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ABSTRACT

Background: Physiological stress is one of many concerns facing the modern broiler producer. In this study, tert-butyl 
hydroperoxide (tert-BHP) was used to induce oxidative stress. When birds exposed to stress, selenium is used in antioxi-
dant enzymes to decrease the harmful effects of free radicals. In this regard, the source of selenium is important to provide 
enough protection. There are three forms of selenium as inorganic, organic and nano-selenium (Nano-Se). Recently, the 
latter has attracted widespread attention because of large surface area, high surface activity, high catalytic efficiency, strong 
adsorbing ability and low toxicity. The present study aimed to compare different sources of selenium on blood attributes 
of male broilers subjected to oxidative stress. 
Materials, Methods & Results: Corn grain and soybean meal-base diets were formulated to meet the nutritional require-
ments of Cobb 500 broiler chickens. Three hundred twenty chicks were randomly assigned to receive diet without selenium 
supplementation (CON) or diets supplemented with 0.3 mg/kg nano-Se (NAN), organic Se (ORG), and inorganic Se (INO). 
The study was conducted as a completely randomized designed with a 2×4 factorial arrangement comprising four replicates 
of 10 birds per each. Circulatory concentration of cholesterol and glucose were not influenced by the source of selenium. 
Experimental groups under the oxidative stress, however, recorded and increase in blood cholesterol and glucose. A higher 
heterophil to lymphocyte (H:L) ratio was found at oxidative condition. Furthermore, Se-supplemented groups were kept 
under non-oxidative condition had a lower H:L ratio as compared to CON group, where the lower value was recorded for 
NAN birds (P < 0.05). The percentage of peripheral basophil in oxidatively-stressed experimental groups was significantly 
higher than their counterparts (P < 0.05). However, no differences were found for the number of red blood cells, hemoglo-
bin concentration (Hb), hematocrit, Mean corpuscular hemoglobin (MCH), Mean corpuscular hemoglobin concentration 
(MCHC), and platelet number (P > 0.05). A significant difference was found for total white blood cells (WBC) number 
and Mean corpuscular volume (MCV) among the experimental groups (P < 0.05).
Discussion: In the present study, the sources of Se did not affect the total leukocyte and erythrocyte number as well as the 
Hb concentration within each rearing condition. Higher record of H:L ratio for oxidative stress condition. The lowest value 
was recorded for stressed chicks fed nano selenium. Higher H:L ratio is an indicative of a stressful condition. Although 
no difference in monocyte number were recorded among the experiment groups, decreased lymphocyte and monocyte 
numbers and increased heterophil number which, in turn, results in a higher H:L ratio are used as stress indices in animals. 
The number of lymphocytes in chicken blood samples decreased and the number of heterophils increased in response to 
oxidative stress. The heterophil/lymphocyte ratio appears to be a more reliable indicator for oxidative stress. Furthermore 
our results showed a higher blood cholesterol level for oxidative condition, an index that has also been reported as an index 
for stressful situations. The present work showed that tert-BHP induced, oxidative stress was associated an increase in 
H:L ratio and circulatory glucose and cholesterol concentration. The present study showed that negative effects of oxida-
tive stress might be attenuated by dietary supplementation of Se. Future works might be interested in characterizing the 
underlying mechanisms involved.  

Keywords: selenium, blood attribute, oxidative stress, broiler.
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INTRODUCTION

Although oxygen is a crucial contributor to vi-
tal activities, reactive oxygen species (ROS) may bring 
about various toxic situations [5]. Metabolic reactions 
during aerobic catabolism are associated with ROS 
production and in turn consequent impaired proteins, 
lipids, and DNA [5]. Environmental stresses could in-
tensively enhance the production of ROS in the body of 
organisms. The ROS critically impose adverse effects 
of biochemical phenomena, indicating an oxidative 
stress in organisms. After production of active oxygen, 
bodily defense systems inhibit their accumulation and 
eliminate deleterious cellular effects [20]. A number 
of parameters are implemented to monitor the stress 
status in broilers, including plasma levels of glucose 
and cholesterol, as well as heterophil to lymphocyte 
(H:L) ratio [2,3].

When birds exposed to stress, selenium is used 
in antioxidant enzymes to decrease the harmful effects 
of free radicals. In this regard, the source of selenium 
is important to provide enough protection. There are 
three forms of selenium as inorganic, organic and nano-
selenium (Nano-Se). Recently, the latter has attracted 
widespread attention because of low toxicity [25, 28]. 

The aim of the present work was to study the ef-
fect of nano-selenium, organic, and inorganic selenium 
on blood indices in broiler subjected to oxidative stress.

MATERIALS AND METHODS

Experimental birds and rearing condition

A total of 320 one-day old male broiler chicken 
(Cobb 500) was used in a completely randomized 
design with a 2×4 factorial arrangement. The study 
consisted of 8 treatment groups with 4 replicates of 10 
birds per each. The chicks were weighed and were ran-
domly assigned to experimental units (floor pens). The 
rearing temperature was 32°C in the first week rearing 
to 21°C at the end of the trial (week 6). The birds were 
kept under a 23L:1D lighting program and had a free 
access to fresh water. Experimental diets were fed 
from the first day of the trial the corn-soybean-meal-
based diets were formulated to meet the requirements 
for Cobb 500 broilers in mash form (Table 1). The Se 
sources used were organic Se (Sel-Plex®)1, inorganic 
Se (sodium selenite) and nano-selenium2. The particle 
size of nano-selenium ranged from 10 to 45 nm with 
99.95% purity.

Table 1. Feed ingredients (%, as fed) and composition of the basal diets.

Ingredient Starter Grower Finisher

Yellow corn 49.53 53.04 53.64

Soybean meal (44%) 38.31 31.51 30.02

Wheat grain 5.02 8 10

Fish meal (66%) 2.5 2.5 0

Vegetable oil 1.03 1.6 2.8

Di-calcium 
phosphate

1.53 1.44 1.52

Oyster shell 0.95 0.84 1.02

Salt 0.15 0.14 0.18

Vitamin-mineral 
premix* 0.6 0.55 0.5

Coccidiostat 0.04 0.04 0.04

DL- Methionine 0.23 0.22 0.20

L-Lysine 0.11 0.12 0.08

Total 100 100 100

Calculated chemical 
composition

ME (kcal/kg) 2950 3000 3050

Crude protein (%) 22.2 20.2 18.2

Calcium (%) 1 0.97 0.92

Available  
phosphorus (%)

0.5 0.48 0.45

*Vitamin and mineral provided per kilogram of diet: vitamin A, 360000 
IU; vitamin D3, 800000 IU; vitamin E, 7200 IU; vitamin K3, 800 mg; 
vitamin B1, 720 mg; vitamin B9, 400 mg; vitamin H2, 40 mg; vitamin B2, 
2640 mg, vitamin B3, 4000 mg; vitamin B5, 12000 mg; vitamin B6, 1200 
mg; vitamin B12, 6 mg; Choline chloride, 200000 mg, Manganese; 40000 
mg; Iron, 20000 mg; Zinc, 40000 mg; Copper, 4000 mg; Iodine, 400 mg.

Experimental groups 

Experimented treatment were as follows: 
Control with (CON

O
) or without (CON

N
) oxida-

tive stress, nano-selenium with (NAN
O
) or without 

(NAN
N
) oxidative stress, organic selenium with 

(ORG
O
) or without (ORG

N
) oxidative stress and 

inorganic selenium with (INO
O
) or without (INO

N
) 

oxidative stress. All Se sources were included at 0.3 
mg/kg of diet. Tert-butyl hydroperoxide (Tert-BHP)3 
was used to induce the oxidative stress. The birds 
belonging to oxidative stressed experimental groups 
intraperitoneally received 0.2 mmol/kg body weight 
Tert-BHP intraperitoneally. Tert-BHP has been used 
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extensively to induce oxidative stress in rat [13,26]. 
A sham operation was conducted in birds belonging 
to non-stressed groups through injection of normal 
saline.

Blood attributes

Two birds per replicate were randomly selected 
at 42 day of age for blood measurements, including 
serum glucose and cholesterol content, total leukocyte 
number, total erythrocyte number, Hb, hematocrite, 
MCV, MCH, MCHC, as well as the number of platelets, 
lymphocytes, heterophil, basophil, monocytes, and H:L 
ratio using an automated hematology analyzer (Sysmex 
XS-800i K-800i)4. Serum glucose level was measured 
by a commercially available kit (Pars Azmoon reagents 
kit)5. Serum cholesterol level was measure by CHOD-
PAD enzymatic approach, using a kit provided by Pars 
Azmoon Co. (Iran) at 546 nm.

Statistical analysis

Data were subjected to the PROC GLM of 
SAS 9.2 [18] and mean comparison was done using 
the Duncan Multiple Range Test at P < 0.05.

RESULTS

Blood attributes

Table 2 shows the effect of Se source and oxidative 
stress on blood attributes. Oxidatively stressed birds re-
corded a higher basophil number compared to non-stressed 
birds (P < 0.05). Total leukocyte number and MCV showed 
a significant difference among the experimental groups (P 
< 0.05). Within each rearing condition, however, no dif-
ferent were found among the treatment groups (P > 0.05). 
The number of total erythrocyte, Hb, Hematocrit, MCH, 
MCHC, monocyte, and platelets were not different among 
the experimental groups (P > 0.05). In contrast, lympho-
cyte and heterophil number as well as H:L ratio showed 
a significant difference among the treatment groups (P < 
0.05). Oxidative stress was associated with an increased 
H:L ratio compared to non-oxidative condition. At non-
oxidative condition, nano-Se resulted in a lower H:L ratio 
compared to CON

N
 group. The differences for H:L ratio 

was not significant between either ORG
N
 or INO

N
 as com-

pared with CON
N
 group. Selenium source and oxidative 

stress interacted to affect total leukocyte number, MCV, 
lymphocytes, heterophil, basophil, and H:L ratio (Table 2). 

Table 2. Effect of organic, inorganic and nano selenium on blood attributes of broiler in oxidative and non-oxidative conditions.

Item1

Treatments * P-Value

CON
O

CON
N

NAN
O

NAN
N

INO
O

INO
N

ORG
O

ORG
N

SEM
Se 

source
Oxidative 
condition

Interaction

W B C (x106/μL) 12.41ab 12.07abc 11.53abc 10.23c 12.82a 10.42bc 12.70a 11.22abc 0.622 0.1787 0.0045 0.4460

R B C (x 106 /μL) 2.36 2.51 2.18 2.43 2.45 2.42 2.60 2.51 0.085 0.0651 0.2728 0.1967

Hemoglobin (ng/dL) 10.57 9.65 9.97 9.82 10.17 9.47 10.30 9.82 0.375 0.8547 0.0448 0.7631

Hematocrit (%) 34.05 35.35 37.30 37.72 33.85 35.50 34.02 37.07 1.79 0.3682 0.2189 0.9053

MCV(μm3) 141.25a 141.02a 141.02a 141.67a 140.85a 143.77a 131.45b 143.15a 1.020 <0.0001 <0.0001 0.0003

MCH (pg) 39.77 39.00 39.97 39.70 39.42 40.17 40.47 39.50 0.756 0.8742 0.5569 0.6732

MCHC (g/dL) 27.57 28.12 27.42 27.55 27.45 28.15 27.45 27.87 0.426 0.8324 0.1488 0.9197

Platelet (%) 18.00 17.75 18.50 16.50 15.25 17.25 18.00 18.75 1.035 0.2313 0.8659 0.2879

Lymphocyte (%) 75.00bc 79.75a 73.75bc 78.50a 73.00c 76.75ab 74.75bc 79.25a 1.054 0.1121 <0.0001 0.9588

Heterophil (%) 20.50a 15.25c 18.25b 12.75d 17.75b 14.00cd 15.00c 13.75cd 0.618 <0.0001 <0.0001 0.0080

Monocyte (%) 4.25 3.67 4.32 3.77 4.25 3.72 4.37 3.47 0.363 0.9883 0.0204 0.9889

Basophil (%) 1.75ab 1.00c 1.75ab 1.00c 1.75ab 1.00c 2.00a 1.25bc 0.176 0.4098 <0.0001 1.0000

H:L ratio2 0.27a 0.19c 0.24ab 0.16d 0.24b 0.18cd 0.20c 0.17cd 0.009 0.0005 <0.0001 0.1049

a-cWithin rows, values with different superscripts differ significantly (P  ≤  0.05). *CON: Control, NAN: Nano selenium 0.3 mg/kg, INO: Inorganic se-
lenium 0.3 mg/kg, ORG: Organic selenium 0.3 mg/kg, O: Oxidative condition, N: Non oxidative condition. 1White blood cell (WBC); Red blood cells 
counts (RBC); Hemoglobin.(Hb); Mean corpuscular volume. (MCV); Mean corpuscular hemoglobin (MCH); Mean corpuscular hemoglobin concentra-
tion (MCHC). 2H:L ratio = Heterophil: Lymphocyte ratio.
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The effects of different Se sources at oxida-
tive and non-oxidative stress on blood cholesterol and 
glucose concentrations are presented in Table 3. The 
effect of Se source on these traits was significant where 
higher values were recorded for oxidative than non-
oxidative condition. No difference was found between 
NAN

N
 and NAN

O
 groups in terms of cholesterol level. 

At oxidative stress condition, Se- supplemented birds 
showed no difference in cholesterol levels as compared 
to CON

N
 group. However, birds receiving different 

sources of Se had a higher cholesterol level than that 
of the control group at non oxidative condition. An 
interaction effect was also found on cholesterol and 
glucose concentrations (Table 3).

Table 3. Effect of organic, inorganic and nano-selenium on blood cholesterol and glucose of broiler in oxidative and non-oxidative conditions

Item

Treatments* P-Value

CON
O

CON
N

NAN
O

NAN
N

INO
O

INO
N

ORG
O

ORG
N

SEM
Se 

source
Oxidative 
condition

Interaction

Cholesterol 
(mg/dL)

136.50a 123.50c 135.50a 133.00ab 134.75a 129.00b 134.75a 129.00b 1.582 0.0909 <0.0001 0.0205

Glucose 
(mg/dL)

235.50ab 204.75d 240.50a 215.00cd 226.50bc 225.00bc 237.50ab 214.50cd 4.163 0.3091 <0.0001 0.0036

a-dWithin rows, values with different superscripts differ significantly (P ≤ 0.05). *CON: Control,  NAN :Nano selenium 0.3 mg/kg, INO: Inorganic sele-
nium 0.3 mg/kg, ORG: Organic selenium 0.3 mg/kg, O: Oxidative condition, N:  Non oxidative condition.

DISCUSSION

In the present study, the sources of Se did 
not affect the total leukocyte and erythrocyte number 
as well as the Hb concentration within each rearing 
condition on the contrary El-sheikh et al. [4] reported 
an increase in these attributes in birds fed on diet 
supplemented with organic Se (Sel-Plex) within each 
oxidative condition in the current study, the number of 
leukocytes did not affected by Se source. However, an 
increased number of leukocytes in Se- supplemented 
bird has been reported previously [11,19]. The present 
data showed a higher record of H:L ratio for oxidative 
stress condition. The lowest value was recorded for 
NAN

N
 group. Higher H:L ratio is an indicative of a 

stressful condition [10]. Circulatory corticoids play a 
central role in decreasing the number of lymphocytes 
[7]. The current data showed a higher heterophil 
percentage in stressed groups, which could be due to 
improve the immune competence in the birds [9]. 

Although no difference in monocyte number 
were recorded among the experiment groups, decreased 
lymphocyte and monocyte numbers and increased het-
erophil number which, in turn, results in a higher H:L 
ratio are used as stress indices in animals [23]. Oxida-
tive stress resulted in a higher glucose concentration, 
which may contribute to retrieve the homeostasis at 
stressful conditions [24]. Our results showed a higher 
blood cholesterol level for oxidative condition, an index 
that has also been reported as an index for stressful 
situations [3]. 

Tert-butyl hydroperoxide(tert-BHP) has been 
broadly used to elucidate the mechanisms underlying 
impaired oxidative stress in rats [17]. Administration of 
tert-BHP (0.2 mmol/kg) detrimentally affected the liver 
and increased its lipid peroxidation and malondialde-
hyde (MDA), and decreased the activity of glutathione 
[26]. However the effect of different sources of Se at an 
oxidative stress condition induced by tert-BHP in broiler 
chickens has not been addressed previously. The present 
work showed that tert-BHP-induced, oxidative stress 
was associated an increase in H:L ratio and circulatory 
glucose and cholesterol concentration, all of which are 
indicatives of oxidative stress [22]. The effect of Se 
sources, however, did not affect these characteristics. 
Puvadolpriod and Thaxton [16] observed an increase in 
H:L ratio, and blood cholesterol and glucose concentra-
tion in broiler chickens administered with adrenocorti-
cotropin hormone (ACTH). Seaman et al. [20] injected 
hemin (the hemin-phosphate buffer solution contained 1 
ml of dimethyl sulfoxide) inter-peritoneally in 3 succes-
sive days in broiler chicken to induce an oxidative stress. 
They found a higher oxidative activity of leukocytes and 
a decrease in plasma uric level. In the present study, the 
circulatory cholesterol level in Se-supplemented birds 
under non-oxidative condition was increased. In agree-
ment with this finding, Habibian et al. [8] also reported 
higher records for above mentioned parameters in heat-
stressed broiler chickens. In comparison to selenite, a 
comparable or high bioavailability along with a lower 
toxicity was reported for nano-selenium in studies on 
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mice, rabbit, broilers and goats [6,25,27,29,30). Hu 
et al. [12] reported a broader range of favorable and 
toxic effect for nano-selenium as compared to sodium 
selenite. It has also been suggested that nano-selenium 
had 7 times as low acute toxicity as sodium selenite 
(LD

50
: 113 vs. 15.7mg Se/kg body weight). Also, 

nano-selenium had a shorter and less severe sub-acute 
toxicity as compared with selenite in mice [14,27,29). 
The bioavailability and toxicity of nano-selenium in 
broiler and goats are respectively higher and lower than 
those reported for selenite [21,30]. These differences 
could be attributed to lipophilic features and metabolic 
routs related to various Se sources on the contrary, Li 
et al. [15] reported a much higher toxic effect of nano-
selenium than selenite in Medaka fish. In their study 
on Cruciaa carp, Zhou et al. [31] recorded a higher 
daily gain and final body weight, using nano-selenium 
and selenomethionine; however, the survival rate and 
feed conversion ratio was not affected by Se source 
Supplementation. The group receiving nano-selenium 
had a higher muscular content of Se and GPX activity 
in plasma and liver. 

CONCLUSION

For concluding, data gathered in the present 
study showed that, the circulatory cholesterol level in 
Se-supplemented birds under non-oxidative condition 
was increased. The present study showed for the first 
that negative effects of oxidative stress might be attenu-
ated by dietary supplementation of Se. Future works 
might be interested in characterizing the underlying 
mechanisms involved.
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