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Abstract 

Background In contrast to free radicals, the first line of protection is assumed to be vitamin E and selenium. The 
present protocol was designed to assess the roles of vitamin E and/or a selenium-rich diet that affected the blood iron 
and copper concentrations, liver tissue antioxidant and lipid peroxidation, and gene expression linked to antioxidants 
in the liver tissue of broilers. The young birds were classified according to the dietary supplement into four groups; 
control, vitamin E (100 mg Vitamin/kg diet), selenium (0.3 mg sodium selenite/kg diet), and vitamin E pulse selenium 
(100 mg vitamin/kg diet with 0.3 mg sodium selenite/kg diet) group.

Results The results of this experiment suggested that the addition of vitamin E with selenium in the broiler diet sig-
nificantly increased (P ≤ 0.05) serum iron when compared with the other groups and serum copper when compared 
with the vitamin E group. Moreover, the supplements (vitamin E or vitamin E with selenium) positively affected the 
enzymatic activity of the antioxidant-related enzymes with decreased malondialdehyde (MDA),which represents lipid 
peroxidation in broiler liver tissue. Moreover, the two supplements significantly upregulated genes expression related 
to antioxidants.

Conclusion Therefore, vitamin E and/or selenium can not only act as exogenous antioxidants to prevent oxidative 
damage by scavenging free radicals and superoxide, but also act as gene regulators, regulating the expression of 
endogenous antioxidant enzymes.
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Background
A combination of stressing factors (environmental, 
nutritional, technological, and individual) has been 
blamed for decreased poultry welfare [1], production 
performance, and bird immune response [2, 3]. Fertil-
ity and hatchability rates are affected by stress condi-
tions [1]. Moreover, growing chicks display poor feed 
conversion, decreased average daily weight growth, 
immunosuppression, and higher mortality if experi-
encing stress. A number of investigations have pointed 
to the effects of stress at the cellular level as a result of 
excessive free radical generation or insufficient antioxi-
dant defense [4]. The excessive buildup of free radical 
species (ROS/RNS) is followed by disruption in cell 
homeostasis, which leads to oxidative damage such as 
lipid peroxidation and oxidative damage to proteins 
and DNA [5–8]. Antioxidant defense systems are made 
up of a complicated network of antioxidants that are 
synthesized internally as enzymes and supplied exter-
nally as vitamins and minerals [7]. However, the cell 
has three levels of protection against these free radi-
cals [9–11], the first one is represented by enzymes that 
have antioxidant activity such as catalase (CAT), glu-
tathione peroxidase (GPx), and superoxide dismutase 
(SOD). These enzymes are detoxify free radicals at an 
early stage of formation [12]. Furthermore, metal-bind-
ing proteins are considered in the first level of antioxi-
dant defense, where free iron and copper are the most 
important catalyzers of free radical formation. The sec-
ond level includes vitamin E, glutathione (GSH), and 
ascorbic acid, which are known as free radical scaveng-
ing antioxidants. However, of the fat-soluble vitamins, 
it is vitamin E that is considered the major cell mem-
brane antioxidant. The third level deals with the dam-
aged molecule’s repair as enzymes that repair DNA 
or removal as phospholipases and proteasomes. Thus, 
internal antioxidant systems reflect the adaptation/cop-
ing ability of birds, but when endogenous systems are 
not enough, stress leads to poor welfare and health [7]. 
As a result, for poultry scientists, developing efficient 
nutritional treatments to reduce the deleterious conse-
quences of commercially relevant stressors is a critical 
challenge. Thus, in numerous biochemical and physi-
ological processes, including antioxidant activity, toco-
pherols serve a critical role [13, 14]. Moreover, Tawfeek 
et al. [15] found vitamin E in the broiler diet improves 
the response of immunity and reduces chicken mor-
tality when infected experimentally with E. coli. Apos-
tichopus japonicus’s growth and antioxidant defences 
may respond favorably to Se and vitamin E supple-
mentation [16]. Selenium is an important micro min-
eral essential for the growth of poultry [10, 11, 13–15, 
17]. Zhang et al. [18] reported the antioxidant effect of 

selenium supplementation. Muhammad et al. [19] stud-
ied the effects of different sources of Se on hepatic total 
antioxidant capacity, GSH-Px, and CAT activity, which 
are all increased by selenium administration. The addi-
tion of selenium in animal feeds increases the animal’s 
immune state and the ability of the immune system to 
respond to experimental challenges [20]. Moreover, 
selenium is required for GPx, which transforms  H2O2 
and lipid hydroperoxides into alcohols [21, 22]. Vita-
min E and selenium, in particular their antioxidant and 
immune functions, can work together to influence bio-
logical processes [23, 24].

In contrast to free radicals, the first line of protection 
is assumed to be vitamin E and selenium, although the 
synergy between them is still unclear. Therefore, this 
experiment was done to discover the roles of vitamin E 
and selenium supplementation individually or together 
on the liver antioxidant enzymes, some elements in 
the serum, and antioxidant-related gene expression in 
broilers’ liver tissue.

Results
Serum iron and copper
Vitamin E or selenium supplementation in the broiler’s 
diet affects iron and Cu concentrations (Table  1). Sta-
tistical analysis of the obtained data revealed that Fe 
concentration significantly increased (P ≤ 0.05) when 
vitamin E with a selenium-enriched diet was used in 
comparison with the other groups. Meanwhile, a vita-
min E enriched diet insignificantly increased (P ≤ 0.05) 

Table 1 Effect of vitamin E and/or selenium-enriched diet on 
broiler serum iron and copper concentrations

Values are means ± standard error. Mean valueswith different letters (a-b) at the 
same row significantly at (P ≤ 0.05)

Groups Items Control Vitamin E Selenium Vitamin 
E with 
selenium

Fe (μg/L) 64.80±3.38b 69.63±1.56b 61.30±2.12b 84.93±3.24a

Cu (μg/L) 91.97±1.25a 83.60±3.41b 90.13±1.92ab 94.23±1.94a

Table 2 Effect of vitamin E and/or selenium-enriched diet on 
broiler liver tissue antioxidant and MDA

Values are means ± standard error. Mean values with different letters (a-c) at the 
same row significantly at (P ≤ 0.05)

Groups Items Control Vitamin E Selenium Vitamin 
E with 
selenium

CAT (U/g) 0.73±0.02c 0.87±0.01b 0.76±0.01bc 1.28±0.08a

SOD (U/g) 46.15±0.84b 58.70±2.35a 46.23±2.40b 61.67±0.75a

MDA (nmol/g) 3.69±0.32a 1.96±0.17b 3.67±0.37a 1.25±0.00b
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serum Fe concentration, while a selenium-enriched diet 
insignificantly (P ≤ 0.05) reduced the same parameter 
in comparison with the basic diet group. On the other 
hand, statistical analysis of the collected data revealed 
that including vitamin E in the diet significantly reduced 
(P ≤ 0.05) serum Cu concentration when compared with 
the control and vitamin E with selenium groups.

Liver tissue antioxidant and MDA
Liver antioxidant enzyme activities and MDA concen-
trations in broiler chickens are shown to be affected by 
dietary vitamin E or selenium supplementation (Table 2). 
When the collected data was statistically analyzed, it 
was discovered that a vitamin E-rich diet and vitamin E 
combined with a selenium-enriched diet significantly 
(P ≤ 0.05) increased the activities of the liver tissue CAT 
and SOD when compared to the control group. Mean-
while, the supplementation of selenium insignificantly 
increased (P ≤ 0.05) the activities of the liver tissue 
CAT and SOD when compared with the group with a 
basic diet. On the other hand, statistical analysis of the 
gained data showed vitamin E inclusion alone or with 
selenium in the diet significantly reduced (P ≤ 0.05) the 
MDA concentration in the tissue of the liver in compari-
son with the group with no supplement. Moreover, the 
supplementation of selenium statistically insignificantly 
decreased (P ≤ 0.05) liver tissue MDA concentration 
when compared with the group with a basic diet.

Expression levels of antioxidant enzyme genes
The expression of antioxidant enzymes as affected by 
vitamin E supplementation with or without selenium in 
broilers are shown in Figs. 1, 2, and 3. There was a change 

in the expression pattern of CAT , glutathione peroxide 
(GPx), and SOD after the addition of selenium and vita-
min E to the diet. The supplementation of vitamin E with 
selenium-enriched diets resulted in a substantial increase 
in antioxidant enzyme levels, as evidenced by the upregu-
lation of CAT, SOD, and GPx genes. Moreover, the vita-
min E enriched feed upregulated CAT  and GPx genes in 
comparison with the basic and selenium-enriched diet.

Discussion
Animal bodies have evolved complex systems to cope 
with an excess of free radicals created by oxidative stress 
to preserve redox equilibrium [25]. These defense sys-
tems either scavenge or detoxify ROS, prevent their for-
mation, or sequester free radical-producing transition 
metals. It includes endogenous and exogenous antioxi-
dants where endo is produced in the body and includes 
enzymatic and non-enzymatic [26] while Exo is dietary 
[27]. Non-enzymatic antioxidants, such as glutathione 
and vitamins E, A, and C are crucial in scavenging ROS 
[28–30]. Meanwhile, enzymatic antioxidants convert 
free radicals to less damaging compounds [31]. The most 
well-known enzymatic antioxidants are SOD, CAT, and 
GSH-Px, which are considered the first-line defense 
against ROS [32]. The results of the serum Fe and Cu 
concentrations in the present investigation are confirmed 
by the results of Sahin et al. [33, 34], who reported that 
dietary inclusion of vitamin E increases and decreases the 
concentrations of Fe and Cu, respectively, in the serum 
of broilers. Furthermore, Harsini et al. [35] observed the 
same results with the vitamin E and selenium-enriched 
diet in broilers under heat stress, but there is no effect for 
this enriched diet at normal temperature. These results 

Fig. 1 Effect of vitamin E and/or selenium-enriched diet on broiler liver CAT  mRNA transcript level
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may be attributed to the dietary supplementation of vita-
min E. As a result of dietary vitamin E, iron is released 
into the serum, which raises the serum iron content [33, 
36]. On the other hand, Kutsky [37] and Van Saun [38] 
reported the opposite relationship between vitamin E and 
Cu concentration. Moreover, antioxidants from vitamin 
E and a selenium-enriched diet may have contributed 
to these outcomes. Ions of copper are considered potent 
catalysts for free radical damage. These copper ions can 
cause oxidative damage through the Haber-Weiss reac-
tion, due to the formation of a highly reactive hydroxyl 
radical (OH −) [39–41]. The liberated  OH− leads to 

lipid peroxidation, which is represented by MDA [41, 
42]. Thus, in this investigation, it was noticed that sup-
plementation of vitamin E significantly decreased serum 
copper. This point needs more investigation to know the 
relationship between serum copper concentration and 
vitamin E supplementation. Vitamin E supplementation, 
on the other hand, increased serum Fe concentration, 
which is the main component of haemoglobin in RBCs 
[43, 44]. It is needed for the transportation of oxygen all 
over the body through hemoglobin and myoglobin [45, 
46] for the delivery, storage, and use of oxygen in muscles 
[47]. Both hemoglobin and myoglobin are required for 

Fig. 2 Effect of vitamin E and/or selenium-enriched diet on broiler liver GPx mRNA transcript level

Fig. 3 Effect of vitamin E and/or selenium-enriched diet on broiler liver SOD mRNA transcript level
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normal meat color that is needed as an indicator for meat 
quality [48]. These results were confirmed by the results 
of the antioxidant enzymes and lipid peroxidation repre-
sented in MDA.

The process of free radical formation and antioxidant 
is complicated where oxygen is a critical component 
of animal life, but when it exceeds become poisonous. 
Additionally, free radicals are produced normally and 
continuously under normal physiological conditions, 
but in stress conditions, their production increases in 
the cell. Free radicals are produced mainly through the 
mitochondrial electron transport chain, xenobiotic-
metabolizing enzymes, and immune cells, especially 
immune cells that generate free radicals to kill the 
pathogen. On the other side, developing an antioxidant 
system in an oxygenated environment is an adaptive 
evolutionary process for survival. The data of the liver 
antioxidant enzymes are in harmony with the results 
of Karadas et  al. [13], who reported that dietary addi-
tion of selenium and vitamin E increases the accumu-
lation of antioxidants and decreases MDA in the liver 
tissue of broilers. These results are attributed to Vit E 
supplementation, which is known as an antioxidant of 
the membrane that lessens the negative effects of free 
radicals and reactive oxygen species that would other-
wise lead to the oxidation of crucial sulphydryl groups 
and phospholipids [49]. Thus, MDA concentration 
was decreased and antioxidants were increased in our 
study. Moreover, Coskun et  al. [50] and Xu et  al. [16] 
found that selenium and vitamin E have beneficial 
effects on the antioxidant responses of Galleria mel-
lonella L. and Apostichopus japonicas, respectively. 
Moreover, Gouda et al. [51] reported that supplemental 
vitamin E and/or selenium improve antioxidant enzyme 
activity with decreased lipid peroxidation. Melčová 
et  al. [52] reported that vitamin E supplementation in 
rats increased liver CAT. Broilers fed diets deficient 
in vitamin E and selenium display the lowest levels of 
reduced glutathione and glutathione peroxidase activity 
[53]. The same results were noticed by Sahin et al. [33] 
dietary vitamin E decreases serum and liver MDA in 
heat-stressed broilers. These results may be attributed 
to the ability of vitamin E to neutralize free radicals and 
reduce lipid peroxidation [54]. Surai [55] reported that 
vitamin E (Toc-OH) effectively scavenges peroxyl radi-
cals (ROO*) and done (Toc-O*) and (ROOH). Mean-
while, Se is required for the activity of GSH-Px, which 
needs adequate Se in the cell even in the presence of 
very high levels of vitamin E in the diet [56, 57]. As a 
consequence of antioxidant gene expression in liver tis-
sue, these results were verified.

The expression of antioxidant enzymes in the liver tis-
sue is confirmed by the results of Kumbhar et  al. [58], 

who found that dietary supplementation of selenium 
and/or vitamin E enhances the mRNA of CAT  and SOD 
levels. The expression levels of CAT, GPx, and SOD are 
elevated in the liver tissue of broilers with increasing sele-
nium levels in their diet [59]. Niu et  al. [60] found that 
SOD and GSH-Px mRNA expression are increased with 
dietary vitamin E supplementation, which consequently 
increases the quality of meat through upregulation and 
expression of antioxidant genes in broilers. Moreover, 
vitamin E administration to hypothyroid rats leads to an 
elevation of CAT  mRNA levels [61]. Moreover, Cu/Zn 
SOD and CAT  mRNA levels increase in human umbili-
cal vein endothelial cells with Vit E [62]. These results 
indicate that vitamin E can not only play a role in pre-
venting oxidative damage through scavenging free radi-
cals and superoxide as an exogenous antioxidant but can 
also modulate the expression of endogenously produced 
antioxidant enzymes as gene regulators. The findings 
of gene expression were confirmed by the results of the 
antioxidant enzymes and lipid peroxidation represented 
by MDA in broilers’ liver tissue.

Conclusion
The findings of this research indicated that the vitamin 
E and selenium-enriched diets individually or together 
significantly (P ≤ 0.05) upregulated the expression of the 
antioxidant genes. Thus, a diet enriched with vitamin 
E and/or selenium can not only play a role in prevent-
ing oxidative damage through scavenging free radicals 
and superoxide as an exogenous antioxidant but can 
also modulate the expression of endogenously produced 
antioxidant enzymes as gene regulators. Moreover, the 
supplements positively affected the activities of the anti-
oxidant enzymes with decreased lipid peroxidation in the 
liver tissue of broilers.

Materials and methods
Ethical approval
Egypt’s Benha University’s Faculty of Veterinary Medicine 
has approved the present work (BUFVTM 04–06-21).

Chemicals
Vitamin E was obtained in the form of alpha-tocopherol 
acetate (It is a semisynthetic acetate ester of naturally 
occurring α-tocopherol) from Sigma Aldrich Co., USA. 
Selenium was obtained in the form of sodium selenite 
from Eibico Company, Egypt. Sigma Aldrich Co., USA, 
provided the N-ethylmaleimide. Biodiagnostics Com-
pany provided all biochemical analysis kits (Dokki, Giza, 
Egypt).
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Birds and design of the experimental
Ninety-six (unsexed one-day-olds with an average body 
weight = 51.72 ± 0.17 g/chick) broilers (Cobb-505) were 
taken from a farm located in Benha city, Egypt. We were 
informed that consent was obtained from the owners 
for handling the animals. The chicks were housed in a 
well-ventilated room with free access to food and water. 
The chicks were raised in a clean and sanitary environ-
ment. The experimental birds were randomly distributed 
into 4 groups by the ranking method, with three rep-
licates/group (8 birds/replicate). A designed basal diet 
was provided to the control group, which was prepared 
in accordance with Broiler Nutrition Specification, 2007 
(Table 3). The vitamin E group fed on the formulated diet 
contains vitamin E (100 mg -kg diet). The selenium group 
fed on the formulated diet contains inorganic selenium 
(0.3 mg -kg diet). The vitamin E and selenium group fed 
on the formulated diet contains both vitamin E and inor-
ganic selenium. The birds were reared for 30 days, and all 
vaccination programmes were done during this period. 
All procedures were followed in compliance with relevant 
guidelines and regulations. Moreover, the authors affirm 

that the research was conducted in accordance with the 
ARRIVE guidelines.

Samples collection
After 30 days, the blood samples were collected (left 
for 20 min for coagulation before separation) from the 
wing vein without anticoagulant (5 broilers/group) after 
anesthesia. The anaesthesia was done by following the 
Facility Animal Care Committee of Veterinary Medi-
cine - Benha University, Egypt, that approved protocols 
and institutional policies. Each bird was injected sepa-
rately and handled softly and carefully to reduce stress 
for both the animal and the operator. Where exactly 
50 mg/kg of sodium pentobarbital was used intraperito-
neal (IP) for the induction of anesthesia. The birds were 
taken randomly. At 4 °C, serum samples were separated 
by spinning of blood samples at 3000 rpm for 15 minutes 
and then refrigerated at − 20 °C to utilize in analysis. The 
serum had been diluted with deionized water for meas-
uring copper (Cu) and iron (Fe) concentrations using an 
atomic absorption spectrophotometer (Perkin–Elmer, 
AA- 600, USA) according to Helrich [63]. The liver tissue 
samples (1 g/sample) were collected by using an overdose 
of anesthesia and kept at − 80 °C until used.

Using an electrical homogenizer surrounded by ice, 
cold phosphate buffer (10 ml) pH 7.4 was used to homog-
enize liver tissue samples. The homogenized tissues 
were centrifuged at a speed of 5000 rpm for 30 min [64]. 
According to Nishikimi et al. [65], Aebi [66], and Uchiy-
ama and Mihara [67], the supernatant was utilized to 
measure the activities of SOD and CAT, as well as the 
levels of MDA, respectively.

RNA isolation and reverse transcription
The birds (n = 5) from each group were chosen by a ran-
dom method. Liver specimens of 30 mg from each bird 
were used for suspending in RNA lysis buffer, which con-
tains β-mercaptoethanol and were homogenized. This 
step was done using a Tissue Lyser that was obtained 
from Qiagen, Hilden, Germany. Total RNA was collected 

Table 3 Ingredients and calculated chemical composition of the 
used experimental diets

b The used premix provides Vit A (12,000 Iu), vit D (5000 Iu), vit E (50 mg), vit K3 
(3 mg), vit B1 (3 mg), vit B2 (8 mg), vit B6 (4 mg), vit B12 (0.016 mg), nicotinic acid 
(60 mg), pantothinic acid (15 mg), folic acid (2 mg), biotin (0.2 mg), iron (40 mg), 
copper (16 mg), zinc (100 mg), manganese (120 mg), iodine (1.25 mg), selenium 
(0.3 mg) per 1 kg diet

Physical composition Basal diet (0–3) 
weeks

Basal diet (3–5) weeks

Yellow corn 57.13 63.86

Soybean meal 48% 29 25

Corn glutine 62% 6.5 4

Sunflower oil 3.2 3.5

Dicalcium phosphate 1.85 1.35

Lime stone 1.25 1.32

Choline 60% .22 .17

Lysine 0.03 .06

Methionine 0.12 .04

Common salt 0.4 0.4

Premixa 0.3 0.3

Chemical composition %
 ME Kcal/kg 3177.85 3234

 Crude protein 23.066 20

 Calcium 1 .9

 Available phos-
phorus

0.45 0.35

 Lysine 1.1 1

 Methionine + 
cystine

0.9 .72

 Cholin 1300 mg/1 kg 1000 mg/1 kg

Table 4 Primers used for qRT-PCR analysis (n = 5)

SOD superoxide dismutase, CAT  catalase, GPx glutathione peroxidase

Gene Primer Ref. Annealing

β-actin F: ACC TGA GCG CAA GTA CTC TGTCT 
R: CAT CGT ACT CCT GCT TGC TGAT 

[68] 60

SOD F:CGG GCC AGT AAA GGT TAC TGGAA 
R:TGT TGT CTC CAA ATT CAT GCA CAT G

[69] 60

CAT F: ACT GGT GCT GGC AACCC 
R: ACG TGG CCC AAC TGT CAT 

[69] 60

GPX F: GCG ACT TCC TGC AGC TCA ACGA 
R: CGT TCT CCT GGT GCC CGA AT

[70] 60
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using the RNeasy mini kit (QIAGEN) according to the 
manufacturer’s instructions after a 2-minute high-speed 
(30 Hz) shaking step. Nano drop ND1000 (Uv-Vis spec-
trophotometer Q5000/USA) was used to estimate the 
concentration of total RNA at 260/280 nm and kept at 
− 80 °C.

Table  4 shows the gene-specific primer Metabion 
obtained from Martinsried, Germany, that was used in 
this trial. Reverse-transcription from RNA to cDNA was 
done. PCR Master Mix was carried out according to the 
Quanti Test SYBR green PCR kit (QIAGEN). The 25 μl 
reaction mixture consisted of 12.5 μl of 2x QuantiTect 
SYBR Green PCR Master Mix reaction, 0.5 μl of each for-
ward and reverse primer (20 pmol), 7 μl of RNA, 0.25 μl of 
reverse transcriptase, and 4.25 μl of RNAase-free water. 
The thermal cycling conditions of qRT-PCR for primer 
annealing and subsequent melting curve analysis were: 
reverse transcription at 50 °C for 30 min, initial denatura-
tion at 94 °C for 5 min, followed by 40 cycles, denaturation 
at 94 °C for 15 s and annealing for 30 s at 60 °C. Finally, the 
30s of extension at 72 °C was done.

Analysis of the dissociation curve was done by one 
thermal cycle of secondary denaturation at 94 °C for 
1 min, annealing at 60 °C for 1 min, and final denaturation 
at 60 °C for 1 min. The genes were checked in duplicates 
for the five birds. The mRNA quantity was calculated in 
relation to the expression of the β-Actin reference gene. 
The SYBR green quantitative real-time polymerase chain 
reaction (qRT-PCR) was analyzed through amplification 
curves. Then Ct values were calculated by the Stratagene 
MX3005P software. To estimate the change of mRNA 
expression for different samples, the Ct of each sample 
was compared with that of the control group following 
2^−ΔΔCT [71].

Statistical analysis
The result of each finding was given as mean ± stand-
ard error. Version 20 of SPSS was used to analyze the 
data. Where we used one-way ANOVA followed by 
Duncan’s post hoc test for multiple groups compari-
son to see how vitamin E and/or a selenium-rich diet 
upregulate the antioxidant gene expression and param-
eters of broilers. The significance value was P ≤ 0.05.

Abbreviations
CAT   Catalase
DNA  Deoxyribonucleic acid
GPx  Glutathione peroxidase
GSH  Reduced glutathione
Q-PCR  Real-Time Polymerase Chain Reaction
MDA  Malondialdehyde
RNA  Ribonucleic acid
Se  Selenium
SOD  Superoxide dismutase

Acknowledgements
‘Not applicable’ for that section.

Guidelines
All methods were carried out in accordance with relevant guidelines and 
regulations.

ARRIVE guidelines
The authors confirm that the study was carried out in compliance with the 
ARRIVE guidelines.

Authors’ contributions
Investigation, Olla Khalifa; Methodology, Fatma Elgendey and Aya Mohamed 
Elshwash; Supervision, Shabaan Hemeda; Writing – original draft, Rasha Al 
wakeel and Sabreen E Fadl; Writing – review & editing, Sabreen E Fadl, revised 
and edited manuscript in addition to their substantial contributions to the 
design of the work, Aaser M. Abdelazim, and Muhanad Alhujaily. The author(s) 
read and approved the final manuscript.

Funding
Open access funding provided by The Science, Technology & Innovation 
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank 
(EKB).

Availability of data and materials
The datasets supporting the conclusions of this article are included within the 
article.

Declarations

Ethics approval and consent to participate
The current study was approved by the Ethical Committee for live birds 
sampling at the Faculty of Veterinary Medicine, Benha University (BUFVTM 
04–06-21).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 4 March 2022   Accepted: 4 August 2022

References
 1. Tilbrook AJ, Fisher AD. Stress, health and the welfare of laying hens. Anim 

Prod Sci. 2020;61:931–43.
 2. Surai PF, Fisinin VI. Vitagenes in poultry production: part 1. Technological 

and environmental stresses. Worlds Poult Sci J. 2016;72:721–34.
 3. Surai PF, Fisinin VI. Vitagenes in poultry production: part 2. Nutritional and 

internal stresses. Worlds Poult Sci J. 2016;72:761–72.
 4. Nelson JR, McIntyre DR, Pavlidis HO, Archer GS. Reducing stress suscepti-

bility of broiler chickens by supplementing a yeast fermentation product 
in the feed or drinking water. Animals. 2018;8:173.

 5. Lord-Fontaine S, Averill-Bates DA. Heat shock inactivates cellular antioxi-
dant defenses against hydrogen peroxide: protection by glucose. Free 
Radic Biol Med. 2002;32:752–65.

 6. Mujahid A, Pumford NR, Bottje W, Nakagawa K, Miyazawa T, Akiba Y, et al. 
Mitochondrial oxidative damage in chicken skeletal muscle induced by 
acute heat stress. J Poult Sci. 2007;44:439–45.

 7. Surai PF, Kochish II, Fisinin VI, Kidd MT. Antioxidant defence systems and 
oxidative stress in poultry biology: an update. Antioxidants. 2019;8:235.

 8. Fadl SE, El-Gammal GA, Sakr OA, Salah AA, Atia AA, Prince AM, et al. 
Impact of dietary Mannan-oligosaccharide and β-Glucan supplementa-
tion on growth, histopathology, E-coli colonization and hepatic tran-
scripts of TNF-α and NF-ϰB of broiler challenged with E. coli O 78. BMC Vet 
Res. 2020;16:1–14.



Page 8 of 9Elgendey et al. BMC Veterinary Research          (2022) 18:310 

 9. Surai PF. Vitamin E in avian reproduction. Poult Avian Biol Rev. 
1999;10:1–60.

 10. Surai PF. Natural antioxidants in avian nutrition and reproduction. Not-
tingham: Nottingham University Press; 2002. p. 5–9.

 11. Surai P. Selenium in nutrition and health (Vol. 974). Nottingham: Notting-
ham University Press; 2006.

 12. Wang S, Zhao X, Liu Q, Wang Y, Li S, Xu S. Selenoprotein K protects 
skeletal muscle from damage and is required for satellite cells-mediated 
myogenic differentiation. Redox Biol. 2022;50:102255.

 13. Karadas F, Erdoğan S, Kor D, Oto G, Uluman M. The effects of different 
types of antioxidants (se, vitamin E and carotenoids) in broiler diets on 
the growth performance, skin pigmentation and liver and plasma antioxi-
dant concentrations. Braz J Poult Sci. 2016;18:101–16.

 14. Litta G, Chung TK, Weber GM. Vitamin E. vital for health and perfor-
mance. Word Poultry Science. 2014;8:19–21.

 15. Tawfeek SS, Hassanin KMA, Youssef IMI. The effect of dietary supplemen-
tation of some antioxidants on performance, oxidative stress, and blood 
parameters in broilers under natural summer conditions. J Worlds Poult 
Res. 2014;4:10–9.

 16. Xu Y, Gao Q, Dong S, Mei Y, Li X. Effects of supplementary selenium and 
vitamin E on the growth performance, antioxidant enzyme activity, and 
gene expression of sea cucumber Apostichopus japonicus. Biol Trace 
Elem Res. 2021;199(12):4820–31.

 17. Selle PH, Celi P, Cowieson A. Effects of organic selenium supplementation 
on growth performance, nutrient utilisation and selenium tissue concen-
trations in broiler chickens. In:  Proceedings of the 24th Australian Poultry 
Science Symposium (APSS). Veterinary Science Conference Centre. 
Sydney: University of Sydney; 2013.

 18. Zhang X, He H, Xiang J, Li B, Zhao M, Hou T. Selenium-containing soy-
bean antioxidant peptides: preparation and comprehensive comparison 
of different selenium supplements. Food Chem. 2021;358:129888.

 19. Muhammad AI, Dalia AM, Loh TC, Akit H, Samsudin AA. Effects of 
bacterial organic selenium, selenium yeast and sodium selenite on 
antioxidant enzymes activity, serum biochemical parameters, and sele-
nium concentration in Lohman brown-classic hens. Vet Res Commun. 
2022;46(2):431–45.

 20. Tayeb İ, Qader G. Effect of feed supplementation of selenium and vitamin 
E on production performance and some hematological parameters of 
broiler. KSÜ Doğa Bilimleri Dergisi. 2012;15:46–56.

 21. Yu BP. Cellular defenses against damage from reactive oxygen species. 
Physiol Rev. 1994;74:139–62.

 22. Habibian M, Ghazi S, Moeini MM, Abdolmohammadi A. Effects of dietary 
selenium and vitamin E on immune response and biological blood 
parameters of broilers reared under thermoneutral or heat stress condi-
tions. Int J Biometeorol. 2014;58:741–52.

 23. Dalia AM, Loh TC, Sazili AQ, Jahromi MF, Samsudin AA. Effects of vitamin 
E, inorganic selenium, bacterial organic selenium, and their combinations 
on immunity response in broiler chickens. BMC Vet Res. 2018;14:249.

 24. Khalifa OA, Al Wakeel RA, Hemeda SA, Abdel-Daim MM, Albadrani 
GM, El Askary A, et al. The impact of vitamin E and/or selenium dietary 
supplementation on growth parameters and expression levels of the 
growth-related genes in broilers. BMC Vet Res. 2021;17:1–10.

 25. Masella R, Di Benedetto R, Varì R, Filesi C, Giovannini C. Novel mechanisms 
of natural antioxidant compounds in biological systems: involvement 
of glutathione and glutathione-related enzymes. J Nutr Biochem. 
2005;16:577–86.

 26. Hayes JD, McLellan LI. Glutathione and glutathione-dependent enzymes 
represent a co-ordinately regulated defence against oxidative stress. Free 
Radic Res. 1999;31:273–300.

 27. Yao LH, Jiang YM, Shi J, Tomas-Barberan FA, Datta N, Singanusong R, 
et al. Flavonoids in food and their health benefits. Plant Foods Hum Nutr. 
2004;59:113–22.

 28. Cheeseman KH, Slater TF. An introduction to free radical biochemistry. Br 
Med Bull. 1993;49:481–93.

 29. Cappai MG, Pudda F, Wolf P, Accioni F, Boatto G, Pinna W. Variation of 
hematochemical profile and vitamin E status in feral Giara horses from 
free grazing in the wild to hay feeding during captivity. J Equine Vet Sci. 
2020;94:103220.

 30. Cappai MG, Dimauro C, Biggio GP, Cherchi R, Accioni F, Pudda F, et al. The 
metabolic profile of Asinara (albino) and Sardo donkeys (pigmented)

(Equus asinus L., 1758) points to unequivocal breed assignment of indi-
viduals. PeerJ. 2020;8:e9297.

 31. Sies H. Ebselen, a selenoorganic compound as glutathione peroxidase 
mimic. Free Radic Biol Med. 1993;14:313–23.

 32. Ray G, Husain SA. Oxidants, antioxidants and carcinogenesis; 2002.
 33. Sahin K, Sahin N, Onderci M, Yaralioglu S, Kucuk O. Protective role of sup-

plemental vitamin E on lipid peroxidation, vitamins E, a and some mineral 
concentrations of broilers reared under heat stress. Vet Med (Praha). 
2001;46:140–4.

 34. Sahin K, Sahin N, Sarı M, Gursu MF. Effects of vitamins E and a supple-
mentation on lipid peroxidation and concentration of some mineral in 
broilers reared under heat stress (32 C). Nutr Res. 2002;22:723–31.

 35. Harsini SG, Habibiyan M, Moeini MM, Abdolmohammadi AR. Effects of 
dietary selenium, vitamin E, and their combination on growth, serum 
metabolites, and antioxidant defense system in skeletal muscle of broilers 
under heat stress. Biol Trace Elem Res. 2012;148:322–30.

 36. Linder MC. Nutrition and metabolism of the trace elements. Nutr Bio-
chem Metab Clin Appl. 1991;2:215–76.

 37. Kutsky RJ. Handbook of vitamins, minerals and hormones (No. Ed. 2). New 
York: Van Nostrand Reinhold Co; 1981. p. 157–207.

 38. Van Saun RJ. Rational approach to selenium supplementation essential. 
Feedstuffs. 1990;62(3):15–7.

 39. Bremner I. Manifestations of copper excess. Am J Clin Nutr. 
1998;67:1069S–73S.

 40. Kadiiska MB, Hanna PM, Jordan SJ, Mason RP. Electron spin resonance 
evidence for free radical generation in copper-treated vitamin E-and 
selenium-deficient rats: in vivo spin-trapping investigation. Mol Pharma-
col. 1993;44:222–7.

 41. Ajuwon OR, Idowu OMO, Afolabi SA, Kehinde BO, Oguntola OO, Olatun-
bosun KO. The effects of dietary copper supplementation on oxidative 
and antioxidant systems in broiler chickens. Arch Zootec. 2011;60:275–82.

 42. Videla LA, Fernández V, Tapia G, Varela P. Oxidative stress-mediated 
hepatotoxicity of iron and copper: role of Kupffer cells. Biometals. 
2003;16:103–11.

 43. Conrad ME, Barton JC. Factors affecting iron balance. Am J Hematol. 
1981;10:199–225.

 44. Crichton RR, Charloteaux-Wauters M. Iron storage and transport. Eur J 
Biochem. 1987;164:485–506.

 45. Strube YNJ, Beard JL, Ross AC. Iron deficiency and marginal vitamin a 
deficiency affect growth, hematological indices and the regulation of 
iron metabolism genes in rats. J Nutr. 2002;132:3607–15.

 46. Rincker MJ, Hill GM, Link JE, Rowntree JE. Effects of dietary iron sup-
plementation on growth performance, hematological status, and 
whole-body mineral concentrations of nursery pigs. J Anim Sci. 
2004;82:3189–97.

 47. Anderson GJ, Vulpe CD. Mammalian iron transport. Cell Mol Life Sci. 
2009;66:3241–61.

 48. Craig JC, Broxterman RM, Wilcox SL, Chen C, Barstow TJ. Effect of 
adipose tissue thickness, muscle site, and sex on near-infrared spec-
troscopy derived total-[hemoglobin+ myoglobin]. J Appl Physiol. 
2017;123:1571–8.

 49. Cinar M, Yildirim E, Yigit AA, Yalcinkaya I, Duru O, Kisa U, et al. Effects of 
dietary supplementation with vitamin C and vitamin E and their com-
bination on growth performance, some biochemical parameters, and 
oxidative stress induced by copper toxicity in broilers. Biol Trace Elem Res. 
2014;158(2):186–96.

 50. Coskun M, Kayis T, Gulsu E, Emel ALP. Effects of selenium and vitamin E 
on enzymatic, biochemical, and immunological biomarkers in galleria 
mellonella L. Sci Rep. 2020;10:1–7.

 51. Gouda A, El-Wardany I, Hemid AA, El-Moniary MMA, Eldaly EF. The effect 
of dietary supplementation of organic chromium, organic selenium and 
vitamin E on physiological responses in broilers under natural summer 
conditions. Egypt J Nutr Feeds. 2015;18(2 Special):263–74.

 52. Melčová M, Száková J, Mlejnek P, Zídek V, Fučíková A, Praus L, et al. The 
effect of zinc and/or vitamin E supplementation on biochemical param-
eters of selenium-overdosed rats. Pol J Vet Sci. 2018;4:731–40.

 53. Avanzo JL, de Mendonça Jr CX, Pugine SMP, de Cerqueira Cesar M. Effect 
of vitamin E and selenium on resistance to oxidative stress in chicken 
superficial pectoralis muscle. Comp Biochem Physiol C Toxicol Pharmacol. 
2001;129:163–73.



Page 9 of 9Elgendey et al. BMC Veterinary Research          (2022) 18:310  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 54. Pompeu MA, Cavalcanti LF, Toral FL. Effect of vitamin E supplementation 
on growth performance, meat quality, and immune response of male 
broiler chickens: a meta-analysis. Livest Sci. 2018;208:5–13.

 55. Surai PF. Selenium in poultry nutrition 1. Antioxidant properties, defi-
ciency and toxicity. Worlds Poult Sci J. 2002;58:333–47.

 56. Surai PF. Organic selenium: benefits to animals and humans, a biochem-
ist’s view. In:  Biotechnology in the feed industry. Proc. Alltech’s 16th 
Annual Symposium.  Nottingham: Nottingham University Press; 2000. p. 
205–60.

 57. Jang IS, Ko YH, Moon YS, Sohn SH. Effects of vitamin C or E on the pro-
inflammatory cytokines, heat shock protein 70 and antioxidant status 
in broiler chicks under summer conditions. Asian Austr J Anim Sci. 
2014;27:749.

 58. Kumbhar S, Khan AZ, Parveen F, Nizamani ZA, Siyal FA, Abd El-Hack ME, 
et al. Impacts of selenium and vitamin E supplementation on mRNA of 
heat shock proteins, selenoproteins and antioxidants in broilers exposed 
to high temperature. AMB Express. 2018;8:1–10.

 59. Ibrahim D, Kishawy AT, Khater SI, Hamed Arisha A, Mohammed HA, 
Abdelaziz AS, et al. Effect of dietary modulation of selenium form and 
level on performance, tissue retention, quality of frozen stored meat and 
gene expression of antioxidant status in ross broiler chickens. Animals. 
2019;9:342.

 60. Niu ZY, Min YN, Liu FZ. Dietary vitamin E improves meat quality and anti-
oxidant capacity in broilers by upregulating the expression of antioxidant 
enzyme genes. J Appl Anim Res. 2018;46:397–401.

 61. Jena S, Chainy GBN, Dandapat J. Expression of antioxidant genes in renal 
cortex of PTU-induced hypothyroid rats: effect of vitamin E and curcumin. 
Mol Biol Rep. 2012;39:1193–203.

 62. Nakamura YK, Omaye ST. α-Tocopherol modulates human umbilical vein 
endothelial cell expression of cu/Zn superoxide dismutase and catalase 
and lipid peroxidation. Nutr Res. 2008;28:671–80.

 63. Helrich, K. Official methods of analysis of the Association of Official Ana-
lytical Chemists. Association of official analytical chemists, 1990.

 64. Trinder FM. (Determination of enzymatic pattern in liver) Hawkes, F. 1973 
biochemistry and physiology; 1969. p. 179–7.

 65. Nishikimi M, Rao NA, Yagi K. The occurrence of superoxide anion in the 
reaction of reduced phenazine methosulfate and molecular oxygen. 
Biochem Biophys Res Commun. 1972;46(2):849–54.

 66. Aebi, H. Catalase in Vitro. Methods in Enzimology 105:121–126. Bitten-
court-Oliveira, 1984.

 67. Uchiyama M, Mihara M. Determination of malonaldehyde precursor in 
tissues by thiobarbituric acid test. Anal Biochem. 1978;86(1):271–8.

 68. Xie J, Tang L, Lu L, Zhang L, Xi L, Liu HC, et al. Differential expression of 
heat shock transcription factors and heat shock proteins after acute 
and chronic heat stress in laying chickens (Gallus gallus). PLoS One. 
2014;9:e102204.

 69. El-Naggar K, El-Kassas S, Abdo SE, Kirrella AA. Role of gamma-aminobu-
tyric acid in regulating feed intake in commercial broilers reared under 
normal and heat stress conditions. J Therm Biol. 2019;84:164–75.

 70. Li JL, Sunde RA. Selenoprotein transcript level and enzyme activity as 
biomarkers for selenium status and selenium requirements of chickens 
(Gallus gallus). PLoS One. 2016;11:e0152392.

 71. Livak KJ, Schmittgen TD. Analysis of relative gene expression data 
using real-time quantitative PCR and the 2− ΔΔCT method. Methods. 
2001;25:402–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Selenium andor vitamin E upregulate the antioxidant gene expression and parameters in broilers
	Abstract 
	Background 
	Results 
	Conclusion 

	Background
	Results
	Serum iron and copper
	Liver tissue antioxidant and MDA
	Expression levels of antioxidant enzyme genes

	Discussion
	Conclusion
	Materials and methods
	Ethical approval
	Chemicals
	Birds and design of the experimental
	Samples collection
	RNA isolation and reverse transcription

	Statistical analysis

	Acknowledgements
	References


