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Abstract

A medicinal herb of the Zygophyllaceae family-Tribulus terrestris is home to many countries (India, Sudan, South
Africa, Sudan, Europe, and China) in the form of weed. Though this traditional herbal plant has several regional
and vernacular names but is known as Gokhru in Hindi in India. This plant has played a pivotal role in the Chinese
and Ayurveda folklore medicinal system. This plant played an integral role in treating fertility issues, impotence,
and erectile dysfunction in conventional age-old treatment therapies in China and India as its fruits and leaves were
used as a diuretic in the Chinese and Indian medicinal systems. Owing to the presence of a plethora of active
phytoconstituents such as steroidal saponins, flavonoids, tannins, and phenolic compounds this plant is widely
under exploration. TT has been explored by herbalists worldwide and clinically proved its efficacy in the treatment
of human ailments. This current review aims to summarize (2003-2021) in vitro and in vivo studies carried out on
any segment of Tribulus terrestris along with the phytochemistry of active constituents present in it. This review
may invite herbalists to approach forward with exploring molecular mechanisms related to phytoconstituents of

TT for targeting diseases.
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Introductions

The plant Tribulus terrestris (TT) is an annual
herb of the Zygophyllaceae family, widely
recognized as “Gokshur”, “Gokharu” in India,
“puncture vine”, “Tribulus”, “hard thorns” in
English, and “goat head” in China (Zhu et al,
2017). It is mostly found in South Africa,
Australia, India, and Europe (Stefanescu et al,,
2020). It has been used for a very significant
period of time across both the Indian and
Chinese medical systems to treat a wide range
of ailments (Hammoda et al., 2013; Pokrywka et
al, 2014). Ayurvedic healers and traditional
herbalists have frequently used T. terrestris as a
therapeutic plant (Das etal., 2017; Ivanova et al,,
2016;Lee etal., 2017).

Since ancient times, India has employed the
fruits and roots of TT as a traditional remedy

(Kevalia & Patel, 2011). It has received
certification for its pharmacological properties
during the past few years, including enhancement
of sexual dysfunction, cardiovascular diseases,
anti-urolithic, antihyperlipidemic, anti-
inflammatory, anticancer, hypoglycemic, and
antioxidant benefits. The most significant
compounds of TT are claimed to be steroidal
saponins and flavonoids, which have a variety of
therapeutic potentials (Zhu et al, 2017; V.
Neychev & Mitev, 2016).

Taxonomical classification

Tribulus is a genus with around 20 species, three
of which are prevalent in India: Tribulus
cistoides, Tribulus terrestris, and Tribulus alatus
(Sahani & THAKUR, 2019). The scientific
taxonomical description of TT is represented
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below in chart 1. (Zhu et al,, 2017; Patil, 2016;
Kevalia & Patel, 2011; Bahmani et al.,, 2016).

’7 Taxonomy (T. Terresiris)

Class ‘ ‘ Order ‘ Family ‘ | Genus | Species ‘

\ \
Phaneroga | Dicotyledo
s e

Flowchart 1. Flowchart-based
taxonomy of Tribulus terrestris
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Botanical descriptions

Table 1: Botanical description of Tribulus terrestris

Tiny, prostrate shrub with silky hair that grows 10-60

cm long

Elliptic or oval shaped, opposite, paripinnate, petiolate (Zhuetal,
from 5 to 8 pairs, and frequently asymmetrical 2017; Patil,
Yellow, 4-5 flowered, small in size 2016; Chhatre
Brittle texture, 5meri|:arps produce ax-shaped, 3-6 mm etal, 2014;
long, radially distributed with diameters of 7-12mm  Arentzetal,

Yellow-light brown, thin, fibrous, tubular, usually 2017)
branching and contains numerous tiny rootlets, length

7-18 cm and diameter 0.3-0.7 em

Oily in nature, transversely partitioned crocus

Figure 1. Various parts of Tribulus Terrestris

Morphological description

Tribulus terrestris is dispersed over a large
geographic area. It is a perennial yellowish
wildflower plant (Meena & Anand, 2019) that
grows in hot climates in a variety of subtropical
nations, including India, Pakistan, China, Africa,
France, Australia, South, and Western Europe,
Bulgaria, Mexico, and North America (Rainer W.
etal, 2015; Bahmani etal., 2016). In India, it can
be found in Kashmir, Ceylon, Gujarat, and West
Rajasthan, up to a height of 11,000 feet, across
India (Chhatre et al, 2014). T. terrestris is a
typical weed shrub with divaricate spines that
grows in sandy soil, sludge areas, roadsides,

grazing fields, and wastelands (Rainer W. et al,,
2015; Kokate et al.,, 2002).

Traditional uses

The pharmacological qualities of Tribulus
terrestris medicinal plants have been
extensively studied, and a wide variety of
pharmaceutical medicines are readily available
on the global market (Rainer W. et al.,, 2015;
Zheng et al, 2017). T. Terrestris is highly
recognized for its wide range of activities,
including its usage as an aphrodisiac, anti-
inflammatory, anthelmintic, diuretic, and
remedy for asthma, cough, splenetic illnesses,
heart abnormalities, and limb pain (Maheswari
& .,2019). Most genitourinary tract diseases can
be effectively treated with the dried fruits of the
herb. Itis an essential component of Gokshuradi
Guggul, a strong Ayurvedic remedy used to
assist in the removal of urinary stones and the
healthy operation of the genitourinary tract
(Chhatre et al.,, 2014; Ashwani & Ashish, 2012).
The leaves are employed in the production of
herbal tonics in the pharmaceutical sector, and
they are crucial in the treatment of urinary tract
infections, spermatozoa growth, and digestive
issues (Patel et al., 2019). The astringent stem is
used to treat gonorrhea. The entire plant's ash is
used to treat rheumatoid arthritis, and the roots
are said to be aperients and demulcents and

used to make tonics (Rainer W. et al,, 2015).
Table 2: Traditional uses of TT

Parts of Apph:ahnn:fn.m Country References
pl:nln
Diuretic, cough expectorant, eye discomfort, (Zhu etal, 2017;
edema, abdominal bloating, morbid China Kangetal, 2017;
leucorrhea, and dysfunctional erections Abu-Gharbieh et al.,
Low libido, erectile dysfunction, impotence,  India 2019; H.0. Santos
and infertility etal, 2019; Pi.
Treatment of hypertension, anti- Pakistan Ercan & 1, 2016)
inflammatory, and muscle relaxant
Treat kidney sand and Hemorrhoids. Turkey (Wang etal, 2016)
Cardiotonic properties India
Diuretic and aphrodisiac Saudi Arabia  (Marquesetal,
Homicidal weapon South Africa  2010i K. Zhanget
al, 2012)
m Treatment of impotence Bulgaria (Chen etal, 2012)
(Ut Improvement of sexual behavior Nigeria (Patil, 2016)
plants
Ayurvedic formulation and uses
In the Indian herbal medicinal system,

Ayurveda, TT is available in formulation forms
which are given in Table 4.
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Table 4: Ayurvedic formulation and recommended dose
of TT

Formulations Recommended dose References
% Gokshuradi Guggulu, % Fruit: 3-6g of the ingredient in powder (Chhatre et
& Trikantak Ghruta, form and 20-30g of the ingredient for al,2014;
& Drakshadi Choorna,  decoction Kangetal,
#  RosayanaChoorna, < Root: 20-30 g of the preparation for 2017; Khare,
% Gokshuradi Kwatha,  decoction 2015)
% Doshamoola Kwatha
Phytochemistry

The phytochemical analysis of TT uncovered
saponins, polyphenols, glycosides, alkaloids,
and tannins (Hammoda et al., 2013). According
to previous research findings, the saponin
structure and concentration of TT from various
geographical locations varied (Kostova &
Dinchev, 2005). TT also discovered for the
presence of furostanol and spirostanol saponins
such as tigogenin, neotigogenin, gitogenin,
neogitogenin, hecogenin, neohecogenin,
diosgenin, chlorogenin, ruscogenin, and
sarsasapogenin (Chhatre et al, 2014). The
phytochemistry of Tribulus terrestris is given
below in table 5 with their phytochemical
classes and structure. All the structure was

drawn using ChemDraw-Ultra-12.0.2.1076.
Table 5: Phytochemlstry of Tribulus Terrestris

Partsof  Phyto-
plants  chemical mns\imems
dasses

Chemical structure References

W 35

Diosgenin
O
PO L

(Ranjithlumar et
Prototribestin 2013:

Degatmnugnu ﬁ g{_/

Semerdiieva &
Theljazkov, 2019
Hammoda etal.,
2013; Kostova &
Dinchev, 2005)

e

3oz

Fruits Hecogenin

Chlorogenin

Spirosta-3,5
diene
Quercstin (Semerdjieva &
Zheljazkov, 201%
Flavonaids Alzahrani etal
2018)

Rutin

=
Feruloytyrami H /\/@, (Das etal, 2017;
ne - Alzahrani ezal,
Cinnamic L} 2018)
amir W
Coumarayl H
tyramins }J\&\@\
H

Neotigogenin ]
[Chthatre etal,
Saponin 2014; Thuet al,
e 1 2017)

Tigogenin
(Chen etal.,
2012
Samerdiiava &
Phyosteral Campesteral Zheliazkov,
2019)
[Chen etal,
Saponin Ruscogenin 2012
Flowers Meena & Anand.
2019)
Beta-Sitosteral .
Phytosterol -l
nes
[Srefinescu etal,
Areal 2020; Chen etal,
plants Gitogenin 2012)

#
Whale Sapenin Promodiosein L o (Creneral.,
plants J?' . 012)
e .

Vanillicacid o
— OH
[Stefanescu et al,
2020:
o 5
Acid Theljazkov, 2019;
Leaves Oluwagumwa,
P-coumaric N A 2021)
acid
He
Melilotic acid
0H

]

[Srefinescu et al,

Flavoncids Kasmpfarol HO. 2. 2020)

Reported pharmacological activities

The whole plant including roots, stems, leaves,
and fruits has shown pharmacological activities.
The 21st clinically proven studies on Tribulus
terrestris are discussed and summarized in
Table 6.
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Table 6: Reported Pharmacological Activities of Tribulus

Terrestris
Extracts [ Model used Therapeutic dose  Reported uses References
active
In-vitro studies
Male rabbit corpus cavernosum  Dose-dependent  [mprove erectile (Fam et al
Whaole plant smooth muscle in the orzanbath  relaxation functions 2012)
extracts response
‘Sperm motility, viability, and 20,40, and 50 Male fertility capacity  (Kialeghi etal,
DNA fragmentation analysisof  pg/mL IMEVE
40 healthy human volunteer hev &
Mitev, 2005)
Fruits extracts  a-Glucosidase and Dose dependent,p _ Anti-diabefic (Lamba etal,
aldose reductase <0.05 2011)
Fruits aqueous  Cometassay and o activity (Qari &E-
extracts methods on cultured human activity at 10, 20, Assouli, 2019)
peripheral blood mphocytss 40, and B0 me/L
for24h
Saponins MTT assay ICat 126 pg/ml  Ant-cancerandanti- (V. K Neychev
proliferstion activity _etal, 2007)
Seedsacetone  Pancreatic a-amylase inhibitor  Concentration- Hypoglycemic, (Ravi Kumar et
extracts kinetic studies dependent Diabetes mellitus al. 2011)
inhibition at 511
pg/ml
Whale plant L i fum TA98 3-2400 L estrogenic and [
aquecus, and TA100 variants were tested Eenotoxic activities al, 2015)
methanol, and  using the Comet assay in a rat
chlaroform Yridney cell line [NRK-52E) and
extracts the Ames assay.
Pet-sther Larvicidal action against Aedes  LC.,at646ppm  Antilarvicidal, (El-Sheikh et
extracts asgypti mosquito larvae and Insecticidal, and al, 2012)
adults in the third instar repellent activities
Leaves ‘Assessment of the lipase, a- Inkibitory activity  Body weight
aquecus amyiase, and o-glucosidase agaimsta- management, anti-
extracts activity in the digestion of fat a- besity i-dliabe
and starch digestive enzymes amylase, and (P.Ercan &EL
lipase with IC., 2018)
6967 $343, 343 %
26.2,and 18,3 £
2.03 pg/ml
respectively
In-vive smdies
Hyperglycemia induced vascular 75 mg/Kg body Anti-hyperglycemic
Fruits damage in Wistar albino rats. weight
(Ethanalic Streprozorocin induced diabetic 100 mg/kz body  Anti-diaberic (Lamba etal.
‘extracts) wistar albina rat weight for 30 days 2011)
Fruitsand leaf  Guinea pig ileum strips and 5 gm,kg orally Diuretic and anti- (Al-alietal.
aqueous diuretic rat model hypertensive agents 2003; Chhatre
extracts etal, 2014)
Ethanolic fruit  Mice with acute pancreatitis 200 and Antioxidant anti- (Borran etal.,
extracts induced by Cerulsin 400mz/kg [p.o) inflammarory, and 2017; Akbar,
antimicrobial and 2020)
acute pancreatiti
TT extracts acetaminophen induced 250 mg/kg Hepatoprotective (Kavitha etal,
hepatotoxicity in activity 2011)
Oreachromis us fish
Aqueous Experimentally induced 750 mg/kgfor28  Antiurolithic agent (Haushik etal.,
extracts of nephrolithiasis in Wistar rats days 2019)
plants
Aqueousand  RAW 2647 T Dose-depend y (Leeetal,
ethanalic triggered by lipopolysaccharide 2017; Singh &
extracts Sharma, 2020)
Fruits, leaves, 11 species of pathogenic and 0.15 mg/ml Anti-bacteria, anti- (Al-Bayari &
and racts non-pathogenic micro- fungal Al Mola, 2008)
aqueous organisms were tasted for their
extracts anti-microbial activity
Methanal Carrag: duced Dose-depend - (Bak al,
exmacts inflammation in rats inhibition ar200  and anti-microbial 2009)
and 400 ug/mL
‘Saponin Diet-induced in Dosedependentl I (Chuetal,
mice a040-80mg/kg 2003)
Whale plant Oxcalate-induced renal epithelial | Dose dependent  Treacments of (Azgarwal er
aqueous cell line damage uralithiasis al, 2012)
exmracts (NRK 52E)
Saponin Delayed type hypersensitivity Different doses Immunemodulatory (Tilwari et al,
izolated from test intraperitoneally activities 2011)

fruits

TT extraces, Intracavernous pressure and 5 mg/ke/day Aphrodisiac activity,  (Gauthaman et
Protodioszin sexual aetiviny in castrated and orally improve sexual al, 2002)
(PTN) non-castrated adults Sprague- functions and
Dawley rars, ‘sehavior
Fruits Male albino Wistar rat far the 42mg/kg/dayfor  Improved sperm (Oliveira etal,
sthanalic assessment of sperm qualityand 70 days quality 2015; Miranda
extracts testicular et al. 2022
Fruies aqueous  Streptozotocin-induced in 10mg/kg/dayfor  Hypoglycemic, Anti-  [Al-Eisaeral,
extracts hepatocytes of adult male albino  eight weeks orally  diabetic 2022)
rats
Whale plant Relaxation effects on adult rat Dose dependent  Improved erectile (Kametal,
extracts ‘corpus cavernosum oral function 2012)
administration for
1 mont
Fruits An gvertraining-induced rise in 120 mg/kg Improveexerciseand  (Yinetal,
(Saponins) IGF-1R in the rat liver was training performance,  2015)
alcohalic «observed in a rat overtraining exhausting time
extracts model.
Hydro- induced diat Dose d dentl diak and (Ghanbari et
aleoholie adult male Wistar rat (200- 100, 250, improve the funetion  al. 2015)
extracts 2m) 500mz/ke for 1 of the male
week
Steroidal Cyclophosphamide induced male 11 mg/kg body Protectingthemale  (Pavin eral,
sapanin uctive damage in rat weight i 2018)
Flower and Male albino Dose d dentl Treatment of male (Haghmorad et
root dried parameters model inferility, increase al, 2015)
extracts sperm viability and
motility and
level
By restoring the endothelial 30me/ks Improves erectile (H. Zhang et al,
Gross saponins  function of the penile corpus dysfunction 2019)
cavernosum, streptozotocin
stimulates erectile performance
in & rat model,
Ariel part Streptozotecin-induced diabetic 55mg/kg Hypoglycemic (El-Tantawy &
alcohelic male Swiss albino rats (150- Hassanin,
extracts 200gm) 2007)
Diosgenin Streptozotocin -induced S-10mg/kgorally  Cardiovascular and (Halailingam et
i Wistar rats for30 days i al. 2014)
Trigonelline and diasgenin 35 mg/ke anti-diabeticactivities  (Tharaheswari
diminish ER stress and oxidative etal. 2014)
Diosgenin stress-mediated damage in the

pancreas while enhancing PPAR

activity in adipase tissue in type
2 diabetes rats.

Aerial part Glucose-loaded normal rabbits 250 mg/ke Anti-hyper glycemic  (El-Shaibany et
methanalic activities al, 2015)
exmract
Fruits Anticariogenic activity against 0.1-0.5 mg/ml) Anticariogenic activity (Oh etal,
ethanalic Streprococcus murans 2011)
extracts
Plant extracts _ Androgen receptor (AR) Smg/kg/day orally  Treatments of (Gauthaman &

immunoreactivity and for 8 weeks aphrodisiae Adaikan, 2005)
nicotinamide adenine
dinucleotide phosphate-
diaphorase [NADPEH-d) activity
in the brain of a Sprague-Dawley
rat
Management of male erectile 7.5, 15, and 30 Mild ta moderate
dysfunction through rat, rabbit,  mg/kgivin erectile dysfunctions
Protodioscin  and primate models primares and 2.5, (Gauthaman &
5.and 10 mg/ke Ganesan, 2008)
orally for & weeks
in rats
Flantextracts A post-menopausal rat model 11.42and 110 Increased sperm. (Martine-
using d fernales gk i Andrade et al.
and endocrine sensitive organs 2010)
in intact and castrated male rats.
(Clinical studies

Sreraid Investigate the androgen 20and 10 Aphrodisiacactivity (V. K. Neychev

saponing ism i 20- 1g/ke/ & Mitev, 2005)
36 1d 60-125kg times for 4 weeks

Wholeplants  Australian elite mals rugby 450 mg/dayonce  Improve the muscle (Rogerson et

placebo, league players for testing the for’5 weel strength and body al. 2007)

capsule muscle strength and body composition

Whole plant The body homeostasis and Tribulus Increased bload (Milasius etal,

extracts cognitive fitness of athletes aged  (Optimum testosterone of 2009)

2022 Nutrition, USA) 1 athletes
capsule tid20
days
Extracts or Amang sixty-year-old male 396mg/dayfor2  Erectile dysfunctions  (lacono etal.

capsule ‘patients participatingina months 2012)
randomized, double-blind trial
with decreased libido and sither

erectile ion or not
Flacebo/ In 2 prospective, i g/ 1 Ereciled (C. A Santos et
capsule double-blind, and placebo- month in men al. 2014)

controlled trial. 30 healthy
males participated.

Plantextracts A study of hypoactive sexual 7E0mg/dayfor  Hypoactive sexual (De Souza et
drive dysfunction in 120 days desire disarder ala 2018; Vale
postmenopausal women etal, 2021)

Leavesextract  Arandomized clinicalwial was 7.5 mg/dayfor4  Sexval dysfunctionin  (Akhtari etal,

conducted on women suffering  weeks
from hypoactive sexual drive
s

women and 2014)
Typaactive sexual
desire disorder

Extracts / Clinical trial in men with mild to 112.5mg, taken Male sexual (Kamenov et
Tribestan film-  severe erectil orally d d ” 2l 2017)
coated tablet after meals, for 12
weeks.
Fruitemract  Perimenapausal women in 2 Jgpowdertaken  Alleviation of (Fatima &
parallel, randomized, single- orally twice daily  menopausal Sultana, 2017)
Dlind, placebo-controlled trial.  for 8 wesks transition symptoms
Whole plant Clinical mial investization af Dose-dependent  Hypoactive sexual [(Valeeral,
extraets/ hypoactive sexual desire desire disorder 2018)
ablets syndrome in premenapausal
women
Ayurvedic Patients suffering from diabetes  30and 300 mg/kg  Diabetes mellirus (Ramtske ecal,
preparationof  mellitus with microalbuminuria 2012)
™
Hydro- ‘A clinical trisl for females with 1000 mg/dayfor 3 Antihyperglycemic (Samani ecal.,

aleoholic type 2 disbetes months and 2016)
extracts antih

Discussion and conclusion

The ancient medical systems of Ayurveda,
Chinese, Siddha, and Unani provide great
significance for the herb Tribulus terrestris,
which is widely available. TT is also a well-
known plant in the traditional medicine of many
nations for treating a variety of illnesses. The
phytochemical and pharmacological properties
of the whole TT plant have been thoroughly
investigated (Chhatre et al., 2014). The majority
of the pharmacological studies on TT have been
focused on sexual diseases, but studies in vitro
and in vivo have also shown that the drug has
considerable anti-hyperglycemic, anti-
inflammatory, antioxidant, and antibacterial
benefits. The possibility of nephrotoxicity after
the use of TT supplements has been underlined
by toxicological investigations, notwithstanding
its limitations. However, more research is
required to identify some of the therapeutic
active chemicals detected in Tribulus extracts
that have yet to be identified in molecular
mechanisms of action. Although TT has been
well studied, additional study is required to
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elucidate key issues such as a more precise link
between the phytochemical and pharmacological
profiles, pharmacokinetic investigations of the
most significant chemicals, as well as the
assessment of potential pharmacokinetic and
pharmacodynamic interactions with other
substances (Stefanescu et al., 2020). To develop
innovative medications, the pharmacological
studies conducted on animals must be carried
through to the next stage of clinical trials. This
will assist TT in gaining medical status or being
recommended as a dietary supplement in a
variety of illness situations (Chhatre et al,
2014).
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