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BACKGROUND/OBIJECTIVES: Several medicinal properties of Smilax china L. have been studied including antioxidant,
anti-inflammatory, and anti-cancer effects. However, the antiobesity activity and mechanism by which the water-soluble fraction
of this plant mediates its effects are not clear. In the present study, we investigated the lipolytic actions of the water-soluble
fraction of Smilax china L. leaf ethanol extract (wsSCLE) in 3T3-L1 adipocytes.

MATERIALS/METHODS: The wsSCLE was identified by measuring the total polyphenol and flavonoid content. The wsSCLE was
evaluated for its effects on cell viability, lipid accumulation, glycerol, and cyclic adenosine monophosphate (cAMP) contents.
In addition, western blot analysis was used to evaluate the effects on protein kinase A (PKA), PKA substrates (PKAs), and
hormone-sensitive lipase (HSL). For the lipid accumulation assay, 3T3-L1 adipocytes were treated with different doses of wsSCLE
for 9 days starting 2 days post-confluence. In other cell experiments, mature 3T3-L1 adipocytes were treated for 24 h with

wsSCLE.

RESULTS: Results showed that treatment with wsSCLE at 0.05, 0.1, and 0.25 mg/mL had no effect on cell morphology and
viability. Without evidence of toxicity, wsSCLE treatment decreased lipid accumulation compared with the untreated adipocyte
controls as shown by the lower absorbance of Oil Red O stain. The wsSCLE significantly induced glycerol release and cAMP
production in mature 3T3-L1 cells. Furthermore, protein levels of phosphorylated PKA, PKAs, and HSL significantly increased

following wsSCLE treatment.

CONCLUSION: These results demonstrate that the potential antiobesity activity of wsSCLE is at least in part due to the stimulation
of cAMP-PKA-HSL signaling. In addition, the wsSCLE-stimulated lipolysis induced by the signaling is mediated via activation

of the B-adrenergic receptor.
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INTRODUCTION

Obesity is a metabolic disease caused by the accumulation
of surplus energy source in adipocytes as a result of imbalanced
nutrient absorption and energy consumption [1]. Excessive fat
accumulation in adipocytes is associated with the development
of chronic conditions such as diabetes, hypertension, and
cardiovascular disease [2]. Therefore, many studies have been
performed to investigate how to prevent fat accumulation in
cells and how to regulate the breakdown of accumulated fat.
Lipid droplets in adipocytes are known to play an important
role in the regulation of lipid metabolism. Furthermore, the
breakdown of triglycerides, which are the main components of
lipid droplets, and the resultant secretion of glycerol, is thought
to be an important mechanism and biomarker of the inhibition

of fat accumulation within cells [3,4]. Lipase, in particular, plays
an important role in the breakdown of triglycerides [4].
Hormone-sensitive lipase (HSL) plays a major role in the
lipolytic process in lipid droplets and its activity is regulated
by hormones such as insulin and epinephrine [5]. Phosphoryla-
tion by protein kinase A (PKA) or by extracellular signal-
regulated kinase (ERK) plays an important role in HSL regulation.
In other words, PKA phosphorylates HSL at residues serine 563
(Ser563), 659 (Ser659), and 660 (Ser660) and ERK phosphory-
lates HSL at serine 600 (Ser600) (numbering for rat HSL) [5,6].
Phosphorylation of Ser660 on HSL induces its translocation to
lipid droplets, and phosphorylation of Ser563 and Ser600 has
an effect on lipase activation [5,7]. Unlike insulin, which is the
most potent antilipolytic hormone, catecholamines such as
epinephrine mediate lipolytic action by associating with (3
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-adrenergic receptors (3-AR) on adipocytes [8]. Stimulation of
catecholamine-induced [3-AR signaling increases cyclic AMP
(cAMP) levels within cells, which in turn induces PKA activity.
Furthermore, as noted, HSL activated by PKA-mediated phos-
phorylation breaks down triglyceride into glycerol and fatty
acids [5,8].

The US. Food and Drug Administration (FDA) have approved
the antiobesity drugs sibutramine and orlistat for clinical use.
Sibutramine induces weight loss by suppressing appetite and
increasing satiety, whereas orlistat affects weight loss by
controlling fat absorption due to the inhibition of lipase
activation in the pancreas and gastrointestinal tract [9]. However,
sibutramine has side effects that include a dry mouth, insomnia,
and constipation, whereas orlistat has side effects that include
gastroenteric trouble, hypersensitivity, dyscholia, and the
suppression of fat-soluble vitamin uptake. Furthermore, the
efficacy of orlistat drugs has been reported to decrease with
long-term use [10,11]. Therefore, research has focused on
materials and food that can help reduce the side effects when
used in combination with sibutramine or orlistat or have
antiobesity effects when used on their own [12,13].

Smilax china L. leaves are known to have antioxidant effects
and flavonoids such as kaempferol-7-O-a-l-rhamnopyranoside
and kaempferol-3,7-0-a-I-dirhamnopyranoside have been reported
as the active components of these leaves [14]. In addition,
phenol compounds such as resveratrol and kaempferol, which
are found in Smilax china L. leaves, have been reported to have
antiobesity effects that are mediated by the inhibition of
adipocyte differentiation and fat accumulation [15-17]. Further-
more, Wang et al. [18] reported that polyphenol intake could
be beneficial against obesity. Accordingly, this study aimed to
investigate the antiobesity effects and the mechanisms involved
in extracts of Smilax china L. leaves.

MATERIALS AND METHODS

Smilax china L. leaf extracts

The Smilax china L. leaves that were used in this study were
collected in Uiryeong in Kyeongsangnamdo, Korea and examined
by Professor Heung-Mook Shin (College of Oriental Medicine,
Dongguk University, Gyeongju, Korea). Smilax china L. leaves
were dried in the shade and pulverized into the fine powder.
The extract of the dried leaves was extracted with the addition
of 80% ethanol (10-fold of their weight) and by heating at 80°C
for 5 h in a reflux extractor. The mixture was cooled to room
temperature and centrifuged at 3,000xg for 30 min. The
supernatant was collected and filtered through Whatman filter
paper (Whatman International, Maidstone, UK) and evaporated
in a rotary evaporator (Eyela SB-1000, Tokyo, Japan) followed
by lyophilizing in a lyophilizer (FD 8508, lishin, Korea). The yield
was 8.8% of the dry weight of Smilax china L. leaves. According
to the method described by Sakagami Y [19], 3 g of dried
extracts were dissolved in 10 mL of sterile water and the
supernatant was moved to fresh tubes and lyophilized. The
water-soluble fraction (wsSCLE, 1.71 g) was obtained and the
remainder of the sample was dissolved in dimethylsulfoxide
(DMSQ) to obtain the fat-soluble fraction. In present study, the
wsSCLE was used.

Determination of total phenolic and total flavonoid contents

The total phenolic content was measured by a colorimetric
assay using Folin-Ciocalteu’s phenol reagent [20]. A total of 0.96
mL of distilled water and 0.1 mL of 50% Folin-Ciocalteu’s phenol
were added to 0.04 mL of the sample, which was diluted with
distilled water and incubated for 3 min. Then, 0.2 mL of 10%
Na,CO; was added, the mixture was incubated for 1 h, and the
absorbance was subsequently measured at 700 nm. The total
polyphenol content was calculated from a standard curve
generated using gallic acid (Sigma, St. Louis, MO, USA).

The total flavonoid contents were determined according to
the method described by Moreno et al. [21]. A total of 10%
aluminum nitrate 0.02 mL, 1 M potassium acetate 0.02 mL, and
80% ethanol 0.86 mL were mixed with 0.4 mL of each sample,
and each mixture was then incubated for 40 min at room
temperature. Absorbance was measured at 415 nm using a
spectrophotometer (Optizen 2120 UV, Mecasys, Korea). The total
flavonoid content was determined from a calibration curve
using quercetin (Wako, Osaka, Japan) as a standard.

Cytotoxicity assays and induction of 3T3-L1 cell differentiation

3T3-L1 preadipocytes were purchased from the American
Type Culture Collection (ATCC, Manassas, VA, USA) and cultured
in a 5% CO, incubator at 37°C in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% bovine calf serum
(Welgene, Daegu, Korea) and 1% penicillin-streptomycin (Welgene,
Daegu, Korea). Cytotoxicity was determined using the 3-[4,5-
dimethylthiazole-2-yl]-2,5-di-phenyl-tetrazolium bromide (MTT)
reduction method [22]. 100 pL 3T3-L1 preadipocytes was
aliquoted and placed into each well of a 96-well plate at a
density of 1x 10" cells/well and incubated for 24 h. Samples
were then treated at each concentration in the medium without
FBS and antibiotics. After incubation for 24 h, the MTT solution
(5 mg/mL) was added and samples were incubated for 4 h,
following which the supernatant was removed. DMSO (100 L)
was added into each well to dissolve the formazan, and the
plates were incubated on a shaker. After 30 min, absorbance
was measured at 540 nm using a microplate reader (EL80S,
BioTek, Winooski, USA). The cytotoxicity was compared using
the absorbance value of untreated control cells as the baseline.

3T3-L1 cell differentiation and lipid accumulation were
determined according to the method described by Oh et al.
[23]. To study adipocyte differentiation, 3T3-L1 preadipocytes
were aliquoted into 6-well plates at a density of 5 x 10° cells/well
to ensure confluency, and the cells were further incubated for
2 days. Differentiation was subsequently induced by incubating
the cells with DMEM supplemented with MDI [0.5 mM 3-isobutyl-
1-methylxanthine (IBMX), 1 uM dexamethasone, 10 pug/mL insulin]
solution and 10% FBS for 3 days. The media was subsequently
replaced with DMEM supplemented with 10 pg/mL insulin and
10% FBS, and cells were incubated for a further 3 days. The
media was subsequently replaced with DMEM supplemented
with 10% FBS only and cells were incubated again for a further
3 days, which allowed for complete adipocyte differentiation
and for the formation of lipid droplets as a result of lipid
accumulation within cells. The accumulated lipid content was
determined by fixing differentiated cells with 10% formalin and
staining them for 1 h with QOil Red O staining solution (Sigma-
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Aldrich, St. Louis, USA). The size and quantity of the stained
lipid droplets were observed under a microscope. The content
of lipid droplets can be quantified and compared by extracting
Oil Red O stain from lipid droplets using 100% isopropanol and
measuring the absorbance using a microplate reader at 520 nm.

This study does not target the human subject, and does not
use the tissues or cells of human origin. Therefore, this research
plan does not need the approval of Kangwon national
University Institutional Review Board.

Measuring glycerol release

Differentiated 3T3-L1 adipocytes were cultured with 0.1 or
0.25 mg/mL of wsSCLE and 10 uM of the PKA inhibitor H89
(Sigma-Aldrich, St. Louis, USA) for 24 h. This medium was used
in measurement of glycerol release level. The medium and
glycerol reference material were placed into 96-well plates and
mixed with a free glycerol detection reagent (Abcam, Cambri-
dge, UK). Cells were incubated at 37°C for 30 min and
absorbance was measured at 570 nm using a microplate reader.

Cyclic AMP assay

Differentiated 3T3-L1 adipocytes were treated with 0.1 or 0.25
mg/mL of wsSCLE and a [B-adrenergic receptor ([3-AR) agonist
and antagonist, 10 uM isoproterenol (Sigma-Aldrich, St. Louis,
USA) and 100 uM propranolol (Sigma-Aldrich, St. Louis, USA),
respectively, for 24 h. The media was removed and then cells
were washed with phosphate buffer saline (PBS). The cells were
lysed via a freeze-thaw method using cell lysis buffer. After cells
were completely lysed, cellular debris was removed by centrifu-
gation at 3,000 x g for 10 min, and the protein concentration
was quantified using the Bradford assay (Bio-Rad Laboratories,
Hercules, USA) to correct for cell count. The cAMP level was
measured using a cAMP ELISA kit (Abcam, Cambridge, UK) and
was quantified based on the manufacturer’s instructions.

Western blot analysis

Equal concentrations of protein were mixed with the sample
buffer, which was supplemented with sodium dodecyl sulfate
(SDS) and [3-mercapto-ethanol, at a ratio of 3:1 and were heated
at 100°C for 3 min. Each protein sample was subjected to SDS
gel electrophoresis and was then transferred to a polyvinylidene
fluoride membrane (0.45 pm, PVDF transfer membrane, Thermo,
Rockford, IL, USA). The membrane was placed in blocking buffer
consisting of tris-buffered saline (TBS) supplemented with 0.1%
tween 20 and 5% skim milk and was incubated for 2 h. The
membrane was subsequently incubated in buffer containing
primary antibody for 2 h. The antibodies, and dilutions used,
were as follows: adenylate cyclase (1000:1) (Abcam, Cambridge,
UK); PKA (2500:1); p-PKA (2000:1); p-PKA substrate (2000:1);
hormone-sensitive lipase (HSL; 3000:1); GAPDH (2000:1; Santa
Cruz Biotechnology, Santa Cruz, CA, USA); p-HSL (Ser563;
1000:1);and p-HSL (Ser660; 1000:1; Cell Signaling Technology,
Danvers, MA, USA). Membranes were then washed with TBS-T
(TBS containing 0.1% tween 20) three times for 5 min each.
The membrane was then incubated for 1 h in buffer including
horseradish peroxidase-conjugated secondary antibody (2000:1)
(Santa Cruz Biotechnology, Santa Cruz, CA, USA) and was then
exposed to x-ray film using an enhanced chemiluminescence

method. The intensity of detected bands was analyzed using
Image) software (National institutes of health, Bethesda, MD,
USA).

Statistical analysis

Data were expressed as mean values + SD and comparisons
of data were carried out using Student's unpaired t-test or
one-way ANOVA, as appropriate. Mean values were considered
significantly different when P < 0.05.

RESULTS

Total phenolic content and cell viability of the water-soluble
fraction of Smilax china L. leaf ethanol extract (wsSCLE)

After separating the water soluble fraction (wsSCLE) from the
Smilax china L. leaf ethanol extract, total phenolic and total
flavonoid contents measured using gallic acid and quercetin
as standards were found to be 275.12 + 13.67 mg/g and 137.61
+ 11.82 mg/g, respectively (Fig. 1A). The cytotoxicity to 3T3-L1
preadipocytes was examined using 0.05, 0.1, 0.25, 0.5, and 1
mg/mL of wsSCLE, where the polyphenol and flavonoid contents
were verified. The results show that no cytotoxicity was observed
up to 0.25 mg/mL, but the percent cell viability was 88.01 £
4.61% and 73.23 + 4.33%, at 0.5 mg/mL and 1 mg/mL, respec-
tively, confirming significant cytotoxicity at those concentra-
tions (Fig. 1B). Based upon the results of the cytotoxicity assay,
wsSCLE concentrations below 0.25 mg/mL were used in all
subsequent studies.
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Fig. 1. Total phenolic content of a water-soluble fraction of Smilax china L. leaf
ethanol extract (wsSCLE) and its effects on cell viability. (A) The total phenolic and
total flavonoid contents were expressed as mg of gallic acid and quercetin equivalents
per g of dry extract, (B) Effect of wsSCLE on the viability of 3T3-L1 cells, Cells were
treated with wsSCLE at 0,05, 0.1, 0,25, 0.5, or 1 mg/mL for 24 h, Cell viability was
determined using a MTT assay kit, Data are expressed as mean + SD of triplicate
experiments, * £<0,05 compared to control cells (white bar),
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Fig. 2. A water-soluble fraction of Smilax china L. leaf ethanol extract (wsSCLE)
treatment inhibits lipid accumulation in 3T3-L1 adipocytes. Differentiation was
induced in 3T3-L1 cells 2 days after they attained confluence, Cells were then treated
with wsSCLE (0,1 and 0.25 mg/mL) for 9 days, At the end of the treatment period, lipid
content was analyzed using Oil Red O staining, (A) Representative images of Oil Red O
staining, (B) Quantification of lipid accumulation based on the optical density values at
520 nm of destained Oil Red O extracted from the 3T3-L1 cells, Data are expressed as
mean + SD of triplicate experiments, ¥ £<0.05 compared to control cells (white bar), *
P<0,05 compared to adipocytes,

Inhibitory effects of wsSCLE on lipid accumulation

Oil Red O staining was performed to examine the effects of
wsSCLE on lipid accumulation in 3T3-L1 adipocytes. The results
verified that the quantity of lipid droplets in adipocytes treated
with 0.1 and 0.25 mg/mL of wsSCLE decreased more than the
quantity of lipid droplets in untreated differentiated adipocytes
(Fig. 2A). In addition, the absorbance was measured by extrac-
ting Oil Red O stain from lipid droplets with 100% isopropanol.
The results show that the absorbance in adipocytes (0.89 + 0.08)
increased significantly more than that of preadipocytes (0.65
+0.11), and that the absorbance of adipocytes was decreased
following treatment with 0.1 and 0.25 mg/mL wsSCLE (0.66 +
0.10 and 0.64 + 0.07, respectively). The decreased absorbance
observed following wsSCLE treatment is similar to that observed
in preadipocytes.
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Effects of wsSCLE on lipolysis in 3T3-L1 adipocytes

To examine the effects of wsSCLE on lipolysis in 3T3-L1
adipocytes, glycerol release into the incubating medium was
measured. The results revealed that 6.60 + 0.69 and 10.46 + 0.66
nM of glycerol were detected in cell culture medium treated
with 0.1 and 0.25 mg/mL of wsSCLE, respectively. When compared
with the control (3.98 +0.21 nM), the release of glycerol was
shown to increase in a concentration-dependent manner with
increasing wsSCLE (Fig. 3A).In addition, increased glycerol
release (10.22 +0.16 nM) following treatment with 0.25 mg/mL
of wsSCLE decreased (5.18 + 0.33 nM) with treatment with the
PKA inhibitor, H89 (10 puM).This was not statistically different
from the glycerol content (3.95+0.36 nM) observed in
adipocytes that were treated only with 10 uM of H89.

The effect of wsSCLE on the expression of adenylate cyclase (AC)
and PKA

Based upon the results showing that wsSCLE-induced glycerol
release decreased following treatment with the PKA inhibitor,
H89 (10 uM), the effect of wsSCLE on AC and PKA was examined.
As shown in Fig. 4A, the expression of AC was affected following
treatment with wsSCLE, but this was not statistically significant.
The expression of total PKA was not found to be affected
following treatment with wsSCLE; however, there was a
significant change in the expression of phosphorylated PKA. In
the same way that the PKA phosphorylation that was induced
by the B-AR agonist (Isoproterenol, 10 pM) was subsequently
decreased by the [3-AR antagonist (propranolol, 100 uM), the
phosphorylation of PKA that was induced by wsSCLE (0.25
mg/mL) was subsequently decreased following treatment with
propranolol. In addition, the phosphorylation of PKA substrate
was shown to increase following treatment with wsSCLE, which
was shown to be inhibited by treatment of H89 (Fig. 4B).

Effects of wsSCLE on cAMP synthesis

Based on the finding that wsSCLE induced the phosphoryla-
tion of PKA, the effect of wsSCLE on cAMP synthesis was
examined. As shown in Fig. 5, the results showed that wsSCLE
induced cAMP synthesis in a concentration-dependent manner.
As the cAMP level (1.88 +£0.23) that was increased by [-AR
agonist (isoproterenol, 10 pM) was decreased (0.79 £0.11) in
response to the [3-AR antagonist (propranolol, 100 uM), cCAMP
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Fig. 3. Effects of a water-soluble fraction of Smilax china L. leaf ethanol extract (wsSCLE) treatment on lipolysis in mature 3T3-L1 adipocytes. (A) wsSCLE (0.1 and 0.25
mg/mL) increased glycerol release from differentiated mature 3T3-L1 cells, (B) Lipolytic effect of wsSCLE was inhibited by treatment with the protein kinase A (PKA) inhibitor (H89, 10
#M), After differentiation, the mature 3T3-L1 cells were incubated with wsSCLE, Glycerol release was measured using a commercial glycerol assay kit, Data are expressed as mean

+ 8D of triplicate experiments, * P< 0,05 compared to control cells (white bar),

* P<0.05 compared to wsSCLE 0,25 mg/mL,
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Fig. 4. A water soluble fraction of Smilax china L. leaf ethanol extract (wsSCLE)
stimulates protein kinase A (PKA) signaling. (A) The expression of adenylate cyclase
(AC) and PKA by wsSCLE treatment, Mature 3T3-L1 adipocytes were incubated with
wsSCLE (0.1 and 0.25 mg/mL) for 24 h, The B-adrenergic receptors were induced (by
Iso, an agonist) and inhibited (by Pro, an antagonist), (B) The induction of the
phosphorylation (p) of PKA substrates (PKAs) by wsSCLE treatment, H89 treatment (10
M) decreased wsSCLE-induced pPKAs, Data are expressed as mean + SD of triplicate
experiments, ™ P< 0,001 compared to Iso, * <0,05 compared to control (white bar),
M p<0.001 compared to wsSCLE 025 mg/mL, Iso, isoproterenol (10 uM); Pro,
propranolol (100 uM),
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Fig. 5. A water-soluble fraction of Smilax china L. leaf ethanol extract (wsSCLE)
induces lipolysis via activation of the cyclic adenosine monophosphate (cCAMP)
signaling. Mature 3T3-L1 adipocytes were incubated with wsSCLE (0,1 and 0.25 mg/mL)
for 24 h, A B-adrenergic receptor agonist and antagonist (Iso and Pro, respectively) were
used as cAMP inducer and inhibitor, respectively, Intracellular cAMP levels were measured
using an enzyme-linked immunosorbent assay (ELISA), Data are expressed as mean *
SD of triplicate experiments, * £<0.05, ** £< 0,001, Iso, isoproterenol (10 uM); Pro,
propranolol, (100 pM).

levels (3.21 + 0.55) that were increased by wsSCLE (0.25 mg/mL)
were decreased (0.37 £ 0.47) following treatment with propranolol
(100 pM).
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Fig. 6. A water-soluble fraction of Smilax china L. leaf ethanol extract (wsSCLE)
induces phosphorylation of hormone-sensitive lipase (HSL). Mature 3T3-L1
adipocytes were incubated with wsSCLE (0.1 and 0,25 mg/mL) for 24 h, The [B-adrenergic
receptor agonist and antagonist (lso and Pro, respectively) were used to induce
phosphorylation and dephosphorylation, respectively, of HSL, Data are expressed as mean
+ 8D of triplicate experiments, # p<0,001 compared to Iso,* <0,05 compared to
control, Tp<005 compared to wsSCLE 0,25 mg/mL. Iso, isoproterenol (10 uM); Pro,
propranolol (100 uM),

Effects of wsSCLE on the expression of HSL and phosphorylation

The above test results indicate that wsSCLE activated the 3
-AR-cAMP-PKA signaling pathway. Based on these findings, the
effect of PKA on the phosphorylation of HSL was examined.
As shown in Fig. 6, the result showed that HSL was phosphory-
lated on Ser563 when treated with wsSCLE (0.25 mg/mL).
Following the same pattern as described for the cAMP level
and the p-PKA expression above, the level of p-HSL (Ser563)
that increased in response to the 3-AR agonist (isoproterenol,
10 uM) was decreased in response to treatment with the PKA
inhibitor, H89. Similarly, the level of p-HSL (Ser563) that was
increased following treatment with wsSCLE (0.25 mg/mL)
decreased in response to treatment with H89. However, the
level of Ser660, which affected the localization of HSL to the
lipid droplets, did not increase significantly following treatment
with wsSCLE.

DISCUSSION

Previous studies have investigated the antioxidant activity of
Smilax china L. leaf extracts, including their electron donating
ability, nitrite radical scavenging activity, antibacterial activity
[14, 24], and antidiabetic activity, including the inhibition of a
-amylase and a-glucosidase [25]. However, there have been few
studies on the antiobesity activity of the extracts. Recently, Park
et al. [26] reported that an ethanol extract of Smilax china L.
leafs inhibited the lipid accumulation in 3T3-L1 adipocytes, but
its mechanism has not been studied. Thus, in the present study,
an ethanol extract of Smilax china L. leaf was divided into
water-soluble and fat-soluble fractions, and the water-soluble
fraction was used to investigate its antiobesity effects and
identify the mechanism(s) involved.

As previously stated, Wang et al. [18] reported that
polyphenol intake has beneficial effects on antiobesity. Thus,
the polyphenol and flavonoid contents of wsSCLE, the test
material of the present study, were measured using standard
curves generated using gallic acid and quercetin. As a result,
total phenolic and total flavonoid contents were measured as
275 mg/g and 134 mg/g, respectively, in this study, which were
over 2-fold higher than those measured at 128 mg/g and 42
mg/gin a previous study using a water extract of Smilax china
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L. leaf by Kim et al. [20]. This suggests that the extraction
method used in the present study may be used to increase
the content of phenolic compounds in Smilax china L. leaf
extracts in future studies. Cytotoxicity of 3T3-L1 preadipocytes
was examined using wsSCLE with confirmed polyphenol and
flavonoid contents, and cytotoxicity was not observed at
concentrations of 0.25 mg/mL or below. This level of toxicity
is higher than that found in a study using raw 264.7 cells by
Kim et al. [20], and might be attributed to the difference in
cell type or the higher polyphenol and flavonoid contents in
the extracts. However, further study is required for a more clear
explanation.

Based upon the results reported by Park et al. [26], accumu-
lation of lipid droplets in 3T3-L1 adipocytes was examined to
confirm the antiobesity effects of wsSCLE. The result showed
that the accumulation of lipid droplets decreased with
treatment of wsSCLE. In addition, the glycerol content in cell
culture medium increased in a concentration-dependent manner
along with wsSCLE treatment. The increased glycerol release
decreased following treatment with the PKA inhibitor, H89. This
suggests that wsSCLE was able to break down the triglycerides
that had accumulated in 3T3-L1 adipocytes, and its strong
correlation with PKA activity could be predicted. Thus, the
expression of adenylate cyclase (AC), which is capable of
synthesizing the cAMP that is necessary for PKA activation, was
examined in order to identify the mechanism of PKA activation.
The expression and phosphorylation of PKA were also observed.
Brasaemle et al. [27] showed that lipolytic activity stimulated
by the [3-AR agonist isoproterenol was inhibited by the B-AR
antagonist, propranolol. An application of the test was carried
out in this study. The result showed that treatment with
isoproterenol and wsSCLE tended to increase the expression
of AC, although this was not statistically significant. However,
the expression of phosphorylated PKA increased significantly
even though the expression of total PKA was not affected with
the treatment of isoproterenol and wsSCLE. A previous study
reported that 3-adrenergic stimulation activated PKA, which in
turn, induced phosphorylation of PKA substrate [28]. Based
upon the results that phosphorylation of PKA increased with
the treatment of wsSCLE, changes in the expression of phos-
phorylated PKA substrate were examined to determine whether
the 3-AR-PKA pathway was activated. The results showed that
phosphorylation of PKA substrate increased with the treatment
of wsSCLE, confirming that the (3-AR-PKA pathway was activated.

Previous studies showed that PKA activation resulted from
the activation of AC and the subsequent increase in cAMP levels
[29]. Therefore, cCAMP levels in 3T3-L1 adipocytes were measured
in the present study to investigate this further. The result
showed that the level of cAMP increased in a concentration-
dependent manner when treated with wsSCLE, and that this
increase was inhibited following treatment with propranolol,
consistent with the findings of previous studies. This indicates
that B-AR was stimulated following treatment with wsSCLE,
which led to an increase in cAMP and in turn, the activation
of PKA. In addition, this cAMP-increase was reduced when (3
-adrenergic stimulation was inhibited. Although wsSCLE was not
found to have a significant effect on the protein expression
of AC, the results of the present study suggest that wsSCLE

can activate AC by the stimulation of [3-AR.

Lastly, based upon the previous results showing activation
of the [3-AR-cAMP-PKA pathway, we examined the phosphory-
lation of HSL, which is the most important enzyme involved
in the breakdown of triglycerides into fatty acid and glycerol.
As previously stated, HSL can be regulated by various mecha-
nisms depending on the site of phosphorylation. In this study,
phosphorylation of Ser563 and Ser660 were examined [5-7]. The
results showed that wsSCLE did not have an effect on the
phosphorylation of Ser660 but it had a significant effect on the
phosphorylation of Ser563. In addition, phosphorylation of
Ser563, which increased with the treatment of wsSCLE as
isoproterenol, decreased with the treatment of H89. Ser660
phosphorylation was increased by isoproterenol in the same
was as Ser563 phosphorylation, but the former did not increase
with the treatment of wsSCLE. This verified that wsSCLE
activated HSL by phosphorylation of HSL Ser563 via the 3
-AR-cAMP-PKA pathway and the subsequent break down of
triglycerides in 3T3-L1 adipocyte into fatty acid and glycerol.

In conclusion, wsSCLE contains polyphenol and flavonoid in
abundance compared to water extracts and can phosphorylate
HSL Ser563 by activating the 3-AR-cAMP-PKA pathway, which
increases HSL activation, leading to the breakdown of trigly-
cerides in 3T3-L1 adipocyte into fatty acid and glycerol. In a
future study, the in vivo effects of wsSCLE may be examined
to provide a basic data for its application as a functional material
for antiobesity.
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