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ABSTRACT

Background: Obesity causes or aggravates many health problems, both
independently and in association with several pathological disorders,
including Type Il diabetes, hypertension, atherosclerosis, and cancer.
Therefore, we screened small compounds isolated from natural products
for the development of anti-obesity drugs. Objective: The purpose of this
study was to investigate the anti-adipogenic activities of platyphylloside,
diarylheptanoid isolated from Betula platyphylla, which was selected based
on the screening using 3T3-L1 cells. Materials and Methods: To evaluate
the inhibition of adipocyte differentiation and lipolysis, lipid contents of BPP
on were measured using Oil Red O staining in 3T3-L1 cells. The mRNA
and protein expression levels of various adipokines were measured by
Quantitative real-time PCR and Western blotting analysis, respectively.
Results: Platyphylloside showed significant inhibitory activity on adipocyte
differentiation in 3T3-L1 cells and suppressed adipocyte differentiation
even in the presence of troglitazone, a PPARy agonist. Platyphylloside
might suppress adipocyte differentiation through PPARy, C/EBPa, and
SREBP1-induced adipogenesis, which is synergistically associated
with downstream adipocyte-specific gene promoters such as aP2,
FAS, SCD-1, LPL, and Adiponectin. In addition, platyphylloside affected
lipolysis by down-regulating perilipin and HSL and up-regulating TNFo.
Conclusion: Taken together, the results reveal that platyphylloside has
anti-adipogenic activity and highlight its potential in the prevention and
treatment of obesity.
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SUMMARY

® The extract of B. platyphylla bark and its isolate, BPP, had anti-adipogenic
activity in 3T3-L1 cells via suppression of adipocyte differentiation from
preadipocytes.

e Treatment with BPP significantly down-regulated the expression of
PPARy, C/EBR, C/EBPB, C/EBPS, SREBP1c, SCD-1, FAS, aP2 and LPL.

e BPP induced a lipolytic response in mature adipocytes via up-regulation

INTRODUCTION

Obesity has become a globally prevalent health risk and is no longer
considered to be only a cosmetic problem affecting certain individuals.
In today’s society, drugs for weight loss and weight control are becoming
common, however the remedies provided by the diet industry have been
unsuccessful in the long-term maintenance of weight in obese patients.
Obesity can be categorized into two main types, hyperplasic (number of
adipocytes increase) and hypertrophic (size of adipocytes increase).”! In
previous studies, increase of adipocyte size preceded increase of adipocyte
number in animal studies and this adipose hypertrophy was also an
associated risk factor for developing type 2 diabetes.*"! At the cellular level,
obesity was originally regarded as a hypertrophic condition resulting from
an increase in the number or size of individual adipocytes.”!
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of TNFa and down-regulation of HSL, perilipin, PPARy, PDE3B, and Gial.
e BPP is a novel potential agent in the prevention and treatment of obesity
through its anti-adipogenic activities and lipolysis.
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Abbreviations used: DMEM: Dulbecco’'s modified Eagle's medium, FBS:
fetal bovine serum, ORO: Qil Red O, PBS: phosphate buffered saline,
RT: room temperature, PPAR: peroxisome proliferator-activated receptor,
C/EBP: CCAAT/enhancerbinding protein, SREBP1: sterol regulatory
element binding protein 1, SCD-1: steroyl-coenzyme A desaturase 1, LPL:
lipoprotein lipase, aP2: adipocyte fatty acid binding protein, FAS: fatty
acid synthase, HSL: hormone sensitive lipase, Gia,: GPT binding protein,
PDE3B: phosphodiesterase 3B, TNFa: tumor necrosis factor a, GAPDH:
glyceraldehyde 3-phosphate dehydrogenase, SD: standard deviation,
EGCG: epigallocatechin-3-gallate, TZD:
thiazolidinediones
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Adipose tissues are serious integrators of organismal energy balance
through the modulation of food intake and energy expenditure. The
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adipose tissue mass can be regulated by the suppression of adipogenesis
from fibroblastic pre-adipocytes to mature adipocytes.l Adipocytes
play a pivotal role in regulating adipose mass and lipid metabolism.
The transition from undifferentiated fibroblast-like pre-adipocytes
into mature adipocytes constitutes the adipocyte life cycle, which
includes alteration of cell morphology, growth arrest, clonal expansion
and an intricate sequence of changes at the gene level that cause lipid
accumulation and finally cell death.”? The 3T3-L1 pre-adipose 3T3
clonal cell line is an appropriate in-vitromodel for both research
of the fat cell life cycle and investigation of adipokines that regulate
adipogenesis.®! Triacylglycerol accumulation from dietary sources and
endogenous lipogenic signaling increase the size of adipocytes, whereas
increased proliferation and differentiation increase the adipocyte
number.'® Therefore, treatments that modulate both the number and
size of adipocytes could be a fundamental therapeutic approach for
obesity remedies.

Platyphylloside, named BPP, is a well-known diarylheptanoid derived
from Betulaceae platyphylla.®'It has been reported to exert several
pharmacological effects such as anti-cancer, anti-arthritis, anti-fibrotic,
and hepatoprotective activities.'”! Especially, the protective effects of
Betulaceae playphylla and its isolate, BPP, against neurodegeneration and
cognitive deficit in scopolamine-activated amnesic mice were mediated
through the CREB-BNDF pathway.”! In this study, we showed that
BPP decreases adipocyte differentiation and induces lipolysis in 3T3-L1
cells. Our findings suggest that BPP may be used to overcome obesity by
modulating adipogenesis throughout the adipocyte life cycle.

MATERIALS AND METHODS

Plant and phytochemical materials

Betula platyphylla bark was provided by SK E&C (Korea) and a voucher
specimen (SNU-797) has been deposited in the Herbarium of the
Medicinal Plant Garden, College of Pharmacy, Seoul National University,
Koyang, Korea. Dried and pulverized B. platyphylla bark was extracted
with 80% methanol using an ultrasonic apparatus at room temperature
(RT). Methanolic extract of B. platyphylla bark was concentrated in vacuo
to give a crude extract, which was suspended in H,O and partitioned
successively in CHC13, n-butanol, and H,0 fractions. BPP was isolated
from n-butanol fraction of Betula platyphylla bark."V! Also, Lee et al.
elucidated that BPP is a major constituent in the extract of B. platyphylla
bark.[?

Cell culture and adipocyte differentiation

3T3-L1 mouse embryo fibroblast cells were obtained from the American
Type Culture Collection (Manassas, VA, USA) and incubated in
Dulbeccos modified Eagles medium (DMEM) with 10% bovine calf
serum until confluence. Two days after confluence, pre-adipocytes were
stimulated to differentiate with DMEM, 10% fetal bovine serum (FBS),
0.5 mM 3-isobutyl-1-methyl-xanthine, 10 ug/mL insulin, and 1 uM
dexamethasone for 2 days. Cells were then maintained in DMEM/10%
FBS and 10 ug/mL M insulin for another 2 days, followed by culturing
with DMEM/10% FBS for an additional 4 days. All media contained 100
TU/mL penicillin and 100mg/mLstreptomycin. Cells were maintained at
37°C in a humidified atmosphere of 95% air and 5% CO,. The purity of
each compound was verified as more than 99 % by HPLC-ELSD. Test
compounds were dissolved in dimethyl sulfoxide (final concentration:
0.1% in media). The cultures were treated with test samples for the entire
culture period (day 0-8).

Measurement of lipid contents

Lipid contents in cells were measured using Oil Red O (ORO) staining."?!
On day 8, culture dishes were washed three times with phosphate buffered
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saline (PBS) and fixed with 10% formalin for 1 h at RT. After fixation, cells
were stained with filtered ORO solution for 30 min at RT and visualized.
The lipid contents were quantified by dissolving the stained lipid droplets
in 4% Nonidet P-40 in isopropyl alcohol for 5 min. The absorbance was
measured at 544 nm by enzyme-linked immunosorbent assay.

Western blot analysis

Cells were lysed in RIPA buffer (Cell Signaling, USA) containing 1%
protease inhibitor cocktail, 0.5 mM DTT, and 1 mM PMSE Supernatants
were attained through centrifugation for 15 min at 12,000 x g. The
protein assay was conducted using Bradford protein assay kits (Bio-Rad,
USA). The mixture of total proteins (20 pg) and sample loading buffer
(Biosaesang Co., Korea) was boiled at 100°C for 10 min for Western
blot analysis. The denatured proteins were separated through 10% SDS
polyacrylamide gel electrophoresis and transferred to polyvinylidene
difluoride membranes (Millipore, USA). After blocking in TBS-T with
5% non-fat dry milk, the membranes were incubated overnight at 4°C
with 1:1000 diluted peroxisome proliferator-activated receptor (PPAR)
y and CCAAT/enhancer-binding protein (C/EBP) a primary antibodies
(Cell Signaling, Beverly, USA). After incubation with 1:1000 diluted
horseradish peroxidase-conjugated goat anti-rabbit immunoglobulin
G secondary antibody (Santa Cruz Biotechnology, USA) for 1 h
at RT, immunoreactive proteins were developed by an enhanced
chemiluminescent solution (Thermo Scientific, USA). The density values
for the protein bands were expressed as a percentage of the control after
normalization to B-actin.!

Quantitative real-time PCR

The total RNA was extracted from the 3T3-L1 cells by RNease Plus Kit
(QIAGEN Korea Ltd., Seoul, Korea). The cDNA was synthesized from
1 ug of total RNA by QuantiTech Reverse Transcription Kit (QIAGEN
Korea Ltd., Seoul, Korea) and then mixed with QuantiFast SYBR Green
PCR master mix (QIAGEN Korea Ltd., Seoul, Korea) and specific primers
in a total reaction volume of 20 uL. The PCR-specific primers used
with the QIAGEN Kkits for SYBR® Green-based real-time RT-PCR were
PPARy (NM_01146), C/EBPa (NM_007678), C/EBPB (NM_009883),
sterol regulatory element binding protein 1 (SREBP1) (NM_011480),
steroyl-coenzyme A desaturase 1 (SCD-1) (NM_009127), lipoprotein
lipase (LPL) (NM_008509), adipocyte fatty acid binding protein (aP2)
(NM_024406), fatty acid synthase (FAS) (NM_007988), hormone
sensitive lipase (HSL) (NM_001039507), GPT binding protein (Gia,)
(NM_013818), phosphodiesterase 3B (PDE3B) (NM_011055), perilipin
(NM_001113471), tumor necrosis factor a(TNFa) (NM_013639) and
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) (NM_008084)
and were obtained from QIAGEN Korea Ltd. Quantitative SYBR Green
real-time PCR was performed with an Applied Biosystems 7300 Real-
Time PCR System (Life Technologies Corporation, CA, USA). The
amplification cycles were carried out at 95°C for 20 s, 60°C for 20 s, and
72°C for 20 s and the last cycle was followed by a final extension step at
72°C for 5 min and analyzed by means of comparative C, quantification.”?!

Statistical analysis

Statistical analysis was performed using Students t test. Data were
expressed as the means * standard deviation (SD). Statistical significance
is denoted with an asterisk for p values below0.05, with two asterisks for
p values below0.01, and three asterisks for p values below0.001.

RESULTS

In the search for anti-adipogenic natural products, we found that
methanolic extract of B. platyphylla barks concentrationdependently
inhibited adipocyte differentiation in 3T3-L1 pre-adipocytes [Figure 1 ].
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Figure 1: Effects of the methanolic extract of Betula platyphylla
on adipocyte differentiation in 3T3-L1 cells3T3-L1 pre-adipocytes
were treated with various concentrations of the metabolic extract
of B. platyphylla during differentiation (day 0-8). On day 8, cultures
were stained with Oil Red O and the lipid contents were quantified
spectrophotometrically at 544 nm. Relative lipid contents (%) were
calculated as 100 X [(absorbance of sample-treated - absorbance
of undifferentiated control)/(absorbance of differentiated control -
absorbance of undifferentiated control)]. Results represent the mean +
SD of three independent experiments, each performed in triplicate wells.
*p < 0.05, **p < 0.01, ***p < 0.001, versus differentiated cells.

Dried and pulverized B. platyphylla bark was extracted with 80% methanol
by using an ultrasonic apparatus. Eighty per cent of methanolic extract
of B. platyphylla fruits was suspended in H,O and successively fractioned
into CHCI, and n-butanol fractions. The n-butanol fraction was further
subjected to repeated column chromatography to yield BPP, which was
identified by comparison to known reference compound [Figure 2].1!

To examine the anti-adipogenic effect of BPP isolated from B. platyphylla
bark on the differentiation of pre-adipocytes to adipocytes, confluent
3T3-L1 pre-adipocytes were treated with compound at various
concentrations during differentiation (days 0-8). On day 8, the lipid
drops, stained with ORO, were quantified spectrophotometrically at 544
nm. BPP had potent inhibitory activity on adipocyte differentiation in
3T3-L1 cells with an IC,_ value of 14.4 uM, compared to the activity of
the positive control epigallocatechin-3-gallate (EGCG) [Table 1].
Hence, BPP was further investigated for anti-adipogenic activity in
3T3-L1 cells. Competitive inhibition assays in the process of adipocyte
differentiation using a PPARy agonist, troglitazone (10 pM), were
conducted to examine the inhibitory effect on the expression of PPARy by

Figure 2: Chemical structure of BPP isolated from Betula platyphylla
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Table 1: Effects of BPP on adipocyte differentiation in 3T3-L1 pre-adipocytes

Compound Lipid Contents (%)

10 uM 50 uM 100 uM |c5°(pM)
undifferentiated control 0.0+2.8
differentiated control 100£5.0""
BPP 58.2+4.9 21.942.2%* 20.8+4.3%** 14.4
EGCG 94.9+1.3 81.9+3.7 54.5+1.8* > 100

Confluent 3T3-L1 pre-adipocytes were treated during differentiation (day
0-8) with various concentrations of BPP isolated from B. platyphylla. On day
8, cultures were stained with Oil Red O and the lipid contents were quantified
spectrophotometrically at 544 nm. Relative lipid contents (%) were calculated
as 100 x [(absorbance of sample-treated - absorbance of undifferentiated
control)/(absorbance of differentiated control — absorbance of undifferentiated
control)]. IC50 means the concentration (M) with 50% inhibition of adipocyte
differentiation in 3T3-L1 pre-adipocytes. EGCG was used as the positive control.
Results represent the mean + SD of three independent experiments, each
performed in triplicate wells. “**p < 0.001 versus untreated control; 'p < 0.05, “p <
0.01, 7"p < 0.001 versus differentiated cells.

BPP treatment. Consequently, BPP suppressed adipocyte differentiation
even in the presence of troglitazone, as shown by ORO staining. The
contents of lipid drops were noticeably reduced by up to 23.0% at a
concentration of 100uM, suggesting that BPP suppresses adipocyte
differentiation through an antagonistic effect on PPARy activity [Figure 3].
To determine the expression of adipogenic transcription factor and
adipokines associated with adipocyte differentiation, we further
investigated the anti-adipogenic mechanism of BPP at concentrations of
10-50 uM using quantitative real-time PCR and/or Western blot analyses
[Figs. 4 and 5]. Treatment with BPP noticeably lowered the expression
of PPARy and C/EBP as compared to that from fully differentiated
adipocytes in quantitative real-time PCR and Western blot analyses
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Figure 3: Effect of BPP on PPARy agonist-induced adipocyte
differentiation Confluent 3T3-L1 pre-adipocytes were differentiated
into adipocytes with BPP(5, 10, 25, 50, and 100 pM) in the presence
of troglitazone (10 uM) for 8 days. On day 8, the lipid contents of cells
stained with Oil Red O were quantified. Results represent the mean + SD
of three independent experiments, each performed in triplicate wells.
##p < 0.001 versus untreated control; * p < 0.05, ** p < 0.01, ***p < 0.001
versus differentiated cells.
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Figure 4: Effects of BPP on PPARy and C/EBPa expression during 3T3-L1
differentiation. Confluent 3T3-L1 pre-adipocytes were differentiated in
the presence of BPP (0, 25, and 50 uM) for 8 days. PPARy and C/EBPa

expression were detected by western blot analysis.
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[Figs. 4 and 5A]. In addition, BPP reduced gene expression levels of C/
EBPP and C/EBPS, which are activated in the initial stage of adipogenesis
in pre-adipocytes [Figure 5B]. Moreover, the treatment with BPP
suppressed the gene expression level of SREBPlc in a concentration-
dependent manner [Figure 5A]. The decrease in gene expression levels of
SCD-1 and FAS [Figure 5A], the target genes of SREBP1¢, by BPP during
adipocyte differentiation imply that the inhibition of adipogenesis is
mediated by the regulation of lipogenesis. We also found that BPP
significantly reduced the mRNA levels of LPL and aP2.

Lipolytic effect of BPP on differentiated adipocytes (8 days) was
monitored by ORO staining [Figure 6A]. A significant reduction in
ORO content was observed with 50-100 uM BPP [Figure 6B].The effect
of BPP on lipolysis was also assessed by measuring the expression levels
of perilipin, PDE3B, Gial, HSL, and TNFa by real-time PCR upon
treatment of mature adipocytes with BPP (post differentiation, 8 days).
Treatment with BPP down-regulated the expression of HSL, perilipin,
PPARy, PDE3B, and Gial, and up-regulated the expression of TNFa
[Figure 6C].

DISCUSSION

Mesenchymal stem cell-derived pre-adipocytes have the potential to
differentiate into adipocytes.'® The adipocyte life cycle contains changes
in cell shape and growth arrest, clonal amplification and a complex
sequence of alteration in gene expression leading to lipid accumulation
and finally cell death.” Obesity is a condition associated with excessive
growth of adipose tissue resulting from an increase in the number and/
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Figure 5: Effects of BPP on adipokine gene expression in 3T3-L1 by quantitative real-time RT-PCR analysis. Confluent 3T3-L1 pre-adipocytes were
differentiated into adipocytes in a medium with BPP (0, 10, 25, and 50 uM) for 2 or 8 days. The mRNA expression levels of PPARy, C/EBPa SREBP1, SCD-1,
FAS, aP2, LPL, and adiponectin on day 8 (A), and C/EBP( on day 2 (B) was estimated by quantitative real-time RT-PCR analysis. Results represent the mean
+ SD of three independent experiments, each performed in triplicate wells. * p < 0.05, ** p < 0.01, ***p < 0.001 versus differentiated cells.
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Figure 6: Effects of BPP on expression of lipolysis-associated target
genes perilipin, HSL, PDE3B, Gial, TNFa, and PPARy in 3T3-L1 cells by
quantitative real-time RT-PCR analysis. BPP-treated (48 h, at 50 uM and
100 pM) mature adipocytes (8 days) were stained for intracellular lipids
with Oil Red O. Cells stained with Oil Red O were photographed with a
phase-contrast microscope (original magnification x 100) (A) and lipid
content were quantitated (B). Relative lipid contents (%) were calculated
as 100 x (absorbance of sample-treated/absorbance of differentiated
control). The mRNA expression levels of lipolysis-associated target
genes perilipin, HSL, PDE3B, Gia,, TNFa, and PPARy were estimated by
quantitative real-time RT-PCR analysis (C). Each bar represents the mean
+ SD of three independent experiments. * p < 0.05, ** p < 0.01, ***p <
0.001 versus differentiated cells.

or size of adipocytes differentiated from pre-adipocytes.!'”) Therefore,
suppression of pre-adipocyte differentiation to adipocytes, thereby
reducing the genesis and development of adipose tissue, may be useful to
searching anti-obesity agents.!'¥! The committed pre-adipocytes undergo
initial alterations of cells and subsequent terminal differentiation into
adipocytes, as well as changes in gene expression and the storage of lipids,
and mature adipocytes can then undergo lipolysis changes under certain
conditions.” The cellular and molecular mechanisms of adipocyte
differentiation have been extensively studied using pre-adipocyte culture
systems.!'¥ Thus, the 3T3-L1 cells were used as an in-vitro screening
tool to assess the anti-adipogenic activity of natural products. On that
basis, we investigated therapeutic anti-obesity agents in 3T3-L1 cells by
evaluating their effects on adipocyte differentiation. There is a growing
interest in the search for anti-adipogenic phytochemicals from natural
products. During a research for naturally occurring anti-adipogenic
products from medicinal plants, we observed anti-adipogenic activity of
diarylheptanoid isolated from B. platyphylla bark in 3T3-L1 cells.

Cyclic and acyclic diarylhepanoids are abundant in Betula and Alnus
species of Betulaceae family."”’ We previously reported the inhibitory
effect of cyclic and acyclic diarylheptanoids isolated from leaves of Alnus
hirsuta f. sibirica and fruits of A. japonica, respectively, on adipocyte
differentiation."**) Moreover, curcumin, a major diarylhepanoid of
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Curcuma longa, had an anti-adipogenic activity through the regulation of
the AMPKa-PPARy pathway.® These previous studies suggest the possible
presence of an anti-adipogenic diarylheptanoid, platyphylloside. However,
the anti-adipogenic and lipolytic mechanisms of diarylheptanoid isolated
from B.platyphylla have not been investigated yet.

The firsthallmark of theadipogenic processisalteration in cell shape, paralleled
by changes in the expression levels of extracellular matrix components
and cytoskeletal components.?!! These proceedings further stimulate the
expression of adipogenic transcription factors, including PPARy, C/EBPq,
and SREBP1.2!! Especially, adipogenesis is a complex network modulated
via sequential activation of various transcriptional mediators such as PPARy
and C/EBPa depending on the differentiation stage.?>?* PPARy, considered
the master regulator of adipogenesis, can be activated by thiazolidinediones
(TZDs); treatment of pre-adipocytes with TZDs increases both the extent and
rate of adipogenesis. BPP significantly blocked the induction of PPARy and
C/EBP expression in differentiated adipocytes, as determined by Western blot
and quantitative real-time RT-PCR analysis [Figs. 4 and 5A]. These results
suggest that BPP inhibits adipocyte differentiation, in part via inhibition of
PPARy and C/EBPa dependent pathway. Another member of the C/EBP
family, C/EBP, expressed earlier than C/EBP during adipogenesis in 3T3-L1
cells is responsible for regulating C/EBP expression and transiently enhanced
differentiation of pre-adipocytes.*” To evaluate the effects of BPP on the initial
stage of adipocyte differentiation, mRNA levels of C/EBPp were examined 48
h after adipocyte differentiation by quantitative real-time RT-PCR analysis.
Asaresult, BPP down-regulated C/EBP gene expression [Figure 5B]. SREBP
is involved with regulation of genes related to the metabolism of lipogenesis
and cholesterogenesis.””! Among identified isomers of SREBP (SREBP1a,
SREBPIc, and SREBP2), SREBPIc stimulated lipogenic genes that encode
enzymes involved in triglyceride synthesis and desaturation of fatty acids.®?*
The suppression of SREBPc by BPP might inhibit fatty acid synthesis and
may result in the inhibition of lipid accumulation by blocking adipogenesis.
This effects of BPP on SREBP1c gene expression has been accompanied by
reduction in gene expression of FAS and SCD-1. FAS, highly expressed in
liver and adipose tissue, catalyzes the synthesis of saturated fatty acids in
cells.” Also, SCD-1, which is a key rate-limiting enzyme in the desaturation
of cellular lipids into mono-unsaturated fatty acids, is highly expressed in
adipose tissue.”” It was reported that cellular deprivation on the enzymatic
activity of SCD-1 can induce down-regulation of SREBPI, resulting in a
decrease in lipogenesis.”?® Therefore, treatment with BPP reduced the mRNA
levels of SREBP1c, FAS and SCD-1during adipocyte differentiation and these
results indicate that inhibition of adipocyte differentiation can be mediated by
the down-regulation of these lipogenic genes. PPARY, C/EBPa, and SREBP1c
are induced prior to the transcriptional activation of most adipocyte-specific
genes in the early stage of adipocyte differentiation, whereas adipocyte
fatty acid binding protein (aP2) and FAS are known as terminal markers of
adipocyte differentiation.*”!

Breakdown of triglycerides in adipocytes and the release of fatty
acids are essential for the regulation of energy homeostasis.*"! Mature
adipocytes may also undergo lipolysis and apoptotic cell death under
certain conditions.” Mature adipocytes treated with BPP (48 h, at 100
uM) were stained for intracellular lipids with ORO [Figure 6A]. A
significant reduction in lipid content was observed with 50 uM and 100
uM BPP, indicating a lipolytic effect [Figure 5B]. Effects on lipolysis-
associated target genes were assessed by measuring the transcriptional
expression of perilipin, PDE3B, Gial, HSL, and TNFa by real-time PCR
upon treatment of mature adipocytes (post differentiation, 8 days) with
BPP. BPP down-regulated the expression of HSL, perilipin, PPARY,
PDE3B, and Gial, and up-regulated the expression of TNFa [Figure 5C].
TNFa increases adipocyte lipolysis and down-regulates the expression
of the lipid droplet-associated protein, perilipin, which is thought
to modulate the accession of HSL to the surface of the fat droplet.*!
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The phosphorylation of HSL and perilipin is critical in lipolysis, and
the expression levels of perilipin and HSL are a part of the lipolytic
response.’”” TNFa can suppress expression and function of PPARYy,
which is known to promote phosphorylation and down-regulation of
perilipin.”*** The TNFa induction and PPARy repression caused by
BPP affect down-regulation of perilipin. TNFa-induced lipolysis also
downregulates anti-lipolytic genes PDE3B and Gial.**! These data
suggest that BPP enhances the lipolytic response in mature adipocytes
via modulation of lipolysis-associated gene expression.

CONCLUSION

In conclusion, our study shows that an extract of B. platyphylla bark
and its isolate, BPP, had anti-adipogenic activity in 3T3-L1 cells via
suppression of adipocyte differentiation from pre-adipocytes. To
investigate the inhibitory mechanism of BPP on adipogenesis in 3T3-
L1 cells, the effects of BPP on PPARy and C/EBP expression levels
were examined by Western blot and quantitative PCR analyses.
Treatment with BPP significantly down-regulated the expression of
PPARYy, C/EBP, C/EBPp, C/EBPJ, SREBPIc, SCD-1, FAS, aP2 and
LPL. Moreover, BPP induced a lipolytic response in mature adipocytes
via up-regulation of TNFa and down-regulation of HSL, perilipin,
PPARY, PDE3B, and Gial. Therefore, BPP is a novel potential agent
in the prevention and treatment of obesity through its anti-adipogenic
activities and lipolysis. Such activities should be assessed further
through in-vivo studies in animal models.
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