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Cardioprotective effects of erythropoietin in diabetic 
rats determined by CD34 and vascular endothelial 
growth factor levels 

Didem Melis Oztas1,2, Mert Meric1, Metin Onur Beyaz3, Mehmet Akif Onalan4, Kivilcim Sonmez5, 
Kerem Oter5, Sedat Ziyade6, Beyhan Omer7, Ufuk Alpagut1, Murat Ugurlucan3

A b s t r a c t

Introduction: In this study, the effects of diabetes mellitus on the cardiovas-
cular system were investigated by assessing the stem cell levels in serum 
and heart and compared with the normal population. Additionally, efficacy 
of erythropoietin, which is known to increase stem cells, was studied in 
diabetic rats.
Material and methods: Twenty-five male Sprague Dawley rats were divided 
into three groups as a control group (group 1), diabetic group (group 2) and 
erythropoietin induced diabetic group (group 3). A diabetes model was cre-
ated with streptozocin. In group 3 rats received 3000 U/kg of erythropoietin. 
At the end of 1 month blood reticulocyte levels, degree of tissue fibrosis and 
immunohistochemical assessment of reliable stem cell markers, CD34 and 
vascular endothelial growth factor (VEGF), were analyzed.
Results: The increase in the blood glucose levels resulted in a significant de-
crease in reticulocyte levels in group 2. The increase in blood glucose levels 
resulted in a statistically significant increase in tissue level of fibrosis, CD34 
and VEGF. When the rats in groups 1 and 2 were compared, the fibrosis, 
CD34 and VEGF levels were found to increase significantly. When group 2 
and group 3 were compared, the amount of fibrosis was lower and the levels 
of CD34 and VEGF were significantly higher in group 3 than group 2.
Conclusions: The results of our study indicated that the amount of CD34 
and VEGF which function in cellular protection and tissue regeneration may 
be enhanced with safely applicable erythropoietin leading to increase in re-
ticulocyte levels in serum, and CD34 and VEGF levels in right atrium, right 
ventricle, left atrium, and left ventricle as a  protective mechanism in dia-
betic rats.

Key words: cardioprotective effect mechanisms, erythropoietin, diabetes 
mellitus.
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Introduction

Diabetes mellitus (DM) is a complex metabolic 
syndrome characterized by hyperglycemia, that 
increases the risk of microvascular and macrovas-
cular diseases [1]. It is one of the major causes 
of morbidity and mortality with its complications 
affecting many people through out the world.

Epidemiological studies have shown that dia-
betes mellitus is an independent risk factor for 
cardiovascular diseases. The risk of death due 
to coronary artery disease is high in diabetic pa-
tients compared with non-diabetic patients. Fur-
thermore, the risk of mortality in patients with 
known diabetes mellitus and who are not clinical-
ly diagnosed with coronary artery disease is simi-
lar to non-diabetic patients who previously expe-
rienced myocardial infarction [2]. Hyperglycemia 
directly causes endothelial dysfunction and is fre-
quently associated with cardiovascular diseases 
[3, 4]. The development of atherosclerosis occurs 
at an earlier age in diabetic patients and rapidly 
progresses [5].

It is known that myocardial cells lack the abil-
ity to regenerate or have very little regeneration 
capacity. However, regenerative cells have been 
detected in the myocardium and have given rise 
to the idea that these cells may be manipulat-
ed. Stem cells, which are the building blocks of 
all living subjects, rest in different regions of the 
tissues. They are programmed to increase tissue 
regeneration, especially in the case of tissue loss 
or damage [6].

Although studies have shown that stem cells 
reduce cardiac damage caused by ischemia [6–8], 
the most important limiting factor in these studies 
is that a  determined methodology has not been 
established. It has been shown that angiographic 
methods or intraoperative injected stem cells af-
ter myocardial infarction reduced ischemic cardiac 
damage and affect myocardial functions positively 
[9, 10]. Erythropoietin is a  glycoprotein molecule 
which is synthesized in the case of hypoxia. In pre-
clinical studies, it has been reported that the eryth-
ropoietin molecule has significant tissue protective 
effects with mechanisms such as apoptosis inhi-
bition, vascular restoration, reduction of inflam-
matory response and increased tissue function in 
cardiac, neuronal, retinal and renal ischemic injury 
models [11, 12]. Recent studies have shown that 
erythropoietin (EPO) has tissue-protecting effects 
in the heart by increasing vascular endothelial 
growth factor (VEGF) expression and alleviating 
myocardial fibrosis in ischemia models [13].

Many studies using stem cells have ignored di-
abetic patients and usually the effects of diabetes 
mellitus on endothelial and coronary arteries have 
been mostly emphasized [14, 15]. In this study, we 
aimed to evaluate the effects of erythropoietin on 

stem cell synthesis and tissue regeneration in the 
context of damaged tissues.

Material and methods

Research plan

The study was carried out at the Istanbul 
University Experimental Medicine and Research 
Institute. Histopathological examinations were 
performed at Istanbul University Cerrahpasa 
Veterinary Faculty, Department of Pathology and 
biochemical investigations were performed at Is-
tanbul University Medical Faculty. The necessary 
approval was obtained from the Experimental 
Medicine Ethics Committee of the Experimental 
Medicine and Research Institute of Istanbul Uni-
versity (Ethics Committee no: 27/2018).

In the study 25 adult Sprague Dawley rats (ap-
proximately 3 months) fed with normal food at 
a  suitable weight of 350-400 g were used. The 
rats were divided into three groups as the con-
trol group (group 1), diabetic group (group 2) and 
erythropoietin-induced diabetic group (group 3).

Measurement methods

In all rats, blood glucose levels were measured 
in a drop blood taken from the tail vein after 6 h  
of fasting before the experiment and rats with 
a blood glucose level ≥ 110 mg/dl were not includ-
ed in the study. Additionally, mean basal blood 
glucose level was determined. A MediSense Preci-
sion Q.I.D glucometer and MediSense Sensor Elec-
trodes (Abbott Laboratories Warszawa, Poland) 
were used for blood glucose measurement. In 
group 2 and group 3 rats, following the anesthesia 
achieved by 40 mg/kg sodium pentothal, intra-
peritoneal 50 mg/kg streptozocin (STZ) was given 
and irreversible pancreatic damage was induced. 
Following the second day of streptozocin adminis-
tration, blood drops taken from the tail vein after 
6 h of fasting were measured, and blood glucose 
levels were higher than 300 mg/dl in all rats.

The rats were kept alive for 1 month in order to 
observe the possible cardiovascular complications 
of diabetes. Blood glucose re-measurements were 
not required, and clinical findings of diabetes such 
as polyuria and polydipsia were monitored. During 
the follow-up period, 2 rats died in the diabetes 
group probably due to the side effects of diabetes 
mellitus.

In group 3, stem cell synthesis was induced by 
administering 3000 U/kg erythropoietin 2 times 
intraperitoneally on the 24th and 27th days before 
rats were sacrificed.

At the end of 1 month, rats in all groups were 
euthanized with high dose anesthesia (90 mg/
kg pentothal) and blood was drawn. In order to 
evaluate the stem cell levels, blood samples were 
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obtained from the rats and the heart was removed 
en bloc for adequate sampling of the right atrium, 
right ventricle, left atrium and left ventricular tis-
sues (Figure 1).

Tissue fibrosis, CD34 and VEGF level 
measurement

Heart tissues were fixed in 10% formalin. Right 
atrium, right ventricle, left atrium and left ventric-
ular biopsies were taken from each heart tissue af-
ter fixation. In the pathology laboratory, the speci-
men block was prepared following alcohol, xylene 
and paraffin applications on the tissues. By using 
an automatic microtome, 4 micron thick sections 
were taken from each of the paraffin-embedded 
tissues; and hematoxylin-eosin, mason trichrome 
staining and immunohistochemical studies were 
performed with appropriate methods and suitable 
antigens according to the manufacturers’ proto-
cols, which were previously explained in detail in 
many studies in the literature.

The results were evaluated for each category 
from 0 to 3: 0 – no staining, 1 – poor staining (10% 
staining), 2 – moderate staining (10–50% stain-
ing), 3 – severe staining (more than 50% staining).

 
Statistical analysis

Statistical analysis was performed using the 
SPSS (SPSS for Windows, SPSS Inc, Chicago, IL, US) 
15.0 program package. Variables were expressed 
as mean ± standard deviation. Non-paramet-
ric methods were used in the statistical evalua-
tion of the data. Kruskal-Wallis variance analysis 
was used to evaluate the difference between the 
groups. The Mann-Whitney U test with Bonferroni 
correction was used for determination of the dif-
ference between groups. Correlation analysis of 
the data was performed by Spearman rank cor-
relation analysis. A p-value of less than 0.05 was 
considered statistically significant.

Results

The mean blood glucose level was measured 
before the experiment in all rats and found to be 
72.80 ±11.516 mg/dl. After the administration 
of streptozocin, mean blood glucose level was 
358.70 ±44.749 mg/dl on the 2nd day and 382.80 
±34.941 mg/dl at the end of the 1st week. Accord-
ing to the Spearman rank correlation analysis, the 
rho values were evaluated as follows: 0.00–0.24: 
poor correlation, 0.25–0.49: moderate correlation, 
0.50–0.74: strong correlation, 0.75–1.00: very 
strong correlation.

The increase in blood sugar resulted in a sta-
tistically significant decrease in reticulocyte levels 
in group 2 and a statistically significant increase 
in tissue levels of CD34 and VEGF in group 2 and 

group 3. There was a  strong positive and statis-
tically significant correlation only between right 
atrium CD34 levels and serum reticulocyte levels 
(rho = 0.701, p = 0.024); however, such a correla-
tion was not observed for the left atrium, left ven-
tricle and right ventricle, unexpectedly.

In the control group, diabetic group and eryth-
ropoietin-induced diabetic group, the difference 
in right atrium, right ventricle, left atrium and left 
ventricular fibrosis was found to be strongly signif-
icant when comparing the groups with each other. 
According to the results of the analysis, the differ-
ences between the fibrosis levels of the 3 groups 
in the right atrial tissue were significant (c2

K-W = 
8.858, SD = 2, p = 0.012). No significant differ-
ence was found between group 1 and group 3,  
and group 2 and group 3. There was a significant 
difference between group 1 and group 2 (Table I). 
This significant difference was proved to be due to 
less fibrosis in group 1.

The difference between the fibrosis levels of 
the 3 groups in the right ventricular tissue (c2

K-W = 
13.200, SD = 2, p = 0.001), left atrial tissues(c2

K-W = 
14.883, SD = 2, p = 0.001) and left ventricular 
tissues (c2

K-W = 13.520, SD = 2, p = 0.001) were 
statistically significant. The differences between 
group 1 and group 2, and group 2 and group 3 

Figure 1. En bloc cardiac tissue
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Table I. Statistical analysis of fibrosis, CD34 and VEGF levels in right atrium of control, diabetic and diabetic rats 
induced with erythropoietin. A – Descriptive statistics, B – Kruskal-Wallis test, test statistics, C – Mann-Whitney 
1&2 test

A
Group Parameter N Minimum Maximum Mean Std. deviation

Control Reticulocyte% 5 1.20 1.49 1.3300 0.11790

Glucose 5 77 100 90.00 10.700

CD34 5 1 2 1.20 0.447

VEGF 5 1 2 1.20 0.447

Fibrosis 5 1 2 1.20 0.447

Valid N (listwise) 5

Diabetic Reticulocyte% 8 1.30 2.80 1.9250 0.53918

Glucose 8 270 494 397.50 71.841

CD34 8 1 3 1.62 0.744

VEGF 8 1 3 1.88 0.641

Fibrosis 8 1 3 2.50 0.756

Valid N (listwise) 8

Erythropoietin Reticulocyte% 10 12.00 28.00 20.9000 5.70477

Glucose 10 350 450 410.70 31.609

CD34 10 2 3 2.80 0.422

VEGF 10 2 3 2.70 0.483

Fibrosis 10 1 3 2.10 0.568

Valid N (listwise) 10

B
Parameter Reticulocyte% Glucose CD34 VEGF Fibrosis

c2 18.319 11.267 13.892 12.727 8.858

df 2 2 2 2 2

Asymp. sig. 0.000 0.004 0.001 0.002 0.012

Kruskal-Wallis test, grouping variable: group.

C
Parameter Reticulocyte% Glucose CD34 VEGF Fibrosis

Mann-Whitney U 3.000 0.000 13.500 8.500 4.000

Wilcoxon W 18.000 15.000 28.500 23.500 19.000

Z –2.492 –2.928 –1.105 –1.873 –2.498

Asymp. sig. (2-tailed) 0.013 0.003 0.269 0.061 0.012

ExactSig. [2*(1-tailed sig.)] 0.011a 0.002a 0.354a 0.093a 0.019a

aNot corrected for ties. 

were significant while the difference between 
group 1 and group 3 was not significant (Tables 
II–IV). This difference was attributed to increased 
fibrosis in group 2 (Figure 2) and minimal fibrosis 

in group 1 and attenuated fibrosis in group 3 with 
erythropoietin injection.

When the right atrial, right ventricular, left 
atrial and left ventricular CD34 were compared 
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Table I. Cont. D – Mann-Whitney 2&3 test, E – Mann-Whitney 1&3 test

D
Parameter Reticulocyte% Glucose CD34 VEGF Fibrosis

Mann-Whitney U 0.000 38.500 9.000 14.000 25.500

Wilcoxon W 36.000 74.500 45.000 50.000 80.500

Z –3.560 –.133 –2.996 –2.542 –1.425

Asymp. sig. (2-tailed) 0.000 0.894 0.003 0.011 0.154

ExactSig. [2*(1-tailed Sig.)] 0.000a 0.897a 0.004a 0.021a 0.203a

aNot corrected for ties.

E
Parameter Reticulocyte% Glucose CD34 VEGF Fibrosis

Mann-Whitney U 0.000 38.500 9.000 14.000 25.500

Wilcoxon W 36.000 74.500 45.000 50.000 80.500

Z –3.560 –.133 –2.996 –2.542 –1.425

Asymp. sig. (2-tailed) 0.000 0.894 0.003 0.011 0.154

ExactSig. [2*(1-tailed Sig.)] 0.000a 0.897a 0.004a 0.021a 0.203a

aNot corrected for ties.

Table II. Statistical analysis of fibrosis, CD34 and VEGF levels in right ventricle of control, diabetic and diabetic rats 
induced with erythropoietin. A – Descriptive statistics

A
Group Parameter N Minimum Maximum Mean Std. deviation

Control Reticulocyte% 5 1.20 1.49 1.3300 0.11790

Glucose 5 77 100 90.00 10.700

CD34 5 1 2 1.40 0.548

VEGF 5 1 2 1.20 0.447

Fibrosis 5 1 1 1.00 0.000

Valid N (listwise) 5

Diabetic Reticulocyte% 8 1.30 2.80 1.9250 0.53918

Glucose 8 270 494 397.50 71.841

CD34 8 1 3 1.88 0.835

VEGF 8 1 3 2.00 0.756

Fibrosis 8 2 3 2.75 0.463

Valid N (listwise) 8

Erythropoietin Reticulocyte% 10 12.00 28.00 20.9000 5.70477

Glucose 10 350 450 410.70 31.609

CD34 10 1 3 2.60 0.699

VEGF 10 2 3 2.60 0.516

Fibrosis 10 1 3 1.90 0.738

Valid N (listwise) 10



D.M. Oztas, M. Meric, M.O. Beyaz, M.A. Onalan, K. Sonmez, K. Oter, S. Ziyade, B. Omer, U. Alpagut, M. Ugurlucan

e6 Arch Med Sci Atheroscler Dis 2020

Table II. Cont. B – Kruskal-Wallis test, test statistics, C – Mann-Whitney 1&2 test, D – Mann-Whitney 1&3 test, 
E – Mann-Whitney 2&3 test

B
Parameter Reticulocyte% Glucose CD34 VEGF Fibrosis

c2 18.319 11.267 7.573 10.294 13.200

df 2 2 2 2 2

Asymp. sig. 0.000 0.004 0.023 0.006 0.001

C
Parameter Reticulocyte% Glucose CD34 VEGF Fibrosis

Mann-Whitney U 3.000 0.000 13.500 8.000 0.000

Wilcoxon W 18.000 15.000 28.500 23.000 15.000

Z –2.492 –2.928 –1.034 –1.910 –3.183

Asymp. sig. (2-tailed) 0.013 0.003 0.301 0.056 0.001

ExactSig. [2*(1-tailed sig.)] 0.011a 0.002a 0.354a 0.093a 0.002a

aNot corrected for ties. 

D
Parameter Reticulocyte% Glucose CD34 VEGF Fibrosis

Mann-Whitney U 0.000 0.000 5.500 2.000 7.500

Wilcoxon W 15.000 15.000 20.500 17.000 22.500

Z –3.067 –3.062 –2.569 –2.996 –2.378

Asymp. sig. (2-tailed) 0.002 0.002 0.010 0.003 0.017

ExactSig. [2*(1-tailed sig.)] 0.001a 0.001a 0.013a 0.003a 0.028a

aNot corrected for ties.

E
Parameter Reticulocyte% Glucose CD34 VEGF Fibrosis

Mann-Whitney U 0.000 38.500 20.500 22.000 15.000

Wilcoxon W 36.000 74.500 56.500 58.000 70.000

Z –3.560 –0.133 –1.885 –1.760 –2.407

Asymp. sig. (2-tailed) 0.000 0.894 0.059 0.078 0.016

ExactSig. [2*(1-tailed sig.)] 0.000a 0.897a 0.083a 0.122a 0.027a

aNot corrected for ties.

between the control group, diabetic group and 
erythropoietin-induced diabetic group, the differ-
ence was found to be highly significant. According 
to the results of the analysis, the differences be-
tween the CD34 levels of the 3 groups in the right 
atrial tissue (c2

K-W = 13.892, SD = 2, p = 0.001) and 
left atrial tissue (c2

K-W = 11.130, SD = 2, p = 0.004) 
were statistically significant. There was a signifi-
cant difference between group 1 and group 3, and 
group 2 and group 3. No significant difference was 
found between group 1 and group 2 (Tables I, III). 

The differences between the CD34 levels of the 
3 groups in the right ventricular tissue (c2

K-W  = 
7.573, SD = 2, p = 0.023) and left ventricular tis-
sue (c2

K-W = 9.855, SD = 2, p = 0.007) were sta-
tistically significant. A  significant difference was 
found between group 1 and group 3, and no signif-
icant difference was found between group 1 and 
group 2, and group 2 and group 3 (Tables II, IV).  
The significant differences between the CD34 lev-
els of different tissues were proven to be due to 
the high amount of CD34 in group 3 (Figure 3).
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Table III. Statistical analysis of fibrosis, CD34 and VEGF levels in left atrium of control, diabetic and diabetic rats 
induced with erythropoietin. A – Descriptive statistics, B – Kruskal-Wallis test, test statistics, C – Mann-Whitney 
1&2 test

A
Group Parameter N Minimum Maximum Mean Std. deviation

Control Reticulocyte% 5 1.20 1.49 1.3300 0.11790

Glucose 5 77 100 90.00 10.700

CD34 5 1 2 1.40 0.548

VEGF 5 1 2 1.20 0.447

Fibrosis 5 1 2 1.20 0.447

Valid N (listwise) 5

Diabetic Reticulocyte% 8 1.30 2.80 1.9250 0.53918

Glucose 8 270 494 397.50 71.841

CD34 8 1 3 1.88 0.835

VEGF 8 1 2 1.75 0.463

Fibrosis 8 2 3 2.87 0.354

Valid N (listwise) 8

Erythropoietin Reticulocyte% 10 12.00 28.00 20.9000 5.70477

Glucose 10 350 450 410.70 31.609

CD34 10 2 3 2.80 0.422

VEGF 10 2 3 2.80 0.422

Fibrosis 10 1 3 1.90 0.568

Valid N (listwise) 10

B
Parameter Reticulocyte% Glucose CD34 VEGF Fibrosis

c2 18.319 11.267 11.130 15.961 14.883

df 2 2 2 2 2

Asymp. sig. 0.000 0.004 0.004 0.000 0.001

C
Parameter Reticulocyte% Glucose CD34 VEGF Fibrosis

Mann-Whitney U 3.000 0.000 13.500 9.000 0.500

Wilcoxon W 18.000 15.000 28.500 24.000 15.500

Z –2.492 –2.928 –1.034 –1.859 –3.160

Asymp. sig. (2-tailed) 0.013 0.003 0.301 0.063 0.002

ExactSig. [2*(1-tailed sig.)] 0.011a 0.002a 0.354a 0.127a 0.002a

aNot corrected for ties.
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Table III. Cont. D – Mann-Whitney 1&3 test, E – Mann-Whitney 2&3 test

D
Parameter Reticulocyte% Glucose CD34 VEGF Fibrosis

Mann-Whitney U 0.000 0.000 2.000 1.000 9.500

Wilcoxon W 15.000 15.000 17.000 16.000 24.500

Z –3.067 –3.062 –3.101 –3.236 –2.139

Asymp. sig. (2-tailed) 0.002 0.002 0.002 0.001 0.032

ExactSig. [2*(1-tailed sig.)] 0.001a 0.001a 0.003a 0.001a 0.055a

aNot corrected for ties.

E
Parameter Reticulocyte% Glucose CD34 VEGF Fibrosis

Mann-Whitney U 0.000 38.500 15.000 6.000 8.000

Wilcoxon W 36.000 74.500 51.000 42.000 63.000

Z –3.560 –0.133 –2.476 –3.325 –3.129

Asymp. sig. (2-tailed) 0.000 0.894 0.013 0.001 0.002

ExactSig. [2*(1-tailed sig.)] 0.000a 0.897a 0.027a 0.001a 0.003a

aNot corrected for ties.

Table IV. Statistical analysis of fibrosis, CD34 and VEGF levels in left ventricle of control, diabetic and diabetic rats 
induced with erythropoietin. A – Descriptive statistics

A
Group Parameter N Minimum Maximum Mean Std. deviation

Control Reticulocyte% 5 1.20 1.49 1.3300 0.11790

Glucose 5 77 100 90.00 10.700

CD34 5 1 2 1.40 0.548

VEGF 5 1 2 1.20 0.447

Fibrosis 5 1 2 1.20 0.447

Valid N (listwise) 5

Diabetic Reticulocyte% 8 1.30 2.80 1.9250 0.53918

Glucose 8 270 494 397.50 71.841

CD34 8 1 3 2.00 0.756

VEGF 8 1 2 1.75 0.463

Fibrosis 8 2 3 2.87 0.354

Valid N (listwise) 8

Erythropoietin Reticulocyte% 10 12.00 28.00 20.9000 5.70477

Glucose 10 350 450 410.70 31.609

CD34 10 2 3 2.70 0.483

VEGF 10 2 3 2.70 0.483

Fibrosis 10 1 3 2.00 0.667

Valid N (listwise) 10
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Table IV. Cont. B – Kruskal-Wallis test, test statistics, C – Mann-Whitney 1&2 test, D – Mann-Whitney 1&3 test, 
E – Mann-Whitney 2&3 test

B
Parameter Reticulocyte% Glucose CD34 VEGF Fibrosis

c2 18.319 11.267 9.855 14.561 13.520

df 2 2 2 2 2

Asymp. sig. 0.000 0.004 0.007 0.001 0.001

C
Parameter Reticulocyte% Glucose CD34 VEGF Fibrosis

Mann-Whitney U 3.000 0.000 11.000 9.000 0.500

Wilcoxon W 18.000 15.000 26.000 24.000 15.500

Z –2.492 –2.928 –1.432 –1.859 –3.160

Asymp. sig. (2-tailed) 0.013 0.003 0.152 0.063 0.002

ExactSig. [2*(1-tailed sig.)] 0.011a 0.002a 0.222a 0.127a 0.002a

aNot corrected for ties.

D
Parameter Reticulocyte% Glucose CD34 VEGF Fibrosis

Mann-Whitney U 0.000 0.000 3.000 1.500 9.000

Wilcoxon W 15.000 15.000 18.000 16.500 24.000

Z –3.067 –3.062 –2.910 –3.096 –2.144

Asymp. sig. (2-tailed) 0.002 0.002 0.004 0.002 0.032

ExactSig. [2*(1-tailed sig.)] 0.001a 0.001a 0.005a 0.001a 0.055a

aNot corrected for ties.

E
Parameter Reticulocyte% Glucose CD34 VEGF Fibrosis

Mann-Whitney U 0.000 38.500 19.000 9.000 12.000

Wilcoxon W 36.000 74.500 55.000 45.000 67.000

Z –3.560 –0.133 –2.064 –3.047 –2.752

Asymp. sig. (2-tailed) 0.000 0.894 0.039 0.002 0.006

ExactSig. [2*(1-tailed sig.)] 0.000a 0.897a 0.068a 0.004a 0.012a

aNot corrected for ties.

When the right atrium, right ventricle, left atri-
um and left ventricular VEGF levels were com-
pared in the control group, diabetic group and 
erythropoietin induced diabetic group, the differ-
ence was found to be highly significant. According 
to the results of the analysis, the difference be-
tween the VEGF levels of the 3 groups in the right 
atrial tissue (c2

K-W = 12.727, SD = 2, p = 0.002), 
and left atrial tissue (c2

K-W = 15.961, SD = 2, p < 
0.001) was statistically significant. There was sig-
nificant difference between group 1 and group 3 
and group 2 and group 3, and no significant dif-

ference was found between group 1 and group 2  
(Tables I, III, IV). The differences between the 
VEGF levels of the 3 groups in the right ventric-
ular tissue (c2

K-W  = 10.294, SD = 2, p = 0.006) 
and left ventricular tissue (c2

K-W = 14.561, SD = 2,  
p = 0.001) were statistically significant. There 
was a statistically significant difference between  
group 1 and group 3, and no significant difference 
was found between group 1 and group 2, and 
group 2 and group 3 (Table II). This significant dif-
ference was proved to be due to the high amount 
of VEGF in group 3 (Figure 4).



D.M. Oztas, M. Meric, M.O. Beyaz, M.A. Onalan, K. Sonmez, K. Oter, S. Ziyade, B. Omer, U. Alpagut, M. Ugurlucan

e10 Arch Med Sci Atheroscler Dis 2020

Figure 2. Thin fibrillary connective tissue formation 
in necrotic tissue by Masson trichrome staining in 
diabetic group

Figure 4. Increased tissue stain with VEGF

Figure 3. Increased tissue stain with CD34

Discussion 

In developed western countries, at least half of 
all deaths are due to cardiovascular diseases and 
3/4 of them are related to atherosclerotic coronary 
artery disease (CAD). It is one of the leading caus-
es of morbidity and mortality [16]. Diabetes mel-
litus is defined as a complex metabolic syndrome 
characterized by hyperglycemia, which increases 
the risk of microvascular and macrovascular dis-
ease [1]. Diabetes was closely associated with 
other risk factors and due to high mortality (4– 
6 times) rates in the case of myocardial infarction, 
it was accepted as a risk equivalent of CAD [4].

Studies on stem cells also attract attention in 
the field of cardiac surgery. In order to help tis-
sue regeneration in stress conditions such as 
ischemia, hyperthermia and hypothermia, these 
cells, which increase in number, may also serve in 
the defense mechanisms when needed in various 
stress situations [17, 18]. Studies have shown that 
stem cells may reduce cardiac damage caused by 
ischemia [7, 8].

Erythropoietin is a glycoprotein hormone that 
is induced by hypoxia that stimulates the prolif-
eration and differentiation of erythroid precursor 

cells to eliminate the reduced levels of oxygen 
caused by anemia and hypoxia. Several studies 
have shown that EPO can induce proliferation 
cascades in the myocardium [12]. Thus, the idea 
that EPO may be used as a cytoprotective agent 
in the cardiovascular system has been born [19, 
20]. EPO may also trigger neovascularization, re-
duce infarct size and provide effective cardiac pro-
tection against ischemia-reperfusion injury and 
chronic heart failure. Erythropoietin protects the 
myocardium from ischemic injury and promotes 
re-modeling [11].

Diabetic cardiomyopathy (DCM) is character-
ized by microvascular pathology and interstitial 
fibrosis leading to progressive heart failure. Dia-
betic microvascular complications are thought to 
be affected by angiogenic factors, including VEGF, 
in response to both ischemia and hyperglycemia. 
Hyperglycemia also causes interstitial fibrosis and 
progressive cardiac dysfunction along with apop-
tosis and necrosis of cardiomyocytes [18, 20]. In 
a study with EPO in DCM-induced rats, it was found 
that EPO administration can reverse the reshaping 
of the heart by increasing angiogenesis and weak-
ening interstitial fibrosis without affecting blood 
sugar [18]. Erythropoietin has been shown to have 
tissue-protective effects in the heart by increasing 
VEGF expression and alleviating myocardial fibro-
sis in ischemia models [19].

Many studies using stem cells have ignored di-
abetic patients. However, we know that diabetes 
is a risk factor for many postoperative morbidities 
which are thought to be caused by differences 
in stem cell level [14, 15]. Streptozocin is a pan-
creatic beta cell toxin that disrupts the ability 
to produce insulin in animals and has led to the 
development of the model of diabetic atheroscle-
rosis. This model was first described by Park and 
resulted in a 5.3-fold plaque increase in the aortic 
sinus compared to the control group after 6-week 
follow-up in mice with diabetes induced by strep-
tozocin [21]. Thus, diabetic atherosclerosis, which 
develops plaque morphology in a  similar way to 
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human beings, was created in the animal mod-
el and it allowed animal experiments in diabetic 
models.

In this study, we aimed to investigate the ef-
fects of diabetes on the direct cardiovascular sys-
tem tissues and the effect of erythropoietin, which 
is known to increase stem cells in diabetic rats. 
In the literature, it is seen that VEGF levels are 
investigated most frequently and safely in order 
to evaluate the neovascularization histopatholog-
ically [19]. In addition, CD34 is a  marker that is 
bound to the surface of stem cells. In the litera-
ture, CD34 is frequently and safely evaluated in 
identifying stem cells [11]. VEGF and CD34 anti-
bodies were used as markers in this study where 
tissue regeneration was investigated in the dia-
betic population using erythropoietin. Thus, the 
role of erythropoietin in stem cell synthesis and 
tissue regeneration in the context of damaged 
tissues was evaluated. In our study, reticulocytes 
and serum levels of CD34 and VEGF in different 
tissues of the cardiovascular system were evalu-
ated in the diabetic model of rats for the first time 
in the literature.

In diabetic rats, CD34 and VEGF levels were 
higher in cardiovascular system tissues compared 
to healthy rats. The administration of erythro-
poietin, which is known to increase the amount 
of stem cells and endothelial growth factor, led 
to a larger increase in tissue levels of CD34 and 
VEGF in diabetic rats. Another remarkable finding 
is that although there was an increase in CD34 
and VEGF levels and larger fibrosis reduction in 
the presence of erythropoietin in diabetics, it did 
not significantly correlate with reticulocyte levels, 
fibrosis, CD34 and VEGF levels except right atri-
al tissue. The current situation was thought to 
be related to the low number of subjects in the 
groups. A  significant correlation was observed 
only in serum reticulocyte level and right atrium 
CD34 level.

The major limitation of our study is the low 
number of subjects. Also, we failed to detect 
a  correlation between reticulocyte levels, CD34 
and VEGF levels in different tissues of the heart 
other than the right atrium. Although the results 
indicated higher levels of CD34 and VEGF in eryth-
ropoietin induced diabetic rats, the provocative 
mechanism of erythropoietin to induce stem cells 
other than reticulocytes could not be clearly iden-
tified in this study.

In conclusion, the amount of CD34 and VEGF 
for tissue regeneration increases in the case of fi-
brotic insult in the cardiovascular system in rats. 
Tissue levels of CD34 and VEGF molecules that are 
involved in cellular protection and regeneration 
may be further enhanced by the safe use of eryth-
ropoietin in the diabetic rat population.
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