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ABSTRAK

Latar belakang: Kerusakan integritas kulit dapat menimbulkan 
kecacatan dan kematian. Kemajuan terapi luka pada saat ini 
telah merambah bidang sel punca dan conditioned medium 
sel punca asal jaringan adiposa (ADSC-CM). Masih sedikit hal 
yang diketahui tentang peranan ADSC-CM dalam mekanisme 
penyembuhan luka, pada proses angiogenesis, kuantitas 
kolagen, dan epitelisasi penyembuhan luka. Penelitian ini 
bertujuan menganalisis kadar growth factors (VEGF dan EGF) 
dalam ADSC-CM dan gambaran histologi ketiga proses tersebut 
(angiogenesis, densitas kolagen, dan epitelisasi) pascaluka 
insisi kulit hewan coba tikus Sprague Dawley.

Metode: Tiga puluh tikus dilukai pada bagian punggung (full 
thickness wound) dan diberi perlakukan berupa pembaluran 
ADSC-CM, medium kultur, medium basal, dan tanpa 
pembaluran. Tikus dikorbankan pada hari ke-3, 7, 14, 21 dan 
28. Setelah dikorbankan, dilakukan pemeriksaan mikroskopik 
pada jaringan luka kulit. ADSC-CM yang dibalurkan diukur 
konsentrasi VEGF dan EGF dengan pemeriksaan ELISA.

Hasil: Terjadi peningkatan proses penyembuhan pada luka 
baluran ADSC-CM. Hal ini terlihat dari rasio epitelisasi dan 
penurunan jarak antarluka terbesar ditemukan pada luka 
pembaluran ADSC-CM.

Kesimpulan: Secara statistik tidak ada perbedaan bermakna 
antara kelompok luka yang dibalurkan ADSC-CM dan kelompok 
kontrol, tetapi secara klinis pembaluran ADSC-CM meningkatkan 
proses epitelisasi.

ABSTRACT

Background: Disintegration of skin tissue can lead to 
disability and death. Recent studies on wound therapy 
applied stem cells and adipose derived stem cell conditioned 
medium (ADSC-CM) to improve wound healing. However, 
the role of ADSC-CM in wound healing mechanism in terms 
of angiogenesis, quantity of collagen, and epithelialization is 
not fully understood. Therefore, this study aimed to analyze 
the levels of growth factors (VEGF and EGF) in ADSC-CM and 
histological features of angiogenesis, epithelialization, and 
collagen density after skin incision in Sprague Dawley rats.

Methods: Thirty rats were injured at the back (full thickness 
wound) and treated topically with ADSC-CM, culture medium, 
basal medium, and without treatment. Mice were sacrificed 
on days 3, 7, 14, 21 and 28. After sacrificed, tissue samples 
were examined microscopically to assess angiogenesis, 
epithelialization, and collagen density. Concentrations of 
VEGF and EGF in ADSC-CM were measured by ELISA.

Results: Clinically, wound that was treated with ADSC-CM 
showed improvement in wound healing process. ADSC-CM 
treated wound showed the highest epithelialization ratio 
and the fastest wound closure.

Conclusion: There were no statistical significant 
differences between groups that were treated with ADSC-
CM and not. However, topical ADSC-CM treated wound 
revealed a better clinical improvement in epithelialization.
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Skin is the largest organ in human body with 
a main function as a protector from external 
environment. The loss of skin integrity due 
to injury and illness may cost disability 
and mortality.1 The prevalence of injuries 
nationwide in Indonesia by Riskesdas 2013 was 
8.2%, and the major causes were falling down 
and traffic accident. There was an increase of 
injury prevalence in 2013 compared to 2007 
according to Riskesdas. Abrasion was the 
third main injury that was experienced by the 
population.2 

Wound healing is a series of stimulating and 
inhibiting processes such as cellular proliferation, 
differentiation, migration, and adhesion.3 This 
series of events involves coordination of a 
variety of cells, growth factors, and cytokines.3,4 
Disruption of this coordination may inhibit 
wound healing.4  

Wound healing is divided into 4 phases: 
hemostasis, inflammation, proliferation, and 
remodelling. In hemostasis phase, there are 
vasoconstriction and platelet aggregation 
in wound area. This phase is followed by 
inflammation that is marked by the presence 
of neutrophils, monocytes, and lymphocytes. 
Proliferation phase is an epithelialization of 
wound area, angiogenesis, and formation of 
collagen to replace fibrin that is formed at the 
stage of hemostasis. The last step of wound 
healing is remodelling and maturation of 
collagen in the healing tissue.5 

A proper vascularization is very important 
to supply nutrients and oxygen to wound 
area in order to optimize wound healing. 
Angiogenesis is initiated by fibroblast growth 
factor (FGF), vascular endothelial growth 
factor (VEGF), platelet derived growth 
factor (PDGF), transforming growth factor 
α (TGF-α), transforming growth factor β 
(TGF-β), and angiogenin. VEGF is a major 
mediator of angiogenesis to stimulate 
migration and proliferation of endotelial cells.6 
Epithelialization is a regeneration of epidermis 
that is stimulated by epidermal growth factor 
(EGF), PDGF, FGF-2 and TGF-β. The migration 
of epithelial cells will close the wound and 
followed by proliferation and differentiation 
of epithelial cells to form epidermis layer.1 
Collagen is a key component in providing 

strength to tissues. Collagen fibers are 
synthesized by fibroblasts and play a role in the 
wound closure.7 The density of collagen can be 
assessed in histological specimens with special 
staining.

The application of stem cell culture derived 
conditioned medium as a therapy has been 
studied both in vitro and in vivo with excellent 
results. Therapy using conditioned medium 
is more promising than the stem cell itself 
due to the ease of production, packaging and 
distribution.8 Previous in vitro study showed that 
adipose derived stem cell conditioned medium 
(ADSC-CM) could increase cell migration of 
keratinocytes, fibroblasts, and endothelial cells. 
Improving cell migration is expected to enhance 
angiogenesis, epithelialization, and fibroplasia 
through paracrine role of adipose derived stem 
cells (ADSC).9,10

The role of ADSC-CM in the in vivo process 
of angiogenesis, collagen density, and 
epithelialization are little known. Therefore, 
the aim of this study was to analyze the levels 
of growth factors (VEGF and EGF) in ADSC-CM 
and histological assessment of three processes 
(angiogenesis, epithelialization, and collagen 
density) after application of ADSC-CM to skin 
incision in Sprague Dawley rats.  

METHODS

This was an experimental study using Sprague 
Dawley rats. Aged 8–12 weeks weighing 250–
350 g. Animals were in good health during 
the research period and had bleeding time of 
less than 1 minute. Ethical clearance (No142/
UN2.F1/ETIK/2015) was obtained from 
Ethical Committee of the Faculty of Medicine, 
Universitas Indonesia. 

Thirty rats received four cuts in the back area 
(full thickness wound) 2 cm long with a depth 
of 5 mm. The four cuts of each rat were treated 
randomly with ADSC-CM (100%), complete 
culture medium, basal medium, and without 
treatment (control). The treatment was only 
done once after the rat skin injury. Therefore, 
there were four groups based on the treatment. 
Six rats were sacrificed at every time point 
on days 3, 7, 14, 21 and 28. After the rats 
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were sacrificed, scar tissue were examined 
microscopically.

ADSC-CM was obtained from Stem Cell Medical 
Technology Integrated Service Unit, Cipto 
Mangunkusumo Hospital, Faculty of Medicine, 
Universitas Indonesia. ADSC-CM was aliquoted 
and stored in a freezer at -20°C until it was used. 
ADSC-CM was obtained from passage-3 of ADSC 
culture that was cultured in complete medium, 
which contained α-MEM (basal medium) and 
10% platelet rich plasma (PRP) in normoxia 
condition for three days. ADSC-CM derived 
from cells showed the characteristics of ADSC, 
i.e.: positive for CD 34 (low), CD 73 (high) and 
CD 90 (high), and could differentiate into three 
cell lineages: osteogenic, chondrogenic, and 
adipogenic lineages.

ADSC-CM contained various beneficial factors 
that were secreted by the mesenchymal stem 
cells, i.e. various kinds of growth factors such as 
EGF and VEGF, cytokines and membrane bound 
structures such as microvesicles and exosomes 
that contained various proteins, peptides, 
mRNA, small interfering RNA, etc. Complete 
medium did not contain cell secreted factors, 
and only contain basal medium and 10% PRP, 
while basal medium was a component of the 
complete medium.

Concentration of EGF and VEGF in ADSC-CM was 
examined by enzyme-linked immunosorbent 
assay (ELISA) using EGF (RAB0149) and VEGF 
(RAB0507) Sigma-Aldrich Elisa kit. All ELISA 
assays were conducted in four repetitions.

Tissue samples were processed into parafin 
blocks, cut, and then stained with HE and 
Masson’s Trichome. The tissues were observed 
using a light microscope with a magnification of 
40 and 400 times. Specimens were photographed 
by using Optilab advance plus camera and 
documented.

Histological evaluation was done in terms of 
angiogenesis, epithelialization, and collagen 
density. Angiogenesis was calculated on days 
7, 14, 21 and 28 using a counting software 
on Optilab advance plus. Epithelialization 
was measured by epithelialization ratio and 
epithelialization length. Epithelialization 
ratio was the length of epithelial regeneration 

area divided by the length of the entire 
epithelialization area. Epithelialization length 
was the distances at the two edges of the wound 
epithelialization areas that were covered by 
epithelium. Epithelialization ratio and length 
were measured using measuring software of 
Optilab advance plus on days 3 and 7. The density 
of collagen was assessed in Masson’s Trichome 
stained specimens using ImageJ software on day 
14 and 28.

The data obtained were in the form of numbers. 
Data were computed into median and minimum-
maximum or mean and standard deviation 
when appropriate, and presented in tables 
and bar diagram. Data were analyzed by 
analysis of variance (ANOVA) when they were 
appropriate for parametric test, or otherwise 
by non parametric test (Kruskal-Wallis) using 
Statistical Package for the Social Sciences (SPSS) 
version 22 to compare the four groups in terms 
of angiogenesis, epithelialization ratio and 
collagen density.  

RESULTS

  
Thirty rats were injured at the beginning of the 
study. One rat died after wounded. The remaining 
29 rats were analyzed until the end of the study. 
The concentrations (means ± standard deviations) 
of VEGF and EGF in ADSC-CM assessed by ELISA 
were 5052.7±0.3pg/mL and 0.2±0.1 pg/mL 
respectively. 

Angiogenesis was analyzed on days 7, 14, 21 
and 28. Figure 1 shows angiogenesis assessment 
on day 7 (A) and day 14 (B). Kruskal-Wallis 
analysis to compare the four groups in terms of 
angiogenesis showed that p values were higher 
than 0.05 (p day 7=0.547; p day 14=0.727; p day 
21=0.796; p day 28=0.993) (Figure 1). 

Epithelialization was assessed by calculating 
the length and the ratio of epithelialization on 
day 3 and day 7.  Figure 2 shows assessment of 
epithelialization ratio. Our study found a wound 
with different behavior to other wounds i.e. a 
late epithelialization and wound gap widening 
compared to the previous day. Kruskal-Wallis 
test results in comparing the four groups on both 
parameters all showed that p values were higher 
than 0.05 (Figure 2). 
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Figure 1.  Angiogenesis assessment (HE staining, 400 times magnification). A) Day-7; B) Day-14, green dots show the calculation 
results of assessors one, blue and white dots show the calculation results of assessors two.

Collagen density measurements were 
performed on day 14 and 28.  Figure 3 shows 
collagen density assessment. Collagen density 
in skin wound preparations on day 14 and day 28 
can be seen in Figure 4. Kruskal-Wallis test that 
compared the four groups in terms of collagen 
density showed p values that were higher than 
0.05 (p day-14=0.707, p day-28=0.513). Figure 
5 summarizes the results of angiogenesis, 
ratio, and length of epithelialization in the four 
groups.

 

 

 Figure 2. Epithelialization length and ratio assessment (day-
7, HE staining, 40 times magnification). Green line=the length 
of the whole wound area, blue line=the length of epithelial 
regeneration area (epithelialization length), white double 
headed arrow=the distance of the two edges of remaining 
wound, epithelialization ratio=ratio of blue/greenline

 

 

 

 
Figure 3. Collagen density assessment (Masson's Tri-
chome staining, 400 times magnification day-14). A) origi-
nal appearance; B) collagen density measurement, yellow 
line=demarcation of measured area that was analyzed by 
ImageJ
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Figure 4. Collagen density in skin wound preparations on day-14 and day-28 in four groups

 

                            

     
 

 

                            

     
 

Figure 5. Angiogenesis, ratio and length of epithelialization in the four groups. A) angiogenesis; B) ratio of epithelialization; C) 
length of epithelialization

DISCUSSION

Our study showed that single application of ADSC-
CM that was produced in normoxia, and three 

day incubation showed no statistical significant 
difference compared to control wounds during 
proliferation phase of wound healing although 
ADSC-CM caused faster epithelialization. A 
previous study revealed that mesenchymal stem 
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cells (MSCs) played a role in enhancing wound 
healing process either in intralesion injection or 
topical administration. Improvement of wound 
healing process was supposed to be a paracrine 
effect of MSCs rather than proliferation and 
differentiation of MSCs to replace damaged 
cells in wound tissue.10 Moreover, recent studies 
revealed that conditioned medium from adipose 
stem cell cultures contained a number of growth 
factors and cytokines such as VEGF, EGF, PDGF, and 
TGF β.8,11 VEGF is a specific mitogen for vascular 
endothelial cells. VEGF is a key component in 
the angiogenesis process of wound healing.12,13 

Therefore, in this study, topical administration of 
ADSC-CM was expected to enhance the process 
of angiogenesis in rat skin wound. Futhermore, 
epithelialization is one of the important processes 
of wound healing. Skin lesion will not heal if the 
epithelialization does not occur. This process 
is dominated by migration, proliferation, and 
differentiation into keratinosit.14,15 Molecules that 
play a role in this process are EGF, FGF, and TGF-β. 
EGF is a key regulator of this process.16 

The minimum effective concentration of VEGF to 
induce angiogenesis in vivo is 5000 pg/ mL.17,18 
The concentrations of VEGF and EGF in our 
study were measured by ELISA, and the mean 
concentration of VEGF and EGF in our ADSC-
CM was 5052.7±0.3 pg/mL and 0.2±0.1 pg/mL. 
Compared to the result of another study by Kwon 
et al17 a significant difference to our study was 
found as their VEGF concentration was 12.3±2.4 
ng/mL. Our ADSC-CM was obtained from 
passage-3 ADSC culture in 10% PRP containing 
α-MEM and normoxia condition for three days, 
which can be regarded as cell culture waste 
product. In this study, we showed that cell culture 
waste product contained growth factors and can 
be used in various conditions that need growth 
factors for healing. Differences of VEGF and EGF 
concentrations in our conditioned medium from 
various other studies may be due to differences 
in the type and the origin of cells, cell culture 
method, culture condition and culture medium, 
which in our study were adipose tissue derived 
stem cells, two dimension culture, normoxia and 
10% PRP containing α-MEM, respectively. Some 
studies used spheroid cell culture method in 
addition to either serum or insulin supplements 
in the basal medium  hypoxic conditions, which 
can stimulate cells to secrete more growth 
factors.11,19,20 Duration and serum-free culture 

medium can also influence the concentration of 
growth factors in ADSC-CM.8 
 
In this study, we assessed angiogenesis, collagen 
density, ratio and the length of epithelialization 
in histological specimens. Statistical analysis 
showed no significant differences between ADSC-
CM treated wounds and others, namely the control 
group, culture medium group, and basal medium 
group. As VEGF concentration in our conditioned 
medium met the minimal concentration that was 
required for angiogenesis, this non-significant 
differences might be due to the necessity to repeat 
the administration of ADSC-CM or systemic effects 
as the treatments and control were performed 
in the same rat, which was the limitation of our 
study. ADSC-CM contains cytokines and growth 
factors that have a short half-life, therefore it is 
advisable that repetitive ADSC-CM application is 
given.8,21 Moreover, the non-difference between 
ADSC-CM and culture medium might be due to 
the presence of low level of growth factors from 
the 10% PRP.   

In our study, angiogenesis was calculated based on 
blood vessel counting in specimens with routine 
HE staining. This staining poses difficulties in 
determining a blood vessel especially a small 
blood vessel when it is collapse. Moreover, most 
blood vessels that are found in angiogenesis 
are small blood vessels or buds. Therefore, the 
calculation might be lower than the reality. 
However, this limitation could be ignored as it is 
applied to the four groups. 

In our study, clinically, ADSC-CM administration 
to incision wound showed the best result in 
parameter of epithelialization. ADSC-CM wound 
showed bigger ratio of epithelialization compared 
to control at day-7 and the fastest wound closure, 
which can be seen at the increase epithelialization 
ratio between day-3 and -7, and decrease in the 
length of epithelialization between day-3 and 
-7 (Figure 5). Our study found a wound with a 
late epithelialization and wound widening gap 
compared to the previous day. This fact might be 
due to stress factors in the rat. Stress factors can 
decrease wound healing process significantly.5 
Therefore, further studies are needed to analyze 
the role of these factors.

ADSC-CM effect on the density of collagen in vivo 
has not been reported yet. Collagen densities 
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in the four groups were all increased in day 
28, compared to day 14. This fact showed that 
collagen has not entered remodeling phase 
yet. As the imbalance of collagen synthesis and 
reabsorption at the stage of remodeling can cause 
pathological scar.6,22 A longer study in terms of 
collagen densities is recommended.

In vivo and in vitro process of wound healing are 
different. In vivo wound healing occurs in a very 
complex process.23 Therefore, more studies are 
needed to analyze the role of ADSC-CM in wound 
healing, as ADSC-CM is a cocktail of various 
cytokines and growth factors that can affect 
various cellular and molecular activity of the 
wound healing process. We only analyzed EGF and 
VEGF levels, which might contribute to the healing 
process, but we did not address the other contents 
of ADCS-CM, and this is the limitation of our study.

In conclusion, though there was a clinical 
improvement in epithelialization of skin wound 
healing in Sprague Dawley rats, the improvement 
was not statistically significant, probably due to 
the single application of ADSC-CM. 
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