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Abstract—Phytochemical examination of the underground parts of Ruscus aculeatus has been undertaken as
part of a systematic study of plants of the Liliaceae. Six new spirostanol saponins and five new furostanol
saponins were isolated, and their structures were assigned on the basis of spectroscopic analysis, including two-
dimensional NMR techniques, and hydrolysis. Ruscogenin diglycoside with three acetyl groups attached to
the inner galactosyl moiety and its corresponding 26-glucosyloxyfurostanol saponin showed cytostatic activity

on leukemia HL-60 cells. © 1998 Elsevier Science Ltd. All rights reserved

INTRODUCTION

Ruscus aculeatus belongs to the subfamily Aspa-
ragoideae in the Liliaceae and is a widely distributed
European plant. An alcoholic extract of its rhizome
has been used for the treatment of some veinous ail-
ments for decades. Previous chemical analysis made
on the plant disclosed the occurrence of a series of
steroidal sapogenins and saponins based upon spirost-
5-ene-18,3p-diol [1-8], and sterols and triterpenes [9]
in the rhizomes, among which aculeoside A, a bisdes-
mosidic spirostanol saponin isolated by us is unique
in structure having 6-deoxy-D-glycero-L-threo-4-
hexosulose as a carbohydrate component [7]. Our con-
tinuing investigation of the underground parts of R.
aculeatus has led to the isolation of six new spirostanol
saponins and five new furostanol saponins. In this
report, we deal with the structural assignment of the
new saponins on the basis of spectroscopic analysis,
including two-dimensional NMR techniques, and
hydrolysis. The cytostatic activity of the isolated sap-
onins on leukemia HL-60 cells is also described.

RESULTS AND DISCUSSION

Fresh underground parts of the plant material (3.1
kg) were extracted with hot methanol. The crude
extract was partitioned between water and 1-butanol.

* Author to whom correspondence should be addressed.
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The 1-butanol-soluble phase was fractionated through
the combined use of repeated column chro-
matography on silica gel, octadecylsilanized (ODS)
sitica gel, as well as preparative HPLC to furnish 11
saponins (1-11).

Compound 1 (C3Hg,0,5; negative-ion FABMS mz/z
737 [M—H]"), [a}p —74.0° (MeOH), was obtained as
an amorphous solid. The glycosidic nature of 1 was
suggested by the strong absorption band at 3410 and
1050 cm ~' in the IR spectrum. The '"H NMR spectrum
showed signals for four typical steroid methyl groups;
two appeared as singlets at ¢ 1.48 and 0.90, and the
other two as doublets at 6 1.08 (/ = 6.9 Hz) and 0.72
(J/ = 5.2 Hz). An olefinic proton and two anomeric
proton signals were also noted at § 5.60 (br d, J = 5.5
Hz), and 6.45 (br s) and 4.82 (d, J = 7.8 Hz), respec-
tively. Acetylation of 1 with acetic anhydride in pyri-
dine introduced seven acetyl groups (1a). The fun-
damental steroid structure of 1, based upon (25R)-
spirostanol, was suggested by a quaternary carbon
signal at § 109.2 assignable to C-22 of the spirostanol
skeleton in the "C NMR spectrum [10], and the oxy-
methylene proton signals at d 3.61 (dd, J = 104, 2.4
Hz) and 3.52 (dd, J = 10.4, 10.4 Hz) attributable to
26-H,, as well as the above 'H NMR data. When 1
was submitted to acid hydrolysis with 1M hydro-
chloric acid in dioxane-H,O (1:1). it was hydrolysed
to yield p-galactose and r-rhamnose as the carbo-
hydrate compounds, and an aglycone (1b). The 'H
NMR spectrum of 1b showed two exchangeable pro-
ton signals at § 6.24 and 6.06, and the *C NMR
spectrum was consistent with the structure of 1b as
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(25R)-spirost-5-ene-14,38-diol, that is, ruscogenin
[10]. Thus, 1 was ruscogenin diglycoside. Analysis of
the '"H-'"H COSY spectrum allowed the sequential
assignment of the resonances for the two mono-
saccharides, starting from the anomeric proton signals
at 6 6.45 and 4.82. Multiplet patterns and measure-
ments of coupling constants gave evidence for the
presence of an a-L-rhamnopyranosyl unit ('C,) and a
B-p-galactopyranosyl unit (‘C,) (Table 2). The
HMQC spectrum correlated all the proton resonances
with those of the corresponding one-bond coupled
carbons. In the HMBC spectrum optimized for an
"Jen parameter of § Hz, the anomeric proton of the
rhamnose showed a *J.. j; correlation with C-2 (6 74.9)
of the galactose and that of the galactose with C-1 (5
84.2) of the aglycone, indicating the rhamnosyl-(1 —
2)-galactosyl structure attached to C-1 of the agly-
cone. The presence of a terminal rhamnosyl unit was
supported by the fragment ion peak at m/z 591 in the
negative-ion FAB mass spectrum. Accordingly, the
structure of 1 was determined to be ruscogenin [-0-
{0 -a-L-rhamnopyranosyl-(l - 2)-f-D-galacto-
pyranoside}.

The spectral features of 2 (C,Hq,0,4) were similar
to those of 1. The presence of an acetyl group in the
molecule was shown by the IR (1730 cm '), '"H NMR
[8 2.02 (3H, s)] and "*C NMR [§ 170.5 (C=0) and
20.9 (Me)] spectral data. Treatment of 2 with 3%
sodium methoxide in methanol gave 1. Therefore 2
was found to be a monoacetate of 1. In the *C NMR
spectrum of 2, the signal due to C-6 of the galactose
moiety was shifted to lower field by 2.7 ppm. whereas
the signal due to C-5 occurred at higher shift by 3.1
ppm, as compared with those of 1. Furthermore, the
unequivalent methylene protons of the galactose 6-
H,, which were observed at é 4.55 (dd, J = 10.3, 6.9
Hz) and 4.40 (dd, J = 10.3, 5.7 Hz) in the '"H NMR
spectrum of 1, were moved downfield by 0.40 and 0.13

ppm, respectively, to appear at ¢ 4.95 (dd, J = 11.2,
7.7 Hz) and 4.53 (dd, J = 11.2, 4.8 Hz) in that of 2.
Thus, the acetyl moiety was revealed to be linked at
the galactose C-6 hydroxy position, and the structure
of 2 was assigned as ruscogenin 1-O-{0-¢ - L. - thamno-
pyranosyl-(1 — 2)-6-0-acetyl- - D -galactopyrano-
side}.

Compound 3 (C,;Hg0,5) was shown to have two
acetyl groups by the 'H NMR [§ 2.03 and 1.99 (each
3H, s)] and *C NMR [6 170.9 and 170.2 (C=0), and
20.8 and 20.6 (Me)] spectra. Mild alkaline treatment
of 3 with 10% ammonia solution cleaved one acetyl
group to give 2. On comparison of the '"H NMR
spectrum of 3 with that of 2, 4-H of the galactose was
shifted downfield by 1.51 ppm to be observed at § 5.68
{(brd.J = 3.4 Hz), indicating the addition acetyl group
was located at 4-H of the galactose. Thus, the struc-
ture of 3 was formulated as ruscogenin 1-0-{0-a-1-
rhamnopyranosyl-(1 — 2)-4,6-di- O-acetyl- 8-p-gal-
actopyranoside}.

The '"H NMR [§ 2.08, 1.97 and 1.95 (each 3H, s)]
and “C NMR [6 170.6 and 170.1 x2 (C=0), and
20.6, 20.5 and 20.3 (Me)] spectra of 4 (C,sHeO)6)
showed the presence of three acetyl groups in the
molecule. Alkaline hydrolysis of 4 with 3% sodium
methoxide gave 1. Analysis of the whole *C NMR
spectrum of 4 allowed the assignment of the signals
due to a terminal z-L-rhamnopyranosyl moiety and a
I-O-glycosylated ruscogenin, suggesting that the three
acetyl groups were located at the galactosyl residue.
The downfield-shifted proton signals at § 5.49 (dd.
J =98, 34 Hz) and 5.76 (br d. J = 3.4 Hz) were
assigned to the galactose 3-H and 4-H protons, which
were displaced downfield by more than 1 ppm in com-
parison with those of 1 and 2 through O-acetylation.
Thus, the structure of 4 was shown 1o be ruscogenin
1-0-{0-2-1L-rhamnopyranosyl - (| — 2)-3.4,6-tri-
(-acetyl-fi-p-galactopyranoside .
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C 1 1b 2 3
1 84.2 781 848 842
2 38.0 440 38.1 379
3 68.1 68.1 683 68.3
4 438 436 438 437
S 139.5 140.3 139.6 1394
6 1247 1244 1248 1247
7 31.9 323 322 320
8 33.0 330 332 332
9 50.5 514 50.6 504
10 42.8 436 429 427
11 240 242 241 244
12 40.4 40.6 403 40.6
13 40.1 40.2 40.3 40.5
14 57.1 57.0 572 572
15 324 325 325 324
16 81.1 81.1 812 &8l1.2
17 62.9 63.2 631 633
18 16.8 166 169 17.0
19 15.0 139 150 150
20 41.9 420 420 420
21 149 150 150 150
22 109.2 109.3 109.3 109.3
23 31.7 31.8 319 319
24 292 293 293 293
25 30,6 306 306 30.6
26 668 669 669 669
27 172 17.3 173 173
OMe
1 100.6 100.7 100.1
2 749 74.6 750
3 76.8 76.4 741
4 70.4 706 72.0
5 76.3 732 713
6 61.9 64.6  63.0
1" 101.7 101.7 102.0
2" 72.6 72.5 724
3" 72.6 727 726
4" 74.2 743 74.2
5" 69.3 69.3 69.6
6" 19.0 19.0 19.1
1"
o
3
4
sm
6"
%
o
3
4
g
6"
Ac 170.5 170.9
170.2
209 20.8
20.6

4

84.4

379
68.1
43.6
139.2
124.9
319
33.1
50.4
42.7
24.4
40.5
404
57.2
324
81.2
63.3
17.0
15.0
42.0
14.9
109.3
319
293
30.6
66.9
17.3

99.8
72.9
75.2
68.5
70.8
62.2
102.2
723
72.4
73.8
70.1
19.0

170.6
170.1
1701
20.6
20.5
203

5 6 7 8 9 10 11 11a
853 853 84.1 84.8 84.5 85.3 854 85.4
38.7 384 379 38.0 37.9 38.6 383 38.3
68.2 683 68.2 68.2 68.1 68.2 68.1 68.1
439 437 43.9 438 43.6 438 43.6 43.5
139.6 1393 1396 139.6 139.2 139.5 139.1 139.1
1248 1248 1247 124.8 124.9 1248 124.9 125.0
320 320 320 321 319 320 31.9 319
331 332 33.0 332 331 33.0 33.1 33.1
50.8  50.6 50.6 50.6 50.4 50.7 50.6 50.6
429 427 42.8 42.8 42.6 428 42.7 427
240 243 24.0 24.1 244 239 24.2 24.3
40.5 404 40.4 40.2 404 40.4 40.4 40.4
40.2 404 40.5 40.6 40.7 40.5 40.7 40.4
572 573 §7.0 57.1 57.1 57.0 57.2 57.3
324 324 324 325 324 323 324 324
gL.1  81.2 813 81.4 81.4 81.3 81.4 81.2
63.1 633 64.3 64.4 64.5 64.3 64.5 63.2
169 17.0 16.8 16.8 16.9 16.8 16.9 17.0
151 150 15.0 15.0 14.9 15.1 15.0 15.0
42.0 420 40.5 40.6 40.6 40.5 40.6 42.0
149 150 16.1 16.2 16.3 16.1 16.3 15.0
109.3 1093 1127 112.7 112.7 112.7 127 109.3
31.8 319 30.7 0.9 30.8 30.8 30.8 318
293 293 28.1 28.2 28.2 28.2 28.2 29.2
30.6 306 34.2 342 342 34.2 34.2 30.6
66.8  66.9 75.2 75.2 75.2 75.2 75.2 66.8
17.3 173 17.1 17.1 17.1 17.1 17.1 17.3

47.2 472 47.2 472 47.2
101.2 100.7  100.6 100.7 99.8 101.2 100.1 100.2
741 74.1 75.0 74.5 72.8 74.0 71.8 71.8
76.8  74.1 76.8 76.4 75.2 76.8 752 75.3
70.5 720 70.4 70.6 68.5 70.4 68.4 68.4
76.4 714 76.3 73.2 70.7 76.4 70.8 70.8
62.6 631 61.9 64.6 62.2 62.6 62.2 62.2
101.3 10L.7 1017 101.7 102.1 101.3 101.7 101.7
721 720 72.6 72.5 72.3 721 71.6 71.6
82.7 827 72.6 72.7 724 82.7 82.3 82.3
733 732 743 74.2 73.8 73.3 72.9 729
692 69.5 69.3 69.3 70.1 69.2 69.8 69.8
18.7 18.8 19.0 19.0 19.0 18.7 18.7 18.7
106.6 106.6 106.5 106.5 106.4
76.2  76.1 76.2 76.1 76.0
784 78.4 78.3 78.4 78.3
7.8 717 717 71.7 71.7
783 783 78.2 78.4 78.3
62.0 62.6 61.9 62.5 62.5

105.0 105.0 105.0 105.0 105.0

75.2 75.2 75.2 75.2 75.2

78.6 78.6 78.6 78.6 78.6

71.8 71.8 71.8 71.8 1.8

78.6 78.5 78.5 78.5 78.5

62.9 62.9 62.9 62.9 62.9
170.9 170.5 170.6 170.6 170.6
170.3 170.1 170.2 170.2
170.1 170.1 170.2
20.8 20.9 20.6 20.6 20.6
20.6 20.5 20.5 20.5
203 20.3 20.3




‘ZH U1 passardxs are sasayuared ul sonjeaA £

5107

S€0T

$€0°C

$80°C

£66'1 SS1°T

$L6°1 $66°1 s8I
$80°C 5€0C $20T ST oy

0s'811) PP 8cy q
81811 PP ¥S'y e,9
(8°1°0°S ‘4'8) e TTY S
8 'v'8) PP OC Y 4
) '8 ‘v'8) prIcy Wk
3 (8L'v'8) PP LY Wl
> (82 PoLS wl
m (1'9) rPiLil (1r9) 3L (T9) P8LI (T9) PyLL (T9) Pyl (19) P08l .9
s (19°s°6) bp 10°¢ (1'9°56) bpsry (T9°s6) bp 681 @9te) bp o6t @9 1ron bpsLy (1'9°v'6) bp 16y .5
: ($6'56) pp 65V ($'6°56) PP ogy ($6°56) pricy 76 v'6) PP OE Y (ror°ron PP 9§ 6 v6) PP 8EY 7
> (67°s6) PP 96’y (v ‘5°6) pr 8y (€€°56) PP 8Sy e ve) PP 9y e 1rop PPOLS (S'€'¥'6) PP LY €
(67 P4 €0°S (re) P4q ISy (60'€€) PP 69'Y #¢) PA4ILY (2] P49 0SS (s¢) P4918Y T
$49 139 $49 69°S 60 PLTY $4q$€°9 $49.79°S £49 $p'9 Jl
(s von e vy (1o ¢1n PP TEY @svin PP ¥<y Qv Tin PP €Sy 09'6'61) PP LEY (s eon PP Oy q
(L von PP Ssy 69°¢11) PP oSy 9L¥11) PP LSY Lo PP S6Y L9601 PP 8SY (69 ‘¢ 01) PP SSY 2,9
(Ls‘1L)  pPr4qge66'c (1'9°'69)  pPP4qTTY (Ts‘9L) pryly ®V‘LL)  PP4q496€ 09°L9)  pragIcy (L'S°69)  PP966C S
(£¢) P49 sSy e PA99LS e P19 89°¢ LY (£¢) P4q 48§ (€¢) P49 ysy ¥
(€16 P oOTy ¢se) PP 6v'S ese) bp ey LTY (€€ con 7 4% (£6°¢6) PP YvTY £
L°16) pr 89y (LL86) PP by 9L°5°6) prSyy (S'L°8'8) PP 8S'y weeon PP IEY (8L°¢6) PP OLY b
(8°L) PSLY (V) P9gt (W3] P8LY (sL) PELY (V3] P18V 8L P8y .
S 14 € 7 1 [  uonsog
m.B-Q_.:_uC%Q ur ez UQM ey J ,WO \Qu_OE .ﬁufm:oudm 341 JOo uzuazw_mmm JIYS 1eorayd Y AN :_ ‘T ol4elL

488



Steroidal saponins from Ruscus aculeatus

Compound 5 (CysH7,0y;), [#lp —46.0” (methanol),
was a more polar constituent than 1. The negative-ion
FAB mass spectrum showed an [M—H]~ ion at m/z
899, shifted 162 mass units with respect to 1. The 'H
NMR spectrum showed three anomeric proton signals
at86.47(brs),5.76 (d,J = 7.8 Hz)and 4.75(d, J/ = 7.8
Hz), as well as the signals for four steroid methyls at
é 1.49 (s), 1.07 (d, J = 6.9 Hz), 0.90 (s) and 0.72 (4,
J = 5.1 Hz). In comparison of the *C NMR spectrum
of 5 with that of 1, a set of additional signals, cor-
responding to a terminal B-D-glucopyranosyl unit,
appeared at § 106.6, 76.2, 78.4, 71.8, 78.3 and 62.0,
and the signals due to the rhamnosyl moiety varied,
while all other signals remained almost unaffected.
Total acid hydrolysis of § gave ruscogenin (1b), D-
glucose, D-galactose and L-rhamnose, and partial acid
hydrolysis with 0.2 M hydrochloric acid gave 1 and
p-glucose. In the HMBC spectrum of §, a correlation
peak between the signals of the anomeric proton of
the glucose at  5.76 and the C-3 carbon of the rham-
nose at 6 82.7 indicated that the C-3 hydroxy position
of the rhamnose was the glycosylated position to
which the additional pD-glucose was linked. This led
to the monosaccharide sequence as glucosyl-(1 — 3)-
rhamnosyl-(1 — 2)-galactosyl, which was consistent
with the fragment ion peaks observed in the negative-
ion FAB mass spectrum at m/z 737 and 591. The
structure of 5 was characterized as ruscogenin 1-O-
{O-B-p-glucopyranosyl - (1 — 3)- O-«-L - rhamnopy -
ransoyl-(1 — 2)-f-p-galactopyranoside}.

Compound 6 (C,H;,0,,) was suggested to be a
spirostanol saponin related to 3 from its spectral data.
On comparison between the >C NMR data of 6 with
those of 3, the presence of an additional f-p-glu-
copyranosyl unit was readily recognized by the
characteristic six signals at § 106.6, 76.1, 78.4, 71.7,
78.3 and 62.6. The glycosidic linkage in the rhamnose
C-3 hydroxy position was formed from fg-p-glu-
copyranose as was evident in the good agreement of
the “C NMR shifts of the rhamnosyl moiety between
6 and §, in which the occurrence of a significant down-
field shift due to glycosylation was recognized at C-3 of
the rhamnose. The structure of 6 was shown to be
ruscogenin 1-O-{0-f-p-glucopyranosyl-(1 — 3)-O-x-L-
rhamnopyransol-(1 — 2)-4,6-di-O-acetyl-fi-p-galacto-
pyranoside}.

Compound 7 (C4H,60,9) was shown to be a 22-
methoxyfurostanol saponin by Ehrlich’s test [11, 12],
and the '"H NMR [é 3.25 (3H, s)] and "*C NMR [6
112.7 (C-22) and 47.2 (Me)] spectra [10]. The '"H NMR
spectrum showed three anomeric proton signals at &
6.39 (brs), 484 (d, J=T7THz)and 479 (d, J = 1.7
Hz), as well as four steroid methyls at § 1.44 (s), 1.11
(d, J=68 Hz), 099 (d, J = 6.6 Hz) and 0.87 (s).
Enzymatic hydrolysis of 7 with f-glucosidase gave 1
and D-glucose. Thus, the structure of 7 was assigned
as  26-0-f-p-glucopyranosyl-22- O-methyl-(25R)-
furost-5-ene-18,38, 22¢,26-tetrol 1-O-{0-x-L-rham-
nopyranosyl-(1 — 2)-f-p-galactopyranoside .

Compound 8 (C,HO,), 9 (Ci;Hi05), 10
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Table 3. Cytostatic activity of the isolated saponins on leu-
kemia HL-60 cells

Compounds Inhibition {%)* 1Cy (ug ml™")

18.4 -
24.1

437

98.2 RN
223

10.3 -
0.1 -
0 :
82.5 3.7
10 9.2

H 0.6

e SR Be NV R "SI IS

el

* Data expressed as percentage of cell growth inhibition at
the sample concentration of 10 yg ml™ .
+ Not measured.

(C:H6Os4) and 11 (C53Hg,O55) were also 22-methoxy-
furostanol saponins. Enzymatic hydrolysis of 8-10
with fi-glucosidase furnished the corresponding spi-
rostanol saponins, 2, 4 and 5, respectively, along with
p-glucose. The structures of 8-10 were 1-0-{0-o-1-
rhamnopyranosyl -(1 — 2)-6 - O - acetyl-ff-p-galacto-
pyranoside}, 1-O-{O-z-L-rthamnopyranosyl-(1 — 2)-
3.4,6-tri-O-acetyl-f-p-galactopyranoside} and 1-O-
10 - f-p-glucopyranosyl- (1 — 3) - O - o - L-rhamno-
pyranosyl-(1 — 2)-f-p-galactopyranoside} of 26-0-f-
D-glucopyranosyl-22-O- methyl-(25R)-furost-3-ene-
15,3,22£.26-tetrol, respectively.

Treatment of 11 with f-glucosidase gave the cor-
responding spirostanol saponin (11a). Compound 11a
was shown to be an analogous spirostanol saponin to
4. 1t differed from 4 in the presence of an additional
terminal f-pD-glucopyranosyl unit. In the '"*C NMR
spectrum of 1la, the signals arising from the rham-
nosyl moiety were in good accordance with those of 5
bearing a glucosyl moiety at C-3 of its rhamnose resi-
due. The structure of 11a was assigned as ruscogenin
1-0-{0-B-p- glucopyranosyl-(1 —» 3)- O -a-L-rhamno-
pyranosyl- (1 — 2)-3.4.6 - tri- O -acetyl - - b - galacto -
pyranoside}. Consequently, the structure of 11 was
characterized as  26-0-f§-p-glucopyranosyl-22-0-
methyl-(25R)-furost-5-ene-14,3,22¢.26-tetrol ~ 1-0-
10 - - - glucopyranosyl - (I — 3)- Q- x-L-rhamno -
pyranosyl - (1 = 2)-3.4.6 - tri - O-acetyl- f-p-galacto-
pyranoside}.

Cytostatic activity of the isolated saponins on
human promyelocytic leukemia HL-60 cells was
evaluated. The cells were continuously treated with
the each sample for 72 h and the cell growth was
measured with an MTT assay procedure. Percentage
inhibition at the sample concentration of 10 gg ml™'
is listed in Table 3. Ruscogenin diglycoside with three
acetyl groups attached to the inner galactosyl moiety
(4) and its corresponding 26-glucosyloxyfurostanol
saponin (9) exhibited 98.2% and 82.5% inhibition at
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10 ug ml ™, respectively, while the other saponins were
far less potent. The ICy, values of 4 and 9 were cal-
culated from the dose-response curve as about 3.1
pug ml~' and 3.7 ug ml~', respectively. The saponins
isolated from other Liliaceae plants are now being
assayed and detailed structure-activity relationships
will be reported in the near future.

EXPERIMENTAL

General

NMR (ppm, J Hz): 1D (Bruker AM-400, 400 MHz
for 'H NMR) and 2D (Bruker DPX-400 using XWIN-
NMR 1.3 pulse programs, 400 MHz for '"H NMR).
CC: silica gel (Fuji-Silysia Chemical), ODS silica gel
(Nacalai Tesque) and Diaion HP-20 (Mitsubishi-
Kasei). TLC: precoated Kieselgel 60 Fy, (0.25 mm
thick or 0.5 mm thick, Merck) and RP-18 F,,S (0.25
mm thick, Merck). HPLC: a Tosoh HPLC system
(pump, CCPM; controller, CCP controller PX-8010;
detector, UV-8000 or RI-8010) equipped with a CAP-
CELL PAK C,; column (Shiseido, 10 mm i.d. x 250
mm, ODS, 5 um) for prep. HPLC and a TSK-gel
ODS-Prep column (Tosoh, 4.6 mm t.d. x 250 mm,
ODS. 5 um) for analytical HPLC. Microplate reader:
Immuno-Mini NJ-2300 (Inter Med, Japan). HL-60
cells: ICN Biomedicals, {JSA. RPMI 1640 medium:
Gibco, USA. All other chemicals used were of bio-
chemical reagent grade.

Plant material

The underground parts of R. aculeatus used for this
experiment were collected at Chiba prefecture, Japan,
in June 1992, and the plant specimen is on file in our
laboratory.

Extraction and isolation

The plant material (fr wt, 3.1 kg) was extracted
with hot MeOH. The MeOH extract was concentrated
under red. pres., and the viscous concentrate was par-
titioned between H,O and n-BuOH. CC of the »n-
BuOH-soluble phase on silica gel and elution with a
stepwise gradient mixture of CHCl;-MeOH system
(9:1; 6:1; 4:1; 2:1), and finally with MeOH, gave
six fractions (I-VI). Fr. IV was chromatographed on
silica gel eluting with CHCl,-MeOH-H,0 (40:10:1)
and ODS silica gel with MeOH-H-O (4:1) to give 4
(31.7 mg). Fr. V was also subjected to silica gel CC
eluting with CHCl;~Et,0-MeOH-H,O (10:10:6:1)
and ODS silica gel CC with MeOH-H,O (4:1:3:1) to
result in the isolation of 2 (35.5 mg) and 3 (45.7 mg).
Fr. VI contained considerable amounts of saccha-
rides, the removal of which from it was performed
by passage through a Diaion HP-20 column using
gradients of MeOH in H,O. The 80% MeOH and
MeOH eluate frs were combined and further frac-
tionated by a silica gel column eluting with CHCl,-

MeOH (4:1) into three frs (VIa-VIc). Fr. Vla was
subjected to silica gel CC eluting with CHCl;-MeOH-
H,O (40:10:1) to give 5 (43.3 mg), and mixture of 1
and 6. Separation of 1 and 6 was carried out by means
of prep. HPLC using MeOH-H,0 (4:1) to yield 1
(118 mg) and 6 (32.8 mg). Fr. VIb was purified by CC
on silica gel eluting with CHCl,-MeOH-H,0
(40:10:1) and CHCl;-Et,0-MeOH--H,0 (10:10:7:1),
and ODS silica gel with MeOH-H,0O (7:3) and
MeCN-H,0 (3:7) to yield 9 (474 mg) and 11 (851
mg), and a mixture of 7 and 8. The mixture was sep-
arated by prep. HPLC using MeCN-H,O (3:7)
to furnish 7 (310 mg) and 8 (35.8 mg). Fr. VIc was
chromatographed on silica gel eluting with CHCl,—-
MeOH-H,O (30:10:1) and ODS silica gel with
MeOH-H,0 (13:7) and MeCN-H,O (1:3) to give 10
with a few impurities. Final purification of 10 was
established by prep. HPLC using MeCN-H,0 (1:3)
to provide 10 (520 mg) as a pure compound.

Compound 1. Amorphous solid. [«]® —74.0"
(MeOH; ¢ 0.10). Negative-ion FABMS m/z 737
[M—H]", 591 [M —rhamnosyl]". IR vK&' cm~': 3410
(OH), 2935 (CH), 1445, 1375, 1235, 1130, 1050, 980,
960, 915, 895, 860, 830, 805. '"H NMR (pyridine-d;): &
5.60 (IH, br d, J = 5.5 Hz, 6-H), 4.50 (1H, g-like,
J =7.5Hz, 16-H), 3.88 (1H, dd, J = 11.6, 4.0 Hz, 1-
H), 3.86 (1H, m, 3-H), 3.61 (1H, dd, J = 10.4, 2.4 Hz,
26a-H), 3.52 (1H, dd, J = 104, 10.4 Hz, 26b-H), 1.48
(3H, s, 19-Me), 1.08 (3H, d, J = 6.9 Hz, 21-Me), 0.90
(3H, s. 18-Me), 0.72 (3H, d, J = 5.2 Hz, 27-Me). Sig-
nals for the saccharide moiety: Table 2.

Acetylation of 1. Compound 1 (26 mg) was ace-
tylated with Ac,O (0.5 ml) in pyridine (0.5 ml) and
the crude acetate was chromatographed on silica gel
eluting with hexane-Me,CO (5:2) to yield the cor-
responding heptaacetate (1a) (24.3 mg). Compound
1a: amorphous solid. IR vK2 cm~': 2905 (CH), 1745
(C==0), 1435, 1365, 1225, 1135, 1065, 1040, 970, 895,
855, 825, 795. '"H NMR (pyridine-ds): 6 5.66 (1H, br
d, J = 5.4 Hz, 6-H), 4.84 (1H. m, 3-H), 4.60 (1H, ¢-
like, /= 7.3 Hz, 16-H), 3.70 (1H, dd, J = 11.9, 3.9
Hz, 1-H), 3.60 (1H, dd, J = 10.2, 2.7 Hz, 26a-H), 3.52
(IH, dd, J = 10.2, 10.2 Hz, 26b-H), 1.31 (3H, s, 19-
Me), 1.14 (3H, d, J = 6.7 Hz, 21-Me), 0.98 (3H, s, 18-
Me), 0.71 (3H, d, J = 5.1 Hz, 27-Me). Signals for the
saccharide moiety: Table 2.

Acid hydrolysis of 1. A soln of 1 (10 mg) in 1 M HCl
(dioxane-H,0, 1:1, 5 ml) was heated at 100° for 2 h
under an Ar atmosphere. After cooling, the reaction
mixture was neutralized by passing it through an
Amberlite IRA-93ZU (Organo) column and chro-
matographed on silica gel eluting with a gradient of
CHCL-MeOH (19:1; 1:1) to give ruscogenin (1b) (4.2
mg) and a mixture of monosaccharides (4.1 mg). Rus-
cogenon (1b): amorphous solid. Negative-ion
FABMS m/z 429 [M—H}". '"H NMR (pyridine-d.): ¢
6.24 and 6.06 (each IH, br s, OH), 5.62 (IH, #r d,
J = 5.6 Hz, 6-H), 4.55 (1H, ¢-like, J = 7.4 Hz, 16-H),
3.97 (1H, m, 3-H), 3.83 (1H, #r 4, J = 10.9 Hz, 1-H),
3.59 (1H, dd, J = 10.4, 3.5 Hz, 26a-H), 3.51 (1H, dd.
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J =104, 104 Hz, 26b-H), 1.36 (3H, s, 19-Me), 1.11
(3H, d, J = 7.0 Hz, 21-Me), 0.93 (3H. s, 18-Me), 0.70
(3H. d, J = 5.4 Hz, 27-Me). The monosaccharide mix-
ture (2 mg) was diluted with H,O (1 ml) and treated
with  (—)-z-methylbenzylamine (5 mg) and
Na[BH,;CN] (8 mg) in EtOH (1 ml) at 40" for 4 h,
followed by acetylation with Ac,O (0.3 ml) in pyridine
(0.3 ml). The reaction mixture was passed through a
Sep-Pak C,; cartridge (Waters) with H.O-MeCN
(4:1; 1:9, each 10 ml). The H,0-MeCN (1:9) eluate
fr. was further passed through a Toyopak IC-SP M
cartridge (Tosoh) with EtOH (10 ml) to give a mixture
of  1-[(S)-N-acetyl-o-methylbenzylamino}-1-deoxy-
alditol acetate derivatives of the monosaccharides [13,
14], which were then analyzed by HPLC under the
following conditions: solvent, MeCN--H,O (2:3); flow
rate, 0.8 ml min~'; detection, UV 230 nm. The deriva-
tives of D-galactose and L-rhamnose were detected. R,
(min): 19.32 (p-galactose derivative); 26.02 (L-rham-
nose derivative).

Compound 2. Amorphous solid. [o)f; —76.0
(MeOH; ¢ 0.10). Negative-ion FABMS m;z 779
[M—H]", 737 [M~acetyl]”, 616 [M —rhamnose]",
591 [M —rhamnosyl—acetyl]”. IR K% cm~': 3420
(OH). 2940 (CH), 1730 (C==0), 1445, 1370. 1235.
1135, 1050, 980, 960, 915, 895, 860, 830, 805. 'H NMR
(pyridine-ds): & 5.61 (1H, br d, J = 5.3 Hz. 6-H), 4.59
(1H, 16-H), 3.82 (1H, m, 3-H), 3.77 (1H., dd. J = 11.9,
3.9 Hz, 1-H), 3.56 (1H, dd, J = 10.3, 2.6 Hz, 26a-H),
3.49 (IH, dd, J = 10.3, 10.3 Hz, 26b-H), 1.42 (3H, s,
19-Me), 1.07 (3H, d, J = 6.4 Hz, 21-Mg), 0.89 (3H, s,
18-Me), 0.68 (3H, d, J = 5.1 Hz, 27-Me). Signals for
the saccharide moiety: Table 2.

Alkaline hydrolysis of 2. Compound 2 (5 mg) was
treated with 3% NaOMe in MeOH (5 ml) at room
temp. for 30 min. The reaction mixture was neu-
tralized by passage through an Amberlite IR-120B
{Organo) column and chromatographed on silica gel
eluting with CHCl;-MeOH-H,O (30:10:1) to yield 1
(3.8 mg).

Compound 3. Amorphous solid. [¢]f —62.0
(MeOH; ¢ 0.10). Negative-ion FABMS miz 821
[M—H]~, 779 [M—acetyl]”, 737 [M —acetyl x 2],
675 [M —rhamnosyl]~, 616 [M — rhamnose — acetyl] ",
591 [M —rhamnosyl —acetyl x 2] . IR vKErem~': 3425
(OH), 2945 (CH), 1745 (C=0), 1450. 1375, 1240,
1180, 1130, 1065, 1055, 980, 965, 915, 900, 863, 835,
810. '"H NMR (pyridine-ds): 6 5.62 (IH, br d, J = 5.5
Hz, 6-H). 4.59 (1H, 16-H), 3.81 (1H, m, 3-H), 3.78
(1H,dd. J = 12.0,4.1 Hz, 1-H), 3.58 (IH, dd, J = 10 4,
2.6 Hz, 26a-H), 3.50 (1H, dd, J = 10.4, 10.4 Hz, 26b-
H), 1.44 (3H, s, 19-Me), 1.13 (3H, d, J = 6.6 Hz, 21-
Me). 0.98 (3H, s, 18-Me), 0.69 (3H. d, J = 5.3 Hz, 27-
Me). Signals for the saccharide moiety: Table 2.

Mild alkaline hydrolysis of 3. Compound 3 (4 mg)
was treated with 10% NH; soln (MeOH-H,0, 1:1)
at room temp. for 8 min. The reaction mixture was
evaporated under red. pres. and chromatographed on
ODS silica gel eluting with MeCN-H,O (1:1) to yield
2 (2.5 mg).

Compound 4. Amorphous solid. [«]3 —78.0°
(MeOH; ¢ 0.10). Negative-ion FABMS m/z 863
[M—H]", 821 [M—acetyl]”, 779 [M —acetyl x 2],
737  {M—acetylx3}", 633 [M—rhamnosyl—
acetyl x 2]7, 591 [M —rhamnosyl—acetyl x 3]7. IR
vEBrem ! 3430 (OH), 2945 (CH), 1755 (C=0), 1455,
1375, 1235, 1140, 1075, 1055, 980, 965, 920, 900, 865,
835, 810. '"H NMR (pyridine-ds): 4 5.62 (1H, br d,
J = 5.4 Hz, 6-H), 4.58 (1H, ¢-like. J = 7.0 Hz, 16-H),
3.81 (1H, m, 3-H), 3.77 (1H, dd, J = 12.0, 3.7 Hz,
I-H),3.58 (1H, dd, J = 10.3, 2.6 Hz, 26a-H), 3.50 (1H,
dd, J =10.3, 10.3 Hz, 26b-H), 1.40 (3H, s, 19-Me),
1.14 (3H, d. J = 6.7 Hz, 21-Me), 0.97 (3H, s, 18-Me),
0.69 (3H, d, J = 4.8 Hz, 27-Me). Signals for the sac-
charide moiety: Table 2.

Alkaline hydrolysis of 4. Compound 4 (5 mg) was
subjected to alkaline hydrolysis as described for 2 to
give 1 (3.8 mg).

Compound 5. Amorphous solid. [¢]’ —46.0"
(MeOH: ¢ 0.10). Negative-ion FABMS m/z 899
[M—H]", 737 [M-—glucosyl]", 591 [M-—glu-
cosyl —rhamnosyl] . IR vK% cm~7: 3420 (OH), 2930
(CH), 1445, 1375, 1235, 1150, 1055, 975, 960, 915,
895, 860, 830. '"H NMR (pyridine-d.): § 5.59 (1H, br
d. J = 5.6 Hz, 6-H), 4.51 (1H, g-like, / = 7.5 Hz, 16-
H), 3.86 (1H, m, 3-H), 3.78 (1H, dd, J = 11.8, 3.9 Hz,
1-H), 3.61 (1H, dd, J = 10.5, 2.4 Hz, 26a-H), 3.52 (1H,
dd, J = 10.5, 10.5 Hz, 26b-H), 1.49 (3H, s, 19-Me),
1.07 3H, d, J = 6.9 Hz, 21-Me), 0.90 (3H, s, 18-Me),
0.72 (3H, d, J = 5.1 Hz, 27-Me). Signals for the sac-
charide moiety: Table 2.

Acid hydrolysis of 5. Compound 5 (5.2 mg) was
subjected to acid hydrolysis as described for 1 to give
1b (2.1 mg) and a mixture of monosaccharides (1.1
mg). The monosaccharides were identified as D-
glucose, D-galactose and L-rhamnose by HPLC analy-
sis of their corresponding 1-[(S)-N-acetyl-a-methyl-
benzylamino]-1-deoxyalditol acetate derivatives. R,
(min): 17.57 (p-galactose derivative): 20.90 (D-glucose
derivative); 23.59 (L-rhamnose derivative).

Partial acid hydrolysis of 5. Compound 5 (5 mg)
was treated with 0.2 M HCI in dioxane-H,O (1:1, §
ml) at 100" for 30 min. After cooling, the reaction
mixture was neutralized by passing it through an
Amberlite IRA-93ZU column and chromatographed
on silica gel eluting with CHCl-MeOH-H,O
(30:10: 1) to give 1 (0.8 mg).

Compound 6. Amorphous solid. [«}h —350.0°
(MeOH; ¢ 0.10). Negative-ion FABMS m/jz 983
[M—H]", 941 [M-—acetyl]", 738 [M-—glu-
cosyl —acetyl x 2]7. IR vKBr cm~': 3425 (OH), 2930
(CH). 1735(C=0), 1445, 1370, 1240. 1065, 1050, 975,
960, 915, 895, 860, 830, 800. 'H NMR (pyridine-d;): &
6.29 (1H, br s, 1"-H). 5.69 (1H. br d, J = 3.5 Hz, 4'-
H), 5.64 (1H, 4, J = 7.9 Hz, 1"-H), 5.61 (1H, br 4.
J=54Hz 6-H),4.74 (IH. d, J = 7.7 Hz. I'-H), 4.59
(1H, ¢-like, J = 7.3 Hz, 16-H), 3.82 (1H, m, 3-H), 3.72
(IH,dd.J = 11.9,4.0 Hz, 1-H), 3.58 (1H, dd, J = 10.5,
2.4 Hz, 26a-H). 3.50 (1H, dd. J = 10.5, 10.5 Hz, 26b-
H), 2.04 and 1.94 (each 3H, s, Ac), 1.73 (3H,d,J = 6.2
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Hz, 6"-Me), 1.45 3H, s, 19-Me), 1.12 3H, d, / = 6.5
Hz, 21-Me), 0.96 (3H, s, 18-Me), 0.69 (3H, d, J = 5.1
Hz, 27-Me).

Compound 7. Amorphous solid. [«]3’ —36.0°
(MeOH; ¢ 0.10). Negative-ion FABMS m/z 931
[M—H]~. IR vEB cm~": 3425 (OH), 2930 (CH), 1455,
1375, 1260, 1225, 1060, 980, 905, 835, 810. 'H NMR
(pyridine-ds): 8 6.39 (1H, br s, 1”-H), 5.58 (1H, br d,
J =54 Hz, 6-H), 484 (1H, d, J=7.7 Hz, 17, 4.79
(1H, d, J = 7.7 Hz, 1’-H), 3.85 (1H, dd, J = 12.0, 3.9
Hz, 1-H), 3.82 (1H, m, 3-H), 3.25 (3H, s, OMe), 1.75
(3H. d, J = 6.1 Hz, 6"-Me), 1.44 (3H, 5, 19-Me), 1.11
(3H, d, J = 6.8 Hz, 21-Me), 099 (3H. d, J = 6.6 Hz,
27-Me), 0.87 (3H, s, 18-Me).

Enzymatic hydrolysis of 7. Compound 7 (5 mg) was
treated with f-glucosidase (5 mg) in HOAc-NaOAc
buffer (pH 5, 5 ml) at room temp. for 24 h. The
reaction mixture was chromatographed on silica gel
eluting with CHCl,-MeOH-H,0 (30:10:1) to yield 1
(2.5 mg) and D-glucose. D-Glucose: TLC, R, 0.40 (n-
BuOH-Me,CO-H,0, 4:5:1).

Compound 8. Amorphous solid. [«]3’ —46.0°
(MeOH; ¢ 0.10). Negative-ion FABMS m/z 973
[M—H]". IR vK2 cm~": 3420 (OH), 2930 (CH), 1735
(C=0), 1445, 1370, 1245, 1130, 1065, 980, 905, 835,
810. '"H NMR (pyridine-ds): 8 6.35 (1H, br s, 1”-H),
5.63 (1H, br d, J = 5.5 Hz, 6-H), 4.84 (1H, d, J = 7.7
Hz, 1”-H), 4.74 (1H, 4, J = 7.6 Hz, 1"-H), 3.83 (1H,
m, 3-H), 3.78 (1H, dd, J = 11.9, 4.0 Hz, 1-H), 3.24
(3H, s, OMe), 2.03 (3H, s, Ac), 1.73 (3H, 4, J = 6.1
Hz, 6"-Me), 1.43 (3H, 5, 19-Me), 1.14 3H, d, J = 6.9
Hz, 21-Me), 0.99 (3H, d, J = 6.6 Hz, 27-Me), 0.89
(3H, s, 18-Me).

Compound 9. Amorphous solid. [a]® —160°
(MeOH; ¢ 0.10). Negative-ion FABMS m/z 1057
[M—H]", 623 [M—rhamnosyl-—glucosylacetyl
x3]7. IR vKB cm~": 3430 (OH), 2930 (CH), 1745
(C=0), 1445, 1370, 1235, 1130, 1045, 980, 910, 835,
810. '"H NMR (pyridine-ds):  5.76 (1H, br d, J = 3.2
Hz, 4'-H), 5.69 (1H, brs, 1”-H), 5.64 (IH, br d,J = 5.3
Hz, 6-H), 5.50 (1H, dd, J = 9.9, 3.2 Hz, 3’-H), 4.87
(IH, d, J = 7.5 Hz, 1""-H), 4.85 (1H, d, J = 7.6 Hz,
1’-H), 3.83 (1H, m, 3-H), 3.77 (1H, dd, J = 12.0, 3.8
Hz, 1-H), 3.26 (3H, 5, OMe), 2.08, 1.98 and 1.95 (3H,
s, Ac), 1.78 3H, d, J = 6.1 Hz, 6”"-Me), 1.40 (3H, s,
19-Me), 1.20 (3H, 4, J = 6.8 Hz, 21-Me). 1.00 (3H, 4,
J = 6.5 Hz, 27-Me), 0.97 (3H, s, 18-Me).

Compound 10. Amorphous solid. [«]3® —98.0°
(MeOH; ¢ 0.10). Negative-iron FABMS m/z 1093
[M—H]", 931 [M—glucosyl]™. IR v¥8 cm~'": 3410
(OH), 2925 (CH), 1455, 1375, 1265, 1225, 1160, 1065,
980, 910, 835. "H NMR (pyridine-ds): & 6.40 (1H, br
s, 1”-H), 5.69 (1H, d, J = 7.8 Hz, 1”-H), 5.57 (1H, br
d, J =54 Hz, 6-H), 484 (1H, d, J = 7.7 Hz, 1""-H),
4.71 (1H,d, J = 7.8 Hz, 1’-H), 3.82 (1H, m, 3-H), 3.75
(IH, dd, J = 11.9, 3.9 Hz, 1-H), 3.25 (3H, 5, OMe),
1.67 3H, d, J = 6.1 Hz, 6"-Me), 1.45 (3H, s, 19-Me),
1.10 3H, 4,/ = 6.9 Hz, 21-Me), 0.99 3H, d, J = 6.6
Hz, 27-Me), 0.86 (3H, s, 18-Me).

Compound 11. Amorphous solid. [«x]3® —40.0°
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(MeOH; ¢ 0.10). Negative-ion FABMS m/z 1219
[M—H]". IR v&B cm~': 3430 (OH), 2930 (CH), 1745
(C=0), 1450, 1370, 1245, 1070, 1045, 980, 910, 835,
805. '"H NMR (pyridine-ds): 8 5.78 (1H, br d, J = 34
Hz, 4'-H), 5.67 (1H, br s, 1"-H), 562 (1H, d, J = 7.6
Hz, 1"-H), 5.61 (1H, br d, J = 5.3 Hz, 6-H), 5.43 (1H,
dd, J =99, 34 Hz, 3’-H), 485 (1H, d, /= 7.7 Hz,
1"-H), 4.77 (1H, d, J = 7.7 Hz, 1’-H), 3.84 (1H, m, 3-
H), 3.72 (1H, dd, J = 12.1, 3.8 Hz, 1-H), 3.26 3H, s,
OMe), 2.04, 1.98 and 1.94 (3H, s, Ac), 1.72 (3H, 4,
J = 6.1 Hz, 6"-Me), 1.43 (3H, s, 19-Me), 1.19 (3H, 4,
J = 6.9 Hz, 21-Me), 1.00 (3H, 4, J = 6.6 Hz, 27-Me),
0.96 (3H, s, 18-Me).

Enzymatic hydrolysis of 8-11. Compounds 8 (5 mg),
9 (20 mg), 10 (10 mg) and 11 (30 mg) were subjected
to enzymatic hydrolysis with f-glucosidase (5-30 mg)
in HOAc-NaOAc buffer (pH 5, 5-15 ml) at room
temp. for 32-72 h, followed by purification with CC
on silica gel using CHCl,-MeOH-H,0 system as the
solvent to yield the corresponding spirostanol
saponins, 2 (2.5 mg), 4 (1.5 mg), 5§ (2.2 mg) and 11a
(4.5 mg), respectively, along with D-glucose.

Compound 11a. Amorphous solid. [«}3® —105°
(MeOH; ¢ 0.10). Negative-ion FABMS m/z 1025
[M—H]~, 983 [M—acetyl]”, 941 [M —acetyl x2]",
779  [M —glucosyl—acetyl x2]~, 591 [M—glu-
cosyl —rhamnosyl —acetyl x 3]7. IR vKB cm~': 3420
(OH), 2925 (CH), 1750 (C=0), 1450, 1370, 1255,
1235, 1070, 1050, 980, 960, 910, 900, 835, 800. 'H
NMR (pyridine-ds): 6 5.78 (1H, br d, J = 3.4 Hz, 4'-
H), 5.68 (1H, br s, 1"-H), 5.62 (1H, d, J = 7.6 Hz, 1”-
H), 5.61 (1H, br d, J = 5.3 Hz, 6-H), 5.43 (1H, dd,
J=99,34Hz 3-H),4.77 (1H, d, J = 7.7 Hz, I’-H),
3.82 (IH, m, 3-H), 3.72 (1H, dd, J = 11.8, 3.7 Hz, 1-
H), 3.58 (1H, dd, J = 10.3, 2.5 Hz, 26a-H), 3.50 (1H,
dd, J = 10.3,10.3 Hz, 26b-H), 2.04, 1.98 and 1.95 (3H,
s, Ac), 1.73 (3H, 4, J = 6.2 Hz, 6"-Me), 1.43 (3H, s,
19-Me), 1.14 (3H, 4, J = 6.7 Hz, 21-Me), 0.97 (3H. s,
18-Me), 0.69 (3H, 4, J = 5.1 Hz, 27-Me).

Cell culture and assay for cytostatic activity

HL-60 cells were maintained in RPM1 1640 medium
containing 10% fetal bovine serum supplemented with
L-glutamine, 100 units ml™! penicillin, and 100 ug
ml~' streptomycin. The leukemia cells were washed
and resuspended in the above medium to 3 x 10 cells
ml™', and 196 ul of this cell suspension were placed in
each well of a 96-well flat-bottom plate. The cells
were incubated for 24 h at 37° in 5% CO,/air. After
incubation, 4 ul of EtOH~H,O (1:1) soln containing
the sample was added to give final concentrations of
0.01-10 pug mi~*; 4 ul of EtOH-H,O0 (1:1) was added
into control wells. The cells were incubated for a fur-
ther 72 h in the presence of each agent, and then cell
growth was evaluated with an MTT assay procedure
[15]. The MTT assay was carried out according to a
modified method of Sargent and Tayler as follows.
After termination of cell culture, 10 ul of 5 mg ml™'
MTT in phosphate buffered saline was added to every
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well and the plate reincubated at 37 in 5% CO,/air
for a further 4 h. The plate was then centrifuged at
1500 g for 5 min to precipitate cells and formazan.
150 ul of the supernatant was removed from every
well, and 175 ul of DMSO was added to dissolve the
formazan crystals. The plate was mixed on a mic-
roshaker for 10 min, and then read on a microplate
reader at 550 nm. A dose response curve was plotted
for the samples of 4 and 9, and a concentration which
gave 50% inhibition of cell growth (ICs,) was calcu-
lated.
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