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Red pepper seed water extract inhibits preadipocyte differentiation
and induces mature adipocyte apoptosis in 3T3-L1 cells

Hwa-Jin Kim?, Mi-Kyoung You®, Young-Hyun Lee', Hyun-Jung Kim*, Deepak Adhikari* and Hyeon-A Kim'®
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“College of Pharmacy and Natural Medicine Research Institute, Mokpo National University, Jeonnam 58554, Korea

BACKGROUND/OBJECTIVES: Reducing the number of adipocytes by inducing apoptosis of mature adipocytes as well as suppressing
differentiation of preadipocytes plays an important role in preventing obesity. This study examines the anti-adipogenic and
pro-apoptotic effect of red pepper seed water extract (RPS) prepared at 4°C (RPS4) in 3T3-L1 cells.

MATERIALS/METHODS: Effect of RPS4 or its fractions on lipid accumulation was determined in 3T3-L1 cells using oil red O
(ORO) staining. The expressions of AMP-activated protein kinase (AMPK) and adipogenic associated proteins [peroxisome
proliferator-activated receptor-y (PPAR-y), CCAAT/enhancer-binding proteins a (C/EBP a), sterol regulatory element binding
protein-1c (SREBP-1¢), fatty acid synthase (FAS), and acetyl-CoA carboxylase (ACC)] were measured in 3T3-L1 cells treated with
RPS4. Apoptosis and the expression of Akt and Bcl-2 family proteins [B-cell lymphoma 2 (Bcl-2), Bcl-2-associated death promoter
(Bad), Bcl-2 like protein 4 (Bax), Bal-2 homologous antagonist/killer (Bak)] were measured in mature 3T3-L1 cells treated with RPS4.
RESULTS: Treatment of RPS4 (0-75 ug/mL) or its fractions (0-50 ug/mL) for 24 h did not have an apparent cytotoxicity on
pre and mature 3T3-L1 cells. RPS4 significantly suppressed differentiation and cellular lipid accumulation by increasing the
phosphorylation of AMPK and reducing the expression of PPAR-y, C/EBP a, SREBP-1c, FAS, and ACC. In addition, all fractions
except ethyl acetate fraction significantly suppressed cellular lipid accumulation. RPS4 induced the apoptosis of mature adipocytes
by hypophosphorylating Akt, increasing the expression of the pro-apoptotic proteins, Bak, Bax, and Bad, and reducing the
expression of the anti-apoptotic proteins, Bcl-2 and p-Bad.

CONCLUSIONS: These finding suggest that RPS4 can reduce the numbers as well as the size of adipocytes and might useful
for preventing and treating obesity.
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INTRODUCTION

Excess body fat may damage health and is associated with
diverse diseases, including hypertension, type Il diabetes, coronary
heart disease, respiratory complications, osteoarthritis, and cancer
[1]. The mass of adipose tissue depends on the processes govern-
ing the size and number of adipocytes [2,3]. Increased proliferation
and differentiation increase the number of adipocytes, whereas
the loss of accumulated lipids by lipolysis and/or apoptosis of
mature fat cells decreases the mass of adipose tissue [3,4].

Because of serious adverse effects of anti-obesity drugs, many
naturally occurring food materials and phytochemicals can be
beneficial in the treatment of obesity [5-9]. Peppers (Capsicum
annuum L.) are the most popular spices consumed throughout
the world and grow in Asia, Africa, and the Mediterranean

regions. The content of capsaicinoids, a group of phenolic
substances, differs with the varieties and parts of the pepper.
The placental tissue, the inner wall that holds the seeds and
the fruit of peppers, is high in capsaicinoids [10]. Human and
animal studies have found that capsaicinoids increase energy
expenditure [11] and reduce energy intake through affecting
appetite [12]. However, in the pepper seeds, capsaicinods are
not produced and the content of it is negligible [13,14]. Pepper
seeds are by-products produced in abundance during pepper
powder or paste processing. Phenolic compounds in pepper
seeds are reported to have antioxidant, antifungal, and anti-
proliferative properties [15-17].

Capsicoside A and G were isolated from the pepper seed
ethanol extract [18]. The inhibitory effects of capsicoside G on
differentiation of 3T3-L1 preadipocytes [19] and weight gain of
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high-fat diet-fed animals [20,21] were demonstrated. However,
the molecular mechanism underlying pepper seed mediated
apoptosis of mature adipocytes is unknown. For some time, it
has been believed that the number of adipocytes in adults
remains constant. Therefore, the therapeutic targets for obesity
are increasing energy expenditure, reducing intake, or inhibiting
adipogenesis. However, the apoptosis of human adipocytes
apparently can be triggered by tumor necrosis factor alpha
(TNF-a) [4]. As a result, inducing apoptosis of adipocyte has grabbed
attention as a therapeutic target to prevent or treat obesity. We
have demonstrated RPS, extracted at 60°C (RPS60), inhibits the early
phase of adipogenesis by activating AMPK [22]. However, the
RPS60 did not show any effect on apoptosis (data not shown).
Here, we prepared RPS at 4°C (RPS4) and demonstrated its
pro-apoptotic effect, as well as a more potent anti-adipogenic
effect, at a lower concentration compared to RPS60. We also
elucidated its underlying mechanism of pro- apoptotic action.

MATERIALS AND METHODS

Preparation of red pepper seed extracts and bioassay guided
fractionation

The seeds of red pepper cultivated in Republic of Korea were
ground. The red pepper seed powder was added with water
at a ratio of 1 part powder to 9 parts water (1:9, w/w) and
extracted in a cold lap chamber at 4°C for 24 h. After two times
of centrifuging extract at 4,700 rpm for 20 min, supernatant
was filtered under reduced pressure. The filtrate was evaporated
and freeze-dried until used. The yields obtained were 11.4 %.

The water extract (80 g) was suspended in distilled water and
solvent fractionation was carried out using different solvents
(n-hexane, chloroform, ethyl acetate and butanol) with increasing
polarity to collect the corresponding fractionates separately. All
the fractionates were evaporated and freeze-dried: n-hexane
(RPS4-H, 15.7 g: 19.6%), chloroform (RPS4-Cl, 15.7 g: 21.6%),
ethylacetate (RPS4-EA, 2.0 g: 2.0%), butanol (RPS4-B, 13.1 g:
16.4%) and water layer (RPS4-W, 30.2 g: 37.7%).

Cell culture

3T3-L1 mouse embryo fibroblasts were purchased from the
American Type Culture Collection (ATCC, Manassas, VA, USA).
Cells were cultured in Dulbecco’s modified eagle’s medium
(DMEM; Gibco, Carlsbad, CA, USA), containing penicillin 100
units/mL, streptomycin 100 pg/mL and 10% newborn calf serum
(NCS, Gibco, Carlsbad, CA, USA), and maintained in a humidified
incubator at 37°C and 5% CO,.

Cell viability

A 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT, Biosesang, Seongnam-si, Gyeonggi-do, Republic of Korea)
assay was used to find out the effect of RPS4 and its fraction
on cell viability. Briefly, pre- and mature adipocyte of 3T3-L1
cells were cultured and treated with RPS4 (0-75 pg/mL) or each
fractionate (0-50 ug/mL) for 24 h in 96-well plates. Then 100
puL MTT solution (2 mg/mL) was added to each well followed
by incubation for 4 h at 37°C. Cells were then exposed to
dimethyl sulfoxide (DMSO, 99% v/v, Sigma, St. Louis, MO, USA)
and the absorbance was measured at 540 nm using an ELISA.

Differentiation of 3T3-L1 preadipocytes and Oil Red O (ORO)
staining

Determination of differentiation was performed as described
previously [6]. In brief, 3T3-L1 preadipocytes were cultured until
confluent, stimulated with DMEM containing 10% fetal bovine
serum (FBS, Gibco, Carlsbad, CA, USA), isobutylmethylxanthine
(0.5 mM IBMX, Sigma, St. Louis, MO, USA), insulin (5 mg/mL,
Sigma, St. Louis, MO, USA), and dexamethasone (1 pM, Sigma,
St. Louis, MO, USA), and maintained in 10% FBS DMEM
containing insulin for two more days. Then, cells were cultured
with 10% FBS DMEM medium for an additional 4 days. Samples
were dissolved in the medium during differentiation. To
measure lipid droplet cells, cells were performed using ORO
staining on day 8 [6]. Cells were washed, fixed, and then stained
with ORO (Sigma, St. Louis, MO, USA) for 1 h. Thereafter, the
stained cells were washed and were photographed by a
microscope (Olympus CKX41, Shinjuku, Tokyo, Japan) at 10x
magnification, and were quantified by ELISA (540 nm).

Apoptosis

The Muse™ Annexin V & Dead Cell Kit (Merck KGaA, Darmstadt,
Germany) was used for the assessment of apoptosis. The mature
adipocytes were incubated with PBS or RPS4 for 24 h.
Thereafter, the treatment medium was removed. After washing
with PBS, the cells were collected using trypsin-EDTA as described
previously [6]. The harvested cells were centrifuged at 1,400
rpm for 5 min, and re-suspended with the complete medium.
Muse™ Annexin V & Dead Cell reagent (100 pL) was added to
each of the re-suspended cells, which were incubated for 20
min. The re-suspended cells were assayed by Muse Cell Analyzer.

Immunoblotting

After washing with cold PBS, the 3T3-L1 adipocytes were
scraped into lysis buffer (10 mM Tris, 100 mM NaCl, T mM EDTA,
1 mM EGTA, T mM NaF, 20 mM NasP.07 2 mM NazVOs 1%
Triton x 100, 10% glycerol, 0.1% sodium dodecyl sulfate (SDS),
0.5% deoxycholate, TmM PMSF, 5% protease inhibitor cocktail,
and pH 7.4) and maintained for 10 min. After centrifuging of
the lysis mixture at 13000 rpm for 20 min at 4°C, and the
supernatant was collected as the lysate. A Bradford protein
assay (Sigma, St. Louis, MO, USA) was used to measure the
protein concentration. The 20 ug of lysate protein was added
with buffer containing 60 mM Tris-HCl (pH 6.8), 25% glycerol,
2% SDS, 10% bromophenol, and 5% 2-mercaptoethanol, and
then heated at 95°C for 10 min followed by separation using
SDS-polyacrylamide gel electrophoresis. The separated proteins
were transferred onto a nitrocellulose membrane (Millipore,
Billerica, MA, USA) in a transblot chamber with Trans buffer
(0.025 M Tris-HCl, 0.192 M glycine, and 20% MeOH). The
membranes were blocked for 1 h at 4°C with 5% nonfat milk
in Tris-buffered saline and Tween 20 (TBS-T) buffer [10 mM
Tris-HCl (pH 6.8), 100 mM NaCl, and 0.1% Tween 20]. The
membranes were then incubated overnight with primary
antibodies [PPAR-y, FAS, ACC, p-ACC, AMPK, p-AMPK, Bak, Bax,
Bcl-2, Bad, and p-Bad; Cell Signaling Technology., Beverly, MA,
USA (1:1,000); C/EBP a, SREBP-1c, and [-actin; Santa Cruz
Biotechnology Inc,, Dallas, TX, USA (1:1000)]. Following a 3 times
wash with TBS-T buffer, the membranes were incubated with
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horseradish peroxidase conjugated secondary antibody [goat
anti-rabbit or goat anti-mouse (1:2,000)] for 1 h. Bands were
detected by adding chemiluminescent substrate (IMGENEX, San
Diego, CA, USA). Protein expression was quantified using UVP
(imaging system for chemiluminescent Western blot, Upland,
CA, USA) and Vision Work image analysis software (Analysis
Software, Upland, CA, USA).

Statistical analysis

Results were expressed as the Meanzstandard error (SE) of
three independent experiments. Statistics were analyzed using
the SPSS 23.0 statistical program (SPSS Inc., International

business machines corporation, Armonk, New York, USA).
Comparisons among groups were based on one-way ANOVA
followed by Duncan's multiple range test. A P-value < 0.05 was
considered statistically significant.

RESULTS

Effect of RPS4 on viability of pre- and mature adipocytes

Pre and mature adipocytes were exposed to different
concentrations of RPS4 (0-75 pg/mL) or fractionates (0-50
pg/mL) for 24 h and intracellular toxicity was determined by
MTT assay. As shown in Fig. 1A and B, there was no toxic effect

(A) (B) (@]
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Fig. 1. Effect of red pepper seed water extract (RPS4) and its fractions on the viability in preadipocytes (A, B) and mature adipocytes (C). Cells were treated with various
concentrations of RPS4 (A, C) or its fraction (B) for 24 h, C, PBS or DMSO; RPS4 25, red pepper seed water extract (4°C) 25 ng/mL; RPS4 50, red pepper seed water extract (4°C)
50 pg/mL; RPS4 75, red pepper seed water extract (4°C) 75 ng/mL; RPS4-H, n-hexane fractionate of red pepper seed water extract (4°C) ; RPS4-Cl, chloroform fractionate of red
pepper seed water extract (4°C); RPS4-EA, ethylacetate fractionate of red pepper seed water extract (4°C); RPS4-B, butanol fractionate of red pepper seed water extract (4°C); RPS4-W,
water fractionate of red pepper seed water extract (4°C) Values are Mean+SE, Stand error bars represent three independent experiments and each experiment was triplicated, Means
with the same letter are not significantly different by Duncan’s multiple range test (A< 0.05),
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Fig. 2. Effect of red pepper seed water extract (RPS4) and its fractions on lipid accumulation in 3T3-L1 cells. The 3T3-L1 cells treated with PBS, DMSO, 25, 50, or 75
ng/mL RPS4 or 50 pg/mL its fractions during the differentiation, After 8 days, 3T3-L1 cells were stained using Oil Red O (A) and measured lipid droplet by ELISA (B). C, PBS or DMSO;
RPS4 25, red pepper seed water extract (4°C) 25 ng/mL; RPS4 50, red pepper seed water extract (4°C) 50 ng/mL; RPS4 75, red pepper seed water extract (4°C) 75 ng/mL; RPS4-H,
n-hexane fractionate of red pepper seed water extract (4°C); RPS4-Cl, chloroform fractionate of red pepper seed water extract (4°C); RPS4-EA, ethylacetate fractionate of red pepper
seed water extract (4°C); RPS4-B, butanol fractionate of red pepper seed water extract (4°C); RPS4-W, water fractionate of red pepper seed water extract (4°C). Values are Mean+SE,
Stand error bars represent three independent experiments and each experiment was triplicated, Means with the same letter are not significantly different by Duncan’s multiple range test
(P<0,05),



Hwa-Jin Kim et al.

on preadipocytes after 24 h treatment with either 75 pg/mL
RPS4 or 50 pg/mL of each of the fractionates. However, RPS4-H,
RPS4-Cl, and RPS4-B at a concentration of 100 pg/mL, signifi-
cantly reduced viability of preadipocytes compared to control
(Suppl Fig. 2). The viability of mature adipocytes after 24 h
treatment of RPS4 at the concentration of 75 pg/mL was
reduced to 90.0% of that of the control (Fig. 1C).

RPS4 decreased the differentiation and TG accumulation in 3T3-L1
cells

On the eighth day of differentiation, the effect of RPS4 or
fractions on the differentiation of 3T3-L1 cells was examined
using ORO staining. RPS4 reduced adipocyte differentiation and
TG accumulation compared to the control, as indicated by

(A) (B
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decreased ORO staining (Fig. 2A). After dissolving lipid droplets
in isopropanol, the absorbance quantified by ELISA at 540nm
also indicated that RPS4 dose-dependently decreased TG
accumulation (P < 0.05) (Fig. 2B). Furthermore, the fractions,
except RPS4-EA reduced adipocyte differentiation. However,
RPS4-H and RPS4-Cl reduced TG accumulation more effectively
compared to RPS4-B and RPS4-W (Fig. 2C & D).

RPS4 activated AMPK and decreased adipocyte-associated protein
expression in 3T3-L1 cells

RPS4 significantly increased the phosphorylation of AMPK. 50
and 75 pg/mL RPS4 increased the phosphorylation of AMPK,
thereby increasing p-AMPK/AMPK level by 140 and 147%,
respectively compared to the control (Fig. 3A). The expressions

RPS4 (ug/mL)
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Fig. 3. Effect of red pepper seed water extract (RPS4) on the expression of AMPK (A) and adipogenic associated proteins (B) in 3T3-L1 adipocytes. C, PBS; RPS4
25, red pepper seed water extract (4°C) 25 ng/mL; RPS4 50, red pepper seed water extract (4°C) 50 pg/mL; RPS4 75, red pepper seed water extract (4°C), Values are Mean+SE,
Stand error bars represent three independent experiments and each experiment was triplicated, Means with the same letter are not significantly different by Duncan’s multiple range test

(P<0.05).
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Fig. 4. Effect of red pepper seed water extract (RPS4) on apoptosis in mature adipocytes. Mature adipocytes were incubated with various concentration of PBS, 25, 50, 75
ng/mL of RPS4 for 24 h and then cell apoptosis was evaluated by Muse Cell Analyzer, C, PBS; RPS4 25, red pepper seed water extract (4°C) 25 ng/mL; RPS4 50, red pepper seed
water extract (4°C) 50 ug/mL; RPS4 75, red pepper seed water extract (4°C), Values are Mean+SE, Stand error bars represent three independent experiments and each experiment
was triplicated, Means with the same letter are not significantly different by Duncan’s multiple range test (P<0.05).
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Fig. 5. Effect of red pepper seed water extract (RPS4) on the expression of Akt and p-Akt in mature adipocytes. (A) Mature adipocytes were treated with RPS4 for 2, 6,
or 24 h; (B) Mature adipocytes were treated with various concentration RPS4 for 6 h, C, PBS; RPS4 25, red pepper seed water extract (4°C) 25 ng/mL; RPS4 50, red pepper seed
water extract (4°C) 50 ng/mL; RPS4 75, red pepper seed water extract (4°C) 75 ng/mL, Values are Mean+=SE, Stand error bars represent three independent experiments and each
experiment was triplicated, Means with the same letter are not significantly different by Duncan’s multiple range test (P<0,05),
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Fig. 6. Effect of red pepper seed water extract (RPS4) on the expression of Bcl-2 family proteins in mature adipocytes. (A) Bcl-2 family protein, (B) Bcl-2/Bax and (C) p-Bad/Bad
ratio, After differentiation, cells treated with PBS, 25, 50, 75 ng/mL of RPS4 for 24 h to measure the expression of Bcl-2 family proteins using Western blotting, C, PBS; RPS4 25,
red pepper seed water extract (4°C) 25 ng/mL; RPS4 50, red pepper seed water extract (4°C) 50 ng/mL; RPS4 75, red pepper seed water extract (4°C) 75 pg/mL, Values are Mean+SE,
Stand error bars represent three independent experiments and each experiment was triplicated, Means with the same letter are not significantly different by Duncan’s multiple range test
(P<0,05),
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of differentiation transcriptional factors PPAR-y, C/EBPq, and
SREBP-1c were dose-dependently down regulated by RPS4
treatment. Also, the expression of adipogenic marker proteins,
FAS and ACC were down regulated by RPS4. RPS4 at the
concentration of 75 pg/mL reduced PPAR-y, C/EBPa, SREBP-1c,
FAS and ACC up to 31%, 42%, 54%, 25% and 21% of that of
the control, respectively. Moreover, it increased p-ACC/ACC up
to 147% of that of the control (Fig. 3B). Taken together, these
data indicate that RPS4 induced AMPK phosphorylation and
decreased adipogenic-related proteins during differentiation.

RPS4 induced apoptosis in mature 3T3-L1 cells

Next, to examine whether RPS4 is able to induce the reduction
in cell number via apoptosis, we measured apoptosis in mature
adipocytes by Muse™ Annexin V & Dead Cell Kit. As shown
in Fig. 4, flow cytometric analysis showed that treatment of cells
with RPS4 increased cells in the early stage of apoptosis
[lower-right quadrant: Annexin V-PE(+) and Dead Cell Marker(-)]
and in the late stage of apoptosis or dead by apoptotic
mechanism [upper-right quadrant: Annexin V-PE(+) and Dead
Cell Marker(+)].

RPS4 caused hypophosphorylation of Akt in mature 3T3-L1 cells

Mature 3T3-L1 cells were treated with 75 pg/mL RPS4 for 2,
6, or 24 h. As shown in Fig. 5A, RPS4 induced hypophos-
phorylation of Akt was observed compared to control group
after 6h treatment, with partial recovery after 24 h. Expression
of p-Akt was measured in mature 3T3-L1 cells treated with
different concentrations of RPS4 for 6h. RPS4 showed a dose
dependent decrease in Akt phosphorylation after a 6 h
treatment (Fig. 5B).

RPS4 induced apoptosis was regulated by the Bcl-2 family proteins
in mature 3T3-L1 cells

To assess whether RPS4 is able to modulate the Bcl-2 family
protein expressions, we treated with PBS, 25, 50, or 75 pg/mL
of RPS4 in mature 3T3-L1 cells for 24 h. As expected, RPS4
showed increases in the expressions of pro-apoptotic proteins,
Bak, Bax, and Bad, whereas showed decreases in the expressions
of anti-apoptotic proteins Bcl-2 and p-Bad. (Fig. 6A). RPS4
induced increases or decreases in the protein expression were
broadly dose-dependent. Additionally, RPS4 treatment decreased
the expression ratios of Bcl-2/Bax (Fig. 6B) and p-Bad/Bad (Fig. 6C).

DISCUSSION

Two anti-adipogenic furostanol saponins, capsicoside A and
G were isolated from the water fraction of defatted pepper seed
ethanol extract [18]. Their anti-adipogenic activity was evaluated
in terms of how they inhibited lipid accumulation during 3T3-L1
adipocyte differentiation. However, the molecular mechanism
underlying the pepper seed mediated apoptosis of mature
adipocytes is unknown. RPS60, whose anti-adipogenic effect
and underlying mechanism of action are known [22], failed to
show an apoptotic effect in mature 3T3-L1 cells (data not
shown). In this study, we prepared RPS4 and its solvent
fractionates, and demonstrated their anti-adipogenic effect.
Moreover, we first demonstrated that RPS induced apoptosis

partially through a mitochondria-dependent pathway in mature
3T3-L1 cells.

First, we examined the inhibitory effect of RPS4 on the lipid
accumulation. A significant decrease in lipid accumulation was
found in RPS4 treated 3T3-L1 cells (Fig. 2A and B). Furthermore,
although RPS4-B and RPS4-W showed inhibitory effect on TG
accumulation, RPS4-H and RPS4-Cl showed potent inhibitory
effect on adipogenesis compared to RPS4-B and RPS4-W (Fig.
2C and D). Therefore, we can speculate the presence of polar
and non-polar active compounds in RPS4 and that non-polar
active compounds are more anti-adipogenic than polar active
compounds. Meanwhile, capsicoside A and G, the most active
compounds in defatted pepper seeds, were isolated from water
fraction of ethanol extract [18].

In the previous study, since RPS60 inhibited the differentiation
of 3T3-L1 cells by activating AMPK [22], the effect of RPS4 on
the activation of AMPK was established (Fig. 3A). Like RPS60,
RPS4 significantly increased the phosphorylation of AMPK. AMPK
suppresses fatty acid synthesis by inactivating ACC [19,23] and
down regulating the expression of FAS [24]. Additionally, AMPK
inhibits fatty acid synthesis at the transcriptional level by down
regulating SREBP-1¢, the transcription factors of enzymes involved
in fatty acid synthesis [25,26]. Furthermore, we demonstrated
that compound C, the inhibitor of AMPK, reversed RPS60
induced decrease in not only SREBP 1-c but also PPAR-y and
C/EBP-a expression [22]. In this study, RPS4 reduced the
expression of differentiation transcriptional factors (PPAR-y,
C/EBPa, and SREBP-1c) and adipogenic marker enzymes (ACC
and FAS) (Fig. 3B). Therefore, our study indicates that RPS4
inhibited the differentiation of 3T3-L1 adipocytes by activating
AMPK and its downstream adipogenic-associated proteins.

We have found that the anti-adipogenic effect of RPS4 is more
obvious than that of RPS60 in terms of the percentage of the
control [22]. 75 pg/mL RPS4 reduced lipid accumulation up to
45% of that of the control, which was less than the 100 pug/mL
RPS60 did (up to 51.9% of that of the control). To evaluate the
difference in chemical profiles between RPS4 and RPS60, thin-
layer chromatography (TLC) was conducted using methanol-
chloroform-water (5:5:1) as the eluent. RPS4 exhibited rather
different TLC profile compared to RPS 60, although the chemical
profiles are not completely identified yet (Suppl Fig. 1). RPS4
clearly displayed visible spots a and b as the main components,
however, spots b was not observed in the RPS60. These results
indicate that temperature can affect the chemical composition
or extraction efficiency in the RPS extraction process. In
addition, we compared the yields (% obtained) of each fraction
of RPS4 and RPS60. The percentage yield of each fraction was
rather different between RPS4 and RPS60 (Suppl Table. 1). In
addition, the viability of preadipocytes treated with 100 ug/mL
of RPS4-H, RPS4-Cl or RPS4-B was significantly lower than that
of the control; whereas, all the fractions of RPS 60 at a
concentration of 100 pg/mL had no effect on the viability of
preadipocytes (Suppl Fig. 2).

Capsicinoids and capsicoside G are representative anti-
adipogenic compounds isolated from red pepper. However,
unlike the pepper placental tissue and fruit, which contain
substantial amounts of capsaicinoids, no capsaicinoids were
detected in pepper seeds, although its main component was
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Fig. 7. Proposed working model: RPS4 suppresses adipogenisis and induces apoptosis through AMPK pathways

phenolic compounds [14]. In addition, capsicoside G is extracted
by method relatively different from our RPS4 [19-21].
Research on adipocyte apoptosis has been limited owing to
the remarkable ability of adipocytes to resist apoptosis. However,
according to in vivo and in vitro evidence, the loss of mature
fat cells by apoptosis might play a role in a decreasing adipose
tissue mass [27,28]. Capsaicin, a major pungent ingredient in
red pepper has been demonstrated to induce apoptosis in
3T3-L1 preadipocytes which mediated through the activation
of caspase-3, Bax, and Bak and the down-regulation of Bcl-2
[5]. Our flow cytometric analysis result showed that RPS4
treatment for 24 h induced apoptosis in mature 3T3-L1 cells
in a concentration dependent manner (Fig. 4). We hypothesized
that RPS4 can induce apoptosis at the mitochondrial level which
is regulated by the members of the Bcl-2 family. It has been
shown that phosphorylated Akt suppresses apoptosis by inhibi-
ting the mitochondrial-induced apoptosis pathway [8,29-31].
Phosphorylated Akt inhibits the pro-apoptotic Bcl-2 family
protein Bad by phosphorylation. In the present study, RPS4
suppressed the phosphorylation of Akt in the mature 3T3-L1
cells following 6 h of exposure, but Akt phosphorylation was
recovered following 24 h of exposure (Fig. 5). In other studies,
Akt phosphorylation partially recovered after a brief exposure.
The expression of p-Akt was inhibited by the treatment of
LY294002, the inhibitor of PI3K/Akt, for 6 h, and partially
recovered at 24 h [32]. In addition, although, an ethanol extract
of St. John's wort reduced p-Akt expression after treatment for
2 h with partial recovery at 6 h, the expression of Bad remained
inhibited after 6 h [33]. In this study, Bad remained inhibited
after 24 h of RPS4 exposure (Fig. 6A) and reduced the ratio
of p-Bad/Bad expression (Fig. 6C). We also found that RPS4

increased the protein expression of Bak and Bax, whereas it
decreased the expression of Bcl-2 (Fig. 6A). We speculate that
hypophosphorylation of Bad by RPS4 allowed the formation of
a Bad-Bcl-2 heterodimer, which inactivated Bcl-2 and led to
Bax/Bak-triggered apoptosis [34,35]. Further, our results revealed
that RPS4 decreased the expression ratio of Bcl-2/Bax (Fig. 6B).
The ratio of Bcl-2/Bax plays an important role in determining
whether cells will undergo apoptosis under cell death-promoting
conditions [36,37].

Activated AMPK is known to mediate pro-apoptosis by activa-
ting a JNK (c-Jun N terminal kinases) pathway [38], regulating
p53 [39], inhibiting mTOR (mammalian target of rapamycin) [40],
and directly upregulating pro-apoptotic proteins by inactivating
Akt [41] in the different cell lines. However, since AMPK
involvement in apoptosis is still controversial, more investiga-
tions are needed to elucidate the importance of AMPK in
apoptosis of adipocytes.

As mentioned earlier, we have suggested that treatment with
RPS60 could inhibit adipocyte differentiation during the early
phase of adipogenesis. However, unlike RPS4, RPS60 has not
shown a pro-apoptotic effect on mature adipocytes (data not
shown). Therefore, given the different response of mature
adipocytes to apoptosis, further study need to elucidate the
exact compounds in our RPS4 that cause the pro-apoptotic and
anti-adipogenic effects.

Taken together, RPS4 inhibits preadipocyte differentiation by
reducing the expression of adipocyte associated proteins, and
induces apoptosis of mature 3T3-L1 cells by decreasing pro-
apoptotic protein expression and increasing anti-apoptotic
protein expression (Fig. 7). Our findings suggest that RPS4 can
reduce the numbers as well as the size of adipocytes and can
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be developed as a therapeutic agent for treating obesity.
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