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Prenylated Flavonoids from the Heartwood ofArtocarpus communiswith Inhibitory Activity on
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A new prenylated chalcone! 3"-dimethylpyrano[34']2,4,2-trihydroxychalcone), was isolated from the heartwood

of Artocarpus communigwo flavonoid derivatives,<)-cycloartocarping) and ()-cudraflavone A 10), were isolated

as new isomers. In addition, eight known flavonoids, isobacachal@nenprachalcone A3), gemichalcones B4

and C ), artocarpin §), cudraflavone C7), licoflavone C 8), and (Z)-euchrenone&11), were isolated and identified
from this plant for the first time. Compounds-4, 6, and11 exhibited potent inhibitory activity on nitric oxide production

in RAW264.7 LPS-activated mouse macrophage cells witk i@lues of 18.8, 6.4, 16.4, 9.3, 18.7, and 1B,
respectively. The structure of compouhdvas elucidated by spectroscopic data analysis, including 1D and 2D NMR
experiments.

Artocarpus species (Moraceae) are timber and fruit trees
distributed throughout tropical regions of Asia. In particular,
Artocarpus communig-orst. (breadfruit) is well-known in the
Pacific islands for its large edible fruitsPrevious phytochemical
work on the various parts of\. communishas resulted in the
isolation of various types of prenylated flavonoids and xanthdriés. OH O
Some of the flavonoids isolated from this plant have been Figure 1. Important!H—*H COSY (=) and'H—13C HMBC (—)
demonstrated as 5-lipoxygenase inhibitdsge radical scavengers, ~ correlations of compound.
and antinephritis agents.

During a screening procedure on higher plants to find novel artocarpin 6),1%2° cudraflavone C 7),2* licoflavone C 8),2?
candidates as inducible nitric oxide synthase (iINOS) inhibitory respectively, by physical and spectroscopic methods as well as by
agents, the chloroform extract of the heartwoodAofcommunis comparison of their data with those of published values.
was shown to exhibit considerable inhibitory activity £G= 10.0 Compound® and10 exhibited NMR spectra identical to those
ug/mL). Therefore, this chloroform extract (3.5 g) was subjected of (+)-cycloartocarpi®® and ()-cudraflavone A respectively.
to detailed laboratory investigation. In the present study, eleven (+)-Cudraflavone A was previously found from. communis
compoundsX—11) including a new chalconel were isolated and ~ However, these compounds showed different optical rotations from
were evaluated for their inhibitory activity on nitric oxide (NO)  the literature values. Thet]p values of9 and10 were —159.8 €
production in RAW 264.7 mouse macrophage cells. 0.34, MeOH; literature values#+1.1, ¢ 0.02, MeOHZ +1.19,¢c

Compoundl gave a molecular ion peak atz 339.1232 [M+ 0.225, CHC}) and —40.5 € 0.35, MeOH; literature values:
H]* in the HRFABMS, corresponding to the elemental formula +27.3,¢ 0.225, CHC};24 +30.0, ¢ 0.225, CHC{2), respectively.
CaoH190s. The IR spectrum showed absorption bands at 3346 ¢cm  Therefore, compoundsand10were determined as the new isomers
for one or more hydroxyl groups and 1707 chior a conjugated  (—)-cycloartocarpin and-{)-cudraflavone A, respectively. Com-
Carbonyl functionality. The UV Spectrum afexhibited absorption poundll was identified as the known ﬂavanonﬂaguchrenone
maxima at 273 and 386 nm, indicating the presence of aromatic g, (11) by comparison of its NMR data with published val@és.
rings’® The'H and**C NMR spectra ofl were similar to those of  The configuration at C-2 in the molecule b was determined as
the known chalcones 4-hydroxylonchocarpin and munceticiine 2Sdue to its CD spectrum [positive Cotton effects at 312 and 278
differences between the NMR spectroscopic data of compdund (n— 7* transition) and a negative Cotton effect at 290 nm (
and 4-hydroxylonchocarpin were in the signals of the B-ring. On . _x transition)]28 To the best of our knowledge, the known
the other hanq, .the A-ring pattern was different betvyeen compound compound2—8 and11 have been isolated fro. communigor
1 and muncericin. In théH NMR spectrum ofl, the signals aby the first time by the present study. Moreover, this is the first report
7.51 (1H, dJ = 8.6 Hz, H-6), 6.36 (1H, dd] = 8.6, 2.2 Hz, H-5), on compound?, 5, 8, and11 from the genusArtocarpus.

and 6.34 (1H, dJ = 2.2 Hz, H-3) showed the presence of a 2,4- = 4 inle NOS (iNOS) inhibitory assay was performed by

disubstituted B-ring system in the chalcone moiety, which was . T ;
supported by the HMBC NMR correlations of ¢4C-1, H3/C- measuring NO production in RAW 264.7 LPS-induced mouse

2,C-6, H-3/C-2,C-4, H-5/C-1, and H-6/C-5. Further detailed analysis macrophage cells. The inorganic free radical nitric oxide (NO) has
o% 1Hl—1H COS'Y 1I-'|—13C HéQC andH—i3C HMBC NMR data been implicated in physiological and pathological processes such

(Figure 1) allowed unambiguous assignments for all oftand as vasodilation, nonspecific host defense, ischemia reperfusion
13C NMR signals of1 injury, and chronic or acute inflammatidd.NO is produced by

the oxidation of L-arginine catalyzed by NO synthase (NOS).
Among the NOS family, INOS, in particular, is involved in
overproduction of NO associated with oxidative stress and with
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T Ewha Womans University. response to pro-inflammatory agents such as interleukin (f,)-1

* University of Surabaya. tumor necrosis factor (TNR); and lipopolysaccharide (LPS) in

Compounds2—8 were identified as isobacachalcong),®
morachalcone A3),1® gemichalcone B4),'” gemichalcone C5),'®
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Chart 1

Notes
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R1=_\=<, R2= _\\—<,R3=CH3, R4—H, R5=OH
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OH
OH
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Table 1. Inhibitory Effects of Compound&—11 on NO Production on RAW264.7 LPS-Activated Mouse Macrophage Cells

1 2 3 4 5 6 7 8 9 10 11 L-NMMA 2
ICs0(uM) 18.8 6.4 16.4 9.3 23.9 18.7 52.3 20.4 >60 42.1 12.3 19.2
cytotoxicity 1Cso (M) 59.2 16.4 58.0 35.1 37.6 45.3 59.2 41.6 46.1 42.1 479 >50
Sl value 3.1 2.6 35 3.8 1.6 2.4 11 2.0 <0.8 1 3.9 >2.6

a Ne-Monomethylt -arginine (-NMMA) was used as a positive contréiSelective index value: CC (cytotoxic concentratighlso.

various cell types including macrophages, endothelial cells, and was identified by one of the authors (T.W.). A voucher specimen (No.

smooth muscle cel®.32
Compoundsl—4, 6, and11 exhibited potent inhibitory activity

05/DT/VI11/2001) has been deposited at the University of Surabaya.
Extraction and Isolation. The dried heartwood o&. communig500

on nitric oxide production in LPS-activated mouse macrophage g) was extracted with MeOH (2 2 L) overnight at room temperature.

RAW264.7 cells with IG values of 18.8, 6.4, 16.4, 9.3, 18.7, and
12.3 uM, respectively, as shown in Table 1. In particular,
compoundsl, 3, 4, and 11 showed favorable selectivity indices
(SI=3.1, 3.5, 3.8, and 3.9, respectively), which are indicative of
their INOS inhibitory activity without cytotoxicity. Compounds
and8 showed inhibitory activity with IG values of 23.9 and 20.4
uM, respectively, but their inhibitory activity on NO production
seems to be related to their concomitant cytotoxic effects<SlI
1.6 and 2.0, respectively). Compounds9, and10 were weakly
active or inactive in the present study.

Experimental Section

General Experimental Procedures.Optical rotations were mea-
sured with a JASCO P-1010 polarimeter at°5 UV and IR spectra

The solvent was evaporated in vacuo to afford a MeOH extract (11.3
g), which was then suspended in water (200 mL) and partitioned with
n-hexane (4x 200 mL), CHC} (4 x 200 mL), andh-BuOH (2 x 200

mL), sequentially. Then-hexane and CHglextracts (3.5 g) were
combined due to their overlapping TLC pattern and were separated by
flash silica gel column chromatography 4.5 cm; 236-400 mesh, 40

g) using gradient mixtures of MeOH in CHQI0 — 20%) as mobile
phases, affording 17 fractions (FE17). Fraction 6 (260 mg), eluted
with 1% MeOH in CHC} from the first separation, was subjected again
to flash silica gel column chromatography 2 cm; 236-400 mesh,

20 g), withn-hexane-EtOAc (19:1— 2:1) as solvent system, providing

9 (12.4 mg, 0.00248%) and0 (4.2 mg, 0.00084%). Fraction 8 (100
mg), eluted with 1% MeOH in CHGIfrom the first separation, was
chromatographed further over Sephadex LH-20 (100% MeOH) and then
subjected to preparative TL@-hexane-EtOAc—formic acid= 7:3:

were recorded on a Hitachi U-3000 spectrophotometer and a Bio-Rad 0.05), affording2 (7.4 mg, 0.00148%). Fractions 9 and 10 (400 mg),

FTS 135 FT-IR spectrometer, respectively. 1D and 2D NMR experi-
ments were performed on a Varian Unity INOVA 400 MHz FT-NMR

eluted with 1-2% MeOH in CHC} from the first separation, were
combined due to their overlapping TLC pattern. These combined

instrument with tetramethylsilane (TMS) as internal standard. EIMS fractions were subjected to reversed-phase column chromatography (

and FABMS were obtained on a JEOL JMS 700 Mstation HRMS
spectrometer operating at 70 eV. Silica gel (2300 mesh, Merck,
Germany), RP-18 (ODS-A, 12 nm, S-150n, YMC, Japan), and

2.5 cm; ODS-A, 12 nm, S-15am, 40 g) using a gradient solvent
system of MeOH-H,0 (4:1), giving6 (29.2 mg, 0.00584%). Passage
over Sephadex LH-20 of fraction 11 (110 mg), eluted with53%6

Sephadex LH-20 (Amersham Biosciences, Sweden) were used forMeOH in CHCE from the first separation, using 100% MeOH, afforded
column chromatography. Thin-layer chromatographic (TLC) analysis 1 (0.7 mg, 0.00014%) and (2.9 mg, 0.00058%). Fraction 12 (200

was performed on Kieselgel 6Q4r(silica gel, 0.25 mm layer thickness,
Merck, Germany) and RP-18.4s (Merck, Germany) plates, with
visualization under UV light (254 and 365 nm) and 10% (v/v) sulfuric
acid spray followed by heating (12@, 5 min).

Plant Material. The heartwood ofArtocarpus communig-orst.

mg), eluted with 5% MeOH in CHGIfrom the first separation, was
subjected to Sephadex LH-20 column chromatography using 100%
MeOH as solvent, yielding (3.4 mg, 0.00068%). The fourth fraction
from this column was further fractionated by reversed-phase column
chromatography to afford (2.6 mg, 0.00052%%8 (3.8 mg, 0.00076%),

(Moraceae) was collected in Surabaya, Indonesia, in June 2001 andand 11 (0.9 mg, 0.00018%), using MeG+H,O (3:1). The seventh



Notes

fraction from this column was subjected to passage over Sephadex LH-

20, using 100% MeOH as eluent, affordiBg26.0 mg, 0.0052%).
3",3"-Dimethylpyrano[3',4']2,4,2-trihydroxychalcone (1): yellow
amorphous powder; UV (MeOH)max (l0g €) 273 (3.85), 386 (3.84)
nm; IR (film) vmax 3346, 2927, 2852, 1707, 1604, 1454, 1368, 1244,
1115 cntt; *H NMR (CD;0D, 400 MHz)6 8.12 (1H, dJ = 15.2 Hz,
H-f), 7.84 (1H, dJ = 8.8 Hz, H-8), 7.70 (1H, d,J = 15.2 Hz, Hey),
7.51 (1H, d,J = 8.6 Hz, H-6), 6.71 (1H, dJ = 10.0 Hz, H-1'), 6.36
(1H, dd,J = 8.6, 2.2 Hz, H-5), 6.35 (1H, d] = 8.8 Hz, H-B), 6.34
(1H, d,J = 2.2 Hz, H-3), 5.66 (1H, dJ = 10.0 Hz, H-2), 1.44 (6H,
s, H-4" and H-8'); 1*C NMR (CD;OD, 100 MHz)6 194.5 (s, G=0),
163.2 (s, C-4), 161.1 (s, C)2160.7 (s, C-2 and C*}4 142.6 (d, CB),
132.6 (d, C-6), 132.1 (d, C*6 129.4 (d, C-2), 117.3 (d, Ce), 116.8
(d, C-1), 116.3 (s, C-D, 115.6 (s, C-1), 110.4 (s, C)3109.2 (d,
C-5), 109.1 (d, C-5, 103.7 (d, C-3), 78.7 (s, C“3, 28.6 (g, C-4 and
C-5"); FABMS (positive mode)n'z 339 [M + H]* (11), 338 (23),
353 (30), 338 (25), 329 (11), 313 (11), 267 (21), 231 (20), 203 (11);
HRFABMS (positive mode)m/z 339.1232 [M + H]* (calcd for
CzoH190s, 339.3679).
(—)-Cycloartocarpin (9): [a]p?® —159.8 € 0.34, MeOH).
(—)-Cudraflavone A (10): [a]p?® —40.5 € 0.35, MeOH).
(29)-Euchrenone & (11): [a]p?® —25.0 € 0.12, MeOH); CD € 0.65
mM, MeOH) A6240 _9.5, A6278 +35.9,A6290 —22. 6,A6312 +4.6 nm.
Measurement of NO Production on LPS-Stimulated Macrophage
Cells. Measurement of NO formation by iNOS was performed in

cultured RAW 264.7 macrophage cells. The cells were maintained in

Dulbecco’s modified Eagle medium (DMEM) supplemented with
penicillin—streptomycin and 10% fetal bovine serum (FBS) afG7

in 5% CQ, humidified air. To evaluate the inhibitory activity of test
materials on LPS-induced NO production, the cells in 10% +BS
DMEM without phenol red were plated in 24-well platesx5L(° cells/
mL) and then incubated for 24 h. After incubation, the cells were

washed with PBS, replaced with new media, and then incubated in the

medium with 1xg/mL of LPS in the presence or absence of test

samples. After an additional 20 h incubation, the media were collected

Journal of Natural Products, 2006, Vol. 69, No. Z21

(2) Chan, S.-C.; Ko, H.-H.; Lin, C.-NJ. Nat. Prod.2003 66, 427—
430.

(3) Aida, M.; Yamaguchi, N.; Hano, Y.; Nomura, Heterocycled997,
45, 163-175.

(4) Lin, C.-N.; Chiu, P.-H.; Fang, S.-C.; Shieh, B.-J.; Wu, R.-R.
Phytochemistryl996 41, 1215-1217.

(5) Lin, C.-N.; Shieh, W. LPhytochemistry1992 31, 2922-2924.

(6) Lin, C.-N.; Shieh, W. L.; Jong, T. Phytochemistrjt992 31, 2563
2564.

(7) Shieh, W. L.; Lin, C.-N.Phytochemistry1991, 31, 364-367.

(8) Lin, C.-N.; Shieh, W. LPhytochemistry1991, 30, 1669-1671.

(9) Fujimoto, Y.; Zhang, X. X.; Kirisawa, M.; Uzawa, J.; Sumatra, M.
Chem. Pharm. Bull199Q 38, 1787-1789.

(10) Hano, Y.; Yamagami, Y.; Kobayashi, M.; Isohata, R.; Nomura, T.
Heterocyclesl99Q 31, 877—882.

(11) Koshihara, Y.; Fujimoto, Y.; Inoue, HBiochem. Pharmacoll988
37, 2161-2165.

(12) Fukai, T.; Satoh, K.; Nomura, T.; Sakagami, fHtoterapia 2003
74, 720-724.

(13) Pavia, D. L.; Lampman, G. M.; Kriz, G. Sntroduction to
SpectroscogyThomson Learning: London, UK, 2001; p 353.

(14) Luyengi, L.; Lee, I.-S.; Mar, W.; Fong, H. H. S.; Pezzuto, J. M;
Kinghorn, A. D. Phytochemistry1994 36, 1523-1526.

(15) Pistelli, L.; Spera, K.; Flamini, G.; Mele, S.; Morelli, Phytochem-
istry 1996 42, 1455-1458.

(16) Delle Monache, G.; De Rosa, M. C.; Scurria, R.; Vitali, A.; Cuteri,
A.; Monacelli, B.; Pasqua, G.; Botta, Bhytochemistry1995 39,
575-580.

(17) Chung, M.-l; Lai, M.-H.; Yen, M.-H.; Wu, R.-R.; Lin, C.-N.
Phytochemistryl997, 44, 943-947.

(18) Lee, D.; Bhat, K. P. L.; Fong, H. H. S.; Farnsworth, N. R.; Pezzuto,
J. M.; Kinghorn, A. D.J. Nat. Prod.2001, 64, 1286-1293.

(19) Wang, Y.-H.; Hou, A.-J.; Chen, L.; Chen, D.-F.; Sun, H.-D.; Zhao,
Q.-S.; Bastow, K. F.; Nakanish, Y.; Wang, X.-H.; Lee, K.-HNat.
Prod. 2004 67, 757-761.

(20) Lin, C.-N.; Lu, C.-M.; Huang, P.-LPhytochemistryi995 39, 1447
1451.

and analyzed for nitrite accumulation as an indicator of NO production  (21) Kajiyama, K.; Demizu, S.; Hiraga, Y.; Kinoshita, K.; Koyama, K.;

by the Griess reaction. Briefly, 18@_ of Griess reagent [0.1%-(1-
naphthyl)ethylenediamine dihydrochloride in®land 1% sulfanilamide
in 5% H;POy] was added to 10@L of each supernatant from LPS or

sample-treated cells in 96-well plates. The absorbance was measured
at 540 nm using a microplate reader, and nitrite concentration was
determined by comparison with a sodium nitrite standard curve. The

percentage inhibition was expressed as-[INO level of test samples/
NO level of vehicle-treated control} 100. The 1@ value, the sample
concentration resulting in 50% inhibition of NO production, was
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determined using nonlinear regression analysis (% inhibition versus (26) Chen, C.-C.; Huang, Y.-L.; Ou, J.-G.. Nat. Prod.1993 56, 1594

concentration)N®-Monomethylt -arginine (-NMMA) was used as a
positive control.

MTT Assay. Compoundsl—11 were tested for cytotoxicity using
established protocofS.
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