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Tribulus terrestris L. (TT) is a traditional medicinal plant, which belongs to the Zygophyllaceae family. TT extracts have been
widely used for diuretic, analeptic, aphrodisiac, and profertility properties. To quantitatively evaluate the profertility and
aphrodisiac effects of Tribulus terrestris L., we undertook the present meta-analyses on published data. A thorough literature
screening was performed to identify articles evaluating the effect of TT on spermatogenesis, male fertility, reproductive, and
aphrodisiac parameters. We shortlisted 30 relevant studies conducted on humans and rodents. Meta-analyses were conducted
to evaluate the quantitative impact of TT on various fertility parameters. In case of humans, the pooled analysis on 133
subjects showed significant improvements in sperm concentration (SDM = 0:624, 95% CI = 0:13 to 1.117, p = 0:013) and sperm
motility (SDM= 0:742, 95% CI = 0:331 to 1.152, p = 0:001). TT resulted in nonsignificant increases in testosterone and LH and
a nonsignificant decrease in FSH. Similar to the above, TT improved sperm count, sperm motility, and sperm viability in
rodents with normal or compromised fertility. The effect on hormone levels was less credible with frequent variations across
studies and animal models. The aphrodisiac activity was studied in castrated animal models or normal rodents, both of which
showed significant improvements in mounting frequency and intromission frequency and significant declines in mounting
latency and intromission latency. These meta-analyses suggested that TT possesses profertility and aphrodisiac activities.

1. Introduction

Infertility is defined as the failure to achieve a clinical preg-
nancy after 12 months or more of unprotected regular sexual
intercourse [1]. Approximately 40% of infertility cases world-
wide are due to the male factor infertility [2, 3]. A large number
of the infertile cases are still classified as idiopathic, and diagno-
sis tends to be descriptive, often leading to ineffective medical
approaches for treatment [2]. Semen quality is the main
predictor of male fertility and is used as the primary checkpoint
to assess the causes of infertility. As per the WHO 2010 guide-
lines, sperm count and motility are important criteria to estab-
lish infertility in males [4]. However, not all cases of infertility
are explained by a decline in semen parameters. This leads to
the failure of establishment of an appropriate cause of infertility

in a large number of patients. Plant products offer an attractive
alternative for the treatment of such cases. Plants products are
often a complex mixture of natural products, exerting multi-
pronged effects required for improvement in fertility.

Till date, a variety of traditional medicinal plants from
India, China, Africa, and other countries have been claimed
to have aphrodisiac and profertility effects [5]. Tribulus terres-
tris L. (TT), known as Gokshura in Ayurveda, has been claimed
to be effective in treating urogenital diseases including the loss
of libido [6, 7]. In addition to the profertility effects in males, it
is often prescribed for the treatment of infertility, impotence,
erectile dysfunction, and low libido [8–11]. Tribulus terrestris
L., also known as Gokshura, caltrop, Maxican sandbur, and
goathead, is a small leafy plant that belongs to the family Zygo-
phyllaceae, largely inhabitant to the tropical and temperate
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regions of Asia, Africa, Australia, and Europe [12, 13]. Root,
fruit, or leaf extracts of TT are commonly employed for various
male ailments, including the loss of virility and fertility. TT
contains the steroidal saponins, mainly protodioscin, prototri-
bestin and other important ingredients such as alkaloids, flavo-
noids, terpenoids, and phenol carboxylic acid. TT extracts have
been found to improve sperm parameters, sex hormonal pro-
file, and libido by some studies [11, 14–18], while others have
reported its adverse effects [19–21]. Meanwhile, in some
human clinical trials, TT showed no impact on the seminal
parameters ([22–24]. Similarly, other studies showed no
improvement in sex hormone levels [25–28].

On taking these contradictory reports into account, the
impact of TT on semen parameters, hormones, and libido
remains unclear. Therefore, we have performed this system-
atic review and meta-analyses to undertake qualitative and
quantitative analysis of the available data to draw conclu-
sions regarding the potency of TT as a profertility and aph-
rodisiac plant. We found that TT has profertility and
aphrodisiac properties.

2. Material and Methods

This study was excluded from authorization by the Institu-
tional Review Board since it was a review and meta-analysis.
We used the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) chart for presenting the results
of this systematic review and meta-analysis [29].

2.1. Search Strategy.We performed a broad electronic search to
identify the articles evaluating the effect of Tribulus terrestris L.
(TT) on sperm parameters, sex hormone levels, and aphrodisiac
activity. We searched the major public databases such as
PubMed (MEDLINE), Web of Science, Google Scholar, and
EMBASE for the identification of relevant studies. The elec-
tronic search keywords were “Tribulus terrestris L. and male
infertility,” “male infertility and protodioscin,” “Tribulus terres-
tris L. and sperm parameters,”, “Tribulus terrestris L. and Tes-
tosterone,” “Tribulus terrestris L. and Luteinizing Hormone
(LH) or Follicle Stimulating Hormone (FSH),” and “Tribulus
terrestris and aphrodisiac activity.”Wealso looked for themajor
clinical trials registry databases like WHO, ISRTCN, and US-
based clinical trial registry for the identification of more studies
(https://www.isrctn.com; https://www.clinicaltrials.gov).

2.2. Inclusion and Exclusion Criteria. All the articles
obtained through the electronic search were subjected to a
set of inclusion/exclusion criteria. Inclusion criteria were as
follows: (a) pre/post and control/treated studies on human,
rat, and mouse to evaluate the effect of TT administration
on semen parameters, sex hormones, and aphrodisiac activ-
ity; (b) patients in the studies were diagnosed using the stan-
dard diagnostic parameters; (c) studies used the standard
methods and sufficient data were provided. The exclusion
criteria consisted of the following: (a) the studies that failed
to provide a detailed description of the subjects, raw data,
and other information required to specifically understand
the study design and the data therein; (b) review articles,
meta-analyses, case reports, and research on males with dis-

orders such as varicocele and cryptorchidism; (c) the studies
that administered TT along with other dietary nutraceuticals
which would mix up the effect of TT.

2.3. Data Extraction. Using a spreadsheet, data were col-
lected to document research design, number of participants,
dose and duration, quantitative outcomes, and the primary
findings. Whenever the data were available in the form of
graphs, the values were extracted using web plot digitizer
(https://apps.automeris.io/wpd//). The data were divided in
four major groups: (i) pre- or postdata of human infertile
males treated with TT, (ii) control vs. TT-treated animals,
(iii) chemically induced/castrated infertile rat/mouse models
vs. TT treatment (therapeutic effect), (iv) coadministration
of Tribulus terrestris and infertility-inducing agents in rat/
mouse (prophylactic effect). Quantitative evidence, therapies
given, and other information were collected by two authors
independently (AA and RV). The inconsistencies were
overcome through discussion with the senior author, leading
to a consensus.

2.4. Quantitative Data Analysis.Meta-analysis was performed
as detailed in our previous study [30]. Standard difference in
mean (SDM) was used as the ‘effect size’ statistic in human
studies and Hedges ‘g’ was used as the ‘effect size’ statistic in
case of animal studies. Q and I2 represent the heterogeneity
taking into account that I2 value < 25%means low heterogene-
ity, 50 percent means moderate heterogeneity and 75 percent
suggests considerable heterogeneity [31, 32]. Both the fixed
effect and the random effects models were used to measure
the pooled effect size value. The fixed effect model was used
for drawing inference where the heterogeneity was not signifi-
cant but in the case of significant heterogeneity, the random
effects model was used. Treatment protocols for the dose and
length of TT therapy were significantly heterogeneous across
studies (Table 1). The methodological information and other
details for the studies included in this analysis are given in
Table 2. For human studies, pre- and postdata were taken,
while in rat/mouse studies, control/TT-treated (therapeutic),
control/TT-treated (preventive), and infertile model/TT-
treated were considered for qualitative analysis, irrespective
of the dose and duration of treatment.

2.5. Sensitivity Analysis. Sensitivity analysis was performed
by exclusion of one study at a time, followed by reestimation
of the effect size after exclusion of each study. A significant
change in the overall conclusion was used to identify a sensi-
tive study.

2.6. Publication Bias. Publication bias analysis was performed
qualitatively on the basis of asymmetry in the funnel plot and
quantitatively using Egger’s intercept test value. In case of
significant bias, Duval and Tweedie’s trim and fill method
was used to compute unbiased estimates.

3. Results

3.1. Literature Screening. Literature search was performed
using the keywords, such asTribulus terrestris L., reproduction,
male infertility, and aphrodisiac property in various
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Table 1: Methodological details of the studies included in the meta-analysis.

Study Model development
TT (post-/pre-/
coadministered)

TT (dosage) Dosage administration

Animal studies

[38]
Sodium Valproate (500mg/kg-last week)

(testicular toxicity)
TT (preadministered) 2.5,5,10mg/kg-60 days Orally

[39]
Cypermethrin

(3.38mg/kg-28days)
(reproductive toxicity)

TT (coadministered) 100mg/kg-28 days Orally by gavage

[35]
Copper overloaded
(200mg/kg-90days)

(testicular dysfunction)
TT (coadministered) 10mg/kg-90 days Orally

[36]
Bisphenol A

(25mg/kg-4weeks)
(spermatotoxicity)

TT (coadministered) 20mg/kg-4 weeks Orally

[37]
Cyclophosphamide
(100mg/kg-14th day)
(reproductive toxicity)

TT (preadministered) 11mg/kg-14 days Orally by gavage

[9]
Malathion (250mg/kg)

(free radical development)
TT(postadministered) 2.5,5,10mg/kg-8 weeks Orally by gavage

[43]
Morphine

(60-80mg/ml-21days)
TT(postadministered) 6.25% of food-4weeks Orally

[42]

2,3,7,8 tetrachlorodibenzo-p dioxin
(TCDD)

(40ug/kg-1 week)
(oligospermia)

TT(postadministered) 200,400mg/kg-28 days Injected

[41]
Streptozotocin

(50mg/kg-2weeks)
(diabetes)

TT(postadministered) 100,250,500mg/kg-1 week IP

[45]
Streptozotocin
(55mg/kg-1day)

(diabetes)
TT(postadministered) 10mg/kg-60 days Orally by gavage

[44]
Streptozotocin

(1dose)
(diabetes)

TT(postadministered)
<0.5,162.24 ug/kg-12

weeks
NA

[18] Castration TT(postadministered) 5,10,25mg/kg-14 days NA

[40] Castration TT(postadministered) 5mg/kg-8weeks NA

[11]
Sulphasalazine
(100mg/kg/day)
(decrease fertility)

TT(postadministered) 50mg/kg-60 days Orally

[15] Castration TT(postadministered) 5mg/kg-8weeks Orally

[48] Control TT (aqueous extract) 6mg/kg-8weeks Orally

[50] Control TT (ethanolic extract) 7.5mg/kg-4 weeks Orally

[17] Control
TT (lypholized aqueous

extract)
100,50mg/kg-28 days Orally

[51] Control TT 5%W/V-21 days —

[20] Control TT (ethanol extract) 42mg/kg-70 days Gavage

[47] Control TT (ethanol extract) 10mg/kg-25 days Orally

[52] Control TT 100mg/kg Orally by oral catheter

[16] Control TT (methanol extract) 300mg/kg-8weeks
Orally by intragastric

tube

[46] Control TT (aqueous extract) 2.5,5,10mg/kg-8 weeks Orally

[49] Control TT (ethanolic extract) 11,42,110mg/kg-28 days Gavage
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combinations. A total of 717 hits were obtained, of which 147
relevant studies were further shortlisted on the basis of titles
and abstracts. By strictly following the predefined inclusion
and exclusion criteria, we were left with 30 relevant studies.
The detailed scheme adopted for literature screening and selec-
tion is presented in the PRISMA plot (Figure 1).

The studies included in this meta-analysis had evaluated
the effect of TT on semen parameters and sex hormones or
its aphrodisiac property (Table 1). The shortlisted studies
included five human clinical trials evaluating the therapeutic
effect [10, 25, 27, 33, 34], of which two were randomized trials
[25, 27] and three were nonrandomized trials [10, 33, 34]. Five
animal studies evaluated the preventive effect of TT against
various fertility-compromising agents [35–39], ten evaluated
the therapeutic effect of TT in model organisms [9, 11, 15,
18, 40–45], and eighteen studies administered TT in normal
animals to evaluate improvements in semen parameters, hor-
mone levels, and its aphrodisiac effect [9, 16, 17, 20, 36, 37, 39,
40, 42, 43, 45–52] (Table 2).

3.2. Tribulus terrestris L. Positively Impacted
Sperm Parameters

3.2.1. Tribulus terrestris L. Improves Sperm Concentration.
The effect of TT on sperm concentration was analysed by
conducting meta-analyses on human and animal studies.
In case of humans, four studies administered TT in a total
of 133 infertile oligozoospermic/idiopathic infertile/erectile
dysfunction/androgen deficient individuals [10, 25, 27, 33].
These studies used TT dose from 250mg to 750mg (tablet,
dried extract or ethanolic/methanolic extract). The studies
showed significant heterogeneity (Q = 10:655, I2 = 71:843, p
= 0:014), suggesting the use of the random effects model
for drawing inference. The pooled effect size estimate
showed a significant improvement in sperm concentration
upon TT administration (SDM = 0:624, 95% CI = 0:13 to
1.117, p = 0:013; Figure 2). The comparison of quantitative
data showed an average of 66.36% improvement in sperm
concentration in infertile subjects.

Another set of animal studies was conducted on rodent
models of infertility created by the administration of sodium

valproate, cypermethrin, copper overload, bisphenol A,
cyclophosphamide, malathion, morphine, strepozotocin,
TCDD, diabetes, castration, or sulphasalazine. TT in these
studies was administered either subsequent to the creation
of model to score its therapeutic impact or along with the
method of model creation to investigate the prophylactic
effect of TT against a decrease in sperm count. The thera-
peutic effect of TT on sperm concentration was determined
through pooled analysis of data from four studies with nine
datasets [9, 41, 42, 45]. Meta-analysis showed significant het-
erogeneity (Q = 27:305, I2 = 70:701, p = 0:001), suggesting
the use of the random effects model for drawing inference.
The pooled effect size estimate showed significant improve-
ment in sperm concentration upon TT administration
(Hedges’ g = 15:003, 95% CI = 11:198 to 18.808, p = 0:001;
Figure 2), suggesting a significant therapeutic effect.

The prophylactic effect of TT was studied using data
pooled from two studies with four datasets [38, 39]. Pooled
analysis showed significant heterogeneity (Q = 26:976, I2 =
88:879, p = 0:001), suggesting the use of the random effects
model for drawing the inference. The pooled effect size esti-
mate showed a significant impact of TT in preventing a drop
in sperm count; in fact, TT was able to not only prevent the
decline but also improve sperm concentration (Hedges’ g
= 3:938, 95% CI = 1:500 to 6.376, p = 0:002; Figure 2).

In another set of seven studies presenting a total of 11
datasets, TT was administered in normal rodents (mouse
and rat) [9, 17, 20, 39, 42, 45, 47]. Meta-analysis of these data
sets showed significant heterogeneity (Q = 63:019, I2 =
84:132, p = 0:001), suggesting the use of the random effects
model. The pooled effect size analysis showed a significant
improvement in sperm concentration upon TT administra-
tion (Hedge’s g = 2:149, 95% CI = 1:035 to 3.263, p = 0:001;
Figure 2).

3.2.2. Tribulus terrestris L. Improves Sperm Motility. The
effect of TT on sperm motility was analysed by conducting
meta-analyses on human and animal studies. In case of
humans, four studies administered TT (tablet, dried powder,
or ethanolic/methanolic extract) in a total of 130 oligozoos-
permic/idiopathic infertile/erectile dysfunction/androgen-

Table 1: Continued.

Study Model development
TT (post-/pre-/
coadministered)

TT (dosage) Dosage administration

Infertile human studies

[33]
Human infertile
(oligospermia)

TT (libilov tablets)
3∗2 tablets (250mg)-

60 days
Orally

[25]
Human infertile
(oligospermia)

TT (tribestan tablet) 750mg-12weeks Orally

[34]
Human infertile

(partial androgen deficiency in aging
males)

TT 750mg-3 months Orally

[27]
Human infertile

(unexplained infertility)
TT 750mg-3 months Orally

[10]
Human infertile
(abnormal semen)

TT (dried extract) 250mg-84 days Orally
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Table 2: Summary of the meta-analyses performed on various parameters.

Parameters Subjects Group

Test of association
Test of heterogeneity

SignificanceHedges’ g or
SDM

95% CI
pLower

limit
Higher
limit

Q p I2

Sperm
concentration

Human Infertile 0.624 0.130 1.117 0.013 10.655 0.014 71.843
Significant using random

model

Animal
model

Therapeutic 15.003 11.198 18.808 0.001 27.305 0.001 70.701
Significant using random

model

Prophylactic 3.938 1.500 6.376 0.002 26.976 0.001 88.879
Significant using random

model

Control 2.149 1.035 3.263 0.001 63.019 0.001 84.132
Significant using random

model

Sperm motility

Human Infertile 0.742 0.331 1.152 0.001 7.187 0.066 58.26
Significant using random

model

Animal
model

Therapeutic 10.29 6.502 14.091 0.001 75.129 0.001 89.352
Significant using random

model

Prophylactic 3.316 1.684 4.947 0.001 25.655 0.001 84.409
Significant using random

model

Control 0.805 -0.434 2.044 0.203 13.651 0.003 78.024
Nonsignificant using

random model

Sperm viability

Human Infertile — — — — — — — —

Animal
model

Therapeutic 7.304 3.525 11.083 0.001 19.041 0.001 84.245
Significant using random

model

Prophylactic 5.581 2.882 8.280 0.001 21.371 0.001 85.962
Significant using random

model

Control 0.622 0.184 1.060 0.005 3.229 0.665 0.000
Significant using fixed

model

Testosterone

Human Infertile 0.438 -0.290 1.173 0.243 11.288 0.004 82.282
Nonsignificant using

random model

Animal
model

Therapeutic 3.523 2.164 4.822 0.001 183.855 0.001 91.298
Significant using random

model

Prophylactic 2.524 0.963 4.065 0.001 63.105. 0.001 90.492
Significant using random

model

Control 0.736 -0.134 1.606 0.097 188.345 0.001 89.912
Nonsignificant using

random model

FSH

Human Infertile -0.852 −2.049 0.345 0.163 28.270 0.001 92.925
Nonsignificant using

random model

Animal
model

Therapeutic -3.430 -6.263 -0.598 0.018 77.988 0.001 93.589
Significant using random

model

Prophylactic 3.979 1.516 6.441 0.002 29.559 0.001 89.851
Significant using random

model

Control -2.096 -4.879 0.688 0.140 50.109 0.001 92.017
Nonsignificant using

random model

LH

Human Infertile 0.096 −0.119 0.311 0.383 1.421 0.841 0.000
Nonsignificant using

fixed model

Animal
model

Therapeutic -1.535 -4.437 1.367 0.300 64.599 0.001 93.808
Nonsignificant using

random model

Prophylactic 5.190 2.356 8.025 0.001 53.600 0.001 92.537
Significant using random

model

Control -0.970 -2.466 0.527 0.204 34.239 0.001 88.317
Nonsignificant using

random model

Mounting
latency

Human Infertile — — — — — — — —

Animal
model

Therapeutic -18.106 -29.702 -6.509 0.002 41.959 0.001 92.850
Significant using random

model
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Table 2: Continued.

Parameters Subjects Group

Test of association
Test of heterogeneity

SignificanceHedges’ g or
SDM

95% CI
pLower

limit
Higher
limit

Q p I2

Prophylactic — — — — — — — —

Control -6.085 -6.988 -5.182 0.001 11.903 0.064 49.594
Significant using fixed

model

Mounting
frequency

Human Infertile — — — — — — — —

Animal
model

Therapeutic 7.355 2.456 12.255 0.003 39.418 0.001 92.389
Significant using random

model

Prophylactic — — — — — — — —

Control 8.678 5.638 11.718 0.001 47.915 0.001 87.478
Significant using random

model

Intromission
latency

Human Infertile — — — — — — — —

Animal
model

Therapeutic -12.477 -17.663 -7.292 0.001 13.128 0.004 77.148
Significant using random

model

Prophylactic — — — — — — — —

Control -4.480 -6.522 -2.439 0.001 74.514 0.001 91.948
Significant using random

model

Intromission
frequency

Human Infertile — — — — — — — —

Animal
model

Therapeutic 11.365 3.093 19.638 0.007 42.431 0.001 92.930
Significant using random

model

Prophylactic — — — — — — — —

Control 7.580 5.329 9.832 0.001 29.640 0.001 79.759
Significant using random

model

Records identified through database
searching (n = 323)

Additional records identified through other
sources (n = 0)

Records after duplicates removed
(n = 205)

Records screened
(n = 147)

Full-text articles assessed for eligibility
(n = 33)

Studies included in qualitative synthesis
(n = 30)

Studies included in quantitative
synthesis (meta-analysis)

(n = 22, rat studies)

Records excluded
(n = 114) as they were either review
articles, systemic reviews, mixture
of other compound or use of other

model organisms or irrelevant 

Full-text articles excluded
(n = 3) due to data not available

or repeated
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Studies included in quantitative
synthesis

(n = 3, mice studies)

Studies included in
quantitative synthesis
(n = 5, human studies)

Figure 1: The PRISMA flow diagram showing the process of literature screening and study selection.
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deficient infertile patients [10, 25, 27, 33]. The studies
showed significant heterogeneity (Q = 7:187, I2 = 58:26, p =
0:066), suggesting the use of the random effects model for

drawing inference. The pooled effect size estimate showed a
significant improvement in sperm motility (SDM = 0:742,
95% CI = 0:331 to 1.152, p = 0:001; Figure 3). The

Model Study name Subgroup within study Statistics for each study Hedges’s g and 95% CI

Hedges’s
g

Standard
error

Lower
limit

Upper
limitVariance Z-Value p-Value

Singh et al. 2012 100 mg/kg 6.549 1.439 2.071 3.728 9.370 4.551 0.000
Singh et al. 2012 50 mg/kg 5.548 1.252 1.566 3.095 8.001 4.433 0.000
Sharma et al. 2013 100 mg/kg 1.153 0.583 0.339 0.011 2.295 1.980 0.048

200 mg/kg 6.959 1.845 3.405 3.343 10.576 3.771 0.000
400 mg/kg 14.993 3.798 14.427 7.548 22.437 3.947 0.000

Oliveira et al. 2015 42 mg/kg −0.209 0.573 0.329 −1.332 0.915 −0.364 0.716
10 mg/kg 2.192 0.696 0.484 0.828 3.556 3.150 0.002

Haghmorad et al. 2019 10 mg/kg 1.096 0.511 0.261 0.095 2.098 2.146 0.032
Salahshoor et al. 2020 10 mg/kg 0.515 0.543 0.295 −0.550 1.579 0.948 0.343
Salahshoor et al. 2020 2.5 mg/kg 0.327 0.537 0.288 −0.726 1.379 0.608 0.543
Salahshoor et al. 2020 5 mg/kg 0.401 0.539 0.291 −0.656 1.457 0.743 0.457

Fixed 1.079 0.206 0.042 0.676 1.482 5.248 0.000
Random 2.149 0.568 0.323 1.035 3.263 3.782 0.000

−15.00 −7.50 0.00 7.50 15.00

Model Study name Subgroup within study Statistics for each study Hedges’s g and 95% CI

Hedges’s
g

Standard
error

Lower
limit

Upper
limitVariance Z-Value p-Value

22.859 4.697 22.057 13.654 32.064 4.867 0.000

3.765 0.733 0.538 2.328 5.203 5.134 0.000

1.485 0.488 0.239 0.528 2.443 3.041 0.002

3.128 0.654 0.428 1.846 4.410 4.781 0.000

Fixed 2.558 0.344 0.119 1.883 3.233 7.428 0.000

Random 3.938 1.244 1.548 1.500 6.376 3.166 0.002

−23.00 −11.50 0.00 11.50 23.00

Model Study name Subgroup within study Statistics for each study Std diff in means and 95% CI

Std diff
in means

Standard
error

Lower
limit

Upper
limitVariance Z-Value p-Value

1500 mg/day 1.670 0.424 0.180 0.839 2.502 3.939 0.000

Ismail et al. 2014 750 mg/day 0.684 0.257 0.066 0.180 1.188 2.660 0.008

Salgado et al. 2017 250 mg/day 0.388 0.191 0.036 0.014 0.762 2.035 0.042

Roaiah et al. 2017 750 mg/day 0.118 0.258 0.067 –0.388 0.625 0.457 0.648

Fixed 0.508 0.126 0.016 0.261 0.755 4.036 0.000

Random 0.624 0.252 0.063 0.130 1.117 2.477 0.013

−2.00 −1.00 0.00 1.00 2.00

Model Study name Subgroup within study Statistics for each study Hedges’s g and 95% CI
Hedges’s

g
Standard

error
Lower
limit

Upper
limitVariance Z-Value p-Value

200 mg/kg 15.033 3.808 14.502 7.569 22.497 0.000
400 mg/kg 26.215 6.583 43.330 13.314 39.117 0.000

Tag et al. 2015 10 mg/kg 7.903 1.699 2.887 4.573 11.233 0.000
Ghanbari et al. 2016 100 mg/kg 25.281 5.188 26.914 15.113 35.449 0.000
Ghanbari et al. 2016 250 mg/kg 25.821 5.298 28.064 15.438 36.204 0.000
Ghanbari et al. 2016 500 mg/kg 17.295 3.570 12.748 10.297 24.293 0.000
Salahshoor et al. 2020 10 mg/kg 11.193 2.346 5.504 6.595 15.791 0.000
Salahshoor et al. 2020 2.5 mg/kg 13.019 2.710 7.347 7.707 18.332 0.000
Salahshoor et al. 2020 5 mg/kg 10.566 2.222 4.936 6.212 14.920 0.000

Fixed 12.199 0.949 0.901 10.339 14.059 0.000
Random 15.003 1.941 3.768 11.198 18.808 0.000

−26.00 −13.00 0.00 13.00 26.00

Human studies

Control animals studies

Therapeutic animal studies

Prophylactic animal studies

Arsyad 1996

Hemalatha & Hari 2015
Hemalatha & Hari 2015

Hemalatha & Hari 2015

Hemalatha & Hari 2015

Tag et al 2015

Shalaby and Hammouda 2014

Shalaby and Hammouda 2014
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10 mg/kg
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3.948
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4.874
4.844
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4.756
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Figure 2: The forest plot showing the effect of TT on sperm concentration. The p value represents the significance, the horizontal black bar
represents 95% CI with Hedges’ g/SDM in the centre. The overall association is shown by a diamond-shaped box (blue).
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comparison of quantitative data showed an average of
41.23% improvement in sperm motility in infertile subjects.

Animal studies were conducted on rodent models of
infertility generated by various means. The therapeutic effect
of TT was determined through a pooled analysis on four
studies [9, 11, 41, 42] with nine datasets. The test of hetero-
geneity showed significant heterogeneity (Q = 75:129, I2 =
89:352, p = 0:001), suggesting the use of the random effects

model for drawing inference. The pooled effect size estimate
showed a significant improvement in sperm motility upon
TT administration (Hedges’ g = 10:29, 95% CI = 6:502 to
14.091, p = 0:001; Figure 3).

Three studies with five datasets [37–39] had studied the
prophylactic effect of TT. The test of heterogeneity showed
significant heterogeneity (Q = 25:655, I2 = 84:409, p = 0:001
), suggesting the use of the random effects model for

Therapeutic animal studies

Model Study name Subgroup within study Statistics for each study Hedges’s g and 95% CI

Hedges’s
g

Standard
error

Lower
limit

Upper
limitVariance Z-Value p-Value

Sharma et al. 2013 100 mg/kg 3.089 0.826 0.682 1.471 4.708 3.742 0.000

Oliveira et al. 2015 42 mg/kg −0.282 0.575 0.330 −1.408 0.845 −0.490 0.624

Pavin et al. 2018 11 mg/kg 0.945 0.567 0.321 −0.166 2.056 1.667 0.095

Haghmorad et al. 2019 10 mg/kg −0.051 0.473 0.224 −0.978 0.876 −0.108 0.914

Fixed 0.529 0.288 0.083 −0.035 1.093 1.839 0.066

Random 0.805 0.632 0.400 −0.434 2.044 1.273 0.203

−4.00 −2.00 0.00 2.00 4.00

Model Study name Subgroup within study Statistics for each study Hedges’s g and 95% CI

Hedges’s
g

Standard
error

Lower
limit

Upper
limitVariance Z-Value p-Value

6.910 1.508 2.273 3.955 9.865 4.583 0.000

3.396 0.687 0.472 2.050 4.743 4.944 0.000

1.102 0.462 0.214 0.195 2.008 2.383 0.017

1.878 0.521 0.272 0.857 2.900 3.604 0.000

5.411 1.226 1.504 3.007 7.815 4.412 0.000

Fixed 2.236 0.294 0.086 1.660 2.812 7.611 0.000

Random 3.316 0.833 0.693 1.684 4.947 3.982 0.000

−8.00 −4.00 0.00 4.00 8.00

Model Study name Subgroup within study Statistics for each study Std diff in means and 95% CI

Std diff
in means

Standard
error

Lower
limit

Upper
limitVariance Z-Value p-Value

1500 mg/day 1.746 0.429 0.184 0.905 2.587 4.069 0.000

Ismail et al. 2014 750 mg/day 0.459 0.253 0.064 −0.037 0.956 1.814 0.070

Salgado et al. 2017 250 mg/day 0.585 0.198 0.039 0.196 0.974 2.949 0.003

Roaiah et al. 2017 750 mg/day 0.626 0.264 0.070 0.108 1.145 2.369 0.018

Fixed 0.666 0.128 0.016 0.415 0.918 5.193 0.000

Random 0.742 0.209 0.044 0.331 1.152 3.541 0.000

−2.00 −1.00 0.00 1.00 2.00

Model Study name Subgroup within study Statistics for each study Hedges’s g and 95% CI
Hedges’s

g
Standard

error
Lower
limit

Upper
limitVariance Z-Value p-Value

Hemalatha & Hari 2015 200 mg/kg 35.862 8.987 80.758 18.249 53.475 3.991 0.000
Hemalatha & Hari 2015 400 mg/kg 38.963 9.760 95.263 19.834 58.093 3.992 0.000
Ghanbari et al. 2016 100 mg/kg 2.015 0.673 0.453 0.695 3.334 2.993 0.003
Ghanbari et al. 2016 250 mg/kg 7.015 1.528 2.334 4.020 10.009 4.591 0.000
Ghanbari et al. 2016 500 mg/kg 10.298 2.169 4.703 6.048 14.549 4.749 0.000
Sharma et al. 2020 50 mg/kg 7.197 1.216 1.478 4.814 9.580 5.919 0.000
Salahshoor et al. 2020 10 mg/kg 11.448 2.397 5.744 6.750 16.145 4.776 0.000
Salahshoor et al. 2020 2.5 mg/kg 9.475 2.006 4.025 5.543 13.407 4.723 0.000
Salahshoor et al. 2020 5 mg/kg 12.850 2.676 7.164 7.604 18.095 4.801 0.000

Fixed 5.233 0.493 0.243 4.266 6.200 10.608 0.000
Random 10.297 1.936 3.748 6.502 14.091 5.319 0.000

−39.00 −19.50 0.00 19.50 39.00

Human studies

Control animals studies

Prophylactic animal studies

Arsyad 1996

Sharma et al. 2013

Shalaby and Hammouda 2014

Shalaby and Hammouda 2014

Shalaby and Hammouda 2014

Pavin et al. 2018

10 mg/kg
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Figure 3: The forest plot showing the effect of TT on sperm motility. The p value represents the significance, the horizontal black bar
represents 95% CI with Hedges’ g/SDM in the centre. The overall association is shown by a diamond-shaped box (blue).

8 Andrologia



inference. The pooled effect size estimate showed the efficacy
of TT not only in preventing a decline in sperm motility but
also in improving sperm motility (Hedges’ g = 3:316, 95%
CI = 1:684 to 4.947, p = 0:001; Figure 3).

Apart from studies on animal models, TT was also
administered to normal rodents (rat and mouse) in four
studies [20, 37, 39, 47] with four datasets. Meta-analysis
showed a significant heterogeneity (Q = 13:651, I2 = 78:024,
p = 0:003), suggesting the use of the random effects model
for drawing inference. The pooled effect size estimate showed
no significant improvement in sperm motility upon TT
administration (Hedges’ g = 0:805, 95% CI = −0:434 to
2.044, p = 0:203; Figure 3).

3.2.3. Tribulus terrestris L. Improves Sperm Viability. The
effect of TT administration on sperm viability was studied

in animals only. In these studies, TT was given to rodents
with or without fertility compromise.

The therapeutic effect of TT on sperm viability was studied
using various models of infertility [9, 45]. Significant heteroge-
neity (Q = 19:041, I2 = 84:245, p = 0:001) existed in these
studies. Upon TT administration, a significant improvement
in sperm viability was observed in the random effects model
(Hedges’ g = 7:304, 95% CI = 3:525 to 11.083, p = 0:001;
Figure 3). Similarly, the prophylactic effect of TT was studied
in combination with fertility deteriorating agents [38, 39].
Four data sets from these two studies were pooled for meta-
analysis. Significant heterogeneity was seen (Q = 21:371, I2 =
85:962, p = 0:001) and the pooled effect size estimate showed
significant prevention of sperm viability deterioration in chal-
lenged animals (Hedges’ g = 5:581, 95% CI = 2:882 to 8.280,
p = 0:001; Figure 4).

Model Study name Subgroup within study Statistics for each study Hedges’s g and 95% CI

Hedges’s
g

Standard
error

Lower
limit

Upper
limitVariance Z-Value p-Value

Sharma et al. 2013 100 mg/kg 1.555 0.620 0.385 0.339 2.770 2.506 0.012

Oliveira et al. 2015 42 mg/kg 0.546 0.584 0.341 −0.599 1.691 0.935 0.350

Haghmorad et al. 2019 10 mg/kg 0.393 0.478 0.228 −0.543 1.330 0.823 0.410

Salahshoor et al. 2020 10 mg/kg 0.758 0.555 0.308 −0.329 1.846 1.366 0.172

Salahshoor et al. 2020 2.5 mg/kg 0.189 0.534 0.286 −0.858 1.236 0.353 0.724

Salahshoor et al. 2020 5 mg/kg 0.584 0.546 0.298 −0.487 1.654 1.069 0.285

Fixed 0.622 0.224 0.050 0.184 1.060 2.782 0.005

Random 0.622 0.224 0.050 0.184 1.060 2.782 0.005

−2.00 −1.00 0.00 1.00 2.00

Model Study name Subgroup within study Statistics for each study Hedges’s g and 95% CI

Hedges’s
g

Standard
error

Lower
limit

Upper
limitVariance Z-Value p-Value

Tag et al. 2016 10 mg/kg 17.536 3.619 13.097 10.443 24.629 4.846 0.000

Salahshoor et al. 2020 10 mg/kg 6.519 1.434 2.055 3.710 9.329 4.548 0.000

Salahshoor et al. 2020 2.5 mg/kg 3.244 0.850 0.722 1.578 4.910 3.816 0.000

Salahshoor et al. 2020 5 mg/kg 6.950 1.515 2.297 3.980 9.920 4.586 0.000

Fixed 5.048 0.648 0.420 3.778 6.318 7.792 0.000

Random 7.304 1.928 3.717 3.525 11.083 3.789 0.000

−18.00 −9.00 0.00 9.00 18.00

Model Study name Subgroup within study Statistics for each study Hedges’s g and 95% CI

Hedges’s
g

Standard
error

Lower
limit

Upper
limitVariance Z-Value p-Value

7.629 1.646 2.709 4.403 10.854 4.635 0.000

7.346 1.238 1.532 4.919 9.772 5.934 0.000

2.507 0.584 0.341 1.363 3.650 4.295 0.000

5.657 0.992 0.984 3.713 7.601 5.704 0.000

Fixed 4.165 0.448 0.201 3.286 5.044 9.290 0.000

Random 5.581 1.377 1.896 2.882 8.280 4.053 0.000

−8.00 −4.00 0.00 4.00 8.00

Control animals studies

Therapeutic animal studies

Prophylactic animal studies

Sharma et al., 2013

Shalaby and Hammouda 2014

Shalaby and Hammouda 2014
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Figure 4: The forest plot showing the effect of TT on sperm viability. The p value represents the significance, the horizontal black bar
represents 95% CI with Hedges’ g/SDM in the centre. The overall association is shown by a diamond-shaped box (blue).
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Model Study name Subgroup within study Statistics for each study Hedges’s g and 95% CI

Hedges’s
g

Standard
error

Lower
limit

Upper
limitVariance Z-Value p-Value

0.000 0.533 0.284 −1.045 1.045 0.000 1.000

2.805 0.617 0.380 1.596 4.013 4.549 0.000

0.958 0.454 0.206 0.067 1.848 2.108 0.035

2.625 0.596 0.356 1.456 3.794 4.401 0.000

3.790 0.820 0.672 2.183 5.397 4.622 0.000

0.000 0.533 0.284 −1.045 1.045 0.000 1.000

13.023 2.103 4.424 8.901 17.146 6.192 0.000

Fixed 1.469 0.229 0.053 1.020 1.918 6.412 0.000

Random 2.524 0.786 0.618 0.983 4.065 3.210 0.001
−13.00 −6.50 0.00 6.50 13.00

Model Study name Subgroup within study Statistics for each study Std diff in means and 95% CI

Std diff
in means

Standard
error

Lower
limit

Upper
limitVariance Z-Value p-Value

Arsyad 1996 1500 mg/day 1.453 0.411 0.169 0.649 2.258 3.540 0.000

Ismail et al. 2014 750 mg/day −0.162 0.250 0.063 −0.652 0.329 −0.646 0.518

Salgado et al. 2017 250 mg/day 0.246 0.199 0.040 −0.143 0.636 1.240 0.215

Fixed 0.260 0.146 0.021 −0.025 0.546 1.788 0.074

Random 0.438 0.375 0.140 −0.297 1.173 1.169 0.243

−2.00 −1.00 0.00 1.00 2.00

Model Study name Subgroup within study Statistics for each study Hedges’s g and 95% CI
Hedges’s

g
Standard

error
Lower
limit

Upper
limit

Variance Z-Value p-Value

2.5 mg/kg −0.779 0.446 0.199 −1.653 0.094 −1.749 0.080
10 mg/kg 1.232 0.471 0.221 0.310 2.155 2.619 0.009
5 mg/kg 0.804 0.447 0.200 −0.072 1.679 1.799 0.072

Martino et al. 2009 11 mg/kg 1.036 0.406 0.165 0.240 1.832 2.552 0.011
Martino et al. 2010 42 mg/kg 1.689 0.446 0.199 0.814 2.563 3.784 0.000
Martno et al. 2010 110 mg/kg 0.000 0.380 0.144 −0.744 0.744 0.000 1.000
Mohammed et al. 2012 7.5 mg/kg 0.060 0.449 0.202 −0.820 0.940 0.134 0.893
Singh et al. 2012 100 mg/kg 26.466 5.429 29.469 15.826 37.106 4.875 0.000
Singh et al. 2012 50 mg/kg 14.011 2.909 8.464 8.309 19.713 4.816 0.000
Mohammed et al. 2013 6.25% of food −0.799 0.493 0.243 −1.766 0.168 −1.620 0.105
Sharma et al. 2013 100 mg/kg 2.396 0.723 0.523 0.978 3.814 3.312 0.001
Hemalatha & Hari 2015 200 mg/kg 4.357 1.251 1.565 1.905 6.809 3.483 0.000
Hemalatha & Hari 2015 400 mg/kg 5.862 1.589 2.526 2.747 8.976 3.688 0.000
Tag et al. 2015 10 mg/kg 0.224 0.535 0.286 −0.824 1.273 0.419 0.675
Munir et al. 2017 20 mg/kg −4.213 0.882 0.778 −5.942 −2.484 −4.776 0.000
Pavin et al. 2018 11 mg/kg −1.281 0.594 0.352 −2.444 −0.117 −2.158 0.031
Salahshor et al. 2020 10 mg/kg 4.215 1.012 1.024 2.231 6.199 4.165 0.000
Salahshor et al. 2020 2.5 mg/kg −3.374 0.871 0.758 −5.081 −1.667 −3.874 0.000
Salahshor et al. 2020 5 mg/kg −2.810 0.783 0.613 −4.345 −1.275 −3.589 0.000
Nasir et al. 2020 5% w/v 0.345 0.661 0.437 −0.950 1.640 0.522 0.602

Fixed 0.295 0.131 0.017 0.039 0.551 2.259 0.024
Random 0.736 0.444 0.197 −0.134 1.606 1.658 0.097

−27.00 −13.50 0.00 13.50 27.00

Model Study name Subgroup within study Statistics for each study Hedges’s g and 95% CI
Hedges’s

g
Standard

error
Lower
limit

Upper
limitVariance Z-Value p-Value

Tyagi et al. 2008 10 mg/kg 18.150 3.743 14.010 10.814 25.486 4.849 0.000
Tyagi et al. 2008 25 mg/kg 16.245 3.359 11.280 9.662 22.828 4.837 0.000
Tyagi et al. 2008 5 mg/kg 7.393 1.600 2.561 4.256 10.529 4.619 0.000
Gauthaman & Ganesan 2008 5 mg/kg 2.923 0.700 0.491 1.551 4.296 4.174 0.000
Moghaddam et al. 2013 6.25% food 1.355 0.440 0.194 0.492 2.217 3.079 0.002
Hemalatha & Hari 2015 200 mg/kg 1.761 0.756 0.572 0.278 3.243 2.328 0.020
Hemalatha & Hari 2015 400 mg/kg 3.779 1.127 1.271 1.570 5.989 3.353 0.001
Tag et al. 2015 10 mg/kg 8.273 1.771 3.136 4.803 11.744 4.672 0.000
Ghanbari et al. 2016 100 mg 0.705 0.552 0.305 −0.377 1.787 1.277 0.202
Ghanbari et al. 2016 250 mg 1.223 0.589 0.346 0.070 2.377 2.078 0.038
Ghanbari et al. 2016 500 mg 1.050 0.574 0.330 −0.076 2.176 1.828 0.068
Sharma et al. 2020 50 mg/kg −6.041 1.047 1.096 −8.092 −3.989 −5.771 0.000
Salahshoor et al. 2020 10 mg/kg 7.161 1.556 2.421 4.112 10.211 4.603 0.000
Salahshoor et al. 2020 2.5 mg/kg 7.302 1.583 2.506 4.200 10.405 4.613 0.000
Salahshoor et al. 2020 5 mg/kg 10.595 2.227 4.961 6.229 14.960 4.757 0.000
Stefanescu et al. 2021 <0.5 mg/kg 0.020 0.473 0.223 −0.907 0.946 0.042 0.966
Stefanescu et al. 2021 162.42 mg/kg 1.759 0.566 0.320 0.650 2.868 3.109 0.002

Fixed 1.513 0.185 0.034 1.151 1.875 8.194 0.000
Random 3.523 0.694 0.481 2.164 4.882 5.079 0.000

−19.00 −9.50 0.00 9.50 19.00

Human studies

Control animals studies
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Prophylactic animal studies
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Arafa et al. 2019
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Figure 5: The forest plot showing the effect of TT on Testosterone. The p value represents the significance, the horizontal black bar
represents 95% CI with Hedges’ g/SDM in the centre. The overall association is shown by a diamond-shaped box (blue).
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In case of normal rodents, four studies with six datasets
[9, 20, 39, 47] were pooled to evaluate the effect of TT on
sperm viability. The test of heterogeneity showed no signifi-
cant heterogeneity (Q = 3:229, I2 = 0:000, p = 0:665); there-
fore, the fixed effect model estimates were taken for
drawing inference. The pooled effect size analysis showed
significant improvement in sperm viability upon TT admin-
istration (Hedges’ g = 0:622, 95% CI = 0:184 to 1.060, p =
0:005; Figure 4).

3.3. Tribulus terrestris L. Regulates Hormone Levels

3.3.1. Tribulus terrestris L. Improves Testosterone Level
Marginally. The effect of TT on testosterone was analysed
by conducting meta-analyses on human and animal studies.

In case of infertile human patients, three studies [10, 25,
33] with significant heterogeneity (Q = 11:288, I2 = 82:282,
p = 0:004) were pooled to draw inferences using the random
effects model. The pooled effect size estimate showed no sig-
nificant improvement in testosterone upon TT administra-
tion in infertile patients (SDM = 0:438, 95% CI = −0:29 to
1.173, p = 0:243; Figure 5).

Animal studies were conducted on rodent models of
infertility generated by various means. TT in these studies
was administered either afterwards to evaluate the therapeu-
tic effect or along with the method of model creation to
investigate the prophylactic effect. Nine studies with seven-
teen datasets had administered TT in therapeutic mode in
animal models of infertility generated by various means [9,
11, 18, 40–45]. The data across these studies were heteroge-
nous (Q = 183:855, I2 = 91:298, p = 0:001), favoring the ran-
dom effects model. The pooled effect size estimate showed
significant improvement in testosterone upon TT adminis-
tration (Hedges’ g = 3:523, 95% CI = 2:164 to 4.822, p =
0:001; Figure 5).

Five studies with seven datasets having significant hetero-
geneity (Q = 63:105, I2 = 90:492, p = 0:001) evaluated the
prophylactic effect of TT against deterioration in testosterone
levels as a result of various exposures [35–39]. The pooled
effect size estimate showed that TT not only offered effective
prevention but also resulted in a significant improvement in
testosterone (Hedges’ g = 2:524, 95% CI = 0:983 to 4.065, p
= 0:001; Figure 5).

In case of control animal studies, twelve studies with 20
datasets administered TT in control animals [9, 17, 36, 37,
39, 40, 42, 43, 45, 49–51]. Meta-analysis showed significant
heterogeneity (Q = 188:345, I2 = 89:912, p = 0:001), favoring
the use of the random effects model. The pooled effect size
estimate showed no significant improvement in testosterone
upon TT administration (Hedges’ g = 0:736, 95% CI = −
0:134 to 1.606, p = 0:097; Figure 5).

3.3.2. Tribulus terrestris L. Affects the FSH Level. Three stud-
ies with three data sets had analysed the effect of TT admin-
istration on FSH level in infertile human patients [10, 25,
33]. The data across these studies were heterogenous
(Q = 28:27, I2 = 92:925, p = 0:001), suggesting the use of
the random effects model for interpretation. TT administra-
tion decreased the FSH level, but the effect was not statisti-

cally significant (SDM = −0:852, 95% CI = −2:049 to 0.345,
p = 0:163; Figure 6).

In animal models of infertility, the therapeutic effect of
TT administration on FSH level was analysed by pooling
data from four studies [42–45]. Pooled analysis identified
significant heterogeneity across these studies (Q = 77:988,
I2 = 93:589, p = 0:001), suggesting the use of the random
effects model for inference. The pooled effect size using the
random effects model showed a significant reduction in the
level of FSH upon TT administration (Hedges’ g = −3:430,
95% CI = −6:263 to -0.598, p = 0:018; Figure 6).

Two studies with four data sets [38, 39] evaluated the
prophylactic impact of TT in resisting a change in the FSH
level. In the presence of significant heterogeneity
(Q = 29:559, I2 = 89:851, p = 0:001), the random effects
model was preferred. The pooled effect size estimate showed
significant improvement in FSH upon TT administration
(Hedges’ g = 3:979, 95% CI = 1:516 to 6.441, p = 0:002;
Figure 6).

In another set of four studies [39, 42, 43, 45], TT was
administrated in control animals. Meta-analysis showed sig-
nificant heterogeneity (Q = 50:109, I2 = 92:017, p = 0:001),
suggesting the use of the random effects model for drawing
inference. The pooled effect size estimate showed a decline
in the FSH level, but the effect was not statistically significant
(Hedges’ g = −2:096, 95% CI = −4:879 to 0.688, p = 0:140;
Figure 6).

3.3.3. Tribulus terrestris L. Affects the LH Level. In case of
human infertile patients, five studies with five datasets [10, 25,
27, 33, 34] showed no significant heterogeneity (Q = 1:421, I2
= 0, p = 0:841). Pooled effect size estimation using the random
effects model showed no significant improvement in LH upon
TT administration in infertile patients (SDM= 0:096, 95% CI
= −0:119 to 0.311, p = 0:383; Figure 7).

In case of animal model studies, the therapeutic effect of
TT on LH was determined through pooled analysis on three
studies with five datasets [42–44]. Significant heterogeneity
(Q = 64:599, I2 = 93:808, p = 0:001) across these studies
advocated the use of the random effects model. The pooled
effect size estimate showed no significant improvement in
LH upon TT administration (Hedges’ g = −1:535, 95% CI
= −4:437 to 1.367, p = :300; Figure 7).

Three studies [35, 38, 39] evaluated the prophylactic
effect of TT. Pooled analysis revealed significant heterogene-
ity (Q = 53:600, I2 = 92:537, p = 0:001), suggesting the use of
the random effects model for inference. The pooled effect
size estimate showed significant improvement in LH upon
TT administration (Hedges’ g = 5:190, 95% CI = 2:356 to
8.025, p = 0:001; Figure 7).

Four studies ([39, 42, 43, 48]) administered TT in nor-
mal animals to assess its impact on LH. Meta-analysis
showed significant heterogeneity (Q = 34:239, I2 = 88:317, p
= 0:001), suggesting the use of the random effects model
for drawing inference. The pooled effect size estimate
showed no significant change in LH upon TT administration
(Hedges’ g = −0:970, 95% CI = −2:466 to 0.527, p = 0:204;
Figure 7).
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3.4. Tribulus terrestris L. Possesses Aphrodisiac Activity. Tri-
bulus terrestris L. has also been claimed to possess aphrodi-
siac activity. Aphrodisiac activity across most of the studies

was assessed in animals by quantitative analysis of the
mounting latency (ML), mounting frequency (MF), intro-
mission latency (IL), and intromission frequency (IF).

Model Study name Subgroup within study Statistics for each study Hedges’s g and 95% CI

Hedges’s
g

Standard
error

Lower
limit

Upper
limitVariance Z-Value p-Value

Moghaddam et al. 2013 6.25% food −2.599 0.544 0.296 −3.666 −1.533 −4.776 0.000

200 mg/kg −37.859 9.485 89.959 −56.449 −19.269 −3.992 0.000

400 mg/kg −50.217 12.569 157.990 −74.853 −25.582 −3.995 0.000

Tag et al. 2015 10 mg/kg -8.430 1.801 3.245 −11.961 −4.899 −4.680 0.000

<0.5 mg/kg 0.000 0.428 0.183 −0.839 0.839 0.000 1.000

162.4 mg/kg 1.035 0.459 0.210 0.136 1.934 2.258 0.024

Fixed −0.517 0.268 0.072 −1.042 0.009 −1.928 0.054

Random −3.430 1.445 2.089 −6.263 −0.598 −2.373 0.018

−51.00 −25.50 0.00 25.50 51.00

Model Study name Subgroup within study Statistics for each study Hedges’s g and 95% CI

Hedges’s
g

Standard
error

Lower
limit

Upper
limitVariance Z-Value p-Value

6.598 1.448 2.098 3.759 9.437 4.555 0.000

5.258 0.935 0.875 3.425 7.090 5.622 0.000

1.055 0.460 0.211 0.154 1.956 2.296 0.022

3.781 0.735 0.541 2.339 5.222 5.141 0.000

Fixed 2.578 0.349 0.122 1.893 3.262 7.383 0.000

Random 3.979 1.256 1.579 1.516 6.441 3.167 0.002

−8.00 −4.00 0.00 4.00 8.00

Model Study name Subgroup within study Statistics for each study Hedges’s g and 95% CI

Hedges’s
g

Standard
error

Lower
limit

Upper
limitVariance Z-Value p-Value

Moghaddam et al. 2013 6.25% of food −1.120 0.426 0.182 −1.955 −0.285 −2.629 0.009

Sharma et al. 2013 100 mg/kg 1.694 0.635 0.404 0.449 2.939 2.666 0.008

200 mg/kg −16.971 4.287 18.378 −25.373 −8.568 −3.959 0.000

400 mg/kg −20.211 5.090 25.909 −30.187 −10.235 −3.971 0.000

Tag et al. 2015 10 mg/kg 1.280 0.594 0.352 0.117 2.443 2.157 0.031

Fixed −0.004 0.303 0.092 −0.597 0.589 −0.013 0.990

Random −2.096 1.420 2.017 −4.879 0.688 −1.475 0.140
−21.00 −10.50 0.00 10.50 21.00

Model Study name Subgroup within study Statistics for each study Std diff in means and 95% CI

Std diff
in means

Standard
error

Lower
limit

Upper
limitVariance Z-Value p-Value

1500 mg/day −2.892 0.522 0.273 −3.916 −1.869 −5.538 0.000

Ismail et al. 2014 750 mg/day −0.024 0.250 0.063 −0.514 0.466 −0.098 0.922

Salgado et al. 2017 250 mg/day 0.002 0.183 0.033 −0.356 0.360 0.011 0.991

Fixed −0.220 0.142 0.020 −0.498 0.058 −1.552 0.121

Random −0.852 0.611 0.373 −2.049 0.345 −1.394 0.163

−4.00 −2.00 0.00 2.00 4.00

Human studies

Control animals studies

Therapeutic animal studies

Prophylactic animal studies

Hemalatha & Hari 2015

Hemalatha & Hari 2015

Ștefănescu et al. 2021 

Ștefănescu et al. 2021 

Sharma et al., 2013

Shalaby and Hammouda 2014

Shalaby and Hammouda 2014

Shalaby and Hammouda 2014

10 mg/kg

10 mg/kg

2.5 mg/kg

5 mg/kg

Arsyad 1996

Hemalatha & Hari 2015

Hemalatha & Hari 2015

Figure 6: The forest plot showing the effect of TT on FSH. The p value represents the significance, the horizontal black bar represents 95%
CI with Hedges’ g/SDM in the centre. The overall association is shown by a diamond-shaped box (blue).
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3.4.1. Tribulus terrestris L. Reduces the Mounting Latency
(ML). Two studies [15, 18] had evaluated the effect of
TT administration on ML in castrated rat models. Pooled
analysis on these studies with four datasets showed sig-
nificant heterogeneity (Q = 41:959, I2 = 92:850, p = 0:001),

suggesting the use of the random effects model for infer-
ence. The pooled effect size estimate showed significant
improvement in ML upon TT administration (Hedges’
g = −18:106, 95% CI = −29:702 to -6.509, p = 0:002;
Figure 8.

Model Study name Subgroup within study Statistics for each study Hedges’s g and 95% CI

Hedges’s
g

Standard
error

Lower
limit

Upper
limitVariance Z-Value p-Value

3.335 0.865 0.748 1.641 5.030 3.858 0.000

9.016 1.488 2.216 6.098 11.933 6.057 0.000

1.084 0.461 0.213 0.179 1.988 2.349 0.019

4.112 0.779 0.606 2.586 5.638 5.281 0.000

9.881 1.620 2.624 6.706 13.056 6.099 0.000

Fixed 2.837 0.343 0.117 2.166 3.509 8.282 0.000

Random 5.190 1.446 2.091 2.356 8.025 3.589 0.000

−10.00 −5.00 0.00 5.00 10.00

Model Study name Subgroup within study Statistics for each study Hedges’s g and 95% CI

Hedges’s
g

Standard
error

Lower
limit

Upper
limitVariance Z-Value p-Value

Moghaddam et al. 2013 6.25% of food 0.286 0.396 0.157 −0.491 1.063 0.722 0.470

Sharma et al. 2013 100 mg/kg 0.736 0.554 0.307 −0.350 1.821 1.329 0.184

Hemalatha et al. 2015 200 mg/kg −5.062 1.407 1.979 −7.819 −2.304 −3.598 0.000

Hemalatha et al. 2015 400 mg/kg −7.592 1.995 3.981 −11.503 −3.682 −3.805 0.000

Hamid et al. 2017 6 mg/kg 0.847 0.266 0.071 0.325 1.369 3.181 0.001

Fixed 0.478 0.202 0.041 0.082 0.874 2.365 0.018

Random −0.970 0.764 0.583 −2.466 0.527 −1.270 0.204

−8.00 −4.00 0.00 4.00 8.00

Model Study name Subgroup within study Statistics for each study Std diff in means and 95% CI

Std diff
in means

Standard
error

Lower
limit

Upper
limitVariance Z-Value p-Value

Arsyad 1996 500 mg/day 0.225 0.366 0.134 −0.493 0.943 0.614 0.539

Ismail et al. 2014 750 mg/day −0.120 0.250 0.063 −0.610 0.371 −0.478 0.633

Roaiah et al. 2016 750 mg/day 0.072 0.258 0.067 −0.434 0.578 0.278 0.781

Roaiah et al. 2017 750 mg/day 0.288 0.260 0.067 −0.221 0.796 1.108 0.268

Salgado et al. 2017 250 mg/day 0.095 0.183 0.033 −0.263 0.453 0.520 0.603

Fixed 0.096 0.110 0.012 −0.119 0.311 0.873 0.383

Random 0.096 0.110 0.012 −0.119 0.311 0.873 0.383

−2.00 −1.00 0.00 1.00 2.00

Model Study name Subgroup within study Statistics for each study Hedges’s g and 95% CI

Hedges’s
g

Standard
error

Lower
limit

Upper
limitVariance Z-Value p-Value

Moghaddam et al. 2013 6.25 % food 5.219 0.850 0.723 3.553 6.885 6.139 0.000

200 mg/kg −12.232 3.119 9.730 −18.346 −6.119 −3.922 0.000

400 mg/kg −14.763 3.742 14.000 −22.096 −7.430 −3.946 0.000

<0.5 mg/kg 0.192 0.429 0.184 −0.650 1.033 0.446 0.656

162.42 mg/kg 0.327 0.431 0.186 −0.519 1.172 0.757 0.449

Fixed 0.623 0.285 0.081 0.066 1.181 2.191 0.028

Random −1.535 1.481 2.193 −4.437 1.367 −1.037 0.300

−15.00 −7.50 0.00 7.50 15.00

Human studies

Control animals studies

Therapeutic animal studies

Prophylactic animal studies

Hemalatha & Hari 2015

Hemalatha & Hari 2015

Sharma et al., 2013

Shalaby and Hammouda 2014

Shalaby and Hammouda 2014

Shalaby and Hammouda 2014

Arafa et al. 2019

10 mg/kg

10 mg/kg

2.5 mg/kg

5 mg/kg

10 mg/kg

Stefanescu et al. 2021

Ștefănescu et al. 2021 

Figure 7: The forest plot showing the effect of TT on LH. The p value represents the significance, the horizontal black bar represents 95% CI
with Hedges’ g/SDM in the centre. The overall association is shown by a diamond-shaped box (blue).
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TTwas administered in control animals in four studies with
seven datasets [16, 17, 46, 52]. Meta-analysis on the pooled data
showed no significant heterogeneity (Q = 11:903, I2 = 49:594,
p = 0:064), suggesting the use of the fixed effect model for draw-
ing inference. The pooled effect size estimate showed significant
reduction in ML upon TT administration (Hedges’ g = −6:085,
95% CI = −6:988 to -5.182, p = 0:001; Figure 8).

3.4.2. Tribulus terrestris L. Improves the Mounting Frequency
(MF). Pooled analysis including four datasets from two ther-
apeutic studies [15, 18] showed significant heterogeneity
(Q = 39:418, I2 = 92:389, p = 0:001), suggesting the use of
the random effects model for inference. The pooled effect
size estimate showed significant improvement in MF upon
TT administration (Hedges’ g = 7:355, 95% CI = 2:456 to
12.255, p = 0:003; Figure 9).

Four studies with seven datasets presented the effect of
TT in normal (control) animals [16, 17, 46, 52]. Meta-
analysis showed significant heterogeneity (Q = 47:915, I2 =
87:478, p = 0:001), suggesting the use of the random effects
model for drawing inference. The pooled effect size estimate
showed significant improvement in MF upon TT adminis-
tration (Hedges’ g = 8:678, 95% CI = 5:638 to 11.718, p =
0:001; Figure 9).

3.4.3. Tribulus terrestris L. Reduces the Intromission Latency
(IL). The effect of TT on intromission latency was evaluated
on castrated rat models in two studies with four datasets [15,

18]. Pooled analysis on these studies showed significant het-
erogeneity (Q = 13:128, I2 = 77:148, p = 0:004), suggesting
the use of the random effects model for inference. The
pooled effect size estimate showed significant reduction in
IL upon TT administration (Hedges’ g = −12:477, 95% CI
= −17:663 to -7.292 p = 0:001; Figure 10).

Four studies including seven datasets had evaluated the
effect of TT on IL in control animals [16, 17, 46, 52].
Meta-analysis showed significant heterogeneity (Q = 74:514
, I2 = 91:948, p = 0:001), suggesting the use of the random
effects model for drawing inference. The pooled effect size
estimate showed significant reduction in IL upon TT admin-
istration (Hedges’ g = −4:480, 95% CI = −6:522 to -2.439 p
= 0:001; Figure 10).

3.4.4. Tribulus terrestris L. Augments the Intromission
Frequency (IF). The therapeutic effect of TT on IF was also
evaluated in castrated animal models [15, 18]. Pooled analy-
sis on four datasets from two studies showed significant het-
erogeneity (Q = 42:431, I2 = 92:930, p = 0:001), suggesting
the use of the random effects model for inference. The
pooled effect size estimate showed significant improvement
in IF upon TT administration (Hedges’ g = 11:365, 95% CI
= 3:093 to 19.638, p = 0:007; Figure 11).

Four studies with seven data sets evaluated the effect of
TT on intromission frequency in control animals [16, 17,
46, 52]. Meta-analysis showed significant heterogeneity
(Q = 29:64, I2 = 79:759, p = 0:001), suggesting the use of the

Model Study name Subgroup within study Statistics for each study Hedges’s g and 95% CI

Hedges’s
g 

Standard
error

Lower
limit

Upper
limitVariance Z-Value p-Value

Gauthaman et al. 2003 10 mg/kg −6.446 1.105 1.222 −8.612 −4.279 −5.831 0.000

Gauthaman et al. 2003 2.5 mg/kg −4.762 0.866 0.750 −6.459 −3.064 −5.497 0.000

Gauthaman et al. 2003 5 mg/kg −5.798 1.012 1.024 −7.781 −3.815 −5.730 0.000

Singh and Gupta, 2011 100 mg/kg −15.676 3.244 10.523 −22.034 −9.318 −4.832 0.000

Singh et al. 2012 100 mg/kg −7.189 1.561 2.437 −10.249 −4.129 −4.605 0.000

Singh et al. 2012 50 mg/kg −6.392 1.409 1.986 −9.154 −3.629 −4.535 0.000

Sahin et al. 2016 5 mg/kg −6.489 1.324 1.754 −9.085 −3.893 −4.899 0.000

Fixed −6.085 0.461 0.212 −6.988 −5.182 −13.201 0.000

Random −6.428 0.689 0.475 −7.778 −5.078 −9.332 0.000

−16.00 −8.00 0.00 8.00 16.00

Model Study name Subgroup within study Statistics for each study Hedges’s g and 95% CI

Hedges’s
g

Standard
error

Lower
limit

Upper
limitVariance Z-Value p-Value

Gauthaman et al. 2002 5 mg/kg −4.184 0.878 0.771 −5.905 −2.464 −4.767 0.000

Tyagi et al. 2008 10 mg/kg −26.615 5.459 29.799 −37.314 −15.916 −4.876 0.000

Tyagi et al. 2008 25 mg/kg −33.533 6.866 47.137 −46.989 −20.077 −4.884 0.000

Tyagi et al. 2008 5 mg/kg −13.738 2.854 8.148 −19.332 −8.143 −4.813 0.000

Fixed −5.912 0.823 0.678 −7.525 −4.298 −7.180 0.000

Random −18.106 5.917 35.007 −29.702 −6.509 −3.060 0.002

−34.00 −17.00 0.00 17.00 34.00

Control animals studies

Therapeutic animal studies

Figure 8: The forest plot showing the effect of TT on the mounting latency. The p value represents the significance, the horizontal black bar
represents 95% CI with Hedges’ g/SDM in the centre. The overall association is shown by a diamond-shaped box (blue).
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random effects model for drawing inference. The pooled
effect size estimate showed significant improvement in IF
upon TT administration (Hedges’ g = 7:580, 95% CI =
5:329 to 9.832, p = 0:001; Figure 11).

3.5. Publication Bias. The funnel plot and Egger’s intercept
tests were used to assess publication bias. In case of human
studies, the pooled effect size calculations for sperm param-
eters, such as sperm concentration (Egger’s intercept = 4:8876;
p value ð2tailedÞ = 0:23053), and sperm motility (Egger’s
intercept = 4:644; p value ð2tailedÞ = 0:1425), and hormones,
such as testosterone (Egger’s intercept = 5:30902; p value ð2
tailedÞ = 0:47351), FSH (Egger’s intercept = −8:05273; p value
ð2tailedÞ = 0:21751), and LH (Egger’s intercept = 0:5948; p
value ð2tailedÞ = 0:69837), were bias free.

In case of control animal studies, sperm motility (Egger’s
intercept = 8:67334; p value ð2tailedÞ = 0:128), sperm viabil-
ity (Egger’s intercept = 6:586; p value ð2tailedÞ = 0:0992),
testosterone (Egger’s intercept = 2:68113; p value ð2tailedÞ
= 0:1167), and FSH (Egger’s intercept = −3:433; p value ð2
tailedÞ = 0:259) were bias free.

Sperm concentration, LH, ML, MF, IL, and IF in control
animal groups; sperm concentration, sperm motility, sperm
viability, T, FSH, ML, MF, IL, and IF in therapeutic animal
groups; sperm concentration, spermmotility, sperm viability,
T, FSH, and LH in prophylactic groups showed publication
bias. For these parameters, the trim and fill method was used

to generate bias-free estimates (Figure 12). After adjustment,
the conclusions for different parameters in normal animal
study (sperm concentration, LH, ML, IL, and IF), therapeutic
study (sperm concentration, motility, testosterone, FSH, ML,
and IF), and prophylactic study (motility and viability) were
changed. Therefore, this data must be taken with caution.

3.6. Sensitivity Analysis. Sensitivity analysis was undertaken
with the exclusion of one study at a time to identify sensitive
studies. The effect size estimates along with 95% CI after
omission of each study are presented in Figure 13 for the
parameters where a sensitive study was identified. We found
Ismail et al. [25] on sperm concentration in humans, Salah-
shoor et al. and Munir et al. [9, 36] on testosterone estima-
tion in control rats, Sharma et al. and Tag et al. [39, 45] in
FSH estimation in control rats, to be sensitive. In therapeutic
studies, Hemalatha and Hari and Tag et al. [42, 45] in FSH,
Moghaddam et al. [43] in LH and Tyagi et al. [18] sub-group
with 5mg/kg dosage in MF estimation, were sensitive.

4. Discussion

Tribulus terrestris L. is a traditional medicinal plant that has
been claimed to have aphrodisiac and profertility effects in
the Ayurvedic and Chinese medicinal systems [6, 7]. Apart
from its curative effects in infertility, the impact on sperm
parameters in normal individuals and its effect on libido and

Model Study name Subgroup within study Statistics for each study Hedges’s g and 95% CI

Hedges’s
g

Standard
error

Lower
limit

Upper
limitVariance Z-Value p-Value

5 mg/kg 1.330 0.528 0.279 0.295 2.365 2.519 0.012

Tyagi et al. 2008 10 mg/kg 12.202 2.547 6.487 7.210 17.194 4.791 0.000

Tyagi et al. 2008 25 mg/kg 13.334 2.774 7.693 7.898 18.771 4.808 0.000

Tyagi et al. 2008 5 mg/kg 5.045 1.160 1.345 2.772 7.318 4.351 0.000

Fixed 2.630 0.465 0.217 1.718 3.542 5.650 0.000

Random 7.355 2.500 6.249 2.456 12.255 2.942 0.003

−14.00 −7.00 0.00 7.00 14.00

Therapeutic animal studies

Model Study name Subgroup within study Statistics for each study Hedges’s g and 95% CI

Hedges’s
g

Standard
error

Lower
limit

Upper
limitVariance Z-Value p-Value

10 mg/kg 6.227 1.074 1.153 4.123 8.332 5.800 0.000

2.5 mg/kg 2.951 0.633 0.401 1.710 4.193 4.659 0.000

5 mg/kg 6.527 1.117 1.249 4.337 8.717 5.841 0.000

Singh and Gupta, 2011 100 mg/kg 14.301 2.967 8.806 8.485 20.117 4.819 0.000

Singh et al. 2012 100 mg/kg 20.893 4.298 18.472 12.469 29.317 4.861 0.000

Singh et al. 2012 50 mg/kg 8.715 1.857 3.448 5.075 12.354 4.693 0.000

Sahin et al. 2016 5 mg/kg 10.510 2.048 4.195 6.495 14.524 5.131 0.000

Fixed 5.307 0.454 0.206 4.417 6.196 11.695 0.000

Random 8.678 1.551 2.406 5.638 11.718 5.594 0.000

−21.00 −10.50 0.00 10.50 21.00

Control animals studies

Gauthaman et al. 2002

Gauthaman et al. 2003

Gauthaman et al. 2003

Gauthaman et al. 2003

Figure 9: The forest plot showing the effect of TT on the mounting frequency. The p value represents the significance, the horizontal black
bar represents 95% CI with Hedges’ g/SDM in centre. The overall association is shown by a diamond-shaped box (blue).
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hormones are equivocal across studies. Therefore, we under-
took the present meta-analyses to evaluate the effects of TT
supplementation on sperm parameters, libido, and sex hor-
mones by pooling data from animal and human studies.

4.1. Tribulus terrestris L. Improves Sperm Parameters
Irrespective of Fertility Status. The findings of this meta-
analysis suggested that TT administration improves sperm
parameters (sperm count, motility, and viability) significantly,
irrespective of the status of fertility. TT administration
resulted in a significant improvement in sperm concentration,
sperm motility, sperm viability in infertile human patients,
infertile animal models, and normal rodents. It also provided
a prophylactic effect in animals exposed to various fertility
compromising agents, further endorsing its profertility effect.
Pooled analysis on animal experimentation suggested that
TT may also improve sperm parameters under normal condi-
tions, but the effects were more pronounced under stress
conditions or infertility. This is supported by the studies on
humans as well as infertile animal models. This meta-
analysis supports the profertility effects of TT in more than
one ways.

4.2. Tribulus terrestris L. Exerts Aphrodisiac Effect. TT
showed capability to improve the male sexual functions,
including erectile function and libido. The most interesting

data in this regard was generated on the castrated rats, in
which TT showed significant aphrodisiac activity [18, 40].
Since castration leads to low androgen status, affecting struc-
tural, biochemical, pharmacological, and erectile function
[53, 54], improvement in libido parameters in these animals
provides the strongest evidence in support of its aphrodisiac
activity. Physiologically, low level of androgen, as seen in
hypogonadism, is associated with decreased sexual desire
and activity [55, 56], which was counteracted by TT. We
found that TT administration led to improvement in mount-
ing frequency, intromission frequency with a reduction in
mounting latency and intromission latency, suggesting a
strong aphrodisiac effect of TT.

4.3. Mechanism of Action of Tribulus terrestris L. It has been
suggested that protodioscin works by increasing the conver-
sion of testosterone into the more potent androgen, i.e.,
dihydrotestosterone [33]; however, this meta-analysis sug-
gested that the effect on testosterone may account for its bio-
logical effects only to a little extent. TT is believed to be a
scavenger of free radicals due to its active constituents (sapo-
nins, alkaloids, flavonoids), which might improve sperm
parameters, particularly under stress conditions [57]. The
effect of TT on the Ca2+ channel could be a possible reason
for its positive impact on sperm motility [58]. TT may
improve semen parameters because of its strong antioxidant

Model Study name Subgroup within study Statistics for each study Hedges’s g and 95% CI

Hedges’s
g

Standard
error

Lower
limit

Upper
limitVariance Z-Value p-Value

5 mg/kg −7.032 1.330 1.769 −9.639 −4.426 −5.287 0.000

Tyagi et al. 2008 10 mg/kg −15.550 3.219 10.360 −21.859 −9.242 −4.831 0.000

Tyagi et al. 2008 25 mg/kg −17.826 3.678 13.525 −25.034 −10.618 −4.847 0.000

Tyagi et al. 2008 5 mg/kg −12.129 2.532 6.413 −17.092 −7.165 −4.789 0.000

Fixed −9.741 1.059 1.121 −11.816 −7.665 −9.198 0.000

Random −12.477 2.646 7.000 −17.663 −7.292 −4.716 0.000

−18.00 −9.00 0.00 9.00 18.00

Model Study name Subgroup within study Statistics for each study Hedges’s g and 95% CI

Hedges’s
g

Standard
error

Lower
limit

Upper
limitVariance Z-Value p-Value

10 mg/kg −0.884 0.451 0.203 −1.768 −0.001 −1.963 0.050

2.5 mg/kg −0.222 0.430 0.185 −1.065 0.620 −0.517 0.605

5 mg/kg −0.955 0.454 0.206 −1.846 −0.065 −2.104 0.035

Singh and Gupta, 2011 100 mg/kg −10.619 2.232 4.983 −14.995 −6.244 −4.757 0.000

Singh et al. 2012 100 mg/kg −8.324 1.781 3.171 −11.814 −4.834 −4.674 0.000

Singh et al. 2012 50 mg/kg −7.877 1.694 2.869 −11.197 −4.557 −4.650 0.000

Sahin et al. 2016 5 mg/kg −8.908 1.756 3.085 −12.351 −5.466 −5.072 0.000

Fixed −1.257 0.247 0.061 −1.741 −0.772 −5.086 0.000

Random −4.480 1.042 1.085 −6.522 −2.439 −4.301 0.000

−11.00 −5.50 0.00 5.50 11.00

Control animals studies

Therapeutic animal studies

Gauthaman et al. 2002

Gauthaman et al. 2003

Gauthaman et al. 2003

Gauthaman et al. 2003

Figure 10: The forest plot showing the effect of TT on the intromission latency. The p value represents the significance, the horizontal black
bar represents 95% CI with Hedges’ g/SDM in the centre. The overall association is shown by a diamond-shaped box (blue).
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activity by regulating Nuclear factor erythroid 2–related fac-
tor (Nrf-2) and Heme-oxygenase-1 (HO-1) signalling. TT
increases Nrf-2 and HO-1 in reproductive tissue that restore
antioxidant enzyme activity, which might account for its
aphrodisiac activity. Nrf2, a transcriptional factor for the
expression of various antioxidant genes, may explain its
key role in oxidative stress response. TT increases HO-1,

which is induced by an increase in factors like oxidative
stress and reactive oxygen species in order to exert its anti-
oxidant property [16].

Among possible reasons for its aphrodisiac effect may be
the enhanced conversion of protodioscin to dehydropepian-
drosterone (DHEA), a neurosteroid. DHEA is an antagonist
to Gama-amino butyric acid (GABA), which has an

Model Study name Subgroup within study Statistics for each study Hedges’s g and 95% CI

Hedges’s
g

Standard
error

Lower
limit

Upper
limitVariance Z-Value p-Value

5 mg/kg 2.468 0.643 0.414 1.207 3.729 3.837 0.000

Tyagi et al. 2008 10 mg/kg 14.708 3.049 9.298 8.732 20.685 4.824 0.000

Tyagi et al. 2008 25 mg/kg 17.281 3.567 12.727 10.289 24.273 4.844 0.000

Tyagi et al. 2008 5 mg/kg 12.452 2.597 6.744 7.362 17.542 4.795 0.000

Fixed 3.908 0.603 0.364 2.726 5.089 6.481 0.000

Random 11.365 4.221 17.813 3.093 19.638 2.693 0.007

−18.00 −9.00 0.00 9.00 18.00

Model Study name Subgroup within study Statistics for each study Hedges’s g and 95% CI

Hedges’s
g

Standard
error

Lower
limit

Upper
limitVariance Z-Value p-Value

10 mg/kg 4.912 0.887 0.787 3.174 6.650 5.538 0.000

2.5 mg/kg 3.854 0.745 0.555 2.394 5.314 5.174 0.000

5 mg/kg 5.491 0.968 0.937 3.594 7.389 5.672 0.000

Singh & Gupta, 2011 100 mg/kg 9.757 2.062 4.251 5.716 13.798 4.732 0.000

Singh et al. 2012 100 mg/kg 14.561 3.020 9.119 8.643 20.480 4.822 0.000

Singh et al. 2012 50 mg/kg 10.831 2.274 5.172 6.374 15.288 4.763 0.000

Sahin et al. 2016 5 mg/kg 10.225 1.996 3.984 6.313 14.137 5.123 0.000

Fixed 5.599 0.450 0.203 4.716 6.482 12.432 0.000

Random 7.580 1.149 1.320 5.329 9.832 6.599 0.000

−15.00 −7.50 0.00 7.50 15.00

Control animals studies

Therapeutic animal studies

Gauthaman et al. 2002

Gauthaman et al. 2003

Gauthaman et al. 2003

Gauthaman et al. 2003

Figure 11: The forest plot showing the effect of TT on the intromission frequency. The p value represents the significance, the horizontal
black bar represents 95% CI with Hedges’ g/SDM in centre. The overall association is shown by a diamond-shaped box (blue).
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inhibitory effect on intromission activity, thus exerting an
aphrodisiac effect [15, 46]. However, the aphrodisiac effect
of TT does not appear to be because of its effect on testoster-
one levels, as it resulted in only a marginal improvement in
testosterone level. While protodioscin has been suggested to
act on hypothalamus to stimulate LH and FSH secretion that
further improves testosterone production by the Leydig cells
[10, 33, 40], we found a mild effect of TT on T, FSH, and LH
levels, suggesting that TT may provide such benefits in infer-
tility or in adverse exposures but not under normal condi-
tions. Ca2+ inhibits enzyme phosphodiesterase that may
explain its impact on spermmotility by preventing the degra-
dation of cAMP and its aphrodisiac activity by preventing the
degradation of cGMP [59]. cGMP regulates contractile state
of corporal smooth muscles through its cGMP-dependent
protein kinase activity [60]. Oxidative stress might also result
in increased cytotoxic effect of nitric oxide, a crucial player in
controlling sperm viability and aphrodisiac effect. Apart
from the above, there may be other mechanisms by which
TT exerts aphrodisiac effect, such as its effect on cavernous
smooth muscles, NO release, and cGMP degradation.

4.4. Protodioscin May Account for the Profertility and
Aphrodisiac Activity of Tribulus terrestris L. Tribulus terrestris
L. is rich in a number of chemical constituents such as steroids,
saponins, flavonoids, alkaloids, unsaturated fats, vitamins, and

tannins [57], of which protodioscin has been investigated in
particular. Interestingly, protodioscin has also been clinically
tested for its usefulness or benefits in treating male infertility,
especially oligozoospermic infertility [22, 33]). Adimoelja
et al. debated over TT for improving fertility in idiopathic oli-
goasthenoteratozoospermia (OTA) patients by conversion of
its phytochemical derivative, protodioscin to dehydroepian-
drosterone (DHEA) [61, 62]. However, protodioscin has also
been shown to exert aphrodisiac activity by acting on neuro-
transmitters like nitric oxide that help in the relaxation of cor-
pus cavernosum smooth muscles [63]. Although we cannot
rule out the fact that other phytochemicals present in the TT
extract could contribute to the observed effects, the results
obtained in these studies suggest that protodioscin present in
this extract could account for the beneficial effects of TT.

4.5. Other Evidence That Supports the Profertility Effect of
Tribulus terrestris L. In an in vitro study, treatment with TT
improved the Leydig and spermatogonia cell numbers signifi-
cantly [47]. TT saponin root extract also showed favorable effect
in illnesses like edema, leucorrhea, ascites, inflammations, and
urinary tract infections. On the other hand, some studies
showed the beneficial effect of TT in male infertility, whereas
Adimoelja et al. concluded that Tribulus terrestris L. improves
acrosome morphology of spermatozoal cells and enhanced the
acrosome reaction, which contributes to improved fertility [22].
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5. Conclusions

In conclusion, these meta-analyses showed a significant
impact of TT on sperm parameters (sperm concentration,
sperm motility, and sperm viability) in humans and animal
models. The profertility effect was seen not only in infertility
but also in normal animals. Significant improvements in
sperm parameters under stress and normal conditions sug-
gests that TT may be an excellent profertility medicine.
The most commonly used dosage was 750mg/day, split in
one or two doses, though rigorous studies on the variation
of dosage are required. Similarly, these meta-analyses sup-
port that TT has significant aphrodisiac activity, character-
ized by significant increases in the MF and IF and
significant decreases in the ML and IL. However, no consis-
tent pattern of change (improvement) was seen in hormones
(LH, FSH), except for testosterone where nonsignificant
improvement upon TT administration was seen. Therefore,
the aphrodisiac activity of TT may be because of its impact
on other parameters, such as cGMP, protein kinases, and
contractile state of corporal smooth muscles through as yet
unknown mechanisms. With regard to its mechanism of
action, further studies are required. While protodioscin
appears to be one of the active constituents of TT, other
compounds have been seldom experimented with. There-
fore, we encourage more number of studies on TT in order
to get a better picture of its mechanism of action. The small
number of studies pooled in these meta-analyses was a lim-
itation of this study. Subgroup analysis with regard to the
type of extract could not be conducted due to the availability
of a limited number of studies.
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