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ABSTRACT The present study was undertaken to evaluate the toxic potential of fungal isolates from the maize straws which had
caused the death of cattle in Bailhongal village in Belgaum district of Karnataka and to confirm the effects of mycotoxins
produced by these isolates in rats. The fungal isolates were identified as Aspergillus niger . The fungal inoculated wheat

cultures were subjected to LCMS/MS multi-mycotoxin analysis which confirmed the presence of aflatoxins and fumonisins. Sub acute toxicity
study of the culture filtrates were conducted on Wistar albino rats. The animals were gavaged at three different dose levels daily for 28 days.
During the study period, rats were observed for clinical signs of toxicity. Biochemical and haematological parameters also were analysed. There
was a significant (P<0.001) increase in the serum concentrations of ALT, AST, BUN and creatinine, indicated hepatic and renal damage which got
confirmed by histopathology. A significant (P<0.001) increase in TLC and significant (P<0.001) decrease in haematological parameters such as

TEC, Hb and PCV was observed.

Introduction

The worldwide contamination of foods and feeds with mycotoxins is a
significant problem. Mycotoxins are produced by some of the specific
strains of filamentous fungi belonging to species of the genera As-
pergillus, Penicillium, and Fusarium that invade crops at the field
level and may grow on foods during storage under favorable condi-
tions (temperature, moisture, water activity, relative humidity. The
consumption of mycotoxin contaminated diet may induce acute and
longterm chronic effects resulting in teratogenic, carcinogenic (main-
ly for liver and kidney), oestrogenic, or immunosuppressive impact
not only on animals but also on man, whereas animals usually suffer
more due to grains of lower quality (1)

In general, when mycotoxin-contaminated maize is mixed with the
livestock feed and consumed by animals, it may result in an unhealthy
situation ranging from decreased nutritive value of feed, poor feed
conversion, reduced growth, organ damage and even death. The
symptoms depend on the type and dosage of the mycotoxin, age, sex
and species of the animal, the period for which the mycotoxin-con-
taminated feed is ingested and the nutritional status of the feed (4) .

Aspergillus niger is a versatile filamentous fungus found in soil, wa-
ter, air, decaying plant material and large number of food and feeds
all over the world (2) . In living beings , when contacted with A. niger
and mycotoxins usually through consumption, may cause many neg-
ative effects, i.e., immunotoxcitiy, carcinogenicity and hepatotoxicity
(3). (5) stated that A.niger has the ability to produce fumonisins the
most frequently found being the fumonisin B1. and also reported
the histopathologic effects of fumonisins in rats and stated that ex-
perimental models used to date to study fumonisin toxicity on lab-
oratory animals are based mainly on the production of acute myco-
toxicoses. However, consumption of lesser amounts of fumonisins at
levels below those that cause overt toxicity may exert haematological,
serum biochemical and/or histopathological effects in animals. (6)
determined the fungi in maize, rice and millet such as A. niger,. and
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showed that these produced aflatoxin B1, fumonisin B1.

The feeding of fumonisins contaminated corn produced leukoenceph-
alomalacia (LEM) in horses (7) and pulmonary edema (PE) and hydro-
thorax in swine . Experimental high doses of fumonisin caused ad-
verse effects in cattle (8) and poultry (9). Human consumption of corn
contaminated with fumonisin has been correlated with increased inci-
dence of oesophageal cancer in certain parts of the world (10)

The objective of the present study was to Culture, isolate and iden-
tify the fungi from the affected maize straws that supposed to cause
toxicity in cattle , experimentally induce mycotoxicosis in rats with
fungal infected material,screen for the presence of various mycotoxins
, assess changes in certain serum biochemical and hematolog-
ical parameters and thereby to correlate the findings with gross
and histopathological observations

Materials and Methods

Experimental site and animlas : 24 mature wistar albino rats of
either sex weighing between 180+_20 g were obtained from IISc
(Indian Institute of Science, Bangalore, Karnataka, India. The rats
were housed in polypropylene rat cages at the Animal House of the
Department of Veterinary Pharmacology and Toxicology, Veterinary
college, Bangalore, Karnataka, India were the experiment was carried
out. Further laboratory analysis were carried out in the Department of
Veterinary Pharmacology and Toxicology, Veterinary college, Banga-
lore, Karnataka.This study was approved by the local ethics commit-
tee(No-147/LPM/IAEC/2013,25/09/2013).

Collection of fungal contaminated maize straws:

Fungal contaminated dry maize straws were collected from Bail-
hongal village of Belgaum district, where the cattle were exhibiting
clinical signs of toxicity after consuming fungal contaminated maize
straws like loss of body condition, ruminal atony, severe anorexia,
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ataxia ,recumbency, bleeding from orifices .

Fungal isolation:

Fungal contaminated maize straw bits of 4-5 mm size were surface
sterilized with 0.1% Mercuric chloride solution for 1-2 min followed
by 3 succeeded washings in distilled water for 1 min each. Then the
samples were inoculated into PDA Petri-plates after drying. The inoc-
ulated plates were incubated at 28°C for 3-5 days+. The fungal growth
on the sample was evident in about 5 days. The different fungal col-
onies were transferred to another plate containing PDA medium and
incubated at room temperature for 5 days.

Identification of the fungi: Initial identification of the fungi was
done in Dept. of Plant Pathology in University of Agricultural Sciences,
Bangalore. Further confirmation was done by Agharkar Research Insti-
tute (ARI), Pune.

Brothharvesting: The pure culture was inoculated into 2 and 5 liter
conical flasks containing PD broth under UV sterilized condition. The
flasks were kept at 37 °C for a period of 28 days without disturbance
for optimal growth of the fungi. The mycelial free content was gen-
tly decanted into another sterile container and used according to the
preset protocol.

Screening: The presence of different mycotoxins was monitored us-
ing LC-MS/MS. The fungal inoculated wheat cultures were subjected
to LCMS/MS multi-mycotoxin analysis which confirmed the presence

No. of rat
of aflatoxins and fumonisins.Mycotoxin identity confirmation was Group IFJ:;]eal(énI/mOg) Molo fats
performed by monitoring of at least 2 transition ions per analyte. The ae
HPLC system utilized a binary gradient solvent system consisting of Control _|PD broth 2 6 16
nanopure grade RO water buffered by ammonium acetate, acetic acid Group IA Aspergillus niger culture | ¢ (Lowdose) |6 6
and methanol. The total run time was 28 minutes per sample analyz- ﬁltrate. :
ed.. Group IB éls'([;s{_ce]/llus niger culture 1(Medium dose) |6 6
Experimentaldesign: The animals were acclimatized to the ex- Group IC | Aspergillus niger culture |5 (igh dose) |6 |6
perimental laboratory conditions for a week. They were maintained filtrate

under hygienic laboratory conditions providing standard laboratory
feed. The animals were weighed individually at the beginning of the
study and at weekly interval till day 28. The animals of each group
were gavaged with the fungal culture filtrates of the respective group
once daily. In the present study, the fungal culture filtrate was admin-
istered to induce the toxicity in rats since it was appropriate method
to administer the desired dose of the broth culture filtrate containing
major secondary metabolites or mycotoxins (30). The dose selected in
rats was based on the maximum allowable dose to be administered
to these animals as per the standard protocols (31). The feed intake
was measured daily.The blood samples were drawn from retro-orbital
plexus puncture method using microhaematocrit capillary tubes. Se-
rum biochemical and haematological parameters were estimated on
day 0,14 and 28 .

Haematological and serum biochemical: Haematological pa-
rameters (erythrocyte counts, total leukocyte counts, packed cell

volume (PCV), haemoglobin (Hb) concentrations and biochemical pa-
rameters (ALT,AST,creatinine , and BUN ) were determined Using Semi
Automatic Biochemical Analyzer- Microlab 300 (MERCK,Germany) and
commercially available diagnostic kits (MERCK, Pvt, Ltd. India)

Examination of tissues: Four randomly selected rats from each
treatment were killed by cervical dislocation. The sacrificed rats were
carefully eviscerated to collect the organs (kidney, liver, spleen, and
heart). For examination by light microscopy, the collected tissues
were fixed in 10% neutral buffered formalin (pH 7.2) before dehy-
dration in ten changes in ethanol of different concentrations rang-
ing from 70 to 100% at 1-hr intervals. After dehydration, the tissues
were cleared in two changes of chloroform before infiltration and
embedding in molten wax (60°C) for 12 h. Thereafter, the tissues were
blocked in paraffin wax and later sectioned using a microtome. Paraf-
fin sections (4um) of the tissue samples were stained with haematox-
ylin and eosin

Statistical analysis: Mean values and standard error of means
were calculated and expressed as mean + SEM. The data was ana-
lyzed by two-way ANOVA with Bonferroni post-tests using GraphPad
Prism Trial version 5 for Windows, GraphPad Software, San Diego Cali-
fornia USA, www.graphpad.com.

Table 1: 3 groups of rats of both sexes were made as fol-
lows:

RESULTS AND DISCUSSION :

Effects on haematology: The haematological indices of rats gavaged
with different doses of A.niger fungal culture filtrate are presented in
Table 2. Compared to the control group values the TLC value significant-
ly ( P<0.001) increased on 28 th day in both female and male rats. The
findings in the study is supported by similar findings of many authors
(11,12,13,14). This highly suggests that different doses of mycotoxins
can either stimulate or suppress the immune system (15).

On day 28, TEC in female rats and male rats was significantly de-
creased (P<0.001 ) in high dose group compared to control group
values. In female rats significant change (P<0.001) in Hb values were
observed on 28 th day in all the 3 groups. In male rats significant (
P<0.001) decrease was observed in medium dose and high dose
groups on both 14 th day and 28 th day compared to control group
values. PCV value was significantly (p<0.001) decreased

Table 2. 28th day Haematological indices of female rats gavaged with A.niger culture filtrate

Control Low dose Medium dose High dose
Parameters
0 day 28thday |0 Day 28" Day 0 Day 28" Day 0th Day 28" Day
TLC 6.96 +0.21 7.21£0.01 7.14 +£0.10 12.80+£0.30*** [6.99+0.08 11.40£0.67*** 7.05+0.10 10.81+0.86***
TEC 8.03+0.35 9.09+9.09 |8.30+0.09 7.790+0.22 * 8.64+0.14 7.45+0.53 ** 9.01 +£0.01 6.57+0.30%**
Hb 16.63 £0.49 19.10+£0.22 [17.87+0.64 14.40+£1.40%** [16.63 £0.47 |13.43%£0.13 *** 17.47£1.01 [12.33£0.83 ***
PCv 45.29 £1.39 49.93+2.53 [44.05+1.58 41.10£0.66 *** (4522 £0.46 |40.13 £1.34 *** [47.28+0.61 [39.93 £1.24 ***
Table 3. 28th day Haematological indices of male rats gavaged with A.niger culture filtrate
Control Low dose Medium dose High dose
Parameters
0 day 28thday |0Day 28" Day 0 Day 28" Day 0 th Day 28" Day
TLC 7.46+0.22 8.10+0.31 |7.14+0.10 |12.80+0.30*** 6.99+0.08 11.40+£0.67***  {7.05%0.10 10.81+£0.86***
TEC 8.78+0.25 9.40 £0.07 |8.30+0.09 |7.790+0.22 * 8.64+0.14 7.45+0.53 ** 9.01+0.01 |6.57+0.30%**
Hb 16.86+0.19 [17.27+0.20 |17.87+0.64 |14.40£1.40*** [16.63 £0.47 13.43+0.13 ***  [17.47+1.01 [12.33+0.83 ***
PCv 47.93+£0.62 |49.13+£0.77 |44.05£1.58 [41.10£0.66 *** |45.22 £0.46 40.13 £1.34%**  |47.28+0.61 |39.93 +£1.24 ***
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Table 4. 28 th day Serological indices of female rats gavaged with A.niger culture filtrate

Control Low dose Medium dose High dose
Parameters
0 day 28 th day 0 Day 28" Day 0 Day 28" Day 0 th Day 28" Day
ALT 26.08+0.59 |33.00+0.81 |7.14+0.10 12.80+0.30***  |6.99+0.08 11.40+0.67*** 7.05+0.10 10.81+0.86***
AST 80.88+1.02 |77.95+1.33 |8.30+0.09 7.790+0.22 * 8.64+0.14 7.45+0.53 ** 9.01 +£0.01 6.57+0.30%**
BUN 25.69+2.34 |23.86+0.86 |17.87+0.64 |14.40+1.40*** [16.63 £0.47 |13.43+0.13*** |17.47+£1.01 |12.33+0.83 ***
Creatinine  |0.23+0.01 0.25+0.01 44.05+1.58  [41.10+0.66 *** (4522 +0.46 [40.13 +£1.34***  |47.28+0.61 |39.93 £1.24 ***
Table 5: 28th day Serological indices of male rats gavaged with A.niger culture filtrate
Control Low dose Medium dose High dose
Parameters
0 day 28 th day 0 Day 28" Day 0 Day 28" Day 0 th Day 28" Day
ALT 30.81+0.54 |[38.14+0.31 7.14£0.10  [12.80+0.30***  |6.99+0.08 11.40+0.67*** |7.05+0.10 10.81+0.86***
AST 89.50+0.81 [128.33+2.76 ***|8.30+0.09 7.790+0.22 * 8.64+0.14 7.45+0.53 ** 9.01+0.01 [6.57+0.30***
BUN 21.94+0.67 |[23.78+0.85 17.87£0.64 |14.40+1.40%** 16.63 £0.47 13.43£0.13 *** [17.47£1.01 |12.33+£0.83 ***
Creatinine |0.26+£0.01  |0.28+0.02 44.05+1.58 |41.10+£0.66 ***  [45.22 +0.46 40.13 £1.34*** 147.28+0.61 [39.93 £1.24 ***

in all the 3 dose group compared to control group in female rats
whereas, it was significantly (P<0.001) decreased in high dose group
of male rats.

In the present study the significnat decrease in TEC, Hb and PCV were
in agreement with similar findings of many authors (16,13,17) who
reported that the reduction in Hb , TEC and PCV concentration ob-
served during mycotoxicosis could be due to haemopoetic suppres-
sion and reduced protein synthesis.

Effect on serum biochemistry:

In the present study a significant ( P<0.001) increase in ALT,AST ,
Creatinine and BUN was observed in rats of both sexes compared to
control group values.The elevated serum ALT and AST concentration
in treated group compared to control group suggested the possible
role of the toxins in liver and heart damage. The toxins could have al-
tered permeability and leakage of enzyme. Other possible cause for
increase in enzyme concentrations is cellular degeneration, which re-
sults in the release of intracellular enzymes into the blood stream. The
results are supported by findings of many authors (18,19,20) .

The elevated serum urea nitrogen concentration in comparison to
control suggests the possible role of the toxins in causing kidney
damage was also in accordance with findings of (21). The increase in
creatinine values were in agreement with findings of many authors
(22,23,4,24) who recorded nephrotoxicity and subsequent increase in
the creatinine level in rats fed with fumonisins.

Effect on organs: Both male and female rats showed similar lesions
. The lesions were more prominent in high dose groups compared to
low and medium dose groups in all the organs. Microscopically le-
sions in the liver included severe congestion of vessels and sinusoids
and haemorrhage, degeneration and necrosis of periportal hepat-
ocytes with infiltration of inflammatory cells (Plate 1) These findings
were similar to that reported by many authors (25,26,13) . The his-
topathological lesions of hemorrhage, congestion associated with
increase in the concentrations of the serum ALT and AST enzymes re-
confirmed the liver damage due to mycotoxins present in the culture
filtrates of Aspergillus niger.

Histopathology of rats gavaged with A.niger culture fil-
trate

The microscopic lesions in the kidney were moderate congestion and
haemorrhage, degeneration and necrosis of tubular epithelium and
focal infiltration of inflammatory cells (Plate 2 ) was similar to the
findings of (27,28) . The increased creatinine and blood urea nitrogen
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concentration were also suggestive of nephrotoxic nature of the my-
cotoxins produced A. niger . Lymphoid hyperplasia was observed in
spleen(Plate 3) which was also reported by (29) who indicated that
the mycotoxins affected the lymphoid system and compensatory
lymphoid hyperplasia occurred in the spleen

CONCLUSION

The rats gavaged with fungal extract containing FB1 and aflatoxin
showed depressing effects on performance, biochemical and haema-
tological parameters

indicating their adverse effects on the general health of rats . Results
from this study revealed that the exposure of rats to the fumonisisn
(FB1) and aflatoxin over a period of 28 days lead to leucocytosis, sig-
nificant reduction in erythrocytes and haemoglobin and PCV and an
increase in ALT, AST, BUN and creatinine values, and histopathological
changes in some organs of rats. Fumonisins and aflatoxins have been
known to occur concomitantly in fodder and the toxicological con-
sequences of their interaction appear to be significant. The interac-
tion between FB1 and aflatoxin for many parameters measured was
significant and clearly indicates synergistic effect. Hence, it could be
concluded that the present study indicated the toxic features of the
fungi isolated from the infected maize straws in rats .
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