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Alkaloids from Zuojin Formula and their cytotoxicities against proliferation of
cancer cells

QIAN Ping, YANG Xiu-wei
State Key Laboratory of Natural and Biomimetic Drugs, Department of Natural Medicines, School of Pharmaceutical Sciences,
Peking University, Beijing 100191, China

Abstract: Objective To study the alkaloid constituents of Zuojin Formula, consisting of Coptidis Rhizoma and Euodiae Fructus, and
to evaluate their cytotoxicities against the proliferation of cancer cells in human digestive tract. Methods The constituents were
isolated and purified by column chromatography on silica gel and Sephadex LH-20, as well as the chemical structures of alkaloids were
determined by physicochemical properties and spectral data analyses. The cytotoxicities assay against human gastric NCI-N87 and
colon adenocarcinoma Caco-2 cell lines was carried out by MTT method. Results Fifteen alkaloids were obtained from the normal
butanol soluble fraction of 70% ethanolic extract in Zuojin Formula and identified as rutaecarpine (1), evodiamine (2), rhetsinine (3),
coptisine (4), wuchuyuamide III (5), 8-trichloromethyl-7, 8-dihydropalmatine (6), epiberberine (7), 8-trichloromethyl-7, 8-
dihydroepiberberine (8), 8-trichloromethyl-7, 8-dihydrocoptisine (9), palmatine (10), berberine (11), 1, 2, 3, 4-tetrahydro-1-oxo-f3-
carboline (12), noroxyhydrastinine (13), 8-oxo-epiberberine (14), and corydaldine (15). Compounds 1, 2, 4, and 11 showed the
inhibitory activities against the proliferation of NCI-N87 and Caco-2 cell with the half inhibitory concentration of 12.61—91.18
umol/L. Conclusion Compound 8 is a new compound. Compounds 1, 2, 4, and 11 may be the main effective components in Zuojin
Formula against the proliferation of cancer cells in human digestive tract.
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FFIEA B SR, “ s WS G A&y
w18 CRMNAmHEAGE”, (EITEM) K18
i & AT 200 R 7. J7 o i B KR
FEMLL LUK, A 2 RSB . Rl
1ENR, feflzy, 2, “—3E—#, FEFIE
A, RENIE, MEEAGELAL DR R AES ALY
fer AR A R, B AR, 2PE A 2=
S, SEHAI) “TFURXT N T AR AT
FEVA ST R TSI 1 Ao 38 i I8 7 1T PR 98 00 388 3 5 | Ok
VE, MIOCZEEAE AR Y . AMIFSY E AT B
TRITRPAIER N EZEA, B b 2595
SERHIIT IO LU 7 A 3Ak,  JEOgsEAR vk s, -
B IR P, HER AT ST P 2 5 T ) ik
il 7% o AR it 25 5205 W) BRI IT 9 7 V7
() —Fp i, AL LR DI R, AR Ao 4
T3 R IRE A B P a0 AT IR 9. AN
TETT 10% SBRESEIUY) ) TE T B 38 73 70 B9
FE T 15 ANEDNL,  ELFENGIRSE AR S
(rutaecarpine, 1). RK UK (evodiamine, 2). K
5 P4 7 Crhetsinine , 3) . 5 28 8 R WLz 10
(wuchuyuamide ITI, 5) Fl1 1,2, 3, 4-PU5(-1-FFs-p-
Wbk (1, 2, 3, 4-tetrahydro-1-oxo-B-carboline, 12);
JR /N BETR S AL W) %R (coptisine, 4). 8- =5
3L -7, 8- & B 5 2 (8-trichloromethyl-7, 8-
dihydropalmatine, 6). &/NEEGK (epiberberine, 7)<
8- — A H-7, 8- E R /NEERY (8-trichloromethyl-7,
8- dihydroepiberberine, 8). 8- =% FJE-7, 8- & ¥4
JETH, (8-trichloromethyl-7, 8-dihydrocoptisine, 9).
55 (palmatine, 10). /NEERH (berberine, 11)
FAEAb 2 /NEERS, (8-oxo0-epiberberine, 14); fij 5%
WA R 248 A= 4 o o 28 4K 6 56 B0 X (noroxyhydra-
stinine, 13) FI5 %€ (corydaldine, 15). tL&4) 6.
8. 9 FIXS MM 8- =G E-7, 8-S/ NEER (16) (1)
gif L 1, k&Y 8 i EY. KM MTT
PN T BL B S e N g 411 2R NCI-N87 4 i
FINEE A0 i 2 Caco-2 4 38 5E IR il 2 o
1 UE5H

Nexus—470 #¢ FTIR ZL4M61E{X (Thermo
Nicolet Inc., Madison, WI, USA); Cary 300 UV-vis
BANERE(Y (Varian Inc., Palo Alto, CA, E[H);
Bruker AV III 400 7% #% % 3t 4i i 3% 4% ( Bruker
BioSpin AG Facilities, Fillanden, %i1-); Finnigan
TRACE 2000 GC-MS Jitii{¥ (EI-MS) (Thermo

11

6 R,=R,=R;=R,=OCHj

8 R,;=R,=OCH;; R;=R,=0-CH,-O
9 R,=R,=R;=R,=0-CH,-0

16 R;=R,=0-CH,-0; Ry=R,=OCH,

Bl &E¥6. 8. 9. 16 MLFELM
Fig. 1 Chemical structures of compounds 6, 8, 9, and 16
Finnigan, San Jose, CA, 32[); Bruker APEX IV
FT-ICR & %3 #% it it 1  ( Bruker Daltonics, Inc.,
Billerica, MA, J:[E) (HR-ESI-MS); LC 3000
T A € (SP-HPLC) XRZE (Jbaif)]
MEERHE AR AR, BE P3050 I,
CXTH-3000 (43 TAFul; AR (%A (46 cm X
2.6 cm, dbninE OB RHEARAR D =7F
MCO-15 AC AEX " EAIRRT A (VELek
e tt, HAKER); Thermo Multiskan MK 3 4 H
Z)lFFR{ (Thermo-Labsystems, Franklin, MA, 3%
D FEEGRER (200~300 H, 7 SEEA T
PR PSR (300~400 H, g AL T
AR~ ; Sephadex LH-20 ) Amersham Pharmacia
Biotech AB (Uppsala, Sweden) ;= if; )2 (0%
& H Fll GFasq WA (1 (TLC) FERRAR 233 0 75 5
FEAL T AT Merck A 7] (Darmstadt, 18 5D 77 i
SIMTAE OlE. PEE, BERRCME. =S IR
Woki. =& NAE b ) ™ dh. 96 fLik
(Costar®3599, #t5 35511024) WJT-2£[H Corning
AT 3-(4, 5- T HIRBEME-2)-2, 5- T IR EE DU MR ER
(MTT, fit5 MKBHO0595V) F1 — I} T A (DMSO,
it 5 SZBC0040V) T3 [H Sigma-Aldrich 2w ;
f/- s (FBS, fib5 989267), AEi H &I
(NEAA, #t*5 1212513), RPMI 1640(Ht*5 1237305)
I DMEM (k%5 1237317) 2685373015 [ Life
Technologies 7~ ] ; T 4 % # W G W (#t 5
20121009) W T AL ZEFRHLAR AR NE R
2 1l 22 NCI-N87 4t bk (o [ B 27 2 e 4 M 0% 5t
) N5 hIE Caco-2 41tk (#HTB-37,
ATCC, D,
POE (5 20101015) phH P T A7 kT SL 3 4
O R R B e i, W B R B HIE Coptis
chinensis Franch. I TR 2K, REKH (L5
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20050901) KT F A WIE T, =B RHED SRR
¥ Evodia rutaecarpa (Juss.) Benth. /5T Bl 241 S
S5, 2 R A AL UK R AR R AR 2 S i A=
AV E K HE RS S A A E, 78 (P
2 HL) 2010 S FRAH N IUARE s 29 FEUEAR A LCRAE T
JO 30 R 27 B 2 R AR 2549 S ) HE 2 40 ] 5 o S
2 EMESE

HIE 72 kg 5 RV 1.2 kg MRS, T
6 51 70% SBREKEE M PIGHEE 5 %, &k 1h, I8
o, AIFUEM, R4S TE 2.5 kg (IE
29.76%). HUTH 1.3 kg FI/KI#, KK 2 f5&
(IBETR CBE AKMANE TR A 8 Ik, A IFAE
WO, DRI, f3BETR L BE A I 75 g, 1E T ¥
AU 482 go WUE T A (400 g) ZAEfAE
i, L= FHE-BER LBR-F I (3 0.1% = 411%)
(6:1:0—1:2:0.15~0:0:1) BN, TLC
K& AR RSy, 198 5 AN414) BFr. 1~5. BFr.
1 T W Ee-BEM Ol (60 D) s, ks
Y140 mg): FIRF I 2 g, AR (O,
PLIR CUle-BE R 216 (8 & 1) Pefid, 51L& 2 (4.7
mg). BFr.2 434 2 #i4; BFr. 2a #ll BFr. 2b, BT —
A BB A0 (101 e, M BFr 2a T
HAAEY 3 (550 mg); M BFr. 2b it &4 4
(720 mg); #Jf BFr. 2a fil BFr. 2b BRI, W46 %1,
BERE (10 g), RIGLRERAEGRE, LI S le-RE
fR Mg (20 0 1—1:4) BAEVENL, TLC #ill& It
RS, 138 6 AN4H4) BFr. 2-1~2-6, I BFr.
2-3 LS RE-FEE (10 1) yeigkdith, 53kd
)5 (4.2 mg). BFr. 3 LA =& HGe-B5IR 4.1 (2
1) Ve, PRk gs G & R A, L
SAUTREHE (1 0—1 0 1) BREE, S
6 (200 mg); VLIEHEsr (48 g) LrpMEEibEH S
W, L=GTRE-FEE (12 0—~1 1) BAEEVE,
TLC & HAH L5y, 158 4 AN414 BFr. 3-1~
3-4), HA BFr 3-2 TS FE-HEE (4:1)
HE, Mtk a7 (100 mg); FIRES (2 @)
Zorp A A (P PRSEARES 250 @), LS -
FmE (98 1 2) Yt (ABUAE 15 mL/min, A%
0.5 MPa), 43 14 /M s> CREAN LS 300 mL),
Wy 4~s5 Mtk 8 (12 mg); BFr 3-3 T =4
e, a9 (6.9 mg); X BFr. 3-3
(2 @), @ pAiERE GEZ OISR H 120 g

DL=G P he-HmE (10 @ 1) Yeli (AR E 15
mL/min, & 1.3 MPa), 132 13 Mgy (RN
AR 500 mL); Loy 3~7 (1 g) &b E i
(500 g) FEEE, L= Le-HEE (1:0—>98:2)
BEEEVERL, 15211k &4 10 (280 mg) A1 11 (520 mg).
I BFr. 4 (74 g) ZrERAE NS, DL—%0F - F
(1:0—1:10) BAEEVEML, /53 3 N4 53 BFr. 4-1~
4-3, HU BFr.3-1 5 BFr4-3 &Jf4 BFr3a, B
20 g ZRERAEEE, DIBSR OFR-HRE-K (21 14
3—21:7:3—0:95:5) BAEEVEMG, £33 3 44l
4y (BFr. 3a-1~3a-3); &7 BFr. 3a-1 5 BFr. 4-1 (15
g), BRI, DI CRe-BiR OlR (2 0 11 &
5). BHMR Z06-FE (10 1) BAREVEm, 732 8 44l
53 BFr. 3a-1-1~3a-1-8, & Jf BFr. 3a-1-5 5 BFr. 2-4,
2t Sephadex LH-20 F:(Aif, DL=SHfe-HlE (1 :
1) 4ifk, 35814k&% 12 (6.2 mg); BFr.3a-1-6 fll
BFr3a-1-7 T =& HLe-HEE (101 PEE, 2%
Mtk &4 13 (80 mg) A1 14 (30 mg); BFr.3a-1-8
SREMCAE RS, IR CUe-IATR Ol (11 4) vzl
b, 325 15 (17 mg).
3 {RRaEIEMENE

A M VRN E R H MTT v:7. NCI-N87 il
Caco-2 4IMI{E 37 C. 5% CO, HIRFF=AIH 20 5
RPMI 1640 Il DMEM £7#% (£ 10% FBS. 100
U/mL H 8 %M 100 pg/mL BE% ) Kige. B
ARSI AN, 43 ) BAREAL 13X 10% AN 410 Hi 35 2 13 Ao
T 96 L™, % 24 h )5, DA LT 5
TR ISR AW, SR AL 535
025, 2.5, 105 25, 50, 100 umol/L. £57% 48 h
Ja, BFLPAIIN 20 pL MTT ¥ (5 mg/mL), 4k4:
B9 4 h, FHAEHLTIIN 100 pL =Bei el
(R FRIBE S &, FIBERRA T 540 nm AR 5 W 61
(A i, A MGG .

A IEFINHIR = (4 wm—A 22) [ A un

LA 24 6 355 50410 ) 36 0] 245 40 94 B 1R 0 B kAT
B, THECEEENERRE (ICs) 1.
4 LR
4.1 HEHETE

5o R L 2 (ko i, IFE T EI-MS Al
NMR #fli b, et &% 1. 2. 4. 9. 10, 11
13 358 BB AR, B
8- RS-, 8- AIHIEM . B E. NEER. BF
Sk e
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&4 3: RO K. EI-MS m/z: 319 [M]',
301 [M—H,0]" (F); 273k CoH7N30,0
'H-NMR (400 MHz, DMSO-dq) d: 11.74 (1H, s, N-H),
4.11 (2H, dd, J = 6.4, 6.3 Hz, H-5), 3.18 (2H, dd, J =
6.4, 6.3 Hz, H-6), 7.70 (1H, dd, J = 8.0, 1.0 Hz, H-9),
7.12 (1H, td, J = 8.2, 8.0, 1.0 Hz, H-10), 7.31 (1H, td,
J=83,82, 1.0 Hz, H-11), 7.42 (1H, dd, J = 8.3, 1.0
Hz, H-12), 6.90 (1H, q, J = 5.0 Hz, 14-N-H), 6.70
(1H, dd, J = 8.3, 0.8 Hz, H-16), 7.32 (1H, td, J = 8.3,
8.0, 1.5 Hz, H-17), 6.49 (1H, td, J = 8.0, 7.8, 0.8 Hz,
H-18), 7.30 (1H, dd, J= 7.8, 1.5 Hz, H-19), 2.82 (3H,
d, J = 50 Hz, N-CH;); "“C-NMR (100 MHz,
DMSO-d) 6: 126.0 (C-2), 161.0 (C-3), 46.8 (C-5),
20.5 (C-6), 122.5 (C-7), 124.4 (C-8), 120.9 (C-9),
120.0 (C-10), 125.6 (C-11), 112.8 (C-12), 1384
(C-13), 149.7 (C-15), 110.8 (C-16), 133.5 (C-17),
1142 (C-18), 131.4 (C-19), 116.9 (C-20), 174.7
(C-21), 29.5 (N-CHs)o L 4 50k S 2 g
FHEREE PG TR A R A — 5, SOk
W HEARSRANM, ZE SciFinder His e Ry 2 [
NS X 2 N5k . EI-MS %9 m/z 301 [M—H,0]"
N, WRFRRAE R4, (Ah 'H-'H
COSY J« 'H-NMR ¥# v 411 oy 6.90 (1H, q) Fl oy
2.82 (3H, d, N-CH;) #HHAEG (J=5.0 Hz), HfE
HMBC 41 6y 6.90 5 C-20 1 C-16 fAHE, M5
C-3 A, FM oy 6.90 HIEARIEAS S, il
14 R EERES. gt Bk, Setsy s
h iR T

&4 5. FOEK. EI-MS m/z: 323 [M]"; 2>
TxH CigH17N303. 'H-NMR (400 MHz, CDCL) 6:
8.24 (1H, dd, J = 7.8, 1.4 Hz, H-5), 7.27 (1H, brdd,
J =82, 7.8 Hz, H-6), 7.69 (1H, td, J = 8.4, 8.2, 1.4
Hz, H-7), 7.21 (1H, brd, J = 8.4 Hz, H-8), 3.61 (3H, s,
N-CHs3), 6.64 (1H, brd, J = 8.4 Hz, H-3"), 7.23 (1H, td,
J=8.4,82, 1.1 Hz, H-4), 6.60 (1H, brdd, J = 8.2, 8.1
Hz, H-5'), 7.71 (1H, dd, J = 8.1, 1.1 Hz, H-6'), 3.38
(2H, t, J = 7.7 Hz, H-8'), 452 (2H, t, J = 7.7 Hz,
H-9'), 6.28 (2H, brs, N-H,); “C-NMR (100 MHz,
CDCly) &: 150.3 (C-2), 161.7 (C-4), 128.9 (C-5),
123.0 (C-6), 135.1 (C-7), 115.8 (C-8), 140.5 (C-9),
115.5 (C-10), 30.7 (N-CH3), 117.8 (C-17), 150.9
(C-2"), 117.3 (C-3), 134.4 (C-4"), 113.5 (C-5"), 131.1
(C-6'), 200.1 (C-7"), 37.1 (C-8'), 38.2 (C-9"). LA L%k

Y5 SCHRIRE 3, WO A 5 o R R
Ik 111,

&Y 6: ELHER A EI-MS m/z: 469 [M]';
23T H CrHaCLNO4. 'H-NMR Hil *C-NMR i i
M 0 1. DAESE 5 SckaE 80, e
e 6l 8- =S -7, 8- A 5,

& 7. FE{A. EI-MS m/z: 336 [M]"; 7
T3 H CyH1sNO4. "H-NMR (400 MHz, DMSO-d)
5: 771 (1H, s, H-1), 7.09 (1H, s, H-4), 3.22 (2H, m,
H-5), 4.90 (2H, m, H-6), 9.97 (1H, s, H-8), 8.04 (1H,
d, J= 8.6 Hz, H-11), 7.86 (1H, d, J = 8.6 Hz, H-12),
9.09 (1H, s, H-13), 3.93 (3H, s, 2-OCHs), 3.87 (3H, s,
3-OCHj3), 6.53 (2H, s, 9, 10-OCH,0-); *C-NMR (100
MHz, DMSO-ds) 6: 108.7 (C-1), 146.9 (C-2), 151.4
(C-3), 111.3 (C-4), 128.5 (C-4a), 25.9 (C-5), 55.3
(C-6), 144.6 (C-8), 111.6 (C-8a), 143.8 (C-9), 148.7
(C-10), 120.7 (C-11), 121.6 (C-12), 132.5 (C-12a),
121.0 (C-13), 137.1 (C-13a), 119.0 (C-13b), 56.2
(2-OCHj), 55.9 (3-OCHj3), 104.5 (9, 10-OCH,0-). L
s S Sk — 8T, s et A T N
INBER .

A 8: EkRCAEAR, IR vED (cm™): 3 446,2 994,
2918,2 832, 1604, 1512, 1476, 1 464, 1 241, 1 060,
810; UVAYOT (nm): 234 (4.25), 281 (4.00), 348
(3.45), 379 (3.56); EI-MS m/z: 4532 [M]" (4), 418.2
[M—CI]" (29), 383.3 [M—CL]" (17), 336.4 [M—
CCL]" (66),320.3 (100); HR—ESI-MS m/z: 454.037 16
[M+H]" Cit501H 454.037 42, CyHoCINO4) ;s
'H-NMR., "C-NMR #4fs .4 1. th NMR %45 ] 41,
a8 1 AR A, 2 ANFEIE. 2 M
AL 2 AN RS D5 & 3 M A AL 10
AN, HEWHL A 8 b JEUNEEG AL AL, 52
P Y NEERR R E AT L, itk ST A S
JUILE H-8 B 1 mia#esl, HEMILA C-8 T HAt
)7, 8- A JE/NEER R A . (S 8 1)
'H-NMR. "“C-NMR &R 18 M5 K& 21 4
{55, H DEPT }2 HSQC #/RAEAE 10 NZEGk,
WO IL C-8 AL MHUREE BAT 1 N, H C-8 1k
NN 6c74.0 (d), HOEEH 6. 9 AHIE,
UEAED C-8 A HUARIE A =S 3L, FR4 w0 i
25 073 138 Cy HisCLINOG IESE 46 &4 8 () NMR
545, L C-8a~C-11 ML A RS 5 B ik &
Yy 8- =5 k-7, 8-~ S/NBER (16) VOE k2
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F1 &6, 8. 9. 16 By 'H-F1 PC-NMR #{#E (400/100 MHz, CDCls)
Table1 'H-NMR and **C-NMR data of compounds 6, 8, 9, and 16 (400/100 MHz, CDCl5)
Wi 6 8 9 161
O (J/ Hz) dc Su(J/Hz)  oc(DETP) O (J/ Hz) dc S (J/ Hz) dc
1 7.19 (s) 107.0 7.18(s) 106.8 d 7.16 (s) 104.0 7.16 104.1
2 147.8 1478 146.8 146.7
3 149.2 1492 1475 1474
4 6.64 (s) 110.9 6.63 (s) 110.9d 6.61 (s) 108.2 6.61 108.1
4a 1273 1273 1287 1287
5 3.42 (m) 30.0 3.43 (m) 300t 3.35 (m) 30.5 3.34 (m) 30.5
2.74 (m) 2.73 (m) 271 (m) 2.72 (m)
6 3.85 (m) 51.7 3.81 (m) 520t 3.83 (m) 51.9 3.87 (m) 51.6
3.74 (m) 3.74 (m) 3.70 (m) 3.70 (m)
8 5.64 (s) 73.6 5.40 (s) 74.0 d 5.40 (s) 73.9 5.64 (s) 73.5
8a 114.8 104.8 5 104.8 114.8
9 146.4 14495 144.8 146.3
10 149.6 145.5's 145.6 149.7
11 6.98 (d, 8.4) 114.6 6.87 (d, 8.0) 109.6 d 6.86 (d, 8.0) 109.7 6.97 (d) 114.5
12 6.89 (d, 8.4) 118.5 6.70 (d, 8.0) 116.6 d 6.67 (d, 8.0) 116.7 6.86 (d) 118.6
12a 129.5 130.1's 130.0 129.3
13 6.15 (s) 97.0 6.21 (s) 97.5d 6.14 (brs) 98.0 6.10 97.5
13a 137.5 13745 137.4 137.6
13b 123.5 12345 125.0 125.0
8-CCl 105.6 10565 105.6 105.5
5.95 (s) 5.95 (d)
2,3-0CH,0- 101.1 101.0
5.94 (s) 5.94 (d)
6.03 (d, 1.2) 6.02 (s)
9,10-OCH,0- 100.9 t 100.9
591(d, 1.2) 5.91 (s)
2-OCHj 3.95 (s) 56.1 3.94 (s) 56.1q
3-0OCH, 3.89 (s) 55.9 3.90 (s) 5594
9-OCHj 3.94 (s) 61.0 3.94 61.0
10-OCH, 3.88 (s) 56.3 3.87 56.3

W10k DEPT J HSQC #ffie
Carbon multiplicities were determined by DEPT and HSQC

5, {HH A, B ¥ '"H-NMR 1l >C-NMR {55 % 2
AL AR RS S5 6 12, 3L C.
D ¥ff] 'TH-NMR H1 PC-NMR {55 K& 1 AN H 48,
S EN B S5 AW 9 180 (D, Ik,
HEWT L4 8 S 8- =G 3E-7, 8- A&/ N, A
— W EY.

&9 12: A A . EI-MS m/z: 186 [M]';
423Xk CHN,O. "H-NMR (400 MHz, CDCl3) 6:
6.47 (1H, brs, H-2), 3.73 (2H, brs, H-3), 3.07 (2H, t,
J = 6.9 Hz, H-4), 7.59 (1H, d, J = 8.0 Hz, H-5), 7.14
(1H, t, J = 8.2, 8.0 Hz, H-6), 7.29 (1H, t, J= 8.3, 8.2
Hz, H-7), 7.49 (1H, d, J = 8.3 Hz, H-8), 10.20 (1H, s,

H-9); "C-NMR (100 MHz, CDCly) 8: 163.7 (C-1),
42.2 (C-3), 20.8 (C-4), 120.0 (C-4a), 125.3 (C-4b),
120.2 (C-5), 120.3 (C-6), 125.2 (C-7), 112.7 (C-8),
137.6 (C-8a), 126.3 (C-9a). LA L%l 5 ek iE —
U, W et A 12 4 1, 2, 3, 4-DU - 1- BRI -B-
b

WA 14: R HOE K. EI-MS m/z: 351 [M];
T3 H CHsNOs. "H-NMR (400 MHz, CDCl3) &:
7.21 (1H, s, H-1), 6.73 (1H, s, H-4), 2.91 (2H, t, J =
6.1 Hz, H-5), 4.29 (1H, t, J = 6.1 Hz, H-6), 7.16 (1H,
d, J =82 Hz, H-11), 7.05 (1H, d, J = 8.2 Hz, H-12),
6.77 (1H, s, H-13), 3.94 (3H, s, 2-OCHs), 3.98 (3H, s,
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3-OCHs), 6.21 (2H, s, 9, 10-OCH,0-); *C-NMR (100
MHz, CDCl;) &: 107.6 (C-1), 148.4 (C-2), 150.1
(C-3), 110.6 (C-4), 122.3 (C-4a), 28.1 (C-5), 39.2
(C-6), 159.8 (C-8), 110.5 (C-8a), 146.7 (C-9), 146.1
(C-10), 113.9 (C-11), 119.0 (C-12), 131.9 (C-12a),
101.7 (C-13), 135.4 (C-13a), 128.4 (C-13b), 56.2
(2-OCHj3), 56.0 (3-OCHj3), 102.6 (9,10-OCH,0-). A
S SRR P, WA 14 WA,
W NEERK o
&9 15: Pl k. EL-MS m/z: 207 [M]";

313K CH13NOs. '"H-NMR (400 MHz, CDCl3) 6:
3.56 (2H, brt, J = 6.7 Hz, H-3), 2.93 2H, t, J = 6.7
Hz, H-4), 6.68 (1H, s, H-5), 7.57 (1H, s, H-8), 6.36
(1H, brs, N-H), 3.92 (6H, s, 6, 7-OCH3); "“C-NMR
(100 MHz, CDCly) &: 166.5 (C-1), 40.5 (C-3), 28.0

(C-4), 132.6 (C-4a), 110.2 (C-5), 152.2 (C-6), 148.0
(C-7), 109.6 (C-8), 121.4 (C-8a), 56.0 (6-OCH3), 56.1
(7-OCH3). DA_E%fi 5 Sciikaps — 202!, dseth
G115 W EE.
42 ‘REREEM

KH MTT VETEN T 40 43 2 1) 15 ANV
&%t N NCI-N87 Fll Caco-2 I 41 il ) 40 it 7%
k. AW DMSO i, DMSO frEs
FRIEF I LARFS BRI 1%, KRR PR
A RKADHIE R o 25 o SRR R I 2R S )
H 5 A (AR FTERK R ARSI E =T e
1~5. 7. 10~15 [{ RHISEI LKA 0.25. 2.5,
10, 25, 50, 100 pmol/L; FI-T-¥fif a1 &, 1k
HW) 6. 8 F1 9 (M RFLI LR N 025, 2.5, 10,
25, 50 pmol/L. JEPEMIE &5 R 2.

=2 Y 1~15 3 2 FhAELEA R BREIEERY 1IC, &

Table 2 1Cs values for cytotoxicities of alkaloids 1—15 against two kinds of cancer cell lines
e ICso 18 / (umol-L™") e ICso 18 / (umol-L™")

NCI-N87 Caco-2 NCI-N87 Caco-2

1 18.23+2.29 62.24+6.45 9 >50 >50

2 12.61£2.40 91.18+3.21 10 >100 >100

3 57.95+3.00 >100 11 70.821+5.62 65.25+8.94

4 36.411£2.52 41.4611.98 12 >100 >100

5 64.5916.32 >100 13 >100 >100

6 22.01%8.34 >50 14 74.911+4.80 >100

7 >100 >100 15 >100 >100

8 24.54+1.95 >50 KHm=E" 12.194+4.33 21.64+6.12

AR B T2 A P i 2

*Vinorelbine was used as a positive control drug

5 i1ig

AWFFEINAE 4 T7 T0% LIEHERCIIE T R P
WS T 15 NMEWEE, k&Y 8
Ao MR Bk 24 52 48 g P2 B P 2 o
BT RIS R, LA RANFIR B G Y H A AR 1)
VG A, HEWTGIRSR AR 1~3, 5 Fl 12
KVE T RAH; FRERCR AP0 4. 6~15 KT
WOE; AW 5 IRTILHRGE AR E. rutaecarpa
(Juss.) Benth. var. officinalis (Dode) Huang iT i 3
geep B SoE!, AR R E RN RAH PR,

K MTT VRO 170 B A3 211 15 A0 Aox
NCI-N87 Fl Caco-2 JiJ8d 41 Jfa () 4l B #3051 . 55
Caco-2 4Lk, NCI-N87 4l s 52 ik b S5 4y
UK, JEH—ERE ERBT XS PR O
R IR, (A 1R 2 SRR, 1Cs

fH 5 Y K R =i, B THe&E9 3. 5
F 12, A5 SCHRAR 05 s sk A A 2 AT 11
B 45894 R T AR 30 N 22 DNA [ IE X2 18],
., S5tbad 3. 5. 12 Hikk, B A~ES5 5
IR EE I TT HE 2 1R 2 W5 Pk S A B s R 2
—o FEEWEAEY, 4 DI EUNERS A
YIRS SRS U A 4>11>7 F1 10. HERAY)
BRCIRT A FH ML Y, 0/ INBER nT LI it B 3 40
By 24 U 3% Fas/FasL 15 518 1 M b iac /2 e
RACTHEIM % AEI 40 S A R NF-xB J SAb A%
SR TFEEZ R, W5 PR 40 il DNA £34%
AR TR0, SCERARIE T AR R AR A
SN ZR TR D/ INBERGIS A R AT U 4 S AL I 1N 1O
kst (HA7 2 AN H EIERUR I FER A
FA [RS4SR TR X fR3R R A
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SIS R R, (4) FEVESRLE, DRI A
Yt NCI-N87 Fl Caco-2 M4 MEFVE F2AZ
T S AR D S AL W TR T SEERA . A5 7 AT 10
(1) C-8 A — %l LA G 43l fir A4k ok 8 1 6,
X} NCI-N87 4 sy Pk W B35 itk &4 4
(1) C-8 A7 =S I EEHUA = 9 W& 1tk B R A, S0
AR R a3 A& 7 1) C-8 484k G fiT A itk
G 14, SLIE TGO, HAS S — S HIEHUR =) 8.
2 AN]SR AE Mk 13 RN 15 AR I H 41 i B
W

Sy BRI ST, 10 24 4 F1 11 %) 2 R4l
RIS I T AR, R R, g
G AR AR PR R PO, Hodfk e 4 A1 11
e A T AHOGHIR A 1) 2 ANy, AR IRES
245 i 2GR PR ARC Y, AR R Py R AP UR AR
A — 52 B« AT FTIERE I NCI-N87 JZ Caco-2
i ORI g Je AR ()T AL TE R A, 29 AN AR
RERERN AT 5 e 4 Mo e ni R AEVE R . BkAh, SCHER
OB A2 S FUR AR AR B HE2s Y, A Y
A A TR T PR R 18 T Sk S AT A
T2 D7 I AR IR A T 1 3 SRR
(R P P N K R T IR ) . 28 BT, (&9
124 4 F1 11 FATTRLS A4 I 40 e 48 0 1 i 12
AR A A 4 ) 7 18 Wi Ry R 35 R VR I 32 22
R
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