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Abstract. Apoptosis, a vital component of normal cell growth
and development is characterized by diverse morphological
characteristics. The evasion of apoptosis is an important
hallmark of cancer; thus, the ability to induce apoptosis and
suppress cell growth is a promising therapeutic approach and
a highly active area of cancer research. Although chemothera-
peutics can be used to achieve this, their use is associated with
high levels of toxicity. Hence, focus is being shifted towards
plant-based compounds due to their low toxicity, easy avail-
ability and affordability. Flavonoids, a subclass of polyphenols,
have attracted attention as potential anticancer candidates due
to their ability to induce apoptosis and thus, to reduce cellular
proliferation specifically in cancer cells. Several pro- and
anti-apoptotic proteins have been identified, although their
exact modes of action have yet to be elucidated. Therefore,
research continues to focus on the pathways followed by key
proteins involved in cell cycle progression and apoptosis.
This arena of apoptosis research has been moving forward at
a remarkably rapid pace. The aim of the present review was
to provide an overall summary of the presently available data
on the modulation of the process of apoptosis by flavones in
different types of cancer.
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1. Introduction

Cancer is a complex, multifactorial disease that is character-
ized by uncontrolled cellular proliferation, leading to tumor
development. It develops as a result of genetic and epigenetic
alterations in the genome caused by errors in the replica-
tion of DNA or interactions with exogenous agents, such as
radiation and chemical carcinogens. The accumulation of such
tumor-promoting modulations in the DNA of cells endows
them with the ability to evade programmed cell death, a
process known as apoptosis, which is a crucial homeostatic
mechanism that regulates cell turnover and maintains cell
populations in tissues. The types of genes involved in the
development of carcinogenesis include tumor suppressor genes
(e.g., p53 and Rb), oncogenes (e.g., myc and Ras) and DNA
repair genes (P53 and BRCALI) (1). Cancer is being extensively
researched as it is a leading cause of mortality worldwide. It
accounted for an estimated 9.6 million deaths only in 2018 (2).
Studies that have examined the risk factors associated with the
incidence of cancer have found that a high body mass index
(BMLI, a sedentary lifestyle, smoking, alcohol consumption and
a low consumption of plant-based foods, are top risk factors
for cancer development, among others (2-5). The disease is
conventionally treated using surgery, radiation therapy and
chemotherapy (or a combination of these) depending on the
cancer type, its stage and its location. A great challenge in
the pursuit for effective cancer treatment is the genotypic and
phenotypic heterogeneity of tumor cells. Thus far, the cyto-
toxic agents that have been used in chemotherapy act rapidly,
dividing abnormal cells by inducing cell cycle disruption or
mitotic division failure, effectively killing tumor cells, while
also killing normal cells with a high rate of turnover; this
results in adverse side-effects, which include depression of the
bone marrow, aplastic anemia, diarrhea, vomiting, alopecia
etc. (6). To this effect, the greatest limitations of chemotherapy
are its non-selective cytotoxic effects, its lack of efficiency and
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the associated financial cost. Therefore, the need for the devel-
opment of agents, not only with a high efficacy and specificity,
but also with a low toxicity is crucial.

2. Chemoprevention

With an increase in cancer morbidity and mortality, the
advancement of chemopreventive agents is a key component to
the holistic approach in the prevention and treatment of cancer
accompanied by fewer adverse side-effects. ‘Chemoprevention
refers to the use of specific agents (natural or synthetic) to
reverse, suppress, or prevent the process of carcinogenesis’ (7).
These agents target molecules involved in the initiation of
apoptosis, such as pro-apoptotic and anti-apoptotic proteins (8).
Chemopreventive agents that have exhibited anticancer
potential include non-steroidal anti-inflammatory drugs (e.g.,
sulindac, aspirin and celecoxib) (9), and other FDA-approved
drugs, such as Tamoxifen, Raloxifene and HPV vaccines
(Cervarix and Gardasil). However, Tamoxifen and Raloxifene
have shown adverse side effects in patients (10). Therefore,
there is an urgent need for the development of therapeutic
agents using compounds that are found naturally, such as phyto-
chemicals in vegetables and fruits, which are lower in toxicity
and exhibit little to no adverse side-effects as a result of their
use in the prevention and treatment of cancer (11). According
to recent studies, a diet rich in fruits and vegetables has been
inversely associated with the development of a number of
lifestyle-related diseases, such as diabetes and cancer (12-14).
However, Petrick ef al and the Fukuoka colorectal cancer
study in Japan reported no association between the intake
of flavonoids and cancer (15,16). Nevertheless, a plethora of
studies mention that polyphenols and isothiocyanates have
exhibited effectiveness in the prevention of and in reducing
the risk of cancer (11-14).

3. Role of diet in the prevention of carcinogenesis

Several dietary agents with potential for cancer prevention
have been identified and these include polyphenols,
isothiocyanates, selenium and allyl compounds (13). These
compounds function by controlling biological processes,
such as cell proliferation, the induction of programmed
cell death, the cell cycle, DNA repair and oxidative stress,
affecting cancer pathways in various stages of carcinogen-
esis (11). The chemosensitivity of natural compounds favors
their use as an adjuvant therapy in conventional treatment;
however, they can also be utilized exclusively based on their
different mechanisms of action against tumor cells (14).
Phenolic compounds are secondary metabolites found in
plants, that have been extensively studied for their use as
treatment and preventive agents. Research highlights the
potential of polyphenols to interfere with multiple phases
of carcinogenesis. Flavonoids (polyphenolic compounds)
are classified into 5 main subclasses as follows: Flavones,
flavanols, flavanonols, flavan-3-ols and flavanones. In the
present review, the anticarcinogenic properties of flavones
are discussed. Notably, in vitro and in vivo studies on dietary
flavones have demonstrated their ability to modulate cellular
processes, such as cell proliferation, cell cycle arrest and
apoptosis (Fig. 1) in various types of cancer (17).

4. Flavones and apoptosis

Apoptosis is a crucial process resulting in the removal of
undesirable cells within physiological conditions. The process
is molecularly characterized by energy-reliant cascade events
and morphologically characterized by DNA fragmentation
and apoptotic body formation. Apoptosis occurs either via an
intrinsic pathway, where the process is activated from signals
within the cell, or through an extrinsic pathway where the
process is stimulated by death signals received from outside
the cell, which are then processed within the cell (18,19)
(Fig. 2). A critical characteristic that distinguishes cancer
cells from normal cells is their ability to avoid apoptosis. The
dysregulation of apoptotic pathways plays a leading role in the
onset of carcinogenesis. Therefore, a popular strategy in alter-
native cancer treatment is the utilization of dietary agents that
trigger the apoptosis of cancer cells by modulating apoptotic
pathways (18).

Flavones are a subclass of flavonoids which are polyphe-
nolic compounds present in various fruits and vegetables,
are known to have antiviral, antioxidant and anticancer
activities. Main members of flavones include tangeretin,
apigenin, chrysin, nobiletin luteolin and baicalein (13,14,17).
Flavones have been broadly studied as anticancer agents and
are known to inhibit tumor development in cancer cells by
inducing apoptosis. Scientific reports have demonstrated
that flavones activate the apoptotic pathway in cancer cells
through different mechanisms (14,17,18). The flavones,
apigenin, luteolin, baicalein and chrysin, have specifically
exhibited shown proteasome-inhibitory effects character-
ized by decrease in activity the induction of the apoptosis
of various cancer cell (17-22). Moreover, flavones have a
high safety profile, with no adverse side-effects (19). Studies
have elucidated certain biochemical mechanisms through
which flavones exert their anticancer effects; these include
the following: i) Apoptosis induction (18,23,24); ii) cell cycle
arrest at the G, or G,/M phase (17,23,24); iii) inhibition of
enzymes involved in metabolism [namely, cytochromes
P450 (CYPs)] (18,26); iv) inhibition of reactive oxygen
species (ROS) formation by activating phase II metabolizing
enzymes (24,25,27); and v) inhibition of vascular endothelial
growth factor (VEGF) and basic fibroblast growth factor
(bFGF)-mediated angiogenesis (28,29).

In the present review, the anticancer potential of 4 prevalent
flavones, namely chrysin, luteolin, baicalein and apigenin, as
well as their molecular mechanisms of action that entail their
anticancer potential are discussed.

Chrysin. Chrysin, a naturally occurring flavone, is found in
honey, Passiflora caerulea (blue passion flower), Oroxylum
indicum and bee propolis (30,31). It is specifically a dihy-
droxyflavone in which the two hydroxy groups are located at
positions 5 and 7 (Fig. 3A) and has been investigated for its
anti-allergic, anti-inflammatory, antibacterial, antihyperten-
sive, antioxidant and antitumor properties (13,30,31).

Chrysin has been evaluated as a potent anticancer agent and
has exhibited tremendous potential against various cancer cell
lines, including, breast, bladder, cervical and colorectal cancer.
Chrysin has been shown to induce G2/M arrest in SW480
colorectal cancer cells, the inhibition of cyclooxygenase
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Figure 1. Mechanisms of action of flavones.

(COX-2) via nuclear factor (NF) interleukin (IL)-6 (NF-IL-6),
and the fragmentation and apoptosis of CaCo?2 cells (17).

Chrysin induces cytotoxicity, induces apoptosis and inhibits
the migration of various cell lines (30,31). The cytotoxic effects
of chrysin and the pathways associated with these effects have
been elucidated. Certain studies have reported that chrysin
induces apoptosis via the intrinsic pathway specifically (30-32),
while others have reported that chrysin induces apoptosis via
both the intrinsic pathway and the extrinsic pathway (13,32,33).
A study on human melanoma cells found that chrysin was able
to reduce the viability of the cells in a dose-dependent manner
with an IC50 value of 35.8 and 28.3 uM in (human uveal mela-
noma cells) M17 and SP6.5 cell lines, respectively. Further
molecular investigation revealed that mitochondrial perme-
ability and cytochrome c levels in the cytosol had increased,
and the expression of caspase -3 and -9 was upregulated by
chrysin treatment, while the expression of caspase-8 remained
unaltered (30). Concurrently, treatment with chrysin has been
shown to activate p53/caspase-9 in hepatocellular carcinoma
(HCC); the anti-apoptotic [B-cell lymphoma 2 (Bcl-2)]
proteins, including B-cell lymphoma-extra large (Bcl-xL) and
Bcl-2 exhibited a decreased expression, while pro-apoptotic
proteins exhibited an increased expression; this suggested that
chrysin induced apoptosis via th e mitochondrial pathway that
was associated with the upregulation of caspase-3, BID and
Bcl-2-associated X protein (BAX), and the downregulation
of Bcl-2 (34). However, chrysin has been shown to induce the
TNF-mediated apoptosis of colorectal cancer, and both the
TNF mediated and mitochondria-mediated apoptosis of colon
cancer cells (13,32,33). Similarly, another study reported that
there was no upregulation of caspase-8, while there was an
upregulation of caspase-9 and -3, as a result of treatment of
bladder cancer cells with chrysin (31). Several other studies
have also shown that chrysin treatment induces the apoptosis
of human colorectal and HCC cells (13,33,35). These studies
have confirmed that chrysin induces the apoptosis of various
cell lines by modulating different pathways.

Moreover, it has been reported by a number of studies
that the cytotoxic effects of chrysin are mediated via the
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generation of ROS (24,31). A previous study demonstrated the
inhibition of the proliferation of ovarian cancer cells and the
induction of cell death by an increase in the concentration of
cytoplasmic Ca** and ROS levels, as well the loss of mitochon-
drial membrane potential induced by chrysin treatment (24).
Chrysin treatment resulted in the inhibition of AKT/mTOR
pathway in triple negative breast cancer and also led to the
activation of the tumor necrosis factor (TNF) pathway in
multiple cell lines, including lung (A549), rectal (SW837) and
colorectal (DLD1 and HCT116) cancer cells by the activation
of TNFa and TNFf gene expression levels. In HCT116 cells,
chrysin induced apoptosis via the mitochondrial pathway; also
in A549 human lung adenocarcinoma and HeLLa human cancer
cell lines chrysin led to tumor necrosis factor-related apop-
tosis-inducing ligand (TRAIL)-induced apoptosis (13,32,33).

A number of studies have also investigated the anticancer
potential of Chrysin in vivo using tumor growth assays/tumor
xenografts. As previously reported, the immunohistochemical
analysis of tumor tissue exhibited a decreased expression
of hexokinase-2 (HK-2) (overexpressed in several types of
cancer) following treatment with chrysin, which demonstrated
the effect of chrysin on HK-2 in vivo; the reduction of HK-2
in tumor tissue resulted in glycolysis suppression and thus,
the supply of energy to maintain tumor growth was blocked,
and the tumor cell proliferative ability was weakened (35). A
similar study using (human primary glioblastoma cell) U87
xenografts found that 3 weeks of chrysin treatment led to a
reduction of tumor weight in mice compared to that of mice
delivered treated with refined olive oil as a control; western
blot analysis of the tumors revealed that treatment with
chrysin blocked tumor xenograft growth via the downregula-
tion of the extracellular signal-regulated kinase (ERK)/nuclear
factor E2-related factor 2 (Nrf2) signaling pathway (36).
Another study found that chrysin activated Notchl signaling
in an (anaplastic thyroid cancer) ATC xenograft model. The
chrysin-treated samples exhibited a moderate to strong expres-
sion of Notchl intracellular domain (NICD), indicating that
the apoptosis induced by chrysin was associated with Notchl
activation (37).

Luteolin. Luteolin (3,4,5,7-tetrahydroxy flavone) (Fig. 3B), is a
phytochemical ubiquitously found in dietary sources, such as
green peppers, olive oil, celery, chamomile tea, peppermint,
oregano and broccoli (38,39). Luteolin has been shown to
exhibit anti-inflammatory, anti-oxidant and potent cytotoxic
activity against various cancer cell lines. It has also been
shown to lead to G2 cell cycle arrest and the apoptosis of A549
lung cancer cells via the mitochondrial pathway, whereas it
causes either GO/G1 arrest in SH-SYS5Y neuroblastoma tumor
cells with the loss of mitochondrial potential or G1/S arrest
with an increase in the ratio of BAX/Bcl-2 in SMMC-7721 and
BEL-7402 (human hepatoma) cells (13,38).

Luteolin has been shown to induce apoptosis by modulating
key molecules in both the intrinsic and extrinsic pathways
in numerous cancer cell lines, including HT-29, COLO-320
DM, HCT-15, SW480, CaCo-2, HeLa, EC1, KYSE450 and
CAOV3/DDP cells (17,39-41). Studies have revealed that
luteolin exerts its effects by upregulating the expression of
caspase-3/-7/-8, death receptors, TRAIL and Fas/FasL. It also
causes inequity in the Bax/Bcl-xL ratio via the inhibition of
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Figure 2. Targets of flavones in intrinsic and extrinsic apoptotic pathways.

Figure 3. Chemical structures of various flavones.

E6/E7 oncoproteins (17,40,41). Luteolin induces apoptosis
by reducing Bcl-2 expression (39) and increasing caspase-3
and caspase-8 expression (42). It also inhibits NF-kB and
activates TNF-a-induced apoptosis. Another elucidated
mechanism of action is that luteolin promotes the generation
of ROS, leading to TNF-a-induced apoptosis. ROS gener-
ated as a consequence of luteolin treatment have also been
shown to activate AMP-activated protein kinase (AMPK),
a regulator of NF-xB, which may initiate the cytotoxic
effect of luteolin. Furthermore, luteolin induces cytotoxicity
to human non-small-cell lung cancer (A549 cells) via the
phosphorylation of JNK, and induces apoptosis through the
intrinsic pathway, while simultaneously inhibiting NF-kB (42).
Another mechanism of apoptosis induction by luteolin is the
accumulation and stabilization of p53; luteolin has been shown
to enhance p53 expression in two human colon carcinoma cell
lines, CO115 and HCT15 (38).

In addition to this, in vivo studies have found that luteolin
reduces tumor weight and volume in mice. Furthermore,
Notchl, B-catenin and Ki-67 expression have been shown
to be reduced in tumors from luteolin-treated mice. These
results suggest the possibility that luteolin can suppress the
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(A) Chrysin, (B) luteolin, (C) baicalein, (D) apigenin.

progression of gastric cancer via the inhibition of Notchl
expression (43). Another study using human non-small cell
lung carcinoma (NCI-H1975) xenograft tumors demonstrated
a significant tumor growth inhibition upon the administration
of luteolin to mice. Concomitantly, there was no decrease
in body weight and no signs of toxicity were manifested
following luteolin administration. Immunohistochemical
detection displayed that luteolin treatment caused a progres-
sive and significant decrease in the expression of proliferating
cell nuclear antigen (PCNA,; a cell proliferation marker), CD34
(a microvessel density marker) and epidermal growth factor
(EGF) receptors (44).

Baicalein. Baicalein (5,6,7-trihydroxyflavone) (Fig. 3C)
is a flavone that was isolated originally from the roots of
Scutellaria lateriflora and Scutellaria baicalensis. Baicalein
can also be found in thyme and Oroxylum indicum and it has
demonstrated to exhibit antioxidant, anti-viral, anti-inflam-
matory and anticancer properties (45). It has also been shown
to exert anticancer effects on HCT116 human colon cancer
cells by inhibiting inflammation and inducing apoptosis via
the extrinsic pathway and the inactivation of the AKT/PI3K
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pathway; in HT29 cells, it has been shown to induce cell cycle
arrest in the G1 phase, increase the ratio of BAX/Bcl-2 and to
inactivated the AKT/PI3K pathway (17). Its anticancer prop-
erties have been attributed to its potent inhibition of several
cyclins or cyclin-dependent kinases (CDKs) to regulate the
cell cycle, and the downregulation of AKT/mammalian target
of rapamycin (mMTOR) and MAPK pathways. Both in vitro and
in vivo studies have demonstrated that baicalein induces the
apoptosis in HT29 colon cancer via the activation of BAX
and the downregulation of Bcl-2, and the depolarization of
mitochondria; it also inhibits migration via the inhibition of
matrix metalloproteinase (MMP)2 and MMP9. The induction
of apoptosis and the inhibition of metastasis are mediated
via the AKT pathway (17,45). A number of studies have
reported the potential of baicalein to induce the apoptosis of
various cancer cells, such as HCC (HCC;j5), cervical cancer
(HeLa) and non-small lung cancer cells; although underlying
mechanisms are different between cell lines, overall, apoptosis
occurs via the upregulation of the expression of pro-apoptotic
proteins, such as cytochrome ¢ and Bax, and the downregula-
tion of the expression of anti-apoptotic proteins, such as Bcl-2.
This increases the Bax/Bcl-2 ratio and triggers the intrinsic
apoptotic pathway through the mitochondria, leading to
executioner caspase (caspase-3/-9) activation and the cleavage
of poly(ADP-ribose) polymerase (PARP) (17,44-46).

Baicalein induces apoptosis by the activation of
caspase-9/-3 in breast cancer cells (MDA-MB-231), cervical
cancer cells (HeLa and U14) and bladder cancer cells (T24);
baicalein induces cell death by upregulating the expression of
Bax, caspases and FasL, and downregulating the expression
of Bcl-2 (47-49). Similar results were found in HT29colon
cancer cells and SGC-7901 gastric cells. In addition, DNA
fragmentation was reported in these cell lines. In vivo studies
on HT29 colon tumor xenografts verified similar results, while
in HCT116 cells, the activation of caspases was observed (45).
Another study on MDA-MB-231 cells stated that baicalein
considerably diminished the expression of special AT-rich
sequence-binding protein-1 (SATB1), SNAIL and vimentin,
Wntl and B-catenin proteins, while it augmented the expres-
sion of E-cadherin (50). In pancreatic cancer (PaCa) cells,
baicalein has been shown to augment the Bax/Bcl-2 ratio,
stimulate the release of mitochondrial cytochrome c, and
upregulate caspase-3, - 7 and -9 expression. Baicalein and its
inhibitory effect on human colon cancer were investigated
in vivo and in vitro and the results convey that baicalein
exerts a compelling inhibitory effect on HCT-116 cells (17,50).
Similarly, by altering NF-xB activity, baicalein inhibits
cervical cancer cell proliferation as well, and promotes cell
apoptosis and can also induce apoptosis by inactivating the
PI3K/AKT pathway (17,46,51).

A number of in vivo studies have validated that baicalein
exhibits significant anticancer potential in several types of
cancer. Upon the gene expression analysis of baicalein-treated
H-460 (large cell lung cancer xenograft tumor model) xeno-
grafts, it was found that certain genes were differentially
regulated in the baicalein-treated group, compared to the
control group. The most significant changes were exhibited
by genes involved in the DNA damage repair pathway and
cell cycle control. The genes ITGB3 (+6.96) and TNFRSF25
(+3.4), which play a role in the induction of apoptosis, were
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the most significantly upregulated (52). Another study found
that baicalein was able to inhibit the in vivo tumor growth of
a breast cancer xenogeneic mouse model by modulating the
expression of DNA-damage-inducible transcript 4 (DDIT4),
which is responsible for the inhibition of mTOR (53). It has
also been demonstrated that baicalein induces the apoptosis
of cervical cancer cells by increasing the expression of Bax
and decreasing the expression of Bcl-2, which inhibits tumor
growth in an in vivo tumor model (49,51). It has also been
reported that baicalein downregulates myeloid cell leukemia
(Mcl)-1 protein expression, thereby promoting the apoptosis of
PaCa (prostate cancer) cells (45).

Apigenin. Apigenin, a 4',5,7-trihydroxyfavone (Fig. 3D), is
abundantly found in fruits and vegetables such as grapes,
parsley and apples, and even in beverages such as red wine
and chamomile tea (17,18). It aids multiple physiological
functions that are beneficial, as it has been shown to exhibit
antioxidant, antiviral, anti-inflammatory and antibacterial
properties (18). Additionally, there has been ample research
conducted on apigenin and its anticancer properties. Several
studies have stated that apigenin suppresses the proliferation
of various cancer cell lines, including melanoma, hepatic
cancer, prostate cancer, lung cancer, colorectal cancer and
breast cancer in vitro and in vivo (11-14,17,18), by modulating
several biological pathways involved in induction of apoptosis,
the inhibition of the cell cycle and the suppression of cell
migration and cell invasion. What makes apigenin an effective
agent is its ability to trigger apoptosis via both the intrinsic
and extrinsic pathways. It achieves this by upregulating the
expression of pro-apoptotic proteins, while downregulating
that of anti-apoptotic proteins. Research has revealed that it
functions by modulating a p53-dependent pathway, which is
a pathway related to the induction of apoptosis and cell cycle
arrest (28).

More specifically, it has been found that the inhibition
of cancer cells by apigenin, specifically colon cancer cells
(HT-29, SW480, HCT-116 and CaCo-2) occurs through the
downregulation of Cdc-2, cyclin Bl and Cdc-25, and the
upregulation of p21 and p53. Further investigation revealed
that cells treated with apigenin exhibited an accumulation
in the G2/M phase of the cell cycle, whereas in HT29 cells
exhibiting mutant p53 exhibited the induction of p38 and
ERK, and the downregulation of mTOR and cyclin D1 (17). A
similar study using pancreatic cells (with p53 gene mutations)
indicated that apigenin induced cell cycle arrest followed by
apoptotic cell death through p53-related pathways (54). In
colon adenocarcinoma (SW480) cells, apigenin was shown to
increase the expression of caspases and Bax, and inhibit Bcl-2
expression (17). The treatment of bladder carcinoma cells
with apigenin activated the intrinsic mitochondrial pathway
marked by the release of cytochrome c, the stimulation of Bax,
PARP and caspases, and the inhibition of Bcl-2 (53). It has also
been reported that apigenin amplifies the production of ROS,
leading to cytotoxicity in all cervical cancer cell lines (SiHa,
HeLa, C33A and CaSki (27). In a previous study, apigenin
induced WAF1/p21 (cell cycle inhibitor), p53 protein, caspase-3
activation. Furthermore, apoptosis was indicated by DNA frag-
mentation in these cells (55). Another study using colon cancer
cells demonstrated the induction of apoptosis by apigenin via
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the inhibition of the phosphorylation of signal transducer and
activator of transcription 3 (STAT3) and the downregulation
Bcl-xL and Mcl-1, which are anti-apoptotic (56). Another
similar study demonstrated that in malignant mesothelioma
cells, apigenin induced an increase in the Bax/Bcl-2 ratio, p53
expression and the subsequent stimulation of caspases-9 and
-8 led to apigenin-induced apoptosis, which was marked by the
cleavage of PARP (57). It was also demonstrated by another
study that apoptosis was induced by apigenin in cholangio-
carcinoma via a caspase-dependent pathway (58). Normal
cells have not exhibited any significant cytogenotoxic effects
upon apigenin treatment; this specificity is associated with its
low toxicity indicate its potential as natural chemopreventive
agent (59).

The anticancer potential of apigenin has also been explored
in several in vivo models. Studies have revealed that apigenin
inhibits colorectal cancer induced by azoxymethane (AOM)
in Sprague-Dawley (SD) rats and that apigenin decreases
tumor volume in human prostate cancer (PC-3). Treatment
of tumors with apigenin was also shown to result in an
increase in the apoptotic proportion of cells in the tumor.
More importantly, apigenin intake did not seem to reduce
body weight and appetite in the animals (17,60). Another
similar in vivo study reported that apigenin modulated the
PI3K/AKT/FoxO-signaling pathway, restricting the process
of tumorigenesis in transgenic adenocarcinoma of mouse
prostate (TRAMP) mice (61). Furthermore, apigenin intake
also led to tumor growth inhibition in U937 (human leukemia
cells) xenografts. This was accompanied by the inhibition of
AKT and induction of JNK (57).

Although flavones are potential anticancer agents, some
investigators have identified the low bioavailability and insta-
bility (enzymes, acid, interference by other nutrients) of these
compounds inside the gut during the processing of food in the
digestive system. Thus, the best method recommended thus far
is delivery of these agents via nanoparticles (14,20).

5. Conclusion and future prospects

Cancer is a multifactorial and multi-step process character-
ized by a variety of hallmarks, with uncontrolled proliferation
and resistance to apoptosis being the most important.
Cancer positions among the most domineering medical
issues affecting the human population, and chemopreventive
approaches signify a hopeful strategy with which to prevent
occurrence and death. Flavones, as natural compounds, may
elicit great variability in their therapeutic results. Although a
number of in vitro studies have been conducted, clinical trials
using specific concentrations of these agents are underway.
Furthermore, experimental and clinical studies focused on
flavones need to be performed in order to clarify the value
of these molecules in cancer treatment. Although ample data
have been collected, further investigations are warranted to
investigate the use of flavones as a treatment option, taking
into consideration the proper delivery system of these agents
for clinical settings.
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