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Abstract: This study aims to investigate the chemical constituents of ethyl acetate extracts of Euscaphis japonica dry and ma-
ture fruits and their inhibition effect on HeG2 cells. The ethyl acetate part of E. japonica fruits was purified by various column
chromatography and semi-prepared HPLC. The isolated compounds were identified by NMR technology. The HepG2 cell model
was used to explore the anti-tumor effects of these compounds. Seventeen compounds were isolated and identified as oleanolic
acid (1) ,68-hydroxybetulinic acid (2) , momordic acid (3) ,2-oxopomolic acid (4) , pomolic acid (5) ,ursolic acid (6),
23-aldehydepolomic acid (7) ,1-oxosiaresinolic acid (8) ,annurcoic acid (9) ,maslinic acid (10) ,kaempferol (11) ,narin-
genin (12) ,apigenin (13) ,luteolin (14) ,eriodictyol (15) ,methyl gallate (16) , protocatechuic acid (17). Among them,
compounds 2,9,12-15 were first isolated from the genus. Compounds 2,5,6,10,13 had an inhibitory effect on HepG2 cells.
Compound 5 inhibited HepG2 cell proliferation and migration, blocked the cell cycle in G1 phase ; promoted the accumulation
of reactive oxygen species,reduced the mitochondrial membrane potential ,and promoted apoptosis.
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H R SR T 2 B S A 110 24 4 R ) R, SRR IR
W, X B R A BF A EA Bk, AR KU T
MBS AL, v LU 67k 2% B, T
N, B, AT S5 o R A L g 2 K
B R P LDk 3 B Y 32 B2 25 ), e R E Al
ATLGRITIERE M PR R A R R R
= YRR ARSI B BUME BUIFEF 4EAL it
FA i RIS B SRR

JHF 9 — T UL e A M R IR PR T R
AEFRREANT o AN A S A 98 R L2
75% 1A A B I AR LR R o I TR 2 B
(HepG2) & — 28 WL 5 | & JH- 240 JHd 93 %) i 983 41 Ji
F, AR AL RS D25 0V P Y AR 4 e
PR T RRAR | B BOR B 22 R PR ) R L
A RAFHIBUIMIE I M, SR 7= vh & BB i Bt Ja
YR — A AT S AR IR ST 2
o9 A L 28 A O A A AL oA DL 47 T s 200 L 3 e
ARG o N T — T R M Ak A,
R IEAEDUI R T AL 1, A58 0] B 79 e SR 52
LR CWRER AT o B alidk, JF dk— B R R 0 B 1%
A YR HepG2 0 W Hil4E o & 7E {2 ik BF
PSRRI ST 5 T R I, S v A 108 25 90 1 &
PR HERL A
1 #EE5FZ®
1.1 |5 H

A < 2 T A B BEOAH R 48 (LCS2 A, B
FHEA BR 2 7)) 5 B 30 AH 1 98 (0 1% & 48 (HS-
1200P18 B, KPR A RBHE A BRA A ) 5 8]
PO MR (CKXS3 AL, AR 47) ; CO, B 7 46
(HCP-168 #1, 35 I i SR A= W) =57 A A R A W) ) 5
A4 L (FACSCanto 11 %Y, 25 [E BD A #]) 5 60K
Wi 2k K PR AL (ReadMax 1200 %, | 965 [N 1% A= 1)
BHEA TR R 5 br ofiz 1205500 88 47K L ( WBZ1001-UP
B LR By A PR 7)) 5 AR B OB (-
500 B, KYPWALES DAL A R A 7 ) 5 B g AL Ak
3% X ( Avance NEO-600, Avance NEO-700 spec-
trometers , Bruker /Y] ) o

A A EE P R QTR R T B
Wt (J3 A7 20, JHR T B R Ak 2 i A BR 2 v ) s DMEM

IR (L5 : 23258911, Biosharp ) 5 i 27 IfiL V& (41t
5123296655 , Biosharp ) ; 75 75 3= -5 8 R IR (L5
68060500,100 x ,Biosharp) ;1 x PBS 2% i (4t 5 :
23314817 ,pH7. 2 ~ 7. 4, Biosharp ) ; CCK-8 &5 &
(L5 : 23264618 ; Biosharp ) ; i 25 1 fil-EDTA K 1k
#(0.25% ) 7 By £ (45 : 2308002, Solarbio ) ; — H
EAR (it :401Q035 5 41115 77 4% , Solarbio ) 5 7% 14 48,
i 350 &2 (HE45-: 2311004 5 Solarbio ) 3 L kLA R
AL & (A1t %5 :0103A24, Leagene ) 5 AL P BE
PI e (a3 (15 :1211A23 , 7 RNase, Leagene) ; 2 Jfg
T35 & (5 :2307120L01-53 ; FITC-Annexin V/
PI, UElandy ) ; 5 #2 B (it 5. C15703695, 4fi & >
98% , b2 e AR R R A BRA F]) .

1.2 ##
BT 7 R S W S T2 B N 2R T 3, 22 90D

HP B 24 R EOGRE AR S A T R A A B
F3#% Euscaphis japonica ( Thunb. ) Dippel. T4 i
BRI AT T AR Hh B8 24 DR vh 24 Al 22 4 BT 15
YRS R RS A 3 S

NHHEEANNE (HepG2 ) W ST rp [ )27 gL 96 20
J % o
1.3 FHi&
1.3.1 R#RRE555

R T 1R BPRHE RS2 10 kg, By, FH B3 P42
I, AR HC A8 b, g s BRI A 50% HEE S
B AR IBC48 b, b g, AT PRI IO, Wk 4 15 1R
291480 g WBEMUNAMEE LR LB IET B
AES W55 34,3 g AOMERRAL (117.3 g LR &
T FIE T BERAL 187. 6 g0 LR LR TR ik
JREHE £ 3% gl 4k, LA ATl k-2 R ST, (100 0—0:

100) ATV, B J5 75 7 VP 1 0 15t 3 4% 350 4, T
VR 22 i )5, R 53R 10 B Y-1 ~ Y-
10 B¢,

¥ Y4 Bro A RERCRE, DL TN BE- £ 1R 2 TR

(50: 1—1: 1) PEATURNG , BRI Mk 28 TLC a5 , 15
6 NP Y41 ~Y4-6, ff Y44 8 RMEEEIL
H: (Sephadex LH-20) , JH] 58 F e-F B (3: 2) #EAT
Ve, ok 3 N Y44a ~ Y44e, Y44ce BR
P 2 e BORAH (HPLC) C-18 SR ik AT 47 4
1k, -7k (920 8) PEBE, Wi 2 mL/min, 43 25 )4k
AW 1(10.3 mg,t, =28.3 min) , ¥ Y4-5 K& IF
AHBERCHE , LLATIEE- R O BR (200 1—1: 1) 478k
JIt BRI ZE TLC W 5017, 13 31 6 ANl 43: Y4-5a
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~Y-4-5f, Y-4-5d B RHE A (Sephadex LH-

20) , G W e 2 (20 3) AT VR i, U il W 22
TLC @23 87, 53] 10 N4 : Y4-5d-1 ~ Y-4-5d-
10, Y-4-5d-6 Br2e il 5 B 80 AR C-18 S AH i
oy B alife, HEE-/K (950 5) VeI, i3 2 mL/min,
BEHA R 3 NS Y4-5d-6-1 ~ Y4-5d-6-3, Y4-
5d-6-3 . Y-4-5d-6-2 B3l 282 il 4 v ACBORH 43 B 46
P (P25 T BE-/K (882 12) it 2 mL/min) , 75
FLEY) 3(3.2 mg,ty, =30 min) F14(3.5 mg,t; =
19.6 min) ., Y-4-5d-7 Br 2 il 4% = 508 AH C-18 2
AARE AL 73 B Al Ak, HYBE-7K (90 10) BEJBE, i 4 2
mL/min, /3B ELE W) 2(2. 4 mg,t; =20.8 min) ,
Y-4-5e Bz rp 2 WO C-18 FORHRE AR B
FHEE-7K (90 10) e, Ui 20 mL/min , 44 H 43y 5
AFAY:Y45e-1 ~ Y4-5e-5, Y4-5¢-3 Brasfifil 4%
ERCRAR C-18 SRR Ak e A 4 2 2l Ak, W - 7K (88
12) PEfiE, Ji3H 2 mL/min, 524654 5(55.2 mg, 1,
=17.5 min) , Y-4-5e-4 BEZ il 45 B A0HOAHT C-18
SARRERCAE 2 B alifl , 7K (882 12) BEME, i K 2
mL/min , f4 #4654 6(5. 1 mg,t, =30.4 min) ,

Y-5 Bege v 2 il 45 WA C-18 FOAH ik g A 40
B, WEE-7K (50: 50—100: 0) 5 BE Vi SO min , F -
7K (100: 0) 45 & P A 30min, it 3 25 mL/min, $f H
S3H 16 ANFAY Y51 ~ Y-5-16, 4% Y-54 Brgs 2l
R ARAH C-18 UM RE AT 73 B alifl , F i-7K (65
235) YEML, i 2 mL/min, 7534654 12(6. 5 mg,
tp =23.5 min) o Rf Y-5-4 B I 5 R b Bk
AT Es il , LA W be-H BE(10: 1) Sy T,
HEMEEY 11(3.2 mg,R,=0.322 6) , ¥ Y-59 &
20 il 2% AORORR C-18 2 A Tk i A 43 A Ak,
fiE-7K (80220 ) PEML, ¥ 2 mL/min, 52654 8
(9.2 mg,t; =24.5 min) , $f Y-5-10 B2 24 &5
ROAH C-18 S AHRE A5 B 4lidk, PR BE-7K (80: 20)
Ve, Wi 2 mL/min, 13 B EY 7 (4.5 mg, 1, =
28.3 min) ,

Y-6 B2t IEAHRERCAE , LU A i k- £ 12 £ 15 (20:
112 1) FFATBENL, Ve 22 TLC B 5500, 1531 8
APLGF:Y-6-1 ~Y-6-8, Y-6-1 Brag=f- il % &0a A
C-18 SRR AE 43 B i Ak, TP E-/K (90 10) VR,
Wk 2 mL/min, 52859 9(3.7 mg,t, =14.2
min) , Y-6-4 Bt 28 v P 45 WA C-18 S A ik
FERI B, HH 7K (50: 50—100: 0) 46 B P& i 50 min,
A 7K (100: 0) 28 )5 BERE 40 min, Ji33#E 25 ml/min,

BT A4 Y-64-1 ~Y-64-T, % Y-64-1
BER 2045w S0RH C-18 SOMRERHE 23 55 44k,
FI-/K (250 75) Welt, ik 2 mL/min, 153 246 & 9
17(7.1 mg,t, =18.5 min) FfL54) 16(10.6 mg, 1,
=23.8 min) . Y-6-5 B Rl & WA C-18 J
FRRE AR B, H 7K (500 50—100: 0) 466 B % JiE
50 min, FEE-7K (100: 0) 45 B 30 min, i & 25
mL/min 258 9 N4 Y-6-5-1 ~Y-6-59, Y-
6-5-2 L il £ 1o BOHCAH C-18 AR T Jie 43 85 4l
&, -7k (60: 40) PEBE , Ji i 2 mL/min, 15 246 &
Y 14(16.7 mg,t; =23.6 min) , Y-6-5-8 B2
F RSO C-18 FUARRE AT 3 5 alidk , B -7k (90
210) PRI, i 2 mL/min, 75 F46 547 10 (12. 2 mg,
g =14.2 min) . Y-6-7 B2 Pl & m AORAH C-18
SRR REAE 2 B alidk, I EE-/K (950 5) TS, it i 2
mL/min, 58] 2 N4 Y-6-7-1 #1 Y-6-7-2, Y-6-7-
2 Bk K 25 S RO A C-18 SUAHRE AT 17 —
U] o, FH 7K (782 22) VM, ik 2 mL/min, 753
WA 13(3.2 mg,t; =19.4 min)

Y-7 Be B AR AT, A Al k- £ 1R 1 (20:
112 1) FFATBENL, Vel 28 TLC &5 50 B, 1531 9
AT Y-T-1 ~ Y79, 4 Y-7-4 F FI2 4 4 5 5808
HH C-18 FAHREICAE 3 B alifl , T EE-7K (921 8) Pl
Wi 2 mL/min, £33 2 N4 Y-74-1 F1 Y742,
K Y742 A I 5 = RO C-18 S ARRE AT
PEAT Uk &, T BE-/K (80 20) e, Wi 2 mL/
min, B LAY 15(3.9 mg,t; =14.4 min)

1.3.2 JFJ&2m a3 sh 4 h) B b4 2R

& 10% JiG 4= 1ML B9 DMEM 153756 (100 mg/L
SEEEM 1 x10° TU/L 8B K ) 7637 C 5% CO, i1
FMF TR AR AN (HepG2 40M) o ZAMILL S x
10° A~/ L1 % B 580 T 96 FLA P (AL 100l 41
FOWO) 15 5% 24 h 5, BEALANA 100 pl 3 A [ ik 3
LG YRR FRHE  IE 6 ML, dh2ith 3R 24 h, &
FLIMA 10% CCK-8 AW 100 pL, 4k2EE53% 1 h, i
BT 450 nm 4, W5EROGRE (A) o AAR (1) 1T
AN IR D) R FHER A SPSS 1580 A =il 41 1
JIFIER A MBS FEL Y 1Cs, o

I=(A;,-Ag)/(As-Ay) x100% (1)

o, A HTAg Ay 735l 7R 0 IRAH | 45 25 4H il
2 HAHRBOCEE
1.3.3  mfesgsa k% 5

HepG2 41 g )15 58 RE 1 R I8 7% 8 UL PP A
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KA LL 1 x 107 A/ FL Y28 BE 2R F 6 FLAR T,
DMEM (10% G4 IfiL7E ) 35 7% 24 ho AR5 HIA [k &
WA IR ( pomolic acid, PMS) (0,10,30,50 wmol/L)
AEFRANML 12 h, SRS, k22 DMEM (10% Jif 4= Ifil
)RR 2 J8 L A 2 d B, B 3R A RS PBS
VAN 2 Y, H] 4% Z2 R W (PFA) [ % 20 min,
FH&S IG5 15 min,

1.3.4  mjeXR %%

KLl 2 x 10° A~/FL 0 4% B 380 T 6 FLIR
1, FH DMEM(10% i 4 135 ) K5 9% 48 h, M40
KSR B R 1 PMS (0,10.,30.,50 pmol/
L) RSB 12 b SRJS M 200 L 98 1 A8 AR v
KAL), JF ] PBS YRR . SR 5 4k SLfdi 11 TG
M3 HE TR ARG TR A0 M, A WA S Hr R4 0.8
16.24 48 h (ATE O, ] Tmage J R f40 A
oA AN AT AR S W A T AR Y HUAE
1.3.5 @mpe i

K AL 3 x 10° A/FL 0% B 3R T 6 FLIR
L85 3E 24 h, HOR[RIHE EE PMS(0.,10 .30 .50 wmol/
L)AL 12 h )5, 0. 25% Jpe A Ak 22, 4 20
PBS V%, T 1Y 70% £ 5 o L 20 i, 4°C [#] € 2o
o FH PBS LR LBR QBRI K 4N H0 207 16 PTG (A,
D . AL 200 H 40 A E ), SR FH I o 4
AU 240 B R4, IR Flow Jo 3K 1E4 7430 H7 o
1.3.6 #FHARAKFHER

KA 2 x 10° A/FL 00 % B3R T 6 FL IR
L B53E 24 h, HOAR[RIHEEE PMS(0.,10 .30 .50 wmol/
L) Ab 12 h, W 26 J5UA 15 R, 4 BRI 3R] & 07
EEAEIMA DCFH-DA #£%1,37 C i E 20 min, Bf
J&i PBS PR AHML =K, 785 2 B4k 4y DCFH-DA, il
A1 mL Al IR Al ZO0 BB WA iC %40
LA G 1 50, F Tmage J X6 SO0 A TALFE
1.3.7  Z Ak b e T Auien]

KA 2 x 10° A/FL 10 % B3R T 6 FL IR
H L3R 24 b SRS AN TR MR B PMS (0,10,30,50
pmol/L) Kb 12 h, Fi¢ HRE A (A 5% e o7 A6 0 3 7]
Wl A C AR OG0 , 22 BRI 415 77, PBS Yk ¥
— U, # IR & U I R T, 200 MR T g
FC AN O DL, 1 Tmage J XSG ECHE #E4 4L
H
1.3.8 @mpAT

KA 2 x 10° 4~/ FLAY 2% BE RN T 6 FLAR

gt 24 ho SR JE ARk B2 PMS (0,10,30, 50
pmol/L) ZbFH 12 h, W AL A i . 4% FE it 50 6 d D] T
45 G 98 v, TG B 456 9 i S 2 L, B
100 L 20 53 A A 5 pL Annexin V-FITC %%
W 10 pL PT YLy, 5 R OEIEE 15 min, BEJS #b
Jin 400 pL 25522 whif, ok 200 H 40 38 ™, B L
PR LA, I Flow Jo 2R A3 T 44 o
2 ZEREHH
2.1 UEMEBETE

KEW1 [EFAR;'H NMR (700 MHz, CD,
0D)6:5.24(1H,t,J =3.7 Hz,H-12) ,3. 14(1H,dd,
J=11.6,4.6 Hz,H-3),2.85(1H,dd,J =14.2,4.6
Hz,H-18),2.00 (1H,td,J =13.6,4.1 Hz, H-16),
1.16(3H,s,H-27),0.97(3H,s,H-23) ,0.94(3H, s,
H-30),0.94(3H,s,H-25),0.90(3H,s,H-29) ,0. 82
(3H,s,H-26),0.77 (3H,s, H24) ;" C NMR (175
MHz, CD,0D) §:40.0(C-1),28.0(C-2),79.8 ( C-
3),40.0(C4),56.9(C-5),19.6(C-6),34.1(C-7),
40.7(C-8),49.2(C9),38.3(C-10),24.6(C-11),
123.7(C-12),145.4(C-13) ,43.2(C-14) ,29.9 (C-
15),24.1(C-16),47.8 (C-17),42.9(C-18) ,47. 4
(C-19),31.7(C20),35.0(C-21),34.0(C-22),
20.0(C-23),16.4(C-24),16.0(C-25),17.9 (C-
26),26.5(C-27),182.2(C-28),33.7(C29),24.2
(C-30) o AL YEE S Scmk ' 45 R RA— 5, %
FE N FEHORIR .

WwEW2 kK ; HR-ESI-MS: m/z 495. 343
3 [M+Na]* (3844 C,H,NaO, ,495.344 5) 43+
A K C,Hyig0,.'H NMR (700 MHz, CDCl,) §: 4. 74
(1H,d,J=2.3 Hz,H29) ,4.61(1H,d,J =1.9 He,
H-29),4.51(1H,t,J=3.0 Hz, H-6) ,3. 13 (1H, m,
H-3),3.02(1H,dd,J =10.7,4.9 Hz,H-19),1.69
(3H,s,H-30),1.27 (3H,s,H26),1.19(3H,s, H-
25),1.15(3H,s,H24),1.06 (3H,s,H23),0.94
(3H,s,H-27) ;" C NMR (175 MHz, CDCl, ) §:40. 8
(C-1),27.7(C-2),79.3(C-3),39.8(C4),55.8(C-
5),69.1(C-6),41.8(C-7),39.9(C-8),51.3(C9),
36.9(C-10),21.1(C-11),25.7(C-12),37.5(C-
13),42.8(C-14),32.3(C-15),29.9(C-16),56.5
(C-17),49.5(C-18),47.0(C-19),150.6 (C-20),
37.0(C-21),30.7(C22),27.8(C23),17.1(C-
24),17.9(C-25),17.2(C-26) ,15.1(C-27),181.5
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(C-28),109.8(C-29),19.6(C-30), k"""
f'H NMR #1°C NMR $4ixt H, B A9 2 5
CRILA Y (6B-F2 5L I HENR R ) AR AH L, (H A7 7E 22
5, BEfEXHEA Y 2 B9 HSQC . HMBC (H-H COSY #
NOESY M8l A7 50 47, KI5 W) 2 G598 SE 5
SCHRESH—30, il S R 6B-F2 5L FAMERR A .

E®wm 3 kA" H NMR (700 MHz,
CDCL,)6:5.30(1H,t,J =3.8 Hz,H-12),3.49(1H,
dd,J=12.2,4.8 Hz,H-3),3.03(1H,t,/ =12.0 Hz,
H-2),2.82(1H,dd,J =13.9,4.5 Hz,H-18),2.37
(2H,m,H-2,9),1.29(3H,s,H-27),1.17(3H, s, H-
25),1.05(3H,s,H23),1.01 (3H,s, H-24),0.93
(3H,s,H26),0.91(3H,s,H-30),0.82(3H, s, H-
29);" C NMR (175 MHz, CDCL,) §:212.5(C-1),
44.2(C-2),78.8(C-3),39.3(C4),54.2(C5),
17.9(C6),34.0(C-7),41.4(C-8),39.3(C9),
52.6(C-10),25.9(C-11),123.5(C-12),142. 6 ( C-
13),42.0(C-14),27.8(C-15),23.7(C-16) ,46. 8
(C-17),39.4(C-18),45.7(C-19),30.8 (C-20),
32.7(C21),33.2(C22),28.6(C=23),16.2(C-
24),15.1(C-25),17.9(C-26),25.3(C-27),182.4
(C-28),32.6(C29),23.1(C-30) ., Zib& Y EIE
S0k G R AR — B, S R TR

wEW4 HEKBA;'H NMR (700 MHz,
CDCL,)6:5.35(1H,t,J =3.3 Hz,H-12),3.90(1H,
d,J=3.8 Hz,H-3),2.47(1H,d,J =12.2 Hz,H-1),
2.10(1H,d,J=12.2 Hz,H-1),1.31(3H,s,H-=27),
1.21(3H,s,H29),1.19(3H,s,H-23),0.95(3H,d,
J=6.7 Hz,H-30),0.88 (3H,s,H25),0.73(3H,s,
H-26),0.69 (3H, s, H24);"” C NMR ( 175 MHg,
CDCL,)8:53.1(C-1),211.2(C-2),83.0(C-3) ,45.9
(C4),54.6(C-5),18.8(C-6),32.5(C-7) ,40.5(C-
8),47.4(C9) ,43.9(C-10),23.7(C-11),128.6( C-
12),138.4(C-13) ,41.2(C-14),29.5(C-15),25.5
(C-16),47.8(C-17),53.2(C-18),73.2 (C-19),
41.5(C20),27.6 (C=21),37.5(C-22),28.4(C-
23),16.7(C24),16.3(C-25),16.6(C-26),24.5
(C-27),182.2(C28),26.1(C29),16.3(C-30),
AL S WS 5 Seik Y G R — B B 2R
IR .

w&EWwSs5 [EkA;'HNMR (700 MHz,
CD,0D)§:5.29(1H,t,J =3.7 Hz,H-12) ,3. 16 (1H,

dd,J=11.6,4.6 Hz,H-3),2.51(1H,s,H-18),1. 34
(3H,s,H27),1.20(3H,s,H-26),0.99 (3H, s, H-
23),0.95(3H,s,H-24),0.94(3H,d,J =6.6 Hz, H-
30),0.80 (3H, s, H29),0.79 (3H, s, H25);" C
NMR (175 MHz,CD,0D)8:39.9(C-1),27.9(C-2),
79.8(C-3),39.8(C4),56.8(C-5),19.6(C6),
34.2(C-7),41.1(C-8),48.8(C9),38.1(C-10),
24.7(C-11),129.5(C-12),140.0(C-13) ,42. 6 ( C-
14),29.6 (C-15),26.6 (C-16),49.3 (C-17),55. 1
(C-18),73.6(C-19),43.1(C20),27.3(C-21),
39.0(C-22),28.8(C-23),16.6(C-24),15.9(C-
25),17.5(C-26),24.8(C-27),182.3(C-28),27. 1
(€29),16.3(C-30), ZALA W Es 5 SCmkt " 45
TRHEA—F, S PR

kE&EW6 Mk A;' HNMR (700 MHz,
CD,0D)§:5.24(1H,t,J =3.7 Hz,H-12) ,3. 16(1H,
dd,J=11.7,4.5 Hz,H-3),1.13(3H,s,H-27),0.98
(3H,s,H-23),0.98 (3H,s,H-29),0.97 (3H, s, H-
26),0.89(3H,d,J =6.5 Hz,H-30) ,0.86(3H, s, H-
24 ),0.79(3H,s,H-25) ;" C NMR (175 MHz, CD,
0D)§:40.0(C-1),27.9(C-2),79.7(C-3),39. 8(C-
4),56.7(C-5),19.5(C-6) ,34.3(C-7),40.8(C-8),
49.3(C9),38.1(C-10),24.4(C-11),126.9 ( C-
12),139.6(C-13),43.2(C-14),29.2(C-15),25.3
(C-16),49.4 (C-17),54.4 (C-18),40.4 (C-19),
40.4(C-20),31.8(C-21),38.1(C-22),28.8(C-
23),16.4(C24),16.0(C-25),17.7(C26),24.1
(C27),181.7(C-28),17.8(C-29),21.6(C-30) .,
ZALA WBEE 5 Sk T g R B, S R

&M 7 HEKA;'H NMR (700 MHz,
CD,0D)§:9.31(1H,s),5.30(1H,t,J =3.8 Hz),
1.37(3H,s),1.20(3H,s),1.02(3H,s),0.99(3H,
$),0.93(3H,d,J=6.7 Hz),0.81(3H,s ) ;""C NMR
(175 MHz,CD,0D)§:39.4(C-1),27.0(C-2),72.9
(C-3),56.8(C4) ,48.7(C-5),21.8(C-6),33.5(C-
7),41.4(C-8),48.5(C9),36.9(C-10),24.6(C-
11),129.1(C-12),140. 1(C-13) ,42.7(C-14) ,29.6
(C-15),26.6(C-16),48.5(C-17),55.1(C-18),
73.6(C-19),43.1(C-20),27.3(C-21),39.0(C-
22),208.6(C23),9.4(C24),16.1(C-25),17.5
(C-26),24.8(C-27),180.4(C28),27.1(C-29),
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16.6(C-30) . %Ak & Y8t 5 SCk™ 45 R F A —
B, S0 R 23R .

&8 HAKA;'H NMR (600 MHz,
CD,0D)§:5.29(1H,t,J =3.8 Hz,H-12) ,3.35(1H,
dd,J=12.1,4.8 Hz,H-3),3.27(1H,d,J =3. 8 Hz,
H-19),3.10(1H,t,J =12.0 Hz,H2),1.32(3H,s,
H-23),1.31(3H,s,H-24),1.03(3H,s,H-27),1. 00
(3H,s,H25),0.96 (3H,s,H-29),0.94 (3H, s, H-
26),0.83 (3H,s, H-30) ;" C NMR (150 MHz, CD,
0D)§:215.4(C-1),45.4(C-2),79.8(C-3),40.5
(C4),55.9(C-5),19.0(C-6),33.8(C-7) ,40.5(C-
8),40.8(C-9),54.1(C-10),26.5(C-11) ,125.4( C-
12),143.8(C-13),42.8(C-14),29.6(C-15),28.6
(C-16),46.8 (C-17),45.1(C-18),82.3(C-19),
36.1(C-20),29.5(C-21),34.0(C-22),28.7 (C-
23),16.6(C24),15.3(C-25),18.2(C26),25.1
(C-27),182.3(C28),29.0(C29),25.2(C-30),
AL YEES Scik Y SRR 8 B E N 1-R
ZREWMIER .

wEWM9 HEHA;'H NMR (700 MHz,
CD,0D)&:5.30 (1H, t,J =3.8 Hz, H-12),4.58
(1H,dd,J =12.7,6.4 Hz,H-1),2.51 (1H, s, H-
18),2.30 (1H, dd, J = 12.4,6.4 Hz, H2),1.32
(3H,s,H27),1.30(3H,s,H25),1.19(3H, s, H-
29),1.12(3H,s,H-23),1.11 (3H,s, H-24),0.92
(3H,d,J =6.7 Hz,H-30),0.86 (3H,s,H26);"C
NMR (175 MHz,CD,0D)§:70.4(C-1),50.5(C-2),
217.1(C-3),49.5(C4),58.9(C-5),20.4(C-6),
33.9(C-7),41.2(C-8),48.3(C9),38.9(C-10),
24.8(C-11),128.9(C-12),140.3(C-13) ,42.7(C-
14),29.6 (C-15),26.6(C-16) ,48.9 (C-17),55. 1
(C-18),73.5(C-19),43.1(C20),27.3(C-21),
39.0(C-22),25.4(C23),22.1(C-24),16.4 (C-
25),17.7(C-26),24.8(C-27),182.3(C-28),27.0
(€29),16.6(C-30) ., ZAL& W 8s 5 SCmk' ™ 45
SRR 3 K5 h annurcoic acid

& 10 [fakA;' H NMR (600 MHz,
CD,0D)§:5.25(1H,t,J =3.7 Hz,H-12) ,3. 61 (1H,
m,H2 ),2.90(1H,d,J=9.6 Hz,H-3),2.85(1H,
dd,J =14.0,4.6 Hz,H-18),1.16 (3H,s, H-23),
1.01(3H,s,H-27),1.00(3H,s,H-24) ,0.94(3H,s,
H-30),0.91(3H,s,H-25),0.81(3H,s,H-26) ,0. 80

(3H,s,H-29) ;" C NMR (150 MHz,CD,0D)§:48. 1
(C-1),69.5(C-2),84.5(C-3),40.6(C4),56.7(C-
5),19.6(C-6),33.9(C-7) ,40.5(C-8),48.8(C9),
39.3(C-10),24.6(C-11),123.5(C-12),145.3( C-
13),42.7(C-14),28.8(C-15),24.0(C-16) ,47.6
(C-17),42.9(C-18),47.2(C-19),31.6 (C-20),
34.9(C-21),33.8(C-22),29.3(C-23),17.1(C-
24),17.5(C25),17.7(C-26),26.4(C27),181.8
(C-28),33.6(C29),24.0(C-30) , Zib& Y EIE
5k 4 SRR — B, M S T R
& 11 HEfakAk;'H NMR (700 MHz,
CD,0D)§:8.09 (2H,d,J =8.5 Hz,H-2',6"),6.92
(2H,d,J =8.8 Hz,H3",5"),6.42(1H,d,J =2.1
Hz,H-8),6.19(1H,d,J =2.1 Hz, H6) ;" C NMR
(175 MHz, CD, 0D ) §:148.1 (C-2),137.2(C-3),
177.5(C4) ,158.3(C-5),99.3(C-6),165.6(C-7),
94.5(C-8),162.5(C-9),104.5(C-10),123.7 (C-
1'),130.7(C-2",6"),116.3(C-3",5"),160. 6 (C4') , %
A HPECE - SRR R RA— B, S LS
& 12 AP A;'H NMR (700 MHz,
CD,0D)§:7.32(2H,d,J =8.5 Hz,H-2',6"),6.82
(2H,d,J=8.6 Hz,H-3",5"),5.89(2H,dd,J =7.8,
2.2 Hz,H-8,6),5.35(1H,dd,J =13.0,3.0 Hz, H-
2),3.12(1H,dd, J =17.1,13.0 Hz, H3a),2.70
(1H,dd, J =17.1,3.0 Hz, H-38);"” C NMR (175
MHz,CD,0D) §:80.5(C-2),44.1(C-3),197.8(C-
4),164.9(C-5),97.0(C-6),168.4(C-7),96.2(C-
8),165.5(C9),103.4(C-10),131.1(C-1"),129.0
(C2",6"),116.3(C-3",5"),159.1(C4") ., ZE
W 5 SOk AR — B, M R
& 13 HEfakA,;'H NMR (700 MHz,
CD,0D)§:7.85(2H,d,J =8.6 Hz, H2',6"),6.93
(2H,d,J =8.7 Hz,H-3',5),6.59 (1H,s, H-3),
6.46(1H,d,J =2.0 Hz,H8),6.21 (1H,d,J=2.1
Hz,H-6) ;" C NMR (175 MHz,CD,0D)§:166.3 ( C-
2),103.8(C-3),183.9(C4),159.4(C-5),100. 1
(C-6),166.0(C-7),95.0(C-8),163.2(C-9),105.3
(C-10),123.3(C-1"),129.5(C-2",6"),117.0( C-
3',5'),162.8(C4") . ZALAYEIES SCmk ™ 45
FEA BB ENITRE
& 14 HEfakrAk;'H NMR (700 MHz,
CD,0D)§:7.38 (2H, m,H2",6"),6.90 (1H,d, J =
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8.2 Hz,H-5"),6.54 (1H,s,H-3),6.44(1H,d, ] =
2.1 Hz,H8),6.20 (1H,d,J =2.1 Hz, H6);"C
NMR (175 MHz,CD,0D) §:166.0(C-2),103.9(C-
3),183.9(C4),159.4(C-5),100.1(C-6),166. 4
(C7),95.0(C-8),163.2(C9),105.3 (C-10),
120.3(C-1"),114.1(C-2") ,147.0(C-3") ,151.0( C-
4" ,116.8(C-5"),123.7(C-6") ., ZiLEWEIE S
SCHRY SRR — B SE WA R R,
wE&m15 e ;' H NMR(700 MHz, DM-
S0-dg)8:6.92(1H,d,J =1.7 Hz,H-2") ,6.79 (2H,
d,J=1.9 Hz,H-5",6"),5.90(1H,d,J =2. 1 Hz, H-
8),5.88(1H,d,J =2.1 Hz,H-6),5.28 (1H,dt, ] =
12.8,2.4 Hz,H2),3.07 (1H,dd,J =17.2,12.9
Hz,H-3),2.70 (1H,dt,J =17.1,2.4 Hz,H-3);"C
NMR (175 MHz, DMSO-d, ) §:44.1(C-2),80.5( C-
3),197.8(C4),165.5(C-5),97.0(C-6),168. 4( C-
7),96.2(C-8),164.9(C9),103.4(C-10),131.8

y 5 R, =CH;,R,=OH
3 24 6 R, =CH;,R,=H

(C-1"),114.7(C2"),146.5(C-3"),146.9(C4"),
116.2(C-5"),119.3 (C-6") ., Z G W4 5 X
Bk 48 SRR — B, M R

E&w16 [ A;' H NMR(700 MHz, CD,
0D)58:7.04(2H,s,H2,6 ),3.82(3H,s,-0CH,) ;"
C NMR(175 MHz,CD,0D)§:121.4(C-1) ,110.0(C-
2,6),146.5(C-3,5),139.8(C4),169.0(C-7),
52.3(C-8) . AL WA 5 S0k 4 I A —
B, 5 I E TR TR

WEW 17 LEE S (FE) ;" H NMR (700
MHz,CD,0D)§8:7.41 (1H,brs, H2) ,7.40 (1H,d, J
=8.3 Hz,H-6),6.77(1H,d,J =8.1 Hz,H-5);"C
NMR (175 MHz, CD,0D)§:123.2(C-1),117.7 (C-
2),146.1(C-3),151.5(C4),115.7(C-5),123.9
(C-6),170.3(C-7) . ZAL& YRS 5 SCik™> 4%
FEAR 3, K A IE LA

a1 ~17 (L5 LKL 1,

&

4 7 R, =CHO, R, = OH

11 R;=OH,R,=H 12 R=
13 R;=R,=H 15 R=
14 R, =H,R,=0H

R,

5 3
R; OH
OH

16 R, = OH, R, = COOCH;
17 R, =H, R, = COOH

Bl A1 ~17 (45K

Fig. 1

2.2 L&t HepG2 2RI HD HI4E A

T NEPR AR S R ke BB BT HepG2 411 Y
EPERIAL S, AT R CCK-8 5% 70 B 2 94k
SRR VETR G . SCHRAR LR 1 LB 2.5,
6.10 13 74524 24 h AYTE B0 N XS HepG2 A HA

Structures of compounds 1-17

—E VR RT, R B HIR B (1C,, ) 4351 28. 41
+1.15 .31.03 £0.72 41.42 +0.65,15.43 +0. 67,
43.64 £2.23 pmol/L, HAMEWH 1C, ¥ K F
100 wmol/L, A 25 Bt % HepG2 £ g 1 41 41 1
FH . BHPEZS S A2E1% 1G4, 7 10. 32 + 0.90 pumol/L,



Vol. 36

FRERR A 45 - B RS R 50 LR L BRI A2 O3 Bk HepG2 48 g il /I 5 1479

F1 AW HepG2 MMIAMHNEM( v = 5,n=6)
Table 1  The inhibitory activity of compounds on HepG2 cells ( x + s,n=6)

&%) Compound ICs ( pumol/L) 4% Compound IC5 (pmol/L)
1 >100 10 15.43 + 0.67
2 28.41 = 1.15 11 > 100
3 > 100 12 > 100
4 >100 13 43.64 + 2.23
5 31.03 + 0.72 14 > 100
6 41.42 + 0.65 15 > 100
7 > 100 16 > 100
8 >100 17 > 100
9 >100 LIS Paclitaxel 10.32 + 0.90

2.3 PMS #i#l HepG2 ZAPEIL 5 FNT L
YA V5 S I 25 A DL IR 2, 55 0] HEZH A E, S8
2H HepG2 4t Jfd Fifi & S BERR Mk B2 1) T i, 76 6 FLAR
{1%) 240 BELA % T S ik 20>, 50 Y S ARSI mT LA 01 410 )
HepG2 43451 , H 5 7 O . 4 i R 52
IR ILIE 3 R 4, 5% B A 30 wmol/L Al
50 wmol/ L 21 Rl IR A 45 2 B B 8 A%, 5L B PMS gk

FagiicHi:| 10

AN HepG2 4HML i E RS e 7, S A Ak o
2.4 PMS 3t HepG2 2Bt B HA B 221

R T ERFTHEAIIR S A5 2352 W) HepG2 241 Jifd 1) 24
i JE R, XoF 35 e A4 B R AT PT Y 2y, 5 3 =X 4 i
ARHFAT 50, B R NE S FE 6 i, 55X 4
(Gl H#:64.1% ;S #1:17.7% ;G2 #1.9.56% ) # L,
PMS #4745 25 )5 , 10 umol /LZH ( G111 :74.3% ;S

30 50

Control

Wil )% Concentrition of PMS (umol/L)

2 PMS Xf HepG2 4RG3 8% 1 OB 0A

0Oh

8h

24 h

48 h

popiise: | 10

Fig. 2 Effects of PMS on the proliferation capacity of HepG2 cells

30 50

Control

HiHLER % Concentrition of PMS (umol/L)

B3 PMS Xt HepG2 4R AT BE /1 B9 5400
Fig. 3 Effect of PMS on the migratory ability of HepG2 cells
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g E 48h
[5)
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02
=72
2
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0 103050 0 10 30 50 0 10 30 50 0 10 30 50
WA <% Concentrition of PMS (umol/L)

B4 PMSHGAMAREANIM( v + s,n=3)
Fig. 4 Effect of PMS on the wound-healing capacity ( x * s,n=3)
0 SRR (0 umol/L) Fe&E, * P <0.05,* * P <0.01,* ** P <0.001, F[i, Note:Compared with the control group (0 wmol/L),
*P<0.05;**P<0.01," " *P<0.001,the same below.
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Fig. 5 HepG2 cell-cycle flow cytometry diagram
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ok ok
e
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I} 5 1 531

Cell cycle distribution (%)
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1%
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M G2

Ak ok

0 103050 0 103050 0 103050
W EIR M Concentrition of PMS (umol/L)

E 6 PMS Xt HepG2 RREHAMEM( « = s,n=3)
Fig. 6 Effect of PMS on the cell cycle of HepG2 ( x * s,n=3)

#:13. 1% ;G2 1]1.8. 84% ) .30 wmol/L 4 (G1 .
78.0% ;S 1]:11.9% ;G2 11:8.02% ) .50 wmol/L 2
(G1 #9:80.2% ;S #]:11. 8% ; G2 #].7.31% ) 19
HepG2 i1 2k T G1 1 i) 4 i K i W 2 484 Jon 5 il Ak
TS Wi G2 MR A B oD X U] PMS Al LA
H HepG2 20 M BHLAR 71 G131, JATi 100 1 248 i 14 16 5
H AR
2.5 PMS X} HepG2 ZHARE M F K FAI =M

5 O B T HepG2 A P 17 1 4 (re-
active oxygen species, ROS) 7K, g5 S ULIK 7 F1 &
8,5 Xt HAZL AR L, Bt PMS ¥ & (938 i, HepG2 4

Harh ROS 1) %€ i B 70 2 W T+ =, 52 70 A ik
VLIS IR AT AR HE A L N ROS AR 2R, 55
ML T
2.6 PMS X3 HepG2 4H B £k Hf {4 BE B8 {51 9 52 i
DG A R UL 9 A& 10, XF BB 1) JC-1
FEURGAAE, R RL AT, Ui LRtk
JESFRLA T 3 5 TS [ M B PMS Zb RS, JC-1 B AR
A JC-1 BRI 22 3R ML AT D , R
Z Ut PMS L35 AR AR A T R, HLA2
RIS, e EE R, PMS AT LU i g Rk
7 RERARRE A AR, S AR A T
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PMS 10 pmol/L

Control

PMS 30 pmol/L PMS 50 pmol/L

B 7 HepG2 4R ROS K EH BMEE

Fig. 7  Fluorescence micrographs of ROS levels in HepG2 cells

;x“ 2.7 PMS Xt HepG2 40 RE T B 20
2" BT HE—BHRGE PMS X HepG2 LI T 1%
g™ ], BT 1R Annexin V-FITC/PL XUJe b 4 o 47
S e e, IR R AN AR I A BT, S5 LI 11 A
BRIV Concentrition of PMS (umol/L) 12, 5% BEZH A, 30 wmol/L 41 11 50 wmol/L
8 PMS Xt HepG2 4f ROS BYZ4ME( x + s,n=3 ) g4 5 S0 e 1T = N R e 1 A
Fig. 8 Effect of PMS on the ROS levels in BN A 55 1 10 wmol/ L 28 f F7L 30 U 1 i e
HepG2 cells (x = s,n=3) T B AR L P A AR

Control I ARER A Concentrition of PMS (umol/L)

9 HepG2 ZBRLZRHI AR B ALHE K BRUREE

Fig. 9  Fluorescence microscopy plots of the mitochondrial membrane potential in HepG2 cells
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Fig. 10  Effect of PMS on mitochondrial membrane

potential in HepG2 cells ( x + s,n=3)
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Fig. 11  HepG2 apoptosis flow cycytogram
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