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A B S T R A C T

Random flaps are frequently employed in treating substantial skin abnormalities and in surgical 
tissue-rebuilding interventions. The random flap technique provides flaps of specific dimensions 
and contours to fit the surgical incision. However, blood supply deficiency and subsequent 
ischemia-reperfusion injury can cause severe oxidative stress and apoptosis, eventually leading to 
distal necrosis, which limits the clinical application of the flap. Quercetin (QUE) is primarily 
found in the glycoside form in many plant parts, such as stem bark, flowers, leaves, buds, seeds, 
and fruits. Cellular, animal, and clinical studies have demonstrated the antioxidant, anti- 
apoptosis, anti-inflammatory, and activation of autophagy properties of QUE. In previous 
studies, high doses of QUE effectively suppressed the survival of human umbilical vein endo
thelial cells (HUVECs) stimulated by hydrogen peroxide. However, different concentration gra
dients of QUE on HUVECs revealed a significant protective effect at a concentration of 10 mM. 
The protective impact of QUE on HUVECs was evaluated using scratch tests, CCK-8 assays, and 
EDU assays. Simultaneously, a mouse model of random skin flap was created, and the impact of 
QUE on skin flap survival was examined by intragastric injection. The QUE group showed a 
significantly larger survival area of the random flap and higher blood flow intensity compared to 
the control group. Furthermore, the beneficial effects of QUE were reversed by the autophagy 
inhibitor 3-MA. Therefore, autophagy plays a significant role in the therapeutic benefits of QUE 
on flap survival.

1. Introduction

A skin flap consists of skin, blood supply, and the attached subcutaneous adipose tissue [1]. Flap transplantation technology is 
widely used in skin defects and plastic surgery [2]. The random flap is not centered on a specific vessel and has its blood supply from 
the microvascular network at its pedicle [3,4]. Therefore, the random flap can be used on almost any body surface. However, distal 
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tissue ischemia is more prevalent due to the lack of axial blood vessels [5]. In addition, neovascularization leads to blood reperfusion, 
and oxidative stress and apoptosis during blood reperfusion decreases the survival of the flap after transplantation [6–10].

Autophagy is a widely preserved mechanism in eukaryotic cells for recycling macromolecules and depends on lysosomes [11–13]. 
Cellular contents, such as damaged proteins and organelles, are engulfed and autophagy provides cells with the nutrients and materials 
needed for self-renewa [14–16]. However, autophagy has been described as a "double-edged sword." The role of autophagy also varies 
across different types of flaps: it plays a positive role in random flaps but a negative role in perforator flaps [17–21]. This disparity 
might be attributed to the different pathways that activate autophagy and the degree of activation. Autophagy plays an active and 
crucial role in various ischemia-hypoxia and ischemia-reperfusion models, contributes to angiogenesis, reduces oxidative stress, and 
attenuates apoptosis, such as in HUVECs stimulated by hydrogen peroxide [22–28].

QUE is widely found in vegetables, fruits, and other common plant foods [29–31]. Cell, animal, and clinical studies have 
demonstrated its anti-oxidative, anti-apoptosis, and anti-inflammatory properties [32–35]; moreover, QUE has been confirmed to act 
on the Beclin1 signaling pathway to affect autophagy [36–38]. Nevertheless, the literature does not currently provide any reports on 
whether QUE can govern the survival of random skin flaps by autophagy. This work aimed to investigate the QUE impact on the 
viability of mouse voluntary skin flaps and to examine the potential of activating the autophagy process through the Beclin1 signaling 
pathway to promote the survival area of a random flap.

2. Materials and methods

2.1. Reagents

The reagent used in this study was quercitrin (C21H20O11; purity≥98 %), which was obtained from Meilun Biotech (Dalian, 
China). The compound 3-methyladenine (3 MA; C6H7N5; purity≥98 %) was acquired from Sigma-Aldrich Chemical Company 
(Milwaukee, WI, United States).

2.2. Cell culture

HUVECs were obtained from the Chinese Academy of Sciences (Shanghai, China). The cells were cultured in DMEM enriched with 
10 % FBS and 1 % penicillin/streptomycin. The cells were incubated at 37 ◦C and 5 % CO2. The cells were consistently monitored. The 
culture medium was periodically refreshed every 2–3 days, and the cells in the logarithmic growth phase were preferentially enriched 
for further experimental procedures.

2.3. Drug administration in cell

Control group: nothing is done to the cells.
QUE group: add 90 μM QUE.
QUE+3 MA group: add 90 μM QUE5 and mM 3 MA.
QUE + Compound C group: add 90 μM QUE and 1 μM Compound C.
MK8722 group: add 100 nM MK8722.

2.4. Drug administration in animal

The mice in the QUE and QUE+3 MA groups received intraperitoneal injection of QUE at a dose of 10 mg/kg/d for 7 days [39], 
while the control group received an equal amount of physiological saline. After intraperitoneal injection of 3 MA (15 mg/kg/d) for 30 
min [40], SIN was injected again.

2.5. Wound healing assay

The wound healing experiment was performed to determine the migratory capacity of HUVECs. Concisely, the cells were inocu
lated into 6-well plates at a density of 1 × 105 cells per well. After reaching complete confluence, the cellular monolayer was me
chanically subjected to a process resulting in the creation of a "wound". The wound area was measured using ImageJ software (NIH, 
Bethesda, MD, United States) and the migration rate of cells was calculated at time intervals of 0, 6, 12, and 24 h.

2.6. BrdU assay

First, HUVECs were pre-exposed to QUE at a concentration of 10uM for 24h, exposed to hydrogen peroxide at a concentration of 
1.9 mM for 24h, and introduced into a serum-free basic medium. The 20uM BrdU working solution was prepared by combining the 
basic medium with the previous cell culture solution for co-culture for 2–6h. The subsequent steps strictly followed the kit instructions. 
Cell proliferation was analyzed using images randomly selected from a Nikon fluorescence microscope, and the results were calculated.
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2.7. Transwell assay

Cell migration ability was assessed by employing the transwell assay. Following trypsinization with 0.25 % trypsin, the HUVECs 
were centrifuged, resuspended, and then seeded into 24-well plates. In the experimental procedure, 50,000 cells were placed in the 
upper chamber (Corning, Beijing, China). Concurrently, a volume of 400 μL of DMEM enriched with 10 % FBS was introduced into the 
lower chamber. The cells were then incubated for 24 h at a temperature of 37 ◦C, and the upper chamber was gently wiped using cotton 
swabs to eliminate cells that did not migrate. The cells were fixed with 4 % paraformaldehyde for 10 min prior to staining with 0.5 % 
crystal violet. The cells were then rinsed with flowing water and a microscope was used to count the number of cells. The experiment 
was independently conducted three times.

2.8. Cell counting kit-8 (CCK-8) assay

The CCK-8 assay was employed to assess the proliferative activity of HUVECs. The cells were collected during the logarithmic 
growth phase to create a suspension of cells. Once the suspension of cells was ascertained, the cells were introduced onto 96 well plates 
at a density of 1 × 103 cells per well, with three duplicates for each group. Subsequently, the cells were subjected to a 24-h incubation 
period in accordance with the provided instructions. A 10 μl volume of CCK8 reagent (Dojindo Molecular Technologies in Kumamoto, 
Japan) was introduced into each well, and the cells were incubated at 37 ◦C for 1 h. Finally, the absorbance at 450 nm wavelength (OD 
value) of each well was measured with a microplate reader.

2.9. Animal model of random skin flap

A total of ninety C57BL/6 mice (male, weighing between 22 and 25 g) were procured from the Experimental Animal Center of Tai 
Zhou University(authorization number: TZXY-2023-20231055). The Animal Care and Use Committee at Tai Zhou University granted 
ethical approval for the animal trials. The mice were randomly assigned to three groups, namely a control group, a treatment group 
receiving QUE, and a treatment group receiving QUE +3 MA. Prior to the surgical procedure, the mice were subjected to anesthesia 
using a 1 % solution of sodium pentobarbital (50 mg/kg, IP). The mouse dorsal random flap model, measuring 4 × 1.5 cm2, was set up 
on the central dorsal region. Subsequently, the arteries supplying the flap were entirely severed. Ultimately, the detached flap was 
fastened employing a 4-0 silk suture. The flap was divided into three regions based on their proximity to the flap pedicle: distal (area I), 
intermediate (area II), and proximal (area III) zones. The mice were euthanized on postoperative day 7 (POD 7), and flap tissues were 
collected for further experimental analysis.

2.10. Laser Doppler perfusion image

Laser Doppler Blood Flow (LDBF) imaging was utilized to evaluate the blood supply and vascular flow of the flap, thereby assessing 
angiogenesis. Mice were placed in a prone position within the scanning area while under narcosis. The laser Doppler imager was 
utilized to scan the whole flap area, and color-coded live body flow images were obtained on postoperative days 0, 3, and 7. The blood 
flow was quantified in perfusion units using moorLDI Review software (version 6.1). The scanning and analysis of all mice were 
conducted three times, and the mean value was computed for additional statistical evaluation.

2.11. Flap survival evaluation

Following anesthesia, high-resolution images of the dorsal skin flap were captured by a digital camera on the third and seventh 
postoperative days (PODs). The survival and ischemic regions were assessed utilizing Image-Pro Plus imaging software (version 6.0; 
Media Cybemetics). The survival area was quantified as a percentage by multiplying the computed value by 100 %.

2.12. Hematoxylin and eosin (H&E) staining and masson staining

The mice were euthanized using an overdose of pentobarbital sodium (Solarbio Science & Technology, Beijing, China) after 7 days. 
A total of six tissue samples were surgically removed from the central region of the second choke vessel zone (SCV) in every exper
imental group, measuring 0.5 cm × 0.5 cm in size. These samples were then post-fixed in a 4 % (v/v) paraformaldehyde solution for a 
duration of 24 h and embedded in paraffin wax. Subsequently, the samples were sliced into sections of 4 μm in thickness and subjected 
to staining with H&E using established histology techniques (Solarbio Science & Technology, Beijing, China). A total of six fields were 
chosen at random from three distinct sections to observe angiogenesis using a light microscope (Olympus Corp, Tokyo, Japan). 
Furthermore, the microvascular density (MVD) was quantified by calculating the number of microvessels per unit area/mm2.

2.13. Immunofluorescence

A total of six specimens underwent deparaffinization and rehydration, following the established protocol for IHC. A solution of 
hydrogen peroxide with a concentration of 3 % (v/v) was employed, and tissue antigen retrieval was conducted using a sodium citrate 
buffer with a concentration of 10.2 mM. In addition, a solution of 0.1 % (v/v) PBS-Triton X-100 was applied to the samples to facilitate 
permeation. The slides were blocked using 10 % (v/v) normal goat serum for a duration of 1 h and then incubated overnight at a 
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temperature of 4 ◦C with primary antibodies targeting C-CASP3 (dilution of 1:200, CST, USA), CD34 (dilution of 1:200, Abcam, UK), 
LC3II (dilution of 1:200, Sigma, Milwaukee, USA), and P62 (dilution of 1:200, Proteintech, USA). Subsequently, the specimens were 
incubated with the corresponding secondary antibodies at ambient temperature for 1 h. Additionally, the nuclei were stained using 
DAPI (Beyotime Biotechnology, Jiangsu, China). All photographs were evaluated using a fluorescence microscope (Olympus, Tokyo, 

Fig. 1. |QUE enhanced the proliferation and migration of HUVECs following oxidative stress injury. (a) Cell viability of each cell. (b) Images 
of wound healing in the control, H2O2, H2O2+QUE and H2O2+QUE+3 MA groups. Images were captured at 0, 6, 12, and 24 h after the scratch. 
Magnification: 4×; scale: 400 μm. (c) Cell migration rate that were affected by the abovementioned factors for 6, 12, and 24 h (d) BrdU assay reveals 
the proliferation status of different groups of cells. Magnification: 10×; scale: 200 μm. (e) The statistical analysis of Edu-stained positive cells in the 
control group, H2O2 group, and H2O2+QUE group. (f) transwell assay demonstrates the migratory capacity of cells in different groups.(g)Migratory 
cell per field. Data were expressed as mean ± SD, n = 3. “*”and“**” represent p ＜0.05 or p ＜0.01 versus the H2O2 and QUE groups, indicating 
statistical significance. Magnification: 20×; scale: 100 μm.

Fig. 2. |Systemic administration of QUE does not cause significant toxic damage. (a) H and E staining of the brain, kidneys, and spleen of mice 
in each group. Magnification: 10×; Scale bar 200 μm. (b) Blood biochemical test in each group. Data were expressed as mean ± SD, n = 3. n.s. 
represents no statistical significance.
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Japan). Percentages of C-CASP3-positive cells, LC3II-positive cells, P62-positive cells, and CD34-positive microvessels were computed 
for six randomly selected fields from each tissue sample.

2.14. Statistical analysis

The Student’s t-test was performed to compare the data obtained from two distinct groups in the experiment. Analysis of variance 
(ANOVA) and Tukey’s post hoc analyses are commonly used in the statistical analysis of experiments involving more than two groups, 
as they allow for comprehensive data comparisons. Statistical analyses were conducted using software applications such as Excel and 
GraphPad Prism 7. The data were presented in the form of the mean ± standard deviation (SD). In this study, a p-value below the 
threshold of 0.05 was indicative of a statistically significant difference.

3. Results

3.1. QUE enhanced the proliferation and migration of HUVECs following oxidative stress injury

Angiogenesis is a key factor in promoting the survival of random flaps. Firstly, the CCK8 assay was utilized to quantify the bio
toxicity of QUE. The results showed that the proliferative effect of QUE on HUVECs was enhanced with increasing concentration of 
QUE (Fig. 1a). Moreover, wound healing and transwell assays were carried out to assess the impact of QUE on the migration ability of 
HUVECs following oxidative damage. A notable reduction in the migration ability of HUVECs was observed following exposure to 
H2O2. However, this impaired migration ability was restored upon treatment with QUE (Fig. 1b–d). Then, BrdU was used to determine 
whether QUE could promote the proliferation of HUVECs following oxidative injury. The results indicated a significant decrease in the 
proliferation capacity of HUVECs upon exposure to H2O2, whereas the proliferation ability of HUVECs was significantly restored by 
QUE treatment (Fig. 1c–e). Crystal violet was used to label cells for the transwell migration assay, revealing that QUE could signifi
cantly improve the migration activity of cells stimulated by H2O2, which could be inhibited by the autophagy inhibitor 3 MA 
(Fig. 1f–g). In conclusion, QUE effectively restored the proliferation and migration ability of HUVECs after oxidative damage.

3.2. Systemic administration of QUE does not cause significant toxic damage

In order to assess the safety of systemic administration of QUE, the parenchymal organs were observed for lesions. H&E staining of 
the liver, kidney, and brain displayed no significant variations in the tissue structure and cell distribution after systemic administration 
of QUE (Fig. 2 a). Blood biochemical results showed that the CRE, ALT, and AST levels in the Control group and QUE group were within 
the normal range (Fig. 2b). In conclusion, systemic administration of QUE was deemed safe for the treatment of flaps.

3.3. QUE could effectively enhance the random flap survival

Furthermore, a mouse random flap model was constructed to verify the protective effect of QUE on random flaps (Fig. 3 a). From 
the apparent observation and edema of the mouse flap, QUE treatment was found to significantly inhibit distal necrosis of the mouse 
random flap (Fig. 3b–e). The Doppler results indicated no statistically significant disparity in blood perfusion between the control 
group and the QUE group at 0 and 3 days post-modeling. However, at 7 days post-modeling, significantly higher blood perfusion was 
observed in the QUE group compared to the control group (Fig. 3f–g). In addition, H&E staining demonstrated that QUE could 
significantly promote neovascularization, and Masson staining revealed that QUE promoted the ordering of collagen arrangement in 
flaps (Fig. 3h–k). In conclusion, QUE exerted a significant positive effect on the survival of random flaps.

3.4. Inhibition of autophagosome formation after QUE administration resulted in a decrease in the survival of random flaps

The distal part of the random flap is often in a state of nutrient deficiency, and autophagy acts as a defense mechanism to cope with 
energy shortage. After inhibiting autophagosome formation with 3 MA, the protection range of the QUE skin flap was significantly 
reduced and the tissue water content was increased (Fig. 4a–d). The CD34 immunofluorescence staining assay and the laser Doppler 
data revealed significantly increased neovasculature and blood perfusion in the QUE+3 MA group compared with the QUE group 
(Fig. 4e–h). H&E staining showed that the protective effect of QUE on tissue structure was weakened after 3 MA treatment, and the 
number of blood vessels per unit area was also significantly reduced (Fig. 4i–j). In addition, the WB results revealed that VEGF and 
MMP9, which promote angiogenesis, and the neovascular index CD34 were significantly increased after QUE treatment. In contrast, 
these indexes were significantly inhibited after 3 MA treatment (Fig. 4k–n). In conclusion, 3 MA significantly inhibited the therapeutic 

Fig. 3. |QUE could effectively enhance the random flap survival. (a) Photographs of the flap modeling area and visual images before and after 
vascular occlusion. (b) Photographs of flap survival area. (c) Photographs of flap edema area. (d) Chart of the percentage of the skin flap stock area 
in each group for 7 days. (e) Chart of the percentage of the skin flap edema area in each group for 7 days. (f) Statistical result of blood flow signal 
intensity at 0 days, 3 days and 7days. (g) LDBF technique reveals the subcutaneous blood flow status at 0, 3, and 7 days post-operation. (h) H and E 
staining images of the control and QUE groups. Magnification was × 10, Scale bar 200 μm. (i) Masson’s trichrome stain images of each group 
showing blood vessels and collagen fibers. Magnification: 10×; Scale bar 200 μm. (j) Mean vessel density. (k) Positive collagen fiber area. Data were 
expressed as mean ± SD, n = 3. “*”and“**”represent p ＜0.05 or p ＜0.01 versus the QUE group, indicating statistical significance.
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Fig. 4. |Inhibition of autophagosome formation after QUE administration resulted in a decrease in the survival of random flaps. (a) Images 
reflecting flap survival at the seventh day after operation in the control group, treatment group with QUE, and treatment group with QUE+3 MA. (b) 
percentage of survival of flap on 7 day. (c) Images reflecting flap edema at the seventh day after operation in the control group, treatment group 
with QUE, and treatment group with QUE+3 MA. (d) Percentage of tissue water content of flap on 7 day. (e) Immunofluorescence showing the 
expression of CD34 (green), and DAPI (blue) in different groups. Magnification: 20×; Scale: 100 μm. (f) Mean fluorescence intensity of CD34 in 
different groups. (g) LDBF technique reveals the subcutaneous blood flow status at 7 days post-operation. (h) Statistical result of blood flow signal 
intensity at the seventh day. Scale: 0.5 cm. (i) H and E staining images of the control, QUE and QUE+3 MA groups. Magnification was × 10, Scale 
bar 400 μm. (j) Mean vessel density. (k) Western blot results showing the expression of VEGF, CD34 and MMP9 in different groups. (l–n) Quan
titative analysis of VEGF, CD34 and MMP9 protein expressions. Data were expressed as mean ± SD, n = 3. “*”and“**”represent p ＜0.05 or p ＜0.01 
versus the NT group, indicating statistical significance.

Fig. 4. (continued).
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effect of QUE, resulting in decreased survival of random flaps.

3.5. Inhibition of autophagosome formation after QUE administration resulted in increased apoptosis levels of the random flap

Furthermore, the apoptosis level of random flaps was detected. The immunofluorescence results indicated elevated apoptosis levels 
at the distal section of the random flaps. However, the apoptosis level was significantly reduced by QUE treatment, and the anti- 
apoptosis effect of QUE was significantly weakened after 3 MA treatment (Fig. 5a–d). The WB results indicated a significantly 
increased expression of apoptosis-inhibiting protein Bcl-2 after QUE treatment, while the expression of apoptosis-promoting proteins 
C-caspase3 and BAX was significantly decreased. After 3 MA treatment, QUE-inhibited apoptosis showed a rebound; the Bcl-2 

Fig. 5. |Inhibition of autophagosome formation after QUE administration resulted in increased apoptosis levels of the random flap. (a) 
Immunofluorescence showing the expression of CASP3 (green), and DAPI(blue) in different groups. Magnification: 20×; Scale: 200 μm. (b) Western 
blot results showing the expression of Bcl-2, Bax and C-CASP3 in different groups. (c) Quantitative analysis of Bax protein expressions. (d) Mean 
fluorescence intensity of CASP3 in different groups. (e) Quantitative analysis of Bcl-2 protein expressions. (f) Quantitative analysis of C-CASP3 
protein expressions. Data were expressed as mean ± SD, n = 3. “*”and“**”represent p ＜0.05 or p ＜0.01 versus the NT group, indicating statistical 
significance.
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Fig. 6. |Activation of the autophagy pathway is a key pathway for QUE to enhance the survival of random flaps. (a) Immunofluorescence 
showing the expression of P62 (green), LC3(red) and DAPI(blue) in different groups. Magnification: 20×; Scale: 200 μm. (b,c) Mean fluorescence 
intensity of P62 and LC3 in different groups. (d) Western blot results showing the expression of P62 and LC3 in different groups. (e) Quantitative 
analysis of LC3 protein expressions.(f) Western blot results showing the expression of Beclin 1 and CTSD in different groups.(g) Quantitative analysis 
of P62 protein expressions. (h,i) Quantitative analysis of Beclin 1 and CTSD protein expressions. (j) Western blot results showing the expression of p- 
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expression was inhibited and the expression of C-caspase3 and BAX increased (Fig. 4 b–c, e-f). In conclusion, inhibition of autopha
gosome formation by 3 MA decreases the inhibitory effects of QUE on apoptosis.

3.6. Activation of the autophagy pathway is a key pathway for QUE to enhance the survival of random flaps

Autophagy plays a significant role in QUE efficacy, but its specific pathway remains unclear. 3 MA inhibits autophagy by inhibiting 
class III PI3K, which is closely related to Beclin1 expression. In this study, the expression of autophagy and the effects of QUE on 
autophagy were evaluated by immunofluorescence and WB. The experimental results showed that autophagy was activated, and the 
flow of autophagy remained smooth after QUE treatment. However, autophagy activated by QUE was significantly inhibited after 3 
MA (Fig. 6a–e). Subsequently, the role of Beclin1 in QUE-activated autophagy was determined. The WB results demonstrated that 
Beclin1 was significantly activated after QUE treatment and was accompanied by improved lysosome function. In contrast, Beclin 
expression was inhibited after 3 MA treatment, and lysosome function was reduced (Fig. 5f–i). Next, we examined the effect of 
activation of AMPK, a classical energy-promoting pathway, on the expression of AMPK and autophagy in the Control group, QUE 
group, QUE + Compound C group and MK8722 group. The results show that QUE can effectively activate AMPK phosphorylation and 
stimulate autophagy, which is consistent with the effect of AMPK activator MK8722. The autophagy effect in the QUE + Compound C 
group was significantly weakened after AMPK was inhibited by Compound C to suppress the activation of AMPK by QUE. In 
conclusion, improvement of energy metabolism by activation of autophagy by QUE is a key target for promoting random flap survival.

AMPK, AMPK, P62 and LC3 in different groups. (k,l,m) Mean fluorescence intensity of p-AMPK/AMPK, P62 and LC3 in different groups. Data were 
expressed as mean ± SD, n = 3. “*”and “**” represent p ＜0.05 or p ＜0.01 versus the NT group, indicating statistical significance.

Fig. 6. (continued).
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4. Discussion

Necrosis remains a relatively common negative outcome of random skin flaps due to distal ischemia [41,42]. In previous studies, 
vasoregenerative drugs were explored as first-choice treatments [43,44]. However, ischemia-reperfusion injury is a key factor limiting 
skin flap survival [45]. Therefore, this study focused on improving the adaptability of remote cells in random flaps to nutrient defi
ciency and the microenvironment.

Quercetin is widely found in angiosperms. It is an aglycone, which is often combined with sugar in the form of glycosides and has 
antioxidant and vascular protection functions [46–48]. In our study, systemic administration of QUE was found to improve the survival 
of randomized flaps without significant toxicity. Hence, this study discussed and analyzed the targets of quercetin.

Autophagy refers to the process of using lysosomes to degrade and reuse damaged, denatured, misfolded, or senescent macro
molecules (proteins) and damaged organelles through intracellular pathways [49]. Under pathological conditions, autophagy is often 
activated as a cellular protective mechanism to maintain the overall balance [50]. The inhibition of autophagy in the distal ischemic 
necrotic area of random flaps has been widely reported [51,52]. Activating autophagy is a key mechanism to reduce the distal ischemic 
necrosis of random flaps. In our study, quercetin was found to effectively activate autophagy and inhibit apoptosis in the distal 
ischemic region of random flaps. Beclin1 is a key target in the autophagy pathway, and studies have shown that the expression of 
Beclin1 and Bcl-2 is parallel. In addition, Bcl-2 expression was down-regulated after treatment with the autophagy inhibitor 3 MA; 
thus, experiments were carried out to determine whether Beclin1 was upstream of autophagy. Furthermore, WB showed a significant 
upregulation in Beclin1 expression protein following QUE treatment. Treatment with the autophagy inhibitor 3 MA significantly 
inhibited QUE-induced autophagy, accompanied by a significant down-regulation of Beclin1. Meanwhile, we detected the activation of 
the energy metabolism pathway AMPK by QUE, and set up a inhibition group and positive control group by using agonists and in
hibitors simultaneously for comparative analysis. We concluded that QUE activates autophagy while effectively improving energy 
metabolism in the distal ischemic area of random flaps, which is one of the key mechanisms by which QUE promotes the survival of 
random flaps.

In conclusion, QUE can improve cell tolerance in the distal ischemic region of random flaps by activating autophagy, which can 
resist the complex and variable microenvironment and improve the survival of random flaps.
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