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Abstract: Objective To investige the chemical constituents from the roots of Artocarpus heterophyllus and their bioactivities.
Methods HP-20 macroporous adsorption resin, Sephadex LH-20 gel column chromatography and preparative high performance
liquid chromatography were used to separate the chemical constituents. The structures of all isolates were elucidated by
spectroscopic methods, including NMR and HR-ESI-MS. The anti-inflammatory activity of all isolates was evaluated by using a cell
model in which NO was produced by LPS-stimulated RAW264.7 cells. Results Six prenylated flavonoid derivatives were isolated
and their structures were identified as 2S-5,7-dihydroxy-2-(2-hydroxy-4,6-dimethoxyphenyl)-6-(3-methylbut-2-en-1-yl) chroman-4-
one (1), heteroflavanone C (2), kuwanon C (3), artoindonesianin A-2 (4), artoindonesianin S (5), and norartocarpin (6). Compounds
1, 3 and 4 inhibited the release of NO from LPS-induced RAW264.7 cells to varying degrees with the ICso values of (9.0 + 1.2), (19.4 + 3.5)
and (24.6 £ 5.7) umol/L, respectively. In contrast, compounds 2, 5 and 6 showed no obvious activity against the NO production in
LPS-stimulated RAW264.7 cells. Conclusion Compound 1 named as heteroflavanone D is a new structure. It is the first report of
the occurrence of compounds 3—5 in the genus Arfocarpus, and compound 6 is isolated from A. heterophyllus for the first time.

Compounds 1, 3 and 4 have potential value as anti-inflammatory drugs.
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W% Artocarpus heterophyllus Lam. NZHFE}
WD ERE, X4 WED” “AJL 7R “EL
JR7 G, R T BRI HLIX, R SR, SRk,
St B A R K B . ZITE NS S IN I B 3 I ED
FESIANRE, ERERE. G, )R JIEAE
B E N R MZRAL B R 2 e . (R H D)
B WEEH. AWK, P, £R, BA “UE
BT BN S NDET BT, R
BVGRAERIR RN, B ERGIR Wt ot
PP ES N YN R E L o N VSR (ALF7N
iz AT BRIl AR,
[ AR S S A s o BT TR, HE A KR
TEAC), ZAR IR 2-57 BRI RIS f 4 o
BAMMpEEL., sRU. i HIV HEE, fid ik
2 B IR AR AL VA K I R A | OS5 . TS
WEFerh, AUREA R DL D E AR 95% LB HRE)
1 0.6 g/kg FIEFZAE TR I B R 5 90 IR 56 42

HO 2 OMe | MeO OMe
Ho. S o \@/ HO 0 \@/ HO
e H
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W5 3 R OR B 28 G R DG 15 28 HAT B I e A
H, BERXHZIRAYREAT T, b B3 T
40 ZAPERLTY o AT TELESEX 1%L AT AL K
SIS, MBS R T 6 NEA F G IR AR B
WA, S TE R 28-5,7- — 33 HE-2-(2-F Hk-4.6-
TSR R ORI )-6-(3- H B T2 M -1- 2 ) £ iR -4- il
[2S-5,7-dihydroxy-2-(2-hydroxy-4,6-dimethoxyphenyl)-
6-(3-methylbut-2-en-1-yl)chroman-4-one , 1] .
kuawanon C (3) .
artoindonesianin A-2 (4). artoindonesianin S (5).
norartocarpin (6). HAWEW 1 L EY), W
NP B E TR D A5 3~5 N E RN ZE
AR B 6 JvE RNz by EAR R B
AHWEHAT TSR TSRS, e &)
1. 3. 4 BeAFIREEZ R IE 2 8% (lipopolysaccharide,
LPS) i3] RAW264.7 A iUBE L NO, ML &4 2.
5. 6 LA,

heteroflavanone C (2 ) .

1 LAY 1~6 MLEFEL

Fig.1 Chemical structures of compounds 1—6
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WEERAEAANES s v ZE TR R O S5 VT AR
FRAERATD; HP20 KFLWH# s . MCI
CHP-20P Ml ( H A =251k 2k 224k Sephadex
LH-20 %% (%fit: Amer-sham Pharmacia A ] );

YMC-Pack ODS -l %4+ (250 mm X 10 mm, 5 um,
HAS YMC 2A7]); LC-3000 il #1565 = 300 A &
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g CIbntflnatERE AR A D, AR FRE. &
i CEERHAG R A w] D HART ISR 8 50 4l
(PEBEAL TR A PR A A D; RAW 264.7 41 (1
BRa bt A B IR ORI Z R IR D s Afi& S5 (Bl
BT RAFIA R AR, #1645 1129291); —F AL (NO)
R & CRER RAEMFHLAT], #15 S0021).
LPS (bR ZEEERHEARARF, 155 L8880).

WD ERT 201393 KA KRG X E
T, PR R R 2 BHR S RIGZG I A O
TR R S NPT R Y E A
heterophyllus Lam.FIE, FEUEARA (TCM01-01-2013)
RAE UL R R 2R 25 BER 5 R 0
WA
2 RES5SE

B D EM 17.0 kg, T B, Zi7E=EIR
TH 95%ABERE 3 Ik CRREEE 1 210D, 152ZH
W MRS, WUEIRGESSIRE 1.5 kg A
RELEKL D VIRE, KA MmE. &0 Bk
Be. IE TR, 1330 AmEERAr 213.3 g, A5
B 574.0 g B TR LHEEHEAL 382.0 g+ IE T EEFRAL 152.4
g AL RFLMIEREETE (0~95%L1E) 13
F| 11 AMf4> Fr. HI~HI11. Fr. H8 (57.3 g) %4 ODS
SARRERFE G (40%~95% %) 153 6 MR
Fr. H8O1~H806. Fr. H802 (13.7 g) #t—H 4l
MCI CHP-20P W fIEfE 1S (40%~95% 1) 133
7 A4y Fr. HSO2M1~H802M7. Fr. HSO2M3 (3.0
g) % Sephadex LH-20 %R AT (1% (HIEE-F 47 10
1) 15 8 Nfi% Fr. HSO2M3L1~H802M3L8. Fr.
H802M3L4 (3.0 g) £l 4 AL i A (3 (60%
MG, 3 mL/min) REALIFEMLED) 6 (6.4 mg,
k=30 min). Fr. H803 (8.8 g) ZAHMLA T FE RS
WEM1 (3.0 mg, 75%HEE, =27 min). 2 (15.0
mg, 70%FEE, ®r=27 min). 3 (16.2 mg, 55%
M, k=24 min). 4 (6.0 mg, 79%HEE, =26
min)s 5 (9.5mg, 65%FEE, ®rR=32min).
3 LT

&Y 1: EETCE R AR (WD .. HR-ESI-MS
Y5 HHE T T8 m/z 399.145 4 [M—H]™ (iHEAH
4399.144 9), HiE H T HA CoHuuO7. LA
i (IR) WoRHEMHPIAERE (3427 cm™), H
(2924 em™). FFEE (1633 cm™'). ZKIR (1600.
1454 em™) SFERHIEE S0, K40 (UV) BoR
£ 236 292 nm AL RFAEMERIL. "H-NMR (£

D B/RT 2 AR T on 12.51 (1H, s, 5-OH), 9.91
(1H, s, 2'-OH); 2 MANAE A 75 )5 61 6.10 (1H, d,
J=23Hz H-5") f16.08 (1H, d,J=2.3 Hz, H-3"); 1
AL TF FF T 0 5.89 (1H, s, H-8); 1 LU (1) fig
A ABX HIEH AR R ou 5.75 (1H, dd, J = 13.9,
3.1 Hz, H-2), 3.84 (1H, dd, J = 17.3, 13.9 Hz, Hix-3)
A12.39 (1H, dd, J=17.3, 3.1 Hz, Heg-3)!'; 1 4y, v
TRIRE R R G B R TS5 0n 5.12 (1H, t,
J =7.0 Hz, H-12), 3.10 (2H, d, J = 7.0, H-11), 1.69
(3H, s, H-14) A11.61 (3H, s, H-15)'2; 2 MR IE oy
3.72 (3H, s, 6-OMe) #13.71 (3H, s, 4-OMe). L&
Y11 BC-NMR 3L RIR T 22 MkJET1E 5. 4
4 DEPT 135 J HSQC ¥, F#HRIXEEH(E 5K H
#1 A4 1 8 '"H-NMR 1 BC-NMR K iZHIE (600/150
MHz, DMSO-ds)

Table 1 'H- and '*C-NMR data of compound 1 (600/150
MHz, DMSO-ds)

{/30A on dc
2 5.75 (1H, dd, J=13.9, 3.1 Hz) 71.1
3 3.84 (1H, dd, J=17.3, 13.9 Hz) 40.0

239 (1H, dd, J=17.3, 3.1 Hz)

4 197.7
5 160.7
6 107.2
7 164.0
8 5.89 (1H, s) 942
9 161.6
10 101.4
11 3.10 2H, d, J = 7.0 Hz) 20.7
12 5.12 (1H, t, J = 7.0 Hz) 122.8
13 130.2
14 1.69 (3H, ) 17.7
15 1.61 3H, 5) 25.5
I 104.4
2’ 157.9
3 6.08 (1H, d, J=2.3 Hz) 94.0
& 161.2
5 6.10 (1H, d, J=2.3 Hz) 90.3
6 160.1
4'-OMe 3.71 (3H, s) 55.1
6'-OMe 3.72 3H, s) 55.7
5-OH 12,51 (1H, s)
2-OH 9.91 (1H, s)
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FAFGUESE T yyy RN R S I B U AE
C-6 i 1} 4'-OMe (9u 3.71) 1 6'-OMe (du 3.72) 437
5 C4" (5c 161.2) A1 C-6' (6c 160.1) FHEMIHGE T 2
AN EERERALE . JAh, il K 2 B HMBC
FREAEHAE e E %8 AL B 3 EREALEUEE
B, a1 RAoEEME, HEUEos -27.5 (¢
0.1, MeOH), #KH C-2 MISLARMAL SU3. ik &4
1458 4 2S-5,7-dihydroxy-2-(2-hydroxy-4,6-dimethoxy-
phenyl)-6-(3-methylbut-2-en-1-yl)chroman-4-one ( 4]
D, & 1R IR AT A, a4
B E3ElH D C(heteroflavanone D).
HO )

O_ -\ _OCH,
P
.

7\ HMBC == COSY

2 &Y 18EZE HMBC (H—C) #1'H-'H COSY %
Fig.2 Key HMBC (H—C) and 'H-'H COSY correlations of
compound 1

WEY 2: WETLERH AR (FEE). CaiHaOr,
ESI-MS m/z: 413.2 [M—H] > W5 10%#i 2 ZEEE R
FINFARAR L WE 5% =S ALk QR B AR 4R
'H-NMR (600 MHz, CD;0D) ¢: 6.26 (2H, s, H-3', 5'),
5.88 (1H, s, H-6), 5.84 (1H, dd, J = 13.7, 3.2 Hz, H-2),
5.11 (1H, t, J = 7.5 Hz, H-12), 3.84 (3H, s, 4-OMe),
3.82 (6H, s, 2/, 6'-OMe), 3.79 (1H, dd, J = 17.3, 13.7
Hz, H-3ax), 3.07 (2H, d, J = 7.5 Hz, H-11), 2.37 (1H,
dd, J=17.3, 3.2 Hz, H-3eq), 1.58 (3H, s, H-14), 1.48
(3H, s, H-15); 3C-NMR (150 MHz, CD;OD) 8: 72.6
(C-2), 40.9 (C-3), 199.8 (C-4), 163.6 (C-5), 95.9
(C-6), 165.9 (C-7), 108.8 (C-8), 162.8 (C-9), 103.2

(C-10), 107.8 (C-1"), 161.5 (C-2', 6"), 92.1 (C-3', 5"),
163.2 (C-4"), 22.4 (C-11), 123.9 (C-12), 131.3 (C-13),
26.0 (C-14), 17.6 (C-15), 56.3 (2, 6'-OMe) , 55.7
(4'-OMe). DL E&de 5 SCRRiloE AR — 204, B
EA AW 2 N heteroflavanone C.

e 3: FETEMAR (HED. CasHaOs,
ESI-MS m/z: 421.2 [M—H] . B} 10%8iR £ B3R
AR E G WY 5% =S AR LI AR A%
., 'H-NMR (600 MHz, acetone-de) §: 7.22 (1H, d,
J=8.3 Hz, H-6'), 6.57 (1H, d, J = 2.2 Hz, H-3'), 6.52
(1H, dd, J = 8.3, 2.2 Hz, H-5'), 6.32 (1H, s, H-6), 5.19
(1H, t, J = 7.3 Hz, H-12), 5.13 (1H, t, J = 6.9 Hz,
H-17),3.35 (2H, d, J= 7.3 Hz, H-11), 3.11 (2H, d, J =
6.9 Hz, H-16), 1.57 (6H, s, H-19, 20), 1.56 (3H, s,
H-14), 1.42 (3H, s, H-15); '3C-NMR (150 MHz,
acetone-ds) : 162.2 (C-2), 121.1 (C-3), 183.2 (C-4),
160.8 (C-5), 98.6 (C-6), 161.8 (C-7), 106.7 (C-8),
157.2 (C-9), 105.0 (C-10), 112.9 (C-1"), 156.4 (C-2"),
103.6 (C-3"), 161.3 (C-4"), 107.9 (C-5"), 132.2 (C-6),
24.5 (C-11), 123.1 (C-12), 132.0 (C-13), 17.7 (C-14),
25.9 (C-15), 22.0 (C-16), 122.7 (C-17), 131.5 (C-18),
25.8 (C-19), 17.6 (C-20). LA -H¥iE 5 CRkfkiE SE A
—EUS], WA W) 3 9 kuwanon C.

&Y 4 HETLEEHA (HED. CaHigOr,
ESI-MS m/z: 381.1 [M—H] . W 10%HRR LEEA R
FEMIAERE T A, BT 5% =SBk CEEVE R AR Ak
f,, 'H-NMR (600 MHz, acetone-ds) J: 7.24 (1H, s,
H-6'), 6.58 (1H, s, H-3"), 6.55 (1H, d, J = 2.1 Hz,
H-8), 6.25 (1H, d, J = 2.1 Hz, H-6), 6.17 (1H, d, J =
9.6 Hz, H-11), 5.51 (1H, m, H-12), 3.92 (3H, s,
4'-OMe), 1.94 (3H, d, J = 1.2 Hz, H-15), 1.68 (3H, d,
J=1.2 Hz, H-14); 3C-NMR (150 MHz, acetone-ds) ¢:
156.6 (C-2), 110.4 (C-3), 179.1 (C-4), 163.3 (C-5),
99.8 (C-6), 164.7 (C-7), 94.9 (C-8), 158.1 (C-9), 105.5
(C-10), 108.1 (C-1'), 151.8 (C-2"), 101.9 (C-3"), 153.9
(C-4'), 142.6 (C-5"), 109.3 (C-6"), 56.5 (4'-OMe), 69.9
(C-11), 122.0 (C-12), 138.6 (C-13), 18.6 (C-14), 25.9
(C-15). LA X 530k ikE AR — 50, W
&) 4 N artoindonesianin A-2.

WEYS: EETERHAR (FEED. CuHuOr,
ESI-MS m/z: 395.1 [M—H] > W 10%HRR LEEA R
FEInFAE B 155 5% = Sk SRR 2R 6 TH-
NMR (600 MHz, DMSO-ds) J: 6.49 (1H, s, H-3"),
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6.48 (1H, d, J= 2.2 Hz, H-8), 6.29 (1H, d, J= 2.2 Hz,
H-6), 4.55 (1H, brs, H-14a), 4.09 (1H, brs, H-14b),
3.82 (1H, brd, J = 6.4 Hz, H-12), 3.81 (3H, s, 7-OMe),
3.80 (3H, s, 4-OMe), 3.20 (1H, dd, J = 15.8, 1.3 Hz,
H-11a), 2.31 (1H, dd, J = 15.8, 6.4 Hz, H-11b), 1.65
(3H, s, H-15); BC-NMR (150 MHz, DMSO-ds) d:
161.0 (C-2), 111.2 (C-3), 179.6 (C-4), 161.0 (C-5),
97.7 (C-6), 164.6 (C-7), 92.2 (C-8), 156.5 (C-9), 106.2
(C-10), 104.3 (C-1"), 150.4 (C-2"), 99.7 (C-3"), 152.0
(C-4"), 135.8 (C-5"), 128.1 (C-6"), 21.6 (C-11), 36.7
(C-12), 144.4 (C-13), 110.6 (C-14), 21.4 (C-15), 56.0
(7-OMe), 55.7 (4-OMe). DA FHiE 5 CkikiE S A
—07, e EY) 5 O artoindonesianin S.

EY 6: EETEHMA (FEE. CasHaeOe,
ESI-MS m/z: 421.2 [M—H] . W% 10%ilR LA TR
HIMA R HGEE, B 5% =&k OB R B
f,, 'H-NMR (600 MHz, CD;0D) 6: 7.06 (1H, d, J =
8.4 Hz, H-6'), 6.70 (1H, dd, J = 16.2, 7.3 Hz, H-17),
6.57 (1H, brd, J = 16.2 Hz, H-16), 6.42 (1H, d, J=1.5
Hz, H-3'), 6.41 (1H, dd, J = 8.4, 1.5 Hz, H-5"), 6.31
(1H, s, H-8), 5.09 (1H, t, J = 7.0 Hz, H-12), 3.09 (2H,
d, J=7.0 Hz, H-11), 2.43 (1H, m, H-18), 1.59 (3H, s,
H-14), 1.39 (3H, s, H-15), 1.10 (6H, d, J = 6.6 Hz,
H-19, 20); 3C-NMR (150 MHz, CD;OD) §: 163.2
(C-2), 121.7 (C-3), 183.8 (C-4), 160.5 (C-5), 109.7
(C-6), 163.3 (C-7), 93.9 (C-8), 157.7 (C-9), 105.1
(C-10), 113.4 (C-1'), 157.6 (C-2"), 103.7 (C-3"), 161.9
(C-4'), 107.9 (C-5"), 132.6 (C-6'), 24.9 (C-11), 122.9
(C-12), 132.4 (C-13), 25.7 (C-14), 17.6 (C-15), 117.6
(C-16), 142.3 (C-17), 34.4 (C-18), 23.3 ( C-19, 20). LA
RS SCERIGE B A B8, SR AEY 6 N
norartocarpin.
4 RIMRRTEMEVEN

B 80E K RAW264.7 408, H DMEM &
P52 A TR ERRE R 2 X 105 AN /mL ¥R 5 140 i 27
W, PR E| 96 FLANMEE TR, AL 100 uL. B
T 37 C. 5% CO. ¥s -1 9% 24 h & H . Frillfk
AW DMEM b 58 AR5 77 58 F A A By B i)
W RINAFHRE (100.00~1.56 pmol/L) i T.{E
W, BENIRFEBE 3 ANEASL. FFNZGIERYIE 1 h
JE, MINZWEA 1 ug/mL §) LPS. 37 CHEHE 24 h
J& » K H Griess v E 40035 77 B NO KFE,
KA MTT EEAM0E T, 53 vk W B AR

AN RAW264.7 ZHMIBE T NO 410 i) 22 Al
RAW264.7 U FAFIE R
X H Graphpad Prism7 #1551 A& Y00
RAW264.7 41 IR NO -k B (1ICso)
NO BN 2= (4 o —A pea)/(A g — A 313)
Ay NN LPS 75 S A BR YN B 2HL 1) P 2R E BEARL; 4w LPS
% AL TR HL AR I 254 4 AR B s A w9
DMEM i 55 4= 5 7 A1 Griess 2 2L (10 F 49 6 FE (1
MMAFTE R =A palA wm
A NINFF I 24 O P3G EAE s 4 91X 5 DMEM
BB SE AR SRR MTT ALI0-F- 19 6 B
SEREOR, (a1, 3. 4 BERFIRLEE s
LPS 531 RAW264.7 i} NO, HH a4 1
A3 BEPEAR T B 25418 S5 [ICs0= (48.4£5.2)
umol/L], H.7E 100 umol/L i %} RAW264.7 41 f)
AKEAHHEIMEER R 2).

F2 WA 1~6 HNH RAW264.7 B2 NO B ICs RAF
M RAW264.7 ZHAE B R =KE

Table 2 Effects of compounds 1—6 on NO release from
LPS-stimulated RAW264.7 cells and cell viability

T NO BT AN ) ek

HE)
ICso/(umol-L1) (umol-L71)
1 9.0+1.2 >100
2 >100 >100
3 19.4+3.5 >100
4 24,6457 50
5 >100 >100
6 >100 25
A 5% 484+52 >100
5 WTig

BB E JE R e A B S TR I A ) — N
FORIR L — RO, BRUORZE R B T iz ) A B
Ve, WP EEHEY) 2B RIN AN TR
MoV FERTHICAERERN b, AHE gk S0tk 2 &
FIRREEAT VA2 DT, AR B E T 6 57
IRIGHEEAT AR, Hoh 1 MU S &, 3
MEEYINE RS Egrh o EaR, 1 NNE
KNI E P B35 HAR TR DL SRR R R
7Y, B SRR B A i,
A - BUAR, 204 - AR, 34
TR S 204 5 - = A B AR LR
X ERERIE, AFREHLEY) 1A 2 4]
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A 2/,4,6-=F MU B BF, 1% 2 —FOAE WK B
WA, At Ra Rt — D5 T R
BTSRRI 2 S 2 R BRI B 5 4P,
AW TCIRGH) C R SR IE B A 2 R AR
PE, WPERY (&) 2. i) Ak (G
Y3 PLEP (L&D 3). ALY (&1 4.
6). LT T EAA MMM, AT
T SRR SRR, (aw 1
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