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  Natural products in Chonnam, Korea were screened via anti-angiogenesis experiments, and 1 
candidate product was identified, Corni fructus, which exerted dose-dependent inhibitory effects against 
angiogenesis, adipogenesis, and cell adhesion. C. fructus extract (CFE) exhibits an angiogenesis inhibi-
tory effect superior to that of the EGCG from green tea leaves. The expression level of angiogenesis 
and adipogenesis-related signal molecules in the western blotting was reduced by increasing the 
amount of added CFE. Moreover, a diet supplemented with CFE was deemed more effective in inducing 
weight loss in LB mice than a representative synthetic diet drug, orlistat, which incidently caused 
the side effect of denuding the mice of their hair. These results indicate that C. fructus may prove 
to be a useful anti-adipogenic compound, and these in vitro results may be reflected later under in 
vivo conditions.
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INTRODUCTION

  Overweight and obesity are both conditions characterized 
by abnormal or excessive fat accumulation sufficient to 
present a risk to health; these conditions are known to be 
major risk factors for a number of chronic diseases, includ-
ing diabetes, cardiovascular diseases, and cancer [1-3]. 
According to WHO statistics on overweight and obesity in 
2005, approximately 1.6 billion adults were overweight; at 
least 400 million were obese [4]. The WHO further projects 
that by 2015, approximately 2.3 billion adults will be over-
weight, and more than 700 million will be obese. The funda-
mental cause of obesity and overweight is an energy im-
balance between calories consumed and calories expended.
  Angiogenesis is the formation of new blood vessels. 
Angiogenesis is, thus, a necessary requirement for a variety 
of disease conditions, such as proliferation and metastasis 
in cancer cells, rheumatism arthritis, and diabetic blind-
ness [5]. A substantial body of evidence now shows that 
neoplastic and non-neoplastic tissue growth is dependent 
on angiogenesis [6]. Neovascularization and adipogenesis 
are temporally and spatially coupled processes occurring 
during prenatal life, and they continue to interact recip-
rocally throughout adult life, via paracrine signaling sys-
tems [7]. Activated adipocytes generate multiple angiogenic 
factors, including leptin, angiopoietins, HGF, GM-CSF, 
VEGF, FGF-2, and TGF-beta, which - either alone or collec-

tively - stimulate neovascularization during fat mass ex-
pansion. Moreover, neoadipogenesis is preceded or accom-
panied by an angiogenic response (endothelial cell pro-
liferation, vessel sprouting) [7-12]. Thus, the antiangiogenic 
agents constitute a novel therapeutic option for the pre-
vention and treatment of human obesity and its associated 
disorders [7].
  Although alimentotherapy, exercise, and habit amend-
ment should all be part of the routine method to suppress 
obesity, there have also been some real advances in the de-
velopment of chemically synthesized drugs to treat obesity 
[13]. These drugs can be largely divided into two categories; 
one class of drugs reduces food intake by suppressing appe-
tite, and the other stimulates fat metabolism, suppresses 
lipogenesis, and increases metabolic activity [14]. However, 
those anti-obesity agents generally damage not only adipo-
cytes but also other normal cells, thus inducing some severe 
side effects on immunological functions in vivo [15].
  Recently, a great many natural resources have been as-
sessed for their possible utility as a substance useful for 
anti-obesity treatment [16], because natural chemicals fre-
quently pose significantly less risk of deleterious side ef-
fects than synthetic chemicals [17]. Among these natural 
resources, certain herbs have already been traditionally 
used in Asia for anti-obesity treatments. Although Corni 
fructus is one of these natural herbs and has traditionally 
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been utilized for a long time as a folk medicine in Asia, 
only a few studies have thus far been conducted on Corni 
fructus, which has been associated with a variety of phar-
macological effects, including tuberculosis, asthma, hep-
atitis, chronic nephritis, anti-inflammation, and diuretic ac-
tion [18-21]. In this work, we describe a new natural an-
ti-obesity candidate - an C. fructus extract - which appears 
to exert profound inhibitory effects on angiogenesis, adipo-
genesis, cell adhesion, and in vivo diet in LB mice, without 
any detected side effects.

METHODS

Ethanol extraction and freeze-drying of natural products

  18 natural products were purchased from a Korean herb-
al medicine dealer in Yosu, Chonnam, Korea. The products 
were homogenized with ethanol at a ratio of 4：6 (w/v). The 
homogenates were extracted with a heating mantle (Global 
Labware, Haryana, India) for 5 hours at 60oC. The suspen-
sions were filtered with No2 paper filters (Whatman, NJ, 
USA) and membrane filters (Whatman, NJ, USA). The fil-
tered extracts were then concentrated in a digital water 
bath (Dynalab Corp., NY, USA), and lyophilized. The pow-
dered extracts were solubilized in DMSO and diluted for 
this experiment.

Cell culture of HUVEC, 3T3-L1, and U937

  Human umbilical vein endothelial cells (HUVEC) were 
purchased from Young Science (Seoul, Korea) and cultured 
in 2% gelatin (Sigma, MO, USA)-coated T75 flasks (Angiotech, 
Vancouver, Canada). EBM-2 medium (Gibco, NY, USA) was 
utilized for the HUVEC cultures. Additional supplements 
added to the culture medium were as follows: hydro-
cortisone, basic fibroblast growth factor (bFGF), vascular 
endothelial growth factor (VEGF), insulin like growth fac-
tor-1 (IGF-1), ascorbic acid, epidermal growth factor (EGF), 
GA-1000, heparin, and 2% fetal bovine serum (FBS). Cell 
cultures were conducted continuously in a 5% CO2 incubator 
at 37oC until more than 80% confluence was achieved.
  Mouse embryonic fibroblast adipose like cells (3T3-L1) 
were obtained from the Department of Food Nutrition, 
Pukyong University, Korea. DMEM medium (Gibco, NY, 
USA) was utilized for the 3T3-L1 culture. The following 
supplements were added to the culture medium：NaHCO3 
(3.7 g/l), penicillin G (63 mg/l), streptomycin (100 mg/l), and 
10% FBS. Differentiated adipocytes also required the use of 
the differentiation inductor, MDI (0.5 mM 3-isobuty-1-methyl- 
zanthine, 1 μM dexamethasone, and 10 μg/ml insulin).
  U937 human leukemic monocyte lymphoma cells (American 
Type Culture Collection, MD, USA) were used for the cell 
adhesion experiment. The cells were cultured in RPMI-1640 
medium (Life Technologies, NY, USA) including 2 mM 
L-glutamine (Life Technologies, NY, USA), penicillin (1 
units/ml), streptomycin (100 mg/l), and 10% FBS.

Inhibitory effect of angiogenesis by natural extracts

  HUVEC (2.5×104) was plated onto the Matrigel-coated 
wells of 24-well plates (BD Biosciences, MA, USA). Steady 
doses of natural extracts were added to the wells using 
EGCG (Sigma, MO, USA) as a positive control, and cul-
tured for 4 hours in a 5% CO2 incubator at 37oC. The tube 

formation of HUVEC was photographed using a digital 
camera (Nikon, Tokyo, Japan), and the tube length was an-
alyzed using Scion Image software (NIH, ML, USA). The 
tube lengths were compared to those of EGCG, and a candi-
date from the C. fructus extracts (CFE) was selected for 
this study, among 18 natural extracts.

Cell toxic test against CFE

  MTT assays were conducted to assess cellular toxicity 
against CFE. 1×104 cells in one well of a 96-well plate were 
incubated for 24 hours. CFE was treated at various concen-
trations (0.1∼100 mg/l) and incubated under constant con-
ditions (37oC, 5% CO2). After 48 hours, 0.5% MTT solution 
(Sigma, MO, USA) was applied and incubated for 3 hours. 
The absorbance of the well plate was scanned at 540 nm 
using a microplate reader (Biochrom Ltd., Cambridge, UK). 
The most appropriate concentration (10 mg/l) was de-
termined and used for this study.

HPLC fractionation of CFE and its angiogenesis 
inhibitory effect

  Ethanol extract of CFE was subjected to a preparative 
size exclusion column (500×21.5 mm; Showa Denko, Tokyo, 
Japan). The exclusion HPLC apparatus consists of a 
LC-6AD pump, a SPDM20A photodiode array detector, a 
DUG-20A3 online degasser, a SIL-20A autosampler, a 
FRC-10A fraction collector, a CBM-20A system controller, 
and ver. 1.22sp LCsolution (Shimadzu, Tokyo, Japan). The 
extracts were chromatographed on an Asahipak GS-310 col-
umn eluted with methanol at a flow rate of 5.0 ml/min and 
monitored at 307 nm. The CFE was separated into six 
fractions. Each fraction was evaluated for its anti-angio-
genesis effects. The superior fractions, fractions 1, 5, and 
6, were applied at various concentrations (1~25 mg/l) to 
HUVEC, and the morphological features were observed via 
microscopy.

Cell adhesion of U937 on HUVEC

  HUVEC cells were incubated in 24-well plates until con-
fluence, and subsequently treated for 6 hours with 10 ng/ml 
of IL-1β (Gibco, NY, USA). The cells were treated overnight 
with different doses of CFE. U937 (2.5×105) was added to 
the HUVEC cells, incubated for 30 minutes at 37oC, washed 
3 times with 1% FBS/PBS, and then the average cell num-
bers were calculated on 5 randomly photographed areas.
  U937 was incubated in 24-well plates until confluence, 
then treated with 100 μg/l of PMA (Sigma, MO, USA) for 
2 hours. The cells were treated overnight with different 
doses of CFE. The adhesion of U937 cells to HUVEC was 
assessed as described above.
  HUVEC and U937 were incubated in 24-well plates until 
confluence, and the HUVEC cells were treated for 6 hours 
with 10 ng/ml of IL-1β. Both cells were treated overnight 
with different doses of CFE. The cell adhesion of CFE-treat-
ed U937 cells on IL-1β treated HUVEC cells was evaluated 
as described above.

Adipogenesis inhibitory effect of 3T3-L1 adipocyte by 
Oil red O staining

  3T3-L1 preadipocytes (9.6×104) were plated onto 6-well 
plates (SPL, Gyeonggi, Korea) and cultured for 2 days. MDI 
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and CFE were added to the wells and cultured for an addi-
tional 2 days. The medium was exchanged with DMEM/10% 
FBS, insulin, and CFE. The medium was then exchanged 
one additional time without insulin. The cells were fixed 
for 1 hour with 10% formalin, washed with 60% 2-propanol, 
and completely dried. Oil red O working solution was added 
to the well, and washed 4 times with distilled water [22]. 
Completely dried cells were washed with 100% 2-propanol, 
and the eluted Oil red O solution was transferred to 96-well 
plates, followed by absorbance measurements at a wave-
length of 520 nm.

Western blot analysis

  In order to confirm the inhibitory effects of CFE on angio-
genesis, western blot analysis was conducted using the an-
giogenesis-related signal molecules, VE-cadherin and Akt. 
HUVEC (1×105) was seeded on 100-mm Petri dishes, then 
incubated in EBM-2 medium with 2% FBS until confluence. 
CFE was treated with different doses for 24 hours, and the 
cells were washed in serum-free EBM-2 medium. Cells were 
rinsed with ice-cold PBS including 1 mM vandate, and then 
solubilized in ice-cold lysis buffer (1% NP, 100 mM MgCl2, 
1 M Tris-HCl, pH 8.0, 100 mM sodium fluoric, 100 mM 
DTT, 2 mM sodium orthovanadate, 2 μg/μl aprotinin, 
10 μg/μl pepstatin, 50 mM HEPES), using a gentle 
side-to-side rocking motion. The cells were scraped and the 
lysates were centrifuged (230×g, 10 min, 4oC). The super-
natant (cytosol fraction) was collected and applied in a pro-
tein assay using BCA reagent (Pierce, IL, USA). In brief, 
BCA reagent was added to the 96-well plate at different 
doses, and standard curves were prepared by measuring 
the absorbance at 562 nm. Immunoprecipitation was con-
ducted in order to increase sensitivity and specificity, and 
identical volumes of the protein were employed. Polyclonal 
anti-VE-cadherin antibody was added to the protein with 
IP buffer (50 mM Tris-HCl, pH 7.4, 150 mM NaCl, 50 mM 
EDTA, 1 mM EGTA, 1 mM PMSF, 1 mM NaF, 1 mM NaVO4, 
5 μg/μl aprotin, 5 μg/μl pepstatin, 1% Triton X-100), and 
immunoprecipitated with Protein G-Sepharose (GE Healthcare, 
NJ, USA) at 4oC. After centrifugation (230×g, 5 min, 4oC), 
the precipitate was washed 3 times in IP washing buffer, 
and subsequently boiled in Laemmli’s sample buffer 
(Bio-Rad, CA, USA). The samples were then separated on 
10% SDS-PAGE gel and transferred to 0.2 μm nitro-
cellulose membrane (Bio-Rad, CA, USA). The membranes 
were then blocked with 5% NFDM (Sigma, MO, USA) in 
PBS containing 0.1% Tween-20, washed with 1× TBST, and 
probed for 12 hours at 4oC with either of the following pri-
mary antibodies: VEGFR2/flk-1, VE-cadherin, β-catenin, 
PI3-kinase, and Akt as a dilution ratio of 1：1,000 in 1% 
NFDM. The membranes were washed with 1× TBST, and 
conjugated with secondary antibodies (donkey anti-goat 
IgG-HRP, goat anti-rabbit IgG-HRP, donkey anti-mouse 
IgG-HRP) as a dilution ratio of 1：1,000 in 1% NFDM. 
Immunoreactive bands in the membranes were visualized 
using SuperSignal West Pico Chemiluminescent Substrate 
reagent (Pierce, IL, USA), followed by the developer and 
fixer reagents (Kodak, Tokyo, Japan).
  In an effort to confirm the inhibitory effects of CFE 
against adipogenesis, western blot analysis was conducted 
on the differentiation substance-treated, CFE-treated group 
(group 1), and CFE-added group after differentiation (group 
2) using the adipogenesis-associated signal molecules, 
SREBP-1 and PPARγ. 3T3-L1 cells (1×105) were seeded on 

100-mm Petri dishes, and incubated to confluence in DMEM 
medium with 10% FBS. As for group 1, the MDI-treated 
and CFE-treated cells were incubated with DMEM/10% 
FBS, insulin, and CFE. After 2 days, the medium was ex-
changed with DMEM/10% FBS and CFE. With regard to 
group 2, 3T3-L1 preadipocytes were wholly differentiated 
into adipocytes, and CFE was applied at different doses. 
The cells were rinsed in ice-cold PBS including 1 mM van-
date, then solubilized with ice-cold RIPA lysis buffer (Santa 
cruz, CA, USA) via a gentle side-to-side rocking motion. The 
cells were scraped and the lysates were centrifuged (230 
×g, 20 min, 4oC). The supernatant (cytosol fraction) was col-
lected and stored at −80oC before use. Proteins were quan-
tified using BCA reagent. The protein was electrophoresed 
and transferred, and the membranes were blocked, washed, 
and probed with one of the following primary antibodies: 
SREBP-1 and PPARγ; then visualized as described above.

Animal experiments

  4-week-old male C57BL/6J-ob/ob mice were obtained 
from SLC, Inc. (Shizuoka, Japan) and housed under stand-
ard conditions (12-h light/dark cycle, 22oC). Animals were 
divided into 3 groups (10 individuals/group) - a control 
group, a CFE group, and a positive control group using the 
popular agent, orlistat (Roche, SF, USA). All 3 mouse 
groups were fed on high fat diet (45% kcal from fat, D12451 
Research Diets, NJ, USA) for the initial 2 weeks of the ex-
periment upon arrival. After that, saline solution, 200 μl 
of CFE (25 mg/l) and orlistat (10 μg) were subcutaneously 
injected into the tails of the mice once each 2 days for 4 
weeks, respectively. The injection concentrations of CFE 
and orlistat were decided by toxic test in cell level and man-
ufacture’s instruction based on animal weight, respectively. 
During the initial 4 weeks, any negative effect was not ob-
served, and then identical volumes were injected on a daily 
basis from 4 weeks. The body weights were measured using 
an electronic scale at 2.5-day time intervals. Unconsumed 
pelleted high fat food was discarded each day, and fresh 
high fat diet provided to ensure consistent food quality was 
provided to the mice throughout the study. The high fat 
food was stored at 4oC. The current study protocol was ap-
proved by the Ethics Committee at Chonnam National 
University for animal studies. All procedures were con-
ducted in accordance with the Guide for the Care and Use 
of Laboratory Animals published by the National Institutes 
of Health.

RESULTS

Selection of angiogenesis inhibitory candidate from 18 
natural products

  We conducted an examination of angiogenesis inhibitory 
effects to find a candidate among 18 natural products se-
lected from a compendium of traditional Korean medical 
literature, the Donguibogam. According to the results of our 
angiogenesis inhibitor analysis (Fig. 1), several natural 
products (S. radix, C. furctus, A. folium, P. semen, C. flos, 
S. flos, V. rotundifolia, P. radix, and S. herba) evidenced 
inhibitory effects superior to that of the EGCG in the green 
tea leaf. Among them, a natural product, Corni fructus, was 
selected for an assessment of its anti-angiogenic and an-
ti-adipogenic mechanisms, and was also evaluated as a pos-
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Fig. 1. Anti-angiogenesis experiment 
of 18 natural products with the 
positive control, EGCG. HUVEC was 
cultured on Matrigel-coated wells, 
and the tube formation of HUVEC 
cells was randomly photographed 
using a digital camera, and analyzed 
by the Scion Image software.

Fig. 2. Cytotoxicity in HUVEC cells with different concentrations 
of C. fructus extract (CFE). HUVEC was seeded onto 96-well plates 
and treated with various doses (0.1, 0.5, 1, 5, 10, 25, 50, and 100 
mg/l) of CFE for 48 hrs. MTT solution was added to the wells, and 
the 96-well plates were incubated. The absorbances of the 96-well 
plates were measured with a microplate reader at 540 nm. The 
value was converted to cell viability based on the control.

Fig. 3. CFE was subjected to preparative size exclusion column of 
Asahipak GS-310. CFE was chromatographed on an Asahipak 
GS-310 column eluted with methanol at a flow rate of 5 ml/min, 
and monitored at 307 nm. CFE was separated into six fractions. 
Each fraction was evaluated via anti-angiogenesis experiments. 
HUVEC was cultured on Matrigel-coated wells, and the tube 
formation of HUVEC cells was randomly photographed using a 
digital camera, and analyzed by the Scion Image software.

sible natural anti-obesity suppressor.

Toxic test of CFE on HUVEC

  According to the results of the MTT assay toxicity test 
against CFE on HUVEC cells (Fig. 2), no significant changes 
were noted as compared to those of other CFE concen-
trations up to 10 mg/l. More than 90% of HUVEC cells sur-
vived after the addition of 10 mg/l CFE, but the cell via-
bility was reduced dramatically with the addition of CFE 
at a concentration of 100 mg/l. The toxicity of a compound 
occurs via the uptake of the compound into the cell or via 
interaction with the cell membrane and associated molecules. 
Endothelial cell toxicity induced by high levels of CFE may 
be attributable, at least in part, to an accumulation of intra-
cellular toxicity. The results of our tests of CFE cytotoxicity 
in this in vitro cell culture system demonstrated that CFE 
added at a concentration of at least 10 mg/l is not harmful 
to cell cultures.

Angiogenesis inhibitory effect of CFE fractions on 
HUVEC 

  CFE was fractionated into 6 fractions via HPLC and ap-

plied in the angiogenesis inhibitory experiment (Fig. 3). 6 
CFE fractions (F1, F2, F3, F4, F5, and F6) and a positive 
control (EGCG) were added to HUVEC cells at identical 
concentrations (50 mg/l). Among the fractions, F1, F5, and 
F6 were identified as the optimal angiogenesis suppressor. 
F1, F5, and F6 were further examined in angiogenesis in-
hibitory experiments at different concentrations (1, 5, 10, 
and 25 mg/l). The results demonstrated similar inhibitory 
effect of F1 with EGCG, and dose-dependent inhibitory ef-
fects of F5 and F6 in the observed angiogenesis inhibitory 
effects over 5 mg/l (Fig. 4). Moreover, the result was co-
incided with morphological observation of the HUVEC cells 
proving sufficient to block angiogenesis (data not shown). 
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Fig. 4. Anti-angiogenesis effect of SHE fractions 1, 5, and 6. Anti-angiogenesis experiments were conducted with different concentrations 
(1, 5, 10, and 25 ppm) of fractions 1, 5, and 6. The pictures show the cellular morphology of HUVEC cells treated with different concentrations 
of fractions 1, 5, and 6.  

Because the cell culture medium contained low levels of 
FBS, which harbors residual quantities of growth factors, 
low levels of tubular formation were also noted in control 
cells.

Inhibitory effect of cell adhesion

  The inhibitory effects of cell adhesion were evaluated in 
in vitro experiments conducted under several conditions 
(Fig. 5). U937 was adhered to IL-1β and CFE stimulated 
HUVEC cells (Fig. 5A). Different concentrations of CFE (1, 
5, 10, and 20 mg/l) were suppressed the U937 cell adhesion 
by 12%, 57%, 115%, and 132%, respectively. PMA (phorbol 
myristyl atetate) and different concentrations (1, 5, 10, and 
20 mg/l) of CFE were stimulated to U937, and then the 
U937 was adhered to the HUVEC cells (Fig. 5B). Different 
concentrations of CFE (1, 5, 10, and 20 mg/l) were sup-
pressed the U937 cell adhesion by 379%, 504%, 567%, and 
664%, respectively. Different concentrations (1, 5, 10, and 

20 mg/l) of CFE were stimulated to U937, and adhered to 
IL-1β and different concentrations (1, 5, 10, and 20 mg/l) 
of CFE stimulated HUVEC cells (Fig. 5C). CFE was sup-
pressed the U937 cell adhesion in a dose-dependent man-
ner, by percentages of 50%, 112%, 231%, and 297%, 
respectively. As shown in Fig. 5, U937 and HUVEC cells 
were activated by IL-1β and PMA, individually (Fig. 5A, 
B) or together (Fig. 5C). The best cell adhesion inhibitory 
effect was noted in HUVEC-adhering PMA and CFE-stimu-
lated U937 cells (Fig. 5B) followed by IL-1β- and 
CFE-stimulated HUVEC-adhering CFE-stimulated U937 
cells (Fig. 5C), and IL-1β- and CFE-stimulated HUVEC- 
adhering U937 cells (Fig. 5A). The U937 adhesion rate in-
creased significantly when HUVEC cells were stimulated 
with IL-1β, because IL-1β acts preferentially on HUVEC 
cells, whereas PMA activates U937 [23,24]. The stimulated 
adhesion was inhibited clearly by the addition of CFE, and 
this effect was also observed to occur in a dose-dependent 
manner. This result demonstrated that CFE exerts an in-
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Fig. 5. Various doses (1, 5, 10, and 20 mg/l) of CFE addition on 
U937 cell adhesion. (A) Cell adhesion of U937 on IL-1β and CFE 
stimulated HUVEC, (B) Cell adhesion of PMA- and CFE-stimulated 
U937 on HUVEC, (C) Cell adhesion of CFE-stimulated U937 on 
IL-1β- and CFE-stimulated HUVEC cells. Each treatment in the 
cell adhesion experiments was conducted as described in the 
METHODS section.

Fig. 6. CFE inhibits the interaction of PI3-kinase with VE-cadherin 
and Akt upon cell activation with VEGF. Proteins from HUVEC 
cells were immunoprecipitated with PI3-kinase antibody and 
immunoblotted with antibodies to VE-cadherin and Akt. β-actin 
was employed as a positive control.

hibitory effect on cell adhesion, exhibiting an angio-
genesis-inhibitory effect. 

Western blot of angiogenesis-related signal molecules 
on HUVEC cells

  Because VE-cadherin and Akt have been identified as im-
portant mediators of angiogenesis [25,26], we assessed the 
role of VE-cadherin and Akt in angiogenesis under con-
ditions of cell stimulation by VEGF and with different con-
centrations (0.1, 0.5, and 1 mg/l) of CFE. CFE-induced in-
hibition of tube formation in HUVEC cells was determined 
via the suppression of the signal pathways of VE-cadherin 
and Akt, the expression of signal molecules was evaluated 
via immunoprecipitation and western blotting analysis. As 
shown in Fig. 6, VEGF affected a significant increase in 
the number of signal molecules, and with pre-supplementa-
tion of HUVEC with dose-dependent dosages of 0.5 and 1 

mg/l, CFE inhibited the expression of both types of signal 
molecules - VE-cadherin and Akt. As the result of the 
CFE-induced suppression of the pathways from two kinds 
of signal molecules to NF-kB, angiogenesis was reduced in 
a dose-dependent manner. Therefore, blocking the function 
of VE-cadherin and Akt by the addition of CFE directed 
against the molecules inhibits its function during the matu-
ration of cells for tube formation. 

Adipogenesis inhibitory effect of 3T3-L1 adipocyte by 
Oil red O staining

  Differentiated 3T3-L1 adipocytes were treated with CFE 
at various concentrations (1, 5, 10, and 25 mg/l) for 2 days. 
The effect of CFE on lipid accumulation was measured by 
Oil red O staining (Fig. 7). Relative to the control cells, CFE 
treatment reduced intracellular lipid content in a dose-de-
pendent manner, and the most effective dosage for in-
hibition was found to be 25 mg/l of CFE. The results in-
dicated that CFE could inhibit lipid accumulation in 3T3-L1 
adipocytes in a dose-dependent manner.

Western blot of adipogenesis-related signal molecules 
on 3T3-L1 adipocyte

  In order to evaluate the differentiation responses of 
translational factors before and after differentiation, 3T3-L1 
preadipocytes were treated with MDI and different concen-
trations (1, 5, and 10 mg/l) of CFE. Proteins were isolated 
from 3T3-L1 preadipocytes and western blot analysis was 
conducted. The protein expression level of the adipo-
genesis-mediated signal molecule, PPARβ, was reduced 
with the addition of 10 mg/l CFE (Fig. 8A). 3T3-L1 was 
completely differentiated and treated with different concen-
trations (1, 5, and 10 mg/l) of CFE. The protein isolated 
from the 3T3-L1 was subjected to western blotting using 
the adipogenesis-mediated signal molecules, SREBP-1 and 
PPARγ. In the adipogenic signal pathway, the protein ex-
pression levels of SREBP-1 and PPARγ began to decrease 
upon the addition of 10 mg/l CFE (Fig. 8B). Additionally, 
the protein levels of SREBP-1 and PPARγ were reduced 
in a dose-dependent manner after CFE treatment, regard-
less of differentiation. Therefore, the results demonstrated 
that CFE was more effective in suppressing adipogenesis 
in the adipocytes rather than the preadipocytes via the 
down-regulation of SREBP-1 and PPARγ expression. 
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Fig. 7. The effect of CFE addition in the course of 3T3-L1 adipocyte differentiation. 3T3-L1 was treated with CFE at various concentrations
(1, 5, 10, and 25 mg/l). After differentiation, lipid accumulation was stained with Oil red O solution and the morphological changes were 
observed via microscopy. The Oil red O stained lipid was quantified with a microplate reader at 520 nm.

Fig. 8. (A) CFE inhibits the interaction of PI3-kinase with 
VE-cadherin and Akt upon cell activation with VEGF. Proteins from 
HUVEC cells were immunoprecipitated with PI3-kinase antibody 
and immunoblotted with antibodies to VE-cadherin and Akt. 
β-actin was employed as a positive control. Expression of PPARγ
on 3T3-L1 preadipocyte with CFE (A) and expression of SREBP-1 
and PPARγ on 3T3-L1 adipocytes with CFE (B). Protein from 
3T3-L1 was treated with different concentrations (1, 5, and 10 mg/l) 
of CFE, and extracted with RIPA buffer for western blotting.

Fig. 9. Weight change of LB mice fed for 8 weeks on a CFE- 
supplemented diet. The inset shows the side effects of the synthetic 
obesity agent, orlistat.

Animal experiments

  Significant weight reduction and feed intake amount 
were not observed in all groups for the initial four weeks 
because of unsteady CFE concentration in the body by sup-
plying CFE once at 2-day intervals. However, the sig-
nificant weight change was initially observed after 4-weeks 
of daily CFE supply. No positive effects were noted in the 

group treated with orlistat, a potent competitive inhibitor 
of gastric and pancreatic lipase [27,28], but this had a side 
effect - it denuded the mice of their hair (Fig. 9, inset). The 
chemically synthesized anti-obesity agent, orlistat, has 
been reported to exert a variety of side effects, including 
fecal incontinence, flatulence, and steatorrhea [29,30]. The 
results demonstrate that the provision of extra nutrients 
to the mice was blocked by the addition of CFE without 
any deleterious side effects.

DISCUSSION

  Based on the previous reports of which activated adipo-
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cytes generate multiple angiogenic factors, and stimulate 
neovascularization during fat mass expansion. Further-
more, neoadipogenesis is preceded or accompanied by an 
angiogenic response [7-12]. We designed experimental hy-
pothesis by using correlation between angiogenesis and 
adipogenesis. Then, we have evaluated the effects of CFE 
on biological functions in vitro: anti-angiogenesis, anti-adi-
pogenesis, immune-endothelial cell adhesion, and in vivo 
anti-obesity functions in an animal model. According to the 
results of our experiments, the addition of CFE suppresses 
angiogenesis in a dose dependent manner. At the protein 
level, the results of western blot analysis were confirmed 
using anti-VE-cadherin and anti-Akt: the protein ex-
pression level was reduced in a dose-dependent manner. 
The results demonstrate that CFE has an angiogenesis in-
hibitory effect induced by the blockage of intracellular sig-
nal molecules and the suppression of the activation of nu-
clear transcriptional factor, NF-κB.
  Angiogenesis is a crucial factor in determining the growth 
and metastasis of tumor cells. A correlation has been noted 
to exist between the angiogenesis level and the process and 
metastasis of tumors in many varieties of malignant tumor. 
The obesity process also develops through a mechanism 
similar to that responsible for angiogenesis. VEGF is the 
most powerful physiological accelerator related with angio-
genesis; the VEGF signaling facilitates VE-cadherin, β- 
catenin, VEGFR-2, PI3-kinase, and Akt complexes, shifts 
the transcriptional factor NF-κB to the nucleus, and then 
activates Bcl-2 [31,32]. Those procedures induce the ex-
pression of the IL-8 gene, and activate cell proliferation and 
blood vessel facilitation [33]. Adipocytes in adipose tissue 
also secrete VEGF, monoburitin, ob-protein, and leptin, and 
facilitate endithelial cell proliferation and adipocyte differ-
entiation. Moreover, the results of Oil red O staining 
showed that CFE suppressed the differentiation of 3T3-L1 
adipocytes in a dose-dependent manner. The protein ex-
pression level was confirmed via western blotting using the 
diabetes, fat, and tumor growth-mediated signal molecules, 
SREBP-1 and PPARγ. Protein levels were reduced in a 
dose-depent manner. The observed reduction in expression 
demonstrates that CFE suppresses important adipo-
genesis-related signal molecules, and then inhibits adipo-
genesis of differentiated adipocytes. As for the cell adhesion 
inhibitory experiment, CFE suppresses the cell adhesion 
activators, PMA and IL-1β, as well as angiogenesis. The 
data generated in this study indicate that CFE has poten-
tial power as a suppressor of angiogenesis and adipogenesis. 
Further studies are in progress to determine the chemical 
composition of F5 and F6 which showed best inhibitory ef-
fects among 6 fractions in the fractionated CFE. In con-
clusion, CFE evidenced profound adipogenesis inhibitory 
activity under both in vitro and in vivo conditions. These 
results may lead to the development of positive therapies 
for humans, helping with the adaptation to modern con-
ditions of energy-dense foods, low physical activity, and 
urbanization.
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