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Research article
Ερευνητικό άρθρο

Natural antioxidants improve pulmonary hypertension syndrome and change 
blood profile in broiler chicken 

H. Zarei1* , E. Sadr Moghani2

1Department of Biology, Central Tehran Branch, Islamic Azad University, Tehran, Iran

2Department of Physiology, Faculty of Veterinary Medicine, Garmsar Branch, Islamic Azad University, Garmsar, Iran

ABSTRACT: The objective of the present study was to investigate the effect of vitamins C, vitamins E and garlic 
powder on heterophil/lymphocyte and right ventricle (RV)/total ventricle (TV) ratio as well as lipid peroxidation lev-
els in blood count (BC) with pulmonary hypertension syndrome (PHS) induced by T3 administration. A total of 225 
chickens (Ross 308, 1 day old) were randomly divided into five equal groups (n=45) including the control (received 
standard basal diet (RSBD)+1.5 mg/kg of T3), sham (RSBD over period study), and the vitamin C (RSBD+1200 PPM 
of vitamin C+1.5 mg/kg of T3), the vitamin E (RSBD+400 mg/kg of vitamin E+1.5 mg/kg of T3), the garlic (RSBD 
+1% garlic+1.5mg/kg of T3) groups. T3 was administrated at days 7 to 49 of age. At days 21,35 and 49 post- reared, 
15 chicks from each group were randomly selected, scarified and blood parameters including lymphocytes, heterophil, 
heterophil/lymphocyte and RV/TV ratio as well as lipid peroxidation were assayed. The decreased the RV/TV ratio 
in the all treatment groups compared to control group indicate that PHS-induced by administration of T3improves by 
adding of vitamins E, vitamin C and garlic to basal diet.The highest and lowest mean percentage of heterophil was 
belonged to the control and sham groups on 35 and 49 days of age, respectively. The highest mean percentage of het-
erophil/lymphocyte ratio belonged to the control groups on days of 35, and 49 of age. The adding of vitamin C and 
garlic to basal diet resulted in a significant increase in the mean percentage of lymphocyte compared to the control and 
the vitamin E groups on days 35 and 49 of age. In conclusion, the natural antioxidants such as garlic, vitamins E and C 
can improve the increased RV/TV and heterophil/lymphocyte ratios in the blood profile of broiler chickens with PHS 
due to reduce lipid peroxidation. 
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INTRODUCTION

The broiler chickens with early life fast growth 
rate are accompanied by incidence a number of 

metabolic disorders such as to ascites or PHS because 
of the imbalance between the lungs asan oxygen-sup-
plying organ and heart as an oxygen-demanding mus-
cle (Abidin and Khatoon, 2013; Ahmadipour et al., 
2015). Ascites is a multifactorial metabolic disorder 
that mainly caused by endogenous and/or exogenous 
factors and is characterized by PHS, hypoxaemia, 
and fluid accumulation in the abdominal cavity (An-
tolovich et al., 2002).Oxidative stress is an imbalance 
between oxidation and antioxidation. In addition, the 
extreme effects of humidity have been shown to in-
crease mortality in chickens (Azis, 2012; Kang et al., 
2020). The incidence of this syndrome in broilers has 
been also affected by feeding regime changes (Arab et 
al., 2006). It has been shown that some management 
practices such as feed restriction can reduce the PHS 
incidence (Arun and Gita, 2014). However, the feed 
restriction can act as a stressor on the broiler.The in-
creased reactive oxygen species (ROS) production by 
oxidative stress has been widely accepted to contrib-
ute in the pathogenesis of the PHS in broilers chick-
ens (Chang et al., 2003). 

The presence of oxidative stress damages lipids, 
proteins and DNA, while the elevation of antioxidant 
enzymes activity (superoxide dismutase (SOD) and 
catalase) and also antioxidants content (glutathione 
peroxidase, reduced glutathione, ascorbate (vitamin 
C), tocopherol (vitamin E), and thiordoxin) could de-
feat these damages (Arslan et al., 2019; Bayr, 2005). 
Therefore, adding of antioxidant such as vitamin E, 
C and garlic to chicken diet can control the ROS pro-
duction and reduce mortality rate from ascites syn-
drome (Chen et al., 2014; Faraji et al., 2019). 

The antihypertensive and antioxidant properties 
of garlic as well as its positive effect on several car-
diovascular risk factors have been widely studied in 
human and animal studies (Fathi et al., 2011).Vita-
mins Eand C are two biological antioxidant that re-
duce lipid peroxidation and neutralize free radicals 
and improved performance parameters and ascites 
related traits as well as decrees lipid peroxidation. In 
addition, vitamin C has been reported to have positive 
effects on limiting pathogenicity bacteria colonizing 
the intestine and caecum during the heat stress (Gur-
banov and Shiliang, 2006; Gao et al., 2010; Gautam 
et al., 2010; Fazlolahzadeh et al., 2011; Saracila et 
al., 2020). Malondialdehyde (MDA) is an import-
ant product of lipid peroxidation, in which ROS de-

grade cell membrane unsaturated fats. Also, MDA is 
a significant marker of lipid peroxidation and leads to 
oxidative DNA damage (Aziz et al., 2015). It is also 
shown that antioxidants restore lipid peroxidation by 
increase of reduced glutathione, SOD, and catalase 
activity (Acaroz, et al., 2018). SOD and catalase are 
antioxidant enzymes that play a key role in preventing 
oxidative stress and lipid peroxidation (Acaroz, et al., 
2019). The adding of garlic to chicken broiler reduced 
the cardiovascular risk factor, right ventricle/total ven-
tricle ratio, ascites-related mortality rate (Faraji et al., 
2019).The lipid peroxidation and the heterophil and 
lymphocyte ratio are increased in the stress oxidative 
condition. Therefore, the lipid peroxidation level as 
well as heterophil and lymphocyte ratio are two most 
parameters to assay the stress oxidative levels (Ah-
madipour et al., 2015; Habibian et al., 2017). Based 
on our knowledge, up to now, the effects of garlic, 
vitamin E and C on serum lipid peroxidation level as 
well as heterophil/lymphocyte ratioas hematological 
parameters in broiler chickens with PHS induced by 
administration of T3 has yet investigated. Therefore, 
the objective of the present study was to investigate 
the effect of vitamins C and E and garlic powder on 
heterophil/lymphocyte ratios and lipid peroxidation 
levels in broiler chicken with PHS syndrome induced 
by T3 administration. 

MATERIALS AND METHODS
All procedures involving live birds were approved 

by the Islamic Azad University Institutional Animal 
Care and Use Committee (Code: IR.IAU.VARAMIN.
REC.1400.003).

A total of 225 chickens (Ross 308, 1 day old) were 
randomly divided into five equal groups (n=45) in-
cluding the control (RSBD+ 1.5 mg/kg of T3 at day 
7 to 49 of age), sham (RSBD), and the vitamin C 
(RSBD+1200 PPM of vitamin C+1.5 mg/kg of T3 at 
day 7 to 49 of age), the vitamin E (RSBD+400 mg/
kg of vitamin E+1.5 mg/kg of T3 at day 7 to 49 of 
age), the garlic (RSBD+ 1% garlic+1.5 mg/kg of T3 
at day 7 to 49 of age) groups each of 45 chickens per 
pen with 3 replicate pens per each group (n=15). The 
basal diet of all the groups was equally formulated 
based on corn and soybean. The basal diets were in 
mash form and formulated for starter (1 to 11 days), 
grower (12 to 25 days), and finisher (26 to 49 days) 
growth periods. The metabolizable energy (ME/kg of 
diet) and crude protein of the diet in each period were 
respectively as follows: starter, 13 MJ and 230 g/kg; 
grower, 13 MJ and 200 g/kg; finisher, 13 MJ and 180 
g/kg (National Research Council, 1994). The chicks 
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were reared under same and standard condition such 
as humidity, ventilation, temperature, light cycle, and 
vaccination for 49 days with free access to water and 
diet. Over the course of the study the birds were fed 
with starter, grower, and finisher diets at days 1 to 11, 
12 to 28, and 29 to 49 days of age, respectively. In the 
control and all three treatment groups 1.5 mg/kg of T3 
(Sigma Aldrich, USA) was added to basal diet from 
7 day of age to the end of the study to induce ascites 
(Hasani et al., 2018). 

Lipid peroxidation assay
The blood was randomly sampled from jugular 

vein from 9 chicks of each group on days 21, 35, and 
49 days of age and the sera were then isolated for lipid 
peroxidation assay using TBARS assay (Draper and 
Hadley 1990). Briefly, 200 µL of sera were incubated 
with 1.0 ml of 0.15M PBS (pH 7.4) for 40 minutes at 
37 ºC and 2 ml of 0.8% thiobarbituric acid and 2 ml of 
20% acetic acid (pH2.5) were added and then placed 
in boiling water for 10 minutes. Tubeswere allowed 
to cool at room temperature, and absorbance was re-
corded at 535 nm wavelengths using a spectropho-
tometer (Corning Inc., New York, USA).The TBARS 
concentration was calculated from standard curve 
that has been previously prepared and was expressed 
as µM mg-1 of the total proteins of the serum. As the 
amount of measured MDA is presented relative to the 
protein content of samples, 10 µl of each sample was 
removed before adding the thiobarbituric acid, for de-
termination of protein concentration using the colori-
metric method of Bradford (Bradford, 1976).

Smear preparation
Multiple cytology smears were made on slides 

and were air dried and fixed using 70% alcohol and 
stained by Giemsa stain to determine heterophil to 
lymphocyte ratio. 

Assessment of cardiac parameter
At days 21, 35 and 49 of age the chicks were sac-

rificed and RVH was then determined as previously 
described by Hassanpour et al., (2014). The hearts 
were resected and total ventricles were weighted. The 
right ventricle/total ventricle ratio was calculated and 

recorded. When the right ventricle/total ventricle ra-
tion was greater than 0.28 the PHS had been induced. 

Statistical analysis 
The data were analyzed using the SPSS software 

(version 22). The One way ANOVA was used to deter-
mine the statistical differences among the main effects 
of the vitamin E, C and garlic on heterophil/lymphocyte 
ratio as well as lipid peroxidation capacity and followed 
by Tukey’s test. The data were expressed as mean ± SD 
and differences between the means at a level of p < 0.05 
were considered as statistically significant.

RESULTS

RV/TV ratio 
The RV/TV ratio in the various groups at three in-

terval times of rearing including 21, 35, and 49 days of 
age are presented in Table 1. No significant difference 
between any the five groups in term of the RV/TV 
ratio was seen on day 21 of age. A significant increase 
was detected in the vitamin E, vitamin C, garlic and 
control groups compared to the sham group respected 
to the RV/TV ratio on day 35 day of age (P<0.05) 
(Table 1). Finally, the control group showed signifi-
cantly increasing of RV/TV indicating right ventricle 
hypertrophy compared to all treatment groups as well 
as the sham group. The vitamin E and garlic groups 
showed lower RV/TV ratio than that of the vitamin C 
group (P<0.05) on day 49 of age (Table 1). 

CBC count 
The mean percentages of heterophil, lymphocyte 

and heterophil/lymphocyte ratio were counted at three 
interval times of rearing including 21, 35, and 49 days 
of age (Table 2). In the control and garlic groups the 
mean percentage of heterophil were significantly in-
creased compared to other treatment groups as well as 
the sham group on day 21 of age (P<0.05). 

The garlic group showed higher mean percent-
age of lymphocyte than those of all treatment and the 
sham groups on day 21 of age (P<0.05). There was 
no significant difference amongst all three treatment 
groups in term of the mean percentage of heterophil/
lymphocyte ratio. Whereas the lower and higher mean 

Table 1. The RV/TV ratio in the various groups at two interval times
Age Vitamin E Vitamin C Garlic Control Sham
21 day-old 0.21±0.00a 0.21±0.00a 0.21±0.00a 0.21±0.06a 0.20±0.01a

35 day-old 0.25±0.03a 0.25±0.02a 0.23±0.02a 0.27±0.07a 0.20±0.01b

49 day-old 0.25±0.00b 0.27±0.00b 0.24±0.01b 0.31±0.01c 0.22±0.01d

Different letter in each line shows significant difference at p<0.05 level. Each line that has one common letter showed no significant 
difference. 
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percentage of heterophil/lymphocyte ratio was detect-
ed in the sham and the control groups than those of 
other groups on day 21 of age, respectively. The dif-
ference of the mean percentage of these blood cells 
between treatment with the control and sham groups 
are presented in Table 2.

Lipid peroxidation assay
Lipid peroxidation as results of free radicals activ-

ity was measured in various groups at three interval 
times of age (Table 3). A significant increase in the 
lipid peroxiation was detected in the control group 
compared to all treatment and sham groups at all three 
interval times of age (P<0.05). The lower lipid per-
oxiation was detected in the sham group at all three 
interval times compared to other groups (P<0.05). 

DISCUSSION
The aim of this study was to investigate the ef-

fect of three antioxidant agents including vitamins C 
and E and garlic powder on blood cell analysis, het-
erophil, lymphocyte, and heterophil/lymphocyte ratio 
as well as lipid peroxidation levels in broiler chicken 
with PHS syndrome induced by T3 administration at 
three interval times of age. The increased RV/TV ra-

tio more than 0.229 in the control group confirmed 
induction of PHS (Hassanpour et al., 2014). 

The decreased the RV/TV ratio in the all treat-
ment groups compared to control group indicate that 
PHS-induced by administration of T3 improve by add-
ing of vitamin E, vitamin C and garlic to basal diet 
from 7 days of age. Ascites or PHS is a metabolic 
disorder in broiler chickens in which hypoxia occur 
due to increasing of metabolic demand as well as de-
creasing of oxygen availability (Lara and Rostagno, 
2013). The imbalance oxygen demand of tissues with 
oxygen supply induced by T3 administration is ac-
companied with increasing of blood pressure within 
the pulmonary arteries followed by the progressive 
development of PHS (Nemati et al., 2017). T3 admin-
istration induces PHS by increasing of cardiac output, 
basic metabolic rate, and hypoxia (Özkan et al.,2007; 
Habibian et al., 2017). Leading to induction of oxida-
tive stress and ROS production (Pan et al., 2005). The 
increased ROS and enhanced nitric oxide synthase 
(NOS) expression and NO production have been pre-
viously reported in spontaneously hypertensive (Peng 
et al., 2013). The impaired NO synthesis in the heart 
ventricles has been also reported to be involved in the 
pathophysiology of cardiac failure in broilers chicken 

Table 2. The heterophil, lymphocyte and heterophil/lymphocyte ratio in various groups at three interval times
Variable/Group Sham Control Vitamin E Vitamin C Garlic
Day 21 of age
Heterophil 39.11± 1.07a 48.53± 0.09b 44.13± 1.12c 44.13± 1.03c 48.58± 0.28b

Lymphocyte 42.72± 1.82a 44.48± 1.08ab 42.85± 0.80a 42.15± 0.60a 45.95± 1.04b

H/L 0.91± 0.02a 1.09± 0.02b 1.02± .01c 1.04± 0.02c 1.05± 0.02c

Day 35 of age
Heterophil 39.25± 1.55a 49.52± 0.24b 41.41± 0.81c 42.13± 0.81c 43.13± 1.04c

Lymphocyte 42.14± 1.58a 43.04± 1.04a 44.28± 0.78a 47.22± 0.57b 47.78± 0.70b

H/L 0.93± 0.04a 1.15± 0.02b 0.93±0.01a 0.68± 0.01c 0.90± 0.01a

Day 49 of age
Heterophil 37.54± 1.07a 47.47± 1.04b 44.05± 1.52c 44.88± 1.23c 38.15± 1.88ad

Lymphocyte 55.08± 0.41a 42.21± 0.75b 54.41± 0.55a 58.21± 0.85c 57.19± 0.14c

H/L 0.68± 0.02a 1.07± 0.03b 0.80± 0.02c 0.77± 0.02c 0.66± 0.02ad

Different letter in each line shows significant difference at p<0.05 level. Each line that has one common letter showed no significant 
difference. 

Table 3. Lipid peroxidation in the various groups at three interval times
Variable/Group Sham Control Vitamin E Vitamin C Garlic
Day 21 of age
Lipid peroxidation mol/L 0.89± 0.12a 1.41± 0.13b 1.01± 0.05c 1.07± 0.02c 1.19 ± 0.09c

Day 35 of age
Lipid peroxidation mol/L 0.79± 0.23a 1.17± 0.09b 0.75± 0.04a 0.81± 0.07a 0.88± 0.01a

Day 49 of age
Lipid peroxidation mol/L 0.77± 0.06a 1.70± 0.07b 0.87± 0.02c 0.91± 0.04c 0.88± 0.03c

Different letter in each line shows significant difference at p<0.05 level. Each line that has one common letter showed no significant 
difference.
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with PHS (Hasani et al., 2018). NO production in the 
myocardiocytes is normal under standard or normal 
conditions. It plays an important role in regulation 
of cardiac function due to its role in the control of 
hypertrophic remodeling, myocardial regeneration, 
and subsequently improvement of ventricular dia-
stolic distensibility (Mosqueira et al., 2021). The de-
creasing of RV/TV ratio indicating right ventricular 
hypertrophy in the all chicken with PHS treated with 
antioxidants agents can attribute to increase antioxi-
dant capacity of chicken. The increased antioxidant 
capacity leads to decrease the RV/TV ratio resulted 
from omitting of ROS and NO production that plays 
critical role in regulation of myocardial hypertrophic 
remodeling and ventricular diastolic distensibility. 
The decreased antioxidant enzymes activity leading 
to reduce the broilers’ defense system against ROS 
has been reported in the visceral tissue of broiler with 
PHS (Sahin et al., 2013; Pompeu et al., 2018).

Serum TBARS concentration as a biomarker of 
lipid peroxidation has previously reported (Selim et 
al., 2013). The decreased lipid peroxidation or lower 
TBARS values indicating of the free radical or ROS 
production in the treatment groups compared to the 
control group on different days of age was the one of 
the main findings of the present study. However, the 
higher lipid peroxidation in the treatment groups on 
days of 21 and 49 of age in all three interval times 
than that of the sham group shows the capacity of the 
vitamin E, vitamin C, and garlic at the used doses 
were not enough to scavenge all produced free rad-
icals or ROS over the course of PHS. On day 35 of 
age we have found no significant difference between 
the sham with all treatment groups in term of lipid 
peroxidation levels. In addition we also found that 
vitamin E, vitamin C and garlic at the used dosages 
show equal capacity to destroy ROS and lipid perox-
idation level at all three interval times of age. Several 
studies have shown that the adding of natural anti-
oxidants, such as vitamins E and C as well as garlic 
alleviate the negative effects of lipid peroxidation and 
decrease ascites incidence Faraji et al., 2019; Şenay et 
al., 2019;Shaito et al., 2020). However, in this study 
the effect of vitamin E, C and garlic on the lipid per-
oxidation, RV/TV, and blood cell analysis was com-
pared for the first time. 

The obtained data from blood analysis showed that 
the highest men percentage of heterophil and lympho-
cyte was belonged to the garlic and control groups 
on 21 day of age. While the highest and lowest mean 
percentage of heterophil was belonged to the control 
and sham groups on 35 and 49 days of age, respec-

tively. The adding of vitamin C and garlic to basal 
diet resulted in a significant increase in the mean per-
centage of lymphocyte compared to the control and 
vitamin E groups on days 35 and 49 of age. We have 
found that the lowest and highest mean percentage of 
heterophil/lymphocyte ratio are in the sham and the 
control groups than those of other groups on day 21 
of age, respectively. There was no significant differ-
ence amongst all three treatment groups in term of the 
mean percentage of heterophil/lymphocyte ratio on 
21 day of age. The adding of vitamin C to basal diet 
led to significant decreasing of the mean percentage 
of heterophil/lymphocyte ratio compared all groups. 
The highest mean percentage of heterophil/lympho-
cyte ratio was belonged to the control groups on days 
of 35, and 49 of age. These findings are in agreement 
with previous studies in which significant increases of 
blood heterophil to lymphocyte ratio value has been 
reported s in the broilers chicken with PHS (Varma-
ghany et al., 2015; Şenay et al., 2019). It has been 
recently reported that the adding of antioxidants to 
broiler diets have positive effects on stress response 
(Jill et al., 2020). The higher and lower heterophil to 
lymphocyte ratio in the control and treatment groups 
firstly can attribute to reduce lymphocyte resulted 
from ROS production and ROS neutralization, re-
spectively. PHS is associated with oxidative stress 
from the over-production of ROS. Oxidative damage 
in human lymphocytes resulted from lipid peroxida-
tion has been reported. Lipid peroxidation has been 
implicated in a number of deleterious effects such as 
increased and decreased osmotic fragility and mem-
brane rigidity, respectively (Ogbuagu et al., 2018). 
The lower heterophil to lymphocyte ration can also 
attribute to increasing of heterophil. It has been re-
ported that natural antioxidants such as garlic increase 
the ploy nuclear cells (Wideman et al., 2013). 

CONCLUSION
Taken together, our research revealed that natural 

antioxidants including garlic powder, vitamin C, and 
vitamin E could improve the increased RV/TV ratio, 
and also change heterophil/lymphocyte ratio in blood 
profile of broiler chickens with PHS due to reduce lip-
id peroxidation.

CONFILICT OF INTEREST

The authors have no conflict of interest. 

ACKNOLEDGMENTS
Current research conducted as part of Edris Sadr 

Moghani’ DVM thesis, Islamic Azad University, 
Garmsar, Iran.



J HELLENIC VET MED SOC 2022, 73(2)
ΠΕΚΕ 2022, 73(2)

4146 H. ZAREI, E. SADR MOGHANI

REFERENCES

Ahmadipour B, Hassanpour H, Asadi E, Khajali F, Rafiei F, Khajali F. (2015) 
KelussiaodoratissimaMozzaf- A promising medicinal herb to prevent 
pulmonary hypertension in broiler chickens reared at high altitude. J 
Ethnopharmacol. 159 (1):49-54

Abidin Z, Khatoon A. (2013) Heat stress in poultry and the beneficial effects 
of ascorbic acid (vitamin C) supplementation during periods of heat 
stress. World’s PoulSci J. 69 (1):135-152.

Acaroz, U., Ince, S., Arslan-Acaroz, D., Gurler, Z., Kucukkurt, I., Demirel, 
H. H., Zhu, K. (2018) The ameliorative effects of boron against acryl-
amide-induced oxidative stress, inflammatory response, and metabolic 
changes in rats. Food Chem. Toxicol. 118:745-752.

Acaroz, U., Ince, S., Arslan-Acaroz, D., Gurler, Z., Demirel, H. H., Kucuk-
kurt, I.,Zhu, K. (2019) Bisphenol-A induced oxidative stress, inflamma-
tory gene expression, and metabolic and histopathological changes in 
male. Toxicol. Res. 8 (2):262-269.

Antolovich M, Prenzler PD, Patsalides E, McDonald S, Robards K. (2002) 
Methods for testing antioxidant activity. Analyst. 127:183-198

Arab HA, Jamshidi R, Rassouli A, Shams G, Hassanzadeh MH. (2006) Gen-
eration of hydroxyl radicals during ascites experimentally induced in 
broiler. Br Poult Sci. 47 (2):216-222.

Arslana HO, Herreraa C, Malamaa E, Siudaa M, Leidingb C, Bollwein H. 
(2019) Effect of the addition of different catalase concentrations to a 
TRIS-egg yolk extender on quality and in vitro fertilization rate of fro-
zen-thawed bull sperm. Cryobiology. 91: 40-52.

Arun P, Gita C. (2014) Role of vitamin E in counteracting oxidative stress in 
poultry. J Poul Sci. 51: 109-117.

Azis A. (2012) Performance and heterophil to lymphocyte (H/L) ratio profile 
of broiler chickens subjected to feeding time restriction. Int J Poul Sci. 
11: 153-157.

Aziz IA, Yacoub M, Rashid L, Solieman A. (2015)Malondialdehyde; Lipid 
peroxidation plasma biomarker correlated with hepatic fibrosis in hu-
man Schistosomamansoni infection. ActaParasitol. 2015; 60 (4):735-42. 

Bayr, H. (2005). Reactive oxygen species. Crit Care Med. 33 (12): 498-501.
Bradford MM. (1976) A rapid and sensitive method for the quantitation of 

microgram quantities of protein utilizing the principle of protein-dye 
binding. Anal Biochem. 72:243-254.

Chang C, Lin MJ, Croom J, Fan KY. (2003) Administration of triiodothy-
ronine and dopamine to broiler chicks increases growth, feed conversion 
and visceral organ mass. Poult Sci. 82:285-293

Chen H, Wang X, Fan T, Li J, Wang L, Shen Z (2014) A case of veno-occlu-
sive disease following liver transplantation. ExpTherap Med. 7 (1):141-
144

Draper HH, Hadley M. (1990) Malondialdehyde determination as index of 
lipid peroxidation. Methods Enzymol. 186: 421-431.

Faraji M, KarimiDehkordi S, ZamianiMoghadam A, Ahmadipour B, Khajali 
F. (2019) Combined effects of guanidinoacetic acid, coenzyme Q10 and 
taurine on growth performance, gene expression and ascites mortality 
in broiler chickens. J AnimPhysiolAnimNutr (Berl). 103 (1):162-169. 

Fathi M, Nazeradl K, EbrahimNezhad Y, AghdamShahryar H, Daneshyar 
M, Tanha T. (2011) The role of oxidative stress in development of con-
gestive heart failure (CHF) in broiler with pulmonary hypertension syn-
drome (PHS). J Anim Vet Adv. 10:2724-2729. 

Fazlolahzadeh F, Keramati K, Nazifi S, Shirian S, Seifi S. (2011). Effect of 
garlic (Allium sativum) on hematological parameters and plasma activi-
ties of ALT and AST of rainbow trout in temperature stress. Aus J Basic 
Applied Sci. 5 (9), 84-90

Gao J, Lin H, Wang XJ, Song ZG, Jiao HC. (2010) Vitamin E supplementa-
tion alleviates the oxidative stress induced by dexamethasone treatment 
and improves meat quality in broiler chickens. Poult. Sci. 89 (2):318-
327. 

Gautam N, Subhasis Das S, Mahapatra SK, Chakraborty SKP, Kundu PK, 
Roy S (2010). Age associated oxidative damage in lymphocytes. Oxid 
Med Cell Longev. 3 (4): 275-282. 

Gurbanov E, Shiliang X. (2006) The key role of apoptosis in the pathogen-
esis and treatment of pulmonary hypertension. Eur J Cardio-Thoracic 
Surg. 30: 499-507.

Habibian M, Sadeghi G, Karimi A. (2017) Effects of purslane (Portulacaoler-
aceaL.) powder ongrowth performance, blood indices, and antioxidant-
status in broiler chickens with triiodothyronine-inducedascites . Arch 
Anim Breed. 60: 315-325.

Hasani A, Bouyeh M, Rahati M, Seidavi A, Makovichy P, Laudadio V, Tu-
farelli V. (2018) Which is the best alternative for ascites syndrome pre-

vention in broiler chickens? Effect of feed form and rearing temperature 
conditions. J Applied Anim Res. 46 (1): 392-396.

Hassanpour H, Teshfam M, Momtaz H, Zarei H, Bahadoran S. (2014) 
Caspase-1, -2, and -3 gene expression is enhanced in the heart and lung 
of chickens with pulmonary hypertension (ascites). Turkish J Vet Anim 
Sci. 38 (2):133-137.

Jill R. Nelson, Eric B. Sobotik, GiridharAthrey, Gregory S. Archer. (2020) 
Effects of supplementing yeast fermentate in the feed or drinking water 
on stress susceptibility, plasma chemistry, cytokine levels, antioxidant 
status, and stress- and immune-related gene expression of broiler chick-
ens. Poult. Sci. 99 (7):3312-3318

Kang S, Kim D, Lee Sang, Lee T, Lee K, Chang H, Moon B, Ayasan T, Choi 
Y. (2020) An acute, rather than progressive, increase in temperature-hu-
midity index has severe effects on mortality in laying hens. Front. vet. 
sci. 7:853.

Lara LJ, Rostagno MH. (2013) Impact of heat stress on poultry production. 
Animals. 3 (2):356-369

Mosqueira M, Konietzny R, Andresen C, Wang C, Fink RHA. (2021) Car-
diomyocyte depolarization triggers NOS-dependent NO transient after 
calcium release, reducing the subsequent calcium transient. Basic Res 
Cardiol. 116 (1):18

Nemati MH, Shahir MH, Harakinezha MT. (2017) Cold-induced ascites in 
broilers: effects of vitamin C and coenzyme Q10. Braz J Poul Sci. 19: 
537-544.

National Research Council. (1994). Nutrient Requirements of Poultry. Na-
tional Academic Press.

Ogbuagu NE, Aluwong T, Ayo JO, Sumanu VO. (2018) Effect of fisetin and 
probiotic supplementation on erythrocyte osmotic fragility, malond-
ialdehyde concentration and superoxide dismutase activity in broiler 
chickens exposed to heat stress. J Vet Med Sci. 26; 80 (12):1895-1900.

Özkan S, BasmacioğluMalayoğlu H, YalçinS,Karadaşb F, Koçtürk S, ça-
bukM ,Oktay G , Özdemir S , Özdemir E, Ergül M. (2007) Dietary 
vitamin E (α-tocopherol acetate) and selenium supplementation from 
different sources: performance, ascites-related variables and antioxidant 
status in broilers reared at low and optimum temperatures. British Poul-
try Science. 48:5, 580-593

Pan JQ, Tan X, Li JC, Sun WD, Wang XL. (2005) Effects of early feed re-
striction and cold temperature on lipid peroxidation, pulmonary vascu-
lar remodelling and ascites morbidity in broilersunder normal and cold 
temperature. British Poultry Science. 46, 374381

Peng Z, Wang YW, Ning D, Guo YM. (2013) Changes of haematic param-
eters, redox status andmitochondrial complex activity in the heart and 
liver ofbroilers fed with different density diets under low ambient tem-
perature. Avian Pathology. 42:327-334

Pompeu MA, Cavalcanti LFL, Toral FLB. (2018) Effect of vitamin E supple-
mentation on growth performance, meat quality, and immune response 
of male broiler chickens: A meta-analysis. Livestock Science. 208:5-13

Sahin K, Orhan C, Smith MO, Sahin N. (2013) Molecular targets of dietary 
phytochemicals for the alleviation of heat stress in poultry. World’s 
Poultry Science Journal. 69 (1):113-123.

Selim A, Youssef SF, Abdel-Salam AF, Nada SA. (2013) Evaluations of 
some natural antioxidant sources in broiler diets: 1-effect on growth, 
physiological and immunological performance of broiler chicks. Int J 
Poult Sci. 12: 561-571

Şenay S, Islim P, Tugay A. (2019) Supplementation of natural antioxidants 
to reduced crude protein diets for japanese quails exposed to heat stress. 
Braz J Poult Sci. 21: eRBCA-2019-0694

Shaito A, Thuan DTB, Phu HT, Nguyen THD, Hasan H, Halabi S, Abdel-
hady S, Nasrallah GK, Eid AH, Pintus G. (2020) Herbal medicine for 
cardiovascular diseases: efficacy, mechanisms, and safety. Front. Phar-
macol. 2020; 11 

Saracila M, Panaite T, Tabuc C, Soica C, Untea A, Ayasan T, Criste Rd. 
(2020). Dietary ascorbic acid and chromium supplementation for broil-
ers reared under thermoneutral conditions vs. high heat stress. Sci. J. 
Anim. Sci. 73 (1):41-47

Varmaghany S, KarimiTorshizi MA, Rahimi S, Lotfollahian H, Hassanza-
deh M. (2015) The effects of increasing levels of dietary garlic bulb on 
growth performance, systolic blood pressure, hematology, and ascites 
syndrome in broiler chickens. Poult Sci. 94 (8):1812-20

Wideman RF, Rhoads DD, Erf GF, Anthony NB. (2013) Pulmonary arteri-
al hypertension - (ascites syndrome) in broilers: a review. Poultry Sci. 
92:64-83.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

