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Alpinia oxyphylla Miq. (Zingiberaceae) is widely cultivated
and distributed in southern China. The fruits of this plant
have been used as a traditional medicine in Korea and other
oriental countries for the treatment of gastrointestinal dis-
orders, urosis, diuresis, ulceration, and dementia. The plants
in the genus of Alpinia are reported to be rich of diaryl-
heptanoids, sesquiterpenoids, and flavonoids.! Previous
pharmacological investigations have indicated that the fruits
of A. oxyphylla possess various activities, including anti-
oxidative,® anti-inflammatory, anti-angiogenic,’ anti-ulcer,®
and neuroprotective activities.”” Recently, diarylheptanoids
and sesquiterpenes have been isolated from this plant, and
some of which showed the inhibitory effects on nitric oxide
production.'®"® As part of our continuing search for inhibitors
of nitric oxide (NO) production from medicinal plants, we
investigated the active constituents of the fruits of 4. oxyphylla.
As a result, a new noreudesmane-type sesquiterpenoid,
4-methoxy-oxyphyllenone A (1), along with 15 known
compounds was isolated and identified. The present paper
describes the structure determination of the new compound
1 and the inhibitory effects of the isolated compounds on
NO production.

The dried fruits of 4. oxyphylla were extracted with meth-
anol and fractionated successively with n-hexane, CH,Cl,,
and water. The CH»Cly-soluble fraction was subjected to
various column chromatography and led to the isolation of
the new noreudesmane-type sesquiterpenoid and 15 known
compounds (Figure 1).

Compound 1 was isolated as a yellow gum. The HR-ESI-
MS of compound 1 exhibited a protonated molecular ion
peak at m/z 225.1485 [M+H]" (caled. 225.1491) and established
the molecular formula of C;3H003, implying four degrees of
unsaturation. The IR spectrum showed absorptions at 3271
and 1647 cm™', which indicated the presence of a hydroxyl
and a,B-unsaturated ketone. The 'H NMR spectrum of
compound 1 displayed the presence of two tertiary methyls
at ou 1.37 (s, CH3-15) and 1.41 (s, CH3-14), an oxygenated
methine at &y 3.70 (dd, J = 3.0, 3.0 Hz, H-3), a methoxyl
group at dy 3.06 (s, OCHs-4), and an olefinic proton at i
5.99 (s, H-6). The *C NMR and HMQC spectra of compound
1 revealed 13 carbon signals, including a ketone carbon (8¢
201.2), two olefinic carbons (8¢ 166.3 and 127.8), an oxy-
genated methine carbon (8¢ 74.5), an oxygenated quaternary
carbon (8¢ 78.1), and a methoxy carbon (d¢ 48.6). All the
above data indicated that compound 1 was a noreudesmane-
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Figure 1. Structures of compounds 1-16.
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type sesquiterpenoid.'® The planar structure of compound 1
was further determined by 2D NMR experiments such as
COSY, HMQC, and HMBC spectra (Figure 2). The 'H-'H
COSY spectrum revealed the two spin systems correspond-
ing to H-1/H-2/H-3 and H-8/H-9. In the HMBC spectrum,
the correlations from CH3-15 (85 1.37) to C-3 (d¢ 74.5), C-4
(8¢ 78.1), and C-5 (8¢ 166.3), and from CH3-14 (81 1.41) to
C-1 (8¢ 33.9), C-10 (8¢ 35.1), C-9 (8¢ 39.6), and C-5 (8¢
166.3), clearly indicated that two methyl groups were located
at C-4 and C-10, respectively. Further HMBC correlation
from OCH3-4 (31 3.06) to C-4 (5¢ 78.1) revealed the location
of a methoxy group at C-4.

The relative stereochemistry of compound 1 was deter-
mined from the coupling constant as well as from a NOESY
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Figure 2. COSY, HMBC and NOESY correlations of compound
1.

experiment (Figure 2). The small coupling constant of the
oxygenated proton at C-3 (J = 3.0 and 3.0 Hz) and the
observed NOE correlations between H-33/H-23 and CH;-
15/H-6 confirmed the a-orientation of CH3-15 and OH-3,
and B-orientation of OCHs-4, respectively. Further NOE
correlations between CHs-14/H-23, CH3-14/H-8p, and CHs-
14/OCH3-4 clearly indicated the B-configuration of CH3-14
and OCHj3-4, respectively. Therefore, compound 1 was identi-
fied as 4f3-methoxy-11,12,13-trinor-5-eudesmene-7-one, and
was named 4-methoxy-oxyphyllenone A. The previously
known fifteen compounds were identified as yakuchinone A
(2),* tectochrysin (3),° teuhetenone A (4),'° (45*,5E,10R*)-
7-oxo-tri-nor-eudesm-5-en-4p-ol (5),'” oxyphyllenodiol B
(6),"° (4aS*,75* 8R*)-8-hydroxy-1,4a-dimethyl-7-(prop-1-
en-2-yl)-4,4a,5,6,7,8-hexahydronaphthalen-2(3 H)-one (7),'®
7-epi-teucrenone (8),'° teucrenone (9),'° nootkatone (10),%°
13-hydroxynootkatone (11),%° oxyphyllol B (12),?' 11-hydr-
oxyvalenc-1(10)-en-2-one (13),> (4R*,55* 7R*)-7-acetyl-
4,5-dimethyl-4,5,6,7,8,9-hexahydronaphthalen-2(3 H)-one

(14),% oxyphyllacinol (15) and (4aS*,75*)-7-hydroxy-1,4a-
dimethyl-7-(prop-1-en-2-yl)-4,4a,5,6,7,8-hexahydronaphthalen-
2(3H)-one (16)'? by a comparison of their NMR data with

Table 1. 'H and '°C NMR data for compound 1 (CD;OD)“

Carbon Compound 1
No. Sc Su
1 33.9 1.41 (1H, m)
- 1.85 (1H, m)
2 23.8 241 (1H, m)
- 1.57 (1H, m)
3 74.5 3.70 (1H, dd, J=3.0, 3.0 Hz)
4 78.1 -
5 166.3 -
6 127.8 5.99 (1H, s)
7 201.2 -
8 335 2.67 (1H, m)
- 2.35(1H, m)
9 39.6 1.94 (1H, m)
- 1.75 (1H, m)
10 35.1 -
14 22.7 1.41 (3H, s)
15 17.7 1.37 (3H, s)
OCH;s-4 48.6 3.06s

“Measured at 500 and 125 MHz. The assignments were based on the
COSY, HMQC and HMBC experiments.

Notes

those reported in the literature. Compound 5 was isolated for
the first time from this plant.

All the isolates were tested for their inhibitory effects on
NO production in LPS-induced RAW 264.7 cells. The results
showed that compounds 2, 11 and 15 exhibited significant
inhibitory activity with ICso values of 27.4, 38.2 and 38.1
1M, respectively. Compounds 3, 10 and 16 showed mode-
rate inhibitory activity on NO production with ICsg values of
69.4, 56.9 and 78.3 uM, respectively. Aminoguanidine was
used as a positive control (ICso value of 18.5 uM). However,
the other compounds showed no inhibitory activity in this
assay (ICsp values > 100 uM). Cell viability assay indicated
that none of the compounds exhibited significant cytotoxi-
city at their effective concentration for the inhibition of NO
production (data not shown). It has been reported that
several diaryheptanoid and sesquiterpenoid from the fruits of
A. oxyphylla were found to have inhibitory activity on NO
production.'®!*?? Taken together, our results suggested that
A. oxyphylla may be a possible candidate for the treatment of
inflammatory disease.

Experimental

General Procedures. IR spectra were recorded on a
JASCO FT-IR 4100 spectrophotometer (Jasco, Japan).
Optical rotations were measured using a JASCO DIP-1000
polarimeter (Jasco, Japan). The NMR spectra were recorded
on Bruker ADVANCE III 400 MHz and ADVANCE 500
MHz (Bruker, Germany) spectrometers. The HR-ESI-MS
spectra were performed on maXis 4G mass spectrometer
(Bruker, Germany). Preparative HPLC was performed using
a Waters 515 HPLC Pump with a Waters 2996 Photodiode-
array detector and YMC J'sphere ODS-H80 column (4 pum,
150 x 20 mm, USA). Column chromatography was perform-
ed using a silica gel (70-230 mesh, Merck) and Lichroprep
RP-18 (40-63 um, Merck). TLC was performed using
aluminum plates precoated with Kieselgel 60 F254 (Merck).

Plant Materials. The dried fruits of 4. oxyphylla were
purchased from Kyungdong herbal market, Seoul, Korea, in
March 2011. The plant material was identified by Kyong
Soon Lee, Emeritus Professor, Chungbuk National University.
A voucher specimen (CBNU-11A0) was deposited at the
Herbarium of the College of Pharmacy, Chungbuk National
University, Korea.

Extraction and Isolation. Dried fruits of A. oxyphylla (3
Kg) were extracted with three times MeOH at room temper-
ature. After filtration and evaporation of the solvent under
reduced pressure, the combined methanol extract (470 g)
was suspended in water (1.5 L), and partitioned with »n-
hexane, CH,Cl, and EtOAc to afford extracts of n-hexane
(66.3 g), CHxCl, (156.1 g), EtOAc (24.6 g) and water layer,
respectively. The CH,Cl,-soluble extract (156.1 g) was sub-
jected to a silica gel column chromatography with a solvent
system (n-hexane:CH>Cl; = 2:1 to CH,Cl,:MeOH = 1:1) to
give six fractions (AOC1 - AOC6). Fraction 1 (35.5 g) was
separated over a silica gel column with a solvent system
(n-hexane:CH,Cl, = 5:1 to CH2Cl::MeOH = 1:1) to give
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seven subfractions (AOC1-1 - AOC1-7). AOC1-4 (8 g) was
chromatographed on a silica gel column using a gradient of
CH>Cl:MeOH (1:0 to 0:1) to obtain ten subfractions. AOC1-
4-7 (3 g) was purified by a silica gel column chromato-
graphy with a gradient of CH>Cl,:MeOH (1:0 to 0:1) to
afford compounds 10 (251.3 mg) and 2 (1 g). Compound 3
(103 mg) was obtained from AOC1-4-7 by recrystallization
in MeOH. AOC1-5 (5 g) was subjected to a MCI gel MPLC
with a gradient of H,O:acetone (1:0 to 0:1) to afford five
subfractions (AOC1-5-1 - AOC1-5-5). AOC1-5-3 (106 mg)
was separated by preparative HPLC with a gradient of
MeCN:H,0 (1:5 to 1:0) to afford compounds 1 (7 mg) and
14 (3 mg). Fraction 2 (5 g) was subjected to a RP gel MPLC
using a gradient of MeOH:H,O (3:7 to 1:0) to yield seven
subfractions (AOC2-1 - AOC2-7). AOC2-3 (300 mg) was
separated by using preparative HPLC with a gradient of
MeCN:H,O (1:5 to 1:0), resulting in the isolation of
compounds 4 (2.1 mg), 5 (5.2 mg), 8 (10 mg), and 13 (3.7
mg). AOC2-4 (350 mg) was purified by using preparative
HPLC with a gradient of MeCN:H,O (1:5 to 1:0) to yield
compounds 9 (3 mg), 11 (1.1 mg) and 16 (3 mg). AOC2-5
(300 mg) was also purified by using preparative HPLC with
gradient of MeCN:H»O (2:5 to 1:0) to yield compound 7 (4
mg). AOC2-6 (215 mg) was separated by using preparative
HPLC with gradient of MeCN:H,O (2:5 to 1:0) to yield
compounds 12 (5 mg) and 15 (4 mg). Fraction 4 (26.1 g) was
chromatographed on a silica gel column eluted with a solv-
ent system (n-hexane:CH,Cl, = 2:1 to CH>Cl,:MeOH = 1:1)
to give four fractions (AOC4-1 - AOC4-4). AOC4-1 (3 g)
was subjected to a RP gel MPLC using a gradient of H»O:
MeCN (1:0 to 4:6) to yield ten subfractions (AOC4-1-1 -
AOC4-1-10). AOC4-1-5 (100 mg) was purified by using
preparative HPLC with gradient of MeCN:H»O (2:5 to 5:5)
to yield compound 6 (6.5 mg).

4-Methoxy-oxyphyllenone A (1): Yellow gum; [(I]ZDO
+59.0 (¢ 0.1, MeOH); IR (KBr) Vinay 3271, 1647 cm™; 'H
NMR (500 MHz, CD;0D) and "*C NMR (125 MHz, CD;OD),
see Table 1; HR-ESI-MS m/z: 225.1485 [M+H]" (calcd. for
Ci3H2103, 225.1491).

Measurement of NO Production and Cell Viability
Assay. The nitrite concentration in the medium was deter-
mined as an indicator of NO production according to the
Griess method previously described.” Briefly, RAW 264.7
cells were seeded into 96-well tissue culture plates at a
density of 2 x 10° cells/mL, and stimulated with 1 ug/mL of
LPS in the presence or absence of compounds. After
incubation at 37 °C and 5% CO, atmosphere for 24 h, 100
pL of cell-free supernatant was mixed with 100 pL of Griess
reagent containing equal volumes 0.2% (w/v) sulfanilamide
in 5% (w/v) phosphoric acid and 0.2% (w/v) of N-(1-
naphthyl)ethylenediamine solution to determine nitrite pro-
duction. The absorbance was measured at 540 nm by a
microplate reader. The remaining cells after Griess assay
were used for viability with the CCK (Dojindo, Tokyo,
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Japan)-based colorimetric assay.

Acknowledgments. This study was supported by a grant
from Korea Institute of Oriental Medicine (K13220) and the
Medical Research Center Program (2010-0029480) through
the National Research Foundation of Korea.

Supporting Information. 'H-, ®*C-NMR, COSY, HMQC,
HMBC, NOESY, and HR-ESI-MS spectra of 1 are available
as Supporting Information.

References

1. Tang, W.; Eisenbrand, G. Handbook of Chinese Medicinal Plants;
Wiley-VCH: Weinheim, Germany, 2011; p 102.

2. Han,J. T.; Lee, S. Y.; Lee, Y. H.; Baek, N. 1. Food Sci. Biotechnol.
2007, 16, 1060.

3. Lin, R. J.; Yen, C. M.; Chou, T. H.; Chiang, F. Y.; Wang, G. H.;
Tseng, Y. P.; Wang, L.; Huang, T. W.; Wang, H. C.; Chan, L. P;
Ding, H. Y.; Liang, C. H. BMC Complement. Altern. Med. 2013,
13,237.

4. Chun, K. S.; Park, K. K.; Lee, J.; Kang, M.; Surh, Y. J. Oncol.
Res. 2002, 13, 37.

5. He, Z. H.; Ge, W.; Yue, G. G; Lau, C. B.; He, M. F.; But, P. P. J.
Ethnopharmacol. 2010, 132, 443.

6. Yamabhara, J.; Li, Y. H.; Tamai, Y. Chem. Pharm. Bull. 1990, 38,
3053.

7. Yu, X.; An, L.; Wang, Y.; Zhao, H.; Gao, C. Toxicol. Lett. 2003,
144, 205.

8. Koo, B. S.; Lee, W. C.; Chang, Y. C.; Kim, C. H. Phytother. Res.
2004, /8, 142.

9. Jiang, B.; Wang, W. J; Li, M. P;; Huang, X. J.; Huang, F.; Gao, H.;
Sun, P. H.; He, M. F.; Jiang, Z. J.; Zhang, X. Q.; Ye, W. C. Bioorg.
Med. Chem. Lett. 2013, 23, 3879.

10. Muraoka, O.; Fujimoto, M.; Tanabe, G.; Kubo, M.; Minematsu,
T.; Matsuda, H.; Morikawa, T.; Toguchida, I.; Yoshikawa, M.
Bioorg. Med. Chem. Lett. 2001, 11,2217.

11. Lee, H. J.; Kim, J. S.; Yoon, J. W.; Kim, H. D.; Ryu, J. H. Chem.
Pharm. Bull. 2006, 54, 377.

12. Xu, J.; Ji, C.; Zhang, Y.; Su, J.; Li, Y.; Tan, N. Bioorg. Med. Chem.
Lett. 2012, 22, 1660.

13. Qing, Z. J.; Yong, W.; Hui, L. Y.; Yong, L. W.; Long, L. H.; Ao, D.
J.; Xia, P. L. Arch. Pharm. Res. 2012, 35,2143.

14. Itokawa, H.; Aiyama, R.; Ikuta, A. Phytochemistry 1982, 21, 241.

15. Park, Y.; Moon, B. H.; Yang, H.; Lee, Y.; Lee, E.; Lim, Y. Magn.
Reson. Chem. 2007, 45, 1072.

16. Fraga, B. M.; Hernandez, M. G; Mestres, T.; Terrero, D.; Arteaga,
J. M. Phytochemistry 1995, 39, 617.

17. Cheng, S. Y.; Wang, S. K.; Wen, Z. H.; Dai, C. F,; Duh, C. Y. J.
Asian Nat. Prod. Res. 2009, 11, 967.

18. Nozaki, H.; Yasui, A.; Lkeda, S.; Nakayama, M. Tennen Yuki
Kagobutsu Toronkai Koen Yoshishu 1995, 37, 349.

19. Fraga, B. M.; Hernandez, M. G.; Mestres, T.; Arteaga, J. M.;
Perales, A. Phytochemistry 1993, 34, 1083.

20. Gliszczynska, A.; Lysek, A.; Janeczko, T.; Switalska, M.; Wietrzyk,
J.; Wawrzenczyk, C. Bioorg. Med. Chem. 2011, 19, 2464.

21. Morikawa, T.; Matsuda, H.; Toguchida, I.; Ueda, K.; Yoshikawa,
M. J. Nat. Prod. 2002, 65, 1468.

22. Xu, J.; Su, J.; Li, Y.; Tan, N. Chem. Nat. Compd. 2013, 49, 457.

23. Lee, C.; Lee, J. W.; Jin, Q.; Jang, D. S.; Lee, S. J.; Lee, D.; Hong,
J. T.; Kim, Y.; Lee, M. K.; Hwang, B. Y. Bioorg. Med. Chem. Lett.
2013, 23, 4263.




