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Four new lanostane triterpenes, butyl ganoderate A (1), butyl ganoderate B (2), butyl lucidenate N (3), and butyl lucidenate
A (4), were isolated from the fruiting bodies of Ganoderma lucidum together with 14 known compounds (5-18). The
structures of the new triterpenes were established by extensive spectroscopic studies and chemical evidence. In addition,
the inhibitory effect of isolated compounds on adipocyte differentiation in 3T3-L1 cells was examined.

Ganoderma lucidum (Fr.) Karst, a species of basidiomycetes that
belongs to the family Polyporaceae, has been widely used as a
medical remedy to promote health and longevity in China, Korea,
and Japan for centuries.1 In addition, it has been used for the
treatment of a wide range of ailments and chronic diseases,
including migraine, hypertension, arthritis, bronchitis, asthma,
anorexia, gastritis, hemorrhoids, diabetes, hypercholesterolemia,
nephritis, dysmenorrhea, constipation, lupus erythematosis, hepatitis,
and cardiovascular problems.2-4 Because of the potential medicinal
value and wide acceptability of G. lucidum, much attention has
been paid to search for the pharmacologically significant compounds
from this mushroom. Numerous triterpenes including highly
oxygenated lanostane derivatives have been isolated from the
fruiting bodies, cultured mycelia, and spores of G. lucidum. Some
of these were linked to possible therapeutic effects, such as cytotoxic
activity against hepatoma HTC (ganoderic acids U-Y),5 hepatoma
PLC/PRF/5 and KB cells (ganoderic aldehyde A),6 histamine-
releasing inhibitory activity in rat mast cells (ganoderic acids C
and D),7 inhibitory activity against angiotensin-converting enzyme
(ganoderic acid F),8 hepatoprotective activity (ganoderic acid A),9

inhibitory effect on cholesterol synthesis (ganoderic acid B and C
derivatives),10,11 inhibitory effect on farnesyl protein transferase
(ganoderic acid A and methyl ganoderate A),12 and antihuman
immunodeficiency virus type 1 (anti-HIV-1) activity (ganoderiol
F and ganodermanontriol).13

In our continuing study to find new antiobesity agents from
natural sources, we have found that the CHCl3-soluble fraction of
the MeOH extract of the fruiting bodies of G. lucidum had an
inhibitory effect on adipocyte differentiation in 3T3-L1 cells (56%
inhibition at 100 µg/mL). Further phytochemical study on this
fraction resulted in the isolation of four new lanostane-type
triterpenes (1-4), together with 14 known triterpenes (5-18). The
present paper describes the isolation and structure elucidation of
these triterpenes and their in vitro inhibitory effect on adipocyte
differentiation in 3T3-L1 cells.

Results and Discussion

The MeOH extract of the fruiting bodies of G. lucidum was
suspended in H2O and successively partitioned with n-hexane and
CHCl3. The CHCl3-soluble fraction, with inhibitory effect on
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adipocyte differentiation in 3T3-L1 cells, was subjected to a series
of chromatographic techniques and led to the isolation of 18
triterpenes (1-18). Of these, 14 compounds were identified as
ganoderic acid A (5),14 methyl ganoderate A (6),15 ganoderic acid
B (7),14 methyl ganoderate B (8),14 methyl ganoderate D (9),7

ganoderic acid E (10),16 methyl ganoderate E (11),16 ganolucidic
acid A (12),17 methyl ganoderate H (13),18 lucidenic acid N (14),19

methyl lucidenate A (15),19 methyl lucidenate P (16),20 methyl
lucidenate E2 (17),18 and methyl lucidenate F (18)21 by comparing
their observed and published physicochemical data.

Compound 1 was obtained as a white, amorphous powder with
a positive specific rotation, [R]25

D +18.0 (c 0.1, CHCl3). The
HREIMS spectrum of 1 exhibited a molecular ion peak at m/z
572.3727 [M]+ corresponding to the molecular formula C34H52O7.
The IR spectrum exhibited absorption bands for hydroxy (3376
cm-1), ester carbonyl (1728 cm-1), and R,�-unsaturated carbonyl
(1709 cm-1) groups. Its UV absorption maximum at 253 nm was
characteristic of an R,�-unsaturated carbonyl group. The 1H and
13C NMR spectra suggested 1 to be an oxygenated lanostane-type
triterpene with a conjugated enone moiety.13 In addition, these data
were almost superimposable with those of ganoderic acid A (5)
except for the O-butyl signals [δH 0.94 (t, J ) 7.2 Hz), 1.38 (m),
1.60 (m), and 4.08 (t, J ) 6.6 Hz); δC 13.9 (q), 19.3 (t), 30.9 (t),
and 64.8 (t)] (Tables 1 and 2), suggesting that 1 is a butyl ester
derivative of ganoderic acid A. A significant fragment ion peak
observed at m/z 499 [M - OCH2CH2CH2CH3]+ in the EIMS
spectrum further supported the presence of an O-butyl group in 1.
The location of the O-butyl moiety at C-26 was confirmed by the
HMBC cross-peak between CH2 (δH 4.08, H-1′) of the butyl group
and C-26 (δC 176.0) (Figure 1). The orientation of the C-7 and
C-15 hydroxy groups was assigned as � and R, respectively, from
the coupling constants of H-7 (dd, J ) 10.0, 6.2 Hz) and H-15 (br
t, J ) 6.5 Hz), which was further confirmed by the NOE correlations

Table 1. 1H NMR Data of Compounds 1-4 (J in Hz) in CDCl3

H 1a 2a 3b 4b

1-H(R) 1.46, m 0.98, m 0.98, m 1.48, m
1-H(�) 2.84, m 2.84, m 2.85, m 2.94, m
2-H(R) 2.46, m 1.62, m 1.62, m 2.46, m
2-H(�) 2.52, m 1.66, m 1.65, m 2.52, m
3-H(R) 3.21, dd (10.2, 5.6) 3.21, dd (11.0, 5.5)
5-H(R) 1.68, m 0.88, m 0.88, m 1.58, m
6-H(R) 1.70, m 2.18, m 2.19, m 1.68, m
6-H(�) 2.06, m 1.60, m 1.61, m 2.12, m
7-H(R) 4.62, dd (10.0, 6.2) 4.80, ddd (9.2, 8.5, 4.5) 4.80, ddd (9.3, 8.5, 4.5) 4.86, ddd (9.3, 8.5, 4.5)
12-H(R) 2.76, bd (16.2) 2.70, bd (16.5) 2.78, bd (16.5) 2.78, bd (16.5)
12-H(�) 2.50, bd (16.2) 2.75, bd (16.5) 2.74, bd (16.5) 2.74, bd (16.5)
15-H(�) 4.80, br t (6.6)
16-H(R) 1.84, m 2.67, m 2.80, m 2.81, m
16-H(�) 1.80, m 2.04, m 2.12, m 2.17, m
17-H(R) 1.82, m 2.12, m 2.00, m 2.00, m
18-H3 0.99, s 1.01, s 0.98, s 1.01, s
19-H3 1.28, s 1.22, s 1.22, s 1.26, s
20-H 2.03, m 2.12, m 1.60, m 1.60, m
21-H3 0.90, d (6.3) 0.99, d (6.3) 0.97, d (6.6) 0.98, d (6.6)
22-H 2.40, m 1.79, m 1.80, m 1.37, m
22-H 2.40, m 1.79, m 1.80, m 1.37, m
23-H 2.28, m 2.30, m
23-H 2.40, m 2.42, m
24-H 2.46, dd (17.0, 5.5) 2.42, dd (17.0, 5.6)
24-H 2.84, dd (17.0, 8.5) 2.84, dd (17.0, 8.4)
25-H 2.94, dd (8.5, 5.5) 2.94, dd (8.4, 5.6)
27-H3 1.18, d (7.2) 1.18, d (7.2)
28-H3 1.12, s 1.04, s 1.04, s 1.13, s
29-H3 1.10, s 0.86, s 0.86, s 1.11, s
30-H3 1.26, s 1.34, s 1.34, s 1.34, s
butyl 1′ 4.08, t (6.6) 4.06, t (6.6) 4.08, t (6.6) 4.08, t (6.6)
2′ 1.60, m 1.60, m 1.60, m 1.60, m
3′ 1.38, m 1.39, m 1.39, m 1.39, m
4′ 0.94, t (7.2) 0.93, t (7.2) 0.94, t (7.2) 0.94, t (7.2)

a 300 MHz. b 500 MHz.

Table 2. 13C NMR Data of Compounds 1-4 in CDCl3

C 1a 2a 3b 4b

1 35.7 35.0 35.0 35.8
2 34.5 27.9 27.9 34.5
3 217.1 78.5 78.5 216.8
4 46.8 39.0 38.8 47.0
5 49.0 49.3 49.3 49.1
6 29.3 26.7 26.8 27.8
7 69.1 67.1 67.0 66.5
8 159.1 157.1 157.2 158.1
9 140.5 142.9 142.9 141.4
10 38.2 38.8 38.8 38.4
11 199.6 198.0 198.2 197.9
12 51.9 50.5 50.6 50.4
13 47.0 45.5 45.5 45.1
14 54.1 59.6 59.6 59.5
15 72.7 217.7 218.1 218.2
16 36.7 41.1 41.2 41.3
17 48.4 45.8 46.4 46.5
18 17.5 17.6 17.6 17.9
19 19.5 18.7 18.6 18.3
20 32.8 32.1 35.4 35.4
21 19.7 19.8 18.3 18.2
22 49.9 49.4 30.8 30.9
23 208.6 207.9 31.3 31.3
24 46.9 46.8 173.8 173.8
25 35.0 35.1
26 176.0 175.9
27 17.3 17.3
28 27.5 28.4 28.4 27.2
29 20.9 15.6 15.6 20.9
30 19.8 24.6 24.6 24.9
butyl 1′ 64.8 64.8 64.6 64.6
2′ 30.9 30.9 30.9 30.9
3′ 19.3 19.3 19.3 19.3
4′ 13.9 13.9 13.9 13.9

a 75 MHz. b 125 MHz.
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between H-7 and H-5ax/H3-30 and between H-15 and H3-18.
Accordingly, the structure of 1 was established as butyl ganoderate
A.

Compound 2 was obtained as a white, amorphous powder with
[R]25

D +20.0 (c 0.1, CHCl3). It gave a molecular ion peak at m/z
572.3718 [M]+ in the HREIMS spectrum, consistent with the
molecular formula C34H52O7. The UV absorption maxima at 252
nm and the IR band at 1708 cm-1 suggested the presence of an
R,�-unsaturated carbonyl system similar to that in compound 1.
The 1H and 13C NMR spectra of 2 were superimposable with those
of ganoderic acid B14 except for the resonances of an O-butyl group
[δH 0.93 (t, J ) 7.2 Hz), 1.39 (m), 1.60 (m), and 4.06 (t, J ) 6.6
Hz); δC 13.9 (q), 19.3 (t), 30.9 (t), and 64.8 (t)] (Tables 1 and 2),
suggesting the presence of an ester-linked butyl group in 2. This
was supported by the observation of a fragment ion peak at m/z
499 [M - OCH2CH2CH2CH3]+ in the EIMS spectrum. The
�-orientation of the hydroxy groups at C-3 and C-7 was deduced
from the coupling constants of H-3 (dd, J ) 10.2, 5.6 Hz) and H-7
(ddd, J ) 9.2, 8.5, 4.5 Hz) as well as the NOESY experiment,
showing NOE correlations between H-3 and H-1ax/H-5ax and
between H-7 and H-5ax/H3-30, respectively. Hence, the structure
of 2 was determined as butyl ganoderate B.

Compound 3 was obtained as a white, amorphous powder with
[R]25

D +16.0 (c 0.1, CHCl3). The molecular formula of 3 was found
to be C31H48O6 on the basis of a molecular ion peak at m/z 516.3456
[M]+ in the HREIMS spectrum. The UV absorption maxima at 252
nm and the IR band at 1654 cm-1 suggested the presence of a
conjugated carbonyl group. The 1H and 13C NMR spectra of 3 were
similar to those of lucidenic acid N (14) except that 3 showed
additional signals consistent with the presence of an O-butyl unit
[δH 0.93 (t, J ) 7.2 Hz), 1.39 (m), 1.60 (m), and 4.06 (t, J ) 6.6
Hz); δC 13.9 (q), 19.3 (t), 30.9 (t), and 64.8 (t)] (Tables 1 and 2),
suggesting that the carboxylic group of 3 is esterified with BuOH.
The presence of an O-butyl unit was supported by the EIMS
spectrum showing a fragment ion peak at m/z 443 [M -
OCH2CH2CH2CH3]+, and the HMBC coupling observed between
H-1′ (δH 4.08) and C-24 (δC 173.8) confirmed the location of the
O-butyl group at C-24 (Figure 1). In addition, the strong NOE
correlations between H-3 and H-1ax/H-5ax, and between H-7 and
H-5ax/H3-30 verified the �-orientation for the C-3 and C-7 hydroxy
groups. Consequently, the structure of 3 was assigned as butyl
lucidenate N.

Compound 4 was obtained as a white, amorphous powder with
[R]25

D +25.0 (c 0.1, CHCl3) and gave a molecular ion at m/z
514.3295 [M]+ in the HREIMS spectrum corresponding to the
molecular formula C34H52O7. Its UV and IR spectra exhibited
absorptions at 253 nm and 1672 cm-1, respectively, ascribable to
a conjugated carbonyl system. When compared with lucidenic acid
A,19 the presence of an additional O-butyl group in 4 was indicated
by a signal at δH 4.08 in the IH NMR spectrum as well as a signal
at δC 64.6 in the 13C NMR spectrum (Tables 1 and 2), which was
further confirmed from the fragment ion peak at m/z 441 [M -
OCH2CH2CH2CH3]+ in the EIMS spectrum of 4, suggesting that 4
is a butyl ester derivative of lucidenic acid A. In addition, the

position of the O-butyl group at C-24 was confirmed from the
HMBC correlation between H-1′ (δH 4.08) and C-24 (δC 173.8),
and the �-orientation of the C-7 hydroxy group was inferred from
the NOE correlations between H-7 and H-5ax/H3-30. Thus, the
structure of 4 was determined as butyl lucidenate A.

These four lanostane triterpene butyl esters (1-4) are considered
to be genuine natural products and not artifacts. In a separate
experiment in which ganoderic acid A (5) was treated with a slightly
acidic (0.001% (w/v) H2SO4) BuOH solution (70 °C for 2 h), only
unreacted 5 was detected without evidence of the formation of
esterified 1.

To determine whether the isolated compounds have a cytotoxic
effect in 3T3-L1 preadipocytes, cells were treated with or without
various concentrations (10, 20, 40, and 80 µg/mL) of compounds
1-18. Following 2 days of incubation, cell viability was measured,
and no cytotoxic effect was detectable for all compounds in
concentrations up to 40 µg/mL. However, a slightly decreased cell
viability of some compounds (1, 4, 6, 12, and 15) compared to the
control was observed at 80 µg/mL (data not shown). Therefore, to
test the effect of isolated compounds (1-18) on differentiation of
3T3-L1 preadipocytes, cells were treated as a control or with 40
µg/mL of 1-18 during differentiation, and on day 8, cells were
stained with oil red O. As illustrated in Figure 2, most of the
compounds exhibited inhibition of lipid deposit (22-56% inhibi-
tions at 40 µg/mL), indicative of 3T3-L1 cell differentiation,
compared to the nontreated control. Butyl lucidenate N (3) exhibited
the highest inhibition of lipid droplet formation (56%). As shown
in Figure 3A, accumulation of lipid droplets within the cells was
largely reduced by the treatment of 3 in a dose-dependent manner
compared to the nontreated control. The cytosolic enzyme GPDH
plays a central role in the triglyceride synthesis pathway. Thus,
the effect of 3 on GPDH activity in 3T3-L1 cells was evaluated.
As shown in Figure 3B, butyl lucidenate N (3) suppressed GPDH
activity effectively in a similar way to lipid accumulation. This
compound, at the highest concentration used (40 µg/mL), reduced
the GPDH activity by more than 80%. Accordingly, our results
indicate that these lanostane triterpenes contributed to the inhibitory
effect of the CHCl3-soluble fraction of the MeOH extract of the
fruiting bodies of G. lucidum on adipocyte differentiation in 3T3-
L1 cells.

A previous study revealed that G. lucidum has the ability to
reduce the intracellular triglyceride accumulation level during
differentiation of 3T3-L1 preadipocytes.22 However, the literature
regarding the inhibitory effect of triterpenes isolated from this
mushroom on adipocyte differentiation in 3T3-L1 cells remains
unclear. Therefore, this is the first study to report the inhibitory
effect of triterpenes isolated from G. lucidum on adipocyte
differentiation in 3T3-L1 cells.

Experimental Section

General Experimental Procedures. Optical rotations were measured
on a JASCO DIP-370 digital polarimeter. UV and IR spectra were
recorded on JASCO V-550 UV/vis and JASCO 100 IR spectrometers,
respectively. HREIMS and EIMS were recorded on a Hewlett-Packard

Figure 1. Key HMBC correlations (HfC) of compounds 1 and 3.
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5989B mass spectrometer. 1H (300 MHz) and 13C NMR (75 MHz)
spectra were obtained on Bruker DRX-300 spectrometer with TMS as
internal standard. 2D NMR experiments (HMQC, HMBC, and NOESY)
were run on a Bruker Avance 500 spectrometer. Column chromatog-
raphy was performed using silica gel (70-230 mesh and 230-400
mesh, Merck) and YMC-GEL ODS-A (12 nm, S-75 µm, YMC). Thin-
layer chromatography (TLC) was performed on precoated silica gel
60 F254 (0.25 mm, Merck) and RP-18 F254s plates (0.25 mm, Merck).
Spots were detected by UV light (254 nm) and spraying 10% H2SO4

followed by heating. Preparative HPLC was performed on a Gilson
TRILUTION system with a 321 pump and a UV/vis 151 detector, and
a GX-271 liquid handler (Gilson, Inc.), using a YMC-pack Pro C18

(250 × 10 mm, i.d.) column.
Plant Material. The dried fruiting bodies of G. lucidum (cultured

at Nagano, Japan, and kept at room temperature) were supplied by one
of the authors (M.H.) in May 2008 and identified by B.-S.M. A voucher
specimen (CUD 3170) was deposited at the herbarium of the college
of Pharmacy, Catholic University of Daegu, Korea.

Extraction and Isolation. The dried fruiting bodies of G. lucidum
(10 kg) were extracted with MeOH (3 × 50 L) at room temperature
for 7 days, filtered, and concentrated to give a MeOH extract (390 g).
The MeOH extract was suspended in H2O (2 L) and then partitioned
successively with n-hexane (2 × 2 L) and CHCl3 (3 × 2.5 L) to afford
n-hexane- (40 g) and CHCl3-soluble fractions (200 g), respectively.
The CHCl3-soluble fraction (200 g), exhibiting the most inhibitory effect
on adipocyte differentiation in 3T3-L1 cells, was subjected to silica
gel column chromatography (80 × 12 cm) eluting with a gradient
solvent system of CHCl3-MeOH (200:1f 1:1) to afford 10 fractions
(A-J). Since fractions H-J exhibited considerable activity, these
fractions were investigated extensively.

Fraction H (12 g) was chromatographed on a silica gel column
(60 × 6.5 cm) using a gradient solvent system of n-hexane-EtOAc
(50:1 f 10:1) to give 3 (15 mg), 4 (4 mg), 5 (4 mg), 6 (9 mg), and
7 (40 mg). Fraction I (8 g) was subjected to silica gel column
chromatography (60 × 6.5 cm) eluting with a gradient solvent system
of CHCl3-MeOH (100:1 f 50:1) to yield six subfractions (I1-I6),
one of which, fraction I2 (2 g), was further chromatographed on a
YMC RP-18 column (50 × 3.5 cm) with MeOH-H2O (85:15) as
an eluent to yield 8 (9 mg), 9 (5 mg), 10 (17 mg), and 11 (2 mg).
Fraction I4 (1 g) was further purified over a YMC RP-18 column
(50 × 3.5 cm) using a gradient solvent system of MeOH-H2O (85:
15 f 90:10) to afford 1 (30 mg), 2 (10 mg), and 12 (22 mg).
Compounds 13 (8 mg) and 14 (7 mg) were isolated from fraction
I6 (1 g) using a YMC RP-18 column (50 × 3.5 cm) eluting with a
gradient solvent system of MeOH-H2O (80:20 f 85:15). Fraction
J (10 g) was chromatographed on a silica gel column (60 × 6.5
cm) eluting with a gradient solvent system of CHCl3-MeOH (50:1
f 10:1) to yield four subfractions (J1-I4). Fraction J3 (1.5 g) was
further purified by extensive preparative RP-HPLC [Gilson TRI-
LUTION system; YMC-pack Pro C18 (250 × 10 mm, i.d.) column;
MeOH-H2O (70:30, v/v); UV detection, 254 nm; flow rate, 2.5 mL/
min] to afford 15 (10 mg), 16 (2 mg), 17 (6 mg), and 18 (5 mg).

Butyl ganoderate A (1): white, amorphous powder; [R]25
D +18.0

(c 0.1, CHCl3); UV (MeOH) λmax (log ε) 253 (3.42) nm; IR (KBr) νmax

3376, 2970, 1728, 1709, 1630 cm-1; EIMS m/z (rel int) 572 [M]+ (32),
554 [M - H2O]+ (22), 499 [M - OCH2CH2CH2CH3]+ (12), 459 (21),
406 (25), 368 (27), 366 (26), 313 (32), 285 (45), 259 (32), 230 (54),
187 (47), 173 (43), 139 (85), 115 (100); HREIMS m/z 572.3727 [M]+

(calcd for C34H52O7, 572.3713); 1H and 13C NMR data, see Tables 1
and 2.

Figure 2. Effect of compounds 1-18 on adipocyte differentiation in 3T3-L1 cells. 3T3-L1 preadipocytes were treated as a control or
with 1-18 (each 40 µg/mL) during differentiation. On day 8, cells were stained with oil red O. Stained oil red O was quantified by
measuring the optical absorbance at 510 nm. Results are expressed as mean ( SD of three individual experiments. *p < 0.05, **p
< 0.001 vs control.

Figure 3. Effect of butyl lucidenate N (3) on adipocyte differentiation in 3T3-L1 cells. 3T3-L1 preadipocytes were treated as a control or
with different concentrations of butyl lucidenate N (3) (5-40 µg/mL) during differentiation. On day 8, the lipid accumulation (A) and
GPDH activity (B) of the cells were measured. Results are expressed as mean ( SD of three individual experiments. *p < 0.05, **p < 0.001
vs control.
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Butyl ganoderate B (2): white, amorphous powder; [R]25
D +20.0

(c 0.1, CHCl3); UV (MeOH) λmax (log ε) 252 (3.22) nm; IR (KBr) νmax

3538, 2973, 1740, 1708, 1649 cm-1; EIMS m/z (rel int) 572 [M]+ (18),
554 [M - H2O]+ (12), 544 (18), 499 [M - OCH2CH2CH2CH3]+ (12),
417 (12), 358 (65), 331 (45), 306 (28), 246 (30), 213 (25), 175 (33),
173 (28), 115 (100); HREIMS m/z 572.3718 [M]+ (calcd for C34H52O7,
572.3713); 1H and 13C NMR data, see Tables 1 and 2.

Butyl lucidenate N (3): white, amorphous powder; [R]25
D +16.0 (c

0.1, CHCl3); UV (MeOH) λmax (log ε) 252 (3.40) nm; IR (KBr) νmax

3440, 2960, 1720, 1654 cm-1; EIMS m/z (rel int) 516 [M]+ (42), 498
[M - H2O]+ (15), 488 (30), 443 [M - OCH2CH2CH2CH3]+ (12), 376
(45), 331 (100), 277 (18), 275 (18), 175 (19), 121 (15), 57 (27);
HREIMS m/z 516.3456 [M]+ (calcd for C31H48O6, 516.3451); 1H and
13C NMR data, see Tables 1 and 2.

Butyl lucidenate A (4): white, amorphous powder; [R]25
D +25.0 (c

0.1, CHCl3); UV (MeOH) λmax (log ε) 253 (3.45) nm; IR (KBr) νmax

3440, 2964, 1735, 1702, 1672 cm-1; EIMS m/z (rel int) 514 [M]+ (30),
498 [M - H2O]+ (15), 486 (22), 441 [M - OCH2CH2CH2CH3]+ (8),
377 (12), 376 (40), 329 (100), 273 (15), 175 (14), 173 (12), 57 (31);
HREIMS m/z 514.3295 [M]+ (calcd for C31H46O6, 514.3294); 1H and
13C NMR data, see Tables 1 and 2.

Cell Culture and Differentiation. 3T3-L1 preadipocytes (ATCC,
USA) were maintained in Dulbecco’s modified Eagle’s medium
(DMEM) (GIBCO) supplemented with 10% bovine calf serum (BCS)
(GIBCO) at 37 °C in a 5% CO2-humidified incubator. Two days after
confluence, cells were induced to differentiate with DMI mixture,
containing 1 mM dexamethasone (DEX) (Sigma), 0.5 mM 1-methyl-
3-isobutylxanthine (IBMX) (Sigma), and 1 µg/mL insulin (Sigma), in
DMEM with 10% FBS for 2 days. The cells were maintained in DMEM
supplemented with 10% FBS and 1 mg/mL insulin for 2 days, which
was refreshed every 2 days. During differentiation, the cells were treated
with samples every 2 days, for 8 days.

Cytotoxicity Assay. 3T3-L1 preadipocytes were seeded in DMEM
supplemented with 10% bovine calf serum into 96-well microtiter plates
(1 × 104 cells per each well) and incubated at 37 °C in 5% CO2. After
24 h, vehicle or five concentrations of sample (from 10 to 80 µg/mL)
in serum-free DMEM medium were added to each well. After 24 h,
20 µL of MTT solution (5 mg/mL) was added to each well. Two hours
later, the plate was centrifuged for 5 min at 1500 rpm, the medium
was removed, and the resulting formazan crystals were dissolved with
150 µL of DMSO. The optical density (OD) was measured at 570 nm
using a Titertek microplate reader (Multiskan MCC/340, Flow).

Oil Red O Staining. Adipocyte differentiation was estimated by
staining the cultured cells with oil red O. Briefly, the cells were washed
with ice-cold PBS twice, fixed with 4% formaldehyde at room
temperature for 20 min, and stained with oil red O (Sigma) for 30
min. Cells were then washed with 60% 2-propanol three times to
remove unbound dye and photographed. For quantification analysis,
stained oil red O was eluted with 2-propanol and quantified by
measuring the optical absorbance at 510 nm.

Measurement of GPDH Activity. The glycerol-3-phosphate dehy-
drogenase (GPDH) activity was measured with a GPDH activity assay
kit (Takara, Kyoto, Japan). Briefly, the cells were washed with ice-
cold PBS twice, enzyme extraction buffer was added, and cells were
collected by scraping with a cell scraper. After centrifugation at 12 000
rpm for 5 min at 4 °C, the absorbance reduction of supernatant at 340
nm for 5 min was measured to estimate the rate of NADH oxidation
during the GPDH-catalyzed reduction of dihydroxyacetone phosphate.
One unit of enzyme activity corresponded to the oxidation of 1 nmol
NADH/min, and the results are expressed as units per mg protein. The
protein concentration was determined by using a Bradford protein assay
kit (Bio-Rad Laboratories, Hercules, CA).

Statistical Analysis. Data are expressed as mean ( SD of three
individual experiments. The significance of differences was analyzed
using one-way ANOVA using SPSS software, and differences were
considered statistically significant when p < 0.05.
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