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Background: The discovery of browning in white adipose tissue has provided new ideas for treating obesity. Many studies
have reported that ginsenoside Rb1 (G-Rb1) has activity against diabetes, inflammation, and obesity, but fur-
ther investigation is needed on the effect and mechanism of G-Rb1 on browning.

Material/Methods: We treated 3T3-L1 adipocytes with 0-200 uM G-Rb1, and 0.5 uM Compound 3f and 30 uM SKL2001 were used
to activate Wnt/B-catenin signaling. Adipocyte activity was evaluated by Cell Counting Kit-8. Oil Red O stain-
ing was used to detect the lipid droplets. Quantitative real-time polymerase chain reaction was used to mea-
sure the expression of Cd-137, Cited-1, Txb-1, Prdm-16, and Ucp-1 mRNA. Western blotting was used to mea-
sure the expression of Ucp-1, pGSK-3f (Ser 9), GSK-3B, and B-catenin proteins. The expression of Ucp-1 was
also detected with immunofluorescence.

Results: Adipocyte activity was not affected by 0-100 pM G-Rb1. However, G-Rb1 dose-dependently reduced the accu-
mulation of lipid droplets; increased the expression of Cd-137, Cited-1, Txb-1, Prdm-16, and Ucp-1 mRNA; and
increased the expression of Ucp-1, pGSK-3 (Ser 9), GSK- 3B, and B-catenin proteins. The accumulation of lip-
id droplets and the expression of Ucp-1 protein decreased as -catenin increased.

Conclusions: G-Rb1 at various concentrations (0-100 pM) promoted the browning of adipocytes in a dose-dependent man-
ner. Further, we confirmed that activation of Wnt/B-catenin signaling could inhibit browning. Therefore, the
browning promoted by G-Rb1 may be associated with the inhibition of Wnt/B-catenin signaling.
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Background

Obesity is defined as a disease, and it is a public health prob-
lem that has become an epidemic [1]. In 2015, more than 600
million adults were obese and the number is growing. Obesity
is an independent risk factor for many diseases, notably type
2 diabetes mellitus, cardiovascular disease, and hyperten-
sion. Multimodal lifestyle interventions (dietary, exercise, and
behaviors), pharmacotherapy, and bariatric surgery are the
main source of treatment at present [2]. In recent years, fol-
lowing the discovery of brown fat in adults, the browning of
adipose tissue has been proposed as a new strategy for the
treatment of obesity [3].

Ginsenoside is a sterol compound primarily extracted from the
roots, stems, and flower buds of plants belonging to the genus
Panax [4]. More than 70 kinds of extracts have been identified,
and many of them have effects in the regulation of browning.
Ginsenoside Rgl, Rg3, and Rb2 have been suggested as pro-
moting the browning of 3T3-L1 adipocytes through the activa-
tion of the AMPK signaling pathway [5-7]. In 2015, an in vitro
study detected that ginsenoside Rb-1 (G-Rb1) could increase
the expression of Ucp-1 mRNA in 3T3-L1 adipocytes and the
fluorescence intensity of peroxisome proliferator-activated re-
ceptor-y2 (PPAR-Y2) pSV-Sport in COS-1 cells [8]. Recently, Park
et al. [9] more comprehensively confirmed that G-Rb1 could
promote browning via activation of the AMPK-mediated path-
way. However, the mechanism by which G-Rb1 affects brown-
ing needs to be further explored.

Since Roel Nusse and Hans Clevers discovered the first member
of the Wnt family in 1982, the important role of Wnt signaling
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in embryogenesis, tumorigenesis, and osteogenesis has grad-
ually become recognized [10-12]. Wnt/B-catenin signaling is
referred to as the typical Wnt signaling pathway. When Wnt/
[-catenin signaling is activated, B-catenin accumulates in the
cytoplasm and becomes a transcription switch that regulates
cell fate by forming an active complex and recruiting co-activa-
tors [13]. A B-catenin deficiency can cause smooth muscle to be
replaced by adipose in the uterus [14]. Overexpressing Wnt10b
reduced the volume of interscapular brown fat in mice, and ac-
tivating Wnt signaling decreased Ucp-1 by inhibiting PPAR-y2
coactivator 1-alpha in vitro [15]. Subsequently, Lo et al. [16]
found that the inhibition of Wnt/B-catenin by chemical and ge-
netic methods could promote browning in vitro. Therefore, we
hypothesized that G-Rb1 can promote browning by inhibiting
the Wnt/B-catenin signaling pathway. To our knowledge, this
study is the first to verify that a natural extract affects brown-
ing via the Wnt/B-catenin signaling pathway.

Material and Methods

Chemicals

Ginsenoside Rb1 (HPLC >98%, Figure 1A) was purchased from
Solarbio (Beijing, China). Compound 3f (C-3f) and SKL2001
(S-2001) were purchased from MedChemExpress (Houston,
TX, USA).

Cell culture and adipogenic differentiation

The methods for cell culture and adipogenic differentiation
followed a previous report from our group [17]. After being
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Figure 1. Effect of ginsenoside Rb1 (G-Rb1) on the adipocyte viability. (A) The structure of G-Rb1. (B) 3T3-L1 adipocytes were treated
with G-Rb1 (0, 10, 50, 100, and 200 pM) for 24, 48, and 72 h. Data are expressed as mean+SD (n=10). **** P<0.0001 vs.

0 pM.
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Table 1. The primers used for quantitative polymerase chain reaction.

Gene Forward
Cd-137 TCTCCGCAGATCATCTCCTT
Cited1 GGAAGGCACAGCACCCACTC
CTer AGCGAGGCGGAAGGGA
Cpram16 CAGCACGGTGAAGCCATTC
CUpr ACTGCCACACCTCCAGTCATT
CGapan GGTGGAGGTCGGTGTGAACGGA

LAB/IN VITRO RESEARCH

Reverse

CTTCTGGAAATCGGCAGCTA

TGTTAGTGGGGTCTCGCTCCTG

Cd-137 - also known as tumor necrosis factor receptor superfamily member 9 (TNFRSF9); Cited-1 — Cbp/p300-interacting
transactivator 1; Thx-1 — T-box protein 1; Prdm-16 — PR domain-containing protein 16; Ucp-1 — uncoupling protein 1;

Gapdh - glyceraldehyde-3-phosphate dehydrogenase.

maintained at 10 pg/mL insulin for 8 days, the adipocytes
were incubated with G-Rb1 (0, 10, 50, 100, and 200 pM) from
day O to 7.

Cell viability

Ninety microliters (5x10%/mL) of 3T3-L1 adipocytes was seed-
ed into 96-well plates. After 24 h, the adipocytes were treated
with 10 pL of G-Rb1 (0, 100, 500, 1000, and 2000 pM). After
the medium was refreshed, 10 L of CCK-8 (Solarbio) solution
was added to each well for 2 h. The absorbance was deter-
mined at 450 nm, and the adipocyte viability was calculated.
Each well had 4 replicates.

Oil Red O staining

After fixed, the adipocytes were immersed in filtered Oil Red
O stain (ORS; Solarbio) working solution for 20 min. The dye
solution was then discarded, and the adipocytes were washed
twice with double-distilled H,O. The cells were observed under
an inverted microscope and images were captured. To quan-
tify the triglyceride content of each group, we used 100% iso-
propanol to dissolve the ORS and measured the absorbance
at 490 nm. Image) was used to measure the diameters of lipid
droplets: average diameter of lipid droplets=total area/num-
ber of droplets.

RNA extraction and quantitative real-time polymerase
chain reaction

Total RNA was extracted by the TRIzol method according to the
manufacturer’s instructions (Invitrogen, Carlsbad, CA, USA). Two
micrograms of total RNA was reverse-transcribed into cDNA by
RevertAid RT Reverse Transcription Kit (Thermo Fisher Scientific,
Waltham, MA, USA). After reverse transcription, 1 uL of cDNA,
0.2 pL of forward primers, 0.2 L of reverse primers, and 5 pL
of FastStart Universal SYBR Green Master were added in nu-
clease-free water to make 10 pL, and cDNA was amplified by

quantitative real-time polymerase chain reaction (qRT-PCR).
The 222" method was utilized to analyze the data. The prim-
er sequences are listed in the Table 1.

Western blotting

High-efficiency RIPA (Solarbio) was used to extract the total
protein. After the treatment was applied in 6-well plates, the
culture medium was removed and each well was washed with
phosphate-buffered saline. Prechilled cell lysate (with 1 mM
phenylmethylsulfonyl fluoride, 200 pL/well) was added to each
well and repeatedly pipetted. The well contents were then cen-
trifuged at 4°C, the supernatant was removed, and 4x SDS-
PAGE loading buffer (Solarbio, Beijing, China) was added to it
(ratio of supernatant to loading buffer=3: 1), followed by mix-
ing and heating at 100°C. Electrophoresis was used to separate
this mixture by SDS-PAGE. In an ice bath, the protein in the
gel was transferred to a polyvinylidene difluoride membrane.
After blocking, the membrane was incubated in Tris-buffered
saline with Tween 20 with anti-Gapdh antibody (1: 1000;
#bs-13282R, Bioss), anti-Ucp-1 antibody (1: 500; #bs-1925R,
Bioss), anti-GSK-3[ antibody (1: 1000; #bs-0023R, Bioss), an-
ti-pGSK-3B antibody (Ser9; 1: 1000, #bs-2066R; Bioss), and
anti-B-catenin antibody (Ser9; 1: 1000; #bs-1165R, Bioss), re-
spectively, at 4°C overnight. The membrane was next incubat-
ed in Tris-buffered saline with Tween 20 with 1gG-horseradish
peroxidase (1: 8000; no. ZB-2306; Zshio) at room tempera-
ture for 2 h. An enhanced chemiluminescence substrate (Cell
Signaling Technology, Danvers, MA, USA) and a chemilumi-
nescence detection system (Promega, Madison, WI, USA) were
used to visualize the targeting protein. Gapdh was used as an
internal reference.

Immunofluorescence
Triton X-100 (0.5%, Sigma-Aldrich, St. Louis, MO, USA) was used

to increased cytomembrane permeability. After being blocked
with blocking buffer (1% bovine serum albumin, 22.52 mg/mL
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glycine, and 0.1% Tween-20 in phosphate-buffered saline) for
30 min, the membrane was incubated with primary antibody
dilution buffer, IgG-Alexa Fluor® 594 (Cell Signaling Technology,
Beverly, USA), DAPI (Solarbio), and antifade mounting medi-
um (Thermo Fisher Scientific, Waltham, MA, USA), successively.
The membranes were kept in the dark throughout the process.

Statistical analysis

Data from each group are expressed as means+standard devia-
tion. Differences between 2 groups were evaluated with t test,
and 1-way analysis of variance was used to detect differenc-
es between multiple groups (SPSS v 22.0). P<0.05 indicated a
significant difference between the results of different groups.

Results

Effect of G-Rb1 on the viability of adipocytes

We used the CCK-8 method to detect cell viability in 3T3-L1
adipocytes exposed to various concentrations of G-Rb1. At
200 pM, G-Rb1 significantly reduced the viability of adipo-
cytes (Figure 1B).

Effect of G-Rb1 on the browning of adipocytes

To confirm the browning effect of G-Rb1, we treated 3T3-L1
adipocytes with 0, 10, 50, and 100 yM G-Rb1. The ORS re-
sults showed that G-Rb1 could significantly reduce lipid con-
tent and droplet diameter (Figure 2A-2C). The qRT-PCR results
showed that 100 yM G-Rb1 could stably promote mRNA ex-
pression of browning-related genes (B-RGs), such as Cd-137,
Cited-1, Tbx-1, Prdm-16, and Ucp-1 (Figure 2D-2H). The in-
crease of Ucp-1 protein was further verified by western blotting
(Figure 21, 2)). Taken as a whole, the data showed that G-Rb1
promoted browning in a dose-dependent manner.

G-Rb1 inhibits the Wnt/[3-catenin signaling pathway

To confirm the effect of G-Rb1 on Wnt/B-catenin signaling, we
measured the expression of pGSK-3 (Ser 9), GSK-3p, pGSK-
3B/GSK-3B, and B-catenin by western blot analysis. The re-
sults showed that the expression of pGSK-3f (Ser 9), GSK-38,
pGSK-3B/GSK-3p, and B-catenin decreased with increasing
G-Rb1 concentration, and these negative effects were most
evident in the 100 pM group (Figure 3A-3E).

C-3f partly eliminated the effect of G-Rb1 on browning
To confirm the role of Wnt/B-catenin signaling in the process of

G-Rb1 promoting browning, we used 0.5 uM C-3f, a type of Wnt/
B-catenin signaling activator, to determine whether G-Rb1 (100
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UM) can promote browning by inhibiting Wnt/B-catenin signal-
ing. ORS results showed that the accumulation and diameter of
lipid droplets in the C-3f+ G-Rb1 group were higher than in the
G-Rb1 group, but lower than in the C-3f group (Figure 4A-4C).
Western blot results showed that 0.5 pM C-3f could increase
the content of B-catenin by about 1.36 times and decrease the
content of Ucp-1 by 0.62 times. In addition, the content of B-
catenin in the C-3f+G-Rb1 group was higher than in the G-Rb1
group and lower than in the C-3f group, and the content of Ucp-
1 in the C-3f+G-Rb1 group was lower than in the G-Rb1 group
and higher than in the C-3f group (Figure 4D-4F). These re-
sults were confirmed by immunostaining (Figure 4G), and they
proved that C-3f could partly eliminate the effect of G-Rb1 on
browning by activating Wnt/p-catenin signaling.

SKL2001 partly eliminated the effect of G-Rb1 on
browning

To further confirm the role of Wnt/B-catenin signaling in
the process of G-Rb1 promoting browning, we used another
Wnt/B-catenin signaling activator, SKL2001(S-2001). To en-
sure cell viability and inhibition of Wnt/B-catenin signaling, we
treated the 3T73-L1 adipocytes with 30 pM S-2001. ORS results
showed that the accumulation and diameter of lipid droplets
in the S-2001+ G-Rb1 group were higher than in the G-Rb1
group but lower than in the S-2001 group (Figure 5A-5C).
Western blot results showed that 30 pM S-2001 could in-
crease the content of B-catenin by about 1.74 times and de-
crease the content of Ucp-1 by 0.73 times. In addition, the con-
tent of B-catenin in the S-2001+G-Rb1 group was higher than
in the G-Rb1 group and lower than in the S-2001 group, and
the content of Ucp-1 in the S-2001+G-Rb1 group was lower
than in the G-Rb1 group and higher than in the S-2001 group
(Figure 5D-5F). These results were further confirmed by im-
munostaining (Figure 5G), and they proved that S-2001 could
partly eliminate the effect of G-Rb1 on browning by activat-
ing Wnt/B-catenin signaling.

Discussion

With the confirmation of browning in white adipose tissue
and the discovery of brown adipose tissue in adults, enhanc-
ing browning has become a new strategy for the treatment
of obesity [3,18]. Natural extracts have gradually attracted
public attention because of their benign safety profile and af-
fordable prices. Currently, many natural extracts have been
shown to modulate the browning, such as apple polyphe-
nols [19], swertiajaponin [20], and trans-cinnamic acid [21]. In
this study, we verified that G-Rb1 could promote the brown-
ing of 3T3-L1 adipocytes, and we present the first confirma-
tion that this effect is related to the inhibition of the Wnt/p-
catenin signaling pathway.
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Figure 2. Effect of ginsenoside Rb1 (G-Rb1; 0, 10, 50, and 100 uM) on the browning of adipocytes. (A) Lipid droplets were measured

by Oil Red O staining. Scale bar=100 pm. (B) Lipid content assessing according to the absorbance at 490 nm. (C) Image)
measured the average diameter of lipid droplets. (D-H) Quantitative real-time polymerase chain reaction measured the
mRNA expression of browning-related genes (Cd-137, Cited-1, Thx-1, Prdm-16, and Ucp-1). (1, J) Western blotting measured
the protein expression of Ucp-1. Data are expressed as mean+SD (n=3). * P<0.05, ** P<0.01, *** P<0.001, **** P<0.0001 vs.

0 pM.
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Figure 3. Effect of ginsenoside Rb1 (G-Rb1; 0, 10, 50, and 100 uM) on Wnt/B-catenin signaling. (A) Western blotting results of
browning-related genes in 3T3-L1 adipocytes. (B—E) Image) quantized the gray value of each protein band. Data are
expressed as mean+SD (n=3). * P<0.05, ** P<0.01, *** P<0.001, **** P<0.0001 vs. O uM.

As an easy-to-operate procedure that produces reliable re-
sults, CCK-8 is gradually replacing MTT in cell viability test-
ing. In our research, we found that G-Rb1 at a concentration
of 0-100 pM has no obvious effect on adipocyte viability. At
a concentration of 200 pM, G-Rb1 significantly inhibited cell
viability, and this inhibitory effect was more obvious as the
intervention time increased. This finding is supported by re-
sults from Park et al. [9], who also found that low concentra-
tions of G-Rb1 (0.1, 1, and 10 pM) could increase the viabili-
ty of 3T3-L1 adipocytes. These results suggest that G-Rb1 has
good biosafety.

Ucp-1 is abundant in brown adipocytes, which can convert fat
and sugar into heat instead of ATP [22]. The reduction of lip-
id accumulation, minimization of lipid droplets, and augmen-
tation of B-RG expression are characteristics of brown adipo-
cytes [23]. Initially, Mu et al. [8] found that 10 pM G-Rb1 could
increase Ucp-1 mRNA by approximately 1.5 times. Subsequently,
Park et al. [9] found that G-Rb1 could increase Ucp-1, Prdm-16,
and Pgc-1a proteins in a dose-dependent manner up to 40 uM.
In our study, we found that the dose-dependent effects extend-
ed to 100 uM. ORS results showed that G-Rb1 could reduce the
accumulation and size of lipid droplets in 3T3-L1 adipocytes.
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Figure 4. Effect of ginsenoside Rb1 (G-Rb1) on browning treated with Compound 3f. (A) Oil Red O staining detected the lipid droplets.
Scale bar=100 pum. (B) Optical density values at 490 nm. (C) Lipid droplets’ diameter of ORS was measured by Image).
(D) Western blotting results for Ucp-1 and B-catenin, with Gapdh as the internal reference. (E, F) Image) quantized the gray
value of each protein band. (G) Immunofluorescence was performed to detect the expression of Ucp-1. Scale bar=50 um.
Data are expressed as meanSD (n=3). * P<0.05, ** P<0.01, *** P<0.001, **** P<0.0001.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) €928619-7




Fan Q etal.:

LAB/I N VITRO RESEARCH Ginsenoside Rb1 facilitates browning by repressing Wnt/B-catenin signaling

© Med Sci Monit, 2021; 27: €928619

G-Rb1 G-Rb1+5-2001 $-2001
B C
1.5 7 **
o 3007 il
s o s e xx
— — S
E 1.0 = ——
& I =200
= s
g g _wwex
= 5
3 059 —* T 100
g
g
<<
0.0 T 0 T
Control G-Rb1  G-Rb1+5-2001  S-2001 Control G-Rb1  G-Rb1+5-2001  S$-2001
*
D E 37 KRAK F - 207
— - = *%
. S £
Up1 — - — . 0K T, <17
= o
S * =
) a S 104
B-catenin e G SRS 0) (D3 g 3
g 1 3
5 S 05-
[ S
0- - 004
Control  G-Rb1 G-Rb1+ S-2001 Control ~ G-Rb1  G-Rb1+ S-2001 Control ~ G-Rb1  G-Rb1+ S-2001
$-2001 $-2001 $-2001
G Control G-Rb1 G-Rb1+5-2001 $-2001
’ - - - -
DAP' - - -
x '
Merge ’ L "

Figure 5. Effect of ginsenoside Rb1 (G-Rb1) on browning treated with SLK2001. (A) Oil Red O staining (ORS) detected the lipid
droplets. Scale bar=100 um. (B) Optical density values at 490 nm. (C) Lipid droplets’ diameter of ORS was measured by
Image). (D) Western blotting results of Ucp-1 and B-catenin, with Gapdh as the internal reference. (E, F) Image) quantized the
gray value of each protein band. (G) Immunofluorescence was performed to detect the expression of Ucp-1. Scale bar=50
um. Data are expressed as mean+SD (n=3). * P<0.05, ** P<0.01, **** P<0.0001.
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gRT-PCR results showed that Cd137, Cited-1, Tbx-1, Prdm-16,
and Ucp-1 mRNA expression was increased. Western blot re-
sults further verified the increased expression of Ucp-1 protein.

Wnt/B-catenin signaling plays an important role in lipid metab-
olism [24]. When it is in an inactive state, cytosolic B-catenin
is phosphorylated by GSK-3p kinase, and phosphorylated
B-catenin will be degraded by proteases. When the Wnt/B-
catenin signaling pathway is activated, GSK-3 (Ser 9 or 21)
is phosphorylated and inactive. Cytosolic -catenin gradually
accumulates and enters the nucleus to regulate gene expres-
sion [13]. Recently, natural extracts have attracted attention
with regard to browning. The pro-browning effect of Spirulina
maxima [25], cordycepin [26], and quercetin [27] has been
confirmed in 3T3-L1 adipocytes and diet-induced obese rats.
However, current research on the mechanism of browning is
still focused on the activation of AMPK, Notch, and JAK sig-
naling pathways. In a previous study, the activation of Wnt/
[-catenin signaling could inhibit the differentiation of white
preadipocytes, and the inactivation of Wnt/B-catenin signaling
could induce spontaneous adipogenesis [28]. Overexpression
of Wnt10b was found to decrease the development of inter-
scapular brown adipose tissue and damage cold tolerance of
mice [29]. Further, Lo et al. [16] found that the suppression of

References:

—

. Zhang Q, Xia X, Fang S, Yuan X: Relationship between fat mass and obesi-
ty-associated (FTO) gene polymorphisms with obesity and metabolic syn-
drome in ethnic Mongolians. Med Sci Monit, 2018; 24: 8232-38

. Cuthbert K, Hardin S, Zelkowitz R, Mitchell K: Eating disorders and over-
weight/obesity in veterans: Prevalence, risk factors, and treatment consid-
erations. Curr Obes Rep, 2020; 9(2): 98-108

. Finlin BS, Zhu B, Confides AL et al: Mast cells promote seasonal white ad-
ipose beiging in humans. Diabetes, 2017; 66(5): 1237-46

. Yang G, Zhuo J, Lin Y et al: Ginsenoside Rb1 prevents dysfunction of endo-
thelial cells by suppressing inflammatory response and apoptosis in the
high-fat diet plus balloon catheter-injured rabbit model via the G protein-
coupled estrogen receptor-mediated phosphatidylinositol 3-kinases (PI3K)/
Akt pathway. Med Sci Monit, 2019; 25: 7407-17

. Hong Y, Lin Y, Si Q et al: Ginsenoside Rb2 alleviates obesity by activation
of brown fat and induction of browning of white fat. Front Endocrinol
(Lausanne), 2019; 10: 153

. Lee K, Seo YJ, Song JH et al: Ginsenoside Rgl promotes browning by induc-
ing UCP1 expression and mitochondrial activity in 3T3-L1 and subcutane-
ous white adipocytes. ) Ginseng Res, 2019; 43(4): 589-99

7. Kim K, Nam KH, Yi SA et al: Ginsenoside Rg3 induces browning of 3T3-L1
adipocytes by activating AMPK signaling. Nutrients, 2020; 12(2): 427

. Mu Q, Fang X, Li X et al: Ginsenoside Rb1 promotes browning through regu-
lation of PPARyin 3T3-L1 adipocytes. Biochem Biophys Res Commun, 2015;
466(3): 530-35

. Park SJ, Park M, Sharma A et al: Black ginseng and ginsenoside Rb1 pro-
mote browning by inducing UCP1 expression in 3T3-L1 and primary white
adipocytes. Nutrients, 2019; 11(11): 2747

10. Li X, Yang J, Bao M et al: Wnt signaling in bone metastasis: Mechanisms
and therapeutic opportunities. Life Sci, 2018; 208: 33-45

11. EI-Sahli S, Xie Y, Wang L, Liu S: Wnt signaling in cancer metabolism and im-
munity. Cancers (Basel), 2019; 11(7): 904

12. Steinhart Z, Angers S: Wnt signaling in development and tissue homeosta-
sis. Development, 2018; 145(11): dev146589

N

w

S

(%}

(=2}

ol

Nl

LAB/IN VITRO RESEARCH

Wnt/B-catenin signaling could promote the browning of white
adipocytes. Therefore, we hypothesized that Wnt/B-catenin
signaling might be involved in the regulation of browning by
G-Rb1. In our study, we found that 100 uM G-Rb1 could dose-
dependently promote the phosphorylation of GSK-3f (Ser 9)
and the expression of B-catenin. When Wnt/B-catenin signal-
ing was activated by C-3f or SKL2001, the browning promotion
effect of G-Rb1 was partially reversed. These results suggest
that G-Rb1 could promote the browning by inhibiting Wnt/p-
catenin signaling in 3T3-L1 adipocytes.

Conclusions

In summary, our research further clarified the browning effect
promoted by G-Rb1 in 3T3-L1 adipocytes. After Wnt/B-catenin
signaling was activated by C-3f or SKL2001, we found that the
browning effect of G-Rb1 might be related to the inhibition of
Wnt/B-catenin signaling. The mechanism between G-Rb1 and
Wnt/B-catenin signaling needs to be further explored.
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