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Abstract

Obesity, the related metabolic syndrome and associated liver diseases represent an epidemic problem and demand for effective therapeutic strategies. In this
regard, natural compounds derived from Oriental medicine such as green tea polyphenols influencing adipogenesis attract growing attention. In Korea, an
aqueous extract from the Japanese spice bush Lindera obtusiloba is traditionally used for treatment of inflammation and prevention of liver damage. We here
investigated effects of the L. obtusiloba extract on cell growth, apoptosis, Wnt signaling and differentiation of (im)mature adipocytes using 3T3-L1, an established
cell line for studying adipogenesis. L. obtusiloba extract reduced the de novo DNA synthesis of 3T3-L1 preadipocytes in a concentration dependent manner with
an [Csg of ~135 pg/ml paralleled by induction of caspase 3/7 mediated apoptosis. Hormone-induced 3T3 L1 differentiation in the presence of L. obtusiloba extract
resulted in a reduced accumulation of intracellular lipid droplets by 70%, in down-regulated expression of the adipogenesis-associated proteins glucose
transporter-4 and vascular endothelial growth factor, in reduced secretion of the proadipogenic matrix metalloproteinase-2, and in dampened phosphorylation
of the Wnt pathway effector protein 3-catenin with subsequent diminished expression of the peroxisome proliferator-activated receptor-y. Treatment of mature
adipocytes with L. obtusiloba extract also significantly reduced intracellular lipid droplets. In addition to this strong interference of L. obtusiloba extract with
adipogenesis, L. obtusiloba extract exerted anti-inflammatory effects. L. obtusiloba extract significantly attenuated lipopolysaccharide- and tumor necrosis factor
a-induced secretion of IL-6 by preadipocytes, thus influencing insulin resistance and inflammatory state characterizing obesity. In conclusion, extracts of

L. obtusiloba should be evaluated as a potential complementary treatment option for obesity associated with the metabolic syndrome.

© 2010 Elsevier Inc. All rights reserved.
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1. Introduction

In recent years, obesity developed into a pandemic problem with a
continuously rising incidence [1]. Overweight and obesity are
associated with major health risks such as cardiovascular disease,
diabetes, non-alcoholic fatty liver disease and cancer. Adipocyte
hyperplasia, or adipogenesis, occurs throughout life, e.g., in response
to the need for additional fat mass stores that arises when caloric
intake exceeds nutritional requirements [2]. Extensive modifications
in adipose tissue composition involving adipogenesis, angiogenesis
and extracellular matrix synthesis and proteolysis occur during
development of obesity [3-5]. The adipogenic process is tightly
controlled by multiple inhibitory and stimulatory signaling events
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mediated by cell cycle and differentiation factors [6]. It involves two
major events — the recruitment and proliferation of adipocyte
precursor cells, called preadipocytes, followed by their differentiation
into mature fat cells [7]. Moreover, adipogenesis involves the
integration of many different signaling pathways and transcription
factors such as the Wnt pathway and the peroxisome proliferator-
activated receptors (PPAR) [8].

An important feature of obesity is its linkage to chronic
inflammation. Adipose tissue is the largest endocrine organ in the
body and is characterised by cytokine and chemokine production and
acute-phase inflammatory signaling [9-11]. As an established (pre)
adipocyte model cell line 3T3-L1 cells comprise main features of
macrophages and intact features relating to innate immunity.
Furthermore, it secretes immunomodulatory molecules [12] such as
the proinflammatory IL-6 which, by impairing insulin signaling,
induces insulin resistance [13,14]. Prevention and treatment of
obesity and diabetes should therefore combine anti-obesity and
anti-inflammatory effects.
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Current anti-obesity medications target cells, receptors and
signaling molecules such as leptin within the central nervous system
with the intention to suppress appetite or to stimulate adipocyte
metabolism [15-19]. Emerging combinatory therapies direct several
targets e.g. hormonal satiety signals and induction of apoptosis in
adipocytes [20,21]. As shown in vivo, adipose tissue can be reduced by
apoptosis of preadipocytes and adipocytes [6]. Natural compounds
such as genistein, linoleic acid or the green tea derived epigalloca-
techin gallate were identified to down-regulate adipogenesis by
inhibition of differentiation [22,23] and to induce apoptosis in
adipocytes [24,25].

The traditional Oriental medicine comprise a rich source of
potential drugs hitherto unknown to Western medicine. In Korea,
decoctions of wood and bark from Lindera obtusiloba are traditionally
used for the treatment of inflammation and for the improvement of
blood circulation [26], and herbal infusions of L. obtusiloba are
applied to treat chronic liver diseases (not published K. Kim).
Bioactive components derived from the leaves of L. obtusiloba were
found to belong to the groups of lignans and butanolides. They exert
antitumor activity against non-small-cell lung cancer cell line A549,
the ovarian cancer cell line SK-OV-3, the skin cancer cell line SK-
MEL-2, the central nervous system cell line XF498 and the colon
cancer cell line HCT15 [27,28]. In addition, we previously demon-
strated that the aqueous extract of L. obtusiloba derived from wood
and bark exerted antifibrotic effects in the liver due to antioxidative
and antiproteolytic activity [29]. Accumulating data strengthen the
assumption, that obesity and insulin resistance are closely associated
with liver fibrosis [30]. We here investigated direct effects of L.
obtusiloba extract on the proliferation, the apoptosis, the signaling
pathways involved in adipogenic differentiation and the storage of
intracellular lipids in mature adipocytes, as well as the effect on IL-6
release induced by proinflammatory stimuli in the murine adipocyte
model cell line 3T3-L1.

2. Methods and materials
2.1. Materials and reagents

Tissue culture plates and polystyrene microtiter for enzyme-linked immunosor-
bent assay (ELISA) as well as for fluorimetric analysis were from Nunc (Roskilde,
Denmark) and Dynex (Chantilly, VA, USA), respectively. If not stated otherwise, all
reagents were purchased from Merck (Darmstadt, Germany) or Sigma (Deisenhofen,
Germany) and were of the highest purity available. Cell culture media and solutions
were purchased from Invitrogen (Karlsruhe, Germany) or Biochrom (Berlin, Germany).

2.2. Preparation of L. obtusiloba extract

Freeze-dried extracts of L. obtusiloba were obtained as described previously [29].
To obtain stock solutions (10 mg/ml) powder was redissolved in sterile phosphate-
buffered saline (PBS) at 60°C for 30 min. Final concentrations corresponded to
400 mg/ml of the original twig amount. All concentrations given in the text refer to
the dissolved powder. Aliquots were stored at —20°C.

2.3. Cell culture

Murine 3T3-L1 preadipocytes were purchased from the American Type Culture
Collection (Manassas, VA, USA; American Type Culture Collection No. CL-173) and
were cultured in a humidified atmosphere at 37°C and 5% CO,. Standard culture
medium consisted of DMEM (Dulbecco's modified eagle medium) with 862 mg/l L-
alanyl-L-glutamine, 4.5 g/l glucose, 50 pg/ml streptomycin, 50 units/ml penicillin, 50
pg/ml L-ascorbic acid, supplemented with 10% heat-inactivated fetal bovine serum
(FBS). Cell layers were detached with 0.05% trypsin/0.02% EDTA solution. Cell
morphology in culture was directly examined by inverse phase contrast microscopy
(Zeiss, Oberkochen, Germany).

2.4. 3T3-L1 cell proliferation

3T3-L1 preadipocytes (5x10°) were seeded in 96-well tissue culture plates in
100 pl standard culture medium. After 24 h, cells were cell cycle synchronized in 100 pl
culture medium containing 0.2% FBS for additional 24 h. Cultures were treated with up
to 270 pg/ml L. obtusiloba extract as indicated for 20 h. Proliferation was determined by
adding 0.5 pCi per well [*H] thymidine (GE Healthcare, Munich, Germany) for 4 h. Cells

were fixed with 10% TCA (trichloroacetic acid), and the DNA was solubilized with 200
mM sodium hydroxide, neutralized with an equal volume of 800 mM hydrochloric acid
and transferred to glass filter pads. Radioactive decay was monitored by liquid
B-scintillation counting (LKB Wallac, Turku, Finland).

2.5. Cell viability

Viability of 3T3-L1 cells was determined using the two-colour fluorescence Live/
Dead Viability/Cytotoxicity Kit according to the manufactures instructions (Molecular
Probes, Eugene, OR, USA). Briefly, cells were seeded and grown for 20 h as described
above. After washing with PBS, cells were incubated with 200 pl PBS containing 1 uM
calcein AM for 45 min at 25°C in the dark. Viable cells were assessed by measurement
of the conversion of the nonfluorescent calcein AM to the fluorescent calcein by
intracellular esterases using a Spectramax Gemini EM microplate reader (Aex: 494 nm,
Aem: 517 nm; Molecular Probes, Sunnyvale, CA, USA).

2.6. Preadipocyte differentiation

3T3-L1 preadipocytes in confluent cell layers were cultured for additional two
days. Cells were incubated with a differentiation cocktail (MDI) containing 1.7 uM
insulin, 0.25 mM dexamethasone, and 0.5 mM 3-isobutyl-1-methylxanthine in
standard culture medium for 48 h, followed by additional 48 h with standard culture
medium containing insulin alone. On Day 5, medium was removed and the standard
culture medium was replaced every second day. On days 9-12, at least 80% of all 3T3-L1
cells in the culture displayed visible intracellular lipid droplets.

2.7. Oil-Red-0 staining

Dye solution was prepared as follows: 530 mg Oil-Red-O were dissolved overnight
in 150 ml isopropanol; the solution was filtered before 112.5 ml bidistilled water was
added. After 16 h at 4°C, the precipitate was removed by filtration and the supernatant
was stored at room temperature. Adipocyte cell layers were washed with PBS, fixed
with 4% formaldehyde in PBS for 15 min, stained with the Oil-Red-O dye solution for
1 h and washed with 70% ethanol. Cells were checked by phase contrast microscopy
(Zeiss Microimaging, Oberkochen, Germany). To quantify accumulated lipid droplets,
cell-incorporated dye was redissolved in isopropanol and measured using a MR5000
ELISA micro plate reader (Dynatech, Billinghurst, UK) at a wavelength of 490 nm.

2.8. Apoptosis by caspase 3/7 activity

3T3-L1 preadipocytes (2x10°) were seeded to 24-well tissue culture plates in
standard culture medium. Confluent cell layers were thoroughly washed with DMEM and
subsequently incubated with culture medium containing 0.2% FBS for 24 h. In parallel,
preadipocytes were differentiated to adipocytes as described above. 3T3-L1 cells were
then treated for 24 h with 135 pg/ml L. obtusiloba extract or with 100 nM staurosporine in
culture medium containing 0.2% FBS. Apoptosis was determined using the SensoLyte
Homogenous AFC Caspase-3/7 Assay Kit (AnaSpec, San Jose, CA, USA) according to the
manufacturer instructions. In brief, cells were lysed in 200 pl lysis buffer for 1 h at 4°C. The
clear supernatant obtained after centrifugation at 2,500xg for 30 min was stored at —80°C
until measurement. Caspase-3/7-mediated conversion of the substrate N-acetyl-Asp-Glu-
Val-Asp-7-amino-4-trifluoromethyl coumarin was monitored fluorometrically using the
Spectramax microplate reader (Aex: 380 nm, Aem: 500 nm).

2.9. Whole cell extracts

3T3-L1 cells, cultured and treated in six-well tissue culture plates as described
above were rinsed with ice-cold PBS and lysed with a buffer containing 14 mM Tris-
HCl, pH 6.8; 2.25 M urea; 1.4% sodium dodecyl sulfate (SDS); 100 mM DTT and, per
10 ml buffer, one tablet of Complete Mini Protease Inhibitor cocktail (Roche, Penzberg,
Germany). Aliquots of 333-pl lysate were transferred to 0.5 ml reaction tubes and
frozen at —80°C. Protein content was determined using the Nano Orange Protein Assay
Kit (Molecular Devices) according to the manufactures instructions.

2.10. Western-blot

From each cell lysate, 25 pg protein were separated by SDS-polyacrylamide gel
electrophoresis (SDS-PAGE) and transferred to nitrocellulose membrane (Bio-Rad,
Munich, Germany) using a tank blot apparatus (Hoefer, Holliston, MA, USA).
Membranes blocked for 1 h with 5% skim milk powder in a buffer containing 10 mM
Tris, 154 mM NaCl, 0.1% Tween 20 were incubated for 2 h with the respective primary
antibodies. Monoclonal anti-rat vascular endothelial growth factor (VEGF; 1:1,000;
R&D Systems, Wiesbaden, Germany), anti protein glucose transporter-4 (GLUT4;
1:1,000; Biogenesis, Poole, UK), anti-3-actin (1:10,000), anti-B3-catenin (1:1,250; Cell
Signaling, Beverly, MA, USA) and polyclonal antibodies specific for Thr41/Ser45
phospho-p-catenin (1:1,250; Cell Signaling) and PPARy (1:2,000; Santa Cruz
Biotechnologies, Santa Cruz, CA, USA) were used. After washing, membranes were
incubated 1 h with rabbit or goat IgG-specific horseradish peroxidase-labeled
secondary antibodies (1:2,500; Dako, Hamburg, Germany). Bands were detected by
enhanced chemiluminescence (GE Healthcare) and digitized using a flat bed scanner
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(Plustek, Norderstedt, Germany). Band intensities were quantified using Image ]
(version 1.41; National Institutes of Health, Bethesda, MD, USA).

2.11. SDS-PAGE substrate zymography

On day 9, supernatants from cultures of 3T3-L1 cells in six-well tissue culture
plates were replaced by 300 ul DMEM. After 4 h, aliquots of the supernatants were
stored at 80°C. The release and degree of matrix metalloproteinase (MMP)-2
activation was checked by SDS-PAGE gelatin zymography. Adjusted to the respective
cell numbers in the cultures, 8-14 pl of the supernatants were mixed with 5 pl
nonreducing zymogram sample buffer (Bio-Rad) and subjected to SDS-PAGE with
1 mg/ml gelatine. After washing three times for 10 min with 2.5% Triton X-100, gels
were incubated for 20 h at 37°C in MMP-activity buffer containing 50 mM Tris-HCl pH
7.5, 200 mM NaCl, 5 mM CaCl, and 0.02% Brij 35 and were finally stained with
Coomassie Brilliant Blue R 250. Areas of proteolytic activity appeared white against a
blue background and band intensities were quantified from inverted grey pictures as
described in the western-blot section.

2.12. Interleukin-6 production

3T3-L1 preadipocytes cultured in a 24-well tissue culture plate were treated with
1 pg/ml lipopolysaccharide (LPS) or 10 ng/ml tumor necrosis factor oo (TNFa)
(Peprotech, London, UK), L. obtusiloba extract alone and combinations of L. obtusiloba
extract with LPS/TNFa. After 24 h, 1 ml cell-free culture supernatant was stored at
—80°C. Concentrations of interleukin-6 (IL-6) were determined by specific ELISA (BD
Pharmingen) within a range of 15-1000 pg/ml. Briefly, 96-well MaxiSorp microplates
coated overnight with rabbit anti-mouse IL-6 antibody were washed three times with
PBS. Samples were added to the wells and plates were incubated for 2 h at room
temperature. After four times washing, plates were incubated with a horseradish
peroxidase-labeled anti-rabbit for 1 h at room temperature and again thoroughly
washed five times. The substrate was added and the reaction stopped with 1 M sulfuric
acid after 30 min at room temperature. Absorbance at a wavelength of 450 nm was
measured using the ELISA microplate reader.

2.13. Statistical Analysis

One-way analyses of variance/Tukey tests were performed using SigmaStat for
Windows (version 2.03; Systat, San Jose, CA, USA). P<.05 was considered
significantly different.

3. Results

3.1. L. obtusiloba extract reduces proliferation of 3T3-L1 preadipocytes
without exerting cytotoxic effects

Measuring the de novo DNA synthesis of cell cycle-synchronized
and serum-starved cells allows determination of subtle effects on
toxicity, apoptosis or cellular quiescence. L. obtusiloba extract inhibits
de novo DNA synthesis of 3T3-L1 preadipocytes in a concentration
dependent manner (Fig. 1A). At concentrations as low as 34 pg/ml, L.
obtusiloba extract significantly reduced the [*H]-thymidine uptake
compared to the control without the extract. The ICso range of L.
obtusiloba extract was 130-140 pg/ml. Further studies focused on this
concentration range using 135 pg/ml L. obtusiloba extract. To
distinguish between specific growth inhibition and possible cytotoxic
effects of L. obtusiloba extract, cytoplasmic esterase activity as a
measure of cell viability was determined in 3T3-L1 preadipocytes.
Analog to the proliferation assay procedure, 3T3-L1 preadipocytes
were incubated with the L. obtusiloba extract at various concentra-
tions. At ICsq of L. obtusiloba extract for 3T3-L1 preadipocyte
proliferation cell viability was not significantly different to untreated
cells (Fig. 1B). Concentrations up to 270 pg/ml L. obtusiloba extract
were not found to negatively affect the cell viability. Thus, the
growth-inhibitory effects of L. obtusiloba extract in 3T3-L1 preadipo-
cytes are not due to cytotoxicity.

3.2. L. obtusiloba extract induces apoptosis in 3T3-L1 preadipocytes
and adipocytes

Next, we tested whether induction of apoptosis in 3T3-L1 cells
was responsible for the reduced de novo DNA-synthesis in the
presence of L. obtusiloba extract. At a very low concentration of
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Fig. 1. Proliferation and viability of 3T3-L1 preadipocytes treated with L. obtusiloba
extract. Cell cycle-synchronized 3T3-L1 preadipocytes were treated with up to 270 pg/
ml L obtusiloba extract for 24 h. Cultures without L. obtusiloba extract served as
controls. (A) Proliferation as determined by [*H]-thymidine incorporation was
normalized to data obtained from untreated cells (100%). (B) Cell viability was
quantified fluorimetrically by intracellular esterase-mediated conversion of calcein
AM and was calculated in relation to untreated cells (100%). Shown are mean values
and S.D. of five parallel measurements. *P<.05; ***P<.001.

100 nM, the protein kinase inhibitor staurosporine was a potent
inducer of apoptosis as shown by 3.9fold and 2.7fold enhanced
activities of caspase-3/7 in preadipocytes and in differentiated
adipocytes, respectively (Fig. 2). L. obtusiloba extract (135 pg/ml)
also significantly increased caspase 3/7 activitiy in both, preadipo-
cytes as well as adipocytes, compared to the respective untreated
3T3-L1 cells. With 80% caspase-3/7 activity of the staurosporine
control, differentiated 3T3-L1 cells were even more prone to
apoptosis than 3T3-L1 preadipocytes that reached about 64% of the
respective control.

3.3. L. obtusiloba extract impairs lipid accumulation in differentiating
3T3-L1 cells and induces a loss of intracellular lipids in mature adipocytes

Reduction of the de novo DNA synthesis of 3T3-L1 preadipocytes
combined with unaffected cell viability pointed to an impact of
L. obtusiloba extract on cellular quiescence and subsequent adipocyte
maturation. We therefore tested effects of L. obtusiloba extract on
3T3-L1 preadipocyte differentiation induced by the hormone cocktail
as demonstrated microscopically by accumulation of intracellular fat
droplets and spectrophotometrically by high Oil-Red-O contents
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Fig. 2. Apoptosis of 3T3-L1 preadipocytes and adipocytes in the presence of L. obtusiloba
extract. 3T3-L1 preadipocytes from standard culture and cells fully differentiated by
treatment with the MDI cocktail for 9 days were incubated with 135 ug/ml L. obtusiloba
extract for 24 h. Cultures without additions or with 100 nM staurosporine served as
negative and positive controls. Enzymatic activities of caspase-3/7 were determined
from cell lysates by fluorogenic substrate conversion. Shown are mean values and S.D.
of four parallel measurements from one representative experiment out of three.
*P<.05; ***P<.001.

(Fig. 3). In the presence of 135 pg/ml L. obtusiloba extract lipid
accumulation in differentiating 3T3-L1 cells was reduced by 70%.
Consequently, we asked for specific effects of L. obtusiloba extract on
the metabolism of intracellular lipids in 3T3-L1 adipocytes. 3T3-L1
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Fig. 3. Effects of L. obtusiloba extract on lipid accumulation in 3T3-L1 preadipocyte
differentiation. 3T3-L1 preadipocytes were differentiated with MDI alone or in the
presence of 135 pg/ml L. obtusiloba extract for 9 days. 3T3-L1 preadipocytes served
as control. Intracellular lipid droplets were stained with Oil-Red-O and cell layers
were assessed by phase contrast microscopy (original magnification x100). After cell
lysis, Oil-Red-O amounts were quantified spectrophotometrically. Shown are mean
values and S.D. of three independent experiments with four parallel measurements.
*P<.05; **P<.01.

cells fully differentiated to adipocytes by the MDI cocktail were
treated with 135 pg/ml L. obtusiloba extract for up to 48 h (Fig. 4).
Intracellular lipid accumulation was quantified to adjusted cell
numbers at the end of the treatment. L. obtusiloba extract not only
impaired lipid droplet formation during differentiation but reduced
lipid content in adipocytes significantly within 48 h by about 30%
compared to fully differentiated 3T3-L1 cells (Fig. 4A). Since 3T3-L1
cell numbers in all cultures were comparable independent of the
presence of L. obtusiloba extract (Fig. 4B), we concluded that the
extract reduced the lipid content at single cell level. Therefore we
further specified the impact of L. obtusiloba extract on expression of
proteins specific for adipogenesis and for adipocytes.

3.4. L. obtusiloba extract attenuates the 3T3-L1 differentiation
dependent expression of GLUT4 and VEGF and stabilizes Wnt signaling

Studying the effects of L. obtusiloba extract on the differentiation-
associated expression of GLUT4 and VEGF preadipocytes were
differentiated using the differentiation cocktail in combination with
L. obtusiloba extract. As shown by western-blot analysis, both marker
proteins GLUT4 and VEGF were strongly expressed by mature
adipocytes and expression levels correlated with the degree of
differentiation. At the ICso for 3T3-L1 preadipocyte proliferation,
L. obtusiloba extract almost inhibited the expression of GLUT4 and
VEGF that were reduced by 90% compared to fully differentiated cells
(Fig. 5). These finding pointed to attenuated adipogenesis.

As for signaling pathways involved, we investigated if altered Wnt
signaling inhibited 3T3-L1 adipogenesis. Following stimulation of the
Wnt-pathway, the central downstream mediator 3-catenin translo-
cates into the nucleus. Inhibition of Wnt-signaling occurs via
destabilization of cytoplasmic P-catenin by phosphorylation and
proteasomal degradation.

We hypothesized that the anti-adipogenic effects of L. obtusiloba
extract might be due to diminished phosphorylation of B-catenin,
hence promoting Wnt signaling. In 3T3-L1 adipocytes (-catenin
was highly phosphorylated whereas in the preadipocytes no
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Fig. 4. Intracellular lipids in 3T3-L1 adipocytes after treatment with L. obtusiloba
extract. 3T3-L1 fully differentiated to adipocytes by MDI were treated with 135 pg/ml L.
obtusiloba extract for 24 and 48 h or were left untreated. (A) Intracellular lipid droplets
were quantified spectrometrically after Oil-Red-O staining. (B) In parallel culture
settings, cell numbers were determined. Lipid accumulation and cell numbers were
calculated in relation to the respective control without L. obtusiloba extract (100%).
Shown are mean values and S.D. of three independent experiments with four parallel
measurements. *P<.05.
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Fig. 5. Influence of L. obtusiloba extract on adipogenesis-related proteins in 3T3-L1
preadipocyte differentiation. 3T3-L1 preadipocytes were differentiated to adipocytes
by MDI with or without 135 pg/ml L. obtusiloba extract. Whole cell lysates from
these cells and from 3T3-L1 preadipocytes as control, were analyzed by Western
blot specific for adipogenesis-related GLUT4 and VEGF, for the Wnt pathway
protein B-catenin including its phosphorylation state, for the transcription factor
PPARYy, and for B-actin as equal loading control. Blots are representative for three
independent experiments.

phosphorylated B-catenin was detected by specific Western blot
(Fig. 5). Addition of 135 pg/ml L. obtusiloba extract during treatment
with the differentiating hormone cocktail resulted in B-catenin
phosphorylation reduced by 80% and pointed to sustained Wnt
signaling due to L. obtusiloba extract. Since Wnt signaling also
suppresses adipogenic transcription factors [31], we tested the
effects of L. obtusiloba extract on the expression of the PPARY. 3T3-
L1 preadipocytes did not and fully differentiated adipocytes
strongly expressed PPARvy. In the presence of L. obtusiloba extract
during the MDI treatment of 3T3-L1 cells PPARYy expression
remained at the same low levels as in the 3T3-L1 preadipocyte
cultures. Taken together, L. obtusiloba extract promotes Wnt
signaling in 3T3-L1 resulting in the inhibition of the adipogenic
process by attenuated PPARYy expression.

3.5. L. obtusiloba extract impairs the secretion of the gelatinase MMP-2

Besides the Wnt pathway, proteolytic activity of gelatinases is
considered important in the development of adipose tissue [32]. Thus,
we tested the effects of L. obtusiloba extract on the secretion of MMP-
2 and MMP-9 by 3T3-L1 preadipocytes and adipocyte differentiation.
Neither the gelatinase MMP-9 nor proMMP-9 were found in the
supernatants of 3T3-L1 (pre)adipocytes (data not shown). The 3T3-L1
preadipocytes secreted only small amounts of MMP-2. The enzymat-
ically inactive proform was not detected (Fig. 6). In contrast,
supernatants of fully differentiated 3T3-L1 adipocytes contained
high amounts of secreted MMP-2 and an additional band of pro-
MMP-2. The presence of only 68 pg/ml L. obtusiloba extract during
3T3-L1 differentiation resulted in a MMP-2 secretion decreased by
~60% confirming the previous results pointing to inhibition of the
adipogenic process by L. obtusiloba extract.
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Fig. 6. L. obtusiloba extract reduces MMP-2 secretion during 3T3-L1 preadipocyte
differentiation. 3T3-L1 preadipocytes were differentiated with MDI to adipocytes
without or in the presence of 68 pg/ml L. obtusiloba extract. FBS-free supernatants
adjusted to the cell numbers were subjected to gelatin zymography and MMP-2
enzymatic activity was visualized by Coomassie Brilliant Blue R-250 staining.
Zymographies are representative of three independent experiments.

3.6. L. obtusiloba extract blocks toll-like receptor 4 and TNF receptor
mediated IL-6 production by 3T3-L1 preadipocytes

Obesity links to chronic inflammation and pro-inflammatory
cytokine secretion by preadipocytes contributes to insulin resistance.
Thus, we finally investigated the impact of L. obtusiloba extract on the
production of the key cytokine IL-6 by 3T3-L1 cells. L. obtusiloba
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Fig. 7. LPS- and TNFa-dependent IL-6 production by 3T3-L1 preadipocytes in the
presence of L. obtusiloba extract. 3T3-L1 preadipocytes were treated with 1 pg/ml LPS
(A) or with 10 ng/ml TNFa (B) alone or in the presence of 135 pg/ml L. obtusiloba
extract. After 24 h, the proinflammatory IL-6 in the supernatants was determined by
ELISA. Shown are mean values and SD from three independent experiments with four
parallel measurements. **P<.01; ***P<,001.
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extract alone had no effect on the IL-6 production of the preadipo-
cytes as analysed by ELISA (Fig. 7). If treated with 1 pg/ml LPS or with
10 ng/ml TNFa, 3T3 L1 preadipocytes released high amounts of IL-6.
Concomitant presence of L. obtusiloba extract and LPS- or TNF« led to
significantly lower IL-6 concentrations in supernatants of 3T3-L1
preadipocytes compared to the respective controls with signaling via
toll-like receptor (TLR)-4 or the TNF receptor only. We concluded
here that L. obtusiloba extract has not only direct anti-adipogenic but
additional strong anti-inflammatory activities.

4. Discussion

Physiologic remodeling of adipose tissue involves adipogenesis
and apoptosis in preadipocytes and in mature adipocytes [2,33,34]. To
maintain the function of adipose tissue to store excess energy, it
provides sufficient fat cell numbers by adipogenesis, accompanied by
enlargement of existing adipocytes. Both, size and number of
adipocytes affect obesity and insulin resistance associated with the
metabolic syndrome [6,35]. Thus, deletion of preadipocytes and
adipocytes via apoptosis and inhibition of adipogenesis are thera-
peutic targets for obesity related diseases [23,25,36].

Here, we used the established murine preadipocyte cell line 3T3-
L1 [37,38] to study anti-adipogenic effects of an aqueous extract
derived from wood and bark of the Japanese spice bush L. obtusiloba.
We demonstrate that the L. obtusiloba extract significantly sup-
presses proliferation, slightly induces apoptosis in 3T3-L1 preadi-
pocytes and blocks their hormone-induced maturation into
adipocytes. The latter comes along with reduced lipid droplet
accumulation and with lowered expression of GLUT4 and VEGF. In
adipocytes, L. obtusiloba extract also induces apoptosis and
decreases the amount of intracellular lipid droplets. Effects of
L. obtusiloba extract involve sustained Wnt pathway signaling
eventually leading to down-regulation of PPARy expression and
reduced secretion of MMP-2. Regarding insulin resistance and the
inflammatory state characterizing obesity, we show anti-inflamma-
tory effects of L. obtusiloba extract, by inhibition of LPS- and TNFa-
induced IL-6 production by preadipocytes.

Proliferation of adipocytes can not be determined due to the
known cessation of mitotic growth by the CCAAT-enhancer binding
protein in these cells [39]. On the other hand, proliferation of
adipocyte precursor cells represents the basic process for adipocyte
differentiation. Thus, inhibition of preadipocyte proliferation is an
early target to prevent adipogenesis [35]. We show that L. obtusiloba
extract indeed inhibits the proliferation of 3T3-L1 preadipocytes with
an ICso of 130-140 pg/ml (Fig. 1). Suppression of proliferation in
preadipocytes after L. obtusiloba extract treatment for 24 h is not due
to toxicity (Fig. 1). Deletion of adipocytes by apoptosis is a relatively
recent concept [2,40] which is supported by several animal studies
[41,42]. Since the degree of apoptosis induced by L. obtusiloba extract
is comparable in adipocytes and preadipocytes (Fig. 2), L. obtusiloba
extract might directly affect the regulation of adipose tissue
homeostasis. Recently various natural compounds such as the
coumarin derivative esculetin [43], the soy isoflavone genistein and
the active substance in guggulipid guggulsterone [44], the polyphenol
epigallocatechin gallate derived from green tea [23] or the phyto-
alexin resveratrol found in red wine and grape juice [25,45] were also
hypothesized to exert anti-obesity effects by inhibiting differentiation
of preadipocytes. Interestingly, L. obtusiloba extract effectively blocks
the generation of intracellular lipids during hormone-induced
adipocyte differentiation (Fig. 3A). Further evidence of impaired
adipogenesis was obtained by Western blot analysis of GLUT4,
representing a marker gene for late-stage preadipocyte differentia-
tion [46,47] and of VEGF which is abundantly expressed in mature
adipocytes and in minor amounts in preadipocytes [48]. The presence
of L. obtusiloba extract during 3T3-L1 preadipocyte differentiation

reduced the expression of GLUT4 and of VEGF (Fig. 5), confirming not
only the inhibition of adipogenesis but also implicating an anti-
angiogenic effect of L. obtusiloba extract.

To get deeper insights in the mode of action of L. obtusiloba
extract, we next addressed cellular signal transduction in 3T3-L1 cells
and focused on the Wnt pathway. This pathway mediates key cell-cell
signaling events during embryogenesis, is required for adult tissue
maintenance and is mandatory in adipogenesis [49,50]. Sustained
overexpression of Wnt 1 or Wnt 10b blocks adipogenesis in
preadipocytes via inhibition of CCAAT/enhancer binding protein-a
and of PPARYy, two adipogenic transcription factors [51-53]. Con-
versely, inhibition of Wnt signaling in preadipocytes promotes their
differentiation into adipocytes [31]. The key mediator of the Wnt
pathway is B-catenin. While unphosphorylated p-catenin accumu-
lates in the nucleus, phosphorylation by GSK-3 and the casein kinase-
1oe marks the protein for proteasomal degradation [54-56]. Thus, in
adipocytes high levels of 3-catenin are phosphorylated. If present
during 3T3-L1 differentiation, 135 pg/ml L. obtusiloba extract
effectively reduced the phosphorylation of 3-catenin, thus stabilizing
B-catenin and blocking adipogenesis. The expression of the tran-
scription factor PPARy represents a downstream target of Wnt
signaling and is a developmental regulator of preadipocyte differen-
tiation [46,57]. Inhibition of adipogenesis by the L. obtusiloba extract
was associated with the inhibition of PPARYy expression as described
earlier for catechin [58].

The expression of PPARY was shown to impact the survival of
adipocytes. Conditional ablation of PPARYy in mature adipocytes led to
cell death and repopulation by PPAR<y-positive preadipocytes [59].
Whether the induction of apoptosis in mature adipocytes by the
L. obtusiloba extract (Fig. 2B) is independent from or related to the
reduction of PPARy-expression remains to be investigated. Thitherto,
we prefer the assumption that the induction of apoptosis in mature
adipocytes relates to the reduction of PPAR<y-expression by the
L. obtusiloba extract and address this relationship in further studies.

In a previous study we reported that antifibrotic effects of
L. obtusiloba extract were due to reduction of enzymatic activity of
the gelatinases MMP-2 and MMP-9 [29]. These enzymes are produced
and released by human and murine (pre)adipocytes and are required
for the initiation of adipogenesis [32,60,61], and inhibition of MMPs
blocks conversion of preadipocytes to adipocytes [32,60,62]. The
overall reduced secretion of MMP-2 in 3T3-L1 preadipocytes, due to
the presence of L. obtusiloba extract during the hormone cocktail
treatment (Fig. 6), confirms that the extract impairs the adipogenic
differentiation in 3T3-L1.

Aiming for possible therapeutic intervention in obesity, we
investigated effects of L. obtusiloba extract on intracellular lipids in
mature fat cells. Treatment of fully differentiated 3T3-L1 adipocytes
with L. obtusiloba extract for 48 h significantly reduced intracellular
lipids (Fig. 4) pointing to the induction of lipolysis by L. obtusiloba
extract. This supports the notions of other reports on mechanisms for
anti-obesity effects of natural compounds [63,64].

Recent studies closely link obesity and the metabolic syndrome to
inflammation [10,13,14]. Proinflammatory stimuli like leptin, TNFo
and IL-6 overproduced during obesity contribute to the pathogenesis
of insulin resistance [65,66]. Thus, our finding that L. obtusiloba
extract significantly reduces the IL-6 release from preadipocytes
treated with the TLR-4 ligand LPS and with the cytokine TNFa (Fig. 7),
refer to an additional anti-inflammatory effect of L. obtusiloba extract
involving principles form the innate as well as from the acquired
immune system.

On one hand, our results provide evidence for mechanisms
underlying the general beneficial effects of L. obtusiloba extract
used in traditional Korean medicine. On the other hand, our
findings in vitro strongly suggest L. obtusiloba extract as a specific
compound to complement treatment of the metabolic syndrome
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suppressing the obesity-related immune response and development
of insulin resistance.
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