Cytotoxic Cholestane and Pregnane Glycosides from Tribulus macropterus
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The methanol extract of the whole parts of Tribulus macropterus Boiss. (family Zygophyl-
laceae) showed cytotoxic activity against a human tumour cell line (hepatocyte generation 2,
HepG?2) (ICsp = 2.9 ug/ml). The n-butanolic fraction obtained from successive fractionation
of the methanolic extract exhibited activity against HepG2 (ICsy = 2.6 ug/ml). Therefore,
this fraction was subjected to separation using different chromatographic techniques. Five
compounds, 1-5, were isolated and identified as: (225,255)-165,22,26-trihydroxy-cholest-4-
en-3-one-16-0-f-p-glucopyranosyl-(1—3)-4-p-xylopyranoside (1), (225,255)-16/3,22,26-trihy-
droxy-cholest-4-en-3-one-16-O-$-p-glucopyranosyl-(1—3)-3-p-glucopyranoside (2), sucrose
(3), p-pinitol (4) and 3p-hydroxy-5a-pregn-16(17)en-20-one-3-O-f-p-xylopyranosyl-(1—2)-
[5-D-xylopyranosyl-(1—3)]-$-p-glucopyranosyl-(1—4)-[a-L-rhamnopyranosyl-(1—2)]-3-p-ga-
lactopyranoside (5) on the basis of spectroscopic and chemical data. The three steroidal
compounds 1, 2 and 5 were also tested against the same cell line HepG2 and their ICsq values

were 2.4, 2.2 and 1.1 ug/ml, respectively.
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Introduction

All cultures from ancient times to the present
day have plants as a source of medicine due to
their high contents of variable biologically active
compounds which play a significant role in control
of many diseases. Many researches have been
done on searching and discovering new drugs from
plants as antimicrobials, antimalarials, antifilarials,
anticancers and antischistosomals (Heinrich et al.,
2004).

The genus Tribulus (family Zygophyllaceae)
comprises about 25 species that grow as shrubs or
herbs in subtropical areas around the world (Heg-
nauer, 1973). In Egypt, there are nine species
(Boulos, 2000). Four of them had been phyto-
chemically investigated (El-Wakil, 2001; Hamed et
al., 2004; Perrone et al., 2005; Temraz et al., 2006).
Tribulus terrestris is the famous species tradition-
ally used by different cultures for a number of con-
ditions. The extracts or the isolated components
of this plant showed various biological activities
especially in the treatment of impotence, sexual
activity, cardiac diseases, antimicrobial, cytotoxic
and anthelminthic activity (Kostova and Dinchev,
2005). Also, there is a number of drugs on the
market containing mainly 7ribulus extract as one

of its components, e.g. tribulosane used for sexual
disorder. Previous phytochemical investigations of
Tribulus species showed that the major constitu-
ents are steroidal glycosides (Mahato et al., 1982;
Bedir et al, 2002; Cai et al., 2001; Sun et al., 2002)
followed by flavonoid compounds (Louveaux
et al., 1998) and alkaloids (Wu et al, 1999).

On continuation of our search for plants having
medicinal importance (Abdel Gawad et al, 1998;
El-Sayed et al, 2006), the methanolic extract of
Tribulus macropterus Boiss. showed cytotoxic ac-
tivity against HepG2 (ICs¢ = 2.9 ug/ml). Although,
to the best of our knowledge there is no phyto-
chemical report on this plant, the methanolic ex-
tract was subjected to isolation and characteriza-
tion of some of its chemical constituents.

Experimental
General

Melting points (uncorrected) were measured us-
ing the digital melting point apparatus Electro-
thermal TA 9200 (Electrothermal Engineering
LTD, UK). 'H and '*C NMR spectra were re-
corded in CD;OD solution containing TMS as in-
ternal standard on a Bruker Avance 400 spectro-
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meter equipped with a 5 mm normal configuration
13C{'H} probe with standard sequences operating
at 400 MHz for proton and 100 MHz for carbon-
13. The multiplicities of carbon atoms or the num-
ber of attached protons for a '3C signal were de-
termined using a DEPT-135 experiment. Mass
spectra were recorded using a HPLC-MS instru-
ment equipped with an Agilent G 1978A dual ESI
and APCI mode ion source. Preparative HPLC
was done using a Waters Model 590 pump with a
refractive index detector (RID 6A, Shimadzu) and
separating using a reversed phase column Lichro-
prep® RP-18 column (5 um, 250 x 21.2 mm). Dif-
ferent sizes of open glass chromatographic col-
umns were used packed with silica gel 60 (70—230
mesh, Merck) and Sephadex LH-20 Sigma. TLC
was performed over pre-coated silica plates
(GF;s4, Merck) and the spots were visualized by
spraying with 40% sulphuric acid/methanol re-
agent followed by heating the plate at 110 °C for
15 min.

Plant material

The whole plant was collected from Suez-Is-
mailia road, Egypt, in June 2004 and identified by
Dr. Abdel-Halim Abdel-Motagaly, Horticulture
Department, Agriculture Research Center. A
voucher specimen was deposited at laboratory of
Medicinal Chemistry, TBRI. The plant was dried
in shade, finally powdered with an electric mill and
kept for biological and chemical investigation.

Extraction and isolation

500 g of the powdered plant were extracted
three times with methanol (3 x51) at room tem-
perature. The solvent was evaporated under re-
duced pressure using a rotatory evaporator afford-
ing 70.36 g methanolic extract. The methanolic
extract was defatted with petroleum ether (60—
80 °C). The defatted methanol extract was dis-
solved in a small amount of distilled water (1/21)
and then successively extracted with chloroform
(2 x11), ethyl acetate (2 x11) and finally with n-
butanol (2 x 11). The solvents were evaporated to
afford chloroform (2.65 g), ethyl acetate (1.39 g)
and n-butanol (24.63 g) extracts. About 22 g of the
butanolic extract were subjected to open glass col-
umn chromatography (5 x 120 cm) packed with sil-
ica gel 60 (70—230 mesh) as adsorbent material.
The elution started with chloroform (100%) fol-
lowed by a gradient of CHCl;/MeOH till pure
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methanol. Fractions of 250 ml were collected, ana-
lyzed by TLC (pre-coated silica gel GF,s4; solvent
systems: CHCI;/MeOH 8:2, n-propanol/EtOAc/
H,O 4:3:1 v/v/v) and grouped into two major
groups A (2.36 g) and B (4.89 g). Group A (col-
lected by the eluting system CHCl3/MeOH 9:1)
was rechromatographed over an open glass silica
gel column (3 x 30 cm) eluting with a gradient of
chloroform and methanol. Two subgroups were
collected and monitored by TLC using CHCly/
MeOH 9:1 and 85:5. Each of them was purified
over a Sephadex LH-20 open glass column
(3 %30 cm, eluting with methanol) to give com-
pounds 1 (421 mg) and 2 (15 mg). Group B (col-
lected by the eluting system CHCl;/MeOH 7:3)
was subjected to preparative HPLC [reversed
phase C18 column, 50 mg/ml per injection (6
times), isocratic elution (65% MeOH/H,O) at the
flow rate 6 ml/min with refractive index detection].
Three major peaks were detected at R, =12.7,17.3
and 22.5 min, respectively. Similar peaks in all
chromatographic HPLC runs were collected af-
fording three compounds: 3 (121 mg), 4 (32 mg)
and 5 (12 mg). The structures of the isolated com-
pounds were elucidated from their spectroscopic
and chemical analyses.

Acid hydrolysis

5 mg of compounds 1, 2 and 5 were hydrolyzed
by reflux with 2m HCI/1,4-dioxane (1:1, 2.5 ml),
for 3 h. Dioxane was removed under reduced pres-
sure and the remaining reaction mixture was ex-
tracted with dichloromethane (3 x 3 ml). After re-
moving the organic layer, the aqueous layer was
neutralized by sodium bicarbonate and evapo-
rated till dryness, then extracted with a very small
amount of pyridine. The sugar units were detected
by means of TLC with authentic sugar samples
(solvent system: EtOAc/n-BuOH/H,O 20:70:10
VIVIV).

Compound I: Creamy powder; m.p. 263-264 °C;
R; = 0.57 (CHCl3/MeOH 8:2). — Acid hydrolysis
afforded p-xylose and D-glucose as sugar moie-
ties. — ESI-MS (negative ion mode): m/z =725 [M-
H]-, 563 [(M-H)-162]~, 431 [(M-H)-(162 + 132)]".
- 'H NMR (400 MHz, CD;0D): 6 = 0.94 (3H, d,
J = 6.5 Hz, Me-27), 0.96 (3H, d, J = 6.5 Hz, Me-
21), 0.98 (3H, s, Me-18), 1.27 (3H, s, Me-19), 4.22
(1H, d, J = 7.5 Hz, Xyl), 4.23 (1H, ddd, J =9, 7.5,
4.6 Hz, H-16), 4.58 (1H, d, J = 7.8 Hz, Glc), 5.77
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Table 1. 3*C NMR chemical shifts and '*C-DEPT of the
aglycone of compounds 1, 2 and 5.
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Table II. 3C NMR chemical shifts and '*C-DEPT of the
sugar parts of compounds 1, 2 and 5.

C 1 2 5 C 1 2 5
6 DEPT o DEPT o DEPT 6 DEPT o DEPT 6 DEPT
1 3674 CH, 36.75 CH, 3822 CH, 16-0-Xyl 16-O-Glc 3-0-Gal
2 3342 CH, 3319 CH, 3057 CH, 1 10698 CH 10592 CH 100.75 CH
3 20253 C 20240 C 7892 CH 2 7482 CH 7522 CH 77.06 CH
4 12423 CH 12410 CH 3327 CH, 3 8842 CH 8871 CH 76.02 CH
5 17546 C 1755 C 4643 CH 4 7016 CH 7032 CH 81.95 CH
6 3485 CH, 3470 CH, 2991 CH, 5 6662 CH, 77.95 CH 7409 CH
7 3335 CH, 3330 CH, 3318 CH, 6 62.71 CH, 60.92 CH,
8 3684 CH 366 CH 3527 CH Xyl (1-3) Gle  Glc (1-3) Glc  Gal (1-2) Rha
9 5551 CH 5551 CH 5647 CH 1 10536 CH 1052 CH 102.05 CH
104012 C 401 C 3708 C 2 7563 CH 7553 CH 7251 CH
11 2205 CH, 21.93 CH, 2224 CH, 3 7802 CH 7821 CH 7254 CH
12 41.08 CH, 41.12  CH, 3635 CH, 4 7176 CH 71.84 CH 7323 CH
13 442 C 4321 C 4764 C 5 7833 CH 78.46 CH 69.74 CH
14 5552 CH 5551 CH 57.89 CH 6 62.82 CH, 6231 CH, 17.91 CH,
15 3720 CH, 37.00 CH, 3251 CH, Gal (1-4) Gle
16 8321 CH 8293 CH 14720 CH 10553 CH
17 5887 CH 5872 CH 15672 C ) 8185 CH
18 13.65 CH;, 13.63 CH; 1637 CH; 3 8844 CH
19 17.81 CHj 17.63 CH; 1229 CH; 7054 CH
20 3618 CH 36.73 CH 19947 C i 775 CH
21 12.03 CH, 11.92 CH; 2717 CH; 6331 CH
22 7431 CH 7432 CH - ' 2
23 3401 CH, 34.05 CH, - Gle (1-2) Xyl
24 3119 CH, 31.03 CH, - 1 10542 CH
25 3731 CH 37.82 CH - 2 75.39  CH
26 6846 CH, 68.00 CH, - 3 78.34  CH
27 1742 CH; 17.94 CH; - 4 70.99  CH
5 67.17 CH,
6

Gle (1-3) Xyl

(1H, bs, H-4). — 3C NMR and '*C-DEPT data of % 1(7)2(1)‘21 gg
aglycone and sugars: see Tables I and II. 3 7846 CH
. 4 71.08 CH

Compound 2: White powder; m.p. 268-269 °C; 4 6727 CH,

R; = 0.52 (CHCI3/MeOH 8:2). — Acid hydrolysis 6

afforded only p-glucose as sugar moiety. — ESI-
MS (negative ion mode): m/z = 755 [M-H]~, 593
[M-H)-162]-, 431 [(M-H)-(162+162)]". - 'H
NMR (400 MHz, CD;OD): 6 = 094 (3H, d, J =
6.4 Hz, Me-27), 0.96 (3H, d, J = 6.4 Hz, Me-21),
0.98 (3H, s, Me-18), 1.28 (3H, s, Me-19), 4.31 (1H,
d, J=7.5Hz, Glc), 4.42 (1H, ddd, J =9, 7.7,4.2 Hz,
H-16), 4.62 (1H, d, J = 7.5 Hz, Glc), 5.77 (1H, bs,
H-4). — 13C NMR and *C-DEPT data of aglycone
and sugars: see Tables I and II.

Compound 3: Crystals from methanol; m.p. 171 -
172 °C; R; = 0.36 (n-propanol/EtOAc/H,0O 4:3:1
v/viv). — '"H NMR and its melting point (alone
and mixing with authentic sample) revealed that it
is sucrose.

Compound 4: Crystals from methanol; m.p. 180—
182 °C, R; = 0.49 (n-propanol/EtOAc/H,0O 4:3:1

VAVIV). — 13C NMR (100 MHz, CD;OD): ¢ =
83.79 (C-3), 72.63 (C-5), 72.44 (C-1), 71.99 (C-6),
70.97 (C-2), 70.12 (C-4) and 59.66 (MeO). — 'H
and 1*C NMR data were found identical to p-pini-
tol.

Compound 5: Amorphous powder; m.p. 253-
254 °C; Ry = 0.58 (n-propanol/EtOAc/H,O 4:3:1
v/v/v). — Acid hydrolysis afforded p-xylose, D-gal-
actose, D-glucose and L-rhamnose as sugar moie-
ties. — ESI-MS (negative ion mode): m/z = 1049.2
[M-H]~. — '"H NMR (400 MHz, CD3;0D): 6 = 0.85
(3H, s, Me-18), 0.88 (3H, s, Me-19), 1.24 3H, d, J =
6.2 Hz, Me-Rha), 2.23 (3H, s, MeCO), 4.43 (1H, d,
J =17.6 Hz, Glc), 4.47 (1H, d, J = 7.6 Hz, Gal), 4.61
(1H, d, J = 7.6 Hz, Xyl), 478 (1H, d, J = 7.8 Hz,
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Xyl), 5.18 (1H, d, J = 1.5 Hz, Rha), 6.62 (1H, dd,
J =3.4,1.4 Hz, H-16). — 3C NMR and '3C-DEPT
data of aglycone and sugars: see Tables I and II.

Measurement of potential cytotoxicity by SRB
assay

Potential cytotoxicity of the methanol extract
and the isolated compounds of Tribulus macrop-
terus was tested at the National Cancer Institute
of Egypt using the method of Skehan and Strong
(1990). Cells were plated in a 96-well plate (10*
cells/well) for 24 h before treatment to allow the
attachment of cells to the wall of the plate. Differ-
ent concentrations of the fraction under test (0, 1,
2.5, 5 and 10 ug/ml) were added to the cell mono-
layer. Triplicate wells were prepared for each indi-
vidual dose and they were incubated for 48 h at
37°C in 5% CO,. After 48 h cells were fixed,
washed and stained with sulforhodamine B stain.
Excess stain was washed with acetic acid and at-
tached stain was recovered with Tris-EDTA buffer
and the colour intensity was measured in an
ELISA reader. The survival curve of the tumour
cell line was plotted for each tested fraction.

Results and Discussion

The defatted methanolic extract of the whole
parts of T. macropterus was successively fraction-
ated using chloroform, ethyl acetate and n-bu-
tanol. The n-butanolic fraction was chromato-
graphed and purified using a combination of silica
gel column chromatography, Sephadex LH-20 col-
umn chromatography and reversed phase (Cig)
preparative HPLC to afford five compounds.
Compounds 1, 2 and 5 were identified as steroidal
glycosides whereas compounds 3 and 4, which rep-
resent the major constituents of this plant, were
simply identified as the very known compounds
sucrose (3) and Dp-pinitol (4) from their spectro-
scopic analysis and comparison with authentic
samples over TLC (Achenbach et al, 1994, 1996;
Rohini et al, 2005). The two compounds 3 and 4
were previously isolated from the aerial and root
parts of Mexican Tribulus cistoides (Achenbach et
al., 1994, 1996).

Compound 1 gave a positive reaction with the
Libermann Burchard test. The molecular formula
and molecular weight was determined from 3C,
BC-DEPT NMR and ESI-MS spectra as
Ci3Hg,015 and 726, respectively. The 13C and 13C-
DEPT NMR (CD;OD) spectra showed 38 carbon
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signals (4 methyl, 12 methylene, 18 methine and 4
quaternary carbon atoms) comprising 27 carbon
atoms for the aglycone and 11 carbon atoms for
the sugar moiety. The ESI-MS spectrum in nega-
tive ion mode exhibited the main ion peak at m/z
725 [M-H]~ and fragments at 563 [(M-H)-162]",
431 [(M-H)-(162+132)]~ attributable to the se-
quential loss of a hexose and a pentose residue.
Also, acid hydrolysis of 1 afforded p-xylose and D-
glucose as sugar moieties. This gave the considera-
tion that the sugar portion consists of terminal D-
glucose and p-xylose connected with the aglycone
part. The downfield shift of carbon atom C-3 of
the xylose at 6 88.42 revealed that it is the site of
connection between the two sugar units (Minpei
et al, 2001, 2002). The 'H NMR spectrum dis-
played two doublet signals of anomeric protons at
0 4.58 and 4.22 with 7.8 and 7.5 Hz coupling con-
stant, respectively, diagnostic for the S-configura-
tion of the sugar moiety (Mahato et al, 1982).
From this data the sugar part can be assigned
as f-p-glucopyranosyl-(1—3)--p-xylopyranoside.
The '3C NMR analysis of the remaining 27 carbon
signals (4 methyl, 10 methylene, 9 methine and 4
quaternary carbon atoms) suggested that the agly-
cone has a cholestane moiety with two secondary
alcohols (6¢ 74.31 and 83.21), one primary alco-
holic function (dc 68.46) and an a,S-unsaturated
carbonyl group (¢ 124.23, 175.46 and 202.53) (Mi-
maki et al, 1993; Achenbach et al., 1996; Kuroda
et al., 2001). By comparing the NMR data of the
aglycone with data of Tribulus species previously
isolated (Achenbach et al, 1996; Hamed et al.,
2004; Temraz et al., 2006) it appeared that the agly-
cone part was established as (225,255)-1673,22,26-
trihydroxy-cholest-4-en-3-one. The downfield shift
exhibited by C-16 of the aglycone (6 83.21) al-
lowed us to deduce that this carbon atom was the
site of glycosidation. From all the above data, this
compound was identified as (2285,255)-164,22,
26-trihydroxy-cholest-4-en-3-one-16-O-3-p-gluco-
pyranosyl-(1—3)-3-p-xylopyranoside (Fig. 1). This
compound was firstly isolated from 7. macropterus
but it was isolated previously from other Tribulus
species (Achenbach et al, 1996; Hamed et al.,
2004; Temraz et al., 2006).

Compound 2 gave a positive reaction with the
Libermann Burchard test. The molecular formula
and molecular weight was determined as
C39H64Ol4 and 756 from the 13(:, 13(:-DIE]E)’T NMR
and ESI-MS spectra, respectively. The '3C and
3C-DEPT NMR (CD;OD) spectra showed 39
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Fig. 1. Structures of the cytotoxic compounds 1, 2 and 5 and of the known compound 4 (D-pinitol).

carbon signals (4 methyl, 12 methylene, 19 me-
thine and 4 quaternary carbon atoms) comprising
27 carbon atoms for the aglycone and 12 carbon
atoms for the sugar moiety. The ESI-MS spectrum
exhibited a prominent ion peak in negative ion
mode at m/z 755 [M-H]~ and fragments at 593
[(M-H)-162]~, 431 [(M-H)-(162+162)]~. This may
be attributed to the sequential loss of two hexose
units. Acid hydrolysis of 2 afforded only p-glucose
as sugar moiety. The downfield shift of carbon
atom C-3 of the inner glucose unit at 6 88.71 re-
vealed that it is the site of connection with the
outer glucose unit. The '"H NMR spectrum dis-
played two doublet signals of anomeric protons at
0 4.31 and 4.62 with 7.5 and 7.5 Hz coupling con-
stant, respectively, diagnostic for the S-configura-
tion of the sugar moiety. Therefore, the sugar part
can be assigned as -p-glucopyranosyl (1—3)-3-p-
glucopyranoside. The NMR spectrum of the agly-
cone part of this compound was found identical
to the aglycone of 1. From the above data, this
compound was identified as (2285,255)-164,22,
26-trihydroxy-cholest-4-en-3-one-16-O-f3-p-gluco-
pyranosyl-(1—3)--p-glucopyranoside (Fig. 1). This
compound was firstly isolated from the Tribulus
genus.

Compound § gave a positive reaction with the
Libermann Burchard test. The molecular formula
and molecular weight were determined as
C4H730,,4 and 1050 from the spectral data (*3C,

BC-DEPT NMR and ESI-MS in negative ion
mode). The 3C and '*C-DEPT NMR (CD;OD)
spectra showed 49 carbon signals (4 methyl, 12
methylene, 29 methine and 4 quaternary carbon
atoms) of which 21 carbon atoms were from the
aglycone and 28 carbon atoms from the sugar moi-
ety. By comparison of the 'H-13C NMR spectrum
of the aglycone part with literature data it was
confirmed that this aglycone has a pregnane skele-
ton with only one secondary hydroxy group (¢
78.92) and one acyl group (d¢ 199.47 and 27.17,
Oy s, 2.23) connected with a double bond (dc
147.20 and 156.72; 0y 6.62) forming an «,3-unsatu-
rated ketone (Mohamed et al., 2000; Akihito et al.,
2002; Yoshihiro et al., 2002; Vijay et al., 2003). This
means that the aglycone part of this compound
could be identified as 3f-hydroxy-5a-pregn-
16(17)en-20-one. The downfield shift of the only
hydroxylated carbon atom C-3 at 6 78.92 revealed
that this is the site of glycosidation (Akihito et al.,
2002; Vijay et al., 2003). The ESI-MS spectrum ex-
hibited a prominent ion peak in negative ion mode
at m/z 1049.2 [M-H]~ and fragments at 917 [(M-
H)~-132], 785 [(M-H)-2x132] attributable to the
sequential loss of 2 pentose sugar units. Acid hy-
drolysis of § gave p-xylose, D-galactose, D-glucose
and L-rhamnose which were identified by direct
comparison with authentic sugars. '"H NMR spec-
trum displayed four doublets at oy 4.43, 4.47, 4.61
and 4.78 with 7.6, 7.6, 7.6 and 7.8 Hz coupling con-



324

stant, respectively, diagnostic for the S-configura-
tion of the glucose, galactose and xylose units.
Also, there is a doublet with narrow coupling con-
stant 5.18, d, J = 1.5 Hz, along with a doublet of a
methyl group (dy 1.24, 3H, d, J = 6.2 Hz, Me-Rha,
Oc 17.91) indicating a-configuration of the L-rham-
nose. The 13C NMR peaks at ¢ 81.85 and 88.44
indicated a 2,3 biglycosidic glucose unit according
to the chemical shift of methyl glucopyranoside
and the role of glycosidation shifts (Agrawal et al.,
1985; Agrawal, 2004). Also, peaks at 6 77.06 and
81.95 were assigned to a 2,4 biglycosidic galactose
unit (Agrawal et al, 1985; Agrawal, 2004). By
comparing the '3C NMR data of the sugar moiety
with the data of previously isolated glycosides
from Tribulus species, it was found that compound
5 has the same sugar moiety, -D-xylopyranosyl-
(1—2)-[B-p-xylopyranosyl-(1—3)]--p-glucopyra-
nosyl-(1—4)-[a-L-rhamnopyranosyl-(1—2)]-5-D-
galactopyranoside, but is different in the aglycone
portion (Cai et al., 2001; Bedir et al.,, 2002; Sun et
al., 2002; Kostova and Dinchev, 2005). From all the
above data compound 5 can be identified as 33-
hydroxy-5a-pregn-16(17)en-20-one-3-O-f-p-xylo-
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pyranosyl-(1—2)-[ -p-xylopyranosyl-(1—3)]-3-
D-glucopyranosyl-(1—4)-[a-L-thamnopyranosyl-
(1—2)]-p-p-galactopyranoside (Fig. 1). To our
knowledge, this compound has not been identi-
fied before.

The methanol extract was tested against the hu-
man tumour cell line HepG2 (ICso = 2.9 ug/ml).
Although, the n-butanolic fraction obtained from
successive fractionation showed activity at ICsy =
2.6 ug/ml, the isolated three steroidal compounds
1, 2 and 5 were tested against the same cell line
HepG2 and their 1Csy values were 2.4, 2.2 and
1.1 ug/ml, respectively. These results are in good
accordance with the cytotoxic activity of steroidal
glycosides isolated from other plant species includ-
ing Tribulus (Kuroda et al., 2001; Bedir et al., 2002;
Minpei et al., 2001, 2002).
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