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Abstract
· AIM: To investigate the effects of selenium in rat
retinal ischemia reperfusion (IR) model and compare pre-
treatment and post-treatment use.

·METHODS: Selenium pre-treatment group ( =8) was
treated with intraperitoneal (i.p.) selenium 0.5 mg/kg for
7d and terminated 24h after the IR injury. Selenium post-
treatment group ( =8) was treated with i.p. selenium
0.5 mg/kg for 7d after the IR injury with termination at the
end of the 7d period. Sham group ( =8) received i.p.
saline injections identical to the selenium volume for 7d
with termination 24h after the IR injury. Control group
( =8) received no intervention. Main outcome measures
were retina superoxide dismutase (SOD), glutathione (GSH),
total antioxidant status (TAS), malondialdehyde (MDA),
DNA fragmentation levels, and immunohistological
apoptosis evaluation.

·RESULTS: Compared to the Sham group, selenium
pre -treatment had a statistical difference in all
parameters except SOD. Post -treatment selenium also
resulted in statistical differences in all parameters except
the MDA levels. When comparing selenium groups, the
pre -treatment selenium group had a statistically higher
success in reduction of markers of cell damage such as
MDA and DNA fragmentation. In contrast, the post -
selenium treatment group had resulted in statistically

higher levels of GSH. Histologically both selenium
groups succeeded to limit retinal thickening and
apoptosis. Pre -treatment use was statistically more
successful in decreasing apoptosis in ganglion cell layer
compared to post-treatment use.

· CONCLUSION: Selenium was successful in retinal
protection in IR injuries. Pre -treatment efficacy was
superior in terms of prevention of tissue damage and
apoptosis.
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INTRODUCTION

T he retina is a sensory organ that converts photon energy
into electrical impulses, which are then transmitted to

the brain the optic nerve. Endless hit of light waves to
the retina necessitates a perfect anti-oxidant system to buffer
the photo-oxidative stress and a flawless blood supply to
support this high metabolic function. For this reason, the
retina is one of the most vital organs and has one of the
highest blood flow rates in the body [1]. The high level of
metabolism and continuous effort used to balance oxidant
and antioxidant stress and the high lipid content of the retina,
makes it more susceptible to ischemia and thus reperfusion
injury. The critical time interval for retinal ischemia to create
irreversible damage is between 60 to 90min [2]. Ischemia
occurs when a tissue's blood supply is disrupted but the
damage inflicted during is much greater [3]. Ischemia
reperfusion (IR) injury results in overproduction of free
radicals with depletion of antioxidants creating a vicious
cycle with further production of free radicals through chain
reactions [4]. Free radicals damage tissue morphology
protein oxidation, lipid peroxidation and deoxyribonucleic
acid (DNA) adducts and ultimately led to cell death[5].
Selenium is an essential dietary trace element that has
neuroprotective as well as antioxidant properties. It is also an
essential part of the antioxidant enzymes that regulate and
buffer the oxidant/antioxidant system [6]. Selenium protects
DNA, lipids and proteins the action of glutathione
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peroxidase like activity with reduction of hydroperoxides and
lipoperoxidases [7,8]. The neuroprotective effect of selenium is
not solely dependent on antioxidative properties but also on
denovo protein synthesis that is necessary for selenium-
mediated neuroprotection [6]. The beneficial effects of
selenium in IR injury in different organs such as the brain[8],
liver[9], heart[10], ileum[11], kidney[12], spinal cord[13], and testis[14]

has been demonstrated in previous studies. Various studies
used different methodological approaches utilizing selenium
pre- or post-treatment or applying it during IR [8,15,16]. We
hypothesized that selenium having both antioxidant and
neuroprotective properties might be an ideal element in
preventing IR injury of the retina, a neurosensory organ that
is highly dependent on oxygen supply and thus sensitive to
ischemia. To the best of our knowledge, this is the first study
to investigate the effects of selenium in retinal IR injury in
rats and compare the efficacy of selenium use before or after
the IR injury.
MATERIALS AND METHODS
Materials Institutional ethics committee approval for animal
studies was obtained prior to the study. All animals used in
the study received care in compliance with the guidelines
established by the committee. All experiments were
conducted in accordance with the Animal Care and Use
Committee and The Association for Research in Vision and
Ophthalmology (ARVO) guidelines.
Methods
Animals and study protocol The study included 32 male
Wistar-Albino rats weighing approximately 200-250 g. The
rats were kept in a stable environment at a constant room
temperature and humidity they were placed on a constant 12h
light/dark cycle and received ad libitum and tap water during
the study. Rats were randomly divided into 4 groups. The
first group was the selenium pre-treatment group ( =8)
treated with intraperitoneal (i.p). selenium (sodium selenite
98% powder, Sigma S5261) 0.5 mg/kg for 7d. At the end of
the treatment period IR injury was performed and eyes were
enucleated 24h after the IR injury. The second group was the
selenium post-treatment group ( =8). In this group IR injury
was performed and the treatment [i.p. selenium (sodium
selenite 98% powder, Sigma S5261) 0.5 mg/kg] was started
at the same day and lasted 7d in total. The third group was
the sham group ( =8) that received i.p. saline injections
identical to the selenium volume for 7d with termination 24h
after the IR injury. The fourth group was the control
group ( =8) with no intervention.
Ischemia was induced by elevating intraocular pressure. After
induction with 50 mg/kg of ketamine (Ketalar誖 , Eczacibasi,
Turkey) and 5 mg/kg xyzaline (Rompun誖 , Bayer, Turkey),
the anterior chamber of the rat's right eyes were cannulated
with a 30 G needle which was then connected to a saline
bottle. Intraocular pressure (IOP) was raised to 110 mm Hg
for 60min by elevating the saline reservoir. Ischemia was
confirmed by whitening of the anterior segment of the globe
and blanching of the episcleral veins [17]. After 60min of

exposure to high IOP levels, the cannula was removed from
the anterior chamber and reperfusion was confirmed with
observation of episcleral veins. The retinas of the enucleated
eyes were used for biochemical analysis [superoxide
dismutase (SOD), malondialdehyde (MDA), glutathione (GSH),
total antioksidan status (TAS) and DNA fragmentation] and
histological evaluation.
Biochemical evaluation Tissue samples were immediately
weighed and washed with 0.9% NaCl solution, homogenized
(2000 rpm/min for 1min, 1:10 w/v) using a stirrer (Stuart
SHM 1, UK) in 1.15% KCl solution in an ice bath. Then
homogenate was centrifuged at 5000 伊g for 60min at 4℃ .
The resultant supernatant was used at the analyses. Protein
analysis in homogenate and supernatant was performed
according to the Lowry method[18]. SOD estimation was based
on the generation of superoxide radicals produced by
xanthine on xanthine oxidase, which reacts with 2-
(4-iodophenyl)-3-(4- nitrophenol)-5-phenyltetrazolium chloride
to form a red formazon dye. The SOD activity is then
measured by the degree of inhibition of this reaction. SOD
determined with commercially available kit (OxiSelect
Superoxide Dismutase Activity Assay, Cell Biolabs,
STA-340, USA). The results are shown as % inhibition/mg
tissue protein.
GSH measurements were performed by the method of
Fairbanks and Kiee [19]. Reduced GSH levels in supernatant
were estimated with 5,5'-bis-dithionitrobenzoic acid reagent.
The results were determined by aqueous standard solution of
GSH (Sigma Chemical Co., St. Louis, Missouri, USA), and
were expressed as mg/mg tissue protein.
MDA levels in the homogenate were determined by using the
single heating method of Yoshioka [20] based on
thiobarbituric acid (TBA) reactivity. For this purpose, 0.5 mL
of tissue homogenate was mixed with 2.5 mL trichloroacetic
acid solution (TCAA) (20%) and 1 mL thiobarbituric acid
(0.67%), and then placed in a boiling water bath for 30min at
95℃ . After cooling in tap water, the reaction mixture was
vortexed, 4 mL of n-butanol was added to it, and all vials
were then centrifuged for 10min at 3000 rpm. Then, the
organic layer was removed and its absorbance at 535 nm
against n-butanol was measured. Finally, the concentration of
MDA was calculated by the absorbance coefficient of the
MDA-TBA comple (absorbance coefficient 着=1.56 伊
105/mol/cm) and was described as 滋mol/mg tissue protein.
TAS of the supernatant was determined using an automated
measurement method with a commercially available kit
developed by Rel (Total Antioxidant Status Assay kit, Rel
Assay Diagnostics, Turkey). The antioxidative effect of the
sample against the potent-free radical reactions initiated by
the reduced hydroxyl radical is measured using this method.
The results were expressed as millimoles of Trolox
equivalent per mg tissue protein.
The extent of apoptosis was evaluated by the measurement of
DNA fragmentation. This was assessed by quantification of
cytosolic oligonucleosome-bound DNA by using the Cell
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Death Detection ELISA plus kit (Roche, Mannheim,
Germany). Tissue of rats was treated with a homogenizer
(Stuart SHM1, UK). The homogenate was made with the
lysis buffer and then centrifuged at 20 000 g for 10min at
4℃ . The supernatant fraction was used as the antigen source
for the immunoassay. This assay is based on the quantitative
sandwich ELISA principle using mouse monoclonal
antibodies directed against histones (coating antibody) and
DNA (peroxidase-labelled antibody) respectively. The
amount of peroxidase retained in the immunocomplex is
determined photometrically with ABTS [2, 29-azino-di-
(3-thylbenzthiazoline sulfonate)] as a substrate (Thermo
Multiskan FC Microplate Photometer, USA). This allows the
specific determination of mono-and oligonucleosomes in the
cytoplasmic fraction of tissue lysates.
Histological analysis The specimens were fixed in 10%
neutral buffered formalin, processed by routine histological
methods and embedded in paraffin blocks. Sections were
carefully cut to include the full length from superior to
inferior along the vertical meridian through the optic nerve
head. Sections (5 滋m thick) were mounted on poly-l-lysine-
coated microscope slides. All sections were stained by
hematoxylin-eosin (H&E) staining. They were placed under
the microscope with a digital camera connected to a
computer system. Photographs were taken with an Olympus
BX-51 photomicroscope (Olympus Optical Co. Ltd., Tokyo,
Japan). Retinal thickness measurements were performed
from microscopic images of each section within 0.5 to 1 mm
superior and inferior to the optic disc. Three measurements
from each section was taken and the average of superior and
inferior sections were noted.
Terminal deoxynucleotidyl transferased UTP nick end
labeling (TUNEL) staining It was performed by an
observer blinded to the group assignments by a TUNEL assay
kit according to the manufacturer's instructions (ApopTaq
Peroxidase In Situ Apoptosis Detection Kit, S7101-KIT,
Millipore). TUNEL positive cells in experimental groups
were captured from the microscopic area of each
experimental group at an original magnification 伊400. To
evaluate percentage of TUNEL-positive cells, three visual
fields per section were randomly chosen and the number of
TUNEL-positive cell nuclei were counted in the inner
nuclear layer (INL) and ganglion cell layer (GCL) with the
same magnification (伊400). The apoptotic index (AI) was
calculated using the following formula: AI=apoptotic
nuclei/total nuclei 伊100%.
Statistical Analysis The results were statistically analyzed
with SPSS version 15.0 (SPSS Inc., Chi, IL, USA).
Shapiro-Wilk test was used to evaluate the normality of
distribution of the data and One-way ANOVA and Post-Hoc
Tukey HSD tests were used for statistical comparison since
the data was normally distributed. All data were given as the
mean依SE (standard error) and <0.05 was considered as
statistically significant.

RESULTS
Biochemical Parameters The SOD (% inhibition/mg
protein), TAS (mmol trolox equivalent/mg protein) and GSH
(mg/mg protein) levels decreased whereas DNA
fragmentation (U/mg protein) and MDA (滋mol/ mg protein)
levels increased in the sham group when compared with the
control group. The differences in all parameters were
statistically significant. Compared to the Sham group,
selenium pre-treatment had a statistical difference in all
parameters except SOD. Post-treatment selenium also
resulted in statistical differences in all parameters except the
MDA levels. When comparing selenium groups, selenium
pre-treatment resulted in a higher reduction of cell damage
markers such as MDA and DNA fragmentation. In contrast,
the post- treatment selenium group had resulted in
statistically higher levels of GSH. The results of the four
groups are presented in Table 1.
Histopathological Findings On histopathological
examination of the retinal sections, there was a marked
difference between the control and sham groups. Retinal
sections from the control group revealed normal morphology.
H&E staining of the sham retina showed that IR injury
increased retinal thickness nearly 50% when compared with
the normal retinal tissues of the control group. The thickness
of the retinal layers in the pre-treatment and post-treatment
selenium groups were statistically lower than the Sham group
with insignificant difference from the control group
( <0.001). Administration of selenium after the IR
ameliorated histopathological consequences of IR (Figure 1).
The TUNEL staining in the Sham group revealed that
TUNEL-positive cells were mainly distributed in the
ganglion cell layer of the retina. Compared to the control
group, AI was increased nearly to 2 fold in the Sham group.
Furthermore, TUNEL staining showed that treatment with
selenium before or after IR injury, significantly attenuated IR
induced cell death in the retina of the experimental rats.
Compared to the Sham group, AI was significantly reduced in
pre-treatment and post-treatment selenium groups( <0.001).
Between treatment groups, the AI was lower in the
pre-treatment group in both GCL and INL layers but the
difference was significant only in the GCL layer ( =0.03).
The present results suggest that selenium is a potentially
beneficial agent in IR induced retinal injury in rats (Figure 2).
The retinal thickness, the AI in GCL and INL layers were
summarized in Table 2 and Figure 3.
DISCUSSION
Due to its unique characteristics, the retina is vulnerable to
damage induced by ischemia and following reperfusion. IR
injury has a very important role in many blinding diseases
like retinopathy of prematurity, diabetic retinopathy, and
ischemic vascular occlusion. Therefore, understanding the IR
pathophysiology and developing therapeutic options is crucial
in order to avoid visual loss and related morbidities.
In physiological conditions, free radicals are scavenged by
normal cellular metabolism. IR causes an imbalance in favor
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of oxidative stress leading to depletion in antioxidants [1]. In
the light of these findings, it is obvious that the IR insult
needs antioxidant support. For this purpose, various agents
have been studied in retinal IR models[21-26]. Selenium with its
anti-inflammatory, anti-apoptotic and neuroprotective
properties through selenoenzymes and selenoproteins has
been studied in different organ IR models. Some of these
studies used selenium before, some during and some after the
induction of IR injury [8,15,16]. Literature search reveals
particular studies that studied mixture of antioxidants
including selenium for possible protective role in diabetic
retinopathy which has IR based tissue damage [27-29]. However,
selenium has not been studied in retinal IR models solely. For
the first time, we tried to express the effect of selenium in

retinal IR injury and tried to establish if there is any
superiority in preventive (pre-treatment) or therapeutic
(post-treatment) approach.
The retinal IR injury we induced was successful and resulted

Table 1 The levels of all studied parameters in study groups expressed as mean±SE                                                                               n=8 
Parameters Control Sham Selenium pre-treatment Selenium post-treatment P 
SOD (% inhibition/mg protein) 35.31±1.18b 23.99±0.85d 27.14±1.40c,d 31.04±1.07b,c < 0.001 
GSH (mg/mg protein) 3.39±0.10b 2.18±0.02e 2.66±0.07d 2.96±0.02c < 0.001 
TAS (mmol trolox equiv./mg protein) 0.66±0.007a 0.28±0.009c 0.45±0.01b 0.41±0.016b < 0.001 
MDA (μmol/ mg protein) 9.66±0.30c 14.43±0.35a 11.76±0.30b 13.17±0.12a < 0.001 
DNA Fragmentation (U/mg protein) 1.93±0.009d 2.88±0.07a 2.35±0.02c 2.63±0.02b < 0.001 

a. b, c, d, eStatistical significance exists in the same row in case of having different letters. 

Figure 1 Representative photomicrographs of H&E -stained
retinal sections obtained from experimental groups A: Normal
histopathological image of the retinal thickness in the control group;
B: The total retina thickness in the sham group was increased
compared with the control group; C: Selenium pre-treatment
ameliorated histopathological consequences of IR; D: Selenium
post-treatment also apparently alleviated IR-induced
histopathological damage in the retina. Original magnification, 400× .

Figure 2 Representative photomicrographs of retinal
immunostaining for TUNEL in different groups A: In a normal
control group; B: In Sham group TUNEL-positive cells (arrows)
were increased in retinal layers; C: Pre- treatment selenium groups
showed lower TUNEL-positive cells; D: Post- treatment selenium
groups showed lower TUNEL-positive cells. TUNEL staining, 400伊.

Retinoprotective effect of selenium in ischemia reperfusion injury
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in an increase in MDA, DNA fragmentation as well as a
decrease in SOD, GSH and TAS. The approximate
percentages of depletion of the tissue antioxidants (SOD,
GSH, and TAS) and increment in cellular damage parameters
(MDA , DNA fragmentation ) after ischemic insult were
30%-40% and 50% respectively. Histologically the IR injury
resulted in inflammation and edema leading to a nearly 50%
increment in retinal thickness that again confirmed the
reliability of the insult. The TUNEL staining of the retinas
also revealed 100% increase in AI in the IR induced eyes.
Pre-treatment use of selenium effectively protected the retina
from IR insult. It created statistically higher tissue levels of
GSH and TAS and higher but not significant levels of SOD.
Pre-treatment selenium resulted in an enrichment of
antioxidants in the retina with a subsequent increase in the
free radical buffering capacity, and thus an increased
resistance against the ischemic insult. The increase of
reactive oxygen species in IR degrade the polyunsaturated
fatty acids found abundantly in the membranes of cells and
cellular organelles with consequent formation of MDA that

cause DNA adducts [30]. Thus, increased MDA and DNA
fragmentation might be considered as markers of the severity
of tissue damage and apoptotic cell death. Both markers were
significantly reduced in the selenium pre-treatment group
exhibiting a decrement in tissue damage and apoptosis of the
retina. This protective effect was also seen in histologic
evaluation of TUNEL stainings. In both GCL and INL layers
the AI was lower when compared to post-selenium group but
the statistical significance was present just for GCL. Yousuf

[15] studied selenium pre-treatment in brain IR injury and
found that selenium pre-treatment rats had lower
neurotoxicity with diminished caspase staining of neural
tissues, which is compatible with our results.
We also experienced excellent retinoprotection in the
selenium post-treatment group. All parameters were
favorably affected with the exception of MDA levels in
which the difference did not reach statistical significance.
Compared to the Sham group, histopathological examinations
also revealed a decrement in inflammation, retinal thickness
and TUNEL stained apoptotic cells. Ozbal [8] performed
IR injury in brain tissue and investigated the possible
neuroprotective effect of selenium use after the IR insult.
They concluded that post-treatment selenium significantly
decreased apoptosis in neural tissues, which was consistent
with our results.
GCL is critically important to evaluate the viability of retina
and is an important determining factor of the extent of visual
disability due to ischemic retinal injury. The importance of
this layer can easily be verified as technological instruments
are being developed to assess this layer such as in
determining the retinal damage of glaucoma patients. Similar
to previous studies, we also experienced increased number of
TUNEL positive cells in the retinal GCL in the Sham group
with the IR insult [31]. Our experiments also revealed the
effectiveness of pre and post-treatment selenium use in
increasing both the antioxidant capacity (SOD, GSH and
TAS) and decreasing apoptosis of the neural retina. In both
groups, the number of apoptotic cells in the INL and GCL
were markedly reduced again implying its success in
neuroprotection. The statistically lower MDA and DNA
fragmentation levels also confirmed the neuroprotective
effect of selenium. We also found that the pre-treatment use
is superior in GCL protection compared to post-treatment use.
The main objective of this study was to assess for the first
time the efficacy of selenium in retinoprotection in IR injury.
Selenium succeeded in preserving retinal morphology,
limiting retinal inflammation and thickness increment and
ameliorating apoptosis (both histopathologically and

Table 2 The retinal thickness and AI in GCL and INL layers in the groups as mean±SE                                                       (n=8)  
Parameters Control Sham Selenium pre-treatment Selenium post-treatment P 
Retinal thickness (µm) 147.4±3.4a 228.7±5.7b 154.8±6.8a 154.7±6.8a <0.001 
AI in GCL (%) 13.3±1.1a,c 25.6±1.1b 13.4±1.0c 18.3±1.4a <0.001 
AI in INL (%) 7.1±0.8a 15.6±2.6 b 9.2±0.6 a 7.7±0.4 a <0.001 

a. b, c: Statistical significance exists in the same row in case of having different letters. 

Figure 3 The AI levels in retinal GCL and INL.
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biochemically). The second objective was again for the first
time, was to compare the efficacy of pre-treatment and
post-treatment strategies. We have realized that the
pre-treatment was superior to post-treatment in terms of
tissue damage and apoptosis with statistically lower MDA
levels (marker of tissue damage severity), DNA
fragmentation (apoptosis) and lower levels of apoptotic
TUNEL positive cells.
As a conclusion, selenium was very effective in ameliorating
IR induced damage in the retina and the pre-treatment use
was superior to post-treatment use in decreasing apoptosis
especially in the GCL.
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