE5MTkzNzUzNjdAMTQyNTQ2MzI4OTU1MA%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/273085244_Evaluation_of_in_vitro_genotoxic_effects_of_benfuracarb_in_human_peripheral_blood_lymphocytes?enrichId=rgreq-3e4f16478fb0a134547c31a9b591a941-XXX&enrichSource=Y292ZXJQYWdlOzI3MzA4NTI0NDtBUzoyMDMyMjE5MTkzNzUzNjdAMTQyNTQ2MzI4OTU1MA%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/COVID-19-340?enrichId=rgreq-3e4f16478fb0a134547c31a9b591a941-XXX&enrichSource=Y292ZXJQYWdlOzI3MzA4NTI0NDtBUzoyMDMyMjE5MTkzNzUzNjdAMTQyNTQ2MzI4OTU1MA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Effect-of-Antidepressant-Drugs-on-Ethanol-withdrawal-Syndrome-in-Rats?enrichId=rgreq-3e4f16478fb0a134547c31a9b591a941-XXX&enrichSource=Y292ZXJQYWdlOzI3MzA4NTI0NDtBUzoyMDMyMjE5MTkzNzUzNjdAMTQyNTQ2MzI4OTU1MA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-3e4f16478fb0a134547c31a9b591a941-XXX&enrichSource=Y292ZXJQYWdlOzI3MzA4NTI0NDtBUzoyMDMyMjE5MTkzNzUzNjdAMTQyNTQ2MzI4OTU1MA%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Sevim-Erdogmus?enrichId=rgreq-3e4f16478fb0a134547c31a9b591a941-XXX&enrichSource=Y292ZXJQYWdlOzI3MzA4NTI0NDtBUzoyMDMyMjE5MTkzNzUzNjdAMTQyNTQ2MzI4OTU1MA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Sevim-Erdogmus?enrichId=rgreq-3e4f16478fb0a134547c31a9b591a941-XXX&enrichSource=Y292ZXJQYWdlOzI3MzA4NTI0NDtBUzoyMDMyMjE5MTkzNzUzNjdAMTQyNTQ2MzI4OTU1MA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Sevim-Erdogmus?enrichId=rgreq-3e4f16478fb0a134547c31a9b591a941-XXX&enrichSource=Y292ZXJQYWdlOzI3MzA4NTI0NDtBUzoyMDMyMjE5MTkzNzUzNjdAMTQyNTQ2MzI4OTU1MA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Yasin-Eren?enrichId=rgreq-3e4f16478fb0a134547c31a9b591a941-XXX&enrichSource=Y292ZXJQYWdlOzI3MzA4NTI0NDtBUzoyMDMyMjE5MTkzNzUzNjdAMTQyNTQ2MzI4OTU1MA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Yasin-Eren?enrichId=rgreq-3e4f16478fb0a134547c31a9b591a941-XXX&enrichSource=Y292ZXJQYWdlOzI3MzA4NTI0NDtBUzoyMDMyMjE5MTkzNzUzNjdAMTQyNTQ2MzI4OTU1MA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Yasin-Eren?enrichId=rgreq-3e4f16478fb0a134547c31a9b591a941-XXX&enrichSource=Y292ZXJQYWdlOzI3MzA4NTI0NDtBUzoyMDMyMjE5MTkzNzUzNjdAMTQyNTQ2MzI4OTU1MA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Dilek-Akyil?enrichId=rgreq-3e4f16478fb0a134547c31a9b591a941-XXX&enrichSource=Y292ZXJQYWdlOzI3MzA4NTI0NDtBUzoyMDMyMjE5MTkzNzUzNjdAMTQyNTQ2MzI4OTU1MA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Dilek-Akyil?enrichId=rgreq-3e4f16478fb0a134547c31a9b591a941-XXX&enrichSource=Y292ZXJQYWdlOzI3MzA4NTI0NDtBUzoyMDMyMjE5MTkzNzUzNjdAMTQyNTQ2MzI4OTU1MA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Afyon-Kocatepe-University?enrichId=rgreq-3e4f16478fb0a134547c31a9b591a941-XXX&enrichSource=Y292ZXJQYWdlOzI3MzA4NTI0NDtBUzoyMDMyMjE5MTkzNzUzNjdAMTQyNTQ2MzI4OTU1MA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Dilek-Akyil?enrichId=rgreq-3e4f16478fb0a134547c31a9b591a941-XXX&enrichSource=Y292ZXJQYWdlOzI3MzA4NTI0NDtBUzoyMDMyMjE5MTkzNzUzNjdAMTQyNTQ2MzI4OTU1MA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Arzu-Ozkara?enrichId=rgreq-3e4f16478fb0a134547c31a9b591a941-XXX&enrichSource=Y292ZXJQYWdlOzI3MzA4NTI0NDtBUzoyMDMyMjE5MTkzNzUzNjdAMTQyNTQ2MzI4OTU1MA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Arzu-Ozkara?enrichId=rgreq-3e4f16478fb0a134547c31a9b591a941-XXX&enrichSource=Y292ZXJQYWdlOzI3MzA4NTI0NDtBUzoyMDMyMjE5MTkzNzUzNjdAMTQyNTQ2MzI4OTU1MA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Arzu-Ozkara?enrichId=rgreq-3e4f16478fb0a134547c31a9b591a941-XXX&enrichSource=Y292ZXJQYWdlOzI3MzA4NTI0NDtBUzoyMDMyMjE5MTkzNzUzNjdAMTQyNTQ2MzI4OTU1MA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Sevim-Erdogmus?enrichId=rgreq-3e4f16478fb0a134547c31a9b591a941-XXX&enrichSource=Y292ZXJQYWdlOzI3MzA4NTI0NDtBUzoyMDMyMjE5MTkzNzUzNjdAMTQyNTQ2MzI4OTU1MA%3D%3D&el=1_x_10&_esc=publicationCoverPdf


© by PSP Volume 24 – No 3. 2015   Fresenius Environmental Bulletin    

796 

 

EVALUATION OF IN VITRO GENOTOXIC EFFECTS OF  

BENFURACARB IN HUMAN PERIPHERAL BLOOD LYMPHOCYTES 
 
Sevim Feyza Erdoğmuş1,*, Yasin Eren2, Dilek Akyıl3, Arzu Özkara3, Muhsin Konuk4 and Esra Sağlam4 

1Department of Laboratory and Veterinary Health, Technical Vocational School of  
Higher Education of Bayat, Afyon Kocatepe University, 03780, Afyonkarahisar, Turkey 

2 Faculty of Education, Education of Science, Süleyman Demirel University, 32260, Isparta, Turkey 
3 Department of Molecular Biology and Genetics, Faculty of Science and Literature, Afyon Kocatepe University, 03200, Afyonkarahisar, Turkey 

4 Department of Molecular Biology and Genetics, Faculty of Engineering and Natural Sciences, Uskudar University, 34662 Istanbul, Turkey 
5 Department of Pharmacology and Clinical Pharmacology, Uskudar University, 34662, Istanbul, Turkey 

 
 
 
 

ABSTRACT  

In this study, the possible genotoxic potential of ben-
furacarb, one of the widely used carbamate insecticides in 
agriculture, was evaluated by performing the micronucleus 
assay in human peripheral blood lymphocyte cultures. It was 
determined that CBPI (%) (cytokinesis-block proliferation 
index) was reduced at all concentrations of benfuracarb in 
both 24- and 48-h treatment periods. CBPI rate (%) was 
revealed to be statistically significant for both control and 
negative control groups at 500, 750, and 1000 µg/ml con-
centrations of 24-h treatment period as well as 750 and 
1000 µg/ml concentrations of 48-h treatment period. This 
reduction in the CBPI (%) indicates that benfuracarb can 
be regarded to be cytotoxic on human cells in vitro, and 
requires further in vivo studies to clarify the actual geno-
toxicity of this compound. 
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1. INTRODUCTION 

In recent years, people have been exposed to many 
type of chemicals, with broad spectrum due to the rapidly 
evolving technology. Technology has brought us clear con-
veniences, and thousands of chemical substances produced 
in different areas take place on the market every year. One 
of these chemical substance group is that of pesticides. Pes-
ticides are widely used in agriculture in order to improve 
efficiency and quality of products, and store them. Their 
application is still the most effective and accepted means 
for the protection of plants from pests [1]. 

Benfuracarb belongs to the benzofuranyl methylcarba-
mate insecticide group of pesticides, and is widely used in 
agriculture. N-methylcarbamate insecticides are structur-
ally derived from carbofuran, a substance that was put on 
the market in the late 1960s and extensively used in agri-
culture since then [2]. 
 
* Corresponding author 

Pesticides worry people because of their extensive use, 
adversely affect the environment, cause pesticide resistance, 
bringing about cancer and a variety of diseases on living 
organisms [3-5]. 

Scientists have used a variety of methods to identify 
genotoxicity of chemicals until today [6-8]. Micronucleus 
(MN) assay is widely used among genotoxicity testing sys-
tems because of easy to perform by comparison analysis of 
chromosomes, providing advantage of obtaining statisti-
cally meaningful results, and counting further number of 
cells in genotoxic damage detection. Micronuclei formations 
are arising during mitosis and not integrating in the main 
nucleus. They may arise from a whole lagging chromo-
some or an acentric chromosome fragment. An increase in 
MN cells is regarded as indirect indicator of numerical and 
structural chromosome disorders, formed by chemicals in 
cells [9-11]. MN assay is an effective method in identifying 
cytogenetic abnormalities because of its widespread ap-
plicability under in vitro conditions and easiness in count-
ing [12-15]. Many studies have demonstrated the efficiency 
of MN assay on detecting DNA damage, caused by pesti-
cides [16-18]. 

In this study, we aimed to determine the possible gen-
otoxic effect of benfuracarb in human peripheral lympho-
cytes by using MN assays. This study is the first to our 
knowledge using the micronucleus assay to examine the 
effects of benfuracarb in human lymphocytes in vitro. 

 
 

2. MATERIALS AND METHODS 

2.1 Chemicals  

Benfuracarb (Cas No. 82560-54-1) was obtained from 
Sigma-Aldrich, USA and dissolved in DMSO. Chromo-
some Medium B (Biochrom Cas No. F5023) and mitomi-
cyn C (MMC), the chemical mutagen selected for positive 
control because of its clear response in the micronucleus 
assay, were obtained also from Sigma–Aldrich, USA.  
 
2.2 Lymphocyte culture  

The Ethic Committee of the Uskudar University ap-
proved this study. Blood samples were collected from four 
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healthy volunteers: 2 females and 2 males aged 24-30 years 
old, respectively, with no smoking history. Previous to the 
analysis, all blood donors gave informed consent, and blood 
samples were collected and further manipulated in accord-
ance with ethical standards. Lymphocyte cultures from sam-
ples collected were set up adding 0.2 ml of whole blood to 
2.5 ml of chromosome medium B [19].  

 
2.3 Cytokinesis-block micronucleus assay 

For in vitro micronucleus assay, modifying of the 
method developed by Rothfus et al. [20] was used; 6 drops 
(0.2 ml) of 1/10 heparinized blood samples obtained from 
two male and two female volunteers was added to the chro-
mosome media under sterile conditions [19]. Cell cultures 
were incubated in incubators at 37±1 °C for 68 h. 

In order to examine the effect of benfuracarb, 250, 500, 
700 and 1000 µg/ml concentrations were added to culture 
medium, 20 and 44 h after culture initiation. Besides, each 
experiment also had a solvent control, a negative control 
with added 1% DMSO (dimethyl sulfoxide), and a positive 
control with added MMC (0.20 µg/ml). 44 hours later, after 
the initiation of incubation, 6 µg/ml Cytochalasin B (Cyt 
B) was added to each tube (Cyt B) and, by this way, cyto-
kinesis was prevented in nuclear division. 

At the end of incubation, the culture tubes were centri-
fuged at 2000 rpm for 5 min, the supernatant was discarded 
and, after hypotonic solution (0.4% KCI) was added to the 
tubes containing cells, the tubes were centrifuged directly 
without incubation. Hypotonic solution was added to the 
culture slowly and by pipetting. Culture tubes were centri-
fuged at 1200 rpm 10 min, the supernatant was discarded 
and the first fixative (1:5:6, v/v, of glacial acetic acid: 
methanol:0.9% NaCl) was added and the cells were treated 
with this fixative. After treating with the first fixative at 
room temperature, glacial acetic acid:methanol (1:5, v/v) 
was added twice to the tubes which were centrifuged at 
1200 rpm for 10 min and held at room temperature for 10 
min after the second fixative treatment. In third fixative 
treatment, tubes were centrifuged immediately. After cen-
trifugation, the supernatant was discarded and the cells ac-
cumulating at the bottom of the culture tubes were re-sus-
pended. Then, microscope slides were prepared by drop-
ping cell suspension on cold and clean microscope slides.  

A day later, the preparates were stained with 5% Giemsa 
prepared in Sorensen buffer for 18 min, rinsed in distilled 
water and left to dry. After drying process, slides were cov-
ered with Entellan (Merck, Germany) and made available 
for examination. Permanent slides were examined under a 
light microscope with magnification of 10×40 = 400. 

 
2.4 Microscope analysis 

For calculating the MN frequencies, in permanent 
slides which belong to each donor, 2000 cells having two 
nuclei (binuclear) for each donor's experimental group and 
their controls were examined, and cells with micronuclei 
were identified within these binuclear cells. Proportion of 
cells with 1-4 nuclei was determined. Cytokinesis-block pro-
liferation index (CBPI) ratio was calculated according to 

Surralles et al. [21]. The criteria proposed by Titenko-Hol-
land et al. [22] and Fenech [14] were followed to determine 
the frequency of binucleated cells with micronuclei (BNMN). 

The frequency of BNMN is a parameter measuring the 
genotoxicity of the tested compound. Since the BNMN is 
more biologically relevant, (in terms of genotoxic potency), 
the statistical analysis has been carried out using this bio-
marker of genotoxicity. In addition, the CBPI is used as a 
measure of the cytotoxic or cytostatic potential of the tested 
chemical [14, 21]. 

 
2.5 Statistical analysis 

Comparison of mean values of the percentages of cells 
with BNMN and the CBPI, at different exposure condi-
tions, and their controls was done by use of the student-t 
test. Statistical calculations were carried out with the SPSS 
software package program. In statistical analysis, p<0.05 
was accepted statistically to be significant.  

 
 
3. RESULTS  

In order to determine the potential genotoxic effect of 
benfuracarb, four different concentrations (250, 500, 700 
and 1000 µg/ml) were applied to cultures of human periph-
eral lymphocytes in vitro at different treatment times (24 
and 48 h). Two thousand cells (8000 cells in total for 4 peo-
ple) having 1, 2 nuclei and multinuclei, were counted for 
the determination of CBPI. In MN assay method, genotox-
icity was evaluated by analyzing BNMN ratio (%). For each 
concentration and treatment time, 2000 cells with 2 nuclei 
were counted and compared with negative control. Values 
of BNMN (%) and CBPI (%) under different treatment peri-
ods and different doses of benfuracarb are shown in Table 1. 

 
TABLE 1 - Values of BNMN and CBPI (%) in both different treat-
ment periods and doses of benfuracarb.  

Dose 
(μg/ml) 

CBPI(%) ± SE  BNMN (%) ± SE  

Treatment periods Treatment periods 

24 h 48 h 24 h 48 h 

Control 1.50±0,04 1.50±0,05 0.11±0,01 0.22±0,02 

DMSO 1.50±0,08 1.49±0,04 0.54±0,21 0.29±0,02 

MMC 1.25±0,04* 1.15±0,06* 12.72±2,44* 18.24±4,55* 

250 1.44±0,04 1.42±0,05 0.69±0,10 0.57±0,05 

500 1.36±0,05* 1.38±0,05 0.70±0,05 0.61±0,01 

750 1.29±0,04* 1.36±0,06* 0.90±0,24 0.65±0,01 

1000 1.27±0,04* 1.33±0,04* 0.91±0,26 0.82±0,14 
* Difference of means is significant at the p<0.05  level ( student-t test); 
SD: Standard Deviation 

 
According to final data, an increase was revealed for 

all concentrations in 24- and 48-h treatment periods in a 
dose-dependent manner. None of the applied concentrations 
of both treatment periods were statistically significant from 
negative control group. However, the positive control values 
were statistically significant in both treatment periods. 

In MN test method, all benfuracarb concentrations ap-
plied in both treatment periods reduced CBPI (%). For 500, 
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750 and 1000 µg/ml concentrations of 24-h treatment pe-
riod, CBPI ratio (%) was observed to be statistically signif-
icant for both control and negative control. But in 48-h treat-
ment period, 750 and 1000 µg/ml concentrations were re-
vealed to be significant for both controls. The positive con-
trol values were revealed as statistically significant in both 
treatment periods. 

 
 

4. DISCUSSION 

Due to the fact that pesticides are manufactured nu-
merously in various types and widely used, research for 
their mechanism of impact is necessary. As a result, there 
are many different tests for determining this mechanism. 
Therefore, in order to investigate genotoxicity of chemi-
cals, various cytogenetic test systems are applied. MN test 
is a quite reliable and accurate test used in different cell 
types and easily scored. MN assay is one of the widely pre-
ferred standard genotoxicity assays used for assessing clas-
togenic-induced chromosomal damages [13, 18, 23, 24]. In 
many studies, MN formation was reported after exposure 
to various pesticides [25, 26]. 

Micronuclei (MN) are defined as formations, not inte-
grating in the main nucleus, arising during mitosis. They 
may arise from a whole lagging chromosome or an acentric 
chromosome fragment. These formations generally arise 
from deficiencies in genes controlling the cell cycle, defects 
in mitotic spindle, kinetochore or other fragments of mi-
totic apparatus, and chromosomal defection. An increase 
of MN number is considered as an indirect indicator of nu-
merical and structural chromosomal disorders formed by 
various substances in cells [11]. 

Substances stimulating the aneuploidy, generate cen-
tromere (center portion of a chromosome) division defects 
and dysfunctions in spindle fibers. Clastogens create chro-
mosome breakage and they lead to MN formation [24]. 

Therefore, MN assay is the only biomarker which is per-
mitting evaluation of clastogenic and aneugenic effects to-
gether [25, 27]. 

In this study, we chose the MN approach to evaluate 
the potential risk for chromosome damage in cultured hu-
man lymphocytes exposed to different concentrations of 
benfuracarb. 

According to our test results, although an increase was 
observed in BNMN (%) in a dose- and treatment time-de-
pendent manner, no statistically significant increase was 
observed. However, we realized that all benfuracarb con-
centrations applied in both 24- and 48-h treatment periods 
reduced CBPI (%). CBPI ratio (%) was observed to be sta-
tistically significant for both control and negative control in 
500, 750 and 1000 µg/ml concentrations of 24-h treatment 
period. But in 48-h treatment period, 750 and 1000 µg/ml 
concentrations were revealed as significant for both con-
trols. Consequently, decrease of CBPI rate (%) in these 
concentrations showed that benfuracarb has a potential to 
reduce velocity of nuclear divisions progress in human 
lymphocytes.  

Similarly, Yüzbaşıoğlu et al. [28] determined the gen-
otoxicity of Afugan, a cholinesterase enzyme inhibitor that 
belongs to the organophosphate fungicides, in human pe-
ripheral lymphocytes by using the MN assay. In that study, 
2.5, 10 and 20 µg/ml concentrations were applied to lym-
phocytes during 24 and 48 h of treatment, and the authors 
observed that MN frequency increased significantly at all 
doses. 

In another study, Stehrer-Schmid and Wolf [2] evalu-
ated cytogenetic activity of carbosulfan, furathiocarb and 
benfuracarb in mice bone marrow in vivo. These three sub-
stances led to a positive micronucleus response in poly-
chromatic erythrocytes of the bone marrow, at different 
treatment periods and concentrationws, similarly to our 
work. After treating with furathiocarb and carbosulfan, the 
highest micronucleus formation values were determined 
during 72-h treatment period, whereas the highest values 
were determined during the 24-h treatment period for ben-
furacarb. 

Ennaceur et al. [29] investigated the potential geno-
toxic effects of 1-dichloro-2,2-bis (p-chlorophenyl) eth-
ylene (DDE), dichlorobiphenyltrichloroethane (DDT) and 
hexachlorobenzene (HCB), organochlorine pesticides, in 
human peripheral lymphocytes by applying MN assay. 
They showed that the DDT metabolite DDE was able to 
induce significant increases in the frequency of micronu-
cleated cells, which indicates a certain clastogenic and/or 
aneugenic potential. 

In another study, Panneerselvam et al. [30] evaluated 
genotoxicity of fluchloralin herbicide, by using chromo-
some aberrations and micronucleus assay system in human 
peripheral lymphocytes. In their experiment, they applied 
different doses and treatment periods (24 and 48 h). At high 
concentrations (20, 40, 50 µg/ml), a significant increase 
was observed in the formation of MN in dose-dependent 
manner. 

 
 

5. CONCLUSIONS 

In this study, a significant reduction of the CBPI (%) 
value was observed in cultures treated with benfuracarb. 
This result indicated that benfuracarb seems to produce ef-
fects on the proliferation/mitotic index when its concentra-
tion is 500 µg/ml and above. 

It was concluded that benfuracarb can be regarded to 
be cytotoxic on human cells in vitro and requires further in 
vivo studies to clarify the actual genotoxicity of this com-
pound and the consequent risks for human health. 

 

The authors have declared no conflict of interest. 
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