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Abstract
The aim of this study was to evaluate the effects of nano-particle of selenium on liver antioxidant
activity, blood cells count and IgG level in rats exposed to oxidative stress. Twenty four male rats were
randomly divided into four treatments with six replicates. Treatments included of: control group gavaged and
injected (ip) normal saline; T1: injected (ip) tert butyl hydroperoxide (t-BHP) at 0.2 mmol per kg body weight
and gavaged normal saline; T2: gavaged nano selenium (0.3 mg per kg body weight) and injected (ip) normal
saline, and T3: injected (ip) t-BHP (0.2 mmol per kg body weight) following gavaged nano-Selenium (0.3 mg
per kg body weight). Experimental period was lasted for 35 days and administrations were done each 48 hour.
Oxidative stress (T2) increased the liver activities of antioxidant enzymes and also the levels of liver enzymes
released in the plasma as compared with other treatments. T3 had lower (P <0.05) enzyme activities than T2
group. T2 had the lowest (P<0.05) and T1 had the highest red blood cells, white blood cells, neutrophil and
lymphocyte counts. T3 had higher count of red blood cells than T2. Gavage of nano-selenium in stressed rats
had no effect on total and differential white cells count compared with stressed rats (T2) or the control group.
In stressed rats (T2 and T3), IgG was decreased compared to non-stressed rats. It was concluded that nanoselenium supplementation ameliorate the negative effects of oxidative stress on liver and influence positively
in red blood cells count and immunoglobulin production.
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Introduction
An imbalance between oxidants and antioxidants causes a condition in the animal body termed as
oxidative stress. When oxidative stress occurs, the levels of free radicals increased that can damage cells and
impair cells and tissues functions (Al-Gubory et al., 2010). Free radicals adversely influence on antioxidant
enzyme activity, immune cells and also Immunoglobolins production (Burton, 2010; Al-Gubory et al., 2010).
Antioxidant enzymes activity is necessary to decline the free radicals and inhibition of imbalance between
oxidants and antioxidants (Burton & Jauniaux, 2010). These enzymes require selenium as cofactor for activity
or building material for stability to reduce the negative effects of free radicals on body structures and
functions. During stressful conditions, the need for selenium is higher than normal condition and deficiency
may occur (Beckett & Arthur, 2005; Köhrle et al., 2007; Zhang et al., 2008; Chole et al., 2010). Stỳblo et al.
(2007) showed that selenium deficiency causes a decrease in intracellular glutathione peroxidase activity. In
the previous studies (Hoffmann & Berry 2008; Ganabadi et al., 2010; Boostani et al., 2015a,b), the effects of
organic and inorganic sources of selenium on immunity, growth, health, and reproduction in human and
animals were examined; however, effect of nano-particles of selenium on mentioned parameters remained
unknown. Also, the results of these studies are less clear concerning the benefits of Selenium supplementation
in animals fed adequate selenium.
Nano-selenium has ubiquitous properties such as high absorbed ability and low toxicity compared to
other sources of selenium (Zhang et al., 2008). It was hypothesized that administration of nano Selenium
could satisfy the body needs to selenium during oxidative stress and ameliorate the negative effects of stress
on antioxidant enzymes activity, metabolism related hormones and immune response. A little information
exists concerning the effect of nano-Selenium on mentioned parameters especially in the animals exposed to
stress. Therefore, the main purpose of the current study was to evaluate the effect of nano-selenium on the
liver antioxidant enzymes activity, blood cells counts, and immunoglobulins levels in male rats exposed to
oxidative stress induced by tert-butyl hydroperoxide (t-BHP). Tert-BHP has been used extensively to induce
oxidative stress in rat (Yen et al., 2004; Hwang et al., 2002).

Materials and methods
Red elemental nano-Selenium was purchased from American Elements Co. (Los Angeles, USA).
The average particle size was 42 nm with a purity of 99.95%. Before applying, an aliquot of nano-selenium
was poured in the tube containing normal saline with 1% sodium carboxymethyl cellulose (as stabilizer). To
disperse the particles, tubes were stirred for 15 min and then put in ultrasonic bath for 25 min. To avoid the
aggregation of the particles, fresh suspension was prepared before every use. tert-butyl hydroperoxide (2Methylpropane-2-peroxol) was provided from Sigma-Aldrich Chemical Corporation (St. Louis, MO, USA).
Twenty four male Wistar albino rats (120 g body weight) were prepared from the Pasteur Institute (Tehran,
Iran). The rats were kept in quarantine for 10 days after entrance and then housed in clean animal room with
polycarbonate plastic cages. Animal room had well air-conditioner and controlled temperature (23 °C) and
humidity (60%) vehicles and lighting schedule (12 h light/dark). Rats were fed ad libitum a laboratory diet
suitable for rat and had free access to fresh water. A week was considered for acclimatization to cages
environment and thereafter experiment was done. During adaptation period and experiment, rats received free
rats selenium pelleted diet. Rats were randomly assigned to four treatments with six replicates. Treatments
included of: control group gavaged and injected (ip) normal saline; T1: injected (ip) tert butyl hydroperoxide
(t-BHP) at 0.2 mmol per kg body weight (Boostani et al., 2015b) and gavaged normal saline; T2: gavaged
nano Selenium (0.3 mg per kg body weight) and injected (ip) normal saline, and T3: first gavaged nanoSelenium (0.3 mg per kg body weight) and then injected (ip) t-BHP (0.2 mmol per kg body weight) with one
hour elapsed between them. Experimental period was lasted for 35 days and administrations were done each
48 hour.
On day 35 of experiment, rats were fasted overnight with free access to fresh water. Next day, rats
were anesthetized with injection (ip) of Ketamine-Xylazine. Blood samples were directly collected into
vacuum tubes from heart. A part of blood sample was poured in heparinized-gel containing tubes for
separation of plasma. Reminder was poured in the tube containing sodium citrate for measurement of blood
red cells and immune cells counts. Then plasma was separated using centrifuge (2500 × g for 15 min) and
supernatant was collected in the clean tubes and kept at -20 °C. After opening abdominal cavity, liver was
removed and placed in clean container and stored at -20 °C.
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The glutathione peroxidase (GPx) activity in the liver was assayed based on the procedure of Paglia
and Valentine (Paglia & Valentine, 1967). The liver activity of superoxidase dismutase (SOD) was measured
based on the procedure described by Beauchamp & Fridovich (1971). The liver activity of catalase was
measured using commercial kits (Randox, UK). The levels of alanine aminotransferase (ALP), aspartate
aminotransferase (AST) and alkaline phosphatase (ALP) in the plasma of rats were assayed using commercial
kits (Pars Azmoon, Tehran, Iran) and a suitable spectrophotometer (Shimadzu UV-260, Shimadzu Corp,
Tokyo, Japan).
The red blood cells (RBC), total and differential white blood cells (WBC) were count using
hemacytometer (T-890, Culter, USA). Giemsa-stained blood film was applied to count the differential white
blood cells. Plasma IgG was measured using the rat IgG ELISA kit (Life Diagnostics Inc., PA, USA).
To evaluate the normality of collected data, Kolmogorov-Smirnov test was done using SAS
Software. Thereafter, analysis of variance was done based on completely randomized design using the GLM
procedures of SAS. Tukey test was used for mean comparison at P <0.05.

Results
The effect of different treatments on the liver activities of superoxide dismutase, glutathione
peroxidase and catalase are shown in Table 1. Oxidative stress induced by t-BHP significantly increased the
activities of superoxide dismutase, glutathione peroxidase and catalase as compared with other treatments.
There was no significant difference (P >0.05) between nSe and the control group for superoxide dismutase
activity in the liver, but glutathione peroxidase and catalase activity in the liver of rats received nano-selenium
was higher than the control group (P <0.05). Rats in T3 group that received nano-selenium and exposed to
stress had lower (P <0.05) superoxide dismutase activity in the liver as compared with T2 group.
Table 1. Effects of different treatments on antioxidant enzymes activity in the liver of rats
Superoxide Dismutase Glutathione peroxidase Catalase
Treatments
IU/mg.pr
IU/mg.pr
IU/mg.pr
Control
3.36 c
1.65 d
4.11 d
bc
b
T1
3.53
2.02
4.79 c
a
a
T2
4.19
2.78
6.73 a
b
c
T3
3.80
1.86
5.52 b
*
SEM
0.065
0.012
0.095
P value
0.001
0.001
0.001
a, b, c, d

Means in column that possess different superscripts differ significantly (P<0.05).
T1: gavaged nano-selenium; T2: exposed to oxidative stress, T3: stressed rats received nano Selenium
*
SEM: total standard error of means

Table 2 Effects of different treatments on liver enzymes activity in the plasma of rats
Treatments
Alanine aminotransferase Aspartate aminotransferase Alkaline phosphatase
IU/mg.pr
IU/mg.pr
IU/mg.pr
Control
28.50 c
35.30c
46.12 bc
T1
23.11 c
36.81 c
40. 38 c
a
a
T2
44.42
52.64
54.36 a
b
b
T3
34.68
48.50
49.18 b
*
SEM
9.269
6. 041
9.440
P value
0.001
0.001
0.001
a, b, c, d

Means in column that possess different superscripts differ significantly (P<0.05).
T1: gavaged nano-selenium; T2: exposed to oxidative stress, T3: stressed rats received nano Selenium
*
SEM: total standard error of means

Table 2 shows the effects of different treatments on liver enzymes activity in the plasma of rats. Rats
exposed to oxidative stress had higher plasma activities of Alanine aminotransferase, Aspartate
aminotransferase and alkaline phosphatase than other treatments (P<0.05). There was no significant
difference between rats received nano-selenium as gavage and the control group for these enzymes activities.
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Table 3: Effects of energy sources and levels on the total and differential of white cells counts
Item

Control

Red blood
cells
×106/ml
7.11 b

White cells
count
×103/ml
9.40 ab

Lymphocyte
×103/ml

Neutrophil
×103/ml

Monocytes
×103/ml

Basophil
×103/ml

6.18 a

2.10 ab

26 b

0.0082 bc

T1

7.75 a

9.69 a

6.23 a

2.21 a

22 b

0.0101 a

T2

6.46 c

8.87 c

5.67 b

1.81 c

31 a

0.0092 ab

7.30 b

9.10 bc

6.06 a

1.96 bc

23 b

0.0072 c

0.078

0.111

0.076

0.015

8.5

0.0001

0.001

0.007

0.025

0.001

0.001

0.010

T3
SEM

*

P value

a, b, c Means within a column with different superscripts are significantly different (P<0.05).
T1: gavaged nano-selenium; T2: exposed to oxidative stress, T3: stressed rats received nano Selenium
* SEM: total standard error of means

Fig 1. Effects of different treatments on IgG
level in the plasma of rats

As shown in Table 3, rats exposed to oxidative stress (T2) had the lowest (P<0.05) and those
received nano-selenium (T1) had the highest red blood cells count. There was no difference between T3 and
the control group. Administration of nano-selenium in rats exposed to stress increased the count of red blood
cells as compared with T2. White blood cells, neutrophil and lymphocyte in group exposed to stress (T2) had
the lowest and in group received nano-selenium had the highest count (P<0.05). Gavage of nano-selenium in
stressed rats had no effect on these parameters compared with stressed rats (T2) or the control group. There
was no significant among the control group, T1 and T3 for monocytes, but difference was appear in rats
exposed to oxidative stress.
There were significant differences among treatments for IgG (Figure 1). In stressed rats (T2 and T3),
IgG was decreased compared to non-stressed rats. Selenium supplementation had no effect on IgG level in
non-stressed and stressed rats.

Discussion
The main objective of current study was to assess the protective effect of nano-particles of Selenium
on the liver and immune system, hence the liver antioxidant activity, liver enzymes appear in the plasma due
to damage, immunoglobulins and blood cells were measured. In the literature, there is no report concerning
the effects of nano-particles of Selenium on liver antioxidant activity, blood cells count and also
immunoglobulins levels in animals exposed to stress.
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In this study, rats exposed to oxidative stress show an increase in the activities of SOD, GPx and
catalase in the liver. During this condition, antioxidant enzymes such as SOD, GPx and catalase are essential
factors for scavenging ROS and reduce the negative effects of them on tissues (Atencio et al., 2009). This
finding is in contrast with studies (Zhang et al., 2008; Chole et al., 2010) who reported that human and
animals exposed to oxidative stress showed a decrease in the activities of antioxidant enzymes. Discrepancies
exist among studies about the effect of oxidative stress on the activities of antioxidant enzymes. The activities
of antioxidant enzymes seem to be depend on the duration of exposure, nature and intensity of oxidative
stress. Gavage of nano-selenium increased the liver activities of antioxidant enzymes in non-stressed rats, but
decreased these activities in stressed rats. Selenium forms selenocysteine, which is the important part of the
active site of antioxidant enzyme, glutathione peroxidase and is also necessary for antioxidant enzymes
stability and function (Köhrle et al., 2000). A study (Stỳblo et al., 2007) showed that selenium deficiency is
associated with significant decrease in GPx activity. In line with our results, Shi et al. (2010) and Hao et al.
(2014) reported that the activities GPx and SOD significantly increased in the tissues of groups fed selenium.
As seen in Table 2, rats exposed to oxidative stress showed an increase in the plasma activities of
ALT, AST and ALP. Increase in the level of these enzymes due to oxidative stress has been reported by
Ozardali et al. (2004), which corresponded with the results of this stud. The plasma activities of these
enzymes are the sensitive markers for diagnosis of damage in the hepatic tissue. These enzymes are
cytoplasmic enzymes and released into the blood after hepatic cellular damage. During oxidative stress ROS
generate and hydroxyl radicals increase peroxidation of fatty acids and finally cell membrane damaged and
ruptured. Gavage of nano-selenium had no effect on activities of these enzymes in non-stressed rats, but
decreased the activities in stressed rats. In agreement with our results, decrease in the level of these enzymes
due to selenium injection has been reported (Ozardali et al. (2004).
In the current study, oxidative stress decreased count of red blood cells. In line with this finding, the
study of Ghaffari (2008) showed that oxidative stress contributes to the regulation of erythrocyte
differentiation and homeostasis. Hematopoietic stem cells and also red blood cells are highly sensitive to high
levels of ROS. It was clearly speculated that deficiencies in several scavengers of ROS resulted in anemia
(Ghaffari, 2008). In addition, high levels of ROS lead to hemolysis that results in destruction and shorten the
life span of red blood cells. Moreover, the process of formation and differentiation of red blood cell is
sensitive to ROS (Kong et al., 2004; Lee et al., 2004). Selenium supplementation has been reported to be
important in regulating red cell homeostasis and differentiation of erythroid progenitors (Kaushal et al.,
2011). As mentioned earlier, during stress, the selenium need increase and deficiency may be occur. Selenium
deficiency results in low activity of selenoproteins, which expose cells to oxidative damage. Selenium
deficient animals had higher sensitivity to lysis of erythrocyte and methemoglobin formation, which attributed
to high levels of ROS.
Total and differential white blood cells affected by oxidative stress, but nano-selenium
supplementation had no effect on white cells counts. During stress, the adrenal gland release cortisol
(Fantidis, 2010). Cortisol promotes the breakdown protein and inhibits protein synthesis. The immune system
depends on the synthesis of immunoglobulins, which is depressed by high level of cortisol and atrophy occur
in the lymphoid tissues (Sadeghi et al., 2013). Hence, the production of the leukocytes count decline and
immunoglobulins decrease (Post et al., 2003; El-Lethey et al., 2003). It was speculated that selenium
supplementation resulted in an enhancement of both cell-mediated and humoral immune responses (Hawkes
et al., 2001; Montgomery et al., 2012).
It was concluded that nano-selenium supplementation ameliorate the negative effects of oxidative
stress on liver and influence positively in red blood cells count and immunoglobulin production.
Acknowledgments
The authors are grateful to the Islamic Azad University for research funding support. We also thank all staffs
in the animal house, for the assistance in the care and feeding of the rats used in this research.

85

Nasirpour et al. 2017/J. Livestock Sci. 8: 81-87

References
1) Al-Gubory K.H., Fowler P.A., Garrel C. 2010. The roles of cellular reactive oxygen species, oxidative
stress and antioxidants in pregnancy outcomes. International Journal of Biochemistry and Cell Biology,
42, 163-165,
2) Atencio L., Moreno I., Jos Á., Prieto A.I., Moyano R., Blanco A., Cameán A.M. 2009. Effects of dietary
selenium on the oxidative stress and pathological changes in tilapia (Oreochromis niloticus) exposed to
a microcystin-producing cyanobacterial water bloom. Toxicon, 53, 269-282.
3) Beauchamp C., Fridovich I. 1971. Superoxide dismutase: improved assays and an assay applicable to
acrylamide gels. Anal Biochemistry, 44, 276-279.
4) Beckett G.J., Arthur J.R. 2005. Selenium and endocrine systems. Journal of Endocrinology, 184, 455–465.
5) Boostani A., Sadeghi A.A., Mousavi S.N., Chamani M., Kashan N. 2015a. The effects of organic,
inorganic, and nano-selenium on blood attributes in broiler chickens exposed to oxidative stress. Acta
Scientiae Veterinaria, 43, 1-6.
6) Boostani A., Sadeghi A.A., Mousavi S.N., Chamani M., Kashan N. 2015b. Effects of organic, inorganic,
and nano-Se on growth performance, antioxidant capacity, cellular and humoral immune responses in
broiler chickens exposed to oxidative stress. Livestock Science, 178, 330–336.
7) Burton G.J., Jauniaux E. 2010. Oxidative Stress. Best Practice and Research. Clinical Obstet Gynaecology,
25, 287- 299.
8) Chole R.H., Patil R.N., Basak A., Palandurkar K., Bhowate R. 2010. Estimation of serum malondialdehyde
in oral cancer and precancer and its association with healthy individuals, gender, alcohol, and tobacco
abuse. Journal of Cancer Research Therapy, 4, 487-491.
9) El-Lethey, H., Huber-Eicher B., Jungi, T.W. 2003. Exploration of stress-induced immunosuppression in
chickens reveals both stress-resistant and stress-susceptible antigen responses. Veterinary Immunology
and Immunopathology, 95, 91-101.
10) Fantidis P. 2010. The role of the stress-related anti-inflammatory hormones ACTH and cortisol in
atherosclerosis. Current Vascular Pharmacology, 8, 517-25.
11) Ganabadi S., Halimatun Y., Amelia Choong K.L., Nor Jawahir A., Mohammed Hilmi A. 2010. Effect of
Selenium Supplementation on Spermatogenic Cells of Goats. Malaysian Journal of Nutrition, 16, 187–
193.
12) Ghaffari S. 2008. Oxidative Stress in the Regulation of Normal and Neoplastic Hematopoiesis.
Antioxidant Redox Signal, 10, 1923–1940.
13) Hao X., Ling Q., Hong F. 2014. Effects of dietary selenium on the pathological changes and oxidative
stress in loach (Paramisgurnus dabryanus). Fish Physiology and Biochemistry, 40, 1313–1323.
14) Hawkes W.C., Kelley D.S., Taylor P.C. 2001. The effects of dietary selenium on the immune system in
healthy men. Biological Trace Element Research, 81, 189–213.
15) Hoffmann P.R., Berry M. J. 2008. The influence of selenium on immune responses. Molecular Nutrition
and Food Research, 52, 1273–1280.
16) Hwang J.M., Wang C.J., Chou F.P., Tseng T.H., Hsieh Y.S., Lin W.L., Chu C.Y. 2002. Inhibitory effect
of berberine on tert-butyl hydroperoxide-induced oxidative damage in rat liver. Archives of
Toxicology, 76, 664-670.
17) Kaushal N., Shailaja H., Jeanne L., Robert F.P., Sandeep P.K. 2011. The Regulation of Erythropoiesis by
Selenium in Mice. Antioxidant Redox Signal, 14, 1403–1412.
18) Kong Y., Zhou S., Kihm A.J., Katein A.M., Yu X., Gell D.A., Mackay J.P., Adachi K., Foster-Brown L.,
Louden C.S., Gow A.J., Weiss M.J. 2004. Loss of alpha-hemoglobin stabilizing protein impairs
erythropoiesis and exacerbates beta-thalassemia. Journal of Clinical Investment, 114, 1457–1466.
19) Köhrle J., Jakob F., Contempré B., Dumont J.E. 2007. Selenium, the thyroid, and the endocrine system.
Endocrinology Review, 26, 944–984.
20) Köhrle J., Brigelius-Flohé R., Böck A., Gärtner R., Meyer O., Flohé L. 2000. Selenium inbiology: facts
and medical perspectives. Biological Chemistry, 381, 849–864.
21) Lee J.M., Chan K., Kan Y.W., Johnson J.A. 2004. Targeted disruption of Nrf2 causes regenerative
immune-mediated hemolytic anemia. Proceeding of National Academic Science, 101, 9751–9756.

86

Nasirpour et al. 2017/J. Livestock Sci. 8: 81-87

22) Montgomery J.B., Wichtel J.J., Wichtel M.G., McNiven M.A., McClure J.T., Markham F., Horohov D.W.
2012. Effects of selenium source on measures of selenium status and immune function in horses.
Canadian Journal of Veterinary Research, 76, 281-291.
23) Ozardali I., Bitiren M., Karakilçik A.Z., Zerin M., Aksoy N., Musa D. 2004. Effects of selenium on
histopathological and enzymatic changes in experimental liver injury of rats. Ogy, 56, 59-64.
24) Paglia D.E, Valentine W.N. 1967. Studies on the quantitative and qualitative characterization of
erythrocyte glutathione peroxidase. Journal of Laboratory Clinical Medicine, 70, 158-169.
25) Post, J., Rebel, J.M.J., ter Huurne, A.A.H.M. 2003. Physiological Effects of Elevated Plasma
Corticosterone Concentrations in Broiler Chickens. An Alternative Means by Which to Assess the
Physiological Effects of Stress. Poultry Science, 82, 1313-1318.
26) Sadeghi A.A., Mirmohseni M., Shawrang P., Aminafshar M. 2013. The effect of soy oil addition to the
diet of broiler chicks on the immune response. Turkish Journal of Veterinary and Animal Sciences, 37,
264-270.
27) Shi L.G., Yang R., Yue W., Xun W., Zhang C., You-she E., Lei S. 2010. Effect of elemental nanoselenium on semen quality, glutathione peroxidase activity, and testis ultrastructure in male Boer goats.
Animal Reproduction Science, 118, 248-254.
28) Spallholz J.E., Boylan L.M., Larsen H.S. 1990. Advances in understanding selenium's role in the immune
system. Annual Academic Science, 587, 123–139.
29) Stỳblo M., Walton F.S., Harmon A.W., Sheridan P.A., Beck M.A. 2007. Activation of superoxide
dismutase in selenium-deficient mice infected with influenza virus. Journal of Trace Element and
Medical Biology, 21, 52-62.
30) Yen G.C., Yeh C.T., Chen Y.J. 2004. Protective Effect of Mesona procumbens against tert-Butyl
Hydroperoxide-Induced Acute Hepatic Damage in Rats. Journal of Agricultural and Food Chemistry,
52, 4121-4127.
31) Zhang J.S., Wang X.F., Xu T.W. Elemental selenium at nano size (nano-Se. as a potential
chemopreventive agent with reduced risk of selenium toxicity: Comparison with Semethylselenocysteine in mice. Toxicology Science, 101, 22-31.

87

