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Abstract: Objective To investigate the chemical constituents of Eupatorium chinense roots and their pharmacological activities.
Methods Compounds were purified and separated by using chromatographic methods such as normal-phase silica gel column
chromatography, thin-layer silica gel chromatography, gel column chromatography and semi-preparative high performance liquid. The
isolated compounds were evaluated for in vitro inhibitory potential against a-glucosidase and acetylcholinesterase, and molecular

docking was employed to calculate their respective binding interactions with above two enzymes. Results A total of six monomeric
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compounds were isolated and identified as (25,3R)-2-((R)-1,2-dihydroxypropan-2-yl)-3-hydroxy-2,3-dihydrobenzofuran-5-yl ethenone
(1), (2R,3S)-3-hydroxy-2-(2-hydroxypropan-2-yl)-7-methoxy-2,3-dihydrobenzofuran-5-yl ethenone (2), 12,13-dihydroxyeuparin (3),
cuparone (4), euparin (5), and (25,3R)-7-hydroxytoxol (6). /n vitro pharmacological activity experiments showed that compounds 2, 5
and 6 exhibited potent inhibitory activity against a-glucosidase with median inhibition concentration (ICso) values of 0.15, 10.33 and
1.30 pg/mL, respectively. Compounds 1, 3, 4 and 5 displayed notable acetylcholinesterase inhibitory effects with ICso values of 139.35,
104.66, 63.60 and 0.75 pg/mL, respectively. Molecular docking analyses revealed that compounds 2, 5, and 6 exhibited docking scores
of =8.1, =7.7, and —7.8 kcal/mol, respectively, toward a-glucosidase, whereas compounds 1, 3, 4, and 5 displayed scores of —6.1, —6.7,
—8.9, and —5.9 kcal/mol, respectively, against acetylcholinesterase. Conclusion Compounds 1 and 2 were new compounds, and named
eupbenzofuran F (1) and eupbenzofuran H (2), respectively. Compound 6 was isolated from E. chinense for the first time. Compounds
2, 5 and 6 represented good inhibitory activity against a-glucosidase (ICso < 20 pg/mL), whereas 1, 3, 4 and 5 may exhibit good
inhibitory activity against acetylcholinesterase (ICso < 200 pg/mL). Compounds 2, 5, and 6 showed favorable binding affinities to -
glucosidase, whereas compounds 1, 3, 4, and 5 exhibited strong interactions with acetylcholinesterase.

Key words: Eupatorium chinense L.; benzofuran; a-glucosidase; acetylcholinesterase; eupbenzofuran F; eupbenzofuran H; euparone;
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N FE R LB BRI (pnitrophenyl phosphate, pNPP,
¥ Macklin 22 7)) MURHAA S BRI ( i
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2. [8], H-4 1 C-3 2 [a], H-13 fl C-3 Z [AI4/F1E A
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£1 1£&4 15289 'TH-NMR (400 MHz, DMSO-ds) F1 3C-NMR (100 MHz, DMSO-ds) 1%

Table 1 'H-NMR (400 MHz, DMSO-ds) and *C-NMR (100 MHz, DMSO-ds) data of compounds 1 and 2
. 1 2
WAL Jc OH Jc OH
2 945 4.47 (d, J =43 Hz) 98.5 424 (d, J = 4.5 Hz)
3 70.8 5.33 (dd, J = 5.5, 4.3 Hz) 71.9 5.26 (dd, J = 6.2, 4.5 Hz)
4 126.7 7.94(d,J=19Hz) 119.9 7.61(d,J=11Hz)
5 130.6 132.0
6 131.67 7.87 (dd, J = 8.5, 1.9 Hz) 1125 7.43(d,J=11Hz)
7 109.8 6.90 (d, J = 8.5 Hz) 144.3
8 164.4 153.3
9 131.7 131.2
10 196.5 196.6
11 27.0 2.52 (s) 27.0 2,53 (s)
12 72.8 70.1
13 66.6 3.38 (overlapped) 25.8 1.12 (s)
14 20.1 0.97 () 26.2 117 (s)
15 56.2 3.86 (5)
3-OH 5.72 (d, J = 6.6 Hz) 5.81 (d, J = 6.6 Hz)
12-OH 4.64 (s) 4.69 (s)
13-OH 476 (t, J =55 Hz)
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&P 2. MR, [a]5-5.6" (c0.12,
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7.61 (1H,d,J=1.1Hz, H-4), 3 NHIEES on1.12(3H,
s, H-13), 1.17 (3H, s, H-14), 2.53 (3H, s, H-11). 45&H
WM, AL 2 19 BC-NMR 31 DEPT135 i,
HERH 14 M fES, Hi A 3 MHERES oc
27.0 (C-11), 26.2 (C-14), 25.8 (C-13); 3 MEEBAE
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55 0c 56.2 (C-15)s 1 MERIEFKAE S dc 196.6 (C-
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(C-4), 144.3 (C-7), 132.0 (C-5), 131.2 (C-9), @
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(B fEAEAE S TH-'TH COSY i, H-3 5 H2 2
A AH G, LB &Y e, Hie T
a2 BP iR (B 2D,

£ NOESY % 4 Wi 222 H-2 1 H-3 HAHKAS
5, FMHZAEYI H-2 1 H-3 S E 5 B
K, NJ=45Hz, Bl 2 LA 3 ALHER T 40T
AR, H-2 1 H-3 & TR, &%, a2 m
XA RS B e . Hgaxt iR, 383 TD-DFT #
WitH ECD it 55256 ECD K (7£ 218, 236 £l
276 nm A IE cotton (M) Xtk (B 3), i C-2.
C-3 W ALS> 58 2R,3S, it Scifinder 523 A 4l
HOHWAEY), a4 N5 2K H

&Y 3. HEsREE (FEE, 57X
C13H1405, ESI-MS m/z: 251.1 [M~+H]". '"H-NMR (400
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MHz, DMSO-de) 6: 12.35 (1H, s, 6-OH), 8.18 (1H, s,
H-4),7.06 (1H, s, H-7), 6.71 (1H, s, H-3), 3.63 (1H, dd,
J=10.7,6.0 Hz, H-11a), 3.50 (1H, dd, /= 10.6, 5.9 Hz,
H-11b), 2.66 (3H, s, H-14), 1.46 (3H, s, H-12); 13C-
NMR (100 MHz, DMSO-dg) 6: 205.2 (C-10), 163.0 (C-
2), 162.0 (C-8), 158.1 (C-6), 123.6 (C-4), 121.6 (C-9),
115.2(C-5), 102.8 (C-3),99.2 (C-7), 71.5 (C-12), 68.5 (C-
13), 27.8 (C-11), 24.0 (C-14). LA Ed 5 SCifnt b —
2, JE Mz S CD B, RKINHAE 238
nm A 1E Cotton XN, 7E 381 nm 4% 1 Cotton XY
N, BfE TZAGEY) 10 AL E RS AN R B,
WA 3 N 12,13- FRIFE 2R,

a4 wOkAR, 770 CHioO4, ESI-
MS m/z:219.1 [M+H]". '"H-NMR (400 MHz, DMSO-
ds) 0: 7.65 (1H, s, H-4), 7.51 (1H, s, H-3), 7.34 (1H, s,
H-7); 3C-NMR (100 MHz, DMSO-dj) 6: 196.7 (C-10),
185.2 (C-12), 160.5 (C-8), 156.3 (C-6), 152.7 (C-2),
128.0 (C-4), 121.5 (C-5), 114.0 (C-9), 112.4 (C-3), 95.6
(C-7), 27.0 (C-11), 25.1 (C-13). LAt "H-NMR i Fll
BC-NMR %5 SCifont bh—#02), St & 4 M
B

&Y 5. HEesRatk (R, 271
C13H1203, ESI-MS m/z: 217.1 [M~+H]*". "H-NMR (400
MHz, DMSO-ds) 0: 11.58 (1H, s, 6-OH), 7.71 (1H, s,
H-4), 6.82 (1H, s, H-3), 6.57 (1H, s, H-7), 5.82 (1H, s,
H-14a), 5.23 (1H, s, H-14b), 2.96 (3H, s, H-13), 2.32
(3H, s, H-11); '3C-NMR (100 MHz, DMSO-ds) :
204.8 (C-10), 162.2 (C-8), 158.4 (C-6), 156.5 (C-2),
133.1 (C-12), 124.5 (C-4), 122.9 (C-5), 115.2 (C-9),
114.8 (C-14), 103.1 (C-7), 98.8 (C-3),27.4 (C-11), 18.8
(C-13). LI "TH-NMR i1 BC-NMR i 5 SRR iE
— 34, HEENEY S NEZER.

WA 6: TLEIIRY), Ci3H1404, ESI-MS m/z:
235.1 [M+H]". 'H-NMR (400 MHz, DMSO-ds)
7.60 (1H, s, H-4), 7.39 (1H, s, H-6), 5.33 (1H, d, J =
3.6 Hz, H-3), 5.17 (1H, s, H-2'a), 4.82 (1H, d, /= 3.6
Hz, H-2), 4.77 (1H, s, H-2'b), 2.36 (1H, s, H-9), 1.65
(1H, s, H-3'); 3C-NMR (100 MHz, DMSO-ds) J: 198.6
(C-8), 152.4 (C-7a), 140.7 (C-1"), 140.6 (C-5), 131.3
(C-7), 129.1 (C-4a), 119.1 (C-4), 117.7 (C-6), 113.0 (C-
2", 95.1 (C-2), 76.3 (C-3), 26.3 (C-9), 17.2 (C-3"). LA
| TH-NMR A1 BC-NMR i 5 Sk 8 — 82,
% BB 6 SN (2S,3R)-7-hydroxytoxol.

4 BEEHNE]FE M
4.1 o-FEREEEEINGIEENE

o] 267 R T IR DU 5 7 VAR B Tao 5120177 vk ik
TR, 96 FLER MK IKIIA 80 uL Ff 54 A7 (PBS
FikE, pH7.2), 20 uL o~ % M EFEEA R (PBS
B, 0.1U/mDL) iR &5 )5, £ 37 C T E 15 min,
TIN 20 pL & BJEY PNPG (5 mmol/L), T 37 °C
A% RN 15 min, fI 80 pL NayCOs /KE R (0.2
mol/L) PAZ b, BIZIME FBgRGE % 405 nm
TNHROEE (4 . ZROCHER 77RO B RS T
4. 20 pL a-H AT HELF G 480 pL SN ZEMR 20 pl JEE
vy, BEAEAH: 100 pL SRR +20 uL Y,
FEf4L: 80 uL #E&: (50, 25. 12.5. 6.25. 3.125
pg/mL) +20 pL o-% % B H 8 +20 pL &Y, FF
i 7S H 4L 80 uL #E 4 (50, 25. 12.5. 6.25. 3.125
pg/mL) +20 pL SOVZEME 20 ul i), FHEZ454
80 pL Frf-EchE (504 25 12.5. 625, 3.125ug/mL) +
20 uL a-Fi & BELFEE 420 pL JEA. #IB A RS0
%, H Origin FBAEXTHE AL G W) 2 BN
(median inhibition concentration, ICso) {H.

IR =1—(4 pa—A peaee)/ (A wmn—A eer)

XTRTH Y BSAS2I 6 MEBPIAT oM
FEETEN e, SRBREY) 2. 51 6 BARHE
o ) FEEFEEFIATE 1 (ICs50<<20 pg/mL) HALEW) 2
FU 6 FE T 3 T P 1 25 BT R P BE (1Cs0=2.93
ug/mL), HICsofEH/rH1M 0.15. 1.30 pgmL (3R 2).

®2 AW 1~6 ) o-BAENEEEBHIFNEM (x £ 5,n=3)
Table 2 a-Glucosidase inhibitory activities of compounds
1—6(x+ts,n=3)

WwEM ICs0/(ug mL™Y)
1 154.63+0.12""
2 0.154+0.05™
3 170.85+0.21"
4 189.46+0.25"
5 10.33%0.15™"
6 1.304+0.17™
R - I A 2.93+0.05

SRR tb . P<<0.01  *P<<0.001.
"P<0.01 "™P<0.001 vs acarbose.
4.2 AChE #[I#I5EM4 M E
KA EllmanP W20 (&1 AChE #IE
PEo 96 LML H KA PBS (pH 7.2) 100
uL, 20 pL Ji&A (WURERAR LBEAHSR, 1.2 mmol/L,
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PBS A, 20 uL # 5 (PBS #Bs, pH7.2), 20 uL
AChHE i (PBS #iFt, 0.05U/mL) J537 CRHE
30 min, FERIAIAN 4% SDS (pH 7.2) PL& 1L,
SEEPANN DTNB #5475t A FHBEAR 0 C 5 405 nm
™ A1{E.

Z: W SR TR B RS 1R 4. 100 uL PBS+
20 uL P +20 pL £ (100, 50, 25 12.5. 6.25
pg/mL) +20 pL B, Bg7¥H2H: 120 uLPBS+20 uL
JEP+20 uL #£ 5 100+ 50+ 25, 12.5. 6.25 ug/mL),
FEMZSE4L: 100 pLPBS20 pL JEY) +20 pL B+
20 uL i, PHMEXTIRZL: 100 uL PBS20 pl &Y+
20 uL ZAURSF (104 5+ 2.5. 1.25. 0.625pg/mL) +
20 pL B #RMRAXTHEAHIZE, A Origin FAFXT
THEAL G 1Cso H -
5 ITEHHEENIEIS FXIE

AHEFAG B T UE A4 B 254 v v R
LS HTIERI o- i FEH . AChE S5hEW2
6 A0 ELAF FH o o7 2 FE 77 (PDB ID: 5ZCE ). AChE
(PDB ID: 1AC)) HHZMKHT RCSB #iE/E

=3 1LEW1~6 89 AChE HIHEM (x+s,n=3)
Table 3 AChE inhibitory activities of compounds 1—6

(X+s,n=3)

(https://www.rcsb.org/). & [145H4 1 J61E Pymol 5
Autodock V- & HEAT K4 FIBCAR 2 R LR N & 56
AbTR, FEXTER SR AT REE M, TURIE AL
F 5t N PDBQT 4. i#id Autodock #AFHH]
Grid FEHO A A AL 3 5 1 i 28 B A DL &AL
G AT AU T X5, 32 ) Pymol 2.1
XS 5 5T E S AT AR B, i S
M5 EAREER NG, e a1 TeT
g5, XAGEPIRE Ve FALHEAT & BEHEN . AR
PRUERG FEXT BAE AR 0 A5 R, o8 &) W 1 I
(PDBID: 5ZCE). AChE (PDBID: 1AC)) [H4F
XHETH LSS R AR 4. 5 Fos.

R4 -HAEBEHBSUAENMS FIUEEEEER
Table 4 Molecular docking score results between a-

glucosidase and compounds

&) 254 fgl(keal mol ™)
2 -8.1
5 7.7
6 -7.8
R R I H -8.5

1 kcal'mol™'=4.182 kJ-mol !

%5 AChE S5UEHY5 FIIEEARER

WEW ICs0/(ng mML™) Table 5 Molecular docking score results between
1 139.35+0.34™" acetylcholinesterase and compounds
2 221.59£0.14™ (AL 45 £+ it (keal mol )
3 104.66+0.17" 1 61
4 63.60+0.05"" 3 6.7
5 0.7540.04™" 4 -8.9
6 248.81+0.16™" 5 -5.9
EZ LS 0.06+0.07 EZIS0 —6.9
SEREFLEL: P<0.001. ARG 2+ 5+ 6 FIPH 2GR i bE 5
0001 s donepei. o HIED R HIE AR (14T MW R, R A AL
120 Bk S EAEA . oon HERER . B4 RS
100 W, U EMEY SR E ARSI H
2" VCRCRE RS (£ 4), Hiahed/hT—Skeal/mol. Kix
£ 9 a5 EERRNESYHA A Pymol2.1 )
T PEBEATFIAAL, REEM S EARSE G, )
20 sG] DURIE MG 2k 5 E O N4
0 > . ; ) . PR HIARSE & IR HE . (L&Y 2 NIl & B AL

JR R/ (ug-mL ")

4 HLEMSHERXRRERER

Fig.4 Results of dose-effect relationship of compound 5

Fiff) PHE-144. PHE-282. ASP-327 @MLK T
Bk B AH AR 7, A1 ASP-60. GLN-256. ASP-
327. GLN-328. ARG-411 R IR & B (A0 BAE
M7 B S: Mg G AL TYR-63 ILE-
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143 PHE-163 &L B 2 (MR T B /KB R AH H

YEFI, A1 HIS-203. GLN-256. ASN-258 Z LR fr

B2 MR T G5 8 e 2 (R S R A AR A

B 6: TEREER TG AL 5 1) ILE-143 . PHE-225.
& 2

A
a5
»
-
O S FENKS LS
SN
SRS den e A\
WS
FhH”
A

a6
AP L QS
TSN VECS) DR
Wy W S \’ -
g\ \
g3 5"

/ PHE-144

ARG-411

TYR-63 Z IR B IE R T B /K BE A BAEH
M I ALA-200. HIS-203. GLN-256. ASN-
258, ASP-327. ARG-411 JE B 1 &8 i A0 B A
71 (5.

ASP-60

GLN-328

LN-2
ASN-258 }~\G >

\1. TYR-63

HIS-203
PHE-163
ILE-143
C
ALA-200
GLN-256
ASN-258
HIS-203 TYR-63

Ei;E—ZZ

ASP-327
iILE'M%\R 411

C

AL EY 5o EFE R A 3D 4561 B-L &Y So-H R HEEE A MR GHA C-UEW 5o MR BHAEE A1) 2D 45

AR

A-3D binding mode of the compound to a-glucosidase; B-amino acid residue binding mode of the compound to a-glucosidase; C-2D binding mode of the

compound to a-glucosidase.

5 L&Y 2. 56 MESRAAMILRIE

Fig.5 Visual representation of binding mode of compounds 2, 5 and 6

BILEY 1. 3~5 FIHMZ5 2 2IR5F 5 AChE
B T o, AR RAON A BK
AN AR mon HERRWER o 20 TGS R,
DL EAGE P58 U AR AR AR B I 45 & 1 ELIT
BofE s (R 5), Z5AReH)/NT—5keal/mol. K5
e EM S EHERNE YR Pymol2.1 #if
AT, BRNAEYSEANE G, R
g AT MRS E R, (EW 1 AIBgE BT
PEAT 5 ) PRO-403. LEU-532. LEU-528. PRO-529
IR 2 A s K BEAH HAE D 7, A0 HIS-398.
ASN-230 M2 A% T B EAER; (G
W 3: PR ER (95 1AL 05 1 TRP-279. TYR-70. TYR-
334, PHE-331. PHE-330 RN E 2 [AIFERL T 6
IKEERAR ELAE 77, A1 TYR-121 R IER A B 2 1A

BT ESREAH EAE R 15 AEY) 4. FIERE EENE
{7 15 ff) TRP-84. TYR-442. TRP-432. PHE-330 &
FERR 2 (AR R 1 B K B (1A BLAE F 3, F1 SER-200
HIS-440. TYR-334 2 2 (8] RS B AH TAE H
71 EY) 5. FERE & S E AL S PRO-232. TRP-
524 IR E 2 (MR T Bk B 18] () AH AR
77, FH HIS-398 S HE/R < AW R S Bk 1] (1) AH ELAR
M (E6).
6 i1t

AHIT T AR AR 2 B e 15 31 6 MR T
WAL G, FoP a1 A 2 a1
A NEE LR IERIE F (eupbenzofuran F, 1) FllE
2 IRFFEMEME H Ceupbenzofuran H, 2). 3 HALEW)
6 HIXMEFE AR oy AR R . SRR
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LEU-532 LEU-S28  1iiq 20g

PRO-529 PRO-403

ASN-230

TYR-70

TYR-70

TYR-121

TRP-279

PHE-330

AMPUESST— fon i

TRP279 TYR-121

P
TYR-334

TYR-334 N PHE-330

PHE-331

C

SER-200 pHE-330

HIS-440
TYR-442 K\ TYR-334

TRP-432 Cpn cs

C

PRO-232 HIS-398
N

‘ ?ZTRP-524

C

ALEY)S AChE AR 3D 454 H8; B-LEYS AChE BEAMEIERRIELS GBI CL&Y5 AChE EHM 2D 44 ki,
A-3D binding mode of compound to AChE; B-amino acid residue binding mode of compound to AChE; C-2D binding mode of compound to AChE.
6 wEP1. 3~5 NEARA AL RINE
Fig. 6 Visual representation of binding mode of compounds 1, 3—5

REREY) 2. 5 A 6 B RIUFHY o) 25 5 H il
PHENEE, LAY 2 A0 6 FINH]E M T P 24
B -E b (IC50=2.39 pg/mL), 737 6 MEEIH
PR R R, AP 2 il 6 97E C-7 1% TIEH
], BB ORI o B AT B R v .
— WA G 2 F1 6 MIZERATR, RILH E kR
Wi o7 2 B B HITEE . (LA 1. 3~5 AR
UF /) AChE $0HIVE M, AW 5 B4MmsaG B T
FAPE 2% 280k 55 (IC50=0.055 pg/mL), %Ak &HA!
FE: 2 2 ROk J8 T 2R kg R &4, BAR
UFRIRRZTE J) o R o PR, I
AV 2. 565 oMM S EA. WEY
1. 3~5 5 AChE ¥ fiEEE Z RfFAEEH . ik,
ILHIEZ A EAER ), AT RERS 5 8 8 it e
WEEY), SEARBMERR, WF T A AR

PEMRREE R . ARBE TEAMLEE— 2D 7850 1 #2211k

ROV AR, EONBEREILGURR R . PR SRR

TRV B T S HIRRAT IR

70 OB IR DU R EEBRIR BT A

S FEW, RIS AR A B 5 R
HBAR FAEEHFATELEAN G R
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