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A new compound, perforaphenonoside A (1), along with 11 known compounds (2-12) were isolated from a

methanol extract of adventitious roots of Hypericum perforatum. Their chemical structures were elucidated

using chemical and physical methods as well as comparison of NMR and mass spectral data with previously

reported data. Their inhibition of NF-κB and activation of PPAR was measured in HepG2 cells using a

luciferase reporter system. Among the compounds 3, 6, 7 and 12 inhibited NF-κB activation stimulated by

TNFα in a dose-dependent manner, with IC50 values ranging from 0.85 to 8.10 μM. Moreover, compounds 1-

3, 7, 11 and 12 activated the transcriptional activity of PPARs in a dose-dependent manner, with EC50 values

ranging from 7.3 to 58.7 μM. The transactivational effects of compounds 1-3, 7, 11 and 12 were evaluated on

three individual PPAR subtypes. Among them, compound 2 activated PPARα transcriptional activity, with

153.97% stimulation at 10 μM, while compounds 1, 2 and 11 exhibited transcriptional activity of PPARγ, with

stimulation from 124.76% to 126.91% at 10 μM. 

Key Words : Hypericum perforatum, Hypericaceae, NF-κB-luciferase assay, PPRE-luciferase assay, PPAR

transactivational activity

Introduction

Hypericum perforatum L., commonly known as St. John’s

wort (SJW), is a spontaneous perennial herbaceous plant,

belonging to the family Hypericaceae found in Europe, Asia,

Northern Africa, and North America.1 It is used as a phyto-

therapeutic agent to treat moderate forms of depression,2 and

has gained international popularity for its treatment of

depression and as a dietary supplement in phytomedicine.3 It

also has other broad pharmacological activities, such as anti-

viral and anti-inflammatory properties.4,5 Presently, field-

grown plant material is generally used, but the quality of

these products may be greatly affected by various environ-

mental conditions, fungi, bacteria, viruses, and insects, which

can result in heavy loss of yield and alter the medicinal

content of plants.6 Therefore, cell or organ cultures have

emerged as valuable routes for biosynthesizing phytochemi-

cals.7 The main constituents of H. perforatum are flavonoids,

naphthodianthrones, phloroglucinols, and xanthones.8 Hyper-

forin and adhyperforin have been shown to contribute to the

antidepressant activity of H. perforatum by inhibiting the re-

uptake of a number of neurotransmitters.9,10 Xanthones are

one of the main constituents of H. perforatum, they have a

wide range of biological and pharmacological properties,

such as monoamine oxidase inhibition, and antioxidant,

antimicrobial, antifungal, cytotoxic, and hepatoprotective

activities.11,12 Although, H. perforatum has been reported in

a wide variety of metabolites, few chemical investigations of

the adventitious roots of H. perforatum have been reported.

In this report, a new compound (1) and 11 known compounds

(2-12) were isolated from a methanol extract of adventitious

roots of H. perforatum.

Nuclear factor kappa B (NF-κB) represents a family of

Rel domain-containing proteins including RelA, RelB, c-

Rel, NF-κB1, and NF-κB2. Activation of NF-κB has been

linked to multiple pathophysiological conditions such as

cancer, arthritis, asthma, inflammatory bowel disease, and

other inflammatory conditions.13 NF-κB activation by various

stimuli including the inflammatory cytokines such as tumor

necrosis factor alpha (TNF-α) and interleukin-1 (IL-1), T-

cell activation signals, growth factors, and stress inducers

cause transcription at κB sites that are involved in a number

of diseases, such as inflammatory disorders and cancer.13,14

In the present study, the effects of compounds 1-12 on TNFα-

induced NF-κB transcriptional activity in human hepato-

carcinoma (HepG2) cells were evaluated using an NF-κB-

luciferase assay.

Peroxisome proliferator-activated receptor (PPAR) is a

member of the nuclear receptor superfamily of ligand-

dependent transcription factors, and is predominantly ex-

pressed in adipose tissue, adrenal glands, and the spleen.15,16

Three isoforms, PPARα, PPARγ, and PPARβ(δ) have been

identified. PPARs regulate the expression of genes involved

in the regulation of glucose, lipid, and cholesterol metabo-

lism by binding to specific peroxisome proliferator response

elements (PPREs) in the enhancer sites of regulated genes.17-20
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Accordingly, compounds that modulate the PPARs functions

are attractive for the treatment of type 2 diabetes, obesity,

metabolic syndromes, inflammation, and cardiovascular

disease.21

A MeOH extract (460.0 g) of H. perforatum was suspend-

ed in water and partitioned with EtOAc and n-BuOH. These

fractions were subjected to various separation procedures

and 12 compounds were isolated (Figure 1). Structures of

known compounds (2-12) were elucidated by comparing

spectroscopic data to published values and identified as

acetylannulatophenonoside (2),22 1,5,6-trihydroxy-3-meth-

oxyxanthone (3),23 1,3,5,6-tetrahydroxyxanthone (4),24

ferrxanthone (5),25 brasilixanthone B (6),26 neolancerin (7),27

(+)-catechin (8),28 (−)-epicatechin (9),29 hovetrichoside C

(10),30 methyl 3-O-β-D-glucopyranosylcucurbate (11),31 and

glucosyringic acid (12).32 Of these, compounds 2, 5-7, 10,

and 11 were isolated from this plant for the first time. In

addition, these compounds were screened for their anti-

inflammatory effects. Inhibitory effects of the compounds on

NF-κB activation were also evaluated, as well as their trans-

activational activity against PPRE and members of the

PPAR family (PPARα, PPARγ, and PPARβ/δ).

Compound 1 was isolated as pale yellow needles. Its mole-

cular formula was established as C19H20O11 by a pseudo-

molecular ion peak of high-resolution electrospray ioniza-

tion mass spectrometry (HR-ESI-MS) at m/z 459.0665

[M+Cl]− (calcd for C19H20ClO11: 459.0694). The infrared

(IR) absorption bands at 3315 and 1632 cm−1 were con-

sistent with the presence of a hydroxyl group and a carbonyl

group, respectively. The 1H- and 13C-NMR spectra (Table 1)

Figure 1. Structure of compounds 1-12 from H. perforatum.

Table 1. The NMR spectroscopic data of compound 1

Position δC
a,b δH

a,c (J in Hz)

1 104.8

2 162.1

3 94.5 5.84 (1H, br s)

4 164.3

5 94.5 5.84 (1H, br s)

6 162.1

1' 143.2

2' 109.0 6.70 (1H, t, 2.0)

3' 158.2

4' 106.7 6.67 (1H, t, 2.0)

5' 157.7

6' 107.8 6.82 (1H, t, 2.0)

1'' 101.0 4.87 (1H, d, 7.4)

2'' 73.5 3.38 (1H, m)

3'' 76.6 3.43 (1H, m)

4'' 69.8 3.43 (1H, m)

5'' 76.7 3.38 (1H, m)

6'' 61.0 3.70 (1H, dd, 4.8, 12.0)

3.85 (1H, dd, 2.0, 12.0)

C=O 198.6

Assignments were done by HMQC, HMBC and 1H-1H COSY experi-
ments; aMeasured in methanol-d4. 

b150 MHz. c600 MHz
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suggested that compound 1 related to a benzophenone

derivative. The 1H-NMR spectrum showed a singlet at δH
5.84, belonging to the H-3 and H-5 of an A-ring, and three

triplet signals at δH 6.67, 6.70 and 6.82, belonging to H-4',

H-2' and H-6' of a phloroglucinol ring (B-ring) with J = 2.0

Hz, suggesting the meta position. The 13C-NMR spectrum

showed a characteristic carbonyl group at δC 198.6; δC 94.5

(C-3, C-5), 104.8 (C-1), 162.1 (C-2, C-6) and 164.3 (C-4) at

A-ring; δC 106.7 (C-4'), 107.8 (C-6'), 109.0 (C-2'), 143.2 (C-

1'), 157.7 (C-5') and 158.2 (C-3') at a B-ring (Table 1). Both
1H- and 13C-NMR signal patterns suggested that compound

1 is a 2,3',4,5',6-pentahydroxybenzophenone derivative.33

1H- and 13C-NMR also showed D-glucopyranosyl group

signals at δC 61.0 (C-6''), 69.8 (C-4''), 73.5 (C-2''), 76.6 (C-

3''), 76.7 (C-5''), and 101.0 (C-1''); δH 3.38 (H-2'', H-5''), 3.43

(H-3'', H-4''), 3.70, 3.85 (H-6''), and 4.87 (H-1''), and the

relatively large coupling constant (J = 7.4 Hz) of the doublet

signal at H-1'' suggested its β-configuration. D-Glucopyranose

was analyzed by gas chromatography. The retention time of

the monosaccharide derivative was tR 14.11 min, which was

confirmed by comparison with those of authentic standards.

The heteronuclear multiple bond correlation (HMBC)

spectrum revealed a key correlation signal between 4.87 (H-

1'') and 158.2 (C-3') suggesting that the D-glucopyranosyl

group was attached to C-3' of a B-ring (Figure 2). Thus,

compound 1 was identified as 2,4,5',6-tetrahydroxybenzo-

phenone-3'-O-β-D-glucopyranoside, and termed perforapheno-

noside A.

To investigate the cellular toxicity of the 12 isolated

compounds, various concentrations of the compounds were

applied to HepG2 cells for 24 h, after which cell viability

was measured by the MTT [3-(4,5-dimethylthiazole-2-yl)-

2,5-diphenyltetrazolium bromide] colorimetric method of

the compounds displayed any cellular toxicity at 10.0 μM

(data not shown). Therefore, the compounds were used in

subsequent experiments at alternate concentrations (< 10

μM). The results demonstrated the inhibitory effects of the

tested compounds on NF-κB transcriptional activation in

HepG2 cells stimulated with TNFα (Figure 3). Compounds

3, 6, 7 and 12 exhibited a significant effect on the inhibition

of NF-κB activation in a dose-dependent manner, with IC50

values from 0.85 to 8.10 μM (Table 2). Compound 7 was the

most effective and was more potent than the positive control,

sulfasalazine (IC50 = 0.9 μM). However, other compounds

were inactive in this system. Next, we evaluated the effects

of compounds 1-12 on PPAR activity using a nuclear tran-

scription PPRE cell-reporter system. The PPAR-responsive

luciferase reporter construct, used carries a copy of the fire-

fly luciferase gene under the control of a minimal CMV pro-

Figure 2. HMBC correlations of compound 1.

Figure 3. Effects of compounds 1-12 on the TNFα-induced NF-κB luciferase reporter activity in HepG2 cells. The values are means ± SDs
(n = 3). aStimulated with TNFα. bStimulated with TNFα in the presence of 1-12 (0.1, 1, and 10 μM) and sulfasalazine. SFZ: sulfasalazine,
positive control (10 μM). Statistical significance is indicated as *(p < 0.05) and **(p < 0.01) as determined by Dunnett's multiple
comparison test.

Table 2. Inhibitory effects of compounds 1-12 on the TNFα-induced
NF-κB transcriptional activity

Compound IC50 (μM)

3 5.50 ± 2.62

6 8.10 ± 0.35

7 0.85 ± 0.07

12 0.93 ± 0.18

Sufasalazine 0.9 ± 0.1

The values are mean ± SD (n = 3). Compounds 1, 2, 4, 5, and 8-11 were
inactive at tested concentrations (IC50 >10 µM).
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moter and tandem repeats of a PPRE sequence. Activated

PPAR binds to the PPRE and activates transcription of the

luciferase reporter gene. Sulfasalazine was used as a positive

control. HepG2 cells were co-transfected with the PPRE

luciferase reporter and PPAR expression plasmids (Figure

4). Compounds 1 and 11 significantly activated the transcrip-

tional activity of PPARs in a dose-dependent manner, with

EC50 values of 7.9 and 7.3 μM, respectively. Compounds 2,

3, 7 and 12 displayed moderate activity, with EC50 values

ranging from 17.9 to 58.7 μM (Table 3), whereas compounds

4-6 and 8-10 were not active at the tested concentrations. To

determine how the compounds influence the response to

inflammatory stimuli, the PPAR transactivational effects of

the isolated compounds were further examined on individual

PPAR subtypes, including PPARα, PPARγ, and PPARβ(δ)

(Figures 5-7). Among the compounds tested, compound 2

exhibited dose-dependent PPARα transactivational activity,

with a stimulation of 153.97% while compounds 1, 2 and 11

moderately activated PPARγ transcriptional activity, with

stimulations from 124.76% to 126.91% (Table 4). However,

Figure 4. PPARs transactivational activity of compounds 1-12 in HepG2 cells. (−) Vehicle group; (+) positive control (1 μM): benzafibrate.
All values represent the means ± S.E.M. (n = 3). P < 0.05 versus control.

Table 3. PPARs transactivational activities of compounds 1-12

Compound EC50 (μM)

1 7.9 ± 0.8

2 58.7 ± 7.2

3 17.9 ± 1.8

4 > 60a

5 > 60

6 > 60

7 57.8 ± 6.9

8 > 60

9 > 60

10 > 60

11 7.3 ± 0.7

12 27.0 ± 1.9

Sufasalazine 1.05 ± 0.15

EC50: the concentration of a tested compound that gave 50% of the
maximal reporter activity. aA compound was considered inactive with
EC50 > 60 µM. The values are mean ± SD (n = 3).

Figure 5. PPARα transactivational activity of compounds
Compounds 1-3, 7, 11 and 12 in HepG2 cells. (−) Vehicle group;
(+) positive control (1 μM): ciprofibrate. All values represent the
means ± S.E.M. (n = 3). P < 0.05 versus control.

Figure 6. PPARγ transactivational activity of compounds Compounds
1-3, 7, 11 and 12 in HepG2 cells. (−) Vehicle group; (+) positive
control (1 μM): troglitazone. All values represent the means ±
S.E.M. (n = 3). P < 0.05 versus control.
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compounds 3, 7 and 12 did not activate any PPAR subtypes.

In addition, compounds 1 and 11 significantly activated the

transcriptional activity of PPARs, but only moderately acti-

vated PPARγ transcriptional activity. Therefore, it appears

that compounds 1 and 11 may influence another subtype of

PPARs. As previous work, NF-κB inhibitory of xanthone

derivatives was reported.34 However, to the best of our know-

ledge, this is the first report of PPAR activation effects of the

constituents from adventitious roots of H. perforatum. In

conclusion, isolated compounds from root cultures of H.

perforatum exhibited significant anti-inflammatory effects.

These results provide scientific support for the use of H.

perforatum root cultures in the prevention of inflammatory

diseases.

Experimental

General Procedures. Melting points were determined

using an Electrothermal IA-9200 system. Optical rotations

were determined using a Jasco DIP-370 automatic polari-

meter. The FT-IR spectra were measured using a Jasco Report-

100 infrared spectrometer. GC was carried out on a Shimadzu-

2010 spectrometer: detector, FID; detection temperature,

300 °C; column, SPB-1 (0.25 mm i.d. × 30 m); column

temperature, 230 °C; carrier gas, He (2 mL/min) injection

temperature, 250 °C; injection volume, 0.5 μL; The NMR

spectra were recorded using a JEOL ECA 600 spectrometer

(1H, 600 MHz; 13C, 125 MHz), EI-MS mass spectra were

obtained using A Hewlett Packard HP 5985B spectrometer,

and High-resolution electrospray ionization mass spectra

(HR-ESI-MS) were obtained using an Agilent 6530 Accu-

rate-Mass Q-TOF LC/MS system. Column chromatography

was performed using a silica gel (Kieselgel 60, 70-230, and

230-400 mesh, Merck, Darmstadt, Germany), YMC RP-18

resins, and thin layer chromatography (TLC) was performed

using pre-coated silica-gel 60 F254 and RP-18 F254S plates

(both 0.25 mm, Merck, Darmstadt, Germany).

Plant Material. Adventitious roots (2.0 kg) of H. per-

foratum was kindly supplied from Research Center for the

Development of Advanced Horticultural Technology, Chung-

buk National University, Korea in 2010.35 A voucher speci-

men (CNU11101) was deposited at the Herbarium of College

Figure 7. PPARβ(δ) transactivational activity of compounds
Compounds 1-3, 7, 11 and 12 in HepG2 cells. (−) Vehicle group;
(+) positive control (1 μM): L-165041. All values represent the
means ± S.E.M. (n = 3). P < 0.05 versus control.

Table 4. PPARα, γ, and β(δ) transactivational activities of compounds 1-3, 7, 11 and 12

Compound
Concentration

(μM)

Stimulation (%)

Gal4/PPARα-LBD Gal4/PPAR γ-LBD Gal4/PPAR β(δ)-LBD

1 0.1 109.06 ± 1.25 106.31 ± 2.96 107.12 ± 4.25

1 110.59 ± 1.38 106.89 ± 2.12 115.23 ± 1.68

10 115.20 ± 3.84 126.91 ± 1.23 122.52 ± 3.30

2 0.1 116.44 ± 2.33 100.57 ± 1.11 103.94 ± 4.73

1 142.13 ± 2.84 120.86 ± 2.32 100.71 ± 2.35

10 153.97 ± 1.92 124.76 ± 3.79 110.43 ± 1.64

3 0.1 100.16 ± 1.25 100.62 ± 2.48 100.59 ± 1.50

1 114.01 ± 1.43 101.31 ± 1.17 99.75 ± 1.38

10 117.59 ± 2.35 114.22 ± 2.99 99.88 ± 1.02

7 0.1 106.68 ± 1.78 100.72 ± 1.39 100.47 ± 1.39

1 118.13 ± 3.28 111.31 ± 3.79 101.86 ± 3.79

10 105.38 ± 1.32 104.70 ± 1.35 99.74 ± 1.35

11 0.1 100.79 ± 2.02 119.78 ± 1.19 111.42 ± 2.58

1 117.79 ± 1.47 124.83 ± 1.26 116.13 ± 1.09

10 111.17 ± 1.39 126.66 ± 1.93 122.06 ± 1.25

12 0.1 102.20 ± 1.46 103.77 ± 2.53 102.28 ± 2.53

1 100.42 ± 2.51 105.33 ± 0.89 112.53 ± 0.89

10 102.77 ± 1.28 101.66 ± 1.27 101.05 ± 1.27

Ciprofibrate 1 214.57 ± 1.57

Troglitazone 1 223.27 ± 2.33

L-165041 1 266.04 ± 3.01
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of Pharmacy, Chungnam National University, Korea.

Extraction and Isolation. Adventitious roots of H.

perforatum (1.8 kg) were extracted with MeOH under reflux

for 5 h (3 L × 3 times) to yield 460 g of extract. This extract

was suspended in water and partitioned with EtOAc to yield

70.0 g EtOAc extract and 390.0 g water extract. The water

extract was partitioned with n-BuOH to yield 112.0 g n-

BuOH extract. The EtOAc extract was subjected to silica gel

(5 × 30 cm) column chromatography with a gradient of

CH2Cl2−MeOH (1:0→ 50:1→ 20:1→ 10:1→ 1:1; 1 L for

each step) to give 5 fractions (1A–1E). Fraction 1A was

separated using YMC column (2 × 80 cm) with a MeOH–

H2O (1:4) elution solvent to yield compound 2 (22.0 mg).

Fraction 1B was separated using YMC column (1 × 80 cm)

with a MeOH–H2O (1:3.5) elution solvent to yield compounds

8 (30.0 mg) and 9 (550.0 mg). Fraction 1C was separated

using YMC column (2 × 80 cm) with a MeOH–H2O (0.4:1

→ 1.5:1) elution solvent to yield compounds 3 (52.0 mg),

and 4 (70.0 mg). The n-BuOH extract was subjected to silica

gel column chromatography with a CHCl3–MeOH–H2O

(10:1:0.1→ 7:1:0.1→ 4:1:0.1→ 2:1:0.1→ 1:1:0.2; 2 L for

each step) elution solvent to give 5 fractions (2A–2E).

Fraction 2B was separated using YMC column (2 × 80 cm)

with acetone–H2O (0.4:1→ 1:1) elution solvent to yield

compounds 10 (28.0 mg), 11 (11.0 mg) and 12 (18.0 mg).

Fraction 2C was separated using YMC column (1 × 80 cm)

with acetone–H2O (0.3:1→ 0.5:1→ 1:1) elution solvent to

yield compounds 5 (105.0 mg) and 6 (24.0 mg). Fraction 2D

was separated using YMC column (1 × 80 cm) with a

MeOH–H2O (0.38:1) elution solvent to give compound 7

(170.0 mg). Fraction 2E was separated using a silica gel

column chromatography with a CHCl3–MeOH (8:1) elution

solvent to yield compound 1 (12.0 mg).

Perforaphenonoside A (1): Yellow amorphous powder;

 = −133.0 (c 0.8, MeOH); IR (KBr): νmax 3315, 2359,

2341, 1632, 1598, 1443, 1391, 1334, 1168, 1131, 1069,

1019, 823, 668 cm−1; HR-ESI-MS: m/z 459.0665 [M+Cl]−

(calcd for C19H20ClO11: 459.0694). 
1H (methanol-d4, 600 MHz)

and 13C NMR data (methanol-d4, 150 MHz), see Table 1.

General Acid Hydrolysis. A solution of compound 1 (5

mg) in 3 mL 10% HCl (dioxane-H2O, 1:1) was heated at 90

°C under reflux for 3 h. The residue was partitioned between

EtOAc and H2O to yield aglycone and sugar, respectively.

The aqueous layer was evaporated until dry to yield a residue.

The residue was dissolved in anhydrous pyridine (200 μL)

and mixed with a pyridine solution of 0.1 M L-cysteine

methyl ester hydrochloride (200 μL). After warming to

60 °C for 1 h, trimethylsilylimidazole solution was added,

and the reaction solution was warmed to 60 °C for 1 h. The

mixture was evaporated in vacuo to yield a dry product, that

was partitioned between EtOAc and H2O. The water layer

was filtered and analyzed by gas chromatography. Retention

time of the monosaccharide derivative, D-glucopyranose (tR,

14.11 min), was confirmed by comparison with those of

authentic standards.

Cell Culture and Reagents. Human hepatocarcinoma

HepG2 cells were maintained in Dulbecco's modified Eagles'

medium (DMEM) (Invitrogen, Carlsbad, CA) containing

10% heat-inactivated fetal bovine serum (FBS), 100 units/

mL penicillin, and 10 μg/mL streptomycin at 37 °C and 5%

CO2. 

NF-κB-Luciferase Assay. The luciferase vector was first

transfected into HepG2 cells. After a limited amount of time,

the cells were lysed, and luciferin, the substrate of luciferase,

was introduced into the cellular extract along with Mg2+ and

an excess of ATP. Under these conditions, luciferase enzymes

expressed by the reporter vector could catalyze the oxidative

carboxylation of luciferin. Cells were seeded at 1.5 × 105

cells per well in 12-well plates and grown for 24 h. All cells

were transfected using WelFect M Gold (WelGENE Inc.), as

guided by the manufacturer. The luciferase activity was

assayed using an LB 953 Autolumat (EG&G Berthold,

Nashua, NH).36 The transfected HepG2 cells were pretreated

for 1 h with either vehicle (DMSO) and compounds, follow-

ed by 1 h of treatment with 10 ng/mL TNFα. Unstimulated

HepG2 cells were used as a negative control (−). Cells were

then harvested, and the luciferase activity was assayed.

PPRE-Luciferase Assay. Human hepatoma cells (HepG2)

were seeded at 1.5 × 105 cells per well in 12-well plates and

grown for 24 h before transfection. An optimized amount of

DNA plasmid (0.5 μg of PPRE-Luc and 0.2 μg of PPAR-

inpCMV) was diluted in 100 μL of DMEM. All cells were

transfected with the plasmid mixture using WelFect M Gold

(WelGENE Inc.) as described by the manufacturer. After 30

min of incubation at room temperature, the DNA plasmid

solution (100 μL) was introduced and mixed gently with

cells. After 24 h of transfection, the medium was changed to

TOM (Transfection Optimized Medium, Invitrogen) contain-

ing 0.1 mM NEAA, 0.5% charcoal-stripped FBS, and the

individual compounds (test group), dimethyl sulfoxide (vehicle

group), or benzafibrate (positive control group). The cells

were then cultured for 20 h. Next, the cells were washed

with PBS and harvested with 1× passive lysis buffer (200

μL). The intensity of emitted luminescence was determined

using an LB 953 Autolumat (EG&G Berthold, Bad Wildbad,

Germany).17,18

PPAR Subtype Specific Transactivational Assay. Human

hepatoma cells (HepG2) were seeded at 1.5 × 105 cells per

well in 12-well plates and grown for 24 h before trans-

fection. Cells were transfected separately with one pGal4-

PPAR subfamily vector [pFAGal4-PPARα-LBD, pFA-Gal4-

PPARγ-LBD, or pFA-Gal4-PPARβ(δ)-LBD expression pla-

smids], together with pFR-Luc using the WelFect M Gold

transfection reagent (WelGENE Inc.), as described by the

manufacturer. After 24 h of transfection, the medium was

changed to TOM (Invitrogen) containing 0.1 mM NEAA,

0.5% charcoal-stripped FBS, and each compound (test group),

dimethyl sulfoxide (vehicle group), ciprofibrate (positive

control group for PPARα), troglitazone (positive control

group for PPARγ), or L-165041 [positive control group for

PPARβ(δ)]. The cells were then cultured for 20 h, after

which the cells were washed with PBS and harvested with

1× passive lysis buffer (200 μL). The intensity of emitted

luminescence was determined using a Centro LB 960 micro-

α[ ]D
28
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plate luminometer (EG&G Berthold) by measuring light

emission for 5 s.37

Statistical Analysis. All data represent the mean ±

standard deviation (SD) of at least three independent experi-

ments performed in triplicate. Statistical significance is

indicated as *(p <0.05) as determined by one-way analysis

of variance followed by Dunnett's multiple comparison test.

Supporting Information. IR, HR-ESI-MS, 1H, 13C NMR,

HMQC, HMBC and COSY spectrum of compound 1, 1H

and 13C NMR data of compounds 2-12 are available as Sup-

porting Information.
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