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Abstract: Telomere length is correlated with cell proliferation, and cancer cells are characterized by an uncontrolled cell cycle. Being apoptosis one of the checks 
and balances incorporated into cells cycle, due to its characteristics, cancer cells are able to overcome this process. In particular, the tumour suppressor protein 
p53 loss or inactivation can lead to activation of telomerase enzyme, which can make cells unable to detect DNA damages that spurs apoptosis. Some bioactive 
compounds, in particular phenolic compounds, saponins and alkaloids have revealed good abilities to affect p53 expression and indirectly control the telomere 
length. In this sense, this review gives a key emphasis to the ability of these compounds in blocking cancer progression by acting on p53 expression and controlling 
telomere length. As main findings, phenolic compounds, saponins and alkaloids interfere with cancer progression by stimulating p53 expression, which can cause 
pro-apoptotic onset and restrict the anti-apoptotic activity, in addition to preventing telomerase enzyme activity.
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Introduction

Telomeres are placed at end of chromosome and be-
come shorted during each cell cycle (1). Telomere acts 
as an internal molecular clock that can decline the cell’s 
division cycles number. Telomeres length is correlated 
with cell proliferation, in other hands, the telomerase 
activation and telomeres elongation can enhance cell’s 
ability to proliferate (2, 3). One of the tumour suppres-
sor mechanisms in eukaryotes cells is the replicative se-
nescence, produced by the shortening of telomeres (4). 
The replicative immortality of cancer and stem cells is 
due to telomerase activation to sustain telomere length. 
Most cancer cells are able to skip this mechanism by 
activating telomerase, that can enhance the 3′- ends of 
telomeres. Telomerase enzyme can solve the end rep-
lication problem in cancer cells, promoting replica-
tive senescence in normal somatic cells. This enzyme 
is used as an interesting biomarker in cancer detection 
and treatment, as it is mostly related to carcinogenesis 
(2, 3, 5). On the other side, the tumour suppressor pro-
tein p53 binds to the sub-telomere section and increases 

telomeres stability. So, p53 loss or inactivation makes 
cells unable to sense DNA damages that spurs apopto-
sis. Then, p53 deficiency can lead to telomerase activa-
tion, thus accelerating carcinogenesis (6). 

Some bioactive compounds, such as phenolic com-
pounds, saponins and alkaloids have shown to affect 
p53 expression and indirectly control telomere length 
(1, 7-9). Thus, this review specially addresses the 
ability of some bioactive molecules, namely phenolic 
compounds, saponins and alkaloids, to block cancer 
progression, specifically acting on p53 expression and 
telomere length.

Telomere and telomere shortening 

Telomeres are regions of repetitive sequences (same 
short DNA sequences repeated over and over) at each 
3′-end of eukaryotic chromosomes (3). In human be-
ings, the telomeres sequence is TTAGGG. They are nu-
cleoprotein protective caps over distal part of two sister 
chromatids in chromosome (3). Telomeres protect chro-
mosome from degradation and entanglement with other 
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chromosomes. In addition, they restrain fusion of two 
sister chromatid together (end to end fusion) (Figure 1) 
(3).

On average, each eukaryotic cell can divide 50-70 
times before death, and the shortening of telomeres has 
been seen as a regulatory mechanism capable of control-
ling the replicative capacity. With successive replica-
tions, the cell’s telomeres become smaller and smaller, 
until they become so short that cell division is blocked 
and cell goes into replicative senescence (Figure 2) (2, 
3).

Shelterin complex and telomerase retain telomere 
length

Shelterin complex are telomeres-associated proteins, 
composed of three core shelterin subunits: telomere 
repeat factor-1 (TRF1) and -2 (TRF2), and protection 
of telomeres 1 (POT1) that identify and bind duplex 
TTAGGG repeat sequences and pinpoints and ties with 
single-stranded TTAGGG overhangs, respectively. In 
mammalian cells, telomeres length is controlled by 
telomerase and six telomere-associated proteins, known 
as “shelterin complex or telosome” that consist of TRF1, 
TRF2, POT1, Ras-proximate-1 (RAP1), TERF1-inter-
acting nuclear factor 2 (TIN2) and tripeptidyl peptidase 
1 (TPP1) (Figure 3). TRF1 and TRF2 are essential pro-
teins for direct telomere duplex DNA binding (10).

TRF1 are assumed to check telomere length. TRF2, 
by contrast, assist to stabilize telomeric loop (t-Loop), 
inserting the chromosome end back into the chromo-
some DNA (10, 11). POT1 confers protection to telo-
mere-1 protein, a negative regulator of telomerase ac-
tivity (telomerase inhibition). POT1 conserve telomeres 
from rapid degradation by interconnecting with telo-
meres either through 3′ over hang G-strand DNA bind-
ing or TRF1 interplay (12). RAP1 is a Ras-related pro-
tein which interacts with TRF2 and enhances telomere 
binding. TIN2 is crucial for the association between 
TPP1/POT1 and TRF1/TRF2 that can stabilize TRF1 
and TRF2. TPP1 is situated between TIN2 and POT1 
that relates activity of TRF1 to POT1 (10). Telomerase 
is a ribonucleoprotein that conveys its own RNA (Fig-
ure 4). In stem and cancer cells, it adds to telomere dur-
ing cell division and maintains telomere length (prevent 
telomere shortening) and ensures telomeres stability as 
well as cancer cells immortality (11). So, the eternal 
proliferation of cancer cells is due to silent human 
TERT gene (hTERT, human telomerase reverse tran-
scriptase) up-regulation, that encodes telomerase (10).

Cancer, apoptosis and P53 regulates telomerase ac-
tivity

Apoptosis is a programmed cell death process, be-
ing even considered one of the checks and balances 
built into the cell cycle (13). Usually, when something 
goes wrong in a cell, it is rapidly impaired via apop-
tosis, which aids to exhibit cancer cells proliferation. 
On the other side, cancer cells are characterized by an 
uncontrolled proliferation cycle, and so, they are able 
to overcome apoptosis; however, without this process, 
these abnormal cells can subsist and form cancer cells. 
The tumour suppressor protein p53 loss or inactivation 
makes cells unable to sense DNA damages that spurs 
apoptosis. There are several checkpoints during cell 
division which allow for DNA repair; so, if the repair 
is done, the cycle continue to act normally; if not, p53 
gene on p53 protein would trigger apoptosis (cell sui-
cide). Hence, p53 prevents tumour formation that is 
why it is called as “tumour suppressor”. Thus, p53 in-

Figure 1. Mechanisms of breakage-fusion-bridge cycles.

Figure 2. The Hayflick limit.

Figure 3. Shelterin complex or telosome.

Figure 4. Telomerase protein components. 
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can assist to enormous apoptosis of germ cells. Sequen-
tially, p53 activity eradication impedes the shorting of 
telomeres leading to tumour genesis in telomerase-de-
ficient mice without p53 (19). Artandi and Attardi (14) 
described pathways that connect telomeres and p53 in 
senescence, apoptosis, and cancer. p53 has a notable 
role in apoptotic responses to dysfunctional or damag-
ing telomeres. p53 loss establishes an environment in 
which severely short telomeres are inadequately com-
bined to create end-to-end chromosomal fusions, which 
result in chromosome fusion-bridge-breakage that can 
progress cancer predominantly in epithelial tissues, pro-
moting gene changes (14). Eukaryotic cells proliferation 
relies on telomeres length and functions maintenance. 
Chin, Artandi (20) investigated the interaction between 
the dysfunction of telomeres and p53 in telomerase-de-
ficient mice cells and organs. The simultaneous p53ac-
tivation, telomeres shortening and genome instability 
terminates cells growth and induces apoptosis. On the 
other side, p53 deletion/deficiency partakes to stimulate 
the transformation process only in prior stage of genetic 
crisis which boosts carcinogenesis (20). 

Expression of p53 prohibits telomerase activity

Zhang, Tu (21) evaluated p53 activation, retarded 
telomerase activity and estrogenic beta receptor promo-
tion, which was related to the anti-proliferative effect 
of the combination of ovarian hormones and retinoid 
in sempiternal human epithelial cells. This research 
revealed that the anti-proliferative effect of estrogen/
progesterone (E/P) and retinoid is p53 activation-de-
pendent following stimulation of p21 expression. The 
up-regulation of estrogenic beta receptor and obstruc-
tion of telomerase activity are also linked to E/P and 
retinoid mediated growth prohibition (21). The role of 
biomarkers, such as p53, Bcl-2 and telomerase activ-
ity was scrutinized on breast cancer patients in Egypt 
(22), in order to appraise the prognostic relevance of 
such markers implied in apoptosis and carcinogenesis. 
A notable expression of Bcl-2, mutant p53 proteins and 
a considerable telomerase activity were stated in pa-
tients with malignant breast cancer when compared to 
benign ones. The analysis divulged that p53 and telom-
erase activity are the only biomarkers indicating a sig-
nificant correlation with each other, thus might predict 
tumour recurrence. Additionally, telomerase activity 
was more pronouncedly exhibited in late than in early 
stages. Bcl-2 did not reveal any direct association with 
telomerase activity. Hence, telomerase activity seems to 
be independent of Bcl-2 protein expression. This lack 
of correlation could be ascribed to the fact that p53 can 
directly affect Bax activity in apoptosis process. Bcl-
2 overexpression increases angiogenesis, particularly 
enhancing the vascular endothelial cell growth factor 
(VEGF) protein secretion level. Mutant p53 expres-
sion was related with enhanced VEGF expression level, 
which has been recommended to be the major angiogen-
ic factor in human tumours (22). p53 inactivation and 
telomerase activation take place in most human cancers, 
thus enhancing the possibility of a relation among both 
pathways. Shats, Milyavsky (23) reported that p53 pro-
tein overexpression lead to telomerase activity down-
regulation in different cancer cell lines by suppressing 

activation is involved in cancer cells immortalization. 
Briefly, p53 binds to the sub-telomere section and thus 
increases telomeres stability. Consequently, telomeres 
can protect chromosome from end-to-end fusion. The 
fused chromosomes may lead to chromosome fusion-
bridge-breakage cycles, fuelling cancer onset. Further-
more, p53 down-regulates telomerase activity through 
interaction with the telomerase RNA moiety and regu-
lating protein phosphorylation. Ergo, p53 deficiency 
can lead to telomerase enzyme activation, which can 
accelerate carcinogenesis (6).

Dysfunctional telomere promotes activation of P53
 

Telomere dysfunction and telomere uncapping it-
self lead to chromosome end to end fusion which as-
sists to DNA break. This chromosomal fusion bridge 
breakage initiates Ataxia-telangiectasia-mutated/Ataxia 
telangiectasia and Rad3-related (ATM/ATR) signalling 
pathway (14) which can impact DNA repair response 
and supply a barrier to tumour growth, inducing senes-
cence, cell cycle division arrest (G1 arrest) and apopto-
sis (15). ATM and ATR proteins are prime DNA damage 
response (DDR) regulators, and sustain cell’s genomic 
integrity. Briefly, ATM directly phosphorylates p53 
and Chk2 checkpoint kinase that further stimulates p53 
phosphorylation (15). ATR directly phosphorylates p53 
(16). p53 activation influences p21 stimulation, another 
suppressor gene (Downstream transcription gene) that 
can hinder cyclin/cyclin dependent kinase complexes 
substrate pRb phosphorylation in G1 phase, which leads 
to prevent their activity as they are crucial elements in 
cell cycle division. Accordingly, it causes cell cycle ar-
rest at G1; so, it renders time for repairing DNA (17). 
Promyelocytic leukemia (PML) gene supplies a protein 
that acts on tumour suppression. PML protein with p21 
can block cell proliferation and induce apoptosis (14). 
p53 stimulation can influence on pro-apoptotic Bax ac-
tivation and also promote p53 unregulated modulator of 
apoptosis (PUMA) and Noxa activity, components bind 
to Bcl-2 family (antiapoptotic) and block their action, 
leading to apoptosis (14).

Role of p53 on telomere stability

Tutton and Lieberman (18) reported that p53 protein 
is an essential tumour suppressor that activates the vari-
ous transcription genes involved in cell stress response. 
p53 direct binding at human sub-telomeres quadrates 
with activation of transcription and magnifies telomere 
stability when exists DNA damage (18). Consequently, 
telomerase inhibitors (or telomere shortening) are now 
being considered as potential anticancer drugs. Strate-
gies to inhibit telomerase activity have initiated a vig-
orous prevention of hTERT, that can assist to decrease 
the number of telomeres and ultimately the death of 
cancer cells (10). Telomere perpetuation is vital to cor-
roborate the correct organs’ size and function. Flores 
and Blasco (19) reported that p53-dependent response 
restrains epidermal stem cell function and organismal 
size in mice with telomere dysfunction. p53 initiates 
the cell response to various types of DNA damage, such 
as telomere damage, being able to distinguish telomere 
dysfunction in stem/progenitor cell populations; so, it 
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catalytic subunit transcription, hTERT, that was found 
to be cell type-specific. The absence of p53 binding to 
the hTERT promoter was also evaluated by south west-
ern and chromatin immune precipitation experiments, 
which increased the likelihood of an indirect restrain 
mechanism. Mutational analysis recognized a specific 
E2F (transcription factor) site responsible for p53-me-
diated repression, triggering hTERT promoter activity 
down-regulation abolishment. Moreover, it was found 
that hTERT prevention through p53 is p21 activation-
mediated, which can inhibit Rb (retinoblastoma) family 
activity using viral oncoproteins or RNA interference 
(23). Stampfer, Garbe (24) demonstrated a novel effect 
of p53 loss on immortal transformation, comparing hu-
man mammary epithelial cell (HMEC) lines immor-
tally transformed without functional p53. This research 
discloses that dysfunctional p53 can directly influence 
malignancy through effects on progression conversion 
that enhance telomerase activity stimulation in human 
mammary epithelial cell lines of unlimited lifespan. 
This investigation also supplied evidence that the role 
of p53 in preventing telomerase enzyme activity is dis-
tinguishable from its function of cell cycle checkpoint 
(24). Gonzalez-Suarez, Flores (25) described the coop-
eration between p53 mutation and elevated telomerase 
transgenic expression in the spontaneous development 
of cancer. The incidence of aging/spontaneous cancer 
in mice with transgenic telomerase expression was as-
sessed in a wide range of adult somatic tissues and K5-
Tert mice. K5-Tert mice exhibited a reduction in life 
span compared to wild-type cohorts related to a higher 
frequency of pre-neoplastic and neoplastic lesions in 
various types of tissues. In K5-Tert mice, neoplasias co-
existed with transgene expression in the affected tissues. 
These data recommended that high telomerase activity 
may contribute to genetic changes that occur with age 
to boost carcinogenesis. Furthermore, cancer develop-
ment and the decreased K5-Tert mice viability were 
more severe a in a p53 mutation, suggesting that telom-
erase enzyme cooperates with decreased p53 function 
in promoting carcinogenesis. Based on the data, high 
telomerase activity levels cause a decrease in life span, 
associated with an increase in neoplasias as the body 
ages (25). Li, Cao (26) elucidated the molecular interac-
tions in vitro between telomerase and p53, and found a 
direct interaction between telomerase enzyme and mu-
tant p53 in the nuclear lysates of human breast cancer 
cells and with recombinant human p53. The obtained 
results demonstrated that the carboxyl-terminal region 
of both p53 types interacts directly with human telomer-
ase associated protein 1 (hTEP1), causing impediment 
to telomerase activity (26). 

Bioactive compounds on p53 expression and telo-
meres length

Phenolic compounds activate p53
Phenolic compounds are naturally-occurring bio-

molecules characterized by a structure containing at 
least one benzene ring and one hydroxyl group substi-
tuted. Structurally, they can be classified into 2 main 
groups: flavonoids and non-flavonoids. Flavonoids are 
often found in fruits, vegetables, seeds, spices, herbs, 
tea, cocoa, and wine, and are divided into 6 subclasses: 

anthocyanidins, flavan-3-ols, flavanones, flavones, fla-
vonols, and isoflavonoids. Non-flavonoids can be sub-
classified into phenolic acids (benzoic and cinnamic 
acids), tannins, stilbenes and curcuminoids, such as cur-
cumin, obtained mainly from dried turmeric and curry 
powder. Etienne-Selloum, Dandache (7) provided infor-
mation obtained from current investigation concerning 
phenolic compounds-induced apoptosis through tumour 
suppressor (mainly p53 and p73) regulation. Under 
physiological conditions, p53 down-regulation can be 
done by three mechanisms: i) action of the mouse’s 
double minute protein (MDM2) causes ubiquitin-me-
diated protosomal degradation, ii) reduction of nuclear 
export-induced nuclear level, and iii) suppression of 
chromatin transcriptional. Phenolic compounds can in-
hibit MDM2 expression, involved p53 overexpression. 
Moreover, p53 stabilization and activation is linked to 
serine/threonine residues phosphorylation, and poly-
phenols can also regulate the p53 phosphorylation. The 
role of p53 and p73 is also controlled through acetyla-
tion on different lysine residues, and polyphenols also 
monitor and maintain acetylation (7). Gupta, Thakur 
(27) reported that green tea polyphenols were able to 
trigger p53-dependent and p53-independent apoptosis 
in prostate cancer cells by 2 distinct mechanisms: i) p53 
stabilization and p21/waf1 and Bax activation, mainly 
in LNCaPshV cells, simultaneously up-regulating Fas 
by c-jun-N-terminal kinase activation, thus activating 
caspase-8 and apoptosis in LNCaPshV and LNCaP-
shp53 cells, also activating Bid as pro-apoptotic pro-
tein; and ii) Akt and BAD deactivation as antiapoptotic 
protein, mainly in LNCaPshp53 cells. Then, it triggers 
mitochondrial transmembrane potential loss and cyto-
chrome-c release and terminal caspases activation (27). 

The interaction between three types of flavonoid com-
pounds (e.g., wogonin, apigenin and baicalein) and p53 
genes in an ovarian cancer cell line was also assessed 
(28). The flavonoid compounds were packed in biode-
gradable nanoparticles to enhance their bioavailability, 
and the assessment of their anticancer activity on cel-
lular function was done through in vitro assays (i.e. cell 
viability, growth curve and cell cycles). Ovarian cancer 
cell line (OVCAR4 cell line) was treated using nanopar-
ticles containing wogonin, apigenin or baicalein for 48 
h. The p53 gene functions in cells were controlled by 
transfecting cells with human papillomavirus (HPV) E6 
oncogene (HPV16 E6) cloned into a pCMV plasmid, 
which degraded the p53 protein through the ubiquitin 
dependent proteolytic pathway, consequently dimin-
ishing p53 gene production. Cells without transfection 
were considered as control group; then, both transfected 
and non-transfected cells were X-ray exposed. X-ray 
radiation led to DNA damages in cells promoting p53 
expression. The p53 and p21 genes expression was es-
timated by RT-PCR. Cells with HPV16 E6 transfection 
exhibited no significant rise in p53 expression, dem-
onstrating that transfections retarded p53 production, 
but non-transfected cells revealed an increase in p53 
expression upon exposure to X-ray. The above results 
were attained due to reaction of cells to DNA damage 
by p53 and p21 overexpression. Wogonin exhibited po-
tential anticancer activity by reducing cells viability and 
growth rate compared to other flavonoids. Moreover, 
wogonin increased the prevention of HPV16 E6 trans-
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fected cells division in G0/G1 phases (28). Moghtaderi, 
Sepehri (29) displayed the combination of gallic acid 
and curcumin as natural phenolic compounds on MDA-
MB-231 breast cancer cells by assessing their cytotoxic 
potential and ability to induce apoptosis. Mitochondrial 
membrane potential, cell cycle analysis, MTT assay, flu-
orescence microscopy, nitrite detection, reactive oxygen 
species (ROS) and glutathione levels, annexin V assay, 
RT-PCR and Western blotting methods were used. The 
fluorescent staining and Annexin V/PI assay displayed 
that apoptotic cells were remarkably enhanced in the 
group treated with the combination of gallic acid and 
curcumin and also crucially declined Bcl-2 level, while 
improved p53 expression and followed up in enhancing 
in Bax expression and caspase-3 and poly-ADP-ribose-
polymerase (PARP) levels in MDA-MB-231 cells (29).

Alkaloids activate p53
Avtanski, Nagalingam (9) reported that indolo-

pyrido-isoquinolin-based alkaloid prevents breast can-
cer cells growth, invasion and migration through p53-
miR34a axis activation. As tumour cells are sensitive 
to p53 activation, new targeted therapies have been 
searched acting on tumour suppressor p53, which has 
a vital function in restraining cancer growth and pro-
liferation through several biological processes (i.e. 
apoptosis, inhibition of cells growth, prevention of an-
giogenesis, obstruction of migration and metastasis). 
The current research investigates synthesis of various 
indolo-pyrido-isoquinolin-based alkaloids to promote 
p53 function and evaluated their therapeutic efficacy via 
NCI-60 screening. Molecular verification issued that 
11-methoxy-2,3,4,13-tetrahydro-1H-indolo[2',3':3,4]
pyrido[1,2-b]isoquinolin-6-ylium-bromide (termed 
P18/NSC-768219) suppressed proliferated cancer cells 
survival. P18 was still able to intercede on p53 activa-
tion, thus enhancing nuclear localization and raising 
p53 target genes expression. The assessment in isogenic 
cancer cells with p53 deficiency revealed crucial p53 
effects in mesenchymal and epithelial genes changes 
and metastasis suppression in cancer cells p18-medi-
ated. Additionally, p18 enhanced miR-34a expression 
in a p53-dependent way which may be essential for 
the interceded p18 obstruction of growth, metastasis 
and mammosphere formation in breast cancer cells (9). 
Hammerova, Uldrijan (30) showed that the benzo[c]
phenanthridine alkaloids have marked anti-proliferative 
effects in malignant melanoma cells despite their p53 
status. In this research, the anticancer activity of the five 
benzo[c]phenanthridine alkaloids (e.g. sanguinarine, 
chelerythrine, chelidonine, sanguilutine and chelilutine) 
was evaluated by assessing the protein level, DNA, 
apoptotic activity and cell response to alkaloid remedy 
in a p53-dependent way. The above mentioned types 
of alkaloids, in spite of other alkaloids, demonstrated 
strong anti-proliferative activity in a p53-independent 
manner. Chelilutine, chelerythrine and sanguinarine 
triggered apoptosis, diminishing the antiapoptotic pro-
tein (e.g. Bcl-xL, Mcl-1, X1AP) levels and increasing 
caspase 3 release and poly (ADP-ribose) polymerase 
cleavage (30).

Aaptamine is a spongean alkaloid which enables 
p21 promoter activation in a p53-independent fashion 
(31). p21 is also called cyclin dependent kinase inhibi-

tor (CDKI) recognized for targeting p53 protein. It also 
acts as a negative regulator of cell cycle division. Thus, 
p21 expression is regulated by diverse mechanisms in 
a p53-dependent manner. Previous investigation dis-
played evidence regarding mutant p53 manifestation in 
many human cancer cells, whereas p21 mutation was 
infrequently reported. Ergo, the compounds can en-
hance p21 expression in a p53-independent way, thus 
enabling to suppress or remedy cancers. Aaptamine ex-
hibited ability to dose-dependently activate p21 trans-
fected in MG63 cells at doses of 20-50 µM. This activa-
tion was performed by Sp1 sites between 82 and 50 bp 
independently of p53. Hence, MG63 cell cycle division 
was inhibited at the G2/M phase within 48 h (31). Shaer 
(32) revealed that the crude alkaloids extract of Rha-
zya stricta Decne. was able to induce apoptosis in pan-
creatic cancer cells (PANC-1and AsPC-1), through as-
sessment of p53 and Bcl-2 expression, as apoptotic and 
antiapoptotic markers, respectively. The obtained data 
displayed that the alkaloid extract at dose of 10 and 100 
μg/ml can enhance the p53 mRNA expression, while 
Bcl-2 mRNA expression diminished, leading to cancer 
cells apoptosis (32). Habartova, Havelek (33) revealed 
that scoulerine, an isoquinoline alkaloid, can affects the 
microtubules structure, arrest cell cycle division and 
suppress cancer cells proliferation; therefore, it lead to 
cancer cells apoptotic death. The assessment was done 
for apoptosis activation through measuring DNA frag-
mentation using TUNEL assay, determining caspase ac-
tivity and p53 expression in MOLT-4 cells. Inclusively, 
scoulerine exhibited ability to activate caspases-3/7, -8 
and -9, recommending the association of an extrinsic 
and intrinsic pathway on programmed cell death (33). 
Rattanawong, Payon (34) revealed the anticancer poten-
tial of cepharanthine, a biscoclurine alkaloid, isolated 
from Stephania cephalantha Hayata, in p53 mutated 
colorectal cancer cells through p21 up-regulation. The 
previous investigation revealed that p53 mutation can 
apply chemo-resistance through several mechanisms, 
such as drug efflux, cell cycle regulation disruption, 
apoptosis avoidance and DNA repair up-regulation. 
That study was designed to assess the anticancer ac-
tivity of cepharanthine in p53 mutant versus p53 wild-
type colorectal cancer cells and to determine its mode 
of action. Cepharanthine displayed a higher efficiency 
in growth prevention towards the p53 mutant colorectal 
cancer cell lines (e.g. HT-29 and SW-620) than in p53 
wild-type colorectal cancer cell lines (e.g. COLO-205 
and HCT-116). Data revealed that cepharanthine can re-
strain cell cycle division and apoptosis via enhancing 
p21waf1/Cip1 expression in p53 mutant cell line. More-
over, cepharanthine treatment led to a decline in Bcl-2 
and cyclin A expression. Thus, these findings revealed 
that cepharanthine is an alkaloid that can be suitable 
for recommending novel anticancer compounds against 
p53 mutant colorectal cells, resistant to chemotherapeu-
tic agents (34). Aloperine, a quinolizidine alkaloid, has 
been shown to arrest cell cycle division at G2/M phase 
and induce apoptosis in HCT116 human colon cancer 
cells. Thus, in a study, this molecule was isolated from 
Sophora alopecuroides L. leaves, a plant traditionally 
used as anti-inflammatory, anti-allergic, antitumor, and 
antiviral. This alkaloid induced cell cycle suppression 
through ascending p21, p53 and Bax protein expression 
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and reducing cyclin D1, B1 and Bcl-2. In addition, alo-
perine prevented phosphatidylinositol 3-kinase/Akt and 
JAK/Stat3 pathways (35). The alkaloid fraction of ja-
rong (Achyranthes aspera L.) leaf triggered apoptosis 
in breast cancer cells via p53 pathways, without necro-
sis stimulation, thus suggesting the anticancer poten-
tial of this plant, through safely inducing programmed 
cells death without stimulation of tissue inflammation. 
The process of apoptosis occurs through two pathways. 
The first one involves the role of telomere in chromo-
some protection, where telomerase enzyme can con-
trol telomere formation. Telomerase enzyme restriction 
can suppress telomere formation, causing chromo-
some break and cells death. The second pathway can 
be done through enhancing the activation of p53 and 
pro-apoptotic protein, such as Bax, that can stimulate 
mitochondria to release cytochrome-c. Cytochrome-c 
can stimulate apoptosis factor 1 (APAF1) followed by 
caspase-9 activation. Later on, activation of caspase 9 
with caspase-8 can stimulate caspase-3 formation. Cas-
pase-3 activation promotes DNase activity to fragment 
DNA, and consequently, die. In addition, apoptosis is 
related to cycline dependent kinases (CDK) (i.e. CDK1, 
CDK2, CDK4 and CDK6) activation. Thus, that study 
revealed that the alkaloid obtained from A. aspera leaf 
can induce apoptosis especially by increasing p53 gene 
expression and suppressing cycline dependent kinases. 
Moreover, it was also shown that the alkaloid extract 
obtained from A. aspera had better anticancer benefit 
over cyclophosphamide (36).

Saponin activates p53
One of the bioactive compounds with prominent 

anticancer effects are saponin, compounds constituted 
of sugar (glucose, galactose, rhamnose or xylose, etc.) 
and aglycones (sapogenin) on hydrolysis. Xu, Li (8) 
described that triterpenoid saponins (ginsenosides; gin-
senoside Rg3, ginsenoside Rh2, other ginsenosides and 
saikosaponins A and D) and steroid saponins (dioscin, 
polyphyllin D, and timosaponin) isolated from Chinese 
medicinal plants reveal anticancer effects, by exerting 
anti-proliferative, anti-metastasis, anti-angiogenesis, 
anti-multidrug resistance, and autophagy regulation 
effects. Furthermore, Chinese scientists elucidated the 
signalling pathways and target proteins responsible for 
the anticancer effects of saponins (8). Two saponin frac-
tions (4A3 and 4A4) isolated from Securidaca longipe-
dunculata Fresen. were recognized and reported as trit-
erpenoid glycosides, being enable to induce apoptosis in 
cervical tumor cell lines. In addition, as human papillo-
mavirus (HPV) E6 oncogene has crucial role on cervical 
cells, the authors also assessed the possible pathways 
for apoptosis transmission. One of the suggested ideas 
was that saponin fractions 4A3 and 4A4 can induce late 
apoptosis and early apoptosis, respectively, by targeting 
E6 molecular activity which assist on p53 restoration 
follow by activation of pro-apoptotic proteins, such as 
Bax, Bak and Cyt, and also enhancing PUMA activity 
(37, 38). 

One of the considerable causes of cancer death among 
men is lung cancer. Some naturally-occurring bioactive 
compounds have been shown to be beneficial for lung 
cancer. Samarakoon, Ediriweera (39) elucidated the cy-
totoxic and apoptotic potential of a triterpenoid saponin, 

3-O-α-L-arabinosyl oleanolic acid, 3-O-L-AO, isolated 
from Schumacheria castanifolia Vahl in human non-
small-cell lung cancer (NCI-H292) cells. The 3-O-L-
AO produced more potential cytotoxicity in NCI-H292 
cells than in normal lung (MRC-5) cells. The 3-O-L-AO 
exerted dose-dependent Bax and p53 up-regulation and 
survivin down-regulation in NCI-H292 cells. For bye, 
caspase 3/7 activation and the morphological features 
related to apoptosis proved that 3-O-L-AO induced 
apoptosis. Caspases activity were regulated by Bax and 
p53 (39). Zhang, Men (40) reported the antitumor ef-
fect of triterpene acid compounds divided into lupane, 
oleanane type, ursane type, cork type and lanostane type 
triterpene acid. Triterpene acid is one of the triterpene 
acid type which is to be in unbound state, and that can 
be classified into tetracyclic triterpene and pentacyclic 
triterpene. Pentacyclic triterpenes are the most com-
monly used in traditional Chinese medicine(41). Among 
the above mentioned triterpene acid compounds, la-
nostane belongs to the tetracyclic triterpenes(42, 43). 
These compounds can repress tumour proliferation by 
caspase-3 activation which induces apoptosis through 
up-regulating the pro-apoptotic protein Bax and p53 
tumour suppression and down-regulating the antiapop-
totic protein Bcl-2 expression. They are able to block 
tumour cell cycle growth in G1 phase through activation 
of MAPK/EKR signalling pathway and to up-regulate 
the CDK inhibitor p16 or G2/M phase by diminishing 
cyclin Bi/cdc2 activity. Furthermore, they can inhib-
it cell entering into the S phase of cell cycle division 
process through preventing cyclin A expression. These 
compounds can retard the expression of angiogenic fac-
tors, VEGF-A and bFGF, also down-regulating sonic 
hedgehog (SHH), STAT3, Akt and p70S6K pathways. 
Ergo, they can restrain angiogenesis, achieving the anti-
cancer goal. These compounds can also inhibit metasta-
sis and tumour cell invasion by reducing cell’s adhesion 
to laminin; so, it can decrease cathepsin B secretion and 
finally decline migration or induce matrix metallopro-
teinase (MMP) blockage and down-regulate intracellu-
lar junctional adhesion molecule (JAM). Moreover, they 
can enhance cancer cell adhesion to extracellular ma-
trix by exhibiting the potent sialyltransferase inhibitor 
(38, 40, 44). Escobar-Sánchez, Sánchez-Sánchez (45) 
reported that steroidal saponins have ability to initiate 
apoptosis. Various studies have been performed to as-
sess the anticancer activity of steroid saponins obtained 
from different plants, viz Panax ginseng C.A.Mey., 
Solanum chrysotrichum Schltdl., Dillenia suffruticosa 
(Griff.) Martelli, Withania somnifera (L.) Dunal, As-
paragus officinalis L., Paris polyphylla Sm., Allium fla-
vum L., Allium macrostemon Bunge, Rohdea chinensis 
(Baker) N.Tanaka, against different types of cancer cell 
lines. The in vitro evaluation of the anticancer poten-
tial was done on breast (MCF-7, MDA, MB-231 and 
HT-9) and colorectal (Caco2, SW480) cancer cell lines, 
glima (C6), hepatocarcinoma (HepG2, SMMC-7721), 
leukaemia (HL-60), lung cancer (A549) and melanoma 
(B16). The in vivo assessments were carried out on lung 
cancer bearing -C57BL/6 mice. It was shown that apop-
tosis can be initiated through two pathways: 1) extrinsic 
pathway that includes the cytoplasmic membrane re-
ceptor participation, and 2) intrinsic pathway involving 
pro-apoptotic proteins delivery by mitochondria. Steroi-
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dal saponins revealed to be able to activate both routes. 
The extrinsic pathway can stimulate cell death receptors 
(Death receptor 5) present in cell’s cytoplasmic mem-
brane. The saponins’ molecular activity was found to 
be related to their structural composition and that the 
hetero-sugar moiety leads to steroidal saponins hetero-
polarity, prompting to different membrane permeabil-
ity and selectivity in the bioactivity of the compounds. 
Steroidal saponins can initiate apoptosis by activation 
of the intrinsic pathway. Saponins can target the mito-
chondria and endoplasmic reticulum, promoting cyto-
chrome-c release from mitochondria. In addition, the 
cytotoxic effect of steroidal saponins can be influenced 
at distinct molecular levels, including internal transcrip-
tion factors, such as NF-κB, in addition to exerting p53 
tumour suppression and p38 MAPK signalling pathway 
that increase caspases level (45). P. polyphylla-derived 
saponins were assessed for their ability to inhibit blad-
der cancer cells growth, through mutant p53 degrada-
tion induction and up-regulation of cyclin dependent 
kinase inhibitor A1 (CDKN1A) expression. Total steroi-
dal saponins were obtained from P. polyphylla var. yun-
nanensis (Franch.) Hand.-Mazz. by ethanol extraction. 
These saponins were used to remedy of bladder cancer 
cells line, such as HT1197 and J82, which contain mu-
tant p53. Gene ex pression was ascertained using qPCR 
and immunoblotting, and cell cycle using flow cytom-
etry. DNA damage response activation was analysed 
through immunofluores cence staining. The results re-
vealed that steroidal saponins lead to a dose-dependent 
reduction in both HT1197 and J82 cancer cells number. 
Cell growth was ceased at G2/M phase by apoptosis ac-
tivation. Thus, it was shown that the anticancer effect of 
total steroidal saponins derived from P. polyphylla var. 
yunnanensis might induce mutant p53 degradation and 
concurrently activate CDKN1A gene transcription. As 
previously referred, CDKN1A gene is known as p21, 
and p53 is a prime regulator of the CDKN1A expres-
sion. Thus, p21 is a key target of p53 activity and, thus, 
is linked to DNA damage which lead to cell cycle arrest 
by preventing cyclin/CDK complexes formation (46).

Role of bioactive compounds to control telomere 
length

Phenolic compounds
Shin, Zoh (1) demonstrated that phenolic extracts 

from walnut diminish telomere length and telomerase 
activity in a model of colon cancer stem cell (CSC). 
CD133+CD44+ cells obtained from the human colon 
cancer cell line HCT116 were sorted by FACS, and 
treated with 10, 20 and 40 μg/mL of walnut phenolic 
extract for 6 days. Telomeres length was evaluated by 
qRT-PCR, and RT-PCR was also applied to determine 
hTERT and c-MYC. The obtained results manifested a 
dose-dependent decline in telomere length, which was 
correlated with a reduction in hTERT and c-MYC tran-
scriptions and telomerase activity. Hence, walnut phe-
nolic extract could diminish cancer cells viability (1). 
Savelyev, Baykuzina (47) already evinced through a 
comprehensive analysis of the gallotannin effects on 
telomerase inhibition. Gallotannin is a tannic acid com-
pound obtained from plants, such as Caesalpinia spi-
nosa (Molina) Kuntze, Rhus chinensis Mill. and Quer-

cus infectoria G.Olivier. It can suppress cell growth 
and the activity of various DNA-polymerases, such as 
telomerase. Current research suggested that telomerase 
inhibition could happen due to reduction in the quantity 
of telomerase components without any changes in hTR 
and hTER number in HEK293T cells, while the ob-
served results obtained showed a decline in the level of 
hTERT inhibitor NF-κB expression in A549 cells treat-
ed with gallotannin. Indeed, gallotannin has revealed 
to have a role poly (ADP-ribose) glycohydrolase sup-
pression, which can split poly(ADP-ribose) branches by 
poly (ADP-ribose) polymerase synthesis. This modifi-
cation can supply proteins covalently joined to negative 
charged and branched poly(ADP-ribose) polymers that 
can affect the interaction between protein and nucleic 
acid. The telomerase complex competence is crucial 
for telomerase activity regulation that can be target for 
discovering novel telomerase inhibitors. Telomerase 
gathering can be influenced by inhibitor interaction 
with telomerase components or with supplementary 
cellular proteins, modulating telomerase complex for-
mation. Inadequate collection of telomerase complexes, 
such as dyskerin mutations, can diminish the level of 
the active telomerase enzyme in cells (47). Kaewtunjai, 
Wongpoomchai (4) described the effect of Zingiber of-
ficinale Roscoe (ginger) extract in elevating telomere 
shortening and cell division suppression in A549 lung 
cancer cells. The extract had telomerase inhibitory ef-
fect, restraining hTERT expression that could promote 
the decrease in hTERT protein level and telomerase 
activity. The data obtained by authors proved that Z. 
officinale extract can initiate telomere shortening and 
cell senescence in A549-treated cells over 60 days. The 
bioactive compounds paradols and shogaols, of various 
chain lengths, were found in Z. officinale extract. Ergo, 
pure 6-paradol and 6-shogaol could inhibit hTERT ex-
pression and telomerase activity, besides to reveal an-
ticlastogenic activity on diethylnitrosamine-induced 
liver micronucleus formation in rats. This data proved 
the non-toxic effect of compounds; so, ginger extract 
can be recommended for dietary cancer prevention (4). 
Abliz, Mijit (48) demonstrated the anti-carcinogenic ef-
fects of the phenolic-rich extract from abnormal Savda 
Munziq (ASMq), a traditional uyghur medicine, by as-
sessing its cytotoxic effect, potential to induce apopto-
sis and on telomerase activity in human cervical cancer 
cells (SiHa). ASMq preparation was done mixing Pobu-
muguo (Cordia dichotoma G. Forst fruits), Niushecao 
(Anchusa italica Retz.), Gancao (Glycyrrhiza uralen-
sis Fisch. root), Tiexianjue (Adiantum capillus-veneris 
L.), Dijincao (Euphorbia humifusa Willd.), Hongzao 
(Ziziphus jujuba Mill. fruits), Xunyicao (Lavandula an-
gustifolia Mill. aerial parts), Xiaohuixiang (Foeniculum 
vulgare Mill. fruits), Mifenghua (Melissa officinalis L.) 
and Citang (Alhagi pseudoalhagi Desv. sugar secre-
tion). Results revealed that the phenolic-rich extract 
significantly restrain cells viability and proliferation at 
concentrations of 75-175 μg/mL in a dose-dependent 
manner. Apoptosis induction also revealed to be time-
dependent, in the same way that it can be correlated 
with anti-apoptotic Bcl-2 expression down-regulation 
and telomerase and survivin expression. Furthermore, 
phenolic-rich extracts led to a dose-dependent expres-
sion of fragile histidine triad protein (48). 
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Alkaloids
Kazemi Noureini, Fatemi (49) reported the effect of 

benzylisoquinoline alkaloid chelidonine on telomere 
shortening in breast cancer cells (MCF7) and found 
that the compound triggered cell death through differ-
ent ways at same time that down-regulated telomerase 
enzyme activity. Breast cancer MCF7 cells were treated 
with low doses of chelidonine (0.01 or 0.05 μM) for 48 
h after each passage. Assessment was done by mono-
chrome multiplex qPCR and q-TRAP to estimate telo-
mere length and telomerase activity, respectively. MCF7 
cell growth was absolutely suppressed after third times 
treatments (0.1 μM chelidonine), while telomere length 
diminished to approximately 10% when compared to the 
untreated control. Furthermore, chelidonine restrained 
the telomerase activity in a dose- and time-dependent 
fashion, via changing hTERT correlation towards non-
enzyme coding isoform of the transcript. Ergo, data 
manifested that chelidonine can prevent breast cancer 
cells growth by affecting telomere length, telomere sta-
bility and microtubule formation (49). Zhao and Wink 
(5) reported that β-carboline alkaloid harmine blocks 
telomerase activity in MCF-7 cells through hTERT 
mRNA expression down-regulation. DNA intercalation 
also seemed to be a beneficial pharmacological char-
acters of the indole alkaloid harmine, which can pro-
mote frame shift mutations. The authors alos found that 
harmine exerted anti-proliferative activity in MCF-7 
cells via cytotoxic activity, telomerase activity suppres-
sion and senescence phenotype administration, through 
over-expression of the p53/p21 pathway elements. Har-
mine was also able to affect DNA, RNA, or associated 
enzymes, as it intercalates DNA leading to DNA muta-
tion and damage followed by anti-proliferation and cell 
death. Furthermore, cycline dependent kinases (CDK) 
suppression, such as CDK2 and CDK5 influenced har-
mine cytotoxicity and inhibited P450 plus DNA topoi-
somerase activity (5). Kazemi Noureini, Kheirabadi 
(50) evinced telomerase inhibition by a new synthetic 
derivative of the aporphine alkaloid boldine. Nowadays, 
predominant investigation programs in anticancer drug 
discovery are being undertaken on telomerase enzyme 
activity due to its involvement on cell immortality. Bol-
dine is aporphine alkaloid obtained from Peumus boldus 
Molina and known to suppress telomerase at non-toxic 
concentration. N-benzylsecoboldine hydrochloride 
(BSB), a synthetic derivative of boldine, was assessed 
for cytotoxicity via MTT assay in MCF7 and MDA-
MB231 cells. Docking and molecular dynamics anal-
ysis were applied to determine the crystal structure of 
TERT. The qTRAP-ligand data expressed the IC50 value 
of 0.17μM for BSB, which was 400 times stronger than 
boldine. Although both compounds binds to the active 
site, molecular dynamics revealed a second binding site, 
where BSB interacts through two hydrogen bonds, more 
strongly than boldine. BSB manifested more potential 
hydrophobicity and flexibility than boldine, which can 
prove structural evidence to prevent telomerase activity 
at non-toxic concentrations (50).

Saponins
Cycloastragenol is a type of triterpenoid sapo-

nin compound obtained from Astragalus propinquus 
Schischkin. Yu, Zhou (51) recommended cycloastragen-

ol as a novel candidate for age-associated diseases. Cy-
cloastragenol had more potential for wound healing in 
elderly mice than three other saponins obtained from 
Astragalus species, such as astragaloside IV, cyclo-
cephaloside I, and cyclocanthoside E. Cycloastragenol 
showed to be an efficacious compound in improving 
wound healing, being able to initiate human keratinocyte 
proliferation and migration at 1 ng/mL, through telom-
erase activity stimulation. Moreover, the wound healing 
properties of cycloastragenol demonstrated recovery of 
brain injuries in both in vitro and in vivo experiments. 
In addition, cycloastragenol enhanced neural stem cells 
proliferation and increased survival and counters the ef-
fects of oxygen-glucose deprivation injury in vitro. Cy-
cloastragenol was also capable to decline neuron apop-
tosis along with improvement in nerve functional scor-
ing, decrease cerebral infraction volume in a rat model 
with cerebral ischemia reperfusion injury. These effects 
are correlated with increased TERT expression. Ergo, 
telomere length and stimulation of telomerase activity 
are correlated with tissue recovery, which is telomere 
dependent; so they are compelling for remedy targets 
and exhibit tissue recovery (51). Platycodin D (PD), 
a triterpenoid bidesmoside isolated from Platycodon 
grandiflorus (Jacq.) A.DC. roots, was assessed for an-
titumor effects in different human leukemia cell lines 
(U937, THP-1 and K562) (52). A dose-dependent cy-
totoxic effect was seen, as was inhibition of telomerase 
activity through down-regulating hTERT. In-PD treated 
cells, c-Myc and Sp1 protein levels (involved in hTERT 
transcription regulation) decreased together with their 
DNA binding activity. PD also down-regulated Akt ac-
tivation, and thus reduced hTERT phosphorylation and 
nuclear translocation. These findings indicate that PD 
exerts cytotoxic effects by suppressing telomerase ac-
tivity secondary to transcriptional and posttranslational 
suppression of hTERT (52).

Conclusion

Nautrally-occurring bioactive compounds, namely phe-
nolic compounds, saponins and alkaloids have received 
an exponential interest in the couple years, given their 
prominent antioxidant and anti-inflammatory poten-
tialities. Anyway, recent evidences have also pointed 
their remarkable antitumor abilities. Indeed, it has been 
shown that they can effectively prevent cancer by stim-
ulation of p53 expression, which can trigger the pro-
apoptotic and restrain the anti-apoptotic activity, be-
sides to prevent telomerase enzyme activity by inhibit-
ing hTERT, which can assist in the progressive telomere 
shortening and eventually death of cancer cells. In short, 
and although the current advances, further studies are 
needed to find more bioactives from plant origin with 
great activity on cancer prevention and treatment.
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