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Abstract

Ochratoxin A (OTA) is a mycotoxin produced by species of the genus Aspergillus and penicillium. Human
exposure has been demonstrated worldwide and its origin seems to be the intake of contaminated foods.
Immunotoxic and genotoxic effects of OTA were investigated in mature male albino rats, when treated with
garage in a close of 150, 300 and 450 OTA pg/kg B.wt. for 90 days. In the context several immune function
assays were performed and bone marrow smears were obtained and stained in order to analyse micronuclei in
polychromatic erythrocytes. The response of splenocytes to sheep red blood cells was decreased in a dose —
dependent manner. However, slightly statistically significant differences were obtained. Cytotoxic T
lymphocytes activity was lower in the animals exposed to 150 OTA pg/kg B.wt. but was not modified in the
groups exposed to 300 & 450 pg/kg B.wt.. The number of micronuclei in bone marrow polychromatic

erythrocytes was slightly increased with respect to the control at any dose.
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Introduction

Ochratoxin A (OTA) is a mycotoxin mainly
produced by Aspergillus ochraceus, Aspergillus
carbonarius and Penicillium verrucosum fungi
species which may contaminate a variety of food,
grains, meat and food stuffs ). Human exposure to
OTA has been demonstrated in several European
countries @ as well as worldwide®. It has been
proposed that OTA can be the etiologic agent of
Balkan Endemic Nephropathy™. It may has also an
immunotoxic, hepatotoxic, teratogenic, neur-otoxic
and carcinogenic properties and has been classified
by the IARC as a possible human carcinogen®.
Due to its nephrotoxic properties, in 2010 in
Africa, JECFA established a tolerable daily, intake
of 10ng/kg B.wt. which was reduced to 7.5ng/kg.
b.wt. in 2010® and to nill ng/kg B.wt. by Japan‘”.
More recently, the EU scientific committee on food
recommended the reduction of human exposure as
such as possible, due to their concern regarding the
potential genotoxicity of OTA and its mechanism
of action as a carcinogen®. The OTA immunotoxic
potential has been studied in different experimental
models, after single and repeated administration of
a wild range of doses given by various routes.
Therefore, data available is often contradictory and
difficult to interpret. OTA exposure affects the

plasma levels of immunoglobulins in rats®. The
antibody response to sheep red blood cells (SRBC)
is suppressed in mice (10). Proliferative response
of B cells is not modified by OTA in rats® or
mice®™. OTA does not modify T cell response to
mytogenic stimuli in rodents after 6, 12 or 28
days™, but decrease is found after 90 days of
exposure™?.

Data regarding OTA effects on NK cell activity is
contradictory. A decrease of NK activity was
observed in a study in mice (11). T cytotoxic
lymphocyte (CTL) activity was not affected in
mice™. In addition, OTA interferes with
macrophage activity in mice*?.

Although there is plentiful data as the toxic effect
of OTA, very little has been published regarding
the in-vivo exposure of this mycotoxin in medium-
term assays carried out in rats. With respect to
immunotoxicity, it is not always evident from the
studies whether the effects observed are truly
immunotoxic or derived from acute toxic effects
that exert an indirect inflow on immune system®.
with respect to genotoxicity although it has been
demonstrated that ingestion of OTA induces
single—strand DNA breaks on rat livers and kidneys
3 and that increases the formation of DNA
adducts in mice?.,
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In vivo mutagenicity assays such as the micronuclei
assay that detects clastogenic and/or aneugenic
compounds, have not carried out.

Hence, it was the aim of this experiment to perform
a 90 day general toxicity in rats in which several
immuno functions assay could be carried out as
well as enabling analysis of micronuclei in bone
marrow polychromatic erythrocytes of the animals
treated with the Ochratoxin A.

Material and Methods

Test substances:

Ochratoxin A (OTA) was kindly supplied from
Mycotoxin Department, National Institute of
Animal Health, Dokki, Cairo, Egypt. It was
dissolved in 0.1 M HNaCO; pH 7.4. A sufficient
amount of three different concentrations (150, 300
and 450 ug OTA/ kg B.wt.) were used in vivo assay
were prepared at -150 °C until used.

Experimental Design in vivo

Experimental animals:

Eighty five mature male albino rats (body weight =
180+30 gm) were obtained from laboratory animal
house, Faculty of Science, Zagazig University,
Egypt. The rats housed in cages on a ventilated
area, at a room temperature with a 12 h light/dark
cycle. Rats were provided with food and water ad-
libitum. The OTA feed level was lower than the
tolerable daily intake were recommended with
FAO/WHO, 2010.

OTA animal treatment:

The animals were distributed randomly into four
group, the first group was control (n=10) but 2nd
group (n=25) were received OTA 150 ng/kg b.wt.,
3" group (n=25) were received 300 ng/kg b.wt. and
the 4" group (n=25) were received OTA 450 ng/kg
b.wt. The treated animals by gavages with daily
dosed for long 90 days. Control group was received
NaHCO3.

Isolation of immune cells:

The animals were sacrified then the intraperitonial
macrophages were isolated by infected 40 ml of
DMEM medium (Oxoid, Egypt) and harvesting
after one minute. The spleens were removed
aseptically, a cell suspension were prepared in
RPMI 1640 medium, supplemented with fetal
bovine serum (Biotech, Egypt), penicillin/
streptomycin (Epico Egypt), 50 uM of 2- mercapto
ethanol (Sigma, Egypt).

The cells were then washed in cold RPMI medium
and re suspended in EMEM medium without
phenol red (Sigma, Egypt). NK cells were isolated
by gradient centrifugation technique™. NK cells
were washed in MEME medium, counted in a
hemocytometer and adjusted to 1x10° cells /m.
lymphocyte were washed twice in RPMI 1640
medium, resounded in complete medium and then
counted.
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Lymphocyte proliferation assay:

The assay was performing following the protocols
described in current proto in immunology"®. Cells
we seeded in round-bottom 96-well plates and the
lymph proliferative agents were added to a final
well concentration of 5ug/mL concanavalin A and
20ug/mL polysaccharide. After 72 h of incubation,
the portion response was measured by the
propidium 100 (P1) assay®”.

Cytotoxic T lymphocyte (CTL) activity:

Total CTL activity was measured without
considering antigen specific®. CTL precursors
were cultured with mitogen agent cell (conca-
navolin A) during 72 h and then effect cells
harvested and co cultured with cells for four hours.
The percentage of lysed target cells was calculated
by the propidium to assay .

Humoral response to sheep red blood cells
(SRBC):

Rat were immunized with SRBC (Bio Merieux,
Egypt) suspension by intravenous administration
(2x10° cells/ rat) four days before scarified spleen
cells were isolated as previously described and
antibody production was measured by the
suspension hemolytic assay™®.

Micronucleus assay:

The micronucleus test was performed®?. Femurs
were removed from the animals and a drop of bone
marrow was placed on another drop of fetal calf
serum on one and of a clean dry glass slide. Cells
were spread with the aid of another slide and left to
air—dry. Two slides were obtained per animal. They
were stained with May-Gruen wald -Giemsa
staining and after air- drying, they were mounted
with DPXCP-xylene —bis (N-pyridium bromide).
Slides were coded before microscopic examination.
A total of 1000 polychromatic erythrocyte (PCEs)
were analyzed per rat, and the frequently of micro
nucleated polychromatic erythrocyte (MNPCES)
were also determined. The ratio of PCEs per
normochromatic  erythrocytes (NCEs)  were
calculated to determined the cytotoxic effects of
OTA.

Statistical analysis

The statistical analysis is depended upon the
significance of these preliminary tests of immune
and genotoxic assay were analyzed by the one —
way analysis of variance (ANOVA)®@,
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Results

Immune function assay:

The proliferative response of splenocytes affected
by OTA exposure was shown in (Table 1). The
CTL activity was lower in animals exposed to 150
pg/kg b.wt. OTA but was not modified in the
groups exposed to 300 and 450 pg OTA/kg b.wt,
(Table 2).

The response of splenocytes to SRBC was
decreased in dose dependent manner; however the
differences obtained were slightly significant
(Table 2).

Micronucleus assay:

OTA induced slight significant increase in PCEs
after 90 days of oral dosing with mycotoxin
compared with control group (P = 3.65). The
results are presented in table (3). The frequency of
Mn in NCEs was very low and slightly increases.
PCS/ NCE ratio was greater than 1 at all of the
concentration tested, in a range between 2.96 and
4.90 (Table 3).

Discussion

This study of toxic effects of OTA under different
doses exposure regimen is extremely important in
order to have more data for human assessment.
Several studies on immunotoxic potential of OTA
have been carried out, but seldom in the context of
general toxicity testing. Therefore, the principal
aim of this study was to obtain information about
the immunotoxic properties of ochratoxin A, given
orally to male white albino rats at different doses.
Human data regarding plasma are generally less
than 4ng/mL, with autlayers ranging up to 8-9
ng/ml with the exception of persons living in
Balkan regions and middle East who have a higher
level (50-100 nm/ml) (2).

In this study, the levels to which animals were
exposed were above those of natural human
exposure.  The  relatively  high  plasma
concentrations of OTA at the end of the study can
be explained by slow elimination of the toxin from
the body.

Regarding the humoral response slight variation
was observed in the proliferative response of
splenocytes, slightly deviated from other studies
(9&10). The humoral response to SRBC decreased
in a dose dependent manner, as previously
observed (10 and 12). A decrease in the total CTL
activity against target cells was observed in the
group treated with 150pg OTA /kg b.wt, but not in
the other treated groups.

In this study, OTA has been administered for 90
days in the context of a general toxicity at 150, 300
and 450pg/kg B.wt, as to determine immune
function parameters at sub toxic OTA
concentration for nephrotoxicity. Therefore, the
animals have been exposed to OTA at much lower
doses but during more days. In spite of the different
regimen exposure, the possibility of obtaining more
information from the study encouraged us to
analyse MN in bone marrow erythrocytes, even if
the doses tested were lower than those
recommended.

The higher number of PCE found with respect to
NCE resulted in a PCE/NCE ratio higher than 2
(range 2.96-4.90). This can be explained by the fact
that approximately or h before the animals were
sacrificed a substantial volume of blood was
extracted from the retro-orbital sinus of the
animals. This circum stance probably activated the
erythropoietic process and consequently.
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Table (1): Effect of OTA on B proliferative response to lipopolysaccharide, T cell proliferative response to Canavalis A.

Group B. lymphocytes T. lymphocytes
Control 269.20 116.70
150 ug /k 195.117 89.15"
300 pg/kg 20152 96.22"
450 pg/kg 233.447 105.65"

*P <0.05, ** P<0.01
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Fig. (1): Effect of OTA on B proliferative response to lipopolysaccharide, T cell proliferative response to Canavalis A.
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Table (2): CTL cytotoxic activity and humoral response to SRBC after 90 days of treatment with OTA.

Group CTL activity Hemolytic suspension assay
Control 14.75 1.28

150 pg /kg. OTA 7407 0.92

300 pg/kg OTA 17.05 0.88"

450 pg/kg OTA 15.65 079"

*P <0.05 **P<0.01,***P <0.001
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Fig. (2): CTL cytotoxic activity and humoral response to SRBC after 90 days of treatment with OTA.

Table (3): Micronucleus induction in mouse bone marrow cell of white albino rats after oral administration for 90 days.

Group PCE/NCE* MN /PCE * PCE/n’ MN/NCE *

Control 3.35+0.25 3.22+0.25 11.00/11 0.35+0.60
150 pg /kg. OTA 4.90+0.21 4.65+0.30° 11.00/11 0.19+0.65
300 pg/kg OTA 3.10+0.18 5.85+0.19" 8.00/8" 0.86+0.45
450 pg/kg OTA 2.96+0.13" 3.52+0.12 11.00/11 0.56+0.80"

*P<0.05, **P<0.01 ***P<0.001

l B PCE/ NCE M MN /PCE MN/ NCE
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Control 150 png /kg. OTA 300 pg/kg OTA 450 pg/kg OTA

Fig. (3): Micronucleus induction in mouse bone marrow cell of white albino rats after oral administration for 90
days.

1- This ratio was calculated in a total of 1000 PCE+NCE examined/ animal.

2- MN was identified in a total of 2000 examined / animal.

3- Total number of PCE examined / number of animals.

4- MN were identified in a range of 125 -400 NCE which a total of 1000 erythrocytes examined.
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