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JE S § R 4F (4), isonarthogenin 3-0-g-L-rhamnopyranosyl ( 1-2 )-0-] a-L-rhamnopyranosyl-( 1-4 ) ] -B-D-glucopyranoside (5,
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Studies on Steroidal Saponins from Smilax china and
Their Cytotoxic Activities

XU Yan'' , WANG Hai-yan', JIANG Jia-yue', XIANG Wei', LI Man-man', LIANG Jing-yu’
(1. Key Laboratory of Food Quality and Safety of Anhui Province,
Anhui Agricultural University, Hefei 230036, China;
2. Department of Natural Medicinal Chemistry, China Pharmaceutical University, Nanjing 210009, China)

[ Abstract] Objective: To study the chemical constitutes of Smilax china and the cytotoxic aclivilies of
isolated compounds. Method: Various chromatographic techniques were used to separate and purify the
constituents. Their structures were established on the basis of their physico-chemical properties and spectral data.
The isolated compounds were evaluated for their cytotoxic activities by MTT method. Result; Six steroidal saponins
were isolated from the dried rhizomes of S. china. Their structures were established on the basis of spectroscopic
evidence (NMR, MS) as bhorassoside B (1), dioscin ( 2 ), protodioscin (3 ), 22-0-methyl protodioscin (4 ),
isonarthogenin 3-0-q-L-rhamnopyranosyl ( 1-2 )-0-[ a-L-rthamnopyranosyl-( 1-4 ) ]-B8-D-glucopyranoside (5 ),
diosgenin-3-0-[ a-L-tha(1-3)-a-L-tha (14)-a-L-rha(1-4) |-B8-D-glucopyranoside(6). Compounds 2 and 6 showed
significant cytotoxic activities against K-562 carcinoma cell line at the concentration of 5 mg- L ~'. The inhibitory
percentage of compounds 2 and 6 on K-562 cell growth were 89. 1% and 90. 1% at concentration of 5 mg-L'.
Conclusion; Compounds 1 and 6 were isolated from this plant and Smilax for the first time. Compounds 2 and 6
showed cytotoxic activities against K-562 carcinoma cell line in vitro.
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$5 #1 Smilax china L. R A AR HRLEMY, X
240 EE 4 W BE < WA, 732 0 A T 3 K
AL . HRZEAZG 8L AR 22 JH 9, 230 K
PR R AR R S R T A R e V2 A
W T KGR B O 42 I KL O OB IR A A Y
WRIT RELHE LA b B R 2 4 L R A R
FRSEERMARE R HMEMELMLS
Wy fE LR R R 3 R 0k R B AL L
A E9 0 200 M B 3 4 DAL ) Ak 2 0y R AT T B
Gt MK 80% ZBEH2IUY I E T i i 7y B 45 5 6
AN PR, 43 5 % 58 O borassoside B (1) , 5 #i i
T (2) 58 #H 2T (3),22-0-H B JFHEFH A (4),
isonarthogenin 3-0-a- L-rhamnopyranosyl (1-2)-0-[ a-
L-rhamnopyranosyl-( 1-4 ) ]-B8-D-glucopyranoside (5),
diosgenin-3-0-[ @-L-tha (1-3)-a-L-tha (14 ) -q-L-tha
(14) ]-B-D-glucopyranoside (6) (& 1), Ftiifusr
P16 S N I% A Y) FI 2 3L Ay B A 3. R
FMTT 3505 3X 6 AN 1 e 47 40 I B 35 44 O i , 45
RERUILAY 2 F16 X K-562 % 40 i & 75 B S A9 44
SN M B 5 M ZERE SRR R R R EE N S mg - L
L AE a2 F1 6 X K-562 3 41 il (4 41 A5 1 i 4 61
oA 89. 1% F190. 1% .,

1 Ry=-[a-L-Rha( |-2}][a-L-Rha I(1-4)]-f-D-Gle R=0H R;=0H
2 Ry=-[a-L-Rha(1-2)][a-L-Rha I(1-4)]-f-D-Gle Rs=H Rs=H
5 Ry=-[a-L-Rha(1-2)][a-L-Rha I(1 -4)]-f-D-Gle R:=H R=0H

6 Ry= -[a-L-Rha(-3}-a-L-Rha( | -4)-a-L-Rha(1-4)]-6-D-Gle Rs=H Rs=H

RO

3 Ry=[a-L- Rha (1-2)] [a-L- Rha (1-4)]- f-D- Gle  Ry=f-D- Gle  Ry=H
4 Ry=[e-L- Rha (1-2)] [a-L- Rha (1-4)]- f-D- Gle Ro=f-D-Gle Ry=CH;

1 LAm1-6 KL

1 #H

X-4 BB H 8 0E W E B0 CIRBEARRE ),
Nicolet Impact-410 #4 21 #h 5 3% X (KBr | ), HP
1100 %9 Jif 1% % ( ¥ 2 5 & ESI), Brucker ACF400,
500 BB PR AL (TMS &y A F5) , MR-700 2Y i F5
{% ,Forma 3110 CO, K554 ,96 L 40 M55 3540 4y 35 =
Costar 237 . D101 B AL IR B Rt 2y | A=,

Py P it 2 323 T JBE £ 93 R JBE B B TS GF 5, B
FAL GFy, W J2 M ¥ 0 8 ¥ v 4k T 4™,
Sephadex LH-20 H: {7 i #f #} & Pharmacia 2 &) i 5=
i, RPMI1640 15 37 3 oA Gibeo 24 &), i 4 1L A K
KRR A RAE, e g (MTT) F1 — H XX T
M (DMSO0) 2y Sigma 24 &, H Al & A5 ¥ 0 H
Srfali. FEIET 2005 49 AR A LROKHINKX, &
GRNESELE S NG 8 W N = e S B GRSl E 7
china , /534 % %5 No. 090918 , £7 it T v [6 25 B} K% K
R EITE . /D K-562 40 i Bk dy o B B2 A L

Be 25 P ik 5 B 42 416
2 RESH

P THEMRZE S ke, [ 80% (B 43 ¥ 2 5 (81 i
PR3 WK, W [ i i R A9 2 BE SR HLY , FH #ROK 4
BRI B Z R B OE T AL, IR T i
W 1HIRE 125 g, 2 D101 RALBIE 40 &5, FIAKF Z
BZ(30% ,50% ,70% ,95% ) ¥ Ve . 50% . BE %
B0 4 28 25 UK ik MG R £ 33 (SR - PP BE R B R L) .
Sephadex LH-20 % e #: (38 ( H BRI ) LG9 1
(9 mg),2(15 mg),6(10 mg) ., 70% £ BEE L7 4
25 22 YR RS AT £ 4% (G 0 -H BB JE DR L ) , Sephadex
LH-20 % Bk 335 ( HEE eI ) 156 5% 3 (12 mg) ,
4(8 mg) ,5(18 mg),

3 Z£MEE

k& 1 HABK, mp 273 ~ 275 C,
Liebermann-Burchard JZ if 5 [ %, Molish [z i 5 [{
$£,IR v, (KBr)em ™ ':3 423 (¥:4L),984,918,899,
839 (4 §§%z) ; ESI-MS(-):m/z 889 [M - H] ,'H-
NMR," C-NMR 5 5 JH J& &1 F'H-NMR (500 MHz,
C,D,N)8:1.03(3H,s,18-CH,) ,1.22(3H,d,J =6.8
Hz,21-CH,),1.00(3 H,s,19-CH,),1.76(3H,d,J =
6.5 Hz,Rha 6"-CH, ) ,1.64 (3H,d,J = 6.6 Hz, Rha
6"-CH,);4.95(1H,d,J =6.5 Hz,1'-H) ,6.39(1H,
brs,1"-H),5.85(1H,br s,1"-H) & 3 P B A
fiF{E%,3.87(1H, m,3-H) ., C-NMR ( 125 MHz,
C;D;N) 6:37.5(C-1),30.2(C-2),78.2(C-3),39.0
(C4),140.8(C-5),121.8(C-6),32.4(C-7),31.6
(€C-8),50.3(C9),37.2(C-10),21.1(C-11) ,40.2
(C-12),41.1(C-13),56.7 (C-14),32.2 (C-15),
81.7(C-16),62.5(C-17),16.6 (C-18),19.4 ( C-
19),35.8(C-20),14.8(C-21),112.2(C-22),67.7
(€23),33.6(C24),40.6 (C-25),64.0(C-26),
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63.3(C-27),1'-Gle;100.3(C-1),78.0(C-2),77.0
(C-3),78.8(C4),77.9(C-5),61.4(C-6) ;2'-Rha;
102.1(C-1),72.5(C-2),72.8(C-3),74.2(C4),
69.5(C-5),18.7(C-6);4'-Rha;103.0(C-1),72.6
(C-2),72.9(C-3),74.0(C4),70.5(C-5) ,18.5(C-
6) o LA L% B 5 SCHR [ 5 ] 4 18 8ol — 2, o
EW 1 %5E F3(258) -spirost-5-en-33,23,27-triol 3-0-
a-L-rhamnopyranosyl ( 1-2)-0-[ a-L-rhamnopyranosyl-
(1-4) ]-B-D-glucopyranoside , BJ} borassoside B,

k&8 2 A6 H (MeOH), mp 275 ~ 277
°C ,Molish W 2 PH . IR vnm(KBl‘}(:m_] :3 448,
1 637,1 384,1 047, ESI-MS (-);:m/z 867 [ M -
H] .'H-NMR," C-NMR {5 5 H J& I F:' H-NMR
(400 MHz, C;D,N) 0.81 (3H, s, 18-CH, ), §:0.98
(3H,d,/=4.8 Hz,27-CH, ) ,1.04(3H,s,19-CH, ),
1.05(3H,d,J =6.8 Hz,21-CH,),1.60(3H,d,J =
6.0 Hz,Rha 6"-CH,),1.77(3H,d,J =6.0 Hz, Rha
6"-CH,),4.83(1H, m,3-H),4.93(1H,d, J=6.5
Hz,Gle 1 (-H) ,5.81 (1H,br s,1”-H) ,6.38 (1H,br
s,1"-H) ,""C-NMR (100 MHz,C,D,N) 8:37.6(C-1),
30.3(C-2),78.1(C-3),39.1(C4),140.7(C-5),
121.8(C-6),32.4(C-7),31.8(C-8),50.4(C9),
37.2(C-10),21.2 (C-11),39.9(C-12),40.6 ( C-
13),56.7(C-14),32.3(C-15),81.1(C-16),63.0
(C-17),16.5(C-18),19.5(C-19),42.1(C-20),
15.2(C21),109.3(C-22),31.9(C-23),29.4(C-
24),30.7(C-25),67.0(C-26),17.3(C-27);3-0-
Gle:100.3(C-1),78.6(C-2),77.0(C-3),78.1(C-
4),77.8(C-5),61.3(C-6);2'-Rha;:102.1(C-1),
72.6(C-2),72.8(C-3),73.9(C4),69.6(C-5),
18.8(C-6);4"-Rha;102.9(C-1),72.6(C-2) 72.8
(C-3),74.1(C4),70.5(C-5),18.6(C-1), LI ik
B 5 SOk [ 6 ] 4E B B0 — 20, Uik 5 ) 2 B E
HEFUR Y (diescin)

&3 BHAEA,mp 190 ~ 192 C, Molish
JZ 1% 5 B ML H-NMR, " C-NMR {5 % )9 /& &0 F :'H-
NMR (500 MHz,C,D,N)§:1.76 (3H,d,J =6.2 Hz,
2'-Rha 6"-CH,) ,1.62(3H,d,J =6.2 Hz,4'-Rha 6"-
CH;);1.33(3H,d,J =6.7 Hz,21-CH,),1.06(3H,
$,19-CH,),0.99(3H,d,J =6.5 Hz,27-CH, ) ,0. 82
(3H,s,18-CH, ) ;5.32(1H,br s,6-H) ,4.73(1H,d,
J=7.8 Hz,26-0-Clc 1"-H) ,4.93(1H,d,J =7.7 Hz,

.94 .

3-0-Gle 1(-H),5.83 (1H,br s,4’-Rha 1"-H) ,6. 38
(1H, br s, 2 (-Rha 1"-H)_." C-NMR ( 125 MHz,
C;D,N)8:37.6(C-1),30.2(C-2),78.2(C-3),39.0
(C-4),140.8(C-5),121.8(C-6),32.4(C-7),31.7
(C-8),50.4(C9),37.2(C-10),21.1(C-11),40.0
(C-12),40.8 (C-13),56.6 (C-14),32.5(C-15),
81.1(C-16),63.9(C-17),16.5(C-18),19.4 ( C-
19),40.7(C-20),16.5(C-21),110.7(C22),37.2
(€23),28.3(C24),34.3 (€C-25),75.2(€C26),
17.5(C€27),3-0-Gle:100.3(C-1),77.8(C-2),78.0
(C-3),78.8(C4),76.9(C-5) ,61.4(C-6);2(-Rha:
102.0(C-1),72.5(C-2),72.8(C-3),74.2(C4),
69.5(C-5),18.5(C-6);4'-Rha:102.9(C-1),72.5
(€C2),72.7(C-3),73.9(C4),70.5(C-5),18.6(C-
6);26-0-Gle:104.9(C-1) ,75.2(C-2),78.5 (C-3),
71.8(C-4),78.6(C-5),62.9(C-6), LA I i 1% %4
55 3CHR [ 7 ] 400 1 i — B0, Bk 5 3 S8 N R

k&% 4 BEBAK, Molish Sz i & PHE, ESI-
MS(-) A S T8 Fie.m/z 1 061 [ M -H] ,'H-
NMR,"C-NMR {55 H J& 40 F :"H-NMR (500 MHz,
C,D,N) 8:5.33(1H,brs,6-H) ,4.75(1H,d,J=7.8
Hz,26-O-gle 1"-H), 84.95(1H,d,J =7.7 Hz,3-0-
gle 1'-H) RS {52 ,5.84(1H,br s,4’-Rha 1"-
H),6.38 (IH, br s,2 (-Rha 1"-H), 3.27 (3H, s,
OMe),1.76 (3H,d,J = 6.1 Hz, Rha 6"-CH, ), 1.6l
(3H,d,J =6.1 Hz, Rha 6”-CH,),1.20(3H,d,J =
6.9 Hz,21-CH,) ,81.05(3H,s,19-CH, ) ,51.01(3H,
d,J=6.1Hz,27-CH, ) #1 80. 83 (3H,s,18-CH,) .," C-
NMR (125 MHz,C,D,N)8:37.5(C-1),30.2(C-2),
78.0(C-3),39.0(C4),140.9(C-5),121.8(C-6),
32.3(C-7),31.7(C-8),50.4(C9),37.2(C-10),
21.1(C-11),39.7(C-12),40.8 (C-13),56.6 ( C-
14),32.2(C-15),81.3(C-16) ,64.2(C-17),16.3
(C-18),19.4(C-19),40.5(C-20),16.3 (C-=21),
112.7(€22),30.8(C-23),28.2(C-24),34.3(C-
25),75.2(C26),17.2 (C-27) ;3-0-Gle: 100. 3 ( C-
1),78.8(C-2),76.9(C-3),78.2(C4),77.8(C-5),
61.4(C-6);2'-Rha:102.0(C-1),72.5(C-2),72. 8
(€-3),73.9 (C4),69.5(C-5),18.7(C-6) ;4'-Rha:
102.9(C-1),72.5(C-2),72.9(C-3),74.2(C4),
70.5(C-5),18.5(C-6) ;26-0-Glc:105.0(C-1),75.2
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(€-2),78.6(C-3),71.8(C4),78.5(C-5Y ;62.9(€-
6),47.3(C-OMe) . DL b P53k 8oh5 5wk [6 ] fiRiA
MRS — 30, Stk &9 4 %8y 22-0-11 5k 5 3
B
k&5 [k, mp 268 ~270 T, Molish

SN S BH A, R K fiR AR € 3 R B 2 0 R A 2 B
ESI-MS( + ) 25 HESr T8 T 1%. m/z 885 [ M +
H] "W 739 [M+H-146],593[ M + H - 146
-146]*,431 [M + H - 146 - 146 - 162] " ,'H-
NMR,"C-NMR {5 JH & {1 F :'H-NMR (500 MHz,
C,D,N)8:6.37(1H,br s,1"-H),5.83 (1H,br s,1"-
H),4.93(1H,d,J =6.7Hz,1(-H) ,5.32(1H,br d,
J=4.2Hz,6-H) ,1.77(3H,d,J =6.2 Hz,6"-CH, ),
5:1.63(3H,d,J=6.2 Hz,6"-CH,) ,5:1.15(3H,d,
J=6.9 Hz,21-CH,) ,8:1.06(3H,s,19-CH, ) ,5:0. 85
(3H,s, 18-CH, ) ," C-NMR (125 MHz, C,D,N) §:
37.5(C-1),30.2 (C-2),78.1(C-3),39.0(C4),
140.8(C-5),121.8(C-6),32.3(C-7),31.7(C-8),
50.3(C9),37. 2((:-!0) 21.1(C-11),39.9(C-12),
40.5(C-13),56.7(C /322 (C-15),81.2 (:C-
16),62.9((3-1?),16.3((3—18),19.4 (C-19),42.1
(620), 15:0CC21) , 1007 ¢ 622),51.6 (623) ,
24,1(C-24),39.2(C-25),64.0(C26),64.4 (C-
27),1(-Gle:100.3(C-1),78.7(C-2),76.9(C-3),
77.9(C4),77.8(C-5),61.3(C-6);2'-Rha:102.0
(C1),72.5(C2),72.7(C-3),74.1(C4),69.5(C-
5),18.6 (C-6);4"-Rha: 102.9 (C-1),72.5(C 2),
72.8(C-3),73.9(C4),70.4(C-5),18.4(C-6), L
B 5 SRR [ 8 ) i E 1 B s — B Uk & 5 &E
7 isonarthogenin 3-0-a-L-rhamnopyranosyl ( 1-2 )-0-
[ @-L-rhamnopyranosyl-(1-4) ]-8-D-glucopyranoside .

k&% e6 [t (MeOH), mp 213 ~ 215

°C ,Molish Jiz Jij 5 FH 4 , B2 7K fif 48 )22 B K ) BRL 2% %
285, TR v, (KBr)em™':3 4291 635,1 386,
1 051, ESI-MS(-):m/z 1 013 [M - H] ", ESI-MS
(+):m/z 1037 [M+Nal]*,m/z 415[M + Na -
146 - 146 - 146 - 162]* ,'"H-NMR, " C-NMR {g & 14
J& 1 F :"H-NMR (400 MHz, DMSO-d,)§:0.73 (3H,
d,J=5.5 Hz,27-CH,),0.74 (3H,s, 18-CH, ) ,0.91
(3H,d,J=6.8 Hz,21-CH,) ,0.96 (3H,s,19-CH, ) ,
1.09(3H,d,J =6.2 Hz,Rha-CH,) ,1. 12(6H,d,J =
6.2 Hz,2 x Rha-CH, ) ;4.86 (1H,d,J =4.0 Hz) Al

5.05(3H,m) & 4 MRifN A EF,5.30(1H, m,
6-H) .”C-NMR( 100 MHz,DMSO-d,) 6:36.9(C-1),
29. 2062, 780 CCI ), 311 (C4Y, 140.5(0CH5) ;
12141 C6) ;31.6(C-7) 31,1 (TH) ,49.7(CH) ,
36.5(C-10),20.5(C-11),39.2(C-12),39.9 (C-
13),55.8(C-14),31.6(C-15),80.3(C-16),61.9
(C-17),16.1 (C-18),19.1(C-19),41.2 (C-20),
14, 8(:C21),108.5 (C=22) ,31.1 ((23),28.6(C-
24),29.9(C-25),66.0(C-26),17.2(C-27) ,1-Gle:
98.4(C-1),76.4(C2),77.2(C3),76.3(C4),
76.1(C-5),60.1(C-6);2-Rha:100.2(C-1),72.1
(€-2),71.4(C-3),80.3(C4),66.9(C-5),18.3(C-
6);3-Rha; 101.2 (C-1),70.7(C2),76.2(C-3),
75.4(C4),69.0(C-5),17.2 (C-6);4-Rha:100. 4
(C-1),70.5(C-2),70.8(C-3),75.5(C4) ,68.8(C-
5),17.7(C-6) o LAk i B4l 5 Sk [ 9 ] 40 38 Ho i
— B E Y 6 E N E R IC-3-0- a-L-F 2
Wi(1-3)-a-L-FZEHE (14) -a-L-RZEHE (14) ]-B-D-
4 SEEEMNAKRSTSEYE
KR MTT 35 x4 B A8 09 6 A 5§ (K 1
7 K-562 9 40 M 2 75 P I L. T 96 L 5% 77 Al 1 L
HIA 100 L ZFHEE K 1 x 10" 4~/mL fy K-562 4 i
R, AR ) A L AL PO AAS [ 9 B B R o, R 2 B
FE48 h /N0 W LW, ARG — LN H A
90 wL Hrif R Fe 2 A 10 pL MTT(S g-L7') , F 37 C
BE 4 h, Wk B, A 100 pL DMSO J5,#%¥% 5
min, fiz J& 76 B AR A 00 HY 540 nm fh WL (A) .
FE S 28 BE 43 5124 5,0.5,0.05,0. 005 mg-L ",
ANRBE I 3 AR AL, Dy B BH M X B2 (5-350R W g,
5-FU) #7280 a5 —41. LAV 770 % I8 Ak 39 i 95 44m
JitL R Xt BEZH , A SR 2R
YR AR AN 3 = (1 = Ay /Ay ) X 100%

LERFHAES mg- L7 R E N EMT AL
2 16 Xf K-562 J‘Eﬁ[ﬂﬁ@bﬁ&bikﬁ’ﬂwmﬂ$ﬁm%
89. 1% F1190. 1% , ‘i 7~ W & () VR S0 40 i 75 75 0k, B A
R AT A A (B LAl Ak A 0 7E ) 45 o VK
925 PF T X K-562 9 240 i JLF- 74 b 40 o 5 336 1 -

[ Bigt] o [ B 2 Ak 25 15 26 F 25 5 7 356 o0 1 48 4
VT Al B P A S0 A0 M g 3 e i T b B 25 R R o A A
b HRC T b A 0 1 S S R A 1 O 1 R AL B

-+ 95 .
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[ A e A BB BB FHE 20 A B M 7 B e e 4 R A

WEM A EA4ME  REXE
(1. THRKEPHEHFREI,Td 3 475004;2. F M TR ZAAILFT, FH M 450006)

[RE] B W0 B0 B 8 R A . 775 « P T BHCRE RE R A B o i S o SR IRI%E 8 300 3 T A 6538 O
HELE (GC-MS) %54 B HS MO0k KL A2 A A BT 25 5, 6 MR T B — ok 0 I TR R T 40 & . SR M BEo st
BT A1 AMEA Y, G R 97.03% . B BRI B R YRS EEA K L (12.70% ) a2 B A
(11.36% ) ,5-FE 7 #i% (9. 09% ) B-JZ -4 & WK H5 (6.95% ) .
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