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Abstract: In order to explore the polymeric 2-(2-phenylethyl) chromones (PPECs) components and the structures from
agarwood (Aquilaria spp.), ultra-performance liquid chromatography coupled with quadrupole time-of-flight mass /mass
spectrometry (UPLC-Q-TOF-MS) was used to acquire the spectrum of TOF-MS and TOF-MS/MS of agarwood samples.
The fragmentation pathway of PPECs was analyzed. The screening and structure confirmation of PPECs from agarwood
was performed. A total of 55 PPECs components were identified. According to the structural characteristics, 55 compo-
nents were grouped into three types, including dimeric 2-(2-phenylethyl) chromones (DPECs), trimeric 2-(2-phenylethyl)
chromones (TPECs) and sesquiterpenoid-2-(2-phenylethyl) chromones (SPECs). All identified components were con-
sisted of 44 DPECs, 3 TPECs and 8 SPECs, of which nine DPECs, one TPECs and one SPECs were firstly identified in
agarwood. Furthermore, 2—4 isomers were observed for some PPECs components from agarwood. The results showed
that agarwood were rich in PPECs components and the corresponding isomers. Meanwhile, the proportion of DPECs
was the highest (80%) among total PPECs. The results could provide reference for the study of material basis of phar-

WS BEER  2022-06-14; {E[EIHHEE 2022-09-09
HEEWMB g EAU AT H (No. ZDYF2020160 ),
EEEAN  BHER (1971—), 2, W+, FIBEE, BFEJTm . &7 iR % 4 ; E-mail: yangxinf@sina.com.



1890 o AE A F AR

%44

macodynamics effect and utilization of agarwod.
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Tab. 1 UPLC-Q-TOF-MS/MS analysis results of polymeric chromones from agarwood
[=52] [M+H]+ . e S 1 A
g P e B2 CHEE O pn hema et 1) 5
it ] . Error/ Fragmentions Classifi- 3CHk
No. ; Theoretical/ 4 Formula Mass/Da Compound .
Rt/min Experimental(m/z) (mmol-L™7) (m/z) cation Ref.
1 13.90 693.2178/693.2199 3.0 675, 657, 639, 611, C3¢H36014 692.2030 2-[2-(3'-hydroxy-4'-methoxy phenyl) DPECs
465, 429, 365, 347, ethyl]-5,6,7-trihydroxy-5,6,7,8-tetrah
329, 327, 313, 301, ydro-8-{5",6"-epoxy-7"-hydroxy-2-
137 [2-(3"-hydroxy-4""-methoxyphenyl)
ethyl]chromonyl-8-oxy} chromone
2 17.22 675.2072/675.2075 0.4 657, 639, 611, 463, C3sH3,013  674.1994 2-[2-(3'-hydroxy-4'-methoxy phenyl) DPECs [3]
447, 329, 301, 285, ethyl]-5,6,7-trihydroxy-5,6,7,8-tetrah
137 ydro-8-{6"-hydroxy-2-[2-(3""-hydroxy
-4"-methoxyphenyl)ethyl]chromonyl-
7-oxy}chromone
3 1879 565.1857/565.1876 3.4 547, 519., 283, 91, C34H,505 564.1784 AH2I (isomer 1) DPECs [4-5]
164, 227, 255, 192
4 19.05 595.1963/595.1968 0.8 577, 549, 313, 283, C;3sH3009 594.1884 4'-methoxyaquisinenone G DPECs [3-4]
255,227,192, 164,
121, 91
5 1938 625.2068/625.2079 1.8 607, 579, 343, 313, C3¢H3,0,9  624.1990 4,4'-dimethoxy aquisinenone G DPECs [3-4]
285, 121
6 19.96 689.2229/689.2242 1.9 671, 653, 517, 343, C37;H3601;  688.2504 2-[2-(3'-hydroxy-4'-methoxyphenyl) DPECs [3]
329, 301, 137 ethyl]-5,6,7-trihydroxy-5,6,7,8-tetrah
ydro-8-{6"-methoxy-2-[2-(3"'-methox
y-4""-hydroxyphenyl)ethyl]chromonyl
-7-oxy }chromone (isomer 1)
7 21.82 677.2229/677.2244 2.2 659, 641, 623, 605, C36H36013 676.2150 2-[2-(4'- methoxy phenyl)ethyl]-5,6, DPECs
595, 489, 466, 449, 7-trihydroxy-5,6,7,8-tetrahydro-8-{5",
413, 347, 345, 327, 6"-epoxy-7"-hydroxy-2-[2-(3"'-hydrox
313,297,227, 121 y-4""-methoxyphenyl)ethyl] chro-
monyl-8-oxy} chromone
8 21.83 647.2123/647.2138 2.3 629, 611, 593, 575, C35sH3,01,  646.2045 2-(2- phenylethyl)-5,6,7-trihydroxy- DPECs
419, 383, 347, 327, 5,6,7,8-tetrahydro-8-{5",6"-epoxy-7"-
283,267,137 hydroxy-2-[2-(3""-hydroxy-4""- meth-
oxyphenyl)ethyl]chromonyl-8-
oxy }chromone
9 2259 619.2174/619.2183 1.4 601, 583, 547, 319, C3,H34,0;  618.2096 2,2'-di-(2-phenylethyl) -8,8'-bi tetra- DPECs
301, 283, 255, 227, hydrochromone (isomer 1)
164,91
10 26.64 659.2123/659.2153 4.6 641, 623, 461, 445, C36H3,01,  658.2045 2-[2-(4'-methoxy phenyl)ethyl] DPECs
431, 329, 313, 137, -5,6,7-trihydroxy-5,6,7,8-tetrahydro-8
121 -{5"-hydroxy-2-[2-(3""-hydroxy-4""-m
ethoxyphenyl)ethyl] chro-
monyl-7-oxy} chromone
11 26.65 619.2174/619.2188 2.3 601, 583, 319, 301, C34H3,01;  618.2096 2,2'-di-(2-phenylethyl)-8,8"-bi tetra-  DPECs
283, 255,227, 164, hydro-chromone (isomer 2)
91
12 27.34 689.2229/689.2239 1.4 671, 653, 517, 475, C37H360,5  688.2504 2-[2-(3'-Hydroxy-4'-methoxyphenyl) DPECs [3]
459, 343, 329, 301, ethyl]-5,6,7-trihydroxy-5,6,7,8-tetrah
137 ydro-8-{6"-methoxy-2-[2-(3"'-methox
y-4""-hydroxyphenyl)ethyl]chromonyl
-7-oxy } chromone (isomer 2)
13 27.42 629.2017 629.2039 3.5 611, 593, 575, 565, C3sH3,01; 628.1939  2-[2-(3',4"-hydroxy)-phenylethyl]-5,6, DPECs
329, 283, 255, 137 7-trihydroxy-5,6,7,8-tetrahydro-8-{6"-
methoxy-2-[2-(4"-methoxy)-phenyl
ethyl]chromonyl-7-oxy } chromone
14 34.35 601.2068/601.2060 -1.3 583, 565, 547, 451, C34H3,059  600.199  2-(2- phenylethyl)-5,6,7 DPECs
319, 301, 283, 255, -trihydroxy-5,6,7,8-tetrahydro-8-[5",6'
227,164, 121,91 "-epoxy-7"-hydroxy-2-(2-phenylethyl)
chromonyl-8-oxy]chromone
15 37.52 673.2280/673.2279 0.1 655, 637, 475, 459, C37H360,,  672.2201 2-[2-(4-Methoxyphenyl)ethyl]-5,6,7-t DPECs [3-4]
343,313,137, 121 rihydroxy-5,6,7,8-tetrahydro-8-
{6"-methoxy-2-[2-(3"-methoxy-4""-h
ydroxyphenyl)ethyl]chromonyl-7
-oxy }chromone, (isomer 1)
16 38.77 643.2174/643.2198 3.7 625, 607, 331, 313, C36H34,01;  642.2096 4,4'-dimethoxyaquisinen-one K DPECs [3, 18]

269, 258, 121
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Tab. 1 UPLC-Q-TOF-MS/MS analysis results of polymeric chromones from agarwood (continued)
5 [M+H] g I
= =) I =z
G e L U'S S = fat 1) 5
it ] . Error/ Fragmentions Classifi- 3CHk
No. Rt/mi Theoretical/ (mmol-L ") (mlz) Formula Mass/Da Compound cation Rof
t/min Experimental(m/z) et
17 39.22 673.2280/673.2296 2.4 655, 637, 623, 475, C37H36012  672.2201 2-[2-(4'-methoxyphenyl)ethyl]-5,6,7-t DPECs [3-4]
459, 343, 327, 313, rihydroxy-5,6,7,8-tetrahydro-8-
269, 137, 121 {6"-methoxy-2-[2-(3"-methoxy-4""-h
ydroxyphenyl)ethyl]chromonyl-
7-oxy}chromone, (isomer 2)
18 39.48 599.2851/599.2874 3.8 329, 347, 581, 563, C33H4019  599.2772  sesquiterpene-2-(2-phenylethyl) SPECs [18]
545, 457, 365, 313, chromone dimer
301, 283, 255, 233,
217,137,121
19 39.72 613.2068/613.2095 4.4 595,577, 549, 313, C3sH3,010  612.1990 2-(2-phenylethyl)-5,6,7-trihydroxy-5, DPECs [18]
302, 283, 255, 239, 6,7,8-tetrahydro-8- {2-[2-(3"'-hydroxy
121,91 -4"- methoxy)phenylethyl]
chromonyl-6-oxy} chromone
20 40.76 583.1963/583.1989 4.4 565, 547, 519, 441, C34H;3009 582.1890 aquisinenone K (AH15) (isomer 1)  DPECs [3-5]
415,373, 301, 283,
255,239, 192,91
21 41.02 641.2017/641.2049 5.0 623,329, 313, 285, C3sHs,01,  640.1939 (7",8"-epoxy-6"-hydroxy)-2-[2-(4-  DPECs
137,121 methoxy phenyl)ethyl]-5,6,7,8-
tetrahydro-5-{7"-hydroxy-2-[2-
(3"-hydroxy-4""-methoxyphenyl)
ethyl]chromonyl-6-oxy } chromone
22 41.33 657.2330/657.2341 1.7 639,621,327, 313, C3;HssO1  656.2251 2-[2-(4'-methoxyphenyl)ethyl]-5,6,7-t DPECs [3-4]
285,121 rihydroxy-5,6,7,8-tetrahydro-8-{6"-
methoxy-2-[2-(4"-methoxyphenyl)
ethyl]chromonyl-7-oxy} chromone
(isomerl)
23 42.86 657.2330/657.2332 0.3 639, 621, 603, 593, C3;H3601;  656.2251 2-[2-(4'-methoxyphenyl)ethyl]-5,6,7-t DPECs [3-4]
357,347,327, 313, rihydroxy-5,6,7,8-tetrahydro-8-{6"-
285, 121 methoxy-2-[2-(4"-thoxyphenyl)
ethyl]chromonyl-7-oxy}
chromone (isomer2)
24 43.62 567.2013/567.2028 2.6 283, 267, 91, 164, C34H;3005 566.1941 AHI13 (isomer 1) DPECs [4-5]
255,239, 531, 549,
503, 228, 227, 192
25 43.75 583.1963/583.1981 2.9 565, 547,519,301, CssH3009 582.1890 aquisinenone K (AH15) (isomer 2) DPECs [3-5]
283, 255, 239, 192,
91
26 43.86 627.2225/627.2237 1.9 627, 609, 591, 573, C36H34019 626.2146 crassin C DPECs [4]
563, 327,313,297,
283, 255, 220, 121
27 45.17 583.1963/583.1981 2.9 565, 547, 519, 441, C33H3009 582.1890 aquisinenone K (AH15) (isomer3)  DPECs [3-5]
415,373, 301, 283,
255,239,192,91
28 48.21 655.2174/655.2195 32 637,343, 327, 191, C3;H34,01;  654.2096 hydroxy aquisinenone D DPECs [3]
137, 121
29  49.20 597.2119/597.2118 -0.2 579,561,297, 283, C35sH3,09  596.2041 AHI2 (isomer 1) DPECs [4-5]
255,121,91
30 50.17 657.2330/657.2358 4.3 639, 621, 327, 313, C37;H3601;  656.2251 2-[2-(4'-methoxyphenyl)ethyl]-5,6,7-t DPECs [3-4]
121 rihydroxy-5,6,7,8-tetrahydro-8-{6"-
methoxy-2-[2-(4"-methoxyphenyl)
ethyl]chromonyl-7-oxy} chromone
(isomer3)
31 50.76 597.2119/597.2128 1.5 579, 561, 533,429, C;3sH3,09  596.2041 AHI2 (isomer 2) DPECs [4-5]
387, 297, 283, 267,
255,239, 164, 121,
91
32 50.88 535.2690/535.2691 0.2 517,499, 283,301, C3;H;330; 534.2612 aquilacrassnin A (isomer 1) SPECs [3-4]
255,217,192
33 51.57 567.2013/567.2028 2.6 283,267, 164, 255, C34H;005 566.1941 AHI13 (isomer 2) DPECs [4-5]

239, 531, 549, 301,
227,91
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Tab. 1 UPLC-Q-TOF-MS/MS analysis results of polymeric chromones from agarwood (continued)
(] [M+H]+ 2e — e N S
o B e B2 CHEE  on sem LA AT
fis} [77] . Error/ Fragmentions Classifi- 3CHk
. ; Theoretical/ (mmol L") (ml2) Formula Mass/Da Compound cation
Rt/min Experimental(m/z) ° Ref.
34 5271 883.2960/883.2993 4.1 283, 865, 847, 829, Cs;Hss014 882.2888 AHIS (isomer 1) TPECs [3-5]
811, 783, 583, 565,
547,415, 301, 267,
255,239,192,
35 52.80 567.2013/567.2027 2.5 283, 267, 91, 164, C34H;3005 566.1941 AHI3 (isomer 3) DPECs [4-5]
255,239, 531, 549,
513, 503, 357
36 53.18 565.1857/565.1872 2.6 547,519, 474, 409, C34H305 564.1784 AH21 (isomer 2) DPECs [4-5]
283, 255, 91, 164,
227,192
37  53.40 551.2640/551.2641 0.2 533, 515, 497, 469, C;H;3305  550.2561 qinanmer SPECs [2-3]
441, 301, 283, 255,
233,227,164, 91
38 53.85 883.2960/883.2996 4.0 865, 847, 829, 811, Cs5;HyO;4 882.2888 AHI8 (isomer 2) TPECs [3-5]
801, 783, 583, 565,
547, 301, 283, 267,
255,239,192,91
39  53.92 535.2690/535.2705 2.8 517, 499, 283, 301 C;H;330; 534.2612 aquilacrassnin A (isomer 2) SPECs [3-4]
255,217,192
40 54.69 567.2013/567.2041 4.9 283, 267, 91, 164, C3,H3005 566.1941 AH13 (isomer 4) DPECs [4-5]
255,239, 531, 549,
513, 503, 485, 440,
357
41 57.04 583.1963/583.1987 4.1 565, 547, 519, 441, C33H3009 582.1890 aquisinenone K (AH15) (isomer 4) DPECs [3-5]
415,301, 283, 281,
255,239, 192, 121,
91
42 58.71 579.2014/579.2020 1.0 561, 543, 313,297, C3sH300s 578.1935 4'-methoxyaquisinenone A (isomer 1) DPECs [3, 5]
285, 121
43 58.99 639.2225/639.2240 2.3 621, 327, 313, 297, C3;H340,9 638.2146 aquisinenone D DPECs [3]
283, 137, 121
44  60.08 609.2119/609.2132 2.1 591, 327, 297, 283, C3sH3,09  608.2041 4,4'-dimethoxyaquisinenone A (iso- DPECs [3-4]
255,227, 191, 164, mer 1)
137, 121
45 61.56 609.2119/609.2137 3.0 591, 327, 313, 297, C36H3,09  608.2041 4,4'-dimethoxyaquisinenone A (iso- DPECs [3-4]
283,255, 164, 121 mer 2)
46  62.01 579.2014/579.2026 2.4 561, 543, 313,297, C3sH;3005 578.1935 4'-methoxyaquisinenone A (isomer 2) DPECs [3, 5]
285, 283, 267, 255,
164, 121
47  62.22 549.1908/549.1931 4.2 531, 513, 283,267, C34H,30; 548.1830 dehydroxy AH21(isomer 1) DPECs [3-5]
255,227, 164, 91
48  65.04 549.1908/549.1930 4.0 531, 513, 283, 267, C33Hp30;  548.183  dehydroxy AH21(isomer 2) DPECs [3-5]
255,227, 164, 91
49 65.47 585.1675/585.1702 4.6 549,267, 319, 301, C33Hy90; 584.1596 6-[(8-chloro-6,7-dihydroxy-4-oxo- DPECs [5]
283,255,176,91 Cl 2-phenethyl-5,6,7,8-tetrahydro-
4H-chromen-5-yl)oxy]-2- phenethyl-
chromone (B-type)
50  65.73 547.1751/547.1757 1.1 529, 511, 456, 313, C33Hy0; 546.1673 hydroxyl AHI1 (A-type) SPECs [5]
282,267, 121, 91
51 66.29 535.2690/535.2697 1.3 499, 301, 283, 301, C3,H;350; 534.2612 aquilacrassnin A (isomer 3) SPECs [3-4]
255,192
52  67.48 535.2690/535.2703 2.4 517, 499, 283, 301, C;,H330; 534.2612 aquilacrassnin A (isomer 4) SPECs [3-4]
255,217,192, 164
53 68.07 565.2796/565.2799 0.5 547,529, 313, 283, C33Hy9Os 564.2723 aquilacrassnin D SPECs [4]
255,217,121
54 70.93 815.2851/815.2865 1.7 797,779, 761, 549, C5;H409 814.2772  tri-2-(2-phenylethyl) chromone de- TPECs
531, 503, 479, 435, rivative
357, 283, 267, 255,
239,91
55 74.86 581.2745/581.2766 3.6 563, 545, 527, 331, C33Hy00s 580.2667 methoxyqinanmer SPECs

313, 285, 121
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Fig. 1 Structure of DPECs from agarwood
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Fig. 7 Fragmentation pathway of TPECs (compound 54)



1898

O AE B F R

%44

223 #E-&F=%4 (SPECs) wItUeh
8 I~ SPECs #1747, sl &b &4 18, 32, 37, 39,
51, 52, 53 f155, 4 ~Mb&H (32, 39, 51 f152)
B4 E N aquilacrassnin A S HR 0 SRR, LA
Yy 32 1) ik K 5 B A 4 DL 8 FTA 9.
&) 32 #E5 T ([M+H]) m/z 535.2691, KkF=—
TR JHEF miz 517.2596 ([M+H-18]"), FHZk
E—ITIKAEBRE R miz 499.2468 ([M+H-36]" ),

REES 25 R e R AR W 2L AR 2 MR R mlz

235.1678 Fl m/z 319.1194, m/z 319.1194 it —/43
FIK A B F miz 301.1054, m/z 301.1054 4EZE
K= AW - miz 283.0957, miz 283.0957 Hflii 225
FHBE 0 A % m/z 192.0397 ., m/z 235.1678 JiiiF=—/)
FOK A MHE R miz 2171574, m/z 217.1574 i 25—
Oy TR EE U A miz 189.1611, ARIELL 43T,
HEWT L &% 32 & aquilacrassnin A, J&TUE PUEE L
BT -4,11- 45 -14-1 2 ( selina-4,11-dien-14-oic
acid ) i o PR A4 TE B R Y .

6000
283.0957
5000 -
7
4 -
z 000 00
8 HO Q
E 3000 | o | ]
®
e OHO
285.1101 535.2676
1000 192.0397 301.1054
189.1611 | | 499.2468
0 T \]LHM | Ll L J 1 L 1 |
100 200 300 400 500 600 700
A e mlz

—H+
/

HO

[
HO
OH O

Cy,H3505, miz 535

H+
—| H+ OH _|
HO -H,0
7 || —_—>
* HO
COOH 0

m/z 235

l _H20

—|H

(0]
miz 217

H+
+ + 0 —I
-CO |
(_
— S O
OH

B8 mEX-BE_E# (aquilacrassnin A ) —R R E
Fig. 8 MS/MS spectrum of SPECs (aquilacrassnin A)

ii N
070

-H,0 HO 0 0
- -H,0 (]

—> 0 50
(¢}
m/z 517 miz 499

o oH I
OH
O™~
OH OH
m/z 319 m/z 301

-H,0 l
o
OH
(1)
0
OH

miz 189 m/z 192 miz 283

B9 #HEE-BEl_—E4% (aquilacrassnin A ) HFREZ
Fig. 9 Fragmentation pathway of TPECs (aquilacrassnin A)



59 P )45 . 2T UPLC-Q-TOF-MS/MS UL 2-(2-4 Z J) (o i 3R 5 1 43 23 BT 1899
3 'I,T_I"L/Q Overview of sesquiterpenes and chromones of agarwood

UiF 2-Q- R CE) Bk &M E£E A
EF R SRR ARZE, g ma R
RS E AR, BIE M HTUERE K. PPECs 1Y
SURIAE 2-(2-I8 £ k) (T BT 24 KL AR ALL
Z R &GN L — T K,
ol AR I, SR 5 (0 BT 2 1] ) fb 2 A B 2
A 2~3 AR R Y R BT B K L BRI S 1
R AIG, FETEILIERE bk —2 & A e N,
5] 2 €24 Tl B G v 2 A T A FOR IR CT'L C¥
Ab ) C-C HE R AW 2L, T8 B (T 25 5 7 AR
TR, DGR A —2 K B
Bt

A5 R FH R 1 O A 35— HR I PO -
AT A 3% XA 254 PPECs HEA 71404, #4863+
T PPECs Wi/ ik 4 fi i . e b 55 4
PPECs i 7r, 35 2-Q2- K Z &)@ — B Y
( DPECs )44 1>, = R¥Y( TPECs )3 1>, i J5-2-(2-
LI Y (SPECs ) 8 4>, H 9 4~
DPECs. 1 /> TPECs #ll 1 4~ SPECs ¥ IX1EULH H
ek, HR, UiF PPECs BT 40y BA 2~4
Ao SRR, DL Eg5RE, DAL M TP
PPECs 44y J H M 70 Mk + % , H DPECs 257
(A2 53 7E & PPECs H BT 7 LU A9l e i (1 80% ). F 5%
45 SR UL 2530 5 S R AE 5 S T & ) FH B8 5 2k
Bl AT 2564 1 3RARAL S5 hR e T B UK

S % 3Tk

(11 FERHHMEG S PEARIAEZ M) M]. b5t

Fp ] 25 RHR H AT, 2020: 192-193.
Chinese Pharmacopoeia Commission. Pharmacopoeia of
People’s Republic of China (1st Section)[M]. Beijing: Chi-
nese Medicine Science and Technology Publishing House,
2020: 192-193. (in Chinese)

21 BWJr, ZEMs, (TR, skiBlH, K, SirE. DA
LY/T 2904—2017[S]. dbxt: HrEbriE i pet, 2018.
YINYF,LIGY,FUY J,ZHANG S J, ZHOU F, DAI H F.
Agarwood: LY/T 2904—2017[S]. Beijing: China Standards
Publishing House, 2018. (in Chinese)

[3] LI W, CHENH Q, WANG H, MEI W L, DAI H F. Natural
products in agarwood and Aquilaria plants: chemistry, bio-
logical activities and biosynthesis[J]. Natural Product Re-
ports, 2021, 38: 528-565.

[4] GAOM,HAN XM, SUNY,CHENHIJ, YANG Y, LIUY
Y, MENG H, GAO Z H, XU Y H, ZHANG Z, HAN J P.

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

originating from four main species of the genus Aquilaria[J].
RSC Advances, 2019, 9: 4113-4130.

LIY B, SHENGN, WANG L L, LI SJ, CHENJ N, LAI X
P. Analysis of 2-(2-phenylethyl) chromones by UPLC-ESI-
QTOF-MS and multivariate statistical methods in wild and
cultivated agarwood[J]. International Journal of Molecular
Sciences, 2016, 17(5): 771.

YU Z X, WANG C H, ZHENG W, CHEND L, LIU Y Y,
YANG Y, WEI J H. Anti-inflammatory 5,6,7,8-tetrahydro-2-
(2-phenylethyl) chromones from agarwood of Agquilaria
sinensis[J]. Bioorganic Chemistry, 2020, 99: 103789.

MI C N, YUAN J Z, ZHU M M, YANG L, DAI H F.
2-(2-Phenylethyl) chromone derivatives: promising a-gluc-
osidase inhibitors in agarwood from Aquilaria filarial[J].
Phytochemistry, 2021, 181: 112578.

LIAO G, MEIW L, KONG F D, LI W, YUAN J Z, DAI H F.
5,6,7,8-Tetrahydro-2-(2-phenylethyl) chromones from artifi-
cial agarwood of Aquilaria sinensis and their inhibitory ac-
tivity against acetylcholinesterase[J]. Phytochemistry, 2017,
139: 98-108.

HAH, MG, BN, 2-Q- R L5 BRI E MmN A
YIS T S AR 5 T T HE R (0], vh 2424208, 2019,
54:1909-1918.

XIAO M J, GAO Z H, WEI J H. Advances in research on
bioactivity and biosynthesis of 2-(2-phenylethyl) chro-
mones[J]. Chinese Pharmaceutical Journal, 2019, 54:
1909-1918. (in Chinese)

YANTT, YANG S, CHEN Y, WANG Q, LI G Y. Chemical
profiles of cultivated agarwood induced by different tech-
niques[J]. Molecules, 2019, 24: 1990.

LIAO G, DONG W H, YANG J L, LI W, WANG J, MET W
L, DAI H F. Monitoring the chemical profile in agarwood
formation within one year and speculating on the biosynthe-
sis of 2-(2-phenylethyl) chromones[J]. Molecules, 2018, 23:
1261-1290.

WANG S, YU Z X, WANG C H, WU C M, GUO P, WEI'J
H. Chemical constituents and pharmacological activity of
agarwood and Aquilaria plants[J]. Molecules, 2018, 23: 342.
LI W, LIAO G, WANG H, DONG W H, YANG L, KONG F
D, CAI C H, WANG J, MANDID A, KURTAND T, MEI W
L, DAI
(2-phenylethyl) chromones from Chinese agarwood by arti-
ficial holing[J]. Fitoterapia, 2019, 134: 182-187.

REETT, 2, LEh, 20, R, B, =IE, H
. AR XS K R AR U (4 B LU SE )], B
[ £ [E25, 2019, 30(9): 2255-2258.

WUZQ,LIZ KONGIJ Y, LIJ,CHENJM, XUEJ T, WU

H F. Five new epoxy-5,6,7,8-tetrahydro-2-



1900

%44

[15]

[16]

[17]

(18]

J, SHEN Y. Quality evaluation of agarwood samples by
burning - chisel drilling method on different ages of Agiralia
sinensis (Lour.) Gilg trees[J]. Lishizhen Medicine and Mate-
ria Medica Research, 2019, 30(9): 2255-2258. (in Chinese)
YL, SR, FVERE. TPeiiE EE AR S R
PSR T]. HEB Y24, 2017, 26(13): 1538-1545.
LIK M, MA Q W, SUN Z X. A review on the main chemi-
cal constituents and quality evaluation methods of Aquilariae
Lignum Resinatum from Aquilaria sinensis[J]. Chinese
Journal of New Drugs, 2017, 26(13): 1538-1545. (in Chi-
nese)

AR, MISCHI, Z3CHE, FORAT, U, W B
AT GO B AL 27 B BFSE (0], Pl WA R 7 4R
2016, 24(3): 342-347.

LI W, MEI W L, ZUO W J, CAI C H, DONG W H, DAI H
F. Chemical constituents of Chinese agarwood induced by
artificial holing[J]. Journal of Tropical and Subtropical Bot-
any, 2016, 24(3): 342-347. (in Chinese)

REW), W7, WP, DRSS, W, JRER. IR
RORAR 18- DU AR AT AT 1) T B = P S B A 9T
1. s3HriiizEd, 2020, 30(1): 89-98

WU H Q, HUANG F, HUANG X L, LUOH T, XIE S T,
ZHOU X. Research on digital fingerprints of agarwood using
high performance liquid chromatography coupled with
quadrupole time-of-flight mass spectrometry[J]. Journal of
Instrumental Analysis, 2020, 30(1): 89-98. (in Chinese)
YANG Y, CHEN H Q, KONG F D, ZHOU L M, LI W,
DONG W H, CHEN Z B, MEI W L, DAI H F. Dimeric ses-
quiterpenoid-4H-chromone derivatives from agarwood of

Agquilaria crassna and their cytotoxicity[J]. Phytochemistry,

[19]

[20]

[21]

[22]

(23]

2018, 145: 207-213.

LI W, YANG Y, DONG W H, WANG H, KONG F D, CAI
C H, MEI W L, DAI H F. Dimeric 2-(2-phenylethyl) chro-
mones from the agarwood of Aquilaria crassna in Laos[J].
Fitoterapia, 2019, 133: 12-16.

XIALL,LI W, WANG H, CHEN H Q, CAICH, YANGL,
JIANG B, YANG Y L, MEI W L, DAI H F. LC-MS guided
identification of dimeric 2-(2-phenylethyl) chromones and
sesquiterpene-2-(2-phenylethyl) chromone conjugates from
agarwood of Aquilaria crassna and their cytotoxicity[J]. Fi-
toterapia, 2019, 138: 104349.

WIGE, 2k, B, MEICH, AKORAE, RS, e
FE 7P N TATIRYUA T — 80 2-2-58 58 (B — 2R A1)
PEFTEY)2AHR, 2021, 42(2): 569-574.

HURH, LI W, WANG H, MEIW L, MIC N, YUAN ] Z,
DAI H F. A new dimeric 2-(2-phenethyl) chromone from
Chinese agarwood induced by artificial holing[J]. Chinese
Journal of Tropical Crops, 2021, 42(2): 569-574. (in Chi-
nese)

TIANCP, WU A Q, YAOCY, SONG Z J, SHEN L Q, HE
L L. UHPLC-QTOF-MS based metabolite profiling analysis
and the correlation with biological properties of wild and ar-
tificial agarwood[J]. Journal of Pharmaceutical and Bio-
medical Analysis, 2021, 194: 113782.

ZERLMS. T IR FTHOR TR & 1 28 Sl 43
WEFE[D]. T M )N B2 RAE, 2017.

LI Y B. Application of GC-MS and LC-MS for screening
and identification of different markers in agarwood[D].
Guangzhou: Guangzhou University of Chinese Medicine,
2017. (in Chinese)





