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ABSTRACT

Objective: High ambient temperature in poultry is a challenging and fatal stress among 
environmental factors. It affects the production quality, damages the liver, and increases mortality 
in broilers. The present study is focused to explore appropriate utilization of Selenium (Se) as a 
feed additive in broiler chickens against high temperature.
Materials and Methods: Day-old male broiler chickens (Ross 308) (n = 200) were grouped according 
to the supplements used in their basal diets such as: corn-soybean basal diet as control (Con), 
a basal diet containing sodium selenite, basal diet with probiotics, and a basal diet containing 
selenium-enriched probiotics (SP). At the end of the experimental period of 42 days, the liver 
was isolated and was used to determine the antioxidant capacity through a spectrophotometer. 
Inflammatory and anti-inflammatory cytokines production in the liver was measured through a 
real-time polymerase chain reaction.
Results: Hepatic analyses revealed the decreased level of malondialdehyde, whereas glutathione, 
glutathione peroxidase (GSH-Px), and superoxide dismutase levels were increased in the SP 
group. Furthermore, supplementation of SP significantly up-regulated the mRNA expression 
of glutathione peroxidase 1 (GPx1), GPx4, IL6, and IL10 and down-regulated the expression of 
pro-inflammatory cytokines.
Conclusion: It is thus concluded that SP as a potential nutritive supplement may facilitate hepatic 
protection by suppressing hepatic oxidation, inflammation, and necrosis during the high ambient 
temperature of summer.
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Introduction

High ambient temperature in poultry has been known as 
one of the most puzzling and disastrous stress among var-
ious environmental conditions, which negatively affects 
the growth rate, feed intake, survival, and immunity [1]. 
Various studies have reported that heat stress induces 
liver inflammation, necrosis, irregular cell membrane, 
dilated hepatic venules, and dilated sinusoids in rats [2]. 
It induces the production of intracellular reactive oxygen 

species (ROS) which cause oxidative damage to the tissues 
[3]. The ROS triggers cytokines production through activa-
tion of the NF-κB pathway which regulates gene expres-
sion related to inflammation, stress, and apoptosis [4,5]. 
The deleterious effects due to heat stress can be reduced 
by the supplementation of antioxidants [6–8].

The essential trace element, i.e., selenium (Se) has anti-
oxidant, anti-inflammatory, and chemoprotective proper-
ties; therefore, its consumption as a feed additive has a 
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significant positive impact on human and animal’s health 
[9]. The beneficial role of Se depends upon its nature and 
extent of administration as a feed supplement. Inorganic 
selenium could be deleterious in higher doses because 
of its pro-oxidant and pro-inflammatory potential [10]. 
Selenium selenite (SS) was found toxic at the high dose 
of 5 mg/kg feed in layers and also at a low dose of 1 mg/
kg feed in broilers [11,12]. On the other hand, organic Se 
from the source of selenium yeast was found safe when 
even administered in higher doses of 20 mg/kg feed in 
broilers. Similarly, in vitro studies of human lymphocytes, 
toxicity were observed with 5 uM/l of inorganic selenium; 
however, it was not the case with organic selenium used. 
These studies conclude that organic selenium is safer 
than inorganic selenium [12]. The US Food and Drug 
Administration allowed (1974) 0.1 to 0.3 mg of sodium 
selenite/kg of poultry feed. This range may allow estab-
lishing a safe level of Se concentration in poultry meat for 
human consumption.

Selenium regulates the activation of NF-κB, a tran-
scription factor, which plays a pivotal role in the regu-
lation of inflammatory pathways. Selenium can inhibit 
NF-κB from binding the inflammation-related genes 
which eventually reduce the expression of pro-inflam-
matory cytokines [13]. The anti-inflammatory function 
of Se might be due to the presence of specific seleno-
proteins, such as glutathione peroxidase (GPx) which 
reduces the oxidation induced inflammatory changes in 
the liver [14,15]. 

Probiotics such as Saccharomyces cerevisiae (S. cere-
visiae) and Lactobacillus acidophilus (L. acidophilus) are 
practicable therapeutic additives for preventing hepatic 
diseases caused by alcoholism, viral infection, and met-
abolic maladies [15,16]. The probiotics (P) and Se were 
combined to increase the therapeutic potency of Se. 
Selenium-enriched probiotics (SP) were found to prevent 
inflammation, fibrosis, and necrosis of rat’s liver by allevi-
ating the oxidative stress [17,18].

Until now, no experimental study is conducted which 
could explain the hepatoprotective role of SP in broiler 
chickens kept under high ambient temperature. The pres-
ent study is designed to explore the hepatoprotective 
function of SP through its antioxidation and immunomod-
ulation properties in broiler chickens reared in the high 
ambient temperature of the summer season.

Materials and Methods

Ethical approval

Experimentation upon animals was approved by 
the Committee for Animal Care and Use of Nanjing 
Agriculture University (Animal Ethical Number: SYXK 
(Su) 2011-0036).

Preparation of sodium selenite, probiotics, selenium-en-
riched probiotics

Earlier studies have reported that two P strains, including 
S. cerevisiae and L. acidophilus, have the capability to con-
vert inorganic Se (SS, sodium selenite) from the medium 
to organic Se (Se-methionine and Se-cysteine) [19]. 
Probiotics (P) are the simple aerobic fermented forms of 
both S. cerevisiae and L. acidophilus strains while SP were 
prepared by aerobic fermentation of both P strains with 
SS, by utilizing the facilities of Institute of Nutritional 
and Metabolic Disorders of Domestic Animals and Fowls, 
Nanjing Agricultural University Jiangsu, China. The colo-
ny-forming units (CFU) of L. acidophilus and S. cerevisiae 
in both products (SP and P) were about 0.25 × 1011/ml and 
0.25 × 109/ml, respectively. The total Se contents in the SP, 
detected with AF-610A atomic fluorescence spectrometer, 
were 10.0 mg/l and were considered to be a standard diet 
additive. SS stock solution was prepared from inorganic Se 
(sodium selenite) containing Se contents of 100 mg/l.

Experimental design

Two hundred a-day-old male broilers (Ross 308) with 
an average body weight of 45.59 ± 3.9 g were randomly 
divided into four groups. Each group had five replicates, 
containing 10 birds per replicate. The broilers were 
grouped according to the feed given, such as a corn-soy-
bean basal diet (0.11 mg Se/kg feed) (Con), a basal diet 
containing SS (0.30 mg Se/kg feed), a basal diet containing 
P, and a basal diet containing (SP, 0.30 mg Se/kg feed). The 
basal diets were formulated according to the basic require-
ments of the National Research Council [11,12]. 

Husbandry practices and ethics of experimental studies

The broilers were reared for the experimental period of 42 
days during the hot days of the summer season. The birds 
were kept in a room provided with a facility of tempera-
ture regulation and installation of three floors of identical 
stainless steel pens of size (1.75 × 1.55 m). The birds were 
exposed to room temperature of 34°C–36°C for the first 14 
days, then they were exposed to high ambient temperature 
for the rest of the entire experimental period. The average 
high ambient temperature during the day and night hours 
ranged from 30°C to 39°C and 26°C to 31°C, respectively. 
Lighting and cross ventilation were provided for 24 h. The 
relative humidity inside the room was 60%–80%. All birds 
were vaccinated against Newcastle disease and infectious 
bursal disease. Moreover, feed and water were provided ad 
libitum.

Analysis of antioxidant capacity of liver

Ten birds per group (two/replicate) were slaughtered by 
cervical dislocation and the liver samples were collected. 
One-fourth of the liver was stored at −20°C, which was 
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later used for the analyses of antioxidant enzyme activity, 
Se concentrations, and malondialdehyde (MDA) levels. 

Hepatic selenium concentration

Liver Se concentration was measured by the method 
described earlier [16,20] by using an AFS-930A atomic 
fluorescence spectrometer (Jitian Analysis Instrument Co., 
Beijing, China).

Quantitative analysis of GSH-Px, SOD, and MDA in the liver

The glutathione peroxidase (GSH-Px), superoxide dis-
mutase (SOD), and MDA were measured by spectro-
photometer as described before [21] by following the 
protocol of commercially available kits (Nanjing Jiancheng 
Bioengineering Institute, Nanjing, Jiangsu, China).

Determination of GSH activity of liver homogenate

The glutathione (GSH) activity of liver homogenate 
was determined from the supernatant by using a pro-
tocol of commercially available kits (Nanjing Jiancheng 
Bioengineering Institute, Nanjing, Jiangsu, China), accord-
ing to the method used by [22].

Real-time polymerase chain reaction (rtPCR) assay

Following the manufacturer’s guidelines, mRNA was isolated 
from the frozen liver using RNAiso Plus reagent (TaKaRa). In 
brief, the pellet from isolated mRNA was resuspended in 30 
μl diethyl-pyrocarbonate-treated water. Its concentration 
was measured by NanoDrop microvolume spectrophotome-
ter (Themofisher Scientific, MA, U.S.A.) and stored at −70°C. 
cDNA was synthesized with PrimeScript cDNA synthesis kits 
(Takara Biotechnology, Shiga, Japan) using the manufactur-
er’s guidelines. A 25 μl reaction mixture for rtPCR was made 
from 12.5 μl of 2×SYBR Green I PCR Master Mix (TaKaRa BIO 
INC), 1 μl of each primer (10μM) (Table 1), 10 μl of cDNA, 
and 0.5 μl of PCR grade water. rtPCR was performed on an 
ABI Prism 7300 Detection System (Applied Biosystems, CA, 
U.S.A.). Relative mRNA expression levels of the IL-1β, TNF-α, 
IFN-ɣ, NF-кB, IL-6, IL-10, GPx1, and GPx4 in the liver were 
detected by using 2−ΔΔCT method of Livak. All reactions were 
performed in triplicate [16,20]. 

Histopathology

The liver tissues were prepared for histopathology exam-
ination through H & E staining according to the methods 
described earlier by [23].

Statistical analysis

The data were analyzed with SPSS Statistics version 19 
(SPSS Inc., Chicago, IL, USA) using one-way ANOVA and 
Duncan multiple range test. A p value <0.05 was consid-
ered significant.

Results

Hepatic oxidation analyses

The mRNA expression of GPx1 and GP-x4 was higher in 
SP and SS groups than its expression in Con and P groups. 
Their expression was significantly higher in the SP group 
as well than in the SS group (Fig. 1A and B, p < 0.05).

Evaluating the liver for Se uptake, we found that the 
selenium concentration in the liver was significantly 
increased in SP and SS groups (p < 0.05) compared to Con 
and P groups. It indicates that the SP diet increases the 
liver efficiency of selenium uptake (Table 2). 

We also found that the level of MDA was significantly 
decreased (p < 0.05) in the SP group as compared with Con, 
SS, and P groups. No significant decrease was observed 

Figure 1. Effect of P, SS, and SP on the relative mRNA levels of 
(A) Gpx1 and (B) Gpx4 in the liver of broiler chickens, feeding a 
basal diet (Con), basal diet plus P, basal diet plus SS, and basal 
diet plus SP. Each bar represents mean of 10 samples in a group 
and standard error. The values with unlike superscript letters (a, 
b, c) in the figure represent different levels of significance at  
p < 0.05.

Table 1.  Primers used for real-time PCR.

Target 
gene

Gen Bank 
accession no.

Primer sequence (5'−3')

GAPDH K01458
Forward: TGAAAGTCGGAGTCAACGGAT
Reverse:  ACGCTCCTGGAAGATAGTGAT

GPx1 HM590226
Forward: AACCAATTCGGGCACCAG
Reverse:  CCGTTCACCTCGCACTTCTC

GPx4 AF498316
Forward: CATCACCAACGTGGCGTCCAA
Reverse:  GCAGCCCCTTCTCAGCGTATC

NF-κB M_86930
Forward: TCA ACG CAG GAC CTA AAG ACA T
Reverse: GCA GAT AGC CAA GTT CAG GAT G

TNF‑α GU230788.1
Forward: GCC CTT CCT GTA ACC AGAT G
Reverse: ACA CGA CAG CCA AGT CAA CG

IL-1β NM204524
Forward: TTCATTACCGTCCCGTTG
Reverse:  GCTTTTATTTCTCCAGTCACA

IFN-γ NM205149
Forward: ACAGGCAAACAATGGAAGT
Reverse:  CAGGTCAACAAACATACAACA G

IL6 NM_204628
Forward: GGTGATAAATCCCGATGAAGT
Reverse: CTCCATAAACGAAGTAAAGTCTC

IL10 AJ_621614
Forward: 5'-CATGCTGCTGGGCCTGAA-3'
Reverse: 5'-CGTCTCCTTGATCTGCTTGATG-3
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between SS and P groups; however, it was higher than the 
SP group and lower than the Con group (p < 0.05, Table 2).

Regarding the expression of GSH, GSH-Px, and SOD in 
the liver, SP showed their highest level compared with 
Con, P, and SS groups (Table 2, p < 0.05). The SOD and GSH 
levels were higher in SS and P groups compared with Con 
group although their levels were lower than the SP group 
but were indifferent in each other (Table 2, p < 0.05). The 
GSH-Px level was also higher in the SS group than in the 
Con group (Table 2, p < 0.05).

Hepatoprotective and anti-inflammatory effects of SP

The mRNA expression of pro-inflammatory cytokines (i.e., 
IL-1β, TNF-α, IFN-ɣ) and NF-кB was down-regulated in P, 
SS, and SP groups compared with Con group. No difference 
was observed between P and SS groups; however, it was 
higher than the SP group and lower than the Con group 
(Fig. 2, p < 0.05).

We further assessed the expression of hepatoprotective 
(IL-6) and anti-inflammatory (IL-10) genes in the liver. 
Surprisingly, our results showed that the mRNA expression 
of IL-6 and IL-10 was significantly up-regulated in the SP 
group than in other groups. No significance was observed 
between P and SS groups (Fig. 3, p < 0.05). 

Upon further histopathological studies of the sections 
of the liver showed that the inflammation and necrosis 
were significantly reduced in SP group, then in P and SS 
groups, as compared with Con group (Fig. 4).

Discussion

As an essential trace element, Se is required for the syn-
thesis of antioxidant system GPx1 which prevents the oxi-
dative cell injury. In human beings, Se deficiency could be 
the cause of neoplasia, infertility, bone diseases, nervous 
diseases, and cardiac failure [24,25]. The present study 
delineates the hepatoprotective effects of SP used as a feed 

additive in birds reared in high ambient temperature envi-
ronment. No untoward effect was observed upon probiotic 
bacteria due to Se while preparing the conjugated SP. 

Expression of liver enzymes helps to understand liver 
functionality. The low level of these enzymes indicates 
healthy liver function. Selenium increases the production 
of GPx1 and GPx4, which in turn repair the DNA, improves 
the immune and anti-inflammatory responses, as well as 
enhances resistance against diseases [14]. Previously, the 
Se feed supplementation has significantly increased the 
liver GPx1 and GPx4 of male turkey [26]. In the present 
study, we found that GPx1 and GPx4 levels were increased 
in SP group which is consistent with the earlier studies 
conducted upon heat stressed piglets [16,27]. Thus, it 
can be assumed from the present data that SP feed sup-
plementation promotes anti-oxidation which eventually 

Table 2.  Effect of Se-enriched probiotics on selenium (Se) tissue deposition, activities of GSH-Px and SOD and 
levels of GSH and MDA in the liver under heat stress conditions.

Parameters
Treatments

Con P SS SP

Se liver deposition (ng/g) 351.1 ± 23.6c 371.4 ± 19.6c 574.3 ± 7.1b 700.5 ± 6.3a

GSH (mg/g) 4.55 ± 0.68c 5.00 ± 0.29c 10.81 ± 1.09b 16.57 ± 1.14a

GSH-Px (u/mg) 6.43 ± 0.40c 6.15 ± 0.32c 11.53 ± 0.68b 19.29 ± 1.00a

SOD (u/mg) 61.71 ± 3.90c 87.85 ± 3.43b 92.42 ± 3.28b 132.60 ± 1.69a

MDA (nmol/mg) 1.53 ± 0.09a 0.388 ± 0.04b 0.398 ± 0.04b 0.094 ± 0.02c

Effect of P, SS, and SP on selenium tissue deposition (ng/g), GSH level (mg/g protein), GSH-Px activity (u/mg protein), SOD 
activity (u/mg protein), and MDA levels (nmol/mg protein) of the liver in heat stressed broiler chickens, feeding of basal 
diet without Se (Con group), the basal diet with the addition of P group, the basal diet with the addition of SS group, and 
the basal diet with the addition of SP group. Mean values with their standard errors. The values with unlike superscript 
letters (a, b, c) in the graph were different (p < 0.05).

Figure 2. Effect of P, SS, and SP on the relative mRNA levels of 
liver IL-1β (A), TNF-α (B), IFN-ɣ (C), and NF-кB (D) in broiler 
chickens, Control (Con), P, SS, and SP. Each bar represents mean 
of 10 samples in a group and standard error. The values with 
unlike superscript letters (a, b, c) in the figure represent differ-
ent levels of significance at p < 0.05.
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prevents hepatocytes from lipid peroxidation and reduces 
MDA levels. 

The protective role of Se might be mediated through 
specific selenoproteins such as GPx. These selenopro-
teins reduce oxidation induced colon tumor of mice [28]. 
Therefore, the present findings conclude that hepatopro-
tective effects against heat stress may be associated with 
Se modulated up-regulation of GPx1 and GPx4 in male 
broiler chickens.

High ambient temperature induces ROS production 
which eventually causes lipid peroxidation [7,23]. As our 
results clearly demonstrated that SP feed supplementa-
tion increases Se uptake by the liver. MDA level was sig-
nificantly reduced which indicates that oxidative stress 
and lipid peroxidation were significantly reduced. We also 
found a higher level of GSH, GSH-Px, and SOD in the SP 
group which again confirms the protective role of Se (SP) 
against heat stress.

Dietary supplementation of antioxidant products (e.g., 
Selenium) may inhibit NF-κB binding with inflamma-
tion-related genes and accordingly diminishes cytokine 
production and reduces inflammation. Previously, NF-κB 
inhibition and reduced inflammation due to selenium 
supplementation have been reported in rodents [29,30]. 
The production of pro-inflammatory cytokines, i.e., IL-1β, 
TNF-α, and IFN-ɣ are associated with the activation 
of NF-κB [31,32]. It supports our present study where 
TNF-α and IFN-ɣ, as well as NF-κB, were down-regulated 
with the SP diet. Certainly, our findings are consistent 
with a previous study where the SP diet significantly 
protected the liver fibrosis by attenuating liver oxidation 
and inflammation in rats [15]. Additionally, our studies 
showed that SP supplementation facilitated the upregu-
lation of IL-10, which has been reported as an inhibitor 
of oxidative stress and pro-inflammatory cytokines (i.e. 
TNF-α, IL-1β, and IFN-γ) [33]. Furthermore, it has been 
reported that organic Se supplements can improve avian 
immunity by up-regulating the ability of immunocom-
petent cells (through IL-10) to respond to inflammation 
[34]. Alternatively, the assessment of the mRNA expres-
sion of IL-6 also indicated that the SP diet has a signifi-
cant hepatoprotective effect which is in agreement with 
earlier studies [35,36]. Moreover, our histopathological 
examination of the liver also depicted that a SP diet may 
help to cope with high ambient temperature induced 
hepatic damage. At the end of our study, these outcomes 
were found to be strongly associated with mortality 
and total weight gain in the male broilers (Ross 308). 
Aggregately, our findings closely correlate with previous 
findings in other animals, which concluded that SP sup-
plementation protects liver through immunomodulation 
and anti-oxidation in pigs and rats [23,37].

Conclusion

The present study describes SP as a potential nutritive sup-
plement in broilers kept under high ambient temperature. 
We found that SP is a potential nutritive supplement, capa-
ble of protecting the liver by enhancing the antioxidant and 
immune system to suppress hepatic oxidation, inflamma-
tory response, and necrosis through the regulation of heat 
stress-induced activation of ROS and associated NF-κB 
pathway. In addition, it provides a novel strategy to for-
mulate poultry feed in tropical and subtropical regions to 
overcome the pathogenesis associated with summer stress 
in broiler production. 
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