Tropical Journal of Pharmaceutical Research February 2023; 22 (2): 343-348

ISSN: 1596-5996 (print); 1596-9827 (electronic)
© Pharmacotherapy Group, Faculty of Pharmacy, University of Benin, Benin City, 300001 Nigeria.

Available online at http://www.tjpr.org
http://dx.doi.org/10.4314/tjpr.v22i2.17

Original Research Article
v

Effect of adipose-derived stem cells on the survival rate of
long random pattern skin flap in rats, and the underlying
mechanism of action

Sheng Ding*, Yunfeng Liu, Mingming Song, Xinyuan Jin, Xiaojun Liu, Rui Zhao,
Ran Sun

Department of Burns and Plastic Surgery, The Affiliated Suzhou Hospital of Nanjing Medical University, Suzhou Municipal
Hospital, Gusu School, Nanjing Medical University, Suzhou 215002, Jiangsu Province, China

*For correspondence: Email: zhaowxno@163.com

Sent for review: 28 October 2022 Revised accepted: 26 January 2023

Abstract

Purpose: To investigate the effect of adipose-derived stem cells (ADSCs) on the survival rate of long
random pattern skin flaps in rats and the likely underlying mechanism.

Methods: Twenty (20) SPF-grade SD rats were randomly divided into control group and study group,
with 10 rats in each group. Rats in the control group were given phosphate buffered saline (PBS), while
rats in the study group received ADSCs. The survival rate of the skin flaps was compared between the 2
groups on day 7 after operation, while the levels of indices related to oxidative stress and inflammatory
response were compared on the 7th and 14th days after operation.

Results: Necrosis in the study group was milder (p < 0.05). On the 7th post-operation day, the survival
rate of rat skin flap in the study group was significantly higher than that in the control group (p < 0.05),
but the MDA level in the study group was lower than that of the control group (p < 0.05). On the 14th
day after the operation, the MDA level was decreased in the two groups (p < 0.05), with a lower MDA
level in the study group than in the control group (p < 0.05).

Conclusion: ADSCs inhibit inflammatory response and reduces the level of oxidative stress after long
random pattern skin flap transplantation in rats, thereby enhancing blood supply to the flap
transplantation area and improving its survival rate. Thus, ADSCs have a potential clinical application in
enhancing blood supply in skin transplantation.
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INTRODUCTION scale skin defects such as trauma, infection,
surgical resection, exposed organs, and

The skin is the largest tissue of the human body, deformity, all of which are difficult to repair by

and it protects the organs and tissues and skin grafting [1,2].

maintains metabolism. Skin flap transplantation

is often used for the clinical treatment of large-  The survival rate of the flap after transplantation
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is closely related to the source and area of the
skin material, blood supply, and immune
compatibility. When the length-to-width ratio of
the grafted skin flap is too large, avascular
necrosis at the distal end of the skin flap often
occurs [3]. In recent years, stem cell
transplantation has become one of the research
focuses of wound repair and regeneration.
Adipose-derived stem cells (ADSCs) were first
reported 21 years ago [4]. Studies have shown
that ADSCs are similar to bone marrow-derived
mesenchymal stem cells, with respect to low
immunogenicity, multi-directional differentiation
potential, and potential for self-replication and
renewal. Moreover, ADSCs can differentiate into
mesoderm chondrocytes, myoblasts or
osteoblasts, suggesting their potential benefits in
wound repair. A unit volume of adipose tissue
produces more mesenchymal stem cells than
umbilical cord blood and bone marrow [5].

This study was aimed at investigating the effect
of ADSCs on the survival rate of long random
pattern skin flap (LRPSF) in rats, and the
underlying mechanism.

EXPERIMENTAL
Animals

A total of 20 SPF-grade Sprague-Dawley (SD)
rats of either gender (mean weight = 250 + 50 @),
aged 2 - 3 months, were randomly divided into a
control group and study group using the random
number table, with 10 rats in each group. The
rats were adaptively fed for 2 weeks before the
study, and they were housed in single cages at
room temperature of 23 £+ 1 °C and 50 %
humidity, with free access to water. The rats
were fed special diet based on body weight. The
animals were kept in an environment with 12-h
light/12-h dark photoperiod. Approval for the
study was received from the Animal Ethics
Committee of the Animal Ethical Committee of
Suzhou Municipal Hospital (approval no. SMH2)
and the study was conducted in line with the
guidelines of "Principles of Laboratory Animal
Care" (NIH publication no. 85-23, revised 1985)

[6].
Preparation and identification of ADSCs

The adipose tissue used in the experiments was
voluntarily donated by patients admitted to the
Department of Plastic Surgery of our hospital for
liposuction of the waist and abdomen. Sterilized
adipose tissue (10 mL) was rinsed with
phosphate-buffered saline (PBS) in a centrifuge
tube, followed by the addition of 10 mL of 0.2 %
type | collagenase (GIBCO, USA). Then, the

sample was digested in a 37-°C incubator.
Digestion was stopped by adding an equal
volume of complete medium to the centrifuge
tube, followed by centrifugation at 258 g for 5
min. The supernatant was discarded. The cells in
the pelleted complete medium  were
resuspended, inoculated into culture flasks, and
cultured in a 5-% CO2, 37-°C incubator (Thermo,
USA). Passage was conducted when the cells
became 80 % confluent. The cell morphology of
third-generation ADSCs was examined under a
light microscope. The cell surface markers CD34,
CD45, CD49d, CD90, CD105, and CD106 were
identified using a flow cytometer (Becton,
Dickinson, and Company, USA). The antibodies
used were purchased from Becton (Dickinson
and Company, USA, and Abcam, USA).
Adipogenic induction was used to observe the
cell surface markers under a light microscope on
day 3 and day 14, while identification was done
with Oil Red O fat staining method on day 14.
The ADSCs appeared as long fusiform adherent
growths with swirled distribution under the light
microscope. Transparent lipid droplets were
formed in the cytoplasm on day 3 of adipogenic
induction, and the fusion of lipid droplets was
more plump on day 14. Results from flow
cytometry showed that CD45, CD34, and CD106
were negatively expressed, while CD49d, CD90,
and CD105 were positively expressed. After 14
days, adipogenic induction was identified as
positive using Oil Red O fat staining, indicating
that ADSCs were successfully prepared. The
concentration of ADSCs was adjusted prior to
use.

Establishment of a rat model of extra-long
random skin flaps

Based on the Mcfarlane flap preparation method
[7], the midline of the back of each rat was taken
as the sampling center, and the LRPSF was cut.
Rats were anesthetized with an intraperitoneal
injection of 10 % chloral hydrate at a dose of 100
mg/kg. Under anesthesia, each rat was fixed on
the bracket, the back of the rat was fully
exposed, and a razor blade was used to depilate
the head and neck junction to the
sacrococcygeal region, so as to prepare the skin.
The LRPSF was designed with the midline of the
back of the rat as the center, with a size of 9.0
cm x 3.0 cm, and the flap was divided into 3
areas. From the caudal end to the cephalic end,
there were the proximal area, middle area, and
distal area, each of size 3 cm x 3 cm. The
pedicle of the flap was located about 1.5 cm from
the caudal end, and the depth reached the fascia
layer. The flap was lifted and sutured in situ after
complete hemostasis. Care was taken to protect
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the capillaries and strictly follow aseptic
procedures during the peeling of the flap. The
wounds were disinfected with iodine twice daily
within 7 days after operation. The feeding
environment was the same as before surgery. In
this study, all models were successfully
prepared, and no rats died or fell off.

Treatments

In the study group, 400 pL of ADSC solution
equivalent to 1.5 x 105 ADSCs was injected at
two symmetrical points along the midline in each
of the three areas of the flap. For the control
group, 400 mL of PBS was injected at similar
points along the midline in each of the three
areas of the skin flap, in place of ADSC solution.
The above treatments were performed once a
day for 7 consecutive days.

Evaluation of parameters/indices
General assessment

Necrosis of the skin flap was judged by the color
of the flap (black), weakening and hardening of
elasticity, and decrease in skin temperature. The
color and elasticity, skin temperature, and edema
of the flaps in the proximal, middle, and distal
regions were examined and recorded daily, and
photographs were taken on days 3 and 7 after
surgery.

Survival rate of skin flap

On the 7t day after the operation, the rats were
anesthetized via intraperitoneal anesthesia, and
the surviving area of the stroked skin flap on the
back of the rats was covered with transparent
paper [Bl. A scale was marked on each
photograph taken. The area of the skin flap was
counted, and the flap survival rate was calculated
as the ratio of viable skin flap to total skin flap,
expressed as a percentage, using Image Pro
Plus 6.0 image processing software.

Oxidative stress response levels

On the 7t and 14" days after the operation, a
lcmxlcm skin flap was cut from the middle of
the skin, and blood was washed off with ice-cold
saline. The skin flap was used to prepare a 100
g/L tissue homogenate which was centrifuged at
3500 rad/min at 4 °C for 15 min.
Malondialdehyde (MDA) level in the supernatant
was measured with  thiobarbituric  acid
chromatometry, while the activity of superoxide
dismutase (SOD) was assayed using the
pyrogallol auto-oxidation method.

Levels of inflammatory factors

The levels of tumor necrosis factor-a (TNF-a)
and interleukin-6 (IL-6) in the above supernatant
were measured using enzyme-linked
immunosorbent assay (ELISA) kits as per the
manufacturer’s instructions.

Statistical analysis

Data processing was done with SPSS version
22.0. Measurement data are expressed as mean
+ standard deviation (SD). The paired
comparison was done with a t-test. Values of p <
0.05 were taken as indicative of statistically
significant differences.

RESULTS

General features of the skin flaps of rats

Rats in both groups survived under anesthesia
without infection, effusion, and hematoma. On
the 3 day after the operation, the skin flaps in
the distal region of the rats in both groups were
blackened and necrotic, with significantly
reduced elasticity. There were no obvious
changes in the proximal and middle regions, and
no obvious swelling and shrinkage occurred. In
contrast, there was obvious necrosis of the skin
flap of rats in the control group. On the 7t day
after the operation, the area of skin flap necrosis
was increased in both groups. Moreover, skin
flap shrinkage and swelling appeared in both
groups. The necrotic zone in the control group
reached the middle area. In contrast to the
control group, the skin flaps in the proximal and
the middle areas of rats in the study group were
basically normal.

Survival rate of skin flaps of rats

On the 7t day after the operation, the flap
survival rate of the study group was significantly
higher than that of the control group (p < 0.05;
Table 1).

Table 1: Comparison of survival rate of skin flaps
between the two groups after 7 days (%, n = 10)

Flap survival rate

Group after surgery (%)
Control 60.76%4.61
Study 78.37+5.08

t 8.118
P-value 0.000

MDA and SOD levels of rats

On the 7t day after the operation, the MDA level
of rats in the study group was significantly lower
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than that of the control group, while the SOD
activity was higher than that of the control group.
On the 14t day after the operation, there were
marked decreases in MDA level of rats in each
group. However, MDA level in the study group
was significantly lower than that in the control
group. At the same time, although SOD activity
was markedly increased in the two groups, there
was significantly higher SOD activity in the study
group than in the control group (p < 0.05). These
results are shown in Table 2.

Levels of TNF-a and IL-6

On the 7t day after surgery, the levels of TNF-a
and IL-6 in the study group were significantly
lower than those in the control group. On day 14
day after surgery, although the levels of TNF-a
and IL-6 in the two groups were decreased, there
were markedly lower levels in the study group
than in the control group (p < 0.05). These data
are shown in Table 3.

DISCUSSION

Some of the major causes of skin tissue damage
are usually caused burns, blast injuries, and
mechanical injuries. The healing and repair of
skin are related to multiple factors such as cell
proliferation, oxidative stress, inflammatory
response, and extracellular matrix [9,10].
Clinically, skin flap transplantation is normally
used as a treatment method for wound repair,
recovery of appearance, and functional
reconstruction. The establishment of a vascular
connection between the skin flap and
surrounding tissues after transplantation is one of

the key factors that influence the success of skin
flap transplantation [11,12]. However, its clinical
application is relatively limited due to the
excessive length and width of the random flap,
insufficient blood supply from well-known blood
vessels, and numerous  sequelae of
postoperative blood supply disorders. When the
ischemia time is too long, necrosis easily occurs.
On the restoration of blood supply, there is a
release of large amounts of inflammatory
mediators and reactive oxygen species, resulting
in pathophysiological changes such as cell
edema and apoptosis which aggravate tissue
damage and cause distal necrosis of the skin flap
[13,14].

Angiogenesis is comprised of multiple complex
regulatory processes such as endothelial cell
proliferation, activation, migration, invasion,
germination, basement membrane formation,
and new blood vessel maturation. Studies have
confirmed that stem cell therapy plays a key role
in promoting the formation of new blood vessels.
In recent years, stem cell transplantation therapy
has become an important area of focus in wound
repair. Research on embryonic stem cells and
bone marrow mesenchymal stem cells have
become more in-depth, although their clinical
applications are limited due to immune rejection,
difficulty in obtaining materials, and legal
constraints [15].

Adipose-derived stem cells (ADSCs) are
mesenchymal stem cells in adipose tissue which
have multiple differentiation potential: they can
be induced to differentiate into cells derived from
various germ layers.

Table 2: Comparison of MDA and SOD levels of rats between the two groups at 7 and 14 days post-surgery (n =

10)
MDA (nmol/mg) SOD (U/g)
Group 7 days after 14 days after 7 days after 14 days after
operation operation operation operation

Control 9.72+1.39 7.12+0.98" 46.73+7.53 58.23+8.59"
Study 4.06+0.42 3.28+0.52" 122.06+10.13 143.91+13.26"
t 12.326 10.946 18.873 17.149
P-value 0.000 0.000 0.000 0.000

*P < 0.05, compared with the same group before treatment

Table 3: Comparison of the levels of TNF-a and IL-6 between the two groups at 7 and 14 days post-surgery

(pg/mL)
TNF-a IL-6
Group 7 days qfter 14 days _after 7 days f_;lfter 14 days after operation
operation operation operation

Control 2592.07+217.39 1683.10+160.39" 2216.53+202.75 1265.22+143.25"
Study 1580.96+172.43 1213.62+141.52" 1861.01+193.70 943.69+131.72"

t 11.523 6.941 4.009 5.225

P-value 0.000 0.000 0.001 0.000

*P < 0.05, compared with the same group before treatment
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At the same time, ADSCs are easily obtained in
large quantities from a wide range of sources,
and their acquisition does not involve ethics and
morality [16]. Although ADSCs effectively
improve the survival rate of skin flap
transplantation, the underlying mechanism is
poorly understood. In this study, LRPSF model
rats were treated with ADSCs, and in order to
ensure the consistency of treatment, the skin flap
was divided into three regions and injected
bilaterally. Malondialdehyde (MDA) is a marker
that reflects the degree of oxidative stress
damage. It is produced when tissues are under
oxidative stress. Thus, MDA reflects the level of
reactive oxygen species (ROS) in the body.
Superoxide dismutase (SOD) is an antioxidant
enzyme that can effectively neutralizes reactive
oxygen species generated by oxidative stress,
thereby protecting the cells and tissues [17,18].

In this study, at 7 days after operation, the MDA
level of rats in the study group was lower than
that of rats in the control group, while the SOD
activity was higher than that of the control group.
On the 14" day after operation, MDA levels were
decreased in both groups, while SOD activities of
rats in the two groups were increased, with better
conditions in the study group than in the control
group. These results suggest that ADSCs
enhanced survival of the flap by increasing the
level of the antioxidant enzyme SOD, reducing
MDA content, and alleviating oxidative stress
damage. It is known that TNF-a and IL-6 are
markers of inflammatory response which are
closely related to the accumulation and infiltration
of inflammatory factors [19,20]. The results of this
study showed that the levels of TNF-a and IL-6 in
the study group were significantly lower than
those in the control group at days 7 and 14 post-
operation. These results indicate that ADSCs
have potential anti-inflammatory effects which
may promote flap survival by inhibiting the
inflammatory response and reducing the release
of inflammatory factors. By observing the skin
flaps, it was found that 3 days after the operation,
the distal skin flaps of rats in the two groups had
different degrees of necrosis, but the degree of
necrosis in the study group was mild. On the 7t
day after the operation, the degree of skin flap
necrosis in the study group was significantly
milder than that in the control group, and the flap
survival rate was also significantly higher than
that in the control group. These features may be
related to reductions in oxidative stress and
inflammatory response.

Study limitations

There are some limitations in this study. Due to
certain constraints, skin tissue morphology and

neovascularization after flap transplantation were
not examined. These issues will be addressed in
follow-up studies by providing relevant data on

histological and immunohistochemical
examinations.
CONCLUSION

This study has demonstrated that ADSCs inhibits
inflammatory response and reduces the level of
oxidative stress after long random pattern skin
flap transplantation in rats, thereby enhancing
blood supply to the flap transplantation area and
improving the survival rate of the flap. These
findings provide a basis for the development of
ADSCs use in skin transplantation processes.
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