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ABSTRACT
Objectives: The present study was designed to evaluate the effect of aqueous extract of fruits of Tribulus terrestris on
learning and memory in rodents. Materials and Methods: Thirty wistar rats were divided in 5 groups of 6 rats each.
Baseline values for the time taken to reach reward chamber (TRC) in the Hebb William Maze and transfer latency
(TL) in the T-maze were recorded on Day 1. Mean of 5 sessions was calculated for each rat. Group I was normal
control, group II piracetam standard, group III, IV and V received Tribulus terrestris orally at 100mg/kg, 200mg/kg
and 400mg/kg respectively for 14 days. At the end of 14 days, each rat was tested for TRC and TL and compared
with the control group. Results: Group IV showed a significant decrease in TRC when compared to group I in Hebb
William Maze (p<0.0001). Group IV also showed a significant decrease in TL when compared to group I in T-maze
(p<0.0001). Group III showed a significant decrease in TL when compared to group I in the T-maze (p=0.035),
however there was no decrease in TRC in this group. Conclusions: The aqueous extract of fruits of Tribulus
terrestris showed a dose dependent beneficial effect in learning and memory models in rats, with 200mg/kg being
most beneficial.
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INTRODUCTION

Learning is defined as the acquisition of information and
skills and subsequent retention of that information is
called memory. Understanding the cellular basis of learning and memory is clearly one of the most challenging
problems in science and is of enormous interest to every
person. The possible benefits to everyone in general are
almost unlimited. They might range from combating diseases such as Alzheimer’s disease to helping an individual,
store and recall information better. A number of agents
have been tried on various behavioural and pharmacological models for evaluation of the process of learning
and memory.
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The models can be broadly classified as exteroceptive
and interoceptive aversion stimuli models[1]. The exteroceptive models consist of behaviour on mazes such as
T maze and avoidance behaviour on shuttle box. Interoceptive models include scopolamine induced amnesia,
electroshock induced amnesia and hypoxic stress induced
learning deficits.
Tribulus terrestris is a flowering plant from the family Zygophallaceae and is native to warm and tropical regions such
as southern Asia. The flowers are 4–10 mm wide, with
five lemon yellow petals. A week after each flowerblooms,
it is followed by a fruit that easily falls apart into four or
five single-seeded nutlets. It is used as a tonic, aphrodisiac,
analgesic, astringent, anti-hypertensive, diuretic, and urinary anti-infective[2]. Its aqueous extract has shown diminution of oxalate induced renal tubular epithelial cell
injury and inhibition of calcium oxalate crystallization in
vitro[3]. Tribulosin, a methanolic extract of Tribulus terrestris protects rat heart from ischemia/perfusion injury[4].
Despite its aphrodisiac activity, it has shown no effect on
endocrine sensitive tissues like prostrate, seminal vesicle,
uterus and vagina in wistar rat pointing to the lack of
androgenic and estrogenic activity in vivo[5].
Phcog J | July–Aug 2014 | Vol 6 | Issue 4

Tribulus terrestris on learning and memory

Since its effect on learning and memory hasn’t been
explored, the present study was designed to evaluate the
effect of aqueous extract of fruits of Tribulus terrestris on
learning and memory in rodent behavioral models of
learning and memory.
MATERIALS AND METHODS

Experimental animals
Wistar albino male rats weighing 180–220 grams inbred
in the institutional animal house were used for the study.
Rats were housed in clean polypropylene cages, three
rats were kept in each cage, in a controlled environment
(22°–24°c) with a 12 hour light and dark cycle with standard chow containing fat 4.15%, protein 22.15%, carbohydrates 4% (supplied by Amruth laboratory animal feed
manufactured by Pranav Agro industries ltd., Sangli) and
water ad libitum. The rats were allowed to acclimatise to
these conditions for one week. Experiments were performed during the light phase of the cycle (10:00–17:00)
in the Department of Pharmacology, Kasturba Medical
College, Mangalore.
Study material
Tribulus terrestris fruit powder, obtained from Himalaya
Health Care, Bangalore (gift sample), was dissolved in distilled water and administered to the rats in the doses of
100 mg/kg, 200 mg/kg and 400mg/kg.
Study procedure
The rodent behavioural models of learning and memory
used for the study were Hebb William Maze and the T
maze.
Hebb-William Maze is an incentive based exteroceptive
behavioural model useful for measuring spatial and working memory of rats. It mainly consists of three compartments: chamber B, in which the rat is placed and has a
sliding door that is opened to allow the rat to enter the
middle chamber, (exploratory area of maze), the door of
which is closed to prevent its back entry to chamber B.
The animal has to explore the middle chamber and reach
the reward chamber A, at the other end of the maze in
which the reward (food) is kept. An electrical system
provides indication when the rat is placed in chamber B,
when it leaves it to enter the maze i.e. middle chamber and
when it enters reward chamber A, thus enabling the reaction time to be noted without observing the animal. Time
taken to reach the reward chamber (TRC) was recorded
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by the digital timer of the Hebb William Maze. Each rat
was allowed to explore the maze for an additional 20seconds with all the doors opened before returning to its
cage. Twelve hours fasted rats were employed in the study
and the average of 5 sessions were recorded for each rat[6].
T - Maze serves as an exteroceptive behavioural model
to evaluate learning and memory in rats. The apparatus
consists of one open arm (50cm x 10cm) and two covered arms (50cm x 10cm x 40cm). The central platform
(10cm x 10cm) and the maze is elevated to a height of
50cm from the ground. Each rat was placed at the end of
the open arm, facing away from the central platform. Rats
prefer to be in the covered arms. Transfer latency (TL)
was taken as the time taken by the rat to move into the
covered arms with all its four limbs. The rat was allowed
to explore the maze for an additional 20 seconds before
returning to its home cage[7–9]. The average of TL of 5
sessions was recorded.
Thirty wistar rats were divided in 5 groups of 6 rats each.
Baseline values for the time taken to reach reward chamber (TRC) by Hebb William Maze and transfer latency
(TL) by T-maze were recorded on Day 1. A mean of 5
sessions was calculated for each rat. Group I was normal
control, group II piracetam standard intraperitoneally at
200mg/kg, group III, IV and V received Tribulus terrestris
orally at 100mg/kg, 200mg/kg and 400mg/kg respectively for 14 days as shown in Table 1. At the end of 14
days, each rat was tested for TRC and TL and compared
with the control group.
Statistical Analysis
The results were expressed as Mean ± Standard Deviation
(SD). Statistical analysis was done using one way ANOVA
followed by Tukey post hoc test, using SPSS version 11.5.
The value of p<0.05 was considered significant. Analysis
within groups between day 1 and day 14 in Hebb William
Maze and T Maze was done by paired t test.
RESULTS

Hebb William Maze
In the analysis of the TRC in Hebb William Maze as
shown in Table 2, all groups showed reduction compared
to baseline. Group II receiving piracetam showed a significant reduction in TRC when compared to Group I,
III and V (p<0.001). But no significant difference was
seen when compared with Group IV. Group IV showed
significant reduction in TRC when compared with Group
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I
Table 1: Drugs along with the respective route administered to the animals

Group No.

Group

Test/standard drug treatment

Dose

Route

Duration of
treatment

I

Normal control

2% Gum acacia

10 ml/kg

Oral

14 days

II

Piracetam control

Piracetam

200mg/kg

i.p

14 days

III

TT1

Tribulus terrestris

100 mg/kg

Oral

14 days

IV

TT2

Tribulus terrestris

200 mg/kg

Oral

14 days

V

TT3

Tribulus terrestris

400 mg/kg

Oral

14 days

TT- Tribulus terrestris. Tribulus terrestris was given at 3 different doses i.e. TT1, TT2 and TT3. i.p- intraperitoneal, ml- milli litre, mg- milli gram
and kg- kilogram.

II
Table 2: Results of Hebb William Maze and T Maze
Group No.

Hebb William Maze: TRC (sec)

T Maze: TL (sec)

Day 1

Day 14

Day 1

Day 14

I

120.27 ± 14.51

76.63 ± 4.88

133.71 ± 7.93

139.46 ± 6.31

II

115.39 ± 4.18

47.46 ± 3.61*

132.85 ± 3.50

94.53 ± 2.04£

III

123.42 ± 6.13

74.75 ± 5.86

133.95 ± 2.52

130.36 ± 7.39€

IV

122.92 ± 10.89

54.18 ± 3.86$

135.16 ± 5.32

126.56 ± 3.29#

V

121.59 ± 9.30

73.19 ± 5.56

131.42 ± 5.43

133.40 ± 4.49

The data are expressed as Mean ± SD ; TRC- Time to reach Reward Chamber, TL- Transfer Latency ; *p<0.001 vs Group I, III, V ; $p<0.001 vs
Group I, III, V ; #p<0.001 vs Group I ; €p<0.05 vs Group I ; £p<0.001 vs Group I, III, IV, V

III
Table 3 : Results of analysis within groups for the difference between Day 1 and 14 in Hebb William Maze and T maze
Group No.

Hebb William Maze: TRC (sec)

T Maze: TL (sec)

I

43.63 ± 13.68**

-5.75 ± 12.09

II

67.93 ± 2.93**

38.31 ± 2.65**

III

48.67 ± 9.77**

3.59 ± 7.57

IV

68.74 ± 13.61**

8.59 ± 6.93*

V

48.39 ± 6.42**

-1.98 ± 3.80

The data are expressed as Mean ± SD ; TRC- Time to reach Reward Chamber, TL- Transfer Latency ; **p<0.001, *p<0.05
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I, III and V (p<0.001). As shown in Table 3, difference
between day 1 and day 14 of TRC in all the groups was
found to be statistically significant (p<0.001).
T Maze
As shown in Table 2, Group IV also showed a significant
decrease in TL when compared to Group I in T-maze
(p<0.001). Group III showed a significant decrease in TL
when compared to Group I for the T-maze (p=0.035).
Group II was found to be superior to all the other groups
with regard to TL (p<0.001). As shown in Table 3, difference between day 1 and day 14 of TL in Group I
(p<0.001) and Group IV (p=0.029) was found to be statistically significant.
DISCUSSION

Tribulus terrestris commonly known as “Gokshura” in
India is a plant with multiple uses. It has been found to
be useful in multiple conditions from erectile dysfunction
and kidney dysfunction to urinary infections.
Hebb William Maze and T Maze behavioural models have
been utilized for the assessment of learning and memory
in rats in this study. A fall in TRC and TL on subsequent
exposures to the Hebb William Maze and the T maze
respectively, was taken as an index of successful retention[9].
Piracetam showed significantly reduced values of TRC
when compared with all the groups except, the group
that received Tribulus terrestris at a dose of 200mg/kg. This
indicates that Tribulus terrestris at a dose of 200mg/kg was
on par with piracetam with regard to reducing the TRC in
the Hebb William Maze after 14 days. Tribulus terrestris at
a dose of 200mg/kg also showed improved results when
compared to the same being given at doses of 100mg/kg,
400mg/kg and also with the normal control.
Piracetam showed significantly reduced values of TL
when compared to all the other groups. Tribulus terrestris
at a dose of 200mg/kg showed significantly better results
when compared to the normal control. Tribulus terrestris at
a dose of 400mg/kg did not show significant difference
in the reduction of TL. But, Tribulus terrestris at a dose of
100mg/kg also showed improved results when compared
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to normal control, but no decrease in TRC was noticed
with this group. This indicates that Tribulus terrestris only
at a dose of 200mg/kg could significantly reduce both
TRC and TL.
In the study done by Martino Andrade AJ et al, Tribulus terrestris was used at a dose of 11, 42 and 110mg/kg/day and
was unable to stimulate the endocrine sensitive tissues like
prostate, seminal vesicle, uterus and vagina[5]. Another
study, done by Jungmo Do et al, Tribulus terrestris showed
a dose dependent increase in the Intracavernous Pressure
after being administered for one month at a dose of 2.5,
5, 10, 50 and 100mg/kg in rabbits, thus demonstrating its
use as a potential agent for erectile dysfunction[10].
Our study, is the first study exploring the effect of Tribulus terrestris on learning and memory in rats. The aqueous extract of fruits of Tribulus terrestris showed a dose
dependent beneficial effect in learning and memory
models in rats, with 200mg/kg being most beneficial.
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