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Study on Nine Alkaloids from Corydalis Rhizoma with Quinone Reductase Inducing Activities

SHI Jing, LI Yuanyuan, CUI Qinmin, CHEN Ting, SHANGGUAN Yingying*(Department of Pharmacy, Zhejiang
Medical College, Hangzhou 310053, China)

ABSTRACT: OBJECTIVE To study the chemical constituents from Corydalis Rhizoma and their quinone reductase(QR)
inducing activties in vitro. METHODS Chromatographic and spectroscopic methods were used to isolate and identify the
alkaloids from the ethanol extraction of Corydalis Rhizoma. QR induction assay was employed to investigate the QR inducing
activities of the isolated alkaloids. RESULTS Nine compounds were isolated and identified as d-corydaline( I),
dehydroglaucine( II), tetrahydropalmatin(IIT), protopine(IV), a-allocryptopine( V), tetrahydrocolumbamine(VI), dehydrocorydaline(VIl),
berberine(VIl), palmatine(IX). Among these alkaloids, d-corydaline( I ) and tetrahydrocolumbamine(VI) possessed moderate QR
inducing activities in vitro. CONCLUSION The QR inducing activities of alkaloids from Corydalis Rhizoma were
investigated for the first time, and the results generally show a positive significance.

KEY WORDS: Corydalis Rhizoma; alkaloids; quinone reductase

FAEMRERREMEREREYENR 2 KBAHE

Corydalis yanhusuo W. T. Wang [ Tl 28, F7=
TWHLA KR By, AELHRZ —
PEmkoE. B8R, BATIE M. AL B shat,
DAL TR R B T A BUR . BUEHEAR
PriiAe . ProERE . g O WU SR E 4,
AT BRI AR P, L0 . B IR Pid
DI FEAE R O 2 Z AR S IRR N H, ARIE R
DA Dk 52 2 o8 b 9eE A 2 1 B A FH R SCHIT
il

P30 Jir it (QR) A2 5 b A7 A T A A 25 Fh 4 211
WREAMD . wEA R AR A TS A
Ak SR P R 25 X E D g, BRI AT 23l
R AE bR T A BT AR . BB AEWT R IE W R
P IR AT 20 A R T AR R 9 i R e, R SE
BH R B AE IR 1 o AT T RS, AT
QR F5 UG LA IE, DAS-$RHAT IR w7 A a7 1)
TR, AT RE S L M A A 2544
1 KBEMRENE

Bruker AMX-400 Y 4% ff At 9 % 0% 4% (B 1
Bruker 24 7); Agilent 1200 ] # % HPLC & 1% (% (3%
Agilent 2~ 7]); Thermo Finnigan LCQ Deca
XPplus ESI & B prilf A il 45 (36 H San Jose 2~
#]); Infinite F200 FgFRAX (B -1 TECAN A +]); TLC
HHERE GF254(75 Byl AL 1)) A RER (37~
54 um, T EIFEACL) ) HARET R R4 20 #r
ali; FESRAM R THL 42008 4 8 H KAL),
H T VLR 27 2 27 B o SR B B4R % 8 IE R
Corydalis yanhusuo W.T.Wang [FJH =5,
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2.1 AR

IWAETHR 250 5 kg, BIFREIEH 95% L
VR RPN, B I o e 4 J A< P A ek T
THAFRE. CROHE. IFE TR, PR
HUER 43 (60 g) Ak A il 4y 2, DL -G &
BRI R SU20 & 1~1 & A0)EREEVEAEE] 10 A4
(A1~A10). DL 5 e - FH 9 570 &R 42 (50 < 1~
1 20)BR Ve, 798] 10 DI (A11~A20). H
o A7 G R ITRERRAE (R . % R i RO A
OIS PO E LT, AR 2 MuEY,
I3 AL TT(15.2 mg)FI4L &4 VI(20.0 mg).
W A12 28 B RE AT i . 2% 70 v SO AT £
WAE 2 RIS I, A EARE T AMUEY, o
WA Y) T (155.2 mg)s A HT(532.0 mg). 14
HYIN(132.0 mg). L&YV (20.0 mg). L&
VI(1320.0 mg). 1k & Vl(220.0 mg). L&
1X(90.0 mg).
2.2 YRS
221 AECREIE A R EIRE LR
10% AN 0K SURT o 40 Ju Bk Hepa 1clc7(W4 KT
ATCO)EFIT 96 FLIH, FEALF 10%M0f 48 M3 -
0.01% 5% G 0.15%BRE A 0.01%07% R4
RINE TR EK 24 h, FRBEEAT 0 37 °C, & 5%
CO, [P 2o AR NI P (R A AL & P s
fit /& DMSO " In A & fLIF R ¥F 24 he BEALINA
DMSO Ji W ARIE DMSO [ 243 /N T 0.5% . 5745
B IR, SFLINN 200 pL 0.2 pmol- L™ 45 5 45 (2%
WA o HWL R CE Gt 10 min 247, FrEnigh
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RV, KRR 3 W BT AL
BN 200 uL 0.5% SDS(50% LBEHEW), i Tk
% 5 min, 550 nm N lE OB RE . U4 IR 2
2 E BT T A ) L) BEATRGE, JF DA TR
FECZHL (8 A7 Ak B ) L 40 ) R O B2 1 T 40 R RN
AR R, FAHLK N E DM TER 3 IRIFR
I AE A e JE g R
222 QRFFIHMEME  LAEESL 10* 4S5 15 4
BT 40 BBk Hepa 1clc7 #R0 T 96 fLb ., 1E
5 10%J64- M35 « 0.01%75 77 % G 0.15%% 1%
2N, 0.01% R 5 = IR IR 4B K 24 h, 2R
BN 37 °C, 5% CO, IR 2. SRJE ¥
CLATR JE AL & P i AE DMSO Him A % fL
HARFF 24 h. HFLIIA DMSO Ji M ARIE DMSO
AL NT 0.5%, FRIGFRB, TBILMAEH
0.8%7F: 1 B FLF7 M1 2 mmol-L™' EDTA, #% % 10 min
DLV AL . ZE AR LI AT S 7 v TR A
200 pL( 1% VR AN s H AT BT ) . K 7.5 mL
0.5 mol-L™" ffJ Tris-HCI(pH 7.4). 100 mg /M- IfiL375 «
1 mL 1.5%M3% 20, 0.1 mL 7.5 mmol-L™" [¥] FAD.
1 mL 150 mmol-L™" (¥ % ¥-6-Bl. 90 uL 50
mmol-L™" ] NADP. 300 {475 ¥ -6- i IR i &
it .45 mg MTT FH 2% 5 /K BEHI A% 150 mL 1) 753
LEMATRFBEZ I 0.2 uL HIZERER (50 mmol- L™,
WIRAE CIEH o RN SE UG » 4 96 FLIRR Pk
5 mino I 7E AL R WL € FR R A
£ 550 nm K I OB 23 VAL OR S AT,
X418 Hepa 1cle7 4RI 0.5% DMSO 2 it
WAEA SR S AL A1 QR 5 SIS 1
(ITT SR S 2 245 4RI R 2L (R W O s ik 2
AIIERE, AR5 F 45 2 21 10 W' B A Ll et
R AL A A A QR i S PE I T b o 34 52
B N A DT FA 3 IR
3 #R
31 Hi%E

a1 EBRFN, ESI-MS (m/z): 370
[M+H]". '"H-NMR(500 MHz, CDCl5)8: 6.91(1H, d,
J=8.5 Hz, H-12), 6.82(1H, d, J=8.5 Hz, H-11),
6.69(1H, s, H-1), 6.61(1H, s, H-4), 420(1H, d,
J=15.5 Hz, He-8), 3.87(12H, m, 4 X OCH;), 3.69(1H,
d, H-14), 3.51(1H, d, J=15.5 Hz, Ha-8), 3.23(1H,
m, H-13), 3.13(2H, m, H-6), 2.60(2H, m, H-5),
0.95(3H, d, J=7Hz, CH;). “C-NMR(125 MHz,
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CDCl3)3: 150.0(C-9), 147.6(C-3), 147.1(C-2),
144.8(C-10), 134.9(C-12a), 128.5, 128.4, 128.3(C-4a,
-14a, -8a), 124.1(C-12), 111.1(C-11), 110.9(C-4),
108.7(C-1), 63.1(C-14), 60.1(~OCH;), 56.0(~OCHs),
55.9(-OCH3), 55.8(-OCH3), 54.5(C-8), 51.4(C-6),
38.3(C-13), 29.3(C-5), 18.3(-CH3). LA ¥ 53
HRI61LLER, %l d-48 HEM(d-corydaline).

E I iR AR R, ESI-MS (m/2):
353[M]" . 'H-NMR (500 MHz, CDCl5)3: 9.08(1H,
s, H-11), 7.05(1H, s, H-8), 6.97(1H, s, H-3),
6.56(1H, br s, H-7), 4.02(3H, s, —OCH3), 4.02(3H,
s, —OCH;), 4.01(3H, s, —OCH3), 3.88(3H, s,
—~OCH3), 3.34(2H, t, J=6 Hz, H-5), 3.26(2H, t,
J=6 Hz, H-4), 3.06(3H, s, -NCH3). "C-NMR (125
MHz, CDCl;)5: 150.5, 149.0, 145.7, 144.3, 142.4,
130.2, 129.7, 125.2, 118.4, 118.0, 110.3, 108.9,
106.4, 101.3, 60.0, 56.3, 55.7, 55.6, 50.5, 40.5,
31.3. PA LB 5 scik6-7 i, %5 b LA
SE1(dehydroglaucine)s

WEYIIL: ot Fr dh, BB ER S N 5L BH T
ESI-MS(m/z): 356[M+H]". 'H-NMR(500 MHz,
CDCl3)8: 6.89(1H, d, J=8.5 Hz, H-12), 6.79(1H,
d, J=8.4 Hz, H-11), 6.74(1H, s, H-1), 6.62(1H,
s, H-4), 4.25(1H, d, J=15.5 Hz, He-8), 3.89(3H,
s, —OCH;), 3.87(3H, s, —OCH3), 3.86(3H, s,
—~OCH3), 3.85(3H, s, —-OCH;), 3.55(2H, m),
321(3H, m), 2.83(1H,m), 2.66(2H, m)."*C-NMR
(125 MHz, CDCl3) &: 150.3(C-9), 147.5(C-2),
147.4(C-3) , 145.1(C-10) , 129.7(C-14a), 128.7
(C-12a), 127.7(C-8a), 126.8(C-4a), 123.9(C-12),
111.3(C-4), 110.9(C-11), 108.5(C-1), 60.2(-OCHj3),
59.3(C-14) , 56.1(-OCH3), 55.9(-OCH3), 55.8
(~OCH3), 54.0(C-8), 51.5(C-6), 36.4(C-13), 29.1
(C-5). LA %l 5 3cHk[6, 81ELER, %5 MIUA
77 (tetrahydropalmatine).

WEPIN : HER A, ESI-MS (m/z): 353 [M] .
'H-NMR(500 MHz, CDCl3)5: 6.90(1H, s, H-1),
6.70(1H, d, J=7.0 Hz, H-12), 6.68(1H, d, J=7.0
Hz, H-11), 6.65(1H, s, H-4), 5.95(2H, s, O-CH,-0),
5.93(2H, s, 0-CH,-0), 3.58(2H, br s, H-8),
2.53(4H, brs, H-5, H-6), 1.923H, s, —NCHj).
BC-NMR(125 MHz, CDCl3)8: 195.0(C-14), 148.0
(C-3), 146.3(C-2), 146.0(C-9), 145.9(C-10), 136.2
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(C-4a), 132.8(C-14a), 129.0(C-12a), 125.1(C-12),
117.9(C-8a), 110.5(C-4), 108.2(C-1), 106.8(C-11),
101.2(-OCH,0-), 100.9(-OCH,0-), 57.8(C-6),
50.8(C-8), 46.5(C-13), 41.5(-NCHs), 31.8(C-5).
DAL Hod 55 SCik[6, 91bkER, %5 by Bl B (pro-
topine).

EMV: AEFIRG ., mp 175~176 C;
ESI-MS(m/z): 369[M]" . "H-NMR(500 MHz, CDCl;)
8:6.95(1H, s, H-8), 6.91(1H,d,/=8.5 Hz, H-14),
6.80(1H, d, J=8.0 Hz, H-13), 6.63(1H, s, H-5),
5.93(2H, s, —OCH,0-), 3.85(3H, s, —OCHj3),
3.78(3H, s, —OCH;), 3.74(2H, br's, H-18), 3.2~3.4
(2H, brs, H-2), 2.4~2.8(4H, brs, H-3, H-11),
1.85(3H, s, N-CH3). *C-NMR (125 MHz, CDCl;)3:
193.4(C-10), 151.6(C-16), 148.0(C-6), 147.3(C-15),
146.0(C-7), 136.0(C-4), 132.9(C-9), 129.6(C-12),
128.6(C-17), 127.7(C-13), 110.6(C-14), 110.4(C-8),
109.3(C-5), 101.2(<OCH,0-), 60.8(—-OCHj3), 57.5(C-2),
55.6(~OCH;3), 50.1(C-18), 46.3(C-11), 41.2(-NCHs),
32.4(C-3). LU #5101 b8, BE N a-
) B& i g (a-allocryptopine) o

HEMVI: A K, ESI-MS@m/z): 342
[M+H]". "H-NMR(500 MHz, DMSO-d¢)8: 8.69 (1H,
s), 6.88(2H, s), 6.70(1H, s), 6.64(1H, s), 4.05(1H,
d, J=15.5 Hz), 3.77(3H, s), 3.74(3H, s), 3.72(3H,
s), 3.34(2H, m), 3.14(2H, m), 2.89(1H, m),
2.51(3H, m). “C-NMR(125 MHz, DMSO-d¢)3:
150.3(C-9), 146.5(C-10), 145.1. 144.9(C-2 Fl C-3),
130.4(C-14a), 128.8(C-12a), 128.1(C-8a), 125.2
(C-4a), 124.2(C-12), 112.9(C-4), 112.4(C-11),
111.7(C-1), 60.0+ 59.0 (C-14, 9-OCHj3), 56.2. 56.0
(2 X OCH3), 53.9(C-8), 51.7(C-6), 36.3(C-13),
29.0(C-5). LA Lds 55 SCHR[8TEL AL, %72 W DA
AP BI i (tetrahydrocolumbamine) o

WEDVI: B OEIRSES &, ESI-MS(m/z): 366
[M]". 'H-NMR(500 MHz, CDCl3)8:10.15(1H, s,
H-8), 7.93(1H, d, J=9.5 Hz, H-11), 7.87(1H, d,
J=9.5Hz, H-12), 7.17(1H, s, H-1), 6.93(1H, s,
H-4), 5.032H, t, H-6), 4.24(3H, s, —OCHs),
4.07(3H, s, —~OCHj3),4.07(3H, s, ~OCH3), 3.95(3H,
s, —OCH3), 3.21(2H, t, J=5.5 Hz, H-5), 2.97(3H,
s, —CHs). "C-NMR(125 MHz, CDCL)&: 151.3
(C-9), 150.4(C-3), 147.8(C-2), 145.9(C-10), 145.4
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(C-8), 136.5(C-14), 133.8(C-12a), 131.9(C-4a),

129.1(C-13), 125.5(C-11), 121.6(C-8a), 120.1(C-12),
119.2(C-14a), 114.0(C-1), 110.7(C-4), 62.6(~OCHs),
57.5(C-6), 57.0(~OCHs), 56.5(~OCHs), 56.3(~OCHs),
28.1(C-5), 18.0(~CHj). LA %0455 SCk[9] b,
Y N 22 S 5K Bk (dehydrocorydaline)

WAV AL, mp 154~160 'C; Ljfilt
AR B B S B o HE TLC 55 /NBEBHRT R o)
— 3, SARiERIR G G AN N, S ok NBE
fidi(berberine).

EWIX: wEE ARG 5, ESI-MS(m/z):
352[M]". 'H-NMR(500 MHz, CD;OD)&: 9.75(1H,
s, H-8), 8.80(1H, s, H-13), 8.09(1H, d, J=9.0 Hz,
H-11), 8.00(1H, d, J=9.1 Hz, H-12), 7.63(1H,
s, H-4), 7.03(1H, s, H-1), 4.94(2H, t, J=6.5 Hz,
H-6), 4.20(3H, s, —OCH;), 4.09(3H, s, —OCH3),
3.99(3H, s, ~OCHs), 3.93(3H, s, -OCH3), 3.28(2H,
t,J =6.5 Hz, H-5), *C-NMR(125 MHz , CD;0D )3:
152.3(C-3), 150.5(C-9), 149.4(C-2), 144.9(C-8),
144.2(C-10), 138.3(C-14), 133.8(C-12a), 128.6(C-4a),
126.7(C-13), 123.1(C-12), 121.8(C-14a), 119.9(C-11),
119.0(C-8a), 110.7(C-4), 108.5(C-1), 61.1(-OCH3),
56.2(C-6), 55.9(-OCHs); 55.6(~OCHs), 55.2(~OCHj),
26.4(C-5). LA E&HE 50RO, o
7T (palmatine).

3.2 QR iR MRk 45 R

SEFHZE P 9 T AE BRI QR 1% 35 PR A 45

W& 1.

F1 EHARTOMEMBE QR F R E MM KL
Tab 1 Activities of nine alkaloids from Corydalis Rhizoma
in the QR induction and crystal violet assays in Hepa 1clc7

cells
oy PERE QRBEWEH e,
/umol-L™" (24 T3 HELAL ) A5 40)

i 20 1.42+0.08 86.9+5.0

II 20 <1V 98.6+1.4

11 20 <1 95.442.6

v 20 <1 92.849.7

\Y% 20 <1 103.3+3.1

VI 20 1.54+0.09 90.2+4.0

VII 20 <1 82.4+6.4
VIII 20 <1 101.343.9

IX 20 <1 106.8+8.2
4R 20 2.3240.06 102.146.6

TE: DIRETR<1 BIWIBA QR 5 R TE: 2)4 - S A B PR
Note: 1)Test compound had no activity if its value was lower than 1;
2)4’-bromoflavone was tested as the positive control
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L1 TRESGRRUNED 1 (d-E2Em) &
YIVI(U S AR B )8 R — & 1 QR 5 Fih
M, HAEHRSA QR & S M WKE &4 T
(20 pumol-L ™) JE W S AN M 25 JH X IE A5 & iR fk
IR AMEEE . F AR o X — fUE, d-EK
B R0 2 S AR PN OB — & N AT 52, ATAE R
T A5 AT 2500 I g A 27 PSTT FE AT B RN IR AL A
FAH G5 T«

4 “Eig

AHIF G IS FH 003 2 R0k 1% 2 T7 10 I 245 48 o
RN BEET 9 NMEVWSERS, ik d-5%
HERR(T ) ZEEESERR(I) PUSLE ST ().
JE B A BRIV )~ o= BE R BV )~ PSR B ik
(VD). ZECERERVI ADEER V. E5YTIX).
TERH S ) QR W5 G PR IE T, d-58 2Rk (DA PY AL
ALY AR (V) 7S HH — s v M o 32 7 V0O 4iE i
R AR Ay AT I QR 5 SR TR AT, HE
SR BA—E BN, 0]k A s T ) Tk
PEpt— o B RN SE 50 A
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