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ABSTRACT 
 

The aim of this work was to assess the damage of DNA in human blood cell and sperm in vitro under the influence 

of furan. These cells were administered 0-600 μM of furan at 37 and 32
o
C for 30 and 60 min, respectively. A 

significant increase in tail DNA%, tail length and moment indicating DNA damage was observed at increasing 

doses when compared to the controls. The treatment with 300 and 600 μM of furan showed a maximum increase of 

86.74 ± 2.43 and 93.29 ± 8.68 compared to the control tail DNA% in lymphocytes. However, only 600 μM of furan 

showed a maximum increase of 94.71 ± 6.24 compared to the control tail DNA% in sperm. The results suggested 

that furan caused DNA damage in lymphocytes at increasing doses, but appeared to have not the same effect on 

human sperm at the low doses. Genotoxic activity had an impact on the risk assessment of furan formed on the food 

for human cells. Therefore, it would be important to further investigate these properties of furan as the food 

mutagen. 
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INTRODUCTION 
 

Furan (C4H4O) is the main compound of many 

chemicals used in several industrial sectors. This is 

a volatile, colorless liquid with a low boiling point 

(Maga, 1979; NTP, 1993). Furan and its 

derivatives occur naturally in many kinds of foods 

that undergo heat treatment such as canned and 

jarred foods, including baby foods and infant 

formula, and beverages such as coffee at the 

highest level (US Food and Drug Administration, 

2004). Furan is formed by different routes: thermal 

degradation of carbohydrates only, or with some 

amino acids (this reaction is called, the Maillard 

reaction), thermal degradation of certain amino 

acids, or ascorbic acid and related compounds, and 

thermal degradation of polyunsaturated fatty acids 

and carotenoids (Becalski and Seaman, 2005; 

Yaylayan, 2006). It has been reported that ascorbic 

acid has the highest potential for furan production 

(Locas and Yaylayan, 2004; Fan, 2005, 

Karacaoglu et al. 2012).  

The International Agency for Research on Cancer 

(IARC) has classified furan as a possible human 

carcinogen (Group 2B) (IARC, 1995a). Furan has 

also been known as hepatoxic and carcinogenic in 

the rats and mice by the National Toxicology 

Program (NTP) (NTP, 1993). Liver DNA damage 

was detected by comet in mice given a single dose 

of 250 mg/kg furan (Cordelli et al. 2010) and the 

30 mg/kg dose was clearly detected toxic in the 

liver comet assay (Mc Daniel et al. 2012). There is 

evidence, however, that furan may damage liver 
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DNA indirectly through the generation of reactive 

oxygen species (Hickling et al. 2010).  

Many chemical and physical agents found in the 

work-place and environment could be considered 

as reproductive toxins (Babazadeh et al. 2010). 

Furan treatment also induced toxicity to the 

reproductive system of male rats from weaning 

through postpuberty (Karacaoglu and Selmanoglu 

2010). 

The DNA is the critical target for lethal, 

carcinogenic, teratogenic and mutagenic effects of 

ionizing radiation and other environmental 

mutagens. There has always been a need to 

develop fast and sensitive methods for monitoring 

DNA damage, particularly in mammalian systems. 

Over the years, a number of biochemical methods 

based on alkaline sucrose gradients (Lett, 1970), 

alkaline elution (Kohn 1976), alkaline unwinding 

(Rydberg, 1980), alkaline gel electrophoresis 

(Freeman 1986), and the single-cell gel 

electrophoresis (SCGE) (Singh et al. 1988) have 

been developed for monitoring the DNA single 

strand breaks (Chaubey et al. 2001). Single cell gel 

electrophoresis (SCGE) assay, or comet test is a 

very simple, rapid, and sensitive technique for 

measuring the DNA damage (Singh et al. 1988; 

Fairbairn et al. 1995; Demir et al. 2011; Demir 

2012; Demir and Kaya 2013; Demir et al. 2014). 

In this method, a small number of cells suspended 

in a thin agarose gel on a microscope slide are 

lysed, electrophoresed and stained with a 

fluorescent DNA finding dye. The technique is 

based on the fact that broken DNA migrates more 

easily in an electric field than the intact molecules. 

When the slide is visualized with a fluorescence 

microscope, the observed objects resemble comets 

with a head region containing undamaged DNA 

and a tail containing the broken DNA. The amount 

of DNA is able to migrate and the distance of 

migration indicate the number of strand breaks 

present in that cell. Greater migration of the 

chromosomal DNA from the nucleus is an 

indication of higher level of DNA damage (Singh 

et al. 1988; Rahman et al. 2002). 

Comet assay is a genotoxicity testing method 

widely applied, both in vivo and in vitro, to 

different organs and tissues. This method can be 

applied to non-proliferating cells and for this 

reason, it is one of the few cytogenetic assays 

applicable to detect DNA damage induced in vitro 

on mature spermatozoa (Villani et al. 2010). 

Mutagens such as diethylsulfate, mitomycin C, 

bleomycin and colchicine have been tested on the 

treating mammalian sperm with comet assay in 

vitro (Villani et al. 2010). The effects of 

antioxidants and various other modifying agents 

on oxygen-radical-generated DNA damage in 

human lymphocytes have been investigated using 

the comet assay by Anderson et al. (1994). In other 

study, benzene and five of its known 

metabolites—muconic acid, hydroquinone, 

catechol, p-benzoquinone, and benzentriol—were 

examined for DNA damage in human lymphocytes 

using the alkaline comet assay (Anderson et al. 

1995). Because of the limitations of in vitro assays 

for assessing the genotoxicity of furan, 

information about the genotoxicity of furan in the 

sperm and lymphocytes might not be  enough. 

Thus, in the present investigation, experiments 

were conducted in human blood cell and sperm in 

vitro to determine the dose response for DNA 

damage by furan using the comet assay. 
 

 

MATERIAL AND METHODS 
 

Chemicals 

Furan (CAS no. 110-00-9) (99% pure) was 

obtained from Sigma-Aldrich Chemical Co. and 

mixed with Mazola corn oil. RPMI 1640 was 

bought from Sigma–Aldrich, Germany. Proteinase 

K was obtained Roche Diagnostics, Germany. All 

other reagents and chemicals used were of 

analytical grade.  
 

Blood and sperm samples 

Heparinised blood samples (10 mL) were obtained 

by venepuncture from a healthy a 25-year-old 

male donor. Lymphocytes were isolated from the 

whole blood [using lymphoprep (Axis Sheild, Oslo 

Norway)] and aliquots were stored in liquid 

nitrogen. The cells were treated for 30 min with 

the different doses of furan and re-suspended in 

RPMI-1640 for analysis (2 × 10
5
 cells/mL) 

(Anderson et al. 1994; 2003). Treated cells were 

suspended in low melting point agarose (0.65%), 

and 75 μL of suspension was quickly layered over 

the slides, which were precoated with normal 

melting point agarose (0.65%), then immediately 

covered with a cover slip and the slides were 

placed on 4 
o
C for 15 min. After solidification, the 

coverslip was gently removed and immersed in 

cold lysing solution (2.5 M NaCl, 100 mM EDTA, 

10 mM Tris pH = 10 in which 10%  DMSO and 

1% Triton X-100 were added) at 4 
o
C for 1 h 

(Pandir 2015). 

http://www.sciencedirect.com/science/article/pii/002751079490300X
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Semen was obtained from a 34-year-old male 

according to WHO criteria (WHO 2000): sperm 

number: 64 × 10
6
 mL; motility: 72%; sperm 

morphology: abnormal forms: 25%. Aliquots (10 

μl sperm from aliquots frozen at −80 
◦
C) were 

made up to 1.0 mL RPMI 1640 medium in an 

Eppendorf tube and incubated at 37 
◦
C for 1h 

(Anderson et al. 1997a, b). The procedure was 

then carried out as for the lymphocytes; however, 

just before the slides were placed in lysis solution, 

0.05 mg/mL proteinase K was added to the lysis 

solution and the slides were placed at 37 
◦
C 

overnight (Anderson et al. 2003). 

The cells were checked for their viability before 

the start and after the completion of the 

experiment using trypan blue dye (Pool-Zobel et 

al. 1992). Preparation of the slides for the comet 

assay and subsequent electrophoresis, and staining 

were carried as previously described (Anderson et 

al., 1994) for the lymphocytes and the sperm 

(WHO 2000; Anderson et al. 1997a,b), using a 

modification of the methods of Singh et al. 1988, 

1989. All the data were analyzed using BS 200 

ProP with software image analysis (BS 200 ProP, 

BAB Imaging System, Ankara, Turkey). The DNA 

comets were evaluated by measuring the tail 

length, tail moment and tail DNA% of 50 comets. 

All the experiments were performed at least three 

times, each with two parallel slides per data point. 

A higher percentage tail DNA% and tail lenght 

indicated a higher level of DNA damage 

(Behravan et al. 2011).  
 

Statistics Analysis 

Differences between the groups were evaluated by 

 

one-way analysis of variance (ANOVA), followed 

by the Tukey test. Values were expressed as mean 

± standard error of the mean (SEM). Statistical 

significance was accepted at the p < 0.05 level. 
 

 

RESULTS  
 

The results of DNA damage of lymphocytes and 

sperm obtained after the treatment by furan are 

summarized in Figures 1-5 and and Table 1.  

There were no differences in DNA damage 

between the cell of lymphocytes that were treated 

with 100 μM furan as compared with the un-

treated control cells. DNA strand breaks showed 

clear dose response between the DNA damage and 

different doses of furan (300 and 600 μM). The tail 

DNA% and tail length induced by the increasing 

doses of furan were significantly (p < 0.05) higher 

than that of the controls. The treatment with 300 

and 600 μM of furan showed a maximum increase 

of 86.74 ± 2.43 and 93.29 ± 8.68 compared to 

control tail DNA% (Figs. 1A-1D, Table 1).  

Sperm treated with furan only 600 μM 

concentration exhibited more DNA damage 

compared to the un-treated sperm (Figs. 2A-2D). 

The tail DNA% and values ranged from 66.00 ± 

5.99 to 94.71± 6.24
 
 in the sperm (Table 1, Fig. 3), 

whereas mean tail length values ranged from 6.31± 

1.68 to 75.73 ± 27.46 (Table 1, Fig. 4). Doses of 

100 and 300 μM of furan produced similar result 

as that of control cells in tail DNA% but higher 

increases in the tail DNA% were observed only at 

600 μM for furan. 

 

 

Table 1 - Dose-response of furan in human lymphocytes and sperm showing values of mean tail DNA%, tail length 

and tail moment of comets. Superscript letters indicate significant differences among exposed to different doses of 

furan. Significance at p < 0.05. 

 

Different exposure doses of 

lymphocytes 

Tail DNA% 

Mean±SE 

Tail lenght 

Mean±SE 

Tail moment 

Mean±SE 

Control 72.00 ± 4.33
a
 5.58 ± 1.03

a
 4.04 ± 0.98

a
 

100 μM 68.65 ± 1.63
a
 7.53 ± 0.35

a
 4.42 ± 0.32

a
 

300 μM 86.74 ± 2.43
ab

 20.88 ± 13.05
ab

 17.95 ± 10.80
ab

 

600 μM 93.29 ± 8.68
abc

 61.89 ± 38.10
abc

 59.39 ± 40.92
abc

 

 

Different exposure doses of 

sperm 

Tail DNA% 

Mean±SE 

Tail lenght 

Mean±SE 

Tail moment 

Mean±SE 

Control 54.37 ± 11.65
a
 6.21 ± 2.09

a
 3.50 ± 1.87

a
 

100 μM 66.00 ± 5.99
a
 6.31 ± 1.68

a
 4.23 ± 1.42

b
 

300 μM 69.62 ± 7.09
a
 10.52 ± 1.71

a
 7.35 ± 1.65

c
 

600 μM 94.71 ± 6.24
 abc

 75.73 ± 27.46
abc

 70.87 ± 21.29
abc

 

http://www.sciencedirect.com/science/article/pii/002751079490300X
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Figure 1- Image analysis on different exposure doses of furan treatment groups and control group in 

human lymphocytes (A) Control DNA of lymphocytes (B) 100 μM- (C) 300 μM - (D) 600 

μM-exposure furan in lymphocytes DNA damage. 

 

 
 

Figure 2 - Image analysis on different exposure doses of furan treated group and control group in 

human sperm (A) Control DNA of sperm (B) 100 μM- (C) 300 μM - (D) 600 μM-

exposure furan in sperm DNA damage. 
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Figure 3 - Changes of comet tail DNA% with exposure 

increasing doses of furan in lymphocytes 

and sperm. 

 

 

 
 

Figure 4 - Changes of comet tail length with exposure 

increasing doses of furan in lymphocytes 

and sperm. 

 

 

 
 

Figure 5 - Changes of comet tail moment with 

exposure increasing doses of furan in 

lymphocytes and sperm. 

DISCUSSION 
 

Furan is a small heterocycle that, as a pure 

substance, is a colorless, relatively volatile liquid. 

It is used industrially as a solvent and as an 

intermediate in chemical syntheses with little 

indication of worker exposure (IARC 1995b). It, 

however, is also generated as a combustion 

product released into the air in the gas phase of 

cigarette smoke. More importantly, furan has been 

detected in many common cooked foods, where 

concentrations over 100 ppb have been detected 

(U.S. FDA, 2011a,b; McDaniel et al. 2012). 

Therefore, this study was planned to find the 

genotoxic potential increasing doses (100, 300 and 

600 μM) of furan in human peripheral 

lymphocytes and sperm in vitro since such assays 

have not been carried out previously. 

A number of techniques for detecting the DNA 

damage, other than to those of biological effects 

(e.g., micronuclei, mutations, structural 

chromosomal aberrations) that result from the 

DNA damage, have been used to identify the 

substances with genotoxic activity (Tice et al. 

2000). As a test for  the genotoxicity, the comet 

assay can be used to identify possible human 

mutagens and carcinogens (Anderson et al. 

1998a). Anderson et al. (2003) examined human 

sperm and lymphocytes after the treatment with 

six oestrogenic compounds in the comet assay, 

which measured the DNA damage, and observed 

that all caused damage in both cell types. Free 

radical production at the levels comparable to 

those that may induce capacitation in vivo and can 

also cause DNA damage. Increasing oxidative 

stress by oestrogenic compounds over and above 

the levels of ROS, which may already be present 

in the cells could probably have adverse effects in 

terms of capacitation and defective sperm and 

lymphocyte function (Anderson et al. 2003). In 

another study, a number of analogues of 

cryptolepine were synthesised in an attempt to find 

the compounds that reduced cytotoxicity and these 

were investigated in human sperm and 

lymphocytes using the comet assay (Gopalan et al. 

2011). Anderson et al. (1998b) examined some 

flavonoids in combination with the food mutagens, 

3-amino-1-methyl-5H-pyrido (4,3-b)indole (Trp-

P-2) and 2-amino-3-methylimidazo-(4,5-f) 

quinoline (IQ), in the comet assay in human 

lymphocytes from donor A and human sperm from 

donor B. These compounds showed alone to 

produce positive responses in the comet assay, as 
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the food mutagens. In this study the standard 

alkaline comet assay was used to detect furan-

induced DNA strand breaks in human 

lymphocytes and sperm.  

Clear differences between the treated and non-

treated samples were observed (Table 1). The 

changes of comet tail DNA%, tail length and tail 

moment with applied doses evaluated the results of 

comets by image analysis. Furan increased the 

comet tail DNA%, tail length and tail moment at 

increasing treatment concentrations in a 

concentration-dependent manner compared with 

the control in lymphocytes, but a significant 

increase was observed in these parameters in 

concentration of only highest dose of furan 

treatment in sperm. Results obtained in this and in 

the other studies mentioned above showed that 

furan was DNA damaging chemical. It could lead 

to the formation of DNA single and/or double 

strand breaks as other chemicals. 

Oxidative DNA damage is a biomarker of 

oxidative stress, which is a possible causative 

factor in the production of cancer (Klaunig et al. 

1998). Genotoxicity induced by the oxidative 

stress is produced indirectly, and may not result in 

the same dose responses for genotoxicity, or 

cancer as produced by an agent that interacts 

directly with the DNA (EPA, 2007). Thus, it 

would be important to fully define whether, or not 

any genotoxicity produced by furan was through 

the generation of oxidative DNA damage, or as a 

result of its direct interaction with the DNA (Ding 

et al. 2012). The present study used the in vitro 

comet assay to evaluate the DNA damage, 

including oxidative DNA damage produced by 

increasing doses of furan in human lymphocytes 

and sperm.  

 

 

CONCLUSION 
 

Standard alkaline comet assay was used to detect 

furan-induced DNA strand breaks in these cells. 

Lymphocytes and sperm were metabolically active 

after the treatment with different mutagens and 

sensitive to oxygen radical damage. Furan also 

generated reactive oxygen species in lymphocytes 

and sperm and caused DNA damage directly. 

Thus, furan showed genotoxic potential. These 

findings supported the hypothesis that different 

doses of furan could influence the other living 

cells of human. The results supported further 

investigation on the toxicity induced by furan 

using the comet assay. 
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