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INTRODUCTION

Obesity is a condition characterized by excess body 
fat accumulation and is defined as a body mass index, 
>30 kg/m2. Globally, the number of  obese people is 
increasing rapidly and has almost doubled since 1980.[1] 
Obesity is a major risk factor for various diseases such 
as cardiovascular disease, type 2 diabetes, hyperlipidemia, 
cancer, and osteoarthritis.[2] In Western medicine, various 
anti‑obesity medications have been developed, including 
orlistat, lorcaserin, and sibutramine. However, these 
medications have serious side effects such as steatorrhea, 
high blood pressure, constipation, insomnia, and 
hepatotoxicity, which can limit their long‑term use. Thus, 
novel preventive and therapeutic options with greater 
efficacy and fewer side effects are needed.

Complementary and alternative medicine is an attractive 
therapy for obesity and obesity‑related diseases because 
it has fewer side effects, and less toxicity compared 
with Western medicines.[3] For example, Han et al. 
reported that Wen‑pi‑tang‑hab‑wu‑ling‑san, a polyherbal 
medicine, attenuated endoplasmic reticulum stress 
in 3T3‑L1 preadipocytes by promoting the insulin 
signaling pathway.[4] Ikarashi et al. reported that the 
herbal medicine Orengedokuto had inhibitory effects on 
adipogenesis in 3T3‑L1 cultures.[5] Kwak et al. reported 
that Hwangryunhaedok‑tang negatively regulated 3T3‑L1 
adipogenesis via the Raf/MEK1/ERK1/2 pathway and 
PDK1/Akt phosphorylation.[6] These results suggest that 
the herbal prescriptions have potential as anti‑obesity 
agents by targeting adipogenesis.

Sasang constitution is a Korean medicinal theory based 
on traditional Oriental philosophy and classifies people 
into four types according to the four internal organs: 
Lung, spleen, liver, and kidney. Soyangin is defined 
as a group of  people with a large spleen and small 
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kidney. Yanggyuksanhwa‑tang (YGSHT) is a specific 
herbal formula for Soyangin in accordance with Sasang 
constitutional philosophy. YGSHT has been used to 
reduce fever in patients with diabetes, stroke, and acute 
contagious disease. However, there are few scientific 
papers on the pharmacological efficacy of  YGSHT, except 
for its effects on inflammation[7] and cerebral infarction.[8]

Here, we report that YGSHT exerted an anti‑adipogenesis 
effect in an in vitro obesity model. We evaluated fat 
accumulation using oil red O staining and by measuring 
triglyceride concentration, glycerol‑3‑phosphate 
dehydrogenase (GPDH) activity, and leptin production in 
differentiated 3T3‑L1 adipocytes.

MATERIALS AND METHODS

Chemicals and reagents
Neomagiferin (≥98.0%) and mangiferin (≥98.0%) 
w e r e  p u r c h a s e d  f r o m  C h e n g d u  B i o p u r i f y 
Phytochemicals (Chengdu, China). Chlorogenic 
acid (≥98.0%) and caffeic acid (≥98.0%) were 
purchased from Acros Organics (Pittsburgh, PA). 
Geniposide (≥98.0%), sweroside (≥94.0%), and 
pinoresinol (≥98.0%) were obtained from Wako (Osaka, 
Japan), and Sigma‑Aldrich (St. Louis, MO), respectively. 
High‑performance liquid chromatography (HPLC)‑grade 
reagents, methanol, acetonitrile, and water were obtained 
from J.T. Baker (Phillipsburg, NJ). Formic acid was 
procured from Sigma‑Aldrich (St. Louis, MO).

Plant materials
The nine herbal medicines forming YGSHT were 
purchased from Omniherb (Yeongcheon, Korea) and 
HMAX (Jecheon, Korea). The origin of  these herbal 
medicines was taxonomically confirmed by Prof. Je Hyun 
Lee, Dongguk University, Gyeongju, Korea. A voucher 
specimen (2008–KE10‑1‑KE10‑9) has been deposited at 
the Herbal Medicine Formulation Research Group, Korea 
Institute of  Oriental Medicine.

Preparations of standard and sample solutions
Standard stock solutions of  seven compounds, 
neomangiferin, chlorogenic acid, mangiferin, geniposide, 
sweroside, caffeic acid, and pinoresinol were dissolved in 
methanol at a concentration of  1.0 mg/mL and were stored 
below 4°C. Working standard solutions were prepared by 
serial dilution of  stock solutions with methanol.

YGSHT comprising nine herbal medicines including 
Rehmannia glutinosa, Lonicera japonica, Forsythia viridissima, 
Gardenia jasminoides, Mentha arvensis, Anemarrhena asphodeloides, 
Gypsum, Saposhnikovia divaricata, and Schizonepeta tenuifolia was 

mixed [Table 1; 3.5 kg; 45.0 g × 77.8 g] and extracted in a 10‑fold 
mass of  water (35 L) at 100°C for 2 h under pressure (1 kgf/
cm2) using an electric extractor (COSMOS‑660; Kyungseo 
Machine Co., Incheon, Korea), and the water extract was 
then filtered through a standard sieve (no. 270, 53 μm; 
Chung Gye Sang Gong Sa, Seoul, Korea) and the solution 
was evaporated to dryness and freeze‑dried to give a powder. 
The yield of  YGSHT water extract was 16.2% (570.1 g). 
For HPLC analysis, 200 mg of  lyophilized YGSHT water 
extract was dissolved in 20 mL of  70% methanol and then 
extracted by the sonicator for 10 min. The solution was 
filtered through a 0.2 μm syringe filter (Woongki Science, 
Seoul, Korea) before injection into the HPLC system.

High‑performance liquid chromatography analysis of 
Yanggyuksanhwa‑tang water extract
Chromatog r aph i c  ana l y s i s  fo r  s imu l t aneous 
deter minat ion was perfor med on a  Shimadzu 
Prominence LC‑20A system (Shimadzu Co., Kyoto, 
Japan), comprising a solvent delivery unit, online 
degasser, column oven, autosampler, and photodiode 
array (PDA) detector. The data processor used LC 
Solution Software (version 1.24; Shimadzu Co.). The 
nine constituents were separated on a Phenomenex 
Gemini C18 column (250 mm × 4.6 mm, 5 μm; 
Phenomenex, Torrance, CA) and maintained at 40°C. 
The mobile phases comprised of  0.1% (v/v) formic 
acid in water (A) and acetonitrile (B). The gradient flow 
was as follows: 10–60% B for 0–30 min, 60–100% B for 
30–40 min, 100% B for 40–45 min, 100–10% B for 45–
50 min, and 100% B for 50–60 min. The flow rate was 
0.6 mL/min, and the injection volume was 10 μL. The 
wavelength of  the PDA was 190–400 nm, and the 
detected wavelengths for quantitative analysis were 
monitored at 240 nm (neomangiferin, mangiferin, 
geniposide, and sweroside), 280 nm (pinoresinol), 
and 325 nm (chlorogenic acid and caffeic acid). All 
calibration curves were obtained by assessment of  the 
peak areas from standard solutions in the following 
concentration ranges: Neomangiferin and chlorogenic 
acid, 1.56–50.00 μg/mL; mangiferin and geniposide, 
6.25–200.00 μg/mL; sweroside, 3.13–100.00 μg/mL; 
and caffeic acid and pinoresinol, 0.63–20.00 μg/mL.

Cell culture and differentiation
The mouse 3T3‑L1 preadipocyte cell line was obtained 
from the American Type Culture Collection (CL‑173, 
ATCC, Rockville, MD). The cells were cultured in 
Dulbecco’s modified Eagle medium (DMEM) (Gibco 
BRL, Carlsbad, CA) supplemented with 10% newborn calf  
serum (Gibco BRL, Carlsbad, CA) at 37°C. For adipocyte 
differentiation, the cells were stimulated with 3T3‑L1 
differentiation medium containing isobutylmethylxanthine, 
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dexamethasone, and insulin (MDI) (Zen‑Bio Inc., Research 
Triangle Park, NC) for 48 h after reaching a confluent 
state. The medium was switched to DMEM containing 
10% fetal bovine serum (FBS) and 1 μg/mL insulin after 
2 days, and then changed to DMEM containing 10% 
FBS for an additional 4 days. YGSHT extract was added 
to the cell culture during the 8 days of  differentiation. 
GW‑9662 (Sigma‑Aldrich, St. Louis, MO), a peroxisome 
proliferator‑activated receptor‑gamma (PPAR‑γ) antagonist, 
was used as a positive control.

Cytotoxicity assay
Undifferentiated 3T3‑L1 cells were treated with various 
concentrations of  YGSHT for 24 h. To produce 
differentiated adipocyte cells, 3T3‑L1 preadipocytes were 
differentiated for 8 days with YGSHT stimulation. Cell 
counting kit‑8 (CCK‑8) solution (Dojindo, Kumamoto, 
Japan) was added, and the cells were incubated for 4 h. 
After incubation, the absorbance was read at 450 nm 
on a microplate reader (Benchmark Plus, Bio‑Rad. 
Hercules, CA).

Oil red O staining
Differentiated 3T3‑L1 cells were fixed with 10% formalin 
for 15 min at room temperature and washed with 70% 
ethanol and PBS. The cells were stained with oil red 
O (Sigma‑Aldrich, St. Louis, MO) for 5 min and then 
washed with PBS. Cell images were viewed on an Olympus 
CKX‑41 inverted microscope (Olympus, Tokyo, Japan). 
Stained oil droplets were dissolved in isopropyl alcohol, 
and the number of  droplets was quantified by reading the 
absorbance at 520 nm on a Benchmark Plus microplate 
reader (Bio‑Rad, Hercules, CA).

Triglyceride quantification assay
The tr ig lycer ide  concentrat ion was measured 
enzymatically using a commercial kit (BioVision Inc., 
Milpitas, CA). Briefly, 3T3‑L1 adipocytes treated 
with YGSHT were homogenized in 5% NP‑40 assay 
buffer. The sample was heated slowly to solubilize 
all triglycerides and then mixed with lipase and the 

triglyceride reaction mixture. After 1 h incubation, 
the sample absorbance was measured at 570 nm 
on a Benchmark Plus microplate reader (Bio‑Rad, 
Hercules, CA).

Glycerol‑3‑phosphate dehydrogenase activity assay
GPDH activity was measured using a commercial 
kit (TAKARA, Tokyo, Japan) and by monitoring the 
dihydroxyacetone phosphate‑dependent oxidation of  
nicotinamide adenine dinucleotide (NAD) at 340 nm. 
GPDH activity was expressed as units/mg of  protein.

Leptin immunoassay
The leptin concentration was measured using a mouse 
leptin immunoassay kit (R and D Systems, Minneapolis, 
MN) according to the manufacturer’s instructions. In brief, 
the supernatant was collected from the cell culture. Equal 
volume of  the supernatant (50 μL) and Assay Diluent 
RD1W (50 μL) were added to a 96‑well plate, and the 
plate was incubated for 2 h at room temperature. The 
plate was washed five times with 400 μL of  wash buffer, 
100 μL of  mouse leptin conjugate was added to each well, 
and incubated for 2 h at room temperature. The plate was 
washed 5 times, 100 μL of  substrate solution was added to 
each well, and the plate was incubated for 30 min at room 
temperature in the dark. Finally, 100 μL of  stop solution 
was added to each well, and the absorbance was measured at 
450 nm on a Benchmark Plus microplate reader (Bio‑Rad, 
Hercules, CA).

RNA isolation and reverse transcription‑polymerase 
chain reaction
Total RNA was prepared using Trizol reagent (Invitrogen, 
Carlsbad, CA) and reverse‑transcribed to complementary 
DNA (cDNA) using an iScript cDNA synthesis 
kit (Bio‑Rad, Hercules, CA). The expression of  PPAR‑γ 
was analyzed by reverse transcription‑polymerase chain 
reaction (RT‑PCR) using the primers listed in Table 2. 
RT‑PCR products were separated on a 1.5% agarose 
gel and visualized using ChemiDoc™ XRS (Bio‑Rad, 
Hercules, CA).

Table 1: Composition of Yanggyuksanhwa‑tang
Herbal name Scientific name Supplier Origin Amount (g)
Rehmanniae Radix Crudus Rehmannia glutinosa Omniherb Gunwi, Korea 7.5
Lonicerae Folium Lonicera japonica HMAX Yeongcheon, Korea 7.5
Forsythiae Fructus Forsythia viridissima HMAX China 7.5
Gardeniae Fructus Gardenia jasminoides HMAX China 3.75
Menthae Herba Mentha arvensis Omniherb China 3.75
Anemarrhenae Rhizoma Anemarrhena asphodeloides HMAX Gangjin, Korea 3.75
Gypsum Fibrosum Gypsum HMAX China 3.75
Saposhnikoviae Radix Saposhnikovia divaricata HMAX China 3.75
Schizonepetae Spica Schizonepeta tenuifolia Omniherb Andong, Korea 3.75
Total amount 45.0
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Statistical analysis
All data were presented as mean ± standard error of  
the mean. Group differences were assessed by One‑way 
analysis of  variance and Tukey’s multiple comparison 
post‑hoc test using GraphPad InStat (verion3.10; GraphPad 
Software, Inc., San Diego, CA). The differences between 
the sample and normal control at P < 0.05 were considered 
significant.

RESULTS

Quantitative analysis of nine marker components of 
Yanggyuksanhwa‑tang
We obtained a satisfactory HPLC chromatogram using 
mobile phases comprising (A) 0.1% (v/v) aqueous formic 
acid (A) and acetonitrile (B) with a gradient elution. 
Quantification was achieved by PDA detection from 
190 to 400 nm, based on the peak area. Using optimized 
chromatography conditions, all analytes were separated 
before 30 min. The three‑dimensional chromatograms 
of  YGSHT water extract are shown in Figure 1. The 
calibration curves of  all compounds showed good 
linearity with r2 ≥ 0.9998 for six different concentration 
ranges [Table 3]. The retention times of  the seven 
components, neomangiferin, chlorogenic acid, mangiferin, 
geniposide, sweroside, caffeic acid, and pinoresinol were 
13.44, 15.13, 16.37, 16.52, 16.80, 17.08, and 28.51 min, 
respectively. The concentrations of  the seven marker 
compounds were in the range of  0.48–12.04 mg/g and 
are summarized in Table 4.

Cytotoxic effects of Yanggyuksanhwa‑tang against 
undifferentiated and differentiated 3T3‑L1 cells
The CCK‑8 assay was used to evaluate the cytotoxicity 
of  YGSHT against 3T3‑L1 cells. Both undifferentiated 
preadipocytes and differentiated adipocytes were exposed to 
YGSHT concentration range of  31.5–1000 μg/mL for 24 h 
or 8 days, respectively. As shown in Figure 1, YGSHT had 
no significant cytotoxic effect in preadipocytes or adipocytes.

Effects of Yanggyuksanhwa‑tang on adipogenesis in 
3T3‑L1 cells
To examine the effect of  YGSHT extract on triglyceride 
accumulation in adipocytes, we performed oil red O 
staining and triglyceride quantification assay. As shown 
in Figure 2a, the number of  lipid droplets was markedly 
higher in differentiated adipocytes compared with the 
undifferentiated controls. By contrast, YGSHT exhibits 
an inhibitory effect on the accumulation of  intracellular 
lipid droplets in differentiated adipocytes [Figure 2a]. 
To quantify the lipid accumulation, we dissolved the 
stained droplets in isopropyl alcohol and measured 
the optical density. Consistent with the data shown 

Table 2: List of primer sequences for RT‑PCR
Gene Primer sequences
PPAR‑γ Forward 5’-TATGGAGTTCATGCTTGTGA-3’

Reverse 5’-CGGGAAGGACTTTATGTATG-3’
β‑actin Forward 5’-AATGTAGTTTCATGGATGCC-3’

Reverse 5’-CCAGATCATGTTTGAGACCT-3’
PPAR‑ γ: Proliferator‑activated receptor‑γ; RT‑PCR: Reverse transcription‑ 
polymerase chain reaction

Table 3: Regression equations, linearity, and 
correlation coefficient for seven compounds
Compound Linear 

range 
(µg/mL)

Regression equationa Correlation 
coefficient 

(r2)
Neomangiferin 1.56-50.00 y=52969.03x−5089.69 0.9999
Chlorogenic 
acid

1.56-50.00 y=50887.43x−1555.38 1.0000

Mangiferin 6.25-200.00 y=64664.52x+77421.98 0.9998
Geniposide 6.25-200.00 y=38277.93x+28001.25 0.9999
Sweroside 3.13-100.00 y=53767.16x+13830.01 1.0000
Caffeic acid 0.63-20.00 y=83032.22x−1182.39 1.0000
Pinoresinol 0.63-20.00 y=13188.65x+621.51 1.0000

ay: Peak area (mAU) of compounds; x: Concentration (µg/mL) of compounds
Figure 1: Three-dimensional chromatogram of Yanggyuksanhwa-tang 
by high-performance liquid chromatography-photodiode array

Table 4: Amounts of seven components in the 
Yanggyuksanhwa‑tang by HPLC (n=3)
Component Mean 

(mg/g)
SD RSD 

(%)
Source

Neomangiferin 1.65 0.01 0.56 A� asphodeloides
Chlorogenic acid 1.31 0.02 1.67 L. japonica, G. jasminoides
Mangiferin 2.55 0.02 0.76 A� asphodeloides
Geniposide 12.04 0.16 1.34 G. jasminoides
Sweroside 1.67 0.04 2.30 L. japonica
Caffeic acid 0.48 0.01 1.93 L. japonica, G. jasminoides
Pinoresinol 0.52 0.00 0.76 Forsythia viridissima

SD: Standard deviation; RSD: Relative standard deviation; HPLC: High‑performance 
liquid chromatography; L. japonica: Lonicera japonica; G. jasminoides: Gardenia 
jasminoides; A. asphodeloides: Anemarrhena asphodeloides
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in Figure 2a, YGSHT‑treated adipocytes exhibited 
significantly less lipid accumulation compared with 
untreated adipocytes [Figure 2b]. A significant reduction in 
triglyceride content was also observed in YGSHT‑treated 
cells [Figure 3].

GPDH enzyme activity and leptin production were also 
measured to determine whether YGSHT has anti‑adipogenic 
effects. At a concentration of  25–400 μg/mL, YGSHT 
extract significantly blocked the GPDH enzyme activation 
compared with the untreated control [Figure 3]. The 
amount of  leptin in adipocytes was significantly reduced by 
YGSHT treatment in a dose‑dependent manner [Figure 4]. 
YGSHT down‑regulated the mRNA expression of  
PPAR‑γ, a major transcription factor in adipogenesis,[9] 
compared with untreated adipocytes [Figure 5].

The PPAR‑γ inhibitor GW‑9662, which served as a positive 
control, markedly reduced triglyceride accumulation, 
GPDH activity, leptin production, and PPAR‑γ expression 
in adipocytes [Figures 2‑4].

DISCUSSION

A traditional Korean herbal prescription YGSHT comprises 
nine herbal medicines R. glutinosa, L. japonica, F. viridissima, 
G. jasminoides, M. arvensis, A. asphodeloides, Gypsum, S. divaricata, 
and S. tenuifolia. The main constituents of  these herbal 
medicines are as follows: Iridoid glycosides (i.e. catalpol) 
from R. glutinosa;[10] iridoids (i.e. sweroside) and phenolic 

compounds (i.e. chlorogenic acid and caffeic acid) 
from L. japonica;[11] iridoids (i.e. geniposide and genipin) 
from G. jasminoides;[12] lignans (i.e. pinoresinol) from 
F. viridissima;[13] monoterpenoids (i.e. menthol) from 
M. arvensis;[14] xanthones (i.e. mangiferin and neomangiferin) 
from A. asphodeloides;[15] CaSO4·2H2O from Gypsum;[16] 
chromones (i.e. prim‑O‑glucosylcimifugin) from 
S. divaricate;[17] and monoterpnen‑ketones (i.e. [‑]‑pulegone) 
from S. tenuifolia.[18]

Using HPLC‑PDA, we analyzed seven compounds among 
these constituents including sweroside, caffeic acid, and 
chlorogenic acid (L. japonica), pinoresinol (F. viridissima), 
geniposide, caffeic acid, and chlorogenic acid (G. jasminoides), 
and mangiferin and neomangiferin (A. asphodeloides). 
The established HPLC–PDA method was applied for 
the simultaneous analysis of  the seven compounds in 
YGSHT, whose contents were found in the range of  
0.48–12.04 mg/g. Geniposide (12.04 mg/g), a marker 
compound of  G. jasminoides, was detected as the main 
component with the others in this sample [Figure 1]. 
The established HPLC–PDA method will be helpful for 
improving the quality control of  YGSHT.

Of  the nine herbal components of  YGSHT, five herbs 
R. glutinosa, G. jasminoides, A. asphodeloides, M. arvensis, 
and Gypsum have been reported to have biological 
activity against obesity and obesity‑related diseases.[19‑23] 
However, the anti‑obesity effects of  YGSHT, a mixture 
of  these medicinal herbs, have not been reported. In 

Figure 2: Cytotoxic effects of YGSHT extract in undifferentiated and 
differentiated 3T3-L1 cells. (a) 3T3-L1 preadipocytes were treated 
with various concentrations of YGSHT (0, 7.8125, 15.625, 31.25, 
62.5, 125, 250, or 500 μg/ml) for 24 h. (b) 3T3-L1 preadipocytes were 
differentiated into adipocytes by incubation with MDI for 8 days. The 
cells were exposed to various concentrations of YGSHT (0, 31.25, 
62.5, 125, 250, 500 or 1000 μg/ml) during the differentiation period. 
Cell viability was determined using a CCK-8 assay kit by measuring 
the absorbance at 450 nm. Data are presented as mean  SEM

b

a

Figure 3: Inhibitory effect of YGSHT extract on triglyceride production 
in 3T3-L1 adipocytes. 3T3-L1 preadipocytes were differentiated into 
adipocytes by incubation with MDI for 8 days. The cells were treated 
with or without YGSHT or GW9662 (20 μM) during the differentiation 
period. (A and B) Lipid accumulation in the cells was analyzed by Oil 
Red O staining. (a) The stained cells were visualized on an Olympus 
CKX41 inverted microscopy at ×200 of magnification. (b) Stained oil 
droplets were dissolved in isopropyl alcohol and quantified by reading 
the absorbance at 520 nm

b

a
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the present study, we investigated the anti‑adipogenic 
activity of  YGSHT. Adipogenesis is the process by 
which preadipocytes differentiate into adipocytes.[24] In an 
experimental model, preadipocytes can be differentiated by 
stimulation with a combination of  adipogenic effectors such 
as MDI.[25] Currently, 3T3‑L1 preadipocyte is considered 
to be the most useful cells for studying adipocytes.[26] 
We induced cellular differentiation of  3T3‑L1 cells from 
preadipocytes into adipocytes. YGSHT was not cytotoxic 
to preadipocytes or adipocytes [Figure 6]. Adipocytes play 
an essential role in energy homeostasis by acting as an 
energy reserve for triglyceride.[27] Oil red O staining was 
used to visualize lipid droplets containing the triglyceride 
in differentiated adipocytes. YGSHT extract markedly 
decreased the number of  lipid droplets compared with 
untreated control adipocytes [Figure 2a and b]. Consistent 
with this observation, the content of  triglyceride was also 
significantly reduced by YGSHT extract [Figure 2c].

GPDH is a key enzyme in adipogenesis. GPDH activity 
increases rapidly during maturation from preadipocytes 
to mature adipocytes through the reduction of  
dihydroxyacetone phosphate to glycerol 3‑phosphate 
using coenzyme NAD.[28] In our study, YGSHT extract 
significantly inactivated the GPDH enzyme in adipose 
cells [Figure 3]. The extent of  inhibition by YGSHT was 
equivalent to that of  GW‑9662, which was used as a positive 
control. Adipokines, also called adipocytokines, are cytokines 
secreted by the adipocytes in adipose tissue. Leptin, a major 
adipokine, is produced primarily in the adipocytes of  white 
adipose tissue and its main function is in the regulation 

of  fat storage as an adaptive response in the control of  
energy balance.[29] With ghrelin, an adipokine that has an 
opposite function to that of  leptin,[30] leptin participates 
in the complex process of  energy homeostasis. In our 
study, YGSHT extract significantly reduced the production 
of  leptin in differentiated 3T3‑L1 adipocytes [Figure 4]. 
Adipogenesis is tightly regulated by a cascade of  several 
transcriptional factors,[31] of  which PPAR‑γ is the main 
transcriptional factor that is indispensable for adipocyte 
differentiation.[9] Decreased expression of  PPAR‑γ was 
detected at the mRNA level in YGSHT‑treated adipocytes.

CONCLUSION

YGSHT inhibited fat accumulation in adipocytes and 
reduced triglyceride production. YGSHT decreased GPDH 
activity and the level of  leptin in adipose cells. In addition, 
YGSHT suppressed the mRNA expression of  PPAR‑γ, a 
major transcriptional factor in adipogenesis. Collectively, 

Figure 5: Inhibitory effects of YGSHT on leptin production in 3T3-L1 
adipocytes. 3T3-L1 preadipocytes were differentiated into adipocytes 
by incubation with MDI for 8 days. Culture supernatant was collected 
from the YGSHT-treated cells. Leptin production was determined by 
ELISA by subtracting the value measured at 450 nm using a mouse 
leptin immunoassay kit (R&D Systems). Data are presented the mean ± 
SEM. *p < 0.05 and ***p < 0.001 compared with the differentiated control

Figure 4: Inhibitory effects of YGSHT on triglyeride contents and 
GPDH activity in 3T3-L1 adipocytes. 3T3-L1 preadipocytes were 
differentiated into adipocytes by incubation with MDI for 8 days. The 
cells were exposed to various concentrations of YGSHT during the 
differentiation period. (a) The triglyceride contents were measured 
enzymatically using a commercial kit at 570 nm. (b) GPDH activity of 
the cells was assessed by measuring the decrease in NADH at 340nm 
using a GPDH activity assay kit. Data are presented the mean ± SEM. 
***p < 0.001 compared with the differentiated control

Figure 6: Effects of Yanggyuksanhwa-tang (YGSHT) on the mRNA 
expression of PPAR-γ in 3T3-L1 adipocytes. 3T3-L1 preadipocytes were 
differentiated into adipocytes by incubation with isobutylmethylxanthine, 
dexamethasone and insulin (MDI) for 6 days. The cells were exposed 
to various concentrations of YGSHT (0, 50, 100, 200, or 400 μg/ml) 
during the differentiation period. Total RNA was isolated and subjected 
to RT-PCR for PPAR-γ. β-actin was used as a housekeeping gene 
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these findings support the potential of  YGSHT as an 
anti‑adipogenic agent in an experimental model. It may 
be possible to use YGSHT as an anti‑obesity functional 
material. Additional studies will be needed to confirm the 
anti‑obesity effects of  YGSHT in an in vivo model and to 
identify the regulatory molecular mechanisms responsible 
for the anti‑obesity effects of  YGSHT.
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