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Abstract Bezafibrate (BF) is a peroxisome prolifer-

ator-activated receptor (PPAR) agonist used as a lipid-

lowering agent to treat both the familial or acquired

combined forms of hyperlipidemia. BF is the only

available fibrate drug that acts on all PPAR subtypes of

a, b, and d. Although there are studies that indicate a

genotoxic potential associated with the use of fibrates,

to our knowledge, the genotoxicity of BF in human

peripheral blood lymphocytes has not been studied. In

the present study, the genotoxic potential of BF was

evaluated using chromosome aberration (CA) and

micronucleus (MN) assays in peripheral blood lym-

phocytes of healthy human subjects. In addition, a

high performance liquid chromatography (HPLC)

method was used to identify and quantitate the drug

passage into the cells. Human peripheral blood

lymphocytes were exposed to four different concen-

trations (100, 175, 250 and 325 lg/mL) of BF for 24-

and 48-h treatment periods. As shown by HPLC, in

spite of significant passage of BF into human periph-

eral blood lymphocytes in 24- and 48-h treatment

periods, BF was not found to increase the CA and MN

frequency. On the other hand, exposing cells to BF for

24- and 48-h treatment periods caused significant

concentration-dependent decreases in the mitotic

index (r = -0.995, p\ 0.01 for 24-h; r = -0.992,

p\ 0.01 for 48-h) and nuclear division index

(r = -0.990, p\ 0.01 for 24-h; r = -0.981,

p\ 0.01 for 48-h). Our results suggest that BF has

cytotoxic effect on cultured human peripheral blood

lymphocytes.

Keywords Bezafibrate � Peripheral blood
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Introduction

Fibrates are a class of amphipathic carboxylic acids

used for a variety of metabolic disorders mainly

hypercholesterolemia. Fibrates exert their indirect

metabolic modulating effects by activating peroxi-

some proliferator-activated receptors (PPAR) via a

ligand binding mechanism. Upon activation by

fibrates, PPARs regulate the expression of several

genes functioning in intra- and extracellular lipid

metabolism, most importantly those involved in

peroxisomal beta-oxidation (Schoonjans et al. 1996;

Staels et al. 1998). The hypotriglyceridemic action of
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fibrates is partly mediated by the decrease of hepatic

lipogenesis and by a reduction of the plasma free fatty

acids (Schoonjans et al. 1996; Staels et al. 1998;

Forcheron et al. 2002).

Fibrates have long been attributed as nongenotoxic

carcinogens (Marsman et al. 1988; Rao and Reddy

1996; Gonzalez 1997). Several mechanisms have been

proposed for the carcinogenic effect of fibrates

including the production of reactive oxygen species

(ROS) and subsequent DNA damage, a sustained

increase in cell proliferation via growth stimulation or

inhibition of apoptosis and the Kupffer cells which are

rich in some mitogens and chemotactic factors (Rao

and Reddy 1996; Ashby et al. 1994; Cattley et al.

1998; Lake et al. 2000; Rose et al. 2000).

On the other hand, the small number of genotox-

icity studies on fibrates also indicate that these

compounds exert their genotoxic effects primarily

via the production of ROS in short term genotoxicity

assays (Tawfeeq et al. 2011; Rocco et al. 2012).

Although it was mentioned in those studies that the

DNA damage resulting from the generation of ROS

has an indirect and repairable character by DNA repair

proteins, ROS may also cause persistent DNA damage

depending on the period of exposure as shown earlier

(Rao and Reddy 1996). In addition, fibrates may act

directly via adducts formed on human DNA (Nishi-

mura et al. 2007).

Bezafibrate (BF) (2-(4-{2-[(4-chlorobenzoyl)amino]

ethyl}phenoxy)-2-methylpropanoic acid) (Fig. 1), test

substance of this study, is a widely used hypolipidemic

agent which is known as the only ligand simultaneously

for the three PPAR subtypes of a, b, and d (Honda et al.
2013) with a predominant activity for PPARa (Tanaka

2012). BF is extensively used to treat both the familial or

acquired combined forms of hyperlipidemia; however,

BF treatment in Sprague–Dawley rats has been shown to

induce a slight increase in liver tumor incidence and that

incidence was increased at higher doses (Reddy and

Lalwai 1983). More recently, BF was shown to modulate

theexpressionofproteinsofhumanhepatocyteswhichare

known as being associated with hepatocarcinogenesis,

such as peroxiredoxin-1 and phosphatidylethanolamine-

binding protein 1 (Alvergnas et al. 2011). Moreover, BF

demonstrated genotoxic potential in the SOS chromotest

with E. coli PQ37 and induced a statistically significant

reduction in the integrity of human spermDNAwith high

fragmentation values (Isidori et al. 2007; Rocco et al.

2012).

Alterations in blood lymphocyte chromosomes are

among the most widely used indicators of genotoxic

exposure and a comparison of cancer risk with

chromosome aberration (CA) frequency is possible

because CAs in peripheral blood lymphocytes have

been validated as biomarkers of increased cancer risk

(Bonassi et al. 2008; Carrano and Natarajan 1988).

Both chromatid and chromosome-type CAs are asso-

ciated with cancer risk (Hagmar et al. 1998, 2004).

Furthermore, micronucleus (MN) can be also formed

as a result of chromosome breaks and dysfunction of

mitotic apparatus. Like the CA frequency, epidemio-

logical evidence indicate that MN frequency in

peripheral blood lymphocytes can be used as a

biomarker in the prediction of cancer in a population

of healthy individuals (Bonassi et al. 2011; Fenech

et al. 2011).

In the present study, to examine whether treatment

of human peripheral lymphocytes with BF leads to

DNA damage, we performed CA and MN tests as the

highly sensitive cytogenetic damage markers to detect

DNA damage. Cytotoxicity of BF was evaluated using

the mitotic index (MI) and the nuclear division index

(NDI). We also performed high performance liquid

chromatography (HPLC) to determine and quantitate

the drug passage into the cells.

Materials and methods

Cukurova University Institutional review board was

informed of the protocol to be used with the human

subjects, and approved the protocol for the work

described prior to the performance of the experiments.

In addition, all healthy blood donors gave informed

consent for the participation in this study.Fig. 1 Chemical structure of bezafibrate
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Identification and quantification of the amount

of BF passage into human peripheral lymphocytes

(HPLC techniques)

In each test (both CA andMN assays) we established a

DMSO control group (a control tube without human

peripheral lymphocytes) containing the highest con-

centration of BF (Sigma-Aldrich, St. Louis, MO, USA,

CAS registry number: 41859-67-0) (325 lg/mL in

DMSO). This test tube was incubated together with the

experimental groups (BF-treated human peripheral

lymphocytes) for 48 h at 37 �C. In this DMSO control

group, we calculated the % (percentage) of diminished

BF amount. The diminished BF amount both in

DMSO control tube (without human peripheral lym-

phocytes) and the BF-treated groups (containing

human peripheral lymphocytes) was assessed using

HPLC technique. The difference of diminished BF

amount between the control and the BF-treated groups

(containing human peripheral lymphocytes) gave the

amount of BF passage into human lymphocytes.

The following methodology has been applied to

determine the decrease (passing quantity) of BF in BF-

treated groups containing human peripheral lympho-

cytes: At the end of the culture period (48 h), cells

were centrifuged at 1200 rpm for 15 min, the super-

natant was taken and stored at -20 �C. The BF

amount in supernatants was determined using HPLC

technique.

The extraction, identification and quantification

of BF from the supernatant

The extraction of BF from the supernatant was

performed according to liquid–liquid extraction

method proposed by Anchisi et al. (1998). Follow-

ing extraction, samples were transferred to HPLC

vials and loaded to HPLC instrument (Anchisi et al.

1998). Shimadzu (Istanbul, Turkey; Applied Promi-

nence Sil-20A) HPLC instrument was used for

separation of BF and separations were performed

on an Inertsil ODS-4 column (column size:

2.1 9 50 mm, pore size: 3 lm, C/N: 5020-04012,

S/N: 0AF50056, GL Sciences, Tokyo, Japan). The

injector temperature was 25 �C and 5 min equilib-

rium time was allowed between injections. The

oven temperature and injection volume was set to

25 �C and 20 lL, respectively. The flow rate was

1 mL/min. In this study, phosphate buffer—

methanol (35:65, phosphate buffer 0.01 M, pH

3.5) were used as mobile phase. The UV detection

was made at 230 nm and BF was identified at 1.12

th min (retention time). Using this bioanalytical

method, the quantity of BF in 1 mL medium was

determined. Since the BF amount in the medium

(325 lg/mL) was recorded at the start of the

cultures (both the control and BF-treated human

lymphocyte cultures), the reduction rate (%) of BF

in cultures (with human peripheral lymphocytes)

versus control was calculated using the amounts

that were determined by HPLC technique.

Chromosome aberration assay

The method of Evans (1984) was followed for

preparation of the CA test with minor modifications.

This study was conducted according to the IPCS

guidelines (Albertini et al. 2000). Whole blood

(0.2 mL) from four healthy donors (two male [24

and 25 year-old] and two female [23 and 25 year-old],

nonsmokers) was added to 2.5 mL PB-MAX (supple-

mented with phytohemagglutinin) (GIBCO—Life

Technologies, Carlsbad, CA, USA) chromosome

medium. The kidney bean-derived lectin, phyto-

hemagglutinin (PHA), is a powerful mitogen for

human T-cells (Benn and Delach 2008). 72 h after

the addition of PHA to the culture, about 45% of cells

(T-lymphocytes) are in S phase (Howe et al. 2014).

Thus, the presence of PHA in the chromosome

medium containing whole blood culture, allowed us

to specifically induce human peripheral blood lym-

phocytes for mitotic division and the metaphases we

detected are derived from PHA-induced human

peripheral blood lymphocytes. Therefore, in spite of

the fact that there are many other cell types in the

whole blood culture (red blood cells, granulocytes

[e.g. neutrophils], monocytes etc.), we only induced

T-cells (T-lymphocytes) for further mitotic division in

order to be able to arrest them at metaphase.

The healthy blood donors were not using any

medication or dietary supplements throughout the

study. Cultures were incubated at 37 �C for 72 h. The

cells were treated with 100, 175, 250 and 325 lg/mL

BF dissolved in DMSO, for 24 h (BF was added 48 h

after initiating the culture) and 48 h (BF was added

24 h after initiating the culture), respectively. A

negative control and a positive control (Mitomycin-

C, 0.2 lg/mL, Sigma M-05030 (Sigma, St. Louis,
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MO, USA) were also used. The cells were exposed to

colchicine (0.06 lg/mL, Sigma C9754) 2 h before

harvesting. At the end of the incubation, cells were

centrifuged at 1200 rpm for 15 min. Then, the cells

were treated with 0.4% KCl (37 �C) as the hypotonic
solution and methanol: glacial acetic acid (3:1) as the

fixative (at room temperature 22 ± 1 �C, fixative

treatments were repeated three times). The cells were

centrifuged at 1200 rpm for 15 min after each fixative

treatment. The staining of the air-dried slides was

performed following the standard methods using 5%

Giemsa stain for CA. The percentage of cells showing

structural and/or numerical chromosome alterations

were obtained by calculating the percentage of the

aberrant metaphases from each concentration and

treatment period. The CA was classified according to

the ISCN (International System for Human Cytoge-

netic Nomenclature) (Paz-y-Miño et al. 2002). CAs

were evaluated in 100 well-spread metaphases per

donor (totally 400 metaphases per concentration).

Gaps were not evaluated as CA (Mace et al. 1978).

CAs were classified as structural and numerical

aberrations. Structural CAs consisted of the chromatid

type (breaks and exchanges) and the chromosome type

(breaks, fragments, sister chromatid unions, chromatid

exchanges, ring chromosomes and dicentrics) abnor-

malities, whereas the numerical CAs consisted of

polyploid cells. For the determination of the genotox-

icity, only the structural CAs were taken into consid-

eration. The MI was determined by scoring 3.000 cells

from each donor.

In vitro cytokinesis-block micronucleus assay

For the analysis of MN in binucleated lymphocytes,

0.2 mL of fresh whole blood (1/10 heparinized) was

used to establish the cultures which were incubated for

68 h. The cells were treated with 100, 175, 250 and

325 lg/mL BF for 24- and 48-h treatment periods. To

block cytokinesis, cytochalasin B (Sigma, C6762) was

added at 44 h of the incubation at a final concentration

of 6 lg/mL. After an additional 24-h incubation at

37 �C, cells were initially harvested by centrifugation

at 1200 rpm for 15 min and further processed identi-

cally as described for the preparation of CA slides,

with the exception of a 5 min hypotonic treatment step

at 37 �C. Finally, the slides were stained with 5%

Giemsa (Kirsch-Volders et al. 2003; Rothfuss et al.

2000). In all subjects, 1.000 binucleated lymphocytes

were scored from each donor (4.000 binucleated cells

were scored per concentration). A total of 1.000 cells

(4.000 cells for each treatment concentration) were

scored to calculate the nuclear division index (NDI)

for the cytotoxicity of BF using the formula: NDI =

(M1) ? (2 9 M2) ? (3 9 M3) ? (4 9 M4)/N,where

M1–M4 represent the number of cells with one to four

nuclei and N is the total number of the cells scored

(Fenech 2000).

Statistics

Values of the control, solvent control, positive control

and the exposed groups were expressed as the mean

(±SE) from four separate experiments. The compar-

isons between the control, solvent control, positive

control and the exposed groups were performed using

t test at p B 0.05. Concentration–response relation-

ships were determined from the correlation and

regression coefficients for the percentage of cells with

CA, micronucleated binuclear lymphocytes (BNMN)

as well as for the MI and NDI. Also, the remaining BF

amounts in the supernatants of BF-treated cultures and

DMSO control (Table 4—control tube without human

peripheral blood lymphocytes) were assessed using

HPLC technique. By comparing the final BF amount

between the DMSO control and BF-treated cultures,

the percentage (%) of BF that was passed to cells has

been calculated. Then, the statistical significance

between the % BF in DMSO control and BF-treated

cultures was determined using the t test at p B 0.05.

Results

The genotoxicity-inducing effect of BF in human

peripheral lymphocytes has been studied at 4 different

concentrations (100, 175, 250 and 325 lg/mL) and 2

different periods (24 and 48 h). These concentrations

were selected from range-finding studies which

showed that the viability in the highest concentration

group reduced the mitotic index (MI) approximately

50% of control. The range-finding methodology was

adapted from OECD Guideline 487 in which at least

three analysable test concentrations should be evalu-

ated. However, in order to study the concentration–

response relation in detail, we selected 4 closely

spaced concentrations of BF to be able to obtain better

concentration–response data.
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Table 1 shows the results of various treatments on

the formation of chromosome aberration (CA) in

human lymphocytes. BF induces CA when tested at

100 and 175 lg/mL in 24-h treatment, and at 100, 175

and 250 lg/mL in 48-h treatment period when com-

pared with the negative control. However, when

compared with the solvent control (DMSO), the

abnormal cell percentage and the number of CA/cell

did not show significant statistical difference in human

lymphocytes treated with BF. Thus, BF does not

induce CA (Fig. 2).

Also, increasing BF concentrations did not cause a

significant increase in the percentage of the binuclear

cells with micronuclei for 24- and 48-h treatment

periods. %MN was also not significantly increased

when compared with both the negative and the solvent

controls in cells treated with BF for 24- and 48-h

treatment periods (Table 2).

The effects of various treatments of BF on cell-

cycling kinetics in human peripheral lymphocytes

have been assessed by using the MI and nuclear

division index (NDI). While the MI is used to quantify

the effect of BF on mitotic division, the NDI shows the

effect of BF on nuclear division. In the present study,

BF significantly reduced the MI at the two lowest

concentrations when compared to the negative control

in 24-h treatment, however, 24-h treatment with BF

did not lead to a marked decrease in the MI when

compared with the solvent control. In 48-h treated

cultures, BF significantly reduced the MI at all

concentrations up to 325 lg/mL when compared to

the negative control; however, this decrease is statis-

tically significant only at the two highest concentra-

tions (250 and 325 lg/mL) when compared to the

solvent control (Table 3). Moreover, BF, in both 24-

and 48-h treatments, caused a concentration-depen-

dent decrease in the MI (r = -0.995, p\ 0.01 for

24-h; r = -0.992, p\ 0.01 for 48-h). In accordance,

NDI was significantly reduced at the three highest

concentrations in the 24-h treatment and at all

concentrations in the 48-h treatment when compared

with the negative control (Table 3). Also, compared

with the solvent control, various concentrations of BF

treatment in cultured lymphocytes caused a significant

reduction of NDI at the two highest concentrations

(250 and 325 lg/mL) in 24-h treatment and at all

concentrations in 48-h treatment. The reducing effect

of BF on nuclear division of lymphocytes, as revealed

by NDI, was clearly concentration-dependent in both

24- and 48-h treatment periods (r = -0.990, p\ 0.01

Table 1 Effect of bezafibrate (BF) on CA in human peripheral lymphocytes for 24- and 48-h treatment periods

Test

substance

Treatment Structural CA Percentage of cells with aberrations

± SE

CA/cell ± SE

Time

(h)

Conc. (lg/
mL)

Chromatid

type

Chromosome

type

N. Control – – 6 – 3.00 ± 0.40c* 0.03 ± 0.004c*

DMSO 24 25 lL 5 1 4.50 ± 0.64 0.04 ± 0.006

MMC 24 0.20 46 14 25.75 ± 2.02 0.33 ± 0.035

BF 24 100 5 1 4.75 ± 0.47a1c3 0.05 ± 0.004a1c3

BF 24 175 4 – 5.00 ± 0.57a1c3 0.05 ± 0.005a1c3

BF 24 250 7 – 4.25 ± 0.94c3 0.04 ± 0.009c3

BF 24 325 5 – 4.75 ± 0.62c3 0.04 ± 0.006c3

DMSO 48 25 lL 6 3 4.75 ± 0.47 0.05 ± 0.004

MMC 48 0.20 66 29 35.50 ± 1.76 0.44 ± 0.019

BF 48 100 7 – 4.75 ± 0.25a2c3 0.04 ± 0.002a2c3

BF 48 175 5 1 4.75 ± 0.25a2c3 0.04 ± 0.002a2c3

BF 48 250 5 1 5.00 ± 0.40a1c3 0.05 ± 0.004a1c3

BF 48 325 8 – 4.50 ± 0.50c3 0.04 ± 0.007c3

Data are expressed as the mean values (±SE) obtained from four donors; n = 4

a Significantly different from negative control, b significantly different from solvent control, c significantly different from positive

control, c* Positive control significantly different from negative control for 48-h

a1b1c1 p\ 0.05; a2b2c2 p\ 0.01; a3b3c3 p\ 0.001
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Fig. 2 Chromosome aberrations and micronucleated binuclear

human peripheral blood lymphocytes treated with BF for 24 and

48 h. a chromatid (B0) break (325 lg/ml BF, 48-h treatment, $)

b chromosome (B00) break (250 lg/ml BF, 48-h treatment, $)

c sister chromatid union (325 lg/ml BF, 24-h treatment, $)

d binuclear cell with 1 micronucleus (100 lg/ml BF, 24-h

treatment,#) e binuclear cell with 2micronuclei (175 lg/ml BF,

48-h treatment, $)
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for 24-h; r = -0.981, p\ 0.01 for 48-h). Taking the

MI and NDI into account together, BF particularly

showed cytotoxic effect in 48-h treatment.

To determine the passing amount of BF into human

lymphocytes the supernatant taken from centrifuged

tubes at the end of both treatment periods (24- and

48-h) was further analyzed using HPLC. The quanti-

fied amount of BF that has passed into the cells is

presented in Table 4. The results clearly show that the

percentage BF passage into cells has statistical

significance in cultures that were prepared for both

the CA and MN tests when compared to DMSO

control (Table 4).

Discussion

In this study, we evaluated the genotoxic potential of

BF using CA and MN tests. To the best of our

knowledge, this is the first study to evaluate the in vitro

genotoxic effects of BF in cultured human peripheral

lymphocytes. We used theMI and NDI as indicators of

cytotoxicity to determine the effects of BF on

lymphocyte cell division. Moreover, a quantitative

approach using HPLC was undertaken to quantify the

amount of BF passage to human peripheral

lymphocytes.

Our results showed that BF was unable to induce

CA and MN in human peripheral lymphocytes.

However, Isidori et al. (2007) reported that BF and

its photoproduct 2B induced a significant SOS

response in E. coli PQ37 at concentrations between

0.625–5 mg/L. In the same study, structurally dissim-

ilar fibrates, fenofibrate and gemfibrozil, have been

also reported to induce a significant SOS response and

to exert a high mutagenic effect in TA98 and TA100

strains of S. typhimurium. However, although BF does

not induce CA and MN formation in our study, BF

should not be considered a nongenotoxic drug. The

mechanism leading to both frameshift mutations and

SOS response in bacteria requires DNA strand breaks,

which is the common mutation that may also cause

CA.

Moreover, BF (57 ng/L), gemfibrozil (380 ng/L)

and the structurally dissimiliar atorvastatin (statin

group, 13 ng/L) have been reported to induce damage

to sperm DNA isolated from human samples in the

comet, diffusion and tunnel assays and in the RAPD–

PCR, respectively (Rocco et al. 2012). The reason for

the apparent discordance that BF could not induce CA

Table 2 The percentage of micronucleus (%MN) and micronucleated binuclear cell (%MNBN) in cultured human peripheral

lymphocytes treated with BF for 24 and 48 h

Test substance Treatment MN ± SE (%) Percentage of micronucleated binuclear cell ± SE

Time (h) Concentration (lg/mL)

N. Control – – 0.12 ± 0.62c3* 0.12 ± 0.62c3*

DMSO 24 25 lL 0.12 ± 0.75 0.12 ± 0.75

MMC 24 0.20 1.67 ± 0.85 1.82 ± 0.47

BF 24 100 0.12 ± 0.25c3 0.12 ± 0.25c3

BF 24 175 0.07 ± 0.75c3 0.07 ± 0.75c3

BF 24 250 0.15 ± 0.28c3 0.15 ± 0.28c3

BF 24 325 0.17 ± 0.75c3 0.17 ± 0.75c3

DMSO 48 25 lL 0.27 ± 0.62 0.30 ± 0.70

MMC 48 0.20 5.27 ± 2.25 5.90 ± 1.58

BF 48 100 0.12 ± 0.47c3 0.12 ± 0.47b1c3

BF 48 175 0.25 ± 0.64c3 0.25 ± 0.64c3

BF 48 250 0.15 ± 0.28b1c3 0.15 ± 0.28b1c3

BF 48 325 0.12 ± 0.47c3 0.12 ± 0.47b1c3

Data are expressed as the mean values (±SE) obtained from four donors; n = 4

a Significantly different from negative control, b significantly different from solvent control, c significantly different from positive

control, c* Positive control significantly different from negative control for 48-h

a1b1c1 p\ 0.05; a2b2c2 p\ 0.01; a3b3c3 p\ 0.001

Cytotechnology (2017) 69:579–589 585

123



and MN in our study, but apparently induces DNA

damage in the comet assay (Rocco et al. 2012) is not

clear but negative CA and MN versus positive comet

assay results should be interpreted carefully. If the

comet assay is carried out quickly after the treatment

of cells with the test material, the comet data could be

positive while the primary damage may have been

sufficiently repaired, giving negative results with

Table 3 Nuclear division index (NDI) and mitotic index (MI) in human peripheral blood lymphocytes treated with BF for 24- and

48-h

Test substance Treatment Distribution of nucleus numbers NDI ± SE MI ± SE

Time (h) Conc. (lg/mL) 1 2 3 4

N. Control – – 1705 2065 116 114 1.66 ± 0.009c3* 6.84 ± 0.136c3*

DMSO 24 25 1834 1946 119 101 1.62 ± 0.006 6.45 ± 0.051

MMC 24 0.25 2938 1013 31 18 1.28 ± 0.016 3.12 ± 0.139

BF 24 100 1800 1982 98 120 1.63 ± 0.014c3 6.22 ± 0.161a1c3

BF 24 175 1843 1978 91 88 1.60 ± 0.011a1c3 5.97 ± 0.249a1c3

BF 24 250 1985 1873 72 70 1.56 ± 0.014a2b1c3 5.51 ± 0.486c1

BF 24 325 2144 1712 76 68 1.51 ± 0.026a1b1c2 5.39 ± 0.475c1

DMSO 48 25 1910 1909 93 88 1.59 ± 0.017 5.46 ± 0.109

MMC 48 0.25 3506 465 20 9 1.13 ± 0.018 1.78 ± 0.261

BF 48 100 2064 1798 69 69 1.53 ± 0.012a2b1c3 5.05 ± 0.189a2c3

BF 48 175 2132 1776 50 42 1.50 ± 0.017a2b1c3 4.57 ± 0.310a2c2

BF 48 250 2225 1701 43 31 1.47 ± 0.023a2b1c3 4.34 ± 0.254a2b1c2

BF 48 325 2468 1467 39 26 1.40 ± 0.025a2b2c2 3.87 ± 0.309a2b1c2

Data are expressed as the mean values (±SE) obtained from four donors; n = 4

a Significantly different from negative control, b significantly different from solvent control, c significantly different from positive

control, c* Positive control significantly different from negative control for 48-h

a1b1c1 p\ 0.05; a2b2c2 p\ 0.01; a3b3c3 p\ 0.001

Table 4 Percentage (%) reduction in the amount of BF in cultures established for CA and MN tests (with human peripheral

lymphocytes) versus control (without human peripheral lymphocytes) for 24- and 48 h

Test substance Treatment % Reduction in

CA test ± SE

% Reduction in

MN test ± SE
Time (h) Conc. (lg/mL)

DMSO control 24 325 28.00 ± 0.68 28.00 ± 0.68

BF 24 100 35.14 ± 1.21a2 38.05 ± 1.87a1

BF 24 175 37.32 ± 0.67a3 40.45 ± 0.79a3

BF 24 250 36.12 ± 0.43a3 41.33 ± 1.23a2

BF 24 325 38.45 ± 1.04a2 42.66 ± 2.34a2

DMSO control 48 325 28.00 ± 0.68 28.00 ± 0.68

BF 48 100 38.73 ± 1.82a1 43.40 ± 0.98a3

BF 48 175 40.00 ± 0.93a3 43.21 ± 0.97a3

BF 48 250 42.83 ± 0.72a3 44.11 ± 1.73a2

BF 48 325 44.49 ± 2.97a2 43.76 ± 1.62a2

Data are expressed as the mean values (±SE) obtained from four donors; n = 4

a Significantly different from DMSO control

a1 p\ 0.05; a2 p\ 0.01; a3 p\ 0.001
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respect to CA andMN (Wiedemann and Schutz 2008).

Thus, because the comet assay and the in vitro CA and

MN assays evaluate relatively different aspects of

DNA damage (dependent on the sampling time), it

should not be surprising that such discrepancies exist.

The present study clearly demonstrates a BF-

induced concentration-dependent cytotoxicity in

human peripheral lymphocytes as revealed by signif-

icant decreases in both the MI and NDI. Our results on

the cytotoxicity of BF are in apparent concordance

with the study of Rocco et al. (2012). BF, in the

diffusion assay, clearly induces DNA fragmentation

and apoptosis in human sperm cells even at a very low

concentration (57 ng/L). It was also shown that

clofibrate, a structural analogue of BF, increased the

production of superoxide anion four-fold over the

controls and increased the cytotoxicity of BCNU

(N,N0-bis(2-chloroethyl)-N-nitrosourea) in L1210

cells (Lawson and Gwilt 1993). Clofibrate have also

been reported to increase cellular sensitivity to

adriamycin-treated human (CML) and murine leuke-

mia (P388) cells in vitro (Parekh et al. 1990; Chitnis

et al. 1989). It has been previously proposed that one

of the mechanisms of carcinogenic action of peroxi-

some proliferators occurs due to perturbation of lipid

metabolism and subsequent ROS formation leading to

indirect DNA damage (Rao and Reddy 1996). Inter-

estingly, BF and clofibrate both share a toxicophore

with a chlorine atom at the 4-position of the phenyl

ring which is suspected to be a possible rodent

carcinogen (Benigni and Giuliani 1996). Thus, our

data may suggest that BF induces oxidative stress and

subsequent DNA damage.

In accordance with our findings, BF was shown to

cause obvious concentration-dependent reduction in

cell proliferation and induction of cytotoxicity in

human rhabdomyosarcoma cells by an apoptotic-like

injury through a pathway dependent on PPARa and

repression of phosphorylation of AKT upon DNA

damage (Maiguma et al. 2003; Zhao et al. 2010). It has

been recognized that DNA lesions initiate pathways

responsible for the cell-cycle arrest to repair DNA

damage or, alternatively, DNA lesions can mediate

clearance of affected cells through apoptosis or

senescence (Heijink et al. 2013). Thus, we are of the

opinion that BF-induced unrepaired DNA damage

may have either caused cell-cycle delay or rapidly

directed human lymphocytes to cytotoxic pathways as

detected by significant concentration-dependent

reduction of both the MI and NDI.

Conclusion

BF does not induce chromosome aberrations or

micronuclei, but exerts potent cytotoxic effect in

human peripheral lymphocytes; however, it should

also be mentioned that other genotoxicity test systems

have proven that BF is also capable to induce DNA

damage in bacteria as well as in human sperm (Isidori

et al. 2007; Rocco et al. 2012). Moreover, the use of

hypolipidemic agents in long-term has been associated

with myopathy, myalgia, decline in brain functions,

amnesia (Abd and Jacobson 2011) and anemia (Ariad

and Hechtlinger 1993; Kacirova and Grundmann

2015). Therefore, it is essential that hypolipidemic

drugs should be tested not only for their genotoxic

potential but also for their ability to disturb distinct

cellular processes which lead to cytotoxicity, in order

to provide a deeper understanding of the potential risks

related to exposure.
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