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Abstract  
         A stroke is the loss of brain function due to a disturbance in the blood supply to the brain. Ischemic type 
is the most common type of stroke in older adults, caused by either blockage of a blood vessel via thrombosis 
or arterial embolism, or by cerebral hypoperfusion. Erythropoietin (EPO) is a glycoprotein hormone that 
controls erythropoiesis, or red blood cell production. This study aimed to explore the EPO level in serum of 
ischemic stroke patients during the acute phase. This study was included 40 subjects, 20 patients with acute 
ischemic stroke and 20 apparently healthy persons act as a control group. Five milliliters of blood were 
collected in plane tube without anticoagulants for measuring EPO level in sera of patients and control by 
ELISA technique. In comparison with the control group, the patients with acute ischemic stroke showed a 
significant increase in EPO level (P ˂ 0.002). our data revealed that increase circulating endogenous EPO as a 
response to hypoxia and thereby increase oxygen supply by inducing erythropoiesis and/or other stimulatory 
factors that contribute the ischemic tolerance. 
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 الخلاصة
السكتة الدماغیة الاقفاریة هي النوع الشائع من حالات  .الیهالدماغیة هي فقدان وظیفة نسیج الدماغ بسبب اضطراب تدفق الدم  السكتة     

یتین هو كلایكوبروتین هورمون مسؤول ایریثروبو . السكتة الدماغیة لدى البالغین وتنتج من انسداد الاوعبة الدمویة او لحدوث الخثرة في الشرایین
ب مستوى هرمون الاریثروبویتین في امصال المرضى المصابین بالسكتة الدماغیة االهدف من الدراسة هو حس. عن انتاج خلایا الدم الحمراء

شخص معافى ظاهریا  ٢٠و  لاقفاریةلمریضا مصابا بالسكتة الدماغیة ا ٢٠, شخص ٤٠تضمنت الدراسة الحالیة . اریة في الطور الحادقفاللا
تم استخدام الأمصال التي تم الحصول علیها من دم المرضى والأصحاء لقیاس تركیز هورمون الایریثروبویتین باستخدام تقنیة . كمجموعة سیطرة

  .الایلایزا
في مستوى ) (P < 0.002یة عالیة لاقفاریة اظهروا زیادة معنو لبالمقارنة مع مجموعة السیطرة فان مرضى السكتة الدماغیة ااظهرت النتائج 

كاستجابة لنقصان هو اریة قفتشیر نتائجنا الى ان زیادة مستوى هورمون الایرثروبویتین لدى مرضى السكتة الدماغیة اللا. هورمون الایرثروبویتین
فزة الاخرى المشاركة في تحمل السكتة الاوكسجین والمساعدة في زیادة الاوكسجین بواسطة تحفیز عملیة انتاج الخلایا الحمراء مع العوامل المح

  .الدماغیة
  .السكتة الدماغیة الاقفاریة  ,ایریثروبویتین  :مفاتیح الكلمات

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ ــ ـــــــــــــــــــــــ ــ   ـــــــــــــــــــــــــــــــــــ
Introduction 

 stroke, sometimes referred to as a 
cerebrovascular accident (CVA), 
cerebrovascular insult (CVI), or 

colloquially brain attack is the loss of 
brain function due to a disturbance in the 
blood supply to the brain [1]. The two 

main types of stroke are ischemic and 
hemorrhagic, accounting for 
approximately 85% and 15%, respectively 
[2]. Ischemic type is the most common 
type of stroke in older adults, caused by 
either blockage of a blood vessel via 
thrombosis or arterial embolism, or by 

A
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cerebral hypoperfusion [3].  While 
hemorrhagic stroke is caused by bleeding 
of blood vessels of the brain, either 
directly into the brain parenchyma or into 
the subarachnoid space surrounding brain 
tissue [4]. As a result, the affected area of 
the brain cannot function normally, which 
might result in an inability to move one or 
more limbs on one side of the body, failure 
to understand or formulate speech, or a 
vision impairment of one side of the visual 
field [5].  
     Erythropoietin, also called hemato-
poietin or hemopoietin known as EPO. It 
is a glycoprotein hormone that controls 
erythropoiesis, or red blood cell 
production [6]. It is a cytokine for 
erythrocyte precursors in the bone marrow. 
Human EPO has a molecular weight of 34 
kD, and composed of 165 amino acids and 
four carbohydrate groups [7]. An 
important structural feature of EPO, is that 
it has two disulphide bonds, one linking 
the cysteine at amino acid 6 with the 
cysteine at amino acid 161, and the other 
linking cysteine 29 and 33. The former is 
functionally more important, because it 
acts as a tether, ensuring that the whole 
molecule is held in the correct shape for 
binding to the erythropoietin receptor 
(EPOR) [8]. Human EPO produced by 
interstitial fibroblasts in the kidney in 
close association with peritubular capillary 
and tubular epithelial tubule. It is also 
produced in perisinusoidal cells in the 
liver. The liver production predominates in 
the fetal and perinatal period; while renal 
production is predominant during 
adulthood. In addition to erythropoiesis, 
EPO also has other known biological 
functions. For example, it plays an 
important role in the brain's response to 
neuronal injury [7], and also involved in 
the wound healing process [9]. 
     EPO is present in low amounts in the 
circulation under homeostatic conditions, 
whereas erythropoietic stress, such as 
hypoxia or anemia, can stimulate a 
dramatic increase in EPO production in the 
kidney, leading to a significant rise in 
circulating hormone amounts and 

subsequently increased erythropoiesis 
[10], EPO also stimulates red blood cell 
production by binding and activating a 
high affinity receptor EPOR that is 
expressed predominantly on the surface of 
immature erythroid cells [11]. Over the 
last decade it has become clear that EPO 
acts as growth and survival factors for 
multiple tissues expressing the EPOR [12]. 
The number of described targets of EPO 
action continues to grow. EPO and 
its receptor are both present in the central 
nervous system with erythropoietin alpha 
capable of crossing the blood brain 
barrier via active transport. The presence 
of EPO within the spinal fluid of infants 
and the expression of EPOR in the spinal 
cord, suggesting a role by EPO within the 
CNS [13].  
      This study aimed to evaluate the serum 
EPO levels of ischemic stroke patients 
during the acute phase. 
  
Materials and Methods 
          This study was included (40) 
subjects, (20) patients with acute ischemic 
stroke and (20) apparently healthy persons 
act as a control group. The collection of 
samples was conducted during the period 
from 1st of December 2012 till 30th  of June  
2013. 
     The age of patients group who 
subjected to this study were ranging from          
(46-86) years, and comprised of (10) 
males, and (10) females. All of those 
patients were admitted to Merjan Teaching 
Hospital in Hilla city with clinical 
symptoms of acute ischemic stroke. The 
diagnosis and the type of stroke were 
confirmed by computed tomography CT- 
scanning or magnetic resonance imaging 
MRI- imaging techniques.  
  The age of control group was ranging 
from (25-34) years, this group comprised 
of (11) males and (9) females.  
  Five milliliters of blood were collected in 
plane tube without anticoagulants for 
measuring EOP using ELISA kit (USA) 
[14]. 
  Erythropoietin level estimated in sera of 
patients and control by ELISA technique 
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and the standard curve for estimation of 
erythropoietin were represented in figure 
(1). 
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       Figure (1): Standard curve of erythropoietin. 
 

Statistical Analysis 
         Data were expressed as mean ± S.D. 
Comparisons of means were performed 
using Student t-test. All statistical 
analysis were performed by using SPSS 

16.0 software. A value of P < 0.05 was 
considered statistically significant and 
less than (0.01) was considered highly 
significant. 

 
Results 
          The characteristics features of study samples summarized in table 1: 
 
      Table (1): characteristics of study samples 

Parameters Patient group Control group 
Age ( years ) 
Mean ± SD* 63.35± 12.82 28.1 ± 3.04 

Age range ( years ) 46 - 86 25 - 34 
Gender ( male : female ) 10 : 10 11 : 9 

* SD = Standard deviation. 

          
The acute ischemic stroke patients 
mean age in present study was higher 
than the control with highly significant 

statistical differences (P< .000) as 
demonstrated in figure-2.
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Figure (2): Age of studied groups (expressed as a mean ± SD) 

 
Also, the present study showed a highly 
significant (P ˂ 0.002) increase in EPO 
level in sera of patients with acute 

ischemic stroke compared with healthy 
control subjects as shown in figure (3).

 
 

 
Figure (3): Erythropoietin concentration in patients with ischemic stroke compared 

with control group (expressed as a mean ± SD) 
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Discussion 
Ischemic stroke is a serious disease caused 
by a thrombus (blood clot), which can 
result in permanent neurological damage, 
complications, and even death [15].  
          Patients taken for this study had 
mean age of 62.3 ± 11.3 years. The 
minimum and maximum age were 44 and 
86 years respectively, Although acute 
stroke may occurs at any age, but it occurs 
mainly in the age between 55- 85 years of 
old [16]. 
          The present results are consistent 
with those reported that stroke incidence is 
increased with age. About two thirds of all 
strokes happen after 65 years old. Men are 
slightly more affected than women [17]. 
Also, a new analysis from the Helsinki 
Young Stroke Registry finds the frequency 
of ischemic stroke rises sharply beginning 
at the age of 40, partly because traditional 
stroke risk factors started to accumulate 
around the age of 44 [18]. In addition to 
that, Margaret et al. [19] suggests that 
incidence of disability after ischemic stroke 
increases dramatically with advancing of 
age and older age at stroke onset, not 
gender or stroke subtype, was associated 
with greater disability. 
          In current study the EPO level in 
patients with acute ischemic stroke higher 
than the control group with highly 
significant difference at (p< 0.002). EPO is 
a pleiotropic factor. Both EPO and EPOR 
are expressed by astrocytes and neurons, 
and EPO is present in the cerebrospinal 
fluid (CSF). Furthermore EPO is a 
neuroprotective factor [20], which 
improves functional recovery and reduces 
neuronal apoptosis [21], and inflammation 
[22]. In response to ischemia, mammalian 
cells express a variety of proteins, 
including hypoxia inducible factor 1a (HIF-
1a). Expression of HIF-1a increases 
exponentially, as cellular O2 concentration 
decreases [23]. Downstream effects of 
increasing levels of HIF-1a are 
upregulation of various proteins such as 
EPO, EPO acts as a major regulator of 
erythropoiesis, by promoting the survival 
and proliferation of erythroid precursor 

cells [24]. Also in response to hypoxia the 
kidney produces EPO, which in turn 
increases the number of red blood cells and 
thereby increasing the tissue oxygen 
supply. 
          The EPO also has a mitogenic and 
positive chemotactic effect on endothelial 
cells and endothelial progenitor cells [25]. 
The mechanisms underlying the anti-
ischemic action of EPO have been 
proposed to involve anti-apoptotic 
processes [26], neovascularization, 
mobilization of endothelial progenitor cells, 
and angiogenesis [27]. Also, due to 
significantly higher concentrations of EPO 
in the blood than in the central nervous 
system (CNS), a hematopoietic function of 
brain-derived EPO is doubtful. The weak 
constitutive expression in the adult brain 
can be rapidly increased by hypoxia and 
acute metabolic stress as evidenced by 
detection of EPO in CSF or postmortem 
brain tissue after traumatic brain injury, 
subarachnoid hemorrhage, and stroke [28]. 
Hypoxia-induced expression of EPO and 
the classical EPOR in brain cells may 
contribute to ischemic tolerance [29] 
whereas neutralization of the brain 
endogenous EPO augments ischemic 
damage. 
         In addition to that, one potential 
mechanism to increase oxygen delivery to 
the ischemic tissue is induction of 
angiogenesis [30]. Actually, EPO has 
pleiotropic effect on brain function, 
including neuroprotection, and promotion 
of angiogenesis and neurogenesis [9], EPO 
stimulates angiogenesis in vitro as well as 
in vivo as described in previous study [31]. 
Therefore, the EPO/EPOR system is 
implicated in the process of 
neuroprotection and restructuring (such as 
angiogenesis) after ischemia [32]. Previous 
research on stroke has largely focused on 
EPO treatment in reducing infarct volumes 
and in improving recovery of neurological 
function, and no studies recorded measured 
the circulation EPO after stroke incidence. 
our result in current study, suggested that 
increase level of EPO in sera of stroke 
patients as a response to hypoxia and other 
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stress conditions result from infracted area 
of brain that consist with [33,34], they have 
been shown the expression of endogenous 
EPO and its receptor are expressed in the 
developing brain and adult liver is induced 
by hypoxia. However, local expression of 
normoxic and hypoxia-induced expression 
in brain is magnitudes lower than that 
outside of the (CNS). 
  
Conclusion  
          Our data revealed that in ischemic 
stroke patients the circulating endogenous 
EPO which may increase in response to 
hypoxia and thereby increase oxygen 
supply by inducing erythropoiesis and/or 
other stimulatory factors that contribute to 
the ischemic tolerance.  
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