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Abstract

The steroidal saponins of Tribulus terrestris L. (Zygophyllaceae) are considered to be the factor responsible for biological activity of
products derived from this plant. The activity depends on the concentration and the composition of active saponins, which in turn is
influenced by the geographical origin of plant material. Samples of T. terrestris collected in Bulgaria, Greece, Serbia, Macedonia, Turkey,
Georgia, Iran, Vietnam and India were analyzed by LC-ESI/MS/MS for the presence and the concentration of protodioscin (1), proto-
tribestin (2), pseudoprotodioscin (3), dioscin (4), tribestin (5) and tribulosin (6). The flavonoid rutin (7) was also included in the com-
parison. The results revealed distinct differences in the content of these compounds depending on region of sample collection, plant
part studied and stage of plant development. The samples from Bulgaria, Turkey, Greece, Serbia, Macedonia, Georgia and Iran exhib-
ited similar chemical profile and only some quantitative difference in the content of 1–7 with protodioscin (1) and prototribestin (2) as
main components. The Vietnamese and Indian samples exhibit totally different chemical profile. They lack 2 and 5, while tribulosin (6) is
present in high amounts. Compounds different from 1 to 7 are dominating in these 3 samples. The presented results suggested the exis-
tence of one chemotype common to the East South European and West Asian regions. Most probably, the Vietnamese and Indian sam-
ples belong to other chemotypes which are still to be studied and characterized. No clear correlation between the burrs morphology and
the chemical composition of the samples has been found.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Tribulus terrestris L. (Zygophyllaceae) is an annual
plant native of Mediterranean region, but now widely dis-
tributed in the warm regions all over the world (Frohe,
1999). It is used in the folk medicine of India, China, Bul-
garia and South Africa against sexual impotence, oedemas,
abdominal distention and cardiovascular diseases (Kostova

et al., 2002). Many pharmaceutical preparations and food
supplements based on the saponin fraction from this plant
are on sale worldwide (Tomova et al., 1981; Xu et al., 2000;
Cai et al., 2001; Adimoelja and Adaikan, 1997; Mulinacci
et al., 2003).

Most of the phytochemical investigations described in
the literature refer to T. terrestris of Chinese, Indian and
Bulgarian origin. There are limited studies on the saponins
in the same plant species from Turkey, Moldova, South
Africa, Australia, Azerbeidjan and Romania. A careful
examination of the available literature data (Kostova and
Dinchev, 2005) revealed that:
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(a) Saponins with a cis A/B – rings juncture are found
only in T. terrestris from China.

(b) Saponins of gitogenin type are not present in T. ter-

restris of Indian and Bulgarian origin, while saponins
of tigogenin, gitogenin and hecogenin type predomi-
nate in T. terrestris from China.

(c) Sulphated spirostanol and furostanol saponins are
isolated only from T. terrestris of Bulgarian origin.

(d) Protodioscin (1) has been considered as the most
dominant component of T. terrestris.

However, the studies showed that 1 is present in different
amounts in samples from China, India and Bulgaria (Ganz-
era et al., 2001). Moreover, the Indian sample showed totally

different saponin profile. These authors observed also signif-
icant differences in the saponin composition and the saponin
content depending on the geographical region of sample col-
lection and suggested the presence of chemotypes.

Till now the publications on the isolation and structure
elucidation of the chemical components (including sapo-
nins and flavonoids) of T. terrestris do not offer any mor-
phological description of the studied plant samples. This
makes the proper explanation of the observed differences
impossible. Any correlation between the chemical composi-
tion and the morphology that could lead to some taxo-
nomic conclusions was not provided.

This prompted us to undertake a comparative investiga-
tion on the saponins in T. terrestris from different geo-
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Fig. 1. Chemical structures of the standards for LC-MS/MS investigations.
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graphical regions and to look for a reasonable explanation
of the above mentioned differences. For the purposes of the
comparison we have developed and validated a LC-ESI/
MS method with selected ion monitoring to quantify some
components. Compounds 1–5 and 7 are typical of Bulgar-
ian T. terrestrsis (Kostova et al., 2002; Conrad et al., 2004;
Panova and Tomova, 1970; Gyulemetova et al., 1982),

while tribulosin (6) is the main component of Indian T. ter-

restris (Mahato et al., 1981; Deepak et al., 2002). The bio-
stimulating activity of 1 and 2, the cytotoxic effects of 1, 3

and 4, and the anthelmintic properties of 6 are reported in
the literature (Tomova et al., 1981; Kostova et al., 2002;
Hu and Yao, 2002; Chiang et al., 1991; Kostova and Din-
chev, 2005 and the references therein; Deepak et al., 2002;

Table 1
Collected plant material

Origin Voucher Plant part Stage Collection date

Bulgaria
Haskovo SOM Co-1162 Aerial parts Flowering–seeding 07 August 2003

Fruits 07 August 2003
Leaves 07 August 2003
Stems 07 August 2003

Pomorie SOM Co-1163 Aerial parts Flowering–seeding 18 August 2004
Petrich SOM Co-1164 Aerial parts Flowering–seeding 22 July 2004
Svistov SOM Co-1165 Aerial parts Flowering–seeding August 2004
Ropotamo SOM Co-1166 Fruits 27 July 2004
Smokinia SOM Co-1167 Fruits Flowering–seeding 27 July 2004
Plovdiv SOM Co-1168 Aerial parts All stages of development May–September 2005

Turkey
Marmaris SOM Co-1169 Aerial parts-hirsutum fruits Flowering–seeding 08 July 2004

Fruits 08 July 2004
SOM Co-1179 Aerial parts-glabrous fruits 07 July 2004

Fruits 07 July 2004
Ayvalak SOM Co-1170 Aerial parts Flowering–seeding 03 July 2004
Ankaraa SOM Co-1171 Aerial parts Seeding September 2004

Fruits September 2004
Yatagan SOM Co-1172 Aerial parts Flowering–seeding 04 July 2004

Greece
Kalambaka,

Thesalia SOM Co1173 Aerial parts Seeding 30 October 2004
Rhodes Island SOM Co-1174 Aerial parts Flowering–seeding 06 July 2004

Macedonia
Bogdanzi SOM Co-1175 Aerial parts Flowering–seeding 24 July 2004
Novo Selo,

Belasica mounatin SOM Co-1176 Aerial parts Flowering–seeding 23 July 2004

Serbia
Nisha SOM Co-1177 Aerial parts Flowering–seeding August 2003

Georgia
Tbillissi SOM Co-1178 Aerial parts Flowering–seeding August 2005

Vietnamb

SOM Co-1180 Aerial parts 2003
Fruits 2003

India
Jodhpur,

Rajasthan SOM Co-1181 Fruits Seeding 09 September 2004
Leaves
Stems

Bangalore,

Karnataka SOM Co-1182 Fruits April 2004

Iran
Mashhad,

Khorasan SOM Co-1183 Aerial parts All stages of development July–September 2005

a Powdered samples were obtained.
b The sample was powdered without estimating of the burr’s morphology; collection area not known-the sample was provided by Sopharma J.S.C.,

Sofia.
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Dong et al., 2004). This study is an attempt to correlate the
morphology and the chemical composition of the studied
samples.

2. Results and discussion

2.1. Quantitative HPLC-ESI/MS determination of

compounds 1–7

The first quantitative determination of steroidal sapo-
nins in T. terrestris originating from Bulgaria, India and
China was achieved by HPLC and ELS detection (Ganzera
et al., 2001). The marker compound, protodioscin, could
be detected by this method at a concentration as low as
10.0 lg/ml. All the samples from Bulgaria were found to
contain a rather high percentage (0.245–1.337%) of proto-
dioscin. The samples from China contained either no or
only small amounts (0.063% and 0.089%) of this com-
pound. But protodioscin was a minor component
(0.024%) in the sample from India. Analysis of market
products showed considerable variation in the protodioscin
content.

Among the various methods (Gyulemetova et al., 1982;
Oleszek, 2002; Liu et al., 2004) that have been applied to
the analysis and identification of saponin mixtures LC-
MS appears to be the most suitable. Two papers have been
already published on the analysis of saponins in T. terres-

tris using LC-MS. The first one developed an HPLC-
ELSD-ESI-MS method for separation and identification
of steroidal saponins in the aerial parts of T. terrestris

(Combarieu et al., 2003), the second proposed an HPLC-
ESI-MS method in a positive ion mode for qualitative anal-
ysis of saponins in dietary supplements of T. terrestris

(Mulinacci et al., 2003). In the same publication the
authors described a semi-quantitative evaluation of the
total saponin content by HPLC-MS using protodioscin
as external standard.

In the present investigation the steroidal saponins 1–6

and rutin (7) (Fig. 1) in various samples of T. terrestris

(Table 1) were profiled and quantified using reverse phase
HPLC with on line photodiode array detector and ESI
mass spectrometer.

To obtain correct and reliable results we extracted the
saponins with 70% ethanol three times in a ratio 1:50. This
procedure provides a good extraction and in the exhausted
plant material the analyzed compounds are under the limits
of quantification (LOQ). Ethanol was selected as a solvent
for extraction in this study because in methanol the furost-
anol saponins rapidly convert into the corresponding 22-O-
methyl derivatives (Ganzera et al., 2001; Wang et al., 2003).

Solid-phase extraction (SPE) of the samples on C-18
Sep-Pak cartridges provided samples that did not show
many interfering impurities when injected by the syringe
pump to the ESI-MS and all the seven investigated com-
pounds were unambiguously and selectively determined
among the number of peaks in mass range 400–2000 amu.

Full identification of the saponins 1–6 and rutin (7)
present in the standard mixture was achieved first by inves-
tigation of their mass spectral data and then by co-chroma-
tography with the authentic standards. The retention times
and the mass values of the [M�H]� pseudomolecular ions
for 2 and 5 or of the [M�H+CH3COOH]� ions for the
other standards are shown in Table 2. Under the separation
conditions the peaks of 4 and 6 are overlapped but the
mass values of their [M�H + CH3COOH]� ions are so dif-
ferent, that there was no problem to integrate and to get
reliable results.

For the quantitative determination of these seven com-
pounds it was necessary to prepare standard calibration
curves. For this purpose the stock solution was diluted to
nine different concentrations ranging from 0.03 to
145.00 lg/ml for each individual compound. All standards
showed good linearity in the low concentration range
between 0.03 and 5.00 lg/ml. For 2 a good linearity was
observed in the range of 0.06–145.00 lg/ml, as well. The
standard curves showed good linearity, with R2 values
not less than 0.936 for all concentration ranges used.

For evaluation of the method precision and extraction/
purification repeatability, six samples from the same plant
powder were independently extracted and purified with
SPE procedure and for each sample three independent
LC-MS runs were performed. Relative standard deviations
for repetition of one sample (n = 3) was �3% and for six
independent extraction ranged from 2.5% to 12.8%. It
should be noted that the HPLC-MS method developed
by us for the purpose of this investigation allows a good
separation and detection of saponins 1–6 in amounts as
low as 0.2–0.3 ppm.

The results from the quantitative determination of com-
pounds 1–7 in the analyzed samples are presented in Tables
3 and 4. A general observation is that protodioscin (1) was
present in all samples under investigation. Its content var-
ied from 2.4 to 10270.3 ppm depending on the plant part
studied and the region of collection. All samples from Viet-
nam and India contained very low amounts (2.4–32.7 ppm)
of this saponin. The content of 1 in the remaining samples
is higher.

The sulphur containing furostanol saponins prototribes-
tin (2) and tribestin (5) were not detected in the samples
from Vietnam and India. However, they were present in
all samples from Bulgaria, Turkey, Greece, Macedonia,

Table 2
Retention times (Rt) and [M�H]� or [M�H+CH3OOH]� ions of
compounds 1–7

Peak no. Compound Rt (min) ESI/MS

1 7 14.92 609.20 [M�H]�

2 2 16.27 981.70 [M�H]�

3 1 18.03 1107.30 [M�H+CH3COOH]�

4 3 20.92 1089.30 [M�H+CH3COOH]�

5 5 24.25 801.50 [M�H]�

6 4 32.10 927.30 [M�H+CH3COOH]�

6 6 32.10 1209.20 [M�H+CH3COOH]�
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Serbia, Iran and Georgia. In most of the latter samples
compound 2 was the second most dominant component
after protodioscin. It was the dominating saponin in three
samples from Turkey: in two from Marmaris and one from
Ayvalak. Tribestin (5) was the main component of the aer-
ial parts of T. terrestris from Pomorie (Bulgaria) and Nish
(Serbia). So far, these two compounds have been reported
to occur only in T. terrestris from Bulgaria (Kostova et al.,
2002; Conrad et al., 2004; Matschenko et al., 1990) and this
is the first report for their occurrence in samples from other
regions.

With a few exceptions tribulosin (6) was found in almost
all samples in this study. Its content varied from 0.3 to
6442.1 ppm depending also on the sample origin and the
plant part under investigation. It was the main saponin
component of the samples from India and Vietnam. So
far, this compound has been isolated only from T. terrestris

from India (Calcutta and Bangalore) (Mahato et al., 1981;
Deepak et al., 2002). Its R analogue has been found in T.

terrestris from China (Xu et al., 2000; Wang et al., 1996;
Huang et al., 2003). For the purpose of our HPLC-MS
investigation we have used authentic sample of tribulosin,
provided by Dr. A. Agrawal from Bangalore (Deepak
et al., 2002). It is clear that in the absence of a standard
of the R isomer of tribulosin for HPLC comparison it is
difficult to decide about the stereochemistry of this compo-
nent in the various samples.

2.2. Content of compounds 1–7 in different plant parts

The content of saponins 1–6 and rutin (7) in the different
plant parts of T. terrestris was evaluated for one sample
from Bulgaria (Haskovo) and one sample from India
(Rajasthan). Table 3 demonstrates that in both cases the
total content of all saponins is highest in the leaves, fol-
lowed by the stems and the fruits. This result is in line with
previous findings of the American researchers (Ganzera
et al., 2001).

2.3. Content of compounds 1–7 depending on the stage of

plant development

The variations in the content of compounds 1–7 in the
aerial parts of T. terrestris depending on the stage of plant
development were also analyzed. Samples from Bulgaria
(Plovdiv) and Iran (Mashhad) have been collected for this
comparison. The results for these two distant regions are
similar (Table 4). A general observation is that the content
of saponins 1–5 increases from the pre-flowering to flower-
ing stage, then decreases and reaches its minimum in the
flowering–seeding and increases again in the seeding stage.
The maximum of the accumulation of these saponins is in
the flowering stage for the Bulgarian sample and in the pre-
flowering stage for the Iranian sample (a sample from the
flowering stage was not available). The accumulation of
tribulosin (6) in the Bulgarian sample follows a slightly dif-
ferent way with a maximum in the pre-flowering stage and

Table 3
Content of compounds 1–7 in T. terrestris from different geographical
regions (lg/g of dry wt)

Sample/plant
parts

1 2 3 4 5 6 7

Bulgaria
Haskovo hirsut. fr.

a.p. 6519.8 2266.0 384.1 100.6 24.1 77.3 1455.2
Fruits 567.9 280.6 442.0 26.1 9.2 26.5 762.9
Leaves 10003.5 7317.5 357.6 895.7 627.3 7.9 2037.3
Stems 193.3 408.8 157.5 8.7 27.7 1.7 92.4

Pomorie hirsut. fr.
a.p. 1917.2 1346.4 0.7 921.9 2266.4 1.8 41.9

Petrich hirsut. fr.
a.p. 4305.6 1899.1 41.4 587.1 623.8 1.1 2196.9

Svistov hirsut. fr.
a.p. 3619.2 3319.1 8.9 201.3 692.6 4.9 450.0

Ropotamo hirsut. fr.
Fruits 549.9 217.2 78.7 61.2 34.6 – 167.2

Smokinia glabr. fr.
Fruits 597.5 226.3 44.2 56.1 21.9 – 121.2

Turkey
Marmaris hirsut. fr

a.p. 3426.9 3948.4 40.9 129.2 286.1 0.3 170.3
Fruits 254.9 727.0 – 18.6 10.9 – 287.9

Marmaris glabr. fr.
a.p. 3439.1 2710.4 92.9 66.1 84.0 10.2 84.0
Fruits 170.3 59.5 83.1 21.9 5.5 – 124.4

Ankara

a.p. 10270.3 4989.1 748.7 93.4 68.9 17.4 349.1
Fruits 652.6 187.3 12.2 21.7 9.5 1.4 240.8

Ayvalak hirsut. fr.
a.p. 3126.8 3698.2 30.7 111.9 131.7 2.2 524.6

Yatagan glabr. fr.
a.p. 4649.2 3781.9 38.6 130.5 136.5 – 118.7

Greece
Rhodes hirsut. fr.

a.p. 7968.7 3463.2 801.3 311.7 244.3 13.0 1213.6
Kalambaka glabr. fr.

a.p. 2265.7 1526.7 302.5 260.3 0.4 24.0 1007.7

Macedonia
Novo Selo glabr. fr

a.p. 4230.9 1961.9 14.3 135.7 73.8 – 408.6
Bogdanzi glabr. fr.

a.p. 9996.1 7429.0 1049.3 158.6 106.7 6.8 1620.5

Serbia
Nish

a.p. 2033.4 1698.3 198.9 879.5 2151.8 22.4 801.0

Georgia
Tbillissi hirsut. fr.

a.p. 5661.9 2419.1 534.3 80.1 67.2 5.6 1287.4

Vietnam
a.p. 32.7 – 1.3 0.4 – 220.5 4.8

Fruits 13.0 – 3.9 – – 4196.9 24.1

India
Rajasthan hirsut. fr.

Fruits 2.4 – 1.1 – – 11.2 464.5
Leaves 14.0 – 10.0 – – 6442.1 76.8
Stems 4.0 – – – – 1850.8 110.7

Bangalore hirsut fr.
Fruits 6.5 – – – – 10.9 76.2

a Not detected.
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a minimum in the flowering–seeding stage. In the sample
from Iran saponin 6 was detected only in the seeding stage.

2.4. Chemotypes

2.4.1. TLC comparison of the investigated samples

A TLC comparison exhibited distinct differences in the
furostanol saponin profile of the investigated samples.
The samples from Bulgaria, Turkey, Greece, Serbia, Mac-
edonia, Georgia and Iran contained protodioscin (1) and
prototribestin (2) as main components, while in those from
Vietnam and India a more polar saponin was dominating,
which correlates with the LC-MS findings.

A TLC comparison of the analyzed samples revealed
that their flavonoid profiles were also distinctly different.
However, of the flavonoids only rutin (8) has been included
in present comparison. The data in Tables 3 and 4 show
that rutin is present in all samples. The Vietnamese samples
contain the least amount of this compound. Its content var-
ies depending on the stage of plant development (Table 4).
The distribution of the flavonoids in the studied samples is
expected to provide important information about the che-
motaxonomy of T. terrestris and will be subject of our
future investigations.

2.4.2. Differences in the LC-MS profiles

The LC-MS chromatograms of the aerial part and fruit
samples analyzed in this study reveal that the samples from
Bulgaria, Turkey, Greece, Serbia, Macedonia, Georgia and
Iran have similar profiles. This is demonstrated by the
chromatograms of the samples from Haskovo (Bulgaria)
and Rhodes (Greece) (Figs. 2 and 3). In this group only
quantitative differences in the content of compounds 1–7
are observed (Tables 3 and 4). These samples are rich in
protodioscin and prototribestin, while tribulosin is either
absent or present in very low amounts (0.3–73.0 ppm).

As seen from Figs. 2 and 3 the Vietnamese and Indian
samples exhibit totally different chemical fingerprintings.
The chemical profile of the sample from Bangalore is dif-
ferent from that of Rajasthan, as well as from that of
Vietnam. These samples lack protodioscin and prototrib-
estin, while tribulosin is present in good amounts (Table
3). It is also evident from the chromatograms that com-

pounds different from 1 to 7 are dominating in these 3
samples.

These observations give arguments to propose the exis-
tence of one chemotype common to the East South Euro-
pean and West Asian regions. Prototribestin (2) and
tribestin (5) could be used as chemotaxonomic markers
of this chemotype, as they are present in all samples from
this group and totally lack in the samples from India and
Vietnam (Tables 3 and 4). Most probably, the Vietnamese
and Indian samples belong to other chemotypes which are
still to be studied and characterized. Samples from China
were not available for the present study. However, previous
publications clearly show the great differences in the sapo-
nin composition of samples from China, India and Bul-
garia (Kostova and Dinchev, 2005; Ganzera et al., 2001).

The present research showed significant differences in
chemical fingerprinting and in the content of the saponins
1–6 in the investigated samples from the various geograph-
ical regions. Several factors could be responsible for these
differences. The first factor could be the influence of the cli-
mate which is so different in the studied geographical regions
– monsoon in South India and Vietnam, arid in Rajasthan
(India) and Mash had (Iran), subtropical in Greece, Turkey
and Georgia, and temperate in Bulgaria, Serbia and Mace-
donia. However, the observed differences do not correlate
with the samples’ origin based on the climate zones. The sec-
ond factor could be the possible divergence caused by isola-
tion of the plant populations in the geographical regions
eastern from Iran. The probable border between them could
be in the region East from Iran, as Tar desert, and the moun-
tains in Pakistan and Afghanistan.

The saponin fraction of T. terrestris is included in many
food supplements with a claim of a general stimulating
action on motor activity, muscle tone and restorative tonic
for vigour, as well as in preparations (Tribestan, Libilov)
used for treatment of male infertility and libido disorders
in men and women (Mulinacci et al., 2003). The furostanol
saponins and protodioscin (1) and prototribestin (2) in par-
ticular have been found to be responsible for the general
stimulating activity with emphasis upon sexual system of
the saponin fraction of T. terrestris of Bulgarian origin
and Tribestan. (Tomova et al., 1981; Kostova et al.,
2002; Kostova and Dinchev, 2005). Clinical trial proved

Table 4
Content of saponins 1–6 and rutin (7) in the aerial parts of T. terrestris depending on the stage of plant development (lg/g of dry wt)

Sample Stage 1 2 3 4 5 6 7

Bulgaria, Plovdiv – glabr. fr.

29.05.05 Pre-flowering 3506.2 3547.4 214.4 162.2 211.5 57.9 443.2
28.06.05 Flowering 3749.5 3580.4 144.0 185.5 548.1 15.0 404.2
25.07.05 Flowering–seeding 2240.7 2615.3 89.5 126.7 382.1 2.2 113.5
23.08.05 Flowering–seeding 1956.7 1977.7 4.7 37.7 51.8 11.8 111.5
27.09.05 Seeding 2069.0 2713.7 61.1 70.6 86.4 14.7 118.0

Iran, Mashhad – hirsut. fr.

02.07.05 Pre-flowering 5090.3 3645.7 1.5 30.4 45.6 – 106.9
01.08.05 Flowering–seeding 1060.1 874.5 1.4 10.4 13.9 – 92.3
20.09.05 Seeding 2270.3 2614.5 7.9 43.7 63.6 2.0 23.3
20.11.05 Seeding 268.3 1663.3 – 30.3 167.1 – –
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that Libilov and protodioscin (1) are effective in treatment
of male infertility and increase the level of dehydroepiand-
rosterone in infertile men (Adimoelja and Adaikan, 1997;
Adimoelja, 2000). It is suggested that this hormone partic-
ipates in improvement of cell membrane integrity and func-
tion of cellular level, in improvement of circulation, health
and sense of well being. This indirectly results in improved
sex drive. Because of these activities T. terrestris extracts
find a wide application and in connection of quality assur-

ance of the various market products it is important to mea-
sure their protodioscin content.

2.5. Burr morphology – saponin composition correlation

According to the botanists the morphology of T. terres-
tris is extremely variable and the species is divided into 2–3
subspecies or varieties based on the degree of hairiness and
presence or absence of basal spines (Boissier, 1867; Hayek,

Fig. 2. LC-MS profiles of selected aerial parts and leaves samples from Bulgaria, Greece, Vietnam and India. 1 – protodioscin; 2 – prototribestin; 3 –
pseudoprotodioscin; 4 – dioscin; 5 – tribestin; 6 – tribulosin; and 7 – rutin.
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1925; Tutin, 1968; Petrova, 1979). Variations in burr mor-
phology have been also reported (Scott and Morrison,
1996). They measured four size variables, four spine angles
and the number of the seeds in each burr from 31 Austra-
lian and overseas collection sites and identified four groups
of burrs.

In order to follow the dependence of the saponin con-
tent on the degree of hairiness the samples of T. terrestris

with hairy and glabrous fruits from the region of Marmaris
(Turkey) were analyzed. We observed that prototribestin
(2) is the main component in the hairy samples, while pro-
todioscin (1) is dominating in the glabrous ones (Table 3).

The same observation was valid for the Turkish samples
from Ayvalak and Yatagan, while the European samples
did not follow this tendency. Furthermore, a great variabil-
ity was observed in the content of 1 and 2 in samples from
the regions of Plovdiv (Bulgaria) and Mashhad (Iran) col-
lected in different stages of plant development (Table 4).
These data ruled out any correlation between the saponin
content and the degree of hairiness.

In the present study the base length of the burrs and the
length of the abaxial and basal spines of all Asian locations
(Turkey, Iran, Georgia and India) are approximately iden-
tical. The burrs of all European origins also have identical

Fig. 3. LC-MS profiles of selected fruit samples from Bulgaria, Vietnam and India. 1 – protodioscin; 2 – prototribestin; 3 – pseudoprotodioscin; 4 –
dioscin; 5 – tribestin; 6 – tribulosin; and 7 – rutin.
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base length and length of abaxial and basal spines but we
found them to be 1.2–1.5 times shorter than those from
Asia. However, the saponin composition of the European
samples is very similar to that of the samples from West
Asia (Turkey, Georgia and Iran). All this suggests the
absence of a correlation between the saponin composition
and these morphological characteristics of the studied
samples.

Present investigation of the angles between abaxial and
basal spines showed high variability not only between the
different origins, but also in the individual plants in one
population. That is why these data were not discussed.

All the plants from the population from Rajasthan
(North India) are characterized with the absence of basal
spines, while the plants from the population of Bangalore
(South India) have 2.2 ± 0.13 mm length of basal spines.
The chemical fingerprinting of these two samples is differ-
ent (Figs. 2 and 3), although the observed similarity in
the content of the saponins 1–7 (Table 3). In this case,
our results point to some correlation between this morpho-
logical characteristic (presence/absence of basal spines) and
the chemical composition of the samples that suggests the
existence of different chemotypes. However, a final conclu-
sion could be made only after a careful examination of
more samples from different origins.

3. Concluding remarks

The LC-ESI/MS analysis of samples of T. terrestris
from different geographical regions revealed great differ-
ences in their chemical composition and content of the ste-
roidal saponins 1–6 and rutin (7) depending on the plant
part studied, stage of plant development and the region
of sample collection. The data suggested the existence of
one chemotype common to East South Europe and West
Asia. The high content of protodioscin (1) and the presence
of the sulphur containing saponins prototribestin (2) and
tribestin (5) is a characteristic feature of this chemotype.
The samples from India and Vietnam belong to other
chemotypes. They all contain negligible amounts of proto-
dioscin (1) and lack prototribestin (2) and tribestin (5). The
use of (2) and (5) as chemotaxonomic markers to differen-
tiate between the East South European – West Asian chem-
otype and those in Vietnam and India is proposed.

Our results imply great product-to-product variations in
the saponin composition and the saponin content of mar-
ket products based on extracts of T. terrestris depending
on region of plant collection. Therefore, a quality evalua-
tion of these herbal products and a proper analysis of their
main biologically active components are necessary.

The LC-ESI/MS method developed for the purposes of
this study allows a rapid, accurate and reliable quantitative
determination of 6 steroidal saponins and rutin in extracts
of T. terrestris from the South European – West Asian
chemotype. The method could be used for evaluation of
protodioscin (1) in commercial products – plant materials,

crude extracts, pharmaceutical preparations and food
supplements.

4. Experimental

4.1. Plant material

Aerial parts, stems, leaves and fruits of T. terrestris L.
(Zygophyllaceae) were collected from different geographi-
cal regions at the stage of flowering–seeding or seeding
(Table 1). In two cases (the regions of Plovdiv, Bulgaria
and Mashhad, Iran) samples were collected during different
stages of plant development. The plant materials were iden-
tified by Assoc. Prof. L. Evstatieva and voucher specimens
of these samples deposited at the Herbarium of the Insti-
tute of Botany, Bulgarian Academy of Sciences, Sofia.
Some of the samples were received in a powdered state.
The plant material was dried at room temperature, finely
powdered and used for extraction.

The morphological data about the base length of the
burrs, the abaxial and basal spine length, the abaxial and
basal spine angle, and the degree of hairiness were deter-
mined for all samples using fifty fruits from each of all
studied locations excluding those from Vietnam, Ankara
and Serbia.

4.2. Standards

The protodioscin (1), prototribestin (2), dioscin (4) and
tribestin (5) were earlier isolated in our laboratory (Kost-
ova et al., 2002; Conrad et al., 2004). Pseudoprotodioscin
(3) was isolated from the aerial parts of T. terrestris of Bul-
garian origin. Its 1D, 2D NMR and ESI mass spectra were
in good agreement with those reported for the same com-
pound (Ju and Jia, 1992). This is the first report for the
presence of 3 in the genus Tribulus. Tribulosin (6) was pro-
vided by Dr. A. Agrawal from Bangalore, India. An
authentic sample of rutin (7) was obtained from Merck
(Darmstadt, Germany).

4.3. Extraction

One gram of the plant material (aerial parts, fruits,
leaves and stems) was extracted with 50 ml CHCl3 for
1 h, by shaking at room temperature. The extract was fil-
tered and the plant material was extracted again, three
times by refluxing with 50 ml of 70% EtOH for 1 h. The
extracts were combined, and the solvent was removed
under reduced pressure.

4.4. Purification

The crude extract was dried at 70 �C in the oven to
remove water entirely then was powdered and 10 mg of it
was suspended in 5 ml water and passed through a C18

Sep-Pak cartridge (Waters Associates) preconditioned with
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water. The cartridge was washed with water to remove sug-
ars and tannins. Saponins and rutin were eluted with 70%
EtOH, evaporated and dissolved in 50% CH3CN (1 ml) for
HPLC and MS analyses.

4.5. Thin layer chromatography

Aluminium sheets of silica gel 60F254 (Merck) were used.
The chromatograms were developed 2 times in the mobile
phase n-BuOH:AcOH:H2O – 4:0.5:1, dried and sprayed
with Ehrlich reagent and reagent for flavonoids. Following
amounts per spot were applied: fruit extracts – 200 lg;
stems, leaves and aerial parts extracts – 100 lg; standards
– 10 lg.

4.6. High-performance liquid chromatography

An LC system consisting of a Finnigan Surveyor pump
equipped with a gradient controller, an automatic sample
injector, and a PDA detector was used. The separation
was performed on 250 · 4 mm i.d., 5 lm, Eurospher 100
C18 column (Knauer, Germany). A mobile phase consisted
of 0.025% acetic acid in water (B), and 0.025% acetic acid
in acetonitrile (A) was used for the separation. The flow
rate was kept at 0.5 ml/min for a first 40 min, then
increased to 1.0 ml/min, and kept constant for the rest time
of the run (50 min). The system was run with the following
gradient program: from 10% A to 90% A in 40 min, from
90% A to 10% A for the next 5 min, then was kept at
10% A for 5 min. The sample injection volume was 25 ll.
Column temperature was ambient.

4.7. Mass spectrometry

A Thermo Finnigan LCQ Advantage Max ion trap mass
spectrometer was coupled to column via an automatic sam-
pler injection or direct injection by a syringe pump at a flow
rate of 5 ll/min. The spray voltage was set to �33 V. All
spectra were acquired at a capillary temperature of
220 �C. The calibration of the mass range (250–2000 Da)
was performed in negative ion mode. Nitrogen was used
as sheath gas, and the gas flow rate was 0.9 l/min. The max-
imum ion injection time was set to 200 ms.

4.8. Identification, standards preparation, and quantitative

analysis

Three independent chromatographic runs were per-
formed for each extract, and saponins and rutin were iden-
tified through comparison with authentic standards. These
included retention times, co-chromatography, and mass
spectra. Quantitation was based on external standardiza-
tion by employing calibration curves constructed by inject-
ing the standard solution across 9 different concentrations
in the range:

(0.008 lg/ml–17.143 lg/ml) R2 = 0.936 for rutin;
(0.067 lg/ml–145.714 lg/ml) R2 = 0.998 for prototribestin;

(0.038 lg/ml–18.254 lg/ml) R2 = 0.964 for protodioscin;
(0.025 lg/ml–161.429 lg/ml) R2 = 0.953 for tribestin;
(0.024 lg/ml–5.926 lg/ml) R2 = 0.950 for dioscin; (0.022
lg/ml–5.344 lg/ml) R2 = 0.974 for tribulosin; (0.024 lg/
ml–17.460 lg/ml) R2 = 0.976 for pseudoprotodioscin.
Microsoft Excel 2003 was used for the statistical analysis.
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We thank Prof. I. Saracoğlu, Dept. of Pharmacognosy,
Faculty of Pharmacy, Hacettepe Univ. Ankara, Turkey,
Prof. S. Miloslavljevic, Faculty of Chemistry, Univ. of Bel-
grade, Serbia, Prof. L. N. Gvazava, Institute of Pharmaco-
chemistry, Acad. of Sci. of Georgia, Dr. A. Kackar, Plant
Biotechnology Unit, Dept. of Botany, Univ. of Jodhpur,
India and Dr. A. Amit, Bioassay Unit, R&D Centre, Nat-
ural Remedies Pvt. Ltd, Bangalore, India for providing us
with samples of T. terrestris.

References

Adimoelja, A., Adaikan, P.G., 1997. Protodioscin from herbal plant
Tribulus terrestris L. improves the male sexual functions, probably via
DHEA. Int. J. Impotence Res. 9, 1–15.

Adimoelja, A., 2000. Phytochemicals and the breakthrough of traditional
herb in the management of sexual disfunction. Int. J. Androl. 23, 82–
84.

Boissier, E., 1867. Flora Orientalis, vol. 1. (Thalamiflorae). Apud H.
Georg, Bibliopolam, Baseleae and Apud Eumdem, Corraterie, Gene-
vae, p. 902.

Cai, L., Wu, Y., Zhang, J., Pei, F., Xu, Y., Xie, S., Xu, D., 2001. Steroidal
saponins from Tribulus terrestris. Planta Med. 67, 196–198.

Chiang, H.-C., Tseng, T.-H., Wang, C.-J., Chen, C.-F., Kan, W.-S., 1991.
Experimental antitumor agents from Solanium indicum L.. Anticancer
Res. 11, 1911–1917.

Combarieu, E. De., Fuzzati, N., Lovati, M., Mercalli, E., 2003. Furost-
anol saponins from Tribulus terrestris. Fitoterapia 74, 583–591.

Conrad, J., Dinchev, D., Klaiber, I., Mika, S., Kostova, I., Kraus, W.,
2004. A novel furostanol saponin from Tribulus terrestris of Bulgarian
origin. Fitoterapia 75, 117–122.

Deepak, M., Dipankar, G., Prashanth, D., Asha, M.K., Amit, A.,
Venkataraman, B.V., 2002. Tribulosin and (b-sitosterol-D-glucoside,
the anthelmintic principles of Tribulus terrestris. Phytomedicine 9,
753–756.

Dong, M., Feng, X., Wang, B.-X., Ikejima, T., Wu, L.-J., 2004. Microbial
metabolism of pseudoprotodioscin. Planta Med. 70, 637–641.

Frohe, D., 1999. Ein neues Dopingmittel? Dtsch. Apoth. Ztg. 139, 4752–
4754.

Ganzera, M., Bedir, E., Khan, I.A., 2001. Determination of steroidal
saponins in Tribulus terrestris by reversed-phase high-performance
liquid chromatography and evaporative light scattering detection. J.
Pharm. Sci. 90, 1752–1758.

Gyulemetova, R., Tomova, M., Simova, M., Pangarova, T., Peeva, S.,
1982. Determination of furostanol saponins in the preparation
Tribestan�. Pharmazie 37 (H.4), 296.

Hayek, A., 1925. Prodromus Florae peninsulae Balcanicae – Report. Spec.
Nov. Regni Veg. Beih., vol. 1. Verlag des Repertoriums, Dahlem bei
Berlin, p. 585.

Hu, K., Yao, X., 2002. Protodioscin (NSC-698 796): its spectrum of
cytotoxicity against sixty human cancer cell lines in an anticancer drug
screen panel. Planta Med. 68, 297–301.

D. Dinchev et al. / Phytochemistry 69 (2008) 176–186 185



Author's personal copy

Huang, J.-W., Tan, C.-H., Jiang, S.-H., Zhu, D.-Y., 2003. Terrestrinins A
and B, two new steroid saponins from Tribulus terrestris. J. Asian Nat.
Prod. Res. 5, 285–290.

Ju, Y., Jia, Z.-J., 1992. Steroidal saponins from the rhizomes of Smilax

menispermoidea. Phytochemistry 37, 1349–1351.
Kostova, I., Dinchev, D., Rentsch, G.H., Dimitrov, V., Ivanova, A., 2002.

Two new sulfated furostanol saponins from Tribulus terrestris. Z.
Naturforsch. C 57, 33–38.

Kostova, I., Dinchev, D., 2005. Saponins in Tribulus terrestris – chemistry
and bioactivity. Phytochem. Rev. 4, 111–137.

Liu, S.-Y., Cui, M., Liu, Z.-Q., Song, F., Mo, W.-J., 2004. Structural
analysis of saponins from medicinal herbs using electrospray ionisa-
tion tandem mass spectrometry. J. Am. Soc. Mass. Spectrom. 15, 133–
141.

Mahato, S.B., Sahu, N.P., Ganguiy, A.N., Miyahara, K., Kawasaki, T.,
1981. Steroidal glycosides of Tribulus terrestris Linn. J. Chem. Soc.
Perkins Trans. 1, 2405–2410.

Matschenko, H.E., Gyulemetova, R., Kintya, P.K., Shashkov, A.S., 1990.
A sulfated glycoside from the preparation ‘‘Tribestan’’. Khim. Prir.
Soedin. 5, 649–652.

Mulinacci, N., Vignolini, P., Marca, G.la., Pieraccani, G., Innocenti, M.,
Vincieri, F.F., 2003. Food supplements of Tribulus terrestris L.: an
HPLC-ESI-MS method for an estimation of the saponin content.
Chromatographia 57, 581–592.

Oleszek, W., 2002. Chromatographic determination of plant saponins. J.
Chromatogr. A 967, 147–162.

Panova, D., Tomova, M., 1970. Screening of Tribulus terrestris L. for
phenolic compounds. Farmacia (Sofia) 20, 29–31 (in Bulgarian).

Petrova, A., 1979. Tribulus L. In: Jordanov, D. (Ed.), Flora Republica
Popularis Bulgaricae, vol. 7. Aedibus Acad. Sci. Bulgaricae, Serdicae,
pp. 339–395. (in Bulgarian).

Scott, J.K., Morrison, S.M., 1996. Variation in populations of Tribulus

terrestris (Zygophyllaceae). 1. Burr Morphology. Aust. J. Bot. 44, 175–
190.

Tomova, M., Gyulemetova, R., Zarkova, S., Peeva, S., Pangarova, T.,
Simova, M., 1981. Steroidal saponins from Tribulus terrestris L. with a
stimulating action on the sexual functions. First International
Conference on Chemical, Biotechnological and Biologically Active
Natural Products, Proceedings Varna, September 3, pp. 299–303.

Tutin, T.G., 1968. Tribulus L. In: Tutin, T.G., Heywood, V.H., Burges,
N.A., Moore, D.M., Valentine, D.H., Walters, S.M., Webb, D.A.
(Eds.), Flora Europaea, vol. 2. Cambridge University Press, Cam-
bridge, p. 205.

Wang, M., Tadmor, Y., Wu, Q.-L., Chin, C.-K., Garrison, S.A., Simon,
J.E., 2003. Quantification of protodioscin and rutin in Asparagus
shoots by LC/MS and HPLC methods. J. Agric. Food. Chem. 51,
6132–6136.

Wang, Y., Ohtani, K., Kasai, R., Yamasaki, K., 1996. Steroidal saponins
from fruits of Tribulus terrestris. Phytochemistry 42, 1417–1422.

Xu, Y.-X., Chen, H.-S., Liang, H.-Q., Gu, Z.-B., Liu, W.-Y., Leang, W.-
N., Li, T.-J., 2000. Three new saponins from Tribulus terrestris. Planta
Med. 66, 545–550.

186 D. Dinchev et al. / Phytochemistry 69 (2008) 176–186


