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Abstract

An attempt was made to study the genotoxic effects of Ochratoxin A (OTA) and endosulfan, alone and in combination
by in vivo micronuclei (MN) and chromosomal aberration (CA) assays in bone marrow cells. OTA (4 mg/kg feed) and
endosulfan (5 mg/kg body weight) were administered orally, alone and in combination, to male Wistar rats daily for
30 days. Significantly higher MN frequencies and decreased ratios of polychromatic to normochromatic erythrocytes
(indicator of cytotoxicity), were recorded in individual or combined treatment of OTA and endosulfan as compared
with the control. Chromosomal aberrations such as gaps, isochromatid gaps, breaks and fragments were recorded in
the bone marrow cells. The percent frequencies of aberrant cells were significantly higher in all the treated groups as
compared to the control. The severity of genotoxic effects was more in the combination treatment group, suggesting an
additive or less than additive interaction of OTA and endosulfan in rats.
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Introduction

Ochratoxin A (OTA) is a potent nephrotoxic mycotoxin,
mainly produced by several species of fungal genera Aspergillus and
Penicillium. It is a widespread natural contaminant in various food
or feed commodities, resulting in toxicosis in animal and human
populations. OTA possesses general structure of L-B-phenylalanine
linked by an amide bond to dihydro-isocoumarin moiety. Unfavorable
elimination toxico-kinetics of OTA displays an extremely high inter-
species variability and has been found to exert its deleterious effects in
terms of nephrotoxicity, mutagenicity, neurotoxicity, immunotoxicity,
carcinogenicity, genotoxicity and teratogenicity in various mammalian
species [1-3]. OTA has been suggested by various researchers to
mediate its toxic effects via induction of apoptosis; disruption of
mitochondrial respiration and/or the cytoskeleton or via generation of
oxidative stress and DNA adducts [4-6]. OTA crosses the placenta and
causes adducts in the DNA of liver and kidneys newborns [7]. OTA
is strongly implicated as the cause of Balkan endemic nephropathy
(BEN), a fatal tubule-interstitial disease that is associated with renal
atrophy and that exhibits features similar to porcine nephropathy in
Bulgaria. Approximately 30% of patients dying with BEN have tumors
of the urinary tract [8].

Endosulfan, an organochlorine insecticide and acaricide acts as a
contact poison in a wide variety of insects and mites [9]. It is a highly
toxic, ubiquitous environmental pollutant that causes long-term harm
to humans, animals, wildlife and in aquatic system [10,11]. It is further
classified as moderately hazardous (Class IT) chemical by World Health
Organization [12] and widely considered to be a Persistent Organic
Pollutant [13]. It is readily absorbed by stomach, lungs and through the
skin. It is a potential environmental pollutant and has gained public
health significance due to its low water solubility, chemical stability,
high lipid solubility and slow rate of bio-transformation. There is bio-
concentration and bio-magnification of endosulfan in food chains by
its lipophilic nature [14].

In India, endosulfan residues have been reported to occur in high
levels in various samples of cashew, fruits, milk, butter, coconut oil,
soil, ground water and even in human blood in Kasargod district of
Kerala [15]. It has also been studied experimentally for its endocrine

or hormonal disrupting potential [16], testicular atrophy in male rats
[17] and also reported to cause apoptosis [18], oxidative damage [19],
hepatotoxicity [20] and immunotoxicity. In humans, it is also reported
to cause social death [21], uterine leiomyomas, non-Hodgkin’s
lymphomas [22] and delayed sexual maturity due to interference with
sex hormone synthesis [23].

The perused literature revealed very scanty information on the in
vivo genotoxic effects of OTA and endosulfan in animals or human
beings. Moreover, no report could be traced in the literature on the
combined effect of these two commonly occurring environmental
pollutants (OTA and endosulfan) in animals or human beings. Keeping
the above points in mind, the present study was, therefore, undertaken
to determine the genotoxic effects of OTA and endosulfan, alone and
in combination, in sexually mature male Wistar rats.

Materials and Methods
Production and analysis of OTA

Aspergillus ochraceus NRRL-3174 was originally procured from
National Centre for Agriculture Utilization Research (NCAUR-3174)
Peoria, Illinois, USA. It was grown on sterilized maize as per the
method described by Trenk et al. [24]. The extraction and clean up
of the toxin sample was done as per the method of AOAC [25] and
the quantitative determination of the toxin was done by using thin
layer chromatography (TLC) method and TLC scanner (CAMAG,
Switzerland).
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Preparation of toxicated feed

Cultured maize powder containing known amount of OTA was
added to basal ration in such proportion that the final concentration
of OTA was adjusted to 4 mg/kg feed. Aliquots were taken from the
mixed diet and the toxin was further quantified to ensure the proper
mixing of the toxin.

Dosing of endosulfan

Technical grade (>99.98% pure crystalline form) endosulfan,
procured from Shri-Ram Chemicals Ltd., India, was dissolved in corn
oil (vehicle) and orally intubated to male rats at the rate of 5 mg/kg
body weight, daily for 30 days. The treatment volume was 0.1 ml/100
gm of body weight. Fresh solution of endosulfan was prepared on each
day of treatment. Control animals received an equal volume of corn oil
similar to those treated with endosulfan.

Experimental animals and study design

A total of sixty (60) sexually mature (180 + 20 grams), male Wistar
rats, procured from the Laboratory Animal Resource (LAR) Section
of the Indian Veterinary Research Institute, Izatnagar, Bareilly, Uttar
Pradesh, India were maintained on standard feed and water available
ad libitum. After one week of acclimatization period, the animals were
randomly distributed into five groups of 12 rats each and treated for
30 days as follows: Group I animals were fed with a diet containing
OTA at the level of 4 mg/kg feed; Group II animals received endosulfan
at the rate of 5 mg/kg body weight by oral intubation; Group III
animals received OTA (4 mg/kg feed) and endosulfan (5 mg/kg body
weight); Group IV animals were fed with standard mycotoxin free
basal diet and served as control; and finally Group V animals were
injected intraperitoneally with a single dose of 20 mg/kg body weight
cyclophosphamide and used as positive control. All the experimental
procedures and sacrifice of rats were carried out as per the approved
guidelines of Institutional Animal Ethics Committee (IAEC) and
Committee for the Purpose of Control and Supervision of Experiments
on Animals (CPCSEA).

Micronuclei assay

Isolation of bone marrow cells and preparation of slides for
micronuclei assay was carried out on six rats from each group
following the methods of Hayashi et al. [26] and Chauhan et al. [27].
Briefly, bone marrow aspirated from both the femurs was added to
the Hank’s balance salt solution (HBSS, pH 7.2) containing EDTA
and BSA. The resulting cell suspension was centrifuged at 1000 rpm
for 10 minutes. The cells in the sediment were mixed carefully. A drop
of cell suspension was taken and smeared on clean slides, fixed with
methanol for 5 minutes and stained with acridine orange for 3 minutes
at room temperature. The slides were rinsed thrice in Sorensen’s buffer
(pH 6.8) for 3 minutes each time, mounted with the same buffer and
sealed with Balsam paraffin. Observations were made within a day.
The frequency of the micronucleated cells was determined by scoring
a minimum of 2000 polychromatic erythrocytes (PCE), while 200 bone
marrow erythrocytes were examined to calculate the ratio of PCE to
normochromatic erythrocytes (NCE).

Chromosomal aberration assay

Preparation of chromosomes of bone marrow cells and assessment
of chromosomal aberrations was carried out by using the methodology
of Malhi and Grover [28] and Chauhan et al. [27]. Briefly, 24 hours
prior to the sacrifice, six rats each from all the treated groups were
injected intraperitoneally with colchicine (4 mg/kg body weight) to

arrest cell division at metaphase. Animals were sacrificed by cervical
dislocation for preparation of the chromosomes of bone marrow cells.
Both femurs were dissected out and the adhering muscle tissue was
cleaned off. Bone-marrow cells were collected from both the femurs
by flushing in HBSS (pH 7.2) and cell suspension was centrifuged at
1000 rpm for 10 minutes. The pellet was resuspended in hypotonic
solution of potassium chloride (KCl, 0.56% w/v) for 30 minutes
and then incubated at 37°C to permit osmotic swelling of cells. The
cells were centrifuged and the pellets were resuspended in chilled
Carnoy’s fixative (methanol: glacial acetic acid, 3:1). After 2 hours
fixation, the cells were centrifuged, resuspended in a small volume
of fixative, dropped onto chilled slides from a height of about 2-2.5
feet, flame-dried, stained with 2% buffered Giemsa (pH 6.8). At least
fifty well-spread good metaphase plates of each animal were examined
microscopically for scoring different types of aberrations.

Statistical analysis

Statistical analyses were performed with GraphPad ‘InStat’
software (San Diago, USA). Data were analysed using one-way analysis
of variance (ANOVA) to detect differences among groups and the
means were compared by Dunnett’s Multiple Comparison test. Results
are reported as mean values + SEM and differences were considered as
significant when P < 0.01.

Results and Discussion

Widespread use of pesticides in agriculture is now a worldwide
phenomenon. Awareness about the potential harmful effects of
pesticide residues on animal and human health has been growing day
by day. Formation of micronuclei (MN) and chromosomal aberrations
(CA) are most important cytological end points that are routinely used
in genotoxicity evaluation [29,30]. Since the exposure of environmental
pollutants such as mycotoxins or pesticides to animals and human
populations occurs mostly through contaminated diet [31], the oral
route, was employed in the present study, which was considered more
practicable, simulating the natural route of toxicity due to OTA and
endosulfan.

In the present study, OTA or endosulfan, alone or in combination
caused significantly (P < 0.01) increased micronuclei (MN) induction
and decreased PEC to erythrocyte ratio when compared to those in
control (Group IV). In group III rats, the values of MN induction
(4.89 fold) and the decreased PEC to erythrocyte ratio (44.63%) were
higher than the individual treatment groups (Group I, II) and were
found to be significant (P < 0.01) as compared to those in the group
II rats. However, cyclophosphamide, a reference control (Group V)
was significantly most effective in inducing the micronuclei (6.52 fold)
and decreasing the PCE to erythrocyte ratio (62.86%) than those in
the individual or combined treatment groups of OTA and endosulfan
(Group I, II, III). Induction of MN in bone marrow cells and ratio of
PCE to erythrocytes of rats are presented in Table 1.

Chromosomal aberrations, viz., gaps, isochromatid gaps, breaks
and fragments were observed in the bone marrow cells, as a model for
somatic cells of rats from different treatment groups and are presented
in Table 2. A significant (P < 0.01) increase in the percent frequencies
of aberrant bone marrow cells of rats was seen in all the treated groups
(Group I, II, IIT) when compared to those in the control (Group IV).
In combination group (Group III), the percent frequency of aberrant
cells was significantly higher (11.86 + 0.93) when compared to those in
the individual treatment groups of OTA (7.05 + 1.55) and endosulfan
(6.52 + 1.02). However, the effect induced by the positive reference
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Parameters Experimental groups
MN/2000 PCE 1 I n v \"
Change (fold) 4.67 + 0.42% 3.83+0.31° 6.50 + 0.43° 1.33+0.2112 8.67 + 0.95¢
PCE/200 NCE (+)3.51 (+)2.88 (+) 4.89 0.00 (+) 6.52
Change (%) 85.33 £ 7.11% 97.33 £ 5.67° 67.83 + 3.87° 122.5 +4.582 45.5+4.19¢
(-) 30.34 (-) 20.55 (-)44.63 0.00 (-) 62.86

Group-I, Ochratoxin A (4 ppm in feed); Group-Il, Endosulfan (5 mg/kg body weight); Group-Ill, Ochratoxin A+ Endosulfan (4 ppm in feed + 5 mg/kg body weight); Group-IV,
Control; Group-V, Cyclophosphamide (20 mg/kg body weight by interperitoneal route); Values are expressed as Mean = SE (n = 6); Mean bearing at least one common
superscript do not vary significantly between groups (P < 0.01); PCE =Polychromatic Erythrocytes; NCE = Normochromatic Erythrocytes; MN=Micronuclei

Table 1: Mean values of frequency of micronuclei induced by ochratoxin A and/or endosulfan in bone marrow cells of male rats.

Experimental groups | Cells scored/rat

| 312/6 9 3 9
] 309/6 7 4 6
n 304/6 13 4 10
v 302/6 2 0 1
\ 311/6 12 1" 9

Structural chromosomal aberrations

Total structure aberrations Frequency of aberrant cells (%)

4 25 7.05+ 1.55°
3 20 6.52 + 1.02°
7 34 11.86 £ 0.93°
1 4 0.99 + 0.44°
10 42 14.39 + 0.96°

Group-l, Ochratoxin A (4 ppm in feed); Group-Il, Endosulfan (5 mg/kg body weight); Group-lll, Ochratoxin A+ Endosulfan (4 ppm in feed + 5 mg/kg body weight); Group-IV,
Control; Group-V, Cyclophosphamide (20 mg/kg body weight by interperitoneal route); Values are expressed as Mean + SE (n = 6); Values with different superscript letters

within columns represent significant statistical differences (P < 0.01).

Table 2: Mean values of different chromosomal aberrations induced by ochratoxin A and/ or endosulfan in bone marrow cells of male rats.

compound cyclophosphamide (Group V) was found to be highest
(14.39 + 0.96).

Genotoxic potential of OTA has been reported by earlier workers
[32-34]. Moreover, in mammalian cultured cells, OTA increases the
frequency of micronuclei [35], indicating a clastogenic or aneugentic
effect. OTA-DNA adduct have also been detected in liver and kidneys
[36]. OTA is reported to cause DNA strand break in vitro and in vivo,
micronuclei unscheduled DNA synthesis, sister chromatid exchange
in vitro and gene mutation in bacterial cell/cell lines [37]. Knasmuller
et al. [38] also reported that OTA caused increase in frequency of
micronuclei. It is likely that MN formation by OTA is at least partly
due to clastogenic effects and might be due to either chromosomal
breakage or spindle disruption [39]. Micronuclei are thought to arise
from chromosomal breaks (double-stranded DNA breaks) or detached
portion that arise during the chromosome breakage or exchange.
Chromosomal aberration is also a possible etiologic agent involved in
Balkan Endemic Nephropathy and associated with urinary tract tumors
[40]. The genotoxicity effects of OTA could be the result of kinetic
perturbation of dynamic system [33] or of highly compartmental and
heterogeneous cells of the bone marrow [41].

The genotoxic effects of endosulfan mainly includes chromosomal
damage, sex-linked recessive mutations and sister chromatid exchange
on in vitro or in vivo test system or human population [42,43].
Moreover, Lu et al. [44] also found that the alpha- and beta-endosulfan
were responsible for increased frequency of micronuclei cell, sister
chromatid exchanges and DNA strand breaks at different concentration
on human HepG2 cells. Endosulfan can cause chromosomal breakage
and aneuploidy in mammalian germ cells [45]. The increased per cent
frequencies of chromosomal aberrations and micronuclei have also
been reported earlier by Usha Rani et al. [46] and Khan and Sinha
[47]. Endosulfan-induced chromosomal aberrations might be due to
clastogenesis and mitosis disturbance changes.

It is further suggested that OTA and endosulfan might induce an
oxidative stress at cellular level leading to generation of reactive oxygen
species, which may play a major role in lowering genetic stability or
cytotoxicity and responsible for direct or indirect DNA damage in
in vivo or in vitro mammalian systems [18,48,49]. Moreover, the
mutagenicity of OTA in the target tissue (outer renal medulla) of male

rat kidney further rules out oxidative DNA damage and provide new
structural evidence for DNA adducts formed by OTA, strengthened its
involvement in direct genotoxicity which leads to renal carcinogenesis [3].

Conclusion

The present study highlighted the cytogenetic effects caused by
OTA and endosulfan alone and in combination by oral exposure in
male Wistar rats. The oral administration of OTA and endosulfan, with
or without combination caused increased frequencies of chromosomal
aberration and micronuclei formation in rat bone marrow cells. The
frequency was higher in the rats receiving both the toxicants which
suggest that OTA and endosulfan treatment cause additive or less than
additive effect on genotoxicity in rats.
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