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Abstract

Background: The skin is an integrated organ that provides protective coating against pathogenic
factors on the body surface. The purpose of this study was to evaluate the effect of Adipose-derived
Stem Cells (ASCs) and phenytoin on open cutaneous wound healing.

Methods: After anesthetizing rats, open skin ulcers were created by bistoury blade. In the
treatment groups, the culture medium and ASCs were injected only on the first day of the study.
The wound surfaces were evaluated by IMAGE] software. The cells were enumerated using
Immunohistochemistry techniques and IMAGE] software. The content of collagen and the number
of capillaries were determined by Tri-chromosome and H&E staining, respectively.

Results: There was a significant relationship between the number of fibroblasts in the ASCs group
and control group on day 4,7 and 14; There were significant relationships between the number of
vessels in ASCs, phenytoin, and control groups on day 4,7 and 14; there were significant differences
between the number of macrophages in ASCs and control group on day 4,7 and 14 (P<0.05).

Conclusion: ASCs accelerate the wound healing process and reduce inflammation; in addition, it
increases granulation tissue, epithelialization process, collagen deposition, the number of fibroblasts,
and angiogenesis.
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Introduction

The skin is an expansive, integrated organ that protects body surface against environmental
and pathogenic factors. Any defect in the integrity of the skin and the formation of injuries can
impair the protective functions of the skin and may cause various complications [1]. Increasing
the wound healing rate with less side effects is of great importance in medical-related research.
Improper and unduly wound healing can lead to infections, physical disabilities, inappropriate
appearance and even death in severe cases [2,3]. Wound healing includes four stages; haemostasis,
inflammation, proliferation, and remodeling [4]. Hemostasis, the first stage of wound healing, starts
at the beginning of the injury and aims to stop the bleeding. At this stage, the body creates a barrier
to prevent drainage by operating the emergency repair system, the blood clotting system. During
this process, the platelets are activated and accumulated after contacting with collagen. Thrombin, a
key enzyme in the hemostasis, forms a fibrin mesh by converting fibrinogen to fibrin [5].

The main purpose of the second phase, known as the inflammation phase, is to destroy bacteria
and take away debris by preparing the wound bed for the development of new tissue. In phase 2, a
type of white blood cell called a neutrophil enters the wound to kill bacteria and waste. These cells
usually peak between 24 and 48 hours after injury, and their count decreases significantly after three
days. As neutrophils leave, specialized cells called macrophages enter to remove debris. These cells
also accelerate tissue repair by secreting proteins and growth factors that signal immune system cells
to come into the wound. This stage often lasts about one week and is often accompanied by swelling,
heat, edema and pain [6].
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After clearing the wound, the wound enters the proliferation stage,
which focuses on filling and covering the wound. The proliferation
phase consists of three stages: filling the wound bed, constriction
of the wound border, and epithelialization. At the first stage, the
granulation tissue begins to fill the wound bed with the extracellular
matrix and collagen. Also, new blood vessels are rebuilt. During the
second stage, the wound margins become narrower and shrink the
wound surface area. In the epithelialization stage, the epithelial cells
move toward the surface and margins of the wound in leapfrog mode
until the wound is coated with epithelium [7].

During the remodeling phase, the new tissue gradually obtains
flexibility and rigidity. At this stage, the maturation and remodeling
of tissue begin, and the elastic strength rises up to 80% of the pre-
injured strength. The duration of the maturation phase can last from
three weeks to two years [8].

During wound healing, a series of connections are made between
different cells, cytokine and extracellular matrix mediators [9].
By stimulating cells and adding some effective components on the
wound healing process, the speed and quality of wound healing can
be improved [10].

Stem cells are able to divide and renew themselves, as well as
to differentiate into many specialized cells [11]. Stem cells remain
undifferentiated until they receive signals. But after receiving the
signals and having the appropriate environment, such as high
telomerase activity and lack of dependence to surface, they can greatly
proliferate and differentiate into variety of cells. These features have
attracted researchers' attention to discover the mechanisms involved
in wound healing process [12,13]. Stem cells can be extracted from
umbilical cord, bone marrow, adipose tissue, skin and hair follicles
[14]. Adipose stem cells are an ideal source for use in wound healing
process due to their ease of extraction, high proliferation in vitro, high
differentiation and secreting numerous paracrine factors [15,16].

The effect of MSCs on the process of diabetic wound healing was
evaluated in animal models, which showed promising results and
accelerated wound healing [17]. Besides, the use of adipose-derived
pluripotent cells improves wound healing and durability of the
wound matrix and enhances angiogenesis [18]. Further research has
also shown the effect of adipose stem cells on wound healing through
angiogenesis [19].

Therefore, the purpose of this study was to compare the effect
of adipose-derived stem cells and phenytoin on wound healing rate
based on microscopic, histopathological, and macroscopic findings.

Materials and Methods

Animals and experimental design

60 adult male Wistar rats, 3 to 4 months old and weighing
250-300 g, were opted for this study. The study was approved by
Ethical Committee of Tehran University of Medical Sciences (Ethics
code: IR TUMS.MEDICINE.REC.1397.919). The rats were held in
standard cage on 12 light/12 dark cycle at 25-30°C. To anesthetize
rats, ketamine hydrochloride (50 mg/kg body weight) as the main
anesthetic, diazepam (4.5 mg/kg body weight) to relax muscles,
and pentazocine (0.4 mg/kg body weight) for pretreatment were
intramuscularly injected into animals [20]. Under general anesthesia,
we shaved the hair behind the neck of the animals and disinfected
with povidone-iodine. For each rat, a square wound of 15x15 mm
was created. Surgery day was considered as zero day. Rats were

randomly categorized into four groups including control group,
phenytoin group (positive control), adipose-derived stem cell group,
basal medium group. Each group was divided into five smaller study
groups on days 4,7 and 14. Subsequently, the positive control group
received 5mg topical phenytoin (ointment 1%) once daily; also for the
stem cell recipient group, 106 stem cells at passage 4 using 31-gauge
needles were injected into the four points in the periphery of each
wound [21].

Detachment and culture of Adipose Stem Cells (ASCs)

ASCs were taken out from the supra epididymis zone of animals,
subsequently blood and the connective tissues were removed, and
the fragmented adipose tissues were incubated for 40 minutes at
37°C, then the tissues were exposed to type 1 collagenase enzyme.
Afterwards, the solution was centrifuged at 2500 rpm for 5 minutes
at 4°C; and the cells were conveyed to DMEM, 15% FBS, 100 U/
ml penicillin and 100 ug/ml streptomycin. Then, the solution was
incubated at 37°C, 5% CO, and 9% moisture [22].

Differentiation of MSCs into adipocytes and bone marrow

To determine the pluripotency of cells isolated from adipose
tissues by evaluating the differentiation potential of the mesodermal
lipid and bone, the cells were first cultured; once their density was
about 70-80%, the media was replaced by bone differentiation media
(dexamethasone, indometacin DMEM, 10% FBS, L-ascorbic-acid2-
phosphate); and lipid differentiation media (B-glycerol phosphate
DMEM, 10% FBS, L-Ascorbic acid 2-phosphate). 3 weeks later, the
differentiated bone and fat tissues were stained with alizarin red and
oil red, respectively.

Identification of surface indicators by flow cytometry
technique

The mesenchymal status of the isolated cells, and non-
contamination of these cells with blood cells were examined by flow
cytometry. To endorse the originality of ASCs, we investigated the
surface markers of CD44 and CD34 adipocytes [23,24].

Cell injection: After creating wound on the dermis, 106 passage
stem cells 4 were injected with a 31G insulin syringe into 4 corners on
the periphery of each wound [25].

Macroscopic examination of wounds

The area of wound surface was assessed on days 1,4,7,10 and 14,
using IMAGE] software. Furthermore, the wound healing rate was
estimated based on the following formula [26]:

Wound Healing Rate = (Wound surface on the first day-wound
surface on the (X) day/ Wound surface on the first day) x 100

X is the wound surface measured on given day.

Microscopic examination of wounds

The tissues were fixed and passaged, then 6-micron pieces were
removed from wound and its contiguous skin. The sections were
stained with haematoxylin-eosin and Masson's trichrome method. To
count cells of bed wound, quantitative and qualitative examinations
were accomplished using Olympus CX31 Microscope (Olympus,
Tokyo, Japan), objective lens, and ] Image software.

Immunohistochemistry

The number of fibroblast cells in the wound bed was counted
using the Vimentin antibody. To carry out the immunohistochemical
technique, the tissues were fixed and cut after dehydrating and
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Table 1: Mean + SD wound healing rate at different times.

Time Group Mean Std. Deviation
Control 5.18 0.92
Base Medium 6.37 1.11
Day 4
ADSCs 22.66 0.76
Control positive (phenytoin 1%) 13.03 0.92
Control 18.66 1.60
Base Medium 18.96 1.68
Day 7
ADSCs 36.29 0.51
Control + (phenytoin 1%) 21.333 0.88
Control 30.37 0.92
Base Medium 30.66 1.33
Day 10
ADSCs 40.44 0.44
Control positive (phenytoin 1%) 33.33 0.44
Control 51.70 2.44
Base Medium 50.81 1.68
Day 14
ADSCs 99.85 0.25
Control positive (phenytoin 1%) 62.07 0.25

coating with paraffin. The antibodies were heated at 95°C for 95
minutes. Subsequently, they were washed with oxygenated water and
PBS buffer. Then, they were stained with H&E (Hematoxylin and
Eosin) staining [27].

Tri-chromosome staining: The identification of blue collagen
filaments is the basis of tri-chromosome staining. In skin-related
tissue incisions, the creatinine amount within the cytoplasm of
epithelial cells is also observed in this type of red staining.

H&E (Hematoxylin and Eosin) staining: Hematoxylin-eosin
staining was applied to examine the cell, which allows the nuclei and
cytoplasm to turn blue and pink.

Statistical analysis

The normality of data was appraised by Kolmogorov-Smirnov
test in SPSS software version 20, and analysis of variance (ANOVA)
was used to realize any significant relationship between various
groups (p<0.05).

Results and Discussion

Table 1 demonstrates Mean + SD wound healing rate on day
4,7,10,14. There was a significant relationship between wound healing
rates in the ASCs group and Phenytoin group (p<0.01) (Figure 1 and
Diagram 1). There was a significant relationship between the number
of fibroblasts in the ASCs group and control group on day 4,7 and
14 (P<0.001) (Diagram 7); also there was a significant relationship
between the number of fibroblasts in the ASCs group and phenytoin
group on day 7 and 14 (P<0.01) (Diagram 7). There were significant
relationships between the number of vessels in the groups of ASCs,
phenytoin group, and control group on day 4,7 and 14 (P<0.01)
(Diagram 9). Mean granulation rate, mean reepithelialization rate,
mean inflammation rate, and collagen level were evaluated on day
14 in all groups (Figure 2, Diagram 2-6); there were significant
relationships between measured factors in ASCs group , and control
group on day 14 (Diagram 2-6). There were significant differences
between the number of macrophages in ASCs and control group on
day 4,7 and 14 (P<0.05) (Diagram 8).

Groups

4th day Tth day

14th day

Control

TINEN

Phenytoin ol

AlSCs

Figure 1. Microscopic view of open cutaneous wounds in control group
and experimental groups. 4" day, inflammation is the major phenomenon in
wound bed. 7" day, epithelialization, mature, collagen fibers and granulation
tissue are seen in neotissues. 14" day, complete epithelialization, a large
amount of collagen fibers and granulation tissue are observed. (Staining,
H&E "10) (Scale bar = 100).
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Diagram 1: Comparison of the wound healing rate in 10 areas with H&E
staining on the 4", 7",10" and 14" day in different groups.

Reducing the time wound takes to heal is one of the most
important principles in medicine and surgery. Accelerating the
wound healing process, by stimulating an external agent, can reduce
treatment costs and improve health [28]. To date, various studies
have been conducted on wound healing that has led to the discovery
of many natural and chemical agents that improve the healing process
[29-31]. Stem cells are highly reproducible and can be transformed
into other cell types. By secreting a variety of growth factors and
signaling function, they play a vital role in the formation of organs
and tissues both in fetus and in adults. Within a healthy or damaged
organ, pluripotent stem cells are able to rapidly transform into a
variety of cells [32,33]. Based on these special features of stem cells,
regenerative medicine has received particular attention.
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DMEM Phenytoin

Figure 2: Microscopic view of open cutaneous wounds: Control group, the
number of collagen fibers are fewer than the experimental groups in this
picture; Experimental groups, the number of collagen fibers are greater than
the control group in this picture (specific staining, Masson's trichrome "20).
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Diagram 2: Histopathology evaluation of vascular bundle rate on day 14 in all
groups based on mean of 10 areas in wound by magnification x400.
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Diagram 3: Histopathology evaluation of granulation rate on day 14 in all
groups based on mean of 10 areas in wound by magnification x400.

The result of a study showed that the angiogenesis rate and the
number of fibroblasts in treated groups with stem cells had increased,
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Diagram 4: Histopathology evaluation of inflammation rate on day 14 in all
groups based on mean of 10 areas in wound by magnification x400.
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Diagram 5: Histopathology evaluation of collagen level on day 14 in all
groups based on mean of 10 areas in wound by magnification x400.
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Diagram 6: Histopathology evaluation of reepithelialization rate on day 14 in
all groups based on mean of areas in wound by magnification x400.

and these findings are in line with our study [34]. In our study in
ASCs group, the levels of fibroblasts, the essential part for cellular
matrix formation and repair, on days 4,7, and 14 had augmented that
can be a fundamental agent in accelerating wound healing (Diagram
7). Kyung Y et al. concluded that stem cells increase growth factors,
promote wound healing, and increase granulation tissues [35].

In addition, another study revealed that wound area in ASCs
group was significantly different from other groups; and there wound
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Diagram 7: Comparison of the number of fibroblasts in 10 areas with H&E
staining on the 4", 7", 14" day in different groups.
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Diagram 8: Comparison of the number of macrophages in 10 areas with
H&E staining on the 4,7t 14" day in different groups.
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Diagram 9: Comparison of the number of vessels in 10 areas with H&E
staining on the 4", 7", 14" day in different groups.

surface area was decreased, especially at day 14. The reason for this
phenomenon is that wound needs to be nourished by the blood
vessels of adjacent connective tissues [36]. In our study, there was
seen a rise in blood vessels in ASCs group as well as in the phenytoin
group, indicating a better nutrition of new epithelial cells and a better
quality of wound healing in these groups than other groups.

The results of our research are in alignment with the findings of
other studies, which indicate a positive effect of ASCs on the healing
process through the application of growth factors, angiogenesis and
proliferation of regenerative cells [37-39]. We also observed high
levels of blood vessels and low levels of inflammation in ASCs group
(Diagram 4,9).

It is worthwhile to mention that Platelet Rich Plasma (PRP) and
Autologous Fat Grafting can accelerate the wound healing process.
Their mechanism is that a combination of these factors like Adipose-
derived Stem Cells (ASCs), can increases growth factors such as
Vascular Endothelial Growth Factor (VEGF), platelet factors and
transforming growth factor. They also can regulate angiogenesis
and decrease wound surface area and also have antibacterial effects

but Adipose-derived Stem Cells (ASCs) increase the process of
vascularization and does not have antibacterial effects [40-42].

Finally, the results of conducted studies in this field indicate the

positive effect of ASCs on wound healing. The therapeutic effect, the
quality and speed of ASCs on wound healing were promising, and
ASCs improved wound healing.

Conclusion

The results of this study demonstrated that wound healing rate,

granulation tissues, epithelialization process, collagen deposition,
the number of fibroblasts, angiogenesis in ASCs group increased;
moreover, inflammation rate decreased. These finding suggests that
ASCs can be used in wound healing in the future as they accelerate
the wound healing process by increasing or decreasing several
parameters.

Suggestion

to

The authors of the manuscript suggest that more research needs
scrutinize the histopathological effects of intravenous ASCs on

animal model.
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