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Abstract

Background: Opioids can exert adverse effects on the body. Morphine, an opioid drug,
reduces hormone levels and fertility, and causes sexual activity disorders. Tribulus terrestris (TT) is a traditional herbal medicine used to enhance sexual activities. This study
investigates the possible role of TT on sex hormones and gonadotropins with the intent to
show its usefulness in treating fertility disorders in opioid users.
Materials and Methods: In this experimental study, we randomly divided 48 rats into
four groups: i. control, ii. TT-treated, iii. addicted and iv. TT-treated addicted. Watersoluble morphine was administrated orally for 21 days to induce addiction, after which
the treated groups 2 and 4 received plant-mixed pelleted food (6.25%) orally for four
weeks. At the end of the treatment period, the sex hormone and gonadotropin levels of all
rats’ sera were determined by radioimmunoassay and Elisa kits. The data obtained were
statistically analyzed using the one-way analysis of variance, followed by post-hoc Tukey
test. P<0.05 was considered significant.
Results: The addicted group had a significantly lower luteinizing hormone (LH) level
than the control group (p<0.027). LH levels increased significantly in the TT-treated addicted group (p<0.031). The testosterone level in the treated addicted group was lower
than the treated control group. The addicted group had a significantly low testosterone
level (p<0.001). The estrogen level was significantly (p<0.002) lower in the addicted
group than in the control group. In addition, there was a significant difference between
the treated addicted group and the treated control group (p<0.048). The treated control
group had a significant increase in its progesterone level (p<0.002). Overall, except for
follicle-stimulating hormone (FSH), morphine reduced most of the gonadotropins and
sexual hormones. Whereas TT caused a considerable increase (p<0.05) in the hormones
in the treated addicted group, there was only a slight increase in the treated control group.
Conclusion: Oral consumption of TT could markedly antagonize the reduction of sex
hormones and gonadotropins (except for FSH) due to morphine addiction.
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Introduction
Recent years have witnessed a dramatic rise in
the use of opioid drugs despite the documentation
of their numerous adverse effects in the literature.
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One of these side effects is the negative impact on
sex hormone levels, libido, potency, and menorrhea (1-3). A study has shown that 96% of men
and 69% of women who receive opioid analgesic
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drugs for pain management have decreased libido
or impotency (4). Also, it has been found that spinal opiate analgesics reduce libido and cause difficulty in achieving or maintaining an erection in
men (5).
One of the most commonly used opioid drugs
is morphine. In a prospective, uncontrolled,
non-randomized study, a group of men with an
average pain duration of 11 years used intrathecal morphine for 12 weeks. Most of the patients
reported poor libido and erectile difficulty toward the end of the 12-week period; in addition,
testosterone and follicle-stimulating hormone
(FSH) levels significantly reduced. The intrathecal opioid caused a reduction in hormone levels (6).
Tribulus terrestris (TT), commonly known as
caltrop or devil’s eyelashes plays an important role
in traditional medicine. Most parts of this plant
are used in herbal medicine, for which TT can enhance sex drive and treat urolithiasis, menorrhagia, impotency, rheumatism pains, and premature
ejaculation (7-9). Khordadmehr and his colleagues
have used TT in an herbal formula, NOFODA, to
investigate its effect on infertile males and concluded that it improved both sperm motility and
count (10).
In studies conducted on animals, TT is thought
to have a luteinizing hormone (LH)-like activity,
which can induce corpus luteum formation in female rats (11). LH induces the corpus luteum to
secrete progesterone. This results in an increase
in progesterone levels as well as some estrogen
secretion. Studies have shown that protodioscin,
which is found in TT extract, treats mild to moderate erectile dysfunction and increases libido
(12, 13).
In light of the increasing fertility disorders in
opioid users, the present study investigated the effect of TT on the sex hormones and gonadotropins
of addicted male rats.

Materials and Methods
Experimental animals
Adult male Wister rats that weighed 200 ± 25 g
each (Razi Institute, Iran) were randomly divided
into four groups, of 12 animals each: i. control,
ii. TT-treated, iii. addicted and iv. TT-treated adIJFS, Vol 7, No 1, Apr-Jun 2013
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dicted. The rats were housed in groups of three in
cages at a temperature of 22-25˚C, on a 12 hour
light/12 hour dark schedule and sufficient amounts
of food and water.
Preparation of Tribulus terrestris (TT)
After obtaining TT and verifying its suitability
for our study via the Department of Botany at Shahid Beheshti University, we ground and combined
the plant with pelleted food at a weight ratio of
6.25%.
Study protocol
Morphine addiction was induced according to
the method of Moini Zanjani et al. (14). Groups
3 and 4 received oral administrations of watersoluble morphine for 21 days. During this 21-day
period, the treated groups (2 and 4) also received
oral administration of TT plant-mixed pelleted
food (6.25%).
The water soluble morphine solution was given
in doses of 0.1, 0.2, and 0.3 mg/ml according to
the method of Swanston-Flatt et al. (15); each of
these doses was administered for 48 hours for the
rats to drink and then 0.4 mg/ml was administered
for the remaining 15 days. The bitterness of morphine was eliminated by adding 3% sucrose to the
solution. In this experiment, the average amount
of water consumed, and therefore morphine, by
rats was approximately 60-80 mg/ml/day. Addiction was confirmed by injecting a morphine antagonist (naloxone) and observing for withdrawal
symptoms.
All techniques and methods were approved by
the Ethics Committee of Shahed University of
Medical Sciences. The laboratory animals were afforded due care in accordance with the regulations
of the Committee for the Purpose of Control and
Supervision on Experiments on Animals (CPCSEA).
Blood sampling
After 21 days of treatment, at treatment termination, blood samples (3-5cc) were obtained from
all the rats’ hearts to measure hormone levels. The
sera were subsequently separated via centrifuge
(Sigma 4-10, USA) at 2000 rpm for 10 minutes
and stored at -70˚C in a freezer until hormone
analysis.
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The plasma concentrations of the sex hormones
and gonadotropins were verified by the radioimmunoassay (RIA) method using kits manufactured
by Monobind Inc. (USA), as well as ELISA kits
(Labsystem, Finland).
Statistical analysis
Obtained data were expressed as mean ± SEM
and statistically analyzed using the one-way analysis of variance (ANOVA), followed by the posthoc Tukey test. p<0.05 was considered statistically
significant.

Results
FSH analysis
Our FSH analysis showed that the TT-treated
control group had the least amount of FSH (0.271
± 0.025 mIU/ml), while the morphine-addicted
group had the highest FSH level (0.348 ± 0.022
mIU/ml). Morphine solely did not suppress FSH.
The TT-treated addicted group had a higher FSH
level (0.302 ± 0.01 mIU/ml) than did the TT-treated control group; there was, however, no significant change in any of the groups. Figure 1 illustrates these results.

0.3

0.4

$

0.35
0.3
0.25
0.2
0.15
0.1

*

0.05
0

Control

Con+TT

Morphine

Mor+TT

Test groups

Fig 2: The effect of Tribulus terrestris (TT) on LH levels
in control and addicted groups. Bars depict mean ± SEM
of LH.* and $; P<0.05 compared between the control and
treated control groups.

Testosterone analysis
In this analysis, there was a reduction in the
addicted group (0.122 ± 0.058 ng/ml). The highest amount of testosterone belonged to the control group (0.399 ± 0.04 ng/ml). Figure 3 shows
that the addicted group had the least amount of
testosterone, as a result of morphine suppression. The treated addicted group had a significantly lower hormone level (p<0.024) than did
the treated control group (0.193 ± 0.057 ng/ml).
The addicted group had a significantly lower
testosterone level than did the control group
(p<0.001).
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Fig 1: The effect of Tribulus terrestris (TT) on FSH levels
in control and addicted groups. Bars depict mean ± SEM
of LH.

LH analysis
In LH analysis, the addicted group had decreased
LH levels. The highest amount of LH belonged to
the treated control group (0.207 ± 0.098 mIU/ml).
Figure 2 shows a significantly lower LH level in
the addicted group than the control group (0.0125
± 0.017 mIU/ml), which was due to morphine suppression (p<0.027). The TT-treated addicted group
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had a significantly higher amount of LH (0.273 ±
0.066 mIU/ml) than did the control group p<0.031.
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Fig 3: The effect of Tribulus terrestris (TT) on testosterone
levels in control and addicted groups.
Bars depict mean ± SEM of testosterone. *; P<0.05 compared between the control and treated control groups.

Estrogen analysis
Our estrogen analysis revealed a decrease in
the addicted group compared to the control group
(22.70 ± 3.21 pg/ml). Figure 4 illustrates these
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results. Compared to the control group, estrogen decreased in the addicted group; there was a
significant difference between these two groups
(p<0.002). Figure 4 also shows a significant difference between the treated addicted group and the
treated control group (p<0.048).
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Fig 4: The effect of Tribulus terrestris (TT) on estrogen levels in
control and addicted groups. Bars depict mean ± SEM of LH.
* and $; P<0.05 compared between the control and treated
control groups.

Progesterone analysis

Progesterone (pg/ml)

There was an increase in the treated control
group and a decrease in the addicted group
according to progesterone analysis. Figure 5
shows that the treated control group had the
highest hormone level (79.28 ± 5.2 pg/ml),
which was due to TT. The addicted group had
the least amount, which was due to the effects
of morphine. The addicted group had a lower
progesterone level than did the control group;
the difference, however, was not significant. In
comparison with the treated addicted group, the
treated control group had a significant increase
in hormone levels (p<0.002).
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Fig 5: The effect of Tribulus terrestris (TT) on progesterone
levels in the control and addicted groups. Bars depict mean
± SEM of progesterone.
*; P<0.05 compared between the control and treated control
groups.
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Discussion
In this study, sex hormone and gonadotropin
levels were evaluated based on the effect of TT
on morphine-addicted rats. FSH, a stimulating
hormone of the ovarian follicles, had a higher
level in our morphine-addicted groups. In the
treated morphine group, the FSH level had the
most decrease, which demonstrated that TT
suppressed FSH release in the addicted rats. A
similar result was observed in the treated control group; however the difference was not significant.
Tabakova and his colleagues, in a comparison of endocrinal functions before and after
TT therapy, reported that TT acted on the hypothalamus and reduced FSH levels but did not
decrease ovarian hormones (estrogen and progesterone). They concluded that TT could be
used to treat menopausal symptoms such as hot
flashes and increase sex drive. These researchers speculated that the presence of saponin in
TT was responsible for FSH suppression and
the resultant alleviation of hot flashes, irritability, and depression in menopausal women (16).
However, in our study, no significant effect of
TT on FSH levels was found.
We observed a significant decrease in LH levels in the morphine-addicted group. The treated
addicted group had a relatively higher LH than
did the addicted group, which denoted that TT increased LH levels. Similarly, the treated control
group had a significantly higher LH level than did
the control group.
According to Neychev et al. (17) and a study
by Antonio et al. it was shown that TT induced
LH release. The upswing in LH led to a signal
for testosterone to increase (18). With regard to
testosterone levels, there was a significant decrease in our addicted rats. In the treated addicted group, the level was significantly higher
than that of the addicted group. Although TT
affected the increase in testosterone, a number of studies have demonstrated different results. Studies demonstrated that TT caused an
increase in testosterone, increase in cavernous
body pressure, increase in systolic pressure, and
increase in penile erection (19-22). In addition,
the effect of TT on castrated rats compared to
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normal rats was an increase in prostate weight,
which augmented sexual activities and potency
(22). In contrast, Neychev and his colleague reported that TT did not influence androgen levels in young men (17). Our results support the
results of a majority of similar studies in the
literature.
Based on our study, estrogen decreased significantly in the addicted group but increased
significantly in the treated addicted group. It
can, therefore, be concluded that TT significantly increased the estrogen hormone level in
male addicted rats. Of note, there was a dearth
of specific studies on estrogen in the literature.
Progesterone decreased in our addicted group;
the amount, however, was insignificant. In contrast, progesterone significantly increased in
the treated control group. We concluded that TT
increased progesterone in non-addicted cases;
however this increase was not significant in addicted cases. Mazaro-Costa and colleagues have
reported that not only could TT treat sexual disorders and dysfunction in menopausal women
but it could also enhance vasomotor actions.
There are, however, no reports on progesterone
specifically (19).

Conclusion
The present study shows that addiction decreases sex hormones and gonadotropins. Treatment
with TT can increase the hormone levels of testosterone, progesterone, estrogen, and LH. Nevertheless, TT did not increase the FSH levels in our
male rats.

3.
4.

5.

6.

7.

8.

9.
10.

11.

12.

13.

14.

Acknowledgments
This paper is the result of a medical student
thesis and was financially supported by the
Research Council of Shahed University. The
authors declare that they have no conflicts of
interest.

References
1.

2.

Winkelmuller M, Winkelmuller W. Long-term effects
of continuous intrathecal opioid treatment in chronic
pain of nonmalignant etiology. J Neurosurg. 1996;
85(3): 458-467.
Finch PM, Roberts LJ, Price L, Hadlow NC, Pullan PT.
Hypogonadism in patients treated with intrathecal mor-

15.

16.

17.

18.

phine. Clin J Pain. 2000; 16(3): 251-254.
Roberts LJ, Finch PM, Goucke CR, Price LM. Outcome of intrathecal opioids in chronic non-cancer
pain. Eur J Pain. 2001; 5(4): 353-361.
Abs R, Verhelst J, Maeyaert J, Van Buyten JP, Opsomer F, Adriaensen H, et al. Endocrine consequences of long-term intrathecal administration of opioids. J
Clin Endocrinol Metab. 2000; 85(6): 2215-2222.
Paice JA, Penn RD, Ryan WG. Altered sexual function and decreased testosterone in patients receiving
intraspinal opioids. J Pain Symptom Manage. 1994;
9(2): 126-131.
Roberts LJ, Finch PM, Pullan PT, Bhagat CI, Price
LM. Sex hormone suppression by intrathecal opioids:
a prospective study. Clin J Pain. 2002; 18(3): 144148.
Gauthaman K, Adaikan PG, Prasad RN. Aphrodisiac
properties of Tribulus Terrestris extract (Protodioscin)
in normal and castrated rats. Life Sciences. 2002; 71
(12): 1385-1396.
Al-Ali M, Wahbi S, Twaij H, Al-Badr A. Tribulus terrestris: preliminary study of its diuretic and contractile
effects and comparison with Zea mays. J Ethnopharmacol. 2003; 85 (2-3): 257-260.
Selvam ABD. Inventory of Vegetable Crude Drug
samples housed in Botanical Survey of India, Howrah. Pharmacog Rev. 2008; 2(3): 61-94.
Khoradmehr A , Khalili MA , Ramezani M , Adib M ,
Vahidi S , Moin MR. Effects of Herbal Drug NOFODA
onSperm Parameters of Infertile Men. Int J Fertil Steril. 2010; 4 Suppl 1: P12.
Esfandiari A, Dehghan A, Sharifi S, Najafi B, Vesali
E. Effect of tribulus terrestris extract on ovarian activity in immature Wistar rat: a histological evaluation. J
Anim Vet Adv. 2011; 10(7): 883-886.
Gauthaman K, Ganesan AP. The hormonal effects
of Tribulus terrestris and its role in the management
of male erectile dysfunction- anevaluation using primates, rabbit and rat. Phytomedicine 2008, 15 (1-2):
44-54.
Frydrychová S, Opletal L, Macáková K, Lustyková A,
Rozkot M, Lipenský J. Effects of herbal preparation
on libido and semen quality in boars. Reprod Domest
Anim. 2011, 46(4): 573-578.
Moini Zanjani T, Sabetkasaei M. Study of the intraplantar injection of lidocaine and morphine on pain
perception and the influence of morphine dependence and withdrawal on lidocaine-induced analgesia
in rats. Iran Biomed J. 2010; 14(4): 164-170.
Swanston-Flatt SK, Day C, Bailey CJ, Flatt PR. Evaluation of traditional plant treatments for diabetes: studies in streptozotocin diabetic mice. Acta Diabetol Lat.
1989; 26(1): 51-55.
Tabakova P, Dimitrov M, Tashkov B. Kirkoua-Sofia
Clinical studies on the preparation tribestan in women
with endocrine infertility or menopausal syndrome.
(1984-1987) Available from:http://www.scicompdf.se/
tiggarnot/tabakova-HerbPharmUSA.pdf.(8 Oct 2012).
Neychev VK, Mitev VI. The aphrodisiac herb Tribulus
terrestris does not influence the androgen production
in young men. J Ethnopharmacol. 2005, 101(1-3):
319-323.
Antonio J, Uelmen J, Rodriguez R, Earnest C. The
effects of Tribulus terrestris on body composition and
exercise performance in resistance-trained males. Int

61

Ghosian Moghaddam et al.

J Sport Nutr Exerc Metab. 2000; 10(2): 208-215.
19. Mazaro-Costa R, Andersen M L, Hachul H, Tufik S.
Medicinal plants as alternative treatments for female
sexual dysfunction: utopian vision or possible treatment
in climacteric women? J Sex Med. 2010; 7(11): 36953714.
20. El-Tantawy WH, Temraz A, El-Gindi OD. Free serum testosterone level in male rats treated with Tribulus alatus

IJFS, Vol 7, No 1, Apr-Jun 2013

62

extracts. Int Braz J Urol. 2007; 33(4): 554-559.
21. Park SW, Lee CH, Shin DH, Bang NS, Lee SM. Effect of
SA1, a herbal formulation, on sexual behavior and penile
erection. Biol Pharm Bull. 2006; 29(7): 1383-1386.
22. Gauthaman K, Adaikan PG, Prasad RN. Aphrodisiac properties of Tribulus Terrestris extract (Protodioscin) in normal
and castrated rats. Life Sci. 2002; 71(12): 1385-1396.

