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Introduction 
Pulmonary hypertension syndrome (PHS) is a 
common disease in modern strains of broiler 
chickens, due to the imbalance between demand of 
muscles for oxygen and supply of oxygen by pulmo-
cardiovascular system. In susceptible birds, PHS is 
started by an elevation of either cardiac output due to 
high metabolic rate or an increase of vascular 
resistance to blood flow in hypobaric hypoxia (Julian, 
2007). When broilers are reared at high altitude with 
environmental hypoxia, pulmonary vasoconstriction 
occurs, then vascular resistance and pulmonary 
arterial pressure were increased (Burton et al., 1968; 
Julian, 2007). Erythropoiesis and angiogenesis are 
further physiological responses to chronic hypoxia for 
reoxygenation of hypoxic tissue (Walshe and 

D’Amore, 2008). It is proposed that increased blood 
pressure in the pulmonary circulation (pulmonary 
hypertension) can cause enlargement of the right 
ventricle (RV) and eventually congestive heart failure 
(Franco., 2012). It has been proposed that ascites and 
endothelial function disorder is probably dependent to 
reactive oxygen species (ROS) which make oxidative 
stress. Oxidative stress occurs when tissue depleted of 
antioxidants (Ruiz-Feria., 2009). On the other hand, 
inability of antioxidant system during PHS 
development causes the tissue injury due to increased 
markers of reactive oxygen, displaying a state of 
oxidative stress in this syndrome (Balog, 2003). 
There are exogenous and endogenous compounds of 
antioxidants that both responsible for scavenging 
ROS, or their precursors and inhibition of their 
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Securigera securidaca (Fabaceae) or goat pea is growing wild in West Asia, 
Europe and Africa as an annual herb. In Persian, it is called “Gandeh 
Talkheh”. The seeds of goat pea are applied in the traditional medicine to 
treat different dysfunctions e.g., hyperlipidemia and hypertension. This study 
was done at altitude of 2100 m above sea level. The effects of dietary 
Securigera securidaca seed (S. securidaca) were studied on hematological 
parameters, ascites incidence, and gene expression in the liver in chickens 
under cold temperature condition. Number of 200 broiler chicks (1-day-old 
male, Ross 308 breed) were randomly divided into 20 floor pens and reared 
for 42 days. Experimental groups were defined by the inclusion of 0 
(control), 1, 2, 3, and 4 g/kg S. securidaca in the diets. The results of the 
experiment showed that broiler chickens fed a diet containing 2 to 4 g/kg S. 
securidaca seed had lower abdominal fat and relative liver weight as well as 
right ventricular ratio to total ventricles (RV/TV) compared to control, while 
nitric oxide and hematocrit were higher (P<0.05). The transcript of 

glutathione peroxidase (GPX) and superoxide dismutase (SOD) genes were 
influenced in the liver by feeding S. securidaca Seed. Liver NOS and GPX 
mRNAs were considerably increased in the groups supplemented S. 
securidaca seed (3 and 4 g/kg) compared to the control birds (P < 0.05). In 
conclusion, S. securidaca medicinal herb effectively improves pulmonary 
hypertensive response in broiler chickens.  
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formation (Uttara et al., 2009). Endogenous 
antioxidants include catalase (CAT), glutathione 
peroxidase (GPX), superoxide dismutase (SOD) 
while exogenous antioxidants, derived from diet, 
consist of ascorbic and lipoic acid, polyphenols and 
carotenoids (Kohen and Nyska, 2002). In recent 
years, it has been found that medicinal plants could 
be the best natural resources for antioxidants to 
prevent cellular oxidative damage. Medicinal herbs 
are rich of active antioxidant components e.g. 
flavonoids, polyphenols, tannins, and alkaloids, 
which can justify their application in the treatment of 
different diseases (Sidhu and Tanu, 2013). 

Securigera securidaca (Fabaceae) or goat pea, as 
an annual wild herb is widespread in West Asia, 
Europe and Africa. It is popularly called “Gandeh 
Talkheh” in Persian. Phytochemical analysis of goat 

pea seed extract has revealed the existence of 
flavonoids, steroidal and pentacyclic triterpenoid-type 
saponins, cardenolides, and tannins (Hosseinzadeh et 
al., 2002) which confirms its antioxidant 
characteristics. However, the usefulness of this 
medicinal plant has been demonstrated in the treatment 
of hyperlipidemia, hypertension, diabetes, epilepsy, 
gastric disturbances, and chronotropic, diuretic, and 
hypokalemic disorders (Garjani et al., 2009). 

 
Materials and Methods 
Plant 
S. securidaca (L.) seeds were prepared from local 
shops (Shahrekord-Iran) and identified by Shahrekord 
University (Faculty of Agriculture). The milled seeds 
of this plant were supplemented in the diets of this 
study. 
 

Table 1. Basal diet composition 
Item (% unless noted) Starter (1–21days) Grower (22– 42 days) 
Corn 50.7 58.3 
Soybean meal (44% CP) 41.2 34.1 
Soy oil 4 3.9 
Dicalcium phosphate 1.7 1.3 
Oyster shell 1.5 1.5 
Salt 0.3 0.3 
DL-Methionine 0.1 0.1 
L-Lysine - - 
Mineral supplement 0.25 0.25 
Vitamin supplement 0.25 0.25 
Securigera securidaca seed*   
Calculated composition   
AME (kcal/kg) 3000 3100 
CP 21.5 19.5 
Met 0.55 0.45 
Met+Cys 0.95 0.75 
Lys 1.25 1.04 
Thr 0.93 0.9 
Arg 1.39 1.16 
Ca 0.95 0.87 
Available P 0.45 0.35 
Na 0.18 0.15 
Cl 0.28 0.30 
K 0.90 0.92 
a Supplied per kilogram of diet: vitamin A, 3600IU; vitamin D3, 850 IU; vitamin E, 7.3 mg; vitamin K3, 1.6 mg; thiamine, 0.72 
mg; riboflavin, 3.3 mg; niacin, 0.4 mg; pyridoxin, 1.2 mg; cobalamin, 0.6 mg; folic acid, 0.5 mg; choline chloride, 200 mg. 
 b Supplied per kilogram of diet: Mn, 50mg; Zn, 45mg; Fe, 25mg; Cu, 4 mg; I, 0.65 mg; Se, 0.15 mg. 
* Treatments 1, 2, 3, 4 and 5 contained 0 (control) 1, 2, 3 and 4 g S. securidaca /kg diets, respectively. 

 
Animals, Experimental Treatments and Diet 
This study was performed in the poultry research site 
of Shahrekord University, Iran (altitude = 2100 m). 
Number of 200 broiler chicks (1-day-old male, Ross 
308 breed) were randomly divided into 20 floor pens 
(10 birds per pen, average weight of chicks in each 
pen 48.5 g). The size of each pen was 1.5 m2 and was 
equipped with facilities such as bell drinker and feed 
trough. All birds were behaved based on the admitted 
standards for animal ethics. Birds were maintained at 
environmental decreasing temperatures (1-7 days, 

32±1°C; 8-14 days, 25±1°C; 15-21 days, 20±1°C; 22-
42 days, 15±1°C) (Ahmadipour, 2018a,d). Birds were 
exposed to 23 hrs of light per day during rearing. 
Accessibility to feed and water was unlimited. 
Standard diets were provided as mash form the 
starting (1 to 21 days of age) and growing (22 to 42 
days of age) stages according to the NRC (1994) 
recommendations.  The diets in experimental groups 
were supplemented by 0 (control), 1, 2, 3, and 4 g/Kg 
S. securidaca., All five diets had equal levels of 
metabolizable energy (Table 1). 
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Measurements 
At the end of trial, 8 chickens from each group (2 
birds / pen) were randomly selected and weighed, 
then blood samples (3mL) were collected from the 
brachial vein by a 5 ml syringe with needle gauge 20. 
The samples were immediately transferred to a tube 
containing EDTA as anticoagulant. Hematocrit of 
blood samples was measured according to Jain 
(1993). Briefly, the samples were collected into a 
microhematocrit tube. After sealing of one end of the 
tubes with a sealant, they were centrifuged using 
microhematocrit centrifuge (9000g, 5 min) and, then 
the value of hematocrit measured by a 
microhematocrit ruler. The plasma was also separated 
from bloods following centrifuge at 2500g for 10 
min, then were used to determine nitric oxide (NO) 
and malondialdehyde (MDA) amounts. The 
measurement of serum NO was done according to 
Ahmadipour (2018a). The method of Nair and Turner 
(1984) was also used to assay serum MDA. This 
substance is the product of cellular lipid peroxidation, 
and then could be partially an index of oxidative 
stress. To analyze aspartate aminotransferase (AST), 
alanine aminotransferase (ALT) and alkaline 
phosphatase (ALP) as hepatic enzymes, commercial 
enzymatic kits were prepared (Pars Azmoon, Tehran, 
Iran). 

Following the removal of hearts, the ventricles 
were separated and weighed to determine the ratio of 
right ventricular weight to total ventricular weight 
(RV/ TV). This is as ascites index (%) which 
indicates the progression of pulmonary hypertension 
and ascites. If the ratio was increased more than 0.25 
it was indicated as pulmonary hypertension 
(Ahmadipour et al., 2018b,c,d).  

 
Quantitative real-time PCR  
Birds were slaughtered at the last day of experiment; 

the liver was removed and frozen in liquid nitrogen 
and then stored at -70°C until RNA extraction. To 
extract total RNA, briefly, the liver tissues (100 mg) 
were homogenised in RNX-Plus reagent (as digestion 
buffer) (Sinaclon Bioscience, Karaj, Iran). After 
adding of chloroform, the mixture was centrifuged. 
Total RNA was settled in the upper liquid that was 
precipitated by isopropanol and rinsed with ethanol. 
The extracted RNA was resolved in DEPC-treated 
water. Immediately, the RNA samples were treated 
by DNase (Sinaclon Bioscience, Karaj, Iran) to clean 
contamination of DNA. The amounts of RNA were 
then analyzed by spectrophotometry in absorbance 
ratio of A260/A280. Only the samples with the ratio 
more than 1.9 were used to produce cDNA. To 
synthesize cDNA, PrimeScript ™ RT Reagent Kit 
(Takara Bio Inc., Japan) were applied (Ahmadipour 
et al., 2018b,c). 

SOD1, GPX and β-actin mRNAs were amplified 
in the cDNA samples by real-time PCR using SYBR® 
Premix Ex Taq™ II (Tli Rnase H Plus) (Takara Bio 
Inc., Japan). For this kit, cDNA (1 µl) was added to 
the 10 µl of SYBR® Premix Ex Taq II Mix and 0.5 
µM of each specific primer in a total volume of 20 µl. 
In this method, β-actin was as an internal standard. 
Primers of the mentioned genes were designed with 
Primer-Blast publically available in NCBI. Details of 
the primers are presented in Table 2. Each sample 
were amplified in triplicate using a real-time 
thermocycler (Rotor Gene Q 6000, Qiagen, USA). 
The PCR program was 95°C for 30 s, 40 cycles of 
94°C for 40 s, 64°C for 35 s and 72°C for 30 s. The 
threshold cycle of samples was determined and 
offered available in LinRegPCR software version 
2012.0 (Amsterdam, Netherland) for analyzing 
reaction efficiency. Pfaffl method was used to count 
the relative gene expression (target / β-actin) and fold 
changes (Hassanpour et al., 2014). 

 
Table 2. Details of the primers used for quantitative real time PCR analysis of chicken mRNAs 

Target Primers PCR product (bp) Accession no. 

β-Actin 5′-AGCGAACGCCCCCAAAGTTCT-3′ 
5′-AGCTGGGCTGTTGCCTTCACA-3′ 139 NM_205518.1 

GPX1 
F:5′-GCTGTTCGCCTTCCTGAGAG-3′ 

118  NM_001277853.1 
R:5′-GTTCCAGGAGACGTCGTTGC-3′ 

SOD1 5′-CACTGCATCATTGGCCGTACCA-3′ 
5′-GCTTGCACACGGAAGAGCAAGT-3′ 223 NM_205064.1 

SOD1: superoxide dismutase 1; GPX: glutathione peroxidase; bp: base pair 
 
Statistical analysis 
GLM procedure of SAS software (SAS, 2007) were 
used to analyze data in a completely randomized 
design. The statistical model used Yij = μ + Ti + eij. 
In this model, Yij is observation; μ is the mean; Ti is 
the effect for being in treatment i and eij is random 
error, Means were analyzed by the Duncan’s multiple 
range tests. 
 

Result 
The effect of different levels of S. securidaca seed on 
blood parameters is depicted in Table 3. Broilers 
supplemented S. securidaca at levels more than 2 
g/kg diet had more amounts of NO and less amounts 
of MDA compared to control (P < 0.05). 
Supplementing S. securidaca seed to broiler diets 
decreased AST, ALT, ALP, and hematocrit compared 
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to the control (P < 0.05). However, there is in 
significant difference between treatments when S. 

securidaca seed was supplemented to broiler diets at 
the levels more than 1 g/kg (P > 0.05). 

 
Table 3. Effect of S. securidaca on broiler blood parameters 

Item Dietary levels of S. securidaca (g/kg) 
Control (0) 1 2 3 4 SEM p-value 

Alanine amino transaminase (u/L) 3.67a 3.1b 2.78c 2.67c 2.63c 0.09 0.0001 
Spartat amino transaminase (u/L) 190.6a 181.8ab 158.3bc 151.9c 156.9bc 9.05 0.015 
Alkalin phosphatas (u/L) 1857.8a 1616.7b 1393.2c 1349.8c 1360.7c 50.2 0.0001 
Malonedialdehyde (μmol/L) 3.72a 3.24ab 2.52bc 2.16c 2.14c 0.275 0.0005 
Plasma nitric oxide (μmol/L) 9.91b 11.4b 14.68a 16.2a 16.84a 1.07 0.0001 
Hematocrit (%) 44.7a 42.2a 38b 36.8b 36.5b 1.21 0.0001 
Superscripts in the same row with different letters are significantly different (P < 0.05).   

 
Table 4 shows the carcass characteristics of 

broilers fed with different levels of S. securidaca seed 
at 42 days of slaughtering age. Use of S. securidaca 
seed in broiler diets at levels 2 to 4 g/kg decreased 
liver and heart proportions as well as RV/TV ratio in 
comparison with the control (P < 0.05). The effect of 
dietary treatments on liver gene expression of broilers 

is shown in Table 5. SOD1 and GPX1 transcripts 
increased in liver of broilers when S. securidaca seed 
was supplemented at levels of 3 and 4 g/kg compared 
to control (P < 0.05). However, the expression of 
these genes was not observed among the control 
group and those groups that received less than 3 g/kg 
of S. securidaca seed. 

 
Table 4. Effect Securigera securidaca on broiler carcass characteristics at 42 days of age 

Item  Dietary  levels of Securigera securidaca (g/kg) 
Control (0) 1 2 3 4 SEM p-value 

Heart (% of BW) 0.63a 0.59ab 0.56bc 0.53c 0.53c 0.016 0.0007 
Liver (% of BW)  2.28a 2.17ab 2.1ab 1.96b 1.96b 0.073 0.015 
Abdominal fat (% of BW) 1.43a 1.26ab 1.09ab 0.85b 0.91b 0.15 0.027 
RV:TV ratio (g/g) 0.29a 0.27a 0.23b 0.22c 0.22c 0.014 0.001 
Superscripts in the same row with different letters are significantly different (P < 0.05).  
RV:TV – right ventricle to total ventricle weight ratio. 

 

 
Table 5. Effect of Securigera securidaca on liver gene expression of broilers at 42 days of age 

Item Gene Dietary levels of Securigera securidaca (g/kg) 
Control (0) 1 2 3 4 SEM p-value 

Liver GPX 0.0034b 0.0134b 0.0304ab 0.077a 0.0813a 0.019 0.019 
SOD1 0.0031b 0.051b 0.484ab 0.66a 0.67a 0.16 0.012 

Superscripts in the same raw with different letters are significantly different (P < 0.05).  
 

Discussion 
Todays, natural products as a main source of new 
bioactive agents have been noticed. In this regard, 
medicinal plants have been widely used for control 
and treatment of many diseases. In fact, these plants 
have enormous capacity for providing novel drugs 
with a new mechanism of action (Singh et al., 2012). 
Earlier study demonstrated that there are bioactive 
compounds including the sterols (3.23%), Fatty acids 
(42.8%), Phenols (17.9%), and Polyols (24.05%) in 
carbon tetrachloride extract of S. securidaca (Ahmadi 
et al., 2016). Ibrahim et al, (2015) also reported that 
total phenolics and flavonoids are the main bioactive 
compounds of this plant. These compounds are 
antioxidant in terms of pharmacological activity. 
Flavonoids are able to scavenge ROS, activate 
antioxidant enzymes, elevate metal chelating activity, 
reduce α-tocopheryl radicals, and inhibit oxidases 
(Surai, 2014). ROS is one of the most important 
factors in PHS pathogenesis that could produce MDA 

in many affected tissues due to lipid peroxidation in 
mitochondrial and cell membranes and could also 
defect antioxidant enzymes and their synthesis. It has 
been confirmed the elevation of free radicals and 
MDA in blood and other tissues of ascites chickens, 
but the activity of SOD1 and GPX was considerably 
diminished (Ahmadipour et al., 2018b).  

The results of the present study demonstrated that 
supplementing S. securidaca to broiler diets at levels 
more than 2 g/kg lead to significant reductions of 
MDA in serum which as a biomarker of lipid 
oxidation could be a main index of oxidative stress. 
There are many factors that make a critical condition 
for chicken body to produce greater amounts of ROS 
(Braun and Sweazea, 2008) and subsequently to be 
very susceptible to oxidative stress compared to 
mammals. They are including higher metabolic rate 
(2–2.5 times), higher body temperature (about 3°C), 
and higher blood sugar concentration (at least 2 
times) (Lindstedt and Calder, 1976). In the present 
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study, supplementing S. securidaca seed at the levels 
of at least 2 g/kg decreased MDA level and 
stimulated the gene expression of SOD1 and GPX 
which indicates lower lipid peroxidation in the 
chickens with PHS. The RV/TV was considerably 
decreased in birds fed by the S. securidaca seed. This 
index was more than 0.25 in the control group that is 
the indication of PHS incidence in the birds of this 
group. Flavonoids and phenolic compounds, due to 
vasodilatation, reduce the pulmonary arterial pressure 
and the supply of right ventricular hypertrophy 
(Ahmadipour et al., 2017, 2018c). Flavonoids 
probably protect endogenous vasodilators such as NO 
(endothelium-derived factor) from superoxide-
induced inactivation by scavenging ROS (Rice-Evans 
and Packer, 2003). According to the results of this 
experiment, the S.securidaca seeds are able to 
increase nitric oxide concentration in the serum and 
decreased PHS. Similar to our results, Ahmadipour 
(2018a,d) showed that feeding Securigera securidaca 
seed (3 g/kg diet) to broiler chickens reared at high 
altitudes from sea level and cold conditions increased 
the expression of inducible nitric oxide synthase 
(iNOS) and serum nitric oxide concentration and 
reduced hematocrit). These data may confirm that S. 
securidaca inhibits the progress of heart hypertrophy 
and especially right ventricular hypertrophy. 

A reliable approach to diagnose pathological 
conditions is to assay blood enzyme activity 
(Senanayake et al., 2015). In the liver damage, 
enzymes such as ALT, AST, and ALP are released 
into the blood stream. In the hypoxic state (before 
ascites incidence), oxygen deficiency causes more 
lipid peroxidation and subsequent liver, heart and 
lung damage in chickens that leading to increased 
serum levels of ALT, AST, and ALP (Janeway, 
2001). It has been reported previously that medicinal 
plants, for their phenolic and flavonoids compounds 
prevent the destruction of liver cells due to their 
antioxidant properties (Fathi et al., 2015). Our study 
in line with Ahmadipour et al (2017) showed that 
serum ALT, AST, and ALP levels in birds with 
ascites were increased, and S. securidaca could 
considerably reduce these enzymes.). It has been 
reported that Hawthorn extract reduced the serum 

ALT, AST, and ALP in broilers susceptible to PHS. 
This plant through its flavonoids and oligometric 
proanthocyanidins compounds preserves hepatocytes 
against free radicals in the body by scavenging these 
adverse agents, and then reduces the releasing of 
mentioned enzymes (Choi et al., 2007). Lipolytic 
effect of S. securidaca has reflected in reduced 
deposition of fat in abdominal cavity. Lipolytic effect 
of S. securidaca is attributed to flavonoids 
(Ahmadipour et al., 2018b). Liver is the main place 
for lipogenesis in birds, although the involvement of 
bone marrow, adipose tissue and skin is not 
negligible (Leveille, 1969). Several studies have 
proved antidiabetic and antilipidemic properties of S. 
securidaca (Porchezhian and Ansari, 2001; Azarmiy 
et al., 2009). Jadhav and Puchchakayala (2012) were 
reported that this plant enhances peripheral glucose 
usage by skeletal muscles and stimulates β-cells of 
pancreas that these two effects may justify its 
hypoglycemic and hypolipidemic activities. Garjani 
et al. (2009) determined that hydroalcoholic extract 
of S. securidaca seeds in hypercholestrolemic rats 
could reduce serum cholesterol level. They 
recommended that flavonoids and saponins of S. 
securidaca are the principal factors in the decrease of 
serum lipid levels and lipid peroxidation.  

 
Conclusion 
It is concluded that broiler chickens fed a diet 
containing 2 to 4 g/kg S. securidaca seed had lower 
hematocrit, abdominal fat and right ventricular ratio 
to total ventricles, while nitric oxide was higher. The 
transcript of GPX and SOD genes were also 
influenced in the liver by feeding of this plant. 
Therefore, the inclusion of S. securidaca seed as a 
herbal medicine in broiler chicken diets at the levels 
more than 2 g/kg could help to prevent ascites in 
susceptible broilers rearing in the altitude 2100 m. 
This effect could be due to antioxidative properties of 
S. securidaca. 
 
Acknowledgments  
This work had been supported by the funds granted 
(141/2075) by the Vice Chancellor for Research of 
Shahrekord University. 

  
References 
Ahmadi A, Khalili M, Margedari S & Nahri-Niknafs 

B. 2016. Antidiabetic and antilipidemic effects of 
some polar and nonpolar extracts of securigera 
securidaca flowers.  Pharmaceutical Chemistry 
Journal, 49: 753-759. DOI: 10.1007/s11094-016-
1365-6 

Ahmadipour, B. 2018a. Securigera securidaca seed 
medicinal herb supplementation o diets improves 
pulmonary hypertensive response in broiler 
chickens reared at high altitude. Journal of Animal 

Physiology and Animal Nutrition, 102: 1601-1607. 
DOI: 10.1111/jpn.12981 

Ahmadipour B, Hassanpour H & Khajali F. 2018b. 
Evaluation of hepatic lipogenesis and antioxidant 
status of broiler chickens fed mountain celery. 
BMC Veterinary Research, 2018; 14:2-7. DOI: 
10.1186/s12917-018-1561-6 

Ahmadipour B, Kalantar M, Hosseini SM, Yang LG, 
Kalantar M, Raza SHA & Schreurs N. 2017. 
Hawthorn (Crataegus Oxyacantha) Extract in the 
Drinking Water of Broilers on Growth and 



168                                                                                                Securigera securidaca and pulmonary hypertension in broiler 

Poultry Science Journal 2019, 7(2): 163-169 

Incidence of Pulmonary Hypertension Syndrome 
(PHS). Brazilian Journal of Poultry Science, 19:  
639-645. DOI: 10.1590/1806-9061-2017-0558 

Ahmadipour B, Sharifi M & khajali F. 2018c.  
Pulmonary hypertensive response of broiler 
chickens to arginine and guanidinoacetic acid 
under high-altitude hypoxia. Acta Veterinaria 
Hungarica, 66: 116–124. DOI: 
10.1556/004.2018.011 

Ahmadipour B, Zafari Naeini SH, Sharifi MR & 
Khajali F. 2018d. Growth Performance and Right 
Ventricular Hypertrophy Responses of Broiler 
Chickens to Guanidinoacetic Acid 
Supplementation under Hypobaric Hypoxia. 
Journal of Poultry Science, 55: 60-64. 
DOI:10.2141/jpsa.0170044  

Azarmiy Y, Zakheri A, Alaf A, Fathiazad F, Fakhrjou 
A, Andalib S, Maaleki D, Babaei H & Garjani A. 
2009. The effect of total extract of Securigera 
securidaca L. seed on thoracic aorta function in 
high-fat fed rats. Journal of Pharmaceutical 
Sciences, 15: 83–92. 

Balog JM. 2003. Ascites syndrome (pulmonary 
hypertension syndrome) in broiler chickens: are we 
seeing the light at the end of the tunnel? Avian and 
Poultry Biology Reviews, 14: 99–126. DOI: 
10.3184/147020603783637490 

Braun EJ & Sweazea KL 2008. Glucose regulation in 
birds. Comparative Biochemistry and Physiology, 
Part B, 151: 1–9. DOI: 10.1016/j.cbpb.2008.05.007 

Burton R, Besch E & Smith A. 1968. Effect of chronic 
hypoxia on the pulmonary arterial blood pressure 
of the chicken. American Journal of Physiology, 
214:1438–1442. DOI: 
10.1152/ajplegacy.1968.214.6.1438 

Choi E, Chang H, Cho J & Chun H. 2007. 
Cytoprotective effect of anthocyanins against 
doxorubicin-induced toxicity in H9c2 
cardiomyocytes in relation to their antioxidant 
activities. Food and Chemical Toxicology, 45: 
1873–1881. DOI: 10.1016/j.fct.2007.04.003 

Fathi M, Nazera ADL, Ebrahim Nezhad Y, Aghdam 
Shahryar H, Daneshyar M & Tanha, T.  2015. The 
role of oxidative stress in the development of 
congestive heart failure (CHF) in broilers with 
pulmonary hypertension syndrome (PHS). Journal 
Cell and Animal Biology, 176-181. DOI: 
10.3923/javaa.2011.2724.2729 

Franco V. 2012. Right ventricular remodeling in 
pulmonary hypertension. Heart Failure Clinics, 8: 
403–412. DOI: 10.1016/j.hfc.2012.04.005 

 Garjani A, Fathiazadb F, Zakherib A, Allaf Akbari N, 
Azarmiec Y & Fakhrjood A. 2009. The effect of 
total extract of Securigera securidaca L. seeds on 
serum lipid profiles, antioxidant status, and 
vascular function in hypercholesterolemic rats. 
Journal of Ethnopharmacology, 126: 525-532. 
DOI: 10.1016/j.jep.2009.09.003 

Hassanpour H, Mirshokraei P, Khalili Sadrabad E, 
Esmailian Dehkordi A, Layeghi S, Afzali A & 
Mohebbi A. 2014. In vitro effect of nanosilver on 
gene expression of superoxide dismutases and 
nitric oxide synthases in chicken Sertoli cells. 
Animal, 9: 295–300. DOI: 
10.1017/S1751731114002262 

Hosseinzadeh H, Ramezani M & Danaei AR. 2002. 
Antihyperglycemic effect and acute toxicity of 
Securigera securidaca (L.) seed extract in mice. 
Phytotherapy Research, 16: 745-7. DOI: 
10.1002/ptr.1020 

Ibrahim R, El-Halawany M, Saleh D, El-Shabrawy R 
& El-Hawary S. 2015. "HPLC-DAD-MS/MS 
profiling of phenolics from Securigera securidaca 
flowers and its anti-hyperglycemic and anti-
hyperlipidemic activities. Brazilian Journal of 
Pharmacognosy, 25: 134–141. DOI: 
10.1016/j.bjp.2015.02.008 

Jadhav R & Puchchakayala G. 2012. Hypoglycemic 
and antidiabetic activity of flavonoids: boswellic 
acid, ellagic acid, quercetin, rutin on 
streptozotocin-nicotinamide induced type 2 
diabetic rats. International Journal of Pharmacy and 
Pharmaceutical Sciences, 4: 251–256.  

Janeway C. 2001. Immunobiology. 5th ed. New York: 
Garland Science.  

Jain, NC. 1993. Essentials of veterinary hematology. 
Blackwell Publishing Philadelphia, PA. 

Julian R J. 2007. The response of the heart and 
pulmonary arteries to hypoxia, pressure, and 
volume. A short review. Poultry Science, 86:1006–
1011. DOI: 10.1093/ps/86.5.1006 

Kohen R & Nyska A. 2002. Invited review: oxidation 
of biological systems: oxidative stress phenomena, 
antioxidants, redox reactions, and methods for their 
quantification. Toxicologic Pathology, 30: 620–
650. DOI: 10.1080/01926230290166724 

Leveille GA. 1969. In vivo fatty acid and cholesterol 
synthesis in fasted and fasted-refed chicks. The 
Journal of Nutrition, 98: 367–372. DOI: 
10.1093/jn/98.3.367 

Lindstedt S & Calder W. 1976. Body size and 
longevity in birds. The Condor, 78: 91-94. DOI: 
10.2307/1366920 

Nair V & Turner GA. 1984. The thiobarbituric acid 
test for lipid peroxidation: structure of the adduct 
with malondialdehyde. Lipids., 19: 804-805. DOI: 
10.1007/BF02534475 

National Research Council (NRC). 1994. Nutrient 
Requirements for Poultry, 9th revised edn, National 
Research Council, NY. 

Porchezhian E & Ansari S. 2001. Effect of Securigera 
securidaca on blood glucoselevels of normal and 
alloxan-induced diabetic rats. Pharmaceutical 
Biology, 39: 62–64. DOI: 
10.1076/phbi.39.1.62.5949 



 Ahmadipour et al., 2019                                                                                                                                                           169 

Poultry Science Journal 2019, 7(2): 163-169 

Rice-Evans A & Packer L. 2003. Flavonoids in Health 
and Disease. Marcel Dekker Inc., New York. 

Ruiz-Feria CA. 2009. Concurrent supplementation of 
arginine, vitamin E, and vitamin C improve 
cardiopulmonary performance in broilers chickens. 
Poultry Science, 88: 526-35. DOI: 
10.3382/ps.2008-00401 

SAS. 2007. User’s Guide: Statistics. Version 8.2 Edn. 
SAS Inst. Inc., Cary, NC. 

Senanayake S, Ranasinghe J, Waduge R, Nizanantha K 
& Alexander A. 2015. Changes in the serum 
enzyme levels and liver lesions of broiler birds 
reared under different management conditions. 
Tropical Agricultural Research, 264: 584-595. 
DOI: 10.4038/tar.v26i4.8121 

Sidhu MC & Tanu SH. 2013. A Database of 
Antidiabetic Plant Species of Family Asteraceae, 
Euphorbiaceae, Fabaceae, Lamiaceae and 
Moraceae. International Journal of Herbal 

Medicine, 1: 187 – 199.  
Singh R, Dar S & Sharma P. 2012. Antibacterial 

activity and toxicological evaluation of 
semipurified hexane extract of Urtica dioica leaves. 
Research Journal of Medicinal Plant, 6: 123–135.  

Surai PF. 2014. Polyphenol compounds in the 
chicken/animal diet: from the past to the future. 
Journal of Animal Physiology and Animal 
Nutrition, 98: 19–31. DOI: 10.1111/jpn.12070 

Uttara B, Singh AV, Zamboni P & Mahajan RT. 2009. 
Oxidative stress and neurodegenerative diseases: a 
review of upstream and downstream antioxidant 
therapeutic options. Current Neuropharmacology 
journal, 7: 65–74. DOI: 
10.2174/157015909787602823 

Walshe TE & D’Amore PA. 2008. The role of hypoxia 
in vascular injury and repair. Annual Review of 
Pathology, 3: 615–643. DOI: 
10.1146/annurev.pathol.3.121806.151501

 
 
  




