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Abstract 
Introduction: Erythropoietin (EPO) is a glycoprotein hormone that is secreted for biological responses and is regulated by the interaction 
between EPO and specific cytokine receptors. The EPO is a mediator of angiogenesis and erythropoiesis and can increase several growth 
factors. The current research aimed to compare the effects of systemic and subcutaneous injection of recombinant human EPO on the 
tissue-healing process. 

Methods: For the purposes of the study, 30 male BALB/c mice were selected and divided into three groups. The first one received EPO 
treatment with systemic injection (n=10) while the second one received EPO treatment with subcutaneous injection (n=10). The third 
group was the control or placebo group without any treatment (n=10). The biopsies were studied on days 4, 7, 10, and 14 through 
staining by hematoxylin-eosin and Mallory's trichrome. In each group, 3 mice were sacrificed due to exposure to high doses of anesthetic 
on days 4 and 7. Moreover, 2 other mice were sacrificed after 10 and 14 days. The collected data and images were analyzed in SPSS 
(version 18.0) and ImageJ software, respectively. Furthermore, they were analyzed using Wilcoxon signed-rank and analysis of variance 
tests in. During all the analytical processes, a p-value of <0.05 was considered statistically significant 

Results: According to the results, the density of inflammatory cells significantly decreased in EPO-treated groups, compared to the 
control group. Moreover, the EPO-treated groups underwent an increase regarding the number of fibroblast cells, new capillary 
formation, and epithelial thickness in the margins of the wound, unlike the control group.  

Conclusions: Findings of the present study indicated that the systemic injection of EPO resulted in a better physiological response 
regarding the acceleration of tissue-healing in comparison with the subcutaneous injection. Furthermore, the systemic injection of EPO 
improved the parameters related to skin wound repair. 

Key words: Erythropoietin, Skin, Subcutaneous injection, Systemic erythropoietin, Wound healing 

 

Introduction 

Skin is the most primary and vital shield of the 

body that protects the internal living tissues and 
organs against bleeding, invasion of microbial 
organisms, and dehydration (1). More specifically, 
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this largest organ plays an essential role in several 
physiological processes, such as regulation of the 
peripheral circulation, body temperature, and 
synthesis of vitamin D (2).  

Accordingly, tissue healing is a dynamic  
and complex reconstructive process requiring 
provisional fibrin formation and substitution of 
the lost dermis with novel matrix. Moreover, the 
speed of tissue healing is influenced by several 
factors, such as age, health status, wound location, 
and blood reserve in that region (1, 3, 4).  
The tissue healing process consists of four 
overlapping bio-physiological phases, namely 
hemostasis, inflammatory reaction, proliferation, 
and remodeling (5). 

Erythropoietin (EPO) is a glycoprotein hormone 
that mediates the proliferation, maturation, and 
differentiation of erythroid precursor cells. It has 
various hematopoietic roles, such as increasing 
epithelialization by its cytoprotection, anti-
apoptosis, and anti-inflammation properties (6). 
The EPO receptor (EpoR) is a specific cell surface 
cytokine receptor that induces the expression of 
several genes and also has biological effects on 
diverse non-hematopoietic cells (7). The studies 
have recently revealed that EPO-EpoR signaling 
has a critical effect on the muscle, kidney, and brain 
cell proliferation (8). Several studies have 
demonstrated that the recombinant human  
EPO (rhEPO) could promote proliferation, 
differentiation, and migration of endothelial cells 
by cell matrix breakdown (8). Angiogenesis, which 
is a physiologic mediator in tissue healing, 
intercedes by numerous cytokines and growth 
factors, such as vascular endothelial growth factor 
(VEGF), platelet, and fibroblast growth factors. This 
hormone stimulates the formation of new blood 
vessels in the proliferation phase (8). 

Moreover, the interaction between EPO and 
VEGF for revascularization and remodeling 
accelerates the process of tissue repair (9). Some 
of the vascular endothelial cells could mediate 
angiogenesis for generating fresh blood vessels. 
In addition, EPO plays a critical role in the 
central nervous system, gastrointestinal system, 
muscle and renal cells in case of responding to 
injury by microvascular remodeling (8). It is 
assumed that EPO cytokine might be able to 
accelerate the process of tissue healing through 
changing the inducible physiological parameters. 
Therefore, the current study was conducted to 
compare the beneficial effects of the rhEPO on 
skin tissue healing in systemic and subcutaneous 
types of injection and to determine the 
physiological reaction to tissue damage in 
murine models. 

Methods 

Ethical Considerations 
The present study was approved by the local 

animal research institute in Birjand University of 
Medical Science, Birjand, Iran. Moreover, all the 
procedures were performed under the supervision 
of this university and in accordance with the guide 
for the care and use of laboratory animals provided 
by the National Institutes of Health. This study was 
also approved by the research ethics committee 
(ethics code: REC.1395.221). 

 
Animal Model 

This research was performed on 30 male 
BALB/c mice with a mean weight of 25±5 gr who 
were within the age range of 10-12 weeks 
(provided by Pastor Laboratory, Tehran, Iran). 
They were kept in standard and separate cages 
with a 12:12-hour light-dark cycle and were fed 
based on a standard protocol with bottled  
tap water and pellet food. The surrounding 
temperature was between 22°C  and 24°C and 
relative humidity was between 45% and 50%. 

All the mice were anesthetized intraperitoneally 
by 70mg per kg ketamine hydrochloride. 
Subsequently, the backs of the mice were shaved 
and 25-mm circular wounds were punched in them 
with 2 cm distance from each other. 

The animals were randomly divided into three 
groups of 10. The first and second groups received 
400 U per kg rhEPO (CinnaGen) on a daily basis 
through systemic and subcutaneous injections 
(injection into the veins), respectively. The third 
group which was the control group received a 0.9% 
sodium chloride solution. Moreover, in each group, 
three mice were sacrificed due to exposure to an 
overdose of anesthetic on days 4 and 7 of the 
research. Furthermore, two other mice were 
sacrificed after 10 and 14 days. The treatment was 
given through intraperitoneal injection of EPO and 
placebo once a day. Images were obtained from the 
wounds of all the rats in each group on days 4, 7, 
10, and 14 of the experiment in order to determine 
the wound contraction. Furthermore, the biopsies 
were obtained from 4 mice who were randomly 
selected from all the groups after euthanization. 

 
Histological Evaluation 

The mice were euthanized by ether, in order to 
discontinue their cardiac and respiration function. 
Subsequently, the skin biopsies were fixed by 10% 
formalin solution and all the samples were 
subjected to standard histological procedures, 
including dehydration by alcohol which was 
followed by clearing with Xylene. Moreover, the 
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tissue samples were embedded in paraffin blocks 
that were trimmed into thin serial sections (5µm) 
using the RM2235 rotary microtome (LICA, 
Germany). In total, 10 slides were randomly chosen 
and stained by hematoxylin/eosin and Trichrome-
Mallory dyes. The tissue-healing scores included 
the evaluation of variables, such as re-
epithelialization, the density of fibroblast, 
inflammatory cells, and ulcer healing. Afterward, 
the slides were evaluated by two pathologists using 
Olympus SZX light microscope at a 400X 
magnification. 

 
Statistical Analysis 

The collected data were analyzed using 
Wilcoxon signed-rank and analysis of variance 
tests in SPSS software (version 18.0). Furthermore, 
all of the images were investigated in ImageJ 
software. A p-value of <0.05 was considered 
statistically significant. 

Results 

I) Microscopic Features of Wound on Day 4 
On day 4, inflammation degree of the wound in 

the group treated with subcutaneous injection of 
EPO was more than that of the group treated with 
systemic injection of EPO. In addition, the number 
of inflammatory cells was significantly lower in 
both groups that were treated with systemic and 
subcutaneous injections of rhEPO in comparison 
with the control group. Moreover, there was no 
significant difference between other tissue-healing 
parameters (P<0.05) (Table1) (Figure 1). 

 
II) Microscopic Features of Wound on Day 7 

On day 7, the number of inflammatory cells was 
significantly lower in both EPO-treated groups, 
compared to the control group (P<0.05). Moreover, 
the density of fibroblast cells in EPO-treated 
groups was higher than the control group. In 

 
Table 1: Microscopic features of the wound in recombinant erythropoietin (systemic and subcutaneous 
injection) and control group on different days 

Days Parameters Systemic injection group Subcutaneous injection group Control group 

Day 4 Inflammatory cells 99.23±8.86 113.60±5.03 136.07±5.0 

Day 7 

Inflammatory cells 74.73±3.98 97.83±6.20 114.90±5.17 

Fibroblast cells 17.20±1.73 14.43±1.97 13.13±1.89 

Blood vessels 10.77±1.77 7.60±1.30 8.30 ±2.07 

Day 10 

Inflammatory cells 35.75±4.15 57.45±5.68 65.25±5.41 

Fibroblast cells 20.20±2.01 14.00±1.52 10.95±2.06 

Blood vessels 8.10±1.41 6.10±1.33 3.60±1.14 

Epithelial thickness 85.90±9.35 51.26±7.61 53.85±4.82 

Day14 

Inflammatory cells 13.25±1.45 15.50±3.9 29.40±3.59 

Fibroblast cells 13.25±1.45 10.85±1.84 7.80±1.67 

Blood vessels 3.50±0.63 3.20±0.95 2.05±0.94 

Epithelial thickness 126.73±11.06 87.63±8.08 53.06±6.51 

 

 
                                (A)                                                                           (B)                                                                      (C) 
Figure 1: Photomicrograph of skin in control (A), systemic injection (B), and subcutaneous injection (C) 
groups on day 4 of research. Wound, epidermis, hair follicles, and blood vessels are demonstrated by a blue 
arrow, black circle, red arrow, and green arrow, respectively. Magnification: 4x. Density of inflammatory cells 
was higher in systemic injection and subcutaneous injection groups on day 4 of the research, compared to the 
control group.  
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                                       (A)                                                                    (B)                                                                   (C) 
Figure 2: Photomicrograph of skin in control (A), systemic injection (B), and subcutaneous injection (C) 
groups on day 7 of research. Magnification: 4x. Photomicrograph of erythropoietin in the skin on day 7 of 
research. Density of inflammatory cells decreased in systemic injection and subcutaneous injection groups on 
day 7, unlike those in the control group 

 

 
                                (A)                                                               (B)                                                                      (C) 
Figure 3: Photomicrograph of skin in control (A), systemic injection (B), and subcutaneous injection (C) 
groups on day 10 of research. Magnification: 4x. Photomicrograph of erythropoietin in the skin on day 10. 
Density of inflammatory cells decreased on day 10 while the number of fibroblast cells and epidermis 
thickness increased in systemic injection and subcutaneous injection groups on day 10, compared to the 
control group 

 
addition, the number of fibroblast cells increased 
more in the group that received a systemic 
injection of EPO, compared to the group treated 
with subcutaneous injection of EPO. Furthermore, 
the number of blood vessels in the wound was 
found to be higher in the group that received a 
systemic injection of EPO, compared to the control 
group (P<0.05). However, the number of blood 
vessels was not significantly lower in the group 
that received a subcutaneous injection of EPO in 
comparison to the control group (P=0.28) (Table 1) 
(Figure 2). 

 
III) Microscopic Features of Wound on Day 10 

On day 10, the degree of wound inflammation 
was significantly lower in both experimental 
groups, compared to the control group (P<0.05). 
Moreover, the density of fibroblast cells and new 
capillary formation was significantly higher in EOP-
treated groups, compared to the control group 
(P<0.05). In addition, the number of fibroblast cells 
and blood vessels underwent a more significant 
increase in the group that received a systemic 
injection of EPO, compared to the group that 

received a subcutaneous injection of EPO. In 
addition, the epidermis thickness of the group 
treated with systemic injection of EPO was more 
than that of the control group. However, the 
epidermis thickness of the group treated with 
subcutaneous injection of EPO and that of the 
control group were approximately similar (P=0.52) 
(Table 1) (Figure 3). 

 
IV) Microscopic Features of Wound on Day 14 

On day 14, the number of fibroblast cells and 
blood vessels, as well as the thickness of the wound 
marginal epidermis were higher in EPO-treated 
groups, compared to the control group. Moreover, 
the number of inflammatory cells was lower in 
experimental groups, compared to the control 
group. Furthermore, the number of fibroblast cells 
and the thickness of the wound marginal epidermis 
significantly increased in the group that received a 
systemic injection of EPO in comparison with the 
control group. Nevertheless, regarding the number 
of blood vessels, there was no significant difference 
between the EPO-treated groups (P=0.52) (Table 
1) (Figure 4). 
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                                   (A)                                                                               (B)                                                                  (C) 
Figure 4: Photomicrograph of skin in control (A), systemic injection (B), and subcutaneous injection (C) 
groups on day 14 of research. Magnification: 4x. Photomicrograph of skin in erythropoietin on day 14 of 
research. Density of inflammatory cells was at its lowest level on day 14 and the high number of active 
fibroblast cells and epidermis thickness were in systemic injection and subcutaneous injection groups on day 
14, compared to the control group. Moreover, all of the wounds were improved in all groups (blue arrow) 

 
Increased number of inflammatory cells 

showed that the basal layer was completely 
destroyed on day 4. Afterward, reconstruction 
began on day 7 and reached its maximum level on 
day 10. Finally, the process of tissue-healing was 
completed on day 14. 

Discussion 

Process of tissue-healing consists of two major 
phases of angiogenesis mediated by growth factors, 
endothelial cells, and matrix formation by 
fibroblast and macrophage (8). The EPO is the 
main cytokine regulating the production of the red 
blood cells. Based on several previous studies, 
various biological effects of this glycoprotein 
hormone include anti-inflammation, generation of 
blood vessels, and anti-apoptosis (10). The EPO 
binds to EpoR in erythroid progenitor cells and 
mediates proliferation and anti-inflammatory 
effects. The current study aimed to investigate the 
role of rhEPO in skin tissue-healing and compare 
the results of systemic and subcutaneous injections 
in the study groups on different days of treatment. 

The usage of EPO has various effects on tissue-
healing. In the present in vivo study, the density of 
inflammatory cells was significantly lower in the 
EPO-treated groups, compared to the control 
group. Inflammatory cells had a higher density on 
day 4; however, the number of these cells 
decreased throughout the treatment. Moreover, 
the number of inflammatory cells was lower in 
the group that received a systemic injection of 
EPO compared to the group that received a 
subcutaneous injection of EPO. According to the 
results of a research performed by Hamed, et al., 
EPO and fibronectin treatment significantly 
increased tissue-healing in diabetic mice. In the 

above-mentioned study, it was found that the rate 
of wound closure had a relationship with the 
reduction of inflammatory cytokines and 
angiogenesis (11). Furthermore, based on the 
findings of another study conducted by Harder, et 
al., the treatment of ischemia with EPO leads to 
the reduction of inflammatory responses and 
protects the tissues from apoptotic and necrotic 
cells. In the aforementioned study, a positive 
result was observed in tissue-healing 7 days after 
the systemic injection of EPO (12). This is 
consistent with the results of the present study 
which shows that the density of inflammatory 
cells decreased in both EPO-treated groups during 
the follow-up days. 

According to the results of the previous studies 
and the present research, this reduction in density 
of the inflammatory cells in the recovery process is 
due to the administration of EPO, specifically the 
systemic injection of EPO, which is more effective 
than the subcutaneous injection (8). 

In the present study, the number of fibroblast 
cells was higher in EPO-treated groups on all the 
follow-up days and reached its highest level on 
day 10. In addition, the highest density of 
fibroblast cells was observed in the group that 
received the systemic injection of EPO, compared 
to others (P<0.05). Based on the findings of the 
study performed by Heiko, et al. on the effect of 
repetitive low and high doses of EPO on animal 
models, the epithelialization of skin wound 
depends on the basement membrane, 
keratinocytes, and fibroblast cells. In addition, the 
aforementioned study found that high doses of 
EPO could be used as a supplement for tissue-
healing. Besides, EPO may reduce the expression 
of the Smad-2 in epithelialization and keratinocyte 
signaling (13). The EPO treatment has been 
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reported to accelerate wound epithelialization and 
lead to mRNA expression of Smad-dependent TGF-
b, as a result of increased differentiation of 
myofibroblasts and induced wound closure (14). 
Galeano, et al. suggested that rhEPO is affective in 
tissue-healing by stimulating tissue formation and 
dermal repair (15). 

Neovascularization and novel capillary formation, 
as critical phases of tissue-healing, were 
significantly improved in the EPO-treated groups. 
In the present study, the formation of blood vessels 
was higher in EPO-treated groups in comparison 
with the control group, and it reached its highest 
level on day 7 in both EPO-treated groups. 
According to the results of a study carried out by 
Buemi, et al., the rhEPO administration could 
increase the VEGF levels to generate new 
capillaries and angiogenesis. Moreover, it has been 
found that the presence of oxygen and nutrients 
are critical in the proliferation and activity of 
fibroblast cells (16). 

In the present study, the epithelial cells were 
thicker in experimental groups on days 10 and 14, 
compared to the control group. Moreover, the 
greatest thickness of the epithelium was observed 
on day 14 of the experiment. According to Zisgan 
et al., rhEPO plays a physiological role in tissue-
healing by the stimulation of therapeutic 
angiogenesis and macrophages. They suggested 
that EPO could provide novel insight in clinical 
practice through hematopoietic and non-
hematopoietic signaling pathways. They also 
found that EPO may improve the formation of 
granulation tissues by its pro-angiogenic effects 
(8). Furthermore, Sayan, et al. in their study 
showed that rhEPO can be useful for tissue-healing 
treatment in re-epithelialization and VEGF 
expression (17). 

Chaudhar et al. reported that the administration 
of Jamun honey is effective in tissue-healing, 
collagen deposition, and re-epithelialization (18). 
Moreover, Heidari et al. proposed Tragopogon 
graminifolius due to its antioxidant and anti-
inflammatory characteristics and considered it as 
a herbal medicine for the treatment of burn 
wounds (19). 

In the present study, parameters related to the 
skin repair process were determined, including the 
formation of inflammatory cells, proliferation of 
fibroblast cells, epithelial thickness, and generation 
of blood vessels. Galeano, et al. showed that EPO 
accelerated the healing process of burn wounds by 
stimulation of new capillary and fibroblast cell 
formation and reduction of inflammatory cell 
infiltration (20). According to the results of the 
present study, rhEPO can act as a stimulator for 

therapeutic angiogenesis response and endothelial 
mitogenesis in neovascularization due to its 
physiological effects.  Moreover, the reconstruction 
process in tissue-healing occurred faster in the 
group that received a systemic injection of EPO. 
The EPO could accelerate wound repair by the 
production of cytokines and necessary growth 
factors for the healing cascade. 

Conclusions 

Findings of the present study indicated that 
rhEPO could accelerate the tissue-healing process, 
especially in the form of systemic injection. 
Furthermore, it had a positive effect on the 
recovery parameters through the enhancement of 
fibroblast cell formation, as well as the elevation of 
novel capillary formation density, and epidermis 
regeneration in the margins of the wound. It is 
recommended for future studies to investigate the 
effect of EPO on different parameters related to 
skin wound repair. 
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