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Objective: Human adipose-derived mesenchymal stem cells (ADSCs) have the potential to 
be applied to solid organ treatments. However, tissue regeneration is limited by the death of 
transplanted cells. Ischemia is the main cause of the poor outcome. This study aimed to 
investigate the effect of berberine (BBR) on ADSCs after fat grafting.
Methods: The antioxidant BBR on apoptosis and autophagy of ADSCs in vitro ischemia 
model was induced by hypoxia and serum deprivation (HY/SD). The autophagy promoter 
rapamycin and autophagy inhibitor 3-MA were incubated separately to investigate the cross-
talk between autophagy and apoptosis. Pathway inhibitors further verified whether the 
autophagy and apoptosis were regulated by AMPK/mTor signaling pathway. Fat survival, 
fibrosis, level of inflammatory cell infiltration, and the effect of angiogenesis after BBR 
treatment were observed in vivo.
Results: BBR could reduce ROS production and reverse the decreasing cell survival rate. 
HY/SD would induce apoptosis and autophagy in ADSCs, and BBR could alleviate these 
processes. After interfering with the level of autophagy, we also proved that apoptosis was 
regulated by autophagy and changed accordingly. The results also indicated that BBR could 
protect against autophagy and apoptosis of ADSCs through AMPK/mTor pathway. The 
treated human-derived adipose tissue was transplanted into BALB/c nude mice, and with 
the intervention of BBR, the fat grafting had a higher survival rate, lower inflammatory cell 
infiltration and fibrosis level.
Conclusion: Our present study revealed that BBR was a promising anti-autophagy and 
apoptosis agent for improving the survival rate of ADSCs during cell transplantation.
Keywords: adipose derived mesenchymal stem cells, berberine, autophagy, apoptosis, fat 
grafting

Introduction
Mesenchymal stem cell (MSC) is one of the most promising progenitor cells, due to 
its biological diversity, including the characteristic ability for proliferation, differ-
entiation, and self-renewal and can be transplanted in large quantities, which have 
broad application prospects.1,2 MSCs provide support for wound healing and 
regeneration of damaged tissues or organs, indicating that MSCs have the ability 
to promote differentiation and activate endothelial cells. MSCs could be isolated 
from different systems, including adipose tissue. Autologous fat has been widely 
used in plastic surgery from its rich sources, convenient access and non- 
immunogenicity.3 However, due to the low survival rate of adipocytes, fat grafting 
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does not always achieve the expected effect, and tissue 
microenvironment ischemia is the major sticking point.4 

Therefore, it is an urgent issue to improve the survival rate 
of adipocytes in the ischemic transplant position.

Research has confirmed that multiple elements, including 
apoptosis and autophagy, would lead to ADSCs death in an 
adverse environment of transplantation location.5 The pro-
cesses of apoptosis and autophagy are regulated by intrinsic 
genes, which control cell fate and play vital roles in ontogeny 
and various diseases.6 Previous studies have shown that 
although the regulatory mechanisms between apoptosis and 
autophagy are different, some factors would regulate both.7 

Under conditions of starvation and nutrient deficiency, autop-
hagy is activated to generate metabolic intermediates to 
maintain ATP production and regulated by a variety of meta-
bolites, including the ATP/ADP ratio and acetyl-CoA. 
Nutritional deficiency will affect the activity of various 
acetyltransferases.8 AMPK is a kinase allosterically activated 
by AMP and plays a vital role in the regulation of autophagy. 
Energy levels in the form of ADP/ATP ratios trigger autop-
hagy by activating AMPK.9 It has recently been proposed 
that in addition to maintaining cell ATP homeostasis and 
regulating metabolism, AMPK is also involved in the regula-
tion of cell apoptosis or survival under stress conditions.10 

However, whether it is a pro-apoptotic molecule or a pro- 
survival molecule is currently unclear. In fact, the internal 
environment, duration of signal cascade activation and cell 
type determine the role of AMPK and complicate its regula-
tion of apoptosis among which AMPK-mTorc1 pathway is 
one of the most important metabolic checkpoints controlling 
cell death.11 In this sense, the activation of mTorc1 by AMPK 
could limit protein translation and reduce the number of 
short-lived anti-apoptotic proteins, and cells are more sensi-
tive to mitochondrial apoptosis.12,13 Studies have shown that 
in the early stage of fat grafting, about 20% of adipocytes 
undergo apoptosis.14,15 Therefore, it is of great significance 
to improve ADSCs survival rate after fat grafting, and 
patients will avoid repeated operations.

Berberine ([C20H18NO4] +, BBR) is a natural isoquinoline 
alkaloid with a long history, which can be isolated from multi-
ple herbal substances, such as Coptis and Phellodendron. BBR 
exerts multiple pharmacological effects on specific enzymes 
and receptors, including anti-cancer, antibacterial and low- 
density lipoprotein (LDL) reduction.16–18 The latest research 
has shown that BBR exhibits antioxidant effects on smooth 
muscle and mesangial cells.19,20

In previous studies, some antioxidants appear to 
improve fat survival rate; however, the effect of BBR on 

fat survival has not been reported before.5,21,22 In our 
research, for the first time, we established an in vitro 
HY/SD ischemia model to investigate the effect of BBR 
on ADSCs apoptosis and autophagy, and further con-
structed in vivo models to confirm the function of BBR 
on transplanted adipose tissues. This research provides 
a new strategy for improving the survival of fat transplan-
tation and may be applied in future clinical practice.

Materials and Methods
Isolation and Culture of Human Adipose 
Derived Mesenchymal Stem Cells
ADSCs were isolated from 3 liposuction patients at the 
Second Affiliated Hospital of Harbin Medical University. 
The obtained adipose tissue was washed with PBS, removed 
fiber composition, and then immersed in 0.2% collagenase 
solution (Sigma, St. Louis, MO, USA) at 37°C vibrating for 
30 min. After digestive termination, the cell solution was 
centrifuged at 1000 rpm for 10 min. Filtered with a 75-μm 
filter mesh, then centrifuging at 1000 rpm for 5 min. Isolated 
ADSCs were cultured by a fresh complete medium DMEM/ 
F12 containing 10% fetal bovine serum (FBS, BD 
Biosciences). The cells were placed into a petri dish and 
incubated in 37°C humidified incubator with 5% CO2. After 
24 h, we removed the non-adherent cells and cultured ADSCs 
routinely.23 The cells were subcultured when 80–90% conflu-
ence occurred in 5–7 days and the 3–5 generations were used 
for subsequent experiments. The study protocol was approved 
by the Ethics Committee of the Second Affiliated Hospital of 
Harbin Medical University, and samples were obtained with 
informed consent. We confirmed that all methods were per-
formed in accordance with the relevant guidelines and 
regulations.

Establishment of Vitro ADSCs Hypoxia 
Model and Drug Treatment
In HY/SD group, increasing concentrations of BBR were 
preincubated with ADSCs for 1 h in DMEM/F12 (10% 
FBS). Cells were washed with PBS and exposed to hypoxia 
conditions (5% CO2 and 95% N2) provided by an air-tight 
modular incubator chamber (Billups-Rothenberg Inc., Del 
Mar, CA, USA) with a serum-free medium for 24 h. In the 
control group, the cells were cultured in a complete medium at 
37°C/5% CO2 for 24 h. To administer the level of autophagy in 
ADSCs, 3-Methyladenine (3MA, 5 mM, MCE) and rapamy-
cin (100 nM; MCE) were used, respectively.24 Moreover, 
compound C (10 μM, MCE), the AMPK inhibitor, was 
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added to further explore the molecular mechanism of autop-
hagy and apoptosis in ADSCs.

Cell Viability Assay
Cell count kit-8 (CCK8) assay (Beyotime, Shanghai, China) 
was utilized to detect cell viability. The cells were pretreated 
with different concentrations of BBR (0, 1, 2, 4, 8, 16, 32 and 
64 μM) in complete medium for 1 h, then incubated with 
serum-free medium under hypoxia conditions for 24 
h. Added 10 μL CCK8 reagent to each well and cultured at 
37°C for 2 h, then measured the absorbance at 450 nm using 
a multiplate reader (BioTek, CA, USA).25

Detection of ROS Generation
Once entered into a cell, the fluorescent probe 2´,7΄- 
dichlorodihydrofluorescein diacetate (DCFH-DA) would 
be hydrolyzed into DCFH, which ulteriorly be oxidized 
to fluorescent DCF by intracellular reactive oxygen spe-
cies (ROS). The medium was replaced with 1 mL DCFH- 
DA (Beyotime, Shanghai, China) reagent and incubated at 
37°C for 20 min, washing 3 times with a serum-free 
medium to remove the DCFH-DA completely. The stain-
ing results were observed with a fluorescence 
microscope.26

Mitochondrial Membrane Potential Test
JC-1 is an ideal fluorescent probe for the detection of 
mitochondrial membrane potential (ΔΨm) whose accumu-
lation in different locations would cause a transition 
between red fluorescence and green fluorescence, indicat-
ing the level of early apoptosis. ADSCs were treated under 
HY/SD conditions for 24 h. After washing once with PBS, 
2 mL thoroughly mixed mixture of JC-1 working solution 
(Beyotime, Shanghai, China) and fresh culture solution 
was added to each well. Incubating at 37°C for 20 min, 
then rinsed twice with JC-1 staining buffer (1x), followed 
by dropping 2 mL cell culture medium to each well. The 
staining results were observed with a fluorescence 
microscope.26

Terminal Uridine Nick 3ʹ-End Labelling
During apoptosis, DNA would be degraded, producing 
low-molecular-weight double-stranded DNA fragments 
and high-molecular-weight DNA single-stranded nicks. 
DNA fragmentation was labeled with terminal deoxy-
nucleotide transferase (TDT) and detected by the fab 
fragment of sheep anti-fluorescein antibody combined 

with horseradish peroxidase (POD). After HY/SD 
treatment, the cells were fixed with 4% paraformalde-
hyde at room temperature for 1 h and incubated 
with a blocking solution for 10 min, then treated 
with 0.1% Triton X-100 for 2 min on ice. Added 50 
μL terminal uridine 3 ‘terminal labeling (Tunel) reac-
tion mixture (Roche, Switzerland) to the dried samples 
and incubated at 37°C for 60 min in the dark. The 
staining results were observed and recorded 
under a fluorescence microscope (DMi8-M, Leica 
Microsystems, Wetzlar, Germany).27

Western Blot Assay
The soluble protein was prepared in RIPA lysis buffer 
(Beyotime, China) added with 1% phenylmethanesulfonyl 
fluoride (PMSF) (Beyotime, China). Equivalent protein 
(20–50 μg) was subjected to SDS-PAGE and transferred 
to electrophoretically PVDF membranes. After being 
immersed in blocking buffer (EpiZyme, China) at room 
temperature for 10 min, the membranes were incubated 
with specific primary rabbit antibodies at 4°C overnight. 
This is followed by incubating with secondary antibodies 
(1:5000, Beyotime, China) at room temperature for 1 
h. Then, the antigen–antibody complex was detected by 
enhanced chemiluminescence (ECL) reagent. GAPDH and 
β-actin were used as loading controls.28 The primary anti-
bodies were used as follows: GAPDH (1:5000, Abcam, 
UK), β-actin (1:5000, Abcam, UK), Bcl-2 (1:2000, 
Abcam, UK), Bax (1:3000, Abcam, UK), Beclin-1 
(1:1000, CST, USA), LC3 (1:1000, CST, USA), P62 
(1:1000, CST, USA), AMPK (1:1000, Waneibio, China), 
phospho-AMPK (1:1000, Waneibio, China), mTor (1:500, 
Waneibio, China), phospho-mTor (1:500, Waneibio, 
China).

Immunofluorescence Staining Assay
The ADSCs were seeded in a glass dish and prepared for 
the experiment. The cell was washed with phosphate buf-
fered saline (PBS) and fixed with 4% paraformaldehyde at 
room temperature for 15 min. Then, the 0.5% Triton 
X-100 was used to permeate ADSCs membranes for 20 
min. After goat serum was blocked at 37°C for 30 min, the 
cells were soaked with LC3 antibody (1:200, CST, USA) 
at 4°C overnight, followed by incubated with fluorescent 
secondary antibody at 37°C for 1 h. 4ʹ,6-Diamidine-2ʹ- 
phenylindole dihydrochloride (DAPI, C1002, Beyotime) 
was used to stain the cell nucleus. The 
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immunofluorescence photographs were captured by 
a confocal microscope (Olympus FV1000, Japan).29

Establishment of Animal Models
Animal models were established based on institutional pro-
tocols and approved by the Animal Ethics Committee of the 
Second Affiliated of Harbin Medical University 
(SYDW2021-093) and conducted in accordance with the 
Measures for the Administration of Laboratory Animals at 
Harbin Medical University. For vivo experiments, twenty 
females, six to eight-week-old BALB/c nude mice 
(Weitong Lihua Laboratory Animal Technology Co., Ltd., 
Beijing) were used. According to our previous study, 4 μM 
BBR was prepared for animal experiments. Fat processing 
method is in accordance with the Coleman procedure.30–32 

Adipose tissue was obtained from the abdomen or thighs of 
healthy female patients undergoing liposuction operation, 
and all patients signed an informed consent form. Luer-Lok 
is a converter to connect 5 mL syringes. After 30 passes, the 
granular fat gradually becomes an emulsion. The emulsified 
nanofat was placed in a sterile gauze to filter out excess 
water. Took out a part of the nanofat and soaked in 4 μM 
BBR solution at 37°C for 10 min then transferred it into 1 mL 
syringes through the converter. The mice were randomly 
divided into the control group and the BBR treatment 
group. Each injection point was injected with 200 μL nano-
fat. Calculated the volume and weight of fat grafting. The 
two groups were injected with 0.9% NaCl solution and BBR 
solution subcutaneously in the recipient area from the 
first day after surgery for 7 days. To observe the survival 
status of fat grafting, mice were sacrificed at 14 and 28 days.

Hematoxylin-and-Eosin-Stained and 
Immunohistochemical Analysis
The adipose tissue was fixed with 4% paraformaldehyde 
solution, then embedded in paraffin and cut into 4 μm sec-
tions. Hematoxylin eosin staining was performed to observe 
levels of adipose tissue fibrosis and inflammatory infiltration. 
The rabbit anti-perilipin antibody (1:200, CST, USA) and 
anti-CD31 antibody (1:200, Affinity, USA) were used for 
immunohistochemical staining to assess adipocytes survival 
rate and angiogenesis, respectively. Taken pictures under an 
optical microscope.

Statistical Analysis
All data were analyzed with SPSS version 19.0 software 
(IBM Corp., Armonk, NY, USA) or GraphPad Prism 7.0 

software and presented as mean ± SD. Comparison between 
groups was assessed using two-tailed paired or non-paired 
Student’s t test. P-value less than 0.05 (P < 0.05) was 
considered to indicate a significant difference.

Results
Characterization of ADSCs
ADSCs were separated from human adipose tissue and 
gradually adhered to culture-coated plates with 
a complete medium. The adherent cells were morphologi-
cally defined by a fibroblast-like appearance in spindle 
shape at third passage and grew vigorously.33 The growth 
curve of separated ADSCs was S-shaped. Characterization 
by flow cytometric analysis indicated that most separated 
cells were positive for CD90, CD105 and negative for 
CD34, CD14 (Figure 1A).

BBR Reversed the Decrease in Cell 
Survival Rate Caused by HY/SD
CCK8 assay was used to determine the cell viability of 
ADSCs in HY/SD conditions. BBR treatment alone had no 
impact on normoxia ADSCs. Compared with the normoxia 
group, cell viability decreased significantly in HY/SD 
conditions, and the cell survival rate increased after BBR 
treatment. The highest cell viability was obtained when the 
concentration of BBR reached 4 μM (Figure 1B). 
Therefore, we chose 4 μM to perform all subsequent 
experiments.

BBR Reduced ROS Production Under 
HY/SD Conditions
ROS is a key component of the pro-apoptotic signaling 
cascade, which also plays a vital role in cell survival. The 
results demonstrated that HY/SD obviously promoted the 
generation of ROS in ADSCs, while BBR significantly 
inhibited the process (Figure 1C). These data illustrated 
that BBR would provide protection by reducing the pro-
duction of ROS.

The Effect of BBR on Cell Apoptosis and 
Autophagy
To investigate the effect of BBR on ADSCs apoptosis 
and under HY/SD conditions, ΔΨm was used to detect 
the anti-apoptotic effect of BBR on ADSCs. Compared 
with the control group, HY/SD caused a significant 
increase in cell apoptosis, while BBR treatment could 
significantly reduce this effect (Figure 1D). In order to 
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Figure 1 Berberine can alleviate the decrease in cell survival rate induced by HY/SD and reduce the production of ROS and ΔΨm. (A) Flow cytometric analysis of surface antigen 
expression on ADSCs. ADSCs expressed CD90, CD105 and negative for CD34 and CD14. (B) The ADSCs viability was determined by CCK-8 assay and detected at 24 h after 
incubation under HY/SD conditions and treated with different doses of BBR. (C) The production of mitochondrial ROS in treated ADSCs (Scale Bar = 25 μm). (D) ΔΨm was 
detected by fluorescence microscopy (Scale Bar = 25 μm). Data were mean ± SEM (n = 3). (***P < 0.001; ****P < 0.0001 vs control, ##P < 0.01; ###P < 0.001 vs HY/SD).
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confirm the anti-apoptotic impact of BBR, we conducted 
a Western blot experiment. After HY/SD for 24 h, results 
showed that the expression of Bcl-2 was decreased, 
while the expression of pro-apoptotic protein Bax 
increased, suggesting that the apoptosis process of 

ADSCs was initiated. Meanwhile, after pretreatment 
with 4 μM BBR for 1 h, the expression of Bcl-2 
increased and Bax decreased, indicating that cell apop-
tosis was alleviated by BBR (Figure 2A). The above 
conclusion indicated that BBR would play an anti- 

Figure 2 BBR can reverse apoptosis and autophagy induced by HY/SD. (A) The expression of apoptosis and autophagy-related proteins was detected by Western blotting. 
GAPDH served as a control. (B) The apoptosis was detected by using Tunel test (Scale Bar = 25 μm). (C) LC3 immunofluorescence staining on ADSCs (Scale Bar = 5 μm). 
Data were mean ± SEM (n = 3). (**p < 0.01; ***p < 0.001; ****P < 0.0001 vs Control. #P < 0.05; ##P < 0.01; ###P < 0.001 vs HY/SD).
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apoptotic role in ADSCs in an ischemic environment. 
Similar conclusions were also observed in the Tunel 
experiment (Figure 2B).

To further investigate the effect of BBR on autophagy 
in an ischemic environment, we tested the expression of 
autophagy markers in ADSCs. As shown in the LC3 
immunofluorescence images, autophagy flux was moni-
tored by analyzing green fluorescence signals. Under 
HY/SD conditions, the number of green puncta signifi-
cantly increased, suggesting a conversation between 
LC3A and LC3B. However, after BBR treatment, the 
number of green puncta in ADSCs is significantly reduced 
(Figure 2C). Western blot analysis also supported the 
above conclusions. HY/SD could induce the expression 
level of LC3B/A, Beclin-1 and decrease P62 expression. 
However, after BBR addition, the protein expression level 
of LC3B/A and Beclin-1 declined, and P62 raised 
(Figure 2A). In general, HY/SD would induce apoptosis 
and autophagy in ADSCs and BBR could alleviate these 
processes.

Autophagy Contributed to the Apoptosis 
of ADSCs Induced by HY/SD Conditions
Our studies have shown that under HY/SD conditions, 
BBR attenuates the autophagy and apoptosis of ADSCs. 
However, it is unclear whether a crosstalk existed 
between apoptosis and autophagy. The autophagy promo-
ter rapamycin and autophagy inhibitor 3-MA were incu-
bated separately, followed by BBR treatment for 2 
h before hypoxia. Western blot assay showed that under 
rapamycin and 3-MA intervention, the autophagy level 
changed accordingly. 3-MA reduced the expressions of 
LC3B/A and Beclin-1, whereas increased the P62 expres-
sion. The opposite result was obtained under the action of 
rapamycin, the expression of LC3B/A, Beclin-1 increased 
and P62 declined (Figure 3A). LC3 immunofluorescence 
results showed 3-MA could block the formation of LC3 
induced by hypoxia, while rapamycin would aggravate 
LC3 production (Figure 3B). In conclusion, rapamycin 
and 3-MA could regulate the autophagy level of ADSCs 
in an HY/SD environment.

Our research also proved that under the regulation 
of autophagy promoter and inhibitor, the level of apop-
tosis is altered accordingly. Compared with HY/SD 
+BBR group, 3-MA inhibited Bax and promoted the 
expression of Bcl-2, rapamycin elevated Bax and 
reduced Bcl-2 expression (Figure 3C). In addition, 

after 3-MA treatment, the number of Tunel positive 
cells was lower than that of the group without 3-MA 
treatment, which is subsequently aggravated by rapa-
mycin (Figure 3D). In summary, autophagy promoted 
the apoptosis of ADSCs induced by HY/SD after BBR 
treatment.

BBR Regulated Autophagy and Apoptosis 
by AMPK/mTOR Pathway
To investigate the potential mechanism of ADSCs induced 
by HY/SD, Western blot assay was conducted. The results 
indicated that hypoxic stress could activate AMPK/mTor 
signaling pathway. Compared with the normoxic group, 
phospho-AMPK (p-AMPK) expression increased and 
phospho-mTor (p-mTor) expression decreased after star-
ving ADSCs. Conversely, the situation changed after BBR 
incubation (Figure 4A).

To further verify AMPK/mTor signal pathway whether 
regulated autophagy and apoptosis, we used rapamycin and 
compound C as mTor and AMPK inhibitors, respectively. 
ADSCs were pretreated with rapamycin or compound C, 
then incubated with BBR for 2 h followed by hypoxia for 24 
h. Western blot results revealed that compound C reduced the 
expression of p-AMPK and promoted p-mTor expression. 
Rapamycin inhibited the expression of p-mTor. However, it 
does not affect p-AMPK (Figure 4B). These results indicated 
that rapamycin and compound C could suppress the expression 
of p-mTor and p-AMPK. According to the results of LC3 
immunofluorescence, Tunel assay and Western blot, we proved 
that rapamycin could enhance the apoptosis and autophagy 
activity of ADSCs under HY/SD conditions, while compound 
C attenuated both of the above activities (Figure 4C-F). Taken 
together, these experimental data demonstrated that under HY/ 
SD conditions, the AMPK/mTor pathway had an effect on 
autophagy and apoptosis of ADSCs, and BBR played a role 
through this pathway.

Volume and Weights of the Fat Grafting
The injection sites we chose for fat grafting were the neck 
and the back of mice (Figure 5). There were no significant 
differences in injection volume and weight between the 
groups. The fat absorption rate of the neck receptor was 
higher than that of the back, which might be due to the 
neck receptor being more active than the back one 
(Figure 6). The results showed that the fat volume and 
weight of the BBR group was greater than the control 
group after surgery (Table 1).
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Histological Results
Based on the results of histological hematoxylin eosin stain-
ing, compared with the control group, a lower level of fibrosis 

was observed in the BBR group. After surgery, BBR injection 
can significantly reduce fibrosis degree and improve fat survi-
val. Beyond that, we concluded that the inflammatory cell 

Figure 3 Apoptosis of ADSCs induced by HY/SD conditions can be affected by autophagy. (A) Western blot assay of autophagy related proteins expression in ADSCs 
incubated with rapamycin and 3-MA separately, followed by BBR pretreatment for 2 h before hypoxia. β-actin served as a control. (B) LC3 immunofluorescence in ADSCs 
for different processing groups (Scale Bar = 5 μm). (C) Western blot assay of Bax and Bcl-2 expression in ADSCs for different processing groups. β-actin served as a control. 
(D) Tunel assay in different treatment ADSCs groups. Data were mean ± SEM (n = 3). (**P < 0.01; ***P < 0.001; ****P < 0.0001 vs HY/SD+BBR group).
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Figure 4 Under HY/SD conditions, BBR regulate autophagy and apoptosis of ADSCs through the AMPK/mTor pathway. (A) The expression of p-APMK and p-mTor 
under HY/SD conditions. β-actin served as a control. (B) The expression of p-APMK and p-mTor in ADSCs incubated with the rapamycin and compound C. β-actin 
served as a control. (C) Tunel assay in different treatment ADSCs groups (Scale Bar = 25 μm). (D and E) The expression of apoptosis and autophagy-related proteins 
in ADSCs for different processing groups. β-actin served as a control. (F) LC3 immunofluorescence in different treatment ADSCs groups. (Scale Bar = 5 μm). Data 
were mean ± SEM (n = 3). (*P < 0.05; **P < 0.01; ***P < 0.001 vs HY/SD+BBR group).
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infiltration and the degree of fibrosis in the BBR group were 
lower than those in the control group (Figure 7A).

Survival Rate of Fat Tissue and 
Angiogenesis
Perilipin staining results showed that the survival rate of 
adipocytes in the BBR group was higher than that in the 
control group. The adipocytes were intact, with less 
inflammatory cell infiltration and a low degree of tissue 
fibrosis (Figure 7B). CD31 staining was used to evaluate 
the degree of angiogenesis (Figure 8). In the control group, 
obvious fat liquefaction and vacuoles were observed at 
POD14, and no mature angiogenesis was detected. 
However, in the BBR group, blood vessels were obvious. 
At POD28, compared with the control group, blood ves-
sels survived around mature adipocytes with low fibrosis 
after BBR injection.

Discussion
BBR is an isoquinoline alkaloid that exists in multiple plants, 
such as coptis, berberis, phellodendron and turmeric. 
According to “Shen Nong Chinese Herbal Medicine”, about 
2000 years ago, coptis have been used to treat certain diseases, 
including abdominal distension, diarrhea, vomiting, and irrit-
ability. Recent studies have re-evaluated the biological func-
tions of BBR, confirming that it can regulate cell cycles and 
autophagy, thereby inhibiting tumor cell proliferation and pro-
moting apoptosis.34–38 BBR can also reduce the proliferation 

of helicobacter pylori to protect the gastric mucosal 
membrane,39 affect the hemodynamics of cardiovascular sys-
tem, lower blood pressure and improve the prognosis of 
arrhythmias caused by myocardial ischemia.40,41 In addition, 
BBR promoted the recruitment and activation of brown adi-
pose tissue, inhibiting the progression of inflammation and 
fibrosis.42,43 In order to further explore the effect of BBR on 
ADSCs under nutrient deficient conditions, we established 
ischemia model in vitro, confirmed the activity of ADSCs 
was obviously inhibited under the condition of nutrient defi-
ciency, demonstrated that hypoxia and serum-free conditions 
would induce ADSCs apoptosis and autophagy, and proved 
that BBR could protect against ischemia mediated injury by 
alleviating above situations.

There is a complex interactive regulation between 
autophagy and apoptosis, which share multiple regulatory 
molecules, be activated by the same stress stimuli, and 
even coordinate transformation with each other. 
Comprehensive and in-depth research of the interaction 
mechanism between autophagy and apoptosis will bring 
breakthrough progress in the cognition and clinical appli-
cation of cell transplantation.44 Hypoxic and ischemia 
would cause excessive ROS production, even cell 
apoptosis.45–47 Remarkably, ROS increase caused by cat-
alase degradation is one of the autophagy characteristics.48 

Our research proved that under HY/SD situation, there 
was a crosstalk between ADSCs apoptosis and autophagy, 
which would be adjusted by BBR through AMPK/mTor 

Figure 5 The human derived fat tissue was prepared for experiment in vivo.
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signaling pathway. AMPK is widely expressed in eukar-
yotic cells. Under nutrient deficiency and physical stimu-
lation, it is activated to regulate the catabolic process and 
maintain the balance of the intracellular environment.49 In 
this process, activated AMPK directly phosphorylates 
TSC2 and RAPTOR to block mTor activation, inhibiting 
the mTor protein kinase complex, and thereby adjusting 
autophagy activity.50 Indeed, our research confirmed this 
point. HY/SD conditions induced the upregulation of 
p-AMPK and inhibited p-mTor expression, while BBR 
could inhibit this process.

Previous studies have elucidated the mechanism of fat 
grafting survival and proposed two theories.51,52 Peer demon-
strated that the key point of survival rate was to establish early 

blood circulation. Another concept is the Graft Replacement 
Theory, whose theoretical support relies on ADSCs. After 
grafting, adipose tissue in the recipient area was divided into 
three zones: surviving zone, regenerating zone and necrotic 
zone. ADSCs were located in the fat regeneration zone, which 
activate and regenerate adipocytes. Tonnard confirmed that 
adipocytes would no longer survive after fat emulsification; 
however, the activities of ADSCs and vascular matrix compo-
nents were comparable to standard liposuction techniques.53 

In the case of insufficient blood supply, ADSCs become the 
main growth point of fat grafting when all adipocytes undergo 
degenerative changes and are prone to death. Therefore, 
improving the survival rate of ADSCs is critical to the ultimate 
effect of fat grafting. In 2018, Ghorbani A placed ADSCs in 

Figure 6 Anatomy of fat grafting site after operation.
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glucose and serum deprivation (GSD) conditions to induce 
cell death, suggesting that GSD conditions significantly 
reduced the viability of ADSCs and increased the production 

of ROS and apoptosis.54 On this basis, we further studied the 
mechanism of BBR under HY/SD conditions and established 
an in vivo model to evaluate the role of BBR in fat grafting. 

Table 1 The Weight and Volume Variation of Fat Graft Between Control and BBR Groups

POD Injection Site Group Weight (mg) P Volume (μL) P

Preoperation Postoperation Preoperation Postoperation

POD14 Neck Control 2.01 ± 0.04 0.53 ± 0.11 0.001* 200 61.00 ± 9.46 0.001*

BBR 1.00 ± 0.15 112.6 ± 6.02

Back Control 2.00 ± 0.08 1.25 ± 0.09 0.05* 200 161.1 ± 8.93 0.15

BBR 1.37 ± 0.09 166.7 ± 7.88

POD28 Neck Control 1.96 ± 0.05 0.36 ± 0.05 0.001* 200 38.20 ± 2.58 0.001*

BBR 0.86 ± 0.11 91.60 ± 6.18

Back Control 1.95± 0.05 0.58 ± 0.14 0.001* 200 81.40 ± 9.76 0.001*
BBR 1.08 ± 0.13 139.4 ± 6.85

Notes: Values are presented as Mean ± SD. *P < 0.05. 
Abbreviation: POD, postoperative day.

Figure 7 The pathological and histological test. (A) Hematoxylin-and-eosin-stained was performed. (HE stains, left×50, right×200). (B) Perilipin Immunohistochemical 
analysis to evaluate the survival rate of adipocytes. (IHC, left×50, right×400).
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The results showed that BBR could alleviate the inflammatory 
cell infiltration, fibrosis level and increase the survival rate of 
fat grafting, as well as promote angiogenesis. Based on our 
data, BBR seems to be considered safe and effective for 
clinical applications. It is reasonable to speculate that BBR 
can improve the ADSCs survival rate and propose a new 
strategy to solve the problem of fat survival. In follow-up 
studies, we need more clinical data and experiments to inves-
tigate the mechanism and confirm the clinical utility of BBR 
before it can be used in this setting.

Conclusion
Current research has shown that HY/SD conditions induce 
apoptosis and autophagy of ADSCs. Apoptosis is affected 
by autophagy. BBR can protect ADSCs from nutritional 
deficiency through AMPK-mTor pathway, meanwhile, 
increasing the survival rate of fat and promoting angiogen-
esis in vivo. These data support that BBR may be 
a promising agent for improving the survival rate of 
ADSCs during cell transplantation.
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