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Abstract Selenium is a trace element that has antioxidant and
neuroprotective effects. The aim of this study is to investigate
the effects of selenium in reducing ischemia-reperfusion inju-
ry of the gastrocnemius muscle. In this experimental study, 80
adult male Wistar rats weighing 250–300 g were divided into
ten groups (N=8 per group). Group 1 is control group (without
ischemia-reperfusion). Group 2 received 0.2 mg/kg selenium.
Group 3 received ischemia+3 d reperfusion+0.2 mg/kg sele-
nium, group 4 received ischemia+3 d reperfusion+0.2 mg/kg
placebo, group 5 received ischemia+7 d reperfusion+
0.2 mg/kg selenium, group 6 received ischemia+7 d reperfu-
sion+0.2 mg/kg placebo, group 7 received ischemia+14 d
reperfusion+0.2 mg/kg selenium, group 8 received ische-
mia+14 d reperfusion+0.2 mg/kg placebo, group 9 received
ischemia+28 d reperfusion+0.2 mg/kg selenium and group
10 received ischemia+3 d reperfusion+0.2 mg/kg placebo.
External iliac artery blocked for 3 h. After reperfusion, rats
killed and gastrocnemius muscle removed, fixed, and tissue
processing performed. Samples stained with hematoxylin-
eosin for edema evaluation, toluidine blue for mast cell infil-
tration evaluation and immunohistochemistry for detection
TNF-alpha and NF-kappa B proteins. Comparison ofmast cell
infiltration, edema of the interstitial fluid on the tissue, expres-
sion of TNF-alpha protein, and expression of NF-kappa B
protein in the groups that received selenium with correspond-
ing placebo group showed that selenium can reduce edema,
mast cell infiltration, and TNF-alpha expression and
inactivated NF-kappa B. The use of selenium simultaneously

with creating ischemia can reduce ischemia-reperfusion injury
of the gastrocnemius muscle.
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Introduction

Ischemia is one of the most common injuries that are usually
caused by decreased blood flow and consequent lack of oxy-
gen and nutrients, and energy production stopping that occurs
in vascular substrates of the tissues [1]. Ischemia-reperfusion
in skeletal muscles begins by a series of cellular and systemic
events. During ischemia, there is a gradual decrease in intra-
cellular energy storage. However, reperfusion causes harmful
effects, such as excision of required precursors for the adenine
nucleotide synthesis. Production of free radicals and lipid per-
oxidation and oxidative phosphorylation and disruption of
calcium diffusion occurs in mitochondria. Neutrophils and
endothelial leukocytes lead to prolongation of reperfusion in-
jury [2]. It is clear that skeletal muscles are more exposed to
ischemia than other tissues. Damage to muscles is the most
critical aspect of reperfusion in the limbs. The degree of skel-
etal muscle damage is directly related to the severity and du-
ration of ischemia. Accurate determination of the time of mus-
cle death is difficult because the microscopic and macroscopic
changes are very small. Researcher showed that 3 h ischemia
in the muscle rat led to significant muscle damage. The injury
was very severe after 4, 5 and 6 h ischemia that these led to
3 % loss of functional activity control [3].The pathophysio-
logic and clinical aspects of skeletal muscle ischemia-
reperfusion have been studied significantly. Reactive oxygen
species (ROS) and nitrogen (NOS) have been implicated in
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tissue damage induced by ischemia-reperfusion. The reactive
species that are derived from various sources such as the mi-
tochondrial electron transport chain, oxidized xanthine-
xanthine reaction, may be very early in the injury of
ischemia-reperfusion [4–6]. Ischemia-reperfusion injury in
skeletal muscle can be seen in trauma, bed sores, infections,
and surgical mistakes. Ischemia-reperfusion in skeletal muscle
samples cause metabolic stress reduction that this leads to
energy reduction and cell edema and eventually cause tissue
damage and organ dysfunction. Reperfusion paradoxically
initiates a stream of events that may cause further damage to
cell [7]. One proposal to reduce ischemia-reperfusion injury is
the simultaneous use of antioxidants. Selenium is one of the
antioxidants that recently the interest of researchers. Selenium,
a trace element, has an antioxidant and neuroprotective effect
for the biological function of scavenging oxygen free radical
[8]. Selenium protects DNA, lipids, and proteins against free
radical [8]. Selenium reduces hydroperoxidize and
lipoperoxidizes through an activity similar to glutathione per-
oxidase [8]. The protective effect of selenium has been shown
in several studies against ischemia-reperfusion [8, 9]. Re-
searchers showed selenium may have beneficial effect on pre-
frontal cortex and hippocampus [8]. Studies conducted in
countries with a low intake of the selenium in the diet was
shown that plasma selenium levels less than 45 μg/L is asso-
ciated with an increased risk of heart disease. Giving selenium
supplements to populations in areas where endemic selenium
deficiency and cardiomyopathy reduce Cushing’s disease [9].
Multiple pre-clinical studies showed that myocardial
ischemia-reperfusion injury is reduced by the selenoprotein
and mainly by glutathione peroxidase. Studies showed that
high levels of selenium cause to increase of immature collagen
in various organs including the heart [9]. According to the
positive effects of selenium in reducing ischemia-reperfusion
injury in various tissues, this antioxidant can be effective to
reduce ischemia-reperfusion injury of skeletal muscles. The
main goal of the present study was to examine selenium ef-
fects on ischemia-reperfusion injury of gastrocnemius muscle.

Materials and Methods

This is an experimental study that was performed at Razi herbal
medicine research center of Lorestan University of Medical
Sciences. All animals were obtained from Razi Herbal Medi-
cine Center of Lorestan University of Medical Sciences. Every
effort was made to minimize the number of animals used and
their suffering. In this experimental study, 80 adult male Wistar
rats weighing 250–300 g were used that were divided into ten
groups (N=8 per group). The animals were acclimatized for
1 week to the condition of our laboratory before the commence-
ment of the experiment. The animals were exposed to 12 h light
and 12 h dark cycle at a room temperature of 22 °C. The

animals had free access to standard laboratory chow and water
ad libitum. The studies were performed during the same time in
all groups. The rats were grouped as follows

Group 1: control group (without ischemia-reperfusion)
Group 2: only received 0.2 mg/kg of selenium (in order to
assess the possible deleterious effects) without ischemia-
reperfusion
Group 3: 3 h of ischemia and 3 d reperfusion
with0.2 mg/kg injection of selenium
Group 4: 3 h of ischemia and 3 d reperfusion without
injection of selenium
Group 5: 3 h of ischemia and 7 d reperfusion with
0.2 mg/kg injection of selenium
Group 6: 3 h of ischemia and 7 d reperfusion without
injection of selenium
Group 7: 3 h of ischemia and 14 d reperfusion with
0.2 mg/kg injection of selenium
Group 8: 3 h of ischemia and 14 d reperfusion without
injection of selenium
Group 9: 3 h of ischemia and 28 d reperfusion with
0.2 mg/kg injection of selenium
Group 10: 3 h of ischemia and 28 d reperfusion without
injection of selenium

Groups 3, 5, 7, and 9 above are known as placebo groups
and were injected normal saline (selenium solvent) instead of
selenium. The rats were anesthetized once intraperitoneally
(IP) with ketamine HCl (50 mg/kg) and xylazine (5 mg/kg)
[10] in accordance with the protocol approved by the Animal
Care and Use Committee and prepared for surgery. To create
ischemia, the inguinal area has been shaved and after disin-
fection; the femoral artery and vein were carefully separated
from the femoral nerve with an inguinal incision, and then the
artery and vein were knit using a silk suture 6/0 [11] and
slipknot technique [11] for 3 h. Tissue perfusion was per-
formed after 3 h based on above mentioned various times of
reperfusion. Normal saline and selenium (respectively in ex-
perimental and placebo groups), both coinciding with ische-
mia were injected IP. The rats killed at required time with a
high dose of anesthetic and gastrocnemius muscle removed
and fixed in 10 % formalin.

Histopathological Studies

Gastrocnemius muscle after fixation, embedded in paraffin,
cutting and dehydration stained with hematoxylin-eosin and
toluidine blue staining for analysis edema and fiber degener-
ation and mast cell infiltration, respectively. Analysis of 30
randomly selected fields per slide performed with light micro-
scope (magnification of 40). Disorganization and degenera-
tion of muscle fibers, infiltration of inflammatory cells, and
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edema of the interstitial fluid on the tissue performed as fol-
lows: 0, normal; 1, mild; 2, moderate; 3, severe (7).

Immunohistochemical Studies

TNF-alpha

Immunohistochemical staining was performed according to
the method of AbD Serotec company procedure with slight
modifications [12]. After fixation, embedded in paraffin and
cutting, paraffin was removed from the specimens by Xylene
and specimens were dehydrated in ethanol. Antigens retrieval
was done in citrate buffer (pH=6) for 15 min at 98 °C. Sam-
ples were incubated with 0.3 % (w/v) H2O2 in PBS for 15min

to block endogenous peroxidase activity. Wash three times in
PBS. Samples were incubated with 10 % normal goat serum
(Cell signaling, #5425) for 10 min. The samples were incu-
bated overnight with primary antibody (rat anti-mouse TNF-
alpha, AbD Serotec, # MCA 1488). Primary antibodies were
diluted in PBS at the ratio of 1:100. At this stage, PBS only
was added to the negative control samples. Samples were
incubated 30 min with one drop secondary antibody (Rabbit
F (ab´) 2 anti-rat IgG: HRP, AbD Serotec, # STAR21B). After
washing, samples were incubated with one drop SignalStain®
DAB Substrate Kit (Cell signaling, #8059) that was diluted
with 1 ml HRP-Stabilizing Diluent (AbD Serotec,
#BUF052C). After wahing with PBS, samples were counter-
stained with hematoxylin counterstain for 1 min and then
washed. Samples dehydrate through a graded series of alco-
hols, xylene, and mount in aqueous mounting medium. The
results were analyzed by specialists that were blinded to the
study. Analysis of 30 randomly selected fields per slide per-
formed with light microscope (×40 magnification).

NF-kappa B

Immunohistochemical staining was performed according to
the method of cell signal company procedure with slight mod-
ifications [12]. After fixation, embedded in paraffin and cut-
ting, paraffin was removed from the specimens by Xylene and
specimens were dehydrated in ethanol. Antigens retrieval was
done in citrate buffer (pH=6) for 15 min at 98 °C. Samples
were incubated with 3 % (w/v) H2O2 in PBS for 15 min to
block endogenous peroxidase activity. Wash three times in
PBS. Samples were incubated with 10 % normal goat serum
(Cell signaling, #5425) for 10 min. The samples were incu-
bated overnight with primary antibody (Rabbit anti NF-Kb
p65 (D14E12) XP® Rabbit mAb, Cell signaling, #8242). Pri-
mary antibodies were diluted in PBS at the ratio of 1:100. At

Table 1 Mast cell infiltration compared at different times of ischemia-
reperfusion with and without injection of selenium which each group
compared with placebo using Mann-Whitney U test

Groups of study Mast cell infiltration P
value

Mean of
ranks

Mean±SD

3-d reperfusion without selenium
injection (group 4)

12.44 3.25±0.88 <0.001

3-d reperfusion with selenium
injection (group 3)

4.56 0.63±0.7

7-d reperfusion without selenium
injection (group 6)

12 5.13±1.5 0.002

7-d reperfusion with selenium
injection (group 5)

5 2.63±1.1

14-d reperfusion without selenium
injection (group 8)

8.81 4.13±1.8 0.79

14-d reperfusion with selenium
injection (group 7)

8.19 3.63±1.2

28-d reperfusion without selenium
injection (group 10)

9.25 4.25±0.7 0.57

28-d reperfusion with selenium
injection (group 9)

7.75 4±0.75

Error Bars show Mean +/- 1.0 SD

1 2 3 4 5 6 7 8 9 10

study groups

0

2

4

6

Mast
Cell

4

0.63

3.25

2.63

5.13

3.63

4.13 4.25

group1:sham
group2:selenium injection only
group3: 3 day with selenium
group4: 3 day without selenium
group5: 7 day with selenium
group6: 7 day without selenium
group7: 14 day with selenium
group8: 14 day without selenium
group9: 28 day with selenium
group10: 28 day without selenium

Fig. 1 Mast cell infiltration in
groups of study
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this stage, PBS only was added to the negative control sam-
ples. Samples were incubated 30min with one drop secondary
antibody (SignalStain® Boost IHC Detection, Cell signaling,
#9997). After washing, samples were incubated with one drop
SignalStain® DAB Substrate Kit (Cell signaling, #8059) that
was diluted with 1 ml HRP-Stabilizing Diluent (AbD Serotec,
#BUF052C). After washing in PBS, samples were counter-
stained with hematoxylin counterstain for 1 min then wash.
Samples dehydrate through a graded series of alcohols, xy-
lene, and mount in aqueous mounting medium. The results
were analyzed by specialists that blind to study. Analysis of

30 randomly selected fields per slide performed with light
microscope (×40 magnification).

The Statistical Analysis

Mann-Whitney U test and Dunn’s multiple comparison tests
were chosen for analysis variables (SPSS-22). Results are pre-
sented as means±SD. Results considered significant at p≤
0.05.

Results

Comparison of mast cell infiltration between groups selenium
treated with the placebo corresponding groups suggests that
difference between group 3, 3 d reperfusion with selenium
injection, and group 4, 3 d reperfusion without selenium in-
jection (p value=<0.001, Table 1, Fig. 1) are statistically sig-
nificant and comparison between group 5, 7 d reperfusion
with selenium injection, and group 6, 7 d reperfusion without
selenium injection (p value=0.002, Table 1, Fig. 1) are statis-
tically significant.

Comparison of edema of the interstitial fluid on the tissue
between groups selenium treated with the placebo correspond-
ing groups suggests that difference between group 3, 3 d re-
perfusion with selenium injection, and group 4, 3 d reperfu-
sion without selenium injection (p value=<0.001, Table 2,
Fig. 2) are statistically significant and comparison between
group 5, 7 d reperfusion with selenium injection, and group
6, 7 d reperfusion without selenium injection (p value=
<0.001, Table 2, Fig. 2) are statistically significant and com-
parison between group 7, 14 d reperfusion with selenium in-
jection, and group 8, 14 d reperfusion without selenium injec-
tion (p value=0.038, Table 2, Fig. 2) are statistically

Table 2 Edema of the interstitial fluid on the tissue compared at
different times of ischemia-reperfusion with and without injection of se-
leniumwhich each group compared with placebo usingMann-WhitneyU
test

Groups of study Edema of the
interstitial fluid on the
tissue

P
value

Mean of
ranks

Mean±SD

3-d reperfusion without selenium
injection (group 4)

12.5 3.25±0.46 <0.001

3-d reperfusion with selenium injection
(group 3)

4.5 1±0.92

7-d reperfusion without selenium
injection (group 6)

12.38 3.75±3.2 <0.001

7-d reperfusion with selenium injection
(group 5)

4.63 1.13±1.12

14-d reperfusion without selenium
injection (group 8)

11 3.38±0.91 0.038

14-d reperfusion with selenium
injection (group 7)

6 2.25±0.88

28-d reperfusion without selenium
injection (group 10)

11.31 4±0.53 0.015

28-d reperfusion with selenium
injection (group 9)

5.69 2.88±0.83

Error Bars show Mean +/- 1.0 SD

1 2 3 4 5 6 7 8 9 10
study groups

1

2

3

4

5

edema

1

3.25

1.13

3.75

2.25

3.38

2.88

4

group1:sham
group2:selenium injection only
group3: 3 day with selenium
group4: 3 day without selenium
group5: 7 day with selenium
group6: 7 day without selenium
group7: 14 day with selenium
group8: 14 day without selenium
group9: 28 day with selenium
group10: 28 day without selenium

1 2 3 4 5 6 7 8 9 10

1

2

3

4

5

1

3.25

3.75

Fig. 2 Edema of the interstitial
fluid on the tissue in groups of
study
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significant and comparison between group 9, 28 d reperfusion
with selenium injection, and group 10, 28 d reperfusion with-
out selenium injection (p value=0.015, Table 2, Fig. 2) are
statistically significant.

Comparison of expression of TNF-alpha protein via immu-
nohistochemistry between groups selenium treated with the
placebo corresponding groups suggests that difference be-
tween group 5, 7 d reperfusion with selenium injection, and
group 6, 7 d reperfusion without selenium injection (p value<
0.001, Table 3, Fig. 3) are statistically significant and compar-
ison between group 7, 14 d reperfusion with selenium injec-
tion and group 8, 14 d reperfusion without selenium injection
(p value<0.001, Table 3, Fig. 3) are statistically significant

and comparison between group 9, 28 d reperfusion with sele-
nium injection and group 10, 28 d reperfusion without seleni-
um injection (p value<0.001, Table 3, Fig. 3) are statistically
significant.

Comparison of expression of NF-kappa B protein via im-
munohistochemistry between groups selenium treated with
the placebo corresponding groups suggests that difference be-
tween group 3, 3 d reperfusion with selenium injection and
group 4, 3 d reperfusion without selenium injection (p value=
0.005, Table 4, Fig. 4) are statistically significant and compar-
ison between group 5, 7 d reperfusion with selenium injection
and group 6, 7 d reperfusion without selenium injection (p
value=0.021, Table 4, Fig. 4) are statistically significant.

Discussion

Results showed that selenium can reduce edema, mast cell
infiltration, and TNF-alpha expression and inactivated NF-
kappa B. Simvastatin, amino guanidine, and 3-hydroxyl-3-
methylglutaryl coenzyme A (HMG-CoA) reeducates inhibi-
tors, the most widely used lipid lowering drugs, have been
demonstrated to play a neuroprotective role. Various antioxi-
dants have been suggested to reduce ischemia-reperfusion in-
jury. Gholami et al., demonstrated that pre-ischemic adminis-
tration of simvastatin exhibit neuroprotective properties in I/R
nerve injury [13, 14]. Alipour et al. demonstrated that post-
ischemic administration of amino guanidine (AG) exhibits
protective effect against sciatic nerve I/R injury [15].
Ischemia-reperfusion causes damage to skeletal muscle. This
damage may lead to loss of motion skills [2]. Selenium is one
of these antioxidants that due to various properties, including
anti-apoptotic properties, antioxidant can protect cells against
ischemia-reperfusion injury in the heart and liver muscles
[12]. This study investigated the effects of selenium in reduc-
ing ischemia-reperfusion injury of the gastrocnemius muscle.

Table 3 Expression of TNF-alpha protein compared at different times
of ischemia-reperfusion with and without injection of selenium which
each group compared with placebo using Mann-Whitney U test

Groups of study Expression of TNF-
alpha protein

P
value

Mean of
ranks

Mean±SD

3-d reperfusion without selenium
injection (group 4)

9.63 10.6±3.5 0.38

3-d reperfusion with selenium injection
(group 3)

7.38 9.12±3.7

7-d reperfusion without selenium
injection (group 6)

12.5 7.25±2.5<0.001

7-d reperfusion with selenium injection
(group 5)

4.5 1.62±.74

14-d reperfusion without selenium
injection (group 8)

12.5 10.5±2.7 <0.001

14-d reperfusion with selenium
injection (group 7)

4.5 2.25±2.2

28-d reperfusion without selenium
injection (group 10)

12.5 5.12±1.2<0.001

28-d reperfusion with selenium
injection (group 9)

4.5 0

Error Bars show Mean +/-1.0 SD
Bars show Means

1 2 3 4 5 6 7 8 9 10

study groups

0.00

5.00

10.00

15.00

9.13

10.63

1.63

7.25

2.25

10.50

5.13

TNF-alpha
group1:sham
group2:selenium injection only
group3: 3 day with selenium
group4: 3 day without selenium
group5: 7 day with selenium
group6: 7 day without selenium
group7: 14 day with selenium
group8: 14 day without selenium
group9: 28 day with selenium
group10: 28 day without selenium

Fig. 3 Expression of TNF-alpha
protein in groups of study
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To study the effects of selenium on ischemia-reperfusion in-
jury, toluidine blue staining is used to show infiltration of mast
cells and hematoxylin-eosin staining is used to show the
amount of interstitial edema, inflammatory cell infiltration,
and degeneration of muscle fibers and muscle structure disor-
ganization. Mast cells are seen in skeletal muscles, heart mus-
cles, lung, and small intestine in ischemia-reperfusion condi-
tion. The results indicate that selenium reduces the amount of
mast cells in the gastrocnemius muscle in ischemia-reperfu-
sion. Andrad et al. showed that using an antioxidant called
caffeic acid phenethyl ester (CAPE) can reduce the amount
of mast cells and neutrophils of ischemia-reperfusion injury in
the gastrocnemius muscle [16]. These results are consistent

with recent findings. Neutrophils and mast cells are the most
important factors of inflammation that enhance the ischemia-
reperfusion injury of skeletal muscles [6]. Mast cells play a
central role in the ischemia-reperfusion injury. Thus, selenium
plays an important role in the prevention of ischemia-
reperfusion injury by decreasing mast cells and neutrophils.
Histological studies showed that selenium prevents ischemia-
reperfusion injury containing edema, tissue structure disorga-
nization, and degeneration. Zendedel et al. showed that sele-
nium with decreased activity levels of NO and increased ac-
tivity GPX and POX can decrease ischemia-reperfusion injury
in hind limb especially sciatic nerve [17].

TNF-α is a factor involved in systemic inflammation and
stimulate the acute phase reaction in inflammation [18]. This
factor is mainly produced by activated macrophages, although
is generated by many other cell types such as CD4 + lympho-
cytes, NK cells, neutrophils, mast cells, eosinophils, and nerve
cells [19]. Finally, TNF-alpha activates NF-κB as an indicator
of apoptosis [20]. NF-κB is a transcription factor that is
transported to the nucleus and initiate transcription of many
factors involved in cell survival and proliferation in response
to inflammatory and anti-apoptotic factors [21]. Nuclear factor
NF-κB is a protein that activated by proinflammatory cyto-
kines such as IL-1 and TNF-alpha. The role of TNF-alpha is
more important to activate NF-κB. NF-κB exists normally in
the cytoplasm of cells in an inactive form that is binding with
an inhibitor protein called NF-κB inhibitor (IkBs) [21]. In
response to a variety of stimuli, such as cytokines TNF-
alpha and interleukin-1 (IL1), IkB phosphorylated and subse-
quently degraded by the proteasome [22]. As a result of this
process, NF-κb activated and translocate into nucleus and
bind with promoter sites located in areas of immunoregulatory
genes and activates them [23]. The results of our study
showed that selenium may play important role against
ischemia-reperfusion injury by reduction of mast cell infiltra-
tion, reduction of TNF-alpha expression and interstitial

Table 4 Expression of NF-kappa B protein compared at different times
of ischemia-reperfusion with and without injection of selenium which
each group compared with placebo using Mann-Whitney U test

Groups of study Expression of NF-
kappa B protein

P
value

Mean of
ranks

Mean±SD

3-d reperfusion without selenium
injection (group 4)

11.75 8.12±3.5 0.005

3-d reperfusion with selenium injection
(group 3)

5.25 3.25±2.4

7-d reperfusion without selenium
injection (group 6)

11.25 10.12±2.2 0.021

7-d reperfusion with selenium injection
(group 5)

5.75 6.62±2.4

14-d reperfusion without selenium
injection (group 8)

8.25 1.25±1.4 0.87

14-d reperfusion with selenium injection
(group 7)

8.75 1.5±1.7

28 d reperfusion without selenium
injection (group 10)

7.56 5.5±3.2 0.44

28 d reperfusion with selenium injection
(group 9)

9.44 6.62±2.3

1 2 3 4 5 6 7 8 9 10
study groups

0.00

4.00

8.00

12.00

3.25

8.12

6.62

10.12

1.50 1.25

6.62
5.50

group1:sham
group2:selenium injection only
group3: 3 day with selenium
group4: 3 day without selenium
group5: 7 day with selenium
group6: 7 day without selenium
group7: 14 day with selenium
group8: 14 day without selenium
group9: 28 day with selenium
group10: 28 day without selenium

NF-Kappa B 

Error Bars show Mean +/-1.0 SD
Bars show Means

Fig. 4 Expression of NF-kappa
B protein in groups of study
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edema, and prevention of NF-kappa B activation [23]. Re-
searchers showed that selenium protects ischemic heart from
injury with prevention of NF-kappa B activation [24]. These
results are consistent with recent findings. Recently, Zendedel
et al. showed that selenium with decreased activity levels of
NO and increased activity GPX and POX can decrease
ischemia-reperfusion injury in hind limb of rat [17]. These
results are consistent with recent findings. Taken together,
selenium reduces the ischemia-reperfusion injury in the gas-
trocnemius muscle. There is need for molecular studies to
investigate the mechanisms selenium effect on reducing
ischemia-reperfusion injury in the gastrocnemius muscle.

Acknowledgements This study approved with grant 591 in the
Lorestan University ofMedical Sciences. Special thanks to Lorestan Uni-
versity of Medical Sciences for the financial support, khorramabad, Iran.
The authors thank the head and staff of Razi Herbal Drugs Research
Center of Lorestan Medical University.

Conflict of interest The authors declare no conflicts of interests.

References

1. Robbins SL, Kumar V, Abbas AK, Aster JC (2012) Robbins basic
pathology. Elsevier Health Sciences

2. Walker PM (1991) Ischemia/reperfusion injury in skeletal muscle.
Ann Vasc Surg 5(4):399–402

3. Subramanian P, Mirunalini S, Pandi-Perumal SR, Trakht I, Cardinali
D (2007) Melatonin treatment improves the antioxidant status and
decreases lipid content in brain and liver of rats. Eur J Pharmacol
571(2):116–119

4. Nayler WG, Poole-Wilson P, Williams A (1979) Hypoxia and calci-
um. J Mol Cell Cardiol 11(7):683–706

5. Mccord J (1985) Oxygen-derived free radicals in postischemic tissue
injury. N Engl J Med 312(3):159–163

6. Hellberg P, Kallskog T (1989) Neutrophil-mediated post-ischemic
tubular leakage in the rat kidney. Kidney Int 36(4):555–561

7. Jefayri M, Grace P, Mathie R (2000) Attenuation of reperfusion in-
jury by renal ischaemic preconditioning: the role of nitric oxide. BJU
Int 85(9):1007–1013

8. Araki M, Fahmy N, Zhou L, Kumon H, Krishnamurthi V, Goldfarb
D, Modlin C, Flechner S, Novick AC, Fairchild RL (2006)
Expression of IL-8 during reperfusion of renal allografts is dependent
on ischemic time. Transplantation 81(5):783–788

9. Schoenber MH, Berger HG (1993) Reperfusion injury after intestinal
ischemia. Crit Care Med 21(9):1376–1386

10. Sinatra ST, DeMarco J (1995) Free radicals, oxidative stress, oxidized
low density lipoprotein (LDL), and the heart: antioxidants and other
strategies to limit cardiovascular damage. Conn Med 59:579

11. Kohen R, Tirosh O, Kopolovich K (1992) The reductive capacity
index of saliva obtained from donors of various ages. Exp Gerontol
27(2):161–168

12. Ostadalova I, Vobecky M, Chvojkova Z, Mikova D, Hampl V,
Wilhelm J, Ostadal B (2007) Selenium protects the immature rat
heart against ischemia/reperfusion injury. Mol Cell Biochem
300(1–2):259–267

13. Gholami MR, Abolhassani F, Pasbakhsh P, Akbari M, Sobhani A,
Sohrabi D, Mehrania K (2007) The effects of simvastatin on func-
tional recovery of rat reperfused sciatic nerve. Pak J Biol Sci 10(23):
4256–4260

14. Gholami MR, Abolhassani F, Pasbakhsh P, Akbari M, Sobhani A,
Eshraghian MR, Kamalian N, Amoli FA, Dehpoor AR, Sohrabi D
(2008) The effects of simvastatin on ischemia–reperfusion injury of
sciatic nerve in adult rats. Eur J Pharmacol 590(1):111–114

15. Alipour M, Gholami MR, Anarkooli IJ, Sohrabi D, Tajki J,
Pourheidar M (2011) Intraperitoneal Aminoguanidine improves sci-
atic nerve ischemia–reperfusion injury in male Sprague-Dawley rats.
Cell Mol Neurobiol 31(5):765–773

16. Andrade-Silva AR, Ramalho FS, Ramalho LN, Saavedra-Lopes M,
Jordão AA Jr, Vanucchi H, Piccinato CE, Zucoloto S (2009) Effect of
NFκB inhibition by CAPE on skeletal muscle ischemia-reperfusion
injury. J Surg Res 153(2):254–262

17. Zendedel A, Ahmadvand H, Ghanadi K, Gholami M (2015) Effects
of selenium on antioxidant activity and recovery from sciatic nerve
ischemia–reperfusion in adult rats.Zha J Res Med Sci. In Press

18. Black RA (2002) Tumor necrosis factor-α converting enzyme. Int J
Biochem Cell Biol 34(1):1–5

19. Palladino MA, Bahjat FR, Theodorakis EA, Moldawer LL (2003)
Anti-TNF-α therapies: the next generation. Nat Rev Drug Discov
2(9):736–746

20. Wajant H, Pfizenmaier K, Scheurich P (2003) Tumor necrosis factor
signaling. Cell Death Differ 10(1):45–65

21. Lawrence T (2009) The nuclear factor NF-κB pathway in inflamma-
tion. Cold Spring Harbor Perspect Biol 1(6):a001651

22. Starkie R, Ostrowski SR, Jauffred S, Febbraio M, Pedersen BK
(2003) Exercise and IL-6 infusion inhibit endotoxin-induced TNF-
α production in humans. FASEB J 17(8):884–886

23. GiusD, Spitz DR (2006) Redox signaling in cancer biology. Antioxid
Redox Signal 8(7–8):1249–1252

24. AL-Rasheed NM, Attia HA, Mohamed RA, Al-Rasheed NM, Al-
Amin MA (2014) Preventive effects of selenium yeast, chromium
picolinate, zinc sulfate and their combination on oxidative stress,
inflammation, impaired angiogenesis and atherogenesis in myocardi-
al infarction in rats. J Pharm Pharm Sci 16(5):848–867

Selenium protect gastrocnemius muscles from ischemia-reperfusion


	Selenium Effect on Ischemia-Reperfusion Injury of Gastrocnemius Muscle in Adult Rats
	Abstract
	Introduction
	Materials and Methods
	Histopathological Studies
	Immunohistochemical Studies
	TNF-alpha
	NF-kappa B


	The Statistical Analysis
	Results
	Discussion
	References




