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In order to determine if the mRNA and protein expression levels of 3T3-L1 adipocytes are influenced
by oriental medicines, adipocytes were treated with 100 ug/ml of G-Re and aqueous extract of a Coix
lachrymajobi var. mayuen (AEC) every other day for 12 days, respectively. The tumor necrosis factor
alpha (TNF-0). mRNA and protein expressions were suppressed markedly in treated mature
adipocytes. Those of lipoprotein lipase (LPL) levels were found to increase gradually in preadipocytes
differentiating into mature adipocytes. Those were higher than that of the untreated mature
adipocytes. The treated adipocytes showed reduction of leptin expression levels, while in untreated
mature adipocytes cell, those of levels were significantly higher after the conversion of preadipocytes
into mature adipocytes. The resistin levels in the treated adipocytes were significantly decreased com-
paring to that of the untreated mature adipocytes. In conclusion, the expression levels of LPL, TNF-q,
leptin and resistin mRNA and proteins are shown to be regulated by G-Re and AEC, making them
potential candidates for controlling fat mass related obesity.
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Introduction

Recently, obesity rates have increased noticeably in
many Asian countries as well as Korea, particularly during
the last 10-15 years, and have become a major public
health issue in most countries [5]. Obesity is one of the
main risk factors for chronic diseases. Being overweight
carries an increased risk of health problems such as car-
diovascular disease, insulin resistance and type 1I diabetes
mellitus, hyperlipoproteinaemia, hypertension, gallbladder
disease, cancer of the endometrium and breast cancer, ar-
throsis and psychological stress in postmenopausal
women. Many chronic diseases are mostly related to an in-
creased intra-abdominal fat mass {7,25,2943]. Adipose tis-
sues reserve not only energy but also secrete a variety of
factors such as leptin, IL-6, TNF-q, resistin, LPL and fatty
acid [14,17]. These factors are believed to be involved in
regulating adipose mass and obesity. One of the molecules
produced in adipose tissue is the TNF-a which has been
shown to regulate lipid metabolism of adipose biology and
also TNF-o level is elevated in cases of obesity and de-
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crease the expression levels of adiponetin involved in lipo-
genesis (14]. It should be noted that leptin secretion from
the adipose tissue is closely influenced by the secretion of
TNF-o [40]. A 167-amino acid protein, leptin is involved in
adipose signaling, which decreases the appetite and re-
duces the body weight through its actions on the hypothal-
amus and neuropeptiedes [12]. LPL plays a key role in the
plasma lipoprotein metabolism, which is involved in the
clearance of triacylglycerols from circulation and regulates
the energy metabolism and mainly found in the adipose
tissue, cardiac muscle and skeletal muscle [8,30]. In addi-
tion, TNF-« regulates the inhibition of LPL gene
transcription. Resistin, a 94-amino acid polypeptide that
contains 11 Cys residues, was recently identified as a hor-
mone secreted by adipocytes [4]. Although some con-
troversial discussion has been continued, the level of re-
sistin secretion is known to be increased by obesity and
upregulated significantly during the differentiation of pre-
adipocytes to mature adipocytes [38].

Many studies have examined the applications of using
oriental medicine, particularly acupuncture, herbal acu-
puncture, oriental herbal medicines, and reported excellent
results in treating [1,2,31]. The purpose of this study was
to determine if the fat mass could be reduced by a treat-
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ment with the aqueous extracts of the oriental medicines,
C. lachrymajobi var, mayuen. In order to support this hy-
pothesis, ginsenoside-Re is used as control since its efficacy
for hypolipidemic metabolism is widely accepted {16,24,27].
Traditionally, these medicines have been prescribed for
metabolic disorders referred in traditional literature such
as Huang di nei jing, Ben cao gang mu and Dong yi bao jian
in both China and Korea [33]. Ginseng {(Panax ginseng C. A.
Meyer) has long been used as a tonic oriental folk medicine
in traditional Chinese and Korean medicines. It has been
believed for a long time that ginseng is beneficial to
humans. The ginsenosides, which are saponins extracted
from ginseng, are responsible for the various physiological
and pharmacological activities of ginseng [11,44]. Many
clinical and experimental reports have suggested that gin-
seng might have beneficial effects as an antiatherogenic
agent, a suppresser of cholesterogenesis and lipogenesis. It
also reduces elevated serum total cholesterol and low den-
sity lipoprotein cholesterol levels and acts as an anti-
oxidant enhancer [23,27,32,41]. Adlay (C. lachrymajobi var.
mayuen) is an annual crop that has long been used in tradi-
tional Chinese and Korean medicines and as a nourishing
food including nutrients; protein 16.2%, lipid 4.65%, carbo-
hydrate 79.17%, and a small quantity of vitamin B; 330 mg
[55]. The seed of adlay has been reported to exhibit anti-in-
flammatory, stomachic, diuretic and antispastic effects in
vivo and has been used in Asian countries for treating
warts, rheumatism, the female endocrine system and
neuralgia. Recent studies demonstrated that adlay seeds
could inhibit the allergic diseases and increase the anti-
tumor and anticancer effects in experimental animals.
Nagao et al. [42] isolated a number of benzoxazinones from
the adlay seed, and reported anti-inflammatory activity.
Park et al. [49] reported that the lipid components in plas-
ma and feces were decreased in rats fed different fat diets
containing adlay seed. Hidaka et al. [19] showed that the
ingestion of adlay seed tablets could increase the activities
of cytotoxic T-lymphocytes and natural killer cells. Check
and K'Ombut [9] also reported decreased fibrinolytic activ-
ities of blood plasma of Wistar rats fed an adlay mixed
diet. However, there are few reported of the antiobesity ef-
fects in 3T3-L1 adipocytes treated with AEC compared
with that of G-Re.

In order to verify this hypothesis, in vitro, mouse 3T3-L1
adipocytes were treated with G-Re and AEC for 12 days.
And then the levels of TNF-u, leptin, resistin, and LPL

mRNA and protein expression were measured by reverse
transcription-polymerase chain reaction and western blot
analysis. As a result, our study suggests that these com-
pounds can promote obesity marker gene expressions,
which affects the regulation of body fat mass in relation to
obesity.

Materials and Methods

Materials

Dulbecco’s modified Eagle’s medium (DMEM), Penicillin-
streptomycin, Trizol and fetal bovine-serum (FBS) were ob-
tained from GIBCO / BRL (Invitrogen, Carisbad, CA,
USA). Insulin sodium salt, 3-isobutyl-1-methylxanthine,
dexamethasone, and gencenoside-Re were purchased from
the Sigma Co. (St. Louis, MO, USA). The 3T3-L1 cell line
was obtained from the Korean Cell-line Bank, Cancer
Research Institute, Seoul National University College of
Medicine. The Oriental herbal medicine, C. lachrymajobi
var. mayuen was purchased from the Kyungdong market in
Seoul, Korea. Unless otherwise noted, all other chemicals
and reagents were obtained from Sigma Co. (St. Louis,
MO, USA).

Cell culture

3T3-L1 preadipocytes used passage 12 were cultured in
Dulbecco’s modified Eagle’s medium (DMEM) containing
1% penicillin-streptomycin and 10% FBS (Invitrogen,
Carisbad, CA, USA). The cells were cultured in 6 well
plates at 37°C in a humidified 5% CO; incubator and dif-
ferentiated into adipocytes. The confluent cells were placed
in a differentiation medium (DMEM containing 10% FBS,
10 pg/ml insulin (Sigma Co.), 0.5 mM 3-isobutyl-1-methyl-
xanthine (Sigma Co.), and 1 pM dexamethasone (Sigma
Co.)) for 3 days. The medium was then changed to DMEM
containing 10% fetal bovine-serum, 10 pg/ml insulin, 100
pg/ml gensenoside-Re and AEC, respectively, every other
day. After an additional 12 days, the cells were harvested
with Trizol (Invitrogen) in order to isolate the RNA.

Extraction of herbal medicine

The oriental herbal medicine, C. lachrymajobi var. mayuen,
were soaked in cold distilled water for 4hr and then ex-
tracted by boiling in a round glass flask. The contents were
filtered through gauze. The filtrate was distilled, and coln-
centrated in an evaporator (Buchi totavapor R-124, Flawil,



Switzerland). The extracted herbal medicine was dried by
freeze drying (Telstar Lioalfa 6-80, Avon, Spain) and stored
at -20°C until the experiment.

RNA isolation and reverse transcription-PCR

The total RNA was isolated from differentiated adipo-
cytes at day 12 using a Trizol reagent (Invitrogen). 1 pg
RNA was reverse-transcribed in a 20 pl reaction mixture
using MMLV reverse transcriptase (Invitrogen). The cDNA
was amplified in a 20 pl reaction mixture. The PCR con-
ditions are as follows: 0.4 uM each primer, 0.2 mM deoxy-
nucleoside triphosphate mixture (Perkin Elmer, Norwalk,
CT, USA), 50 mM KCl, 10 mM Tris-HCl (pH 8.3), 1.5 mM
MgCly, and 1.0 U of Taq DNA polymerase (Perkin Elmer).
The reaction mixtures were incubated in a thermal con-
troller (Model PTC-100; - MJ Research, Ramsey, Minnesota,
USA) for 30 cycles (denaturation at 94°C for 45 s, anneal-
ing at 53°C for 45 s, extension at 72°C for 90 s). The PCR
products were resolved on 0.1% agarose gels containing
ethidum bromide. The intensities of the bands were meas-
ured using an image documentation system (ImageMaster
VDS; Pharmacia, Uppsala, Sweden) with an image analysis
software (ImageMaste TotalLab; Pharmacia). The DNA size
marker was run in parallel to validate the predicted sizes
of the amplified bands (GeneRuler 1 kb DNA Ladder; MBI,
Ambherst, NY, USA). GADPH, leptin, lipoprotein lipase,
and the resistin primer sequences were designed using the
primer selection software offered through the Web site
(Primer 3; Center for Genome Research, The -whitehead
Institute for Biomedical Research, Cambridge, MA,

Table 1. Primers and expected sizes of PCR products with
each primer pair

. Sizer
Gene Primer
(bp)
GAPDH?  Sense 5,-atcccatcaccatcttccag—S / 576
antisense  5'-acctgcttacaccaccticttg-3
TNF-a® sense 5:-Ccagaactccaggcggtgtctgtg—?:}’ 414
antisense  5'-gtgetttoctacgacgtggectac-3
Leptin sen.se 5/-acatttcacacacgcagtcg-:’: 318
antisense  5'-ctcaaagccaccacctctg-3
LPL¢ sense 5:gtcgcctttctcctgatgac-&” 410
antisense  5'-cttgetecttctettgectc-3 ’
Resistin  SeMse 5,-cttcaactccctgtttccaa—3 , 195
antisense  5'-aagtatgtgtgcttgtgtetes-3

a : Glyceraldehydes-3-phosphate dehydrogenase, b : Tumor
necrosis factor alpha,
¢ : Lipoprotein lipase
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www.genome.wimit.edu). The primary sequences specific
for the genes examined and the predicted product sizes are
as follows.

Western Blotting

Immunoblots were prepared to analyze the protein lev-
els of TNF-o, LPL, leptin and resistin (Santa Cruz
Biotechnology Inc., Santa Cruz, CA, USA) and B-actin
(Sigma). After treatment with G-Re and AEC for the in-
dicated amounts of time, the cells were harvested, and
proteins were then extracted with protein lysis buffer and
heated at 95C for 10 min. The protein concentrations were
quantified using the BioRad protein assay (BioRad Lab,,
Hercules, CA, USA) by following the procedure described
by the manufacturer. Aliquots containing 40 ug of total cell -
proteins were resolved on sodium dodecyl- sulfate (SDS)-
polyacrylamide gel electrophoresis and transferred onto
PVDF membranes (Sigma Co. St. Louis, MO, USA).
Membranes were blocked in 5% nonfat milk powder (w/v)
in PBS containing 0.01% Tween-20 for 1 h at room temper-
ature and then probed using the above-mentioned primary
antibodies. After incubation overnight at 4C, membranes
were washed in PBST and incubated with the appropriate
peroxidase-conjugated secondary antibody (Amersham Co.,
Arlington Heights, IL, USA). Specific complexes were re-
vealed by chemiluminescence according to the enhanced
chemiluminescence Western blotting detection reagent
(Pierce, Rockford, IL, USA).

Results

Effects of the herbal medicines on the gene
expression of TNF-a in 3T3-L1 mouse adipocytes

The study shows that G-Re and the AEC regulate
mRNA and protein expression levels of TNF-¢ in 3T3-L1
adipocytes (Fig. 1A, B). During the normal maturation
process from the preadipocytes to adipcytes, those ex-
pression levels of TNF-0 gradually increased. As the pre-
adipocytes matured to adipocytes, those expression levels
of TNF-o were significantly higher. When the fully mature
adipocytes were treated with either G-Re or AEC, their
TNF-u0 expression levels were markedly lower than the un-
treated mature adipocytes. There were no significant differ-
ences between the adipocytes treated with G-Re and AEC
which indicates that AEC influences the expression of
TNF-0 as much as the G-Re.
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Fig. 1. Effects of G-Re and AEC on TNF-a mRNA and protein expression levels in 3T3-L1 adipocytes. (A), The cultures were
treated with 100 pg/ml G-Re and AEC for 12 days. In upper part, the total RNA was exiracted and analyzed by RT-PCR
for TNF-a and GAPDH mRNA; the lower part, 40 pg proteins were loaded for protein expressions, M, molecular size
standards; lane 1, untreated preadipocyte (Pre-Adipo); lane 2, untreated differentiation adipocyte (Diff-Adipo); lane 3, un-
treated control adipocyte (Mat-Adipo); lane 4, treated with 100 yg/ml G-Re; lane 5, treated with 100 ug/ml AEC; (B), The
intensities of the amplified bands were determined from the gel shown in (A). The amounts of the target cDNA were
then normalized against GAPDH cDNA in the corresponding sample and are shown in the upper graph. Those of protein
bands were normalized to B-actin in corresponding samples in lower part. The values for the control were set to 100%.
The data represents the mean + s.d. of three independent experiments expressed as a percentage of the control value.
The data were evaluated for statistic significance with a one-way ANOVA followed by Duncan’s multiple range test. The
means with the same letter were not significantly different. Therefore, means with a different letier, eg, ‘a” or ‘b’ were
statistically different. A p value<0.05 was considered significant.

Effects of the herbal medicines on the gene
expressions of LPL in 3T3-L1 mouse adipocytes.

The mRNA and protein expressions of LPL, a typical
adipocyte marker, were shown in Fig. 2A, B. The LPL ex-
pression levels were found to increase gradually while the
preadipocytes differentiated into mature adipocytes.
Treating the 3T3-L1 adipocytes with 100 pg/ml of G-Re re-
sulted in an increase in the LPL expression levels com-
pared with that of the mature adipocytes. Those of AEC
were also showed a similar tendency to G-Re treatment
adipocytes that is known to increase those expression lev-
els of LPL. Consequently, treatments of the oriental herbal
medicine, AEC, can improve the plasma triglyceride-rich
lipoprotein metabolism by enhancing LPL expression in
adipocytes. Therefore, it is expected that AEC might be
used to control obesity induced by a high fat diet com-
pared with G-Re known to play a significant role in
lipolysis.

Effects of herbal medicines on gene expressions
of leptin in 3T3-L1 mouse adipocytes
The leptin mRNA and protein expression levels were

significantly higher after the conversion of the 3T3-L1
mouse preadipocytes to mature adipocytes (Fig. 3A, B).
However, the leptin gene expression levels in the adipo-
cytes treated with 100 pg/ml of either G-Re or AEC were
markedly suppressed compared with that of that of
Mat-adipo but there were not significantly differences in
leptin expression levels between G-Re and AEC groups.
Therefore, this result suggest that the changes in leptin
gene expression with G-Re and AEC administrations may
be involved in reduced fat cell size and / or number asso-
ciated with triglyceride accumulation.

Effects of the herbal medicines on the gene
expression of resistin in 3T3-L1 mouse adipocytes

Resistin expressions were detected in the differentiated
adipocytes by RT-PCR and reversely, Western blot barely
detected in the preadipocytes. This result is shown in Fig.
4A, B. Resistin mRNA in the fully mature adipocytes was
1.6 times higher than that of the differentiated adipocytes.
In contrast, when the 3T3-L1 mature adipocytes were
treated with 100 pg/ml G-Re and AEC, the resistin gene
expression levels were significantly lower than that of
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Fig. 2. Effects of G-Re and AEC on LPL mRNA and protein expressions levels in 3T3-L1 adipocytes. (A), The cultures were treated
with 100 pg/ml G-Re and AEC for 12 days. Total RNA was extracted and analyzed for LPL and GAPDH mRNA expression
in upper part and 40 g proteins were loaded for Western blot in lower part, M, molecular size standards; lane 1, untreated
preadipocyte (Pre-Adipo); lane 2, untreated differentiation adipocyte (Diff-Adipo); lane 3, untreated control adipocyte
(Mat-Adipo); lane 4, treated with 100 pg/ml G-Re; lane 5, treated with 100 pg/ml AEC; (B), The intensities of the amplified
bands were determined from the gel shown in (A). The amounts of the target cDNA were then normalized against GAPDH
¢DNA in the corresponding sample and are shown in the upper graph. Those of protein bands were normalized to p-actin
in corresponding samples in lower part. The values for control were set to 100%. The data represents the mean + s.d. of
three independent experiments expressed as a percentage of the control value. The data were evaluated for statistic sig-
nificance with a one-way ANOVA followed by Duncan’s multiple range test. The means with the same letter were not

significantly different. Therefore, the means with different letter, eg, ‘a’ or ‘b’ were statistically different. A p value<0.05
was considered significant.
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Fig. 3. Effects of G-Re and AEC on leptin mRNA and protein expression levels in 3T3-L1 adipocytes. (A), The cultures were treat-
ed with 100 pg/ml G-Re and AEC for 12 days. The total RNA was extracted and analyzed for leptin and GAPDH mRNA
expression in upper part and 40 pg proteins were loaded for leptein expressions in lower part, M, molecular size standards;
lane 1, untreated preadipocyte (Pre-Adipo); lane 2, untreated differentiation adipocyte (Diff-Adipo); lane 3, untreated con-
trol adipocyte (Mat-Adipo); lane 4, treated with 100 pg/ml G-Re; lane 5, treated with 100 pg/ml AEC; (B), The intensities
of the amplified bands were determined from the gel shown in (A). The amounts of the target cDNA were then normalized
against GAPDH ¢DNA in the corresponding sample and are shown in the upper graph. Those of protein bands were also
normalized to p-actin in corresponding samples in lower part. The values for the control were set to 100%. The data repre-
sents the mean =+ s.d. of three independent experiments expressed as a percentage of the control value. The data were
evaluated for statistic significance with a one-way ANOVA followed by Duncan’s multiple range test. The means with the

same letter were not significantly different. Therefore, means with different letter, eg, ‘a’ or ‘b’ were statistically different.
A p value<0.05 was considered significant.
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Fig. 4. Effects of G-Re and AEC on resistin mRNA and protein expression levels in 3T3-L1 adipocytes. (A), The cultures were

treated with 100 pg/ml G-Re and AEC for 12 days. The total RNA was extracted and analyzed for resistin and GAPDH
mRNA expression in upper part and 40 pg proteins were loaded for leptein expressions in lower part, M, molecular size
standards; lane 1, untreated preadipocyte (Pre-Adipo); lane 2, untreated differentiation adipocyte (Diff-Adipo); lane 3, un-
treated control adipocyte (Mat-Adipo); lane 4, treated with 100 pg/ml G-Re; lane 5, treated with 100 pg/ml AEC; (B), The
intensities of the amplified bands were determined from the gel shown in (A). The amounts of the target cONA were then
normalized against GAPDH ¢DNA in corresponding samples and are shown in the upper graph. Those of protein bands
were also normalized to f-actin in lower part. The values for the control were set to 100%. The data represents the mean
+ s.d. of three independent experiments expressed as a percentage of the control value. The data were evaluated for statistic
significance with a one-way ANOVA followed by Duncan’s multiple range test. The means with the same letter were not
significantly different. Therefore, means with different letter, eg, ‘a’ or ‘b’ were statistically different. A p value<0.05 was

considered significant.

Mat-Adipocytes. The resistin expression levels in the adi-
pocytes treated with AEC were 2.6 times lower than that
of the adipocytes treated with G-Re known as the anti-
hyperglycemic activity correlated highly with antiobesity.
Therefore, these results suggest that the AEC treatment as
well as G-Re can improve the insulin resistance and hyper-
glycemia, and might be a good treatment for obesity and
diabetes.

Discussion

The aim of this study was to investigate the effects of
the traditional oriental herbal medicines, G-Re and AEC on
the mRNA and protein expression levels of the obesity
markers: TNF-o, LPL, leptin, resistin in 3T3-L1 differ-
entiated adipocytes.

TNF-0, which has been demonstrated to regulate the bi-
ological activity of adipose cells, is produced by adipose
tissue in order to regulate the glucose and fatty acid me-
tabolism and hormone receptor signaling [5256]. After

treating the 3T3-L1 adipocytes with the herbal medicines,
the TNF-« gene expression levels were markedly sup-
pressed compared with that of the untreated control
adipocytes. The TNF-a gene expression level of the adipo-
cytes treated with AEC was decreased more than the adi-
pocytes treated with G-Re but this difference was not
significant. Cho et al. [11] reported that ginsenoside Rbl
and Rb? significantly inhibited TNF-o production in RAW
264.7 cells. Attele ef al. [3] showed that treatment with
G-Re significantly reduced plasma cholesterol levels in
ob/ob mice. Perrey et al.[50] reported that TNF-¢ dimin-
ishes the LPL mRNA level in the 3T3-L1 adipocytes by
down-regulating LPL gene transcription. Kern ef al. [26]
showed that the TNF-« mRNA level with increasing
adiposity was a significant increase, and a significant in-
verse relationship between TNF-¢ expression and the LPL
activity was observed. We identified the results obtained in
this study with that of previous studies. But, the other
side, Hauner et al. [18] and Green et al. [15] reported that
TNF-o increased lipolysis and the release of free fatty acids



in the cultured cells. Accordingly, it is believed that AEC
compared with G-Re known to many pharmacological ac-
tivities as well as antiobesity and antihyperglycemic effects
influence TNF-u gene expression and also can regulate the
fatty acid metabolism through the increase of lipolysis in
adipocytes. However, the pathway of the signaling of the
adipocytes metabolism in the 3T3-L1 adipocytes is
unknown. For that reason, further studies will be needed
to address the potential role of TNF-u as a regulator of lip-
olysis in 3T3-L1 adipocytes and human obesity.

LPL is synthesized and glycosylated in the endoplasmic
reticulum (ER), transported to the cell surface through the
Golgi, and finally secreted [36]. LPL is a lipolytic enzyme
that catalyzes the hydrolysis of triglycerides in chylomi-
crons .and very.low density lipoproteins (VLDL). The LPL
activity is lowered, leading to hypertriglyceridaemia. The
adipose tissue plays an important role in producing LPL
[22]. Masuno et al. [37] reported that treating the 3T3-L1
adipocytes with 100 pg/ml ginsenoside Ro, Re, Rgl, and
Rh1 increased the secretion of the lipase activity into the
medium by 119, 107, 56, and 32%, respectively. And Attele
et al [3] also showed effects of Panax ginseng berry extract,
major constituent ginsenoside Re, in obese diadetic mice.
As the results, treatment with the extract significantly de-
creased plasma cholesterol level. Many other papers also
reported that the intraperitoneal administration of ginseno-
side Rb; to rats fed a cholesterol-rich diet decreased both
the plasma triacylglycerol and cholesterol levels, as did the
other ginsenosides both in vivo and in vitro [4548].
However, some ginsenosides had different effects on the
plasma lipid level depending on their structures. The re-
sults of this study show that the 3T3-L1 adipocytes treated
with 100 pg/ml G-Re and AEC showed a higher LPL ex-
pression levels than that in the absence of these herbal
medicines, which is in agreement with previous reports.
Many other reports have indicated that the consumption of
adlay seeds is beneficial to humans [28,33,46] have shown
that some extracts of the adlay seed possess anti-allergic,
antimutagenic, hypolipidemic and prebiotic activity [10,
20,21 47]. However, little is known regarding the effects of
AEC in diet-induced obesity on the gene regulation and
hypolipidemic activity in obese rats. Therefore, AEC might
have similar hypolipidemic effects to G-Re and up regulate
LPL protein as well as mRNA expressions, decrease those
of leptin expressions and then inhibit lipid accumulation in
the adipocytes. Accordingly, it is suggested that the ad-
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ministration of these herbal medicines could change intra-
cellular fatty acid metabolism both in vitro and in vivo and
play a crucial role in regulating leptin level and /or lipo-
ysis via stimulation of LPL activity.

Leptin was recently discovered to play a role in regulat-
ing the energy balance in humans and rodents. This
167-amino-acid-containing protein is only produced and
secreted by mature adipocytes [6,13]. Leptin mRNA in adi-
pocytes and serum leptin levels are positively related to
the adipose tissue mass [34,39]. Sinha and Caro [53] re-
ported that under in vitro conditions, insulin stimulates
leptin production only after four days in the primary cul-
tures of human adipocytes, which is apparently due to its
trophic effects and increased fat-cell size. Maffei et al.
[34,35] suggested that the leptin mRNA level was higher in
the larger adipocytes than in the smaller adipoeytes.
However, whether or not the leptin expression correlates
with the cell size remains as a controversial issue.
Nevertheless, the results of this study suggest that treat-
ments with either G-Re or AEC can decrease the number
and size of 3T3-L1 mouse adipocytes. In addition, this re-
sult is supported by our previous in vivo study, which
demonstrated the effect of AEC on the adipocytes in rela-
tion to leptin [27]. Consequently, it is expected that these
herbal medicines, particularly G-Re and AEC would be a
good treatment for obesity in humans.

Resistin, a novel signaling molecule, was most recently
identified as a hormone secreted by adipocytes, which
leads to adipogenesis and:insulin resistance both in vivo
and in vitro. Therefore, resistin might be an important link
between obesity and diabetes [51,53]. Steppan et al. [54] re-
ported that the resistin levels were significantly increased
in both genetic and diet-induced obesity in vivo. McTernan
et al[38] confirmed that expression of resistin was in-
creased in human adipose tissue and suggested a potential
role in linking central obesity to type 2 diabetes and/or
cardiovascular disease. We observed that the resistin
mRNA and protein expression levels in the fully mature
adipocytes were significantly higher than those of differ-
entiation adipocytes. In contrast, when the 3T3-L1 mature
adipocytes were treated with 100 pg/ml of either G-Re or
AEC, the resistin expression levels were significantly lower
than in the absence of these herbal medicines. In addition,
the resistin expression levels of the adipocytes treated with
AEC were markedly lower than that of the adipocytes
treated with G-Re known as antihyperglycemic effector.
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Therefore, these results suggest that AEC treatment can
improve the insulin resistance level and hyperglycemia
and possibly cure obesity and diabetes.

In summary, the administration of the traditional ori-
ental herbal medicines, G-Re and AEC, significantly influ-
enced the mRNA and protein expression levels of the obe-
sity markers: TNF-a, LPL, leptin and resistin in the 3T3-L1
differentiated adipocytes. These results support the overall
in vitro anti-obese activity of the extract, which may prove
to be of clinical importance in improving the management
of obesity. In addition, the identification of significant anti-
obesity effects in AEC as well as G-Re may provide an op-
portunity to develop a novel class of antiobesity agents.
Further studies will be needed to explore the regulation
and function of these herbal medicines in vivo levels in the
hope that a better understanding of bioactivity substance,
especially, on AEC may lead to new therapies.
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ZEA[SME 3T3-L10] Q& AIEH Re9t 20|91 F&9 X z2jA| H|HE {HEXIQI TNF-o,
lipoprotein lipase, leptin ¥ resistin W& XH0j| 0]xj= A&
TR

(Feltieta et wol @ 240l ska(BK21 program) ¥ Heizhehet Alshstia)

AFHQ PLGER o] §HE YHAIEY Re)dt 9ol F2E& E3ptAE AHA L 100 pg/ml 4 12
Y3t ol &l Y Ztte] EAS Mgt HHAE fFAAR dEA e Ay FAAe] 2EEE mRNA
o @A FEAM ZAEIAT FAS APAZAA &9 Ao wpet TNFo Edo] Hlx2] Az vis)
A3 AYAIHSA L, lipoprotein lipases mRNASH Gl Ao A 1 BH Fo] F7letAT FEA 2 AZAA
leptin 3} resistin®] f2} FHL BIA AL H3) FJH L HAT o2 Ae Qi ALEW B opy
& oo]d FEAANE FAHE G0l BEH| 53], FEQ ol FEAo| YA ALE U 79 wisg Pl
T YL vehlio] FEoE AT MEZAHE HagstEM ARAZ T4 9T v 8 ol J&d
AGE Nd E3x 7oA. 5 A 283 94T d-o] ge Wi B A o8 & F U
Aoz AgHo T WA o] ZHES PR FELFL 5 o A 24759 §A7 59, 9ol
FEYoA G AHBAHELN AT 2 AAFI B4 BAG77E D8 & AoE ArEn



