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There is a growing scientific interest in herbal medicine, and the promising results
obtained in herbal anti-inflammatory and anti-cancer therapy have progressively stim-
ulated research into the medicinal use of plants. One of the goals of anti-inflammatory
and anti-tumor therapy is the discovery of plant extracts that are relatively selective to
cancer and inflammatory cells. Tribulus terrestris L. (TT) is one such saponin-containing
herb used from antiquity to energize and improve sexual function in men, but new evi-
dence has shown that saponins also have a cytostatic activity against cancer cells and an
anti-inflammatory effect in several organs. This paper intends to review the most recent
reports on the properties of TT and investigate on the role of TT-derived saponins on the
modulation of apoptosis in normal human keratinocytes and in human squamous cell
carcinoma exposed to physiological doses of UVB, their possible anti-tumoral capacity,

and the molecular mechanisms underlying these properties.
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Introduction

One of the goals of anticancer therapy and prevention is the dis-
covery of bioactive compounds that are relatively selective to tumor
cells and therefore have reduced effects on normal cell growth. In
addition, herbal therapy was used for thousands of years for the
care of the inflammatory processes. The plants that contain sapo-
nins possess a broad range of bioactivities and were been com-
monly used in folk medicine for their health-promoting properties
[1-4]. The genus Tribulus, belonging to family Zygophyllaceae, com-
prises about 20 species in the world [5] and among them, Tribulus
terrestris Linn (TT) is a best-known officinalis herb by alternative
medicine [6]. The TT is a perennial creeping plant which grows in
subtropical areas and it is also distributed along a wide geograph-
ic perimeter that includes China, Japan, Korea, the western part
of Asia, the southern part of Europe and Africa. The plant is used
both as an individual therapeutic agent or in combination to other
formulations of many compounds and food supplements [7]. The
fruits of TT were used in traditional oriental medicine for the treat

ment of the eye inflammation, skin irritation, abdominal pain, hy-
pertension, cardiovascular disease and to improve sexual function
and physical performance in men [8-12].

Itis also a very potent diuretic and tonic drug [13,14]. Many ac-
tive compounds from TT extract have been identified [15-17]. A lit-
erature survey showed that TT contains steroidal saponins, natural
glycosides, which possess a wide range of pharmacological prop-
erties including a strong antioxidant effect, cytotoxic activity, and
anti-inflammatory and anticarcinogenic capacities [18,19]. There-
fore, the TT saponins have shown a potential photoprotective effect
when the human skin cells were exposed UVB irradiation [20]. The
numerous biological activities associated with saponins have led
to great interest in their characterization and in the investigation
of their pharmacological and biological properties. Information on
the biological capacities of saponins from variety of sources pro-
vided important guidelines for the development and design of new
drugs. The focus of this review is to provide an updated overview
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of various aspects of the biological properties of the saponins ex-
tracts of the TT plant, to highlight a photoprotective effect against
UVB-induced skin carcinogenesis, and to demonstrate the molec-
ular mechanisms through which TT saponins regulate cell death.

Bioactive Compounds of Tribulus Terrestris

A wide range of compounds have been extracted from TT
such as saponins, flavonoids, glycosides, alkaloids and tannins
[17,21-31]. Among these compounds, a number of phytochemical
studies have demonstrated that saponins are responsible for the
biological activities of TT extracts [32-34] and a wide range of
pharmacological applications. Structurally, saponins are composed
ofalipid-soluble aglycone that consists of a steroidal or triterpenoid
skeleton and a water-soluble moiety, composed of sugar residues.
The amphiphilic or surfactant properties of saponins derive from
hydrophilic properties of the sugar part and lipophilic properties of
the aglycone part; this, in turn, determines the ability of saponins
to compose the stable aqueous foams and form complexes with
membrane steroids and lipid compounds (Figure 1) [35]. Focusing
on the phytochemical characteristics of the whole plant extract
led to the identification of eleven new furostanol saponins, one
new spirostanol saponin, and seven known steroidal saponins
[13,21,36].

Figure 1: Chemical structure of saponin.

TT Saponins Properties in Cancer Prevention and Treat-
ment of Inflammatory Conditions

Inflammatory diseases are a major cause of morbidity world-
wide and non-steroidal anti-inflammatory drugs and steroids are
the most common widespread drugs used for the treatment of acute
or chronic inflammatory conditions. These drugs possess different
side effects such as a gastrointestinal injury that is one of the most
common side effect associated with the currently use of the non-
steroidal anti-inflammatory drugs which limit their application.
This may be contributing to the current move by wide part of
world population towards the officinalis herbs for the treatment
of inflammation that characterizes numerous diseases. Actually,
herbal medicine is still widely used by about 75-80% of the whole
population for primary healthcare because of their efficacy, safety
and very little side effects. However, the last few years have seen a

major increase in their use in the developed world [37]. A number
of medicinal plants were used in developing countries for the
management of a number of disease conditions including cancer
and inflammatory conditions.

The validation of the traditional assertions of these medicinal
herbs will provide scientific basis for the conservation of oriental and
tropical medicinal resources, the deployment of the beneficial ones
as phytomedicine in the primary health care and the development
of potential bioactive constituents as novel key compounds or
precursors in drug design. At the class of phytoconstituents belong
saponins that are heterogeneous group of naturally occurring
surface active glycosides common in a large number of plants
[38-39]. Growing evidence for natural products linked with their
physicochemical features and numerous biological activities has
led to the emergence of saponins as commercially significant
compounds with expanding applications in the field of nutrition,
cosmetics and pharmaceutical industries [40]. Steroidal saponins
are important bioactive compounds for the production of steroidal
hormones and drugs [41]. Saponins are used as immunological
adjuvants in the formulation of vaccines due to their immune
enhancing properties [39].

Later studies have allowed identifying saponins as inductors
of cell death by means of several molecular mechanisms. The
steroidal saponin constituents obtained from TT are well known
to exhibit antimicrobial and cytotoxic effects [19,32,42,43], to
induce apoptosis in liver cancer cells [44], as well as having
antihyperlipidemic properties [45,46] and improving reproductive
function, libido and ovulation [17,47]. Saponin extracts from
TT show strong antioxidant effects and some also show the
biochemical effects in human cells, such as enzyme inhibition, anti-
inflammatory and anticarcinogenic capacities [47]. Recently, it
was demonstrated the anti-inflammatory effect of saponins from
extracts of TT on the pathological process of atherosclerosis. In this
study, one of the more significant results was that TT suppressed
proliferation of the Vascular Smooth Muscle Cells (VSMCs) induced
by angiotensin II [48]. The VSMCs proliferation induced by various
growth factors contributes to a variety of pathological processes
including atherosclerosis [49]. The VSMC contribute to vessel wall
inflammation and to the formation of the fibrous cap providing
stability to the plaque [49].

Angiotensin II is the active protein of the renin-angiotensin
system and it is involved as a potent growth factor for VSMCs, and
it has been reported to be implicated in the VSMCs proliferation
and promotes the generation of ROS [50]. TT acts as a potent
antioxidant inhibiting the increase of the intracellular ROS and
subsequently suppressing the VSMCs proliferation. These findings
provide a new insight into the anti-atherosclerotic and anti-
inflammatory properties of the TT yielding a pharmacological basis
for the clinical application in the atherosclerotic process. Tribulusin,

gross saponins derived from TT was demonstrated to have a
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significant protective role against ischemia/reperfusion injury
documented in rat hearts and brains in vitro and in vivo [51-54].
Anti-inflammatory effects have been investigated in vitro also with
the aqueous extract of TT. In fact, TT extract blocks proliferation
and triggers apoptosis in human liver cancer cells through the
NF-kB signalling inhibition [55]. A recent study examined the
effects of TT extracts demonstrating a strong inhibition of COX-2
and iNOS activity in cultured mouse macrophage cells stimulated
with lipopolysaccharide [56]. Some evidence indicates that TT
consumption may be useful in lowering serum cholesterol levels and
the cardiovascular damage associated with hypercholesterolemia.
A recent study examined the effects of TT extracts on the lipid
profile and vascular endothelium of the abdominal aorta in New
Zealand rabbits fed a cholesterol-rich diet [57]. The serum lipid
profiles of animals treated with TT were significantly lower than

DNA repair

those fed a high cholesterol diet without TT treatment. In the TT-
treated rabbits, TT seems to protect from endothelial damage,
indicating that dietary intake of TT can significantly modify serum
lipid profiles, decrease endothelial modifications and rupture and
may partially repair the endothelial dysfunction resulting from
hyperlipidemia [57]. Furthermore, the anti-inflammatory activity
of TT has been studied in the arthritic rats revealing a marked
decrease of the acute inflammatory response [58], and, in the
last years, recent studies demonstrated that the saponins have a
conspicuous role in cancer prevention because of their antioxidant,
anti-inflammatory, and growth-inhibitory effects [39,59] and
are considered of the potent candidates for photoprotective
applications [18]. The bioactive characteristics of TT saponins are
summarized in Figure 2.

Inflammatory

response

cell cycle h
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Differentation

Figure 2: Multiple properties of saponins derived from Tribulus terrestris Linn.

UVB-Dependent DNA Lesions

The production of Reactive Oxygen Species (ROS) that derives
from UV skin exposure can cause oxidative damage reacting
with DNA and other cellular components proteins, resulting in
the alteration of cell metabolism, morphology, differentiation,
proliferation and apoptosis of skin cells [60]. These processes
can lead to photoaging and skin cancer development. The
photoprotective effect of antioxidant is now generally accepted
and recently naturally occurring herbal compounds have received
notable interesting contributing to the beneficial health effects [61].
UV radiation, in particular the middle wavelength (UVB, range 290-
320 nm), can be harmful to human health because it induces cancer,
premature skin aging, immunosuppression, and cell death [62-64].
UV-induced DNA damage is the crucial molecular trigger for many
UV-induced effects, such as apoptosis, immunosuppression, and

carcinogenesis [65-67]. Although UVB radiation has less than 1%
of total solar energy, the major types of DNA damage in the skin
are provoked by UVB [68]. To exert its biological effects, UVB must
be first absorbed by cellular chromophore, which transforms the
energy into a biochemical signal. Subsequent photobiochemical
reactions provoke changes in cell and tissue biology resulting in
increased photoaging and skin cancer occurrence.

The bases of nucleic acids (DNA and RNA) and proteins are
good cellular chromophores [69]. The major classes of UVB-
induced DNA lesions are represented by cyclobutane-pyrimidine
dimers and pyrimidine-pyrimidone photoproducts. Under normal
conditions these photolesions are removed by the Nucleotide
Excision Repair (NER) [70]. Xeroderma pigmentosum is a disease
which reflects genetic defects in different components of the NER
complex. Consequently, patients suffering from this disease are
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hypersensitive to the induction of genomic mutations by UV and
show a dramatically increased incidence of skin cancer [71]. To
limit the survival in the presence of irreparable DNA damage, cells
die by apoptosis [72]. To induce programmed cell death, UVB uses
a variety of cellular signalling pathways. In this case the induction
of nuclear DNA damage appears to be the main pathway, since
experimental suppression of DNA damage was linked to a strong
reduction of apoptosis [72]. UVB was found to directly activate cell
surface death receptors, thus inducing the apoptotic pathway. UVB
induces the formation of the ROS associated to the mitochondrial
damage and furthermore, cytochrome c release was demonstrated

to be additionally involved in the apoptotic machinery.

The possibility to add exogenous DNA repair enzymes into the
cell contributed highly to the elucidation of the critical role of UVB-
induced DNA altered in mediating the various biological effects
of UVB, including apoptosis. Following irradiation of cells with
UVB, the tumor suppressor gene p53 was found to be upregulated
proportionally to the amount of cyclobutane pyrimidine dimers
inserted into genomic DNA [73]. p53 appears to be critically involved
in the formation of apoptotic keratinocytes [74]. In this context the
mitochondrial apoptotic pathway and the regulatory bcl-2 protein
family appear to play an important role. The balance of proapoptotic
and antiapoptotic members of the bcl-2 protein family addresses
whether apoptosis is promoted or prevented [75]. In this scenario,
antiapoptotic proteins avoid mitochondrial permeability transition
and subsequent release of cytochrome c as well as of ROS into the
cytoplasm [76-78]. In addition, UVB is known to be a potent inducer
of ROS within the cell. These products have shown themselves to
initiate cellular damage and apoptosis [79]. Therefore, ROS have
been implicated in cutaneous aging as well as in the pathogenesis
of inflammatory skin diseases and of skin cancer [80]. The cytotoxic
potential of ROS involves lipid peroxidation leading to an alteration
in the structure of cytoplasmic membranes [81] and impairment of
the inner mitochondrial membrane resulting in dysfunction of the
membrane potential and consequently in cytochrome c release into
the cytoplasm [82].

TT Saponins in the Prevention of UVB-Induced Skin
Damage: Effect on Apoptotic Pathways

UVB-induced DNA damage is a crucial molecular trigger for
sunburn cell formation and skin cancer. The exposure of the skin to
solar UVB on earth has both short-term and long-term deleterious
wavelength-dependent effects on skin. Short term effects after sun
exposure cause tanning and sunburn while, in contrast, long-term
exposure to UVB provokes photoaging and photocarcinogenesis. UV
radiation is the major etiologic factor in skin cancer because of its
potent ability to induce DNA lesions. If the latter are not removed,
they can cause mutations and subsequently skin cancer. There
have been considerable efforts to search for naturally occurring
substances that intervene in photodamage and photoaging.

Interestingly, some of these anticancer drugs are developed

from natural sources such as plants. Recently, it was found that
ginsenoside Rb1, pharmacologically active components of ginseng,
a steroidal saponins, inhibits cell apoptosis induced by UVB. This
inhibition of ginsenoside Rb1 appears to be caused by a marked
reduction in UVB-induced DNA damage, protecting cells through
the induction of DNA repair, most likely NER system [83]. Likewise,
latterly, it was demonstrated that glycyrrhizic acid, a triterpenoid
saponin glycoside, to protect against UVB-mediated photodamage
by inhibiting the signalling cascades triggered by oxidative
stress, including NF-«kB activation, as well as apoptosis in human
keratinocyte cell line [84].

The TT saponins may have an important role in cancer
prevention because of their antioxidant, anti-inflammatory, and
growth-inhibitory properties [13]. Recently, Sisto et al. [20],
investigated TT saponins effects on some parameters such as
apoptotic pathway in Normal Human Keratinocytes (NHKs) as
well as in malignant keratinocytes after exposure to physiological
doses of UVB [20]. It has been amply demonstrated that human
keratinocytes undergo programmed cell death following UVB
exposure. The induction of apoptosis is considered to be a protective
function against skin cancer, and the intrinsic apoptotic mechanism
has been shown to be critical in this protective mechanism, ensuring
the removal of UVB-damaged human keratinocytes and potentially
transformed cells [85]. The authors, to demonstrated the protective
effect of TT saponins, investigated cell survival of human epithelial
keratinocytes derived from normal skin tissue (NHEK) after UVB
irradiation demonstrating that TT saponins significantly increased
their resistance to UVB and seem to help NHEK to preserve
the typical epithelial morphology. Since a controlled apoptotic
response is vital for skin cells, as it prevents the replication of cells
containing damaged DNA, TT saponins determine cellular survival
by inhibiting apoptosis.

Infact, TT saponins decreased the levels of caspases involved
in the intrinsic apoptotic pathway induced by UVB irradiation and
prevented both the leakage of cytochrome c from mitochondria
and UVB-induced DNA fragmentation [20]. To investigate the
diverse effect of TT saponins treatment in normal keratinocytes
and malignant cells after UVB irradiation, Sisto et al. [20], tested
the effects of TT saponins on the apoptotic pathway in human
Squamous Cell Carcinoma (SCC), demonstrating that TT saponins
treatment reduced viability of the SCC cell and increased the DNA
ladder formation following UVB exposure. These data suggest that
saponins exert a wide range of differential activities in normal
versus malignant cells determining the inhibition of the tumor
growth of cancerous cells and triggering a selective apoptotic
process [20]. This mechanism was reported in Figure 3.

Efficacy of TT Saponins DNA Damage Repairing Mecha-
nism in UVB-Exposed NHEK

UVB exposure cause, as major event, the trigger of apoptotic

pathway of keratinocytes and this results into epidermis sunburn
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cells induction [73]; The formation of sunburn cells in UV-exposed
skin indicates the severity of DNA damage and this underlines
the importance of DNA repair mechanisms in UVB-exposed skin
cells. If cells are not repaired, they may continue to replicate and
may lead to cutaneous malignancies. This means that DNA repair
process is a protective mechanism [86]. The NER system is one of
the major mechanism of DNA repair in mammalian cells [87]. NER
is an excision mechanism that removes DNA damage induced by
Ultraviolet Light (UV) characterized by the generation of thymine
dimers and 6,4-photoproducts. Recognition of the damage leads
to removal of a short single-stranded DNA segment that contains
the lesion. The undamaged single-stranded DNA remains and
DNA polymerase uses it as a template to synthesize a short
complementary sequence. DNA ligase realized the final ligation to
complete NER and form a double stranded DNA [87]. There is a list
of major proteins involved in NER in mammalian cells, and, between
these, Xeroderma pigmentosum, complementation group C, also
known as XPC and Xeroderma pigmentosum, complementation

group A, also known as XPA, are two proteins which deficiencies
are linked to alterations in the NER system [87,88].

Importantly, TT saponins were demonstrated to have the capac-
ity to repair DNA damage in UVB-exposed cells in the early phase
of exposition. When NHEK were exposed to UVB and treated or not
with TT saponins, the levels of XPA and XPC NER genes expression
increased significantly as compared to non-UVB-exposed control
NHEK and the protective effect of TT saponins against UVB irradia-
tion resulted in a selective DNA damage response [20]. On the con-
trary, in already transformed malignant SCC, the levels of the XPA
and XPC genes expression resulted not significantly altered follow-
ing UVB irradiation, thus demonstrating that TT saponins increase
the abundance of NER transcripts in UVB-irradiated healthy kerati-
nocytes, but not in malignant transformed cells [20]. Therefore, TT
saponins, acting on the NER system as molecular target, may have a
preventive action on the risk of developing UVB-induced skin can-
cer, allowing the cells more able to repair the photodimers through
nucleotide excision repair system (Figure 3).

TT saponins
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Figure 3: Schematic representation of the hypothetical mechanisms adopted from TT saponins to prevent UVB radiation-
induced DNA damages, apoptosis and malignant transformation. The scheme shows that, in Normal Human Epithelial
Keratinocytes (NHEK) exposed to physiological doses of UVB, TT saponins inhibit the activation of the intrinsic apoptotic
pathway, determine an enhancement of NER genes expression to repair DNA damages, and block UVB-mediated NF-
kB activation. In already transformed Squamous Cell Carcinomas (SCC), TT saponins provoke an enhanced apoptosis in
response to UVB irradiation, a block of the proliferation of human cancer cells through inhibiting NF-xB signalling, although

an unchanged expression of the NER genes was revealed.

NF-kB as Molecular Target of TT Saponins

In many cell types, the activation of the NF-kB signalling cas-
cade serves to protect cells from a variety of cellular stresses that
could lead to malignant transformation [89,90]. In most tumors,
there is higher NF-kB expression and activity when compared to the

adjacent normal tissues, but such expression strongly depends on
the tumor cell types and stage of development [91]. Many evidence
support the fact that alteration of the NF-kB signalling pathway lead
to changes in keratinocytes cell growth and epidermal thickness,
causing a homeostatic breakdown, resulting in a loss of function

[92]. Furthermore, a variety of agents which determine tumori-
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genesis (such as UVB radiation, phorbol esters and TNF-alpha), are
noted to modulate NF-kB signalling, suggesting that NF-«xB plays a
role in suppressing carcinogenesis [93-95]. In this contest, TT sapo-
nins, through inhibiting NF-kB signalling, have been shown to block
the proliferation of human cancer cells [55]. Recently, Sisto et al.
[20] demonstrated that the inhibition of the NF-kB pathway could
be responsible for the chemopreventive properties of TT saponins
against UVB-mediated skin carcinogenesis [20]. Exposure to UVB
irradiation provokes an activation of NF-kB, both in normal and ma-
lignant cells, as measured by an increase in specific DNA binding
and, like in normal cells, also in malignant cells, an inhibition of NF-
kB activation occurs following TT saponins treatment that demon-
strate an anti-tumorigenic activity of T. Terrestris L. (Figure 3) [20].

Conclusion

Tribulus terrestris L. is a well-known plant used in indigenous
medicine especially in urogenital system, nervous, cardiovascular,
and musculo-skeletal system disorders. Modern literature
recognizes multiple beneficial properties to TT biologically active
phytoconstituent and saponins, in particular, have antitumor
effect on many cancer cells; actually, there are significant scientific
reports and data available regards the photoprotective efficacy of
these TT constituents and recent research demonstrated that TT
saponins resulted to have a dual-efficacy to prevent malignant
transformation of epithelial cells caused by UVB exposure. In fact,
TT saponins, on one hand, protect healthy keratinocytes by UVB
irradiation-dependent damage and, on the other, enhance UVB-
caused apoptosis in squamous cell carcinoma, thus suggesting
that TT saponins possibly work as UVB-damage sensors to exert
their biological action. Together, these findings encourage further
mechanistic and in vivo studies for developing TT saponins as
a promising chemopreventive and/or chemotherapeutic agent

against UVB-caused skin alteration and tumors in humans.
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