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Abstract

Cancer is among the leading causes of death worldwide, with several malignancies presenting an increase in their incidence,
such as thyroid cancer, hepatocellular carcinoma, skin melanoma, uterine cancer, and oral cavity cancer. Phytochemicals
have long been used in various fields of medicine for their properties, and the discovery of anti-tumour, anti-oxidant, and
anti-inflammatory effects of some of these substances have prompted their application in the field of oncology. Several in
vivo and in vitro studies have demonstrated the effectiveness of some phytochemicals on specific tumour cell lines, revealing
their potential role in the complementary treatment of cancer. This paper addresses the anti-tumour and chemopreventive
roles of various phytochemicals in malignancies with increasing incidence.

Rezumat

Cancerul este una dintre cele mai frecvente cauze de mortalitate din lume, cateva dintre aceste patologii prezentand cresteri
ale incidentei, cum ar fi cancerul tiroidian, carcinomul hepatocelular, melanomul cutanat, cancerul uterin si carcinomul
cavitdtii orale. Substantele fitochimice au fost utilizate mult timp in diverse domenii ale medicinei pentru proprietatile lor, iar
descoperirea efectelor anti-tumorale, anti-oxidante si anti-inflamatorii ale unora dintre aceste substante au incurajat utilizarea
acestora in domeniul oncologiei. Unele studii in vivo si in vitro au demonstrat eficienta unor fitochimicale pe anumite linii
celulare tumorale, evidentiind rolul lor potential in tratamentul complementar al cancerului. Aceastd lucrare se referd la
rolurile anti-tumorale si chemopreventive ale diverselor fitochimicale in malignitatile cu incidenta in crestere.
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Introduction apoptosis stimulation, inhibition of the tumoural
inflammatory milieu, and the decrease in the expression
on several carcinogenic molecules are some of the most
effective mechanisms [7, 64, 65, 75]. However, despite
their advantages, many medicinal plants with anti-
tumour properties yield toxic effects, especially in
vulnerable populations; plants such as Bersama
abyssinica show extensive cytotoxic effects and cannot
be used in children, while Pelargonium sidoides, Datura
stramonium, and Salvia officinalis may cause seizures
and are highly hepatotoxic [17].

Natural compounds act on various mechanisms of
cancer development and progression and may modulate
the intricate processes occurring in the tumour milieu.
One of the main features of the tumour micro-
environment is hypoxia, which occurs due to the rapid
progression of tumour cells limiting the available oxygen
[26]. Epithelial to mesenchymal transition (EMT) is
the process of phenotype alteration of the tumour
cell, implying the loss of polarity and intercellular
adhesion properties that favour the migration of
tumour cells and the resistance to therapy [46].
Alterations of the interactions between the genes and
proteins resulting from their transcription may lead to

Cancer is among the leading causes of death, and while
some progress has been registered in the last years,
the population growth, survival rate augmentation,
and aging have led to an increase in the prevalence of
cancer and a rise in cancer-related deaths worldwide
[12]. Exhaustive prevention measures have led to a
decrease in the incidence of some malignancies, such
as lung and bronchus cancers, while extensive screening
protocols and newly available treatments contributed
to a decrease in mortality from some cancers such as
prostate, urinary bladder and colorectal cancers [10].
However, despite intense efforts, some cancers show
increasing prevalence in the last decade for all races
and both sexes, with the most prominent increases
being noted in cancers of the thyroid gland (2%),
followed by the liver and intrahepatic bile duct (1.7%),
melanoma of the skin (1.2%), uterine cancer (0.9%,
sex-specific rate calculated considering both sexes),
and oral cavity and pharynx cancers (0.6%) [24].

Phytochemicals are secondary plant metabolites that
have demonstrated anti-tumour properties in numerous
in vivo and in vitro studies; among the cited chemo-
preventive effects, the decrease in oxidative stress,

984



FARMACIA, 2020, Vol. 68, 6

changes in gene functions and ultimately the emergence
of cancer cells; epigenetics is an emerging field that
may give rise to new and better strategies for the
treatment of cancer [55].

This paper aims to thoroughly present the latest
advancements in the potential use of phytochemicals
in the most common cancers. The type and origin
of the phytochemicals referenced in this article are
presented in Table I [16, 29, 34, 54].

Table |
The classification and sources of several phytochemicals with anti-tumour roles
Class Subclass Member IUPAC name [1] Common sources | Reference
Curcuminoids | Curcumin (1E,6E)-1,7-bis(4-hydroxy-3- Turmeric (Curcuma | [42, 72, 73]
methoxyphenyl)hepta-1,6-diene-3,5-dione longa)
5-[(E)-2-(4- Wine (especially red | [3, 23, 35,
Stilbenoids | Resveratrol . | wine), peanuts, red 56, 67]
hydroxyphenyl)ethenyl]benzene-1,3-diol grapes
(2 A . : Capers (Capparis [22, 28]
Quercetin 2 (3’.4 dihydroxyphenyl)-3,5,7 spinosa), radishes,
trihydroxychromen-4-one .
red onions
Flavonols — 2-(3,4-dihydroxyphenyl)-3,7- Strawberries, [41]
Fisetin -
Polyphenols dihydroxychromen-4-one cucumbers, apples
3,5,7-trihydroxy-2-(4- . [28]
Kaempferol hydroxyphenyl)chromen-4-one Kale, spinach, tea
. 2-(3,4-dihydroxyphenyl)-5,7- Dyer’s rocket [22, 45]
Flavones Luteolin dihydroxychromen-4-one (Reseda luteola)
Genistein 5,7-dihydroxy-3-(4- Lupin, soybeans, [2, 33]
hydroxyphenyl)chromen-4-one fava beans, coffee
Isoflavonoids Kwao Krua [33]
Daidzein 7-hydroxy-3-(4-hydroxyphenyl)chromen- (Pueraria mirifica),
4-one
soybeans
Organo_- Isothiocyanates |Sulforaphane| 1-isothiocyanato-4-methylsulfinylbutane Broccoli, cabbage, [30]
sulphuric Brussels sprouts
(E)-N-[(4-hydroxy-3- - [5, 25, 43]
Capsaicinoids - Capsaicin | methoxyphenyl)methyl]-8-methylnon-6- Chllles_(genus
) Capsicum)
enamide
2-[(1R,6R)-3-methyl-6-prop-1-en-2- [52]
Cannabidiol yIcyclohex-2—enil;/clj]i§;-pentylbenzene-
Cannabinoids - and ' Cannabis
THC and
6,6,9-trimethyl-3-pentyl-6a,7,8,10a-
tetrahydrobenzo[c]chromen-1-ol
(1R,4S,5R,85,9R,12S,13R)-1,5,9- [66]
Terpenes Sesquiterpene Artemisinin trimethyl-11,14,15,16- Sweet wormwood
P lactones tetraoxatetracyclo[10.3.1.04%3.0%13]hexade| (Artemisia annua)
can-10-one
. i — (2E,4E)-5-(1,3-benzodioxol-5-yl)-1- [58]
Alkaloids Piperine piperidin-1-ylpenta-2,4-dien-1-one Black pepper

Phytochemicals in cancer

The progress of science and technology has allowed
for the adequate assessment of the anti-tumour effects
of phytochemicals in various malignancies (Table I1).
Thyroid cancer

Thyroid cancer is considered a mild form of cancer,
with overall low metastasis rates, moderate severity,
and relatively effective treatment; however, some
histopathologic types such as anaplastic thyroid cancer
have low survival rates and high mortality, due to the
lack of a suitable treatment [9, 39]. The thyroid gland’s
roles in hormone synthesis and the metabolism of
iodine add a level of complexity in the curative
treatment of cancers. Certain phytochemicals, such as
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resveratrol, curcumin, quercetin and iso-flavones
demonstrate anti-inflammatory, anti-oxidative, and
anti-proliferative effects, such as the induction of
apoptosis, cell growth restriction and angiogenesis
inhibition [18, 57].

Resveratrol is particularly useful as an adjuvant in
radioactive iodine therapy for thyroid cancer, as it
protects normal cells against toxicity while also
sensitizing thyroid cancer cells to *31 [23]. Furthermore,
resveratrol can induce apoptosis by increasing several
pro-apoptotic factors and can suppress achaete-scute
homolog 1 and chromogranin A in in vitro studies
[56, 67].
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Table 11
Summary of reported effects of various phytochemicals in oncolog)
Cancer type cc')\lr?]:)lz)rjar: d Antitumoural effect Study type References
Resveratrol apoptosis inductioq via MAPK-,_ p53- | in vitro (human t_hyroid cancer cell and | [23, 56, 67]
, and Notch2-mediated mechanisms | human non-malignant fibroblast cell)
suppression of EMT and cell in vitro (papillary thyroid cancer cell [72]
migration line K1)
Curcumin ce_ispase_-dependent apoptosis in vitrq (papillary thyroid cancer cell [42, 73]
induction, cell cycle arrest lined TPC1 and BCPAP)
decrease in VEGF and TNF-a in vitro (papillary thyroid cancer cell [42]
expression lined TPC1)
facilitating apoptosis via heat in vivo (mice bearing human thyroid [74]
Thyroid cancer sensitization cancer cell line TT tumours)
Quercetin promotion of rediffe_ren_tie_it_ion and |in vitro (papillary 'fmd foIIicu_Iar thyroid [27]
tumour growth inhibition cancer cell lines of various
differentiations: TPC-1, FTC-133,
NPA, FRO, ARO)
inhibition of tumour growth and in vitro (follicular thyroid cancer cell [20]
invasion via tyrosine kinase line FTC-133)
Genistein antagonism
apoptosis induction, inhibition of cell | in vitro (human thyroid cancer cells [2]
proliferation, increase in ROS levels SNU 80)
inhibition of proliferation and in vitro (human liver cancer cell lines [3]
Resveratrol | invasion, apoptosis induction, cell Hep G2)
cycle regulation
Sulforaphane enhancemen_t_of e}flatoxins clinical trials [30]
Hepatocellular detoxification — — - -
carcinoma _ tumour_ de_ve_lgpment restrlt_:tlon in vivo (_male Wlstar_rats Wlth_ [61]
Curcumin | through inhibition of aflatoxin and aflatoxin-induced carcinogenesis)
preneoplastic foci
ROS-dependent apoptosis induction, | in vitro (human liver cancer cell lines [49]
Capsaicin | autophagy triggering, angiogenesis Hep G2)
inhibition
inhibits tumour invasion through | in vitro (human melanoma cells A375, [41]
Fisetin MAPK and NF-«B signalling RPMI-7951 and Hs294T)
pathways and promotion of
mesenchymal to epithelial transition
inhibition of EMT in vitro and in vivo (murine malignant [45]
melanoma B16F10 cells)
Skin Luteolin DNA protec_tive free r_adical in vitro (human melanoma HMB-2 [22]
melanoma scavenging potential cells)
melanogenesis induction in vitro (murine malignant melanoma [21]
B16F10 cells)
o tumour growth restriction, apoptosis | in vitro (murine malignant melanoma [5, 14]
Capsaicin | jnduction via multiple mechanisms B16F10 cells)
Cannabidiol apoptosis induction in vivo (mice bearing BRAF melanoma [52]
and THC xenografts)
Genistein prevention of carcinoma development| in vivo (Oes'trogen-rf?lated enc%ometn'al [33]
. and daidzein carcinogenesis moo!el in
Uterine cancer ovariectomized mice)
Artemisinin cell t.:ycle.arres't induction, in vitro (cultured human Ishikawa [66]
antiproliferative effects endometrial cancer cells)
Kaempferol caspase-?;-giepenc.ient apoptosis in_ vitro (squamous carcinoma [28]
and induction (j,ell lines originated from retromola}r
Oral cavity quercetin trigone and lymph nodes of oral cavity
cancer cancer)
Piperine tumour growth irjhibitipn, cell cycle in vitro _(human oral squamous [58]
arrest induction carcinoma KB cell line)

Curcumin, an active component of turmeric, can
reverse the epithelial-mesenchymal transition process
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involved in metastasis and can decrease the migration
of papillary thyroid cancer cells by modulating the
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expression levels of E-Cadherin and matrix metallo-
proteinase-9 [72]. Additionally, curcumin can modulate
the cell metabolic activity vitality, but is also able
to induce cell cycle arrest at the G2/M phase and
trigger caspase-dependent apoptosis in human papillary
thyroid carcinoma cells, in a dose-dependent manner;
curcumin anti-inflammatory and anti-oxidant properties
were also recorded [42, 73].

Quercetin can inhibit heat shock protein thus augmenting
the effects of targeted hyperthermia when used as a
therapeutical alternative in thyroid cancer, facilitating
apoptosis [74]. Quercetin can also promote the
restoration of normal cell markers in cancer-affected
cells by inhibiting the expression of CD97 and
increasing the sodium-iodine symporter expression
[27].

Genistein, an isoflavone, can decrease the concentrations
of epidermal growth factor and transforms growth
factor-alpha by inhibiting tyrosine kinase, limiting
follicular thyroid cancer growth and the in vitro
invasion [20]. Moreover, when associated, genistein
can increase the apoptosis-inducing efficacy of photo-
dynamic therapy on thyroid cancer cells, inhibiting
proliferation and increasing reactive oxygen species
(ROS) levels [2].

Hepatocellular carcinoma

Hepatocellular carcinoma (HCC) is one of the most
lethal cancers, with common recurrences after treatment,
and relatively difficult to diagnose at small sizes or in
particular subtypes [13, 47]. HCC commonly develops
on liver cirrhosis, this disorder adding further
complications such as variceal bleeding, ascites, cardio-
myopathy, and hepatic encephalopathy [62, 70]. HCC
spread and invasion are favoured by imbalances
between matrix metalloproteinases and their tissue
inhibitors in the tumour milieu, while tumour progression
is promoted by cancer-associated fibroblasts that also
impact the targeted therapy [50, 71].

In multiple in vivo and in vitro studies, resveratrol has
shown great promise as an anti-tumour and chemo-
preventive agent in HCC [59]. Resveratrol decreases
the proliferation and invasion of liver cancer cells,
through various mechanisms such as limiting the ability
to enter mitosis, decreasing the expression of vascular
endothelial growth factor or causing cell cycle arrest;
additionally, resveratrol is toxic to HCC cells, increasing
apoptosis and DNA fragmentation and modulating
the cell cycle regulation [3].

Sulforaphane is a bioactive phytochemical capable of
enhancing nuclear factor erythroid 2—related factor 2
transcription, accumulating a cytoprotective concentration
that offers resistance to liver carcinogenesis and is
currently undergoing clinical trials to determine if broccoli
sprout beverages may determine the detoxification
of aflatoxins and impact the incidence of HCC [30].
Curcumin has shown promising results after in vivo
and in vitro testing on HCC models, demonstrating
the ability to decrease pre-neoplasic foci induced by
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aflatoxin B1 in rat livers, indicating its potential use
in the prevention of HCC occurrence [61].

Capsaicin impacts most of the major pathways involved
in the growth and invasion of HCC, through multiple
mechanisms, such as inhibiting tumour angiogenesis,
generating apoptotic levels of ROS and causing auto-
phagy through hedgehog signalling [25, 49].
Associated hepatic encephalopathy (HE) may imply
sensitive imbalances in specific brain metabolites that
may be ascertained with advanced imaging methods
[51]. Neural viability may supplementary be affected
by drugs, neuroendacrine factors, or various substances
[36]. Acai frozen pulp can prevent the carbon tetra-
chloride-induced increase of interleukins (ILs)-1pB
and -18, and tumour necrosis factor-a. (TNF-a.) in the
brain tissue in vivo, potentially contributing to the
improvement of HE and the overall disease status [11].
Minimal hepatic encephalopathy is the infraclinical
stage of HE, and can significantly impact patients’
quality of life; unfortunately, the diagnosis is difficult
and relies on psychometric testing or magnetic resonance
spectroscopy [48]. Resveratrol decreases neurcinflammation
and exhibits beneficial psychological effects by reducing
anxiety and depression in patients with minimal hepatic
encephalopathy [35].

Skin melanoma

Melanoma is a potentially fatal tumour, with high
metastatic rates and affecting young and middle-
aged people [44]. Lymph node involvement is an
important prognostic factor in the early stages [32,
68]. Multiple pathways are activated in the process
of tumorigenesis, metastasis and therapy resistance
and phytochemicals have demonstrated beneficial
effects both in the prevention and in the treatment
of metastatic melanoma [15, 40, 53, 63].

Fisetin limits melanoma cell invasiveness by modulating
mitogen-activated protein kinase/extracellular signal-
regulated kinase 1/2 (MAPK/ERK) signalling and
reducing the activation of nuclear factor-kappa B
(NF-xkB) pathway [41]. Moreover, fisetin causes a
downregulation in the mammalian target of rapamycin
(mTOR) and phosphatidylinositol 3-kinase (PI3K)/
protein kinase B (AKT) pathways while also promoting
mesenchymal to epithelial transition, further evidence of
its potential as an anti-tumour agent in melanoma [41].
Luteolin inhibits epithelial-mesenchymal transition
though the B3 integrin/focal adhesion kinase (FAK)
pathway, promotes apoptosis and inhibits melanoma
cell growth while also protecting DNA and inducing
melanogenesis [6, 21, 22, 45].

Capsaicin can be administered topically and delays
tumour growth, inducing melanoma cells apoptosis
through various mechanisms such as down-regulation
of Bcl-2 and PI3K/AKT pathway, an increase of p53
and activation of caspases 3,8 and 9 [5, 8, 14, 43].
Several cannabinoids, such as cannabidiol and A®-
tetrahydrocannabinol (THC) have demonstrated in
vivo and in vitro anti-tumour properties in melanoma;
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THC induces apoptosis, and its effects are augmented
in co-treatment with cannabidiol, which can also
enhance the chemotherapeutic effect of cisplatin in
melanoma animal models [52].

Uterine cancer

Uterine cancer is another malignancy with rising
incidence and mortality; increased body weight, diabetes
and the decrease in menopausal hormonal therapy
are contributing factors, and due to the fact that
screening tests are not currently recommended, uterine
cancer continues to be a major health problem [19].
Two isoflavones, genistein and daidzein are effective
in preventing the occurrence of endometrial adeno-
carcinoma in mice models, through the suppression
of cytokines TNF-a and IL-1a and the suppression
of c-fos and c-jun genes that are involved in the
expression of activator protein 1, a promoter of cell
growth and proliferation [33].

Artemisinin demonstrates anti-proliferative effects in
endometrial carcinoma by inducing cell cycle arrest
and downregulating cyclin-dependent kinase 4 (CDK4),
by disrupting the interactions of CDK4 promoter with
NF-«B [66].

Oral cavity cancer

Oral cavity carcinogenesis is a complex process that
entails an increase in oncogenes expression and decrease
of tumour suppressor genes, promoted by exogenous
factors such as viral infections, smoking, or alcohol
consumption [4, 31, 60]. The impact of alcohol in the
incidence of oral cavity cancers was further studied in
regard to phytochemicals present in certain beverages
such as wine, and while no correlation was found
between the phytochemicals in wine and cancer risk,
some authors hypothesized that phytochemicals may
balance the negative effects of ethanol on carcino-
genesis [69].

Kaempferol and quercetin isolated from Ginkgo biloba
can trigger apoptosis in oral cancer cells through a
caspase-3 dependent mechanism, successfully inhibiting
cell proliferation in a dose-dependent manner [28].
Piperine is a caspase-mediated pro-apoptotic alkaloid
that, in high concentrations, can suppress oral squamous
cell tumour growth through ROS production increase
and mitochondrial depolarization, while also causing
cell cycle arrest and nuclear condensation [37, 38, 58].

Conclusions

Phytochemicals have been used for their pharmaceutical
properties since ancient times. The anti-oxidant, anti-
inflammatory, and anti-carcinogenic properties of
different phytochemicals make them good candidates
for the complementary treatment of most cancers,
including those with rising incidence. The relatively
low toxicity and good bioavailability recommend them
for the use in oncology, as their effectiveness and
safety remains to be tested in future clinical trials.
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