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Abstract
Random skin flaps are widely used to repair tissue defects. However, the distal flap regions

are prone to ischemic necrosis, limiting clinical applications. Azadirachtin A, a fruit extract

from the neem, improves tissue blood supply and metabolism, reduces cell swelling, pro-

motes tissue healing, and prevents venous thrombosis. We explored whether it enhances

random skin flap survival. Fifty-four Sprague-Dawley rats were divided into control, low-

dose, and high-dose Azadirachtin A-treated groups using a random number table. We used

an improved version of the McFarlane technique to create flaps. On day 2, superoxide

dismutase and malondialdehyde levels were measured. Tissue slices prepared on day 7

were stained with hematoxylin and eosin. The expression levels of vascular endothelial

growth factor (VEGF), toll-like receptor 4 (TLR4), nuclear factor kappa-B (NF-kB),

interleukin-1b (IL-1b), interleukin-6 (IL-6), and tumor necrosis factor-a (TNF-a) were

immunohistochemically assayed. Microcirculatory blood flow was measured via laser Doppler blood flowmetry. Flap angiography

was performed using the lead-oxide gelatin injection technique. And the azadirachtin A groups exhibited a greater mean flap

survival area, an improved mean blood vessel density, a greater blood flow, and higher superoxide dismutase and VEGF levels,

especially at the high dose. Azadirachtin A markedly reduced the levels of TNF-a, IL-6, IL-1b, TLR4, and NF-kB. These findings

suggest that azadirachtin A promotes random skin flap survival by improving the blood supply, reducing tissue inflammation, and

inhibiting flap ischemia reperfusion injury.
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Introduction

As the color and texture of random skin flaps are similar to
those of recipient tissues, they find many applications and
are widely used by plastic surgeons to repair tissue defor-
mities and cover skin defects caused by trauma, tumor
resection, or congenital disease. However, such flaps exhib-
it certain clinical limitations. Given the lack of axial blood
vessels, it is necessary to rely on percutaneous blood ves-
sels emanating from the tissue pedicle to supply blood and
accept the venous return1; good nutrition is essential for
flap survival. Therefore, the aspect ratio of a random flap
is constrained.When the length:width ratio exceeds 1.5–2:1,
the distal part of the flap may exhibit necrosis caused by

dystrophic metabolism after transfer.2 Flap survival is
affected by blood circulation, metabolic factors, and the
extent to which tissue tolerates ischemia and hypoxia.3

After random flap placement, a new vascular ganglion
begins to form, running from the pedicle flap bed in a
distal direction; angiogenesis is reduced at the distal end.
After flap placement, vascular regeneration/reperfusion
and recovery of the blood supply trigger ischemia/reper-
fusion injury (IRI) and necrosis.4 IRI features both oxidative
stress and apoptosis; these in turn trigger flap necrosis.
Therefore, promotion of angiogenesis, improvement of
local blood circulation, inhibition of inflammatory media-
tor production, alleviation of IRI, and reductions in
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oxidative stress and cell apoptosis when the skin flap
length:width ratio is increased are key in terms of improv-
ing the success rate of random flap placement5; this is of
major clinical concern.

Natural compounds often exhibit a wide range of phar-
macological activities and are used in traditional medicine
as alternatives to drugs for the treatment of various dis-
eases.6 In recent years, neem has received a good deal of
attention, being widely used to treat diseases. Azadirachtin
A (AzaA; Figure 1; an Indian folk medicine) is a water
extract of neem (Azadirachta indica A. Juss) leaves, flowers,
seeds, fruits, roots, and bark that improves tissue blood
supply and metabolism, reduces cell swelling, promotes
tissue healing, counters apoptosis, inhibits oxidative
stress, and prevents venous thrombosis.7,8 AzaA also
exhibits anti-inflammatory and immunomodulatory activ-
ities,9,10 thus enhancing the survival of random skin flaps in
rats. The efficacy of Aza A extracts may be attributable to
the contained sugars.11,12High-performance liquid chroma-
tography (HPLC) analyses have revealed that AzaA con-
tains major bioactive compounds including phytosterols,
triterpenoids, and flavonoids.8 Phytosterols generally
exhibit antioxidant, anti-inflammatory, and antibacterial
activities; triterpenoids stimulate the immune system; and
flavonoids exhibit antioxidant and anti-inflammatory prop-
erties and reduce lipid levels, not only slowing cell necrosis
but also improving blood vessel distribution and promot-
ing wound-healing.10 The wound-healing effects of AzaA
may be attributable to these active components.

Given the traditional applications and reported pharma-
cological activities of AzaA, the roles played by vascular
endothelial growth factor and cytokines in terms of flap
survival, and the presence of compounds with known anti-
oxidant and anti-inflammatory properties, we hypothe-
sized that AzaA might improve the survival rate of
transplanted random skin flaps. Here, we established a
rat model of very wide, random flap placement to verify
our hypothesis.

Materials and methods

Reagents

AzaA (HPLC-UV purity� 95%) was purchased from
Wuhan Yuancheng Co-creation Technology Co. Ltd.
(Wuhan, China). Tumor Necrosis Factor-a (TNF-a) ELISA
kits (XLPCC, China, Cat: xl-Er0359), Interleukin-6 (IL-6)
ELISA kits (XLPCC, China, Cat: xl-Er0196) were purchased
from Xinle Biological (Shanghai, China). Antibodies to vas-
cular endothelial growth factor (VEGF) (Affinity
Biosciences, USA, Cat: AF5131), Nuclear factor-kB (NF-
kB) (Affinity Biosciences, USA, Cat: AF5006), TNF-a
(Affinity Biosciences, USA, Cat: AF7014), IL-6 (Affinity
Biosciences, USA, Cat: DF6087), Interleukin-1B (IL-1b)
(Affinity Biosciences, USA, Cat: AF5103), and toll-like
receptor 4 (TLR4) (Affinity Biosciences, USA, Cat:
AF7017) were purchased from Affinity Biosciences (Ohio,
USA). Malondialdehyde (MDA) and superoxide dismutase
(SOD) assay kits were purchased from Nanjing Jiancheng
Bioengineering Institute (Nanjing, China).

Animals

Fifty-four healthy male Sprague-Dawley rats were provid-
ed by the Wenzhou Medical University Laboratory Animal
Center (body mass 200–250 g, age two to three months). All
the experiments involving with animals were approved by
the Laboratory Animal Ethics Committee of Wenzhou
Medical University (No.wydw2017-0509). The rats were
divided into control, low-dose AzaA, and high-dose
AzaA groups using a random number table (18 animals/
group). All rats were housed in separate cages at a constant
temperature of 25�C and a relative humidity of 40–60%
under a standard day-night light cycle with free access to
food and water. The rats were not fed on the night before
the experiment. Preoperatively, anesthesia was induced by
administration of 2% (w/w) pentobarbital sodium to
40mg/kg in physiological saline, and a shaver and depila-
tory cream were used to completely remove the hair on the
back trunk. The improved McFarlane technique (Figure 2
(a)) was used to design and produce a random rectangular
flap of length 9 cm and width 3 cm using the line between
the two iliac ridges as the band and the dorsal ridge as the
midline. To allow of convenient postoperative observation,
the flap was divided into proximal (Zone I), intermediate
(Zone II), and distal (Zone III) areas by reference to the
blood supply (Figure 2(a)). The skin was incised and the
subcutaneous tissue was separated to the shallow layer of
the deep fascia. If necessary, electrocoagulation or ligation
was performed when bleeding developed, and the subder-
mal capillary network was preserved. After blunt dissec-
tion, both symmetrical iliac arteries were cut at the flap
base. After complete hemostasis was established, 4–0 med-
ical mousse-nylon sutures were placed. All surgeries were
performed by the same operator.

Azadirachtin, at 100 and 200mg/kg/day, has been
shown in previous studies to significantly reduce inflam-
matory damage and oxidative stress.13 According to the
pilot experiment result, we choose these therapeutic
doses. After surgery, 10 g AzaA powder was ground in
1000mL of normal saline to make a 10mg/mL solution,
rats in the low-dose and high-dose experimental groups
received AzaA orally at 100 and 200mg/kg/day respec-
tively, while rats in the control group received the same

Figure 1. The chemical structure of Azadirachtin A.
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amount of normal saline. All rats underwent continuous
gavage for sevendays, and all were raised in single cages.
To obviate poor flap survival caused by self-injury, all rats
were fitted with neck fixation rings (Figure 2(b)).

Macroscopic assessment of flap survival areas

Macroscopic flap changes (color, tissue elasticity, texture)
were recorded on day 7 after surgery. Surviving flap areas
were soft pink in color with new hair growth; the necrotic
areas were scabbed, hardened, and darkened, without hair
growth. We took digital photographs with scale marks,
imported the images to a computer, and evaluated average
flap survival using Image-Pro Plus ver. 6.0 software
(National Institutes of Health, Bethesda, MD, USA). The
flap survival area ratio was the surviving flap surface
area/total surface area� 100%.

SOD and MDA levels

Two days postoperatively, 0.5� 0.5 cm tissue samples were
excised from the middle flap areas (Zone II), the muscle
layers were removed, and the samples were ground.
After 1:10 dilution in ice water, the samples were homoge-
nized at 2500 r/min, centrifuged for 10min, and the super-
natant superoxide dismutase (SOD) and malondialdehyde
(MDA) levels were measured using a colorimetric and a
thiobarbituric acid method, respectively.

Flap blood flow

To assess microcirculatory blood flow, six rats of each group
were anesthetized and scanned using a laser Doppler flow-
meter (LDF) on day 7 after surgery. MoorLDI Review ver.
6.1 software was used to measure blood perfusion in per-
fusion units (PUs; relative measures of microcirculatory
blood flow rates in local tissue, indirectly reflecting new,
flap, blood vessel status).

TNF-a and IL-6 levels

Blood samples were centrifuged at 5000�g for 15min. The
supernatants were collected and serum levels of TNF-a and
IL-6 were measured via ELISA at an absorbance of 450 nm.

Gelatin-lead oxide angiography

On day 7 after operation, six rats of each group were anes-
thetized and normal saline at 37�C was instilled into the
carotid arteries of one side to wash out all blood vessels.
The body temperature was controlled to prevent vaso-
spasm. Blood was drained via the ipsilateral jugular vein.
After the liquid flowing out of the jugular vein became
clear, colored, gelatin-lead oxide perfusate fluid (100mL/
kg) was slowly injected into the carotid artery using a
syringe. Perfusion ceased when the fluid attained the
extremities, ears, and corneas (as judged by the character-
istic fluid color). The carotid artery was ligated with silk
thread and the samples were refrigerated at 4�C for 12 h to
facilitate gelatin aggregation. Finally, the rat dorsal flap and
surrounding skin were dissected and X-ray angiography
performed.

Histopathological examination

On day 7 after operation, all rats were anesthetized and
killed with 100 g/L chloral hydrate (8mL/kg). Tissue sam-
ples from Zone I, Zone II, Zone III were fixed in 10% (v/v)
paraformaldehyde for 24 h, embedded in paraffin,
sectioned (thickness 4 lm), and subjected to hematoxylin-
and-eosin staining. Using an optical microscope, granula-
tion formation, structural capillary changes, tissue edema,
necrosis, and inflammatory infiltration were scored. The
neutrophil density and the number of microvessels per
unit area (mm2) in Zone II were calculated.

Immunohistochemistry

The remaining paraffin sections were immunohistochemi-
cally processed using the streptavidin-peroxidase method
to assess the expression levels of VEGF, TLR4, NF-kB, IL-1b,
IL-6 and TNF-a in flap tissue. Images were obtained using
the DP2-TWAIN (Olympus, Tokyo, Japan) platform operat-
ing at 400� magnification. The integrated absorbances of
VEGF, TLR4, NF-kB, IL-1b, IL-6, and TNF-a were used to
determine the expression levels.

Statistical analyses

All statistical analyses were performed using SPSS ver. 19
software (SPSS, Chicago, IL, USA). Data are expressed as
means�standard deviations (SDs). Means of each group

Figure 2. A random flap placed on a rat back (a) and the neck fixation ring (b). (A color version of this figure is available in the online journal.)
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were compared using Student’s t-test. A P-value< 0.05 was
considered to reflect statistical significance.

Results

Macroscopic evaluation of surviving areas

On postoperative day 7, Zones II and III were necrotic with
dark black lesions; no necrosis was apparent in Zone I.

The extent of skin flap necrosis was notably greater
in the control group than in the experimental group.
The control flaps were darker and exhibited larger necrotic
areas (Figure 3(a)). The average survival percentage of
flaps in the control, low-dose, and high-dose groups
was 50.16� 2.32%, 71.19%� 2.50%, and 90.83� 2.26%,
respectively. The difference was significant (P< 0.01;
Figure 3(b)).

Figure 3. AzaA increased the flap survival. Digital photographs reflecting flap survival (a). Survival area percentages (b). **P< 0.01, low-dose and high-dose AzaA

groups vs. control group; n¼ 6 per group. (A color version of this figure is available in the online journal.)
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Superoxide dismutase and malondialdehyde levels

The average SOD content of the high-dose AzaA groupwas
62.84� 2.99 units/mg protein, and the average SOD con-
tent of the low-dose AzaA groupwas 52.41� 2.75 units/mg
protein, higher than that of the control group (23.89� 1.96
units/mg protein) (P< 0.01). The average MDA level of the
high-dose AzaA group was 21.36� 3.00 nmol/mg protein,
and the average MDA level of the low-dose AzaA group
was 44.25� 3.60 nmol/mg protein, lower than that of the
control group (70.16� 5.21 nmol/mg protein) (P< 0.01)
(Figure 4(a) and (b)).

Flap blood flow

LDF images are shown in Figure 5(a). Zone II perfusion of
the high-dose AzaA group (300.32� 45.25 PU) and low-
dose AzaA group (263.15� 55.29 PU) was higher than
that of the control group (50.73� 12.70 PU) (P< 0.01;
Figure 5(b)).

TNF-a and IL-6 levels

AzaA suppressed TNF-a production compared to that of
the control group (high-dose AzaA 79.06� 8.75 pg/mL;
low-dose AzaA 116.31� 15.41 pg/mL; control 198.24�
13.55 pg/mL; P< 0.01; Figure 6(a)). The IL-6 data were sim-
ilar (high-dose AzaA, 28.57� 2.41 pg/mL; low-dose AzaA,
46.82� 3.58 pg/mL; control, 87.84� 8.36 pg/mL; P< 0.01;
Figure 6(b))

Gelatin-lead oxide angiography

Angiography clearly showed more and better-quality
regenerated blood vessels in the experimental group than
in the control group, particularly in the high-dose group.
The extents of vascular reconstruction at the recipient site
and flap edges were good. AzaA markedly increased the
tissue blood supply (Figure 7).

Histopathological data

Seven days after surgery, the distal areas (Zone III) were
morphologically similar in histological terms. All flaps
exhibited similar changes in appearance; inflammatory

cell infiltration was prominent, as were structural damage
and edema. The tissue images revealed degeneration and
necrosis of muscle fibers. In the proximal areas (Zone I), the
AzaA group exhibited edema and inflammatory cell
infiltration to a lesser extent than controls. In flap Zone II,
high-dose and low-dose AzaA groups exhibited significant
subcutaneous fibroblast proliferation. The granulation
tissue was thin with slight tissue edema; diffuse subcuta-
neous hemorrhage was apparent. Control flaps were
thicker than AzaA flaps and exhibited less fibroblast pro-
liferation and neovascularization, more edema, and more
inflammatory cell infiltration. (Figure 8). The neutrophil
density (high-dose 22.03� 4.33/mm2; low-dose 37.46�
3.09/mm2) in the AzaA Zone II region was lower than in
the control group (66.14� 4.44/mm2) (Figure 9(a)). The
microvessel density (high-dose 35.98� 3.99/mm2; low-
dose 23.16� 2.98/mm2) in the AzaA Zone II region was
higher than in the control group (12.46� 2.88/mm2). Both
differences were significant (P< 0.01; Figure 9(b)).

Immunohistochemical data

Immunohistochemical analyses indicated that the levels of
VEGF in the control group, low-dose group, and high dose
group were 1522.00� 312.56 IA, 2956.67� 351.41 IA, and
4450.50� 288.81 IA, respectively. The TLR4 levels of each
group were 5142.17� 458.47 IA, 3118.00� 215.51 IA, and
1117.00� 157.09 IA, respectively. The NF-kB levels of each
group were 5222.17� 438.09 IA, 2570.33� 246.92 IA, and
850.50� 98.08 IA, respectively. The IL-1b levels of each
group are 2667.33� 349.93 IA, 1397.67� 244.81 IA, and
622.83� 97.02 IA, respectively. The IL-6 levels of each
group were 3637.83� 244.24 IA, 2052.50� 132.85 IA, and
736.50� 71.94 IA, respectively. The TNF-a levels of each
group levels were 3118.33� 249.91 IA, 1426.00� 212.30
IA, and 813.00� 125.53 IA, respectively. These observations
indicate that AzaA dose-dependently regulates VEGF
expression and down-regulates the expression of proin-
flammatory cytokines (NF-kB, IL-6, IL-1b, TLR4, and
TNF-a). All between-group differences were significant
(P< 0.01; Figure 10).

Figure 4. AzaA promoted SOD activity and downregulated MDA level. Mean superoxide dismutase activities of the control and treatment groups (a). Mean malon-

dialdehyde levels of the control and treatment groups (b). **P< 0.01, low-dose and high-dose AzaA groups vs. control group; n¼ 6 per group.

1676 Experimental Biology and Medicine Volume 245 December 2020
...............................................................................................................................................................



Discussion

Unlike the vascular systems of axial flaps, random flaps
rely on existing vessels in surrounding tissues, and thus

are free of the limitations of traditional flaps, including
the need to carefully consider positioning and the axial
vascular distribution. However, if the length:width ratio

Figure 5. AzaA increased blood flow. Laser Doppler flowmetry (LDF) angiography of flaps of the control and treatment groups (a). Mean blood perfusion levels of the

Zones II of each group (b). **P< 0.01, low-dose and high-dose AzaA groups vs. control group; n¼ 6 per group. (A color version of this figure is available in the online

journal.)

Figure 6. AzaA inhibited the expression of TNF-a and IL-6. The expression levels of TNF-a (a) and IL-6 (b) as measured via ELISA. **P< 0.01, low-dose and high-dose

AzaA groups vs. control group; n¼ 6 per group.
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of a random flap exceeds a certain value, the distal
part of the flap may experience nutritional/metabolic
disorders triggering necrosis. Flap survival is critically
dependent on flap blood perfusion pressure; the blood
flow to random flaps is supplied by the pedicle.
Therefore, super-long random flaps will survive
only if the broken ends of blood vessels rapidly “kiss”
at the wound edge; nascent capillaries then grow
within the flap. We found that AzaA stimulated

angiogenesis by upregulating VEGF production, reducing
oxidative stress, alleviating tissue inflammation, and inhib-
iting IRI.

In the early stage, we found that drugs such as
Naringin14 and batroxobin15 can promote flap survival,
but AzaA shows better anti-inflammatory effects by regu-
lating the TLR4/NF-kB pathway, reducing the release of
inflammatory cytokines, and inhibiting the chemotaxis
and adhesion of neutrophils.

Figure 7. AzaA improved flap angiography. Lead oxide/gelatin angiographic imaging data.

Figure 8. AzaA reduced histopathological damage. Histopathological data in Zones I, Zones II, and Zone III of flaps of the control and treatment groups. Hematoxylin

and eosin staining. Magnifications: 100� and 200�. (A color version of this figure is available in the online journal.)
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Inflammatory reactions develop rapidly during wound-
healing. The epidermis of necrotic areas at the distal end of
a random flap exhibit obvious inflammatory cell infiltration
and coagulative necrosis. The greater the extent of necrosis,
the more severe the inflammatory reaction. Reduction of
inflammation promotes flap survival. AzaA markedly
reduced TNF-a and IL-1b levels, inhibiting tissue infiltra-
tion by neutrophils and other inflammatory cells, and
relieving inflammatory pain.16 AzaA interacts with tumor
necrosis factor receptors (TNFRs), inhibits TNF signaling
via downstream activation of IKK, breaks down IkB-a,
and inhibits activation of nuclear factor-kB (NF-kB), there-
by effectively controlling inflammation.17,18 The NF-kB
pathway controls the expression of various pro-
inflammatory mediators and thus plays a very important
role in the inflammatory response. The NF-kB transcription
factor regulates the production of cytotoxic substances such
as nitric oxide, indirectly controlling apoptosis, and thus
skin flap survival.19 We found that AzaA downregulated
TLR4. Toll-like receptors (TLRs) are surface transmembrane
receptors that trigger both innate and adaptive immunity.20

The receptors play key roles in inflammation and immune
cell regulation, survival, and proliferation. TLR4 is
involved in TLR4/NF-kB signaling, which in turn controls
the immune and inflammatory responses by regulating the
expression levels of immune-related factors and inflamma-
tory transmitters. Notably, drugs exhibiting exclusively
anti-inflammatory properties usually do not inhibit the
nociceptive response. However, AzaA, which exhibits
anti-inflammatory activity in an animal model, also sup-
presses pain by inhibiting inflammatory mediators and
enhancing central pain management. At least in nocicep-
tive models of pain, the activity of AzaA depends to a large
extent on activation of endogenous opioid mechanisms,
which control many drug antinociceptive activities.21,22

AzaA plays useful roles in experimental models of inflam-
matory and noxious pain, and in models of chronic and
acute inflammation.23 Such activities are of major impor-
tance in terms of promoting skin flap survival.

We found that AzaA enhanced VEGF production.
Previous studies have shown that the flap VEGF level pro-
foundly affects flap blood vessel formation.24,25 During
early angiogenesis, VEGF regulates the proliferation, differ-
entiation, and migration of vascular endothelial cells, pro-
motes vasodilation and extracellular matrix formation;
induces endothelial cell mitosis, promotes the formation
and maturation of new blood vessel lumina, and increases
the number of capillaries. VEGF reduces skin flap necrosis,
enhances the anti-infective flap capacity, promotes wound-
healing, and increases the survival rate of full-thickness
flaps. Hematoxylin-and-eosin and immunohistochemical
staining and gelatin lead oxide angiography showed that
AzaA stimulated new blood vessel formation and
increased the number of microvessels in ischemic skin
flaps, thus enhancing both the quantity and quality of
regenerated blood vessels. An improved blood supply alle-
viates the inflammatory response and increases the surviv-
al rate of random skin flaps.26

IRI is involved in the pathophysiology of random flap
ischemic necrosis. IRI and inflammation engage in mutual-
ly reinforcing cascading reactions during distal necrosis
development in ischemic, super-long, random skin flaps.
IRI is important in terms of the inflammatory response
that in turn triggers skin flap necrosis. Ischemic flap
tissue generates high levels of reactive oxygen species
(oxygen ions, free radicals, and peroxides) that activate
both mitochondria and other downstream targets (endoge-
nous endonucleases and protein kinases), in turn triggering
programmed cell death and distal flap necrosis.27 The
levels of certain metabolites (including arachidonic acid)
increase during reperfusion, in turn attracting many neu-
trophils to the tissue; these cells adhere to the vascular
endothelium and aggravate the inflammatory response.
Simultaneously, oxygen free-radical generation increases,
damaging ischemic tissue cells, and activating cell–cell
adhesion and neutrophil chemotaxis.28 This further enhan-
ces neutrophil infiltration, aggravating flap tissue damage
via a vicious cycle. SOD, glutathione, and catalase are well-
known antioxidants that scavenge free radicals. SOD

Figure 9. AzaA reduced neutrophil density and increased microvessel density. Neutrophil densities in Zones II (a). Mean microvessel densities in Zones II (b).

**P< 0.01, low-dose and high-dose AzaA groups vs. control group; n¼ 6 per group.
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Figure 10. AzaA promoted the expression of VEGF and inhibited the expression of TLR4, NF-kB, IL-1b, IL-6, and TNF-a. The immunohistochemically derived, flap

expression levels of VEGF, TLR4, NF-kB, IL-1b, IL-6, and TNF-a as revealed by the DP2-TWAIN system (Olympus, Tokyo, Japan) operating at 400�magnification (a).

The integral absorbances of flap VEGF, TLR4, NF-kB, IL-1b, IL-6, and TNF-a levels in the control and treatment groups (b). **P< 0.01, low-dose and high-dose AzaA

groups vs. control group; n¼ 6 per group. Arrows indicate positive reaction. (A color version of this figure is available in the online journal.)
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converts superoxide radicals into hydrogen peroxide,29

which is then cleared by glutathione or peroxidase to pro-
tect cells30; this is the first-line defense of cells exposed to
reactive oxygen. AzaA increased the levels of SOD, gluta-
thione, and catalase, thus inhibiting oxidative stress. The
MDA level is an important marker of tissue damage; oxi-
dant or inflammatory stimulation upregulate tissue MDA
levels. The SOD and MDA levels were measured on day 2
after operation. Immunohistochemically, AzaA increased
SOD activity and decreased the MDA content, suggesting
that AzaA alleviated IRI by inhibiting oxidative stress.

Although AzaA is a component of pesticides, the mate-
rial is nontoxic to humans,31 including those with diabetes,
malaria, eczema, and scabies.32 Male and female rats given
oral AzaA at doses of 500, 1000, and 1500mg/kg/day for
90days did not exhibit any acute toxicity (salivation, coma,
or death).33 Thus, no absolute contra-indication to AzaA
use was apparent. AzaA dose-dependently increased flap
blood supply, relieved both IRI and pain, improved flap
survival and quality, and inhibited the inflammatory
response, oxidative stress, and apoptosis. Thus, it exhibits
high-level economic and practical potential. However, we
studied rats only. The utility of AzaA in terms of human
skin graft recovery and reconstruction requires further
testing.
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