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Abstract

Historically, the fruit of Tribulus terrestris Linn.
(Zygophyllaceae) has been used in India and China as a
constituent of rejuvenation tonics. It is also used in tra-
ditional Indian medicine in the therapy of a variety of
health conditions affecting liver, kidney, and cardio-
vascular and immune systems. Oxidative stress has been
implicated in some of these disease conditions. Therefore,
we have investigated the antioxidant activity of the aque-
ous extract of Tribulus terrestris fruit (TTE) in spleen
cells. Generation of intracellular reactive oxygen species
(ROS) in response to y-radiation and 2,2'-azobis(2-
propionimidinedihydrochloride) (AAPH) was measured
by flow cytometry using dichlorodihydrofluorescein
diacetate (H,DCFDA). TTE scavenged ROS induced
by y-radiation as well as AAPH in a concentration-
dependent manner. TTE also showed protection against
oxidative stress—induced apoptosis. In addition, TTE
exhibited mitogenic activity in the spleen cells. We con-
clude that TTE attenuates oxidative stress and protects
cells from lethal oxidant damage, and thus its therapeutic
potential in treating many ailments may relate to its
antioxidant properties.

Keywords: Antioxidant, apoptosis, immunomodulator,
oxidative stress, reactive oxygen species, 7ribulus terrestris.

Introduction

Tribulus terrestris Linn. (Zygophyllaceae) (puncture
vine) is widely distributed in the subtropical areas around
the world. The fruit of 7. terrestris is commonly known
as “gokhuru” or “jili”’ in traditional Indian and Chinese
medicine, respectively. It has been commonly used in folk

medicine as a diuretic and in treatment of colicky pains,
hypertension, and hypercholesterolemia (Al-Ali et al.,
2003; Sharifi et al., 2003; Phillips et al., 2006). It is popu-
larly claimed to improve sexual function possibly
through increase in the free serum testosterone (Brown
et al., 2001) and augmentation of nicotinamide adenine
dinucleotide phosphate-diaphorase activity and andro-
gen receptor expression (Gauthaman & Adaikan,
2005). Anthelmintic (Deepak et al., 2002), antifungal
(Bedir et al., 2002; Zhang et al., 2006), and antibacterial
(Ali et al., 2001) activities have also been reported in
T. terrestris extracts. Steroidal saponins from 7. terrestris
have been reported to possess anticancer activity (Bedir
et al., 2002; Kumar et al., 2006) and to protect hepato-
cytes from cell death (Li et al., 1998).

The cellular redox state is being increasingly recog-
nized as a crucial mediator of multiple metabolic, signal-
ing, and transcriptional processes in cells, essential for
their normal functioning and survival (Ichiki et al.,
2003; Williams & Kwon, 2004; Nakashima et al.,
2005). Reactive oxygen species (ROS) are continuously
generated endogenously during the cellular metabolic
processes and they are counteracted by the intracellular
antioxidant defenses. Unregulated production of ROS,
leading to oxidative stress, has been implicated in a grow-
ing list of clinical disorders such as atherosclerosis,
diabetes, rheumatoid arthritis, cancer, stroke, cataract,
liver, and prostate disorders (Rice-Evans & Diplock,
1992; Ozben, 1998; Valko et al., 2004). Mechanisms
responsible for the ROS-mediated injury to cells and
tissues include lipid peroxidation, oxidative DNA dam-
age, and protein oxidation (Halliwell & Gutteridge,
1989), and also cell death (Buttke & Sandstrom, 1994;
Matsuzawa & Ichijo, 2005). Natural antioxidant
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mechanisms have been found to be defective in these
diseases. In many parts of the world, indigenous plants
are used in traditional therapies of diseases in which
oxidative stress is implicated, for example, cerebral
damage, diabetes, liver disease, and jaundice (Ichikawa &
Konishi, 2002; Kim et al., 2004; Ljubuncic et al., 2005;
Margaill et al., 2005).

Despite the widespread usage of 7. terrestris in the
traditional medicinal system, the mechanism of its thera-
peutic efficacy is not known. We have, therefore, investi-
gated the antioxidant activity of the 7. terrestris fruit
extract as a possible mechanism.

Materials and Methods

Animals

Swiss mice of either sex, 6-8 weeks old, were used for all
the experiments. The mice were bred and maintained in
the animal house facility of Bhabha Atomic Research
Centre. All the experimental protocols were as per the
guidelines of the institutional animal ethics committee of
Bhabha Atomic Research Centre, Government of India.

Extract preparation

Commercially available dried fruits of Tribulus terrestris
Linn. (Zygophyllaceae) were used in these studies. The
specimen, authenticated on the basis of fruit and seed
characteristics, has been deposited in the herbarium of
the Department of Botany, Institute of Science, Mumbai
(I. Sc. 1001). The dried fruit (500 g) was powdered and
extracted with distilled water (1000mL) for 24h. The
supernatant obtained after centrifugation at 800xg
for 10 min was lyophilized and is referred to as Tribulus
terrestris extract (TTE).

Cell preparation

Single cell suspension was prepared from the spleen by
gentle teasing in RPMI 1640 Medium (containing
15mM HEPES, 2 mM L-glutamine, 100 TU/mL penicillin,
100 pg/mL streptomycin, and 20 uM 2-mercaptoethanol;
Sigma Chemical Company, St. Louis, MO, USA) with
the help of a piston and sieve. Red blood cells were
removed by lysis using 0.83% NH4CI. The cells were
washed three-times with the same medium, and the
viability of the cell preparation was assessed by Trypan
blue dye exclusion.

Detection of intracellular ROS

Intracellular ROS were estimated as described previously
(Shankar et al., 2003). Briefly, cells were labeled with
20 uM dichlorodihydrofluorescein diacetate (H,DCFDA;

Sigma) for 15min at 37°C. Oxidative stress was induced
by either exposure to y-radiation (dose rate; 6.64 Gy/min;
total dose; 1 Gy) or by addition of 250 uM 2,2'-azobis(2-
propionimidinedihydrochloride) (AAPH). Radiation
generates predominately hydroxyl radicals, and AAPH
is a source of peroxyl radicals (Krasowska et al., 2000).
The cells were acquired in a FACS Vantage flow cyt-
ometer (Becton Dickinson Immunocytometry Systems,
San Jose, CA, USA), and the increase in FL1 fluorescence
intensity (530nm) was calculated using CELLQuest
software (Becton Dickinson Immunocytometry Systems,
San Jose, CA, USA). Three replicates were taken for
each group, and 20,000 cells were acquired per sample.
The median fluorescence intensity of each sample was cal-
culated using CELLQuest software. The results are
expressed as the arithmetic mean of these values +SE.

Assay for apoptosis

Spleen cells were exposed to a dose of 1 Gy in absence or
presence of different concentrations of TTE and further
cultured for 24 h. The cells were washed and labeled with
hypotonic propidium iodide (PI) staining solution
(50 pg/mL PI, 0.1% sodium citrate, and 0.1% Triton-X
100; Sigma) at 4°C overnight (Nicoletti et al., 1991).
The cells were acquired (20,000 cells/sample) and ana-
lyzed by flow cytometry as described previously. The
cells with <Gy/G; DNA content were enumerated as
apoptotic cells, and the results are expressed as mean
percent apoptotic cells for three replicates £ SEM.

Assay for proliferation

Spleen cells (1 x 10°cells/mL) were cultured with differ-
ent concentrations of TTE for 48 and 72 h, respectively.
The wells were pulsed with 1uCi [*H]thymidine for 16 h
and were harvested on a glass fiber paper. The incorpo-
ration of [*H]thymidine was measured in a liquid scintil-
lation counter, and the results are expressed as mean
counts per minute for six replicates =SEM.

Statistical analyses

All the experiments were repeated two- to three-times.
Student’s t-test was used to determine the significance
of difference with respect to a given parameter between
the groups, and p < 0.05 was considered significant.

Results
Effect of TTE on radiation- and AAPH-induced ROS

When the spleen cells were exposed to radiation in the
presence of different concentrations of TTE, the median
fluorescence intensity of dichlorofluorescein (DCF) was
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Figure 1. Tribulus terrestris extract inhibited both radiation-
as well as AAPH-induced intracellular ROS. Spleen cells were
labeled with H,DCFDA and exposed to either y-radiation or
AAPH in presence of different concentrations of TTE. The
increase in intracellular fluorescence of cells was measured by
flow cytometry after their treatment. (a) TTE only, (b) TTE
immediately followed by exposure to a dose of 2 Gy y radiation,
(c) TTE immediately followed by exposure to 250 uM AAPH.
The results are expressed as the average median fluorescence
intensity +SE for three replicates. Representative data from
one of the three similar experiments are shown.
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lower than that in the absence of TTE indicating lower
levels of intracellular ROS. This reduction in ROS level
by TTE was concentration-dependent, and maximum
reduction (50%, p < 0.01) in ROS was observed at
100 png/mL TTE (Fig. 1b). However, at 100pg/mL,
TTE showed pro-oxidant activity by increasing the basal
ROS level as indicated by increased fluorescence inten-
sity of the TTE-treated unirradiated cells (Fig. 1a). Simi-
lar concentration-dependent decrease in intracellular
ROS was also observed in presence of TTE in AAPH-
treated spleen cells. However, TTE was more effective
in reducing AAPH-induced ROS [70% protection at
100 pg/mL (p < 0.01)] (Fig. 1c). As seen from Figs. 2a
and 2b, there was only marginal reduction in radiation-
or AAPH-induced ROS when the cells were washed after
incubation with TTE for 1h prior to y-irradiation or
treatment with AAPH. Thus, presence of TTE is
required at the time of induction of oxidative stress for
optimal reduction in intracellular ROS.

Effect on radiation-induced apoptosis

Exposure to radiation induced apoptosis in control cells
as well as in cells treated with TTE (Fig. 3). However,
there was a significant decrease (p < 0.01) in percent
apoptotic cells treated with TTE and exposed to radi-
ation immediately (Figs. 3a—e). This protection was not
further enhanced by preincubation of the cells with TTE
for 24 h before irradiation (Fig. 3f). There was a signifi-
cant decrease (p < 0.05) in the basal level of apoptosis
in unirradiated cells when treated with different concen-
trations of TTE for 24 as well as 48 h (Figs. 3e and 3f).
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Figure 2. Presence of TTE during induction of oxidative stress was required for optimal protection against intracellular ROS. Cells
treated with TTE for 1 h were subsequently exposed to (a) a dose of 2 Gy y radiation, (b) 250 uM AAPH. All the samples were taken in
triplicate, and the average median fluorescence intensity is expressed as the percent change over the control value. Open bars indicate
ROS in cells exposed to 2 Gy in the presence of TTE. Closed bars indicate ROS in cells exposed to 2 Gy after removal of TTE. Data

from one of the three similar experiments are shown.
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Figure 3. TTE protected against radiation-induced apoptosis. Spleen cells were cultured for 24 h after irradiation and labeled with
propidium iodide. Percent apoptotic cells were estimated as those with <Gy/G; DNA content. Flow cytometric profiles (a—d) and
histograms (e, f) of different groups are shown: (a) control, (b) 1 Gy irradiated, (c) 1 Gy irradiated in presence of 50 ung/mL TTE,
(d) 1 Gy irradiated in presence of 100 ug/mL TTE, (e) exposed to 1 Gy immediately after addition of 100 ug/mL TTE, or (f) exposed
to 1 Gy 24 h after culture with 100 pg/mL TTE. All the samples were taken in triplicate, and the results are expressed as mean percent
apoptotic cells +SEM. Representative data from one of the three similar experiments are shown.

Effect on lymphocyte proliferation

There was an increase in [’H]thymidine incorporation
in spleen cells cultured in presence of TTE with maxi-
mum incorporation observed at 100 pg/mL (Fig. 4). The
response was higher at 48 h compared with that at 72 h.
This suggested the presence of a mitogenic constituent
in TTE.

Discussion

Under conditions of oxidative stress, cellular responses to
ROS are critical in maintaining cellular functions and in
making the decision between cell survival and death.

The use of herbal remedies as modulators of oxidative
stress in the treatment of many disorders is being actively
explored. Qian-kun-nin, a Chinese herbal formulation,
has been reported to attenuate oxidative stress and thus
protect against cardiovascular diseases (Shao et al.,
2001). Similarly, aqueous extracts of herbal plants like
Hibiscus sabdariffa Linn. (Malvaceae) Rosmarinus offici-
nalis Linn. (Lamiaceae), and Salvia officinalis Linn.
(Lamiaceae) have been shown to protect against oxidative
stress-induced hepatotoxicity (Amin & Hamza, 2005).
The aqueous extract of T. terrestris fruit is used in
traditional medicine for the treatment of various disor-
ders. The chemopreventive activity of aqueous extract
of T. terrestris root and fruit has been reported to
be associated with an increase in reduced glutathione
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Figure 4. TTE was mitogenic to murine spleen cells. Spleen
cells were cultured with TTE, and the proliferation response
was measured by [*H]-thymidine incorporation 48 and 72h
after culture. The samples were taken in six replicates, and
the results are expressed as mean counts per minute +=SEM.
Representative data from one of the three similar experiments
are shown.

and a decrease in lipid peroxidation in treated mice
(Kumar et al., 2006). In the current studies, we found
direct reduction of ROS by TTE, which may be crucial
for alleviation of oxidative stress. Incubation with this
extract resulted in concentration-dependent reduction
in the AAPH- or y-radiation-induced intracellular ROS
(Figs. 1b and 1c). Intracellular ROS consist of those gen-
erated within the cells and those that are generated extra-
cellularly and permeate the cell membrane. The presence
of the extract at the time of induction of oxidative stress
was required for optimum reduction in ROS as removal
of the extracellular TTE abrogated the ROS reducing
effect (Fig. 2) indicating that the extract was involved
in the direct scavenging of the diffusible ROS after
AAPH or radiation exposure. Preincubation of cells with
TTE for 1h did not significantly enhance the protection
(data not shown). The presence of water-soluble polysac-
charides in 7. terrestris extract has been reported (Huang
et al., 1991). Polysaccharides, being very large molecules,
cannot diffuse inside the cell. Therefore, it is possible that
TTE may be scavenging extracellular diffusible ROS via
the cell-impermeable constituents like polysaccharides.
Protection against DNA damage by polysaccharides
from T. terrestris (Liu et al.,, 1995) and Tinospora
cordifolia (Menispermaceae) (Subramaniam et al., 2003)
has been shown. Beyond 100pg/mL, it also showed

pro-oxidant activity as evident by the increase in basal
ROS levels (Fig. 1a). A similar pro-oxidant effect has
been reported for other well-known antioxidants such
as ascorbic acid (Podmore et al., 1998) and f-carotene
(Black, 2004).

Along with a significant reduction in intracellular
ROS after irradiation or AAPH treatment, TTE also
protected against radiation-induced apoptosis (Fig. 3).
The mechanism of protection against ROS-induced dam-
age in cells involves scavenging of ROS and induction of
antioxidant defenses, which are temporally separated.
The end result will depend on the relative contributions
of the two mechanisms. For example, a well-known anti-
oxidant N-acetylcysteine, which gives 80-90% protection
against radiation-induced ROS, did not protect against
radiation-induced apoptosis when added just prior to
irradiation (data not shown). However, when cells were
incubated for 24h with N-acetylcysteine prior to
irradiation, there was 30% reduction in radiation-
induced apoptosis (Shankar et al., 2003). However, our
results show that TTE protected against oxidative
stress—induced cell death to the same extent when added
immediately or 24 h prior to radiation exposure (Fig. 3f).
Reduction in radiation-induced ROS by TTE when
added simultaneously showed correlation with a decrease
in radiation-induced cell death. TTE therefore does not
appear to stimulate the intracellular antioxidant
defenses. Thus, TTE primarily appears to be protecting
the cells from radiation-induced death through scaveng-
ing of extracellular ROS, and does not involve induction
of other antioxidant defense mechanisms.

TTE also showed mitogenic activity in spleen cells
(Fig. 4). This may be due to presence of certain polysac-
charide(s) and/or protein(s) in the extract. Mitogens are
known to induce cellular ROS (Tatla et al., 1999) and
play an important role in cellular activation (Williams
& Kwon, 2004). The increase in intracellular ROS by
TTE at>100pg/mL could therefore be related to its
mitogenic activity. It may be speculated that the mito-
genic activity along with cytoprotective effect of TTE
may help in the restoration of oxidative stress—induced
damage. These may be of particular relevance for its
anticancer activity (Kumar et al., 2006) wherein it may
reduce oxidative damage and at the same time potenti-
ates the immune system by inducing mitogenic acti-
vation. Further investigations are now needed to
establish the exact mechanism of action and to identify
the active bioingredient(s) of TTE in order to explain
its therapeutic efficacy.
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