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Abstract A common dietary contaminant, aflatoxin
B1 (AFBI1), has been shown to be a potent mutagen
and carcinogen in humans and many animal species.
Since the eradication of AFB1 contamination in
agricultural products has been rare, the use of natural
or synthetic free radical scavengers could be a
potential chemopreventive strategy. Boron com-
pounds like borax (BX) and boric acid are the major
components of industry and their antioxidant role has
recently been reported. In the present report, we
evaluated the capability of BX to inhibit the rate of
micronucleus (MN) and sister chromatid exchange
(SCE) formations induced by AFBI1. There were
significant increases (P < 0.05) in both SCE and MN
frequencies of cultures treated with AFB1 (3.12 ppm)
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as compared to controls. However, co-application of
BX (1, 2 and 5 ppm) and AFBI1 resulted in decreases
of SCE and MN rates as compared to the group treated
with AFB1 alone. Borax gave 30-50 % protection
against AFB1 induced SCEs and MN:s. In conclusion,
the support of borax was especially useful in aflatoxin-
toxicated blood tissue. Thus, the risk on target tissues
of AFB1 could be reduced and ensured early recovery
from its toxicity.
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Introduction

Aflatoxins are contaminants of improperly stored
foods. They do not only contaminate our food stuffs
but are also found in edible tissues, milk and eggs after
consumption of contaminated feed by farm animals
(Bennett and Klich 2003). Among various aflatoxins,
aflatoxin B1 (AFB1) is the most potent carcinogen
ever tested (Umarani et al. 2008). AFBI1 is produced
by some strains of Aspergillus and ingestion of
aflatoxin-contaminated food and feed is known to
cause hepatotoxicity, teratogenicity, immunotoxicity
and even death in farm animals and humans (Guindon
et al. 2007). The mechanism of cellular damage caused
by AFB1 has not been fully elucidated but reactive
oxygen species (ROS) and lipid peroxidation (LPO)
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have been considered to be main mechanisms in the
toxicity of AFBI1 (Rastogi et al. 2001; Shon et al.
2004). Finally, AFB1 causes micronucleus (MN),
sister chromatid exchanges (SCEs), unscheduled DNA
synthesis, and chromosomal strand breaks as well as
forms adducts in rodent and human cells (Groopman
and Kensler 1999). In 2005, Geyikoglu and Turkez
reported similar findings in human lymphocytes in an
in vitro model for the first time. They have suggested
that the blood is a valuable tissue for monitoring the
genotoxicity of AFB1. On the other hand, boron is a
ubiquitous constituent of man’s external environment
and it is essential for the growth of many plants. Boron
deficiency and supplementation exert measurable
biological effects in human and animal tissues (in
osteoporosis, arthritis, plasma lipid profiles and brain
function) (Devirian and Volpe 2003). Boric acid (BA)
and Borax (BX) are able to strengthen the tissue
antioxidant defenses (Hunt and Idso 1999; Pawa and
Ali 2006). Boron compounds also show no potential
for genotoxicity in cultured mammalian cells (Turkez
et al. 2007, 2010a; Geyikoglu and Turkez 2008;
Turkez 2008).

So far, antioxidants have attracted much interest
with respect to their protective effect against free
radical damage that may be the cause of many diseases
including cancer (Shon et al. 2004). Since the com-
plete avoidance of exposure to AFBI-producing
mould is very difficult, chemoprevention is an attrac-
tive strategy for protecting humans and animals from
the risk of cancer caused by exposure to this myco-
toxin. Thus, this study investigated the efficacy of BX
against AFB1-induced DNA damages. The SCE and
MN tests covering a wide range of induced genetic
damage as primary DNA damage were performed on
peripheral lymphocytes.

Materials and methods
Experimental design

Blood samples were obtained by vein puncture from
three healthy non-smoking donors. AFB1 (C;7H;,0s,
CAS No. 1162-65-8, 98 % purity, Sigma Chemical Co.,
St Louis, MO. USA) (in concentration of 3.12 ppm) and
BX (Na,B407:10H,0, CAS No. 1303-96-4, Eti Mine
Works General Management, Turkey) (in concentra-
tions of 1, 2 and 5 ppm) were dissolved in distilled
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water. These compounds were added to the cultures just
before incubation for cytogenetic analysis. Experiments
conformed to the guidelines of the World Medical
Assembly (Declaration of Helsinki). These investiga-
tions are based on the previous works (Yamashoji and
Isshiki 2001; Geyikoglu and Turkez 2005; Turkez et al.
2007). After supplementation of BX and AFBI, the
blood was incubated for 72 h at 37 °C to adjust body
conditions for testing SCE and MN. Each individual
whole blood culture without BX or AFB1 was studied as
a control group.

Cytogenetic tests

Cultures were set up according to a slight modification
of the protocol described by Evans and O’Riordan
(1975). A 0.5 mL aliquot of heparinized blood
was cultured in 6 mL of culture medium (Chromo-
some Medium B, Biochrom, Berlin, Germany) with
5 pg/mL of phytohemagglutinin (Biochrom). Above-
mentioned doses of tested compounds were added
into the culture tubes. With the aim of providing suc-
cessive visualization of SCEs, 5-bromo-2'-deoxyuri-
dine (Sigma) was added at culture initiation. The
cultures were incubated in complete darkness for 72 h
at 37 °C. Exactly 70 h and 30 min after beginning
the zincubations, demecolcine (N-Diacetyl-N-meth-
ylcolchicine, Sigma) was added to the cultures. After
hypotonic treatment (0.075 M KCl), followed by three
repetitive cycles of fixation in methanol/acetic acid
solution (3:1, v/v), centrifugation, and resuspension,
the cell suspension was dropped onto chilled, grease-
free microscopic slides, air-dried, aged for 3 days, and
then differentially stained for the inspection of the
SCE rate according to fluorescence plus Giemsa
procedure (Perry and Wolff 1974). For each treatment
condition, well-spread twenty five second division
metaphases containing 42—46 chromosomes in each
cell were scored by one observer (F. Geyikoglu), and
the values obtained were calculated as SCEs per cell.

The MN test was performed by adding cytocha-
lasin B (Sigma) after 44 h of culture. At the end of
the 72 h incubation period, the lymphocytes were
fixed with ice-cold methanol/acetic acid (1:1, v/v).
The fixed cells were put directly on slides using a
cytospin, and stained with Giemsa solution. All
slides were coded before scoring. The criteria for
scoring MN were as described by Fenech (1993). At
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least 1,000 binucleated lymphocytes were examined
per concentration for the presence of one, two or
more MN.

Statistical analysis

The experimental data were analyzed using one-way
analysis of variance (ANOVA) and Duncan’s tests to
determine whether any treatment significantly differed
from the controls or each others. Results are presented
as mean £ SD values and the P-levels of 0.05 was
regarded as statistically significant.

Results

Figures 1 and 2 show the results of SCE and MN
analyzed in human peripheral lymphocytes treated
for 72 h with different concentrations of AFBI in
the presence or absence of BX. The SCE and MN
frequencies observed in cultures treated with AFB1
(3.12 ppm) were significantly higher than control
values. However, BX did not lead to genetic
damages at all tested concentrations. Moreover, it
was successful against AFBl-induced genotoxicity
in blood cells. When 3.12 ppm AFB1 was treated
with BX, SCEs/cell and MN/1,000 cell values got
significantly decreased as compared to AFB1 treated
alone. The results also showed that borax did not
completely inhibit induction of SCE and MN
formation by AFBI.

Fig. 1 Sister chromatid 30

Discussion

The results obtained by us indicate a significant
increase in the ratios of the SCEs and MNs by AFB1 in
lymphocytes, which is in accordance with the previous
reports (Groopman and Kensler 1999; Geyikoglu and
Turkez 2005; Turkez and Geyikoglu 2010). The SCEs
are formed by toxic oxygen metabolites in cultured
human leukocytes and other mammalian cells
(Weitberg et al. 1983). AFBI1 toxicity is also related
to LPO and oxidation of DNA in vivo and in vitro
(Shen et al. 1996). So this xenobiotic could contribute
to the modification of the genome leading to carcino-
genesis (Amici et al. 2007). Lipid peroxides enter the
nucleus where they react with Fe™ to generate the
alkoxyl radical which attacks DNA (Fraga and Tappel
1988). Also, intracellular calcium levels increase as a
result of oxidative damage of cell membranes, calcium
then enters the nucleus where it can activate nucleases
which cause DNA strand breaks (McConkey et al.
1989). DNA damages and defective DNA repairs were
reported to cause SCEs (Bozkurt et al. 2003). On the
other hand, MNs are the results of acentric fragments
or lagging chromosomes that fail to incorporate into
either of the daughter nuclei during telophase of
mitotic cells (Albertini et al. 2000). It was established
that BX alone was non-genotoxic. In accordance to
this finding, previous reports indicated that boron
compounds had no mutagenic potential (Turkez et al.
2007, 2010a, b, 2011, 2012; Turkez 2008; Geyikoglu
and Turkez 2008; Turkez and Geyikoglu 2010).

exchange frequencies after
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Fig. 2 The micronucleus 18
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In the current study, red blood cells (RBCs) were
present in the incubation medium. It is known that
glutathione (GSH) is a major component of RBCs that
plays a central role in the antioxidant defenses of cells
(Meister 1983). Moreover, GSH is a cofactor of the
enzyme glutathione peroxidase (GSH-Px) (Leopold
1976). Antioxidant enzymes, such as GSH-Px, have
important roles in scavenging free radicals, and
prevent their interactions with cellular DNA (Fergu-
son et al. 2004). However, depletion of GSH leads to
oxidative stress. The decrease in cellular glutathione
content can affect signaling pathways that participate
in various physiological responses from cell prolifer-
ation to gene expression (Rahman et al. 2002). Thus, it
is possible that AFB 1-induced oxidative stress acted as
an intermediate for the observed genetic damage. On
the contrary, it has been shown that pretreatment with
boron (as borax) could replenish the depleted level of
GSH, with a concomitant decrease in LPO (Pawa and
Ali 2006). This finding corroborates the recently
reported evidence that boron itself is not an antioxi-
dant, but is thought to strengthen the antioxidant
defense system of the tissue (Hunt and Idso 1999).

Our study also revealed that the dramatic reduction
of AFBI-induced SCEs and MN formations were due
to the protective roles of borax. It is known that AFB1
has pro-oxidant effects (Geyikoglu and Turkez 2005;
Adam and Malgorzata 2008; Turkez and Sisman 2007,
Turkez et al. 2010b). Treatment with BX could cause
reductions in the activity levels of some pro-oxidant
enzymes consequently ameliorating the tissue damage
(Pawa and Ali 2006). There is no evidence on
induction of activities of enzymes present in the blood
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by boron compounds in this investigation. However,
this compound could strengthen the antioxidant
defense mechanism against AFB1. All pro-oxidant
factors lead to antioxidant depletion (Hedenborg
1988), thus, chemical-induced genotoxicity occurs,
including oxidation of purine nucleotides of nucleic
acids and that of SH groups of proteins (Hooiveld et al.
1998; Xi et al. 2004). In conclusion, defective DNA
repair and DNA damage form SCEs (Bozkurt et al.
2003). As a matter of fact, Pawa and Ali (20006)
reported that the formation of malondialdehyde
(MDA) was ameliorated by borax in thioacetamide
(a toxic chemical substance) treated rats. They
suggested that the protective effect of boron (as borax)
might also be due to the inhibition of free radical
formation.

The protective effects could be important cyto-
genetic characteristics of borax, yet how these
activities relate to the anti-mutagenic properties of
this agent is difficult to understand. In conclusion,
this study firstly reveals that borax provides an
important protection against AFBI1-induced genetic
damages in blood tissue. In the light of the findings
obtained in the present study, it is suggested that
foods with boron supplements could protect blood
tissue against mycotoxin-induced DNA damage. The
present results also suggest potential new directions
for further study on the biological effects of boron
compounds.
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