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To investigate the protective mechanism of dexmedetomidine (DEX) on adipose-
derived stromal cells (ADSCs) under oxidative stress model and its promotion
effect on the retention rate of adipose granule transplantation by in vitro and in
vivo experiments. The experiment was divided into control group, model group
(ADSCs + H2O2+normal serum), DEX group (ADSCs + H202+DEX drug-
containing serum), autophagy agonist group (ADSCs + H2O2+rapamycin
(RAP)+normal serum), RAP + DEX group (ADSCs + H2O2+normal serum), RAP
+ DEX drug-containing serum), autophagy inhibitor group (ADSCs +
H2O2+chloroquine (CQ)+normal serum), CQ + DEX group (ADSCs +
H2O2+CQ + DEX drug-containing serum). HO-1, GSH-PX, SOD and CAT in
ADSCs under oxidative stress model were measured. ROS fluorescence
intensity and apoptosis ratio were detected. Expression of Nrf2, LC3-II/LC3-I
and p62 were detected. In vivo, fat mixed with ADSCs or DEX -pretreated ADSCs
was implanted subcutaneously in the lower back region of nude mice. Fat grafts
were collected and analyzed at 2-, 4-, 6-, and 8-weeks post-transplantation. DEX
pretreatment could reduce the expression of p62 to enhance the autophagy level
of ADSCs under oxidative stress model. Additionally, cotransplantation of DEX-
pretreated ADSCs with fat improved the long-term texture of fat grafts. DEX
increased the fat graft survival and angiogenesis.

KEYWORDS

dexmedetomidine, adipose-derived stromal cells, anti-oxidative stress, autophagy,
NRF2/P62 pathway, autologous fat transplantation

Introduction

Autologous fat transplantation plays an increasingly important role in plastic and
cosmetic surgery (Wolfe, 2022; Wu et al., 2021). As increase to repair parts of area, volume
of an ideal soft tissue filling materials and important means, has been widely used in plastic
surgery of facial soft tissue filler and facial treatment and other fields (Liu et al., 2022; Li
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et al., 2021). However, necrosis, apoptosis and absorption of a
large number of adipocytes after transplantation due to ischemia
and hypoxia are the main problems limiting the further
development of adipocytes (Liang et al., 2023). Therefore, the
key to autologous fat transplantation is to improve the survival
rate after transplantation.

Autologous fat transplantation after ischemia reperfusion injury
is a common pathophysiological process of plastic surgery clinical. It
is currently believed that the long-term survival of adipocytes in this
condition is the differentiation of new adipocytes from ADSCs,
rather than the originally transplanted adipocytes (Schneider et al.,
2023). However, during and after autologous fat transplantation,
adipose stromal cells are exposed to substantial oxidative stress that
negatively affects cell viability and graft survival (Taha et al., 2022;
Lin et al., 2018). Therefore, how to prevent and reduce the oxidative
stress injury caused by ischemia-reperfusion of autologous fat
transplantation and improve the retention rate of autologous fat
transplantation is the focus of plastic and aesthetic surgeons.

Autophagy is a “self-clearance” phenomenon widely existing in
eukaryotic cells (Zhuang et al., 2021; Liu et al., 2021). Autophagy can
regulate cell metabolism under normal conditions and remove
damaged organelles and provide energy for repair after stress
injury (Han et al., 2021). In the process of fat transplantation
involving a number of mechanisms associated with autophagy,
the results showed that higher autophagy theoretically can reduce
cell oxidative stress damage, apoptosis (Lorzadeh et al., 2021),
promote adipose stromal cells differentiate into fat cells and
delay aging, inflammation by promoting paracrine function at
the same time to improve the micro environment and promote
angiogenesis (Yu et al., 2019; Zhou et al., 2021). Therefore,
regulating autophagy is expected to be a means to improve the
efficiency of fat transplantation.

In oxidative stress, Nrf2 further promotes the expression of HO-
1, CAT, SOD and other antioxidant enzymes downstream of Nrf2 by
combining with the antioxidant response element (ARE) sequence,
so as to play antioxidant, anti-inflammatory and immune-regulating
roles, thereby protecting tissues and cells from oxidative stress
damage (Teng et al., 2023). However, excessive ROS is not only
an activator of other stress response systems, including Nrf2, but
also an activator of autophagy (Sun et al., 2023; Hou et al., 2023; Lan
et al., 2023). Because the promoter region of p62, a key protein in
autophagy process, also has an ARE binding site, Nrf2 can bind to
ARE in the promoter region of p62 after entering the nucleus, and
upregulate the expression of p62 to participate in the completion of
autophagy (Riley et al., 2011).

Dexmedetomidine (DEX) is an α2 adrenergic receptor agonist
with high selectivity, efficiency and other biological characteristics.
DEX was originally used as sedation and analgesia for patients in
intensive care units. Now it has been widely used in many fields,
such as pre-anesthesia drug, general anesthesia adjuvant drug,
postoperative analgesia and sedation (Jouybar et al., 2022;
Baumgartner et al., 2022; Hu et al., 2020). With the recognition
of ischemic preconditioning and postconditioning in clinical
practice, drug preconditioning and postconditioning, due to its
strong controllability, good repeatability, and small side effects,
have more slight changes in hemodynamics and stronger
tolerance of experimental subjects, which is more conducive to
clinical application (Xiao et al., 2021; Miller et al., 2022). The

mechanisms of DEX involved in organ protection include
activation of cell survival kinase, regulation of apoptosis, and
modulation of oxidative stress and inflammatory responses.
Recent studies have highlighted its protective effects on various
organs, including the brain, liver, and kidneys (Xiao et al., 2021;
Miller et al., 2022; Ding et al., 2018), although reports on its
protective effects during ischemia-reperfusion injury in
autologous fat transplantation remain limited.

Therefore, we propose the following hypothesis: DEX regulates
autophagy of ADSCs by activating Nrf2/p62 signaling pathway to
protect ADSCs against oxidative stress injury under the oxidative
stress model, thus promoting fat grafting survival.

Methods

Isolation and culture

ADSCs were isolated from adipose tissue obtained from
randomly selected healthy individuals (BMI <25 kg/m2, females
between ages 25 and 35, N = 6) undergoing lumbar abdominal ring
suction surgery. All patients signed the informed consent for
scientific research and publication. This study was approved by
the Research Ethics Committee of Wenzhou Medical University
(Issuing Number: 2023015). The adipose tissue from patients who
underwent liposuction was dissected into smaller fragments in
phosphate-buffered saline (PBS) and subjected to two washes
with PBS. The intermediate layer of adipose tissue was then
transferred to a 50 mL centrifuge tube. An equal volume of 0.2%
type I collagenase was added, and the mixture was gently mixed
through repeated pipetting. The centrifuge tube was subsequently
placed in a temperature-controlled shaking incubator set at 37°C and
275 rpm for 45–60 min. Following digestion, an equal volume of
high-glucose DMEM (supplemented with 10% FBS, 100 U/mL
penicillin, and 100 mg/mL streptomycin) was added to terminate
the enzymatic activity, and the solution was gently mixed. The
resulting mixture was filtered through a 100-mesh filter to eliminate
lipid components, followed by a filtration through a 200-mesh sieve
to remove remaining impurities. The filtrate was aliquoted into
15 mL centrifuge tubes and centrifuged at 1,200 rpm for 10 min,
with PBS washing repeated twice. If the precipitate contained
significant amounts of red blood cells, the supernatant was
discarded, and each tube received 3 mL of red blood cell lysis
solution, followed by vortexing for 10 s and a 5-min incubation prior
to a second centrifugation at 1,200 rpm for 5 min. The supernatant
was discarded, and the resultant cell mass, representing the stromal
vascular fraction (SVF), was resuspended in 2 mL of complete
culture medium and inoculated into a cell culture flask at a
density of 1 × 10̂5 cells/cm2. The cultures were maintained in a
humidified atmosphere with 5% CO2 at 37°C, with medium
replacement occurring 48 h post-inoculation and subsequently
every 48 h. Once the cells reached 90% confluence, they were
subcultured and expanded, with subsequent experiments utilizing
adipose stem cells subcultured to the third passage (P3). ADSCs
were cultured in Human Adipose-derived Mesenchymal Stromal
Cells Complete Medium with 450 mL Basal Medium For Cell
Culture plus 50 mL Fetal Bovine Serum and Culture Supplement
(catalogue no. HUXMD-90011, Oricel, Guangzhou, China).
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Characterization and the trilineage
differentiation of ADSCs

ADSCs were identified using flow cytometry. Briefly, cells at
passage 3 were harvested and 1 × 105 cells were stained with specific
fluorescent surface antibodies, including PE-conjugated anti-human
CD29, CD31, CD44, CD45, CD90, and isotype IgG (1:100, Abcam,
Cambridge, United Kingdom), using a flow cytometer (Beckman
Coulter, CA, United States).

The trilineage differentiation potential of ADSCs was evaluated
as previously described (Cai et al., 2023). Adipogenesis, osteogenesis,
and chondrogenesis assays were performed using a specific
differentiation medium (OriCell).

Osteogenic differentiation

Osteogenic differentiation was induced by incubating adipose-
derived mesenchymal stem cells in culture media supplemented
with 10 mM β-glycerophosphate, 50 μM ascorbic acid, and 0.1 μM
dexamethasone. The medium was replaced every 3 days for 3 weeks.
After the completion of osteogenic induction, the old medium was
removed and washed. Cells were stained by alizarin red and assessed
with a phase-contrast microscope (Olympus).

Adipogenic differentiation

Adipose-derived mesenchymal stem cells were induced in culture
media supplemented with 0.5 mM 3-isobutyl-1-methylxanthine,
10 μM insulin, 200 μM indomethacin, and 1 μM dexamethasone.
Three days after induction with medium A, medium B was added.
After 24 h of induction, the old medium B was discarded, and an equal
volume of fresh medium A was added to continue the induction.
Alternate induction with medium A and medium B four times, then
continue culturing with medium B for 7 days until the lipid droplets
become larger and more rounded under the microscope. After
induction, cells were incubated for 30 min in 0.5% (weight/volume)
oil red O and assessed with a phase-contrast microscope (Olympus).

Chondrogenic differentiation

For chondrogenic differentiation, the cells were incubated in
culture media supplemented with 1 mM sodium pyruvate, 1%
insulin–transferrin sodium selenite, 0.17 mM ascorbic acid,
0.35 mM L-proline, 1.25 mg/mL bovine serum albumin, 5.33 μg/
mL linoleic acid, 0.1 μMdexamethasone, and 0.01 μg/mL TGFβ. The
medium was replaced every 3 days for 4 weeks, and the cell
morphology and growth were observed under a microscope.
After induction, cells were assessed by toluidine blue and
assessed with a phase-contrast microscope (Olympus).

Cell counting kit-8 test

After observing that the cells were in the normal logarithmic
growth phase, the cells were routinely digested and seeded into 96-

well plates at a density of 5,000 cells per well. 96-well plates were
incubated at 37°C in 5% CO2 incubator. After overnight incubation,
the solution was changed, 100 ul of new complete medium was
added to each well, and then the experimental H202 solution was
prepared. Different volumes of 0.1 mol/L H202 solution were added
to the corresponding Wells in the experimental group. The
concentrations of H202 in each well were respectively 0.1mM,
0.25mM, 0.5 mM, 1.0 mM, 2.0 mM, and then the 96-well plates
were incubated at 37°C and 5% CO2 for 0, 24, 48 h, respectively. 10ul
Cell Counting Kit-8(CCK-8, GlpBio, CA, United States) was added
to each well, and the culture was continued for 1 h. The absorbance
value of each well was measured at OD450 nm of microplate reader.

ADSCs in logarithmic growth phase were collected and
resuspended by trypsin digestion. Cells were digested
conventionally and treated with 5,000 cells per well. The density
of cells was seeded into a 96-well plate. Five rewells were set up in
each group, and the observation time was set as 0h, 12 h, and 24 h.
The model group (H2O2) and different concentrations of DEX
groups (H2O2+DEX) were set. The model group was (1.0 mM
H2O2 treatment for 24 h), and the drug groups were treated with
DEX at concentrations (0.2 μM, 0.4 μM, 0.6 μM, 0.8μM and 1.0 μM
for 0 h, 12 h, 24 h) after 1.0 mMH2O2 treatment for 24 h, and the cell
viability was detected according to the above experimental
procedures.

Drug treatment

Once the oxidative stress model of ADSCs with optimal H2O2

concentration in vitro was established,and DEX stimulation
concentration and duration are determined, the treatment groups
were randomly divided into the following groups: control group,
H2O2 group, H2O2 +DEX group, H2O2 +CQ group, OGD + DEX +
CQ group, OGD + RAP group, and OGD + DEX + RAP group. The
final concentration of 2 μg/mL chloroquine (CQ) or 10 nmol/L
rapamycin (RAP) effectively inhibited or enhanced the activation of
autophagy as evidenced by LC3 expression, respectively. The
experiment was biologically replicated three times.

Flow cytometry analysis

The working solution of fluorescein sodium
dichloroacetoacetate (DCFH-DA) was prepared, and the final
concentration was 10umol/L. ADSCs in logarithmic growth stage
were inoculated into 6-well plates, incubated at 37°C with 5%CO2 for
24 h, and cultured according to experimental method 2.4. The cell
culture mediumwas discarded, and 1mL of the prepared DCFH-DA
working solution with a final concentration of 10umol/L was added
to the 6-well plate, and the solution was incubated at 37°C for 30 min
and washed twice with PBS to fully remove the probes that did not
enter the cells. The cells were digested with trypsin, and the cell
suspension was collected in flow cytometry, centrifuged at 1,000 rpm
for 5 min. The supernatant was discarded, and the cells were
resuspended with 250ul PBS in each tube. The mean fluorescence
intensity of the cells was detected by flow cytometry.

The number of apoptotic cells was measured by fow cytometry.
Prepare a single cell suspension by adding 60% density of cells/well

Frontiers in Pharmacology frontiersin.org03

Li et al. 10.3389/fphar.2024.1453938

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1453938


in a six-well plate. And then incubated for 24 h, the cells were
digested with EDTA-free trypsin, After cell counting, 0.5 × 106 cells
were collected and centrifuged at 1500 rpm for 3 min. The
supernatant was discarded and washed twice with pre-cooled
PBS, the digested cells were then mixed and centrifuged in flow
tubes. The cells were resuspended in 1 × bufer (Annexin V-APC/7-
AAD (KeyGEN, Nanjing, China). Totally, 500 ul of this cell
suspension was incubated with 5 μL Annexin V-APC and 5 μL
7-AAD dyeing solution at 4°C in the dark for 15 min. Finally,
apoptosis was detected by flow cytometry (Beckman, CA,
United States).

Enzyme-linked immunosorbent
assay (ELISA)

ADSCs in logarithmic growth stage were inoculated in 24-well
plates and incubated at 37 C with 5%CO2 for 24 h. The cells were
organized into groups according to drug treatment, with six
replicates established for each group. Following incubation,
supernatants were collected, and an ELISA kit (Abcam) was
utilized in accordance with the manufacturer’s instructions to
quantify the activities of glutathione peroxidase (GSH-PX) and
superoxide dismutase (SOD), as well as the levels of catalase
(CAT) and heme oxygenase-1 (HO-1).

Western blot

Total protein was extracted with ice-cold RIPA lysis bufer
(Beyotime) and PMSF (Phenylmethanesulfonyl fluoride) in a 100:
1 ratio. For each sample, a quantity of 20 µg total protein per lane
was separated by 10% SDS-PAGE at 80 V for 30 min, and 120 V for
40 min then transferred onto 0.2 μm Poly Vinylidene fluoride
(PVDF) membranes (Millipalysisore, MA, United States) at
300 mA for 60 min in an ice bath. Then the PVDF membrane
bound to the protein was taken out and blocked with 20 mL of
QuickBlock™ Blocking Buffer (catalogue no. P0220, Beyotime,
Shanghai, China) at room temperature for 15 min. The
membranes were incubated overnight at 4°C with antibodies
(Proteintech),containing Nuclear-factor-E2-related factor
2,Sequestosome 1, Microtubule-associated protein1Light Chain
3and Glyceraldehyde-3-phosphate dehydrogenase. The specific
sources of antibodies used are shown in Table 1. The membranes
were washed with PBST the next day, followed by incubation with
horse radish peroxidase-conjugated goat anti-rabbit IgG secondary

antibody for 1 h at room temperature. Protein bands were visualized
by incubating the membranes with enhanced chemiluminescence
reagent (Termo Fisher Scientifc). And the expression of indicated
proteins were scaned by Alpha View software and quantifed by
ImageJ software 1.51 (National Institutes of Health, Bethesda, MD,
United States).

Real-time quantitative PCR

Total RNA was isolated by TRIzol Reagent (Termo Fisher
Scientifc) from the frozen tissue samples or cell lines. cDNA was
obtained from RNA using a PrimeScript RT Reagent Kit (TaKaRa,
Dalian, China) according to the manufacturer’s protocol. Resultant
products were amplifed using a SYBR Green PCR kit (TaKaRa,
Dalian, China) and analyzed by ABI 7500 (Termo Fisher Scientifc).

Immunofluorescence staining of cells

Cells were fixed in 4% paraformaldehyde in PBS for 20 min and
permeabilized with 0.5% Triton X-100 in PBS for 15 min. These
were then incubated with anti-Nrf2 (Abcam, 1:100), anti-p62
(Affinity, 1:100), anti-LC3 (Affinity, 1:100), and Alexa Fluor
488–labeled goat anti-rabbit IgG (H + L) (1:500, Beyotime) as
secondary antibodies.

In vivo autologous fat transplantation

BALB/c nude mice (male, 3–5 weeks old, weighing 16–18 g)
were obtained from Zhejiang Vital River Experimental Animal
Technology Co., LTD. (Zhejiang, China) and were kept in the
SPF-class housing of Medical Animal Experimental Center of the
First Affiliated Hospital of Wenzhou Medical University.

Adipose tissue was obtained from subcutaneous fat discarded
during liposuction from an inpatient at the Department of Plastic
Surgery, The First Affiliated Hospital of Wenzhou Medical
University (Issuing Number: WYYY-IACUC-AEC-2023-001).
Informed consent was signed with the patient before surgery.The
adipose tissue was washed three times with pre-cooled PBS solution,
centrifuged at 1,200 rpm at 4°C for 5 min, and the adipose tissue
could be seen floating in the upper layer of the centrifuge tube. A
small pipette was used to aspirate the grease on the top layer and the
excess PBS, swelling anesthesia solution and residual blood in the
lower tissue.

To determine the effects and investigate the mechanisms of
DEX-pretreated ADSCs on Autologous fat transplantation, the
adipose tissue granule was divided into 3 groups (n = 4 mice per
group): control group, ADSCs group, and DEX-ADSCs
group.Experimental units were allocated using RAND function.
Sample size calculation: n = (t0.05 * 0.5)2/0.52 = 4. BALB/c nude
mice were anesthetized with 1% sodium pentobarbital (40 mg/kg
weight, ip).In the control group, 500 μL of a mixture of fat and an
equal volume of complete medium was injected. In the ADSCs
group, a mixture of 500 μL fat and 107 ADSCs was injected. In DEX-
ADSCs group, 500 μL of a mixture of fat and 107 dexmedetomidine
pretreated ADSCs was injected. Briefly, fat was injected with a needle

TABLE 1 Antibodies used for Western blots.

Antibody Resource Dilution ratio Identifier

Nrf2 Proteintech 1:2000 16396-1-AP

p62 Proteintech 1:1,000 12143-1-AP

LC3 Proteintech 1:2000 81004-1-RR

GAPDH Proteintech 1:1,000 10494-1-AP

Secondary antibody Beyotime 1:5,000 A0277
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(1.2 × 38 mm, KDL, Shanghai, China), and The needle is filled with
specimen fat beforehand, Three symmetrical points (upper right,
lower left, and lower right) were selected on the back with the spine
as the midline. A needle was used to create a subcutaneous tunnel
from a distance, and 500 μL of fat mixture was injected into each
point.When the mice wake up, make sure there is no problem, it
means that the model is successful.At scheduled times (2, 4, 6, and
8 weeks) post-transplantation, mice were sacrificed with
pentobarbital sodium (100 mg/kg weight, ip), and four randomly
selected animals in each treatment group were euthanized and the
grafts were harvested for subsequent analyses. The experimenters
conducting the outcome assessment and the data analysis were blind
to the group allocation.

Graft weight measurements

We obtained a photograph of each graft and removed the
residual and necrotic tissue with tissues of scissors and toothed
tweezers. Adipose tissue mass was weighed using a microbalance.

Histology analysis

The tissue was fixed with 4% paraformaldehyde, embedded in
paraffin, sectioned by microtome and stained with hematoxylin and
eosin (HE) and Masson staining. The overall integrity of the fat grafts
was assessed by three blinded observers. The histological parameters
were examined using a light microscope. The primary antibodies used
for immunohistochemical staining were rabbit anti-human CD31
(Santa Cruz Biotechnology, Texas, United States) 、anti-human
VEGF (Santa Cruz Biotechnology, Texas, United States) and anti-
perilipin (Abcam). Three random fields were selected from each
sample (n = 3/group). All measurements were performed using the
ImageJ software.

Statistical analysis

All values are presented as the mean ± SD. Normally distributed
data were analyzed using t-tests or one-way analysis of variance
(ANOVA). If data were not normally distributed, the
Mann–Whitney U test was applied. In this study, p < 0.05 was
considered statistically significant. GraphPad Prism (GraphPad
Software, Inc., San Diego, CA, United States) was used for
statistical analysis.

Results

Characterization of ADSCs

Under the light microscope, scattered and polygonal
adherent cells were observed at the bottom of the dish. When
observed daily, the cells grew in the shape of long spindles, clonal
colonies and swirls, and the morphology was relatively
consistent (Figure 1A). The trilineage differentiation potential
of ADSCs was assessed (Figures 1B–D). Flow cytometry

demonstrated the immunophenotype of the cells that were
positive for CD29, CD44, CD90 and negative for CD31,
CD45 (Figure 1E).

DEX improved the cell activity of ADSCs
exposed to H2O2

As was shown in Figure 2A, the activity of ADSCs decreased
gradually with the prolongation of H2O2 stimulation time and the
increase of concentration. After stimulation with 0.25 mMH2O2 for
24 h, the cell activity was significantly lower than that of the non-
stimulated group (P < 0.01), the relative survival rate of cells
approached IC50 after being treated with 1 mM H2O2 for 24 h,
while the cell activity was more significantly decreased after being
stimulated with higher concentration of H2O2(2.0 mM) for 24 h.
According to the results of this experiment, we selected the
stimulation concentration of 1 mM H2O2 for 24 h for the
subsequent experiment, so as to clarify a series of biological
changes that may occur in the cells during the initial stage of
oxidative damage in normal ADSCs induced by H2O2.

As was shown in Figure 2B, in the oxidative stress model,
ADSCs were treated with different concentrations of DEX at 0h,
24h, 48 h. Compared with the model group, there was no
significant difference in the relative cell viability of ADSCs
treated with 0.2 μM, 0.4 μM, 0.6 μM, 0.8 μM, 1.0 μM DEX at
0 h (p > 0.05). The relative cell viability of ADSCs increased after
treatment with 0.2 μM, 0.4 μM, 0.6 μMDEX-containing serum for
24 h and 48 h, compared with the model group (p < 0.01).
Compared with the 0.6 μM DEX group, the relative cell
viability of the 0.8 μM and 1.0 μM DEX groups gradually
decreased with the increase of drug concentration or the
prolongation of action time. Therefore, the 24 h of action of
0.6 μM DEX with the highest activity was selected as the
optimal concentration and time of drug-containing serum.

The effect of serum containing the optimum concentration of
DEX on the morphology of ADSCs under oxidative stress model was
observed by inverted microscope. As was shown in Figure 2C,
compared with the control group, the dendrites of adipose
stromal cells in the model group were significantly shortened and
exfoliated after 24 h of 1.0 mM H2O2 stimulation. The dendrite
retraction of adipose-derived stromal cells was prevented under the
protection of 0.6 μM DEX. The results showed that 0.6 μM DEX
could prevent the dendrite shortening of adipose stromal cells under
oxidative stress.

DEX could significantly increase the content
of antioxidant enzymes in ADSCs under
oxidative stress model

As was shown in Figure 3, compared with the control group, the
activities of SOD and CAT in the model group were decreased, and
the contents of HO-1 and GSH-PX were decreased (P < 0.01).
Compared with model group, SOD and CAT activities, HO-1 and
GSH-PX contents increased in DEX group (P < 0.01). In CQ group,
SOD and CAT activities decreased, HO-1 and GSH-PX contents
decreased (P < 0.01 P < 0.05). The activity of SOD and CAT
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increased, and the contents of HO-1 and GSH-PX increased in RAP
group (P < 0.01). Compared with CQ group, SOD and CAT
activities, HO-1 and GSH-PX contents increased in CQ + DEX

group (P < 0.01). Compared with RAP group, SOD and CAT
activities and HO-1 and GSH-PX contents in RAP + DEX group
had no significant difference (P > 0.05).

FIGURE 1
Characterization of ADSCs Legends: (A) The microscopic appearance of the 3rd generation of ADSCs. (B) ADSCs were stained with Oil red O after
adipogenic differentiation. (C) Alizarin red staining after osteogenesis induction. (D) Alcian blue staining after induction. (E) Flow cytometry of cell markers
in ADSCs.
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DEX could significantly reduce the ROS
fluorescence intensity of ADSCs under
oxidative stress model

As was shown in Figure 4A, compared with the control group,
the ROS content of the model group was significantly increased (P <
0.01). Compared with the model group, the intracellular ROS
content in DEX group decreased (P < 0.01), ROS content
increased in CQ group (P< 0.01), and the levels of intracellular
ROS in RAP group decreased (P < 0.01). Compared with the CQ
group, the intracellular ROS content in the CQ + DEX group
decreased (P < 0.01). Compared with RAP group, there was no
significant difference in intracellular ROS content in RAP + DEX
group (P > 0.05).

DEX can significantly reduce the apoptotic
ratio of ADSCs under oxidative stress model

As was shown in Figure 4B, compared with the control group,
the proportion of apoptosis in ADSCs model group was significantly

increased (P < 0.01). Compared with the model group, the
proportion of apoptosis was significantly decreased in the DEX-
containing serum group (P < 0.01), the percentage of apoptosis in
CQ group increased significantly (P < 0.01), and the percentage of
apoptosis in RAP group decreased significantly (P < 0.01).
Compared with CQ group, the proportion of apoptosis in CQ +
DEX group decreased (P < 0.05). Compared with RAP group, RAP +
DEX group had no significant difference in the proportion of
apoptosis (P > 0.05).

Effect of DEX on Nrf2, LC3II/I and
p62 protein expression in ADSCs under
oxidative stress model

As was shown in Figures 5A–C, compared with the control
group, the expression levels of Nrf2 and LC3II/I proteins were
downregulated and the expression level of p62 protein was
upregulated in the model group (P < 0.01). Compared with
model group, the protein expression levels of Nrf2 and LC3II/I
were upregulated and the protein expression level of p62 was

FIGURE 2
The oxidative stressmodel of ADSCs Legends: (A)Relative cell viability of hADSCs over time under different concentrations of H2O2. (B)Comparison
of relative cell viability of different concentrations of DEX containing serum at different time points. (C) The morphology of ADSCs under oxidative
stress model.
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downregulated in DEX group (P < 0.01), the protein expression
levels of Nrf2 and LC3 II/I were downregulated and the protein
expression level of p62 was upregulated in CQ group (P < 0.01). The
relative expression levels of Nrf2 and LC3II/I proteins in RAP group
were upregulated, and the expression level of p62 protein was
downregulated (P < 0.01). Compared with the CQ group, the
expression of Nrf2 and LC3 II/I protein was upregulated in the
CQ + DEX group, and the expression of p62 protein was
downregulated (P < 0.01).

Effect of DEX on Nrf2, p62 mRNA expression
in adipose stromal cells under oxidative
stress model

As was shown in Figure D–E, compared with the control group,
the relative expression of Nrf2 and p62 mRNA in the model group
was downregulated (P < 0.01). Compared with the model group, the
relative expression of Nrf2 and p62 mRNA in BWJJ group was
upregulated (P < 0.01), the relative expression of Nrf2, p62mRNA in
CQ group was downregulated (P < 0.01), and the relative expression
of Nrf2 and p62 mRNA in RAP group was upregulated (P < 0.01).
Compared with CQ group, the relative expression of Nrf2 and
p62 mRNA in CQ + DEX group was upregulated (P < 0.01).

DEX regulates fat grafting survival

After arriving at each time point, the transplanted cellulite was
completely dissected and accurately weighed, and the mass change
curve was drawn. It can be seen from the results that with the
extension of time, the changes of cellulite mass in the ADSCs group
and DEX-ADSCs group were significantly smaller than those in the
control group, and from the fourth week, the decrease rate of
cellulite mass in the ADSCs group was significantly higher than
that in the DEX-ADSCs group (Figure 6A). Representative images of
mice and grafts from each group are shown in Figure 6B.

HE staining results (Figure 6C) showed that no obvious
inflammatory cell infiltration was observed in the three groups at
the second week. At the fourth week, a large number of monocytes
infiltrated the adipocyte interstitium in the control group, while there
was no significant change in the ADSCs and DEX-ADSCs groups. At
6 weeks, the infiltration of inflammatory cells in the control group was
further aggravated, and interstitial fibrosis had begun.However, only a
small amount of inflammatory cells were infiltrated in ADSCs and
DEX-ADSCs groups. At 8 weeks, the control group showed more
fibrosis and oil sac formation. The infiltration of inflammatory cells in
the co-transplantation group was only slightly aggravated compared
with that at 6 weeks, and there was no obvious interstitial fibrosis, even
more mild in the DEX-ADSCs group (Figure 7A).

FIGURE 3
Dexmedetomidine inhibited the activity of SOD, CAT, HO-1 and GSH-PX in ADSCs under oxidative stress Legends: Relative concentration of (A)
SOD, (B) CAT, (C) HO-1, and (D) GSH-PD in ADSCs treated with 0.6 μM DEX. *P< 0.05, **P< 0.01.
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Effect of DEX on functional status of adipose
tissue after transplantation

Immunohistochemical staining results (Figure 7B) showed that
perilipinA positive cells in lipid droplet membrane of cell co-
transplantation group could be observed at the fourth week after
fat transplantation, especially in DEX-ADSCs group. However, no
perilipinA expression was found on the surface of lipid droplets in

the control group. After 6 weeks, perilipinA positive lipid droplets
gradually increased in cell co-transplantation group, especially in
DEX-ADSCs group. At this time, a small amount of perilipinA was
expressed on the surface of lipid droplets in control group. At week
8, perilipinA protein was expressed on the surface of almost all lipid
droplets in the cell co-transplantation group, and the expression of
Perilipin A protein was more uniform in the DEX-ADSCs
group. The positive lipid droplets in the control group also

FIGURE 4
ROS and apoptotic cells of ADSCs under oxidative stress. Legends: (A) Effect of 0.6 μMDEX on ROS fluorescence intensity of ADscs under oxidative
stress model. (B) Effect of 0.6 μM DEX on the apoptosis ratio of ADSCs under oxidative stress model.

Frontiers in Pharmacology frontiersin.org09

Li et al. 10.3389/fphar.2024.1453938

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1453938


increased, but the difference was still obvious compared with the cell
co-transplantation group.

Effect of co-transplantation of ADSCs and
DEX-ADSCs on angiogenesis of
transplanted cellulite

As was shown in Figure 8A, CD31 positive cells in the cell co-
transplantation group increased significantly compared with the
control group at 2 weeks (P < 0.05), but there was no significant
difference between the two groups. At 4-, 6-, and 8- weeks, more
CD31-positive blood vessles were found in the ADSCs group

compared with the control group (P < 0.05). At the same time,
more CD31-positive blood vessels were observed in the DEX-
ADSCs group than in the ADSCs group (P < 0.05, Figures 8A, C).

It was found that VEGF was highly expressed in the DEX-
ADSCs group than in the ADSCs group (P< 0.05) and in the control
group (P < 0.05) at 4-, 6-, and 8- weeks, which verified the results
similar to CD31 immunohistochemical staining (Figures 8B,C).

Discussion

It is currently believed that the long-term surviving cells from
autologous fat grafts are adipocyte precursors and ADSCs but not

FIGURE 5
Effects of 0.6 μMDEX on expression of Nrf2, LC3II/I and p62 in ADSCs under oxidative stress model. Legends: Protein expression of Nrf2, LC3II/I and
p62 were examined (A) and quantified byWestern blotting (B, C) in ADSCs. (D, E)mRNA expression of Nrf2, LC3II/I and p62 in ADSCs. *P< 0.05, **P< 0.01.
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the mature adipocytes originally transplanted (Schneider et al.,
2023). After transplantation, ADSCs were in a state of ischemia
and hypoxia before restoration of blood supply (Lin et al., 2018). Our
study investigated the protective mechanism of DEX on ADCSs

under oxidative stress model in vitro and Nrf2/p62 pathway as the
entry point.

We observed that H2O2 inhibited the proliferation activity of
ADSCs in dosimetric and time-sensitive manner. After the cells were

FIGURE 6
Effects of Dex on ADSCs co-transplantation on fat mass resorption Legends: (A) Fat mass at 2-, 4-, 6-, and 8-week post-transplantation. *p < 05. (B)
Macroscopic images of the mice and fat grafts at 2-, 4-, 6-, and 8-week post-transplantation. (C) HE staining. Black arrow, representative image of
monocytes infiltration, red arrow, representative image of fibrosis, *representative image of oil sacs.
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treated with 1 mMH2O2 for 24h, the relative survival rate of the cells
approached IC50, while after the cells were stimulated with a higher
concentration of H202 (2.0 mM) for 24 h and 48 h, A more
pronounced reduction in cell activity was detected. Therefore, we
selected 1 mM H2O2 stimulation concentration for 24 h to establish
the oxidative stress model of ADSCs in vitro.

In the normal process of autophagy, p62 protein in the cytoplasm
is continuously degraded with the completion of autophagy (Pantelis
et al., 2023). When autophagy function is defective or autophagy
activity is weakened, p62 protein will continue to accumulate in the

cytoplasm. Therefore, p62 is one of the marker proteins reflecting
autophagy activity (Filomeni et al., 2015). The relative expression of
protein p62, LC3-I and LC3-II was detected by Western blot and the
LC3 II/I ratio was compared. The results showed that compared with
the blank control group, the LC3 II/I expression ratio of the model
group decreased after the treatment of ADSCs with 1 mM H2O2 for
24 h. The relative expression of p62 protein increased, indicating that
the autophagy level of ADSCs under oxidative stress model was low in
the model group. Unlike previous studies applying DEX to
cardiomyocytes in vitro (Borger et al., 2023)and kidneys (Zhou

FIGURE 7
Effects of Dex on ADSCs co-transplantation Legends: (A) Masson staining and fibrosis analysis (B) Anti-perilipin A staining.
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et al., 2023) in vivo to reduce oxidative stress injury, we treated ADSCs
for 24 h. The results showed that the expression ratio of LC3 II/I
increased, the relative expression of protein p62 decreased, and the
level of autophagy increased. To further clarify whether DEX plays a

protective role in ADSCs against oxidative damage by activating
autophagy, we also observed the effects of autophagy inhibitor CQ
group, CQ combined with DEX group, autophagy promoter RAP
group. It was observed that the autophagy level of the inhibitor CQ

FIGURE 8
Effects of Dex on ADSCs co-transplantation Legends: (A) Anti-CD31 staining. (B) Anti-VEGF staining, (C) Integrated option density (IOD) analysis of
CD31 and VEGF, *P< 0.05.
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group was lower than that of the model group, and that of the RAP
groupwas higher than that of themodel group. The autophagy level of
the inhibitor CQ combined with BWJJ was higher than that of the
CQ group.

Nrf2 is a key regulator of oxidative stress response, and there are
distribution and transcription disorders in the process of oxidative
stress in cells (Hu et al., 2022). Considering that autophagy adaptor
protein p62 is a key protein in the process of cell autophagy, its
protein expression is transcriptional regulation after Nrf2 activation
into the nucleus (Chen, 2022). Therefore, first of all, we treated
ADSCs with 1 mM H202 for 24 h. Compared with the blank control
group, the mRNA expression of Nrf2 and p62 in the model group
(H202 group) decreased, and the mRNA expression of Nrf2 and
p62 in the DEX group was upregulated compared with the model
group. By Western blot, we observed that compared with the blank
control group, the expression of Nrf2 in the model histone was
decreased, and the ratio of LC3II/I, a key protein in the formation of
autophagosome, was downregulated, while the expression of p62, a
specific substrate for autophagy, was increased. Compared with the
model group, the expression of Nrf2 and LC3II/I were upregulated
in the DEX group, these results were consistent with variation trend
of expression of autophagy biochemical markers (p62/LC3-II) with
activation of Nrf2 signaling pathway in blood cancer (Hussain et al.,
2022). Downregulation of protein p62 expression. Because protein
p62 binds to LC3 and participates in the formation of
autophagosome membrane structure, insufficient protein p62 will
lead to the formation of autophagosome block. Protein p62 in
autophagy plays a “bridge” role in the process of connecting
cytolysosome and autophagy substrates, suggests that protein
p62 not only adjust the process of autophagy, simultaneously
also unceasingly along with the completion of autophagy process
degradation, this explains why in the process of the experiment
p62 in protein level and gene level expression of appear inconsistent
phenomenon, It may be because the enhanced autophagy activity
leads to the downregulation of protein p62 along with the
degradation of autophagy, and the dysfunction of autophagy
leads to the continuous accumulation and upregulation of
protein p62 in the cytoplasm (Profumo et al., 2022).

At the same time, we found that for the autophagy inhibitor CQ
group, we used the autophagy inhibitor CQ to treat the ADSCs under
the action of H2O2. Compared with themodel group, we found that the
expression levels of Nrf2mRNA and p62mRNA were downregulated,
and the ratio of LC3 II/I, a key protein in the formation of
autophagosomes, was downregulated. The relative expression of
Nrf2 protein was downregulated and the relative expression of
p62 protein was upregulated, indicating that the autophagy pathway
was blocked and the nuclear entry of Nrf2 was downregulated. For the
CQ + DEX group, compared with the autophagy inhibitor CQ group,
the expression levels of Nrf2 mRNA and p62mRNA were upregulated
at the same time, the ratio of LC3 II/I, a key protein in the formation of
autophagosomes, and the relative expression of Nrf2 protein were
upregulated. The relative expression of p62 protein was downregulated,
indicating that the autophagy activity was enhanced, and the expression
of p62 mRNA was upregulated by the nuclear entry of Nrf2 protein
(Chen et al., 2022). These results indicated that under the oxidative
stress model of ADSCs induced by 1 mMH202, DEX may regulate the
autophagy level of ADSCs under oxidative stress by upregulating Nrf2-
p62 pathway. In addition, we found that for the RAP + DEX group,

when RAP + DEX combined treatment of ADSCs under the action of
H2O2, compared with the autophagy agonist group RAP group, the
results showed that the expression levels of Nrf2 mRNA and
Nrf2 protein were upregulated, and the ratio of LC3 II/I, a key
protein in the formation of autophagosomes, was downregulated.
The downregulation of p62 mRNA level and upregulation of
p62 protein relative expression level indicate that DEX can
downregulate the excessive autophagy of ADSCs under the action
ofH2O2 caused by autophagy agonists, but the reasonwhyNrf2 protein
and Nrf2 mRNA expression levels are not inhibited is unknown.
Considering that Nrf2/p62 is a signaling pathway closely related to
oxidative stress discovered in recent years, different from the classical
signaling pathways such as Wnt and NF-kB, there is no mature
inhibitor/activator of Nrf2-p62 pathway available for selection
though ML385 have been showed to be applied in a prior study
investingating the role of Nrf2 on survival and stemness of ADSCs
(Hammad et al., 2024). With these questions, we hope to further
explore in future studies.

Through further animal experiments, we found that DEX-ADSCs
co-transplanted cellulite was superior to ADSCs group in terms of
blood supply establishment and adipose tissue quality and activity,
which was consistent with the prior study using DEX to alleviate acute
stress-induced acute kidney injury by reducing oxidative stress in rats
(Yang et al., 2024). Therefore, we hypothesized that DEX might
stimulate adipose stromal cells to secrete more vasculogenic
growth factors, thereby activating angiogenesis in transplanted
adipose tissue. However, our observation is only preliminary and
does not go deep into the molecular level to explore how DEX affects
the secretion function of ADSCs by affecting a signaling pathway,
which needs to be further studied.

Conclusion

The present study investigated the protective role of DEX on
ADSCs under oxidative stress conditions induced by H2O2,
specifically through the Nrf2/p62 pathway. DEX was shown to
enhance ADSC survival and autophagy levels, reduce apoptosis
and ROS levels. The results indicated that DEX preconditioning
helps preserve cell function and fat graft retention in vivo, facilitating
improved fat quality and vascularization in autologous fat
transplants. The findings suggested that DEX’s potential in
enhancing fat graft longevity by activating the Nrf2/p62 pathway.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Clinical
Research Ethics Committee of the First Affiliated Hospital of
Wenzhou Medical University, China. The studies were conducted
in accordance with the local legislation and institutional
requirements. The participants provided their written informed

Frontiers in Pharmacology frontiersin.org14

Li et al. 10.3389/fphar.2024.1453938

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1453938


consent to participate in this study. The animal study was approved
by the Clinical Research Ethics Committee of the First Affiliated
Hospital of Wenzhou Medical University, China. The study was
conducted in accordance with the local legislation and institutional
requirements.

Author contributions

ZL: Conceptualization, Data curation, Writing - review and
editing. QW: Conceptualization, Data curation, Formal Analysis,
Methodology, Writing - original draft. YL: Data curation, Writing -
review and editing. FY: Investigation, Methodology, Writing -
review and editing. CK: Formal Analysis, Writing - review and
editing. TL: Supervision, Writing - review and editing. LL:
Supervision, Validation, Writing - review and editing. ZC:
Supervision, Validation, Writing - review and editing.

Funding

The author(s) declare that financial support was received for
the research, authorship, and/or publication of this article. This

study was supported by the Wenzhou basic scientific research
project of Wenzhou Science and Technology Bureau (Y2023152),
the National Natural Science Foundation of China (81971850),
and the Zhejiang Provincial Medical and Health Science and
Technology Project of Zhejiang Provincial Health Commission
(2024KY1257).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

References

Baumgartner, K., Doering, M. M. E., and Toxicology Investigators Consortium
(2022). Dexmedetomidine in the treatment of toxicologic conditions: a systematic
review and review of the toxicology investigators consortium database. Clin. Toxicol.
(Phila). 60 (12), 1356–1375. doi:10.1080/15563650.2022.2138761

Borger, M., von Haefen, C., Bührer, C., and Endesfelder, S. (2023). Cardioprotective
effects of dexmedetomidine in an oxidative-stress in vitro model of neonatal rat
cardiomyocytes. Antioxidants (Basel) 12 (6), 1206. doi:10.3390/antiox12061206

Cai, Z., Li, Z., Wei, Q., Yang, F., Li, T., Ke, C., et al. (2023). MiR-24-3p regulates the
differentiation of adipose-derived stem cells toward pericytes and promotes fat grafting
vascularization. Faseb J. 37 (5), e22935. doi:10.1096/fj.202202037RR

Chen, Q. M. (2022). Nrf2 for protection against oxidant generation and
mitochondrial damage in cardiac injury. Free Radic. Biol. Med. 179, 133–143.
doi:10.1016/j.freeradbiomed.2021.12.001

Chen, Y., Bao, M., Liu, J. T., Bao, H., Zhang, S. M., Lou, Y., et al. (2022). Defective
autophagy triggered by arterial cyclic stretch promotes neointimal hyperplasia in vein
grafts via the p62/nrf2/slc7a11 signaling pathway. J. Mol. Cell. Cardiol. 173, 101–114.
doi:10.1016/j.yjmcc.2022.10.001

Ding, D., Xu, S., Zhang, H., Zhao, W., Zhang, X., Jiang, Y., et al. (2018). 3-
Methyladenine and dexmedetomidine reverse lipopolysaccharide-induced acute lung
injury through the inhibition of inflammation and autophagy. Exp. Ther. Med. 15 (4),
3516–3522. doi:10.3892/etm.2018.5832

Filomeni, G., De Zio, D., and Cecconi, F. (2015). Oxidative stress and autophagy: the
clash between damage and metabolic needs. Cell. Death Differ. 22 (3), 377–388. doi:10.
1038/cdd.2014.150

Hammad, M., Salma, R., Balosso, J., Rezvani, M., and Haghdoost, S. (2024). Role of
oxidative stress signaling, Nrf2, on survival and stemness of human adipose-derived
stem cells exposed to X-rays, protons and carbon ions. Antioxidants (Basel). 13 (9),
1035. doi:10.3390/antiox13091035

Han, Y., Guo, Y., Cui, S. W., Li, H., Shan, Y., and Wang, H. (2021). Purple Sweet
Potato Extract extends lifespan by activating autophagy pathway in male Drosophila
melanogaster. Exp. Gerontol. 144, 111190. doi:10.1016/j.exger.2020.111190

Hou, L., Li, S., Li, S., Wang, R., Zhao, M., and Liu, X. (2023). FTO inhibits oxidative
stress by mediating m6A demethylation of Nrf2 to alleviate cerebral ischemia/
reperfusion injury. J. Physiol. Biochem. 79 (1), 133–146. doi:10.1007/s13105-022-
00929-x

Hu, Y., Luo, Y., and Zheng, Y. (2022). Nrf2 pathway and autophagy crosstalk: new
insights into therapeutic strategies for ischemic cerebral vascular diseases. Antioxidants
(Basel) 11 (9), 1747. doi:10.3390/antiox11091747

Hu, Y. D., Tang, C. L., Jiang, J. Z., Lv, H. Y., Wu, Y. B., Qin, X. D., et al. (2020).
Neuroprotective effects of dexmedetomidine preconditioning on oxygen-glucose

deprivation-reoxygenation injury in PC12 cells via regulation of Ca(2+)-STIM1/
orai1 signaling. Curr. Med. Sci. 40 (4), 699–707. doi:10.1007/s11596-020-2201-5

Hussain, Y., Abdullah, A. K. F., Aschner, M., Theyab, A., Khan, F., et al. (2022).
Therapeutic role of carotenoids in blood cancer: mechanistic insights and therapeutic
potential. Nutrients 14 (9), 1949. doi:10.3390/nu14091949

Jouybar, R., Nemati, M., and Asmarian, N. (2022). Comparison of the effects of
remifentanil and dexmedetomidine on surgeon satisfaction with surgical field
visualization and intraoperative bleeding during rhinoplasty. BMC Anesthesiol. 22
(1), 24. doi:10.1186/s12871-021-01546-9

Lan, Y. J., Cheng, M. H., Ji, H. M., Bi, Y. Q., Han, Y. Y., Yang, C. Y., et al. (2023).
Melatonin ameliorates bleomycin-induced pulmonary fibrosis via activating NRF2 and
inhibiting galectin-3 expression. Acta Pharmacol. Sin. 44 (5), 1029–1037. doi:10.1038/
s41401-022-01018-x

Li, S. H.,Wu, Y. D.,Wu, Y. Y., Liao, X., Cheung, P. N.,Wan, T., et al. (2021). Autologous
fat transplantation for the treatment of abdominal wall scar adhesions after cesarean
section. J. Plast. Surg. Hand Surg. 55 (4), 210–215. doi:10.1080/2000656X.2020.1856675

Liang, J., Sun, X., Yi, L., and Lv, J. (2023). Effect of hyperbaric oxygen therapy on the
survival rate of autologous fat transplantation. Aesthetic Plast. Surg. 47 (1), 423–429.
doi:10.1007/s00266-022-03096-y

Lin, J. Y., Song, P., and Pu, L. L. Q. (2018). Management of fat necrosis after
autologous fat transplantation for breast augmentation. Plast. Reconstr. Surg. 142 (5),
665e–73e. doi:10.1097/PRS.0000000000004898

Liu, C., Mo, Z., Bi, Q., and Li, L. (2022). Clinical efficacy analysis of augmentation
mammoplasty with cell-assisted autologous fat transplantation. Aesthetic Plast. Surg. 46
(Suppl. 1), 59–60. doi:10.1007/s00266-022-02861-3

Liu, P., Cai, Y., Zhang, J., Wang, R., Li, B., Weng, Q., et al. (2021). Antifungal activity
of liquiritin in Phytophthora capsici comprises not only membrane-damage-mediated
autophagy, apoptosis, and Ca(2+) reduction but also an induced defense responses in
pepper. Ecotoxicol. Environ. Saf. 209, 111813. doi:10.1016/j.ecoenv.2020.111813

Lorzadeh, S., Kohan, L., Ghavami, S., and Azarpira, N. (2021). Autophagy and the
Wnt signaling pathway: a focus on Wnt/β-catenin signaling. Biochim. Biophys. Acta
Mol. Cell. Res. 1868 (3), 118926. doi:10.1016/j.bbamcr.2020.118926

Miller, A. G., Heath, T., and Rotta, A. T. (2022). Dexmedetomidine: a means to an end
or just delaying the inevitable? Respir. Care 67 (3), 377–380. doi:10.4187/respcare.09954

Pantelis, P., Theocharous, G., Lagopati, N., Veroutis, D., Thanos, D. F., Lampoglou, G.
P., et al. (2023). The dual role of oxidative-stress-induced autophagy in cellular
senescence: comprehension and therapeutic approaches. Antioxidants (Basel) 12 (1),
169. doi:10.3390/antiox12010169

Profumo, E., Maggi, E., Arese, M., Di Cristofano, C., Salvati, B., Saso, L., et al. (2022).
Neuropeptide Y promotes human M2 macrophage polarization and enhances p62/

Frontiers in Pharmacology frontiersin.org15

Li et al. 10.3389/fphar.2024.1453938

https://doi.org/10.1080/15563650.2022.2138761
https://doi.org/10.3390/antiox12061206
https://doi.org/10.1096/fj.202202037RR
https://doi.org/10.1016/j.freeradbiomed.2021.12.001
https://doi.org/10.1016/j.yjmcc.2022.10.001
https://doi.org/10.3892/etm.2018.5832
https://doi.org/10.1038/cdd.2014.150
https://doi.org/10.1038/cdd.2014.150
https://doi.org/10.3390/antiox13091035
https://doi.org/10.1016/j.exger.2020.111190
https://doi.org/10.1007/s13105-022-00929-x
https://doi.org/10.1007/s13105-022-00929-x
https://doi.org/10.3390/antiox11091747
https://doi.org/10.1007/s11596-020-2201-5
https://doi.org/10.3390/nu14091949
https://doi.org/10.1186/s12871-021-01546-9
https://doi.org/10.1038/s41401-022-01018-x
https://doi.org/10.1038/s41401-022-01018-x
https://doi.org/10.1080/2000656X.2020.1856675
https://doi.org/10.1007/s00266-022-03096-y
https://doi.org/10.1097/PRS.0000000000004898
https://doi.org/10.1007/s00266-022-02861-3
https://doi.org/10.1016/j.ecoenv.2020.111813
https://doi.org/10.1016/j.bbamcr.2020.118926
https://doi.org/10.4187/respcare.09954
https://doi.org/10.3390/antiox12010169
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1453938


SQSTM1-dependent autophagy and NRF2 activation. Int. J. Mol. Sci. 23 (21), 13009.
doi:10.3390/ijms232113009

Riley, B. E., Kaiser, S. E., and Kopito, R. R. (2011). Autophagy inhibition engages Nrf2-
p62 Ub-associated signaling. Autophagy 7 (3), 338–340. doi:10.4161/auto.7.3.14780

Schneider, I., Calcagni, M., and Buschmann, J. (2023). Adipose-derived stem cells
applied in skin diseases, wound healing and skin defects: a review. Cytotherapy 25 (2),
105–119. doi:10.1016/j.jcyt.2022.08.005

Sun, Y., Liu, J., Xin, L., Wen, J., Zhou, Q., Chen, X., et al. (2023). Xinfeng capsule
inhibits inflammation and oxidative stress in rheumatoid arthritis by up-regulating
LINC00638 and activating Nrf2/HO-1 pathway. J. Ethnopharmacol. 301, 115839.
doi:10.1016/j.jep.2022.115839

Taha, S., Akova, E., Saller, M. M., Giunta, R. E., and Haas-Lützenberger, E. M. (2022).
Early transcriptional changes of adipose-derived stem cells (ADSCs) in cell culture.
Med. Kaunas. 58 (9), 1249. doi:10.3390/medicina58091249

Teng, S., Zhang, Y., Jin, X., Zhu, Y., Li, L., Huang, X., et al. (2023). Structure and
hepatoprotective activity of Usp10/NF-κB/Nrf2 pathway-related Morchella esculenta
polysaccharide. Carbohydr. Polym. 303, 120453. doi:10.1016/j.carbpol.2022.120453

Wolfe, S. A. (2022). Invited discussion on: oral and maxillofacial autologous fat
transplantation: history, clinical application status and research progress. Aesthetic
Plast. Surg. 46 (1), 308–309. doi:10.1007/s00266-021-02484-0

Wu, Y., Hu, F., Li, X., and Yin, G. (2021). Autologous fat transplantation for aesthetic
breast augmentation: a systematic review and meta-analysis. Aesthet. Surg. J. 41 (6),
Np402–NP429. doi:10.1093/asj/sjaa364

Xiao, Y., Li, J., Qiu, L., Jiang, C., Huang, Y., Liu, J., et al. (2021). Dexmedetomidine
protects human cardiomyocytes against ischemia-reperfusion injury through α2-
adrenergic receptor/AMPK-dependent autophagy. Front. Pharmacol. 12, 615424.
doi:10.3389/fphar.2021.615424

Yang, H., Zhao, Y., Chen, Y., Yang, T., Dou, X., Li, J., et al. (2024). Dexmedetomidine
alleviates acute stress-induced acute kidney injury by attenuating inflammation and
oxidative stress via inhibiting the P2X(7)R/NF-κB/NLRP3 pathway in rats.
Inflammation. doi:10.1007/s10753-024-02065-8

Yu, X., He, Y., Chen, Z., Qian, Y., Wang, J., Ji, Z., et al. (2019). Autologous
decellularized extracellular matrix protects against H(2)O(2)-induced senescence
and aging in adipose-derived stem cells and stimulates proliferation in vitro. Biosci.
Rep. 39 (5). doi:10.1042/BSR20182137

Zhou, B. Y., Yang, J., Luo, R. R., Sun, Y. L., Zhang, H. T., Yang, A. X., et al. (2023).
Dexmedetomidine alleviates ischemia/reperfusion-associated acute kidney injury by
enhancing autophagic activity via the α2-AR/AMPK/mTOR pathway. Front. Biosci.
Landmark Ed. 28 (12), 323. doi:10.31083/j.fbl2812323

Zhou, Y., Yan, M., Pan, R., Wang, Z., Tao, X., Li, C., et al. (2021). Radix Polygalae
extract exerts antidepressant effects in behavioral despair mice and chronic restraint
stress-induced rats probably by promoting autophagy and inhibiting
neuroinflammation. J. Ethnopharmacol. 265, 113317. doi:10.1016/j.jep.2020.113317

Zhuang, J., Nie, G., Hu, R., Wang, C., Xing, C., Li, G., et al. (2021). Inhibition of
autophagy aggravates molybdenum-induced mitochondrial dysfunction by aggravating
oxidative stress in duck renal tubular epithelial cells. Ecotoxicol. Environ. Saf. 209,
111771. doi:10.1016/j.ecoenv.2020.111771

Frontiers in Pharmacology frontiersin.org16

Li et al. 10.3389/fphar.2024.1453938

https://doi.org/10.3390/ijms232113009
https://doi.org/10.4161/auto.7.3.14780
https://doi.org/10.1016/j.jcyt.2022.08.005
https://doi.org/10.1016/j.jep.2022.115839
https://doi.org/10.3390/medicina58091249
https://doi.org/10.1016/j.carbpol.2022.120453
https://doi.org/10.1007/s00266-021-02484-0
https://doi.org/10.1093/asj/sjaa364
https://doi.org/10.3389/fphar.2021.615424
https://doi.org/10.1007/s10753-024-02065-8
https://doi.org/10.1042/BSR20182137
https://doi.org/10.31083/j.fbl2812323
https://doi.org/10.1016/j.jep.2020.113317
https://doi.org/10.1016/j.ecoenv.2020.111771
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1453938

	Dexmedetomidine regulates the anti-oxidation and autophagy of adipose-derived stromal cells under H2O2-induced oxidative st ...
	Introduction
	Methods
	Isolation and culture
	Characterization and the trilineage differentiation of ADSCs
	Osteogenic differentiation
	Adipogenic differentiation
	Chondrogenic differentiation
	Cell counting kit-8 test
	Drug treatment
	Flow cytometry analysis
	Enzyme-linked immunosorbent assay (ELISA)
	Western blot
	Real-time quantitative PCR
	Immunofluorescence staining of cells
	In vivo autologous fat transplantation
	Graft weight measurements
	Histology analysis
	Statistical analysis

	Results
	Characterization of ADSCs
	DEX improved the cell activity of ADSCs exposed to H2O2
	DEX could significantly increase the content of antioxidant enzymes in ADSCs under oxidative stress model
	DEX could significantly reduce the ROS fluorescence intensity of ADSCs under oxidative stress model
	DEX can significantly reduce the apoptotic ratio of ADSCs under oxidative stress model
	Effect of DEX on Nrf2, LC3II/I and p62 protein expression in ADSCs under oxidative stress model
	Effect of DEX on Nrf2, p62 mRNA expression in adipose stromal cells under oxidative stress model
	DEX regulates fat grafting survival
	Effect of DEX on functional status of adipose tissue after transplantation
	Effect of co-transplantation of ADSCs and DEX-ADSCs on angiogenesis of transplanted cellulite

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


