: i Zagazig Veterinary Journal, ©Faculty of Veterinary Medicine, f./"""“\
I 2 Zagazig University, 44511, Egypt. H i
il ,\; : Volume 47, Number 3, p. XXX, September 2019 @/;
M DOI: 10.21608/zvjz.2019.13192.1045 \,__M’ -

RESEARCH ARTICLE

Clinicopathological Studies on the Ameliorative Effects of Selenium and Vitamin E against
Cadmium Toxicity in Chickens

Mohamed A. Hashem®, Ibtisam M. Gamal EI-Din® and Shimaa N.A. Eltahawy®"

'Clinical Pathology Department, Faculty of Veterinary Medicine, Zagazig University 44511,
Sharkia Governorate, Egypt

2Animal Health Research Institute, Zagazig

Article History: Received: 29/05/2019 Received in revised form: 20/06/2019  Accepted: 01/07 /2019

Abstract

Cadmium (Cd) is one of the most dangerous environmental bioaccumulative heavy metals that
concern a vital interest due to its injurious to animal and public health. An experimental trial was
conducted for six weeks to evaluate the protective effect of selenium and /or vitamin E against
the adverse effect of cadmium. One hundred and five, one day old broiler chicks were divided
into five random groups. Groupl (negative control) was fed on basal diet; Group 2 was
supplemented with 100 mg of cadmium /kg diet; Group 3 was supplied with 0.5 mg/kg diet of
selenium; Group 4 was fed on 100 mg/kg diet of vitamin E and Group 5 was supplemented with
Cd, Se and vitamin E combinations. The results revealed that cadmium group showed a highly
significant increase in serum alanine amino transferase (ALT) and aspartate amino transferase
(AST) (36x1.1and 220+3.53, respectively) activities, serum uric acid and creatinine (25.68+1.01
and 4.38+0.15, respectively) and a significant decrease in serum total proteins, albumin and
globulins values (2.34+0.09, 1.14+0.05 and1.20£0.05, respectively) particularly at the end of the
sixth week in comparable to the control group. In addition, a significant increase in serum
malondialdehyde (MDA) and nitric oxide (NO) (3.9+£0.09 and 51.33+0.88, respectively), a
significant decrease in glutathione peroxidase (GSH-PX) values (0.05+0.005) associated with a
significant reduction in interleukin 2 (IL2) and interleukin 10 (IL10) (1.8+0.30 and 7.4+0.43,
respectively) values were reported specially at the end of the sixth week compared with the
control group. Overall, our results showed an improvement in groups supplied with either Se or
vitamin E when compared with cadmium group. In conclusion, supplementation of selenium or
vitamin E alone didn’t recover the depressive effect of Cd but their combination could improve
its deleterious effect due to their antioxidant activity.

Keywords: Cadmium, Selenium ,Vitamin E, Antioxidant, Oxidative stress.

Introduction

Cadmium (Cd) is an environmental reactive oxygen species (ROS) that increases

the lipid peroxidation, depresses the

modern toxic heavy metal which is widely
distributed. Toxicity occurs due to industrial
and agricultural pollution [1]. Animals can be
subjected to Cd pollution through respiration,
food and water intake [2]. The highest
accumulation of cadmium occurs in kidney
and liver and its biological half-life in these
organs is long, approximately 20 to 30 years. It
is absorbed poorly then transported to plasma,
bound with albumin and accumulated in
kidney and liver [3]. Cadmium is forming

antioxidants such as glutathione and protein-
bound sulfhydryl groups, produces
inflammatory cytokines and decreases the
protective effect of nitric oxide [4,5]. The
mechanism of cadmium toxicity primarily
relied on increasing the production of free
radicals resulting in oxidative effects in a
number of tissues such as kidneys [6] and
livers [7], which are the primary target of Cd
toxicity.
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Selenium (Se) is a vital micronutrient and
is considered one of the most efficient trace
elements against Cd toxicity [8]. It could
protect the renal and hepatic tissues against
Cd toxicity by the antioxidant effect; hence it
reduces lipid peroxidation (LPO) and
increases the activities of the antioxidant
enzymes in these tissues [9]. Vitamins are
ideal antioxidants as they increase tissue
protection from oxidative stress due to their
easy, effective and safe dietary administration
[10, 11]. One of the most important vitamins
is vitamin E, which is a biological antioxidant
that improved growth, physiological, and
immunological performance in  broiler
chickens because of its ability to neutralize the
free radicals and reduce the lipid peroxidation
[12]. Both vitamin E and selenium are
essential nutrients for humans and animals.
They are involved in the protection of
biological membranes against lipid
peroxidation and preventing the free radicals
damage to phospholipidss membranes and
enzymes [13]. This study was undertaken to
estimate the protective effect of selenium
and/or vitamin E against cadmium toxicity in
broilers.

Materials and Methods
Animals

One hundred and five-one day old broiler
chicks were obtained from Ommate for
Poultry  Production Company, Dakahlia
Governorate, Egypt. Chicks were housed
under proper hygienic conditions, maintained
on a commercial balanced starter and finisher
rations and water ad-libitum throughout the
period of the experiment.

Chemicals

Cadmium: whitish red colour powder as
Cadmium Chloride (CdCl,) obtained from El-
Gomhoria Company, Zagazig, Egypt, and was
used at a dose of 100 mg /kg body weight
(BW) as described previously [14]. Selenium
as sodium selenite (Na,SeOz; Alfa Aesar,
Ward Hill MA 01835, USA) is anhydrous salt,
typically 99.75% mineral (metal basis) was
used at a dose of 0.5 mg/kg BW as described
elsewhere [15]. Vitamin E was obtained from
Pharco Pharmaceutical Company, Alex.,
Egypt, and was used at dose of 100 mg/kg BW
[16].

Experimental design

One hundred and five-one day old chicks
were divided into five groups each contained
20 chicks except Group 2 which contained 25
birds. The experiment was designed as
following: Group 1 was fed on a basic diet and
kept as a negative control; Group 2 was supplied
by a basal diet included 100 mg Cd/ kg diet; Group
3 was given 0.5 mg Selenium as sodium selenite
(Na,Se03) /kg plus 100 mg Cd/kg of diet; Group
4 was administered by a diet enriched with 100 mg
vitamin E /kg and 100 mg Cd \kg feed, and Group
5 was fed on a combination of 100 mg Cd /kg +
0.5 mg Se /kg +100 mg vitamin E /kg diet. The
previous treatments were supplemented from one
day to six weeks old. Clinical signs and mortality
rate were recorded through the experimental
period. This study was approved by the committee
of Animal Welfare and Research Ethics, Faculty of
Veterinary Medicine Zagazig University.

Sampling

At the end of the 2", 4™ and 6™ weeks of
the experiment, blood samples were collected
from randomly selected birds (n=5) of each
group. Blood samples (3mL) were obtained
from the wing vein in a clean and dry plan
centrifuge tube without anticoagulant, left to
clot at room temperature and then centrifuged
at 3000 rpm for 5 min for separation of serum
and assay of serum biochemical parameters.

Biochemical assays

Calometric method was used for
determination of serum ALT (alanine amino
transferase) and AST (aspartate amino
transferase) activities [17].Total protein [18]
and albumin levels [19] were determined, as
well as serum globulins which were calculated
by substracting the obtained albumin levels
from the total protein level as described
previously [20]. Serum uric acid [210] and
serum creatinine levels [22] were also
detected.

Oxiditive stress markers

Serum malondialdehyde (MDA) level was
estimated according a previous published
paper [23]. Nitric oxide (NO) and serum
glutathione peroxidase (GSH-PX) activities
were estimated according to the methods
described elsewhere [24, 25].
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Immunological studies

Determination of interleukin 2 and
interleukin 10 (IL2 and IL10) levels were
performed according the  manufacture
instruction in the pamphlet of CUSABIO
BIOTECH CO, LTD, PRC; Cat. No. CSB-

EO06755CH and Kamiya  Biochemical
Company US; Cat. No. KT-18959,
respectively.
Statistical analysis

The obtained data were statistically

analyzed by F-test [26] using "MSTAT-C"
computer program. Means in the same
columns follows by different letters were
statistically significant and the highest values
represented with the letter a.

Results

Administration of cadmium (Group 2)
resulted in depression, restlessness, gasping,
dullness, recumbancy, ruffled feathers,
increase of water consumption, anorexia and
diarrhea; other cases showed imbalance gait
and lameness. These signs appeared from the
2" week of age and increased at the end of the
experiment. On the other hand, chickens in

Groups 3, 4 and 5 showed milder signs as
slight dullness and decrease in water
consumptlon that improved at the end of the
4™ week. The mortality rate was 32% in chicks
of group 2 that supplemented with
cadmium onIy as one chick died in the 1%
week, two in the 3" week and five by the end
of 6" week. This ratio was decreased to 20%
in the third group that treated W|th selenium as
four chicks died in the 2" and 3" week, 15 %
in group 4 fed on vitamin E as one bird died in
the 1 week and two in the 2" week, while it
reduced to 5% in group 5 supplemented with
cadmium, selenium and vitamin E as one bird
died at the 3" week.

As shown in Table 1, chickens orally
supplemented with cadmium revealed highly
significant increase in serum ALT and AST
(36+1.1and 220+3.53, respectively) activities
especially at the end of the sixth week. On the
other hand, there was a significant decrease in
serum total proteins, albumin and globulins
values in the same group all over the
experimental period particularly at the end of
the sixth week (2.34+0.09, 1.14+0.05
and1.20+0.05, respectively) in comparable to
the control group (Table 2).

Table 1: Ameliorative effects of selenium and /vitamin E against cadmium toxicity on ALT and AST activities
(mean values +S.E) in broiler chickens under experimental conditions

Groups 2" week 4™ week 6" week

ALT AST ALT AST ALT AST
Gp 1 (control) 14.74+0.43° 104.0+0.70°  17.12+#0.6° 107.4+0.92°  18+1.7° 106+1.41°
Gp 2 (cadmium) 29.40+1.77° 179.2+¢1.74*  35.2+0.8°  211.4+2.50*°  36x1.1° 220+3.53°
Gp 3 (Cd + Se) 23.38+0.53" 161.6+1.36° 25.6+0.81°  147.6+4.03°  25+2.3° 127+1.61°
Gp 4 (Cd + Vit E) 22.28+0.58"  147.8+2.13°  24.7+7.6° 144+4.97° 24.33+2.6°  125+2.46°
Gp5(Cd+Se+VitE) 2158+050° 142.8+1.01° 21.8+0.58"  127+2.09° 19+0.9°  107.13+1.61°

Means within the same column which are significantly different are followed by different

letters. P < 0.05

Gp: Group, Cd: Cadmium, Se: Selenium, Vit: Vitamin, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase.

ALT and AST levels were measured by U/L

Table 2: Serum proteinogram (mean values = S.E) in different groups in broiler chickens with cadmium
toxicity and treated with vitamin E and /selenium

Groups 2" week 4™ week 6" week

TP Albumin  Globulins TP Albumin  Globulins TP Albumin  Globulins
E(;:Fc))nltrol) 451+0.02a 2.57+0.04a 1.94+0.03a 4.76+£0.27a 2.62+0.08a 2.14+0.14a 4.98+0.14a 2.68+0.09a 2.30%+0.09a
g:gdzmium) 3.16+0.09d 1.9+0.07c 1.26+£0.04c  2.38+0.19d 1.36+0.11c  1.02+0.06c  2.34+0.09c  1.14+0.05c  1.20+0.05c
?dei Se) 3.74+0.06bc  2.16+0.09b 1.58+0.10b  3.77+0.22c  2.04+0.07b  1.73+0.08b  4.28+0.07b  2.25+0.03b  2.03+0.06b
E;de4+ Vit E) 3.62+0.05c  2.14+0.05b 1.48+0.04b  3.84+0.17c 2.07+0.06b 1.77+0.05b  4.33+0.14b  2.24+0.01b  2.09+0.02b
Gp 5 . 3.92+0.07° 2.26+0.08° 1.66+0.05°  4.65+0.20°  2.53+0.03° 2.12+0.18° 4,82+0.23*  2.55+0.03% 2.27+0.02*
(Cd+Se +VitE)

Gp: Group, Cd: Cadmium, Se: Selenium, Vit: Vitamin, TP: Total protein.
Means within the same column which are significantly different are followed by different letters, P <0.05
All tested parameters were measured by g/dL.
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Oral supplementation of broilers with either
Se or vitamin E in the third and fourth groups
revealed also a significant increase in ALT and
AST activities with a significant decrease in
values of TP, albumin and globulin compared
with the healthy control group all over the
experimental period. In comparison with
cadmium group, they showed a significant
decrease in serum ALT and AST activities
(1909 and 107.13£1.61, respectively).
Moreover, a significant increase in serum total
proteins, albumin and globulins was observed
especially at the end of the 6th week to be non-
significant in the 5" group and return to values
of control at the end of 4th and 6" week
(4.82£0.23, 2.55+0.03 and 2.27+0.02,
respectively) (Tablesl, 2).

Serum uric acid and creatinine were
performed to evaluate the effect of cadmium
nephrotoxicity on broilers. The highly
significant elevation was observed in serum
uric acid and creatinine levels all over the
experimental period in Cd oral
supplementation only (Table 3). However,
including of either Se or vitamin E in diet
resulted in a significant increase of these
parameters at the second week with an
improvement at 6" week compared with

cadmium group to be non-significant at the
fourth and sixth weeks in chickens of group 5
compared with the control group (Table 3).

As shown in Table 4, a significant increase
in serum MDA and NO values and a
significant decrease in serum GSH-PX
activities were observed in broilers orally
supplemented with Cd all over the study
compared to the control Group. Administration
of selenium and /or vitamin E resulted in a
significant decrease in oxidative stress
parameters with a significant increase in serum
GSH-PX activities compared with cadmium
Group. However, the 5™ Group showed a
significant change in the previous parameters
at the end of 2" week with non-significance at
the end of 4th and 6th weeks to return to the
values of the control group.

As described at Table 5, Cd toxicity had an
adverse effect on the immune status of the
birds manifested by decreasing serum IL2 and
IL10 levels in cadmium treated chicken
(Group 2). On the other hand, Groups 3 and 4
showed a significant increase in serum IL2 and
IL10 values compared with the cadmium
group. However, complete improvement was
observed in serum IL2 and IL10 values in the
5" group compared with the control group.

Table 3: Some renal function tests (mean values £S.E) in different groups of broiler chickens with cadmium

toxicity and treated with vitamin E and /selenium

Groups 2" week 4" week 6" week

Uric acid Creatinine Uric acid Creatinine Uric acid Creatinine
Gp 1 (control) 55+0.40°  1.26+0.07°  5.83+0.5°  1.35+0.02° 552+0.11°  1.28+0.02°
Gp 2 (cadmium) 12.5+1.32%  2.88+0.18°  19.4+2.6*°  3.23+0.28* 25.68+1.01° 4.38+0.15°
Gp 3 (Cd + Se) 9.53+0.40°  1.84+0.08° 9.0+0.5° 1.9+0.12°  7.38+0.23°  1.75+0.05"
Gp 4 (Cd + Vit E) 9.23+0.49" 2+0.23" 8.240.54"  1.78+0.11°  7.18+0.12°  1.630.08"
Gp5(Cd+Se+VitE)  8.2+0.40° 1.940.03" 6.240.23°  1.44+057° 568+0.16°  1.30+0.02°

Gp: Group, Cd: Cadmium, Se: Selenium, Vit: Vitamin

Means within the same column which are significantly different are followed by different letters, P <0.05

All tested parameters were measured by mg/dL
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Table 4: Serum markers for oxidative stress and antioxidant activities (mean values £ S.E) in different groups
of broiler chickens with cadmium toxicity and treated with vitamin E and /selenium

2" week 4" week 6" week
Groups MDA NO GPX MDA NO GPX MDA NO GPX
nmol/mL  nmol/mL  Mg/dL  nmol/mL  nmol/mL  Mg/dL  nmol/mL  nmol/mL mg/dL
Gp 1 c d a d d a c C a
(control) 1.340.05 18+0.58'  0.51#0.01° 1.4+0.05°  18.6+#0.52%  0.45+0.02°  1.6+0.10°  19.2#0.53°  0.48+0.017
Gp 2 a a d a a c a a d
. 2.9+0.23"  43.67+0.88° 0.19+0.02'  3.5+0.34 47¢1.15°  0.09+0.005° 3.9+0.09° 51.33#0.88° 0.050.005
(cadmium)
Gp 3 b b c b b b b b c
(Cd + Se) 2.24¢0.11°  36.33+0.88° 0.23+0.01° 2.4+0.10° 31.67+0.88° 0.25+0.017° 2.5+0.05° 28.33+0.87° 0.42+0.011
Gp 4 b b c be b b b b be
. 24¢0.11°  34.33+0.87° 0.28+0.02° 2.2+0.13" 29.67+0.87° 0.27+0.005° 2.3+0.08 27+1.14°  0.430.005
(Cd + VitE)
Gp5
(Cd+Se +Vit 1.9+0.17°  28+1.15°  0.40£0.02° 1.7+0.12° 20.33:0.57" 0.37#0.17°  1.7#0.11°  21.3+0.8°  0.46+0.005"
E)

Gp: Group, Cd: Cadmium, Se: Selenium, Vit: Vitamin, MDA: Malondialdehyde, NO: Nitric oxide, GPX: Glutathione

perioxidase

Means within the same column which are significantly different are followed by different letters, P <0.05

Table 5: Interleukin 2 and interleukin 10 levels (mean values =S.E) in different groups of broiler chickens
with cadmium toxicity and treated with vitamin E and /selenium

Groups 2" week 4™ week 6" week
IL2 IL10 IL2 IL10 IL2 IL10

Gp 1 (control) 6+0.57° 16+0.28° 6.6+0.28°  16.7#0.26°  6.6+0.50°  16.5+0.40°
Gp 2 (cadmium) 2.5+0.28° 9.241.2° 1.8+0.17¢ 8.5+0.86°  1.8+0.30° 7.4+0.43°
Gp 3 (Cd + Se) 2.840.11°  10.8+0.62°°  3.8+0.20°  11.26+0.69"° 5.6+0.10°  14.2+0.40°
Gp 4 (Cd + Vit E) 3+0.17™ 11.1+0.78"  4.1+0.43°  11.9+0.51° 5.4+0.40°  14.5+0.28°
Gp5(Cd+Se+VitE)  3.8+0.14°  122+0.46°  6.1+0.14* 1523+056° 6.3+0.35°  15.9+0.38"
Gp: Group, Cd: Cadmium, Se: Selenium, Vit: Vitamin, IL: Interleukin.

Means within the same column which are significantly different are followed by different letters, P <0.05

Values were measured by Pg/mL
Discussion

Cadmium is an environmental toxic
heavy metal; a potential pollutant resulted
from industrial and agricultural sources
[27].The long biological half-life of cadmium
makes Cd as a cumulative toxin, [28], which is
primarily distributed to the liver and then
redistributed to the kidney [29]. Selenium
supplementation in poultry is associated with
energy metabolism, increased feed efficiency,
improved reproduction, and improved immune

responses.  Poultry are  exposed to
environmental stressors that require the
antioxidant protection of selenium

supplementation. Organic forms of selenium
have been shown to be generally safer and
better absorbed [30].Vitamin E has many
biological functions, the antioxidant function
being the most important due to its easy,
effective and safe dietary administration [31].

This study was performed to evaluate the
effect of selenium, vitamin E or their
combination to recover the hazard effect of
cadmium toxicity. The observed clinical signs
of chickens treated with cadmium showed feed
refusal, loss of appetite, dullness, restlessness,
depression, gasping, difficult breathing, ruffled
feather, inability to stand and move, weakness,
recumbancy, imbalance gait which may
progress to lameness and diarrhea. In some
cases which may be due to Cd toxic
immunosuppressive  effect, increased the
susceptibility of the birds to stress and disease
was observed [32, 33]. Mortality rate of
groups 2, 3, 4 and 5 were 32, 20, 15 and 5%,
respectively. In a previous study [34], the
mortality rate in guinea pigs feeding a diet
supplemented with 2.5 mg Cd/Kg BW was
39.4 %. This may be due to the morphological
and functional damage in liver and kidney
[35]. These clinical signs became milder in
groups 3, 4 and 5, as selenium and vitamin E
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enhance the immune responses and prevent of
clinical signs of disease or stress [36, 37].

The study revealed also a significant
increase in liver enzymes ALT and AST
especially at the end of the sixth week (6+1.1
and  220£3.53) in cadmium group which
may be due to the outflow of these enzymes
from the liver to the blood due to hepatotoxic
effect of Cd. In several reports, administration
of antioxidants like vitamin E to diet with Cd
significantly decreased the activities of serum
AST, ALT to return normal values in group 5
showed no significant change (19+0.9 and
107.13+£1.61) compared to control group as
these antioxidants may stabilize the hepatic
cellular membrane and protect the hepatocytes
against toxic effects of Cd, which may
decrease the leakage of the enzymes into blood
stream. Moreover, the Se limitation of the
deleterious effect on liver enzymes might be
due to an interaction of Se with Cd forming
biologically inactive cadmium solenoid
complex [38-41]. Explanation of our results in
the 4™ group is assumed as free radicals
scavengers and antioxidant such as vitamin E
have an important role in protection against Cd
[41].

Regarding to proteinogram of birds
exposed to cadmium toxicity in the 2" Group,
a significant decrease in the values of serum
total proteins, albumin and globulins was
observed. It could be attributed to hepatic and
renal tubular dysfunction, change in protein
synthesis and/or metabolism or decrease in
feed consumption [33, 43-46]. Meanwhile, the
protective mechanism of Se, vitamin E and/or
both in supplemented chickens may be
attributed to their ability to scavenge ROS and
enhancement of antioxidant system in Cd
induced tissue damage as the interactions
between Se and high level of Cd resulted in
partial amelioration of Cd toxicity in different
system [42].

Kidney function tests showed an increase
in serum creatinine and uric acid levels
(225.68+1.01 and 4.38%0.15, respectively) in
chicken of Cd group compared to control
group. Such results may be due to the

nephrotoxic effect of cadmium on renal
tubules and glomerular filtration [47, 48].
Supplementation of Se and vitamin E or both
with Cd led to significant reduction in the
values of creatinine and uric acid (5.68+0.16
and 1.30+0.02, respectively) compared with
Cd group that may be due to antioxidant
effect, free radicals scavenging action and
protection of protein thiols from deleterious
effect of Cd in kidney [49].

Concerning the oxidative stress and
antioxidant markers evaluation in the present
study, cadmium toxicity induced a significant
increase in MDA and NO values (3.9+0.09
and 51.33+0.88, respectively), whereas
serum GPX activity showed a significant
decrease (0.05+£0.005) in comparison with the
control group (0.48+0.017). This can be
explained by imbalance between the oxidant /
antioxidant action induced by cadmium [50,
51] or due to the release of ROS NO H,0 [52].
Increased renal lipid peroxidation associated
with reduction of GPX or due to Cd exposure
disrupted the oxidative stress in hens
according to a previous study [53]. Moreover,
Kant et al. [54] reported that blood glutathione
is important in protecting the cell against Cd
toxicity and its decrease may be due to
exhaustion of GSH stores and the increase in
oxidative stress.

Administration Se and vitamin E and
their combination revealed a significant
decrease in serum MDA and NO (2.3£0.08
and 27+1.14, respectively) values with a
significant increase in serum GPX activity
(0.43+0.005) in group 5 compared to
cadmium group directed toward control
values in the fifth group at the end of fourth
and sixth weeks. This improvement could be
due to (i) the antioxidant action of Se and
vitamin E as Se enhances the natural
antioxidant body system and prevents the
formation of free radicals and the process of
lipid peroxidation or (ii) Se acts as substance
for various enzymes such as GPX and it is
important in sulphur amino acid metabolism
that protect the body against several diseases
[55]. Vitamin E is a potent lipid soluble chain
breaking antioxidant, which protects cellular
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membrane and lipoprotein surface from lipid
peroxidation and its protective role has been
reported against heavy metals [56]. Synergistic
effect of antioxidant such as Se and vitamin E
is the most powerful in reducing storage and
toxicity of ROS [57].

A significant reduction in the IL2 and
IL10 were observed in this sudy as Cd affect
negatively on the immune status of the bird.
However, the reduction of IL2 could be
attributed to general decline in immune
function and immune regulation [58]. IL2
decreases could result in detrimental effects
on the immune system because it is essential
for lymphocyte proliferation. On the other
hand, the reduction in IL-10 values in
chickens of cadmium group could be due to
the hyperoxiditive state that release ROS
which lead to organ damage [59]. However,
administration of Se and viamin E or both
elevated the decrease of IL2 and IL10 and
return them to their normal value in group 5
at the end of the six weeks, Alkhedaide et al.
[60] found that the grape seed (potent
antioxidant ) ameliorate the Cd toxicity on
IL10 in albino rats through alleviation the
oxidative stress.

Conclusion

Cadmium had extremely adverse harmful
effects that negatively affect the hepato-renal
function, antioxidants and oxidative stress
markers associated with the depression of the
bird immunological status. Administration
vitamin E or selenium alone with cadmium
didn't alleviate its negative effects but their
combinations could overcome its adverse
effects.

Conflict of Interest

The authors stated that there are no
conflicts of interest.

References

[1] Kim, J. and Koo, T.H. (2008): Heavy
metal distribution in chicks of two
heron species from Korea. Arch
Environ Contam Toxicol, 54(4): 740—
747.

[2] Osha (1999): Occupational Safety and
Health Administration. Toxic and

[3]

[4]

[5]

[6]

[7]

[8]

[9]

Hazardous Substances, Title:
Cadmium, Standard Number 1910.1027
— Cadmium, United States department of
labor.

Kaya, S.; Pirincci, I.; Tras, B.; Unsal,
A.; Bilgili, A.; Akar, F.; Dogan, A. and
Yarsan, E. (2002): Metals, Other
Inorganic vet Radioactive Agents. In:
Toxicology in Veterinary Medicine,
Kaya S I. Pirincci and A. Bilgili (Eds.).
2nd Edn., Medisan Press. Ankara. pp.
207-250

Navas, A.A.; Selvin, E.; Sharrett, A.R.;
Calderon, A.E.; Silbergeld, E. and
Guallar, E. (2004): Lead, cadmium,
smoking, and increased risk of
peripheral arterial disease. Circulation,
109: 3196-3201.

Maret, W. and Moulis, J.M. (2013):
Chapter 1. The Bioinorganic Chemistry
of Cadmium in the Context of its
Toxicity".In Astrid Sigel, Helmut Sigel
and Roland K. O. Sigel. Cadmium:
From Toxicology to Essentiality. Metal
lons in Life Sciences 11.Springer.
pp. 1-29.

Bagchi, D.; Vuchetich, P.J.; Bagchi,
M.; Hassoun, E.A.; Tran, M.X., Tang,
L. and Stohs, S.J. (1997): Induction of
oxidative stress by chronic
administration of sodium dichromate
(chromium VI) and cadmium chloride
(cadmium 1) to rats. Free Radic Biol
Med, 22: 471-478.

Kara, H.; Karatas, F.; Canatan, H. and
Serv, K. (2005): Effect of exogenous
metallothionein on acute cadmium
toxicity in rats. Biol Trace Elem Res,
104: 223-232.

Jihen, E.H.; Imed, M.; Fatima, H. and
Abdelhamid, K. (2009): Protective
effects of selenium (Se) and zinc (Zn)
on cadmium (Cd) toxicity in the liver
of the rat: effects on the oxidative
stress. Ecotoxicol Environ Saf 72(5):
1559-1564.

Newairy, A.A.; Elsharaky, A.S,;
Badreldeen, M.M.; Eweda, S.M. and
Sheweita, S.A. (2007): The
hepatoprotective effects of selenium
against cadmium toxicity in rats.
Toxicology 242(1-3): 23-30.

283


https://www.osha.gov/laws-regs/regulations/standardnumber
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stohs%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=8981039

Zag Vet J, Volume 47, Number 3, p. xxxxx, September 2019

Hashem et al. (2019)

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Cadenas, S. and Cadenas, A.M. (2002):
Fighting  the  stranger-antioxidant
protection against endotoxin
toxicity. Toxicology, 180(1): 45-63.
Kanter, M.; Burhan, A.; Meryem, A;
Yeter, T.T.; Cevat, A. and Hamdi, U.
(2009): Vitamin E protects against
oxidative damage caused by cadmium
in the blood of rats. Eur J Gen Med,
6(3): 154-160.

Selim, N.A, Youssef, S.F., Abdel-
Salam A.F.and Nada, S. A. (2013):
Evaluation of some natural antioxidant
sources in broiler diets: 1-effect on
growth, physiological, microbiological
and immunological performance of
broiler chicks. Int J Poult Sci, 12(10):
561-571.

Choct, M. and Naylor, AJ.
(2004): The effect of dietary selenium
source and vitamin E levels on
performance of male broilers. Asian—
Aus. J Anim Sci, 17: 1000-1006.

Ottalwar, T.; Ratre, H.K; Roy, M.;
Roy, S. and Ali, S.L. (2015):
Ameliorative potential of Withania
Somnifera in induced cadmium toxicity
in broiler birds. Int J Pharmacol
Toxicol, 5(3): 209-215
Guoshun, C.; Jinfeng, W. and Chong,
L. (2013): The effect of different
selenium  levels on  production
performance and biochemical
parameters of broilers. Italian J Ani
Sci, 12 (4): 486-491.

Mehran, T.; Mohsen, A and
Nasroallah, M.K. (2014): Effect of
vitamin E and selenium supplements
on performance, egg quality and blood
biochemistry in  Lohman LSL-Lite
laying hens. Online J Vet Res, 18(3):
238-246.

Reitman, S. and Frankel, L.
(1957).Colorimetric method for the
determination of serum glutamic
oxalacetic and glutamic pyruvic
transaminases. Am J Clin Path, 28: 56-
63.

Grant, G.H., Silverman, L.M. and
Chistenson, R.H. (1987): Amino acids

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

and protein in: Tietz NW, ed.
Fundamental of clinical chemistry. 3“’,
Philadelphia, W.B. Saunders
Company.

Doumas, B.T., Watson, W. A. and
Biggs, H.G. (1971): Albumin standards
and the measurement of serum albumin

with bromcresol green. Clin Chim
Acta, 31(1): 87-96.

20-Doumas, B.T. and Biggs, H.G.
(1972): Determination of serum

globulin standard methods of clinical
chemistry. Vol .7 Edited by Cooper,
New York, Academic Press.

Sanders, G.T.B.; Pasman, A.J. and
Hoek, F.J. (1980): Determination of
serum uric acid with uricase and
peroxidase. Clin Chem Acta, 101: 299-
303.

Henry, T. J. (1974). Clinical Chemistry.
Principles and Techniques.2nd Edition,
Harper and Row Publishers. New
York.

Satoh, K. (1978): Serum lipid peroxide
in cerebrovascular disorders
determined by a new colorimetric
method. Clin Chim Acta, 90(1): 37-43.
Montgomery, H.A.C. and Dymock,
J.F. (1961): The determination of
nitrite in water. Analyst, 86, 414-416.
Paglia, D.E. and Valentine, W.N.
(1967): Studies on the quantitative and
qualitative characterization of
erythrocyte glutathione peroxidase. J
Lab Clin Med, 70(1): 158-169
Tamhane, A. and Dunlop, D. (2000).
Statistic and data analysis: from
elementary to intermediate. New York:
Prentice-Hall.

Jarup, L. and Akesson, A. (2009):
Current status of cadmium as an
environmental health problem. Toxicol
Appl Pharmacol, 238(3): 201-208.
Cinar, M (2003): Cadmium and effects
at biological system.Veterinarium,
14:79-84.

Akyolcu, M.C.; Ozcelik, D.; Dursun,
S.;Toplan, S. and Kahraman, R.
(2003): Accumulation of cadmium in
tissue and its effect on live

284


http://ascidatabase.com/author.php?author=N.A.&last=Selim
http://ascidatabase.com/author.php?author=S.F.&last=Youssef
http://ascidatabase.com/author.php?author=A.F.&last=Abdel-Salam
http://ascidatabase.com/author.php?author=A.F.&last=Abdel-Salam
http://ascidatabase.com/author.php?author=Sh.A.&last=Nada
https://www.researchgate.net/scientific-contributions/2134652864_Guoshun_Chen
https://www.researchgate.net/scientific-contributions/2039823345_Jinfeng_Wu
https://www.researchgate.net/scientific-contributions/2039814403_Chong_Li
https://www.researchgate.net/scientific-contributions/2039814403_Chong_Li
https://www.researchgate.net/journal/1594-4077_Italian_Journal_of_Animal_Science
https://www.researchgate.net/journal/1594-4077_Italian_Journal_of_Animal_Science
https://www.ncbi.nlm.nih.gov/pubmed/?term=Biggs%20HG%5BAuthor%5D&cauthor=true&cauthor_uid=5544065
https://www.ncbi.nlm.nih.gov/pubmed/5544065
https://www.ncbi.nlm.nih.gov/pubmed/5544065

Zag Vet J, Volume 47, Number 3, p. xxxxx, September 2019

Hashem et al. (2019)

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

performance. J Phys IV France, 107,
33-36.

Gowdy, K. (2004): Selenium
supplementation  and  antioxidant
protection in  broiler. A thesis

submitted to the Graduate Faculty of
North Carolina State University in
partial fulfillment of the requirements
for the degree of Master of Science.
Bell, E.F. (1987): History of vitamin E
in infant nutrition. Am J Clin Nutr,
46 (1 Suppl): 183-186.

Okeke, O.R.; Ujah, 1. I.; COkoye, P.A,;
Ajiwe, V.LE. and Eze, C.P. (2015):
Effect of different levels of cadmium,
Lead and Arsenic on the growth
performance of broiler and layer
chickens. 10SR. J Appl Chem, 8(1):
57-59.

Singh, R.; Srivastava, A.K.; Gangwar,
N.K.; Giri, D.K.; Singh, R. and Kumar,
R. (2016): Pathology of sub-chronic
cadmium and chlorpyrifos toxicity in
broilers. Indian J Vet Pathol, 40(4):
331-336.

Randa, A.H.; Dawlat, M.A.; Nariman,
A.R.; Hatem, M.E. and Dessouky, M.I.
(2012): Clinicopathological,
histopathological and immunologlical
studies on animals exposed to lead and
cadmium under experimental
conditions .New York Sci J, 5(12).
Hooser, S.B. (2007): Cadmium. In:
Veterinary Toxicology, Gupta, R.C.
(Ed.). Macmillan Company, USA, pp:
422 -4217.

Basmacioglu, H.; Tokusoglu, O. and
Ergul, M. (2009): The Effect of
oregano and rosemary essential oils or
alpha-tocopheryl acetate on
performance and lipid oxidation of
meat enriched with N-3 pufas in
broilers. S Afr J Anim Sci, 34 (3):197-
210

Hoffmann, P.R. (2007): Mechanisms
by which selenium influences immune
responses. Arch Immunol Ther Exp,
55: 289-297.

Uyanik, F.; Even, M.; Atasever, A,
Tuncoku, G. and Kolsuz, A.H. (2001):

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Changes in some Biochemical
Parameters and organs of broilers
exposed to cadmium and effect of zinc
on cadmium induced alterations. Israel
J Vet Med, 56: 128-134.
El-Demerdash, F.M., M.l. Yousef,
F.S. Kedwany and H.H. Baghdadi,
(2004): Cadmium-induced changes
in  lipid peroxidation, blood
hematology, biochemical parameters
and semen quality of male rats:
Protective role of vitamin E and B-
carotene. Food Chem Toxicol,
42(10): 1563-1571.

Khaled, S.A.A. and Huda, A. (2013):
Effect of cadmium in drinking water on
growth, some haematological and
biochemical parameters of chicken.
Euro J Exp Bio, 3(5): 287-291.

Ali, S.K., Lakal, A.M. and Obad, K.
(2016): Changes in some biochemical
parameters and body weight of chicken
exposed to cadmium. World J Pharm
Res, 5(3): 227-234.

Said, L., Banni, M., Kerkeni, A., Said,
K.and Messaoudi, 1. (2010): Influence
of combined treatment with zinc and
selenium on cadmium induced
testicular pathophysiology in rat. Food
Chem Toxicol, 48 (10): 2759-2765.
Bernard, A. (2004): Renal dysfunction
induced by cadmium: biomarkers of
critical effects. Biometals, 17 (5):
519-522.

Das, K.K. and Dasgupta, S. (2000):
Effect of nickel on testicular nucleic
acid concentrations of rats on protein
restriction. Biol. Trace Elem Res,
73(2): 175-180

Qazi, R.S.; Jain, N.K; Shukla, S. and
Jain, N. (2010): Haemato-biochemical
alterations induced by cadmium
chloride toxicity in kadaknath chicken.
Indian J Vet Pathol, 34: 205-207

Nisha, AR, Nair, C.AM,
Gopakumar, N. and Joy, A.D. (2009):
Assessment of cadmium concentration
and its relation with serum biochemical
parameters in cattle in cadmium

285


https://www.ncbi.nlm.nih.gov/pubmed/3300257
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sa%C3%AFd%20L%5BAuthor%5D&cauthor=true&cauthor_uid=20621149
https://www.ncbi.nlm.nih.gov/pubmed/?term=Banni%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20621149
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kerkeni%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20621149
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sa%C3%AFd%20K%5BAuthor%5D&cauthor=true&cauthor_uid=20621149
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sa%C3%AFd%20K%5BAuthor%5D&cauthor=true&cauthor_uid=20621149
https://www.ncbi.nlm.nih.gov/pubmed/?term=Messaoudi%20I%5BAuthor%5D&cauthor=true&cauthor_uid=20621149

Zag Vet J, Volume 47, Number 3, p. xxxxx, September 2019

Hashem et al. (2019)

[47]

[48]

[49]

[50]

[51]

[52]

[53]

industrial effluent contaminated area.
Indian J Anim Res, 43 (3): 206-208.
Bharavi, K., Reddy, A.G, Rao,
G.S.,Reddy, A.R. and Rao, S.V.
(2010): Reversal of cadmium-induced
oxidative stress in chicken by herbal
adaptogens Withania
Somnifera and Ocimum
Toxicol Int, 17(2): 59-63.
Ibrahim, M.A.; Almaeen, A.H.; El

Sanctum.

Moneim, M.A.; Tammam, H.G;
Khalifa, A.M. and Nasibe, M.N.
(2018): Cadmium induced
hematological, renal and hepatic

toxicity: The amelioration by spirulina
platensis. Saudi J Forensic Med Sci,
1(1): 5-13.

Swapna, G.and Reddy, A.G. (2011):
Effect of cadmium on organ
biomarkers and evaluation of certain
adaptogens in broilers. Toxicol Int,
18(1): 47-49.

Li, J.L.;Jiang, C.Y.;Li, S. and Xu,
S.W. (2013): Cadmium induced
hepatotoxicity in chickens (Gallus
domesticus) and ameliorative effect by
selenium. Ecotoxicol Environ Saf, 96:
103-1009.

Liu, L., Yang, B., Cheng, Y. and Lin,
H.(2015): Ameliorative Effects of
Selenium on cadmium-Induced
Oxidative Stress and Endoplasmic
Reticulum Stress in the Chicken
Kidney. Biol Trace Elem Res, 167(2):
308-3109.

Eriyamremu, G.E.; Ojimogho, S.E,;
Asagba, S.O. and Osagie, V.E.
(2008): Palm oil induced
changes in ocular tissue lipid
peroxidation, antioxidant enzymes
and ATPases of rabbits in
cadmium toxicity. Food Chem
Toxicol, 46(9): 3155-3158.

Yang, S.;Zhang, Z.;He, J.;Li,
J.; Zhang, J.; Xing, H. and Xu, S.
(2012): Ovarian toxicity induced by

[54]

[55]

[56]

[57]

[58]

[59]

[60]

dietary cadmium in hen. Biol Trace
Elem Res, 148(1): 53-60.

Kant, V.; Mehta, M.; Varshneya, C.
and Chauhan, S. (2011): Induction of
oxidative stress by subacute oral
exposure of cadmium sulphate in adult
poultry .Braz J Vet Pathol, 4(2): 117-
121.

Rana, S.V.S.; Singh, R. and Verma, S.
(1996): Protective effects of few
antioxidants on liver function in rats
treated with cadmium and
mercury. Indian J Exp Biol, 34(2):
177-179.

Agarwal, R.; Goel, S.K.;Chandra,
R.and Behari, J.R. (2010): Role of
vitamin E in preventing acute mercury
toxicity in rat. Environ Toxicol
Pharmacol, 29(1): 70-78.

Aslam, F.; Ahrar, Muhammad, Z.K.;

Summaira, S.; Shafia, T.G. and
Muhammad, K.S. (2010): Toxico-
pathological changes induced by

cypermethrin in broiler chicks: Their
attenuation with Vitamin E and
selenium. Exp Toxicol Pathol, 62(4):
441-50.

Xu, F.;Liu, S. andLi, S. (2015):
Effects of selenium and cadmium on
changes in the gene expression of
immune cytokines in chicken splenic
lymphocytes. Biol Trace Elem Res,
165(2): 214-221.

Ognjanovic, B.; Markovic, S,
Pavlovic, S. Zikic, R. Stajn, A. and
Saicic, Z. (2008): Effect of chronic
cadmium exposure on antioxidant
defense system in some tissues of rats:
protective effect of selenium. Physiol
Res, 57(3): 403-411.

Alkhedaide, A.; Alshehri, Z.S.; Sabry,
A.; Abdel-Ghaffar, T.; Soliman, M.M.
and Attia, H. (2016): Protective effect
of grape seed extract against cadmium-
induced testicular dysfunction. Mol
Med Rep, 13(4): 3101-31009.

286


https://www.ncbi.nlm.nih.gov/pubmed/?term=Bharavi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21170246
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reddy%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=21170246
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rao%20GS%5BAuthor%5D&cauthor=true&cauthor_uid=21170246
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rao%20GS%5BAuthor%5D&cauthor=true&cauthor_uid=21170246
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reddy%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=21170246
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rao%20SV%5BAuthor%5D&cauthor=true&cauthor_uid=21170246
http://www.ncbi.nlm.nih.gov/pubmed/?term=Swapna%20G%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reddy%20AG%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=23906702
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jiang%20CY%5BAuthor%5D&cauthor=true&cauthor_uid=23906702
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23906702
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20SW%5BAuthor%5D&cauthor=true&cauthor_uid=23906702
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20SW%5BAuthor%5D&cauthor=true&cauthor_uid=23906702
http://www.ncbi.nlm.nih.gov/pubmed/23906702
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20L%5BAuthor%5D&cauthor=true&cauthor_uid=25805271
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20B%5BAuthor%5D&cauthor=true&cauthor_uid=25805271
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cheng%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=25805271
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25805271
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25805271
mailto:linhongjinneau@163.com
https://www.ncbi.nlm.nih.gov/pubmed/25805271
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eriyamremu%20GE%5BAuthor%5D&cauthor=true&cauthor_uid=18656522
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ojimogho%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=18656522
https://www.ncbi.nlm.nih.gov/pubmed/?term=Asagba%20SO%5BAuthor%5D&cauthor=true&cauthor_uid=18656522
https://www.ncbi.nlm.nih.gov/pubmed/?term=Osagie%20VE%5BAuthor%5D&cauthor=true&cauthor_uid=18656522
https://www.ncbi.nlm.nih.gov/pubmed/18656522
https://www.ncbi.nlm.nih.gov/pubmed/18656522
http://www.ncbi.nlm.nih.gov/pubmed?term=Yang%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22367677
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhang%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=22367677
http://www.ncbi.nlm.nih.gov/pubmed?term=He%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22367677
http://www.ncbi.nlm.nih.gov/pubmed?term=Li%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22367677
http://www.ncbi.nlm.nih.gov/pubmed?term=Li%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22367677
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22367677
http://www.ncbi.nlm.nih.gov/pubmed?term=Xing%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22367677
http://www.ncbi.nlm.nih.gov/pubmed?term=Xu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22367677
http://www.ncbi.nlm.nih.gov/pubmed/22367677
http://www.ncbi.nlm.nih.gov/pubmed/22367677
https://www.ncbi.nlm.nih.gov/pubmed/8641719
https://www.ncbi.nlm.nih.gov/pubmed/?term=Agarwal%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21787585
https://www.ncbi.nlm.nih.gov/pubmed/?term=Agarwal%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21787585
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chandra%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21787585
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chandra%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21787585
https://www.ncbi.nlm.nih.gov/pubmed/?term=Behari%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=21787585
https://www.ncbi.nlm.nih.gov/pubmed/21787585
https://www.ncbi.nlm.nih.gov/pubmed/21787585
https://www.ncbi.nlm.nih.gov/pubmed/19581076
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20F%5BAuthor%5D&cauthor=true&cauthor_uid=25653004
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25653004
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25653004
http://www.ncbi.nlm.nih.gov/pubmed/25653004
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alkhedaide%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26935153
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alshehri%20ZS%5BAuthor%5D&cauthor=true&cauthor_uid=26935153
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sabry%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26935153
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sabry%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26935153
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abdel-Ghaffar%20T%5BAuthor%5D&cauthor=true&cauthor_uid=26935153
https://www.ncbi.nlm.nih.gov/pubmed/?term=Soliman%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=26935153
https://www.ncbi.nlm.nih.gov/pubmed/?term=Attia%20H%5BAuthor%5D&cauthor=true&cauthor_uid=26935153
https://www.ncbi.nlm.nih.gov/pubmed/26935153
https://www.ncbi.nlm.nih.gov/pubmed/26935153

Zag Vet J, Volume 47, Number 3, p. XxxxxX, September 2019 Hashem et al. (2019)
Al gadlal)
ol B 2 gredlsll el LAY A2 A (Gualid g a gl Cpunal) AN e AS) L ol gl b o
Mg stadall dlall s i elasd 5 Tl Jlea a2 aluil aila aidaall e a2
G U3l Anala (5 landl) ulall A0S 4K L o] Gl
G20t N Al gall daall 3 gay dgaa’

el 580 e Ld Lal | S Lalaial caia) ) g 4l Sl yiall AL Galaal) jlad) (ha laa) g a saad\SH) 2ay

o Jaa psrdiad) bl A8 Al Wbl sl 4t lae o dpelihial Dy et Cy al) 8 Al 4aall 5 () sl

de ganall 43 pde Gle sana ed (o gy jae DK ) 00 D2 aridil o & sedlS okl L) V) da s (et

aaS fasmadlSll e al e (e Ve G laolaal o3 4l de geaalle aple adle e Lgidas &5 (adaibiall e ganall) J5Y)

Vos Lelae) o and )l 4 sanal el e maS o i) (e ol a ole +.0 Lilhe) 3 438 e sanldidell (10

Cna gl L (alid 5o nliall g o 5edlSIL adalae) 4 4l 4o ganall 5 d8lall (e aaS /8 (i (e 6l a e

£ V) asbasd) 3 gl iV ¢ el B gl jlen¥) Silay 33 LAl 4y gina 33L ) a srealSl) Ae ganal L)

sl e (v XA 5 ) £ Yo A il U g el ol paaa sl e (FOT £ YL 51

SRR RUPRRY- TR FARAPRURE (R U & 35 WU Dyt WU PRV PN | RPN RO (| U PR WA S RPN P PO WA EEG

Jame (Aagsiaasaly) el e s dle Aol de ganally 43 )lia paalad) g gV 4led (B Aald s gl e (100

A S 5all (ol lall Jame (b (5 5tma padig (( AAEO) FY 50 AT 4) el il a uS) g a el i)

VYR Y AY Y oY Sl Y s e alaail ) adliaWl uolll g sl Al B Aaala g (v v e 040 4 0)

Lat & yelal miliil) JS adadlcall de ganally 45 i (il @ soa¥) Aled AAald g il e (¢ V2V €

O) S (G Lae | pgaedlSI Ao ey Lgti jlie 2ie & (aalid ol o gailindls Laalasl o3 Al Gle ganall 8 U gala

popedl&I jLcall SN il Laa Lagiilal die (S5 o saedl&H L) il daasW 1o jéie s (paalid ) o saiadand] adlis)
528U Mlmal) pgilels sy

287



