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One new heteropolymer composed of 2-(2-phenylethyl)chromone and lignan
from Aquilaria crassna in Laos and its inhibition of nitric oxide production
activity
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Abstract: Objective Tto investigate the chemical constituents from Aquilaria crassna in Laos and their inhibition of nitric oxide
production activity. Methods Various chromatographic techniques, including silica gel, Sephadex LH-20 gel, high performance
liquid chromatography (HPLC) were used for the separation and purification to gain monomer compounds. The structures of these
compounds were by mass spectrometry (MS) and nuclear magnetic resonance (NMR) and other spectroscopic methods combined with
physical and chemical properties. And lipopolysaccharide (LPS)-induced mouse mononuclear macrophage RAW264.7 model was used
to test the anti-inflammatory activity of the compound on nitric oxide (NO) production. Results Three 2-(2-phenylethyl)chromones
derivertives were isolated from ethanol extract of A. crassna and identified as aquicrassnol (1), 8-chloro-6-hydroxy-2-(2-
phenylethy)chromone (2), 8-chloro-6-hydroxy-2-[2-(4-methoxyphenyl)ethyl]chromone (3). /n vitro anti-inflammatory assay results
showed that compound 1 inhibit the NO production in mouse mononuclear macrophages RAW264.7 induced by LPS with half maximal

inhibitory concentration (ICso) value of (47.53 +2.14) umol/L. Conclusion Compound 1, a new compound named aquicrassnol, was
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the first heteropolymer composed of 2-(2-phenylethyl)chromone and lignan from Chenxiang (Aquilariae Lignum Resinatum), and
showed inhibitory activity on the production of NO in RAW264.7 cell line induced by LPS.

Key words: Aquilariae Lignum Resinatum; Aquilaria crassna Pierre ex Lecomte; aquicrassnol; 2-(2-phenylethyl)chromone; heteropolymer;

inhibition of nitric oxide production activity

VLA N Hi & Bl ( Thymelaeaceae ) I 7 J&
Aquilaria Lam. ST JE Gyrinops Gaertn. 1)
THEMIRRIARM, RRARFTEG LR L .
BT, Epriig 25 i YRR R
# A. sinensis (Lour) Spreng. . 5 KUl & A
malaccensis Lam.. 227 A. filaria (Oken) Merr.fl
BT (XFRRTRLEIRITA ) A. crassna Pierre ex
Lecomte. 7E LAEXT _Fik 4 FAE kU5 0T & LA TG
HPUE A. walla Gaertn FINIM$LITE G. salicifolia
Ridl Jri= JUAF IR U R B, 2-(2-% 4.2 (i
ARG 2l R DT B 2 KRB FBRAEE 4021, BN
MUTEF H 53 B 2-(2-2K 55 (i K 22 DL AR
A, HADHUE ZRIRE=IRAEBS), B2 2017
T, ARBFFRHANES . RO ZE S R YIE

RILT — RFEk | RN IS S 2-2-2K
LY TR TE F ) 2 SRAARIO- 10T, I AN DL Ak &4
FEVTRF P — AR REIR AL 2 08, APEDTR K
WS Z SR B S5t T EEA R AW
ARBNE L JFE M UTEW T I AT, 508
28] 3 MEEW (- D, Rl e N E DA
(aquicrassnol, 1)+ 8-F-6-F23£-2-(2-FK £ 3Ll [8-
chloro-6-hydroxy-2-phenylethy)chromone, 2]+ 8-3-
6- 48 Kk 2-[2-(4- A L R ) £ B 1 (0 F [8-chloro-6-
hydroxy-2-[2-(4-methoxyphenyl)ethyl]chromone, 3].
b, a1 i EY), RUTEH A E A h
2-(2-R L) RN R T 2 SR AK, a4 95t
DUAEE (aquicrassnol), H LRI HX B B VR4 A
RAW264.7 1A= — B AR EAT R I .

E1 k& 1~3 HikEEH

Fig. 1 Chemical structures of compounds 1—3

1 NES5HH

Bruker AV-500 Y8 SA% M (FEE Bruker 2
7)), TMS fENAHR: Nicolet 380 ZLAMGIEAY (3%
Thermo A &]); 8 AME1EX (UV-2550 Shimadzu);
et (FE1H Rudolph AR 4R 1260 73 Hr Y
TR A (S Agilent AT ZHEIE 1260
i) 2 2 v OB A (SR Agilent A ] D;
COSMOSIL 5C;s-MS-II fil t-NAP i FE (250 mm X
4.6 mm, 5 pm, Nacalai tesque A 7] ); i 11X (Bruker
amazon SL A &]); [ — iy MOS-500 (Z:[EH

Biologic A ); METTLER TOLEDO ME204 &%
MR [Jior 22—, HR-16 7 240 (Rl
A#]]; ELX-800 Bbril CEEFERATD: ML
B (LR ARAFET RS D).

Sephadex LH-20 #¢/i¢ (£ Merck A #]), CHP20P
MCI M8 (HA =327, ODS (20~45pum, H
A Fuji A7), IR G, HEEHER G, H
(200~300. 60~80 H, & &HEFIT) D; BSA-
100A H 2B sEds (IgHMPTACERT Do /D
BRELAZ B MEAT L (RAW264.7) T H A L RFE=RBE 140
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Ml ; DMEM RKrgedt, fad-iiyh (FEBR G /R BHE
~nE]D;s BiZ M (lipopolysaccharide, LPS). Griess i3t
AL WL SE (LS RH107294, g% BUAH A
"D MR (LS SLBZ4289, [H Sigma A ).
hEE R (IS HO3A8I41034, _EiFIEMHEYIRl
FAABRA D DY AR EME (3£E Sigma A F])D.

DUEFEMRET 25, &b E PG RE LR
s A W AR 5 B 85 2 1 I AL O 4 o B R A )
N FERDUE B E M ICHK A, crassna Pierre ex
Lecomte, EIFFRZA (20140909) {RAF T A [E #ar A
M B2 A LA T
2 EESESE

TR UTE AN (2.2kg) Fl 95%M 2K
INARER B 3 K, BRI 10 L [ 8, J50% [
W2 BE R TR, BB OEIRE (296.0g), ¥ L
BB RK BRI, KRIKHBRR B, BT B
BRI 3K, o lIRGE B IR OB B ANE T R
H. KRR ABAIUY (191.6 g) LR i,
ST R-HEE (100 1) Pelt, B3 11 MR
2y (Fr.1~11). Fr.5 (48.5g) 2y EhE i o,
DL=SH B/ M S (10 0~0: 1) BREESRmG, 1537
ARy (Fr. 5-1~5-7). Fr. 5-4 (5.3 g) %4 ODS H: 4
W, DIHIEE-K (307,253, 101, 3:2, 753,
4:1.9:1. 100, BMBERE2.50) e, 5520
ANy (Fr. 5-4-1~5-4-20). Fr. 5-4-5 (389.5 mg)
% Sephadex LH-20 #EfckE( i, F =50 bi-H B2
(1) P, BaY2 (8.4mg) F13 (5.2mg).
Fr.8 & MCI #: i, HFEE-/K (101,312, 7
30401, 901, 100, BB 2.50) HEATHEN,
53] 9 ANf4r (Fr.8-1~8-9), Fr.8-8 (13.5g) &%
FRERAE (R, FFEE-K (3017203 101.3:
20 7:3,4:1.9:1.1:0, BMEE25L) ¥k
/53] 5 Mo (Fr. 8-8-1~8-8-5). Fr. 8-8-2 (1.2
g) % Sephadex LH-20 #EMAE (1%, F =50 k-
B (101D Pelt, B33 A4S (Fr. 8-8-2-1~8-8-
2-3), Fr. 8-8-2-1-1 Z&}:4il# HPLC 4iifk (Cis#,
CIE-IK 2 03) rEait s s, a1 (3.1 mg,
r=15.12 min),
3 HHETE

EY 1 Rs B ToE A, (o] +64.0 (c
0.15, MeOH); UV A" (nm): 212 (4.83), 260 (4.27),
283 (3.65); IR vjoox (cm™): 3 414,2 928, 1 657, 1 599,
1508, 1453, 1239, 1 121, 1 029, 476; ECD (MeOH)

Jmax (A€): 272 (+4.4), 235 (—3.8), 226 (—4.0) nm, 'H-
NMR Al BC-NMR %4 W% 1.

BT RE HR-ESI-MS 7E m/z 1 101.370 9 [M+
Na]* (CssHexO2Na, TFHAH 1101.3727) B+
BT, RIWED 1 10T 08 CssHer020, AL
FIFER 28, Bl B 24 MfE 5, RS
W) 1 G XFRGE R . TH AT BC-NMR $#E (£ 1) B8
WAL 4 NMEBENTHKFPREGES [&
68.8 (C-5/5")/6n 4.94 (2H, d, J = 5.6 Hz, H-5/5"), &
71.9 (C-6/6")/64 4.04 (2H, dd, J = 9.8, 5.1 Hz, H-6/6"),
& 71.7 (C-7/7)/84 421 (2H, dd, J = 9.8, 5.6 Hz, H-
7/7"), & 79.1 (C-8/8")/x 5.10 (2H, d, J = 5.6 Hz, H-
8/8N], 1 NI HUARZE [& 131.5 (C-1"/1"), & 129.3
(C-2"/6"/2"16")/8 7.02 (4H, d, J = 8.4 Hz, H-2"/
6"/2"/6"), & 114.2 (C-3"/5"/3"/5")/64 6.80 (4H, d, J =
8.4 Hz, H-3"/4"/3"/5™), & 158.5 (C-4"/4™)], 2 MK H
HE [6c 31.8 (C-7"/7")/64 2.81 (4H, t, J = 7.6 Hz, H-
7"/17"), & 35.9 (C-8"/8") /Sn 2.74 (4H, t, J = 7.6 Hz, H-
8"/8")], 1 NHLFRE-4-HiH.TT [oc 169.5 (C-2/2"), &
113.7 (C-3/3")/n 6.14 (2H, s, H-3/3"), & 180.5 (C-
4/4"), & 158.5 (C-9/9"), & 121.5 (C-10/10)]. k{5
BRPTEE 2 AN EEAMFN 5,6,7,8-2-2-2K 3k £ 5)
BRI, BT 3 AMFAIEES (& 55.4/64 3.77,
2XOCHs, & 56.5/54 3.87) 4, HAx 18 Mk, H2
AR C6-C3 BLIGLH AL, B C-7"" 3 9" [k 2 Ar
%, RPFENVIEREEARNER TR, 46501
3 CssHex02, AT AR IAAD 1 2t 2 1 5,6,7.8-10
H2-Q-FK LI e Al 1 ANARIEER R ICdL
SEAXTIREEH o A H-3/3' (56.14) £ C-2/2' (5169.5)/
C-4/4" (5180.5)/C-10/10" (5 121.5)/C-8"/8" (5 35.9),
M H-6/6' (54.04) F] C-5/5'(568.8)/C-8/8' (579.1)/C-
10/10"(5121.5), M H-5/5'(54.94) | C-5/5'(568.8)/
C-8/8' (579.1)/C-10/10" (5 121.5), M H-8/8' (55.10)
F| C-6/6' (571.9)/C-9/9' (5 158.5)/C-10/10" (5 121.5),
M H-6"/6" (5 7.02) | C-2"/2" (5 129.3)/C-5"/5" (5
114.2)/C-7"/7"(531.8), LALLM H-6"/6"" (56.61) |
C-2"72"" (5 103.0)/C-4"/4"" (5 134.8)/C-7"/T"" (5
85.8) 1) HMBC #HKAE 5 A LLUESE FiR & 4L BT
fEE (B 2). 148 OCHs (& 56.5/643.87) ] C-3""/C-
5"/C-3""/C-5"", OCHj (&c 55.4/643.77) %] C-4"/C-4"
) HMBC %155, 7] LA %€ 4 4~ OCH3 (S 56.5/64
3.87) S lERAE C-3"/C-5"/C-3""/C-5"" I, FHHk 2
AN OCH;s (& 55.4/64 3.77) HEHEAE C-4"/C-4" 1. M
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HMBC 1155 H-8/8'#] C-4"/4""(5134.8), LA} H-
2"/2m" 5 H-8"/8""(53.03) Z [A]ff) ROESY M55, AJ
PABAE 2 A 5,6,7,8-P0 A -2-(2-K 238 (. i B o Al R
REZ BT A 2 N IE BT R E 1.

AAN, HCERBIE AN, RBME AT 1

AR ZR B TC I T T S5 SRR R R 55 M A ik i
PR B ()T A MBI — 2L IR (+)- T
WERIY T BERAL S 1 AR IR A, BWE
WEY 1 HARIEER 05 (+)- T &R Bl A A1 A
IDECh g AR

*1 L& 18 H- 1 BC-NMR 3% (500/125 MHz, CDCl;)
Table 1 'H- and '*C-NMR data of compound 1 (500/125 MHz, CDCl3)

R Unit A/ Unit B Unit C
{7 3IA
& S & S
2/2' 169.5, C
3/3' 113.7, CH 6.14 (s)
4/4' 180.5, C
5/5' 68.8, CH 4.94 (d,J=5.1 Hz)
6/6' 71.9, CH 4.04 (dd,J=9.8,5.1 Hz)
77 71.7, CH 4.21 (dd,J=9.8,5.6 Hz)
8/8' 79.1, CH 5.10 (d, J=5.6 Hz)
9/9' 158.5,C
10/10’ 121.5,C
1"/1" 131.5,C
2"16"12"/6" 129.3, CH 7.02 (d, J=8.4 Hz)
4"/4" 158.5,C
3"/5"/3"/5™ 114.2, CH 6.80 (d, /= 8.4 Hz)
77" 31.8, CH2 2.81 (t,J=17.6 Hz)
8"/8" 35.9, CH2 2.74 (t,J=17.6 Hz)
| A 138.2,C
26" 12" /6" 103.0,CH  6.61 (s)
4"rjgmn 134.8,C
353 /s 152.9,C
7" 85.8,CH 4.76 (d,/=2.5 Hz)
8""/8"" 54.6,CH  3.03 (m)
9"/ g 72.1,CH>  4.27 (m), 3.94 (dd, J=9.3, 3.1 Hz)
4"/4"-OCH; 55.4, CHs 3.77 (s)
3535 -QCHs3 56.5,CHs 3.87 (s)
BV 1 H 2 5,6,7,8-TUA-2-(2-7% 238t il
BTG ZRA R, RN, £H 2 4
H,co 5,6,7,8-VU &-2-(2- % £, 45 ) L I B2 7o 2L A A [R] (1) 7
B, H-6/6'5 H-7/7"2 (B ECKE A H 4L (9.8 Hz),
odk, YA H-5/5'5 H-7/7', H-6/6'"5 H-8/8'[f] NOE %N,
= 30 5,6,7,8-NUA2-(2- % Z.35) R 45T 1 H-5/5"15
-~ HMBC OCHW oct, ' ’ 1\ H A% %
- w1 o (ST H66, HTUS H88 A TR E (B 2).
AL T B A 2T 20 ) B R Ik
OH O

2 k&1 8XH 2D NMR HHXES
Fig. 2 Key 2D NMR correlations of compound 1

aquicrassone Al | (5R,6S,7S,8R)-6'-hydroxy-4""'-
methoxy-crassin BI'4, 2'-hydroxy-aquifilarone QU'4LL
J(+)-T EWBEE ) CD !, AR TR
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ML -S4 1 (1) CD B Cotton 25 [226 (—4.0),
272 (+4.4)nm], A DLAIBLEYD 1 PEEEIE R 2
AR A B RIS A, B C-8 1 C-8"4 R AL (]
3), MImHENAY 1 4SRN (55,6R,7S,8R,
58, 6R',7S' 8R',TR" ,8S™ TR"" 88"") . Kk, tb &4 1
(s Famf e A 1 iz, £ SciFinder £ 2 AHTL

40 -

Ag/(M-em™)

) .
\

3

1
400

“W, Har AR ITERE (aquicrassnol) .
WG 2: IREEMIRY) . ESI-MS m/z: 323.3
[M+Nal*, 473N C17H13Cl10s; 'H-NMR (500
MHz, DMSO-ds) J: 7.28 (1H, d, J = 2.8 Hz, H-7),
7.18~7.21 2H, m, H-3', 5), 7.16~7.18 (2H, m, H-2',
6'), 7.14 (1H, d, J = 2.8 Hz, H-5), 7.10 (1H, t, J = 6.9

LEY 18 CDEER A BHAHTFFIE

Fig. 3 CD spectrum and exciton chirality between chromophores of compound 1

Hz, H-4"), 6.12 (1H, s, H-3), 2.91~2.98 (4H, m, H-7',
8'); 13C-NMR (125 MHz, DMSO-ds) J: 168.5 (C-2),
109.0 (C-3), 176.1 (C-4), 107.3(C-5), 154.5 (C-6),
122.6 (C-7), 122.4 (C-8), 145.2 (C-9), 125.8 (C-10),
140.0 (C-1'), 128.5 (C-2'), 128.3 (C-3'), 126.2 (C-4"),
128.3 (C-5"), 128.5 (C-6'), 31.9 (C-7'), 34.7 (C-8'). LA
R HE S SCERIRE — 20, A 2 O 8-F-6-
FRH2-(2-K 2 HE) i

WEY 3: R EHARY) . ESI-MS m/z: 353.8
[M+Nal*, 4+ 3N CisHisClOs; 'H-NMR (500
MHz, DMSO-ds) 6: 7.35 (1H, d, J = 2.8 Hz, H-7), 7.20
(1H, d, J= 2.8 Hz, H-5), 7.15 (2H, d, J = 8.7 Hz, H-2',
6'), 6.82 (2H, d, J=8.7 Hz, H-3', 5'), 6.17 (1H, s, H-3),
2.91~2.98 (4H, m, H-7', 8); 3C-NMR (125 MHz,
DMSO-ds) J: 168.5 (C-2), 109.0 (C-3), 176.1 (C-4),
107.3 (C-5), 157.7 (C-6), 122.7 (C-7), 122.4 (C-8),
145.0 (C-9), 125.1 (C-10), 131.8 (C-1'), 129.3 (C-2),
113.8 (C-3'), 157.7 (C-4'), 113.8 (C-5), 129.3 (C-6"),
31.1(C-7),35.0 (C-8"). LA L-Hds 5 CikdfaE —zel,
W EY 3 N 8-F-6-F2H-2-[2-(4-HEHERK) L
[ENTR
4 FSRTEMENR
41 YHAREIEME

KH MTT iR A9 1~3 S/ FCUAZ B
4HH RAW264.7 [N EEIE D181, RAW264.7 4
M4 10% FBS ) DMEM £358T 37 'C. 5%

CO, Bi FRA P i S 77 . 4HAd% 1 X105 Ay /mL #5h
T 96 FLAR FE5 7% 24 h, Ay RIS A BHEZ (ER
TR R 2D A R EWH, BT 37 C. 5%CO;
YR EEFRFE P EEE 72 h ), ALY RN 15
uL B EIR N 5 mg/mL 1) MTT ¥, 7£37 C%
RN 4 h JEWoE BIER, mAESLIIAN 100 pL
DMSO 75, T EEFRY 490 nm A R E &F
LR (O {E, FHSELKRTFAT 3 K. AN
THE 20 f A= K i %

2 =1—4/40
Aov A SR AM. S 4 E

SEIRAE R EOR, LA EITE 100 pmol/L ¥
AN EBAT YN
42 LPS FE/INREZERMAM RAW264.7 754
NO B97&E %

K LPS 753/ B A% B VR 41 RAW264.7 15
RGP 1~3 IPTATE 1201, RAW264.7 4]
& 10% FBS ) DMEM 1;7# T 37 C. 5%
CO, B FRFE T MRS 9% 4liRd% 1 X105 N/mL $Hf
T 96 FLAR 5% 24 h, 3l HEZH CASIn LPS).
BRI BHPEZ (M RIS -E) A, (&
ANFEFIE (1000 504 25, 12.5. 6.25 pmol/L) 4,
Brxd R 4h, BRI AN S 25 2540 I LPS (500
ng/mL) T, SHAHHABFMAMMNLGY), BT
37 C. 5% CO, 5724 R IMiEE 24 h f5, HX 100
uL TH0 0 96 fLtkH, 2 J5 mEEfLIIA 100 uL (40
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mg/mL) Griess i3], VR51fE T EEFR{X 540 nm K
TN E AL A M, FRESERTAT 3 R AT
B NO #i) 2%, FIF GraphPad Prism X {4 Ab FEE 4,
RIGEYINT LPS 55 RAW264.7 725 NO 41
#¥E (median inhibition concentration, ICsq).

N2 = (42— A1)/(A2— Ao)
Aov Arv A2 5y BIRSIRAE . 29 . BEALAH I A 18

SRR, 1A 1 A LPS 755/ R
ZE VR4 RAW264.7 7= NO [3E 1, 1Cso fHA
(47.5342.14) umol/L. FHPEXT FEA Rz 28 R0 Wk 36 =
(1) 1Cso {E N (12.46+0.24) F1(25.28 +1.14) umol/L.
HoAt Al &0 B AN NO F=AE & 1
5 g

AT FE IR ERS JE I YT BT = D0 R IR
H 2-(2-2K & 28 i 5 K G 208 OB i 2 &
(1), HZAib &Y% LPS i S RAW264.7 4H itk
724 NO BAA — @ Mg, 1Cso{E N (47.53+
2.14) umol/L. HAT, MITEFHILE % 2-2-
LI ETARAE 103 1~ EY) GBI 25 4,
Horh 25 A — B A PE 1021201 7 HiF i) 4
BARYRH 14 2-Q-ZK LI BRIt 1 Mg
M B P B PR R A PR T SR A AT R R, T4k
A1 el 2 4 2-Q-F ) BB 1 A
FHIU A LA C-O-C BEHTY LI A S, X AR
T HEERMREN Ao DY R A AR DT
SRR T Az, o (4)- T BB A2 1
AN A, ERZEDHEA A, HAEE
FEUUE R Y AR E B EEWR S, AW TUA T
WTE ER A 73 B4 2 8401k 120 mg, (HAEZSH
JE TR AR A AR 73 B IR o IR S
1R IRR BT (+)- T BWEER, Xt y5eE
DUES 2-2-7K LH8) BT ARV AR & U 1 3
HE 7 TR

FBAR FAVHEHFARGEARZFR
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