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Skin flap necrosis has been remained as an unsolved problem in plastic and reconstructive
surgeries. Here, we explored the effects of metformin post-treatment on random skin flap
survival in rats. An 8.00 x 2.00 cm dorsal skin flap was created in 24 rats and they were then
divided into three groups (n = 8) including Control, metformin (Met) 50.00 mg kg1 and Met 100
mg kg-L. All animals were administrated orally until seven days after flap surgery. Flap survival,
the number of blood vessels and mast cells in the flap tissues were analyzed. Vascular
endothelial growth factor (VEGF) expression levels in flap tissues was also determined using
immunohistochemical methods. The percentage of survival area in Met 50.00 mg kg! and Met
100 mg kg1 groups were significantly higher compared to control. The blood vessel density and
the VEGF positive cells in the viable areas of flaps showed a significant increase in Met 50.00 mg
kg1 group compared to control group. The results of this study suggested that treatment with
metformin, especially with low dose following skin flap surgery was effective in improving the

Vascular endothelial growth factor

flap survival and increasing the neovascularization in the flaps tissues of rats.

© 2022 Urmia University. All rights reserved.

Introduction

The surgical random skin flap is one of the most
popular surgical technique in plastic and reconstructive
surgeries. This kind of surgical method is often used to
repair massive skin damage and underlying soft tissue
injuries resulting from congenital and acquired defects
following trauma or surgical procedure like tumor
excision.l2 Due to the lack of specific vessels in random
skin flaps, their viability is largely dependent on the early
formation of new blood vessels in the pedicle of the flap.34
The skin flap, which is a skin transfer, is technically simple
and in terms of color, texture and thickness can largely
match with the graft site tissues.

The necrosis and loss of the skin after flap surgery are
devastating events, especially when this graft is the last
available resource for treating patients with large skin
defects.! Thus, postoperative necrosis and failure of skin
flaps are the major concern of surgeons in this procedure.
These complications are believed to be due to insufficient
flap perfusion and ischemia-reperfusion injury which is
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associated with lack of adequate blood flow and impaired
venous drainage.”8 Consequently, surgeons are not always
able to predict the survival rate of the flap after surgery.
This can lead to high-cost hospital and surgical practice
and unnecessary additional operation.>

To address this issue, numerous approaches such as
low-level laser therapy® and low dose radiation? as well as
several pharmacological drugs and agents such as
vasodilators, anti-coagulants, free radical scavengers and
calcium blockers have been used to reduce or prevent
tissue necrosis following skin flap surgery.11-13 The clinical
application of some of these drugs has undesired side
effects so the investigation continues to find a cost-
effective drug without systemic effects.

Metformin, a popular biguanide antidiabetic, is known
as a first line drug in the clinic for treatment of type-2
diabetic and was introduced about 60 years ago.'* The
effect of metformin in suppressing blood glucose is mainly
associated with the inhibition of gluconeogenesis in the
liver mediated through activation of AMP-activated
protein kinase (AMPK) which is activated following
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changes in cellular energy levels.151¢ Recently, various
experimental studies have shown that metformin has
beneficial effects in the other disease and its therapeutic
effect is not limited to the ability to lower blood glucose
levels. For example, it has been shown that metformin is
neuroprotective and decrease cell death in the Alzheimer's
disease.l” Also, a prior study has reported antioxidant and
anti-inflammatory properties of metformin and through
modulating inflammatory and antioxidant pathway
protect the cells in the transient global cerebral ischemia.18

Several experimental studies have focused on the
beneficial role of metformin on wound repair and indicated
that supplementation with metformin accelerated wound
healing process. In a previous study, it was shown that
metformin accelerated wound closure and stimulated
angiogenesis in diabetic mice and it was also reported that
the decreased number of circulating endothelial
progenitor cells (EPCs) in diabetic mice was significantly
increased following metformin treatment.1® The authors of
the report cited above indicated that ability of tube
formation and migration of bone marrow-derived
endothelial progenitor cells (BM-EPCs) were impaired in
diabetic mice and metformin improved it. Metformin
pharmacologically has been shown to have anti-aging
effects. In a prior study it was reported that metformin
promoted wound healing and cutaneous integrity in skin
of aging rats.2® In another study it was reported that
metformin through improving angiogenesis contributed to
wound healing and it was, in parts, associated with
stimulation of nitric oxide (NO) and inhibition of
superoxide (027).21

To the best of our knowledge, there are limited data on
the beneficial role of metformin in improving the skin flap
viability. In a recent study it was indicated that pretreat-
ment, before flap creation, with a single dose of metformin
through NO system improved skin flap survival.22
Meanwhile, in another study it was reported that the mice
treated with metformin for seven days before flap surgery
until euthanizing on 7% day post-operation improved the
flap viability.23 There is no previous report regarding the
effects of metformin post treatment on the survival of
random-pattern skin flaps. Therefore, the main objective
of the current study was to focus on the therapeutic effects
of metformin treatment after skin flap surgery in rats in
order to improve flap survival.

Materials and Methods

Animals. Random skin flaps were created in 24
healthy male adult rats weighing between 220 - 240 g. The
study was performed in accordance with Guide for the
Care and Use of Laboratory Animals and the experimental
protocols were approved by Urmia University of Medical
Sciences Ethics Committee (Ir.UMSU.rec.1395.22). The
rats were maintained at a room temperature of 22.00 -

24.00 °C with free access to food and water. The animals
were randomly divided into three groups of eight rats
each. Group I (control group) received water intragastric,
Group II received Met (50.00 mg kg per day) and Group
III received Met (100 mg kgt per day). Metformin (Mahan
Chemi Co. Tehran, Iran) was dissolved in water and
administrated via intragastric gavage. The first gavage was
2 hr after flap creation and was repeated until the end of
the study on seven days post-operation. The dose of 50.00
and 100 mg kgl metformin were selected according to the
previous study.2*

Random skin flap model. In this regard, the rats were
anesthetized with an intraperitoneal dose of ketamine
(60.00 mg kg1, Alfasan, Woerden, The Netherlands) and
xylazine (10.00 mg kg, Alfasan). After anesthesia, the
animals were immobilized in a prone position and then
their dorsal regions were shaved and disinfected using
povidone iodine solution. A caudally based Mc Farlane skin
flap model (2.00 x 8.00 cm) was created at the same
position on the back of each animal. After this procedure,
the flaps were sutured back using 4-0 silk (Supa Medical
Devices, Tehran, Iran) to its original position
immediately.2526 Following flap surgery, the rats were
housed in individual cages until the end of the experiment.

Flap survival assessment. Seven days after skin flap
surgery, the animals were re-anesthetized and the survival
and necrotic areas in each flap were demarcated on a
transparent paper and then cut and weighed the paper
using a precision scale. Then, the percentage of survival
rate of each animal was calculated formulas follows:27

Percentage of skin flap survival = (Weight of survival area/
Total weight of paper) x 100

The alive areas of the flap were identified by gross
observation and were warm and soft to the touch, but the
necrotic areas were dark in color, stiff and hairless.

Histological evaluations. Seven days after flap
creation, the rats were euthanized using overdose of
ketamine and xylazine solution. Then, skin tissue
specimens were obtained from the same place of the
surviving area of the flap. The skin tissues were
immediately fixed at 10.00% buffered formalin, embedded
in paraffin and then, sectioned into 6.00 um slices and
stained with Hematoxylin and Eosin (H&E). To determine
blood vessel density, the vessels were counted in five fields
on H&E-stained slides at 100x magnification.?” In addition,
to determine the number of mast cells in flap tissues, 6.00
um sections was obtained from paraffin-embedded blocks
and then stained with toluidine blue. The number of mast
cells counted in five fields at 400x magnification.?8 All
morphometric evaluations in the present study were
performed by two persons blinded to treatment.

Immunohistochemical evaluation. To test the VEGF
expression levels in flap tissues, the tissue sections from
paraffin-embedded blocks were stained with primary anti-
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VEGF antibody solution (Abcam Company, Waltham, USA),
1:200 dilution overnight at 4.00 °C. After washing with
PBS, a secondary against antibody was added to slides for
45 min at 37.00 °C and washed again. The diamino-
benzidine solution was wused (10 min at room
temperature) for color development. Lastly, the slides
were counterstained with hematoxylin. The VEGF positive
brown color cells were counted in two fields using a light
microscope equipped with a micrometer lens at 400x
magnification. This lens had 100 squares and only the cells
within the square were counted.2?

Statistical Analysis. The results were shown as mean
+ standard deviation (SD) and all statistical analysis was
performed using one-way analysis of variance, with
Tukey’s post hoc to compare the means. The SPSS
Software (version 16.0; SPSS, Chicago, USA) was used to
analyze all variables. The differences were considered
significant at p < 0.05.

Results

Skin flap survival. At the end of the seventh day after
flap surgery, the mean * SD of flap survival (%) in groups
control, Met 50.00 mg kg-'and Met 100 mg kg were 64.43
+ 838, 7991 + 793 and 77.25 * 590 percentage,
respectively. The results showed significant differences
between control and experimental groups (p < 0.01 and p
< 0.05, respectively), (Figs. 1 and 2).

B

Fig. 1. Digital photograph of dorsal skin flaps in rats seven
days post-operation. The arrows exhibit the necrotic areas. A)
Control group, B) Metformin 50.00 mg kg-1; C) Metformin
100 mg kgL

Histological findings. Figure 3 shows the new blood
vessels in the flap tissues in the studied groups. Seven days
after flap surgery the mean number of vessels in group
Met 50.00 mg kg (16.28 + 2.42) significantly (p < 0.001)
was higher than control group (11.57 + 1.51). The mean of
blood density in Met 100 mg kg was 12.85 * 1.46 and it
was higher than control, however, it was not significant.
Figure 3 also shows the distribution of blood vessels in the
inner side of the flap.
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Fig. 2. The mean = SD of flap survival (%) in the studied groups.
*+ Different symbols indicate significantly difference compared
to control group (*p < 0.01 and *p < 0.05, respectively).

The number of mast cells in flap tissues were 20.12 +
3.13 in control group, 24.62 + 2.50 in Met 50.00 mg kg1
group and 23.75 + 3.19 in Met 100 mg kg group. The
means number was significantly higher in both groups
treated with metformin compared to control group
(p <0.01 and p < 0.05, respectively), (Fig. 4).

VEGF levels in flaps. On day 7 after surgery,
immunohistochemistry showed that the mean number of
VEGF positive cells in the flap tissues were 7.20 + 1.64,
11.00 + 2.23 and 8.00 + 1.58 in control, Met 50.00 and Met
100 mg kg groups, respectively. Significant differences
(p < 0.05) were only observed between control and Met
50.00 mg kgt groups (Fig. 5).

Discussion

The random skin flap is a surgical technique and has
been widely used in plastic surgery to repair skin defects.
Random skin flaps are not contained well-known blood
vessels, thus, necrosis in the distal part of the flap is a
common complication and remains as a major challenge.
In experimental studies, several methods such drugs and
agents have been used to increase skin flap perfusion in
order to reduce rates of necrosis. In the present study, for
the first time we showed that oral administration of
metformin after flap creation enhanced flap viability.
Furthermore, our findings also indicated that metformin
increased neovascularization in flap tissue through
increasing VEGF expression and blood vessel density.

Metformin, a clinical drug, is commonly used for the
treatment of type 2 diabetes. Growing data on metformin
indicated that this medical drug in addition to antiglycemic
effects bears other impacts including antioxidant, anti-
inflammatory on different disease models. Prior studies
indicated that metformin has been beneficial to other
ischemic tissue, such as myocardial and brain.2430
Recently, we showed that supplementation of metformin
reduced ischemia-reperfusion in experimental stroke in rats
through inhibiting oxidative stress and inflammation.30
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Fig. 4. Mast cells (arrows) in the flap tissue on day 7 after surgery (Toluidine blue, 400x) in different groups: A) Control group, B)

Metformin 50.00 mg kg! and C) Metformin 100 mg kg1.
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Fig. 5. Histogram of mean * SD of VEGF positive cells in flap
tissue in the studied groups.

abe different letters indicate significantly difference among the
groups (p < 0.05).

A few previous studies reported the beneficial effects
of metformin on the wound healing process. Yu et al.
demonstrated that metformin activated angiogenesis and
promoted wound closure in diabetic mice.’® In another
experimental study it was shown that local application of
metformin could improve cutaneous wound defects
through angiogenesis.2® The angiogenesis effects of
metformin are mediated by activation of AMPK pathway.3!
AMPK signaling is necessary to induce angiogenesis and is
known to stimulate VEGF expression.32

In a recent study it was also documented that treated
mice with 200 mg kg! metformin for 14 days (seven days
before to seven days after flap surgery) improved the
survival of skin flaps by alleviating oxidative stress,inducing

angiogenesis and inhibiting apoptosis and these positive
effects of metformin were associated with activation of
autophagy via AMPK-mTOR-TFEB signaling pathway.23

In the current study, we found that treatment with
50.00 mg kg! metformin after random skin flap
significantly increased VEGF expression in comparison
with the control group. The VEGF as an important pro-
angiogenesis molecule, has been shown that is important
for wound healing and induces neovascularization in
ischemic areas.33 VEGF is expressed by different cell types
in injured skin such as keratinocytes, mast cells and
macrophages.3435 It is documented that VEGF stimulate
the migration and proliferation of endothelial cells and
promotes vascular permeability.2? Furthermore, it has
been shown that exogenous VEGF through increasing skin
flap angiogenesis improve flap survival.3¢ Studies have also
documented that VEGF is a strong regulator of angio-
genesis and induces neovascularization. Angiogenesis, or
sprouting angiogenesis is the creation of new blood
vessels from preexisting vessels and has an important role
in tissue healing at injured sites which provides oxygen
and nutrients to tissues.3”

Angiogenesis as a crucial and complicated process is
involved in the proliferation of endothelial cells and also
determines the fate of flap survival. Early angiogenesis
initiation in flap tissue can guarantee the flap survival. In
the process of angiogenesis, the role of matrix metallo-
proteinase (MMPs) for extracellular matrix degradation is
important. MMPs are produce by various cells such as
fibroblasts, epithelial cells, smooth muscle, endothelial and
inflammatory cells. It has been reported that for migration
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of endothelial cells during angiogenesis the activity of
MMPs is necessary.38 In our study, immunohistochemical
staining revealed that VEGF expression was markedly
increased in the treated groups compared to control
group. The vascular density was also increased in the
metformin groups. These results indicated that metformin
promoted angiogenesis, thereby, increasing the
distribution of new blood vessels in the damaged tissue by
increasing VEGF expression and increasing the blood
supply. Through these effects flap survival might have
been improved. However, these findings suggested a
mechanism for the beneficial effect of metformin on the
survival of random skin flaps.

With regard to mast cells, we observed a significant
increase in the total number of mast cells in the skin flap
tissue of animals treated with metformin. Mast cells are
the source of numerous chemical mediators such as
serotonin and histamine, which have vasoactive property
and are able to increase vascular perfusion.28

As stated earlier, high levels of VEGF expression and
increased in vascular density were observed in flap of
metformin groups. One possible reason could be due to
contributing of mast cells in inducing angiogenesis
through VEGF secretion. In a previous study, it was
indicated that low dose radiation could induce tissue
revascularization, at least in part, through mast cell
production of VEGF.3° However, this point requires to be
soundly studied. In other reports such as one by Chehel-
cheraghi et al who used bone marrow mesenchymal-
derived stem cells in order to improve skin flap viability,
found a significant increase in the number of mast cells in
the flap tissue.*® Another possible positive role of mast
cells in the present study could be due to vasodilator effect
of histamine which was released from mast cells.

Regarding the effects of metformin on EPCs and wound
healing, published data is controversial. For example, Han
et al reported that metformin could improve wound
healing and increase the quality of circulating EPCs and
BM-EPCs in diabetic mice.2! On the contrary, it was
indicated that metformin supplementation could not alter
the circulating EPCs number and even led to delayed
wound healing in diabetes.#! EPCs are precursors of
endothelial cells and mobilize from bone marrow into the
blood circulation and are associated with neo-
vascularization after tissue injury.+243

In this study, we used two different doses of metformin
aiming to increase viability of random skin flaps in rats.
Our results showed that treatment with 50.00 mg kg
metformin in comparison with 100 mg kg! provided
satisfactory results in terms of increased vascular density
and expression of VEGF levels in skin flaps. This treatment
led to significant reduction in the percentage of the
necrotic area of flaps. The VEGF expression levels and
blood vessel density were increased in the group received
100 mg kg! metformin in comparison with control group,

however, it was not significant. Due to lack of information,
no physiological explanations were found to these
findings, thus, now we cannot explain why low dose of
metformin had better outcomes in skin flap viability in rats
and further studies are needed to elucidate it. Another
study showed that the beneficial effects of metformin on
flap survival were mediated through the nitric oxide (NO)
pathway.?2 They suggested a role for the nitric oxide in
metformin-induced protective effects in random skin flaps.
In that report, it was indicated that a single co-
administration of metformin and L-arginine (nitric oxide
precursor) had higher effects on the flap survival rate
compared to metformin administration alone and the
animals which received L-NAME (inhibitor of nitric oxide
synthesis) showed the lowest flap viability rate. In another
study it was documented that NO had an important role in
the regulation of vascular tone and blood flow, and
inhibited the platelet and neutrophil aggregation.#* Also, it
has been reported that exogenous NO therapy increased
flap survival and maintained circulation in the flap.#5

Furthermore, previous studies have also confirmed the
beneficial role of NO in IR damage and circulation of skin
flap*647 especially in the distal part of the flap which is
predisposed to low blood flow and necrosis. Necrosis in
the distal part of flap depends on vasodilator effects of NO,
whereas, it has been reported that L-arginine through
increasing blood flow to the skin can lead to an increase in
the flap viability.2247

We did not measure the NO levels and oxidative stress
that could be considered as limttions of the present study.
The measurements of these assays could provide additional
information to confirm involved mechanism of metformin-
induced protective effects following flap surgery.

In conclusion, in the present study the levels of VEGF
expression and vascular density (markers of neo-
vascularization) were higher in flap of animals treated
with 50.00 mg kg! metformin in comparison with the 100
mg kg! metformin and control groups indicating that
metformin protected the flap from necrosis through VEGF-
mediated angiogenesis. Also, histological examination of
the flap tissues in metformin treated rats showed
increased blood vessel dilation compared to control rats
that contributed to increased blood flow and ultimately
decrease in flap necrosis. However, we postulate
treatment with metformin after flap surgery might have
improved the flap viability via vasodilating effects which in
turn increased blood flow in skin flap tissue.
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