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SUMMARY
The objective of this study was to

evaluate the effect of aflatoxin B1 and

zearalenone on oxidant / antioxidant

balance, liver and kidney functions in .

addition to chromosomal abnormalities in
dairy cows. A total number of 33 dairy

muliparous Holstein Friesian lactating

cows were under investigation, their body ‘

weight ranged from 650 -750 kg. Cows

were classified into two groups, control

group (n=11) received ration where

aflatoxin * Bl and zearalenone
concentrations not exceed the permissible
limits. While the other group (n=22) fed
ration contaminated with aflatoxin B1 and
zearalenone mycotoxins. Three blood
samples were taken from each cow .The
first used for serum separation and the

obtained sera were used for determination

of copper and zinc levels, liver enzymes
(ALT- AST), urea and creatinine. The
second sample used for plasma separation
and estimation of enzymatic antioxidant
activities (glutathione peroxidase,
superoxide dismutase and catalase) and
malondialdehyde. While the third blood

sample used for cytogenetic analysis. The

‘obtained results of the second group

showed that there were significant

imbalance in most of oxidant / antioxidant
(significant

peroxidase,

arameters decrease in
P

glutathione superoxide
dismutase and catalase on contrary a
significant increase in malondialdehyde).
Copper and zinc showed statistically non
significant decrease. Additionally, liver
enzymes and urea showed significant

increase while statistically non significant
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increase in numerical

significant
fiploidy) and structural

aberrations (peric .
aberrations (deletions, fmgmcnls) in
addition to gonosomal anomalies (59-XO).
Generally, the total percent of aberrated
cells was significantly increased. In
conclusion, aflatoxin Bl and zearalenone
contaminated ration caus¢ a harmful
effects on redox status, liver function, in
addition to their adverse effect on
chromosomal abnormalities which reflect
negatively on farm production and

economy.

INTRODUCTION

In most developing countries,
livestock production is an important part of
the national economy (Lanyasunya et al.,
2005). Mycotoxins are unavoidable
contaminants all over the world.
Contamination of food and feed with
mycotoxins is a global problem causing
great economic loss in both live stock
industry and  agriculture (Bhat and
Vasanthi, 2003). Mycotoxins are highly
toxic secondary metabolites produced by

fungi. The major  fungal producing

mycotoxins include Asperagillus

Fusarium and Pencillium. The most

20mmon mycotoxins are

Vet. Med. J., Giza, Vol, 59, No. 4 (2011)

Aflatoxins,

Zearalenone, Ochratoxin A, """M._i.-,,,
Deoxynivalenon and T2 ox(y (lm!'“
and Lynch, 2005). Among the Natury))
occurring aflatoxins (B1, B, G, 0
aflatoxin B1 is toxic for man and ap

as following ingestion it mcmtml::nl;
liver resulting in  various metabolitis,
aflatoxin M1 is the most important ope 4
hydroxy metabolite of B1) which excreteq
in milk (EFSA, 2004). Zearalenone hyg
estrogenic  effect on  mammals; this
negative effect on reproductive systems
makes it a concern in animal husbandary
(Stopper et al., 2005). Mycotoxins differ in
their structure which explains the great
variation of symptoms. They produce a

wide range of adverse and toxic effects, in

‘this respect mycotoxins are considered to

be among most important feed born stress
factors (Surai, 2006) which impose an
oxidative stress and have stimulating effect
on free radical formation (Theshiulor et
al.,2011) .

So, the current work is an attempt made to
investigate the real impact of aflatoxin Bl
and zearalenone contaminated ration on
dairy cows to detect its effect én redox
status, clinicopathological parameters and
cytogenetic changes.

MATERIAL AND METHODS
Animals and ration:

A total number of thirty three (33)
lactating multiparious Holstein Friesian
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cows were used in the current study. Their
body weight ranged from 650 to 750 kg.
Feed and water were provided ad-libitum.
Cows were milked three times per day.
Animals fed Total Mixed Rations (TMR)
consists of com silage, Egyptian clover
hay, ground comn, soybean meal, rice brain,
minerals and vitamin premxis. Nutrient
concentrations met nutritional
requirements for lactation according to the
NRC (2001). Animals were randomly
classified into two groups : control group
(11 cows) received TMR mixture where
the percentage of aflatoxin Bl and
zearalerone not exceed the permissible
limits which is 5 ppb and 200 ppb for
aflatoxins and zearalenone respectively
(FAO,2004) .The other group (22 cows)
received the same ration but with using
comn silage and clover containing high
levels of both aflatoxins Bl and
zearalenone .The total concentration of
mycotoxins in TMR fed to this group was
(13.10 ppb) and ( 281 ppb) for
aflatoxinsB1and zearalenone respectively.
Sampling:

Three blood samples were collected
from each animal by jugular vein puncture.
The first on plain centrifuge tubes for
serum separation and evaluation of serum
copper and zinc levels, liver enzymes
(ALT- AST), urea and creatinine . The
second on heparinized vacum tubes for

plasma separation and evaluation the
activity enzymatic antioxidant (glutathione
peroxidase, super oxide dismutase and
catalase )and malondiadehyed. The third
sample was taken on sterile heparinized
vaccutainers for cytogenetic analysis.
Representative feed samples were taken for
analysis of feed bom mycotoxins by
HPLC.

Redox , biochemical and mycotoxin
analysis:

Each sample was analyzed using
commercial diagnostic kits (bio-diagnostic)
for the following parameters: glutathione
peroxidase according to Paglia and
Valentine (1967), catalese according to
Aebi (1984), super-oxide dismutase
according to Nishikimi et al. (1972), lipid
peroxidase (Malondialdehyde)
concentration according to Ohkawa et al.
(1979). Copper and zinc levels were
estimated by using atomic absorption
sepectrophotomemter (Mod, 3300, Parkin
Elmar USA). AST
(Aspartate Aminotransferase) and ALT
(Alanine Aminotransferase) according to
Reitman and Frankel (1957).Blood urea
nitrogen was determined according to
Henery et al. (1974). Serum creatinine was
determined according to Faulkner and
King (1976). Mycotoxins were analyzed
by High Performance Liquid

Chromatography (HPLC-CBC-7210H
7
Vet Med. J,, Giza. Vol. 59, No. 4 (2011)

CamScanner


https://v3.camscanner.com/user/download

with fluorescence detection
an up

Austerila) ' |
(FLD). We offer a varity of cle

columns according to Scoft (1997).
Cytogenetic analysis:

It was carried on 5 cows from group
one and 12 cows from group two.l ml of
blood samples were culture in flattened
side tubes containing 5 ml RPMI media
1640, 1ml fetal calf serum and o.1 ml
phytohaemagglutinine (PHA.).The samples
incubated in CO; incubator at 37° C. and 5
% Co; for 72 hrs .One and half hour before
the end of incubation period, the cells were
treated with 0.01 ml colchicines then
reincubated till the end of incubation
period. The cells were exposed to
hypotonic solution of 0.56 % KCL for 30
min / 37° C. Then the cells fixed by
camoy's fixative (1 part glacial acetic acid
+ 3 parts absolute methanol) for three to
four times. The cells suspension was
splashed on wet chilled slides then flamed
to dry (Macgregor, 1993). The slides were
stained by 10 % Giemsa stain ( diluted
with sorenson’s buffer ) and covered by

DPX mounting media ( Ram and Arvind
»1995).The slides were scanned by
inspsection of 50 good metaphase for each
sample according to Nicholas (1 996).

Statistical analysis:

The  biochemica] parameters were
subjected to T-test analysis whjle the
Percentages of

; ges o chromosoma] aberrationg

Vet. Med, J, Giza, Vo), 59,No. 4 (201 1)

among groups were compared using ¢4

]
square test according to Senedecyy
Cochran (1982).

RESULTS
Redox status Prameters
Table (1) revealed that cows receiveq
contaminated ration showed a significant
(P<0.05) decrease in serum activities of
glutathione ~ peroxidase,  superoxide
dismutase and catalase meanwhile, the
decrease recorded by copper and zinc was
statistically non significant. On the other
hand, malondiadehyde showed a
significant (P<0.05) increase in the same
group compared with control one.
-Clinicopthological Pameters
Table (2) showed thati there were a
significant (P <0.05) increase in urea, ALT
and AST, while the increase in serum
creatinine was non significant in group of
cow that feed contaminated ration
compared with control group.
Cytogenetic Parameters
Table (3) recorded the results of
numerical and structural aberrations in the
two groups under investigation. Photo (1)
showed normal metaphase spread of cows
58 acrocentric autosomes and WO
submetacentric gonosomes (60, xx). OW
results revealed many significant changes

of cattle
recorded  bY

in the grdup received

contaminated ration
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significant  increase  in structural
aberrations  represented by  deletions
(P<0.04) and fragments (P<0.02) (photo
2). Concerning the gonosome aberrations,
the current study revealed a clear
significant (P<0.02) increase in gonosome

anomalies (59, xo0) (photo 3). The second

group showed also a significant increase in

numerical  chromosomal  aberrations
(peridiploidy-photo 4). Globally, the later
group recorded a significant (P<0.02)
increase in the total percent of aberrated

cells.

Table (1): Redox status in control cows compared with those received contaminated ration.

Parameters Control cows Cows received
Contaminated ration

Glutathione Peroxidase mU/ml 88.74 + 5.83 70.70 + 5.70*
Superoxide Dismutase  U/ml 845.6 +31.20 753.40 +28.10*
Catalase U/ml 8.10 +0.40 6.80 +0.20*
Malondialdehyde m mol/l 341 +0.15 5.36 +0.38*
Copper pg /dl 127 +0.10 0.90 0.06

Zine | pg /dl 2.30+0.08 1.90+ 0.05

* Means significant from control at (P<0.05).

Table (2): Clinicopathological parameters in control cows compared with those received

contaminated ration.

Parameters Control cows Cows received
Contaminated ration

ALT IU/L -5.10+ 1.04 1147 + 280*

AST IU/L 18.45 + 2.02 33.81 +3.09 *

Urea  (mg/dl) 28.27 +2.50 36.1 + 2.80 *

Creatinine (mg/dl) 145+ 0.54 2.52 + 0.60

* Means significant from control at (P< 0.05).

9
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received contaminated ration.

{ | aberratio
Percentage of chromosoma

ns in control cows compareq Wit
e

s % Control cows Cows received
— " Chro} | aberrations %
Chromosoma Contiomtasied i
e e i
o 0.8 5.2¢
Peridiploidy —
o 0.4 1.3
Breaks —
—(, 0.4 0.6
saps ¥
1.2 329
Deletions
25¢*
Fragments 0.4
*
Gonosome aberration (59,x0) 0.0 1.8
*
Total % 32 14.6

*Means significant from control.

Discussion

Mycotoxins contamination of crops is
an inevitable part of animal production
system (Sultan and Hanif, 2009).
Ruminant's diet may have an increased
probability of multiple mycotoxins
contamination (Azam et al., 2009). Recent
studies showed that in many cases
membrane active properties of various
mycotoxins  determine  their toxicity
sindeed, incorporation of mycotoxins into
membrane  structures causes various

detrimental changes (Vossetal ., 2006 ).

10
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In the present study, our results in relation
to redox balances revealed a significant
decrease in enzymatic antioxidant and
increase in lipid peroxidation parametef
(Malondialdehyde) in the group of caftle
received contaminated ration .These results
were in agreement with Umarani et al.
(2008), Cavin et al. (2007), Peter et &
(2007), Rumora et al. (2007) and S“mi
(2006). This alteration in redox balanc®
may be due to tissue specific activation and
expression of redox sensitive signali’é
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molecules as recorded by Rumora et al.
(2007). Peter et al. (2007) pointed out that
pro-oxidant effect of mycotoxins may
stimulate lipid peroxidation by enhancing
free radical production and decreasing
concentration of enzymatic antioxidant,
More explanation was quoted by Surai
(2006) who explained that mycotoxins
induces membrane structural alteration
;induction of oxidative stress and lipid
peroxidation .The same author illustrated
that there was a delicate balance between
antioxidants and pro — oxidants in the body
in general and specifically in the cells
responsible for regulation of various
metabolic  pathways consequently
nutritional mycotoxins ( aflatoxins and
zearalenone ) have a negative impact on
this antioxidant / pro-oxidant balance and
have stimulating effect on lipid
peroxidation and hydroxyl radical
formation . Furthermore, Umarani et al.
(2008) elucidated that the harmful effect of
aflatoxin B1 are consequence of its being
metabolized to AFB1 - 8, 9 epoxide that

serve as an alkylating agent and mutagen

which is efficiently conjugated with

reduced glutathione. Meki et al. (2001) in
their study on hepatic malondialdehyde
(bio-marker of oxidative stress and cellular
damage) attributed the increase in the level
of malondiadehyde( MAD) to the fact that
AFBI1 - 8, 9 epoxide which in turn react

with macromolecules such as lipid and
DNA leading to lipid peroxidation and
cellular injury.

Regarding to the clinicopathological
changes, the present study recorded a
disturbance in liver enzymes and kidney
function. As mycotoxins can cause damage
to target organs mainly liver and kidneys
(Aydin et al, 2008). As the reactive
aflatoxin -8,9 epoxide induce
hepatocellular damage in addition to
kidney lesions so, blood biochemical
parameters were altered reflecting the
degree of liver damage (EFSA,2004).
Gremmrls  (2008)

conversion of zearalerone to alpha-

explained  that

zearalenone in addition to the increase rate
of passage of food through the rumen may
possible overwhelm the ability of rumen to
completely denaturate the toxins. So, the
author added that some of the rumen
metabolites of mycotoxiﬁs are more toxic
than the parent mycotoxins. Conflicting
results have been reported by Umarani et
al. (2008) regarding hypothesis that
aflatoxin found in rumen may be ascribed
to  hepatic  biotransformation and
subsequent recycling to the rumen via
rumino-hepatic = pathway , because
biodegradation capacity of rumen microbs
towards aflatoxin is poor and the toxicity
of aflatoxicol is close to the toxicity of the

native toxins . Additionally, Towner et al.
11
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(2002) stated that aflatoxins are oxidized in
the liver into very reactive molecules
capable of binding criteul molecules such
ns nueleic acid or functional proteins in
cells thus originating the initial steps of
cancer formation, Korosteleva et al. (2007)
gave an explanation to the elevation of the
blood urea as microbial protein synthesis
in the rumen is inhibited by mycotoxins ,
resulting in presence of more free
ammonia remains in rumen , absorbed into
the blood and is metabolized to urea ,
resulting in  elevated blood urea
concentrations ., Our results is also in
corroborated with Doorten et al. (2004) in
their study on ochratoxins as they stated
that ochratoxins induced cell damage of
liver and kidney tissue due to increase
levels of superoxide radical , leading to an
increase in oxidative stress enhancing early
cell death , probably by apoptotic
mechanisms Meanwhile, our results
recorded insignificant decreased levels of
copper and zinc which may be due to that
they are components of antioxidant system
that affected by mycotoxins feed born
stress factors.

With respect to the chromosomal
analysis, the commonly used test for
genetic abnormality, the current work
structural
aberrations in addition to gonosomal

anomolies (59, xo0) .this results are in

12
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revealed numerical and
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i , "'n)wrdal

contrast with those of Stopy "
““XiC“y i f"plﬂ -
¢ which induced

in some

who stated that the get

concerned with zearalenon

chromosomal anomolies

lymphocytes and oocytes.
attributed these changes to that zearalenone
metabolite which is alpha-zearalenone, has
about three folds more estrogenic potency
Carrano and Natarajan
chromosome

The authors

than zearalenone.
(1988)  reported that
aberrations are thought to arise from
misrepair of lesions in the GO stage of
circulating lymphocytes as well as from
precursor cell in bone marrow and thymus.
Also Yi jang et al. (2005) stated that
aflatoxins induce differential subset
distribution and functional alteration of
specific lymphocyte subset, major changes
in the constitutions of lymphocytes and
decrease in activated T- cells and B- cells.
Cosimi et al. (2009) in a parallel study on
ochratoxin A (OTA) elucidated that some
types of mycotoxins might interfere with

‘chromosome  distribution during cell

division which Mmay explain the numerical
anomalies that occur jp the current study
on  aflatoxing and Zearalenone.
Additionally, the generated free radicals
and lipid Peroxidation has been linked to

genotoxicity ¢xpressed by DNA b e
and damage another

structura] chromosomal aberrations, Eaton
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and Gallagher (2004) added that aflatoxin
Bl (AFB 1) is metabolized by liver
through cytochrome P-450 enzyme system
to the major carcinogenic metabolite
AFB1- 8, 9 epoxide (AFBO) or to less
mutagenic forms such as AFM1, QI, or P1
and there are several pathways that AFBO
can take, one resulting in cancer, another in
toxicity the exo-form of AFBO readily
bind to cellular macromolecules including
genetic material leading to gene mutation
and cancer. Groopman and Kensler (2005)
showed that AFBO induces conversion
from G (guanine) to T (thyamine) making
it a mutational hotspot. Recently Emna et
al. (2010) elucidated that AFB1 caused a

marked decrease of cell viability and
incrcase damage and fragmentation of
DNA.

Finally the present investigation
concluded  that  aflatoxin  Bland
zearalenone contaminated ration cause
detrimental changes in oxidant /
antioxidant balance, impaired liver
function in addition to cytogenetic changes
including gonosomal aberrations. So, the
ideal means of dealing with mycotoxins is
to control and prevent it from its
contamination to the ration as even under

the best prevention and control programs

mycotoxins will still present.

1- Normal metaphase spread of cows (60, xx) the arrows refer to sex chromosomes.
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metaphase spread showing sex —chromosome monosomy (59, X0)
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4- A metaphase spread showing Peridiploidy (2n-2).
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