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Do In Seung Gi-Tang extract suppresses
adipocyte differentiation in 3T3-L1 cells
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Abstract. Blood stasis syndrome (BSS), additionally called
Eohyul, is a basic pathological concept in Traditional Korean
Medicine. Do In Seung Gi-Tang (DISGT) is herbal medicine
used for the treatment of BSS. It primarily treats metabolic
diseases (MDs) including obesity, hypertension, diabetes
mellitus and gynecological diseases, by promoting blood
circulation. The present study aimed to investigate the
anti-adipogenesis effect of DISGT in 3T3-L1 adipocytes using
Oil Red O staining, and assessing levels of triglycerides (TGs)
and leptin in adipocytes by ELISA and western blot analysis.
The results demonstrated that DISGT treatment had inhibi-
tory effects on fat droplet formation, TG accumulation, leptin
production and cytokine content, during 3T3-L1 adipocyte
differentiation, without affecting cell viability. Additionally,
DISGT treatment significantly suppressed the protein expres-
sion levels of peroxisome proliferator-activated receptor y
and CAAT/enhancer binding protein a. These results provide
evidence that DISGT has anti-adipogenesis effects on preadi-
pocytes and adipocytes by significantly blocking adipocyte
differentiation and lipid accumulation, and suppressing
adipogenic gene expression. Therefore, the present study
demonstrated the potential of DISGT as a therapeutic agent
for the treatment of MDs.

Introduction

Metabolic diseases (MDs), including obesity, elevated
triglyceride (TG) levels, reduced levels of high-density
lipoprotein cholesterol, elevated blood pressure and impaired
glucose metabolism, greatly increase the risk of atherosclerotic
cardiovascular disease, hyperlipidemia, hypertension and
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type 2 diabetes mellitus (1,2). Obesity due to adipocyte
hypertrophy leads to alterations in adipocytokine profiles
involved in the development of insulin resistance, and in the
production of signaling molecules, including peroxisome
proliferator-activated receptor (PPAR)y, adipocyte protein 2
and leptin. Specifically, PPARs, ligand-activated nuclear
transcription factors, regulate gene expression associated with
adipocyte differentiation, lipogenesis and glucose metabolism.
Furthermore, PPARs are involved in an array of MDs,
including type 2 diabetes mellitus, obesity, hyperlipidemia,
atherosclerosis and cardiovascular disease (3-5).

Blood stasis syndrome (BSS) is an important pathological
concept in Traditional Korean Medicine (TKM). BSS refers
to the pathological stagnation of blood circulation, delayed
blood flow, dysfunction of endothelial cells or metabolic
disorder. It was first recorded in Huangdi's Inner Classic (6).
Numerous studies have reported that BSS is associated with
MDs, including atherosclerosis, hypertension, coronary artery
lesions, cardiac function, blood lipid, diabetes mellitus and
insulin resistance (7-9).

The properties of Do In Seung Gi-Tang (DISGT), a tradi-
tional herbal formula used to treat BSS, have been recorded
in the Dongui Bogam (10). It is primarily used in TKM for
treating obesity and hypertension, diabetes mellitus, inflam-
mation, immunity and gynecological diseases, including
menstrual irregularity, by promoting blood circulation (11-13).

Although clinical studies have assessed the symptom relief
effects of DISGT treatment, few studies have investigated the
underlying mechanism of DISGT in the pathology or biology
of adipocytes. As a result, this underlying mechanism remains
unclear. Therefore, the present study investigated the poten-
tial anti-adipogenesis effect of DISGT on 3T3-L1 adipocyte
differentiation and regulation of protein expression associated
with lipid metabolism.

Materials and methods

Materials. The 3T3-L1 mouse fibroblast cell line was
purchased from the American Type Culture Collection
(Manassas, VA, USA). Dulbecco's modified Eagle's medium
(DMEM), fetal bovine serum (FBS), penicillin-strepto-
mycin (P&S), bovine calf serum (NCS) and Dulbecco's
phosphate-buffered saline (DPBS) were obtained from
Gibco; Thermo Fisher Scientific, Inc. (Waltham, MA, USA).
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Dimethyl sulfoxide (DMSO), formaldehyde, dexametha-
sone (DEX), 3-isobutyl-1-methylisobutylxanthine (IBMX),
insulin, triton X-100 and Oil Red O staining powder were
obtained from Sigma-Aldrich; Merck Millipore (Darmstadt,
Germany). Cell Counting kit-8 (CCK-8) was purchased
from Dojindo Molecular Technologies, Inc. (Kumamoto,
Japan). The EnzyChrom™ TG assay kit was purchased
from BioAssay Systems (Hayward, CA, USA) and the
Mouse/Rat Leptin Quantakine ELISA kit (cat. no. MOBO00)
was purchased from R&D Systems, Inc. (Minneapolis,
MI, USA). A MILLIPLEX® MAP Mouse Adipocyte
Magnetic Bead Panel kit was obtained from EMD Millipore
(Billerica, MA, USA). The P38 inhibitor SB203580 (cat.
no. 5633) was purchased from Cell Signaling Technology,
Inc. (Danvers, MA, USA). Mouse anti-PPARYy (cat.
no. sc-7273), rabbit anti-CCA AT/enhancer binding protein
(C/EBP)a (cat. no. sc-61) and mouse anti-f-actin (cat.
no. sc-81178) primary antibodies were purchased from Santa
Cruz Biotechnology, Inc. (Dallas, TX, USA). Horseradish
peroxidase (HRP)-conjugated secondary antibodies, goat
anti-rabbit IgG (cat. no. 170-6515) and goat anti-mouse
IgG (cat. no. 170-6516), were obtained from Bio-Rad
Laboratories, Inc. (Hercules, CA, USA). All other reagents
from commercial sources were of analytical grade.

Preparation of herbal extracts. DISGT was prepared by
extracting the five different types of herb listed in Table I.
Each herb, including DISGT, was purchased from Omniherb
(Daegu, Korea) in 2012. A voucher specimen (BS-1) was
stored at the Korea Medicine Fundamental Research Division,
Korea Institute of Oriental Medicine (Daejeon, Korea). The
extract was crushed using a grinder and extracted using
distilled water. The solution was filtered through cotton and
extracted at 100°C for 3 h using a COSMOS-660 Vacuum
Extractor (Kyungseo E&P, Incheon, Korea), following which
it was concentrated using a vacuum evaporator (EYELA N-12;
EYELA CA-1112; Tokyo Rikakikai Co., Ltd., Tokyo, Japan).
The extract was freeze-dried (PVTFD-100; ilShin BioBase
Co., Ltd., Dongducheon, Korea) to create a powder (extraction
yield, 26.63%). The prepared powder was stored at -70°C until
further use.

Cell culture and differentiation. For cell culture and
differentiation, 3T3-L1 preadipocytes were grown and seeded
into 6-well plates containing DMEM supplemented with
10% NCS and 1% P&S at 37°C in a humidified atmosphere
of 5% CO,. Once cells had reached confluency (day 0)
they were exposed to differentiation medium: DMEM
supplemented with 10% FBS, 1% P&S, and a mixture of
0.5 mM IBMX, 1 uM DEX and 1 pg/ml insulin (MDI), and
were treated with 62.5, 125, 250 or 500 pg/ml DISGT, and
10 uM of SB203580, which is a p38 mitogen-activated protein
kinase (MAPK) inhibitor and was used as a positive control
to confirm the efficacy of DISGT, for 48 h (from days O to 2).
Cells were subsequently maintained in post-differentiation
medium: DMEM containing 1 pg/ml insulin in the absence
of IBMX or DEX, and subsequently treated with various
concentrations of DISGT and 10 xM SB203580 for 72 h (from
days 2 to 5). Following this, the medium was replaced with
post-differentiation medium DMEM and cells were treated
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with various concentrations of DISGT and 10 uM SB203580
for 48 h (from days 5 to 7).

Cell cytotoxicity. The effect of DISGT on cell viability was
determined by a CCK-8 assay. 3T3-L1 cells were seeded at a
density of 1.5x10° cells into 48-well plates. After 2 days, cells
reached confluency and were treated with 0, 10, 20, 50, 100,
200, 500 or 1000 pg/ml DISGT for 7 days. Following incuba-
tion with DISGT for 7 days, cells were treated with CCK-8
and incubated at 37°C for 4 h. Following treatment, absorbance
was measured at a wavelength of 450 nm using a Benchmark
Plus microplate reader (Bio-Rad Laboratories, Inc.). Data
were calculated as percentage of cell viability compared with
control cells.

OilRed O staining. To observe the fatdroplets inadipocytes, cells
were stained with Oil Red O on day 7 following differentiation
induction. Cells treated with various concentrations of DISGT
were washed twice with DPBS and fixed with 10% formalin
for 30 min. Following this, cells were stained with 0.3% Oil
Red O in 60% isopropanol for 1 h at room temperature. Cells
were subsequently washed three times with distilled water
and imaged using a light microscope (Olympus Corporation,
Tokyo, Japan). Fat droplets stained with Oil Red O solution
were dissolved with 100% DMSO and quantified by measuring
the optical absorbance at a wavelength of 530 nm using a
Benchmark Plus microplate reader.

TG and leptin production. TG and leptin contents were
measured in differentiated 3T3-L1 cells on day 7. A TG
analysis was performed on lipid droplets collected from
each sample. TGs were quantified using an EnzyChrom™
TG assay according to the manufacturer's protocol and a
colorimetric detection method (absorbance measured at a
wavelength of 570 nm) (14). Leptin was quantified using a
mouse leptin-specific ELISA kit according to the manufac-
turer's protocol. The detection limit of the assay was typically
<22 pg/ml (15).

Adipocyte detection. A MILLIPLEX MAP Mouse Adipocyte
Magnetic Bead Panel kit was used to detect adipocytes in the
supernatant. Measurements of adipocyte concentrations were
conducted according to the manufacturer's protocol. A total
of seven standard samples were set; two quality controls and
the standard samples were run in duplicate. Detection samples
were assayed in triplicate. Signal values were detected on
a Bio-Plex® 200 system and Bio-Plex Pro IT Wash Station
(XMAP® Technology; Luminex Corporation, Austin, TX,
USA). Briefly, the binding of specific factors begins in the
bead mixture suspended with a detection sample. Following an
overnight incubation at 4°C, a biotinylated detection antibody
was introduced. A subsequent incubation with a streptav-
idin-phycoerythrin conjugate was performed to complete the
reaction on the microplates. Finally, each assay was analyzed
using a Bio-Plex 200 system. Concentrations were calculated
according to a standard curve.

Protein preparation and western blot analysis. Cells were
washed and harvested with ice-cold DPBS. Lysates
were prepared using radioimmunoprecipitation cell lysis
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Table I. Composition of Do In Seung Gi-Tang.

Compound
Herbal name Scientific name Dosage (g)
Rhai Rhizoma Rheum officinale 12.00
Baillon
Persicae semen Prunus persica 2.00
Batsch
Cinnammomi Cinnamomum 8.00
Cortex loureirii Nees
Natrii Sulfas Conyza canadensis 8.00
Glycyrrhizae Glycyrrhiza uralensis 4.00
Radix Fisch

Total, 34 g; yield, 26.63%.

buffer containing 0.5 M Tris-HCI (pH 7.4), 1.5 M NaCl,
2.5% deoxylcholic acid, 10% NP-40 and 10 mM EDTA.
Protein concentration was measured using a Bicinchoninic
Acid Protein assay kit (Thermo Fisher Scientific Inc.). Cell
lysates (30 ug) were separated by 4-20% Criterion™ TGX™
precast gel (Bio-Rad Laboratories, Inc.) electrophoresis and
subsequently transferred onto polyvinylidene difluoride
membranes (GE Healthcare Life Sciences, Chalfont, UK).
Membranes were blocked with 5% skimmed milk and
incubated overnight at 4°C with C/EBPa, PPARy and [-actin
primary antibodies at a dilution of 1:1,000. After 1 h incubation
at room temperature with HRP-conjugated anti-mouse for or
anti-rabbit secondary antibodies (1:3,000), protein bands were
detected with an Enhanced Chemiluminescence assay kit
(Thermo Fisher Scientific, Inc.). Images were captured using
a ChemiDoc™ XRS+ image analyzer (Bio-Rad Laboratories,
Inc.). Relative density of C/EBPa and PPARY were normalized
to B-actin and quantified using Image Lab™ software version
4.0 (Bio-Rad Laboratories, Inc.).

Statistical analysis. Data are presented as the mean + stan-
dard error (n=3) and were compared using one-way analysis
of variance followed by a Bonferroni correction, in SPSS
software version 13.0 (SPSS, Inc., Chicago, IL, USA). P<0.05
was considered to indicate a statistically significant difference.

Results

Herbal formula and cell viability. The yield of the DISGT
water extract was 26.63% (w/w) following freeze-drying.
CCK-8 analysis was performed to evaluate the cytotoxicity of
DISGT. DISGT did not demonstrate significant cytotoxicity at
500 ug/ml (data not shown). The present study used DISGT at
concentrations of 62.5, 125,250 and 500 ug/ml.

Effects of DISGT on intracellular function in differentiated
3T3-L1 adipocytes. To assess the effect of DISGT on adipogen-
esis, intracellular lipid accumulation was analyzed in mature
adipocytes. Following treatment with various concentrations
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Figure 1. Inhibitory effect of DISGT on lipid accumulation in 3T3-L1 adipo-
cytes. (A) Fat droplets were measured by Oil Red O staining and observed
under a microscope (magnification, x100). (B) Lipid droplets were dissolved
in dimethyl sulfoxide and quantified by reading the absorbance at a wave-
length of 530 nm. Data are presented as the mean + standard error (n=3).
"P<0.01 vs. Cont; “P<0.01 vs. MDI. DISGT, Do In Seung Gi-Tang; Cont,
control; MDI, mixture of 3-isobutyl-1-methylisobutylxanthine, dexametha-
sone and insulin; SB, SB203580.

of DISGT for 7 days, lipid accumulation was significantly
suppressed in a dose-dependent manner (Fig. 1).

For intracellular lipid regulation, TG levels in the lysate
and leptin levels in the supernatant were measured. The
TG concentration of the control group was 0.0+4.26 yM.
Following treatment with MDI, the TG levels increased to
158.67+14.13 yM. DISGT treatment significantly suppressed
TG release in a dose-dependent manner (P<0.001). SB203580
is a well-established p38 MAPK inhibitor. A previous study
demonstrated that when p38 MAPK was inhibited, adipocyte
differentiation was inhibited by downregulation of adipo-
genic-specific transcription factors, including C/EBPs and
PPARY (16). SB203580 (10 #M), which was used as a positive
control, reduced the TG concentration to 36.90+12.31 uM
(P<0.01 vs. MDI). DISGT (500 ug/ml) treatment was more
effective compared with SB203580, and reduced the TG
concentration to 19.32+6.72 uM (P<0.01 vs. MDI; Fig. 2A).
To determine the effect of leptin inhibition on adipogenesis
in adipocytes, 3T3-L1 adipocytes were treated with MDI. As
presented in Fig. 2B, MDI treatment of 3T3-L1 adipocytes
significantly increased leptin levels compared with the control
(P<0.001). When MDI-differentiated 3T3-L1 cells were
treated with DISGT, leptin release was significantly inhibited
in a dose-dependent manner (P<0.001).

Effects of DISGT on the secretion of adipokines in the
3T3-L1 adipocytes. To examine the effect of DISGT on
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Figure 2. Inhibitory effect of DISGT on TG and leptin production by 3T3-L1
adipocytes. 3T3-L1 preadipocytes were differentiated into adipocytes and
treated with 0, 62.5, 125,250 or 500 pg/ml DISGT for 7 days. (A) TG produc-
tion following DISGT treatment. (B) Leptin production following DISGT
treatment. Data are presented as the mean + standard error (n=3). #P<0.01
vs. Cont; “P<0.05 and “P<0.01 vs. MDI. DISGT, Do In Seung Gi-Tang; TG,
triglyceride; Cont, control; MDI, mixture of 3-isobutyl-1-methylisobutylxan-
thine, dexamethasone and insulin; SB, SB203580.

MDI-differentiated 3T3-L1 adipocytes, a multiplex assay was
performed to detect adiponectin (Fig. 3A), resistin (Fig. 3B)
and plasminogen activator inhibitor-1 (PAI-1; Fig. 3C) in
the cell supernatants. All factors were increased following
MDI treatment. DISGT significantly and dose-dependently
suppressed the release of adiponectin and resistin (P<0.001).
The positive control SB203580 additionally inhibited release
of adiponectin and PAI-1. DISGT treatment suppressed the
release of adiponectin and resistin to a greater extent compared
with SB203580 (10 uM). Furthermore, DISGT treatment
inhibited the release of PAI-1 by MDI-differentiated 3T3-L1
adipocytes. DISGT and SB203580 inhibited PAI-1 levels to a
similar extent.

Effect of DISGT on the expression of adipocyte-associated
proteins during adipogenesis. To determine if DISGT affects
adipogenesis during adipocyte differentiation from 3T3-L1
preadipocytes, protein expression of C/EBPa and PPARY were
examined by western blotting following treatment with various
concentrations of DISGT for 7 days. At 7 days post-incubation,
these proteins were dramatically upregulated and expressed
in the differentiated 3T3-L1 cells. However, DISGT treatment
decreased the expression of C/EBPa and PPARy compared
with cells cultured with MDI alone. The expression of
C/EBPa and PPARY were markedly decreased following treat-
ment with 500 xg/ml DISGT (Fig. 4).
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Figure 3. Inhibitory effect of DISGT on adipokine production in 3T3-L1
adipocytes. 3T3-L1 preadipocytes were differentiated into adipo-
cytes and treated with 0, 62.5, 125, 250 or 500 pg/ml DISGT for 7 days.
(A) Adiponectin, (B) resistin and (C) PAI-1 levels were assessed following
DISGT treatment. Data are presented as the mean + standard error (n=3).
#P<0.01 vs. Cont; "P<0.05 and “P<0.01 vs. MDI. DISGT, Do In Seung
Gi-Tang; PAI-1, plasminogen activator inhibitor-1; Cont, control; MDI,
mixture of 3-isobutyl-1-methylisobutylxanthine, dexamethasone and insulin;
SB, SB203580.

Discussion

BSS, known as Eohyul in TKM, refers to stagnation of blood
circulation, retained blood and vascular obstruction; studies on
its underlying mechanisms and treatment have been performed
in Korea and China (11,12). BSS is one of the most common
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Figure 4. Protein expression levels following DISGT treatment in 3T3-L1
adipocytes at day 7. (A) Representative western blot images of PPARy and
C/EBPa protein expression levels in 3T3-L1 adipocytes following treat-
ment with various concentrations of DISGT. 3-actin served as an internal
control. DISGT treatment suppressed protein expression levels of PPARy
and C/EBPa in 3T3-L1 adipocytes. (B) The graph is the relative density of
PPARY and C/EBPa after normalization to f-actin. Data are presented as
the mean + standard error (n=3). #P<0.01 vs. Cont; ‘P<0.05 and “P<0.01
vs. MDI. DISGT, Do In Seung Gi-Tang; PPARY, peroxisome proliferator-acti-
vated receptor y; C/EBPa, CAAT/enhancer binding protein a; Cont, control;
MDI, mixture of 3-isobutyl-1-methylisobutylxanthine, dexamethasone and
insulin; SB, SB203580.

illnesses in TKM and is associated with MDs, including
obesity, atherosclerotic cardiovascular disease, hyperlipid-
emia, hypertension and type 2 diabetes mellitus (17). Obesity
is characterized by an excess of body fat and adipose tissue and
is caused by an imbalance between calorie intake and usage.
It involves MDs and chronic inflammatory responses (18-21).

The present study detected an anti-adipogenesis effect
of DISGT treatment on MDI-differentiated 3T3-L1 adipo-
cytes. DISGT, an agent that has been used to treat various
symptoms associated with BSS in TKM, consists of five
types of herbal ingredients. It is considered to improve blood
circulation by removing blood stasis. Furthermore, it has been
investigated for the treatment of various clinical conditions,
including atherosclerotic disease, gynecological disease,
diabetes mellitus and chronic pyelonephritis, by promoting
blood flow (22-24). Therefore, the present study focused on
the anti-adipogenesis mechanism associated with adipokine
levels and intracellular-associated factors, including TG,
leptin, adiponectin, resistin and PAI-1. The results revealed
that 0-1,000 xg/ml DISGT was not cytotoxic to adipocytes.
Oil Red O staining was used to visualize the TG-containing
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fat droplets in adipocytes; DISGT treatment significantly
reduced the fat droplets in MDI-differentiated 3T3-L1 adipo-
cytes. DISGT treatment significantly inhibited the release of
certain factors associated with adipokines, including leptin,
TG, adiponectin and resistin in a dose-dependent manner,
however, this was not observed for PAI-1, and inhibited the
PPARY signaling pathway. These results demonstrated that
DISGT treatment dose-dependently inhibited differentiation
and lipid accumulation in 3T3-L1 adipocytes.

Pathological adipocyte differentiation markedly increases
the level of adipocytokines, or adipokines, including tumor
necrosis factor-a, leptin, adiponectin and resistin, which
affects systemic energy balance (25). Therefore, inhibiting
adipocyte differentiation may be important as a therapeutic
approach for the treatment and prevention of MDs related to
obesity.

Together with high blood pressure and reduced high-density
lipoprotein levels, elevated serum TG levels are a primary
marker of obesity (26). Lipid formation in adipose tissue
occurs at a late stage during adipogenesis and is associated
with elevated TG levels and adipose tissue mass (27,28). In the
present study, DISGT treatment markedly suppressed morpho-
logical differentiation and TG accumulation by inhibiting fat
droplet formation during 3T3-L1 adipocyte differentiation.

Leptin concentrations in humans and rodents have been
closely associated with adiposity and body weight alterations.
Furthermore, plasma leptin has been demonstrated to be
highly correlated with body mass index in rodents and obese
humans (29). As a hormone, it links lipid storage, regulates
body weight and is influenced by environmental factors or other
hormones, inluding MDI and DEX. Blood leptin levels are
known to be closely connected with TG levels and the quantity
of adipose tissue in the body (30,31). The present study demon-
strated that DISGT treatment significantly suppressed TG and
leptin concentrations. These results suggested that DISGT may
have a biological role in decreasing lipid formation and TGs
and acting as a negative regulator of adipogenesis.

In the present study, DISGT treatment inhibited
adiponectin, resistin and PAI-1 levels in differentiated 3T3-L1
cells. Reduced circulating adiponectin concentrations are
associated with insulin resistance and MDs (32). Resistin,
additionally named adipocyte secreted factor, is a member of
the resistin-like molecules family of proteins with cysteine-rich
structures. Resistin concentrations are increased in numerous
inflammation-associated disorders, including atherosclerosis,
chronic inflammatory bowel disease, chronic renal disease
and arthritis (33).

C/EBPf and C/EBPJ are rapidly triggered by hormones
including DEX and methylisobutylxanthine during early
adipocyte differentiation. Expression levels of these proteins are
subsequently reduced, and expression of C/EBPa and PPARYy
promptly increase in the mid and late stages of adipogen-
esis (34-36). PPARYy is a critical transcription factor markedly
expressed in adipose tissue that stimulates adipocyte differentia-
tion. Furthermore, itis akey nuclearreceptor thatregulates an array
of diverse functions in numerous cell types, including the regula-
tion of genes associated with growth and differentiation (37).
Its primary function is to directly regulate the development of
adipose tissue, which involves coordinating the expression of
a variety of genes responsible for the formation of the mature
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adipocyte phenotype (5). C/EBPa and PPARY individually or
in combination regulate the activation of adipose-specific genes
critical to the development of the adipose phenotype and adipose
biosynthesis, including fatty acid synthase, acetyl-coenzyme A
synthetase 1 and fatty acid binding protein (38).

The present study investigated alterations in the protein
expression levels of C/EBPa and PPARY following adipocyte
differentiation for 7 days to evaluate the effects of DISGT
treatment on the activity of these adipogenesis-associated
transcription factors. DISGT treatment significantly
suppressed MDI-induced protein expression levels of C/EBPa
and PPARy, which are primary markers of adipogenesis.
These results demonstrated that DISGT treatment significantly
blocked adipocyte differentiation and lipid accumulation by
suppressing adipogenic gene expression. Thus, the present
study suggested the potential of DISGT as a therapeutic agent
for the treatment of MDs associated with BSS.
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