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a b s t r a c t

Vanadium has potential medical and pharmacological uses although it may also show genotoxic effects.
Biological effects of boron are defined, but its interaction with vanadium is not known for therapeutic
uses. The objective of present study was especially to determine whether boron compounds (boric acid
and borax) conferred the protection against vanadium(IV) tetraoxide genotoxicity. After the application
of vanadium (5, 10 and 20 mg/l) and boron compounds (5 and 10 mg/l), blood cultures were assessed by
genetic endpoints and total antioxidant capacity (TAC). According to our results, vanadium(IV) tetraoxide
orax
oric acid
enotoxicity
uman lymphocytes
otal antioxidant capacity
anadium

induced a reduction in proliferation index (PI). Besides, the frequencies of sister-chromatid exchanges
(SCEs), micronuclei (MN) rates and chromosomal aberrations (CAs) in peripheral lymphocytes were sig-
nificantly increased by vanadium(IV) tetraoxide (10 and 20 mg/l) compared to controls. On the other
hand, boric acid and borax did not show cytotoxic and genotoxic effects at the concentrations tested.
Moreover, these compounds elevated TAC in erythrocytes. The order of anti-genotoxicity efficacy against
vanadium was boric acid and borax, respectively. In conclusion, boron compounds have been shown to
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. Introduction

Vanadium is a transition metal that is emitted to the atmo-
phere during the combustion of fossil fuels (Aragon et al., 2005).
he main source of vanadium intake for the general population is
ood (Rodriguez-Mercado et al., 2003). Interest in vanadium com-
ounds is because of their toxic effects and uses in some biomedical
reas such as an antineoplastic, cholesterol and glucose level blood,
iuretic, oxygen hemoglobin affinity (Altamirano-Lozano et al.,
998; Sakurai, 2005). Vanadium tetraoxide is an inorganic chemical
pecies in (IV) oxidized form that has been shown to induce toxic
ffects in vitro and in vivo models (Aragon and Altamirano-Lozano,
001; Rodriguez-Mercado et al., 2003). Vanadium caused the liver

njury in cultured hepatocytes (Barreto et al., 2005). Vanadium has

lso the potential to exert tumorigenic/carcinogenic activity (Valko
t al., 2005). It induces gene conversion in yeast. However, the data
n the genotoxic potential of vanadium compounds in bacterial
ystems are inconclusive (Altamirano-Lozano et al., 1998). Like-
ise, the effects on the SCE and CA frequencies of these compounds
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olumu, 25240 Erzurum, Turkey. Tel.: +90 442 231 43 25; fax: +90 442 236 09 48.
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damage in vitro for the first time.
© 2008 Elsevier B.V. All rights reserved.

n human lymphocytes are limited and controversial (Rojas et al.,
996).

Boron is a trace mineral for plants, animals and humans. It also
lays an important role in improving arthritis, plasma lipid pro-
les and brain function (Devirian and Volpe, 2003). Borates (general
erm associated with boron containing minerals) most commonly
riginate in dried salt lakebeds of desert or arid areas. Of all the
orates, borax and boric acid are the only two minerals which are
tilized for commercial applications. These compounds show min-

mal potential for genotoxicity in bacteria and cultured mammalian
ells (Moore and Expert Scientific Committee, 1997).

The tissues retain vanadium mainly as vanadium(IV) (Aragon et
l., 2005). And the blood cells are used to describe the genotoxic
ffects of vanadium tetravalent compounds (Migliore et al., 1993,
995; Rodriguez-Mercado et al., 2003). To be clear in basic toxicity
nformation, it is necessary to carry out more studies in the field
f genetic toxicology with vanadium. Thus, considerable attention
as attracted in recent years the assessment of the genotoxicity of
anadium compounds (Villani et al., 2007). With the present study
as evaluated genotoxic (SCE, CA and MN assays), cytotoxic (PI)
nd biochemical effects (TAC) of vanadium(IV) tetraoxide in human
lood. Besides, efforts have been made to minimize the toxic effect
aused by vanadium compounds (Barreto et al., 2005). Therefore,
his study especially investigated the ability of boron compounds
boric acid and borax) to reduce genotoxicity of vanadium.

http://www.sciencedirect.com/science/journal/13826689
mailto:geyikogluff@yahoo.com
dx.doi.org/10.1016/j.etap.2008.07.002
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. Materials and methods

Human blood was obtained by veinpuncture from four non-smoking donors.
anadium(IV) tetraoxide was purchased from Sigma Chemical Co (USA) and two
oron compounds (boric acid and borax) were purchased from Eti Mine Works Gen-
ral Management (TURKEY). Vanadium(IV) tetraoxide (in concentrations of 5, 10
nd 20 mg/l) and boron compounds (in concentrations of 5 and 10 mg/l) were dis-
olved in water. The compounds were added to the cultures just before incubation for
ytogenetic and biochemical analysis as mentioned below. Experiments conformed
o the guidelines of the World Medical Assembly (Declaration of Helsinki). These
nvestigations stem from the works of Rodriguez-Mercado et al. (2003), Türkez and
eyikoglu (2006) and Türkez et al. (2007).

.1. Cytogenetic analysis

.1.1. SCE assay and proliferation index
Cultures were set up according to a slight modification of the protocol described

y Evans and O’Riordan (1975). A 0.5 ml aliquot of heparinized blood was cul-
ured in 6 ml of culture medium (Chromosome Medium B, Biochrom, Berlin) with
�g/ml of phytohemagglutinin (Biochrom). Above-mentioned doses of vanadium
nd boron compounds were added separately to the culture tubes just before incuba-
ion. In addition, these compounds were also added together to the cultures to test
n antimutagenic activity. On the other hand, the negative control samples were
ncubated without vanadium and boron compounds. And, Mitomycin C (Sigma,

.6 �g/ml) was used as a positive control. With the aim of providing successive
isualization of SCEs, 5-bromo-2′-deoxyuridine (BrdU) (Sigma, 20 �M) was added
fter culture initiation. The blood cultures were incubated in complete darkness
or 72 h at 37 ◦C. Exactly 70 h and 30 min after beginning incubations, demecolcine
N-diacetyl-N-methylcolchicine, Sigma) was added to the medium to achieve a final
oncentration of 0.5 �g/l. After hypotonic treatment (0.075 M KCl), followed by three

e

2

t
l

ig. 1. The frequencies of SCEs in human blood cultures treated with different concentratio
ontrol; control (+) = positive control (Mitomycin C); BA = boric acid; BX = borax; different l
P = 0.05). Values are means ± standard deviation.
y and Pharmacology 26 (2008) 342–347 343

epetitive cycles of fixation in methanol/acetic acid solution (3:1, v/v), centrifuga-
ion, and resuspension, the cell suspension was dropped onto chilled, grease-free

icroscopic slides, air-dried, aged, and then stained for the inspection of SCE rate
ith fluorescence plus Giemsa (FPG). For each treatment condition, well-spread

hirty second-division metaphases containing 42–46 chromosomes in each cell were
cored, and the values obtained were calculated as SCEs per single cell.

In addition to SCEs, cells were analyzed for the relative frequency of first-division
etaphases (M1; identifiable by uniform staining of both sister-chromatids),

econd-division metaphases (M2; identifiable by differential staining of the sister-
hromatids), and third- and subsequent division metaphases (M3; identifiable by
onuniform pattern of staining). PI is the average number of replications completed
y metaphase cells and is calculated as: PI = 1 × (% M1) + 2 × (% M2) + 3 × (% M3)/100.

.1.2. Chromosomal aberrations assay
For analysis of structural CAs (chromatid or chromosome gaps and chromatid

r chromosome breaks) parallel cultures were carried out without BrdU for 72 h.
reatments were similar as described in SCEs analysis. 2 h prior to harvesting 0.1 ml
f demecolcine was added to the culture tube. Hypotonic treatment and fixation
ere performed in the same way as in SCE analysis. To prepare slides, 3–5 drops

f the fixed cell suspension were dropped on a clean slide and air-dried. The slides
ere stained in 3% Giemsa solution in phosphate buffer (pH 6.8) for 15 min. Thirty
ell-spread metaphases were analyzed for each treatment to detect the presence

f chromosomal aberrations as CAs per single cell. Criteria to classify the different
ypes of aberrations were in accordance with the recommendation of EHC 46 for

nvironmental monitoring of human populations (IPCS, 1985).

.1.3. Micronucleus assay
The MN test was performed by adding cytochalasin B (Sigma; final concentra-

ion of 6 �g/ml) after 44 h of culture. At the end of the 72-h incubation period, the
ymphocytes were fixed with ice-cold methanol:acetic acid (1:1). The fixed cells

ns of vanadium(IV) tetraoxide and the two boron compounds. Control (−) = negative
etters above each bar represent statistically significant differences between groups
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ig. 2. The CA formations in human blood cultures treated with different concentra
ig. 1.

ere put directly on slides using a cytospin, and stained with Giemsa. All slides
ere coded before scoring. The criteria for scoring MN were as described by Fenech

1993). At least 1000 binucleated lymphocytes were examined per concentration
or the presence of one, two or more MN.

.2. Assay of total antioxidant capacity (TAC)

The automated TEAC (Trolox equivalent antioxidant capacity) assay was carried
ut in isolated erythrocytes with an automated analyzer (Olympus AU 2700, Japan)
ith commercially available kits (Total Antioxidant Status, Randox Laboratories). In

his assay, 2,2′-azinobis (3-ethylbenzothiazoline-6-sulfonate) (ABTS) is incubated
or 1 h with metmyoglobin and hydrogen peroxide to produce ABTS−+. This species
s blue-green. Antioxidants present in the sample cause a reduction in absorption
roportional to their concentration (Erel, 2004).

.3. Statistical analysis

Statistical analysis was performed using SPSS software (version 11.5, SPSS,
hicago, IL, USA). The Fisher’s least significant difference (LSD) test was used to
etermine whether any treatment significantly differed from controls or each other.
tatistical decisions were made with a significance level of 0.05.

. Results and discussion

Proliferation index is commonly used as a measure of cyto-
oxicity. The results obtained in the present study show that
anadium(IV) tetraoxide (concentrations above 10 mg/l) induce a

eduction in PI in human lymphocytes. These data are similar to
he findings from earlier studies (Rodriguez-Mercado et al., 2003).
hus, the data on cytotoxicity for vanadium are not presented.
ur previous study reports that the cytotoxicity of boric acid and
orax in blood occurs at concentrations above 50 mg/l (Türkez et al.,

L

a

l

of vanadium(IV) tetraoxide and the two boron compounds. Abbreviations are as in

007). Similarly, in this study the cultures exposed to boron com-
ounds were found to be sterile at concentrations above 300 mg/l
data not shown). However, it was noteworthy that the high doses
f these compounds did not affect the rates of SCEs, CAs and MN.

With respect to the cytogenetic parameters studied in lympho-
ytes, our results reveal that 5 mg/l vanadium(IV) tetraoxide does
ot cause significant changes. Whereas, increasing concentrations
f vanadium(IV) tetraoxide (10 and 20 mg/l) considerably elevate
he frequencies of SCEs and CA formations compared to controls
Figs. 1 and 2).

Our results confirm the clastogenic effects of vanadium(IV) oxi-
ation state both in vivo and in vitro (Rodriguez-Mercado et al.,
003). As well as vanadium(IV) tetraoxide, vanadates and vanadyl
IV) sulphate compounds also induce SCEs in human lympho-
ytes (Migliore et al., 1993). On the contrary, in vitro exposure of
hole blood leukocytes to vanadium pentoxide causes no signifi-

ant change in SCEs and CAs rates (Roldan and Altamirano, 1990).
ith knowledge that the chemical species can elicit different toxic-

ties, some authors consider vanadium as a possible carcinogen due
o the redox potential presented vanadate (+5 oxidation state) in
ody fluids and cells is reduced to vanadium(IV), some reports indi-
ate that vanadium(IV) oxidizes a variety of biochemical substrates
enerating free radicals and producing DNA damage (Altamirano-

ozano et al., 1998).

In present study, the frequencies of MN in blood lymphocytes
lso exhibit a significant increase after vanadium exposure (Fig. 3).

However, the MN frequency of the negative control was quite
ow in our investigation. We did not score centric fragments or



F. Geyikoglu, H. Turkez / Environmental Toxicology and Pharmacology 26 (2008) 342–347 345

F tratio
i

i
o
h
c
b
d
a
A
s
a
c
d
c
a
t
t
w
i
t
2
c
a

d
i
h
(
t
m
(
t
(
o
w
p
o
e
a
1

ig. 3. The frequencies of MN (‰) in binucleated cells treated with different concen
n Fig. 1.

nternuclear bridges to make our results more reliable. The results
f the HUman MicroNucleus (HUMN) project slide-scoring studies
ave shown that even when laboratories score slides from the same
ultures prepared in the same way, there are still large differences
etween the results of different scorers and laboratories reflecting
ifferences in visual discrimination of the structures scored in the
ssay and interpretation of scoring criteria (Fenech et al., 2003).
nd, it has been suggested that this problem can be mitigated by
electively analyzing the frequency of those MN which contain only
centric fragments (Wojcik et al., 2000). The spontaneous frequen-
ies obtained in this study were not discussed with the published
ata on human lymphocytes in literature. Because the same scoring
riteria were performed on all experimental groups including neg-
tive controls by an observer. Besides, our volunteers were between
he ages of 26 and 28, healthy, non-smoking, and unexposed to any
oxic agent occupationally. So the mean values of negative controls
ere low and quite similar. Several different mechanisms may be
nvolved in the formation of MN, including mitotic spindle disrup-
ion (aneugenic) or chromosome breakage (Kirsch-Volders et al.,
000). In mammalian cells, both in vivo and in vitro, results indi-
ate that vanadium compounds increase rates of MN (Ramirez et
l., 1997).

t
h
g
w
(

ns of vanadium(IV) tetraoxide and the two boron compounds. Abbreviations are as

Studies demonstrate that vanadium(IV) has the ability to pro-
uce reactive oxygen species (ROS), an event that may play an

mportant role in vanadium toxicity (Zhang et al., 2001) and per-
aps in the induction of CA and SCE in human lymphocyte cultures
Rodriguez-Mercado et al., 2003). It is known that ROS are impor-
ant mediators of damage to cell structures, including lipids and

embranes proteins and nucleic acids (termed oxidative stress)
Hooiveld et al., 1998). Oxidative stress increases after exposure
o vanadium in human erythrocytes and osteosarcoma cell lines
Abou-Seif, 1998). In addition, vanadyl(IV) compounds cause the
xidation of NADH. The oxidation of NADH is partly associated
ith the biological toxicity. Thus, NADH-dependent redox cycles
lay an important role in oxidative DNA damage as depending
n the accumulation of vanadium (Kawanishi et al., 2002). How-
ver, the harmful effects of ROS and the oxidation of NADH in
ll reactions are inhibited by the antioxidant activities (Abou-Seif,
998). A study reveals that boron compounds (until concentra-

ions of 20 mg/l) significantly support the antioxidant capacity in
uman blood (Türkez et al., 2007). Further support of this sug-
ested locus of action for these compounds is the finding TAC
hich indicate the response to oxidative stress in the present study

Fig. 4).
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ig. 4. Amount of TAC (�mol/l) capacity in human erythrocytes incubated with van

Actually, boron compounds apparently decrease the depressive
ffect of vanadium on TAC. Besides, this study shows that boric acid
nd borax do not lead to DNA damages in lymphocytes. Moreover,
hese compounds significantly decrease genotoxic effects of vana-
ium(IV). However, it is also established that borax could not inhibit
he genotoxic effects of vanadium(IV) tetraoxide compared with the
ontrol values completely (Figs. 1–3). Very little is known about
he biological effects of boron exposure in animal cells (Park et al.,
005). The first hypothesis is that vanadium-induced genetic dam-
ge could be prevented by inductive effects of boron compounds
n antioxidant capacity in human blood. Although the physiolog-
cal function of the boron in lymphocytes is unknown, the second
ne is that boron could also be involved in ion transport (Ma et al.,
003). Recently, trans-membrane movement of regulatory cations
r anions has emerged as a potential target for cancer therapy in
eripheral blood lymphocytes (Yin et al., 2007). Whereas, vana-
ium has been known to be a potent inhibitor of ion transport

n lymphocyte membranes (Sitprija et al., 1993). It is evident that

ell volume is directly related to the movement of ions across
he plasma membrane and the change of cell volume dramati-
ally induces DNA degradation (Panayioitidis et al., 2006). Again,
anadium makes chemical complexes exhibiting the property of
nhibiting or increasing the activity of the enzymes participating

t
b

a
c

(IV) tetraoxide and the two boron compounds for 1 h. Abbreviations are as in Fig. 1.

n the DNA and RNA synthesis. At this point, the toxic effects of
anadium are also due to the fact of its property of inhibiting
any enzymatic systems (Altamirano-Lozano et al., 1998). Thus,

CE and CA may be explained by more than one specific geno-
oxic effect, such as interference with enzymes involved in cell

etabolism (Rodriguez-Mercado et al., 2003). On the other hand,
oron is implicated in supporting metabolic activities. Among the
ffects of boron, that reversible inhibition of serine proteases (SP)
r oxidoreductases activities by boron requires pyridine or flavin
ucleotides is well known (Hunt, 1998). On the contrary, vana-
ium forms hydroxyl radicals due to these enzymes in blood cells
Guerrieri et al., 2000; Fickl et al., 2006). However, it is unlikely
hat any single event can be blamed for protective effects of boron
ompounds. There is evidence in both in vitro and in vivo studies
hat boron has an affinity for hydroxyl groups, and this may be
he mechanism that explains the biological effects of boron (Hunt,
998; Bolanos et al., 2004). Hence, different roles of boric acid and
orax against vanadium genotoxicity might have appeared due to

heir chemical structure and their capacity to form diester bridges
etween cis-hydroxyl-containing molecules.

In conclusion, vanadium(IV) tetraoxide leads to genetic dam-
ges depending on dose in human blood. On the contrary, boron
ompounds can be used safely against vanadium genotoxicity.
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oreover, the anti-genotoxic roles of these compounds are dose-
elated. Altogether, these results suggest medical and therapeutic
sefulness of boric acid and borax for increasing vanadium dosage.
evertheless, biochemical and physiological studies are needed to
xplain different anti-genotoxic effects of boron compounds.
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