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Summary

Cystic echinococcosis (CE) due to Echinococcus granu-
losus is one of the most important helminthic diseases in
Turkey where it constitutes a public health and economic
problems. Its mean annual incidence in humans is 4.4/100
000 and the prevalence of the tapeworm agent in domestic
animals ranges from 11.2 to 50.7 %. Since 1980s, alben-
dazole has been used for treatment of the disease, and this
benzimidazole drug has been considered to be of relatively
low toxicity. However, prolonged albendazole therapy of
CE became to be a common practice, and data on possible
genotoxic effects of the medication in humans are lacking.
This study has concerned 17 women and 11 men, in total
28 patients with liver cystic hydatid complaints, who were
administered albendazole (15 mg/kg) preoperatively (2
weeks) and postoperatively (6 months). Genotoxic effects
of albendazole were searched using Sister Chromatid Ex-
change (SCE), mitotic index (MI) and chromosomal abera-
tions (CAs) methods, comparing lymphocyte chromo-
somes of treated patients and a control group of healthy
individuals. The results indicated a significant increase of
SCE frequencies and decrease of MI in the treated group (p
< 0.001). Regarding CAs, any difference between the
groups was not determined.
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Introduction

Many people are occupationally exposed to various bioha-
zardous agents, including radiation, dust, fibers, fumes, or-
ganic and inorganic chemicals. Genetic biomonitoring of
human populations exposed to potential mutagens/carcino-
gens can be performed using different genetic markers.
Significant increase in Sister Chromatid Exchange (SCE)

frequencies has been reported in studies of the human po-
pulation who are exposed to genotoxic agents and repre-
sents one of the most extensively used early markers of
DNA damage or epigenetic changes. SCE is the exchange
of homologous stretches of DNA sequence between sister
chromatids, it occurs normally in cells during mitotic cell
division but an impact of genotoxic agents increases the
rate of SCE (Zhang et al., 1991; Verma & Babu, 1995;
Albertini, 2000; Hagmar et al., 2001).

Cystic echinococcosis (CE) due to Echinococcus granulo-
sus is one of the most important helminthic diseases in
Turkey, where it constitutes public health and economic
problems. Its mean annual incidence in humans is 4.4/100
000 and the prevalence of the tapeworm in domestic ani-
mals ranges from 11.2 to 50.7 % (Altintas, 2003). Since
1980s, treatment of CE with albendazole was well docu-
mented in over two thousand patients and this benzimida-
zole drug has been considered to have low toxicity (Von
Siner, 1990; Wen et al., 1994; Ammann & Eckert, 1995;
Horton, 1997; Pawlowski et al., 2002). Chemotherapy, re-
presenting non-invasive treatment, could be used on pa-
tients of any age, although there is little experience with
children younger than age 6 years. Moreover, this therapy
is less limited by the patients’ status (except pregnancy)
than surgery. Unfortunately, potential risks of benzimida-
zoles include embryotoxicity and teratogenicity which,
however, could only been observed in laboratory animals
during early stages of pregnancy (Pawlowski et al., 2002).
Recently, prolonged albendazole therapy of CE became
common practice but sufficient data on possible genotoxic
effects of the medication are lacking. Actually, an alben-
dazole administration (10 — 15 mg/kg) 2 — 4 weeks before
the operation and a long-termed post-operative oral treat-
ment are now recommended. Monitoring of liver enzyme
levels is advised during this therapy (Davis et al., 1986;
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Lacey, 1990; Horton, 1997; Pawlowski ef al., 2002; Opatr-
ny et al., 2005). However, little information exists about
genotoxic effects of albendazole in humans.

The aim of this study was to investigate and evaluate po-
tential genotoxicity caused by the exposure to albendazole
by measuring Sister Chromatid Exchange (SCE), mitotic
index (MI) and chromosomal aberations (CAs) in the pe-
ripheral lymphocytes of cystic hydatid patients, because no
such data have been published to date.

Materials and Methods

Patients

This study included 28 patients (17 women and 11 men),
suffering from liver cystic hydatid disease, who had been
administered albendazole (15 mg/kg, 2 weeks before and 6
months after the operation). The control group comprised
28 healthy persons matched with respect to age, sex, smok-
ing habits, drinking habits, and social status to patients
from the experimental group. The mean age was 41 (range
15 — 72). Blood samples of the patients were collected at
the end of the albendazole treatment. All the blood collec-
tions were made in disposable pre-sterilized heparinized
syringes and transferred to laboratory for lymphocyte cul-
tures.

Human Lymphocyte Culture and SCE, MI and CAs Assays
Short-term lymphocyte cultures were prepared from
heparinized blood (heparin 500 IU/ml without preserva-
tive) according to the method of Yadav and Seth (1998),
with slight modifications published by Moorhead et al.
(1960). Blood (0.5 ml) was added to 5 ml RPMI 1640
medium containing 20 % fetal calf serum, 100 U/ml peni-
cillin, 100 pg/ml streptomycin, and 0.1 ml phytohemag-
glutinin (Sigma, St. Louis, MO). Colchicine (10 pg/ml)
was added to the culture 2 hr before harvesting. The final
concentration of colchicine was 100 pl.

Lymphocytes were harvested after 72 hr and slides were
air dried and stained with 4 % Giemsa. (Perry & Wollff,
1974). As many as 100 good metaphases (well -spread
metaphases showing 46 chromosomes of proper morpholo-
gy) per individual were screened for CA. For MI 5000
cells per individual were counted from Giemsa stained
slides. MI was calculated by using the formula: number of
dividing cells: total number of cells scored x 100.

To determine SCEs, 5-bromodeoxyuridine (10 pg/ml/cul-
ture; Sigma Aldrich) was added 24 hr after preparing cultu-
res. The cells on slides were stained directly in excess
solution of Hoechst 33258 (50 pg/ml in H,O; Sigma). The
slides were exposed to long-wave UV light of about 320 —
400 mm intensity (30 minutes), then were rinsed with
water and incubated for 15 — 30 min in 2X SSC at 65°C;
and after another water rinsing they were stained with 2 — 3
% Giemsa in phosphate buffer (pH 6.8). For calculating the
frequency of SCEs per cell, 25 metaphases per individual
were analyzed as per international practice (Lindkov et al.,
1984; Yadav & Seth, 1998; Yadav & Chadha, 2002). The
SCE frequency was calculated separately for each morpho-
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logical category of human chromosomes, marked as A — G
(C category includes the sex chromosome X and G catego-
ry includes the Y, see Tab. 1, Fig. 2). For calculation of MI
and CAs, 5,000 cells were scanned from Giemsa-stained
subject slides.

The samples were analyzed blindly by two observers to re-
move possible laboratory scoring bias. For statistical ana-
lysis of differences between groups the Mann-Whitney U
test was applied. Data used for the analysis were transfor-
med by ArcSine transformation (Zar, 1999).

Table 1. Comparison of SCE frequency per cell (%) in chromosome
categories in 28 treated and 28 control persons.

Chromosome Treated group Control group
category Average + S.D. Average + S.D.
A 39.17+4.11 3.03+£2.26
B 32.21+2.79 1.50+1.20
C-X 70.03 +3.04 446+ 1.85
D 30.46 +3.58 0.50+0.50
E 34.67 +3.51 1.89 +£0.87
F 35.53+£3.09 1.57+0.83
G-Y 40.14 £ 1.45 1.60 +0.62
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Fig. 1. Metaphase sample of the experimental group

Results

On account of chromosomal aberations (CAs) between the
group of liver CE patients medicated with albendazole and
the control group, there were no significant differences. On
the other hand, lower values of mitotic index (MI) were
observed in the treated group (0.030) compared with the
control (0.035) (Table 2).

A comparison of SCE in the experimental and control
groups revealed a statistically significant increase of SCE
frequency in albendazole medicated patients (p < 0.001).
The highest SCE frequency was detected in chromosomes
of C — X type and the lowest in 3D-type (three D-group
chromosome) (Table 1). Figures 1 — 3 show the chromoso-
me breakages detected in representatives of the experimen-
tal as well as the control groups.



Table 2. Data on mitotic frequency in 28 experimental and 28 control
persons

Treated group Control group

Average + S.D. Average + S.D.

2170.0+155.1
65.4+10.6

3110.4 £353.2
108.4 +18.2

No. of observed cells
No. of mitotic cells

A(1,2,3) B (4,5)
f LAY BN

C-X (6,7,8,9,10,11,12)
A C ATy Ly

D (13,14,15) E (16,17,18)

N T T N T T O T B
F(19,20) G-Y (21,22)
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Fig. 2. Karyograme of the experimental group

Fig. 3. Metaphase sample of the control group

Discussion

Cytogenetic assays have been used since the early 1960s to
evaluate the exposure of patients to potentially mutagenic
and carcinogenic agents (Chai et al., 2004). SCE, MI and
CA analyses were used in many such studies. In order to
determine agent-related effects, it is very important to col-
lect samples from a control group that is matched as close-
ly as possible to the experimental group in all regards ex-
cept for the exposure being evaluated (Albertini ef al.,
2000). In our study, we had chosen individuals for both the
experimental and control group who were non-smokers
and did not use alcohol.

SCE analysis has been considered a sensitive method for
detecting genotoxic effects of chemical substances, i.e.
DNA damage (mutagenic effect) or, in other cases, target-
ing DNA repair mechanism or influencing the cell cycle
(Tucker & Preston, 1996). Thus, a positive SCE response
does not necessarily mean that a tested compound is a mu-
tagenic carcinogen, however, a potential genotoxic effect
could be pre-screened using SCE technique in combination
with data on mitotic index and chromosomal aberations.
However, a conclusive examination of carcinogenicity of a
chemical would require additional tests (Perry & Evans,
1975; Stetka & Wollf; 1976). In human lymphocytes, the
SCE frequency is usually very steady, and does not vary
with age or sex. Thus using a method of SCE detection for
exploring a toxicity and harm caused by albendazole is of
great importance (Yadav & Seth, 1998).

Albendazole is a drug used in treatment of helminthiases
including cystic hydatid disease. When this drug is meta-
bolized by host and parasite cells, it inhibits the formation
of microtubules during metaphase and prevents cell prolix-
feration. Thus albendazole affects hosts and parasite cells
alike. Related to this, leukopenia, liver disfunction and alo-
pecia was reported in patients with albendazole administra-
tion, however, the number of studies about the genotoxic
and teratogenic effects of albendazole is still not sufficient
(Teggi et al., 1993; Menghebat et al., 2004; Altintas et al.,
2005). Whittaker and Faustman (1991, 1992) reported that
benzimidazoles, including albendazole, should be conside-
red potential developmental toxicants on cultures of differ-
rentiating rodent embryonic cells. Mutagenic and carcino-
genic potential of albendazole was studied by Frohberg
(1989) and Mantovani (1992). Otubanjo and Mosuro
(2001), using the murine sperm-head abnormality test, re-
ported that the drug might not be mutagenic. As we men-
tioned above, a proper testing of the mutagenicity and
carcinogenicity, i.e. direct damage of DNA by alkylation
compounds, would require further tests.

This study, however, has shown noticeably increased fre-
quencies of SCE in various morphological categories of
chromosomes. These findings support the strong genotoxic
effect of the drug that might be related to the influenced
cell cycle. Similarly, Yadav and Seth (1998) found an in-
crease of SCE most frequently in DG (one D-group chro-
mosome and one G-group chromosome) chromosomes as-
sociation and most rarely in 3D (three D-group chromo-
somes) association during their study of a impact of poly-
cyclic hydrocarbon to coal tar workers. Our findings sup-
port their 3D-type findings. But high SCE frequency in C-
X type chromosomes in our study does not confirm find-
ings on high SCE frequency in DG type chromosomes of
Yadav and Seth (1998).

Our results demontrated the decrease of MI in treated pa-
tients compared with the control group, which is in a good
accord in vitro studies associated with genotoxic agents
tested on human peripheral lymphocytes (Celik & Aras,
2006; Aydemir et al., 2005; Rencuzogullari et al., 2001,
2004; Rupa et al.,1989; Meng et al., 1994).

The present study confirmed a link between the increasing
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of SCE frequencies in cystic hydatid disease patients who
were treated long-term by albendazole. As there have been
no reports on the potential genotoxic, mutagenic or carci-
nogenic effects of albendazole treatment in the literature,
this study has shown the apparent genotoxic effects and
would suggest follow-up analyses. The authors suggest a
serial monitoring of the SCE should be performed in ad-
dition to the existing recommendation of monitoring of li-
ver enzyme levels in cystic hydatid patients who had been
administered albendazole for a long time (especially if ra-
dical surgery is impossible or for prevention of secondary
echinococcosis). The increase of SCE and decreasing MI
in peripheral blood lymphocytes of these patients may in-
dicate that this anthelminthic drug is a genotoxic agent and
there is not excluded DNA and chromosome damage. Ho-
wever, there is a need to confirm the present results on ba-
sis of larger study populations and employing other bio-
markers of genotoxicity.
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