Phytochemistry, Vol. 31, No. 7, pp. 2439-2443, 1992
Printed in Great Britain.

0031-9422/92 $5.00 + 0.00
© 1992 Pergamon Press Ltd

STEROIDAL SAPONINS FROM SMILAX RIPARIA AND S. CHINA

YUTAKA SASHIDA,* SATOSHI KUBO, YOSHIHIRO MIMAKI, TAMOTSU NIKAIDOt and TAICHT OHMOTOt

Tokyo College of Pharmacy, 1432-1, Horinouchi, Hachioji, Tokyo 192-03, Japan; tFaculty of Pharmaceutical Sciences,
Toho University, 2-2-1, Miyama, Funabashi, Chiba 274, Japan

(Received 24 September 1991)

Key Word Index— Smilax riparia; Smilax china; Liliaceae; steroidal saponins; neotigogenin glycosides; isonartho-

genin glycoside; CAMP phosphodiesterase.

Abstract—Two new neotigogenin glycosides were isolated from the rhizomes and roots of Smilax riparia and a new
isonarthogenin glycoside from those of S. china. The structures were elucidated by a combination of spectroscopic
analysis and hydrolysis followed by spectral and chromatographic analysis. Several known saponins were also isolated
and identified. The inhibitory activity of the saponins on cAMP phosphodiesterase was examined.

INTRODUCTION

Smilax plants (Liliaceae), with about 350 species, are
widely distributed in the tropical and temperate zones
throughout the world, and especially in the tropical
regions of East Asia and North America [1]. As a
continuation of our studies on the steroidal saponins of
the Liliaceae plants [2-12], we have investigated those of
the Smilax plants. A survey of the literature showed that
several Smilax species are used in medicine [13, 14), from
which several steroidal saponins have been reported
[15-17]. Smilax riparia and S. china are indigenous to
Japan, and the rhizomes and roots of S. riparia and those
of S. china have been reputed in the traditional Chinese
medicine to be effective as diuretic and anti-inflammatory
agents [13, 14]. This paper reports the structural assign-
ments and inhibitory activity on cyclic adenosine mono-
phosphate (c(AMP) phosphodiesterase of the steroidal
saponins isolated from the plants.

RESULTS AND DISCUSSION

The rhizomes and roots of S. riparia were extracted
with hot methanol. Chromatographic fractionation of the
n-butanol-soluble phase of the methanolic extract gave
compounds 1 and 2.

Compound 1 was obtained as a white amorphous
powder, [a]p —53.4° (EtOH). The molecular formula
C,9Hg,0,, was confirmed by the secondary ion (SI)
mass spectrum (m/z 725 [M + H] ") and elemental anal-
ysis. Compound 1 was predicated to be a glycoside of a
(255)-spirostanol steroid based on the characteristic
absorption bands at 990, 920, 900 and 850 cm ~ !, with the
absorption at 920 cm ™! being of greater intensity than at
900 cm ™! in the IR spectrum [18-20]. The 'H NMR
spectrum exhibited three secondary methyl proton sig-
nals at 61.64 (J=6.2 Hz), 1.15 (J=6.9 Hz) and 1.08 (J
=7.1 Hz), two tertiary methyl proton signals at 60.81 and

*Author to whom correspondence should be addressed.

0.67, and two anomeric proton signals at §5.53 (brs) and
5.00 (d, J=7.6 Hz). The signal at 61.64 was due to 6-
deoxyhexose. The }*C NMR spectrum showed 39 carbon
resonances. The number of the attached hydrogens to
each individual carbon atom was determined by the
DEPT spectrum, which indicated the presence of Me x 35,
CH, x 12, CH x 19 and C x 3. The above data suggested
that 1 was a (25S)-spirostanol disaccharide. Acid hydroly-
sis of 1 with I M hydrochloric acid (dioxane-
H,0, 1:1) gave D-glucose and L-rbamnose as the carbo-
hydrate compounds, and a sapogenin, which was identi-
fied as (25S)-Sa-spirostan-38-ol (neotigogenin) by the IR
and '"H NMR spectra. The assignments of carbon signals
due to the monosaccharides of 1 was carried out by
comparison with the chemical shifts of methyl glycosides
[21], and by considering the glycosylation shift. The
'3C NMR chemical shifts of a terminal a-L-rhamnopyra-
nosyl unit could be attributed. The C-6 signal of the inner
B-D-glucopyranosyl unit was observed at §68.6, indicat-
ing the involvement in glycosidic linkage formation.
Thus, the structure of 1 was determined to
be neotigogenin 3-0-a-L-thamnopyranosyl{1—6)-5-D-
glucopyranoside.

Compound 2, [a], — 53.7° (MeOH), was a more polar
constituent than 1. The SI mass spectrum showed a
quasimolecular ion peak at m/z 887 [M +H]", shifted
162 mass unit with respect to 1. On comparison of the
whole '3C NMR spectrum of 2 with that of 1, a set of
additional signals, corresponding to a terminal f-D-
glucopyranosyl unit appeared, and the signals due to the
inner glucose moiety varied, while all other signals re-
mained almost unaffected, confirming the identity of the
aglycone of 2 as neotigogenin. It was observed that the
signal of the C-4 of the inner glucose was markedly
displaced downfield at 682.5 as compared with that of 1,
suggesting that the C-4 position of the glucose was the
glycosylated position to which the additional D-glucose
was linked. Compound 2 was treated with 0.2 M hydro-
chloric acid to yield 1 as one of the hydrolysates. Thus, the
structure of 2 was established as neotigogenin 3-O-f-D-
glucopyranosyl{1 —4)-O-[«-L-thamnopyranosyl<1—+6)]-
B-D-glucopyranoside.
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The rhizomes and roots of S. china were extracted with
methanol. The n-butanol-soluble phase on the repeated
chromatographic separations gave 3-6. Compound 4
was also isolated from the residual water phase.

Compounds 3, C5,Hg,0,,, [2]p —72.0° (MeOH), 4,
Cs,Hge 0,5, [2], —86.0° (MeOH) and 5, C,sH,,0,,,
[2]p —110.0° (MeOH} were identified as 26-0-8-D-
glucopyranosyl-(25 R)-furosa-5,20-dien-38,26-diol 3-O-a-
L-rhamnopyranosyl-(1—2)-O-[x-L-rhamnopyranosyl-
(1->4)]-p-D-glucopyranoside (pseudoprotodioscin) 22,
23], 26-0-f-D-glucopyranosyl-22-0-methyl-(25R)-furo-
sa-5-en-3f3,22,26-triol 3-O-a-L-rhamnopyranosyl-(1 —2)-
O-[x-L-thamnopyranosyl-(1 —4)]-p-D-glucopyranoside
(methylprotodioscin) [24- 26] and (25R)-spirost-5-
en-3f-ol 3-0-x-L-rhamnopyranosyl-(1 —2)-O-[x-L-rham-
nopyranosyl-(1-4)]-8-b-glucopyranoside (dioscin) [24,
25], respectively.

Compound 6 is a minor constituent, [x]p, —76.0°
(MeOH). The SI mass spectrum showed quasimolecular
ion peaks at m/z 908 [M +Na+H]* and 885 [M +H]",
consistent with the molecular formula, C,;H,,0,,. The
spectral features of 6 were similar to those of 5. The 'H
and !3C NMR spectra of 6 indicated that the C-27 which
was present as a methyl in § was modified as hydroxy-
methy! in 6. Acid hydrolysis of 6 as for 1 gave D-glucose,
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L-rhamnose and (25S)-spirost-5-en-38,27-diol (isonar-
thogenin) [27, 28]. Thus, the structure of 6 was charac-
terized as isonarthogenin 3-O-x-L-rhamnopyranosyl-
(1-2)-0-[«-1.-rhamnopyranosyl-(1 —»4)]--D-glucopyra-
noside. Compounds 1, 2 and 6 are new steroidal saponins.

The inhibitory activity of the saponins on cAMP
phosphodiesterase was examined [29, 30]. The ICj,
inhibitory concentrations are shown in Table 2. Com-
pound 3 had almost equal inhibitory activity to that of
papaverine (IC4, 3.0 x 10”5 M)

EXPERIMENTAL

General. '"HNMR (400 MHz) and '3CNMR (100.6 MHz):
TMS as int. standard. CC: silica gel (Fuji Davison), ODS
(Nacalai Tesque), Sephadex LH-20 (Pharmacia) and Diaion HP-
20 (Mitsubishi-kasei). TLC: precoatd Kieselgel 60 F ;5. (0.25 mm
thick, Merck) and RP-18 F,4, S (Merck). HPLC: Tosoh HPLC
system (Tosoh: pump, Tosoh CCPM; detector, Tosoh RI-8010;
controller, CCP controller PX-8010) equipped with a Kaseisorb
LC ODS-120-5 column (Tokyo-kasei, 4.61.d. x 250 mm or 10i.d.
x 250 mm, ODS S uym).

Plant materials. The rhizomes and roots of S. riparia were
collected at Minamitsuru, Yamanashi prefecture, Japan and



Steroidal saponins from Smilax riparia and S. china

2441

HO

HO

HO

HO
o
o ) 2
HO [o R
Me o) "
HO.
HO Me o 1
OH HO
HO
OH
HO
o
0 4 z
HO S—
Me o 1"
HO
HO Mo 0 1
OH HO
HO
OH

those of S. china at Kakegawa, Shizuoka prefecture, Japan.
Voucher specimens are on file at our laboratory.

Extraction and isolation. The dried rhizomes and roots of §.
riparia (1.8 kg) were extracted with MeOH under reftux. The
MeOH extract was concd. under red. pres. and partitioned
between n-BuOH and H,O. The n-BuOH extract was chromato-
graphed on silica gel with a gradient mixt. of CHCl;-MeOH to
give seven fractions. Frs. 5, 6 and 7 were combined and chro-
matographed on Diaion HP-20 with an increasing amount of
MeOH in H,0. The 80% MeOH and MeOH cluate frs were
combined and subjected to Sephadex LH-20 CC with MeOH
and ODS CC with MeOH-H,0 (3:1) to provide 1 and 2 with a
few impurities, which were further purified by HPLC with
MeOH-H,0 (3:1) to furnish 1 (50.8 mg) and 2 (11.0 mg).

The dried rhizomes and roots of S. china (2.6 kg) were treated
as in the case of those of S. riparia. The n-BuOH-sol. phase was
chromatographed on silica gel with a gradient mixt. of
CHCl,~-M¢OH to give seven fractions. Fr. 4 was separated by
Diaion HP-20 CC with H,O-MeOH system and Sephadex LH-
20 CC with MeOH into 3 (97.2 mg). Frs 5 and 6 were combined
and separated by Diaion HP-20 CC with H,O-MeOH system
and HPLC with MeOH-H,0 (3:1) into products 5 (35.7 mg)

and 6 (5.8 mg). Fr. 7 was chromatographed on Diaion HP-20
with H,0O~MeOH system and on Sephadex LH-20 with MeOH,
and finally purified by HPLC with MeOH-H,0 (2:1) to yield 4
(1.00 g). Compound 4 (660 mg) was also isolated from the H,O-
sol. phase after the similar chromatographic separations as for
the n-BuOH-sol. phase.

Compound 1. Amorphous powder, [a]3* —53.4° (EtOH;
¢0.16). (Found: C, 63.79; H, 8.73. Caic. for C33H,0O,, 1/2H,0:
C, 63.82; H, 8.93%.) SI MS m/z 725 [M+H]*; IR vK¥ cm~":
3450 (OH), 2950 (CH), 1470, 1455, 1385, 1340, 1275, 1265, 1220,
1155, 1135, 1100, 1060, 1045, 990, 975, 920, 900, 850, 840, 810,
((25S)-spiroacetal, intensity 920>900x 'H NMR (pyridine-d,):
85.53 (1H, br s, H-1"), 5.00 (1H, d, J = 7.6 Hz, H-1), 1.64 (3H, d,
J=6.2Hz, H-6"), 1.15 (3H, d, J=6.9 Hz, H-21), 1.08 (3H, d,
J=17.1 Hz, H-27), 0.81 (3H, s, H-19), 0.67 (3H, s, H-18).

Acid hydrolysis of 1. Compound 1 (20.0 mg) was hydrolysed
with 1 M HCl in dioxane-H,O (1:1) on a boiling water bath for
1.5 hr under an N, atmosphere. The reaction mixt. was neutral-
ized by passing through an Amberlite IRA-93ZU (OH ™ form)
column and the crude product was chromatographed on silica
gel with gradients of MeOH in CHCI, [initial solvent,
CHCIl;-MeOH (6:1)] and on ODS with MeOH-H,0 (19:1) to
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Table 1. '3C NMR spectral data for com-
pounds 1, 2 and 6

C 1 2 6
1 37.2 37.2 375
2 30.1 30.1 30.2
3 77.7 77.8 78.2
4 350 350 39.0
5 44.6 44.6 140.9
6 290 29.0 121.8
7 324> 324* 324>
8 353 353 31.7
9 544 544 50.4
10 35.9 35.8 37.2
11 21.3 213 21.2
12 40.2 40.2 399
13 40.8 40.8 40.5
14 56.4 56.4 56.7
1S 321 32.1* 32.3*
16 81.2 81.2 81.2
17 629 62.9 63.0
18 16.6 16.6 16.4
19 123 12.3 19.4
20 42.5 425 42.1
21 14.9 14.9 15.1
22 109.7 109.7 109.7
23 26.2t 26.2t 31.6
24 2641 26.4t 24.1
25 27.6 27.6 393
26 65.1 65.1 64.1%
27 16.3 16.3 64.5t
I 102.4 102.1 100.4
2 75.3 75.2% 78.8
¥ 78.7 76.8 769
4 72.1 82.5 78.0%
5 77.1 74.8 779%
6 68.6 67.8 61.4
1 102.7 105.3 102.0
2" 724 75.0% 72.5§
3" 728 78.5§ 72.8]
4" 74.1 718 74.2
5" 69.8 78.4§ 69.5
6" 18.7 62.7 18.7
1" 102.6 103.0
2 724 72.6§
3 72.8 7291
4 74.1 74.0
5" 69.8 70.5
6" 18.7 18.5

Spectra were measured in pyridine-d;.
*11§/| Assignments may be interchanged.

yield D-glucose (1.0 mg), L-thamnose (1.1 mg) and neotigogenin
(3.2 mg). p-Glucose: [«]3¢ +55.0°(H,0; ¢ 0.04); TLC. R, 0.40 (n-
BuOH-Me,CO-H,0, 4:5:1). L-Rhamnose: [«]2® +11.3°
(H,0; ¢ 0.04); TLC, R, 0.65 (n-BuOH-Me,CO-H,0, 4:5:1).
Neotigogenin: [«]3¢ —62.3°(CHCly; ¢ 0.13). IR vE)™ cm ™ !: 3382
(OR), 2927 and 2847 (CH), 1470, 1450, 1378, 1350, 1340, 1303,
1261. 1224, 1174, 1131, 1094, 1051, 1010, 988, 955, 921, 897, 852,
801, 755, [(25S)-spiroketal, intensity 921 > 897]; 'H NMR (pyri-
dine-ds): 64.53 (1H, g-hke, J=6.7 Hz, H-16), 407 (1H, dd.
J =110, 2.7 Hz, H-26a), 3.86 (1H, m, H-3), 3.37 (IH, br d,
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Table 2. Inhibitory activity on
cAMP phosphodiesterase of com-
pounds 1-6

Compounds IC (x10 *M)

10.2
55
4.7

29.4

333
9.3

N E W -

J=11.0 Hz, H-26b), 1.16 (3H, d, J = 6.9 Hz, H-21), 1.08 (3H, d.
J=7.1 Hz, H-27), 0.85 (3H, s, H-19), 0.82 (3H, s, H-18).

Compound 2. Amorphous powder, [x]2* —53.7° (MeOH;
¢0.16).(Found: C, 58.83: H. 8.52. Calc for C4sH,,0,,°2H,0:C,
58.55; H, 8.52%.) SI MS m;z 887 {M + H] ", IR vXBr cm ~!: 3440
(OH). 2950 (CH), 1455, 1380. 1340, 1265, 1230, 1220, 1045, 990,
955, 925, 900, 855, 840, 810, 760 (255)-spiroacetal, intensity
925>900); 'H NMR (pyridine-ds): $5.64 (1H, br s, H-1""), 5.03
(1H.d, J=7.7Hz H-1"),496 (1H.d. J=7.7 Hz, H-1'), 3.96 (1H,
m, H-3), 1.65(3H,d, J=6.2 Hz. H-6"). 1.15(3H. d, J = 6.8 Hz, H-
21). 1.08 (3H, d. J=7.0 Hz, H-27). 0.81 (3H, 5. H-19), 0.66 (3H, s.
H-18).

Partial hydrolysis of 2. Compound 2 (2.1 mg) was treated with
0.2 M HCl (dioxane - H,O, 1:1) for 30 mun at 100°. The reaction
mixt. was neutralized with 1 M NaOH and passed through a
Sep-Pak C,, cartridge (Waters) successively with H,O0-MeOH
(4:1) and H,0-MeOH (1:9). Compound 1 was detected in the
H,0-MeOH (1:9) eluate by HPLC. HPLC: R, 16.5 min (col-
umn: Kaseisorb L.C ODS-120-5, 4.6 1.d. x 250 mm, ODS 5 um;
solvent: MeOH-H,0 (19: 1); flow rate: 0.40 ml min "~ !; detection:
RI).

Compound 6. Amorphous powder, [2]3° ~76.0° (MeOH;
¢0.08). SI MS m/z 908’ (M +Na+H]*, 885 [M+H]*; IR viIm
cm ™ !: 3400 (OH), 2923 and 2857 (CH), 1458, 1250, 1094, 1055,
985, 840; 'H NMR (pyridine-d,): §6.38 (1H, br s, H-1"), 5.84 (1H,
br s, H-1""). 533 (1H. br d, J=44 Hz, H-6), 494 (IH, 4, J
=74 Hz H-1'), 1.77 (1H, 4. J=6.2 Hz, H-6"), 1.63 (3H, d, J
=62 Hz,H-6""), 1.16 (3H, d. J =6.9 Hz, H-21), 1.06 (3H, 5, H-19),
0.85 (3H, s, H-18).

Acid hydrolysis of 6. Compound 6 (2.4 mg) was subjected to
acid hydrolysis as for 1. b-Glucose. L-rhamnose and isonartho-
genin were detected in the reaction mixture by TLC. Isonartho-
genin: TLC, R, 0.50 (CHCl;-MeOH, 15:1); R, 0.40 (CHCI;-
Me,CO, 4:1).

Assay of cAMP phosphodiesterase. cAMP phosphodiesterase
activity was assayed by the method as described in the previous
paper [29].
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