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Chemical constituents from pericarps of Aquilaria sinensis
and their biological activities
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Abstract: Objective To study the chemical constituents from the pericarps of Aquilaria sinensis and their cytotoxic and antibacterial
activities. Methods The compounds were isolated by various chromatographic methods (silica gel, reverse silica gel, Sephadex
LH-20, preparative TLC, and so on) and recrystallization. Their structures were identified by extensive analysis of the spectroscopic
data. The cytotoxic effects of these compounds on neuroglioma SF-268, breast cancer MCF-7, large cell lung cancer NCI-H460, and
hepatoma carcinoma HepG-2 cell lines were observed in vitro by SRB staining, and the antibacterial effects of these compounds on
Staphyloccocus aureus and Escherichia coli were observed in vitro by Resazurin staining method. Results Ten compounds were
isolated from the pericarps of A. sinensis and identified as isorhamnetin 3-O-(6"-O-(Z)-p-coumaroyl)-p-D-glucopyranoside (1),
buddlenoid A (2), 7-methoxy-4’-hydroxyisoflavone (3), luteolin (4), trans-p-coumaric acid ethyl eater (5), costunolide (6),
epifriedelanol (7), stigmasterol (8), p-hydroxybenzoate (9), and pyrocatechol (10). Conclusion Compounds 1—3, 5, 6, 9, and 10 are
first isolated from the plant and compounds 1—3, 5, and 6 are isolated from the plants of genus Aquilaria Lam. for the first time.
Compound 6 exhibits the significant cytotoxic activities against the above four cell lines and compounds 1 and 4 show some
antibacterial activities against S. aureus and E. coli.
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KA Aquilaria sinensis (Lour.) Gilg, 73441+
T W)L 2R, MNEHFE (Thymelaeaceae)
Ui )& Aquilaria Lam. 184, J&—Fh#atr. Wy
e AN, F . TR . B R
HEAE 2 R T 52 2 004 O B
oUW 5 ) S N R £ 7 a9 D 10 SRS Y o = P
HEFEGE, RSTAREHAM R 2
DUEFRAAT AU ik g R SR
ERRGEES )Y e = E Yl TS VA = A B ]
Mty e 2R, AR A RIS R B AR 7 SR
S B AT W P . B EE ht—
B R B B G By, AR SR IR A
R A 2E o AT IE, oy B A3 2 10 Me&
Y1, 9 % € N isorhamnetin 3-O-(6"-O-(Z)-p-
coumaroyl)-B-D-glucopyranoside (1). buddlenoid A
(2). 7- A K -4-F2 5 5 1l ( 7-methoxy-4'-
hydroxyisoflavone, 3). AKmBEH ZE (luteolin, 4).
AKX F SR LR (trans-p-coumaric acid ethyl
eater, 5). K&EKEHMEE (costunolide, 6). KA
i (epifriedelanol, 7). 5 iif# (stigmasterol, 8).
YR FEARH R G (p-hydroxybenzoate, 9). ZEA
Wy (pyrocatechol, 10). tLE&H) 1~3. 5. 6. 9.
10 4 B M) o> B4 3], b5 1~3. 5.
6 N E NI S T B 2. S wiAT
i 7 BT R, R A AR R
B o AT IR AR 245 H B0 B 5 Rl
1 X5

PRG3R AL, Bruker 2A%; RE—2000 7
W78 RAL,  FWFIRAAAER) s IR AR,
g ER R A R AR . MR, 5 BT
TJ7; GF254 SRR, Merck A 7]; Cig
SR (40~75 pm), Fuji Silysia Chemical Ltd.;
%8 Sephadex LH-20 (18~110 pum), Amersham
Biosciences A Fl; I A A A4l WAH)T
AT

FIARTE RS REEE TR KA R
AT R, BT IR 2557 Bt Hh 22 Bt 7 SR R B S e
KRR Aquilaria sinensis (Lour.) Gilg [f15sz, R
ST E N B B RS 2B R A R
WRARAE T 2R TG

AR 4 ik R PP 22 i TR 4l L SF-268 L
FRTEE AN MCE-7 KA s 40 2 NCI-H460 FlH
g0 M HepG-2; Lk 41 18 by & v (0 5 45 K A

Si S

T

Staphyloccocus aureus TN R Escherichia coli, LA
g A R R B RIS RUR T AR A S AR I S
BRI L o
2 REESE

IR 10 kg, 8, APPSR 4L
3, WRIRAETF R I 1.2 kg, FREHE KR
B, KON MES. BER O FEAE . RS R L1
53 167.9 g HIEAHEERAE (1S40 25, LUAT I 1ok - 1
CTE F - REGEN, 193 133 ANitsr. Hrp
Fr. 43~45 A AGEYUEN H, HH B R Z 05 2
th&9 7 (11.3 mg); £ TLC Krill, &7 Fr. 26~36,
2t SephadexLH-20 A%, w2l & 7 A EMLE D)
5(4.0 mg); Fr. 46~52 & R AHEER A . Sephadex LH-
20 P EAFMLAY 8 (23.5 mg). 9 (122 mg). 6
(13.7 mg); Fr. 53~66 & AHRERAE . #3820
WAl SephadexLH-20 {14 B35 2G4 3 (30.2
mg). 4 (7.9mg). 10 (3.1 mg); Fr. 118~133 £kl
2 (035 M Sephadex LH-20 {43, 4> 243 24L&
Y1 (7.4mg). 2 (20.1 mg).,
3 KT

&) 1: #OK K . ESI-MS m/z: 625 [M+H]',
'H-NMR (500 MHz, CD;0D) §: 7.86 (1H, d, J = 2.0
Hz, H-2'), 7.56 (1H, dd, J = 8.5, 2.1 Hz, H-6'), 7.39
(1H, d, J = 16.0 Hz, H-7""), 7.32 (1H, d, J = 8.6 Hz,
H-2""), 7.32 (1H, d, J = 8.6 Hz, H-6""), 6.82 (1H, d,
J=8.5Hz, H-5), 6.81 (1H, d, J = 8.6 Hz, H-3""), 6.81
(1H, d, J = 8.6 Hz, H-5"), 6.07 (1H, d, J = 16.0 Hz,
H-8"), 5.26 (1H, d, J = 7.4 Hz, H-1"), 3.89 (3H, s,
-OCH3); "C-NMR (125 MHz, CD;OD) 6: 178.3
(C-4), 169.8 (C-9"), 168.3 (C-7), 162.2 (C-5), 160.8
(C-4""), 158.2 (C-2), 157.8 (C-9), 150.4 (C-4'), 147.8
(C-3"), 146.2 (C-7""), 134.7 (C-3), 133.3 (C-6""), 130.7
(C-2"), 126.5 (C-1""), 123.3 (C-6"), 122.5 (C-1"),
116.4 (C-8"), 115.5 (C-5"), 115.2 (C-3"), 114.1 (C-5""),
113.7 (C-2), 104.0 (C-10), 103.9 (C-1"), 95.4 (C-6),
95.4 (C-8), 77. 6 (C-2"), 75.4 (C-3"), 75.4 (C-5"), 71.3
(C-4"), 63.8 (C-6"), 56.1 (3'-OCH3). LA I #dhi 5 ik
HEIEA ), Mtk 5% 1 %5E N isorhamnetin
3-0-(6"-0-(Z)-p-coumaroyl)-B-D-glucopyranoside.

WA 2: B KK . ESI-MS m/z: 593 [M—HT,
'H-NMR (500 MHz, CD;0D) §: 7.98 (2H, d, J = 8.9
Hz, H-2', 6'), 7.41 (1H, d, J = 15.9 Hz, H-7"), 7.31
(2H, d, J=18.9 Hz, H-2'"", 6"), 6.81 (2H, d, J = 8.1 Hz,
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H-3', 5), 6.79 (2H, d, J = 8.1 Hz, H-3"", 5", 6.09
(1H, d, J = 16.0 Hz, H-8""), 5.19 (1H, d, J = 7.4 Hz,
H-17); "C-NMR (125 MHz, CD;0D) 6: 178.6 (C-4),
168.4 (C-9""), 162.3 (C-5), 161.1 (C-4"), 160.8 (C-4""),
159.5 (C-7), 158.5 (C-9), 158.1 (C-2), 146.1 (C-7""),
134.7 (C-3), 131.7 (C-2"", 6", 130.6 (C-2', 6'), 126.5
(C-1"), 122.2 (C-1"), 116.3 (C-3"", 5", 115.5 (C-3', 5"),
114.2 (C-8'"), 104.4 (C-6), 103.8 (C-1"), 100.2 (C-10),
94.9 (C-8), 77.5 (C-3"), 75.2 (C-2", 5"), 71.2 (C-4"),
63.9 (C-6"). LI %5 cpkipia A5, i
“ 1) 2 %5E 4 buddlenoid Ao

&Y 3: AN A . ESI-MS m/z: 267 [M—H]',
'H-NMR (500 MHz, DMSO-dj) 6: 8.38 (1H, s, H-2),
8.02 (1H, d, J=9.1 Hz, H-5), 7.39 (2H, d, J = 8.9 Hz,
H-2', 6"), 7.16 (1H, d, J = 2.4 Hz, H-8), 7.08 (1H, dd,
J =89, 2.4 Hz, H-6), 6.81 (2H, d, J = 8.9 Hz, H-3,
5, 3.89 (3H, s, -OCH3): "“C-NMR (125 MHz,
DMSO-dg) : 176.1 (C-4), 165.1 (C-7), 158.8 (C-4),
158.6 (C-9), 154.5 (C-2), 131.4 (C-2, 6'), 128.3 (C-5),
125.1 (C-3), 123.7 (C-1"), 118.9 (C-10), 116.3 (C-3,
5%, 116.1 (C-6), 101.9 (C-8), 57.5 (-OCH3). LA %
5k A5, e 3 %l 7-HR
B FR A B

&Y 4: FHOKAK . ESI-MS m/z: 287 [M+H]',
'H-NMR (500 MHz, DMSO-d,) d: 7.34 (1H, s, H-2'),
7.33 (1H, d, J = 8.2 Hz, H-6"), 6.87 (1H, d, J= 8.2 Hz,
H-5"), 6.45 (1H, s, H-3), 6.32 (1H, s, H-8), 6.11 (1H, s,
H-6); *C-NMR (125 MHz, DMSO-d;) 6: 181.9 (C-4),
169.1 (C-7), 164.5 (C-2), 161.5 (C-9), 158.3 (C-5),
150.5 (C-4'), 145.9 (C-3"), 121.9 (C-6'), 118.8 (C-1"),
115.5 (C-5"), 112.4 (C-2"), 102.6 (C-10), 101.8 (C-3),
100.2 (C-6), 94.7 (C-8). LA - di 5 SRk BT A —
HO, Mtk A 4 %E KRB,

&M 5: Tth ik . ESI-MS m/z: 191 [M—H],
'H NMR (500 MHz, CDCl;) 6: 7.64 (1H, d, J = 15.9
Hz, H-3), 7.44 (2H, d, J = 8.5 Hz, H-2, 6'), 6.84 (2H,
d, J=8.5Hz, H-3',5'), 6.31 (1H, d, J= 15.9 Hz, H-2),
426 (2H, q,J=7.1 Hz, H-1"), 1.34 (3H, t, J=7.1 Hz,
H-2"); “C-NMR (125 MHz, CDCL) &: 168.4 (C-1),
158.6 (C-4"), 145.3 (C-3), 130.8 (C-2', 6'), 128.1
(C-1"), 116.8 (C-2), 116.6 (C-3', 5"), 61.3 (-OCH,),
152 (-CHs)o A L-%d 5 Scikapis i A —5", i
W) 5 % R XN F IR LB

&) 6: A0 Ak . ESI-MS m/z: 231 [M—H],
'H-NMR (500 MHz, CD;0D) &: 6.17 (1H, d, J = 3.6
Hz, H-13a), 5.63 (1H, d, J = 3.6 Hz, H-13b), 4.79 (1H,
d, J = 9.9 Hz, H-5), 4.72 (1H, dd, J = 10.5, 8.5 Hz,
H-1), 1.71 (3H, d, J = 1.3 Hz, H-15), 1.45 (3H, s,
H-14); "C-NMR (125 MHz, CD;0D) d: 172.3 (C-12),
142.2 (C-11), 141.6 (C-4), 137.9 (C-10), 128.1 (C-5),
127.4 (C-1), 119.7 (C-13), 83.3 (C-6), 51.1 (C-7), 41.6
(C-3), 39.8 (C-9), 28.5 (C-2), 26.6 (C-8), 16.9 (C-15),
15.9 (C-14). VL E¥de 5ok seA—sY, i
B 6 5 AARFIENE.

A T: ALK K .ESI-MS m/z: 427 [M—H] &
'H-NMR (500 MHz, CDCl3) &: 3.74 (1H, brs, H-OH),
1.17 (3H, s, H-28), 0.98 (3H, s, H-27), 0.97 (6H, s,
H-26, 29), 0.96 (3H, s, H-23), 0.94 (3H, s, H-30), 0.94
(3H, s, H-25), 0.86 (3H, s, H-24); *C-NMR (125
MHz, CDCly) d: 72.8 (C-3), 61.3 (C-10), 53.2 (C-8),
49.2 (C-4), 42.8 (C-18), 41.7 (C-14), 39.7 (C-22), 39.3
(C-6), 38.4 (C-13), 37.8 (C-9), 37.1 (C-16), 36.1
(C-11), 35.6 (C-19), 35.3 (C-29), 35.2 (C-2), 35.0
(C-5), 32.8 (C-21), 32.3 (C-15), 32.1 (C-30), 31.8
(C-28), 30.6 (C-12), 30.0 (C-17), 28.2 (C-20), 20.1
(C-27), 18.7 (C-25), 18.3 (C-7), 17.6 (C-26), 16.4
(C-1), 15.8 (C-24), 11.6 (C-23). VL - %dks 55 SCiik i
HA 2, MO A T IR AR

&y 8: HEE . '"HINMR (500 MHz,
CDCLy) &: 5.35 (1H, d, J = 5.0 Hz, H-6), 5.15 (1H, dd,
J =152, 7.8 Hz, H-22), 5.02 (1H, dd, J = 15.2, 7.8
Hz, H-23), 3.50 (1H, m, H-3), 1.01 (3H, d, J = 6.8 Hz,
H-21), 0.85 (3H, d, J = 6.5 Hz, H-29), 0.83 (3H, d, J =
7.0 Hz, H-26), 0.81 (3H, d, J = 7.5 Hz, H-27), 0.79 3H,
s, H-19), 0.71 (3H, s, H-18); “C-NMR (125 MHz,
CDCls) d: 140.7 (C-5), 138.3 (C-22), 129.3 (C-23), 121.7
(C-6), 71.7 (C-3), 56.9 (C-17), 55.9 (C-14), 51.2 (C-24),
50.2 (C-9), 42.3 (C-13), 42.2 (C-20), 40.5 (C-12), 39.7
(C-4), 37.3 (C-10), 36.5 (C-8), 31.9 (C-25), 31.9 (C-7),
31.8 (C-2), 31.6 (C-1), 28.9 (C-16), 25.4 (C-28), 24.4
(C-15), 21.2 (C-11), 21.1 (C-21), 21.1 (C-27), 19.4
(C-19), 19.0 (C-26), 12.3 (C-29), 12.1 (C-18). LA I-%jid
SckapoE 8, Mt A 8 .

&Y 9. Lk, 'H-NMR (500 MHz,
CD;0D) 6: 7.87 (2H, d, J = 8.3 Hz, H-2, 6), 6.84 (2H,
d, J = 8.3 Hz, H-3, 5), 3.84 (3H, s, H-8); "*C-NMR
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(125 MHz, CD;0D) &: 167.3 (C-7), 162.0 (C-4), 131.4
(C-3, 5), 120.8 (C-2, 6), 114.8 (C-1), 50.9 (C-8). LA |
Hodl 5 SCERApOE R A — B, e A 9 Xt
ek > U LER

& 10: AfE S . '"HANMR (500 MHz,
CD;0OD) 6: 7.72 (2H, d, J = 8.5 Hz, H-2, 5), 6.63 (2H, d,
J =85 Hz, H-3, 4); “C-NMR (125 MHz, CD;0D) 6
159.2 (C-1, 6), 130.6 (C-3, 4), 113.5 (C-2, 5). L%
g —8, A 10 HAE .
4 EEMTRIE

CUIAF R BHEEXT IS, AU SRB VAU ek &

W) 1~7 X 4 T e 4 AR (R A 26 . 45 R, b
G 6 KT 4 FliRs 4n M 3G S A BH A A
H, 7 100 pmol/L ¥ R fd sl ik 75% LA L.
WEHE— 0 T A S DR IR 40 AR IR 1Cso {8
4 6T 4 PR 4o kk SF-268. MCF-7. NCI-H460
FI HepG-2 1) 1Cso AN 5.6+ 12,64 2.91 19.5
umol/L. ZHIE 1.

KN REGEE, e TIEw 1~7 18
500 pmol/L ¥ &I o} 4 B €7 26 K 1R FT K W T BR1 1)
IR, GRS 1. 4 BRI —ERHUEETE,
L 78% LA b g5 R LK 2.

F1 LS 63T 4 FHAMEMRIKAY ICs, B (X5, n=3)

Table 1 ICs, values of compound 6 against four tumor cell lines (X £s, n=3)

ICs / (umol-L™")

tEY)
SF-268 MCF-7 NCI-H460 HepG-2
6 5.610.3 12.640.2 29405 19.54+1.1
WA 52106 4.140.1 1.94+0.8 27402
Fz2 EWMI1~THIREER (X£s, n=3)
Table 2 Inhibitory rates of compounds 1—7 against two kinds of bacteria (X£s, n=3)
HER R/ %
bk °
1 2 4 5 6 7
S O A BR A 95.7+0.5 7.8+1.2 15.540.7 92.140.7 1.840.6 34402 5
KT 97.8+0.4 233104 14.4+0.1 78.4+0.2 292+1.8 42403 2.9+0.4
5 g SHEATREM . AW RE, AREFRLL

RAERE NIRRT A ART AT B8 AT,
AR W BETE 100 wmol/L FI¥A B X 6 it fihgd 44t e
¥k MDA-MB-435s. PC3. A549. HL-60. SGC 7901
AN K562 4947 B o AV H , el KHAE 70%~
90%!"*,  AHIF S th 2 WA 7 ek P ik L 1 Yk F) 40
B TR AL, RN ERREINT B16 MR OER
AR, oW R —ERER A E) ] (IBMX) 531
BORERAMHEIER: O HAME. 5
WLy 57 e A 25 2 Fh 2 B U,

KBEZZ 3, 4, 5, T-WIERIEHFI A 51,
FEAAAE T 540 SRS D T, RARENE
WiE T o AT FTIIG T AR 550 4 v (U A PR
MUK St w1 i 1, 45 SRR WX IX 2 P
HA—EMME1EH . 1A, 46E%) isorhamnetin 3-
0-(6"-0-(Z)-p-coumaroyl)-B-D-glucopyranoside *}IX
2 b 2 TR AT A e AR P

Ak,  EARFHED IR )T R 5 R FH Bk

FROYENAE, JFRAT RSN, Has T H
ANERBLRIRITEERIY, PUR . PURSFRINZY
PRI e S AR BRI ISR AL TR 2 o

SE R
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