Pergam()n 0031—9422(95)00423—8 Phytochemsiry. Vol. 40. No. 4. pp. 1071 1076, 1995
Copyright ¢ 1995 Elsevier Science Ltd
Printed in Great Britain. All rights reserved

0031 942295 $9.50 + 0.00

STEROIDAL SAPONINS FROM ALLIUM CHINENSE AND THEIR
INHIBITORY ACTIVITIES ON CYCLIC AMP PHOSPHODIESTERASE
AND Na /K" ATPase

MINPEI KURODA. YOSHIHIRO MIMAKIL* AIKO KAMEYAMA. YUTAKA SASHIDA* and TaMOTsU NIKAIDOt

School of Pharmacy. Tokyo University of Pharmacy and Life Science. 1432-1. Horinouchi. Hachioji. Tokvo 192-03, Japan;
*School of Pharmaceutical Sciences. Toho University. 2-2-1. Mivama. Funabashi. Chiba 274. Japan

(Recetred 3 April 1995)

Key Words Index  4/lium chinense. Liliaceae: sterowdal saponins: cyclic AMP phosphodiesterase
inhibition: Na™ K~ ATPase inhibition.

Abstract— The saponin fraction prepared from the methanolic extract of Allium chinense bulbs exhibited inhibitory
activities on cyclic AMP phosphodiesterase ((AMP PDE) (43.5%) and Na'/K~ ATPase (59.3%) at a sample
concentration of 100 ugml . respectively. Attempted purification of the active fraction through column chromatog-
raphy on silica gel and ODS silica gel resulted in the isolation of six steroidal saponins, one of which appeared to be
a new compound and one to be the first isolation from a natural source. (25R,S)-5x-Spirostan-38-ol tetrasaccharide
showed inhibitory activities on both cAMP PDE and Na~ K = ATPase, while (25R)-3f-hydroxy-5x-spirostan-6-one

di- and tri-saccharides inhibited only cAMP PDE.

INTRODLU CTION

The bulbs of Allium chinense are reputed to be effective as
a heart failure cure in Chinese medicine and are included
in some traditional Chinese preparations [1]. To identi-
fy the active constituents contained in the crude drug,
we have carried out a phytochemical investigation of
A. chinense bulbs by monitoring the inhibitory activities
on cyclic AMP phosphodiesterase (c(AMP PDE) [2-4]
and Na*/K* ATPase. This has resulted in the isolation
of six steroidal saponins (1--6). one of which appeared to
be a new compound (2} and one to be the first isolation
from a natural source (6). This paper reports the identi-
fication and structural assignments of the isclated
saponins and their inhibitory activities on cAMP PDE
and Na" /K~ ATPase.

RESULTS AND DISCUSSION

Dried bulbs of 4. chinense (3.0 kg) were refluxed with
methanol and the solvent was removed under reduced
pressure to give a crude extract (60 g). This extract
showed 47.9% inhibition on ¢cAMP PDE and 2.2%
on Na /K"ATPase at a sample concentration of
100 pg ml~ . Fractionation of the extract was performed
by Diaion HP-20 column chromatography. eluting with
water-methanol (7:3: 1:1: 3:7), methanol-ethanol (1:1),
and finally with ethyl acetate. The methanol—ethanol

*Authors to whom correspondence should be addressed.

(1:1) eluate fraction (2.45 g) inhibited both cAMP PDE
(43.5%) and Na~ /K * ATPase (59.3%) at 100 ugml ™!
(Table 1), and was subjected to silica gel and octadecyl-
silanized (ODS) silica gel column chromatography to
give compounds 1-6.

The '"HNMR spectrum of 1 (C;3Hq,O,;) showed
typical signals of steroid methyl groups. Two appeared as
singlets at 00.78 and 0.65: the other two as doublets at
S1.15(J = 6.9 Hz) and 0.70 (J = 5.7 Hz). The '*C NMR
spectrum exhibited signals for a carbonyl carbon at
4209.1, two anomeric carbons at 4105.5 and 102.1 and
a ketal carbon at 6109.2 (Table 2). These spectral data
and direct TLC comparison with an authentic sample
allowed the identification of 1 as (25R)-3f-hydroxy-5a-
spirostan-6-one (laxogenin) 3-0-{0-x-L-arabinopyra-
nosyl-{1 — 6)-f-D-glucopyranoside}. This compound has
been already wsolated by us from Smilax sieboldii [S].

Compound 2 (C,oHq,0,4) was obtained as an
amorphous solid, [2]p —36.0° (methanol). The spectral
features of 2 were quite similar to those of 1. The presence
of an acety] group in the molecule was shown by the IR
(Vmax 1725cm 1), '"HNMR (62.12, 3H, s) and '3C NMR
10170.1 and 21.2) spectra. When 2 was treated with 4%
potassium hydroxide in ethanol. it was hydrolysed to
vield 1. Therefore. compound 2 must be monoacetate of
1. In the "*C NMR spectrum of 2, the signal due to the
arabinose (-2 carbon was shifted to lower field by
|.4 ppm. whereas the signals due to C-1 and C-3 to upper
fields by 3.4 and 2.4 ppm, respectively, as compared with
those of 1. Furthermore, the downfield-shifted 'H signal
at 9588 «dd. J =79, 6.7 Hz) was assigned to the ara-
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Table 1. Inhibitory activities on cAMP PDE and Na'/K*

ATPase of the MeOH extract of A. chinense bulbs and the

fractions obtained by dividing the extract through a Diaion
HP-20 column

Inhibition (%)

cAMP PDE Na®/K* ATPase
MeOH extract 479 22
30% MeOH eluate fr. 26.6 1.7
50% MeOH eluate fr. 29.4 46
70% MeOH eluate fr. 66.2 8.0
MeOH-EtOH eluate fr. 435 59.3
EtOAc eluate fr. 231 28.7

Data are mean values of duplicate or triplicate experiments,
and are expressed as percentage of inibition at a sample concen-
tration of 100 pgml ™"

binose 2-H proton. Thus, the acetyl moiety was shown to
be linked to the arabinose C-2 hydroxyl position, and the
structure of 2 was determined to be laxogenin 3-0-{0-
(2-0-acetyl-a-L-arabinopyranosyl)-(1 — 6)-$-D-gluco-
pyranoside}.
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On comparison of the spectrum of
3 (C43Hgs0,4) with that of 1, five additional signals
corresponding to a terminal f-D-xylopyranosyl unit ap-
peared and the signal due to C-4 of the inner glucose was
shifted downfield by 7.9 ppm. Therefore, the structure of
3 was identified as laxogenin 3-0-{O-f-D-xylopyranosyl-
(1 > 4)-0-[x-L-arabinopyranosyl-(1 - 6)}-8-D-
glucopyranoside} [6].

Compounds 4 (Cs;Hg4O,3) and 5 (Cs1HgsO54) were
identified by their IR, 'H and '*CNMR spectra as
(25R, S)-5a-spirostan-38-ol 3-0-{0-f-D-glucopyranosyl-
(1 - 2)-0-[ p-p-glucopyranosyl-(1 — 3)]-0-B-D-glucopy-
ranosyl-(1 — 4)-B-D-galactopyranoside} and (25R,S)-5a-
spirostane-22,38-diol  3-0-{0-p-D-glucopyranosyl-(1 —
2)-0-[f-D-glucopyranosyl-(1 — 3)]-0-f-D-glucopyran-
osyl-(1 — 4)-p-D-galactopyranoside} [7-10], respectively.

Compound 6 (C4sH,40,,) was immediately indicated
to have the same aglycone as 5 by the 'H and'>*CNMR
spectra. Acid hydrolysis of 6 gave a mixture of (25R)-5a-
spirostane-2¢,3p-diol (gitogenin) and its C-25 isomer,
and D-glucose and D-galactose in a ratio of 2: 1. Lack of
the terminal f-D-glucose moiety attached to C-3 of the
inner D-glucose, as compared with 5, was the only differ-
ence recognized in the spectral data for 6. The structure
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Table 2. '*C NMR spectral data for compounds 1-6*

5

C 1 2 3 25R (258) 25R (258) 25R (259)

| 36.8 RIR 36.7 372 456 45.6

2 29.6 29.8 294 299 70.4 70.5

3 76.8 76.8 770 774 84.1 84.7

4 27. 27.0 269 349 341 341

S 56.4 56.4 564 447 44.6 44.7

6 209.1 209.6 209.6 289 28.1 28.1

7 46.7 46.7 36.7 24 321 321

8 373 374 373 353 34.6 34.6

9 536 37 537 544 543 54.4

10 40.8 409 0.8 358 36.8 36.9

11 215 215 2L 213 214 21.4

12 39.6 396 9.6 40.2 40.0 40.0

13 41.1 411 410 40.% 40.7 40.7

14 56.4 56.4 56.4 56.5 56.3 56.3

15 318 R 1.7 321 322 322

16 80.8 X0.8 80.8 81.1 (81.2) 81.1 (81.2) 81.1 (81.2)

7 62.% 628 628 63.1 63.0 (62.8) 63.0 (62.8)
18 16.4 16.4 16.4 16.6 16.6 16.6

19 131 131 13.0 12.3 13.4 134
20 420 419 41.9 119 42.5) 42.0 (42.5) 420 (42.4)
21 15.0 14.9 14.9 15.0 (149) 150 (14.8) 15.0 (14.8)
22 109.2 109.2 109.2 109.2 (109.7) 109.2 (109.7) 109.2 (109.7)
23 3.8 37 317 319 26201 318 (26.2)t 31.8 (26.2)F
24 292 292 29.2 203 264t 293 (26.4)1 29.2 (26.4)t
25 30.6 30.6 0.3 30.6 (27.6) 30.6 (27.5) 30.6 (27.5)
26 66.9 66.9 66.9 66.9 (65.1) 66.9 {65.1) 66.8 (65.1)
27 17.3 173 17.3 17.3 (16.3) 17.3 (16.3) 17.3 (16.3)

I 102.1 102.1 102.0 102.5 103.2 105.1

2 75.2 75.2 749t 732 725 727

¥ 78.5 8.5 78.4 75.6 75.7 75.5

4 719 721 79.8 80.2 79.7 80.9

§ 77.0 769 748t 76.1 76.0 75.5

6 69.7 69.7 68.1 60.6 60.6 60.4

1" 105.1 105.1% 104.8% 103.4

2" 74.8% 81.5 81.3 85.9

3 76.3 88.6 88.6 77.7

47 71.0 70.9§ 70.7 70.5

5 67.3 77.6 77.5 79.0

6" 624 62.6 61.8

1" 105.5 102.1 105.6 104.9% 104.6% 106.8

R 723 73.7 728 752 75.3 76.6

3 74.5 721 74.5 78.7 78.6 78.5%

4" 69.1 69.0 69.8 TLOS 713 7.7

5" 66.5 66.1 67.3 779 78.2 78.3%

6" 63.1 63.0 63.2

[ 104.6 104.5

2 75.3 755

3 8.7 78.6

4" 1.6 71.6

57" 8.7 78.4

6" 62.4 62.3

Ac 170.1

212

*Spectra were measured in pyridine-ds.
+1§Assignments may be interchanged.
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of 6 was identified as (25R,S)-5x-spirostane-2x.3f-diol
3-0-{0-B-D-glucopyranosyl-(1 — 2)-0--D-glucopyra-
nosyl-(1 — 4)-8-D-galactopyranoside} [9, 10].

Compound 2 is a new steroidal saponin. Compound
6 has been already reported as the corresponding sprio-
stanol saponin of a new furostanol saponin from Capsi-
cum annuum [9] and a partial hydrolysate of a sprio-
stanol saponin from Tribulus cistoides [10]. However,
this is the first isolation of 6 from a natural source.

The inhibitory activities of the isolated saponins on
¢cAMP PDE and Na“/K* ATPase are listed in Tables
3 and 4. The laxogenin glycosides (1-3) exhibited con-
siderable inhibitory activity on cAMP PDE, among
which 2, embracing an acetyl group at the saccharide
moiety, was the most potent inhibitor, showing an I1C,
value of 3.3x107°M. This is almost as potent as
papaverine, used as a positive control. Compounds 1-3,
however, showed no inhibitory activity on Na /K~ ATP-
ase. Compound 4, (25R.S)-5x-spirostan-3f8-ol tetrasac-
charide, inhibited both cAMP PDE and Na"/K* ATP-
ase. Analysis of the constituents with cAMP PDE in
hibitory activity in the 70% methanol eluate fraction,
and evaluation for the cardeotonic effect of the isolated
saponins, are in progress.

EXPERIMENTAL

General. NMR: Bruker AM-400 (ppm. J Hz). CC:
silica gel (Fuji-Silysia Chemical), ODS silica gel (Nacalai
Tesque) and Diaion HP-20 (Mitsubishi-Kasei): TLC:
precoated Kieselgel 60 F,s, (0.25 mm thick, Merck) and
RP-18 F,5,S (0.25 mm thick. Merck), HPLC: Tosoh
HPLC system (pump., CCPM; controller, CCP controller
PX-8010; detector, UV-8000) equipped with a TSK-gel
ODS-Prep column (Tosoh, 250x4.6 mm id., ODS,
S pm).

Chemicals. Beef heart PDE, snake venom nuc-
leotidase, cCAMP PDE and ouabain sensitive dog kidney
Na*/K* ATPase: Sigma. [*H] cAMP: Radiochemical
Center. All other chemicals used were of biochemical-
reagent grade.

Plant materials. Dried bulbs of A. chinense were pur-
chased from Uchida-Wakanyaku (Japan).

Extraction and isolation. Dried bulbs of A. chinense
(3.0 kg) were extracted with hot MeOH. The MeOH
extract (60 g), after removal of the solvent under red.
press., was partitioned by passing it through Diaion
HP-20 CC, eluting with H,O-MeOH gradients (7:3;1:1;
3:7), MeOH-EtOH (1:1) and finally with EtOAc. The
MeOH-EtOH (1:1) eluate fr. (2.45 g) was divided into
six frs (I-VI) by silica gel CC, eluting with
CHCl;-MeOH-H,0 (40:10:1;20:10:1) and finally with
MeOH. Fr. | was chromatographed on silica gel using
CHCl1;-MeOH-H,0 (60:10: 1) as solvent system to give
2 (33.6 mg). Frs Il and IIl were chromatographed on
silica gel using CHC1;-MeOH-H,0 (50:10:1) and ODS
silica gel using MeOH-H,0 (4: 1) to give 1 (52.3 mg) and
3 (131 mg), respectively. Frs IV and V were chromato-
graphed on silica gel using CHCl;-MeOH-H,0
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Table. 3. Inhibitory activity on cAMP
PDE of the isolated saponins

Compounds ICso( x 1073 M)
1 11.2
2 33
3 12.3
4 70
s 36.9
6 421
Papaverine 3.0

Table. 4. Inhibitory activity on Na™/K™
ATPase of the isolated saponins

Compounds ICso(x 107> M)
l %

2 _

3 _

4 4.0

5 _

6 -
Quabain 0.1

* <10x107*M.

(70:10:1; 60:10:1; 40:10:1; 30:10: 1) to give 6 (36.6 mg)
and 4 (44.8 mg), respectively. The most polar fr. VI was
subjected to silica gel CC eluting with
CHCI;-MeOH-H,0 (20:10:1) and ODS silica gel CC
with MeOH-H,0 (9:1; 7:3) to give § (26.3 mg).

Compound 1. Amorphous solid, [«]3° —98.7° (MeOH:
¢ 0.25). SIMS m/z 747 [M + Na]™; IR vhircm™!: 3425
(OH), 1705 (C =0O). '"HNMR (pyridine-ds): 64.98 (1H,
dd, J = 6.6 Hz, 1""-H), 4.94 (overlapping with H,O sig-
nals, 1'-H), 1.15 (3H, d, J = 6.9 Hz, 21-Me), 0.78 (3H, s,
18-Me), 0.70 (3H, d, J = 5.7 Hz, 27-Me), 0.65 (3H, s,
19-Me).

Compound 2. Amorphous solid, [«]3° —62.9° (MeOH;
¢ 0.10). Anal. calcd. for C4oHg,0,4: C, 62.63; H, 8.15%.
Found: C, 62.79; H, 8.67%. Negative-ion FABMS m/z
765 [M — H]™, 723 [M — acetyl] . IR vKBr cm ™ ': 3380
(OH), 2920 and 2850 (CH), 1725 and 1705 (C =0O), 1455,
1375, 1235, 1170, 1045, 1010, 980, 960, 915, 895, 865, 770
(intensity 915 <895, 25R-spiroacetal). 'HNMR (py-
ridine-ds): §5.88 (1H, dd, J = 7.9, 6.7 Hz, 2""-H), 5.00 (1H,
d.J = 6.7Hz, 1"-H), 498 (1H, 4, J = 8.5 Hz, I'-H), 4.54
(1H, g-like, J = 6.7 Hz, 16-H), 3.59 (1H, dd, J = 10.6,
3.4 Hz, 26a-H), 3.49 (1H, dd, J = 10.6, 10.6 Hz, 26b-H),
2.12(3H, s, Ac), 1.15(3H, 4, J = 6.9 Hz, 21-Me), 0.79 (3H,
s, 18-Me), 0.70 (3H, d, J = 5.5 Hz, 27-Me), 0.68 (3H, s,
19-Me).

Alkaline hydrolysis of 2. Compound 2 (2mg) was
treated with 4% KOH (2 ml) for 2 hr at room temp., and
the reaction mixt. was passed through an Amberlite IR-
120B (Organo) column to yield 1 (1.2 mg).
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Compound 3. Amorphous solid, [2]3" —71.0
(MeOH: ¢ 0.12). Negative-ton FABMS m/z 856 [M] ;IR
vEBrem 1 3390 (OH), 1705 (C =0). 'HNMR (py-
ridine-ds): §5.46 (1H, d. J = 7.8 Hz, 1"-H), 5.06 (1H, d.
J =74Hz, 1”-H), 494 (1H, d, J = 7.8 Hz, 1"-H), 1.15
(3H, d, J = 6.8 Hz, 21-Me), 0.79 (3H, s, 18-Me), 0.70 (3H.
d, J = 5.7 Hz, 27-Me), 0.64 (3H, s. 19-Me).

Compound 4. Amorphous solid, [«]3® —350.0 (py-
ridine: ¢ 0.10). Negative-ion FABMS m/z 1063
[M—H]". IR vKBrem ™' 3410 (OH). '"HNMR (py-
ridine-ds): 6 5.58 (1H, d, J = 7.6 Hz, 1""-H), 5.30 (1H. 4.
J =79Hz, 1"-H). 5.14 (1H, 4, J = 7.9 Hz, 1"-H), 4.88
(1H.d,J = 7.5 Hz, I"-H). 1.15 (3H. d. J = 6.9 Hz, 21-Me).
1.08 (d, J = 7.3 Hz, 27-Me of 255-isomer), 0.83 (s, 18-Me
of 25R-isomer), 0.82 (s, 18-Me of 25S-isomer), 0.70 (d.
J = 5.0 Hz, 27-Me of 25R-isomer), 0.65 (3H. s, 19-Me).

Compound 5. Amorphous solid. [a]3® —42.0° (py-
ridine: ¢ 0.10). Negative-ion FABMS m/z 1079
[M—H]". IR vKBrcm™': 3400 (OH). "HNMR (py-
ridine-ds). 65.59 (1H, d, J = 8.0 Hz, 1"-H), 5.30 {1H. 4.
J=177Hz, 1"-H). 517 (1H. d. J = 7.7 Hz, 1"-H), 4.92
(1H.d,J = 7.7 Hz, I"-H), L.13 (3H. d. J = 6.9 Hz, 21-Me).
1.08 (d, J = 7.0 Hz, 27-Me of 25S-1somer), 0.81 (s, 18-Me
of 25R-isomer), 0.80 (s. 18-Me of 25S-1somer), 0.71 (3H. s.
19-Me), 0.70 (d, J = 5.1 Hz, 27-Me of 25R-1somer).

Compound 6. Amorphous solid. [«]3* —520 (py-
ridine: ¢ 0.10). Anal. caled. for C4sH-,0,43/2H,0: C.
57.11; H, 8.21%. Found: C., 57.29: H, 8.10%. Negative-
ion FABMS m/z 917 [M — H] . IR v&8rem™": 3400
(OH), 2930 (CH), 1450, 1375, 1255, 1240, 1170, 1065, 985.
920, 895, 870, 850, 700. 'H NMR (pyridine-ds): 65.27 (1 H.
d,J =75Hz 1"-H). 5.14 (1H, d, J = 7.8 Hz, 1""-H), 4.93
(1H, d, J = 7.8 Hz, I’-H). .14 (d, J = 6.9 Hz, 21-Me of
25S-isomer), 1.13 (d. J = 7.0 Hz, 21-Me of 25R-isomer).
1.08 (d, J = 7.1 Hz, 27-Me of 25S-isomer), 0.81 (s, 18-Me
of 25R-1somer), 0.80 (s, 18-Me of 255-isomer), 0.72 (3H. s.
19-Me), 0.70 (d, J = 5.7 Hz, 27-Me of 25R-isomer).

Acid hydrolysis of 6. A soln of 6 (Smg) in | M HCI
(dioxane-H,0, 1 : 1, 4 ml) was heated at 100" for 2 hr
under an Ar atmosphere. After cooling, the reaction mixt.
was neutralized by passing it through an Amberlite IRA-
93ZU (Organo) column, and fractionated by Sep-Pak
C,g cartridge (Waters), eluting with H,O (20 ml) fol-
lowed by MeOH (20 ml) to give the sugar fr. (1.9 mg) and
the sapogenin fr. From the sapogenin fr. a mixt. of
(25R)-Sa-spirostane-2a,3f-diol (gitogenin) and its C-25
isomer (1.7 mg) was obtained. The sugar fr. (1.5 mg) was
diluted with H,O (1 ml) and treated with { —)-x-methyl
benzylamine (5mg) and Na(BH;CN) (8 mg) in EtOH
(1 ml) at 40° for 4 hr, followed by acetylation with Ac,0
(0.3ml) in pyridine (0.3 ml). The reaction mixt. was
passed through a Sep-Pak C,g cartridge with
H,0-MeCN (4:1, 10 ml) and then MeCN (10 ml). The
MeCN eluate fr. was further passed through a TOY-
OPAK IC-SP M cartridge (Tosoh) with EtOH (10 ml) to
give a mixt. of 1-[(S)-N-acetyl-a-methylbenzylamino]-1-
deoxyalditol acetate derivatives of the monosaccharides.
which were then analysed by HPLC [11, 12]. Derivatives
of D-glucose and D-galactose were detected tn a ratio of
2:1.
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Assay of cAMP PDE activity. The PDE activity was
assayed by the modified method described previously
[13, 14]. The assay was a two-step isotopic procedure.
Tritium-labelled cAMP was hydrolysed to 5-AMP by
PDE. and the 5-AMP was then further hydrolysed to
adenosine by snake venom nucleotidase. The hydrolysate
was treated with an anion-exchange resin (Dowex AG1-
X8: BIO-RAD) to adsorb all charged nucleotides, leaving
[*H] adenosine as the only labelled compound to be
counted.

Assay of Na®/K* ATPase activity. The Na*/K~*
ATPase activity was assayed according to the reported
method [15] with some modification. The reaction mixt.
composed of 50 mM Tris—=HCl (pH 7.3,37°), 3 mM ATP,
4mM Mg?", 130mM Na™, 20mM K7, 0.02 units of
Na “/K* ATPase, with and without test compound dis-
solved in DMSO, was incubated for 15 min at 37°. The
concn of DMSO in the mixt. was held at 5%. The
reaction was terminated by addition of 50%
CC1,COOH. The released inorganic phosphate was de-
termined by a modification of the method of ref. [16]. To
the test soln was added 0.5% Na dodecyl sulphate, 0.1%
2.4-diaminophenol-2HCI in 1% Na,SO; and 1% am-
monium heptamolybdate in 1 M H,SO,. After 20 min,
the absorbance at 660 nm was recorded.
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