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Ozet

Bizmut bilesiklerinin tipta ve gesitli endistri alanlarinda yaygin olarak kullaniimalarina kargin bu bilesiklerin
genotoksisiteleri ile ilgili calismalar oldukca sinirlidir. Bu calismada, insan periferal kan kltdrleri Uzerine kolloidal
bizmut subsitratin (CBS) genotoksik etkisi Kardes-Kromatid Degigimi (KKD) testi ile aragtinidi. Daha once
herhangi bir genotoksik ajana maruz kalmamis, yaglar 25-28 arasinda, sigara kullanmayan 20 saglikii bireyden
tam kan hiicre kiiltirleri yapildi. Farkli konsantrasyonlarda (50, 100 ve 200 ug/L Bi) CBS killtlirlere ilave edildi.
KKD'leri fluoresan-giemsa teknii ile boyanan yaymalarda analizlendi. Kontrol gruplarina kiyasla, CBS'In artan
konsantrasyonlar (100 ve 200 ug/L Bi) KKD frekanslarini artirdi. Buna karsilik en disiik dozda (50 ug/L Bi) KKD
frekansinda belirgin bir aris (P>0.05) gdzlenmedi. Meveut sonuglar, CBS'in genotoksik etkisinin doza bagli ofarak
ortaya ¢iktigini gostermistir.

Anahtar kelimeler: Kolloidal bizmut subsitrat, Lenfosit kilttir(i, Kardes-kromatid degisimi, In vitro

Summary

Although the use of bismuth compounds widespread in medical and several industries, little is known about
the genotoxicity of these compounds. In this study, the genotoxic effect of colloidal bismuth subcitrate (CBS) on
human peripheral blood cultures was investigated by Sister-Chromatid Exchange (SCE) test. Whole heparinized
blood samples were obtained from twenty healthy non-smoking individuals between the ages of 25 and 28 with
no history of exposure to any genotoxic agent. CBS with various concentrations (50, 100 and 200 ug/L of Bi)
were applied to human lymphocytes cultures. SCEs were visualized by a combination of fluorescent and Giemsa
technigues. In comparison to control groups, the increasing concentrations of CBS (100 and 200 ug/L of Bi)
elevated the frequencies of SCE. However, no significant increase was observed at the lowest dose (P>0.05) (50
ug/L of Bi). Present results revealed that the genotoxic effect of CBS was dose-dependent in human blood
cultures. :
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Figure 1. The Sample of Metaphase Spread with Differentially
Stained Sister-Chromatids (from 100 ¢ g/L of Bj)

Introduction

There is limited information concerning the
cytotoxicity of bismuth compounds although their
biomedical and industrial use has become widespread
(1). Industrially bismuth is considered one of the less
toxic of the heavy metals, however intoxication has
been reported due to its use in medicine (2). Bismuth
compounds, particularly colloidal bismuth subcitrate
(CBS), have been actively promoted for the treatment
of diarrhoea, peptic and duedonal uicer diseases (3,
4). However, therapeutic bismuth compounds are now
being marred by episodes of serious adverse reactions
(5). A number of toxic effects, such as nephropathy,
encephalopathy, osteoarthropathy, gingivits, stomatitis
and colitis, have been attributed to bismuth
compounds in humans (6). Howewer, little is known
about the genotoxicity of these compounds.

The DNA lesions responsible for the formation of
SCEs have been the object of research for a long time
(7). SCE frequencies elevate in patients with viral,
chronic and hereditary diseases (8, 9). Alcohol
consumption, cigarette smoking and several drug
usage also cause increasing frequencies of SCEs (10,
11). It is well known that sister-chromatid exchange
(SCE) test can be used to evaluate the genotoxicity of
many chemicals (12). We aimed to determine whether
various CBS concentrations (50, 100 and 200u g/L of
Bi) could induce genotoxicity in human lymphocytes by
SCE test.

Material and Method

Human peripheral blood cultures were set up
according to a slight modification of the protocol
described by Evans and O'Riordan (13). Whole
heparinized blood from 20 healthy non-smoking
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donors with no history of exposure to any genotoxic
agent, between age 25 and 28, were used in our
experiments. Questionnaires were obtained for each
blood donor to evaluate exposure history, and in
addition, informed consent forms were signed by each
donor. In the all volunteers involved in this study,
hematological and biochemical parameters were
analyzed and any pathology was not detected.

The 0.5 ml of heparinized blood was cultured in 6
mi of culture medium (Chromosome Medium B,
Biochrom, Berlin) with phytohemagglutinin (Biochrom).
Bismuth 1li citrate (CeHsOsBi, Sigma, USA) was
dissolved in ammonium hydroxide and added to the
cultures in concentrations of 0.05, 0.1 and 0.2 pg/ml of
Bi before incubation. In addition, lymphocyte cultures
without bismuth subcitrate were studied as a control
group. The concentrations were selected according to
Slikkerveer and Wolff (6).

With the aim of providing successive visualization
of SCEs, 5-bromo-2-deoxyuridine (Sigma) at final
concentration 20uM was added to all cultures. The
cultures were incubated in complete darkness for 72h
at37°C.

Exactly 70h and 30 min after beginning of
incubations, colcemid (Sigma) was added to the
cultures to achieve a final concentration of 0.5 ug/L.
After hypotonic treatment (0.075 M KCI) followed by
three repetitive cycles of fixation in methanol/acetic
acid solution (3:1, v/v), the cell suspension was
dropped onto cold microscopic slides, air-dried, aged,
and then differentially stained for the inspection of
SCEs according to fluorescence plus Giemsa (FPG)
procedure (14).

For each treatment condition, well-spread
metaphases containing 46 chromosomes in each cell
were scored by one observer, and the values obtained
were calculated as SCEs per cell.

Experimental data were analyzed using one-way
analysis of variance (ANOVA) to determine whether
any treatment significantly differed from controls and/or
gach other. Significant differences between the
controls and/or treated samples were confirmed by
Fisher's least significant difference and Student's t
tests.

Results

To ascertain genotoxic effects, we analyzed SCEs
in human lymphocytes treated with CBS in vitro
(Figure 1). The results obtained are presented in Table
1.
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Table 1. influence of CBS on SCE Per-cell Frequency in
Cultures of Human Peripheral Blood Lymphocytes

doses of Bi range of SCEs SCEsicell

control 3-10 6.08 + 0.402

50 ug/L 4-10 6.15+ 0.45

100 ug/L 4-13 7.38£0.820

200 ug/L 5-18 8.04 + 0.77°
a Mean +SD

b Significantly different from the control group at P<0.05

In  comparison to control sets, the two
concentrations of CBS (100 and 200 ug/L of Bi)
elevated the SCE frequencies in relation to the doses
given. SCE rate did not change significantly (p<0.05)
only at the lowest concentration (50 u g/L of Bi).

Discussion

Metals in group V (arsenic, antimony and bismuth)
are defined as potentially toxic elements and it is
expressed that the elements of this group are
structurally similar to each other. Also, bismuth shows
some similarities to lead (12). In the literature, no
research about the mutagenic effects of CBS on
peripheral blood cultures is encountered. Therefore,
the effect of CBS on the SCE formation was discussed
by comparing with the genotoxicity studies on the
metals which are similar to Bi.

The exact molecular * mechanism of SCE is
unknown, although it has been suggested that DNA
damage and DNA-repair defects may cause to
increase in SCE rates (15). It was reported that several
heavy metals such as lead can induce DNA interstrand
cross-links because of their affinity with tertiary
phosphate ions in nucleic acids and proteins (16).
Bismuth can interact with chromosomal proteins as
well (17).

It is known that the synthesis of DNA is continued
as okasaki fragments at the cross-links points. In
chromatids, breakages form from this points and
exchange occurs between sister-chromatids (18).
Many researchers have reported the correlation
between interstrand cross-links and SCE formation
(19, 20).

Wolff et al. (21) reported that SCEs form as a result
of the action of DNA repair enzymes. Heavy metal ions
can interact with sulfhydryl (SH) groups of many
enzymes (22). Hu et al. (23) explained that arsenic can
inhibit DNA repair enzymes by forming complexes with
SH groups. Similarly, arsenic inhibits the enzyme poly-
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(ADP-ribose) polymerase binding one or both SH
groups of this enzyme (24). Johnson (25) reported
that, in the presence of lead chloride in vitro, DNA
polymerase becomes inaccurate and the frequency of
incorporation of incorrect base pairs into newly
synthesized DNA increases. CBS also forms
complexes with thiols (26). There is limited information
in literature about the biocoordination chemistry of Bi
(HI) with proteins and enzymes. But the target sites of
these compounds were reported to be sites of Fe and
Zn in both proteins and enzymes (5).

In blood, bismuth is primarily presented in red
blood cells, possibly bound intracellular glutathione by
one portion. The remaining portion is found in serum
and/or plasma (27). Vanhoe et al. (28) described a
sensitive method for the determination of the bismuth
concentration in human serum before, during and after
the intake of therapeutic doses of CBS. They found
that bismuth concentration has increased 51 101483
times at 1.5-2 h after the intake of one tablet of CBS.
Slikkerveer and Wolff (6) reports that 100 ug/L of
bismuth in blood is suggested to be toxic level, but no
proof is available to support this level.

The various compounds of antimony, arsenic and
lead cause increases in the frequencies of SCEs
depending on doses exposured (29-31). There are
contradictory findings on whether bismuth toxicity is
related to the dose of exposure. Martin-Bouyer et al.
(32) reported that bismuth toxicity was not directly
related to the dose of exposure. In opposition, bismuth
toxicity has been reported to be dose-dependent in
two different studies (33, 34). In the present study, the
frequency of SCEs was seen to be increased in 100
ug/L dose of Bi in compared with the control group.
This result supports that bismuth is toxic in 100 ug/L
as previously suggested by Slikkerveer and Wolff (6).
In addition, our results confirm that bismuth toxicity is
dose-dependent.

In conclusion, our study revealed that Bi induced
SCE formation is significantly increased in 100 and
200 pg/L concentration whereas not in 50 ug/L. In
spite of short term application (72h) genotoxic effect of
Bi was observed in cultures. The SCE increments are
generally reversible (35). However, if the cumulative
property of bismuth is taken into consideration, it
should be thought that the genotoxicity of bismuth may
become irreversible. The safety of the treatment
methods in which CBS is used, especially in recent
years, have caused much debate. Therefore it is
necessary to take the genotoxicity of bismuth into
account in the domains in which this heavy metal is

sed.
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