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[ Abstract] Objective: To systematically investigate the chemical constituents of 90% ethanol extract of
Corydalis impatiens, and evaluate their inhibitory effect on cell proliferation in vitro. Method: The chemical
constituents were isolated and purified by silica gel, Sephadex LH-20, ODS column chromatography and semi-

preparative high performance liquid chromatography (HPLC). the structures were identified by spectroscopy
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methods such as NMR and MS, as well as analysis of physicochemical properties and/or comparison with
literature data, and the inhibitory activities of 13 compounds on HepG2 and SMMC-7721 cells were measured by
methyl thiazolyl tetrazolium (MTT) method. Result: Thirteen known compounds were isolated and identified
from 90% ethanol extract of Corydalis impatiens as ethyl-5-hydroxy-2-pyridinecarboxylate (1) , coryhumolide
(2), 3, 4-cis-3, 4-dihydroxy- B -ionone (3) , megastigmane (4) , 9-hydroxy-4, 7-megastigmadien-3-one (5) ,
blumenol A(6) , indole-3-carboxy acid(7) , I-methyl-[1, 2, 4]triazolo[4, 3-b][1, 2, 4]triazin-7-one (8) , adenine
(9) , nicotinamide (10) , 2-hydroxymethyl-5-pyridinol (11) , adenosine (12) , and B -daucosterol (13).
Cytotoxicities assay showed that the IC,, value of compound 3 for the hepatic cell line HepG2 was 24.7 pmol-L"
(positive control drug cisplatin: 4.8 wmol-L™"), and IC,, value of compound 4 for the hepatic cell line SMMC-
7721 was 13.8 wmol-L" (positive control drug cisplatin: 5.4 pmol-L"). Conclusion: Compound 1 was a new
natural compound, compounds 3-8 were obtained from genus Corydalis for the first time, and compounds 2,9-12
were isolated from this plant for the first time. Compound 3 exhibited weak inhibitory effect on hepatic cell line
HepG2, and compound 4 exhibited moderate inhibitory effect on hepatic cell line SMMC-7721. The other

compounds rest of ones exhibited no obvious inhibitory effect on hepatic cell line HepG2 or SMMC-7721.

[Key words]
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LRI RN LUV TE & R =237 %2 0
KU ZEAEY) F 2 EH LYW, 2R A
B S HE R A A . 2 BRE PE R Y R X
JE AR ) B B PR R PO AR AR
TS EEVEDT T AR R RS AR R0 R
X FEAL S Y AR Y — LW T A R b B
THAMMERN L%, BT, CA WX 3L 5 Aot
GEMHLIE | 25 B IE M 2 AR P AR B W R
BECR BT AR B0 LR L A T T X% 2 6 1
AL G 1 2 B PR HRGE R D f2E o R
ARG Ry ik — 25 BB 2 R Y 25 A4 o
filt, A WEE R PR A, A S g R 2
B AR, NH 90% £ BE R Y 43 B 15 2] A0
136G Y, A5 3 531 Oy 5-52 FR it g -2- H 1R i
(1), JCHI R (2),3,4-0-3,4- "33 H-B-5 2 2 il
(3) , 9-hydroxy-4, 7-
megastigmadien-3-one (5) , blumenol A (6) , Fj| B -3-
R (7),1-methyl-[1,2,4]triazolo[4,3-b][1,2,4]
triazin-7-one(8) , I# X% (9) , MHBE I (10) , 2-F3 FH Jk-
5-FR BLOEBE (11) , RIS R (12) , B-FA b A
(13) . Ho s W 10— i KK, 3~8 I Ik
MEEFEE P B R L G W 2,9~12 IR TR
SR EARR] o [FR A UE M E (MTT) 5 &
Ty R 13 A e A& Yok AT HepG2,
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B E R A PR A ) 5 X-4 78 O s g A (b
I ZE v AL AR A IR ) S IR R B IE ) 5 Agilent
Eclipse XDB-C,, 2 il % {4 3% 4 (10 mm=250 mm,
5 wm); CO, 15 F2 4 ( H 4 Sanyo 2> #] ) ; TS100 %Y %¢
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PRt AW LE-HEEL, 1)t 2151659 7(8 mg) ;B.9-
2 RESE 2 %4 HPLC ( & JiF - 7K , 20: 80) 4 3% 4 &5 , # &

B 1 e A0 28 5 25 41 15 kg, 8 55 FH 90% 2
i (0] 3 R B 3 U0, BF U 1 h B 3 R B A O R R
WAHRE | kgo BURE IS KRS KK A
WEE . 2R £ TR A IE T 1 A2 B, Wk 4 DI ) s 43
A5 2] 7 i B AL 95 g, R L BRI A 260 g, IE T
BEPR A 320 go R FH R I B IT0 V2 X 260 g LR L TR
A7 FE AT b 3, I 2645 3 6 M 6L 63 g, BR M
160 g

IR &R A2 (63 g) , A7 A IS AR (200~300 H
1.2 kg) (@i 40 2, H = & H - BE(50:1,20: 1,10
1, 4:1,2: 1) B B2 BEME, 3 8 10 4 & 2 3 4
B.1~B.10. B.1 Z8fE B AE (35, FH A v k- i (30 1~
1: 1) 86 BE VR, 15 5] 4 4~ & Zif 4> B.1-1~B. 14,
B.1-3 Sephadex LH-20 & A ( & P he-H A, 1:1)
OB 15L& W 2(5 mg) ; B.2 B rk A 0%,
LM BE-2 TR 285 (2: 1~1:3) B BEVEMG , 15 5] 8 4~ &
B 4 B.2-1~B.2-8., B.2-7 ]2 5 % Sephadex LH-20
BERCHE (A W -, 1 ) (i alifl, 1559 8
(3 mg) ; B.4 28 ik B A €03, A i ik - — 0 o -
BE(5:5:1~2:2: 1) BAEEVR I, 15 8 4 4> T2 53 B 4-
1~B.4-4, B.4-2 %4 HPLC( Zi5-7/K ,35:65) (015 4y
B8k E Y 5(4 mg) . B.S S RERHE @S, A7
Bk - W be-HV B (102102 1~2:2: 1) BR BE Ve, 75 2]
104 F i 4> B.5-1~B.5-10, B.5-2Z4 HPLC(ZJiE-
7K ,35:65) {4 /3 B , i 248 Sephadex LH-20 % I A%
TAME-PEE, D) 2 1354 6(6 mg) ;B.5-3
2 ODS {4 43 55, I EE-/K (20:80,40: 60, 60:40)
T B L, A3 B S S & B 4 Fro5-3-1~Fr. 5-3-5,
Fr.5-3-2 2 HPLC( 5 -7K ,30: 70) 8 3% 43 5, 111 &
Sephadex LH-20 % Jie A (& H be - B, 1: 1) 2k
BAE Y 1(2 mg) M 3(10 mg) ;B.5-7 AR £ A i
PE R R A, 28 50 ot - H Bk 2 2% T, 75 3
4% 13(20 mg) ;B.5-8 4 HPLC( Z -7k ,25:75)
03 43 B, 15 2 Sephadex LH-20 % i A ( — 40 H % -
FEE, 1:1)4li k54454 10(9 mg) #111(7 mg) ; B.8
2k R e i A Tl e - S - B (10210 1~
2:2:0 1) BE VRN, 15 21 8 A~ 32 B 43 B.8-1~B.8-8,
B.8-2 4 HPLC ( L JiE-7K ,25:75) (i i & , B &
Sephadex LH-20 #E i A ( =450 H e - B, 1: 1) 44k
LAY 410 mg) ;B9 2Rk A (a3, A H
Bt - FHBE (100 1~2: 1) 86 B R B, 45 B 6 A 3 23 40
B.9-1~B.9-6, B.9-1% Sephadex LH-20 % i # ( —

Sephadex LH-20 #E i FE ( 50 H e -H s, 1: 1) 4lifk
B A 9(14 mg) F112(8 mg) .
3 KT

a1 AAGETEERAR,UV,, T 55
ESI-MS m/z 166[M - H] ~, 45 & “"C-NMR £ i 45 11}
gy T X8 CHNO,, AN i f1 B 5. 'H-NMR
(600 MHz,CD,0D)é,:8.18(1H,d,J=2.4 Hz,H-6) ,
8.03 (1H, d, J=8.4 Hz, H-3) , 7.28 (1H, dd, J=2.4,
8.4 Hz,H-4),4.39(2H,q,J=7.2 Hz,H-8),1.39(3H,
t,J=7.2 Hz, H-9) ; ®*C-NMR (150 MHz, CD,0OD) &.:
139.2(C-2),123.8(C-3),128.0(C-4),159.6(C-5),
139.7(C-6),166.1(C-7),62.5(C-8),14.6(C-9). I
BRSSOk [ 13 1138 /9 5-F2 Lk iE -2-H R & e
(ethyl-5-hydroxy-2-pyridinecarboxylate ) §¥ $ji %& Ax —
2, Sk b T A W Avibactam (CAS : 1192500-31-
OB — RS Y. RS — R R

a2 iR E AR TR (CH,OH) 16 sl
167~169 °C , UV,,, F & % BT ; ESI-MS m/z 179 [ M+
H]", 454 PC-NMR %4l 45 i 43 + 0 CH,O,, AL
R Ky 7. '"H-NMR (600 MHz,CDCI,)$,:7.10(1H,
d,J=7.8 Hz,H-5),6.88(1H,d,J=7.8 Hz,H-4),6.19
(2H,s,0CH,0),5.27(2H,br s, H-3) ,"H-NMR %4
5 SCmR[ 14 ] 418 i B A — B, (H 2% SOk R ARiE T
ZAL AW S B 5 59— SCER 15 Iz e A
PIAE A = S e iy PC-NMR BdlE R A7 T G,
{H 2 Sk i 38 9 P A il B 7 [171.7(C-1) , 71.8(C-
3) | HARSEE I E R [168.0(C-1),70.1(C-3) | ¥4
BRI B A T O E B 09 HE B AL
X% Ak & W EAT T 2D-NMR 89 il izt , i 1 '"H-"H
COSY,HSQC, HMBC %t i 7E 17 1 i o 19 V3 )&
BC-NMR (150 MHz, CDCI,) 8.: 168.0 (C-1) , 70.1
(C-3),139.2(C-3a),114.3(C-4),113.9(C-5),149.0
(C-6),145.0(C-7),108.6(C-7a),103.3(C-OCH,0) .,
i PLb i A 4 E Z A B W S T N iR
(coryhumolide) o

&3 HEAGETEIH AR, UV,, T W5
ESI-MS m/z 225[ M+H ", 454 "C-NMR $04E 45 H 4
¥ X H C,H,O0,, A M Fl FE & 4, 'H-NMR
(600 MHz, CD,0D) §,:7.15(1H, d, J=16.2 Hz, H-
7),6.12(1H,d,J=16.2 Hz,H-8) ,3.96 (1H, br d, J=
4.2 Hz, H-4 ),3.88(1H,ddd,J=3.6,4.2,12.6 Hz, H-
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3),2.31(3H,s,H-10),1.88(3H,s,H-13),1.73(1H,
t,J=12.6 Hz,H-2b),1.58(1H,br d,J=4.2 Hz,H-2a) ,
1.11(3H,s,H-12),1.08(3H,s,H-11) ; *C-NMR (150
MHz, CD,0D) &.: 36.9 (C-1) , 41.1 (C-2) , 66.4
(C-3),71.2(C-4),131.1(C-5),140.2(C-6) , 141.9
(C-7),133.6(C-8),198.2(C-9),27.5(C-10),27.5
(C-11),29.8(C-12),19.7(C-13), LA I ik is 5
SCHRL 16 [ — 5, B e izt & R 3,4-0-3, 4-
TR -B-K X LW (3, 4-cis-3, 4-dihydroxy- B8 -
ionone) .

&Y 4 S E AT E R K K  ESI-MS m/z 245
[M+H] *, 45 A°C-NMR 5 45 i 70 7 X
C,H,,0,, & it 1 & & 2. 'H-NMR (600 MHz,
CD,0D)&,:6.06(1H,dd,J=1.2,16.2 Hz,H-7),5.78
(1H, dd, J=6.6,16.2 Hz, H-8) , 4.34(1H, dq, J=1.2,
6.6 Hz,H-9),4.04(1H, m,H-3),1.76(2H, m,H-4) ,
1.64(1H,t,J=12.6 Hz, H-2b) , 1.44(1H, m, H-2a) ,
1.27(3H,d,J=6.6 Hz,H-10),1.19(3H,s,H-11),1.13
(3H, s, H-13) , 0.84 (3H, s, H-11) ; “"C-NMR
(150 MHz, CD,0D) 8.:40.7(C-1) ,46.5(C-2) ,65.3
(C-3),45.7(C-4),77.8(C-5),78.9(C-6),131.2(C-7),
136.1(C-8),69.6(C-9) ,24.2(C-10),27.1(C-11),
26.2(C-12),27.5(C-13) o LA b 9% 3% B0 96 5 Sk
[ 17 1438 — 3%, 2% 2 1% b & 9 b megastigmane .

&S HAGEIEERRAR, UV, T 55
ESI-MS m/z 231[M+Na] ", 45 & "C-NMR %4l 45 th
1 Xk C L H,0,, AR E h 4. 'H-NMR
(400 MHz, CD,COCD,) 8,: 5.78 (1H, s, H-4) , 5.72
(1H, dd, J=5.6,15.2 Hz, H-8) ,5.59 (1H, dd, J=9.2,
152 Hz, H-7) , 428 (1H, m, H-9) , 2.62 (1H, d, J=
9.2 Hz, H-6) , 2.32(1H, d, J=16.4 Hz, H-2b) , 1.96
(1H,d,J=16.4 Hz,H-2a),1.89(3H,br s,H-13),1.20
(3H, d, J=6.4 Hz, H-10) , 1.00 (3H, s, H-11) , 0.96
(3H,s,H-12) ; *C-NMR (100 MHz, CD,COCD,) §,:
36.6 (C-1) ,48.1(C-2),198.1 (C-3),126.1(C-4) ,
162.3(C-5),56.0(C-6) , 126.4(C-7) , 140.5(C-8) ,
68.0(C-9),24.2(C-10),27.3(C-11),28.0(C-12),
23.4(C-13), DL Rk gl 5 sk [ 18 4k i — 2k,
S8 E Z AL & W 9-hydroxy-4, 7-megastigmadien-
3-one.

ka6 HHEITEHA, UV, T WK
ESI-MS m/z 247[M+Na] ", 45 & "C-NMR %4l 45 i1}
2y 7 XN CLH,0,, A I FE K 4, 'H-NMR
(400 MHz, CD,COCD,) 8,: 5.86 (1H, s, H-4) , 5.85
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(1H,br d,J=15.6 Hz,H-8),5.84(1H,d,J=15.6 Hz,
H-7),4.32(1H,m,H-9),2.42(1H,d, J=16.8 Hz, H-
2b),2.09(1H,d,J=16.8 Hz, H-2a) , 1.88 (3H, d, J=
1.2 Hz, H-13) , 1.20 (3H, d, J=6.4 Hz, H-10) , 1.04
(3H, s, H-12) , 1.00 (3H, s, H-11) ; “C-NMR
(100 MHz, CD,COCD;) 8.: 41.8(C-1),50.4(C-2),
197.5(C-3),126.9(C-4) ,164.2(C-5),79.4(C-6) ,
129.3(C-7) , 137.1(C-8) , 67.8(C-9) , 24.4(C-10) ,
24.3(C-11),23.4(C-12),19.2(C-13) . VL I I 3% %k
P 5 SCmR[ 19 14008 — 30, S e Ak G i 5 ]
F% (blumenol A) .

&7 LG HRY ,UV,, T 53 ESI-
MS m/z 160[M-H]", 454 “C-NMR 4 45 43 7 =X
& C,H,NO,, A My #1 B 2 7. 'H-NMR (400 MHz,
CD,COCD;) 6,: 8.16 (1H, m, H-4) , 8.07 (1H, m,
H-2),7.53(1H, m,H-7),7.21(2H, m, H-5,6) ; "C-
NMR (100 MHz, CD,COCD;) 8.: 132.8(C-2) , 108.4
(C-3),121.9(C-4),123.3(C-5),122.1(C-6),112.8
(C-7),137.5(C-8),127.3(C-9), 166.5(3-COOH)
R R 5 SR [ 20 143 59 15 D -3-3R 2 (indole-3-
carboxy acid) B — 2 -

LG8 HIRE AT EILH K, UV,, F K
B ; ESI-MS m/z 152[ M+H ", 45 4 “C-NMR ¥ ¥ 4
7 X8 CHN,O, A M FlE F 6. 'H-NMR
(600 MHz, CD,0D) §,:8.10(1H, s, H-3) ,7.92(1H,
s, H-8) ,2.45(3H, s, 1-CH,) ; "C-NMR (150 MHz,
CD,0D) 8.: 147.6 (C-3) , 133.4(C-6) , 161.4(C-7) ,
148.1(C-9),32.9(N-CH,) . b iR%E 5 scmk[21 14k
i %) 1-methyl-[1, 2, 4] triazolo [4, 3-b] [1, 2, 4]
triazin-7-one F¢ ¥ FE AN — L,

&M HEGTEIEH AR, UV,, T W5
ESI-MS m/z 136[ M+H ", 45 4 “C-NMR B4 45 1 73
TR N CHN,, AN FIEE K 6, 'H-NMR (600 MHz,
CD,OD) §,: 837 (1H, s, H-2) , 832 (1H, s, H-8) ;
BC-NMR (150 MHz, CD,0D) 8.: 149.7(C-2) , 145.8
(C-4),116.2(C-5),152.1(C-6),142.4(C-8) . [ &
B 5 SCHk 022 J 408 19 IR 5204 (adenine ) B4 — 24

EEY10 HEATERH AR, UV, T B IEEE;
ESI-MS m/z 123[M+H]", 45 & "C-NMR ¥ 45 H 7
+ X H CHN,O, & 1 F1 B B 5. 'H-NMR
(600 MHz, CD,0D) §,:8.92(1H, dd,J=1.2,2.4 Hz,
H-2),8.59(1H, dd, J=1.8,4.8 Hz, H-6) , 8.19 (1H,
ddd, J=1.2,1.8,7.8 Hz, H-4) ,7.54(1H, dd, J=4.8,
7.8 Hz,H-5) ; "C-NMR (150 MHz,CD,0D) 8.: 149.5
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(C-2),131.4(C-3),137.3(C-4),125.1(C-5),152.8
(C-6),169.8(C-7). I id%ud 5 Sk [ 23 4 18 A9 4
T8k f% (nicotinamide ) B0 PE Fe AR — 34,

L&Y 11 AT EIER K, UV, T W5
ESI-MS m/z 126[ M+H |*, &5 & "C-NMR % ¥ 45 11 43
+ X H CHNO,, & i F FE & 4, 'H-NMR
(600 MHz,CD,0D)$,:8.01(1H,d,/=2.4 Hz,H-6),
736 (1H, d, J=8.4 Hz, H-3) , 7.23 (1H, dd, J=2.4,
8.4 Hz,H-4),4.59(1H,s,H-7);*C-NMR (150 MHz,
CD,0OD) 8.: 137.3(C-2), 154.7(C-3) , 123.3(C-4) ,
125.0(C-5),152.5(C-6),65.2(C-7)., bFR¥EHE 5
mk[24] 0 E B 2- B 3 5o B3k g (2-
hydroxymethyl-5-pyridinol ) £ #f& A — 2 .

fREW12 HEETEEB A, UV, T 515
ESI-MS m/z 268[ M+H |*, &5 & "C-NMR % ¥ 45 tH 43
+ X/ C H,NO,, AN F B K 7. 'H-NMR
(600 MHz, CD,0D) 8,:8.31(1H,s, H-8),8.18(1H,
s,H-2),5.96(1H,d,J=6.6 Hz,H-1"),4.74(1H, dd,
J=6.6,5.4 Hz,H-2" ) ,4.32(1H, dd, J=3.0, 5.4 Hz,
H-3'),4.17(1H,dd,J=3.0,5.4 Hz,H-4"),3.88(1H,
dd, J=3.0, 12.0 Hz, H-5'a) , 3.70 (1H, dd, J=12.0,
3.0 Hz, H-5'b) ; "C-NMR (150 MHz, CD,0D) &.:
153.5(C-2),150.0(C-4),121.1(C-5),157.6(C-6) ,
142.0(C-8),91.3(C-1"),72.7(C-2"),75.5(C-3"),
88.2(C-4"),63.5(C-5") . LA L i %45 5 ik
[23 48 — B, H 5 B s 2% 1 XF B R 2 RE
H— 3, ezt sdwhRE®SZIT
(adenosine) .

b & W13 B T8 E B B K 5 0 A 282~
283 °C 5 5% it 2 & v W W 25 21 €5, Molish 2 i Ky
BRME 5 -8 DAt B 2 3 A R gt
TEREEI— B0, R A5 W R SR TR % %
&Yk B-tH % b1 ( B-daucosterol) .

4 ARSI B g i

K MTT 222 08 43 5 45 30 04 16 & 9 %F 0F
S 4N M0 HepG2, SMMC-7721 [ 438 5 410 il /5 FH o s
YA ENRY 134405 4 43 5 H DM SO ¥ i I i i
10 mmol« L™ A 25V, Ifs FH IS A4 88 )0 T 7 Vi

W X B K 98 41 i Hep G2, SMMC-7721
PL2x10° 4> fom® 3 Fh £ 96 fLAR 7, B3 fL 100 wL, [F] A
W HAH A DL S s 2 B 3L, T
5% CO,,37 °CH;F% 24 h. ¥R M 2L 5 Y 6iE &
A3 590 H B vk o 2.5,5.0,10, 20,40 pmol-L,
SRIG s B IR B IR BE T 4 Ry 2 Ak A W 2 8 R

B Ak 9% 48 hm , B 5 T4 Ol TG IV B AR L L AE
WA T REALN A TR E S g LR RS
20 WL B MTT %, 4k 22 T 37 °CHEfL 4 h, 57 2 85 57
W, B LA DMSO i # 150 wL ¥ #% 10 min J5
fitg s S0 42 9% 4 7E 570 nm Ak (WG BE A, 40 ) R =
(A — Az ) /(A — A 50 ) ¥100%6 i Bk A
AL A Y% HepG2, SMMC-7721 21 Jifd 34 58 1) 417
il SCE A 3, BOF- 4 {H I SPSS 22.0 314
b G W 1 2 B0 o R B (1C,) o

k25 S R 1 & 90 3 %0 A HepG2 HA 8%
555 Y A0 S MR L 1C,, oA 24.7 wmol- L7 ( BH P 25 5 4A
IC,, 4 4.8 pmol-L") , ft & ¥ 4 X A M 48 SMMC-
7721 EL AT P SR 5 M L 1C,, M 13.8 wmol - L ( P
244 1C,, J 5.4 pmol-L") . HAbfb & ¥ 5t bk 2
ol JFF s 200 6 349 82 A 408 %) 990 o 9
5 iFit

A FE AL 255 90% L BER UM I 2R 2
it 26 AR AN A 2% B 43 BEAT R G 9T, IR X 45 L R W
A A R v AR R (D SR
) o AR SCHGE fh2E BLAr 28R T 5 A0 13 AN LAY,
H b5 W 3~6 Jy Bt AP B o k591,10,
11 g 0k g 22 W s o3, A6 5 4 9,12 RS 25/ 1)
B3, A B 7 R IR A B o RS 2,8,
13 7 HAWE NIy . XA, 3~6 XFP & 134
e Ji - 119 3% e 3% 21 i 28 8 B o0t R T IR O 5 A R
) oy B AT B, 3X 2k A W Y R BT B X% 2
MY 0 —EMSHE L, ZH MEE BN
WAy B AR B 13 kG W EE AT T BTN I A i
HepG2, SMMC-7721 2 Jitd 3% 5 410 il £ F 0 3, ) 3
gE R Bk LA S W 3 M4 % A BT HepG2 5
SMMC-7721 4 i 3% 5 B AT — 3 B il 36 1 . A oF
REERH— L FT T RAM AR Ko G
S0 o A s ) BB AL G i 25 B G TR AT
AR —E S M E
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