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A B S T R A C T

This study confirms the anti-obesity effect of the ethyl acetate fraction of Distylium racemosum (DRE), a member
of Hamamelidaceae, that naturally grows on Jeju Island, on adipocyte differentiation in 3T3-L1 cells. This study
further demonstrated that DRE exhibits anti-obesity effects in C57BL/6 obese mice. The degree of adipocyte
differentiation was determined using Oil red O stain; results indicated a decrease in fat globules, which was
dependent on DRE concentration, when pre-adipocytes were treated with differentiation-inducing agents. In
addition, this significantly reduced the expression of the adipogenic transcription factor and related genes.
C57BL/6 obese mice treated with DRE showed a lower rate of body weight gain than the high-fat diet (HFD)
group mice. Further, the level of serum triglyceride in the DRE treatment group was lower than that in the HFD
group. The findings show that DRE are capable of suppressing adipocyte accumulation; therefore, DRE may
represent a promising source of functional materials for the anti-obesity.

1. Introduction

Obesity is defined as the state resulting from the excessive accu-
mulation of fat [1]. It is measured using the body mass index (BMI),
which is calculated by dividing a person's bodyweight in kilograms by
the square of their height in meters. A BMI of between 25 and 30 in-
dicates that the individual is overweight, and a BMI of 30 or more is
indicative of obesity [2]. The global prevalence rate of obesity more
than doubled in 2014 compared with that in 1980 [3]. Overweight and
obesity are the fifth leading risk factor for deaths worldwide: at least
2.8 million adults die of obesity and being overweight every year, es-
tablishing this condition as the most serious health problem in the 21 st
century [4]. An adipocyte stores and synthesizes fat, which is crucial to
the development of obesity, and comprises adipose tissue. It also
functions as a key component of endocrine organs to maintain home-
ostasis by releasing several hormones [5].

Obesity leads to histological changes, such as the formation of new
adipocytes from pre-adipocytes and hypertrophic adipocytes; a variety
of transcription factors and genes are involved. AMP-activated protein
kinase plays an important role in the regulation of energy balance.
Phosphorylated AMPK is involved in inhibiting the expression of spe-
cific genes that contribute to the adipocyte differentiation process [6].
Further, the sterol regulatory element binding protein 1c (SREBP1c),

peroxisome proliferator activated receptor gamma (PPARγ), and
CCAAT/enhancer binding protein alpha (C/EBPα), are major genes that
regulate the differentiation of adipocytes; these genes encode products
that are involved in the production of adipocytes through fatty acid
synthase (FAS) and acetyl CoA carboxylase (ACC) activity [7]. Effective
control of genes involved in the accumulation and differentiation of
adipocytes is one of the important strategies to prevent and treat obe-
sity.

Existing anti-obesity drugs, which are synthetic compounds, are
associated with side effects and limited effectiveness [8], resulting in an
increasing demand for the development of effective drugs without side
effects. Certain chemicals such as flavonoid in medicinal plants are
known to facilitate the regulation of body weight and body fat by
modulating the metabolic pathways in adipocytes [9].

Several medicinal plants grow naturally on Jeju island, the south-
ernmost part of Korea, and numerous studies have been carried out
using natural materials extracted from these plants. Natural extracts are
sources of numerous medicines currently used in clinical therapy.
Distylium racemosum (D. racemosum), a member of Hamamelidaceae, a
type of non-deciduous tree that grows wild in Jeju, is widely distributed
in Asia [10]. While studies of the inhibitory effects of proanthocyanidin
extracted from D. racemosum on α-amylase and α-glucosidase activities
[11] and the inhibitory activity of D. racemosum against ribonuclease H
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[12] have been conducted, there are insufficient studies regarding the
associated anti-obesity effects. This study confirmed the effect of D.
racemosum fractions on adipocyte differentiation and obesity in vitro
and in vivo, respectively.

2. Materials and methods

2.1. Materials

Dulbecco's modified Eagle's medium (DMEM), bovine calf serum
(BCS), fetal bovine serum (FBS), and penicillin-streptomycin (PS) were
obtained from Welgene (Daegu, Korea). Oil red O, 3-isobutyl-1-me-
thylxanthine (IBMX), dexamethasone, and insulin were obtained from
Sigma-Aldrich (St. Louis, MO, USA); 3-(4,5-dimethylthiazol-2-yl) 2,5-
diphenyl tetrazolium bromide (MTT), dimethyl sulfoxide (DMSO), and
isopropanol were obtained from Amresco (Solon, OH, USA). Accuzol
was supplied by Bioneer (Daejeon, Korea). One Step SYBR PrimeScript
RT-PCR Kit was obtained from Takara (Tokyo, Japan). 3T3-L1 (ATCC:
CL-173) cells were obtained from the American Type Culture Collection
(Manassas, VA, USA).

2.2. Preparation of fraction from D. racemosum

D. racemosum leaves that naturally grow on Jeju island were dried in
the shade for two weeks after washing with distilled water two or three
times. Then, the leaves were ground into fine powder and used as
specimens for extraction. Fractions of D. racemosum were extracted
according to the solvent polarity of hexane, ethyl acetate, and butanol.
The dried material was extracted with 70% ethanol and this procedure
was repeated two times. The filtered extract was concentrated at a re-
duced pressure and completely dried using a freeze dryer. Then, the
dried crude extract was added to distilled water and hexane, and con-
centrated at a reduced pressure to obtain hexane fractions. The same
procedures were conducted, and the fractions of ethyl acetate, butanol,
and water layer were acquired successively. All procedures were re-
peated twice. Fractions of D. racemosum were produced at a final con-
centration of 10mg/mL and used for subsequent experiments.

2.3. Cell culture and differentiation of 3T3-L1 cells

3T3-L1 cells were grown in DMEM with 10% BCS and 1% PS. At 2
days post confluence, cell differentiation was induced with 10% FBS,
1 μM dexamethasone, 0.5 μM IBMX, 10 μg/mL insulin, and 1% PS. After
2 days, cells were maintained in DMEM with 10% FBS, 10 μg/mL in-
sulin, and 1% PS for an additional 5 days. This medium was changed
every 2 days. Cells were treated with this fraction was treated three
times for 7 days. Cells were treated with 0, 12.5, 25, and 50 μg/mL of
fraction from D. racemosum. After treatment with extracts for 7 days,
the 3T3-L1 adipocytes were stained and RNA extraction performed.

2.4. Cell viability assay

3T3-L1 cells were cultured at 37℃ and under 5% CO2. After cells
were counted, cell density was adjusted to 1× 105 cells/mL. Then, cells
were pipetted into a 96-well plate, with 100 μL in each well. The plate
was incubated at 37℃ and 5% CO2 for one night, and the D. racemosum
fraction was diluted. It was pipetted each 100 μL. The plate was shaken
at 150 rpm for 5min and incubated at 37℃ under 5% CO2 for 48 h. MTT
solution concentrated to 5mg/mL in phosphate-buffered saline (PBS)
was pipetted each 20 μL. After shaking at 150 rpm for 5min, it was
incubated at 37℃ and 5% CO2 for 2 h. Media were removed completely.
DMSO were pipetted each 200 μL and the 96 well-plate was shaken at
150 rpm for 5min. Optical density (OD) was measured at 560 nm using
an ELISA reader (Amersham Life Science, Buckinghamshire, UK).

2.5. Oil Red O staining of 3T3-L1 adipocytes

3T3-L1 cells were incubated in cell culture media containing with
various concentrations of the fraction from D. racemosum, washed twice
with PBS, and then fixed in 10% formaldehyde prepared for 1 h at room
temperature (20℃). The cells were washed with distilled water (DW)
three times, and stained with Oil red O solution for 2 h at room tem-
perature. The cells were then washed in DW three times for 1 h each
time. All photographs were taken using a Nikon Eclipse TS100 micro-
scope at 400x magnification. The cells were eluted using 100% iso-
propanol, and OD was measured at 500 nm using a spectrophotometer
(Milton Roy Company, New York, USA).

2.6. RNA extraction and quantitative reverse transcriptase polymerase
chain reaction (qRT-PCR)

Total RNA was isolated from 3T3-L1 cells using Accuzol. Then, 1 μg
of RNA was subjected to qRT-PCR amplification using One Step SYBR
PrimeScript RT-PCR Kit. The sequences of the designed primers are
shown in Table 1. qRT-PCR conditions were: 42℃ for 5min and 95℃
for 10 s followed by 40 cycles of 95℃ for 3 s and 60℃ for 30 s (7500
Fast Real-Time PCR System, Applied Biosystems, Foster City, CA, USA).

2.7. Animal experiments

Male C57BL/6 N mice were obtained from Samtako (Osan, Korea).
After acclimation for 1 week, mice were divided into 4 groups—group
1, normal diet (ND); group 2, high-fat diet (HFD); group 3, HFD with
DRE 50mg/kg; group 4, HFD with orlistat 50mg/kg. There were 8 mice
in each group. Each mouse was weighed individually and then aver-
aged, and mice were fed water and experimental diet freely. Obesity
was induced via feeding HFD for 4 weeks, and the increase in weight
was identified in all groups except the ND group. After this, DRE 50mg/
kg and orlistat 50 mg/kg were administered by oral gavage for 6 weeks.
In addition, mice were fed with HFD during DRE or orlistat treatment

Table 1
Primers used in the experiment.

Gene Sequence (5’ to 3’) Amplicon size (bp) Accession no.

SREBP1c F: GCG CTA CCG GTC TTC TAT CA 176 NM_011480.4
R: TGT GTG CAC TTC GTA GGG TC

PPARγ F: CCG TGC AAG AGA TCA CAG AG 159 NM_011146.3
R: GGC CCT CTG AGA TGA GGA C

C/EBPα F: GCT GGA GTT GAC CAG TGA CA 116 NM_007678.3
R: CCT TGA CCA AGG AGC TCT CA

FAS F: CTA CCA GGC CAT CCG TAG TG 157 NM_007988.3
R: ACA ATA TCC ACT CCC TGA ATC

GAPDH F: CCC CTC TGG AAA GCT GTG G 150 NM_008084.3
R: ACA TTG GGG GTA GGA ACA CG

SREBP1c, Sterol regulatory element binding protein 1c; PPARγ, peroxisome proliferator activated receptor gamma; C/EBPα, CCAAT/enhancer binding
protein alpha; FAS, fatty acid synthase; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; F, Forward; R, Reverse.
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period. During the experiment, the room temperature was maintained
at 22℃ under a 12-hour light/dark cycle (08:00-20:00). After the ex-
periment, mice were fasted 12 h before sacrifice and the blood samples
taken were centrifuged at 1500 rpm for 15min. Triglyceride levels in
the obtained serum were examined using Cobas 8000 (Roche,
Germany). All experiments were performed with the approval of
Institutional Animal Care and Use Committee of Catholic University of
Pusan.

2.8. Hematoxylin and eosin staining

The liver and white adipose tissues were fixed in 10% formalin and
embedded in paraffin. Sections were cut at 3-μm thickness. Each section
was stained with hematoxylin and eosin staining and examined by
microscopy (Olympus BX51, Olympus Optical Co., Japan).

2.9. Statistical analysis

Data are expressed as means ± standard deviation (n=3).
Differences between the means of the individual groups were assessed
by one-way ANOVA with SPSS (Statistical Package for the Social
Science, Chicago, USA).

3. Results

3.1. Cytotoxic effects using 3T3-L1 cells

To measure the cytotoxic effects of the fraction from D. racemosum
in 3T3-L1 cells, 3T3-L1 cells were treated with various concentrations
(0, 12.5, 25, 50, and 100 μg/mL) of the D. racemosum fraction, and their
cytotoxicity was measured at 48 h. Hexane, ethyl acetate, and butanol
fractions at concentration of 50 μg/mL or below did not show cyto-
toxicity. The water fraction did not show cytotoxicity towards the 3T3-
L1 cells at 100 μg/mL or below (Fig. 1). We therefore used concentra-
tions that do not elicit cytotoxicity.

3.2. Inhibitory effect on adipogenesis in 3T3-L1 cells

To examine the inhibitory effect on adipogenesis, 3T3-L1 cells were
treated with the fraction from D. racemosum for 7 days, and stained with
Oil red O. Lipid accumulation was inhibited by DRE (Fig. 2). Hexane,
butanol, and water fractions did not exhibit inhibitory effects against
adipogenesis in 3T3-L1 cells. Adipogenesis and lipid accumulation in

the 3T3-L1 cells were inhibited by over 80% following treatment with
50 μg/mL DRE (Fig. 3).

3.3. Expression of adipogenic transcription factors in 3T3-L1 cells

To examine whether the expression of adipogenic transcription
factors is inhibited by DRE, 3T3-L1 preadipocytes were treated with
various concentrations (0, 12.5, 25, and 50 μg/mL) of DRE and in-
cubated for 7 days. The expression of SREBP1c, PPARγ, C/EBPα, and
FAS genes was inhibited by DRE. DRE inhibited adipocyte differentia-
tion through suppression of SREBP1c, PPARγ, C/EBPα, and FAS genes
(Fig. 4).

3.4. Changes in body weights and food intake in mice

Changes in body weights and food intake of HFD-induced obese
mice were examined after treatment with DRE. After four weeks of
inducing obesity with HFD, the examination was conducted for six
weeks. Ten weeks after the experiment, the average body weight in-
creased by 8.6 g in the DRE (50mg/kg) group and by 13.9 g in the HFD
group, which implies a significantly lower rate of weight increase. The
DRE group showed a similar rate of body weight gain as the positive
control group, and the orlistat (50mg/kg) group showed a body weight
increase of 8.5 g. DRE treatment therefore has a significant influence on
suppressing weight increase induced by the intake of an HFD. Food
intake was lower in DRE and orlistat groups than in ND; however, there
was no statistically significant difference (Table 2).

3.5. Level of triglycerides in serum

The triglyceride levels in serum were 93.7mg/dL in the ND,
114.3 mg/dL in HFD, 90.3mg/dL in DRE (50mg/kg), and 90.0mg/dL
orlistat (50mg/kg) groups. The serum levels of triglyceride in the DRE
and orlistat groups were significantly lower than those in the HFD
group (Fig. 5).

3.6. Morphological characteristics of liver and adipose tissue

Morphologic characteristics of liver and adipose tissue were ob-
served through hematoxylin and eosin staining. The morphology in the
HFD group was abnormal, with clear adipose accumulation in liver cells
caused by HFD intake. In comparison, lipid accumulation was sup-
pressed as revealed by the decrease in the number and size of lipid

Fig. 1. Effects of fraction from Distylium racemosum on 3T3-L1
cell viability.
(A) Hexane fraction, (B) Ethyl acetate fraction, (C) Butanol
fraction, (D) Water fraction. 3T3-L1 cells were treated with
the indicated concentrations (0, 12.5, 25, 50, and 100 μg/mL)
of D. racemosum fraction for 48 h. Cell viability was measured
by MTT assay. Data are expressed as mean ± standard de-
viation (n=3). Significant differences from control are in-
dicated (p < 0.05).
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droplets in the DRE-treated group (Fig. 6). Adipocytes were larger in
the HFD group than in the ND group, and those in the DRE-treated
group were smaller than in the HFD group (Fig. 7).

4. Discussion

Obesity, which is caused by an imbalance between energy intake
and consumption, is an energy balance disorder that leads to the ex-
cessive lipid accumulation of white adipose tissue [13]. Obesity and
overweight have become a serious health issue worldwide owing to the
related higher risk of chronic diseases, including type 2 diabetes, hy-
pertension, cardiovascular disease, and cancer [14]. Various drugs are
currently being developed to effectively control obesity, and there is an
increasing interest in developing natural product-based drugs instead of
using chemicals for safer long-term use [15]. In addition, as various
diseases caused by obesity induce oxidative stress in the body, it is very
important to develop drugs with anti-oxidative effects as well as anti-
obesity effects.

The Jeju island, which is located in the southernmost part of Korea,
is a native habitat for diverse plant communities. The therapeutic ef-
fects of extracts from these plants have been investigated in several
studies; e.g. the radioprotective effects of Callophyllis japonica fractions,
anti-obesity effects of Sasa quelpaertensis extracts, and anti-oxidative
effects of Camellia japonica extracts have been reported [16–18].

In this study, fractions of D. racemosum were prepared according to
polarity and their anti-obesity effects were verified. DRE influenced
adipocyte production during the differentiation from pre-adipocytes to
adipocytes at concentrations lower than 50 μg/mL, with no influence on
3T3-L1 cell survival rates; however, adipocyte production showed a
concentration-dependent decrease. This result suggests that DRE in-
hibits lipid droplet production and suppresses lipid accumulation. In
particular, at 50 μg/mL, less than 20% lipid accumulation was identi-
fied compared with that in the untreated control group, which indicates
that DRE exhibits a strong ability to suppress lipid accumulation.
Extracts of Plocamium telfairiae, seaweeds from Jeju Island, induced
42%, 26%, and 18% lipid accumulation at concentrations of 25, 50, and

Fig. 2. Effects of ethyl acetate fraction from Distylium racemosum on lipid accumulation in 3T3-L1 cells.
Lipid accumulation was measured by Oil red O staining. All photographs were taken using a microscope. Lipid accumulation was inhibited by DRE (magnification
×400).

Fig. 3. Effects of fraction from Distylium racemosum on lipid
accumulation in 3T3-L1 cells.
(A) Hexane fraction, (B) Ethyl acetate fraction, (C) Butanol
fraction, (D) Water fraction. 3T3-L1 cells were treated with
the indicated concentrations (0, 12.5, 25, and 50 μg/mL) of D.
racemosum fraction. Lipid accumulation was measured by Oil
red O stain. The cells were eluted into 100% isopropanol and
OD was measured at 500 nm. Data are expressed as mean ±
standard deviation (n=3). Significant differences from con-
trol are indicated (p < 0.05).
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100 μg/mL respectively. This is similar to the effect on lipid accumu-
lation observed following treatment with 50 μg/mL of DRE [19].

Adipogenesis, which refers to the process by which pre-adipocytes
are converted into adipocytes through reproduction and differentiation,
is controlled by several genes. During this process, transcription factors,
such as PPARγ, C/EBPα, and SREBP1c, play a pivotal role in controlling
the adipocyte differentiation. In addition, through the expression of the
SREBP1c gene, adipogenesis can be somewhat induced and is known to

promote PPARγ production [20]. It was confirmed that DRE suppressed
transcription factor expression in a concentration-dependent manner
during adipose differentiation. The suppression of FAS expression,
which contributes to lipogenesis, suggests inhibition of differentiation
into adipocytes. Further, the expression ratio of adipogenic-specific
proteins decreased depending on DRE concentration. Thus, the sup-
pression of lipid accumulation was found to occur in 3T3-L1 cells as a
result of the inhibition of major transcription factors and protein ex-
pression during adipose differentiation. Also, according to experiment
with Panax ginseng leaf, Allium fistulosum L., and Solidago virgaurea var.
gigantea extract, the extract has an effect on anti-obesity since it was
noticed that the amount of gene expression that is related to adipo-
genesis has been decreasing [21–23].

HFD model has been widely used to identify anti-obesity effects.
This study is to identify anti-obesity effects on HFD induced C57BL/6
mice. Experimental animals were divided into ND group, HFD group,
DRE 50mg/kg group and orlistat 50mg/kg group. Weight increase rate
was significantly decreased in DRE administered group compared with
in HFD group. Also, triglyceride level was significantly decreased in
DRE group compared with in HFD group. And after DRE administration,
lipid accumulation in liver tissue was suppressed. Positive control
group used in vivo, orlistat 50mg/kg, revealed similar results to DRE
50mg/kg group.

In conclusion, this study confirms that DRE exerts anti-obesity ef-
fects. DRE may therefore represent a promising source of functional
materials for the prevention and treatment of obesity.
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Fig. 4. Effects of ethyl acetate fraction from
Distylium racemosum on the gene expression.
(A) SREBP1c, (B) PPARγ, (C) C/EBPα, (D) FAS.
Expression of adipogenic transcription factors
was measured by qRT-PCR. SREBP1c, PPARγ,
C/EBPα, and FAS genes were inhibited by DRE
in a dose-dependent manner. Data are ex-
pressed as mean ± standard deviation
(n=3). Significant differences from control
are indicated (p < 0.05).

Table 2
Body weight gain and food intake.

Groups Body weight gain (g) Food intake (g/day)

ND 4.5 ± 1.2 3.1 ± 0.4
HFD 13.9 ± 1.8 2.5 ± 0.3
DRE 50mg/kg 8.6 ± 2.2* 2.2 ± 0.3
Orlistat 50mg/kg 8.5 ± 2.1* 2.2 ± 0.4

Data are expressed as mean ± standard deviation (n=8). Significant differ-
ences from the HFD group are indicated (p < 0.05).

Fig. 5. Effects of ethyl acetate fraction from Distylium racemosum on triglyceride
level.
Levels of triglycerides were compared after a 6-week DRE treatment. Data are
expressed as mean ± standard deviation (n=8). Significant differences from
the HFD group are indicated (p < 0.05).
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