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ABSTRACT: Tribulus terrestris has been used in traditional medicine for
relieving rheumatic pain and as an analgesic plant for a long time. In this
investigation the analgesic effect of methanolic extract of this plant on
male albino mice was evaluated by formalin and tail flick test. Extraction
of the fruits of the plant was done by two different methods (suxheletion
and percolation) with methanol 80%. The percolated extract was in-
jected intraperitoneally in mice at 50, 100, 200, 400, and 800 mg/kg. The
results showed that a dose of 100 mg/kg of percolated extract had the
highest significant analgesic effect compared to the control group (P <
0.01) in formalin and tail flick test. There is no significant difference in
the analgesic effect of suxheleted and percolated extract. The analgesic
effect of the extract was lower than morphine, 2.5 mg/kg in both tests,
and higher than ASA 300 mg/kg in chronic phase of pain in formalin
test (P < 0.05). Pretreatment of animal with naloxone did not change
the analgesia induced by the plant extract in both tests, therefore the
involvement of opioid receptor in the analgesic effect of this plant was
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excluded. The results of ulcerogenic studies indicate that the gastric ul-
cerogenecity of plant extract is lower than the indomethacin in the rat’s
stomach. It can therefore be concluded that T. terrestris extract has a suit-
able analgesic effect and further studies are required to produce a more
effective product of this plant to substitute for conventional analgesic
drugs.

KEYWORDS: medicinal plants; Tribulus terrestris; pain measurement; for-
malin test; tail flick test; gastric ulcerogenicity

INTRODUCTION

On the basis of our interest in analgesic drugs, a screening program of some
Iranian medicinal plants for analgesic activity has been started.1–3 This eval-
uation was based on the traditional use in Iranian medicine and elsewhere,4–6

according to other similar selections of plants for research.7,8

Natural products are believed to be an important source of new chemical
substance with potential therapeutic applicability.4–7 Several plant species are
traditionally used as analgesics.1,4–6

Despite advances in analgesic drugs, compounds commercially available
still present a wide range of problems, such as efficacy and undesired ef-
fects,2,3,9 which remain to be solved and which leave an open door for new
and better compounds. This situation highlights the need for safe, novel, and
effective analgesic compounds. Plants provide abundant resources of analgesic
compounds4–6 that have been used for centuries to control pain. T. terrestris
L. (Zygophyllaceae) is an annual creeping herb widely growing in Iran.4,5 It
is also distributed in Japan, Korea, the western part of Asia, southern Europe,
and Africa.4,5,10,11 T. terrestris is extremely rich in substances having potential
biological significance, including: saponins, flavonoids, alkaloids, and other
nutrients.12 The quantities and presence of these important metabolites depend
on the various parts of the plant used. The fruit and root of Tribulus terrestris
(Caltrop fruit) contains pharmacologically important metabolites, such as phy-
tosteroids, flavonoids, alkaloids, and glycosides.11–13

In traditional Chinese pharmaceuticals, the fruit of T. terrestris L. is
used for treating cutaneus pruritus, edema, tracheitis, and inflammation.11

T. terrestris is well known in Iran for its medicinal values. It is used in Iranian
folk medicine for many different purposes, such as relieving fever5 and con-
trol of rheumatic pain.4 In the literature reviews, there is no scientific research
about the analgesic effect of this plant that is used in the traditional medicine
of Iran.

This study was carried out to investigate the analgesic activity of methanolic
extract of T. terrestris by a chemical method (formalin test),14–17 and a thermal
method (tail flick test)1 in mice. This study is an attempt to establish a scientific
basis for the use of these plants as analgesic compounds in the traditional
Iranian medicine.
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MATERIALS AND METHODS

Animal

Male albino mice weighing 20 ± 25g were employed. The animals were
purchased from Razi Institute of Kerman I.R. Iran. They were housed at room
temperature 22 ± 2◦C at 12/12 h light–dark cycle. They had free access to food
and water except during the time of experiments. Animals were acclimatized to
the laboratory for at least 1 h before testing and were used for one experiment
only.2 All efforts were done to minimize the suffering of animals.18

Plant Material

The fruit of T. terrestris L. was purchased from Barij Essence Company in
Kashan and authenticated by the botanist in the Department of Pharmacognosy
in Kerman Faculty of Pharmacy, Iran. A voucher specimen is retained in that
department.4,6

Preparation of Extract

Fifty grams of the air-dried and powdered fruits of T. terrestris were extracted
with methanol 80% by percolation (72 h) and suxhelet (4 h) methods separately.
After filtration the solvent was removed at low temperature under vacuum.4,6

At the time of the experiment the dry residue was dissolved in normal saline
to give the desired concentration. The extract was injected IP with doses of 50,
100, 200, 400, and 800 mg/kg to mice. In positive control groups morphine
(Daru pakhsh, I.R. Iran) with a dose of 2.5 mg/kg and ASA with 300 mg/kg
were injected. Naloxone with a dose of 4 mg/kg was injected subcutaneously
5 min prior to the extract in order to determine the involvement of opioid
receptor in the analgesic effect of extract.1,2

Antinociceptive Study

Formalin Test

Formalin test was carried out according to the methods of Shibata et al.15

Briefly, in this method, 25 �L of 0.5% formalin was injected subcutaneously
to the right hind paw of mice. The pain response was recorded for a period
of 30 min. The summation of time (in seconds) spent in licking and biting
response of paw during each 5 min block was measured as an indicator of pain
response.
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Tail Flick Test

A radiant heat tail flick analgesiometer was used to measure response laten-
cies.1 The reaction time was recorded for 120 min at 15, 30, 45, 60, 90, and
120 min after the injection of drugs.

A latency period of 10 s was defined as complete analgesia and cutoff time
to prevent damage to mice. Analgesia index was calculated as:

% AI =Test latency − Control latency

Cutoff − Control latency

Gastric Ulcerogenicity Study in Rats

Rats were kept in the mesh cages to prevent them from eating their feces,
24 h before the test. They had only free access to water. Seven groups of
seven rats, were pretreated orally with vehicle 10 mL/kg, as negative control,
indomethacine suspensions, and percolated extract with doses of 100, 200,
and 400 mg/kg as positive control and treated group. Animals were killed 4 h
after treatment with ether, their stomachs were removed, inflated by injection
of 10 mL of 2% formalin to fix the inner layers of gastric walls, opened along
the greater curvature, and lesions in the glandular portion were evaluated. The
ulcer index was calculated using the J. Score.19,20 The erosions were classified
in size order: 0–1 mm in diameter = 1; 1–2 mm = 2; greater than 2 mm
in diameter = 3. The sum of points in each animal was defined as the ulcer
index.

Statistic Analysis

Results are presented as mean ± SEM and the statistical significance be-
tween groups was analyzed by analysis of variance (ANOVA) followed by
Newman–Keul’s test. P < 0.05 was considered significant.1,3,7,21

RESULTS

Analgesic Effect of Extract in Formalin Test

Different doses of extract induced significant analgesia, and the maximum
effect was observed with the dose of 100 mg/kg (FIG. 1). Due to the toxic
effect of high doses, the data of doses of 400 and 800 mg/kg were not shown
in the figure. The analgesic effect of percolated extract was not different from
suxhelet extract (data not shown). The analgesic effect of extract was lower
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FIGURE 1. Analgesic effect of T. terrestris extract on mouse formalin test. Normal
saline 10 mL/kg (◦), or different doses of extract, 50 (�), 100 (�), and 200 (�) mg/kg were
injected intraperitoneally 15 min before formalin injection to the mouse paw. Each point
indicates the mean ± SEM of pain response to formalin in seven animals. ∗, P < 0.05; +,
P < 0.01 significant difference from saline control group.

than morphine 2.5 mg/kg. The analgesic effect of extract was higher than
ASA between minutes 5–10, 10–15, and 20–25 in the formalin test (P < 0.05)
(FIG. 2).

Analgesic Effect of Extract in Tail Flick

The intraperitoneal injection of the different doses of extract had an antinoci-
ceptive effect. Maximum effect was induced by the dose of 100 mg/kg, 60 min
after injection (P < 0.01) (FIG. 3).

The analgesic effect of extract was lower than morphine 2.5 mg/kg, between
minutes 15–60 (P < 0.01), but was higher than morphine between minutes
90–120 (P < 0.05) after injection.

The analgesic effect of extract was higher than ASA 300 mg/kg at 60 min
(P < 0.01) and 90 min (P < 0.05) after injection (FIG. 4).

Gastric Ulcerogenicity of Extract

The ulcer index of different doses of percolated extract was lower than the
same dose of indomethacine significantly (P < 0.01) (FIG. 5).
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FIGURE 3. Analgesic effect of T. terrestris extract on mouse tail flick test. Normal
saline 10 mL/kg (◦), or different doses of extract, 50 (�), 100 (�), and 200 (�) mg/kg
were injected intraperitoneally to mice. Each point indicates the mean ± SEM of anal-
gesia index in seven animals. +, P < 0.01 significant difference from saline control
group.

FIGURE 4. Comparison of the analgesic effect of T. terrestris extract with ASA and
morphine on mouse hot-plate test. Normal saline 10 mL/kg (◦), or extract with dose
of 100 mg/kg (�), or ASA 300 mg/kg(∆) or morphine 2.5 mg/kg (•) mg/kg were in-
jected intraperitoneally to mice. Each point indicates the mean ± SEM of analgesia index
in seven animals. ∗, P < 0.05; +, P < 0.01 significant difference from extract control
group.
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FIGURE 5. Comparison of ulcer index of different doses of T. terrestris extract and
indomethacin in rats. Different doses of extract (�) or indomethacine (�) were administered
orally to rats. Each point indicates the mean ± SEM of J Score in seven animals. +, P <

0.01 significant difference from control group.

DISCUSSION

In this study, two animal models were used for investigation of the
antinociceptive effects of the percolated and suxheleted methanolic extract of
T. terrestris L. compared to morphine and ASA. The results of this study
demonstrate the significant analgesic effects of different doses of T. terrestris
extract in both phases of formalin test. In the formalin test, the initial phase is a
direct stimulation of nociceptors and the late phase is thought to be secondary
to inflammatory reaction,15,16 and therefore it seems that the analgesic effect
of T. terrestris extract may be mediated centrally and peripherally. The most
effective dose of extract was 100 mg/kg. However, doses higher than this one
did not increase the analgesic effect of extract. Doses higher than 400 mg/kg
produced nonpharmacologic or toxic effects.22

The extract of T. terrestris showed antinociceptive activity in the tail flick
test too. Since the tail flick test is a central antinociceptive test,1 thus the extract
may act via central mechanisms. The peak of analgesic effect of extract was
seen 60 min after injection. It seems that the concentration of extract reached to
maximum in this time or due to some active analgesic metabolite.22 There was
no difference between the analgesic effect of percolation and suxhelet extract,
therefore it seems that the active compounds in T. terrestris are thermostable
and were extracted also without heat by percolation.6
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The analgesic effect of extract was higher than ASA in some time intervals in
formalin and tail flick test. Gastric ulcerogenecity, the most common adverse
effect of aspirin-like drugs,9 of different doses of extract was lower than the
same doses of NSAIDS drug, indomethacin in this study. Morphine, a centrally
active analgesic drug1 produced analgesic effect more than extract in tail flick
and formalin test in this investigation. Therefore, the potency of extract was
lower than morphine.

Pretreatment of animals with opioid receptor antagonist, naloxone,3 did not
change the analgesic effect of extract in both tests, therefore the involvement
of opioid receptors in the analgesic effect of T. terrestris extract is excluded.
However, other mechanisms responsible for the analgesic effect of T. terrestris
extract remain to be investigated.

This plant is extremely rich in substances having potential biological sig-
nificance, including: steroid saponins, flavonoids, alkaloids, polysaccharides,
and other nutrients.12,13,23–25 The quantities and presence of these important
metabolites depend on the various parts of the plant used. The fruit and root of
T. terrestris (Caltrop fruit) contains pharmacologically important metabolites,
such as phytosteroids, flavonoids, alkaloids, and glycosides.13,25

There are some reports indicating that flavonoids act as agonist on central
benzodiazepine receptors.26 Flavonoids have demonstrated analgesic activity
in vivo.27 Gathering together this evidence, it seems that the analgesic effect of
T. terrestris may be related partly due to flavonoid compounds present in the
extract of this medicinal plant. Determination of the role of each compound in
the analgesic effect of T. terrestris extract is a wide field for more investigations.

In conclusion, the results of this study provide pharmacological reference
for traditional use of T. terrestris L. as analgesic. Identifying the exact mode
of action and other toxicological study warrants further study in the light of
developing new analgesic drugs.
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