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Chemical constituents of Acanthopanax trifoliatus roots guided by
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Abstract : Investigation on the Chemical Constituents in the Roots of Acanthopanax trifoliatus ( Linn. ) Merr. ,with methanol
used for extraction,followed by sequential partitioning with petroleum ether and ethyl acetate to obtain the methanol extract,
petroleum ether fraction,and ethyl acetate fraction. After evaluating the cytotoxicity of these fractions via the MTT assay, a-
glucosidase inhibitory and antioxidant activities were screened ,identifying the ethyl acetate fraction as the most bioactive com-
ponent. Targeting this fraction,a combination of chromatographic techniques including macroporous resin chromatography , nor-
mal-phase and reversed-phase silica gel column chromatography, Sephadex LH-20 gel filtration, and semi-preparative high-
performance liquid chromatography ( HPLC) was employed for the isolation and purification of chemical constituents. The
structures of the isolated compounds were elucidated by spectroscopic analysis combined with physicochemical properties. Ad-
ditionally , molecular docking,a-glucosidase inhibitory assay,and DPPH/ABTS free radical scavenging assays were performed

to evaluate the bioactivities of selected monomeric compounds. Fourteen compounds were isolated from the ethyl acetate frac-
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tion and identified as chlorogenic acid (1) ,caffeic acid (2) ,quercetin (3) ,naringin (4) ,icariside E4 (5), protocatechuic

acid (6),(-) (2R,3R) -secoisolariciresinol (7 ), protocatechuic acid methyl ester (8), ( +)-pinoresinol (9), piperitol
(10) ,B-sitosterol (11), ( + )-sesamin (12), 15a-hydroxy-ent-kaur-16-en-19-oic acid (13),and benzyl-0-8-D-glucopyr-

anoside (14). Among these ,compounds 5,13 ,and 14 were isolated from the family Araliaceae for the first time, while com-

pounds 2,4 —10,and 12 — 14 were isolated from A. irifoliatus for the first time. Notably,compounds 1 —3 and 7, which exhibi-

ted a-glucosidase inhibitory activity,also possessed antioxidant activity.

Key words: Acanthopanax trifoliatus ;chemical constituents ; molecular docking;a-glucosidase ; antioxidant
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*** P <0.001.
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Fig. 2 Inhibitory effects of ATR-ME,ATR-PE,and ATR-EA on a-glucosidase(; +s,n=3)
1 2 5 PHE T BT AR L, * P <0.05, * * P <0.01,* * * P <0.001, R A, Note:Compared with acarbose, * P <0.05, * * P <0.01,

¥ * P <0.001,the same below.
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Fig. 3 DPPH and ABTS free radical scavenging effects of ATR-ME, ATR-PE and ATR-EA (; +s,n=3)

2.1 Hz,H-6),6.78 (1H,d,J =8.1 Hz,H-5),6.26
(1H,d,J=15.9 Hz,H-8),5.34(1H,dt,/ =9.1,4.6
Hz,H-1') ,4.17(1H,q,J =3.4 Hz,H-5") ;3. 72(1H,
dd,J=8.6,3.1 Hz,H-6") ,2.20(2H,m,H-2") ,2. 06
(2H,m,H4");”C NMR(150 MHz,CD,0D)§:127. 8
(C-1),115.3(C2),147.1(C-3),149.6 (C4),
116.5(C-5),123.0(C-6),146.8 (C-7),115.2(C-
8),168.7(C9),71.4(C-1"),38.9(C-2"),76.2(C-
3'),38.3(C4"),72.0(C-5"),73.5(C-6"),177.2
(C7") o Sk BT e, %A 0 58 by 4 5t
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7),7.03(1H,d,J=2.0 Hz,H2),6.93(1H,dd,J =
8.2,2.1 Hz,H-6),6.78 (1H,d,J =8.2 Hz,H-5),
6.22(1H,d,J=15.8 Hz,H-8) ;" C NMR (150 MHz,
CD,0D)5:126.4(C-1),114.2(C-2),145.4(C-3),
148.1(C4),115.1(C-5),121.4(C-6),145.6 (C-
7),113.7(C-8),169.7(C-9), 53 k"™ H ¥ xt
L A5 ) 28 SRR .

wEWw3  WAKA; HR-ESI-MS: m/z 303. 047 1
[M+H]" 4»FH CH,,0,,"H NMR (600 MHz,
CD,0D)§:7.63(1H,d,J =2.2 Hz,H-2"),7.53(1H,
dd,J=8.5,2.2 Hz,H6') ,6. 78 (1H,d,J =8.5 Hz,
H-5"),6.28(1H,d,J=2.1 Hz,H-8),6.08 (1H,d, J
=2.1 Hz, H-6);"” C NMR (150 MHz, CD,0D) §:
147.4(C-2),135.8(C-3),175.9(C4),161. 1 (C-
5),97.9(C-6),164.4(C-7),93.1(C-8),156.9(C-

9),103.1(C-10),122.8(C-1"),114.6(C2") ,146.6
(C3"),144.8(C4"),114.8(C-5"),120.3(C-6"),
5 CHR YRR H A A S iR 2R
& st i (HEE) s HR-ESI-MS :m/
z2581.185 7 [M+H]", ¥k C,H,0,.,'H
NMR (600 MHz,CD,0D)§:7.34(2H,d,J =8.1 Hz,
H-2',6"),6.84(2H,d,J =8.2 Hz,H-3",5"),6.20
(1H,s,H-6),6.18 (1H,s,H-8),5.41 (1H,dd, J =
12.7,2.8 Hz,H2) ,5.26(1H,d,J =6.4 Hz ,H-1"") ,
5.12(1H,dd,J=10.5,7.6 Hz,H-1""") ,3.95(1H,t,
J=1.9 Hz,H-2"""),3.91 - 3.85(2H,m,H-2"",3""),
3.73 -3.64(2H, m,H-3""",4""") 3.60 (2H, m, H-
6a’’,4'") 3. 47(1H,t,J =7.5 Hz,H-5"") ,3.40(2H,
m,H-6b"",5"""),3.19(1H,ddd, J =16.3,12.9,2.9
Hz,H-3a),2.77 (1H,d, J = 16.3 Hz, H-3b),1.30
(3H,d,J =6.2 Hz, H6'"") ;" C NMR (150 MHz,
CD,0D)5:129.4(C-1),42.8(C-3),197.1(C4),
163.6(C-5),96.5(C-6),165.2(C-7),95.4(C-8),
163.3(C9),103.5(C-10),127.8(C2"),114.9(C-
3',5"),157.7(C4"),127.7(C-6"),101.2(C-1""),
79.3(C2""),77.6(C-3""),69.8 (C4""),76.7 (C-
5'7),60.9 (C-6"),98.0 (C-1"""), 70.8 (C2"",
37"),72.5(C4""),68.6 (C-5"""),16.8 (C-6""")
5 SCmk Y A 8, %A A S i T
wEWS PIEKAR; HR-ESI-MS: m/z 507.219 8
[M+H]" , 4Fk C H,, 0,0 ,'H NMR (600 MHz,
CD,0D)s:7.16(1H,d,J =8.3 Hz,H-5'),7.05(1H,
s,H2"),6.95(1H,d,J =8.3 Hz,H-6") ,6.76 (1H,
s,H-2),6.74(1H,s,H-6),5.57(1H,s,H-7") ,4.91
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(1H,d,J =7.3 Hz,H-1""),3.88 (3H, s, OCH, ),
3.86(1H,d,J=6.7 Hz,H-8") ,3.85(3H,s,0CH,) ,
3.77(1H,dd,J =11.0,7.5 Hz,H-6""a) ,3.70 (1H,
dd,J=12.4,3.7 Hz,H-6"'b),3.58 (2H,t,J =6.5
Hz,H9),3.53 ~ 3.44(3H,m,H-2""/3""/4"") ,3.41
(2H,d,J =5.1 Hz,H9') ,3.37(1H,m,H-5"") ,2. 64
(2H,t,J=7.7 Hz,H-7) ,1.83(2H,p,J =6.9 Hz, H-
8);"” C NMR (150 MHz, CD,0D) §:129.6 (C-1),
114.2(C-2),145.2(C-3),147.5(C4) ,137. 1 (C-
5),118.0(C-6),32.9(C-7),35.8(C-8),62.2(C-
9),138.3(C-1"),111.2(C-2"),150.9(C-3"),147.6
(C4'),119.4 (C-5"),118.1(C-6"),88.5(C-7"),
55.6(C-8"),65.1(C9"),102.8(C-1""),74.9 (C-
2'"),78.2(C-3""),71.3(C4""),77.8(C-5"") ,62.5
(C-6""),56.8(0CH,),56.7(0CH,) , 53k %k
PEXT LG A B YA E N icariside E4,

a6 kA ; HR-ESI-MS: m/z 155.029 0
[M+H]*, 4+F=¥% C,HO,,"H NMR (600 MHz,
(CD,),C0)8:7.53(1H,s,H2),7.48(1H,d, J =
8.2 Hz,H6),6.90 (1H,d,J =8.2 Hz,H-5);"C
NMR (150 MHz, (CD,),C0)8:123.1(C-1),117.5
(C2),145.5(C-3),150.7 (C4),115.7 (C-5),
123.7(C-6),167.8 (7-COOH) ., 53 k"™ e %t
e, 2 A B S IR LASTR o

LEWM T  EAE O HARY; HR-ESI-MS: m/z
363.1773 [M+H] ", /3 FH C, Hy O, .'H NMR
(600 MHz,CD,0D)§:6.65(2H,d,J =8.0 Hz,H-5',
H-5""),6.59(2H,d,J =2.2 Hz,H-2' ,H2"") ,6.53
(2H,dd,J =2.5 Hz,1.5 Hz,H-6' ,H-6"") ,3. 72(6H,
s,-OCH,),3.62(4H,m,H-1,H4) ,2.64 (2H,dd, J
=11.5 Hz,6.0 Hz,H,-7" \H,-7"") ,2.54(2H,dd, ] =
14 Hz,6.0 Hz,H,-7',H,-7""),1.93(2H, m, H-3, H-
4);”C NMR( 150 MHz,CD,0D)§:62.1(C-1,C4),
44.1(C-2,C-3),133.8(C-1",C-1""),113.4(C-=2",C-
2'"),148.7(C-3",C-3"") ,145.4(C4",C4""),115.6
(C-5',C-5""),122.8 (C-6",C-6""),36.0 (C-7', C-
7)o SICHR BT L, A A S TR RS
AR VNl

wEWS8 KA ; HR-ESI-MS . m/z 201. 035 0
[M+H]", 4%k C,H0,,'H NMR (600 MHz,
CD,0D)§:7.43(1H,d,J =1.6 Hz,H2) ,6.88(1H,
d,J=7.5 Hz,H-5),7.45(1H,d,J =8.0 Hz,H-6) ,
3.81(3H,s,7-0CH,) ;" C NMR (150 MHz, CD,0D)

5:122.4(C-1),118.6(C-2),146.5(C-3) ,151.7(C-
4),116.2(C-5),123.6(C-6),168.8(C-7) ,52.3(7-
OCH,) . 53CHk"™ A —3, MUE B 8 MR
JLZSIR PR

wEW9 Ik A ; HR-ESI-MS: m/z 359. 144 6
[M+H]", 4+ Hk C,yH,0,,'H NMR (500 MHz,
CD,0D)5:6.90 (2H,d,J =1.5 Hz,H-5,5"),6.84
(2H,d,J =8.5 Hz,H2,2"),6.77(2H,dd,J =8.5,
1.5 Hz,H-6,6") ,4.67(2H,d,J =4.0 Hz,H-7,7"),
4.19(2H,dd,J=9.0,7.0 Hz,H9a,9'a) ,3. 82(6H,
s,2x0CH,),3.79(2H,dd,J =9.0,3.5 Hz,H9b,9’
b),3.05(2H, br s, H-8,8") ;" C NMR ( 125 MHz,
CD,0D)6:134.2(C-1,1"),110.6 (C-2,2"),148.3
(C-3,3"),146.9(C4,4'),115.5(C-5,5"),119.6
(C-6,6"),8.6(C-7,7"),55.7(C-8,8"),72.2(C-9,
9'),56.3(3,3'-0CH; ) , 53CHk"™ Bl xt e, %4k
BYEEN(+)- IR

wEW10 O HR-ESI-MS . m/z 357.131 5
[M+H]" 4FH CyHyO, .'H NMR (600 MHz,
(CD,),C0)8:6.91 ~6.82(2H, m,H-2,6") ,6.80 ~
6.74(2H,m,H-5,3"),6.70(2H,d,J =8.0 Hz,H-6,
2'),5.90(2H,s, OCH,0),4.63 (2H,dd, J =24.9,
4.7 Hz,H-7,7'),3.81 ~3.74(3H, m, OCH, ) ;" C
NMR (150 MHz, (CD,),C0)8:135.5(C-1),106.5
(C2),145.2 (C-3),147.5(C4),108.5 (C-5),
120.2(C-6),86.1(C-7),54.2(C-8),72.1(C9),
135.0(C-1"),118.5(C-2"),145.5(C-3") ,148.8( C-
4'),114.3(C-5"),86.1(C-7"),72.0(C9"),55.5
(OCH,),102. 0( OCH,0) . 5 3CHk"™ ¥ xt He , 1%
G Y458 R piperitol

a1l TLEs (&) s HR-ESI-MS : m/z
415.3895 [M +H] ", 5+ ¥ M C,yH,, 0.,'H NMR
(600 MHz,CDCL,)5:5.35(H,d,J =5.2 Hz,H6) ,
3.53(H,m,H-3),1.01(3H,s,H-19) ,0.98 (3H,d,J
=6.5 Hz,H-21),0.86 ~0.84 (3H, m, H26),0. 80
(3H,d,J =2.3 Hz, H29);"” C NMR (150 MHz,
CDCL,)6:37.4(C-1),31.8(C-2),71.5(C-3) ,42.3
(C4),140.8(C-5),121.7(C-6),32.1(C-7),32.0
(C-8),50.1(C9),36.7(C-10),21.2(C-11),39.8
(C-12),42.5(C-13),56.5(C-14),24.5(C-15),
28.4(C-16),56.1(C-17),12.0(C-18),19.6 ( C-
19),36.3(C-20),19.1(C21),34.1(C-22),26.2
(C23),46.1(C-24),29.3(C25),20.0(C=26),



1694 KN WIBE ST %

Vol. 38

18.9(C-27),23.2(C-28),12.1(C-29) ., 53rik'™
BT L B P %l B-4 B e

EWI12 e (P EE) s HR-ESI-MS: m/z
355.1126 [M+H] ", 473k C,yH O, ,' H NMR
(600 MHz, (CD,),C0)58:6.84(2H,d,J =1.7 Hz, H-
2,2'),6.85(2H,dd,J =8.0,1.7 Hz, H6",6""),
6.80(2H,d,J =7.9 Hz, H-5',5""),5.97 (2H, s,
OCH,0),4.68 (2H,d,J =4.1 Hz,H2,6),4.20
(2H,dd,J=9.1,7.0 Hz,H4,8) ,3.82(2H,dd, J =
9.2,3.8 Hz,H4,8),3.10 ~3.02(2H, m,H-1,5) ;
"C NMR( 150 MHz, (CD,),C0)6:54.6(C-1,5),
86.0(C-2,6),71.4(C4,8),136.8 (C-1",1""),
106.7(C-2",2""),147.8 (C-3",3""),148.8 (C4',
4'),119.5 (C-5",5""), 108.3 (C-6",6'"), 101.3
(OCH,0) . 53¢k Bt bt , b & % E N
(+)-ZH%E

wEW13 [ HR-ESI-MS . m/z 319.221 9
[M+H]" 473 CyHyy O, .'H NMR (500 MHz,
CD,0D) §:5.16 (1H, s, H-17a),5.06 ( 1H, s, H-
17b),3.74 (1H,s,H-15),2.69 (1H,d,J =4.6 Hz,
H-13),2.13(1H,d,J =13.7 Hz,H-3a),1.90 (3H,
m,H-11a,11b,6a,7a),1.83 ~1.76 (1H, m,H-12a) ,
1.70(1H,dt,J =13.4,3.4 Hz,H-3b),1.60(2H, dt,
J=14.6,5.2 Hz,H-2a,2b),1.48 ~1.42(2H, m, H-
la),1.39 (3H, m, H-7b, 14a) ,1.34 (1H, dd, J =

OH
iz o
OHO,,_3 2 2,7
HO 3 A LAy y - ’ N o
) =7 8
7 9N0”7 S =
§ 6 64 OH Ho 4 56
HO456 OH

1 2
9
¢ 7 .
HO 8 5 8 2
f OH
X 6 7 Ly o
1 94V o3 2 s
4 2 OCHs ]
3
HO™ 4 6
5

0
" OCHj
."/OH

25214 4(Continued Tab.4 )

13.6,3.7 Hz,H-5) ,1.28 (1H, m,H-6b) ,1. 19 (3H,
s,H-18),1.07 (1H,dd, J =12.1,2. 1 Hz, H-1b),
1.02(2H,m, H-12b,14b) ,0.98 (3H,s, H-20) ,0. 87
~0.79(1H, m,H9) ;" C NMR (125 MHz, CD,0D)
5:41.0(C-1),20.4(C-2),37.2(C3),44.7(C4),
58.3(C-5),22.3(C-6),36.7(C-7),49.0(C-8),
55.1(C-9),39.2(C-10),19.4(C-11),33.8(C-12),
43.7(C-13),42.1(C-14),83.6(C-15),160.6 ( C-
16),108.9(C-17),29.5(C-18) ,16.6(C-20), 53¢
TR B X He, A % E A 15a-hydroxy-ent-
kaur-16-en-19-oic acid,

wEW14 O HR-ESI-MS . m/z 271.109 0
[M+H]" ,4F=H C3H,,0,.,'"H NMR (600 MHz,
CD,0D)6:7.44 (2H,d,J =7.5 Hz,H2,6),7.35
(2H,t,J=7.5 Hz,H3,5),7.29(1H,t,J =7. 4 Hz,
H4),4.95(1H,d,J=11.8 Hz,H-7a) ,4.69(1H,d,
J=11.8 Hz,H-7b) ,4.38(1H,d,J=7.8 Hz,H-1"),
3.92(1H,dd,J =12.0,2.2 Hz,H-6a’),3.72 (1H,
dd,J=11.9,5.7 Hz,H-6b") ,3.40 ~3.26(4H,m,H-
2',3',4",5") ;" C NMR (150 MHz,CD,0D)&:139. 1
(C-1),129.3(C-2,6),129.2(C-3,5),128.7(C4),
71.7(C-7),103.3(C-1"),75.1(C-2"),78.0(C-3"),
71.7(C4"),78.1(C-5"),62.8(C-6") . 5 3CHik™ ¥z
XFEG A B SEE R B 0-B-D- I AT

G 1 ~14 55 ILIE 4,
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B4 {LE¥1~14 HEHA

Fig. 4 Structures of compounds 1-14

2.3 =MEMIR ATR-EA FRALEKL EWEEE
FR A L A 45 KA A 3 AL 305 P ) A i 156 248 TR, %o
TR ATR-EA 0 iE— 4y B alifb 15 8] 7 14
MG, 3H TR 25 SRR A A T T, )
FH o B HET 0 1) S A T I UE, o) 4 HoAT 30
RS TR AL BT T4 B R SRS PR SEE
2.3.1 HFxraEmm
PLEBARAL B W0 /IN o F R LR, o780 26 0 1
SRR 6 T I NV T B AR
BHERI R/ 255 BBV, LI RHZ A SR E
AR R, R R 1,
gRrmE 1 s EW1.23.7.13.14 5 a-
) 2 W T I 1Y 45 G BE 43 i -31.0,-23.2 .22, 8 -
19.0 .-18. 4 -22. 5 keal/mol , 35 [, FH4: Xof B ] < 35t A
(-10. 4 keal/moL) Ik, 5 o-Hj % 0H 1 HFLE & 0 K%
HA 8 MEAY(4.5.6.8 ~12) 45 5 REX R IEAH B
I = TR R PO, $eR L SR ZS S e T8, BN
B RE oM A BN, X 6 MiEtE{k
GBS o7 % B I 00 A LA S LITE AR T R
FA, 8 1 B S T P O G B SR R AR S (i
Asp Thr Tyr Z8) JE i fa e 45 &, ¥tk & W i 15 B
Pi-Alkyl . Pi-Anion | Alkyl S S VR AH HOVE B o 45
BBy oy RS AR LA 5
2.3.2 oYt o-F) ANEFEEIPR E R ERLER
BT T X, XA A WA TR SN o-1 %
YHET T ) S, D BT R R A BH A X B, 25 5 5%
2 W0 = B — AU A1 237 13 143k

®1 UENRFFEES cEHEBETHBHNESHE
Table 1  Binding energies of compounds

and acarbose with a-glucosidase

&% Compound %54 fE Binding energy (kcal/mol.)
1 31.0
2 23.2
3 22.8
4 1.8
5 10. 4
6 2.6
7 -19.0
8 17.9
9 3.0
10 15.8
11 25.9
12 -1.0
13 -18.4
14 22.5

] I B Acarbose -10. 4

s, S e I A e R & =5, MR 2 Pk,
B 3(CHi B 2R ) I 3 05 P e ok, G TG (B
0.45 pmol/L, 2 3% FHPE X B Bl - 3 4 (1C5, = 0. 12
pmol/L) I 7K ¥ s 465 4 2 (HmMERR , 1C5, =3. 70
pumol/L) L&MW 1 (45 R,IC,, =4. 54 wmol/L) I
PERZ LB W) T TSI MR R EE) 16 1 b 25, 1C,
=13. 15 wmol/ L; AL 51 14 (7R AE-0-B-D-AL IR 4 4
) fifk & % 13 (15a-hydroxy-ent-kaur-16-en-19-oic
acid ) [l PR  (H vk M AT —E i =R
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5 HENS -HERERS T ZERRE
Fig. 5 Molecular docking structure views of compounds with a-glucosidase
HA~F k&% 1.2.3.7.13 14, Note; A-F are compound 1,2,3,7,13,14.

x2 UEVRMEFRE o-FEEETEH HBE 105 BRAE S 38 R4 F X7 DPPH H H 3E 175 BRiE
HIBE S 15, B (x £5,n=3) .
Table 2 1IC, values of various compounds and acarbose for %3 WEYRFIRLBHYISWE
a-glucosidase inhibitory activity(x +s,n =3) M 1C, {8 (v £5,n=3)

{644 Compound ICs, ( mol/L) Table 3 IC,,values of antioxidant activities for various
1 454 compounds and ascorbic acid(x % s,n =3)
2 3.70 IC5, ( mmol/L)
3 0.45 fLszty Compound DPPH ABTS
7 13.15 1 6.25 0.31
13 387.50 2 7.87 0.35
14 267.70 3 5.23 0.29

Bl A Acarbose 0.12 7 9. 50 0. 64

IR MLER Ascorbic acid 3.33 0.28

2.3.3 AW RAFTHEER

VB o- A B B RIS B B 1. 3 i
2.3.7, LAGTIR I B o BRI, 45 Rk 3 s ix =M 2 E A, $OIATRE ']
AW R PR T e AW 3 (M Shde by AR ot ) L L IR)J R A0 I o
BEEO) PUAMTE PR AL, L DPPH B i 3LIEER 1ICso  BERF UM LR AZY . S T S R i iy 2
5.23 mmol/L ABTS [ Hi EiF R 1G5 0.29 mmol/  E BT, ASCLA =t FUMAR M BFFERS 2, A il o
L, SR MM s, H 4 MG ABTS B S i St A e s L =M i 4R &
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WA IBGRO 3 B A5 2 14 MEE) , ads SR &)
LA BRSO A, w5 1 A, #
Ry 2 4, ARG 1 . &0 TS
RSNSEBGIUE T T B 5 v it Fs AR 1 B2 3% o e
R 2 A AT B Y Kb S e A e

A5 B0 A 10k T A0 DR A B 5 22 0 1 1
J8 | HI A T RETETE L & ™ AR REE , B AR i
HECES AR B TP 200 A 36 5 R T i 5Oy DU R 5 0 R
PEBCR A A= W e 1 S5 JB 8 I , mT400 of) 20 E
VRO S AL I, T T A B A B B R 1
P B0 MO TR 225 AR, BT LA A X 3k 1 8 7 3k
AW .

BB IE 5835 1 = M T A9 A~ il o3 F 2 B
P, WFFEEE R R ) FZ A T 4 B0 D B 2 il B e
BTG it 17— R BE SERE T ST
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