J OURNAIL

AGRICULTURAL AND

FOOD CHEMISTRY

pubs.acs.org/JAFC

Anti-Inflammatory Effects of Resveratrol and Oligostilbenes from
Vitis thunbergii var. taiwaniana against Lipopolysaccharide-Induced

Arthritis

Kun-Teng Wang,"* Lih-Geeng Chen,® Sung-Hui Tseng," ]ung Shan Huang, Ming-Shium Hsieh, I and

Ching-Chiung Wang*’*’l

School of Pharmacy, College of Pharmacy, Taipei Medical University, Taipei, Taiwan

*Section of Biologics & Advanced Therapeutic Product Analysis, Division of Research and Analysis, Food and Drug Administration,

Department of Health, Executive Yuan, Taiwan

§Department of Microbiology, Immunology and Biopharmaceutical Sciences, College of Life Sciences, National Chiayi University,

Chiayi, Taiwan

'School of Medicine, College of Medicine, Taipei Medical University, Taipei, Taiwan

*Orthopedics Research Center, Taipei Medical University Hospital, Taipei, Taiwan

ABSTRACT: Vitis thunbergii Sieb. and Zucc. var. taiwaniana Lu is an endemic plant in Taiwan used as a dietary supplement for bone
health. In this study, human chondrocytes were induced to produce COX-2, MMP-3, -13, and PGE, by LPS. An **F-FDG microPET
imaging system was used to evaluate the anti-inflammatory arthritic effects in vivo. Six stilbenes, resveratrol (1), (4)-&-viniferin (2),
ampelopsin C (3), ampelopsin A (4), (—)-vitisin B (5), and (+)-vitisin A (6), were isolated from the stem part of V. thunbergii,
which displayed the strongest PGEZ inhibition. Among these compounds, 1 significantly decreased COX-2 activity, PGE,, MMP-3,
and -13 production in vitro, and "*F-FDG uptake and serum PGE, in rabbits in vivo. Anti-inflammatory effects were enhanced
through the combined usage of 1 and other oligostilbenes. Taken together, the synergistic effects of 1 and oligostilbenes resulted in
stem part extracts with lower 1 content displaying the better anti-inflammatory arthritis effects.
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B INTRODUCTION

Grape (Vitis species) is widely distributed across the world.
Grape leaves and seeds have been commonly used in traditional
Chinese medicine, and fruits are employed as dietary supple-
ments. Recent studies have reported that Vitis species possess
several pharmacological and clinical properties, including anti-
1nﬂammato , anti-oxidative, anti-diabetic, and anti-carcinogenic
properties."”” In Vitis species, Vitis thunbergii Sieb. and Zucc. var.
taiwaniana Lu (Vitaceae) is a wild grape native to Taiwan and
widely used as folk medicine for treating hepatitis, jaundice,
stomachache and so on. Aboriginal people of Taiwan used this
plant to strengthen the body and to treat arthritis.’

In terms of chemical components, several oligostilbenes have
been isolated from Vitis thunbergii var. taiwaniana and most were
resveratrol derivatives. Resveratrol is a well-known anti-oxidative,
anti-tumor, and anti-inflammatory component.‘"5 However, re-
sveratrol derivatives in Vitis species also have several important
pharmacological activities. For example, miyabenol A, viniferin,
and vitisin A, the common resveratrol derivatives isolated from
Vitis species, have been reported to have antl-mﬂammatory, anti-
diabetogenic, and anti-allergic properties. ¢ However, pharmaco-
logical effects of the combined usage of resveratrol and oligos-
tilbenes in treating inflammatory arthritis have not been
previously documented or discussed.

Nowadays, because of increasing life span, inflammatory
arthritis is the most common disease in elderly people.
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Therapeutic strategies for treating arthritis are still analgesia
and disease modification, but these have not been sufliciently
effective. Etiologically, pro-inflammatory mediators played criti-
cal roles in the pathogenesis of inflammatory arthritis. Over-
expressions of pro-inflammatory mediators caused the imbalance
of synthesis and degradation of joint matrix components.”
Prostaglandin E, (PGE,) is a well known inflammatory mediator
that is converted from arachidonic acid by cyclooxygenase-2
(COX-2). PGE, regulates nitric oxide production, cytokine
release, and extracellular matrix (ECM) enzymes activities.®
Overproduction of PGE, causes clinical symptoms in arthritis
patients, including inflammation, joint pain, and cartilage dam-
age. Matrix metalloproteinases (MMPs) are important mediators
in the pathogenesis of inflammatory arthritis. MMPs consist of a
zinc-dependent endopeptidase family and are important aggres-
sive factors in damaging the ECM in articular cartilage. Articular
cartilage can be degraded by MMPs, especially MMP-3 and
MMP-13.° A recent study has reported that inflammatory
arthritis levels are correlated with serum MMP-3 levels. Besides
ECM degradation, MMP-3 also plays an important role as a
proMMP activator, causing damage to articular cartilage."
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In the past decade, people have been seeking to discover a single
element that would act as a “magic bullet” for treating malignant
tumors, chronic hepatitis B infection, gout, etc,'! but therapeutic
efficacy remains suboptimal. At the same time, approximately 30%
of patients have looked for dietary supplements that contain more
than one active component for treating their diseases. U.S. sales of
dietary supplements are almost $20 billion annually."* Harpago-
phytum procumbens and Zingiber officinale are famous dietary
supplements for arthritis patients. Harpagophytum procumbens,
also called devil’s claw, is an anti-inflammatory plants because of its
selective COX-2 inhibitory effects that reduces symptoms of
arthritis patients."®> Curcuma longa and Zingiber officinale are
well-known for their COX-2 inhibitory effects, blockinlg PGE,
and leukotriene production, leading to relief of symptoms.* These
finding suggest that plant extracts are good sources for developing
dietary supplements for arthritis.

In this study, different parts of V. thunbergii var. taiwaniana
were evaluated for anti-inflammatory effects in a LPS-induced
HC model, and the chemical components were isolated. The
anti-inflammatory arthritis effects of isolated-components were
evaluated by in vitro assay, and then the most active components
were observed by an in vivo '*F-FDG microPET imaging system.
In addition, we explored potential synergistic anti-inflammatory
effects of components of V. thunbergii var. taiwaniana and
discussed whether stem part extracts of V. thunbergii var. tai-
waniana could be used as a dietary supplement for treating
inflammatory arthritis.

B MATERIALS AND METHODS

Chemicals. Dimethyl sulfoxide (DMSO), lipopolysaccharide
(LPS), 3-(4.5-dimethylthiazol-2-yl) 2.5-diphenyltetrazolium bromide
(MTT), arachidonic acid, and NS-398 (N-(2-cyclohexyloxy-4-nitro-
phenyl) methanesulfonamide) were purchased from Sigma Industries
(St. Louis, MO, USA). Pronase and collagenase Type IV were purchased
from Roche and Sigma, respectively. Dulbecco’s modified Eagle's
medium (DMEM), fetal bovine serum (FBS), antibiotics, glutamine,
and other cell culture materials were purchased from GIBCO BRL
(Grand Island, NY, USA). Western blotting antibodies against COX-2
(clone C-20) anti-GAPDH (clone 6CS) were purchased from Santa
Cruz Biotechnology (Santa Cruz, CA, USA). Acetonitrile and trifluor-
oacetic acid (TFA) used for HPLC analysis were of chromatographic
grade and were purchased from J.T. Baker (Phillipsburg, NJ, USA).
Sephadex LH-20 was purchased from Amersham Pharmacia Biotech AB
(Uppsala, Sweden). LiChroprep RP-18 (40—63 um) was purchased
from Merck (Darmstadt, Germany).

Preparation of the V. thunbergii Extracts. Different parts of
V. thunbergii (stem, branch, leaf, and root) were purchased from a herb
store in Hualian, Taiwan, in December 2006 and identified by Chi-Luan
Wen (Assistant Research Fellow in Taiwan Seed Improvement and
Propagation Station). The voucher specimens (VT-001 to VT-004)
were deposited in Department of Microbiology, Immunology and
Biopharmaceutical Sciences, College of Life Sciences, National Chiayi
University, Chiayi, Taiwan. Four parts of V. thunbergii were individually
refluxed with methanol for 1 h, evaporated under vacuum using a
rotatory evaporator, and freeze-dried to obtain the methanolic extract.

Human Chondrocytes Culture. Knee cartilage was obtained
from patients undergoing total joint replacement surgery, and human
chondrocytes (HC) were kindly obtained from Dr. Ming-Shium Hsieh’s
laboratory." Informed consent was obtained in accordance with the
guidelines set forth by the Taipei Medical University Hospital Institu-
tional Review Board. Cells were incubated at 37 °C in a humidified
atmosphere of 5% CO, with DMEM medium and confirmed by Safranin

O solutions (data not shown). Experiments were performed with third
to fifth passage cells.

Isolation of Oligostilbenes from Stem and Root of
V. thunbergii var. taiwaniana. The dried stems and roots of
V. thunbergii var. taiwaniana were extracted with methanol under reflux
for 1 h. The filtrate was concentrated in a rotary evaporator at 45 °C and
freeze-dried to obtain the methanolic extract of stem and root.

A portion of the methanolic extract of the stem (16.85 g) dissolved in
methanol was chromatographed through a Sephadex LH-20 column
(2.5 cm id. x 51 cm) eluted with methanol (100 mL/fraction) to give
fractions A; to X;. Fraction F; (1.16 g) and fraction G, (835 mg) were
rechromatographed through a LiChroprep RP-18 column (2.5 cm i.d. X
57 cm) eluted with 0.05% TFA—CH;CN (75:2S and 70:30) to obtain
resveratrol (1, 11 mg) and (+4)-¢-viniferin (2, 352 mg), respectively.
Fraction H; (717 mg) was rechromatographed through a LiChroprep
RP-18 column (2.5 cm i.d. X 57 cm) eluted with 0.05% TFA—CH;CN
(70: 30) to obtain ampelopsin C (3, 110 mg).

A portion of the methanolic extract of the root (10 g) dissolved in
methanol was chromatographed through a Sephadex LH-20 column
(2.5 em id. x 51 cm) eluted with methanol (100 mL/fraction) to give
fractions A, to X,. Fraction E,—F, (1338 mg) was rechromatographed
through a LiChroprep RP-18 column (2.5 cm i.d. X 52 cm) eluted with
0.05% TFA—CH;CN (81:19) to obtain ampelopsin A (4, 110 mg).
Fraction I, (413 mg) was purified with an ODS-80TS preparative HPLC
column (20 mm id. X 300 mm, 10 #m, Tosoh, Tokyo, Japan) with
0.05% TFA—CH;3CN (65:35) at a flow rate of 10 mL/min and detected
at 280 nm to obtain (—)-vitisin B (5, 28 mg). Fraction J,—R, (2162 mg)
was rechromatographed through a LiChroprep RP-18 column (2.5 cm
id. x 52 cm) eluted with 0.05% TEA—CH;CN (70:30) to obtain (+)-
vitisin A (6, 208 mg). Structural determinations of these six oligostil-
benes were estimated by 'H- and '*C NMR, including 2D-NMR
techniques, and also by comparison of those data with authentic
compounds in published papers.® The purities of resveratrol (1), (++)-
&-viniferin (2), ampelopsin C (3), ampelopsin A (4), (—)-vitisin B (5),
and (+)-vitisin A (6) were determined by HPLC and were 98.4%,
95.6%, 94.8%, 96.2%, 91.5%, and 97.0%, respectively.

Resveratrol (1) ESI-MS m/z: 227 [M — H] . UV 4,,,, nm (log ¢€):
319 (4.55). "H NMR (500 MHz, acetone-dg) O (ppm): 740 (2H, d, J =
8.6 Hz, H-2, H-6), 7.00 (1H, d, ] = 16.3 Hz, H-8), 6.87 (1H, d, ] = 16.3
Hz, H-7), 6.83 (2H, d, J = 8.6 Hz, H-3, H-5), 6.53 (2H, d, J = 1.9 Hz,
H-10, H-14), 626 (1H, t, ] = 1.9 Hz, H-12). *C NMR (125 MHz,
acetone-dg) O (ppm): 159.5 (C-11, C-13), 158.1 (C-4), 140.8 (C-9),
129.9 (C-1), 129.1 (C-8), 128.7 (C-2, C-6), 126.8 (C-7), 116.3 (C-3,
C-5), 105.5 (C-10, C-14), 102.5 (C-12).

(4)-¢&-Viniferin (2) ESI-MS m/z: 453 [M — H] . UV ,,,, nm (log
€): 325 (4.47). "H NMR (500 MHz, acetone-dg) & (ppm): 7.19 (2H, d,
J=8.4Hz,H-2/,H-6¢'),7.16 (2H, d, ] = 8.5 Hz, H-2, H-6), 6.90 (1H, d, J
= 16.5 Hz, H-8), 6.83 (2H, d, ] = 8.4 Hz, H-3/, H-5'), 6.72 (1H, brs,
H-12),6.73 (2H, d, ] = 8.5 Hz, H-3,H-5), 6.70 (1H, d, ] = 16.5 Hz, H-7),
6.32 (1H, brs, H-14), 6.23 (3H, brs, H-10', H-12/, H-14'), 5.41 (1H, d, J
=5.4,H-7'),4.47 (1H, d, ] = 5.4, H-8'). > C NMR (125 MHz, acetone-
dg) 0 (ppm): 162.4 (C-11), 159.8 (C-11/, C13’), 159.50 (C-4'), 159.45
(C-4),158.1(C-13),147.4 (C-9),136.4 (C-9), 133.8 (C-1'), 130.1 (C-
8), 129.8 (C-1), 128.7 (C-2,C-6),127.9 (C-2/,C-6'),123.4 (C-7),119.8
(C-10), 1162 (C-3, C-5), 116.0 (C-3/, C-§'), 106.9 (C-10/, C-14"),
104.1 (C-14), 101.9 (C-12'), 96.7 (C-12), 93.9 (C-7'), 57.1 (C-8').

Ampelopsin C (3) ESI-MS m/z: 679 [M — H] . UV A, nm (log €):
283 (4.14). "H NMR (500 MHz, acetone-dg) & (ppm): 7.25 (2H, d, ] =
8.5 Hz, H-2b, H-6b), 7.17 (2H, d, ] = 8.5 Hz, H-2a, H-6a), 7.00 (2H, d,
J = 8.5 Hz, H-2¢c, H-6¢), 6.79 (2H, d, ] = 8.5 Hz, H-3b, H-5b), 6.71 (2H,
d, ] = 8.5 Hz,H-3c, H-5¢), 6.67 (2H, d, ] = 8.6 Hz, H-33, H-5a), 6.33 (1H,
d, ] =2.0 Hz, H-12b), 6.17 (2H, d, J=2.0 Hz, H-10c, H-14c), 6.16 (1H, t,
J = 2.0 Hz, H-12¢), 6.15 (1H, d, J = 2.0 Hz, H-14b), 6.14 (1H, s,
H-12a),5.81 (1H, d, ] = 11.7 Hz, H-7b), 5.25 (1H, d, ] = 3.3 Hz, H-7a),
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4.45 (1H,d, ] = 11.7 Hz,H-8b), 4.23 (1H, d, ] = 9.5 Hz, H-7¢), 3.73 (1H,
dd, ] = 11.7, 9.5 Hz, H-8¢), 3.63 (1H, d, ] = 11.7 Hz, H-8a). *C NMR
(125 MHz, acetone-dg) 6 (ppm): 159.5 (C-11c), 159.2 (C-13c), 158.5
(C-4b), 156.7 (C-11b, C-13b), 155.8 (C-4a), 155.7 (C-4c), 154.6 (C-
11a, C-13a), 146.8 (C-9c), 144.1 (C-9a), 141.7 (C-9b), 133.3 (C-1a),
132.8 (C-1c), 130.8 (C-1b), 130.5 (C-2a, C-6a), 130.2 (C-2b, C-6b),
130.0 (C-2¢, C-6¢), 124.7 (C-10b),121.0 (C-14a), 116.0 (C-3b, C-5b,
C-10a), 115.8 (C-3c, C-5¢), 115.4 (C-3a, C-5a), 107.3 (C-10c, C-14c),
105.9 (C-14b), 101.6 (C-12c), 101.5 (C-12b), 96.6 (C-12a), 90.6 (C-
7b), 62.1 (C-8c), 57.4 (C-7c), 52.5 (C-8a), 48.8 (C-8b), 37.5 (C-7a).
Ampelopsin A (4) [a]B = —216.7° (c 0.09, MeOH). ESI-MS m/z:
469 [M — H] ™. "HNMR (500 MHz, acetone-dg) O (ppm): 7.09 (2H, d,
J=8.6Hz, H-2a, 6a), 6.88 (2H, d, ] = 8.2 Hz, H-2b, 6b), 6.76 (2H, d, ] =
8.4 Hz, H-3a, Sa), 6.62 (2H, d, ] = 8.6 Hz, H-3b, Sb), 6.60 (1H, d, ] =2.2
Hz, H-14b), 6.41 (1H, d, J = 2.2 Hz, H-12a), 6.21 (1H, brs, H-14a), 6.14
(1H, d,J = 2.2 Hz, H-12b), 5.74 (1H, d, ] = 11.4 Hz, H-7a), 5.43 (1H, d,
J = 4.8 Hz, H-7b), 5.39 (1H, d, ] = 4.8 Hz, H-8b), 4.14 (1H,d, = 11.4
Hz, H-8a). '*C NMR (125 MHz, acetone-dg) O ppm): 160.2 (C-13a),
1589 (C-11b), 158.8 (C-13b), 158.4 (C-4b), 157.2 (C-4a), 156.0 (C-11a),
143.1 (C9a), 1404 (C9b), 132.7 (C-1a), 130.9 (C1b), 129.9 (C-2a,
C-6a), 128.73 (C-2b, C-6b), 118.9 (C-10a), 118.3 (C-10b), 115.9 (C-3a,
C-5a), 115.4 (C-3b, C-5b), 110.4 (C-14b), 105.4 (C-14a), 101.4 (C-12a),
97.0 (C-12b), 88.4 (C-7a), 71.1 (C-8b), 49.6 (C-8a), 43.9 (C-7b).
(—)-Vitisin B (5) [a]y = —171.04° (¢ 0.6, MeOH). ESI-MS m/z: 905
[M — H] ™. UV Ao nm (log &): 288 (4.32), 323 (4.50). "H NMR (500
MHyz, acetone-dg) O (ppm): 7.26 (2H, d, ] = 8.6 Hz, H-2a, H-6a), 7.20
(2H, d, ] = 8.5 Hz, H-2d, H-6d), 7.14 (1H, d, ] = 8.3 Hz, H-6b), 6.90 (2H,
d, ] = 8.6 Hz, H-3a, H-5a), 6.83 (2H, d, J = 8.6 Hz, H-3d, H-5d), 6.76
(1H, d, J = 16.8 Hz, H-8b), 6.70—6.62 (5H, m, H-Sb, H-2b, H-14b,
H-2¢, H-6¢), 6.60 (1H, d, ] = 16.8 Hz, H-7b), 6.58 (2H, d, ] = 8.6 Hz,
H-3¢, H-5¢), 6.31 (2H, brs, H-12¢), 6.24—6.20 (SH, m, H-12b, H-10d,
H-14d, H-12d, H-14c), 6.19 (1H, d, ] = 2.1 Hz, H-12a), 6.12 (2H, d, ] =
2.2 Hz, H-10a, H-14a), 5.53 (1H, d, ] = 4.7 Hz, H-7¢), 5.41 (2H, m,
H-7d,H-7a), 4.53 (1H, d, ] = 4.5 Hz, H-8a), 446 (1H, d, ] = 5.4 Hz, H-8d),
4.32 (1H, d, ] = 4.7 Hz, H-8¢). *C NMR (125 MHz, acetone-ds) & (ppm):
162.4 (C-11b), 162.3 (C-11c), 160.2 (C-13c), 160.0 (C-4b), 159.8 (C-11a,
C-13a), 159.4 (C-11d, C-13d), 158.1 (C-13b), 157.9 (C-4d), 157.7 (C-4a),
147.3 (C-4c), 142.1 (C9a), 136.3 (C-9d), 134.3 (C9c), 134.2 (C-9b),
133.8 (C-1a), 132.5(C-1d), 132.3 (C-1b, C-1c), 131.7 (C-3b), 130.3
(C-8b), 127.9 (C-2c, C-6¢), 127.8 (C-2d, C-6d), 127.5 (C-2a, C-6a), 126.4
(C-6b), 125.6 (C-2b), 123.9 (C-7b), 119.8 (C-10b), 119.7 (C-10c), 116.3
(C-3a,C-5a), 116.1 (C-3d, C-5d), 115.8 (C-3c, C-5¢c), 110.5 (C-5b), 107.0
(C-10d, C-14d), 106.9 (C-14c), 106.8 (C-10a, C-14a), 104.4 (C-14b),
102.4 (C-12a), 102.1 (C-12d), 96.8 (C-12b), 96.4 (C-12c), 94.0 (C-7d),
93.8 (C-7a), 91.1 (C-7c), 57.0 (C-8d), 56.8 (C-8a), 52.1 (C-8c¢).
(+)-Vitisin A (6) [a]} = +363.5° (¢ 0.8, MeOH). ESI-MS m/z: 905
[M — H] ™. UV Ao nm (log &): 286 (4.37), 331 (4.50). "H NMR (500
MHpz, acetone-ds) O (ppm): 7.19 (2H, d, J = 8.5 Hz, H-2a, 6a), 7.14 (2H,
d, J = 8.5 Hz, H-2¢, H-6¢), 7.02 (2H, d, ] = 8.3 Hz, H-2d, H-6d), 6.87
(1H, dd, J = 8.4, 2.2 Hz, H-6b), 6.81 (2H, d, ] = 8.5 Hz, H-3a, Sa), 6.77
(2H, d, ] = 8.5 Hz, H-3¢, H-5¢), 6.68 (1H, d, ] = 8.4 Hz, H-5b), 6.65 (2H,
d,J=8.3 Hz,H-3d, H-5d), 6.50 (1H, d, ] = 2.2 Hz, H-14b), 6.38 (2H, brs,
H-7b, H-8b), 6.25 (1H, d, J = 2.2 Hz, H-12b), 6.23 (1H, d, ] = 2.2 Hz,
H-14c), 6.21 (1H, d, J = 2.2 Hz, H-12a), 6.16 (2H, d, ] = 2.2 Hz, 10a,
14a),6.08 (1H, d, ] = 1.8 Hz, H-2b), 6.07 (1H, d, ] = 2.2 Hz, H-12d), 6.04
(1H, d, J = 1.8 Hz, H-14d), 6.01 (1H, d, ] = 2.2 Hz, H-12c), 5.87 (1H, d,
J=11.6 Hz, H-7¢), 5.47 (1H, d, ] = 3.3 Hz, H-8d), 5.38 (1H, d,J=3.3 Hz,
H-7d), 5.35 (1H, d,J=5.3 Hz, H-7a), 4.40 (1H, d, ] = 5.3 Hz, H-8a), 4.23
(1H, d, ] = 11.6 Hz, H-8c). "*C NMR (125 MHz, acetone-dg) O (ppm):
162.5 (C-11b), 160.3 (C-13d), 159.7 (C-11a, C-13a), 159.4 (C-13b),
158.7 (C-11d), 1584 (C-4c), 158.1 (C-4a), 157.8 (C-11c), 156.9
(C-13¢c), 155.9 (C-4d), 155.1 (C-4b), 147.2 (C-9a), 142.3 (C-9c),
1412 (C-9d), 136.5 (C-9b), 1353 (C-1d), 133.9 (C-la), 132.7
(C-3b), 132.5 (C-2b), 131.1 (C-1c), 131.0 (C-8b),130.1 (C-2c, C-6¢),

128.9 (C-1b), 128.8 (C-2d, C-6d), 127.9 (C-2a, C-6a), 123.6 (C-6b),
122.6 (C-7b), 120.3 (C-10c), 120.0 (C-10d), 119.1 (C-10b), 116.0 (C-
3a,C-5a), 115.9 (C-3¢, C-5¢), 115.4 (C-3d, C-5d, C-5b), 110.0 (C-14d),
106.8 (C-10a, C-14a), 104.9 (C-14c), 104.3 (C-14b), 102.0 (C-12a),
100.7 (C12¢), 96.5 (C-12b), 96.0 (C-12d), 93.8 (C-7a), 88.4 (C-7c),
57.1 (C-8a), 49.4 (C-8¢), 41.3 (C-8d), 40.7 (C-7d).

HPLC analysis of stem parts of V. thunbergii var. taiwaniana was as
follows: reversed-phase LiChrospher 100 RP-18e column (4 mm x 250
mm, S #m, Merck); column temperature, 40 °C; mobile phase, 0.05%
TFA-acetonitrile (0 min, 95:5; 50 min, 55:45; 60 min, 55:45; 61 min,
95:5; 70 min, 95:5) (v/v); flow rate, 1.0 mL/min, monitored at 280 nm.
Ten microliter portions were injected into the column. The retention
times of 1 to 6 were 30.66 min, 39.37 min, 36.34 min, 24.66 min, 46.84
min, and 41.56 min, respectively.

Cytotoxicity, PGE,, and MMPs Inhibitory Assays. HC (1 x
10° cells/mL) were seeded on a 96-well plate for 1 day. We co-treated
the test samples and LPS (1 yg/mL) or IL-1/3 (S ng/mL) for 18 h. In the
PGE, synergistically inhibitory assay, the experimental design was
modified from Murakami’s study.'®'” The synergistic effect was defined
as the experiment data (%) > calculation data (%), where experiment
data (%) = inhibitory effect of compounds A in combination with B, and
calculation data (%) = inhibitory effect of compound A plus B. HC were
cotreated with LPS (1 #g/mL), 1 (10 4M), and other oligostilbenes (25
uM) for 18 h to evaluate the PGE, inhibitory effects. HC cell viability
was examined by the MTT assay, and the cell culture supernatant was
collected. The PGE,, MMP-3 and -13 concentrations were detected by
commercial assay kits (Assay Designs, Michigan, USA).

COX-2 Protein Expression Assay. Equal amounts of protein
were prepared and separated on 10% nonreducing SDS—polyacryla-
mide gels. Gels were applied to immobilon-P PVDF membranes
(Millipore, Bedford, MA, USA), and non-specific binding was blocked
with 1% bovine serum albumin at 37 °C for 1 h. Blots were incubated
overnight at 4 °C with anti-COX-2 and anti-a.-GAPDH antibodies.
Membranes were washed with PBST and incubated for 1 h at 37 °C with
alkaline phosphatase-conjugated secondary antibodies. Protein expres-
sion was visualized by staining with the S-bromo-4-chloro-3-indolyl
phosphate/nitro blue tetrazolium substrate solution (BCIP/ NBT).

COX-2 Activity Assay. The assay procedure was modified from
that in previous studies.'® HC was pre-treated with LPS (1 ug/mL) for
18 h in a 10-cm dish. After overnight incubation, HC was washed with
PBS and seeded on a 24-well plate, with 1 X 10° cells/mL. We co-treated
the test samples and arachidonic acid (100 #M) for 30 min. The cell
culture supernatant was collected for PGE, detection.

Animals. New Zealand White rabbits (1.5—2.5 kg) were used in the
in vivo experiment. They were maintained at 21 & 2 °C with food and
water ad libitum and kept on a 12-h light/12-h dark cycle. All rabbits
used in this experiment were cared for according to the Ethical
Regulations on Animal Research of Taipei Medical University
(Approval No.: LAC-97-0005).

Table 1. Cytotoxicity and PGE, Inhibitory Effects of Differ-
ent Parts of V. thunbergii

PGE, inhibition® (%)

parts cell viability” (%) LPS-induced IL-1$-induced
stem 97.06 +2.71 7129 +7.08 22.50+6.20
branch 98.23 + 1.60 67.86 +£4.19 4.90 £4.10
leaf 80.66 + 1.84 54.25+4.25 1.02+1.77
root 73.57 £1.95 24.06 £+ 9.85 3.50 £5.53
indomethacin” 98.59 +£1.35 93.47 & 0.61 94.14 £ 1.11

“ Concentrations of all test samples were 100 tg/mL. ? Concentration of
indomethacin was 10 uM.
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Figure 1. Chemical structure (A) and inhibitory percentage of 6 oligostilbenes isolated from the stem part of V. thunbergii in LPS-induced HC PGE,
expression (B). The 6 oligostilbenes were resveratrol (1), (+)-¢-viniferin (2), ampelopsin C (3), ampelopsin A (4), (—)-vitisin B (5), and (+)-vitisin A
(6). The significance between the blank and control group was statistically calculated by the one-way ANOVA test.

Acute Inflammatory Arthritis Induced by LPS. LPS (10 ng in
100 uL of phosphate buffered saline (PBS)) was used to induce acute
arthritis in rabbits. Experimental procedures were established in our
previous study.'® On day 0, LPS was injected into the rabbits’ right knee
joint. The experimental group received oral administration of 1 (10 mg/
kg) on day 0, 2, 4, and 6. The control group received the vehicle. Serum
was collected from the ear veins on day 0, 2, 4, and 6. '8E_FDG PET was

performed on day 1 (16 h after LPS injection) and day 7. Anti-arthritis
activity of 1 was assessed with 2-'*F-fluoro-2-deoxy-D-glucose positron
emission tomography (**F-FDG PET) and simultaneous assessment of
serum PGE, concentrations

'8F-FDG PET Examination. A Concorde microPET R4 scanner
(Concorde Microsystems, Knoxville, TN, USA) was used in the ‘°F-
FDG-PET analysis. Rabbits received an averaged 38.0 MBq of FDG by
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intravenous bolus injection into one of the ear veins. A 1200-s emission
PET scan was done after FDG administration for 2 h. We reconstructed
the PET images through Fourier rebinning and ordered-subset expecta-
tion maximization (OSEM) using default corrections for radioactive
decay, dead time, and attenuation provided by the vendor. To evaluate
the arthritis level, standard uptake value (SUV), the most popular
quantitation parameter of PET, was used and defined as follows:

ROI(uCi/mL)

SUV' = Gose(uCi)/[BW(g) /6 (g/mL)]

where ROI indicates the region of interest (maximum radioactivity
concentration in the ROI is usually used). Dose indicates the total dose
injected. BW and O are the rabbit’s body weight and average body
density, respectively. Generally, & was set to 1.>” We used ASIPro VM
analysis software to draw the ROIs and to determine the SUVs.

Statistical Analysis. Data are presented as the mean and SD. Data
were analyzed with the Student’s t-test and the one-way ANOVA test
using SPSS software.

B RESULTS

PGE; Inhibitory Effects of Different Parts of V. thunbergii
var. taiwaniana. Different parts of V. thunbergii (stem, branch,
leaf, and root) were extracted with methanol. The cytotoxicity
and PGE, concentrations were measured in a LPS and IL-13-
induced HC model. As Table 1 showed, the stem part displayed
the better PGE, inhibitory effects than the other parts in both
LPS and IL-15-induced HC without any cytotoxicity. Thus, the
active chondroprotective components were isolated from the
stem part of V. thunbergii.

PGE; Inhibitory Effects of the 6 Oligostilbenes in LPS-
Induced HC. Six oligostilbenes isolated from the stem part of
V. thunbergii did not show any cytotoxicity in HC at 100 uM
(data not shown). Among the 6 oligostilbenes, 1 and 3 showed
better PGE, inhibitory effects than the others (Figure 1C), while
the ICs, values were 73.32 £ 1.74 and 15.52 &£ 2.69 uM, res-
pectively.

Inhibitory Effects of 1 on COX-2 Enzyme Activity. The
COX-2 protein expression and enzyme activity of 1 were
evaluated in LPS-induced HC. Results showed that 1 did not
inhibit the protein expression of COX-2 in LPS-induced HC
(Figure 2A), but significantly inhibited COX-2 activity in a dose-
dependent manner, while the ICs, value was 27.01 & 1.11 uM
(Figure 2B). NS-398, the COX-2-selective inhibitor, was used as
a positive control and displayed strong inhibitory effects on
COX-2 enzyme activity.

Inhibitory Effects of 1 on MMP-3 and MMP-13 Expres-
sions. MMP-3 and MMP-13 played an important role in the
degradation and turnover of articular cartilage. First, the MMP-3
and -13 levels in HC could be activated by LPS-induction. As
shown in Figure 2B, 1 (25—100 M) inhibited MMP-3 expres-
sions in a dose-dependent down-regulating manner in LPS-
induced HC and showed a more than 40% inhibitory rate at
100 uM. Moreover, 1 also significantly inhibited the MMP-13
expressions in a dose-dependent manner, while the ICg, value
was 38.42 £ 0.46 uM.

Inhibitory Effects of 1 on LPS-Induced Rabbit Acute
Inflammatory Arthritis. In the microPET imaging system, the
brighter areas in transverse and coronal views of the knee joint
indicate the accumulation of '*F-FDG, showing the more severe
inflammatory arthritis status. As shown in Figure 3A, the micro-
PET image of the knee joint of the sham group displayed a weak
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Figure 2. Inhibitory effects of 1 on COX-2 protein expression (A),
enzyme activity (B), and MMP-3 and MMP-13 expression (C). The
significance between the blank and control group was statistically
calculated by the one-way ANOVA test.

Table 2. Analysis of 1 on LPS-Induced Rabbit Knee Arthritis
in SUV

variations of the maximal SUV

group day 1 day 7
control 0.59 £ 0.07 2.1140.18°
1 1.1140.57 1.68 £ 0.03"

“Day 7 of control compared with Day 1, p < 0.005. *Day 7 of 1
compared with Day 7 of control, p < 0.0S.

signal, suggesting non-inflammatory status. After injecting the
LPS into the right joint, the brighter areas displayed on the
microPET image indicated the acute inflammatory arthritis of the
control group. Administration of 1 (10 mg/kg) resulted in
displaying a less bright area than the control group in the
transverse and coronal views of the knee joint. The level of
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Figure 3. Transverse and coronal orthogonal views of a typical PET image volume of a pair of rabbit knees on day 7 (A) and inhibitory effects of 1 on
serum PGE, of LPS-induced rabbits (B). Note that the anterior (A, head) —posterior (P, tail) and right (R) —left (L) labels are all reversed with respect to
the actual imaging orientations. Sham, no LPS induction; control, injection of LPS in right knee; treatment, oral administration of 1 (10 mg/kg) before

LPS injection. **: p < 0.005, compared with the control group.

inflammatory arthritis was performed by SUV, the most popular
quantitation parameter of microPET. The SUV of the control
group on day 7 was significantly higher than that on day 1. After
treating with 1, SUV was significantly lower than that of the
control group, meaning the potential anti-inflammatory arthritis
ability (Table 2). In addition, the serum PGE, levels were also
evaluated. The control group displayed the higher serum PGE,
levels than the sham group on days 2, 4, and 6. The 1-treated
group displayed a down-regulating trend of serum PGE,,

while it showed significantly inhibitory effects on days 2 and 6
(Figure 3B).

Synergistic Effects of 1 and Other Oligostilbenes on PGE,
Inhibition. First, the PGE, inhibitory effects of lower dosages of
1 (10 uM) and other oligostilbenes (25 ©M) were about 47%
and 7 to 11%, respectively. The synergistically anti-inflammatory
arthritic effects of 1 combined with other oligostilbenes were
significantly better than 1 or oligostilbenes alone (Table 3).
Moreover, the synergistic effect of S was stronger than the others.
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Table 3. Synergistic PGE, Inhibitory Effects of Oligostil-
benes in LPS-Induced HC”

inhibition inhibition
samples (%, calculation datab) (%, experiment data®)
1 47.10 £5.24
2 11114972
3 2.57 4 4.40
4 7.93+6.64
s 1148 £3.20
6 0.00 + 1.04
1+2 57214149 93.16 + 4.98"
1+3 49.67 +9.64 72.98 4 4.61¢
1+4 55.03+11.9 88.88 £ 0.50"
1+5 58.58 & 8.44 95.77 4+ 0.57¢
1+6 4710+ 626 62.49 & 7.40°

“ Concentration of 1 was 10 uM. Concentrations of other oligostilbenes
(2—6) were 25 uM. " PGE, inhibitory percentage of the summarization
of 1 and other oligostilbenes. “PGE, inhibitory percentage of co-
treatments of 1 and other oligostilbenes. “p < 0.005, experiment data
compared with the calculation data.

We suggest that the anti-inflammatory arthritis effects can be
enhanced through combined usage.

W DISCUSSION

The prevalence of overall arthritis has grown since the past
decade because of the world’s aging population. In 2003, about
46.4 million people in the U.S. had suffered arthritis, and that
number will exceed 67 million by 2030.>' The trend in manage-
ments of inflammatory arthritis is to reduce pain and physical
limitations. However, side effects are a big problem when we use
modern medicines to treat inflammatory arthritis.”* Increasingly,
dietary supplements are widely used to treat inflammatory
arthritis. According to the 2007 National Health Interview
Survey (NHIS) in the U.S., the use of natural products
(17.7%) is an important part of alternative medicine. Specifically,
the frequency of adults using alternative medicine to treat arthritis,
including joint pain or stiffness, reached 8.7%, indicating that
treating arthritis with natural products is popular in the U.S.>®

Vitis species are rich in phytophenol and have been used for
centuries as therapeutic agents for treating inflammatory dis-
eases, with its NO and PGE, inhibitory properties.*** Phyto-
phenols are classified as single-ring phenolic acids, bisphenols,
including stilbenes, tricyclic phenols, and subclasses. In this
study, six polyphenol-type oligostilbenes were isolated from
the stem part of Vitis thunbergii var. taiwaniana, including 1
(resveratrol monomer), 2 and 4 (resveratrol dimer), 3 (resvera-
trol trimer), and S and 6 (resveratrol tetramer). Of the six oligo-
stilbenes, 1, the oligostilbene monomer, displayed the strongest
anti-inflammatory arthritis properties the in vitro and in vivo
models. In the pathogenesis of arthritis, PGE, and MMP-3 are
involved in the formation of intra-articular inflammation and
cartilage damage, leading to inflammatory arthritis.*> Among the
6 isolated oligostilbenes, only 1 displayed significant MMP-3 and
-13 inhibitory effects and COX-2 activity inhibition, resulting in
the down-regulation of PGE, expression, which ameliorated joint
degradation resulting from inflammation (Figure 2).

At present, extensive research on the structure activity rela-
tionship (SAR) of natural oligostilbenes derivatives has been

reported. Evidence has shown that no regular rules were ob-
served between the cytotoxicity and molecular structure of
resveratrol derivatives.”® Moreover, in Ha’s study, the relation-
ship of different resveratrol derivatives on anti-oxidative abilities
was discussed. Results were the same as our previous finding that
resveratrol displayed the strongest bioactivity,”” while oligostil-
benes with complex structures showed weaker bioactivity than
stilbenes. In this study, stem part extracts of V. thunbergii
displayed the strongest PGE, inhibitory effects (Table 1). How-
ever, in Yang’s study, amounts of 1 in the leaf epidermis and grape
skins ranged from 571.0 to 38.0 1g/100 g fresh samples and
even less in other parts.”® However, 1 and 3 were the minor and
2, 4, and $ were the major components in the stem part of
V. thunbergii (data not shown), which displayed the strongest
PGE, inhibitory effects among the four parts (Table 1). As for the
PGE, inhibitory effects, single treatment with the lower dosage of
1 (10 M) displayed approximately 50% PGE, inhibition, but in
higher doses of other oligostilbenes (25 uM), the inhibitory
effects were not prominent. Once we co-treated with 1 and other
oligostilbenes, the PGE, inhibitory effects were stronger than the
single treatment. Moreover, the major component, 5, showed
the strongest enhancing effects in the six oligostilbenes from
V. thunbergii (Table 3). We suggested that the synergistic inhibitory
mechanisms of 1 could relate to the anti-oxidation of the co-
treated compound. According to the results of our other project,
the anti-oxidative effects of 5 was strongest in the six oligostil-
benes by the ABTS-" radical scavenging assay. The anti-
oxidative compound, §, could more prevent the oxidation of 1.
Therefore, the synergistic effect of § was stronger than the others.
This is the first report that indicates that 1 in combination with
other oligostilbenes could synergistically inhibit inflammatory
arthritis.

Resveratrol (1) is a well-known natural anti-tumor product, and
toxicity is an important side effect. In Cottart’s study, the admin-
istration of 1 (over S g/70kg) as a single dose, approximately 1/40
and 1/200, would cause nephrotoxicity.”’ In the LPS-induced
rabbit acute inflammatory arthritis model, rabbits were only
administrated with 1 at 10 mg/kg, which resulted in displaying
inhibition effects. The effective dose (about 0.7 g/70kg) of 1 was 7
times less than the approximate toxicity dosage (S g/70 kg).
Combined usage of a low dose 1 and other oligostilbenes would
increase its anti-inflammatory efficacy, while the toxicity induced
by 1 could be avoided. The results indicate that the extract of
V. thunbergii (mixture components) has value as a medical food
and can be used to develop nutritional supplements.

In conclusion, we found that 1 was a potential anti-inflamma-
tory arthritis component in the stem part of V. thunbergii through
both in vitro and in vivo models. The possible mechanism was
through decreasing PGE,, MMP-3, and MMP-13 expressions.
Moreover, it was the first time that other oligostilbenes have been
shown to possess synergistic anti-inflammatory arthritis effects
when taken with 1. Besides the well-known grape seed, we
suggest that the stem part of V. thunbergii is also a fine source
for developing anti-inflammatory arthritis dietary supplements.
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B ABBREVIATIONS USED

COX-2, cyclooxygenase-2; ECM, extracellular matrix; E.FDG
PET, 2-'°F-fluoro-2-deoxy-p-glucose positron emission tomo-
graphy; HC, human chondrocytes; HPLC, high-performance
liquid chromatography; LPS, lipopolysaccharide; MMPs, matrix
metalloproteinases; PBS, phosphate buffered saline; PGE,, pros-
taglandin E,; SUV, standard uptake value.
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