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lated kinases, IKK: I kappa B kinase, VEGFR: Vascular
endothelial growth factor receptor, GR: Growth recep-
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Abstract

The incidences of cancer are continuously increasing
worldwide, affecting life of millions of people. Several
factors associated with the internal and external envi-
ronment are responsible for this deadly disease. The
key internal determinants like abnormal hormonal
regulation, genetic mutations and external determi-
nants such as lifestyle and occupational factors en-
hances onset of cancer. From the ancient time, plants
were remained as the most trusted source of medicine
for the treatment of diverse disease conditions. Exten-
sive studies have been performed for the discovery of
effective anticancer agent from the plant and still it
is going on. Pentacyclic triterpenoids are biologically
active phytochemicals having a different range of ac-
tivities such as anti-inflammatory, hepatoprotective,
anti-hypertensive, antiulcerogenic and anti-tumor.
These compounds generally contain ursane, oleanane,
lupane and friedelane as a chief skeleton of pentacy-
clic triterpenoids which are generally present in high-
er plants. Isoprene unit, phytochemical, with good
antitumor/anticancer activity is required for the bio-
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synthesis of pentacyclic triterpenoids. Mechanisms such
as cytotoxicity, DNA polymerase inhibition, regulation of
apoptosis, change in signal transductions, interfere with
angiogenesis and dedifferentiation, antiproliferative activ-
ity and metastasis inhibition are might be responsible for
their anticancer effect. Present review spotlights diverse
targets, mechanisms and pathways of pentacyclic triterpe-
noids responsible for anticancer effect.

1. Introduction

Continuous increase in the cancer incidences and mor-
tality in developed and developing countries is a serious
concern worldwide. Cancer is the second major cause of
mortality after the cardiovascular diseases [1]. Among the
different types of cancer, the prevalence of lung cancer is
more common in man and breast cancer in women [2].
Several factors contribute to the development of cancer,
which may be internal such as genetic alteration, mutation
in the genetic material, abnormal hormonal condition and
compromised immune system; and external causes may
be the environmental factors including the modern life-
style and specific occupation conditions. The incidences of
oral cancer are more in India and about among 30 to 40%
of Indians are accounting for oral cancer [3].

Cancer cells are characterized by abnormal, uncontrolled
cell proliferation and have the ability to invade in sur-
rounding organ tissue, called metastasis. Carcinogenesis
is a complex multistep process that usually involves sev-
eral genetic alterations and other epigenetic factors (Fig.
1). One or multiple mutations in host cell DNA translate
normal cell into the cancer cell [2]. The mutation in the
DNA could be inherited or acquired. One of the examples
of acquired mutation is breast cancer where inheritance
of a single defective copy of either of the tumor suppres-
sor genes BRCAI and BRCAZ increases chances of cancer
development [4]. The turnover of cells in the body is regu-
lated by apoptosis, a programmed cell death process and
failure of apoptosis leads to abnormal cell multiplication
and ultimately growth [5].

The use of plants as a source of medicine is as old as man-
kind itself. Plants remained the ultimate trusted source
of medicine for disease prevention and cure from ancient
time. More than 60% of anticancer drug currently used
are obtained from natural sources. Most of modern drugs
employed for cancer treatment were obtained from plant
and possess strong ability to cure the cancer [6]. A report
published by WHO showed that more than 80% popula-
tion prefers natural products for their health needs. Lit-
erature survey also revealed that 60% people take herbs,
vitamins, and herbal medicines to control cancer and as-
sociated complications. Use of medicinal plants can help
to reduce toxic and side effects of chemotherapy and ra-
diation treatment by reinforcing their anticancer effect
[7]. Tt is estimated that in the last decade, approximately
30.69 billion USD plant derived drugs have been estimated
in the global market [8]. Several phytochemicals produce
strong anti-inflammatory and antioxidative actions medi-
ated through Nrf2, NF-kB, and AP-1 signalling pathways
[9]. Similarly, phytochemicals with anticancer potential

can prevent cancer initiation, promotion and progression
by interfering various intermittent mechanisms and path-
ways [10]. Near about 12.4 billion USD terpenes and ster-
oids obtained from the plant were sale annually worldwide
[11].

Several studies have revealed biological potential of trit-
erpenoids such as anti-inflammatory, antisepsis, anti-fa-
tigue, anti-tumor, anti-hyperlipidemic, antihypertension,
anti-hyperglycemia, anti-ulcerogenic, anti-plasmodiac,
antiviral, analgesic and immunomodulatory [12]. Asiatic
acid was studied for the management of memory associat-
ed problems such as memory and dementia. Ursolic acid
has been reported for antioxidant activity and protective
effect against D-galactose-induced neurotoxicity [13]. The
hepatoprotective effect of oleanolic acid is successfully
implemented in the China and it is an over the counter
oral drug to treat human for liver disorder [14, 15]. a and
B amyrin were found to possess different biological activi-
ty such as anti-tumor, gastro-protective, hepatoprotective
and anti-inflammatory activity [16]. Many pentacyclic
triterpenoids have potential to inhibit tumor formation
which mainly includes ursolic acid, betulinic acid, betulin,
glycyrrhetinic and boswellic acid [17, 18]. Also glycyrrhet-
ic acid, asiaticoside, oleanolic acid and carbenoxolone (a
synthetic derivative of glycyrrhetic acid) has been success-
fully demonstrated clinically as marketed drugs [17].

2. Cancer epidemiology

Cancer epidemiology and associated mortality are at its
highest peak. According to the American Cancer Society
in the US, about 1,685,210 new cancer cases are expect-
ed to be diagnosed in 2016 [19]. It is estimated that the
burden of cancer will increase to 23.6 million new cases
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each year by 2030. In 2008, 7.6 million deaths (around 13%
of all deaths) occurred worldwide because of cancer. Al-
though death is due to different types of cancer, but most
common is lung cancer in men (16.5% of all new cases in
men) and breast cancer in women (23% of all new cases in
women) [20]. The American Cancer Society has estimated
that in 2013 about 174,100 deaths occurred might be due
to tobacco associated cancer. In 1971, 1 in 91 people was
a cancer survivor and in 2012, 1 in 23 people were can-
cer survivor [21]. In 2002, about 4.2 million of new can-
cer cases among 3.2 billion of people were diagnosed in
India, China, Sri Lanka, Japan, Singapore, Taiwan, Malay-
sia, Thailand, Philippines, Vietnam, Indonesia, Mongolia,
Laos and Cambodia. These countries belong to Southeast,
East and South Asia. China and India together accounting
about 37% of world population and near about 3 million of
new cancer cases were reported [22, 23].

Breast cancer in female and lung cancer in male is the
most common types of cancer in Indian population. Cer-
vix cancer ranks third among all types of cancer. Tobacco
is a major contributing cause in all these types of cancer in
men and women [22, 24]. In India, every year about 850,000
new cancer cases are being diagnosed and 580,000 deaths
are occurring [2]. Most of the cancer deaths are in the age
group of 30-69 years out of which 200,100 and 195,300
were men and women respectively. Most common fatal
cancer types are oral (22.9% of cancer), stomach (12.6%
of cancer) and lung (11.4% of cancer) in men and cervical
(17.1% of cancer), stomach (14.1% of cancer) and breast
(10.2% of cancer) cancer in women. According to Interna-
tional Agency for Research on cancer during 2008 about
635000 people died from cancer which represents about
8% of all estimated global cancer deaths. The cancer asso-
ciated deaths projected to increase continuously because
of increasing population and life expectancy [25, 26].

3. Pentacyclic triterpenoids

Triterpenes are the terpenes consisting of six isoprene
units and have 30 carbon atoms. These are secondary me-
tabolites of plant which are extensively present in the plant
kingdom. Various plant parts such as leaves, fruit peel and

stem bark contains triterpenoids [16]. In higher plant and
organism isoprene (2-methylbutadiene) unit is used for
the biosynthesis of terpenes and terpenoids. The basic
molecular formula for terpenes is multiples of C5H8 [27].

Tetracyclic and pentacyclic are two principal groups of
triterpenoids. Tetracyclic triterpenoids contain methylat-
ed steroid (oleandrin, euphol and cucubitacins) whereas
pentacyclic triterpenoids further differentiated into friede-
lane, lupane, ursane, oleane, serratane, and taraxastane
category (Table 1). Higher plants such as edible plant
largely distributed with ursane and oleanane. These are
common and structurally diverse group of natural com-
pounds which exhibit about 200 diverse skeletons. 6-6-6-
5 tetracycles, 6-6-6-6-5 and 6-6-6-6-6 pentacycles are the
most important triterpenoids [13, 18] Squalene is required
for biosynthesis of commonly occurring polycyclic triter-
penoids through multiple steps such as cyclization, small
molecule loss and ring expansions or contraction (Figure
2). Biosynthesis of triterpenoids requisite highly specific
enzymes [28-30]. Head to head condensation of two C15
units of farnesyl diphosphate also produces polycyclic tri-
terpenoids [11]. Carbon skeleton like oleanane, ursane,
lupine and dammarane-euphane are considered to be the
most important triterpenoid structure [11, 13].

Triterpenoids also exist in the form of triterpenoids-sap-
onins, which is a combined form triterpenoid with sugar
[30]. Squalene is a most common precursor required for
the biosynthesis of steroid and triterpenoids. Serratene, a
pentacyclic triterpenoid having central seven membered
ring and seven tertiary methyl groups (21B-hydroxy-ser-
rat-14-en-3a-oland 21  -hydroxy-serrat-14-en-3a-yl ace-
tate) shows anti-tumor activity [31, 32]. The pentacyclic tri-
terpenoid ring has been reported for the inhibitory activity
of topoisomerase [18].

4. Physiology of cancer

Human body made up of cells having little or no capaci-
ty to divide and proliferate like neurons and continuously
dividing cells, such as bone marrow cells. Hence, it is not
true that cancerous cells grow faster than normal cells

Figure 2 Chemical structure of squalene.
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Table 1 Major class of pentacyclic triterpenoid, their structure and examples.

Main Group Structure Examples References

Ursane Ursolic acid, « Amyrin ~ [30, 33]
Oleanane Oleanolic acid, 18 B - [15,30, 33, 34]
Glycyrrhetinic acid, f
Amyrin
Lupane Betulinic acid [30, 35-37]
Friedelane

Friedelin, Celastrol [30, 38]
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Figure 3 Principal pathways such as angiogenesis, metastasis, proliferation and growth factors as targets for the treatment of cancer.

because plasma cell tumor multiplies slowly whereas
the cells of Burkitt’s lymphoma multiply faster [39]. Can-
cer cells are featured by fast multiplication or abnormal
cell division and growth regulatory mechanisms (Figure
3). Normal host cell and cancer cell are distinguished by
proliferation rate and cancer cells generally complement
the biomolecules that are necessary for survival or pro-
liferation, differentiation, cell death, and expression of
many cell-type-specific functions. Improper regulation of
controlled cell proliferation, distorted cell differentiation
mechanism, deterioration of genetic and chromosomal
organization, and disturbed programmed cell death path-
ways such as apoptosis could be responsible for the altered
phenotype and formation of cancer [40, 41]. Hence, cancer
or tumor formation could be controlled by controlling cell
proliferation, differentiation, cell death and expression of
many cell-type-specific functions (Figure 3). This mainly
includes regulation of apoptic pathways and the genesis of
cancer cell, expression of telomerase, tumor related blood
vessels and interference with signal transduction [4, 42].

5. Triterpenoids as anticancer agents

Triterpenoids exhibits diverse physiological and thera-
peutic actions such as antiangiogenic and dedifferentia-
tion effects that are related with anticancer actions. Trit-
erpenoic acid, monoalcohol and diols exhibits antioxidant
effects by inhibiting reactive oxidative radicals. Many pre-
vious studies demonstrated that lupane, oleanane and ur-
sane have potent anticancer action [43]. New therapeutic
strategies are continuously emerging to combat cancer,
which includes modification of the tumor environment,
modulation of the immune response and inhibition of
angiogenesis [28]. Different cellular receptors llike hydro-
carbon receptor, androgen receptor and vascular endothe-
lial growth factor receptor can be used as a target for the

treatment of cancer [44, 45]. Triterpenoids have the ability
to inhibit nuclear factor-kB (NF-KkB) activation and signal
transduction, cell proliferation, apoptosis, angiogenesis,
mitochondrial dysfunction and modulation of MDR genes
and proteins [30].

5.1. Cell proliferation and apoptosis

Cell proliferation is a process of increasing cell number,
including cell development and cell division [46]. This in-
tern responsible to increase in cell mass and ultimately
the organism development. In certain cells, proliferation
is restricted while it remains continue in some of the cells
throughout lifetime. In certain situation cell proliferation
becomes abnormal which further augment the tumor cell
formation [40]. In the body, cell proliferation process is
highly regulated by cell division and apoptosis [2]. Apop-
tosis is programmed cell death mechanism that destroys
unwanted cells and also involved in defense mechanism of
the body. It also plays a role in morphological and cellular
mechanisms of cell, caspases functioning, translocation
of phosphatidyl serine and DNA fragmentation [43, 47].
This complex process comprises intrinsic pathway and
extrinsic pathway which are also called as mitochondrial
pathway and cytoplasmic pathway or death receptor path-
way, respectively (Fig. 4) [5]. In cancer, usually apoptosis
pathways are irregular because of mutated genes or tumor
suppressor gene or abnormal proto-oncogenes and onco-
genes [4, 17].

Triterpenes such as betulinic acid activate apoptosis by
acting on mitochondrial membrane mediated through the
intrinsic pathway which generates reactive oxygen species
(ROS) and activate proapoptic-p38 MAPK and SAP/JNK
kinases that are involved in several regulatory process-
es like cell proliferation, gene expression, differentiation,
mitosis, cell survival, and apoptosis [17, 30, 42]. Previous
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is activated when a tumor necrosis factor (TNF) recep-
tor is stimulated by particular death ligands that recruits
proteins (adaptor protein) and activate initiator caspas-
es (caspases 8) which further activate effector caspases
(caspase 3). Whereas, intrinsic pathway (mitochondrial
pathway) activate other signals, such as being DNA dam-
age which cannot be repaired, the p53 (tumor suppressor
gene) protein activates a subpathway that leads to release
of cytochrome c from the mitochondrion, with successive
participation of the apoptosome [a complex of procaspase
9, cytochrome c and apoptic activating protease factor-1
(Apaf-1)], and activation of caspasen 3 (initiator caspases)
and caspase 9.

R-> Receptor for growth factors, trophic factor and cell to
cell contact factor (Continuous stimulation to this recep-
tor is necessary for cell survival). Fas ligand->Trans mem-
brane receptor that induce apoptosis. miRNAs-> micro
RNAs that negatively regulate gene expression. p53-> tu-

mor suppressor protein.

in vivo and in vitro studies has been reported that in mel-
anoma cell lines betulinic acid aggravate apoptosis and
produces selective cytotoxicity to neuroectodermal tumor,
including human neuroblastoma, melanoma and Ewing
sarcomas [35]. In tumor cell lines like leukemia HL-60 and
HeLa cells oleanolic acid encourage apoptosis [14, 48].
18B-Glycyrrhetinic acid has the ability to induce cancer in
a dose dependent manner. In rat liver mitochondria, at 10
UM concentrations it changes pro-apoptic pathways such
as membrane potential loss, cytochrome c enzyme release
and Ca2+ dependent apoptosis inducing mediators [42].
Caspase plays regulatory role in cell protein turnover by
controlling several mechanisms like delicate protein sur-
gery, the cleaving of selected set of the target protein and
different activating and deactivating mechanisms of cell.
Also they have crucial role in the process of apoptosis and
about 9 different types of caspases are involved in apop-
tic pathway, such as death receptor pathway and mito-
chondrial pathway (Fig. 4) [48]. In apoptosis, TNFR acts
as a death receptor which is activated by ligand mediated
external stimuli for example, stimulation of TNF causes
adapter protein recruitment that in turn activate caspas-
es 8, an initiator caspase. Furthermore, activation of mi-
tochondrial pathway can promote DNA damaging that
cannot be revamped and survival factors like Bcl-2 protein
involved in antiapoptic pathways are removed [4, 30, 43,
48]. Celastrol methyl ester (pristimerin), a triterpenoid ob-
tained from Celastrus and Maytenus spp. demonstrated
potent inhibitory effect on NF-kB and proteasome activity,
and also triggers apoptosis in myeloma cells [30].
Triterpenoids such as betulinic acid, pomolic acid and
oleanolic acid have an inhibitory effect on multidrug re-
sistant (MDR) and sensitive leukemia cell lines [30, 49].
Also, ursolic acid found to exhibit cytotoxicity against mul-
tidrug resistant human hepatoma (R-HepG2) cells [42].

5.2. Anti-angiogenesis

Angiogenesis comprise new blood vessels formation
from existing blood vessel. In the body, it requires for
growth and development of new cells and eventually for
wound healing [5, 43]. Angiogenesis plays major role in
the vasculature, tumor generation and its proliferation.
Pro-angiogenic factor like vascular endothelial growth
factor (VEGF) and anti-angiogenic factor such as angio-
statin control formation of new blood vessels. Imbalances
between these two factors produce tumor angiogenesis
which significantly contributes to malignant tissue growth
[5, 50]. New capillary growth inhibition and destruction
of existing tumor blood vessels consequently leads to tu-
mor shrinkage or demise and thus, tumor growth can be
restrained. Therefore, suppression of angiogenesis is a
prominent approach in cancer treatment [50].

Triterpenoids selectively regulates angiogenic factors
such as bFGF and VEGE and thereby inhibiting formation
of new blood vessels, cell migration and cell proliferation
[43]. Betulinic acid was reported for anti-angiogenic activi-
ty mediated through damaging of mitochondrial function-
ing [17, 28]. Ursolic acid and oleanolic acid also exhibited
similar activity on bovine aortic endothelial cells in the
chick embryo chorioallantoic membrane assay [28].
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5.3. Differentiation

Differentiation is defined as the extent of functional and
morphological resemblance of parenchymal tumor cell to
the corresponding normal cell [51]. Differentiation takes
place in GO stage of cell cycle, a resting phase where cell
enters into cell cycle for proliferation process. Inhibition
of this differentiation of cells, which is to be proliferated is
one of the possible approaches for cancer treatment [52].

Betulinic acid induces the differentiation in normal kerat-
inocytes by upregulating filaggrin and involucrin. Oleanol-
icacid also has been found to augment expression of these
two markers in mice. Oleanolic acid and ursolic acid pro-
duce a cell cycle arrest when tested in human colon, eso-
phageal and non-small cell lung cancer (NSCLC) cell lines.
Boswellic acid arrests cell cycle at G1 phase by inducing
p21 expression and down regulating cyclin D1 and cyclin
E expressions (cell cycle regulatory proteins) [43]. Tumor
suppressor protein like p53 controls the cell cycle, which is
selectively elevated by pomolic acid. Pomolic acid also en-
hances the level of apoptosis related genes p21 (cyclin-de-
pendent kinase inhibitor 1) and reduce the survival gene
and vascular growth factors [2, 49, 53].

Many triterpenoids (lupeol, betulinic acid, oleanolic acid
and ursolic acid) exerts their actions by interacting multi-
ple targets [28]. Topoisomerases are the enzymes that in-
volved in regulation of topology state of DNA and play a
crucial role in various aspects of DNA metabolism like rep-
lication, transcription, recombination and chromosomal
segregation during mitosis. Furthermore, these enzymes
break and reunite one (Topoisomerase I) or both (Topoi-
somerase I1) the strands of DNA. During cell proliferation
the level of topoisomerase increases. Tumor formation
can be reduced by selectively inhibiting activity of topoi-
somerase enzyme [18]. Betulinic, boswellic, ursolic, and
oleanolic acids competitively inhibit topoisomerase I and
II for topoisomerase binding sites on DNA, which in turn
prevent topoisomerase-DNA cleavable complex formation
and breaking of strands and avert DNA replication [54, 55].

5.4. Antioxidative effect

Reactive oxygen species (ROS) are required to perform
numerous cellular functions and have both beneficial and
deleterious effects. Moderate concentration of ROS is pro-
duced in the body and its production is tightly regulated
by the different enzymes. Their beneficial physiological ef-
fects mainly include immune responses, whereas overpro-
duction of ROS results in oxidative stress that causes break-
down of cell organelles and DNA, depletion of antioxidant
enzymes (glutathione), decrease in host antioxidative sys-
tem and results in tumor initiation and promotion [2, 56].
Certain carcinogens also cause damage to the cell special-
ly DNA damage or induce inflammation. Chemoprotective
agents protect normal cells from these attacks [57].

Triterpenoids like lupeol, oleanolic acid, betulin and
ursolic acid have strong antioxidant activity [28]. Lupeol
selectively increases the glutathione pool, antioxidising
enzymes and antioxidants and thereby acts as a potent

antioxidant. It selectively binds and modulate protein ki-
nase that principally involved in signal transduction path-
way and exerts cytotoxicity towards cancerous cell [58].
Oleanolic acid has been shown to have ROS inhibitory
and ability to enhance the production of antioxidant en-
zymes such as catalase and thioredoxin peroxidase medi-
ated through Nrf2 [14]. ROS generated due to exposure of
ultraviolet B (UVB) radiation causes genotoxicity. Ursolic
acid restrains these UVB-induced oxidative changes such
as lipid peroxidation, oxidative stress and DNA damage
[59]. It has been observed that ursolic acid and oleanolic
acid exhibit chemopreventive effect against crypt foci in-
duced by the carcinogen 1, 2-dimethylhydrazine (DMH).
Development of crypt foci generally occurs in early stages
of colorectal carcinogenesis and is considered to be an im-
portant step in tumor formation which is selectively inhib-
ited by ursolic acid and oleanolic acid [60].

Certain triterpenoids act on multiple targets, for exam-
ple ursolic acid has been found to act on target cell cycle
proteins, growth factors, kinase, chemokines, cytokines,
adhesion molecules, inflammatory enzymes and multiple
pro-inflammatory factors. The modulation of these targets
such as initiation, promotion and metastasis of cancer
might be responsible for chemopreventive and therapeu-
tic effects of ursolic acid [61].

5.5. Other targets

Several inflammatory signaling cascades such as nucle-
ar factor-kB (NF-kB), signal transducer and activator of
transcription (STAT) and cyclooxygenase-2 (COX-2) are
reported to link with different stages of cancer progression
and regulate tumor proliferation, survival invasion, me-
tastasis, invasion and angiogenesis [43]. Cellular events
are tightly regulated by transcription factor and nuclear
factor-kB and activation of these are often associated with
tumorigenesis. Ursolic acid has been found to inhibit car-
cinogens (tumor necrosis factor, hydrogen peroxide and
cigarette smoke) that provoke NF-kB activation [61, 62].
Mutated ras oncogene is known for 90% metastasis of
prostate cancer. Lupeol selectively inhibit ras protein and
subsequent down regulation of MAPK (Mitogen activat-
ed protein kinase) signaling pathway and NF-kB pathway
[42, 63]. AMP-activated protein kinase (AMPK) is present
in all eukaryotes and senses cellular energy status. Activa-
tion of AMPK suppresses tumor cell proliferation and pro-
vokes apoptosis in the cancerous cell. Pomolic acid has an
inhibitory effect on growing cancer cells, but it has been
shown that in breast cancer cell line, pomolic acid restrain
cell proliferation and induces apoptosis mediated through
AMPK activation [49)].

Telomerase is imperative noncoding sequences that pre-
vent aberrant recombination and degradation, thus these
are responsible for genome stability and cell viability.
Likewise, last few nucleotides present at the end of DNA
cannot be copied easily by DNA polymerase. Thus, dur-
ing each round of cell division a portion of telomeres gets
eroded and eventually it becomes non-functional. These
telomeres are an attractive therapeutic target for cancer
treatment [4, 50, 64]. Table 2 describes targets and mecha-
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Table 2 Pentacyclic triterpenoids with anticancer activity and their mechanisms.

Sr. No. Pentacyclic Targets and general mechanisms References
triterpenoids
1 a-Amyrin Anti-tumor. [16,27]

2 [-Amyrin

3 Asiatic acid

4 Betulin

5 Betulinic acid
6 Boswellic acid

7 Friedelin

Inhibit NF-«xB, IL-15, COX-2, CREB, ERK, PKC, P38

MAPK.

Anti-tumor. [16, 27]
Inhibit NF-«xB, IL-15, COX-2, CREB, ERK, PKC, P38

MAPK.

Anti-cancer. [42, 59]
Apoptosis inducer via caspase-3 activation and ROS,

Growth inhibition by fapoptosis,S-G2/M, 1p21/WAFI,

leyelin B, [cyclin A, |Cdc2, |Cde25C, |Bcl-2, 1Bax,

TERK 2, 1p38

Apoptosis,  Anti-angiogenic,  Antioxidant,  Cell [37,42]
differentiation enhancer.

Inhibit ROS generation, Fas upregulation, Caspase-8-
dependent BID activation with successive inhibition of

mitochondrial pathway.

Apoptosis inducer mediated by the activation of the [16, 35,36

mitochondrial pathway. > 63]
Cytotoxic, TApoptosis, Caspase activation, Inhibit cell
proliferation through |Bcl-2, |cyclin D1, 1Bax.

Apoptosis inducer. [42, 66]

Arrest cell cycle in G1 phase through activation of

caspases-8,9 and 3.

Inhibit NF-kB signaling, Bind and inhibit IKKa and
IKKb kinases and modulate downstream NF-xB
signaling.

Suppress cell proliferation and topoisomerase [18, 65]
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Sr. No. Pentacyclic Targets and general mechanisms References
triterpenoids
8 Glycyrrhetinic  Induce apoptosis. [16, 27]
acid Produce pro-apoptic changes of the rat liver mitochondria
such as loss of membrane potential and release of
cytochrome ¢ and other apoptosis inducing factors in a
Ca’" dependent manner.
Induce apoptosis through caspase-8 activation, Bcl-2 and
Bcl-xL (antiapoptic) down regulation.
9 Lantadene A Anti-cancer. [68 - 72]
and B Induces efficiently cell apoptosis by activating the
caspase-3 pathway and through regulation of Bcl-2 and
Bax expression.
Enhances apoptosis through inhibition of tumors via
down regulation of AP-1 and NF-kB (p65).
10 Lupeol Induces apoptosis. [62, 63, 73]
Suppress cell proliferation by TERa protein and mRNA.
Inhibits NF-kB signaling including phosphorylation of
IkBa protein, DNA binding of NF-kB complex and NF-
kB-dependent reporter gene activity.
11 Maslinic acid ~ Reduces cell proliferation rates. [13,74]
Induce apoptosis through increasing activity of caspase 3.
Triggers release of cytochrome ¢ from mitochondria and
subsequently activates the downstream apoptosis
executors.
Induce apoptosis through intrinsic pathway.
12 Oleanolic acid  Cytotoxicity, Inhibit angiogenesis, Inhibit DNA [65]
polymerase f.
13 Pomolic acid  Cytotoxicity, Inhibit DNA polymerase B, Activate [30,49]
AMPK.
14 Pristimerin Induce cell apoptosis, Inhibit cell viability. [30, 38, 75]
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Sr. No. Pentacyclic Targets and general mechanisms References
triterpenoids

Inhibit tumor angiogenesis and tumor cell proliferation,

Induce caspase dependent apoptosis.
Inhibit NF-kB and proteasome activity.
Inhibits NF-kB and cell cycling through VEGFR2.
15 Taraxerol Inhibitory action on cancer cell. [76]

16 Ursolic acid Anti-mutagenic, Anti-tumor, Inhibition of cell [33,65]
proliferation, Displayed cytotoxicity cancer cells by
Tapoptosis, |Bcl-2, PARP cleavage, GR modulation.
Growth inhibitory effect by decreasing O, consumption.

Cytotoxicity, Increases NO.

17 24- Inhibit cell proliferation. [77]
Hydroxyursoli  Induce cellular apoptosis by activation of poly(ADP-
c acid ribose)  polymerase = (PARP), caspase-3, and
phosphorylation of p53 at Serl5.
Activate AMP-activated protein kinase (AMPK) and
mediate critical anti-cancer effects by inhibition of
cyclooxygenase (COX-2) expression in HT-29 cells.

Strongly induce DNA fragmentation cancer cells.

18 20-Hydroxy- Suppress cell proliferation, |[NF-x B, |proteosomal [65, 78]
ursolic acid activity
(corosolic
acid, colosolic

acid)
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nisms contributing anticancer activity of some pentacyclic
triterpenoids.

6. Conclusions

Avast literature is available showing that plants are richly
distributed with a diverse range of chemical compounds
and can influence many physiological processes in nor-
mal and disease state. This review summarizes crucial
mechanisms of pentacyclic triterpenoids accountable for
anticancer effects. Literature obtained from in vitro and
in vivo studies revealed that pentacyclic triterpenoid can
indeed act on multiple molecular targets and cell pro-
liferation regulatory pathways that play a pivotal role in
uncontrolled cell proliferation. It mainly includes DNA
polymerase inhibition, regulation of apoptosis, change in
signal transductions, interfere with angiogenesis and ded-
ifferentiation, antiproliferative activity and metastasis in-
hibition. Ursolic acid exerts anticancer efficacy by several
mechanisms such as proliferation inhibition, enhancing
apoptosis, growth receptor modulation, reducing cellular
oxygen consumption and increasing cellular level of NO.
Pristimerin selectively inhibits NF-kB and proteasome ac-
tivity, and cell cycling through VEGFR2. Many targets and
related interactions by which pentacyclic triterpenoid acts
as anticancer agent has been revealed, but still a detailed
investigation and clinical trials are required to clarify cor-
rect molecular mechanisms and its anticancer efficacy.
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