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Abstract

Zearalenone (ZEN) is a potent estrogenic metabolite mycotoxin produced by some
Fusarium species. Few studies have been successfully employed to get rid of the ZEN
contamination in foods. This study was conducted to evaluate the ability of hydrated sodium
calcium aluminsilicate (HSCAS) to protect Balb/c mice against cytotoxicity and genotoxicity
induced by ZEN. Mice were divided into nine experimental groups (12 mice/group) included
the control group, the olive oil group, the groups treated orally with a single dose of HSCAS at
doses level of 400, 600 and 800 mg/kg b.w, the group treated orally with a single dose of ZEN
(40 mg/kg b.w), the group treated with ZEN plus HSCAS (400 mg/kg b.w), the group received
Colchicin (4 mg/kg bw) as a positive control for micronucleus assay and the group treated with
mitomycin C (1 mg/kg bw) as a positive control for chromosome aberrations assay. Forty eight
hours after treatment, the femur and tibia were dissected out and bone marrow was obtained for
different assays. The results showed that ZEN was cytotoxic and genotoxic to Balb/c mice as
indicated by the increase in frequencies of polychromatic erythrocytes micronucleated
(PCEMN) and chromosomal aberrations in bone marrow cells. The simultaneous administration
of HSCAS with ZEN resulted in a decrease of PCEMN number and chromosomal aberrations
frequency and increased the polychromatic erythrocytes (PCE) in bone marrow cells compared
with the ZEN alone group. It could be concluded that HSCAS itself was safe at different tested
doses and efficient in the prevention of ZEN induced clastogenicity in mice at a dose level as
low as 400 mg/kg b.w.
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Introduction

The contamination of food and
feedstuff with mycotoxins represents a

implicated in numerous mycotoxicosis in
farm animals and in humans (Etienne and

worldwide problem for both human and
animals. These toxins originate from molds
which grow on cereals and stored plants.
Zearalenone (ZEN) is a phenolic rescorcy-
clic acid lactone, produced by certain
Fusarium spp which infect cereals and
grains, such as corn, oats, wheat and hay
(Coulombe et al., 1993; Kuiper-Goodman
et al., 1987). Although ZEN may be
considered a phytoestrogen that is naturally
occurring and found associated with grains
(Nikov et al.,, 2000). ZEN has been
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Jammali 1982; Saenz de Rodriguez et al.,
1985; Hussein and Brasel, 2001;
Tomaszewski et al., 1998). There are also
data on its capability to induce adverse liver
lesions with subsequent development of
hepatocarcinoma and pituitary tumours,
indicating that these tissues should be
considered as target organs for ZEN in vivo
(Ouanes et al., 2005).

Most of the carcinogenic mycotoxins
are genotoxic agents that produce chrom-
osomal aberrations, micronuclei, sister
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chromatid exchange and chromosomal
strand breaks, as well as DNA adducts in
rodent and human cells (Wang et al., 1999).
Recent studies have shown that ZEN
induces DNA fragmentation, apoptosis and
cell cycle arrest (Abid-Essefi et al., 2003).
ZEN and possibly its derivatives impair
oestrogen-controlled gene expression in
cultured cells (Mayr, 1988) and decrease
serum progesterone levels in vivo (Bacha et
al., 1993). Lioi et al. (2004) reported that
ZEN increases significantly structural chro-
mosome aberrations and sister chromatid
exchanges and reduces the mitotic index in
bovine lymphocyte cultures. Moreover,
Ouanes et al. (2005) demonstrated that
ZEN induces different types of chrom-
osomal aberrations in mouse bone marrow
cells and induces micronuclei in a dose-
dependent manner in cultured Vero cells as
well as in mouse bone marrow cells
(Ouanes et al., 2003).

The novel technology applied for
protecting animals against mycotoxicosis is
the utilization of adsorbents agents mixed
with feed which are supposed to bind
efficiently mycotoxins in the gastrointe-
stinal tract. Several reports have indicated
that the phyllosilicate clay, HSCAS, which
is currently used as an anti-caking agent for
animal feeds, may prevent disease
associated with aflatoxicosis in farm
animals, including chickens, turkey poults,
pigs and minks (Phillips et al., 1999).
Moreover, HSCAS, bentonite and montmo-
rillonite were found to protect laboratory
animals from toxic and teratogenic effects
of aflatoxin (Phillips et al., 1988; Abdel-
Wahhab et al., 2002; Mayura et al., 1998).
The adsorbabilities of bentonite and/or
montmorillonite were found to be higher
than other clay minerals. The reason may
be due to the bigger surface area of these
clays, which characteristically undergoes
larger swelling (Philips et al., 1999). Up to
85% of toxic effects of aflatoxins such as
liver damage and chromosomal aberrations
were reversed by the addition of 0.5 g
clay/kg of contaminated diet (Abdel-
Wahhab et al., 1998; 1999). Moreover,
Wiles et al. (2004) suggested that neither
calcium  montmorillonite nor  sodium
montmorillonite clay, at relatively high

dietary concentrations may influence min-
eral uptake or utilization in the pregnant rat.
Recent studies indicated that bentonite can
bind to ZEN in vitro and proposed this
sorbent as a good candidate for detoxifi-
cation of ZEN in foods (Bueno et al., 2005;
Afriyie-Gyawu et al., 2005).

On the basis of these earlier findings,
phyllosilicate clay minerals are now being
added to feeds as ‘mycotoxin binders’ with-
out appropriate in vitro and in vivo testing.
Many of those may be non-selective in their
action and may pose significant hidden
risks due to interactions with nutrients and
other important food-borne chemicals.
Thus, our major objectives in the present
work are in one hand to evaluate the effect
of HSCAS alone on induction of micro-
nuclei and chromosome aberrations on bone
marrow cells of mice and on the other hand
to investigate its eventual capacity to
prevent such an effect induced by ZEN.

Materials and methods
Chemicals and sorbent:

ZEN (pure crystals), Acridine orange
and Colchicin were purchased from Sigma
Chemical Co. (St.Louis,MO, USA). Giemsa
was obtained from Fluka (France).
Mitomycin C was purchased from Sanofi-
Synthelabo (France) and Vinblastin was
obtained from Gedeon Richter Ltd.
(France).Methanol and acetic acid (analysis
grade) were purchased from Prolabo
(France) and yeast powder was purchased
from commercial local markets. Comme-
rcially HSCAS was obtained from
Engelhard chemical Corporation
(Cleveland,OH, USA). All other chemicals
were of the highest purity commercially
available.

Animals:

Six weeks old female Balb/c mice
weighting 25 + 0.3 g (SEXUEL, St.
Doulchard, France) were obtained from the
Animal House of the Faculty Dentistry
Medicine, Monastir, Tunisia. The mice
were given a standard granulated chow and
drinking water ad libitum.
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Experimental design:

Mice were distributed into nine treat-
ment groups (12 mice/group) as following:
groupl, untreated control; group 2, olive oil
group; group 3, treated orally with ZEN (40
mg/kg b.w) in olive oil; groups 4, 5, 6
treated orally with HSCAS (400, 600 and
800 mg/kg b.w respectively in distilled
water; group 7, treated orally with ZEN
plus HSCAS (400 mg/kg b.w); group 8,
treated orally with Colchicin (4 mg/kg b.w)
and considered as positive control group for
micronucleus essay; group 9, treated orally
with a single dose of Mitomycin C (1
mg/kg bw) and considered as a positive
control group for chromosome aberrations.
Animals within treatment groups 1, 2, 3, 4,
5, 6 and 7 were divided into two subgroups
A and B and were received their respective
treatment in a single dose. All mice were
sacrificed by cervical dislocation 48 h. after
the treatment.

Mouse bone marrow micronucleus assay:

Immediately after animals sacrificing,
femur and tibia of the animals in subgroup
A and Colchicin group were freed from
adherent tissues and were dissected out.
The bone marrow was sampled by injection
of filtered foetal calf serum. The collected
cells were centrifuged at 390 g for 5 min, a
little volume of supernatant was discarded
then the cells were re-suspended in the
remaining fluid. A small drop of the re-
suspended cell pellet was spread on a glass
slide and fixed in absolute methanol for 5
min then air-dried for conservation at room
temperature. The air-dried slides were
stained for 15 min in phosphate buffer
saline solution (0.15 M; pH 7.4) containing
10 pg/ml of acridine orange freshly prep-
ared solution, rinsed in the same buffer
solution for 15 min and allowed to dry in
the dark at room temperature (Ouanes et al.,
2003).

The slides were scored immediately
under 1000x  magnification using a
fluorescent microscope (Nikon Eclipse E
400). Two thousand polychromatic erythro-
cytes (PCE) were examined from each
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animal and the number of polychromatic
erythrocyte micronucleated (PCEMN) was
recorded. PCEMN appears red including
one or more yellow fluorescent corpuscles
which are micronucleus (MN). Scoring of
micronuclei was performed according to
criteria described by Hayashi et al. (1983).
These criteria are based essentially on the
diameter and the shape of the MN. The
number of PCEMN among 2000 PCE per
mouse sample was determined to appreciate
the induction of micronuclei. The ratio of
NCE: PCE was determined in the same
sample in order to evaluate any cytotoxic
effect of ZEN and the potential protective
effect of HSCAS against ZEN-induce cell
damages in 1000 cells.

In vivo chromosome aberration assay:

Twenty-four hours before sacrifice,
animals in subgroup B and mytomicin
group were given a suspension of yeast
powder (100 mg/500 ul) to accelerate
mitosis of bone marrow cells. Vinblastin
(200 pl; 250 pg/ml) was injected into the
animals 45 min before sacrificed in order to
block dividing cells in metaphase.

The cells of bone marrow from
femurs and tibia were collected, sustained
with a hypotonic shock (KCI 0.075 M) and
were fixed three times using methanol-
acetic acid according to the technique of
Evans et al. (1960). The cells were spread
on a glass slides that were blazed on a
flame for 5 s, then air-dried for conserv-
ation at room temperature and finally
stained with a 4% dilution of Giemsa
reagent in water for 15 min. After coding of
slides, the chromosomes of 100 cells stop-
ped in metaphase were examined for
chromosome abnormalities at a magnific-
ation of 1000 x using an optical microsc-
ope, from each of three replicates (300
metaphases per dose level) for all experi-
mental animals. Chromosome aberrations
were identified according to criteria
described by Savage (1975). Metaphases
with chromosome break, gap, ring and
centric fusion (robertsonian translocation)
were recorded and expressed as percentage
of total metaphases per group.
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Statistical analysis:

Micronucleus and cytotoxicity data
were analyzed using Student’s t-test. The
differences in mean percentages between
treated and control groups and among
treated groups for numerical aberrations
were evaluated using Chi-square test (y2-
test) (Waller and Duncan, 1969). All
statements of significance were based on
probability of P<0.05 and P<0.01.

Results

To evaluate the genotoxicity, the
number of PCEMN among 2000 PCE were
examined whereas the cytotoxicity was
evaluated by using the number of PCE
among 1000 total cells of bone marrow
cells (PCE + NCE). The current study
indicated that both Colchicin (the positive
control) and ZEN induced genotoxicity as
indicated by the significant increase (P<
0.05) in the number of PCEMN (68.00 +
1.63 and 27.33 + 1.08 respectively) comp-
ared to the control group (2.16 + 0.33).
Animals treated with HSCAS alone (Fig 1)
at the three tested levels (400, 600 and 800
mg/kg b.w) had no significant effect on the
number of PCEMN (2.16 £+ 0.33, 2.50 *
0.77 and 2.83 = 0.83 respectively). Mice
treated simultaneously with ZEN and
HSCAS at a dose level of 400 mg/kg b.w
showed a significant decrease in the elevat-
ion of PCEMN number (6.5 = 1.09)
resulted from ZEN treatment although these
values were still higher than in the negative

control groups (1.66 + 0.19 and 2.16 *
0.33) (Fig.2) since the reduction percentage
reached 76%.

Regarding the cytotoxicity, our results
indicated that both Colchicin and ZEN
treatment resulted in a significant decrease
(P< 0.05) in the number of PCE (212.33 +
3.19 and 228.14 + 18.53 respectively) com-
pared to the negative control group (386.58
+ 2.63). Treatment with HSCAS alone at
the three levels had a significant increase in
the number of PCE (484.35 + 15.12, 470.54
+ 13.63 and 467.61 + 11.45 respectively)
(Fig 3). The combined treatment of ZEN
plus HSCAS showed a significant improv-
ement in PCE counts (387.36 = 16.57)
towards the normal values of the control
group (Fig.4). The improvement percentage
in PCE counts resulted in this group
reached 69 % of the number of PCE cells in
bone marrow of ZEN alone treated group
(Fig.4).

The results of structural aberrations
included centric fusion, gaps, rings and
Chromosomal breaks (Table 2) indicated
that treatment with ZEN alone resulted in a
significant increase in chromosome aberra-
tions, mainly centric fusion, gaps (Fig. 5A)
and chromosome breaks (Fig. 5B), in bone
marrow cells. No significant differences
were observed in the group treated with
different dose levels of HSCAS alone
compared to the controls. Treated with 400
mg/kg b.w of HSCAS to ZEN-treated mice
resulted to a significant decrease in the total
chromosomal aberration induced by ZEN.
The inhibition percentage in chromosomal
aberrations of this group reached 78 %.

Table (1): Effect of HSCAS and its protective role on chromosomal aberrations in bone
marrow cells of female Balb/c mice Zen-contaminated by orally rout

Structural aberrations
Groups Centric feusion Chromosomal Gaps Rings Total

breaks aberrations
Control water 1.33+0.27° 1.66 + 0.27° 0.00 + 0.00° 0.66 +0.27° 3.65 £ 0.47°
Control olive oil 1.66 + 0.66° 1.33+0.00° 0.00 + 0.00° 0.66 + 0.00° 3.65 £ 0.38"
Mitomycin C1 mg/kg 32.66 +0.88° [ 9.66+0.33° 3.33+£0.33° 7.66 + 0.33° 53.31 + 1.08°
HSCAS 400 mg/kg 1.66 + 0.33° 1.33+0.33° 0.33+0.33° 0.66 + 0.66° 3.98 + 0.96°
HSCAS 600 mg/kg 2.00 £ 0.57° 1.00 + 0.57° 0.00 £ 0.00° 0.33+0.33° 3.33+0.85%
HSCAS 800 mg/kg 2.33 £0.88° 1.00 + 0.57° 0.00 + 0.00° 1.33 £0.88° 4.66 + 1.35%
ZEN 40 mg/kg 21.00 + 1.52° | 7.66 + 0.33° 3.00 £ 0.57° 3.33+0.33 34.99 + 1.60°
HSCAS + ZEN 2.33+0.88° 2.66 + 0.66° 0.00 + 0.00° 2.66 + 0.88° 7.65 + 1.40°

Within each column, means superscript with the same letter are not significantly different (P< 0.05)
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Fig.1. Effect of HSCAS and Colchicin on number of polychromatic erythrocyte
micronucleated (PCEMN) in 2000 polychromatic erythrocyte cells (PCE) in bone

marrow cells.
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Fig.2. Protective role of HSCAS on ZEN-induced polychromatic erythrocyte
micronucleated (PCEMN) in bone marrow cells in mice treated with ZEN Column
superscript with different letters are significantly different (P<0.05).
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Fig. 3. Effect of HSCAS and ZEN on number of polychromatic erythrocyte in 1000
polychromatic erythrocyte cells (PCE) and normochromatic erytrocytes cells (PCE
+ NCE) in bone marrow of mice.
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Fig.4. Number of polychromatic erythrocyte cells in 1000 polychromatic erythrocyte and
normochromatic erytrocytes cells (PCE + NCE) in bone marrow of mice treated
with ZEN alone or in combination with HSCAS.
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Fig. 5: Photomicrographs of metaphase spread showing (A) chromatid gap and (B)

Chromatid break plaque.

Discussion

Fusarium mycotoxins occur world-
wide in cereal grains and animal feeds and
cause outbreaks of Fusarium mycoto-
xicosis in humans and animals resulted in
severe effects of human health, veterinary
care costs and livestock production
(Hussein and Brasel, 2001). ZEN is one of
the predominant contaminating mycotoxins
in foodstuffs and grains in the high-
incidence area of malignant tumors (Ouanes
et al., 2005). The presence of ZEN not only
in animal feed but also in cow’s meat and
milk and human sera indicates continuous
and widespread exposures of cattle and
humans to these mycotoxins (Kuiper-
Goodman et al., 1987; Breitholtz-Emanu-
elsson et al., 1993; Hagler et al., 1980).
ZEN is absorbed quite easily from the
intestinal tract and it is partially metab-
olized to a-zearalenol and B-zearalenol by
rumen protozoa (Olsen et al., 1989) and
disrupter of the reproductive system (Bacha
et al., 1993; Creppy et al., 2002). It also
induces hematological and immunological
toxic effects (Marin et al., 1996; Berek et
al., 2001; Swamy et al., 2004; Karagezian
et al., 2000) and other physiological toxic
effects. Moreover, many studies have been
reported that ZEN induces genotoxicity and
cytotoxicity in vivo and in vitro (Ouanes et
al., 2003; Hassen et al., 2005).

From this point of view, we evaluated
the clastogenatic effect of HSCAS and its
ability to protect ZEN-induced cell damage
in vivo. In the present study, mice were
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treated orally with ZEN at a dose of 40 mg
/kg b.w. The selective dose of ZEN and
HSCAS were based on our previous work
(Abbes et al., 2006). Our results indicated
that ZEN induced genotoxicity in mice as
indicated by the significant increase in the
frequencies of PCEMN and chromosomal
aberrations in bone marrow. The clastoge-
nicity of ZEN may be related to the
formation of adducts that disturb DNA
replication, resulting in  chromosomal
aberrations. According to Abid-Essefi et al.
(2004) ZEN reduced cell viability
correlated to cell cycle perturbation,
inhibits protein and DNA syntheses and
increases MDA formation. Such results
indicated that cytotoxicity and oxidative
damage are additional mechanisms of ZEN
mediated toxicity. ZEN also induces DNA-
adduct formation in mouse tissues and SOS
repair process in lysogenic bacteria
(Chekir-Ghedira et al., 1998). In the same
regards, Abid-Essefi et al. (2003) concl-
uded that ZEN induces DNA fragmentation
resulting in DNA laddering patterns,
apoptosis and cell cycle arrest.

The current study shows that HSCAS
did not have negative impact on the overall
health at the different tested doses. Similar
results were described by Mayura et al.
(1998) and indicated that HSCAS given by
gavage route to pregnant rats was not toxic
neither in maternal parameters (mortality,
body weight, feed intake, litter size and
histological picture of liver and kidney), nor
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in developmental parameters (embryonic
resorptions and foetal body weights).
Moreover, Wiles et al. (2004) suggested
that neither calcium montmorillonite nor
sodium montmorillonite clay, at relatively
high dietary concentrations, influence mine-
ral uptake or utilization in the pregnant rat.
Generally, the addition of sorbent was able
to protect mice from clastogenic effects of
ZEN. Indeed, animals treated with HSCAS
in combination with ZEN clearly showed a
reversion of the cytotoxicity and the
genotoxicity induced by ZEN. This was not
strange since HSCAS and other clays have
been largely described to reverse adverse
effects caused by mycotoxins. In this rega-
rds, Abdel-Wahhab et al. (1998) reported
that HSCAS and bentonite are effective in
the protection against aflatoxin B, and
prevent its toxic and clastogenic effects
which was reflected by ameliorating the
alterations in serum biochemical parameters
and suppressing chromosomal aberrations.

As demonstrated in the present study,
addition of HSCAS to ZEN resulted in a
significant decrease in the number of
PCEMN and chromosomal aberrations.
This can be explained by a mechanism
suggested earlier by Phillips et al. (1999)
which appears to involve sequestration of
ZEN in the gastrointestinal tract and
chemisorptions (tight binding) to HSCAS,
resulting in the reduction of toxin bioava-
ilability. This hypothesis was supported
also by the results described by Bursian et
al. (1992) who demonstrated that the addit-
ion of HSCAS to the diet protects mink
against the effects of ZEN on the reprodu-
ctive process. On the other hand, ZEN was
found to be able to bind efficiently with
other sorbent materials (i.e) montmo-
rillonite and bentonite (Lemke et al., 2001).
Afriyie-Gyawu et al. (2005) suggested that
the addition of either activated carbon or
hectorite effectively decreased the effects of
ZEN on reproductive toxicity in Hydra
attenuate assay. Furthermore, HSCAS can
be considered as a good candidate for the
prevention against aflatoxin-induced cytog-
enetic effects (Abdel-Wahhab et al., 2002)
or for the detoxification of ZEN-conta-
minated foods (Abbes et al., 2006).

The treatment with HSCAS resulted
in an inhibition in micronuclei (76.2%),
PCE death cells (69%) and chromosomal
aberration (78%) in bone marrow of mice
received ZEN. These findings concluded
that HSCAS has a strong binding capacity
to ZEN resulting not only in a decrease in
the bioavailability of ZEN in the gastroin-
testinal tract but may be also in a subseg-
uent reduction in the distribution to diffe-
rent organs. This may be due to the comp-
lex structure of HSCAS, which incre-ases
the adsorption of organic compounds, path-
ogen agents including rotavirus, Escherchia
coli, Camylobacter, bile salts and non-
digested sugars in each of its layers
(Fushiwaki et al., 2001; Droy et al., 1986).
Many studies (Moore et al., 1997; Sposito
et al., 1999; Abdel-Wahhab et al., 2005)
reported that phyllosilicate clays are
composed of layers of lattice silicates and
chain silicates differentiated by the number
of tetrahedral and octahedral sheets that
have combined. These silicates are essen-
tially composed of repeating layers of
divalent or trivalent cations can be
Aluminas, Magnesium, Iron etc. held in
octahedral coordination with oxygen and
hydroxyl groups and silicas that are tetrah-
edrally coordinated with oxygen and
hydroxyl groups. In general, HSCAS like
other phyllosilicate clays may possess four
types of active binding sites: those located
at basal planes within interlayer channels,
those located on the surface and at the
edges of clay particles and siloxane cavity
in the basal plane of a tetrahedral sheet.

In  conclusion, the present data
indicated that ZEN has a cytotoxic and
genotoxic effects in bone marrow of mice
after 48 h. of the treatment with a single
dose and HSCAS was effective in the prev-
ention of these clastogenic effects. More
importantly the clay itself was found to be
safe at a dose as high as 800 mg/kg b.w.
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