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Abstract OBJECTIVE: Majority of severe disabilities in adults are caused by stroke. The aim of
our study is to learn the effects of erythropoietin (EPO), on infarct size in cerebral
ischemia and to determine neurological behavioral scores and histopathological

evaluation.

MATERIAL & METHODS: In this study 30 adult Sprague-Dawney rats were used. Cer-
ebral ischemia was constituted by intraluminal filament method with a 4-0-nylon
suture. Reperfusion was started after two hours of middle cerebral artery occlusion.
The rats were randomly divided into two groups as follow: control and EPO groups.
Saline 0.9% (0.5ml/kg) and EPO (5000 U/kg) was administered intraperitoneally
in the groups. Three coronal slices in two millimeters thickness were obtained
from cerebrum, cerebellum and brain stem, and were stained with a 2% solution
of triphenyltetrazolium chloride. Transparent sheets were placed over each section
and the areas of the brain and infarct were measured. The neurological scores were

determined at 24th, 48th and 72nd hours after reperfusion.

RESULTS: Percent of ischemic area (%) in cerebrum, cerebellum and brain stem
level in EPO groups were less than those of control group (p<0.0001). In addition,
we determined that EPO group was better than controls of neurologic score and

histopatologically after cerebral ischemia.

CONCLUSIONS: We concluded that EPO may decrease ischemic area in experimen-

tal cerebral ischemia in rats and it seems that EPO may be beneficial.
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INTRODUCTION

The so-called “stroke”, meaning the sudden occlusion
of one or more brain vessels resulting in an insufficient
perfusion of the associated brain area, presents, together
with cardiovascular diseases and cancer [13]. The treat-
ment of stroke is still limited with the optimal supportive
measures in spite of recombinant tissue plasminogen
activator (r-TPA). Any therapeutic approach in stroke
promising to favorably influence the course of this disease
therefore merits to be followed up emphatically. This has
been done in recent years with a number of substances
hope to positively influence the course of recovery after
a stroke due to their neuroprotective properties. All of
these studies have failed so far [13].

Erythropoietin (EPO) is a hematopoietic growth
factor and cytokine and is most notably recognized for
its central role in erythropoiesis [15,18]. It possesses
neuroprotective effects on hypoxic/ischemic cerebral
damages and experimental subarachnoid hemorrhage
[1,22,34]. The neuroprotective properties are extending
from anti-apoptotic, anti-oxidative, anti-inflamma-
tory, glutamate inhibitory, and stem cell modulating to
neurotrophic and angiogenic effects. Thus, EPO may
protect neurons by a combination of these mechanisms
[13,14,15,33]. But there is limited data about effect of
EPO on the cerebral ischemia.

In this study we aimed to effectiveness of EPO on per-
cent ischemic area in experimental ischemic brain injury
and on neurological outcome after temporary middle
cerebral artery occlusion (MCAO) and reperfusion in
rats.

MATERIAL AND METHODS

All the experimental procedures were performed in
accordance the guidelines of the Experimental Research
Institute of Dicle University (DUSAM), after approval
of Dicle University Ethic Committee (#02-224). Thirty
adult male Sprague-Dawney rats, weighing 300 to 350 g,
obtained from the DUSAM were used in this study. The
rats were kept in a room having interior temperature
21-23°C. Fans and illuminated 12 hours ventilated the
room continuously in a day. The rats were randomly
divided into two groups; control (C) (n=15), and eryth-
ropoietin group (EPO) (n=15) (Recombinant human
erythropoietin, Neorecormen” 5000 IU, Roche, Switzer-
land). The rats were fed with ad libitum standard pellet
chow and daily fresh tap water during the experimental
procedure.

Experimental protocol and groups

The all groups were anesthetized with ketamine hy-
drochloride (90 mg/kg) intraperitoneally, and by using
intraluminal filament method cerebral ischemia was
constituted [3,23]. The method consists of introducing a
4-0-nylon intraluminal suture into the cervical internal
carotid artery (ICA) and advancing it intracranially to
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block blood flow into the MCA; collateral blood flow
was reduced by interrupting all branches of the external
carotid artery (ECA) and all extracranial branches of the
ICA. The intraluminal filament was withdrawn after two
hours of MCAO, and reperfusion started again and passed
to therapeutic stages for all the groups. After, Saline 0.9%
(0.5ml/kg) to the C group, and EPO (5000 U/kg) were
administered intraperitoneally in EPO group. All ani-
mals were sacrificed under pentobarbital by decapitating
72 hours after MCAO. Afterwards the whole brains were
immediately removed, briefly cooled in ice-cold saline,
and three coronal slices in two millimeters thickness
were obtained from cerebrum, cerebellum and brain
stem respectively.

Neurological evaluation:

The neurological scores were determined at 24th, 48th
and 72nd hours after reperfusion by using the modifica-
tion described by Bederson et al. [2]. In neurological
evaluation, the worst score was determined as “12” and
the best score as “0”. The rats were evaluated in 24th, 48th
and 727 hours after MCAO.

Histopathological procedure and examination

The sections were stained with a 2% solution of
triphenyltetrazolium chloride (TTC) in a warm water
bath 37°C for 30 minutes [2]. The stained sections were
immersed in 10% phosphate-buffered formalin and the
infarct size examined after 1 week. Transparent sheets
were placed over each section and the areas of the brain
and of the infarct (as outlined by TTC staining) were
traced on the overlay. The tracings were digitalized and
total pixel counts of the ischemic area and the whole
brain in all three surfaces were determined. The sums of
the three surfaces were calculated and the ischemic area
was expressed as a percentage of the whole brain area.
The histopatological evaluation is made according to the
Kirino and et al who described the ischemic neuronal
changes [20].

Statistical analysis

Percent of ischemic area of three groups were pre-
sented as mean + standard deviation (SD). ANOVA test
was used to compare the measurements on three groups.
Post hoc Tukey analyses were used. Values p<0.05 was
accepted as statistically significant.

RESULTS

All results of two groups are shown in Table 1. Percent
of ischemic area (%) in cerebral level of EPO group was
lower than control group (14.4+2.23%, 19.6+2.67%
respectively, p<0.0001). Percent of ischemic area (%) in
cerebellar level of EPO group was also lower than control
rats (11.6+2.73%, 24.2+4.75% respectively, p<0.0001).
Again percent of ischemic area (%) in brain stem level of
EPO group was also lower than control rats (5.7+1.42%,
18.1+2.29% respectively, p<0.0001). After two hours of
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Table 1. Comparison of infarction areas in the coronal sections in
the control and EPO groups.

Ischemic area Ischemicarea Ischemicarea p-value
of Cerebrum of Cerebellum of Brain stem
(%) (%) (%)
Control  19.6+2.67  24.2+4.75 18.1£2.29
EPO 144+2.23 11.6+£2.73* 5.7+1.42**  p<0.0001*

*p<0.0001 EPO group vs control.

middle cerebral artery occlusion (MCAO) we determined
a improvement neurologic score at 24th, 48th and 72nd
hours in the rats that have been given EPO (Table 2 and
3). The EPO-group showed significantly better recovery
than the control group.

In histopatological evaluation, the EPO group had a
microvacuolisation phase in pericardium (Stage I) and
the control group had a ischemic cell changes included
the cell had narrowed and its nucleus was dyed darkly
and pushed to edge of cell (Stage II-III), (Figures 1 and
2). Figure 3a and 3b demonstrate sample of whole brain
and ischemic area.

DISCUSSION

In this study we have shown that EPO have positive
effects on experimental cerebral ischemia in rats, because
the mean infarct size treated with EPO was significantly
lower than that of control group.

EPO has a well-known erythropoietic effect, and it
has also been shown to be neuroprotective in various
animal models [10,12,13,33]. Although the mechanisms

Table 2. Neurologic scores of control group.

of EPO in protecting brain were likely to be complex,
several different pathways have been studied. EPO and
its receptor (EPO-R), present in brain tissue after isch-
emic injury, were involved in preventing the glutamate
toxicity that augments neurons against hypoxia-ischemia
in vitro and in vivo [4,17,25,26,30]. It was claimed that
EPO acted at EPO-R to activate Jak2 (kinase-2), which
initiates phosphorylation of IKB (inhibitor of nuclear
factor-kappaB (NF«kB)), to activate NFxB and induce
NF«B neuroprotective genes [7]. Jak2 also activates PI3K
to phosphorylate Akt, which leads to phosphorylation
and deactivation of the pro-apoptotic bad protein [28].
In contrast to EPO, carbamylated EPO (CEPO) does not
bind to the EPO-R on UT7 cells or have any haematopoi-
etic/proliferative activity on these cells. In vivo studies in
mice and rats showed that even high doses of CEPO for
long periods are not erythropoietic. However, in com-
mon with EPO, CEPO does inhibit the apoptosis associ-
ated with glutamate toxicity in hippocampal cells. Like
EPO, CEPO is neuroprotective in a wide range of animal
models of neurotoxicity: middle cerebral artery occlu-
sion model of ischemic stroke, sciatic nerve compres-
sion, spinal cord depression, experimental autoimmune
encephalomyelitis and peripheral diabetic neuropathy
[19]. They are found in the human cerebral cortex and
hippocampus and in vitro, the cytokine is synthesized by
astrocytes and neurons, has neuroprotective activity, and
is upregulated after hypoxic stimuli [19]. The transcrip-
tion factor hypoxia-inducible factor 1 (HIF-1) appears
to be a universal molecular master switch, controlling
cellular survival, glucose metabolism and transport, and
metabolic adaptation. One of the most relevant target
genes of HIF-1 is the EPO. EPO gene expression in the

Table 3. Neurologic scores of EPO group.

Number 24 hours 48 hours 72 hours Mean Number 24 hours 48hours 72hours Mean
1 9 9 9 9 1 6 5 5 5
2 8 8 8 8 2 5 5 4 5
3 9 9 9 9 3 5 5 5 5
4 7 8 8 8 4 5 5 4 5
5 7 7 7 7 5 4 4 4 4
6 6 7 7 7 6 6 5 5 5
7 7 8 8 8 7 5 4 4 4
8 8 9 9 9 8 7 6 5 6
9 9 8 8 8 9 6 5 4 5
10 8 8 8 8 10 6 4 4 5
11 9 9 ¢ 9 11 6 5 5 5
12 10 9 9 9 12 6 5 4 5
13 8 8 8 8 13 5 4 4 4
14 9 8 8 8 14 6 5 5 5
15 9 9 9 9 15 5 5 4 5
corx::Ing‘r)(f)up 8 8 8 8 Ellln()e agr:::p 6 3 4 3
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were observed frequently.

brain is regulated by hypoxia-inducible factor-1 that is
activated by a variety of stressors, including hypoxia [31].
Another study has demonstrated that EPO infused into
the cerebral ventricles of stroke-prone spontaneously
hypertensive rats with permanent MCA occlusion im-
proved cognitive tests, reduced cortical infarction, and
increased numbers of surviving thalamic neurons and
also in situ hybridization revealed that EPO-R mRNA
was up regulated at 24 hours in the ischemic penumbra
after MCA occlusion [29]. In addition, infusion of EPO
into the lateral ventricles prevented ischemia-induced
learning disability and rescued hippocampal CA1 neu-
rons from global cerebral ischemic injury in gerbils [30].
A human study suggested that early administration of
EPO following stroke improved outcome in the patient
population [11]. We could not evaluate these probable
mechanisms of EPO in protecting brain due to technical
difficulties. Therefore, these results need further inves-
tigation for determining of exact mechanism of EPO on
cerebral ischemia.

Erythropoietin and cerebral ischemia
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Figure 2. In EPO group “Stage | ischemic neuronal changes” were
observed.

¥ i : n

CONCLUSION

In this study shown that EPO reduced infarct volume,
and improved neurologic score and histopatologically
after cerebral ischemia. We concluded that EPO may de-
crease ischemic area in experimental cerebral ischemia.
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