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8 FE. O T A Z R SR (Potentilla kleiniana ) WA LA B HE g 240 i 2 3% 1, i W92 45 G iz i D-101
KFLW G Ak Sephadex LH-20 , Toyopearl HW-40F Az 2 ] £ = 08 A 558 BRAR (6015 43 125 B R Wbl & Ze B =%
60% £ FEEE LY HEAT 43 B 2l Ak, AR 4l Ak & 0 1) BRAL 1 T 25 5 A% G L R Dk 3 ( NMIR) | 35 43 5 3 ( HR-ESI-
MS) % E A Y ZEH TR T MTT 200 52 4% 1k & Wrxh NS S50 20 MO PR Hela B 40 35 15 P, 25 SRR 1T
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(+)-THEIER(3) ((+)-FLAHIEE (4) | (+) RN R-4-0-B-D-MLIE A EHE LT (5) L (+) -8'- R IEARIF K -4-0-
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1 (8) .schilignan F(9) . (+)-#AEER -4, 4'-0-BULL W # A0 1 (10) | (+) -7& T FA R 2R -47-0-B-D- ML g ) 75 %
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(13), H k5% 1-4.7 .8.10 12 13 RN ZERE S BEY) P 2152 /5% 5.6.9 .11 R E KM K
TR EA L (2) AR TEAREIR TR LAY 1.3 .4 X5 Hela 40 M HA BT 09 30 5175 27, 4L
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Abstract: Potentilla kleiniana belongs to the family Rosaceae, which distributes in Central Asia, East Asia and
Southeast Asia. In China, this plant is mainly found in east, south and southwest provinces. P. kleiniana has been
prescribed for the treatment of various diseases in the field of traditional Chinese medicine, such as cough, fever,
tuberculosis, mastitis, rheumatoid arthritis. Our previous study found that P. kleiniana had a certain cytotoxicity on
tumor cells. The purpose of this paper was to investigate the chemical constituents of P. kleiniana and their cytotoxicity
on tumor cells. The 60% ethanol extract of P. kleiniana were isolated by D-101 macroporous adsorptive resins, silica gel,
Sephadex LH-20, Toyopearl HW-40F, semi-preparative high performance liquid chromatography and other methods, and
their chemical structures were elucidated on the basis of physicochemical properties, NMR and HR-ESI-MS
analysis. Meanwhile, all these compounds were evaluated for cytotoxicity against human cervical cancer cell line
Hela. The results were as follows: (1) Thirteen lignans were isolated and identified as (+)-pionresinol (1), (+)-8-
hydroxypinoresinol (2), (+)-syringaresinol (3), (+)-medioresinol (4), (+)-pionresinol-4-0-B-D-glucopyranoside
(5), (+)-8'-hydroxypinoresinol-4-0-B-D-glucopyranoside (6), (+)-8'-hydroxypinoresinol-4'-0-8-D-glucopyranoside
(7), (+)-pinoresinol-8'-0-B-D-glucopyranoside (8), schilignan F (9), (+)-pionresinol-4, 4'-0-bisglucopyranoside
(10), (+)-lariciresinol-4'-0-B-D-glucopyranoside (11), neoolivil-4-O-B-D-glucopyranoside (12), 3,3'-bis [ 3, 4-
dihydro-4-hydroxy-6-methoxy-2H-1-benzopyran] (13). Among them, compounds 1-4, 7, 8, 10, 12, 13 were isolated
from genus Potentilla for the first time, and compounds 5, 6, 9, 11 were isolated from P. kleiniana for the first
time. (2) Cytotoxicity studies showed that compounds 1, 3 and 4 display certain inhibitory activities against Hela cells
with IC,, values of (69.94 + 1.89), (66.25 + 2.11), (59.81 + 1.73) wmol - L, respectively. Therefore, the study
enriches the chemical constituents of P. kleiniana, and provides a material basis for the development of anti-cervical
cancer drugs.

Key words: Potentilla kleiniana, chemical constituents, isolation and purification, structural identification, lignans,

cytotoxicity, antitumor activity

W 5 22 B2 5% ( Potentilla kleiniana) N ¥ 15 P 2%
Bz S m T AR BEAS AR W, 44 HOVC R e 5 4L Tz
SPAE T AR K AR R WA b 7R R R T
IR AR ST R b DX (v R B v AR ) AR Y
W04 ,1985) , e A Z B SRR TIE B, A
JH 2 B HE S | A g S5 T, Ty
B T TR T Rk, FL I AR L 28 KU G T &
G RTNA R R X P Rrah itz — HA K
= R 25 R IR BRI R T, IR T
(SEMAA TH 2R RIEZ M TR ARfE) (2003 4FRR)
TEINAE T 2 b | R 2568 o i b 1 A A R D4y
2003 ; BN A MANK L ,2013) . HAL, X g &
S I S B R D, B s
P R ) B B B 2 W A, TR MR Y AR T T
YR BT R T | R R T (2 AR 4 2011,
2014 ;5K 264, 2018; Liu et al., 2019; Xuan et
al., 2020) . AR A A A0 9 & I e B S B
60% ., BEFL B ) 50% £, 3 Bt 3B 40 e . — %2 Y
PR AR ST ik 968 176 P B A e e
SEMPLR PR E AL, I A B S T R

Wit RN IR RS 2 MR B L &4 (IR E 5%
2023) , Ak 2 e SR Y A S
SN, W0 S LT I e 3% P A7 1) 0 o S i, A
FEAE VR ZH AT WA 7 1 R Ak, Ak 2k LUl & 22 B
SALR PRI PR AT X R ARFE T A
k7L Rl W e D S I - ey i E A L )
TS BOR DTk S E BOR K2y B 2R R SR
b s (1) W5 2= B ST I8 7% A1 B A2 1) 2 AL o
(2) 73 ARV AL A5 10 9 Fob P 200 M 7 35 14

I RN

1.1 #F#t

e B R H SN ST T LR X
e 2 5 N BE BF K 27 X 5 A6 Bl 4% 28 0 Ry 3% 1
BIAE Y I B 22 5 52 ( Potentilla kleiniana) 2%, Fx
AARAF T 5N BB R 27 53 M 48 245 1y 1l 7] 2 o5 55 5
%= FEUES H No.20210416,

i T2 240 LA < N S0 A AR Hela (R} 2
Be LA A0 % )
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1.2 {48

43 B % /Y ( Thermo Fisher Q Exactive-Plus
PO 2% K1 - & B 3 B3 BF, 3¢ [ Themo Fisher
Scientific 2 A ) 5 1% 86 34 9% 37 1% 12 ( Bruker AV-600
% [ Bruker 2\ 7] 3 JEOL-ECS-400 MHz 1, H 7
JEOL A /] ) 5 2 il 2% 751 i 2008 AH £4 335 4 ( LC-20AP
AL HA B A D) ;T4 7% %A (BUCHIR-300 %Y,
Fi-t: BUCHI 2~ A]) 3 #8 4l /K AL ( KZ-20L 7, |- ¥R}
il 2P AR A F D) £ TR B A A
( VARIOSKANLUX , % [ Themo Fisher Scientific 2y
A s AR TR (HF240, [ ) B RF 2240 2%
BRI EAFE R (TY-80B, 11954 4 51 2%
HA AR 1 A BR A A ) 5 D-101 R AL A (R e
W6tk T A R 2 Al ) ; Sephadex LH-20 ( Fy
Pharmacia Biotech /A 7)) ; Toyopearl HW 40F ( H 2%
JEOL 2 ] ) ; ODS K AH# B ( H A% Tosoh 22 H]) ;
MCI( CHP20/P120, H A =22\ #l ) 4 J2 M7 ik IS
FHEIE GF,s, IR (5 SR T .
1.3 X5

BTEE R (15 : 2135027, b st R K E YR
HIRATR) s MTT(#5:1117X0516, b 5T &K K 5 4=
YR A RS A ) 5 B DMEM 35 5% & (it 5.
C11995500BT, 2% [E Gbico 2> #) ) ; 1 i 4 1k W
(0.25% EDTA) (#t 52046777, 3% E Gbico 24
F) K R ZEROK, g Ol @k R E
B Ao 9 ik A5 Ak 240 X8 SRy 43 W

2.1 RFNSEH

e & Z2 b 32 TR 45 15 ke, WHHESS FH 60% £
BEMNR R 3 W (4351 2.1.5.1.5 h) , & IF I
W EH A RIR T (2.1 kg) o B INAGE 5 2618
KBRS L, 45 D-101 KL B, R K |
50% T \95% £ TV It , Wi 4 4% 350 4 R 0 YAk, D8 I
Wi, = ,50% CREGEIER AL (428 o) L EAHRE AL
FEJZHT (200 ~ 300 H #E i, Pk Ry S 45 - H B
50 1—1: 1, V/V)i55] 9 N4 (Fr.A-Fr.d)

Fr. B U8 Hs Vi 47 J5 B L0 4E 5 PR DT VE W, 3o U6 S
BIOXMEVS TR DLIE W) 5 OB W, 28 I 2 TE A A R AT )2
Br 25 S EL S, B E% 2(8.9 mg), Fr.C &
TE A RE AL ZHT (300~ 400 H ik, Y3 4 A1 30
Bt-Z R T 20 : 1—1 : 1,V/V) 153 Fr.Cl -

Fr.C4, Hr Fr.C2 I AHRE B JZHT (300~ 400 H
REME , VR R A A1 i k- R £ g 30 ¢ 1—10 : 1,
V/V)#33] Fr.C2.1-Fr.C2.5, Fr.C2.2 2 1F M
FEZHT (300 ~400 H E, B M7 2 = 5 H e -
50 : 1—10 : 1, V/V) ,Sephadex LH-20 )2 ¥t
(ZFHHBE-HEE 1 2 1,V/V)  Toyopearl HW 40F
HEN (B, BEW 3(7.0 mg), Fr.C2.4 &
S 52 1E A B S AE JZ AT Toyopearl HW 40F 41 )2 #1
(HEE) ODS KEJEMT (HEE-7K 7 : 3,Vv/V) , 144k
AW 1(7.6 mg) 13(7.0 mg), Fr.C2.5 £ 1F A
JBEAE 2 AT (300 ~400 H HEE, YR 7 — 50 H bi -
HIME 20 : 1, V/V) . Sephadex LH-20 2 Hr ( &
Hbe-HE 11, vwV), 8E% 4(8.2 mg),
Fr.D 2 MCI #2281 (L FE-K 3 7—1:0,V/V)
53] Fr.D1-Fr.D8, H v Fr. D2 V8 /5 4 45 J5 Ar H 0
WEPEDTTEY) , 308 o3 B MEVE PEDTIE W) 5 BUIR W , 28
TEAREREAE Z T (300~ 400 H ik, BEMLHI N — &
Hbe—H B 20 : 1, V/V) 14 %] Fr.D2.1-FR.D2.6,
Fr. D2.2 - Fr. D2.3 £ Jx & 1E M & B A JZ A,
Toyopearl HW 40F #F )24 ( FHEE) ,0DS #E)ZHr (H
fE-K 1:4,v/V) 1546 5(10.3 mg) 12(11.1
mg) . Fr.D2.6 £ Toyopearl HW 40F £ 2 #7 ( )
8 Fr.D2.6.1-Fr.D2.6.4, Hoh Fr.D2.6.2 & & 1F
FHEE AR JZ BT Toyopearl HW 40F A3 )2 47 ( BB ) |
ODS HEJZ T B 2 il & W AH 43 5 2l Ak, 1565 9 6
(5.6 mg) 7(4.8 mg) .8(8.5 mg) . 9(12.1 mg) .11
(8.3 mg) , Fr.D5 KK £ 1F #H BE B HE 2 M7 (300 ~
400 H fE B, vk ) S — G e - BE 20 0 1—
2:1,V/V) . Sephadex LH-20 #f JZ ¥ ( B ) .
Toyopearl HW 40F H?)%*ﬁ( FH E?)D‘) , & 10
(9.5 mg) , & 1-13 BfbA45 M LA 1,
2.2 MR EFEHENR

G MRS % Zhang %5 (2019) ' MTT
BIFEEAEE R, BN B K ] Hela 20 MU, 9 4% 44
L B M B TE 6x10* 4, F2 80T 96 FLAR 1, A AL
100 WL, S50 15 B 2s X BRAL | BHE X R 21 (P 2%
R)MFFN 25 (&G ) B E 4 4
BAL,TE 5% CO, 37 CHRMFTHFR 24 h 452y, =
FZHZS T 2R T PBS, BHPEXT B4 45 T 1
pwmol « L™ (%) Bl 25 2, £ U 25 ¥ 4 45 T Wk & 50
pmol - LMY Frill AL G 1, £ HARLLIE 57 24 h,
BALIN 20 pL MTT X5, 9 F 4 h; 55 LR 7RG
LI A 150 L DMSO, &% 10 min, 75 i 51X
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490 nm K FRI AL EE (OD) AR % OD fH
TFERHR, L EE 3K,

TERRII ] A Ak B W, B B A G YR
BB R 0.3.125.6.25 .12.5 .25 .50 wmol - L', Z: 14
IR R R Ty vk A A% R B R IR R
H Prism 8 115 IC, fH, LEERE 3K,

3 X594

3.1 EMETE

k& W 1 B 6K K, HR-ESI-MS m/z:
357.134 5 [M - H] (C, H, O, ¥ i {4
357.134 4) , 4+ ¥ Uk C, Hy, Og.' H-NMR (600
MHz, DMSO-d,) 6: 6.88 (2H, s, H-2, 2'), 6.74
(2H, d, J=8.4 Hz, H-6, 6'), 6.71 (2H, d, J=
8.4 Hz, H-5,5'), 4.59 (2H, d, J=3.0 Hz, H-7,
7'), 4.11 (2H, m, H9a, 9'a), 3.75 (6H, s,
2x-OCH,), 3.71 (2H, d, J=9.6 Hz, H-9b, 9'b) ,
3.02 (2H, s, H-8, 8); "C-NMR (150 MHz,
DMSO-d,) &: 147.5 (C-4, 4'), 145.9 (C-3, 3"),
132.2 (C-1, 1"), 118.6 (C-6, 6"), 115.1 (C-5,
5'), 110.4 (C-2,2'), 85.1 (C-7, 7"), 70.9 (C-
9,9'), 55.6 (2x-OCH,) , 53.6 (C-8, 8'), LI I
B 5 SCHR ( Kwak et al., 2009) 418 19 3EA — 2,
M EZAKEY R ()M ER [(+)-
pionresinol | ,

k&Y 2 HETLE R AR, HR-ESI-MS
m/z: 373.1293 [M-H] (C, H, O,, ¥ i .
373.129 3), 5 F XA Cy,H,, 0, H-NMR (400
MHz, CD,0OD) &; 7.04 (2H, t, J=2.4, 2.0 Hz,
H-2,2'), 6.86 (1H, dd, J=8.0, 2.0 Hz, H-6") ,
6.84 (1H, dd, J=7.6, 2.0 Hz, H-6), 6.77 (2H,
dd, /j=2.0, 7.6 Hz, H-5, 5"), 4.84 (1H, overlap,
H-7"), 4.67 (1H, s, H-7), 4.45 (1H, t, J=9.2
Hz, H-9'a), 4.03 (1H, d, J=9.2 Hz, H-9a),
3.86 (3H, s, 3-OCH,), 3.85 (3H, s, 3’-OCH,),
3.85 (1H, overlap, H-9b), 3.75 (1H, dd, J=
9.2, 6.4 Hz, H-9'b), 3.03 (1H, m, H-8'); “C-
NMR (100 MHz, CD,0D) &; 149.1 (C-3), 148.7
(C-3"), 147.5 (C-4"), 147.4 (C-4), 133.6 (C-
1), 129.1 (C-1), 121.5 (C-6), 120.5 (C-6'),
116.0 (C-5), 115.7 (C-5"), 112.8 (C-2), 111.3
(C-2"),92.8 (C-8), 89.3 (C-7), 87.8 (C-7"),

76.1 (C-9), 72.0 (C-9'), 62.4 (C-8'), 56.4 (3,
3'-0CH,) o, VA %8s 5 Sk (2R3 45 ,2014) it
ER A B E R AW R (+)-8-FF He b
&2 [ (+)-8-hydroxypinoresinol | ,

G 3 RE A4S D] E A, HR-ESI-MS
m/z: 417.155 7 [M-H] (C, H, O, ¥ i {H
417.155 5), 5 XA C,, Hys 0, H-NMR (400
MHz, CD,0D) §: 6.65 (4H, s, H-2, 2", 6, 6'),
471 (2H, d, J=4.0 Hz, H-7, 7'), 4.26 (2H,
dd, J=8.8, 6.8 Hz, H-9a, 9'a), 3.87(2H , m ,
H-9b, 9'b), 3.85(12H, s, 3, 3', 5, 5'-0OCH,) ,
3.14 (2H, m, H-8, 8'); "C-NMR (100 MHz,
CD,0D) 6:149.4 (C-3, 3", 5,5'), 136.2 (C-4,
4"y, 133.1 (C-1, 1'), 104.5 (C-2, 2", 6, 6'),
87.6 (C-7,7'),72.8 (C-9,9'),56.8 (3,3, 5,
5'-0CH,), 55.5 (C-8, 8') . LI L-%udlt 5 3cilk (F
A ,2010) OE M5 A — 30, MU 2z a0
(+)-THHEZE [ (+)-syringaresinol | ,

k&% 4 @ & K, HR-ESI-MS m/z.
387.145 1 [M -H] (C, H,, O,, H i {H.
387.144 9) 4+ ¥~ C,, H,, 0,,' H-NMR (400
MHz, CD,0D) §: 6.95 (1H, s, H-2), 6.81 (1H,
d, J=8.4 Hz, H-6), 6.76 (1H, d, J=8.4 Hz, H-
5), 6.65 (2H, s, H-2', 6'), 4.70 (2H, d, J=
3.6 Hz, H-7, 7"), 4.24 (2H, m, H-9a, 9'a),
3.85 (3H, s, 3-OCH,), 3.84 (6H, s, 3', 5'-
OCH,), 3.83 (2H, m, H-9b, 9'b) , 3.14 (2H, s,
H-8, 8'); “C-NMR (100 MHz, CD,0D) &: 149.3
(C-3",5'), 149.1 (C-5), 147.2 (C-4), 136.2
(C-4"),133.8 (C-1), 133.1 (C-1"), 120.1 (C-
2), 116.1 (C-3), 110.9 (C-6), 104.5 (C-2’,
6'), 87.7 (C-7), 87.5 (C-7"), 72.5 (C-9), 72.6
(C-9"), 56.8 (3', 5'-0OCH,), 56.4 (3-OCH,),
55.6 (C-8"), 55.3 (C-8), LI %45 SCHk (An
et al., 2016) B MY A — 3, i e G WA
(+) -FL AP A EY [ (+) -medioresinol ] .

k&Y 5 B &K K, HR-ESI-MS m/z:
519.187 0 [M - H]™ (Cy H,, O,,, B i {H.
519.187 2) , 4y X K C,,H,, 0,,.' H-NMR (400
MHz, CD,0D) &: 7.14 (1H, d, J=8.4 Hz, H-5),
7.02 (1H, d, J=1.6 Hz, H-2), 6.94 (1H, d, J=
1.6 Hz, H-2'), 6.90 (1H, dd, J=8.4, 1.6 Hz, H-
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6), 6.80 (1H, dd, J=8.0, 1.6 Hz, H-6'), 6.76
(1H, d, J=8.0 Hz, H-5"), 4.87 (1H, d, J=8.0
Hz, H-5"), 4.75 (1H, d, J=3.6 Hz, H-7), 4.70
(1H, d, J=4.8 Hz, H-7'), 4.23 (2H, m, H-98,
9'8), 3.86 (3H, s, -OCH,), 3.85 (2H, overlap,
H-9«, 9'a), 3.84 (3H, s, -OCH,), 3.12 (2H,
m, H-8, 8'); “C-NMR (100 MHz, CD,0D) §:
151.0 (C-4), 149.1 (C-4'), 147.5 (C-3), 147.3
(C-3"), 137.5 (C-1), 133.8 (C-1"), 120.1 (C-
6'), 119.8 (C-6), 118.0 (C-5), 116.1 (C-5"),
111.6 (C-2), 111.0 (C-2"), 102.8 (C-1"), 87.5
(C-7"), 87.1 (C-7), 78.2 (C-5"), 77.8 (C-3"),
74.9 (C-2"), 72.7 (C-9, 9'), 71.3 (C-4"), 62.5
(C-6"), 56.7 (3-OCH,), 56.4 (3'-OCH,), 55.5
(C-8) , 55.4 (C8"), LA L KuHE 5 SCk (#1556 s
,2014) MIE B EEA B, MEE R EY N
(+)-#5 g E-4-0B-D-Mit. W i 2 ¥ 1% [(+)-
pionresinol-4-0-B-D-glucopyranoside ] .

k& 6 M H K, HR-ESI-MS m/z.
535.182 1 [M - H] (Cy Hy O,, B it fH.
535.182 1) ,4r Xk C,, H,, 0,,,' H-NMR (400
MHz, DMSO-d,) 6: 7.05 (1H, d, J=8.8 Hz, H-
5'),7.01 (1H, d, J=1.6 Hz, H-2"), 6.94 (1H,
d, J=1.6 Hz, H-2), 6.89 (1H, dd, J=8.0, 1.6
Hz, H-6'), 6.75 (1H, dd, J=8.8, 1.6 Hz, H-6) ,
6.69 (1H, d, J=8.0 Hz, H-5), 4.88 (1H, d, J=
7.2 Hz, H-1"), 4.79 (1H, d, J=5.2 Hz, H-7),
4.50 (1H, s, H-7'), 4.35 (1H, t, J=8.8 Hz, H-
9a), 3.93 (1H, d, J=9.2 Hz, H-9'a), 3.71 (1H,
d, J=9.2 Hz, H-9'b), 3.63 (2H, overlap, H-9b,
6"a), 3.43 (1H, m, H-6"b), 3.25 (3H, overlap,
H-3",4",5"), 2.88 (1H, m, H-8), 3.75 (3H,
s, -OCH,), 3.74 (3H, s, -OCH,) ; "C-NMR (100
MHz, DMSO-d,) &: 148.9 (C-3), 146.9 (C-3"),
145.9 (C-4), 145.8 (C-4'), 135.2 (C-1), 128.0
(C-1"), 120.2 (C-6"), 118.4 (C-6), 115.1 (C-
5), 114.6 (C-5"), 112.2 (C-2'), 110.8 (C-2),
100.0 (C-1"), 91.1 (C-8'), 87.2 (C-7"), 85.1
(C-7), 77.0 (C-5"), 76.9 (C-3"), 74.7 (C-9'),
73.2 (C-2"), 70.4 (C-9), 69.7 (C-4"), 60.9 (C-
8), 60.7 (C-6"), 55.7, 55.6 (2x-OCH,), DI I
B 5 SCHk (W et al., 2014) 4R38 LA — 3, )
YK ZAE Y I (+) -8 - FEFEAN R F -4-0-B-D-Nk I

A M [ (+)-8 -hydroxypinoresinol-4-0-8-D-
glucopyranoside | ,

k&% 7 B A KK, HR-ESI-MS m/z:
581.187 1 [ M + HCOO |~ ( C,, H,; O,,, ¥ i {H.
581.1876), 7 3\~ C,, H,,0,,, 'H-NMR (400
MHz, DMSO-d,) &: 7.01 (1H, d, J=8.0 Hz, H-
5'),6.99 (1H, d, J=1.6 Hz, H-2"), 6.95 (1H, d,
J=1.6 Hz, H-2), 6.85 (1H, dd, J=8.0, 1.6 Hz,
H-6'), 6.78 (1H, dd, J=8.8, 1.6 Hz, H-6), 6.73
(1H, d, J=8.0 Hz, H-5), 4.85 (1H, d, J=7.2
Hz, H-1"), 4.73 (1H, d, J=5.6 Hz, H-7), 4.56
(1H, s, H-7'), 4.35 (1H, t, J=8.8 Hz, H-9a),
3.94 (1H, d, J=9.2 Hz, H-9'a), 3.71 (1H, d, J=
8.8 Hz, H-9'b), 3.63 (1H, overlap, H-9b), 2.88
(1H, m, H-8), 3.75 (3H, s, -OCH,), 3.74 (3H,
s, -OCH,); "C-NMR (100 MHz, DMSO-d,) §:
148.2 (C-3"), 147.5 (C-3), 146.1 (C-4), 145.9
(C-4"), 132.2 (C-1), 130.1 (C-1"), 119.8 (C-
6'), 118.9 (C-6), 115.2 (C-5), 114.5 (C-5),
112.3 (C-2'), 110.6 (C-2), 100.2 (C-1"), 91.2
(C-8"), 87.0 (C-7"), 85.4 (C-7), 77.0 (C-5"),
76.9 (C-3"), 74.6 (C-9'), 73.2 (C-2"), 70.4 (C-
9), 69.6 (C-4"), 60.8 (C-8), 60.6 (C-6"), 55.6
(2x-0CH,) o DA EZE 5 3CHR (Wu et al., 2014) #f
T A3 BUE R G Y R (+) -8 - AN R
R-4'-0-6-D-Mt W A A OB B O[( + )-8-
hydroxypinoresinol-4'-0-B-D-glucopyranoside ] ,

k&% 8 KM ¥ K, HR-ESI-MS m/z:
559.177 9 [ M+ Na]* ( C, H,, O,, Na, H i .
559.178 6) , 4+ F K C, H,, 0., H-NMR (400
MHz, DMSO-d,) 6: 7.02 (1H, d, J=1.6 Hz, H-
2'), 6.95 (1H, d, J=1.6 Hz, H-2), 6.79 (2H,
d, J=7.6 Hz, H-6, 6'), 6.75 (H, d, J=7.6 Hz,
H-5), 6.66 (1H, d, J=7.6 Hz, H-5'), 4.68
(1H, d, J=6.0 Hz, H-7), 4.61 (1H, s, H-7"),
4.30 (3H, m, H9a, 9'a, 1"), 3.77 (3H, s,
3'-0CH,), 3.73 (3H, s, 3-OCH,) , 3.26 (3H, m,
H-8, 9b, 9'b); “C-NMR (100 MHz, DMSO-d,)
8: 147.7 (C-3), 146.8 (C-3"), 146.2 (C-4, 4"),
131.5 (C-1), 127.3 (C-1"), 121.5 (C-6'), 118.6
(C-6), 115.3 (C-5), 114.3 (C-5"), 113.8 (C-
2'), 109.9 (C-2), 98.6 (C-1"), 97.3 (C-8'),
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87.7 (C-7'), 85.1 (C-7), 77.2 (C-3", 5"), 73.3
(C-2"),72.5(C9"), 69.9 (C-4"), 69.8 (C-9),
60.9 (C-6"), 58.8 (C-8), 55.6 (3, 3'-OCH,),
DL B 5 SR (k4 4 5, 2018 ) i 1Y A —
B s ez Ak G Y R (+) A8 AR R -8 -0-B-D-ML R
T < [ ( + )-pinoresinol-8'-0-3-D-
glucopyranoside | ,

k&Y 9 B A% K, HR-ESI-MS m/z;
535.181 6 [M - H] (Cy Hy O,, B i {H.:
535.182 1), 4+ F =k C, Hy, 0,,.' H-NMR (400
MHz, CD,OD) &: 7.10 (1H, d, J=1.6 Hz, H-
2'),6.95 (1H, d, J=1.6 Hz, H-2), 6.85 (1H,
dd, J=8.0, 1.6 Hz, H-6'), 6.80 (H, d, J=8.0,
1.6 Hz, H-6), 6.78 (1H, d, J=8.0 Hz, H-5),
6.72 (1H, d, J=8.0 Hz, H-5"), 5.23 (1H, d,
J=6.4 Hz, H-7), 4.64 (1H, d, J=8.0 Hz, H-
1”), 4.37 (1H, s, H-7'); “C-NMR (100 MHz,
CD,0D) 6. 148.9 (C-3"), 148.5 (C-3), 147.6
(C-4"), 146.7 (C-4), 131.0 (C-1), 128.4 (C-
1'), 122.4 (C-6'), 119.3 (C-6), 116.1 (C-5),
115.2 (C-5"), 113.9 (C-2"), 110.4 (C-2), 100.0
(C-1"), 97.3 (C-8'), 91.4 (C-7"), 83.1 (C-7),
78.2 (C-3"), 77.9 (C-5"), 75.2 (C-2"), 73.1 (C-
9y, 71.4 (C-4"), 69.5 (C-9), 62.6 (C-6"),
56.5 (3-OCH,), 56.4 (3'-OCH,), 54.4 (C-8).
PL 8Os 5 SCHR ( Yang et al., 2019) $i1E B FEAR—
B, B E AL A YN schilignan F

k& ¥ 10 [ @8 K, HR-ESI-MS m/z:
681.239 7 [M-H] (C,H,, 0, , it (H.681.238 9) ,
¥R M €, H,,0,.' HHNMR (600 MHz, CD,0D)
6:7.15 (2H, d, J=8.4 Hz, H-5, 5"), 7.03 (2H,
d, J=2.4 Hz, H-2,2'), 6.92 (2H, dd, J=8.4, 2.4
Hz, H-6, 6'), 4.89 (2H, overlap, H-1", 1), 4.76
(2H, d, J=3.6 Hz, H-7, 7'), 4.25 (2H, m, H-98,
9'8), 3.88 (6H, overlap, 3, 3’-OCH,), 3.88 (2H,
overlap, H-9a, 9'at) , 3.12 (2H, m, H-8, 8'); "C-
NMR (150 MHz, CD,0D) &. 151.0 (C-3, 3'),
147.5 (C-4, 4'), 137.5 (C-1, 1'), 119.8 (C-6,
6'), 118.0 (C-5, 5'), 111.6 (C-2, 2'), 102.8 (C-
1", 1"), 87.1 (C-7, 7"), 78.2 (C-3", 3"), 77.8
(C-5",5"),74.9 (C-2",2"),72.8 (C-9,9"),71.3
(C-4",4"), 625 (C-6",6"), 56.8 (3, 3'-OCH,) ,

55.5 (C-8, 8'), VI Bda 5 ik (M85 ,2007)
ERYIEA — B, MO EZ G YR (+) AR R4,
4’-0- XU R %65 25 #% 11 [ (+) -pionresinol-4, 4’-0-
bisglucopyranoside | ,

k&% 11 [ K, HR-ESI-MS m/z:
5212016 [M - H] (C, Hy O, 3 it 4.
521.201 7) , 4 F X A CyH,, 0,,,' H-NMR (400
MHz, CD,0D) &: 7.13 (1H, d, J=8.0 Hz, H-
5'), 6.97 (1H, d, J=2.0 Hz, H-2"), 6.87 (1H,
dd, J=8.0, 2.0 Hz, H-6'), 6.78 (H, d, J=1.6
Hz, H-2), 6.70 (1H, d, J=7.6 Hz, H-5), 6.63
(1H, dd, J=7.6, 1.6 Hz, H6), 4.87 (1H,
overlap, H-1") , 4.82 (1H, d, J=6.4 Hz, H-7"),
3.99 (1H, dd, J=8.0, 6.4 Hz, H-9a) , 3.85 (3H,
s, -OCH,), 3.84 (2H, overlap, H-9’a, 6"a), 3.82
(3H, s, -OCH,), 3.73 (1H, dd, J=8.0, 6.4 Hz,
H-9b), 3.69 (1H, m, H-6"b), 3.65 (1H, m, H-
9'b), 3.47 (2H, m, H-2", 5"), 3.40 (2H, m, H-
3",4"),2.90 (1H, dd, J=13.2, 5.2 Hz, H-7a),
2.71 (1H, m, H-8), 2.49 (1H, dd, J=13.2,
10.8 Hz, H-7b), 2.34 (1H, m, H-8'); “"C-NMR
(100 MHz, CD,0D) &: 150.8 (C-3"), 149.0 (C-
3), 147.3 (C-4'), 145.9 (C-4), 139.5 (C-1"),
133.5 (C-1), 122.1 (C-6), 119.6 (C-6"), 117.9
(C-5"), 116.2 (C-5), 113.4 (C-2), 111.3 (C-
2'), 102.9 (C-1"), 83.8 (C-7"), 78.2 (C-3"),
77.8 (C-5"), 74.9 (C-2"), 73.7 (C-9), 71.3 (C-
4"y, 62.5 (C-6"), 60.5 (C-9'), 56.7 (3'-
OCH,), 56.4 (3-OCH,), 54.1 (C-8'), 43.8 (C-
8), 33.6 (C-7), VL L#¥E 5 SCHk (Park et al.,
2010) i IB Y HEA — B, MO EZ &YW R (+) 7%
MRy R R-4-0-B-D-M WA A OB [ (+)-
lariciresinol-4’-0-B-D-glucopyranoside | ,

k&% 12 A @8 K, HR-ESI-MS m/z:
539.231 3 [M+H]"(C,H,0,,, Hit(H:539.231 3) ,
5 FH CyH,, 0, H-NMR (400 MHz, CD,0D)
8:7.14 (1H, dd, J=8.0, 2.4 Hz, H-6), 7.02 (1H,
d, J=2.4 Hz, H-2), 6.96 (1H, d, J=2.4 Hz, H-
2'), 6.91 (H, d, J=8.0 Hz, H-5), 6.80 (1H, d,
J=8.0 Hz, H-5"), 6.76 (1H, dd, J=8.0, 2.4 Hz,
H-6"), 4.87 (1H, d, J=6.8 Hz, H-1"), 4.75 (1H,
d, J=3.6 Hz, H-7), 4.70 (1H, d, J=3.2 Hz, H-
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7'), 4.23 (2H, m, H-9a, 9'a), 3.85 (6H, overlap,
2%-0CH,), 3.39~3.87 (6H, m, H-2"-6"), 3.12
(2H, m, H-8, 8'); "C-NMR (100 MHz, CD,0D)
8: 150.9 (C-3), 149.1 (C-3"), 147.5 (C-4), 147.3
(C-4"), 137.4 (C-1), 133.7 (C-1"), 120.0 (C-
6'), 119.8 (C-6), 117.9 (C-5), 116.0 (C-5'),
111.5 (C-2), 110.9 (C-2'), 102.8 (C-1"), 87.5
(C-7"), 87.1 (C-7), 78.2 (C-3"), 77.8 (C-5"),
74.9 (C-2"), 72.7 (C-9, 9"), 71.3 (C-4"), 62.4
(C-6"), 56.7 (3-OCH,), 56.3 (3'-OCH,), 55.5
(C-8), 55.4 (C-8"), LA L%diE 5 CHk (Wu et al.,
2013 ) B A HEA —, BUEE IZ LAY neoolivil-
4-0-B-D-glucopyranoside ,

EWw 13 EW R Y, HR-ESI-MS m/z.
357.134 5 [M - H] (Cy H,, O,, H it H:

R, R, R Ry Rs
10CH;, OH H H OCH
2 0CH; OH H OH OCH,
3 0CH; OH OCH; H OCH;
40CH; OH H H OCH
50CH, OGle H H OCH
6 OCH; OGle H H  OCH;
70CH; OH H H OCH
};1 80CH, OH H H OCH
100CH; OGle H H OCH

357.134 4) , 4y T H C, H,, 04, 'H-NMR (600
MHz, CDCl,) 6. 6.88 (2H, d, J=1.2 Hz, H-5,
5"), 6.87 (2H, d, J=9.0 Hz, H-8, 8'), 6.80
(2H, dd, Jj=8.4, 1.8 Hz, H-7, 7"), 4.72 (2H,
d, J=4.8, H-4, 4'), 4.23 (2H, dd, J=9.0, 7.2
Hz, H-2a, 2'a), 3.89 (6H, s, 2x-OCH;), 3.86
(2H, dd, J=9.0, 3.6 Hz, H-2b, 2'b), 3.08 (2H,
m, H-3, 3'); “"C-NMR (150 MHz, CDCl,) §:;
146.7 (C-6, 6'), 145.2 (C-9,9"), 132.9 (C-10,
10"), 119.0 (C-7, 7"), 114.3 (C-5, 5"), 108.6
(C-8,8"),859(C4,4"),71.7(C-2,2"),559
(2x-0CH,), 54.2 (C-3, 3"), VL L %¥s 5 Scmk
(Saleem et al., 1997) it i (9 FE A4S — B, #C% E %
b & % A 3, 3'-bis [ 3, 4-dihydro-4-hydroxy-6-
methoxy-2H-1-benzopyran ] ,

R¢ Ry Ry

OH H H

OH H H

OH OCH; H

OH OCH; H

OH H H

OH H OH

OGle H OH

OH H OGlc

OGlc H H 9

B 1

Fig. 1

3.2 HEEEMNKER

e 1 a0, k&% 1.3-5 76 50 wmol - L'

JE T X Hela 20 M S0 ) R 8w o PRt i — 20 0
5E1.3-5 XF Hela 4011 1C,, &5 R W3 2, 45
B AEY 1.3 4 M HNE R B3 1C,, (8
39K (69.94+1.89) , (66.25+2.11) . (59.81 =
1.73) wmol - L™,

HEW 1-13 P ZEEHR

Chemical structures of compounds 1-13

4 b 5w

RHITEER B is 22 T 03 B 23 B 05 1 S 4 1 2
E T BT 5 22 2 S YT IMJRE 15 1 R AL 1Y) A 2 g
HEATHESE 18] 13 DARNER KA EY, 145 10 4
P U S AR IS 2 (1-10) , 2 > DU S 1K g AR
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£ 1 AW I1-13 Xt Hela HABHIINEIZ (x+s5, n=3)
Table 1  Inhibition rates of compounds 1-13

on Hela cells (x+s, n=3)

(pmol + L) rate (%)
1 50 64.81+1.83
2 50 39.26+1.24
3 50 70.37£1.73
4 50 71.12%1.79
5 50 58.72+1.71
6 50 13.45£1.26
7 50 12.11£1.14
8 50 15.95+1.84
9 50 39.18+2.17
10 50 36.76+2.10
11 50 40.98+3.14
12 50 44.77+1.87
13 50 3.76+0.49
Fi[#5 % Adriamycin 1 59.72+0.89

2 HEW1.3-53F Hela ARH IC, (x5, n=3)
Table 2 ICy, of compounds 1, 3-5

on Hela cells(x+s, n=3)

L& Compound IC,,(pmol + L)

1 69.94+1.89
3 66.25+2.11
4 59.81+1.73
5 >100

P 8% 2 Adriamycin 0.52+0.07

FRZE (11 12) 1 1 AR E T REAAEE (13) .
i iE M A LG (+)MIER (1),
(+)-THEIR(3) . (+)-FL AR (4) L (+) -
f % -4-0-B-D-ML G i 2 M 11 (5) 7€ 50 pumol - Lk
JE T X Hela 20 547 2 4 (0 M i 4 B 300 1) R 7€
58.72% ~71.12% Z Ia] , i {b 5 1.3 .4 (130 il
M o W, HOIC 4 3 (69.94+1.89) |
(66.25+2.11) ,(59.81+1.73) pmol - L', MZ5Hy
KM % Hela 4 B AT — & S0 & P16 &
Y1 (1.3-5) ¥ 5 pd S ek mg R R BE R %28 A
H PO K i R BE 3R OB D R B L R 1 4 A A

AT, A5 A 2 R — Fh 254 253 B 7-0-97
RIAN 7'-0-9 BY PU &0k i 2808 5T C-8/C-8' [ BF A
(R ,2014) , VIARAIGE 20 B A5 219 10 4SS
SR IR R B 25 45 A L A0 M 7 15 v e A R OE
AR C-8 B C-8' i I it T A w9l H: At 5 A B
i, X Hela 40 110 388 28 410 1 336 M 4 5 24 C-8 1
C-8' v I T F 9 8 ik ik 45 25 /K P S AT AR )
HOGE Hela 40 A 119 354 58 410 1) 15 P REAIG; 2K 28 L5 A
(1) 5 7K F5E P FE 9 A, Hext Heela 200 6 11 84 % 410 461
T A 2 A O B R ARG 5 IR A1, C-7 B C-7 g R ) 22
S AL AP Hela 40 M54 5 3040 755 1 A9 Bl
AR 3K Sk I DU Ak e K IR R 1 S A i AR T
SRR ) ook AT A o s P 2 I S B MR O
AL A NG A A W it — 25 8 41 A ik
{18 05 3 10 BT, 6 3% 4 2 o 1) Ak A5 4 1A T A N 1) 2
P 25802 AR BN g2 AR A 2 B 24
J5 R A ST

RFFRME—LF T T T BRI
HRMALS Y A5 S AL I O A0 i B T PR
FIBTA NG R 28 055 7T BE 2 e 7 22 b 32 & ¥ P
ZY B PE A I B 4y, BRAN, ARBF S A T
DEpUE kR OR s Z WSO R —E R E L
R3S B B8 R 8 A R B TR 25 0 A0 i 9 4R 1t
T5% W& TR RN — I LR E T
Sl
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