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ABsTRACT: In the present study, the effects of ochratoxin A (OTA), citrinin (CIT) and their combination on the immunological
parameters were studied in 6-8 weeks old New Zealand White rabbits at 60 d post-intoxication. Thirty two rabbits were
divided into four groups of eight. OTA, CIT and a combination of the two were given at 0.75 mg/kg, 15 mg/kg and
0.75 plus 15 mg/kg, in feed respectively for up to 60 d of the trial. Other fourth group was used as a control, being fed
standard toxin free feed. The toxin treated animals showed a significant decline in antibody titres to sheep red blood
cells. The reduction in the cell mediated immune response was more significant in the OTA and combination groups as
observed in the skin hypersensitivity test and the lymphocyte proliferation assay. The citrinin-treated rabbits failed to
show any significant changes following the lymphocyte transformation assay and the delayed type hypersensitivity test.
Histologically, the cellular (mononuclear cells) reaction in the skin in the treated groups was comparatively lesser than
that of the control group. Thus, the present study in rabbits indicated significantly lower humoral and cellular immune
responses in the OTA and combination groups
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INTRODUCTION

Fungal contamination of feedstuffs and feed is one of the central problems in farming as this can reduce
the nutritional value of feedstuffs and feed and is responsible for causing mycotoxicosis (CAST, 1989).
The immunosuppressive properties of mycotoxins lead to an increased susceptibility to infections and
vaccination failure, which in turn, results in heavy economic losses for livestock industries (Vasanthi and
Bhat, 1998). Ochratoxin A (OTA) and citrinin (CIT) are key mycotoxins which can cause nephrotoxicity in
different animals. OTA is mainly produced by Aspergillus ochraceus and CIT is produced by Penicillium
citrinum. Allegedly OTA induces nephrotoxicity, immunotoxicity, genotoxicity, teratogenicity and
carcinogenicity. The clinico-pathological changes include hypoproteinemia, poor growth, enhanced
clotting time and widespread hemorrhages (Arai and Hibino, 1989). CIT is primarily a nephrotoxic
compound which is often encountered together with OTA as a feed contaminant; however the level of
acute toxicity varies in different species. In mice, CIT is embryocidal and fetotoxic, whereas in rats, at
high doses, it causes teratogenic effects, renal tumors and induces the enlargement of and tubular necrosis
of the kidney (Mayura ef al., 1984; Arai and Hibino, 1989). CIT together with OTA has been reported
as an actiological agent in the fatal human kidney disease - Balkan endemic nephropathy. CIT can act
synergistically with OTA to depress RNA synthesis in murine kidneys (Sansing et al., 1976). Although
both OTA and CIT are nephrotoxic and have been reported to occur naturally as co-contaminants
(Manickam et al., 1985), studies involving OTA and CIT interaction are limited and no report is currently
available regarding the interaction of these mycotoxins in rabbits. In India, natural outbreaks with heavy
mortality due to ochratoxin contamination and their residual effects were reported in rabbits (Sharma,

Correspondence: P. Dwivedi, pdwivediivri@rediffmail.com
Received June 2007 - Accepted November 2007.



KuMAR et al.

1998; Prabu, 2004). As the rabbit is highly susceptible to commonly occurring mycotoxicoses, it has
been recommended by the regulatory bodies, as one of the most suitable laboratory animal models
for various toxicological evaluations involved in the execution of risk assessment for both animal and
human populations (Derelanko and Hollinger, 2002). Therefore, the present work was undertaken to
assess immunotoxicity in rabbits fed a diet containing low levels of OTA and CIT separately and in
combination.

MATERIALS AND METHODS

Production and analysis of ochratoxin A

Pure culture of Aspergillus ochraceus (NRRL-3174) obtained from the National Center for Agricultural
Utilization Research (NCAUR, Peoria, Illinois, USA) was employed for the OTA production as described
by Trenk et al. (1971). OTA was produced through the fermentation of sterilized maize at 25+ 2°C
using the inoculated fungal culture for 2-3 weeks. OTA was extracted using chloroform and 10 g of
diatomaceous earth (Celite-545) to 50 g of culture powder and then filtered. The filtrate was passed through
a chromatography column containing activated diatomaceous earth and aqueous sodium bicarbonate.
Initial elution was carried out with n-hexane, followed by benzene: acetic acid (98:2). Finally, OTA was
estimated using thin layer chromatography (TLC) and a UV-Vis-Spectrophotometer (Genesys™ 10,
Thermo Electron Corporation, Pittsford, USA) at 333 nm against the standard toxin procured from Sigma
Chemicals Limited, USA (AOAC, 1995). The purity of the toxin was found to be approximately 94%.

Production and analysis of citrinin

CIT was produced and analyzed using sterile maize in accordance with the method described by Jackson
and Ciegler (1978). The culture of Penicillium citrinum NRRL 5907, supplied by the National Center for
Agricultural Utilization Research (NCAUR, Peoria, Illinois, USA), was used to produce CIT on partially
ground maize at 25°C (+2) for 2-3 weeks. The culture substrate was steamed for 5 min, dried at 50°C
and ground to a fine powder. The culture was soaked with chloroform, acidified with concentrated HCI
and allowed to equilibrate. The suspension was blended, filtered and the chloroform layer was rinsed
with water. Next, the suspension was extracted with acidified 0.1 M NaHCO, (conc. HCI, pH 2.5) and
condensed to '/, volume. The crude chloroform extract was washed with water and again extracted using
0.1 M NaHCO,. The aqueous layer was acidified to pH 2.5, and toxin was collected by filtration. CIT
was dissolved in chloroform and estimated using TLC and a UV-Vis-Spectrophotometer (Genesys™ 10,
Thermo Electron Corporation, Pittsford, USA) at 322 nm against the standard CIT procured from Sigma
Chemicals Limited, USA. The toxin was found to be approximately 95% pure.

Experimental procedure

Thirty two New Zealand White rabbits, 6-8 weeks of age, were obtained from the Laboratory Animal
Resource Section of the Indian Veterinary Research Institute (IVRI) and were housed individually in metal
cages. All the experimental procedures were conducted with the prior permission of the Committee for the
Purpose of Control and Supervision of Experiments on Animals (CPCSEA) and the Institutional Animal
Ethics Committee (IAEC). All animals were house-caged in a temperature-controlled and artificially
illuminated room (12 h light/dark cycles). The rabbits were maintained on a standard basal diet supplied
by the Feed Processing Unit of the Institute. Prior to commencing the research, the basal experimental diet
was tested in the laboratory for aflatoxin B, OTA, CIT and fumonisin B,. No detectable levels of these
mycotoxins were observed in TLC and spectrophotometry analysis(lowest detection limit 1 to 5 pg/kg
feed). Fresh green fodder was provided along with water ad libitum.
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After a one week of acclimatization period, the animals were randomly distributed into four groups of
eight and treated as follows: Group I was given a diet containing 0.75 mg OTA/kg feed; Group II, a diet
containing 15 mg CIT/kg feed; Group III: a diet containing 0.75 mg OTA/kg feed and 15 mg CIT/kg feed;
and finally, Group IV was fed a standard mycotoxin free basal diet.

Immunological studies

Humoral immune response: On day 40 of the experiment, four rabbits, one from each group, were
immunized with sheep red blood cells (SRBCs) by intraperitoneal injection of 0.5 mL of SRBCs suspended
in phosphate buffer saline (PBS) at 1.25 x10° cells per animal. After 10 d, following initial sensitization
with SRBCs, the rabbits were given a booster dose of SRBCs. Serum was collected 10 days after the
booster dose. A haemagglutination (HA) test was carried out using the micro-titration technique according
to the procedure described by Beard (1980). The HA pattern (a diffuse sheet (lattice) of agglutinating
RBCs covering the bottom of the wells) was noted and the titer was regarded as the reciprocal of the
highest dilution, displaying complete agglutination of erythrocytes and expressed as log,/0.05 mL.

Cell mediated immune response

Lymphocyte proliferation assay: A lymphocyte proliferation test using MTT (3-(4,5-dimethyl-thiazol-
2-yl) 2,5-diphenyl tetrazolium bromide) was performed on day 60 of the trial. The procedure described
by Bounous ef al. (1992) was followed, although with some modifications.

Isolation of blood mononuclear cells: Blood samples (3-4 mL) were drawn aseptically with ethylenediamine
tetra-acetic acid (EDTA) (0.5 mg/mL) as an anticoagulant. Following centrifugation, the plasma was
removed and a buffy coat was collected and resuspended in 3 mL of PBS. This was then carefully layered
over 2 mL of histopaque (1.077 g/mL, Sigma) and the tubes were centrifuged at 2000 rpm for 45 min.
Leucocytes at the histopaque-PBS interface were carefully aspirated and rinsed three times with PBS.
The resulting cells were suspended in a sufficient volume of RPMI-GM to give the required viable cell
concentration to ensure that the next stages could be carried out. The cells were adjusted to give 5x10cells/
mL in media. 100 pL of the cell suspension was added to 3 sets of triplicate wells of RPMI-GM growth
medium (Roswell Park Memorial Institute - Granulocyte Macrophage medium). The second and third
sets received 100 pL of RPMI-GM containing 100 pg/mL of Concanavalin-A. The plates were incubated
at 37°C in a humidified chamber at 5% CO, tension for 96 h. Following this, 100 pL of supernatant was
removed from the wells and 10 pL of MTT solution was added to all the wells. The plate was incubated
for a further 4 h. MTT formazan was extracted from the cells using dimethyl-sulphoxide (100 uL/well).
OD was measured using an ELISA reader at a test wavelength of 492 nm and a reference wavelength of
650 nm.

Delayed type hypersensitivity response: Four rabbits from each group, were assessed for the effects
of the various treatments on cell mediated immune response. On day 40 of the trial, the rabbits were
injected intraperitoneally with 1 mg of ovalbumin in 1 mL PBS to assess sensitization. The right ear
sites were challenged intradermally with 50 pg ovalbumin in 50 pL PBS after 10-15 d post-sensitization.
The left ear sites (as negative controls) were injected with PBS only. The thicknesses of the ear sites
were quantitatively measured using electronic digital calipers (Forbes-150%0.01mm/6x0.005) at 0, 24,
48, 72 h after challenge. At each interval, skin biopsies were collected under local anesthesia. These were
preserved in neutral buffered formalin for histopathological evaluation.

All the data pertaining to the immunological findings were statistically analyzed using analysis of variance
(ANOVA). The Student’s post hoc t-test was applied to assess the level of significance among the groups
(Snedecor and Cochran, 1989).
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RESULTS AND DISCUSSION

The rabbit is a species which is sensitive to OTA toxicity (median lethal dose: LD, 10 mg/kg of body
weight (BW)) (Mir et al., 1999) in comparison with other laboratory animals viz. rat and mice (LD,
20-30 mg/kg BW and 46-58 mg/kg BW, respectively) (Marquardt and Frohlich, 1992). The highest
concentrations recorded, up to 80 ppm OTA and 9.6 ppm ochratoxin B (OTB), were reported in Italy,
where these were found in mouldy bread (Visconti and Bottalico, 1983). Exposure to this caused lethal
gastroenteritis in rabbits, chicken and dogs. An outbreak of ochratoxicosis in angora rabbits, resulting in
a heavy mortality rate, was also reported from Himachal Pradesh, India (Sharma, 1998). Hence, in the
present study, the rabbit was selected as the experimental animal for the assessment of OTA- and CIT-
induced immunotoxicity.

Humoral immune response

The humoral immune response was assessed by measuring the antibody titres against SRBCs (log,/0.05)
in all the groups. There was a significant reduction in the log, values for HA titres in the sera of groups
1(3.75+0.48), I (2.7540.25) and III (3.5040.29) rabbits when compared to that of group IV (5.5040.29)
at day 60 of the study (Table 1). The decrease in HA titres may be due to the depletion of lymphocytes
from the lymphoid organs as observed histopathologically in the spleen and Peyer’s patches (unpublished
data), since SRBCs were thymus-dependent antigens and required T and B cell co-operation for antibody
synthesis (Toivanen et al., 1972). Several studies revealed that OTA affected the structural components
of the immune system. Immune suppression due to regression of immunological organs such as the bursa
of Fabricius and the thymus and their lymphoid cell population in the OTA treated chicks, resulted in
a decline in IgG, IgA and IgM levels in serum (Dwivedi and Burns, 1985). This result lends further
support to the present findings. In the CIT group antibody titres to SRBCs were also reduced suggesting
humoral immunosuppression. A significant decrease was observed in the relative lymphocyte counts
in treated groups I, II and III (51.75%, 52.50% and 51.00%) compared to control group IV (64.75%)
at day 60 of the trial (Kumar et al., 2007). The present findings in CIT-treated animals contrasts with
previous studies which reported either no effect on humoral immune response (Campbell ez al., 1981) or
an increased humoral immune response (Reddy et al., 1988) in CIT toxicosis. Regarding the animals in
the combination group, the reduction in antibody titres could be attributed to the immunotoxic effect of
both types of toxin.

Cell mediated immune response

Concanavalin A induced stimulation indices of the lymphocytes collected from rabbits from all the
groups at day 60 of the trial, were significantly lower in groups I and III when compared to those of the
control group. Group III (0.81+0.01) animals revealed the lowest stimulation index, followed by group I
(0.83+0.01) and group II (0.97+0.01). Group IV control rabbits displayed the highest stimulation index
(1.08+0.03) (Table 1).

In general, the ear pinna revealed hot and painful focal swelling at 24 h (Groups I, II, III and 1V, 0.18,
0.19, 0.17 and 0.20 mm, respectively) which tended to decrease after 48 h (Groups I, II, III and IV,
0.16, 0.17, 0.15 and 0.18 mm, respectively) and 72 h (Groups [, II, III and IV, 0.13, 0.14, 0.12 and 0.15
mm, respectively) in rabbits from all four groups. The increase in skin thickness was relatively lower in
the intoxicated groups when compared with that of the control group. Histopathological examination of
skin biopsies collected from the control group rabbits revealed varying degrees of acute inflammation
characterized by severe congestion of blood vessels together with hemorrhages, oedema and mononuclear
cell infiltration. The dermis was chiefly affected showing intense infiltration especially by mononuclear
cells combined with a few lymphocytes and heterophils. In comparison, the epidermis remained
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Table 1: Means and standard error (mean+SE) of the effects of OTA, CIT and their combination on humoral
and cell mediated immune responses in rabbits, measured 60 d post intoxication (n=4).

Group I Group II Group III Group IV

(OTA) (CIT) (OTA+CIT) (Control)

HA (log,)' 3.75+0.48° 2.75+0.25¢ 3.50+0.29% 5.50+0.29*
S.1.2 0.83+0.01° 0.97+0.01* 0.81+0.01° 1.08+0.032

'HA (log,): haemagglutination titre against SRBCs (sheep RBC) in terms of log /0.05 mL serum.
2S.1.: Stimulation index (Lymphocyte transformation assay).
Means within a column with different superscripts differ at <0.05, using Student’s ‘t’ test as a post hoc test.

unaffected. Skin biopsies, taken from groups I and I1I and collected at various intervals, revealed a lower
level of cellular reaction when compared to that of the control group. However, in contrast to the other
two intoxicated groups, the CIT-treated animals displayed a greater degree of cellular reaction which was
comparable to that observed in the control group (Figures 1-4).

Reductions in the cell-mediated immune responses, in the OTA and combination groups, as assessed by
the delayed type hypersensitivity (DTH) response and lymphocyte proliferation assay, were supported by
earlier observations in OTA treated poultry (Dwivedi, 1984; Singh, 1990; Ramadevi ef al., 1996), pigs
(Harvey et al., 1992) and rats (Satheesh et al., 2005), where significant cellular immunosuppression was
observed. The stimulation index of the lymphocyte transformation test in rabbits indicated a significantly
lower cellular immune response in OTA and combination groups. This may be due to the effect of these
toxins on the immunocompetent organs (Chang, 1979; Dwivedi and Burns, 1985). These findings were
further supported by a reduced cellular reaction in the dermis at the skin test site, as histopathologically
noted. The cell mediated immune response was not affected by CIT. This observation is supported
by earlier reports (Campbell et al., 1981; Reddy et al., 1988). In conclusion, OTA alone and also in
combination with CIT caused severe humoral and cellular immunodepression in rabbits. Furthermore, the
interaction between these two mycotoxins appears to be more severe and additive in nature. However,
in CIT-treated animals the effect on cell mediated immunity was minimal, although it did result in the
depression of the humoral immune response.
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