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Abstract 

Tribulus terrestris L. (TT) is an annual plant of the family Zygophyllaceae that has been used for generations to ener-
gize, vitalize, and improve sexual function and physical performance in men. The fruits and roots of TT have been used 
as a folk medicine for thousands of years in China, India, Sudan, and Pakistan. Numerous bioactive phytochemicals, 
such as saponins and flavonoids, have been isolated and identified from TT that are responsible alone or in combina-
tion for various pharmacological activities. This review provides a comprehensive overview of the traditional applica-
tions, phytochemistry, pharmacology and overuse of TT and provides evidence for better medicinal usage of TT.
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Introduction
TT is an annual plant of the family Zygophyllaceae, 
which is commonly known as Tribulus, Hard thorns, and 
goat head in China. It is mainly planted in the Mediter-
ranean and in sub-tropical regions such as India, China, 
South America, Mexico, Spain, Bulgaria, and Pakistan. 
It is a small, prostrate, 10–60  cm high, hirsute or silky 
hairy shrub. The leaves are opposite, often unequal, 
paripinnate, pinnate from 5 to 8 pairs and elliptical or 
an oblong lanceolate. The fruits from the five mericarps 
are ax-shaped, 3–6 mm long, and arranged radially and 
have a diameter of 7–12 mm and a hard texture. The root 
is slender, fibrous, cylindrical and frequently branched, 
bears a number of small rootlets and is light brown in 
colour [1]. The fruits and roots of TT, as a folk medicine, 
have been used for thousands of years in China. Over the 
last several years, it has been certified for its pharmaceu-
tical activities for improving sexual function and cardiac 
protection and providing anti-urolithic, antidiabetic, 
anti-inflammatory, antitumour and antioxidants effects.

In the current review, we present and analyse 
the ethnobotanical use and the phytochemical and 

pharmacological activities of TT. These up-to-date 
research observations will be helpful in understanding 
the characteristics and superiorities of this traditional 
Chinese medicine and will be applicable in developing 
new products and herbal medicines in the future.

Traditional pharmacological uses
TT is native to south-eastern and Mediterranean 
Europe, temperate and tropical Asia and Africa, and 
northern Australia. The use of TT from ancient times 
occurred in the traditional medicine of major cultures 
in these geographical areas, such as traditional Chinese 
medicine, traditional Indian medicine (Ayurveda), and 
the traditional medicine of south-eastern Europe, and 
this has defined its ethnopharmacological relevance as 
a medicinal plant [2]. As a traditional Chinese Medi-
cine, it was listed as a top grade medicine in the earli-
est extant Chinese pharmaceutical monograph “Shen 
Nong Ben Cao Jing” [3]. In Chinese Pharmacopoeia [4], 
the fruits of TT have been used for tonifying the kidneys 
and as a diuretic and cough expectorant that improves 
eyesight and for the treatment of skin pruritus, head-
ache and vertigo, and mammary duct blockage. In India, 
the fruits have been used in the treatment of infertility, 
impotence, erectile dysfunction and low libido in Ayur-
veda. In addition, the roots and fruits are considered to 
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have cardiotonic properties [5]. In Sudan, TT has been 
used as demulcent and in nephritis and the treatment of 
inflammatory disorders [5]. In addition, it has been used 
for diuretic and uricosuric effects in Pakistan [6]. Mod-
ern investigation showed that the chemical constituents 
steroidal saponins and flavonoids with the prominent 
anti-inflammatory and antiaging activities of TT were 
the main contributors to the traditional pharmacological 
activities.

Phytochemical investigations
Many different compounds with a variety of biological 
properties and chemical structures have been identified 
from TT, including steroidal saponins, flavonoids, gly-
cosides, phytosterols, tannins, terpenoids, amide deriva-
tives, amino acids, and proteins. Among the different 
types of constituents, steroidal saponins and flavonoids 
are considered to be the most important metabolites with 
various bioactivities.

Steroidal saponins
Spirostanol and furostanol saponins are considered the 
most characteristic chemicals in TT. To date, 108 kinds of 
steroidal saponins have been isolated from TT (1–108). 
Among them, there are 58 kinds of spirostane saponins 
(1–58) and 50 kinds of furostane saponins (59–108). The 
steroidal saponins, such as protodioscin and protogracil-
lin, are thought to confer TT unique biological activities. 
Skeletal types of steroidal aglycones in TT are shown in 
Figs. 1, 2. Steroidal saponins(aglycones) in TT are shown 
in Table 1. 

Flavonoids
The flavonoids of TT are mainly derivatives of querce-
tin, kaempferol and isorhamnetin. Quercetin (109), iso-
quercitrin (110), rutin (111), quercetin-3-O-gent (112), 
quercetin-3-O-gentr (113), quercetin-3-O-rha-gent 
(114), quercetin-3-O-gent-7-O-glu (115) are flavonoids 
with quercetin as the basic parent structure [34–36]. 
Isorhamnetin (116), isorhamnetin-3-O-glu (117), isor-
hamnetin-3-O-gent (118), isorhamnetin-3-O-rutinoside 
(119), isorhamnetin-3-O-gentr (120), isorhamnetin-
3,7-di-O-glu (121), isorhamnetin-3-O-p-coumarylglu 
(122), isorhamnetin-3-O-gent-7-O-glu (123), isorham-
netin-3-O-gentr-7-O-glu (124) are flavonoids with 
isorhamnetin as the basic parent structure [30, 32, 37]. 
Kaempferol (125), kaempferol-3-O-glu (126), kaemp-
ferol-3-O-gent (127), kaempferol-3-O-rutinoside (128), 
kaempferol-3-O-gent-7-O-glu (129), tribuloside (130) 
are flavonoids with kaempferol as the basic parent struc-
ture [35, 36, 38, 39]. Structures of flavonoids in TT are 
shown in Fig. 3.

Alkaloids
Tribulusamide C (131), tribulusterine (132), tribulusin 
A (133), harmine (134), harman (135), harmmol (136), 
tribulusimide C (137), terrestriamide (138), N-trans-
coumaroyltyramine (139), N-trans-caffeoylyramine 
(140), terrestribisamide (141) are the main alkaloids iso-
lated from the stems, leaves, and fruits of TT [40–45]. 
The nuclear mainly belong to β-carboline alkaloids and 
amide alkaloids. Structures of the alkaloids in TT are 
shown in Fig. 4.

Others
Other components of TT include organic acids, amino 
acids and other substances. Organic acids isolated from 
TT are benzoic acid [46], vanillic acid, 2-methyl benzoic 
acid, ferulic acid [42], succinic acid, palmitic acid mono-
glyceride, succinic acid, docosanoic acid [47], Tribulus 
acid [48] and others. The main amino acids are alanine 
and threonine [49]. In addition, TT also contains 4-keto-
pinoresinol [50], uracil nucleic acid [46], coumarin [47], 
emodin, and physcion [51].

Pharmacological activities
TT has long been used in traditional Chinese and Indian 
systems of medicine for the treatment of various ail-
ments, especially for improving sexual function, the pre-
vention and treatment of cardiovascular diseases, and 
diabetes. It also has hepatoprotective, antioxidant, anti-
inflammatory, antibacterial, antiaging, and antitumour 
activities.

Improving sexual function
The active extracts and constituents of TT could improve 
sexual function through activating aphrodisiacs and 
improving fertility in men. It could also activate sexual 
desire in postmenopausal women. It is widely believed 
and insistently advertised that TT possesses aphrodisiac 
and pro-sexual activities due to its ability to increase tes-
tosterone or testosterone precursor levels and this view is 
outdated [2].

Aphrodisiac activation
Erectile dysfunction (ED) is a sexual disorder character-
ized by the inability to achieve or maintain a sufficiently 
rigid erection [52]. Analysis of phytochemical and phar-
macological studies in humans and animals revealed an 
important role for T. terrestris in treating erectile dys-
function and sexual desire problems. Rats were fed a 
standard diet treated with Mucuna pruriens, T. terrestris, 
and Ashwagandha (300 mg kg−1) for 8 weeks. The results 
indicated that the extract of TT was comparatively more 
potent than the two others. These herbs are potent 
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enhancers of sexual function and behaviour by increas-
ing the testosterone levels and regulating the NF-κB and 
Nrf2/HO–1 pathways in male rats [53].

The hormonal effects of TT were evaluated in pri-
mates, rabbits and rats to identify its usefulness in the 
management of ED [54]. Blood samples were analysed 
for testosterone (T), dihydrotestosterone (DHT) and 
dehydroepiandrosterone sulphate (DHEAS) levels using 
a radioimmunoassay. TT increased some of the sex hor-
mones, which is possibly due to the presence of protodi-
oscin in the extract. The results indicated that TT may be 
useful in mild to moderate cases of ED.

The aphrodisiac properties of the furostenol glyco-
side fraction of T. terrestris extract (TT-FG) were previ-
ously studied [55]. Adult Wister rats were castrated and 
divided into five groups of six animals each and treated 
with TT-FG (5, 10, and 25  mg  kg−1, p.o.) once daily 
through subcutaneous injections for 14  days. After the 
acute (1  day) and subacute (7 and 14  days) treatments 
with the TT-FG, there was an increase in mounting fre-
quency (MF), intromission frequency (IF), and ejacula-
tion latency (EL) and a decrease in mounting latency 
(ML), intromission latency (IL), and post-ejaculation 
interval (PEI) and serum testosterone levels in the blood.

There was a randomized, double-blind, placebocon-
trolled, clinical trial as a piece of evidence for aphrodis-
iac activation function of TT. 180 males aged between 
18 and 65 years with mild or moderate ED and with or 
without Hypoactive sexual desire disorder (HSDD) 

were randomized in a 1:1 ratio to the two treatments 
groups (TT or placebo). The TT group received 2 tablets 
(500  mg) Tribestan orally three times daily after meals 
for 12  weeks. Each tablet contains the active substance 
TT herba extractum siccum 250  mg (content of furo-
stanol saponins not less than 112.5 mg). And the placebo 
group were treated by a identical appearance, colour and 
taste one. The results showed that there was significant 
differences of IIEF (International Index of Erectile Func-
tion) score between the two groups (p  <  0.0001) after 
3 months, but no differences in the incidence of adverse 
effects [56]. It can therefore be assumed that TT can 
improve sexual function.

Improvement in fertility
In the literature, it has been concluded that the ethanol 
extract of T. terrestris (EETT) influences spermatogen-
esis, as shown by the evident changes in the tubular com-
partment of the testes, such as increases in the total tube 
length, tubular volume and height of the seminiferous 
epithelium. The hexanic and aqueous soluble fraction in 
the methanol fractions promoted changes in the intertu-
bular compartment because they increased the nuclear 
volume, cytoplasmic volume and individual volume of 
Leydig cells in male Wistar rats [57].

Another animal study describes the protective role 
of TT against  AlCl3-induced adverse effects on male 
reproductive organs and fertility. High dosages of TT 
(100  mg  kg−1  day−1) in  AlCl3-treated mice restored the 
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body weight, sex organ relative weights, sperm count, 
motility, viability, epididymal sialic acid, seminal vesicu-
lar fructose, serum testosterone, antioxidant enzymes 
[superoxide dismutase (SOD), catalase (CAT), and glu-
tathione peroxidase-1 (GPx)], mating ability and fertility 
[58].

TT was reported to cause reproductive system 
enhancement and possess antioxidant activity, which 
may assist in the choice of drugs for longer durations 
that can be prescribed safely without affecting the fer-
tility potential in males. A high dose of the fruit extract 
of TT (200  mg  kg−1  day−1) restored metronidazole 
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(MTZ)-induced spermatogenic inhibition and reduced 
the epididymal sperm count. The restoring potential of 
TT against MTZ-induced alterations in the spermato-
genesis appears to be due to the presence of antioxidative 
flavonoids rather than steroidal saponins [59].

The in  vitro addition of TT extract to human sperm 
could affect male fertility capacity. The incubation of 
human semen with 40 and 50 μg mL−1 of TT extract sig-
nificantly enhanced the total sperm motility, number of 
progressive motile spermatozoa, and curvilinear veloc-
ity over 60–120 min of holding time. Overall, the sperm 
viability significantly improved [60].

Libido-enhancing activity
HSDD is defined in Diagnostic and Statistical Manual of 
Fourth Edition as persistent or recurrent deficiency (or 
absence) of sexual fantasies/thoughts, and/or desire for 
or receptivity to sexual activity, which causes personal 
distress [61]. TT was considered to be a safe alternative 
for the treatment of HSDD in postmenopausal women 
because it was effective in reducing symptoms with few 
side effects through a randomized, double-blinded, pla-
cebo-controlled trial (A total of 45 healthy sexually active 
postmenopausal women who reported a diminished 
libido were selected to participate in the study and were 
randomly assigned to receive 750  mg  day−1 of TT or a 

placebo for 120 days). Its probable mechanism of action 
involves an increase in the serum levels of free and bio-
available testosterone [62].

Other clinical research established that regarding the 
treatment in the domains of desire and sexual interest 
of 74 postmenopausal women with sexual dysfunction, 
the TT treatment (250  mg, orally three times a day for 
90 days) was considered to be effective in treating sexual 
problems among menopausal women [63].

Antiurolithic activity
The fruits of TT have long been used in traditional sys-
tems of medicine for the treatment of various urinary 
diseases including urolithiasis. Calcium oxalate is a major 
type of crystal found in kidney stones. Calcium oxalate 
is classified into two types: calcium oxalate monohydrate 
stones (COM) and calcium oxalate dihydrate (COD). 
Many medicinal plants have been used for centuries for 
the treatment of urinary stones in spite of the lack of 
rationale behind their use. The aqueous extract of TT 
fruits and its fractions were studied to evaluate its anti-
urolithiatic potential using different models. The inhibi-
tory potency of the plant was tested on the nucleation 
and growth of the most commonly occurring kidney 
stones and COM. The results showed that the bioactive 
n-butanol fraction, due to higher contents of quercetin, 
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Fig. 3 Structures of flavonoids in T. terrestris
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diosgenin and tannic acid, has a protective capacity 
rather than a curative property against urolithiasis [64].

A protein (60 kDa) purified from TT showed the high-
est similarity with carotenoid cleavage dioxygenase 7 
 (CCD7) of Arabidopsis thaliana after matching peptide 
mass fingerprints with the MASCOT search engine. 
 CCD7 belong to a family of dioxygenases, which possess 
five characteristic conserved histidines spread through-
out their primary protein sequence. Histidine is said 
to induce the conversion of oxalate to formic acid and 

carbon dioxide  (CO2). The purified protein decreased cell 
injury induced by oxalate in a concentration dependent 
manner and showed the ability to inhibit calcium oxalate 
(CaOx) crystallization in vitro [65].

Human clinical data indicated that TT extract may be 
useful in the treatment of urolithiasis. After oral admin-
istration of the extract, the levels of mean citrate, oxalate, 
proteins and glycosaminoglycan in patients’ 24  h urine 
samples decreased significantly. Urine volume and phos-
phate level in the serum were not altered significantly 
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in the urolithic patients [66]. It was concluded that TT 
extract was useful in the treatment of urolithiasis.

Antidiabetic activity
Diabetes mellitus is a metabolic disorder with chronic 
hyperglycaemia, which results from a defect in insulin 
secretion, insulin action, or both [67]. The gross sapo-
nins of T. terrestris (GSTT) showed inhibitory activity 
against α-glucosidase. In addition, it showed the inhibi-
tion activities of a postprandial increase in blood glucose 
and improvement in insulin dependent diabetes symp-
toms [68]. Animal experiments indicated that GSTT sig-
nificantly reduced the postprandial blood glucose levels 
by intragastric administration of sucrose in normal rats 
and type 2 diabetic rats but did not affect the postpran-
dial blood glucose levels of the rats with intragastric 
administration of glucose [69]. Clinical trials proved that 
the water extract of T. terrestris (WETT) has an antidia-
betic activity. The fasting blood glucose, 2-h postprandial 
glucose, glycosylated haemoglobin and lipid profile of 
diabetic women treated with TT extract (1000 mg day−1) 
for three months were lowered compared to those of the 
placebo group [70].

Prevention and treatment of cardiovascular diseases
Presently, the clinical treatments are thrombolysis and 
nerve protection. Thrombolysis has a significant effect. 
However, it is limited by a narrow therapeutic time win-
dow. Therefore, the development of neuroprotective 
agents is of great significance. Studies have shown that 
GSTT has a neuroprotective effect on cerebral ischae-
mia injury, and these saponins have been commercially 
available as active compounds in traditional Chinese 
medicine formulations, such as “Xin-nao-shutong”, 
which has been used for the treatment of cardiovascular 
disease [71]. Meanwhile, TT plays an important role in 
the treatment of cardiovascular disease with anti-myo-
cardial ischaemia and myocardial ischaemia–reperfu-
sion injury. GSTT has a protective effect on myocardial 
ischaemia–reperfusion injury. GSTT reduced the levels 
of lactate dehydrogenase (LDH), methane dicarboxylic 
aldehyde (MDA), tumor necrosis factor (TNF)-α and 
interleukin (IL)-6, increased SOD and the rate of apop-
tosis, and improved the structure of cardiomyocytes in 
rats [72]. Moreover, GSTT could improve coronary flow 
and heart function and increase adenosine triphosphate 
(ATP) activity in myocardial ischaemia–reperfusion 
injury [73]. The methanol extract of T. terrestris (METT) 
fruits, which mainly contains ferulic acid, phloridzin 
and diosgenin, had an effect on mitochondrial dysfunc-
tion in a cell-based (H9c2) myocardial ischaemia model. 
The extract guards the mitochondria via its antioxidant 
potential [74]. The cellular and molecular mechanisms 

of the prevention activity against arthrosclerosis occurs 
when GSTT significantly suppresses the increase in cell 
proliferation induced by angiotensin II, significantly sup-
presses the increase in the intracellular production of 
hydrogen peroxide  (H2O2) induced by angiotensin II, sig-
nificantly inhibits the increase in intracellular free  Ca2+ 
induced by  H2O2, significantly inhibits the increase in 
phospho-ERK1/2 induced by angiotensin II, and signifi-
cantly inhibits the increase in the mRNA expressions of 
c-fos, c-jun and pkc-α induced by angiotensin II [75].

TT significantly suppressed the proliferation of ox-
LDL-induced human umbilical vein endothelial cells 
(HUVECs) and the apoptosis rate. It also prolonged the 
HUVEC survival time and postponed the cells’ decay-
ing stage (from the 69 h to over 100 h). TT normalized 
the increased mRNA expressions of PI3Kα and Socs3. It 
also decreased the mRNA expressions of Akt1, AMPKα1, 
JAK2, LepR and STAT3 induced by ox-LDL. The most 
notable changes were for JAK2, LepR, PI3Kα, Socs3 and 
STAT3. It is thought that the JAK2/STAT3 and/or PI3K/
AKT pathway might be a very important pathway that is 
involved in the mechanism of TT as a vascular protective 
agent [76].

In addition, TT functions as a protector of the myocar-
dium. It supported cardioprotective properties against 
myocardial ischaemia, protected myocardial cells and 
reduced the apoptosis rate induced by oxidative stress 
damage [77]. Inhibition of cardiac muscle cell apoptosis 
occurs when GSTT reduces cell apoptosis through regu-
lating protein expression of Bcl-2 and Bax [78].

Protective activity in neuronal cells
TT has a protective effect for neuron injury mainly via its 
anti-inflammatory and antioxidant effects. GSTT has a 
neuroprotective effect on cerebral ischaemia–reperfusion 
injury in rats by suppressing NF-κB, TNF-α and IL-1β. It 
plays a neuroprotective role in rat cerebral ischaemia rep-
erfusion injury by inhibiting the inflammatory response 
and PPARγ protein expression [79]. GSTT decreased the 
damage to PC12 cells induced by  H2O2. The membrane 
potential of mitochondria and Bcl-2 protein expression in 
PC12 cells of the GSTT group was significantly increased 
in a dosage-dependent manner [80]. After cerebral haem-
orrhaging, brain tissue generates many free radicals that 
causes lipid peroxidation. GSTT significantly increased 
the SOD content and decreased the MDA and NO lev-
els in plasma and brain tissue to attenuate neuron injury 
[81].

The apoptosis of retinal ganglion cells (RGCs) is an 
important cause of glaucoma. TT can block the optic 
nerve injury pathway and enhance the survival of the 
optic nerve to protect the optic nerve [82, 83]. It was 
reported that TT could reduce the degeneration of RGCs 
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and the retinal nerve fibre layer in hyper-intraocular 
pressure rabbits by intravenous administration with TT 
sterilization powder [84].

Improvement of athletic ability activity
Athletic fatigue is generally measured by the levels of tes-
tosterone and corticosterone, and the testosterone and 
corticosterone (T/C) ratio. Herbs and herbal combina-
tions have been used to improve athletic ability through 
several ways that mimic epinephrine effects, mimic 
testosterone effects, and increase the productions of 
corticotropin and cortisol. TT contains gitonin, protodi-
oscin, and tribulosaponins A and B, which are believed 
to mimic testosterone-like effects in humans because of 
the similarities of their chemical structures [85, 86]. The 
main effect is an increase of testosterone anabolic and 
androgenic action via the activation of endogenous tes-
tosterone production [87].

The administration of GSTT (120 mg kg−1) can prolong 
the time to exhaustion and increase body mass, relative 
mass, and protein levels of gastrocnemius in overtrained 
rats. The level of testosterone can directly affect the 
motor ability of the body and its restoration. Corticos-
terone can accelerate the decomposition of proteins in 
the body [88]. Treatment of rats with GSTT during over-
training dramatically increased the serum level of testos-
terone and led to a significant decrease in the serum level 
of corticosterone. The T/C ratio with GSTT was much 
higher than that with the blank control.

In addition, the cognate receptor of testosterone is AR. 
IGF-1 is closely related to muscle mass, conservation of 
the musculoskeletal system, the metabolic rate, and mus-
cle strength. GSTT resulted in a significant increase in 
AR in gastrocnemius and significantly suppressed the 
overtraining-induced increase in IGF-1R in the liver. It 
was concluded that GSTT significantly improves exercise 
performance due to changes in the androgen–AR axis 
and IGF-1R signalling [89].

Antitumour activity
GSTT is likely to affect the processes of apoptosis and 
metastasis of cancer cells. The overexpression of CXCR4 
has been associated with the formation of metastases and 
poor prognosis of patients with breast and other types 
of cancer.  CCR7 is reportedly correlated with lymphatic 
metastasis and poor prognosis in breast cancers. The 
product of the BCL2 gene is a mitochondrial membrane 
protein that blocks apoptosis. After implying a cell-spec-
ificity for GSTT, CXCR4 expression was reduced in both 
cell lines, and  CCR7 and BCL2 levels decreased only in 
tumourigenic MCF-7 cells [90].

The anticancer mechanism of terrestrosin D was 
detected by observing in  vitro Caspase-3 activity and 

vascular endothelial growth factor secretion and the in vivo 
anticancer effect of the PC-3 xenograft mouse model. It 
was concluded that terrestrosin D inhibited tumour growth 
through the inhibition of tumour angiogenesis. In addition, 
GSTT has a preventive efficacy against UVB-induced car-
cinogenesis. The photo protective effect of GSTT is tightly 
correlated with the enhancement of NER gene expression 
and the blocking of UVB-mediated NF-κB activation [91].

Antibacterial activity
The antibacterial activity of TT had been widely studied. 
A total of 50% of H. pylori strains were sensitive to a con-
centration of 1000 mg mL−1 of total extract of TT by the 
in vitro cup plate method [92]. GSTT inhibited the Can-
dida albicans ACS1, ACS2, ERG1, ERG2, ERG6, ERG7, 
ERG11, ERG25, ERG26 and ERG27 genes, which are 
directly involved in the ergosterol synthesis pathway. An 
anti-fungi agent, GSTT may function through direct bind-
ing to sterol on the cell membrane and may inhibit ERG 
gene expression in C. Albicans [93]. TT was extracted 
with different solvents (methanol, petroleum ether, chlo-
roform, and ethanol). The results showed that methanol 
extract has the highest inhibition zone for Bacillus cereus, 
Escherichia coli and Staphylococcus aureus. For Staphylo-
coccus aureus and Pseudomonas aeruginosa, WETT also 
had a certain inhibitory effect [94]. The ethanol extract 
of TT exhibited good antibacterial activity against Strep-
tococcus mutans, Streptococcus sanguis, Actinomyces 
viscosus, Enterococcus faecalis, Staphylococcus aureus, 
and Escherichia coli. Complexes of T. terrestris, Capsella 
bursa-pastoris, and Glycyrrhiza glabra had synergistic 
effects compared with those of any of the herbs alone [95].

Antioxidant activity
TT exhibited effective antioxidant activity in a concentra-
tion-dependent manner by 2,2-di-(4-tert-octylphenol)-
1-picrylhydrazyl (DPPH),  H2O2, and superoxide scavenging 
activity, as well as the FRAP (Ferric reducing antioxidant 
power) assay [96]. The experiment proved that the antioxi-
dant effect of GSTT is excellent and that it could improve 
SOD activity and MDA content for chronically high 
intraocular pressure in rabbits [97]. Compared with the 
ethanolic extraction, the butanol extract (1 mg ml−1) was 
rich in saponin and had notable quenching of nitric oxide 
(90.30%), hydroxyl radicals (90.02%), and hydrogen peroxide  
radicals (89%) [98]. Diosgenin from the callus of T. terrestris 
was found to have great antioxidant activity [99].

Anti‑inflammatory activity
The EETT and N-trans-ρ-caffeoyl tyramine isolated 
from TT had marked anti-inflammatory activities [100]. 
EETT and N-trans-ρ-caffeoyl tyramine inhibited the pro-
ductions of nitric oxide (NO), TNF-α, IL-6 and IL-10 in 
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lipopolysaccharide (LPS) stimulated RAW264.7 cells in a 
dose dependent manner. In addition, N-trans-ρ-caffeoyl 
tyramine markedly suppressed the expression of cycloxy-
gense (COX)-2 and the production of prostaglandinE2 
(PGE2) through decreasing p-JNK expression.

METT(200 and 400 mg kg−1) showed a dose-dependent 
inhibition of rat paw volume in a carrageenan-induced rat 
paw edema model. The TT extract and diclofenac sodium 
(a COX-inhibitor) were injected 30  min prior to carra-
geenan. The results showed that both drugs can reduce 
the paw volume 1–4 h after injection of carrageenan by 
inhibiting the releases of histamine, serotonin and kinins 
in the early phase. Furthermore, the anti-inflammatory 
effect of 400 mg kg−1 of TT extract is equivalent to that 
of 20 mg kg−1 of Diclofenac sodium [101].

Hepatoprotective activity
GSTT can ameliorate injured liver cells and have a pro-
tective effect on acute hepatic injury in mice induced by 
tripterygium glycosides. GSTT can significantly increase 
the levels of SOD and GPx, decrease the level of MDA 
in serum, supress Caspase-3 expression and improve 
the ultrastructure of liver tissue in a mouse model. Cas-
pase-3 is a class of hydrolytic protease, and its activation 
plays an important role in hepatocyte apoptosis. GSTT 
can interrupt the cascade in the process of apoptosis by 
reducing the expression of Caspase-3. The mechanism of 
its hepatoprotective activity may be related to the anti-
oxidant activity, the influence on metabolism regulation 
and the repression of apoptosis of liver cells, which effec-
tively reduces the level of Caspase-3 in liver tissue [102].

Anthelmintic and larvicidal activity
METT resulted in wormicidal activity by inhibiting spon-
taneous motility (paralysis) and causing death with lower 
doses. The effects were comparable with that of Alben-
dazole [103]. In addition, TT exhibited high larvicidal 
activity. Anopheles stephensi, Aedes aegypti and Culex 
quinque-fasciatus have been identified as the primary 
vectors of malaria, dengue fever and lymphatic filaria-
sis, respectively, in this part of the desert. The larvicidal 
potential of TT was evaluated by calculating the mortality 
percent of A. stephensi, A. aegypti and C. quinque-fascia-
tus. The results showed that the fruits were a more potent 
form regarding larvicidal activity than the leaves [104].

Anticarious activity
TT was certified to have an anticarious effect. Strepto-
coccus mutans is an important oral pathogen that causes 
dental caries. The anticarious effect of TT was evaluated 
for inhibiting S. mutans bacteria. In vitro studies showed 
that the extract exhibited antibacterial activity for inhib-
iting S. mutans growth in a dose dependent manner. 

Meanwhile, TT extract suppressed the adherence of S. 
mutans to saliva-coated hydroxyapatite (S-HA), which 
simulated teeth, and inhibited the formation of water-
insoluble glucans [105].

Antiaging and memory improvement activity
GSTT can effectively increase SOD activity, decrease 
MDA and hydroxyproline (Hyp) in the skin and increase 
the activities of CAT and GPx in the whole blood of 
d-galactose-induced senile mice. Compared with the 
ageing model group, the GSTT group showed a thicker 
dermis and more compactly arranged fibre content. The 
skin morphology of the GSTT group was close to that of 
the normal group [106].

Ageing is accompanied by a decline in memory, but 
GSTT can improve memory impairment. A study showed 
that GSTT significantly improved obtained memory dis-
order, consolidated memory disorder and recovered 
memory disorder [107]. The effect of the water extract of 
TT fruits on learning and memory ability in rodents was 
evaluated by recording the time of reaching the reward 
chamber (TRC) in the Hebb William Maze and the trans-
fer latency (TL) in the T-zema. The results showed that 
the water extract of TT fruits significantly reduced the 
time of arrival at the maze in a dose-dependent manner 
[108].

Absorption enhancer
TT promotes absorption. The biopharmaceutics classifi-
cation system (BCS) is a scientific classification method 
based on solubility in vitro and permeability of drugs in 
the intestine. Metformin hydrochloride (HCl) is a BCS 
class III drug with a high solubility and poor absorption 
characteristics. Therefore, it is necessary to increase the 
intestinal permeability of drugs to improve their bioavail-
ability. The experiment indicated that TT can enhance 
the absorption of Metformin HCl in a goat intestine 
[109]. The absorption enhancement effect of TT was con-
cluded by the presence of saponin.

Toxicity
An animal study investigated the acute toxicity of METT 
(2 g kg−1, given orally to 5 mice for 14 days). The methanol 
extracts mainly consisted of flavonoids, anthraquinones, 
phenols/tannins, and steroids/triterpenes. As a result, 
there were no toxic symptoms or mortality observed 
in any animals and no obvious differences between 
the treated and control animals regarding behavioural 
changes and toxicological signs (general behaviour, motor 
activities, aggressiveness, reaction to noise, reaction to 
pinch, state of the tail and state of excrement) [110].

The genotoxic potential of TT extracts, as assessed by 
a Comet assay in a rat kidney cell line and by an Ames 
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assay in Salmonella typhimurium strains, was evaluated 
[111]. The METT had relatively higher genotoxic activi-
ties (2400 mg mL−1 METT, tDNA%: 11.43) and cytotoxic 
activities  (IC50  =  160  mg  mL−1) than WETT and the 
chloroform extracts of T. terrestris (CETT) but did not 
damage the deoxyribonucleic acid (DNA), whereas the 
300 mg mL−1 WETT might induce frame shift mutations 
when metabolically activated. WETT showed oestrogenic 
activity at concentrations higher than 27 mg mL−1 (2.6-
fold), and none of the extracts had androgenic activity.

Conclusions
The traditional pharmacological activities of TT focused 
on improving sexual function and cardiotonic properties. 
Modern investigation showed that steroidal saponins and 
flavonoids with the prominent antiaging and anti-inflam-
matory activities were the main contributors to the tradi-
tional pharmacological activities. While the clinical trials 
with TT are scarce, and randomized placebo controlled 
clinical trials should be done in future. In addition, we 
should give more attention to the traditional curative 
effect of skin pruritus. TT maybe have more utilization as 
cosmetic plant materials on skin. A critical assessment of 
the results presented in this review may provide scientific 
evidence for the reasonable utilization of TT and pro-
mote further investigation for the development of new 
herbal medicine and health products.
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