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ABSTRACT. A new furostanol glycoside was isolated from the roots of Tribulus terrestris growing in
Georgia, together with four known furostanols. Their structures were elucidated by classical physical
and chemical methods as well as by modern spectral analysis of mono- and bidimensional NMR (1H, 13C,
HSQC, HMBC, COSY) and mass-spectroscopy (ESI/MS) data. The chemical structures of new compound
was established as: 26-O--D-glucopyranosyl (25R), 5-furost-20(22)-en-3,26-diol-12-one 3-O--D-
xylopyranosyl-(12)-O-[-D-glucopyranosyl-(13)]-O--D-glucopyranosyl-(14)-O--D-
galactopyranoside. The chemical composition of the roots of T. terrestris was studied and the presence of
steroidal glycosydes was determined. © 2017 Bull. Georg. Natl. Acad. Sci.
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The usage of Tribulus terrestris L. has the his-
tory of a few centuries. The plant was used in Asian
traditional medicine against many diseases, especially
for increasing the hormonal activity. T. terrestris is
recognized as a natural source as stimulant of human
generative function. The chemical composition and
biological activities of the plant were widely studied.
Its diverse influence on almost every vital function
of the body is already determined. Ten of steroidal
glycosides derived from different aglycones and the
metabolites of other classes are isolated, especially
from the leaves and fruits, but the roots was never
was investigated.

During the last 15-20 years, intensive studies of
the chemical composition and pharmacological effi-
ciency of Tribulus terrestris L. started in many coun-
tries around the world [1-4]. Different compositions
of T. terrestris growing in diverse geographical zones
were shown.

The presence of steroidal compounds in T.
terrestris was determined at the institute of
pharmacochemistry. Based on them, a preparation
„Tribusponin” was developed and it was success-
fully used in the medical practice for treatment and
prevention of atherosclerosis. It is also used as a
stimulant of human generative function, a source for
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increasing the working capacity of sportsmen and
rehabilitation of sick people. Due to its chemical com-
position and pharmacological efficiency, Tribusponin
is prioritized among other preparations of T. terrestris
[5].

In T. terrestris growing in Georgia there were
found the new flavonoids with rare monosaccharide
- apiose, named apiotribosides A-D and the com-
pounds of the new class for genus Tribulus -
nucleosides: adenosine, guanosine, cytidine, uridine
and adenine. The discovery of new data of chemical
composition of T. terrestris can explain the mecha-
nism of multilateral action of the plant.

Table 1
1H- and 13C-NMR (600 MHz, CD3OD) Data of the Aglycon Moiety of 1. ( in ppm,J  in Hz)

The further study of the chemical composition
and pharmacological efficiency of T. terrestris of Geor-
gian flora is giving a hope for getting new compo-
nents and revealing interesting effects. The present
work belongs to the phytochemical researches of T.
terrestris roots, especially on the steroidal glycosides.
500 g of powdered roots were extracted by shaking
with 2.5 lof 80%MeOH once an hour at room tem-
perature and then twice at 60 °C. The collected ex-
tracts were dried under reduced pressure and the
concentrate was partitioned between CHCl3and H2O.
The H2O extract was subjected to Diaion HP-20 col-
umn chromatography (50 x 4 cm) and eluted with a

С (C) (H) С (C) (H) 
1 37.6 1.59, m, 1.00, m 15 34.3 2.29, m, 1.61, m 
2 30.1 1.88, m, 1.54, m 16 83.8 4.66, m 
3 78.9 3.66, m 17 56.8 3.20, d, (10.0) 
4 35.1 1.75, m, 1.33, m 18 14.4 0.94, s 
5 45.6 1.13, m 19 12.5 0.85, s 
6 29.4 1.39 (2H), m 20 103.9 - 
7 32.0 1.80, m, 1.24, m 21 11.4 1.57, s 
8 35.4 1.96, m  22 153.5 - 
9 57.0 1.12, m 23 23.9 2.11 (2H), m 
10 37.3 - 24 31.6 1.61 (2H), m 
11 38.7 2.50, m, 2.17, m 25 33.9 1.75, m 
12 215.9 - 26 75.6 3.70, dd, (10.5, 6.0), 3.38, m 
13 58.4 - 27 17.2 0.95, d, (6.6) 
14 55.6 1.37, m    

 
Table 2

1H- and 13C-NMR (600 MHz, CD3OD) Data of the Sugar Moiety of 1. (J in Hz, d in ppm)

 

Gal (C) (H) Glc I (C) (H) Glc II (C) (H) 
1'' 102.4 4.52, d, (7.7) 1''' 104.3 4.58, d, (7.7) 1'''' 104.0 4.91, d, (8.0) 
2'' 72.8 3.60 2''' 80.8 3.74 2'''' 75.3 3.18 
3'' 75.3 3.50 3''' 87.6 3.69 3'''' 77.8 3.33 
4'' 79.9 4.01 4''' 70.4 3.26 4'''' 71.3 3.31 
5'' 75.2 3.49 5''' 77.6 3.28 5'''' 77.7 3.27 
6'' 60.8 3.89, 3.60 6''' 62.9 3.88, 3.56 6'''' 62.4 3.87, 3.81 

 
Xyl (C) (H) Glc (C) (H)    
1''''' 104.7 4.60, d, (7.8) 1' 104.3 4.22, d, (7.9)    
2''''' 75.0 3.24 2' 75.2 3.17    
3''''' 77.8 3.32 3' 78.1 3.34    
4''''' 70.7 3.51 4' 71.7 3.27    
5''''' 67.0 3.90, 3.25 5' 77.9 3.25    

   6' 62.9 3.84, 3.66    
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gradient system of H2O-MeOH 10:0 to 0:10 to yield
two fractions (500 ml each) - 35% MeOH, 80% MeOH.
A part of the 80% MeOH fraction (3 g) was separated
on Sephadex LH-20 (100 g), eluted with MeOH, en-
riched fractions were then separated by CC (SiO2;
100 g, 500 x 25 mm), eluted with CHCl3/MeOH/H2O
26:14:3, to afford five furostanol glycosides: com-
pound 1 (2.3 mg), chloromaloside E (2;2.1 mg) [7],
terestrinin B (3;2.2 mg) [7], terestroside A (4;2.4 mg)
[7] and polianthoside D (5;2.6 mg) [8] (Fig.1).

The molecular formula of 1 was unequivocally
established to be C56H91O28 by HRTOFMS (m/z
1211.2540 [M+H]+). The positive ESIMS mass spec-
trum of 1 showed the major ion peak at m/z 1211
which was assigned to [M+H]+. The MS/MS of this
ion showed peaks at m/z 1049 [M+H-162]+ due to the
loss of a sugar group, and at m/z 917 [M+H-162-132]+,
m/z 775 [M+H-162x2-132]+, m/z 593 [M+H-162x3-132]+

and m/z 431 [M+H-162x4-132]+, corresponding to the
loss of pentose, one, two and three hexose units,
respectively.

The 1H-NMR spectrum of compound 1 showed
signals for three tertiary methyl groups at (H) 0.85
(s, Me(19)), 0.94 (s, Me(18)) and 1.57 (s, Me(21)), a

secondary methyl group at (H) 0.95 (d, J=6.6 Hz,
Me(27)), two methine proton signals at (H) 3.66 (m,
H-C(3)) and 4.66 (m, H-C(16)), two methylene proton
signals at (H) 3.70 (dd, J=10.5, 6.0 Hz, Ha-C(26)) and
3.38 (m, Hb-C(26)) ascribable to a primary alcoholic
function. The 13C-NMR spectrum displayed, for the
aglycon moiety, signals ascribable to a keto group at
d(C) 215.9, a double bond in position C-20(22) at (C)
103.9 (C(20)) and 153.5 (C(22)), two secondary alco-
holic functions at (C) 78.9 (C(3)) and 83.8 (C(16)),
and one primary alcoholic function at (C) 75.6 (C(26)),
suggesting the occurrence of a glycosidic furostanol
skeleton characterized by the occurrence of a keto
group (Table 1). The C(25) configuration was de-
duced to be R based on the difference of chemical
shifts of the geminal protons at Ha,b-C(26) (”ab=0.32
ppm). Resonances in 1H- and 13C-NMR spectra with
d(H) 1.13 (m, H-C(5)) and d(C) 45.6 (C(5)) were indica-
tive of a 5-series steroid [9]. The aglycon of 1 was
identified as (25R), 5-furost-20(22)-en-3,26-diol 12-
one – pseudohecogenin [10]. The HSQC spectrum of
1 displayed five cross peaks of (H)/(C) 4.91 (d, J=8.0
Hz)/104.0, 4.60 (d, J=7.8 Hz)/104.7, 4.58 (d, J=7.7 Hz)/
104.3, 4.52 (d, J=7.7 Hz)/102.4, and 4.22 (d, J=7.9 Hz)/
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Fig. 1. Chemical structures of compounds 1-5.
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104.3 indicating the presence of five sugar moieties.
Units of three -D-glucopyranosyl (Glc I, Glc II, and
Glc III), one -D-galactopyranosyl (Gal) and one -
D-xylopyranosyl (Xyl) unit were identified by exten-
sive 2D NMR spectral analysis (Table 2). The Gal and
Glc I residues were shown to be attached at C(3) and
C(26) of the aglycone by an observed HMBC corre-
lations of (H)/ґ(C) 4.52 (H-C(1'’))/78.9 (C(3)) and 4.22
(H-C(1'))/78.9 (C(26)), respectively. The HMBC cross-
peaks of (H) 4.58 (H-C(1"’))/(C) 79.9 (C(4'’)), (H)
4.91 (H-C(1"’’))/(C) 80.8 (C(2'’’)) and (H) 4.60 (H-
C(1"”’))/(C) 87.6 (C(4'’’)), allowed the sequence Xyl-
(13)-[Glc III-(12)]-Glc II- to be linked at C(4'’) of

Gal. On the basis of the above results, the structure
of compound 1 was elucidated as 26-O--D-
glucopyranosyl (25R), 5-furost-20(22)-en-3,26-
diol-12-one 3-O--D-xylopyranosyl-(12)-O-[-D-
glucopyranosyl-(13)]-O--D-glucopyranosyl-
(14)-O--D-galactopyranoside.

It gives attention that the roots of T. terrestris, as
the leaves, contain steroidal glycosides, especially
furostanol type.
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saqarTveloSi mozardi kurosTavis Tribulus terrestris fesvebidan izolirebulia erTi
axali da oTxi cnobili furostanoluri glikozidi. nivTierebaTa struqturebi
dadgenilia klasikuri fizikur-qimiuri meTodebiT da Tanamedrove speqtruli analizebis
erT- da organzomilebiani bmr (1H, 13C, HSQC, HMBC, COSY) da mas-speqtroskopiis
(ESI/MS) gamoyenebiT. axali nivTierebis qimiuri struqtura daxasiaTebulia rogorc:
26-O--D-glukopiranozil(25R), 5-furost-20(22)-en-3,26-diol-12-on 3-O--D-
qsilopiranozil-(12)-O-[-D-glukopiranozil-(13)]-O--D-glukopiranozil-(14)-
O--D-galaqtopiranozidi. T.terrestris fesvebis qimiuri Sedgeniloba aris Seswavlili
da dadgenilia masSi steroiduli glikozidebis arseboba.



126 Alexander Skhirtladze, Vazha Nebieridze, Mariam Benidze, Ether Kemertelidze, Markus Ganzera

Bull. Georg. Natl. Acad. Sci., vol. 11, no. 1, 2017

REFERENCES

1. Chhatre S., Nesari T., Somani G., Kanchan D., Sathaye S. (2014) Phytopharmacological overview of Tribulus
terrestris. Pharmacogn. Rev., 8(15): 45-51.

2. Song Y. H., Kim D. W., Curtis-long M. J., Park C., Son M., Kim J. Y., Yuk H. J., Lee K.W., Park K. H. (2016)
Cinnamic acid amides from Tribulus terrestris displaying uncompetitive -glucosidase inhibition. Eur. J. Med.
Chem., 114: 201-208.

3. Sharifi A. M., Darabi R., Akbarloo N. (2003)Study of antihypertensive mechanism of Tribulus terrestris in
2K1C hypertensive rats: role of tissue ACE activity. Life sciences, 73(23): 2963-2971.

4. Bedir E., KhanI. A. (2000) New steroidal glycosides from the fruits of Tribulus terrestris. J. Nat. Prod., 63:
1699-1701.

5. Kemertelidze E., Pkheidze T., Kachukhashvili T., Umikashvili R., Turova A., Sokolova L. (1982) Novii
antiskleroticheskii preparat tribusponin. Khimiko-Farm. Jhurnal. 16 (1): 119 (in Russian); USSR Patents No.
56744, 1969.

6. KemertelidzeE. (2011) Steroidnye glikozidi Tribulus terrestris i Yucca gloriosa L. i ikh ispolzovanie v kachestve
stimulatorov rosta i razvitiia rastenii. Izvestiia Agrarnoi Nauki, 9(1): 34-39.(in Russian)

7. Wang J., Zu X., Jiang Y. (2014) Five furostanol saponins from fruits of Tribulus terrestris and their cytotoxic
activities.  Nat. Prod. Res., 23(15): 1436-1444.

8. Jin J. M., Zhang Y. J., YangC. R. (2004) Spirostanol and furostanol glycosides from the fresh tubers of
Polianthestuberosa. J. Nat. Prod., 67(1): 5-9.

9. Skhirtladze A., Benidze M., Kemertelidze E., Grigolava B., Sturm S., Ganzera M. (2015) Steroid Composition of
Fruit from Yucca gloriosa introduced into Georgia. Chem. Nat. Compd., 51(2): 283-288.

10. Wang Y., Ohtani K., Kasai R., YamasakiK. (1997) Steroidal saponins from fruits of Tribulus terrestris.
Phytochemistry, 45(4): 811-817.

Received  February, 2016


