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ASMq protects against early burn wound progression in rats by
alleviating oxidative stress and secondary mitochondria-associated
apoptosis via the Erk/p90RSK/Bad pathway
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Abstract. Burn wounds present an evolutionary progres-
sion, in which the initial wound tissue deepens and expands
following thermal injury. Progressive tissue damage in the
zone of stasis may worsen burn injury, which is associated
with oxidative stress and secondary apoptosis, and worsen the
prognosis of patients with burn wounds. The mitochondrial
apoptotic pathway is involved in receiving oxidative signals
and regulating tissue apoptosis. Previously, Abnormal Savda
Munziq (ASMq), a natural compound of traditional Uyghur
Medicine, which includes ten types of herb, has been reported
to exhibit a number of effects, including anti-inflammatory,
antioxidative and anti-apoptotic activities. The present study
demonstrated that ASMq protected against early burn wound
progression following thermal injury in rats; this effect may
be mediated by its ability to attenuate oxidative stress-induced
mitochondria-associated apoptosis. The present study may
provide a novel therapeutic method to prevent early burn
wound progression following burn injury.

Introduction

Burn wound progression, which was first introduced by DM
Jackson in 1953, refers to the deterioration of tissue damage
in the zone of stasis, especially during the first few days
following thermal injury (1). According to Jackson's model of
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thermal wound injury, the burn wound is divided into three
concentric zones: A central zone of coagulation, an inter-
mediate zone of stasis and an outer zone of hyperemia. The
central zone is damaged by thermal injury directly and suffers
irreversible coagulation necrosis with thrombosed vessels; the
zone of hyperemia is characterized by spontaneous recovery,
while the zone of stasis is considered salvageable via optimal
intervention (2). The recovery of the zone of stasis is vital
in preventing irreversible damage and determining the final
severity of the wound. Burn wound progression contributes
to the development of wound contraction, hypertrophic scar-
ring, wound infection and sepsis. Therefore, appropriate and
timely interventions to prevent burn wound progression are of
clinical significance for treatment of the wound and prognosis
of patients with burns (3), as well as for the early preven-
tion of hypertrophic scar formation due to burn injury (4).
Multiple mechanisms are involved in burn wound progression,
including oxygen free radical-induced damage, hypoperfu-
sion, micro-thrombosis and vasoconstriction, which can lead
to early inflammatory cascades and cell death (apoptosis or
necrosis) (3,5,6). Mitochondria are important organelles in
eukaryotic cells that are susceptible to oxidative stress by
regulating energy metabolism and apoptosis (7). Our previous
studies demonstrated the effectiveness of protective strategies
against oxidative damage and tissue apoptosis in preventing
burn wound conversion (8.9).

Abnormal Savda Munziq (ASMq), a traditional herbal
formula in Uyghur medicine, primarily consists of ten herbs,
including Lavandula angustifolia, Foeniculum vulgare,
Anchusa italica, Euphorbia humifusae, Melissa officinalis,
Adiantum capillus-veneris, Glycyrrhiza uralensis, Cordia
dichotoma, Ziziphus jujuba and Alhagi pseudoalhagi (10).
Previous reports demonstrated that ASMq exerts antioxidative,
anti-inflammatory and anti-apoptotic properties to inhibit the
formation of hypertrophic scars (4) and treat diabetes, cardio-
vascular disease, pulmonary disorders and various types of
cancer, such as cervical cancer and hepatic carcinoma (10-17);
to the best of our knowledge, however, few studies have inves-
tigated its potential effects on burn injury. In consideration
of the critical role of reactive oxygen species (ROS)-induced
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oxidative stress and subsequent mitochondria-associated
apoptosis in the pathophysiological development of early
burn wounds, it was hypothesized that ASMq may prevent
early burn wound progression in rats by suppressing oxidative
stress and apoptosis. The present study aimed to evaluate the
possible mechanisms of action and regulation.

The present study aimed to demonstrate that ASMq may
be an effective drug to ameliorate early burn wound progres-
sion, thus avoiding or alleviating adverse outcomes associated
with burn wounds.

Materials and methods

Experimental animals. Adult male Sprague-Dawley (SD) rats
weighing 200-220 g were used according to an experimental
protocol approved by The Second Affiliated Hospital, Zhejiang
University, School of Medicine, Institutional Animal Care and
Use Committee (approval no. 2018-095) in accordance with
the National Institutes of Health Guidelines for the Care and
Use of Laboratory Animals (18). The animals were housed
in a 12-h light/dark cycle in a filtered-air unit with consistent
temperature (20-26°C) and humidity (50-65%) and ad libitum
access to food and water. All animals were purchased from
Shanghai SLAC Laboratory Animal Co., Ltd.

‘Comb’ burn model establishment, animal grouping and drug
administration. To create a row of four bands of full-thickness
thermal burn injuries (20x10 mm) with three interspaces of
uninjured skin (20x5 mm), a customized rectangular brass
comb was boiled in 100°C water for 5 min, and then applied to
the shaved dorsum skin of rats for 10 sec following anesthesia
with intraperitoneal injection of 1% pentobarbital sodium
at a dose of 30 mg/kg, as previously described (19-22). The
breathing and heart rates of experimental rats were monitored
during anesthesia. The rats received immediate postoperative
analgesia with buprenorphine (0.03 mg/kg, subcutaneous),
followed by continuous analgesia with buprenorphine
(0.03 mg/kg, subcutaneous) every 12 h. The interstices of
undamaged skin represented the zone of stasis. Animals in
the sham group were treated with exposure to 25°C water
following anesthesia.

A total of 64 SD rats were randomly assigned to the
following eight groups (n=8 per group): i) Sham; ii) burn;
iii) sham + AMSgq; iv) burn + low dosage AMSq (400 mg/kg);
v) burn + medium dosage AMSq (800 mg/kg); vi) burn + high
dosage AMSq (1,600 mg/kg); vii) burn + AMSq + lipopoly-
saccharide (LPS) and viii) burn + AMSq + PD98059.

No specific drugs were administered following hot water
exposure in the burn group. ASMq powder (purchased from
Xinjiang Uygur Pharmaceutical Co., Ltd.; State Food and
Drug Administration approval no. Z65020166) was dissolved
in double-distilled water to create a 100 mg/ml suspension.

The feed suspension was prepared 1 h before the operation
according to the weight of the rats and ASMq dosage. The
volume of suspension was set as 2 ml and the ASMq was
diluted using double-distilled water. The rats in different burn
groups with various doses of ASMq were fed 2 ml ASMq
suspension at a dosage of 400, 800 or 1,600 mg/kg. The
selection of ASMq dose was based on a previous study (23).
For the burn + ASMq + LPS group, LPS (Sigma-Aldrich;

Merck KGaA) was dissolved in 0.9% normal saline and
administered to rats via intraperitoneal injection at a dose
of 10 mg/kg following the operation. PD98059, a specific
inhibitor of extracellular-regulated protein kinase (Erk) (24),
was used to identify potential mechanisms of apoptosis in the
zone of stasis during burn wound progression. In addition to
ASMq suspension administration, the rats in burn + AMSq
+ PD98059 group also received a caudal intravenous injec-
tion of PD98059 (Sigma-Aldrich; Merck KGaA) dissolved in
dimethylsulfoxide at a dose of 0.3 mg/kg (once/day for 3 days
before the operation). All animals were sacrificed at 24 h by
overdose of sodium pentobarbital (200 mg/kg, intraperitoneal),
according to a previous study (25).

Tissue collection and preparation. Skin tissue specimens from
wounds were harvested 48 h after operation, according to our
previous study (8,9). One band of the interspace skin with 2 mm
burned tissue on each side (10x9 mm) was collected from each
burn model and stored in 10% formalin at 4°C for subsequent
immunohistochemistry analysis, while the remaining two
bands of interspace skin (without burn tissue; 10x5 mm) from
each burned rat were stored at -80°C for molecular biological
assessments. A total of three corresponding areas of unburnt
skin from each rat of the sham group were used as controls.

Histological assessment. Rat skin tissue was prepared by
fixation in 4% formaldehyde solution for 12 h at 4°C. The
tissue samples were then dehydrated in a graded series of
ethanol solutions, embedded in paraffin and cut into 3-ym
sections. The hematoxylin and eosin (H&E) staining was
performed according to routine procedure. Histological
changes were evaluated under a light microscope (DM2500;
Leica Microsystems GmbH). A total of five fields (magnifica-
tion, x200) were selected randomly for observation from each
slice.

Oxidative stress evaluation. The frozen tissue samples from
rats were crushed, ground and homogenized for 8 min using a
tissue homogenizer with homogenization buffer (4°C), which
included 1 mmol/l phenylmethylsulfonyl fluoride, 1 mg/ml
pepstatin A, 1 mg/ml aprotinin and 1 mg/ml leupeptin in
phosphate-buffered saline (PBS; pH, 7.2) containing 0.5%
sodium deoxycholate and 1% Triton X-100, at a ratio of
100 mg tissue/ml. Following incubation at 4°C for 1 h, the final
homogenate was centrifuged at 10,000 x g for 15 min at 4°C
and the supernatants were used for detection kit assays. The
total protein concentration was determined using a BCA assay
kit (Nanjing KeyGen Biotech Co., Ltd.).

In order to evaluate lipid peroxidation of skin tissue,
malondialdehyde (MDA) levels were measured. Skin tissue
homogenates from the burn wounds were incubated with a
thiobarbituric acid reactive species assay kit reagent (cat.
no. KGT003-1; Nanjing KeyGen Biotech Co., Ltd.) to deter-
mine MDA levels, which were expressed in nmol/mg protein.
Levels of tissue superoxide dismutase (SOD) and glutathione
peroxidase (GPx) were evaluated to determine the oxidative
stress status in the skin tissues of burn wounds and were
detected using commercial assay kits from Nanjing KeyGen
Biotech Co., Ltd. (cat. nos. KGT00150 and KGT-014, respec-
tively) according to the manufacturer's protocols. The results
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were expressed in U/mg for SOD and nmol/min/mg for GPx.
Absorbance values were measured using a microplate reader
(MDA, 532 nm; SOD, 550 nm; GPx, 412 nm) (Model 680
Microplate Reader; Bio-Rad Laboratories, Inc.).

Immunofluorescence staining. In order to determine the loca-
tion and quantity of the specific antigens in the interspace
skin following burn injury, the prepared slices were washed
in PBS for 10 min, followed by boiling at 95°C in 0.01 mmol
citrate buffer (pH, 6.0) for 10 min for antigen retrieval. Then,
the slices was incubated with hydrogen peroxide for 10 min
at room temperature, and 5% bovine serum albumin (Gibco;
Thermo Fisher Scientific, Inc.) was applied later as the
blocking solution for 20 min at room temperature. Without
being washed, the sections were incubated with anti-phos-
phorylated (p)-Erk (1:200; cat. no. 4370; Cell Signaling
Technology, Inc.) or anti-p-Bad (1:200; cat. no. sc-12969-R;
Santa Cruz Biotechnology, Inc.) antibodies overnight at 4°C.
After being rinsed with PBS, the sections were incubated
with FITC-(1:50; cat. no. BA1105; Wuhan Boster Biological
Technology, Ltd.) or Cy3-(1:50; cat. no. BA1032; Wuhan
Boster Biological Technology, Ltd.) labeled goat anti-rabbit
secondary antibodies for 2 h at 37°C in the dark. The sections
were rinsed and stained with DAPI (100 ng/ml; Wuhan Boster
Biological Technology, Ltd.) for 8 min at room tempera-
ture, and then mounted with VECTASHIELD® mounting
medium (Wuhan Boster Biological Technology, Ltd.). All
slices were observed and photographed under a fluores-
cence microscope (magnification, x200) (DM5500B; Leica
Microsystems GmbH).

Terminal deoxynucleotidyl-transferase-mediated dUTP
nick end labeling (TUNEL) staining. TUNEL staining was
performed using a commercial cell death detection kit (Roche
Diagnostics) according to the manufacturer's protocols.
Briefly, after deparaffinization and rehydration, the slices were
pretreated by proteinase K (PCR grade; Roche Diagnostics) for
15 min at room temperature. Then, the permeabilization was
conducted with fresh prepared 0.1% Triton-X-100 and 0.1%
sodium citrate for 8 min at room temperature. Then, incuba-
tion with trypsin (0.01 N HCL) was applied for 30 min at 37°C.
Subsequently, the slices were transferred into a container with
0.1 M citrate buffer (pH, 6) and received microwave irra-
diation (350 W) for 5 min. Rinsed slices were treated with
TUNEL mixture for 60 min at 37°C in a humidified atmo-
sphere in the dark. Finally, the signal conversion was handled
with the help of converter-POD and DAB substrate. The
stained slices were observed by a light microscope (magnifica-
tion, x400; DM2500; Leica Microsystems GmbH) and images
were captured. The index of apoptosis was calculated as the
percentage of apoptotic cells among all cells counted. Cells
with dark brown-stained nuclei were counted by two indepen-
dent investigators who were blinded to the group assignments.
At least three visual fields per slide and five slides per group
were evaluated by the investigators.

Western blot analysis.Frozen skin samples were harvested from
rats for western blotting. Briefly, samples were cut into pieces
(~1x1 mm) and lysed with RIPA lysis buffer (cat. no. AR0105;
Wuhan Boster Biological Technology, Ltd.) for 1 h on ice, then
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the lysates were centrifuged at 14,000 x g for 10 min at 4°C.
The protein samples (50 pug) were mixed with loading buffer
and subjected to SDS-PAGE on 6-12% gels, and subsequently
transferred onto nitrocellulose membranes by electrophoresis,
while aliquots of samples were used to determine the protein
concentration of each sample using a bicinchoninic acid kit
(cat. no. KGPBCA; Nanjing KeyGen Biotech Co., Ltd.).
Subsequently, membranes were incubated in blocking buffer
(5% skimmed milk) for 2 h at room temperature, and incu-
bated overnight at 4°C with the following primary antibodies:
Anti-XO (1:5,000; cat. no. ab109235; Abcam), anti-Nox4
(1:2,000; cat. no. ab109225; Abcam), anti-Bad (1:1,000; cat.
no. sc-8044; Santa Cruz Biotechnology, Inc.), anti-p-Bad
(1:1,000; cat. no. sc-12969-R; Santa Cruz Biotechnology,
Inc.), anti-cytochrome ¢ (Cyto C; 1:1,000; cat. no, sc-7159;
Santa Cruz Biotechnology, Inc.), anti-cleaved caspase (CC)3
(1:1,000; cat. no. 9664; Cell Signaling Technology, Inc.),
anti-CC9 (1:1,000; cat. no. 9509; Cell Signaling Technology,
Inc.), anti-Erk1/2 (1:1,000; cat. no. 9102; Cell Signaling
Technology, Inc.), anti-p-Erk1/2 (1:1,000; cat. no. 9101; Cell
Signaling Technology, Inc.) and anti-p90 ribosomal S6 kinase
(p90RSK; 1:1,000; cat. no. ab32114; Abcam). B-actin (1:2,000;
cat. no. SC-47778; Santa Cruz Biotechnology, Inc.) was used
as a control. Following incubation with a HRP-conjugated
secondary antibody (1:5,000; cat. no. 31160; Pierce; Thermo
Fisher Scientific, Inc.) for 1 h at room temperature, the bands
were detected with West Dura Extended Duration substrate
(Pierce; Thermo Fisher Scientific, Inc.) and X-ray film
(Kodak), then analyzed by Bandscan 5.0 software (Agilent
Technologies, Inc.) for comparison against [3-actin.

Statistical analysis. GraphPad Prism version 7 software
(GraphPad Software, Inc.) was used for statistical analysis.
Data are presented as the mean + SD. Multiple compari-
sons among the sham and burn groups were analyzed with
one-way ANOVA followed by Bonferroni's post hoc test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

ASMgq alleviates tissue damage of skin in the zone of stasis
of rat burn wounds. H&E staining demonstrated thinning of
the epidermis layer, swelling of the dermis layer, alteration
of collagen structure, infiltration of inflammatory cells and
tissue destruction in the interspaces between the two wounds
following thermal injury. ASMq alleviated these changes in a
dose-dependent manner (Fig. 1).

Effect of ASMq on early elevated oxidative stress in the zone
of stasis of rat burn wounds. MDA, an indicator of lipid
peroxidation, indicates the severity of oxidative damage (26).
There was no significant difference in the levels of MDA
between the sham + high dosage AMSq (1,600 mg/kg) and
sham groups. Although low dosage AMSq (400 mg/kg) did
not significantly alleviate the increase of MDA levels, high
and medium dosage ASMq significantly decreased the levels
of MDA in a dose-dependent manner (P<0.01; Fig. 2A).

Low dosage AMSq (400 mg/kg) didnotinfluence the activity
levels of endogenous antioxidant enzymes (GPx and SOD) in


https://www.spandidos-publications.com/10.3892/mmr.2021.12029

4 ZHOU et al: ASMq PREVENTS BURN-WOUND PROGRESSION BY ALLEVIATING OXIDATIVE STRESS AND APOPTOSIS

B

ASMq low

ASMq medium

.‘v

ASMgq high

Figure 1. Histological assessment of burn skin samples in the early stages following severe burn and ASMq application. Representative hematoxylin and eosin
staining images show the typical histological changes in the different groups (n=8/group). The progression boundaries are indicated by dotted lines, the stasis
zones are marked with # and the initial burn regions are marked with *, presenting notable hyalinization. Scale bar, 200 ym. ASMq, Abnormal Savda Munziq.
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Figure 2. Assessment of oxidative stress within the zone of stasis and the effects of ASMq. (A-C) ASMq downregulates MDA levels and upregulates the
activity of endogenous antioxidant enzymes (GPx, SOD) in wounds and (D) downregulates the expression of XO and Nox4 in a dose-dependent manner
following burn injury. Data are presented as the mean + SD (n=8/group). “P<0.01 vs. sham; “P<0.05, #P<0.01. ASMq, Abnormal Savda Munziq; XO, xanthine
oxidase; Nox, NADPH oxidase; ns, not significant; MDA, malondialdehyde; SOD, superoxide dismutase; GPx, glutathione peroxidase.

the healthy skin of rats. High dosage AMSq (1,600 mg/kg)
upregulated the activity of endogenous antioxidant enzymes
(GPx and SOD) in the zone of stasis of rat burn wounds, while
no significant differences were detected in medium and lower
dose groups (Fig. 2B and C).

XO, which is associated with the generation of ROS (27),
was semi-quantified by western blotting (Fig. 2D). The results
demonstrated that XO expression levels in the zone of stasis of
rat burn wounds were significantly downregulated by ASMgq.
There was no significant difference in the expression levels
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Figure 3. Evaluation of apoptosis within the zone of stasis in different groups. (A) Representative images of TUNEL-stained slices and ratio of apoptotic
cells. Red arrows indicate stained nuclei of apoptotic cells. (B) Western blot results for CC3 and CC9 post-burn. Scale bar, 50 ym. Data are presented as the
mean = SD (n=8/group). ‘P<0.05, “P<0.01 vs. sham; “P<0.05, *P<0.01. CC, cleaved caspase; ASMq, Abnormal Savda Munzig; ns, not significant.

of XO between medium and low dosage or medium and high
dosage ASMq (P>0.05). XO levels in the high dosage ASMq
group were lower than those in the low dosage ASMq group
(P<0.05). The effect of decreasing XO levels induced by
burn injury was more significant in the high dosage ASMq
group (P<0.01). Nox4 is an important member of the Nox
family that can be used to indicate mitochondrial status (28).
The effect of ASMq on Nox4 expression was similar to that
of XO: Specifically, both high and medium dosage ASMq
significantly decreased expression levels of Nox4 in the zone
of stasis (Fig. 2D).

ASMgq dose-dependently decreases cell apoptosis in burn
wound tissue of rats. TUNEL staining demonstrated that the
number of apoptotic cells with brown-stained nuclei in burn
wounds increased. According to the random multi-field cell
count, high dosage ASMq significantly decreased the number
of apoptotic cells in the zone of stasis of skin tissue compared
with the number observed in the burn group, while statistically
insignificant differences were observed in the medium and low
dosage groups (Fig. 3A).

Western blot analysis was performed to determine the
protein expression levels of CC3 and CC9, which are key
signaling molecules in the execution phase of mitochon-
dria-associated cell apoptosis (29). Burn injury significantly
increased CC3 and CC9 expression levels. Increasing doses

of ASMq resulted in decreased CC3 expression levels, with a
peak observed in the group treated with a dose of 1,600 mg/kg.
The expression levels of CC9 were significantly decreased by
high and medium dosage ASMq (Fig. 3B).

Pretreatment with PD98059 partially reversed the miti-
gative effect of high dosage ASMq on cell apoptosis and
expression levels of CC3 and CC9 in the zone of stasis of skin
tissue following burn injury. PD98059 reversed the decrease in
pro-apoptotic protein (Cyto C) in the burn wound induced by
high dosage ASMq (Fig. 3A). These results suggested a poten-
tial involvement of Erk signaling in regulating tissue apoptosis
in the zone of stasis.

ASMq dose-dependently increases the ratio of p-Bad/Bad
and release of mitochondrial Cyto C. The aforementioned
results indicated that the anti-apoptotic effect of ASMq may
be associated with the regulation of mitochondria-associated
apoptosis pathways involved in Bad. Western blotting results
showed that ASMq altered the Bad/Cyto C signaling molecules
cascade. The ratio of p-Bad to Bad increased significantly in
skin tissue following burn injury. All three dosages of ASMq
increased the ratio of p-Bad/Bad in a dose-dependent manner.
Secondly, a significant increase in expression levels of Cyto C
was observed following burn injury, which was alleviated by
medium and high dosage ASMq in a dose-dependent manner.
PD98059 antagonized the effect of high-dosage ASMq (Fig. 4).
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Figure 4. ASMq increases the ratio of p-Bad/Bad and release of mitochondrial Cyto C, whereas PD98059 reverses the effect of high-dosage ASMq. Western
blot bands and relative p-Bad/Bad ratios in different groups. Data are presented as the mean = SD (n=8/group). “P<0.01 vs. sham; "P<0.05, #P<0.01.
ASMq, Abnormal Savda Munziq; Cyto C, cytochrome c; p-, phosphorylated; ns, not significant.

Erk/p90ribosomal S6 kinase (p90RSK) pathway acts upstream
in the regulation of ASMq on mitochondria-associated
apoptosis in the zone of stasis. As indicated by immunofluo-
rescence staining, the distribution of cells positive for p-Erk
was demonstrated by an elevation in green-stained cells in
the interspace skin following burn injury (Fig. 5). All three
dosages of ASMq notably enhanced the phosphorylation of
Erk, and the highest dose (1,600 mg/kg) exerted the strongest
effect (Fig. 5).

The results of western blotting were consistent with immu-
nofluorescence staining: ASMq dose-dependently increased
protein expression levels of p-Erk and p9ORSK. PD98059
reversed the elevated expression of p-Erk and p90RSK induced
by ASMq (Fig. 6).

Discussion

Uygur medicine, one of the most important branches of Chinese
traditional medicine, provides ways to manage emergency situ-
ations and disease (16,30-32). In the systemic theory of Uyghur
medicine, the liver produces bodily fluids with different effects
that can be divided into four types: Sapra, kan hiliti, phlegm
and sawda (15,16). There is a complementary balance between
these fluids, which serves a role in the maintenance of normal
physiology and the occurrence and development of disease.
When the internal environment changes, these four body fluids
become AS, which can be harmful to various organs (10). With
advancements of science and technology, research into Uyghur
traditional medicine has become more in-depth, with significant
progress in drug extraction and component analysis (33-35).
ASMq, a natural compound of traditional Uyghur Medicine,
has been reported to exhibit anti-inflammatory, antioxidant
and anti-apoptotic effects, and decreases oxidative damage by
free radicals (10-17). The production of ASMq is subject to a
patent application (no. Z1.02130082.8) in China (10).

Deep burn injury tends to induce the formation of scars,
especially hypertrophic scars, which are related to damage of
the dermis (3,6). Early intervention before progressive changes
of initial deep burn wounds can prevent further deepening and
extension, decrease damage of the dermis and subcutaneous
tissue and prevent the generation of secondary hypertrophic
scars (36). Based on previously reported anti-inflammatory,
anti-apoptotic and antioxidant effects of ASMq in the treatment
of various diseases (4,15,23,37) and the underlying mechanism

-
B
ERE
=
ol

ASMq high

ASMg+PD98059

Merge

Figure 5. Effect of ASMq on the distribution and expression of p-Erk in the zone
of stasis. Representative images of immunofluorescence staining of p-Erk. Scale
bar, 100 ym. ASMq, Abnormal Savda Munzig; p-, phosphorylated.

of early burn wound progression, it was hypothesized that
ASM(q may have a potential therapeutic effect on the progres-
sive deepening of early burn wounds. Oxygen free radicals
are considered to be important mediators of tissue damage
progression following thermal injury (9,38). In addition to
thermal injury, XO and Nox participate in the regulation of
oxygen free radicals (9). ROS induce cell death in the zone
of stasis via lipid peroxidation and protein degradation (8).
Moreover, ROS have been reported to disrupt the mito-
chondrial outer membrane, leading to the release of Cyto C
and the activation of apoptosis (39,40). The current focus of
research is the administration of antioxidants to alleviate
oxidative stress of burn wounds, and thus prevent the progress
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Figure 6. PD98059 reverses ASMqg-mediated upregulation of Erk phosphorylation and p90RSK expression in the zone of stasis post-burn. Western blot
bands and relative p-Erk/Erk ratios and p90RSK levels. Data are presented as the mean = SD (n=8/group). "P<0.05 and “"P<0.01 vs. sham; “P<0.05, “P<0.01.
ASMq, Abnormal Savda Munziq; p-, phosphorylated; ns, not significant; p90RSK, P90 ribosomal S6 kinase.

of wound deterioration (34,41). Guo et al (9) demonstrated
that hydrogen-rich saline, a specific free radical scavenger,
decreases lipid peroxidation and enhances the activity of
endogenous antioxidant enzymes, thus alleviating early wound
progression following deep burn injury in vivo. Previous reports
demonstrated that ASMq attenuates mitochondrial damage
caused by free radicals (12,13). Certain ingredients (such as
tannins, vitamins and flavones) in ASMq prevent free radical
chain reaction, scavenge free radicals and decrease the produc-
tion of -OH (11). Ischemia/reperfusion injury elevates levels of
oxidative stress in tissue and induces cell damage, such as lipid
peroxidation (37,42). Abudunaibi et al (13) reported that ASMq
effectively ameliorates lipid peroxidation and oxidative stress
in rats with myocardial ischemia/reperfusion injury. ASMq also
shows significant dose-dependent antioxidative effects (37). In
the present study, it was observed that both medium and high
dosage ASMq attenuated lipid peroxidation of skin tissue in
the zone of stasis, and the high dosage group showed more
significant effects. Although low and medium dosage ASMq
showed limited effects on increasing burn-induced decreases in
endogenous antioxidative enzyme activity, high dosage ASMq
significantly enhanced the activity of endogenous antioxidant
enzymes (GPx and SOD) in the zone of stasis of rat burn
wounds. Additionally, by investigating potential in vivo effects
of ASMq on the generation pathway of oxidative free radicals
XO and Nox, it was found that ASMq had a notable effect on
decreasing oxidative free radicals by dose-dependently down-
regulating the expression levels of XO and Nox.

Apoptosis serves a key role in early burn wound progression
secondary to burn-induced oxidative stress (43). Before irre-
versible cell inactivation occurs, appropriate drug intervention
can alleviate cell apoptosis in the zone of stasis (9,41). Studies
have attempted to ameliorate the progressive deepening of burn
wounds by inhibiting apoptosis (6,41). Our previous study (9)
illustrated that hydrogen-rich saline exerted a potent effect
on ameliorating apoptosis in the zone of stasis and prevented
wound deepening and extension. In the present study, TUNEL
staining was performed to investigate the distribution of apop-
totic cells in the zone of stasis directly and evaluate the effect
of ASMq on the number of apoptotic cells in the burn wound.
The results indicated that ASMq dose-dependently decreased
cell apoptosis in the burn wound tissue of rats. The caspase
family are important signaling molecules of the cell apoptotic
pathway (29). Immunofluorescence staining demonstrated that
medium and high dosage ASMq decreased the distribution

|
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Figure 7. Schematic diagram of the potential mechanisms of burn-wound
progression and the routes by which ASMq exerts its effects. ASMq, Abnormal
Savda Munziq; p90RSK, P90 ribosomal S6 kinase.

of CC3 significantly. In agreement with the aforementioned
results, western blotting showed that ASMq dose-dependently
reversed the increased expression of CC3 and CC9 in burn
wounds. These results supported the protective effect of
ASMq on tissue apoptosis in the zone of stasis. In addition,
the release of Cyto C was also detected in the burn wound.
As a proapoptotic protein, Cyto C is released by mitochondria
under cellular stress and combines with apoptotic peptidase
activating factor 1 and caspase-9 to form an activated complex,
which cleaves caspase-3 into CC3 (an activated state) and
induces apoptosis (29). Here, ASMq exhibited the ability to
lower cytosolic levels of Cyto C at all dosages.

As a member of the proapoptotic BH3-only subfamily,
Bad is involved in the induction of apoptotic cascades (44.,45).
Dephosphorylated Bad binds to anti-apoptotic Bcl-2 and
Bcl-xL proteins, then inactivates these proteins and induces
pro-apoptotic Bax protein translocation from the cytosol to
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the mitochondria, which results in the release of Cyto C from
mitochondria into the cytoplasm, and subsequently activates the
caspase cascade (42,46). p-Bad can inhibit the combination of
Bad with anti-apoptotic Bcl-2 and Bcl-xL proteins at the mito-
chondrial outer membrane, thereby blocking the Bax-induced
Cyto C/caspase-mediated apoptotic pathway (46,47). In the
current study, ASMq increased the ratio of p-Bad/Bad, which
indicated that Bad dissociated from Bcl-2 and Bcl-xL via
phosphorylation of the Serine-136 residue of Bad (48.,49),
thus downregulating the expression levels of Cyto C. In all,
the mitochondria-associated apoptotic pathway seemed to be
activated in the process of burn wound conversion. MAPK, a
type of serine/threonine protein kinase in eukaryotes, serves a
vital role in transducing extracellular stimuli into intracellular
signals, which cause various biochemical reactions, such as
proliferation, differentiation and apoptosis in cells (45,50). Erk
is an important member of the MAPK signaling pathway (45).
p90RSK, a downstream target of MAPK that is phosphorylated
and activated by p-Erk1/2, has been reported to be involved in
the phosphorylation of Bad and subsequent inactivation of the
pro-apoptotic function of Bad (42,46,47). The present study
found that the phosphorylation of Erk and expression of p9ORSK
was increased in the zone of stasis following burn injury, which
indicated that the Erk/p90RSK signaling pathway may be an
endogenous defense mechanism against apoptosis caused by
thermal injury. Furthermore, the Erk inhibitor PD98059 notably
reversed the beneficial effect of ASMq on cell apoptosis and
expression levels of CC3 and CC9 in the zone of stasis following
burn injury. Meanwhile, the effect of PD98059 was associated
with its inhibition of Erk phosphorylation and p90RSK expres-
sion levels and promotion of Bad-induced Cyto C release. These
results suggested that the Erk/p90RSK/Bad signaling pathway
may play a crucial role in the underlying mechanism of ASMq
in the regulation of mitochondria-associated apoptosis. A sche-
matic diagram of the potential mechanisms uncovered by the
present study is presented in Fig. 7.

However, there are a number of limitations of the present
study: Quantitative analysis of histological changes were not
performed, ultrastructural changes of mitochondria and the
metabolites of ASMq in vivo were not detected, expression
levels of ROS, nitric oxide (NO) and inducible NO synthase
were not detected directly and changes in other potential
signaling molecules were not assessed. Further investigation
should be considered to obtain in-depth details of the under-
lying mechanism. Overall, ASMq administration contributed
to the attenuation of burn wound progression following
thermal injury in a dose-dependent manner. The protective
mechanism was shown to be associated with the antioxida-
tive and anti-apoptotic effect of ASMq and the regulation of
the mitochondria-associated apoptotic pathway by ASMq,
with the involvement of upstream Erk/p90RSK activation.
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