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Abstract: Cancer still remains a leading cause of death despite improvements in diagnosis, drug
discovery and therapy approach. Therefore, there is a strong need to improve methodologies as well
as to increase the number of approaches available. Natural compounds of different origins (i.e., from
fungi, plants, microbes, etc.) represent an interesting approach for fighting cancer. In particular,
synergistic strategies may represent an intriguing approach, combining natural compounds with
classic chemotherapeutic drugs to increase therapeutic efficacy and lower the required drug con-
centrations. In this review, we focus primarily on those natural compounds utilized in synergistic
approached to treating cancer, with particular attention to those compounds that have gained the
most research interest.

Keywords: ascorbic acid; cancer; cancer therapy; capsaicin; curcumin; epigallocatechin-3-gallate;
natural compounds; resveratrol; synergy

1. Introduction

Cancer is considered, in our century a leading cause of death and the single most
significant obstacle to increasing life expectancy in every country in the world.

So, cancer remains a worldwide challenge with significant influence, not only on hu-
man health, but also on the global economy.

According to World Health Organization (WHO) data, cancer is reported to be the
first- or second-most common cause of death in people under 70 years of age in 91 of 172
countries, and the third- or fourth-most common in an additional 22 countries [1]. Neo-
plasm incidence and mortality are fast rising all around the world, reflecting both the
population's increasing growth and age.

In addition, the escalating rise of tumours as a cause of death is nearly equal to the
noticeably declining mortality rates for coronary heart disease and stroke in many coun-
tries. It is interesting, today, to notice that changes in tumour incidence are most pro-
nounced in emerging economies. There, history is repeating itself in the shift from pov-
erty- and infection-related malignancies to those diseases that are already dominant in
developed areas (e.g., in North America and Europe). These kinds of cancers are often
described as “caused by the westernization of lifestyle”, however, the differing cancer
profiles in several countries and regions show that marked geographic disparities still
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exist; in fact, there are local risk factors persisting in populations at quite different phases
of social and economic transition.

The significant changes in infection-associated cancer rates (liver, cervix, and stom-
ach), described in countries with different levels of economic development, confirm this
theory [1].

Even if substantial improvements have been achieved in early diagnosis and in new
drug improvement, there is a strong need to develop new methodologies and new mole-
cules that are able to advance the therapeutic approaches currently available [1].

2. Natural Compounds for Cancer Therapy

In ancient times, as reported in the medical literature, doctors used both surgery and
natural compounds (especially plant products) to treat patients. There is, similarly, his-
torical evidence for the use of natural compounds in traditional Chinese medicine and
Indian Ayurvedic practise.

Natural compounds from the plant, microbial and fungus kingdoms represent an
uncountable resource of new molecules, potentially usable as antitumor remedies if their
availabilities, toxicities and activities are tolerable.

There is much data supporting the use of natural compounds in cancer treatment;
nevertheless, the validity of their use is not completely verified by scientific evidence.

Natural compounds represent an interesting point of comparison with current health
culture. Natural products are an important option in cancer therapy today; there are cur-
rently a significant number of anticancer agents available, both natural and derived from
natural products (from animals, plants, and microorganisms, also from marine environ-
ment) [2].

Recently, natural product-based drug discovery has been growing due to the devel-
opment of new approaches, such as combinatorial synthesis and its associated methods.

There are many examples of plant-derived compounds; for example, irinotecan, vin-
cristine, paclitaxel and etoposide. Microbes are also proving to be an important source
thereof; mitomycin C, actinomycin D, bleomycin, l-asparaginase and doxorubicin are
drugs obtained from bacteria. In addition, citarabine is the first drug originating from a
marine source [3].

Today, a new generation of taxanes, anthracyclines, alkaloids from Vinca, camptoth-
ecins and epothilones have been developed. Some of these are already in clinical use, oth-
ers are under study.

Other molecules deriving from marine animals and plants (e.g., trabectedin, ET-743,
bryostatin-1, neovastat) have also reached clinical trials.

There are many different classes of natural compounds, such as terpenes, carote-
noids, phenolic compounds (flavonoids, stilbenes, phenolic acids, tannins, coumarins), al-
kaloids, nitrogen compounds and organosulphates (isothiocyanates and indoles, allysul-
phates), which have aroused much interest [3].

Marine environments have yielded several classes of compounds with diverse bio-
logical activities [4]. Many molecules extracted from marine organisms have been inves-
tigated recently; for example, arabinosides (isolated from marine sponge Cryptotethya
crypta), didemin B (Trididemnum solidum) and bryostatins (Bugula Neritina and other Bry-
0zoa) have shown anticancer activity [5].

Soil fungi contain a huge number of defence metabolites, allowing them to survive
amidst other organisms (other fungi, nematodes, insects and bacteria) and helping them
to inhabit more preferential areas by way of effective antagonism. Non-cytotoxic and host-
mediated antitumor polysaccharides have been obtained from various fungi (Basidiomy-
cetes and Ascomycetes) [6].

Many organisms produce venoms and toxic substances; these compounds are very
attractive candidates for drug development. They often show physiological effects on an-
imals, humans among them. Examples include cantharidin, which is produced by blister
beetles, or solenopsins, produced by fire ants (Solenopsins invicta), among others [6].
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These drugs from natural environments exert their effects on cancer cells by a pleth-
ora of mechanisms of action, for example, interference with tumor signal transduction, the
inhibition of topoisomerases I or II, DNA alkylation, interaction with microtubules, etc.
[7].

Several natural molecules are able to interact with signalling pathways and regulate
the gene expression involved in cell differentiation, cell cycle regulation, and apoptosis

[8].

3. Synergy

Cancer is a multifaceted clinical condition in which several cellular and molecular
pathways are altered. Each cancer type expresses a specific genetic fingerprint.

However, all cancers share a mutual behaviour centred on unrestrained proliferation,
migration, and invasion. This aggressive phenotype is the tangible clinical problem and
remains unsolved.

Recent anti-tumour strategies, as well as drug discovery efforts, are constantly grow-
ing the therapeutic resource base, with important improvements being made in terms of
personalised options [9].

An important number of drugs, such as antibody-based drugs or particular inhibitors
of specific targets, have been developed following the concept “one-drug-one-target” [10].

Yet, the heterogeneity of some molecules, such as those from natural origins [11],
permits their potentially multi-targeted affect.

In fact, these compounds can reach several cellular and molecular targets, altering
some pathways or diverse signalling cascade elements.

Furthermore, this multi-targeted activity is not only due to single compound efficacy,
but also to a combination of molecules, as present in numerous natural extracts. So, each
compound may be able to reach one or more targets, increasing the pharmacological ac-
tivity of the whole extract [12]

Another intriguing option is the combination of natural extracts, or at least of their
main components, with conventional chemotherapy, with the main aim of reducing the
incidence of resistance, thereby increasing cancer cell toxicity and generally diminishing
the injuriousness of chemotherapy drugs [13].

Today, growing evidence has pointed out that combined therapies are much more
effective than single-drug-based treatments. Therefore, a combination of different thera-
pies is deployed to treat not only neoplasms but also other illnesses, such as viral and
bacterial infections, inflammatory diseases, etc. [14].

Combined therapies normally require the co-administration of two or more drugs.
These combinations may be combinations of pure compounds or drugs based on mixtures
from natural extracts.

Synergy is consequently the most appropriate characteristic of combined therapies,
including those using natural extracts.

In pharmacology, the sum synergic effecta of some combinations are more powerful
than their individual components, separately. Synergy is not a binary factor; the pharma-
cological interaction between the components of a mixture can be synergic to varying de-
grees.

Combinations of natural products with cancer drugs that exhibit synergy have been
developed to further improve upon existing treatment strategies, due to the propensity of
some natural products to provide improved therapeutic efficacy or overcome drug re-
sistance with decreased risk for adverse side effects and toxicity in normal cells [12,15].

Specific natural compounds and constituents have been extensively demonstrated to
lessen chemotherapy drugs' cytotoxic activity in various cell lines, thereby widening the
therapeutic window and also lowering required drug concentrations, while providing the
same effect [13].
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In Table 1, we summarize a list of natural molecules with their molecular effects on
cancer cells and their synergistic effects in combination with chemotherapeutic agents in
some cancer models.

Table 1. Natural products, their effects on cancer cells and their synergy with chemotherapeutics.

Chemotherapy Drug and Syn-

Natural Product Common Sources Mechanisms of Action Ml
ergistic Effects

Ascorbate showed synergistic
effects in in vitro [15] and in
vivo experiments with common
anti-cancer drugs [16]. Ascor-
bate is used in synergistic ap-

Ascorbate's toxicity on cancer cells is due to
Ascorbate /1 hydrogen peroxide formation with ascor-
bate radical as an intermediate state [15].

proaches at mM concentrations.
Podophyllotoxin inhibits tubulin polymeri-
sation, arresting the cell cycle at metaphase Podophyllotoxin (ranging from
[17]. It is effective in treating Wilms’ tu- 7.5 to 15 nM) showed synergis-

Podophyllotoxin Podophyllum ~ mours, various types of genital cancer and tic effects with [21]:
in non-Hodgkin's and other lymphomas - Cisplatin
[18], lung tumours [19,20], and neuroblas- - Methotrexate
toma [21].

Neem components' modify the tumour en- Neem extract showed synergis-
vironment, decreasing vessel formation tic effects with [23]:
[22]. They are employed against cervical, - Cisplatin
breast, and ovarian cancer. - Genduin

Capsaicin (at uM concentra-
Red and chili pep- The antitumor mechanism of capsaicin in- tions) showed synergistic activ-

Neem extract Azadirachta indica

Capsaicin pers creases apoptosis and cell cycle arrest [24] ities with other agents, such as
resveratrol and genistein [25].

In colon cancer, AMPK causes invasion
through the inhibition of NF-kB, uPA, and
MMP9. Curcumin is able to inhibit this
pathway [26]. In fact, it can reduce TNF-a,
COX-2, and IL-6 production, contrasting in-
flammation [27]. It also inhibits cell prolif- Curcumin (at pM concentra-
eration by increasing the activity of gluta- tions) shown synergistic activ-
thione-S-transferases and p21, which are, ity with:

Curcumin Curcuma longa  respectively, a biotransformation enzyme - Bevacizumab [32]
and a cell-cycle protein [28,29]. - Capecitabine [33]
Moreover, it increases some pro-apoptotic - Dasatinib [34]
proteins' expression (Bax, Bim, Bak, Noxa) - FOLFOX [34]
while inhibiting anti-apoptotic elements
(Bcl-2, Bel-xL) [30].
In addition, curcumin reduces the expres-
sion of VEGF and matrix metalloproteases,
preventing metastases' development [31].

Resveratrol (for clinical studies,

Resveratrol interacts with several targets. at concentrations ranging from

Resveratrol Almost 70 plant In fact, it acts on cytochrome P450 isoen- 20 to 120 g/day) showed syner-

species zymes and may downregulate some ele-  gistic effects with [36]:

ments that are often upregulated in tumoral- 5-FU

- Etoposide
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GLC (Ganoderma lu-
cidum extract)

GLP (Polysaccharides
extracted from
Ganoderma lucidum)

GLT (triterpene ex-
tract)

D9-THC (and other)

Cannabidiol (CBD)

Ganoderma lucidum

Il

I

Cannabis sativa

/1

cells. Among these are cyclooxygenase in- - Mitomycin
flammation mediator enzymes and NF-kB - Oxaliplatin
transcription factor [35]. - Curcumin

GLC induces NK cell toxicity by NKG2D
augmented expression and natural cytotox-
icity receptors (NCR), increased intracellu-
lar MAPK phosphorylation, and the secre-
tion of granulysin and perforin [37]. In
some human cell lines, Ganoderma lucidum
promotes the arrest of mitosis [38].

GLP shows anti-tumoral effects and can
play an important role in downregulating
inflammation and blood sugar. In addition,
it has immunostimulatory effects and inhib-
its ROS formation, reducing oxidative DNA
damage [37-40]. In colorectal cancer CRC, It is possible to be dosed up
GLP shown pro-apoptotic activity on the — with 5-FU [42].
HCT116 cell line, increasing caspase-3,
caspase-8, and Fas activities [41]. Moreover,
GLP is able to reactivate mutant p53 (as
seen in HT-29 and SW480 colorectal cell
lines) [42].

It has shown suppression activity on colon
cancer carcinoma cells (HT-29), and also in-
hibited colon cancer growth in a xenograft
model. Its activity is related to the ability to
arrest cell cycles in the GO/G1 phase and to
induce apoptosis. GLT allows the formation
of autophagous vacuoles and increases the
expression of some proteins, like Beclin-1
and LC-3. Autophagy is facilitated by p38
MAPK inhibition [43].

It may induce apoptosis in tumoral cells, in-
hibiting proliferation and angiogenesis.
Furthermore, it inhibits cancer cell migra-
tion, allowing anti-metastatic effects [44—
48].

D9-THC has been shown in vitro some anti-
cancer effects on different tumoral diseases,
such as breast cancer, epithelioma, glioma,
lung cancer, lymphoma, neuroblastoma,
pancreatic carcinoma, prostate carcinoma,
skin cancer, thyroid epithelioma, and uter-
ine-carcinoma [49].

It has shown anti-growth effects on two tu-
moral cell lines (HCT116 and DLD-1), how-
ever, cannabidiol derivatives are ineffective
against healthy cells' proliferation [50].

In vivo, CBD extract proved effective in re-
ducing pre-neoplastic lesions and polyps
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Flavonoids

Epigallocatechin
(EGCG)

Genistein

Apigenin

Chrysin

Several plant or-
gans and com-
pounds.

Camellia Sinensis

soy, beans, lentils,
and chickpeas

Several plants spe-
cies

honey, propolis,
chamomile and
martyrs (Passiflora
caerulea)

(induced through azoxymethane) as well as

in xenograft models [50].

In addition, CBD displayed chemopreven-

tive effect on HCT116 and Caco-2 cell lines,

protecting them from oxidative damage

and decreased cell proliferation through

CB1, TRPV1, and PPARg [47].

Flavonoids are able to promote a protective

effect on cells against cancer evolution in

several ways [13].

It acts on cell signalling. In fact, it can stop

both the growth and migration of CRC

cells. These effects are due to the inhibition

of the TF/VIla/PAR?2 signalling pathway,

which is very important for inducing

ERK1/2 phosphorylation and activation of

NF-kB. In particular, EGCG reduces NF-kB

transcription factor activity, induces in- EGCG showed synergistic ef-
creased expression of caspase-7, and de-  fect with 5-FU [54].
creased expression of MMP-9 [51]. Moreo-

ver, epigenetic process could be regulated

by EGCG, it allows the ubiquitination of

colorectal cells sensitive to methylation,

helping in DNMT3A (DNA methyltransfer-

ase 3A) and HDAC (histone deacetylases)

degradation [52,53]

In the HT-29 cell line, genistein up-regu-  Genistein showed synergistic
lates the expression of Bax, p21 proteins  effects with [57]:

and glutathione peroxidase expression. - 5-FU

However, it can also inhibit some mole- - Cisplatin

cules like NF-kf3, topoisomerase II and For in vivo studies mice were
MMP2 (this last function helps to prevent injected 50 mg genistein/kg
mestastases in CRC patients) [55,56] body weight.

Apigenin induces colorectal cell growth in-
hibition, decreases angiogenesis, promotes
cell arrest and apoptosis in vitro [58]. In
both in vitro and in vivo studies the expres-
sion of NAG-1, P53 and p21 (cell cycle in-
hibitor) are increased by apigenin, reducing
intestinal tumour load and number [59].
Apigenin is able to inhibit ABC receptors
that increase the efflux of a chemotherapeu-
tic agent in cancer cells, on the other hand it
increases their bioavailability [55].

Chrysin has shown, in HCT116, DLD-1 and
SW837 cells, the ability to induce cell apop- Chrysin can reduce cisplatin
tosis. This compound increases TNFa and  side effects [56]. Furthermore, it
TNEp genes, activating the TNF and AHR has shown a synergistic effect
(aryl hydrocarbon receptor) signalling with Apigenin [62].

pathways [61]. Moreover, chrysin can in-

Apigenin showed synergistic
effects with Irinotecan [60].
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Glycyrrhiza
Isoliquiritigenin &  Glabra (Isoliquiriti-

Formotenin genin) & Some
plants
Propolis and sev-
Kaempferol P
eral plants
. Many types of veg-
uercetin
Q etables and fruits.
Artesunate Artemisia annua
. . Panax ginseng,
Ginsenosides 3 3

Panax notoginseng
Betula pubescens,
Pseudocydonia
Betulinic acid s
garis, Piteroporus
betulinus, Innonotus
obliquus.

Gossypol Gossypium

Isothiocyanates and ~ Cruciferous vegeta-
indoles bles

Allysulfates Alliaceae

Ethanol extract of

- Aaptos suberiotides
Aaptos suberiotides P

sinensi, Prunella vul-

duce a cell cycle arrest at the G2/M transi-
tion phase, as seen in a study on the colo-
rectal cell line SW480 [62].

They inhibited growth of cancer cells lines, Isoliquiritigenin has shown a

stic off ‘th cisplati
promoting also apoptosis [63]. synergistic effect with cisplatin

[64].

Kaempferol increases chromatin condensa-
tion and DNA fragmentation. It is also able
to increase the cleavage of caspase-9,
caspase-3, and caspase-7.

Together, this is how this compound in-
duces apoptosis [65].

Quercetin is an antiproliferative compound.
It prevents the activation of RAS and inhib-
its migration and invasion [66,67].
Artesunate displays anti-proliferative activ-
ity, for these reasons it is a potential anti-

cancer agent. It is cytotoxic, allowing it to .
& Y 5 Artesunate has shown synergis-

i 11 cycl in the G1 phase.
induce cell cycle arrest in the G1 phase tic effects with oxaliplatin [69].

Furthermore, Artesunate has shown the
ability to reverse immunosuppression in
the cancer microenvironment [68].
Ginsenosides decrease adhesion, inhibit mi-Gisenosides have shown syner-
gration, and cause apoptosis [70,71] gistic effects with 5-FU [72].

Betulinic has shown synergistic

Betulinic acid targets the apoptotic mito-  effects with [74]:
chondrial pathway [73]. - 5-FU
- Oxaliplatin

In tumour cells, Gossypol can inhibit prolif-

1 has sh isti
eration, inducing apoptosis [75]. It was Gossypol has shown synergistic

ff ith 5-FU [75].
tested on CRC and prostate cancer [75]. effects with 5-FU [75]

It has an important antitumoral effect,
blocking cytochromes P450, and also induc-
ing the phase II detoxification enzymes glu-
tathione S-transferases, and promotes the
elimination of carcinogens from the organ-
ism [76]. Cell metastasis and its tumoral
properties (migratory and invasive mecha-
nisms) can be inhibited by allyl isothiocya-
nate [77].

They suppress proliferation and induce
apoptosis by increasing the production of
ROS in cancer cells. They also inhibit
growth [78,79].

The ethanol extract of Aaptos suberiotides in-
hibits cell proliferation and migration in
HER2-Positive breast cancer [80].

It can reduce resistance to
Trastuzumab [80].
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BCPO suppresses PC-3 (a prostate cancer
cell line) and MCF-7 (a breast cancer cell
line) growth in a dose-dependent way.
p-Caryophyllene Many plants Furthermore, it promotes ROS production,
triggers MAPK and inhibits the
PIBK/AKT/mTOR/S6K1 signalling path-

way|[81].
. o ) ) It has shown a synergistic effect
Ethanol Extract of This extract inhibits growth and migration, _ ... [82]:
Marine Sponge Stylissa carteri and also induces apoptosis in breast tumour ' .
. . - Doxorubricin
Stylissa carteri cells [82]. .
- Paclitaxel

Cecropins show cytotoxic activity only
against cancer cells (leukaemia, colon carci-
Cecropins Many insect sp. noma, stomach, small cell lung and ovar-
ian cancer with a multi-drug resistant phe-
notype) [83].
Mycalamide A/B and
Onamide extracted
from sponges

Mycale sp. and The-These inhibit the cell-free translation of
onella sp. RNA in cancer cells (leukaemia) [84].

Extremophilic Fun-

s us and Emericellop-Emericellipsin induces apoptosis in cancer
Emericellipsin A i sis alkalina ' cells (hep(l})Z and HelLa) [1;5?
PSK inhibits the growth of various types of
tumours (fibrosarcoma, colon adenocarci-
noma). Data suggest that PSK-induced im- It has shown a synergistic func-
munity is tumour-specific and that T lym- tion with 5-FU [86].
phocytes play an important role in anti-
tumor memory functions [86].
It induces apoptosis through many mecha-
nisms. AraC, and its different metabolites,
contribute to its cytotoxicity, the including
incorporation of AraCTP into DNA and

PSK Coriolus vescicolor

It has shown a synergistic effect

AraUMP into RNA, inhibition of polymer- with [92]; o
AraC Cryptotethya crypta ase a and B, and the impairment of repair Idarubicin
" e “ P P Daunorubicin

hani 87]. Besides this DNA synthe-
mechanisms [87]. Besides this synthe Ara-C was tested at a concen-

sis impairment, AraC causes several signal- . .
tration of 10 micrograms/mL

ling events, the including activation of
PKC and MAPK [88] and the upregulation
of AP-1 and NF-xB [89-91].

Trididemnum soli- didemin B is cytotoxic, in vitro, for cancer

didemin B dum and Tistrella cells (A549 for lung cancer and HT-29 for
mobilis colorectal cancer) [93].
It has shown a synergistic effect
with [94]:
Bryostatins cause the down-regulation of - AraC;
_ Bugula Neritina and PKCs, which are translocated to the mem- - Taxol;
bryostatins .
other sp. brane and then degraded by a proteasome - Tamoxifen;
[94]. - Staurosporin;

- Dolastatin 10;
- Auristatin PE;
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- Vincristine;
- 2-CdA;
- Vincristine-AraC Phase II
dose of bryostatin suggested 50
ug/m?/24 h [95].

It causes apoptosis by a p53-dependent

mechanism in leukaemia cells. Cantharidin It has shown synergy with Ta-

cantharidin Blister betles induces both DNA single- and double- moxifen [97].
strand breaks [96].
. . . . solenopsins inhibit PKCs' pathway and an-
solenopsins Solenopsins invicta

giogenesis [28].

4. Natural Compounds and Sinergy

After the extensive review of many natural compounds of different origins, in the
present work we want to focus, in particular, on those compounds that, over the years,
have collected the greatest interest from researchers, demonstrating synergistic behav-
iours with some drugs used in the therapies of different tumors (Table 2).

Table 2. Natural compounds currently used in cancer treatment and described in the chapter “Nat-
ural Compounds and Sinergy”.

Natural Product Synergy

Some studies have demonstrated the synergistic effects

Ascorbic acid . . :
of ascorbate with other classic anti-cancer drugs.

Phase II clinical studies have suggested that a combina-
Curcumin tion of gemcitabine and curcumin is a conceivable treat-
ment for pancreatic cancer patients.

EGCG possess synergistic effects with other anticancer
Epigallocatechin-3-gallate ~ drugs, such aschrysin, curcumin, erlotinib, etoposide, 5-
fluorouracil, tamoxifen and temozolomide.

Resveratrol exhibits synergistic effects with anti-cancer

Resveratrol A . . .
drugs, such as doxorubicin, cisplatin and vinorelbine.
Some studies have suggested combinational use of cap-
Capsaicin saicin with other chemotherapeutics drugs or dietary

molecules.

4.1. Ascorbic Acid

Ascorbate is an important redox cofactor and catalyst for many biochemical reac-
tions. In humanes, it cures or prevents scurvy (this word comes from skjoerberg or skorbjugg
that, in the Scandinavian language, mean 'rough skin') [98-100].

Vitamin C is contained in several well-known plants and fruits, but also in animal
organs (brain, kidney, liver), yeasts and prokaryotes (but not in cyanobacteria) [101]. In
superior plants, vitamin C is obtained from D-glucose, and it is involved in many meta-
bolic processes, for example the scavenging of H20: [102], the maintenance of the a-to-
copherol pool [103] and, also, it behaves like violaxanthin deoxidase cofactor [104].

In animals, ascorbic acid is synthetized from glucose by enzyme L-gluconolactone
oxidase, and has been found in the kidneys of reptiles but, in mammals, it is found in the
liver. Most animals can synthesize ascorbic acid, but some species (humans, other pri-
mates, guinea pigs, Passeriformes birds and flying mammals) must get it from their diets.
This condition is due to a deficiency in gluconolactone oxidase that does not allow the
conversion of L-gluconolactone to 2-keto-L-gluconolactone [105].
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Vitamin C, as highlighted in Vitamin C and the Common Cold [106], is linked to the
immune system. This is confirmed by the rapid decrease in ascorbate and leucocytes dur-
ing stress and infection [106]. Ascorbate is also an antiviral agent; it acts against viruses
aiding in the degradation of their nucleic acids [107-109]. Furthermore, Vitamin C accel-
erates the destruction of histamine, a molecule that mediates allergy and cold symptoms,
reducing it by 30-40% [110-112].

Recently, Vitamin C was studied on some chronic diseases, in particular, atheroscle-
rosis. An ascorbate deficiency (<0.2 mg/dL) is inversely related to this condition [113,114].
Atherosclerosis is related to the oxidation of low-density lipoprotein, but the consumption
of Vitamin C by hospitalized patients can reduce myocardial infarction [115] and, in acute
smokers, which have two-fold LDL oxidation levels, ascorbate supplementation can re-
verse LDL peroxidation [116-118].

The poor intake of Vitamin C and E is related to an increase in fractures, especially
in female smokers, up to five-fold. However, among women smokers with a high intake
of both vitamins (>200 mg/day), the probability of fractures is not increased [119].

The use of ascorbate as a cancer therapy is under controversy. Seventy years ago Wil-
liam McCormick [120] described how tumour patients often showed low blood levels of
vitamin C and featured scurvy-like symptoms, leading him to assume that vitamin C
might protect against cancer by increasing collagen synthesis. In 1972, Ewan Cameron
theorised that ascorbate could suppress cancer development by inhibiting hyaluronidase,
weakening the extracellular matrix and enabling tumours to form metastases. In 1976,
Cameron and Pauling published a study of 100 patients with terminal neoplasms treated
with ascorbate. Even though the study was not guided by modern clinical standards,
mainly because they lacked a placebo control group, their results revealed that ascorbate-
treated patients showed improved quality of life of life and increased mean survival time
[121,122]. Other clinical trials have independently indicated similar results. So, interest in
the potential of ascorbate for tumour treatment grew.

However, double-blind randomized clinical trials directed by Charles Moertel of the
Mayo Clinic failed to show any positive effects of high-dose vitamin C in cancer patients
[123]. So, the enthusiasm for the results obtained by the Cameron-Pauling trials was
dampened by these data and the research on ascorbate was silenced for many years.

At the beginning of the 2000s, some studies at the National Institute of Health (NIH)
established dietary recommendations for ascorbate [124,125]. When people received oral
doses, low plasma concentrations of ascorbate were achieved (around 100-200 uM), while
intravenous administration allowed 100-fold higher concentration than oral (around 15
mM) [126]. This is due to partial intestinal absorption, excretion and renal re-absorption
during oral administration. Intravenous administration evades this control, allowing high
plasmatic concentrations [126]. So, a high (“pharmacologic”) ascorbate level is achievable
only with intravenous administration, not with oral administration (“physiologic” level).
So, while only pharmacologic vitamin C level could be considered as a drug, the attention
for using ascorbate as an anti-tumour agent has re-emerged.

After the basic information about ascorbate pharmacokinetics was understood, some
studies described the effects of ascorbate on cancer cells. The in vitro analyses showed that
ascorbic acid, at around 20 mM concentration, is able to selectively kill cancer cells, with-
out affecting normal cell lines [127]. Additionally, other authors found that ascorbate tox-
icity in cancer cells was due to hydrogen peroxide formation, with ascorbate radical as an
intermediate [128,129].

Some studies also explored the intravenous administration of vitamin C in cancer
patients. Padayatty and co-workers and Hoffer and colleagues demonstrated that intra-
venous ascorbate, at high doses, is well tolerated by patients with different cancer types
[126,130]. Other studies have highlighted that ascorbate. administered intravenously, im-
proves quality of life of life in cancer patients [131].
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Some studies concentrated their attention on the intravenous effect of ascorbate in
cancer patient's survival. Ascorbate treatment could increase quality of life and decrease
chemotherapy-related side effects in cancer patients [130,132].

Moreover, in vitro tests [15,133] and in vivo xenografts have also demonstrated the
synergistic effects of ascorbate with other classic anti-cancer drugs [16]. Recently, some
clinical studies are demonstrating that ascorbate, in combination with chemotherapeutic
drugs, displays promising clinical efficacy [134,135].

4.2. Curcumin

Curcumin has fascinated humankind since ancient times due to its numerous biolog-
ical effects, including anti-antioxidant, inflammatory and antitumor abilities [136]. Curcu-
min is obtained from the rhizome of Curcuma longa (ginger family) and recognised, from
a chemical point of view, as 1,7-bis-(4-hydroxy-3-methoxyphenyl)-hepta-1,6-diene-3,5-di-
one. Curcuma longa extracts and its components have been utilized in traditional Chinese
medicine for thousands of years.

A huge number of experiments, both in vitro and in vivo, have established that cur-
cumin could impede various cancers' growth including ovarian, gastric and colorectal ne-
oplasms, by activating apoptosis.

Although it is well tolerated by patients, curcumin is poorly adsorbed by organisms,
therefore, it is very difficult to utilize. Some approaches have tried to improve its bioavail-
ability; in particular, the main strategies are its combination with adjuvants, the utilization
of chemical analogues and the development of novel delivery approaches.

The pharmacodynamics data available for humans are limited and there is debate as
to whether its efficacy is due to some curcumin components, or to other mechanisms, act-
ing indirectly. At present, several clinical trials (phase I or II) are ongoing to investigate
the benefits of curcumin as a chemo-preventive and chemotherapeutic agent in a variety
of tumours [137-139].

A clinical study (phase I) on twenty-five patients with different lesions both (pre-
malignant and high-risk lesions) revealed that oral curcumin can be chemopreventive
[140,141]. The Cleveland Clinic carried out research with five patients with familial ade-
nomatous polyposis, who were treated three times a day with a combination of curcumin
and quercetin for a mean duration of 6 months. Data showed that polyps' number and
size were decreased in all patients, compared with controls [142].

Carrol et al. [143], in a recent phase II clinical trial, investigated curcumin and its
potential activity for prevention of colorectal neoplasia in smokers with aberrant crypt
foci (ACEF). The results showed a significant reduction of ACF number by a 4-g dose cur-
cumin at the level and indicated that curcumin may have cancer-preventive effects against
pre-invasive neoplastic lesions [143].

Unfortunately, interpretation of this study is limited, asACF is a controversial bi-
omarker of colon carcinogenesis.

Human pancreatic cancer treatment with curcumin has been evaluated in a phase II
clinical trial. Curcumin (8 g) was administered to 25 patients orally, daily, with restaging
every two months, of whom 21 were evaluable for response [139].

Some phase II clinical studies suggested that a gemcitabine and curcumin combina-
tion is a conceivable treatment for pancreatic cancer patients [144].

In a study by Bayet-Robert et al. [145], 14 advanced and metastatic breast cancer pa-
tients were treated with curcumin and docetaxel combined therapy. The research con-
firmed that this combination reduced the level of vascular endothelial grow factor (VEGF)
with optimistic results [146].

4.3. Epigallocatechin-3-gallate

Tea is a popular diffusion beverage, obtained from the plant Camellia sinensis. There
are many chemical compounds in tea, but the most abundant are catechins (especially in
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green tea), which include: (-)-epigallocatechin-3-gallate (EGCG), (-)-epigallocatechin, (-)-
epicatechin-3-gallate and (-)-epicatechin.

EGCG represents more than 50% of the total catechins, is one of the best-studied con-
stituents of green tea and appears to be the most effective one. EGCG seems promising
for chemoprevention according to in vitro, animal, clinical and epidemiological studies.
EGCG can induce the reduction of some cancer cell lines' growth and apoptosis in vitro
[127,147], inhibiting tumour incidence in in vivo experiments, for example colon, liver,
lung, mammary glands, pancreas, prostate, and skin neoplasm models [148].

Anticancer effects ascribed to EGCG are: antioxidant activities, apoptosis induction,
carcinogen metabolism modification, cell cycle arrest, DNA damage prevention, metasta-
sis inhibition modulation of multiple pathways of signal transduction and proteasome
blocking [149].

Yoshizawa et al. in 1987, described how EGCG administration suppressed 7,12-di-
methylbenz[a]anthracene (DMBA) plus teleocidin-initiated carcinogenesis. EGCG causes
a significant reduction in the incidence of tumours compared with controls [150].

However, the EGCG antitumoral effect observed in animals is not confirmed, at mo-
ment, for green tea consumption in humans. Probably, these epidemiological studies' in-
consistent results were caused by various confounding factors, for example the quantity
and the quality of the tea consumed or, possibly, the effect of caffeine [151].

Moreover, EGCG tissue and plasmatic concentrations obtained by the oral intake of
tea are lower than the effective concentrations utilized in in vitro experiments (10-100
pmol/L). To avoid these kinds of problems, better-designed clinical studies have been de-
signed; for example, EGCG-enriched fractions such as polyphenon E, a well-defined green
tea catechin (GTC) extract, or highly purified EGCG, which have been provided by phar-
maceutical companies [148].

Systemic bioavailability analyses in human volunteers of orally administered cate-
chins have been already performed. Chow et al. examined the tolerability, safety, and
pharmacokinetics of EGCG and polyphenon E, administered at doses ranging from 200 to
800 mg [152,153].

Some recent trials have confirmed EGCG's chemopreventitive and chemotherapeutic
role, offering more details on its action in the human body. For example, Ahn et al. de-
scribed that oral treatment with polyphenon E or purified EGCG (200 mg daily for 3
months) was effective in patients with cervical lesions infected by human papilloma virus
(HPV) [154].

In Japan, green tea extract's (GTE) effect on metachronous colorectal adenomas was
evaluated. GTE, administered orally (1.5 g/d for 12 months) in addition to a tea-drinking
lifestyle, has been shown to be useful in reducing the incidence of metachronous adenoma
in people 1-year post-polypectomy.

Another application of catechins is the chemoprevention of prostate cancer (oral
GTCs). Sixty volunteers with high-grade prostate neoplasia received either 600 mg of
GTCs or a placebo, daily, for 1 year. After 1 year of follow-up, only 3% of patients that
had received oral GTCs showed a prostate tumour, while 30% of patients in the placebo
group developed cancer. According to these observations, treatment with GTCs was able
to reduce prostate cancer diagnoses by almost 80% [155].

From several clinical studies it is emerging that EGCG is an active cancer suppressor,
with limited side effects and high safety. In addition, it has shown synergistic effects with
other anticancer drugs like chrysin, curcumin, erlotinib, etoposide, 5-fluorouracil, tamox-
ifen and temozolomide [156,157]. However, it can also inhibit some anticancer treatments
(bortezomib and other proteasome inhibitors) [158,159].

4.4. Resveratrol

Resveratrol is a polyphenol, isolated for the first time in 1940. It is an ingredient of
white hellebore roots (Veratrum grandiflorum O.Loes) contained in various food sources
including grapes, mulberries, red wine and peanuts. In 1963, resveratrol was recognised
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as the active element in Polygonum cuspidatum roots, a plant used in Japanese and Chinese
traditional medicine.

It can inhibit tumorigenesis at multiple phases, including initiation, as well as during
a cancer's progression [160]. Several other studies confirmed the strong chemo-preventive
resveratrol efficacy in in vivo carcinogenesis models. In mice and rats, the oral or local
application of resveratrol reduced DMBA-initiated and 12-otetradecanoylphorbol-13-ac-
etate-promoted skin cancers, repressed DMBA-induced mammary carcinogenesis, inhib-
ited 1,2-dimethylhydrazine-induced carcinogenesis of the colon epithelium and N-nitro-
somethylbenzylamine-induced esophageal tumors [161].

Moreover, extensive study has suggested that resveratrol might be an important can-
didate for cancer therapy because it could act by interfering with many signalling path-
ways playing pivotal roles for cell growth, cell death, inflammatory process, angiogenic
mechanisms and metastasis formation.

Besides, resveratrol was also described to show exhibit synergistic effects with other
classic anti-cancer drugs, such as doxorubicin, cisplatin and vinorelbine.

The first clinical trial of resveratrol in colon cancer patients was performed with the
aim to assess low dose effects of a plant-derived resveratrol formulation and resveratrol-
containing freeze-dried grape powder (GP). Treatment was administrated to 8 patients
received for 14 days until the day prior to surgery for colon cancer resection.

The two compounds showed significant ability to inhibiting Wnt pathway targets on
normal colon mucosa, whereas GP treatment augmented some Wnt target genes expres-
sion in colon cancer. Therefore, resveratrol may show more clinical utility as colon cancer
prevention agent rather than for established colon cancer treatment [162,163].

A randomised, double-blind, phase I, clinical trial, showed the SRT501 (micronized
resveratrol) effects in colorectal cancer and hepatic metastases patients. In malignant he-
patic tissue following SRT501 treatment, a marker of apoptosis, i.e., cleaved caspase-3,
was significantly increased by 39% compared to tissue from placebo-treated patients [164].

Moreover, a recent study suggested that resveratrol could attenuate the paclitaxel’s
anticancer efficacy in some breast cancer cell lines and in vivo experiments [165], but it
has also shown synergistic effects with other anticancer drugs like cisplatin, doxorubicin
and vinorelbine [166,167].

4.5. Capsaicin

Capsaicin (trans-8-methyl-N-vanillyl-6-nonenamide) is a homovanillic acid deriva-
tive and represents the major spicy component in red and chili peppers.

Capsaicin has been studied in the past for medical applications such as in anti-oxi-
dant, anti-inflammatory and analgesic compounds [24].

Recently, some researchers have explored the benefits of capsaicin as an anti-cancer
agent, with a detailed analysis of the molecular mechanisms induced by its exposure. In
fact, capsaicin is able to influence the expression of some genes, in different types of tumor
models, that are directly involved in cell growth, apoptosis, metastatization and angio-
genesis processes [168].

The interest in capsaicin is also due to its possible combinational use with other
chemotherapeutics drugs or dietary molecules, highlighting its synergistic antitumor ac-
tivities.

Capsaicin combined with resveratrol was able to induce apoptotic pathways by nitric
oxide (NO) elevation in a p53-dependent way [25].

Capsaicin has shown an interesting synergistic behavior in association with
genistein, acting in breast tumor cell lines through AMPK and cyclooxygenase 2 regula-
tion [169].

Moreover, capsaicin and brassinin, an indole obtained from cruciferous vegetables,
possess synergistic antitumor abilities in regulating matrix metalloproteinases, thereby
reducing migration and the invasion of prostate carcinoma cell lines [170].
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5. Natural Compounds as Epigenetic Modulators

An increasing number of scientific reports highlight the implication of genetic and
epigenetic alterations that can lead to the alteration of transcription factors, oncogenes'
over-expression, tumor suppressor genes' inactivation, producing a deregulation of sig-
naling pathways, and, finally, tumor occurrence [170,171].

The term “epigenetics” has been utilized to include the heritable changes in DNA
and protein alterations that lead to a disturbed expression of genes involved in cell growth
and cell cycle progression, cell death, metabolism, etc. [172].

Epigenetic alterations are hypothetically reversible; so, they are interesting for the
development of new anti-tumor strategies [173].

Drugs able to target epigenetic mechanisms could represent the frontier of a new
chemotherapeutic approach, and natural compounds have demonstrated their great po-
tential. [174].

It has been demonstrated that a vegetables- and fruits-rich diet can significantly re-
duce the risk of tumor growth. This is mainly due to the presence of some phytochemicals
that are able to modulate oncogenes' expression and tumor suppressor genes [175].

In fact, some natural compounds have been described as being able to influence some
of the epigenetic processes involved in carcinogenesis, such as the modification of histone
proteins (acetylation and methylation), DNA methylation and microRNA expression
[176].

The natural compounds most studied in epigenetic processes in tumorigenesis are
EGCG, curcumin and resveratrol. In particular, EGCG could epigenetically reactivate
p21/wafl, Bax and PUMA in prostate cancer cell lines, promoting the block of cell cycle
and cell death induced by degradation at the proteasome of histone deacetylases (HDACs)
[177]. EGCG is also able to repress the androgen receptor (AR) hormone response by the
reduction of AR acetylation. This phenomenon determines a reduction of prostate cancer
cells' growth, promoting apoptosis [178]. Moreover, EGCG has been also described as a
potential epigenetic modifier of HDACs, restoring epigenetically silenced genes in cervi-
cal and skin tumors. EGCG could also reactivate the WIF (Wnt inhibitory factor-1) expres-
sion by demethylation of the gene promoter, inducing cell growth arrest and influencing
the Wnt pathway in A549 and H460 lung tumor cell lines [179].

Moreover, EGCG reactivates the expression of WIF-1 (Wnt inhibitory factor-1)
through promoter demethylation and inhibits cell growth by downregulating the Wnt ca-
nonical pathway in H460 and A549 lung cancer cell lines [171].

EGCG sensitizes ERa-negative cancer cells to respond to 173-estradiol, and the an-
tagonist tamoxifen. EGCG associated with trichostatin A (TSA, a HDAC inhibitor) reac-
tivates the ERa expression in MDA-MB213 cells (a triple-negative breast cell line) by in-
fluencing histone methylation and acetylation, thus remodeling chromatin assembly
[180].

Curcumin has been evaluated as an excellent non-toxic hypo-methylating molecule
for breast cancer therapeutic approaches [181]. For example, curcumin influences astro-
cyte differentiation, promoting neural differentiation-inducing histone (H3 and H4) hypo-
acetylation [175].

Resveratrol induces, in p53-wild type and p53-mutant prostate tumor cells, the
downregulation of metastasis-associated protein 1 (MTA1), promoting the destabilization
of its nucleosome, remodeling deacetylation co-repressor complex. This complex is able
to mediate the histone and non-histone post-translational modifications inducing tran-
scriptional repression [176].

Taking these data together, natural compounds express a real potential effect for can-
cer therapies due to their reverting effects on epigenetic modifications in the oncogenes
and tumor-suppressor genes involved in cancer's development and growth.

6. Conclusions
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In the current century, cancer appears to be the most challenging pathology to treat;
therefore, new, well-tolerated and effective therapeutic approaches are necessary.

The primary problem in cancer therapy is drug resistance; a huge number of cellular
mechanisms are involved in this resistance [172] and no molecule is excluded from ac-
quiring a resistant phenotype. In this regard, the risk of resistance could be minimized by
combined therapies; if tumour cells gain resistance against one of the drugs, other com-
ponents of the mixture can still have an impact on them.

Even though natural compounds and their extracts, sometimes, can exhibit resistance
phenomena, pure natural compounds can be utilized in combination with another agent
to reduce the development of resistance, but natural extracts are, themselves, a blend, act-
ing as a synergic therapy, and contributing to the reduction of drug-resistant phenotypes
[173].

Natural extracts may share some disadvantages with classical cancer drugs. Re-
sistance is not the only problem, in fact, poor bioavailability is a common problem due to
their very different structures. This results in poor absorption, high metabolism rates and
a rapid excretion process. In all these cases, low plasma concentrations are reached. On
the other hand, some natural compounds are absorbed rapidly and completely, entering
the plasma in their native form, thus reaching significant plasma concentrations.

Therefore, the poor bioavailability of some natural extracts really hinders these nat-
ural product’s potential to be developed into a clinically approved drug. In fact, this poor
bioavailability requires a long-term dosing strategy. Another problem is due to the wide
patient population required, representing significant drug exposure variability for natural
extracts. So, bioavailability represents an important concern for the possible use of natural
compounds as drug candidates.

Therefore, a new strategy is these of drug delivery systems to precisely target given
body parts. This option might solve these critical issues [174]. Nanotechnology could play
a noteworthy role for advanced drug preparations, controlling both drug release and de-
livery. The green chemistry-design approach of for the loading of nanoparticles with
drugs can also be very useful in minimizing the hazardous constituents of the biosynthetic
process. Thus, these green drug-delivery nanoparticles could reduce the side-effects of
medications [175]. However, drug's precise release at determined sites, assessments of
their effects at the cellular and tissue levels, and the required predictive mathematical
modelling have not yet been developed [176].

Moreover, another interesting application of natural compounds is that the onset of
resistance is made more difficult by the use of natural extract, thanks to their poly-phar-
macological properties and, as has happened with common drugs, bioavailability prob-
lems can be solved with novel approaches, such as encapsulation [177], nanoparticles
[178], liposomes [179] or emulsions [180]. These approaches ameliorate the bioavailability
of hydrophilic compounds with poor absorption or low stability and increase the solubil-
ity of highly hydrophobic compounds and extracts [172,181].

The issues of reproducibility and the complexity of natural mixtures are the most
important drawbacks thereof. Furthermore, positive in vitro data are not directly corre-
lated to positive in vivo data due to poor solubility and, consequently, lesser accumulation
at the target site, leading to a significant increase in systemic toxicity.

In conclusion, it will be crucial to understand the signaling pathways involved, as
well as bioavailability and true cytotoxicity of these natural products, in answering the
growing demand for the evaluation of natural products in clinical trials.

Funding: This research received no external funding

Conflicts of Interest: The authors declare no conflict of interest.

1.  Bray, F,; Ferlay, J.; Soerjomataram, I; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2018, 68, 394-424, doi:10.3322/caac.21492.



Int. ]. Mol. Sci. 2021, 221, 380 16 of 23

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Chamberlin, S.R.; Blucher, A.; Wu, G.; Shinto, L.; Choonoo, G.; Kulesz-Martin, M.; McWeeney, S. Natural Product Target Network
Reveals Potential for Cancer Combination Therapies. Front. Pharmacol. 2019, 10, 557, doi:10.3389/fphar.2019.00557.

Martinotti, S.; Ranzato, E. Natural compounds and anticancer effects: The whole is greater than the sum of its parts. In Functional
Foods in Cancer Prevention and Therapy; Kabir, Y., Ed. Academic Press: New York, USA, 2020; pp. 47-58.

Izzati, F.; Warsito, M.F.; Bayu, A.; Prasetyoputri, A.; Atikana, A.; Sukmarini, L.; Rahmawati, S.I.; Putra, M.Y. Chemical Diversity
and Biological Activity of Secondary Metabolites Isolated from Indonesian Marine Invertebrates. Molecules 2021, 26, 1898,
doi:10.3390/molecules26071898.

Becerro, M.A.; Thacker, RW.; Turon, X.; Uriz, M.].; Paul, V.]. Biogeography of sponge chemical ecology: Comparisons of tropical
and temperate defenses. Oecologia 2003, 135, 91-101, doi:10.1007/s00442-002-1138-7.

Kinghorn, A.D.; DE Blanco, E.J.; Lucas, D.M.; Rakotondraibe, H.L.; Orjala, J.; Soejarto, D.D.; Oberlies, N.H.; Pearce, C.J.; Wani,
M.C.; Stockwell, B.R; et al. Discovery of Anticancer Agents of Diverse Natural Origin. Anticancer Res. 2016, 36, 5623-5637,
doi:10.21873/anticanres.11146.

Nobili, S.; Lippi, D.; Witort, E.; Donnini, M.; Bausi, L.; Mini, E.; Capaccioli, S. Natural compounds for cancer treatment and
prevention. Pharmacol. Res. 2009, 59, 365-378, doi:10.1016/j.phrs.2009.01.017.

Pan, M.H,; Lai, C.S.; Wu, ]J.C.; Ho, C.T. Molecular mechanisms for chemoprevention of colorectal cancer by natural dietary
compounds. Mol. Nutr. Food Res. 2011, 55, 32-45, d0i:10.1002/mnfr.201000412.

Mehta, R; Jain, R.K; Badve, S. Personalized medicine: The road ahead. Clin. Breast Cancer 2011, 11, 20-26, d0i:10.3816/CBC.2011.n.004.
Talevi, A. Multi-target pharmacology: Possibilities and limitations of the "skeleton key approach” from a medicinal chemist
perspective. Front. Pharmacol. 2015, 6, 205, doi:10.3389/fphar.2015.00205.

Joven, J.; Rull, A.; Rodriguez-Gallego, E.; Camps, J.; Riera-Borrull, M.; Hernadndez-Aguilera, A.; Martin-Paredero, V.; Segura-
Carretero, A.; Micol, V.; Alonso-Villaverde, C.; et al. Multifunctional targets of dietary polyphenols in disease: A case for the
chemokine network and energy metabolism. Food Chem. Toxicol. 2013, 51, 267279, doi:10.1016/j.fct.2012.10.004.

Schenone, M.; Dancik, V.; Wagner, B.K,; Clemons, P.A. Target identification and mechanism of action in chemical biology and
drug discovery. Nat. Chem. Biol. 2013, 9, 232240, doi:10.1038/nchembio.1199.

Rejhova, A.; Opattova, A,; Cumova, A.; Sliva, D.; Vodicka, P. Natural compounds and combination therapy in colorectal cancer
treatment. Eur. J. Med. Chem. 2018, 144, 582-594, d0i:10.1016/j.ejmech.2017.12.039.

Wagner, H. Synergy research: Approaching a new generation of phytopharmaceuticals. Fitoterapia 2011, 82, 34-37,
doi:10.1016/j.fitote.2010.11.016.

Martinotti, S.; Ranzato, E.; Burlando, B. In vitro screening of synergistic ascorbate-drug combinations for the treatment of
malignant mesothelioma. Toxicol. Vitr. 2011, 25, 1568-1574, doi:10.1016/j.tiv.2011.05.023.

Espey, M.G.; Chen, P.; Chalmers, B.; Drisko, ].; Sun, A.Y.; Levine, M.; Chen, Q. Pharmacologic ascorbate synergizes with gemcitabine
in preclinical models of pancreatic cancer. Free Radic. Biol. Med. 2011, 50, 1610-1619, d0i:10.1016/j.freeradbiomed.2011.03.007.
Damayanthi, Y.; Lown, ].W. Podophyllotoxins: Current status and recent developments. Curr. Med. Chem. 1998, 5, 205-252.
Ayres D.C,; Loike ].D. Lignans Chemical, biological and clinical properties. Cambridge University Press: Cambridge, England,
1990.

Subrahmanyam, D.; Renuka, B.; Rao, C.V.; Sagar, P.S.; Deevi, D.S.; Babu, ].M.; Vyas, K. Novel D-ring analogues of podophyllotoxin
as potent anti-cancer agents. Bioorg. Med. Chem. Lett. 1998, 8, 1391-1396, d0i:10.1016/s0960-894x(98)00232-7.

Utsugi, T.; Shibata, J.; Sugimoto, Y.; Aoyagi, K.; Wierzba, K.; Kobunai, T.; Terada, T.; Oh-hara, T.; Tsuruo, T.; Yamada, Y. Antitumor
activity of a novel podophyllotoxin derivative (TOP-53) against lung cancer and lung metastatic cancer. Cancer Res. 1996, 56,
2809-2814.

Fisher, R.I. Treatment of aggressive non-Hodgkin' lymphomas. Lessons from the past 10 years. Cancer 1994, 74, 26572661,
d0i:10.1002/1097-0142(19941101)74:9+<2657::aid-cncr2820741812>3.0.co;2-t.

Mabhapatra, S.; Young, C.Y.; Kohli, M.; Karnes, R.J.; Klee, EW.; Holmes, M.W; Tindall, D.J.; Donkena, K.V. Antiangiogenic
Effects and Therapeutic Targets of Azadirachta indica Leaf Extract in Endothelial Cells. Evid.-Based Complement. Altern. Med.
2012, 2012, 303019, doi:10.1155/2012/303019.

Kamath, S.G.; Chen, N.; Xiong, Y.; Wenham, R.; Apte, S.; Humphrey, M.; Cragun, J.; Lancaster, ]. M. Gedunin, a novel natural
substance, inhibits ovarian cancer cell proliferation. Int. . Gynecol. Cancer 2009, 19, 1564-1569, d0i:10.1111/IGC.0b013e3181a83135.
Bode, A.M.; Dong, Z. The two faces of capsaicin. Cancer Res. 2011, 71, 2809-2814, doi:10.1158/0008-5472.CAN-10-3756.

Kim, M.Y,; Trudel, L.J.; Wogan, G.N. Apoptosis induced by capsaicin and resveratrol in colon carcinoma cells requires nitric
oxide production and caspase activation. Anticancer Res. 2009, 29, 3733-3740.

Wang, J.; Wang, Y.; Liu, Q; Yang, L.; Zhu, R.; Yu, C.; Wang, S. Rational Design of Multifunctional Dendritic Mesoporous Silica
Nanoparticles to Load Curcumin and Enhance Efficacy for Breast Cancer Therapy. ACS Appl. Mater. Interfaces 2016, 8, 26511—
26523, d0i:10.1021/acsami.6b08400.

Camacho-Barquero, L.; Villegas, I.; Sanchez-Calvo, ].M.; Talero, E.; Sanchez-Fidalgo, S.; Motilva, V.; Alarcén de la Lastra, C.
Curcumin, a Curcuma longa constituent, acts on MAPK p38 pathway modulating COX-2 and iNOS expression in chronic
experimental colitis. Int. Immunopharmacol. 2007, 7, 333-342, doi:10.1016/j.intimp.2006.11.006.

Arbiser, J.L.; Kau, T.; Konar, M.; Narra, K.; Ramchandran, R.; Summers, S.A.; Vlahos, C.J.; Ye, K.; Perry, B.N.; Matter, W.; et al.
Solenopsin, the alkaloidal component of the fire ant (Solenopsis invicta), is a naturally occurring inhibitor of phosphatidylinositol-
3-kinase signaling and angiogenesis. Blood 2007, 109, 560-565, doi:10.1182/blood-2006-06-029934.



Int. ]. Mol. Sci. 2021, 221, 380 17 of 23

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Ye, S.F.; Hou, Z.Q.; Zhong, L.M.; Zhang, Q.Q. Effect of curcumin on the induction of glutathione S-transferases and NADP(H):quinone
oxidoreductase and its possible mechanism of action. Yao Xue Xue Bao 2007, 42, 376-380.

Chen, C; Liu, Y.; Chen, Y.; Xu, ]. C086, a novel analog of curcumin, induces growth inhibition and down-regulation of NFkappaB
in colon cancer cells and xenograft tumors. Cancer Biol. Ther. 2011, 12, 797-807.

Durko, L.; Malecka-Panas, E. Lifestyle Modifications and Colorectal Cancer. Curr. Colorectal Cancer Rep. 2014, 10, 45-54,
doi:10.1007/s11888-013-0203-4.

Patel, B.B.; Sengupta, R.; Qazi, S.; Vachhani, H.; Yu, Y.; Rishi, AK.; Majumdar, A.P. Curcumin enhances the effects of 5-
fluorouracil and oxaliplatin in mediating growth inhibition of colon cancer cells by modulating EGFR and IGF-1R. Int. ]. Cancer
2008, 122, 267-273, doi:10.1002/ijc.23097.

Yue, C,; Jiang, L.; Kwok, H.; Lee, J.; Chan, K.; Fung, K.; Leung, P.; Lau, C. Turmeric ethanolic extract possesses stronger
inhibitory activities on colon tumour growth than curcumin—the importance of turmerones. J. Funct. Foods 2016, 22, 565-577.
Nautiyal, J.; Kanwar, S.S.; Yu, Y.; Majumdar, A.P. Combination of dasatinib and curcumin eliminates chemo-resistant colon
cancer cells. J. Mol. Signal 2011, 6, 7, doi:10.1186/1750-2187-6-7.

Baena Ruiz, R.; Salinas Hernandez, P. Cancer chemoprevention by dietary phytochemicals: Epidemiological evidence. Maturitas
2016, 94, 13-19, doi:10.1016/j.maturitas.2016.08.004.

Redondo-Blanco, S.; Fernandez, J.; Gutiérrez-Del-Rio, I; Villar, C.J.; Lombo, F. New Insights toward Colorectal Cancer Chemotherapy
Using Natural Bioactive Compounds. Front. Pharmacol. 2017, 8, 109, d0i:10.3389/fphar.2017.00109.

Chang, CJ; Chen, Y.Y,; Lu, C.C; Lin, C.S,; Martel, J.; Tsai, S.H.; Ko, Y.F.; Huang, T.T.; Ojcius, D.M.; Young, ].D.; et al. Ganoderma
lucidum stimulates NK cell cytotoxicity by inducing NKG2D/NCR activation and secretion of perforin and granulysin. Innate
Immun. 2014, 20, 301-311, do0i:10.1177/1753425913491789.

Sliva, D. Ganoderma lucidum (Reishi) in cancer treatment. Integr. Cancer Ther. 2003, 2, 358-364, d0i:10.1177/1534735403259066.
Miyazaki, T.; Nishijima, M. Studies on fungal polysaccharides. XXVII. Structural examination of a water-soluble, antitumor
polysaccharide of Ganoderma lucidum. Chem. Pharm. Bull. 1981, 29, 3611-3616, d0i:10.1248/cpb.29.3611.

Lee, S.; Park, S.; Oh, ].W.; Yang, C. Natural inhibitors for protein prenyltransferase. Planta Med. 1998, 64, 303-308, d0i:10.1055/s-
2006-957439.

Liang, Z.; Guo, Y.T.; Yi, Y.J,; Wang, R.C; Hu, Q.L.; Xiong, X.Y. Ganoderma lucidum polysaccharides target a Fas/caspase
dependent pathway to induce apoptosis in human colon cancer cells. Asian Pac. ]. Cancer Prev. 2014, 15, 3981-3986,
doi:10.7314/apjcp.2014.15.9.3981.

Jiang, D.; Wang, L.; Zhao, T.; Zhang, Z.; Zhang, R.; Jin, J.; Cai, Y.; Wang, F. Restoration of the tumor-suppressor function to mutant
p53 by Ganoderma lucidum polysaccharides in colorectal cancer cells. Oncol. Rep. 2017, 37, 594-600, doi:10.3892/0r.2016.5246.
Thyagarajan, A.; Jedinak, A.; Nguyen, H.; Terry, C.; Baldridge, L.; Jiang, J.; Sliva, D. Triterpenes from Ganoderma Lucidum induce
autophagy in colon cancer through the inhibition of p38 mitogen-activated kinase (p38 MAPK). Nutr. Cancer 2010, 62, 630-640.
Hermanson, D.J.; Marnett, L.J. Cannabinoids, endocannabinoids, and cancer. Cancer Metastasis Rev. 2011, 30, 599-612,
doi:10.1007/s10555-011-9318-8.

Cianchi, F.; Papucci, L.; Schiavone, N.; Lulli, M.; Magnelli, L.; Vinci, M.C.; Messerini, L.; Manera, C.; Ronconi, E.; Romagnani,
P.; et al. Cannabinoid receptor activation induces apoptosis through tumor necrosis factor alpha-mediated ceramide de novo
synthesis in colon cancer cells. Clin. Cancer Res. 2008, 14, 7691-7700, d0i:10.1158/1078-0432.CCR-08-0799.

Izzo, A.A.; Camilleri, M. Cannabinoids in intestinal inflammation and cancer. Pharmacol. Res. 2009, 60, 117-125,
doi:10.1016/j.phrs.2009.03.008.

Aviello, G.; Romano, B.; Borrelli, F.; Capasso, R.; Gallo, L.; Piscitelli, F.; Di Marzo, V.; I1zzo, A.A. Chemopreventive effect of the non-
psychotropic phytocannabinoid cannabidiol on experimental colon cancer. ]. Mol. Med. 2012, 90, 925-934, doi:10.1007/s00109-011-
0856-x.

Pisanti, S.; Picardi, P.; D'Alessandro, A.; Laezza, C.; Bifulco, M. The endocannabinoid signaling system in cancer. Trends
Pharmacol. Sci. 2013, 34, 273-282, d0i:10.1016/j.tips.2013.03.003.

Sarfaraz, S.; Adhami, V.M.; Syed, D.N.; Afaq, F.; Mukhtar, H. Cannabinoids for cancer treatment: Progress and promise. Cancer
Res. 2008, 68, 339-342, doi:10.1158/0008-5472.CAN-07-2785.

Romano, B.; Borrelli, F.; Pagano, E.; Cascio, M.G.; Pertwee, R.G.; Izzo, A.A. Inhibition of colon carcinogenesis by a standardized
Cannabis sativa extract with high content of cannabidiol. Phytomedicine 2014, 21, 631-639, d0i:10.1016/j.phymed.2013.11.006.
Zhou, F.; Zhou, H.; Wang, T.; Mu, Y.; Wu, B.; Guo, D.L.; Zhang, X.M.; Wu, Y. Epigallocatechin-3-gallate inhibits proliferation
and migration of human colon cancer SW620 cells in vitro. Acta Pharmacol. Sin. 2012, 33, 120-126, doi:10.1038/aps.2011.139.
Singh, B.N.; Shankar, S.; Srivastava, R.K. Green tea catechin, epigallocatechin-3-gallate (EGCG): Mechanisms, perspectives and
clinical applications. Biochem. Pharmacol. 2011, 82, 1807-1821, d0i:10.1016/j.bcp.2011.07.093.

Khan, M.A; Hussain, A.; Sundaram, M.K,; Alalami, U.; Gunasekera, D.; Ramesh, L.; Hamza, A.; Quraishi, U. (-)-Epigallocatechin-3-
gallate reverses the expression of various tumor-suppressor genes by inhibiting DNA methyltransferases and histone deacetylases
in human cervical cancer cells. Oncol. Rep. 2015, 33, 1976-1984, doi:10.3892/0r.2015.3802.

Hwang, ].T,; Ha, J.; Park, L].; Lee, S.K.; Baik, HW.; Kim, Y.M.; Park, O.]. Apoptotic effect of EGCG in HT-29 colon cancer cells
via AMPK signal pathway. Cancer Lett. 2007, 247, 115-121, doi:10.1016/j.canlet.2006.03.030.

Katayama, K.; Masuyama, K.; Yoshioka, S.; Hasegawa, H.; Mitsuhashi, J.; Sugimoto, Y. Flavonoids inhibit breast cancer resistance
protein-mediated drug resistance: Transporter specificity and structure-activity relationship. Cancer Chemother. Pharmacol. 2007, 60,
789-797, d0i:10.1007/s00280-007-0426-7.



Int. ]. Mol. Sci. 2021, 221, 380 18 of 23

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Khan, R.; Khan, A.Q.; Qamar, W.; Lateef, A.; Ali, F.; Rehman, M.U.; Tahir, M.; Sharma, S.; Sultana, S. Chrysin abrogates cisplatin-
induced oxidative stress, p53 expression, goblet cell disintegration and apoptotic responses in the jejunum of Wistar rats. Br. J.
Nutr. 2012, 108, 1574-1585, d0i:10.1017/50007114511007239.

Hu, X.J.; Xie, M.Y.; Kluxen, F.M.; Diel, P. Genistein modulates the anti-tumor activity of cisplatin in MCF-7 breast and HT-29
colon cancer cells. Arch. Toxicol. 2014, 88, 625-635, d0i:10.1007/s00204-013-1184-4.

Engelmann, C.; Blot, E.; Panis, Y.; Bauer, S.; Trochon, V.; Nagy, H.J.; Lu, H,; Soria, C. Apigenin--strong cytostatic and anti-
angiogenic action in vitro contrasted by lack of efficacy in vivo. Phytomedicine 2002, 9, 489495, doi:10.1078/09447110260573100.
Zhong, Y.; Krisanapun, C.; Lee, S.H.; Nualsanit, T.; Sams, C.; Peungvicha, P.; Baek, S.]. Molecular targets of apigenin in colorectal
cancer cells: Involvement of p21, NAG-1 and p53. Eur. ]. Cancer 2010, 46, 3365-3374, d0i:10.1016/;.ejca.2010.07.007.

Lefort, E.C.; Blay, J. The dietary flavonoid apigenin enhances the activities of the anti-metastatic protein CD26 on human colon
carcinoma cells. Clin. Exp. Metastasis 2011, 28, 337-349, d0i:10.1007/s10585-010-9364-6.

Ronnekleiv-Kelly, S.M.; Nukaya, M.; Diaz-Diaz, C.J.; Megna, B.W.; Carney, P.R.; Geiger, P.G.; Kennedy, G.D. Aryl hydrocarbon
receptor-dependent apoptotic cell death induced by the flavonoid chrysin in human colorectal cancer cells. Cancer Lett. 2016,
370, 91-99, doi:10.1016/j.canlet.2015.10.014.

Wang, W.; VanAlstyne, P.C.; Irons, K.A; Chen, S.; Stewart, ] W.; Birt, D.F. Individual and interactive effects of apigenin analogs
on G2/M cell-cycle arrest in human colon carcinoma cell lines. Nutr. Cancer 2004, 48, 106-114, d0i:10.1207/s15327914nc4801_14.
Auyeung, K.K.; Ko, ].K. Novel herbal flavonoids promote apoptosis but differentially induce cell cycle arrest in human colon
cancer cell. Invest. New Drugs 2010, 28, 1-13, doi:10.1007/s10637-008-9207-3.

Lee, CK,; Son, S.H.; Park, KK.; Park, ].H.; Lim, S.S.; Chung, W.Y. Isoliquiritigenin inhibits tumor growth and protects the
kidney and liver against chemotherapy-induced toxicity in a mouse xenograft model of colon carcinoma. J. Pharmacol. Sci. 2008,
106, 444-451, doi:10.1254/jphs.fp0071498.

Lee, W.S.; Lee, E.G.; Sung, M.S.; Yoo, W.H. Kaempferol inhibits IL-1p3-stimulated, RANKL-mediated osteoclastogenesis via
downregulation of MAPKSs, c-Fos, and NFATcl. Inflammation 2014, 37, 1221-1230, d0i:10.1007/s10753-014-9849-6.

Raja, 5.B.; Rajendiran, V.; Kasinathan, N.K.; Amrithalakshmi, P.; Venkatabalasubramanian, S.; Murali, M.R.; Devaraj, H.; Devaraj,
S.N. Differential cytotoxic activity of Quercetin on colonic cancer cells depends on ROS generation through COX-2 expression.
Food Chem. Toxicol. 2017, 106, 92-106, doi:10.1016/j.fct.2017.05.006.

Ranelletti, F.O.; Maggiano, N.; Serra, F.G.; Ricci, R.; Larocca, L.M.; Lanza, P.; Scambia, G.; Fattorossi, A.; Capelli, A.; Piantelli, M.
Quercetin inhibits p21-RAS expression in human colon cancer cell lines and in primary colorectal tumors. Int. J. Cancer 2000, 85,
438-445.

Cui, C; Feng, H,; Shi, X.; Wang, Y.; Feng, Z; Liu, J.; Han, Z; Fu, ].; Fu, Z.; Tong, H. Artesunate down-regulates immunosuppression
from colorectal cancer Colon26 and RKO cells in vitro by decreasing transforming growth factor 31 and interleukin-10. Int.
Immunopharmacol. 2015, 27, 110-121, d0i:10.1016/j.intimp.2015.05.004.

Liu, W.M.; Gravett, A.M.; Dalgleish, A.G. The antimalarial agent artesunate possesses anticancer properties that can be
enhanced by combination strategies. Int. J. Cancer 2011, 128, 1471-1480, doi:10.1002/ijc.25707.

Lee, C.Y.; Hsieh, S.L.; Hsieh, S.; Tsai, C.C.; Hsieh, L.C.; Kuo, Y.H.; Wu, C.C. Inhibition of human colorectal cancer metastasis by
notoginsenoside R1, an important compound from Panax notoginseng. Oncol. Rep. 2017, 37, 399-407, doi:10.3892/0r.2016.5222.
Junmin, S.; Hongxiang, L.; Zhen, L.; Chao, Y.; Chaojie, W. Ginsenoside Rg3 inhibits colon cancer cell migration by suppressing
nuclear factor kappa B activity. J. Tradit. Chin. Med. 2015, 35, 440-444, doi:10.1016/s0254-6272(15)30122-9.

Wang, W.; Zhong, W.; Yuan, J.; Yan, C; Hu, S;; Tong, Y.; Mao, Y.; Hu, T.; Zhang, B.; Song, G. Involvement of Wnt/{3-catenin
signaling in the mesenchymal stem cells promote metastatic growth and chemoresistance of cholangiocarcinoma. Oncotarget
2015, 6, 4227642289, d0i:10.18632/oncotarget.5514.

Mullauer, F.B.; van Bloois, L.; Daalhuisen, J.B.; Ten Brink, M.S.; Storm, G.; Medema, ]J.P.; Schiffelers, R.M.; Kessler, J.H. Betulinic
acid delivered in liposomes reduces growth of human lung and colon cancers in mice without causing systemic toxicity.
Anticancer Drugs 2011, 22, 223-233, d0i:10.1097/CAD.0b013e3283421035.

Jung, G.R; Kim, K.J.; Choi, C.H,; Lee, T.B.; Han, S.I.; Han, H.K,; Lim, S.C. Effect of betulinic acid on anticancer drug-resistant
colon cancer cells. Basic Clin. Pharmacol. Toxicol. 2007, 101, 277-285, doi:10.1111/j.1742-7843.2007.00115.x.

Yang, D.; Qu, J.; Qu, X;; Cao, Y.; Xu, L.; Hou, K.; Feng, W.; Liu, Y. Gossypol sensitizes the antitumor activity of 5-FU through
down-regulation of thymidylate synthase in human colon carcinoma cells. Cancer Chemother. Pharmacol. 2015, 76, 575-586,
doi:10.1007/s00280-015-2749-0.

Wu, X,; Zhou, Q.H.,; Xu, K. Are isothiocyanates potential anti-cancer drugs? Acta Pharmacol. Sin. 2009, 30, 501-512,
doi:10.1038/aps.2009.50.

Lai, K.C; Lu, C.C; Tang, Y.J.; Chiang, ].H.; Kuo, D.H.; Chen, F.A.; Chen, LL.; Yang, J.S. Allyl isothiocyanate inhibits cell
metastasis through suppression of the MAPK pathways in epidermal growth factor-stimulated HT29 human colorectal
adenocarcinoma cells. Oncol. Rep. 2014, 31, 189-196, d0i:10.3892/0r.2013.2865.

Wu, P.P,; Chung, HW,; Liu, K.C,; Wu, R.S,; Yang, ].S.; Tang, N.Y.; Lo, C.; Hsia, T.C.; Yu, C.C.; Chueh, E.S; et al. Diallyl sulfide
induces cell cycle arrest and apoptosis in HeLa human cervical cancer cells through the p53, caspase- and mitochondria-
dependent pathways. Int. |. Oncol. 2011, 38, 1605-1613, d0i:10.3892/ij0.2011.973.

Yu, C.S,; Huang, A.C; Lai, K.C,; Huang, Y.P.; Lin, M.W.; Yang, ].S.; Chung, J.G. Diallyl trisulfide induces apoptosis in human
primary colorectal cancer cells. Oncol. Rep. 2012, 28, 949-954, doi:10.3892/0r.2012.1882.



Int. ]. Mol. Sci. 2021, 221, 380 19 of 23

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.
99.

100.
101.

102.

103.

104.

105.
106.

Bashari, M.H.; Arsydinilhuda, F.Z.; [lhamsyah, R.S.; Nugrahani, A.D.; Nurdin, R.A.; Kartika, A.; Huda, F.; Abdurahman, M.;
Putri, T.; Qomarilla, N.; et al. The Ethanol Extract of Marine Sponge Aaptos suberitoides Suppress Cell Viability, Cell
Proliferation and Cell Migration in HER2-Positive Breast Cancer Cell Line. Asian Pac. |. Cancer Prev. 2021, 22, 25-32,
doi:10.31557/APJCP.2021.22.51.25.

LoPiccolo, J.; Granville, C.A.; Gills, J.J.; Dennis, P.A. Targeting Akt in cancer therapy. Anticancer Drugs 2007, 18, 861-874,
doi:10.1097/CAD.0b013e3280cc2c6f.

Bashari, M.H.; Huda, F.; Tartila, T.S.; Shabrina, S.; Putri, T.; Qomarilla, N.; Atmaja, H.; Subhan, B.; Sudji, I.R.; Meiyanto, E.
Bioactive Compounds in the Ethanol Extract of Marine Sponge Stylissa carteri Demonstrates Potential Anti-Cancer Activity in
Breast Cancer Cells. Asian Pac. ]. Cancer Prev. 2019, 20, 1199-1206, d0i:10.31557/APJCP.2019.20.4.1199.

Ziaja, M.; Dziedzic, A.; Szafraniec, K.; Piastowska-Ciesielska, A. Cecropins in cancer therapies-where we have been? Eur. J.
Pharmacol. 2020, 882, 173317, doi:10.1016/j.ejphar.2020.173317.

Burres, N.S.; Clement, ].J. Antitumor activity and mechanism of action of the novel marine natural products mycalamide-A and
-B and onnamide. Cancer Res. 1989, 49, 2935-2940.

Rogozhin, E.A.; Sadykova, V.S.; Baranova, A.A.; Vasilchenko, A.S.; Lushpa, V.A.; Mineev, K.S.; Georgieva, M.L.; Kul'ko, A.B,;
Krasheninnikov, M.E.; Lyundup, A.V.; et al. A Novel Lipopeptaibol Emericellipsin A with Antimicrobial and Antitumor Activity
Produced by the Extremophilic Fungus. Molecules 2018, 23, 2785, doi:10.3390/molecules23112785.

Ebina, T.; Murata, K. Antitumor Effect of PSK at a Distant Site: Tumor-specific Immunity and Combination with Other
Chemotherapeutic Agents. Jpn. J. Cancer Res. 1992, 83, 775-782.

Braess, J.; Pfortner, J.; Kern, W.; Hiddemann, W.; Schleyer, E. Cytidine deaminase—The methodological relevance of AraC
deamination for ex vivo experiments using cultured cell lines, fresh leukemic blasts, and normal bone marrow cells. Ann.
Hematol. 1999, 78, 514-520, doi:10.1007/s002770050548.

Kharbanda, S.; Emoto, Y.; Kisaki, H.; Saleem, A.; Kufe, D. 1-beta-D-arabinofuranosylcytosine activates serine/threonine protein
kinases and c-jun gene expression in phorbol ester-resistant myeloid leukemia cells. Mol. Pharmacol. 1994, 46, 67-72.

Brach, M.A,; Herrmann, F.; Kufe, D.W. Activation of the AP-1 transcription factor by arabinofuranosylcytosine in myeloid
leukemia cells. Blood 1992, 79, 728-734.

Brach, M.A.; Kharbanda, S.M.; Herrmann, F.; Kufe, D.W. Activation of the transcription factor kappa B in human KG-1 myeloid
leukemia cells treated with 1-beta-D-arabinofuranosylcytosine. Mol. Pharmacol. 1992, 41, 60-63.

Sreenivasan, Y.; Sarkar, A.; Manna, S.K. Mechanism of cytosine arabinoside-mediated apoptosis: Role of Rel A (p65)
dephosphorylation. Oncogene 2003, 22, 43564369, doi:10.1038/sj.onc.1206486.

Berman, E.; Heller, G.; Santorsa, J.; McKenzie, S.; Gee, T.; Kempin, S.; Gulati, S.; Andreeff, M.; Kolitz, J.; Gabrilove, J. Results of
arandomized trial comparing idarubicin and cytosine arabinoside with daunorubicin and cytosine arabinoside in adult patients
with newly diagnosed acute myelogenous leukemia. Blood 1991, 77, 1666-1674.

Tsukimoto, M.; Nagaoka, M.; Shishido, Y.; Fujimoto, J.; Nishisaka, F.; Matsumoto, S.; Harunari, E.; Imada, C.; Matsuzaki, T.
Bacterial production of the tunicate-derived antitumor cyclic depsipeptide didemnin B. J. Nat. Prod. 2011, 74, 2329-2331,
doi:10.1021/np200543z.

Mutter, R.; Wills, M. Chemistry and clinical biology of the bryostatins. Bioorg. Med. Chem. 2000, 8, 1841-1860, doi:10.1016/s0968-
0896(00)00150-4.

Dowlati, A.; Lazarus, HM.; Hartman, P.; Jacobberger, ].W.; Whitacre, C.; Gerson, S.L.; Ksenich, P.; Cooper, BW.; Frisa, P.S.;
Gottlieb, M.; et al. Phase I and correlative study of combination bryostatin 1 and vincristine in relapsed B-cell malignancies.
Clin. Cancer Res. 2003, 9, 5929-5935.

Rauh, R; Kahl, S.; Boechzelt, H.; Bauer, R.; Kaina, B.; Efferth, T. Molecular biology of cantharidin in cancer cells. Chin. Med.
2007, 2, 8, doi:10.1186/1749-8546-2-8.

Xie, X.; Wu, M.Y,; Shou, LM.; Chen, L.P.; Gong, F.R.; Chen, K.; Li, D.M.; Duan, W.M.; Xie, Y.F.; Mao, Y.X,; et al. Tamoxifen
enhances the anticancer effect of cantharidin and norcantharidin in pancreatic cancer cell lines through inhibition of the protein
kinase C signaling pathway. Oncol. Lett. 2015, 9, 837-844, d0i:10.3892/01.2014.2711.

Svirbely, J.L.; Szent-Gyorgyi, A. The chemical nature of vitamin C. Biochem. ]. 1932, 26, 865-870, doi:10.1042/bj0260865.

Lorenz, A. Fundamental orthopedic thoughts of adolf lorenz which are still being used today. Wien Klin Wochenschr 1954, 66,
648-652.

Lorenz, A.J. Scurvy in the Gold Rush. ]. Hist. Med. Allied Sci. 1957, 12, 473-510, doi:10.1093/jhmas/xii.10.473.

Tsao, C. An overview of ascorbic acid chemistry and biochemistry. In Vitamin C in Health and Disease; Packer, L., Fuchs. J., Eds.;
Marcel Dekker: New York, NY, USA, 1997; pp. 25-58.

Nakano, Y.; Asada, K. Hydrogen peroxide is scavenged by ascorbate-specific peroxidase in spinach chloroplasts. Plant Cell
Physiol. 1981, 22, 867.

Foyer, C. Ascorbic acid. In Antioxidants In Higher Plants; Alscher, R.G., Hess, J.L., Eds.; CRC Press: Boca Raton, FL, USA, 1993;
pp- 31-58.

Fraser, P.; Miura, Y.; Misawa, N. In vitro characterization of a staxanthin biosynthetic enzymes. . Biol. Chem. 1997, 272, 6128-6135.
Sato P, Udenfriend S. Studies on ascorbic acid related to the genetic basis of scurvy. Vitam Horm. 1978, 36, 33-52

Pauling, L. (1970) Vitamin C and the Common Cold (reprinted in 1976 as Vitamin C, Common Cold, and the Flu). San Francisco,
USA, Publisher: W.H. Freeman, ISBN: 0716703602



Int. ]. Mol. Sci. 2021, 221, 380 20 of 23

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.
121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

Harakeh, S.; Jariwalla, R.J. Comparative study of the anti-HIV activities of ascorbate and thiol-containing reducing agents in
chronically HIV-infected cells. Am. . Clin. Nutr. 1991, 54, 12315-1235S, d0i:10.1093/ajen/54.6.1231s.

Schwerdt, P.R.; Schwerdt, C.E. Effect of ascorbic acid on rhinovirus replication in WI-38 cells. Proc. Soc. Exp. Biol. Med. 1975, 148,
1237-1243, d0i:10.3181/00379727-148-38724.

Kazakov, S.A.; Astashkina, T.G.; Mamaev, S.V.; Vlassov, V.V. Site-specific cleavage of single-stranded DNAs at unique sites by
a copper-dependent redox reaction. Nature 1988, 335, 186-188, doi:10.1038/335186a0.

Johnston, C.S.; Solomon, R.E.; Corte, C. Vitamin C depletion is associated with alterations in blood histamine and plasma free
carnitine in adults. J. Am. Coll. Nutr. 1996, 15, 586-591, doi:10.1080/07315724.1996.10718634.

Johnston, C.S.; Retrum, K.R.; Srilakshmi, J.C. Antihistamine effects and complications of supplemental vitamin C. ]. Am. Diet.
Assoc. 1992, 92, 988-989.

Bucca, C.; Rolla, G.; Oliva, A.; Farina, J.C. Effect of vitamin C on histamine bronchial responsiveness of patients with allergic
rhinitis. Ann. Allergy 1990, 65, 311-314.

Carr, A.; Frei, B. Toward a new recommended dietary allowance for vitamin C based on antioxidant and health effects in
humans. Am. J. Clin. Nutr. 1999, 69, 1086-1107.

Enstrom, J.E.; Kanim, L.E.; Klein, M.A. Vitamin C intake and mortality among a sample of the United States population.
Epidemiology 1992, 3, 194-202, doi:10.1097/00001648-199205000-00003.

Singh, R.B.; Niaz, M.A.; Agarwal, P.; Begom, R.; Rastogi, S.S. Effect of antioxidant-rich foods on plasma ascorbic acid, cardiac
enzyme, and lipid peroxide levels in patients hospitalized with acute myocardial infarction. ]. Am. Diet. Assoc. 1995, 95, 775
780, doi:10.1016/50002-8223(95)00215-4.

Harats, D.; Ben-Naim, M.; Dabach, Y.; Hollander, G.; Havivi, E.; Stein, O.; Stein, Y. Effect of vitamins C and E supplementation
on susceptibility of plasma lipoproteins to peroxidation induced by acute smoking. Atherosclerosis 1990, 85, 47-54.

Hall, S.L.; Greendale, G.A. The relation of dietary vitamin C intake to bone mineral density: Results from the PEPI study. Calcif.
Tissue Int. 1998, 63, 183-189, doi:10.1007/s002239900512.

Melhus, H.; Michaélsson, K.; Holmberg, L.; Wolk, A.; Ljunghall, S. Smoking, antioxidant vitamins, and the risk of hip fracture.
J. Bone Miner. Res. 1999, 14, 129-135, d0i:10.1359/jbmr.1999.14.1.129.

Weber, P. The role of vitamins in the prevention of osteoporosis—A brief status report. Int. J. Vitam. Nutr. Res. 1999, 69, 194—
197, d0i:10.1024/0300-9831.69.3.194.

McCormick, W.]J. Cancer: The preconditioning factor in pathogenesis; a new etiologic approach. Arch. Pediatr. 1954, 71, 313-322.
Cameron, E.; Pauling, L. Supplemental ascorbate in the supportive treatment of cancer: Prolongation of survival times in
terminal human cancer. Proc. Natl. Acad. Sci. USA 1976, 73, 3685-3689, doi:10.1073/pnas.73.10.3685.

Cameron, E.; Pauling, L. Supplemental ascorbate in the supportive treatment of cancer: Reevaluation of prolongation of survival
times in terminal human cancer. Proc. Natl. Acad. Sci. USA 1978, 75, 4538-4542, doi:10.1073/pnas.75.9.4538.

Creagan, E.T.; Moertel, C.G.; O'Fallon, J.R.; Schutt, A.].; O’Connell, M.].; Rubin, J.; Frytak, S. Failure of high-dose vitamin C
(ascorbic acid) therapy to benefit patients with advanced cancer. A controlled trial. N. Engl. ]. Med. 1979, 301, 687-690,
doi:10.1056/NEJM197909273011303.

Levine, M.; Wang, Y.; Padayatty, S.J.; Morrow, J. A new recommended dietary allowance of vitamin C for healthy young
women. Proc. Natl. Acad. Sci. USA 2001, 98, 9842-9846, d0i:10.1073/pnas.171318198.

Levine, M.; Conry-Cantilena, C.; Wang, Y.; Welch, R.W.; Washko, P.W.; Dhariwal, K.R.; Park, ].B.; Lazarev, A.; Graumlich, J.F.;
King, J.; et al. Vitamin C pharmacokinetics in healthy volunteers: Evidence for a recommended dietary allowance. Proc. Natl.
Acad. Sci. USA 1996, 93, 3704-3709, doi:10.1073/pnas.93.8.3704.

Padayatty, S.J.; Sun, H.; Wang, Y.; Riordan, H.D.; Hewitt, S.M.; Katz, A.; Wesley, R.A.; Levine, M. Vitamin C pharmacokinetics:
Implications for oral and intravenous use. Ann. Intern. Med. 2004, 140, 533-537, d0i:10.7326/0003-4819-140-7-200404060-00010.
Ranzato, E.; Martinotti, S.; Magnelli, V.; Murer, B.; Biffo, S.; Mutti, L.; Burlando, B. Epigallocatechin-3-gallate induces mesothelioma
cell death via HxO»-dependent T-type Ca?* channel opening. ]. Cell. Mol. Med. 2012, 16, 2667-2678, doi:10.1111/j.1582-
4934.2012.01584..x.

Chen, Q.; Espey, M.G.; Sun, A.Y.; Lee, ].H.; Krishna, M.C,; Shacter, E.; Choyke, P.L.; Pooput, C.; Kirk, K.L.; Buettner, G.R.; et al.
Ascorbate in pharmacologic concentrations selectively generates ascorbate radical and hydrogen peroxide in extracellular fluid
in vivo. Proc. Natl. Acad. Sci. USA 2007, 104, 8749-8754, doi:10.1073/pnas.0702854104.

Chen, Q.; Espey, M.G,; Krishna, M.C.; Mitchell, ].B.; Corpe, C.P.; Buettner, G.R.; Shacter, E.; Levine, M. Pharmacologic ascorbic
acid concentrations selectively kill cancer cells: Action as a pro-drug to deliver hydrogen peroxide to tissues. Proc. Natl. Acad.
Sci. USA 2005, 102, 13604-13609, doi:10.1073/pnas.0506390102.

Hoffer, L.]J.; Robitaille, L.; Zakarian, R.; Melnychuk, D.; Kavan, P.; Agulnik, J.; Cohen, V.; Small, D.; Miller, W.H. High-dose
intravenous vitamin C combined with cytotoxic chemotherapy in patients with advanced cancer: A phase I-II clinical trial. PLoS
ONE 2015, 10, e0120228, doi:10.1371/journal.pone.0120228.

Stephenson, C.M.; Levin, R.D.; Spector, T.; Lis, C.G. Phase I clinical trial to evaluate the safety, tolerability, and pharmacokinetics
of high-dose intravenous ascorbic acid in patients with advanced cancer. Cancer Chemother. Pharmacol. 2013, 72, 139-146,
doi:10.1007/s00280-013-2179-9.

Monti, D.A; Mitchell, E.;; Bazzan, A.].; Littman, S.; Zabrecky, G.; Yeo, C.J.; Pillai, M.V.; Newberg, A.B.; Deshmukh, S.; Levine,
M. Phase I evaluation of intravenous ascorbic acid in combination with gemcitabine and erlotinib in patients with metastatic
pancreatic cancer. PLoS ONE 2012, 7, €29794, doi:10.1371/journal.pone.0029794.



Int. ]. Mol. Sci. 2021, 221, 380 21 0f23

133.

134.

135.

136.

137.

138.

139.

140.

141.
142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

Martinotti, S.; Ranzato, E.; Parodi, M.; Vitale, M.; Burlando, B. Combination of ascorbate/epigallocatechin-3-gallate/gemcitabine
synergistically induces cell cycle deregulation and apoptosis in mesothelioma cells. Toxicol. Appl. Pharmacol. 2014, 274, 3541,
doi:10.1016/j.taap.2013.10.025.

Welsh, J.L.; Wagner, B.A,; Van't Erve, T.].; Zehr, P.S,; Berg, D.J.; Halfdanarson, T.R.; Yee, N.S.; Bodeker, K.L.; Du, J.; Roberts,
L.J.; et al. Pharmacological ascorbate with gemcitabine for the control of metastatic and node-positive pancreatic cancer
(PACMAN): Results from a phase I clinical trial. Cancer Chemother. Pharmacol. 2013, 71, 765-775, d0i:10.1007/s00280-013-2070-8.
Wang, F.; He, M.M.; Wang, Z.X; Li, S,; Jin, Y.; Ren, C; Shi, S.M.; Bi, B.T.; Chen, S.Z.; Lv, Z.D.; et al. Phase I study of high-dose
ascorbic acid with mFOLFOX6 or FOLFIRI in patients with metastatic colorectal cancer or gastric cancer. BMC Cancer 2019, 19,
460, doi:10.1186/s12885-019-5696-z.

Zhu, Y.; Bu, S. Curcumin Induces Autophagy, Apoptosis, and Cell Cycle Arrest in Human Pancreatic Cancer Cells. Evid.-Based
Complement. Altern. Med. 2017, 2017, 5787218, d0i:10.1155/2017/5787218.

Ravindran, J.; Prasad, S.; Aggarwal, B.B. Curcumin and cancer cells: How many ways can curry kill tumor cells selectively?
AAPS ]. 2009, 11, 495-510, doi:10.1208/s12248-009-9128-x.

Sharma, R.A.; McLelland, H.R.; Hill, K.A.; Ireson, C.R.; Euden, S.A.; Manson, M.M.; Pirmohamed, M.; Marnett, L.]J.; Gescher,
Al].; Steward, W.P. Pharmacodynamic and pharmacokinetic study of oral Curcuma extract in patients with colorectal cancer.
Clin. Cancer Res. 2001, 7, 1894-1900.

Dhillon, N.; Aggarwal, B.B.; Newman, R.A,; Wolff, R.A.; Kunnumakkara, A.B.; Abbruzzese, J.L.; Ng, C.S.; Badmaev, V,;
Kurzrock, R. Phase 1II trial of curcumin in patients with advanced pancreatic cancer. Clin. Cancer Res. 2008, 14, 4491-4499,
doi:10.1158/1078-0432.CCR-08-0024.

Cheng, A.L.; Hsu, C.H,; Lin, ] K;; Hsu, M.M.; Ho, Y.F.; Shen, T.S.; Ko, ].Y,; Lin, J.T.; Lin, B.R.; Ming-Shiang, W.; et al. Phase I
clinical trial of curcumin, a chemopreventive agent, in patients with high-risk or pre-malignant lesions. Anticancer Res. 2001, 21,
2895-2900.

Available online: www.clinicaltrials.gov (accessed on 1 September 2021).

Cruz-Correa, M.; Shoskes, D.A.; Sanchez, P.; Zhao, R.; Hylind, L.M.; Wexner, S.D.; Giardiello, F.M. Combination treatment with
curcumin and quercetin of adenomas in familial adenomatous polyposis. Clin. Gastroenterol. Hepatol. 2006, 4, 1035-1038,
doi:10.1016/j.cgh.2006.03.020.

Carroll, R.E.; Benya, R.V.; Turgeon, D.K; Vareed, S.; Neuman, M.; Rodriguez, L.; Kakarala, M.; Carpenter, P.M.; McLaren, C.;
Meyskens, F.L.; et al. Phase Ila clinical trial of curcumin for the prevention of colorectal neoplasia. Cancer Prev. Res. 2011, 4, 354—
364, doi:10.1158/1940-6207.CAPR-10-0098.

Kanai, M.; Yoshimura, K.; Asada, M.; Imaizumi, A.; Suzuki, C.; Matsumoto, S.; Nishimura, T.; Mori, Y.; Masui, T.; Kawaguchi, Y.;
et al. A phase I/II study of gemcitabine-based chemotherapy plus curcumin for patients with gemcitabine-resistant pancreatic
cancer. Cancer Chemother. Pharmacol. 2011, 68, 157-164, doi:10.1007/s00280-010-1470-2.

Bayet-Robert, M.; Kwiatkowski, F.; Leheurteur, M.; Gachon, F.; Planchat, E.; Abrial, C.; Mouret-Reynier, M.A.; Durando, X,;
Barthomeuf, C.; Chollet, P. Phase I dose escalation trial of docetaxel plus curcumin in patients with advanced and metastatic
breast cancer. Cancer Biol. Ther. 2010, 9, 8-14, d0i:10.4161/cbt.9.1.10392.

Wang, J.; Jiang, Y.F. Natural compounds as anticancer agents: Experimental evidence. World |. Exp. Med. 2012, 2, 45-57,
doi:10.5493/wjem.v2.i3.45.

Martinotti, S.; Ranzato, E.; Burlando, B. (-)-Epigallocatechin-3-gallate induces GRP78 accumulation in the ER and shifts
mesothelioma constitutive UPR into proapoptotic ER stress. ]. Cell. Physiol. 2018, 233, 7082-7090, doi:10.1002/jcp.26631.

Nagle, D.G,; Ferreira, D.; Zhou, Y.D. Epigallocatechin-3-gallate (EGCG): Chemical and biomedical perspectives. Phytochemistry
2006, 67, 1849-1855, d0i:10.1016/j.phytochem.2006.06.020.

Khan, N.; Mukhtar, H. Multitargeted therapy of cancer by green tea polyphenols. Cancer Lett. 2008, 269, 269-280,
doi:10.1016/j.canlet.2008.04.014.

Yoshizawa, S.; Horiuchi, T.; Fujiki, H.; Yoshida, T.; Okuda, T.; Sugimura, T. Antitumor promoting activity of (-)-epigallocatechin
gallate, the main constituent of “Tannin” in green tea. Phytother. Res. 1987, 1, 44-47.

Yang, C.S.;Ju, J.; Lu, G,; Xiao, H.; Hao, X.; Sang, S.; Lambert, ].D. Cancer prevention by tea and tea polyphenols. Asia Pac. |. Clin.
Nutr. 2008, 17, 245-248.

Chow, H.H.; Cai, Y.; Hakim, I.A.; Crowell, J.A.; Shahi, F.; Brooks, C.A.; Dorr, R.T.; Hara, Y.; Alberts, D.S. Pharmacokinetics and
safety of green tea polyphenols after multiple-dose administration of epigallocatechin gallate and polyphenon E in healthy
individuals. Clin. Cancer Res. 2003, 9, 3312-3319.

Chow, H.H.; Cai, Y.; Alberts, D.S.; Hakim, I; Dorr, R.; Shahi, F.; Crowell, ].A.; Yang, C.S.; Hara, Y. Phase I pharmacokinetic study
of tea polyphenols following single-dose administration of epigallocatechin gallate and polyphenon E. Cancer Epidemiol.
Biomark. Prev. 2001, 10, 53-58.

Ahn, W.S,; Yoo, J.; Huh, SW,; Kim, CK; Lee, ].M.; Namkoong, S.E.; Bae, S.M.; Lee, LP. Protective effects of green tea extracts
(polyphenon E and EGCG) on human cervical lesions. Eur. ]. Cancer Prev. 2003, 12, 383-390, doi:10.1097/00008469-200310000-
00007.

Brausi, M.; Rizzi, F.; Bettuzzi, S. Chemoprevention of human prostate cancer by green tea catechins: Two years later. A follow-
up update. Eur. Urol. 2008, 54, 472-473.



Int. ]. Mol. Sci. 2021, 221, 380 22 0f23

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

Somers-Edgar, T.J.; Scandlyn, M.]; Stuart, E.C.; Le Nedelec, M.].; Valentine, S.P.; Rosengren, R.J. The combination of epigallocatechin
gallate and curcumin suppresses ER alpha-breast cancer cell growth in vitro and in vivo. Int. J. Cancer 2008, 122, 1966-1971,
doi:10.1002/ijc.23328.

Zhang, X.; Zhang, H.; Tighiouart, M.; Lee, J.E.; Shin, H.].; Khuri, F.R.; Yang, C.S.; Chen, Z.; Shin, D.M. Synergistic inhibition of
head and neck tumor growth by green tea (-)-epigallocatechin-3-gallate and EGFR tyrosine kinase inhibitor. Int. J. Cancer 2008,
123, 1005-1014, doi:10.1002/ijc.23585.

Shah, ]J.J.; Kuhn, D.J.; Orlowski, R.Z. Bortezomib and EGCG: No green tea for you? Blood 2009, 113, 5695-5696, d0i:10.1182/blood-
2009-03-204776.

Golden, E.B.; Lam, P.Y.; Kardosh, A.; Gaffney, K.]J.; Cadenas, E.; Louie, S.G.; Petasis, N.A.; Chen, T.C.; Schonthal, A.H. Green
tea polyphenols block the anticancer effects of bortezomib and other boronic acid-based proteasome inhibitors. Blood 2009, 113,
5927-5937, d0i:10.1182/blood-2008-07-171389.

Jang, M.; Cai, L.; Udeani, G.; Slowing, K.; Thomas, C.; Beecher, C.; Fong, H.; Farnsworth, N.; Kinghorn, A.; Mehta, R.; et al.
Cancer chemopreventive activity of resveratrol, a natural product derived from grapes. Science 1997, 275, 218-220.

Bove, K.; Lincoln, D.W.; Tsan, M.F. Effect of resveratrol on growth of 4T1 breast cancer cells in vitro and in vivo. Biochem.
Biophys. Res. Commun. 2002, 291, 1001-1005, d0i:10.1006/bbrc.2002.6554.

Chow, H.H,; Garland, L.L.; Hsu, C.H.; Vining, D.R.; Chew, W.M.; Miller, ].A ; Perloff, M.; Crowell, ].A.; Alberts, D.S. Resveratrol
modulates drug- and carcinogen-metabolizing enzymes in a healthy volunteer study. Cancer Prev. Res. 2010, 3, 1168-1175,
doi:10.1158/1940-6207.CAPR-09-0155.

Nguyen, A.V.; Martinez, M.; Stamos, M.].; Moyer, M.P.; Planutis, K.; Hope, C.; Holcombe, R.F. Results of a phase I pilot clinical
trial examining the effect of plant-derived resveratrol and grape powder on Wnt pathway target gene expression in colonic
mucosa and colon cancer. Cancer Manag. Res. 2009, 1, 25-37.

Howells, L.M.; Berry, D.P.; Elliott, P.J.; Jacobson, E.W.; Hoffmann, E.; Hegarty, B.; Brown, K.; Steward, W.P.; Gescher, A.]. Phase
I randomized, double-blind pilot study of micronized resveratrol (SRT501) in patients with hepatic metastases--safety,
pharmacokinetics, and pharmacodynamics. Cancer Prev. Res. 2011, 4, 1419-1425, d0i:10.1158/1940-6207.CAPR-11-0148.

Fukui, M.; Yamabe, N.; Zhu, B.T. Resveratrol attenuates the anticancer efficacy of paclitaxel in human breast cancer cells in vitro
and in vivo. Eur. ]. Cancer 2010, 46, 1882-1891, doi:10.1016/j.ejca.2010.02.004.

Rezk, Y.A.; Balulad, S.S.; Keller, R.S.; Bennett, J.A. Use of resveratrol to improve the effectiveness of cisplatin and doxorubicin: Study
in human gynecologic cancer cell lines and in rodent heart. Am. J. Obstet. Gynecol. 2006, 194, e23-26, doi:10.1016/j.ajog.2005.11.030.
Harikumar, K.B.; Kunnumakkara, A.B.; Sethi, G.; Diagaradjane, P.; Anand, P.; Pandey, M.K; Gelovani, J.; Krishnan, S.; Guha,
S.; Aggarwal, B.B. Resveratrol, a multitargeted agent, can enhance antitumor activity of gemcitabine in vitro and in orthotopic
mouse model of human pancreatic cancer. Int. J. Cancer 2010, 127, 257-268, doi:10.1002/ijc.25041.

Friedman, ].R.; Nolan, N.A; Brown, K.C.; Miles, S.L.; Akers, A.T.; Colclough, K.W.; Seidler, ].M.; Rimoldi, ].M.; Valentovic,
M.A.; Dasgupta, P. Anticancer Activity of Natural and Synthetic Capsaicin Analogs. J. Pharmacol. Exp. Ther. 2018, 364, 462-473,
doi:10.1124/jpet.117.243691.

Hwang, ].T.; Lee, Y.K; Shin, J.I; Park, O.]. Anti-inflammatory and anticarcinogenic effect of genistein alone or in combination
with capsaicin in TPA-treated rat mammary glands or mammary cancer cell line. Ann. N. Y. Acad. Sci. 2009, 1171, 415420,
doi:10.1111/.1749-6632.2009.04696 ..

Kim, SM.; Oh, E.Y,; Lee, ].H.,; Nam, D.; Lee, S.G.; Lee, J.; Kim, S.H.; Shim, B.S.; Ahn, K.S. Brassinin Combined with Capsaicin
Enhances Apoptotic and Anti-metastatic Effects in PC-3 Human Prostate Cancer Cells. Phytother. Res. 2015, 29, 1828-1836,
doi:10.1002/ptr.5478.

Gao, L.; Cheng, D.; Yang, J.; Wu, R.; Li, W.; Kong, A.N. Sulforaphane epigenetically demethylates the CpG sites of the miR-9-3
promoter and reactivates miR-9-3 expression in human lung cancer A549 cells. |. Nutr. Biochem. 2018, 56, 109-115,
doi:10.1016/j.jnutbio.2018.01.015.

Gottesman, M.M. Mechanisms of cancer drug resistance. Annu. Rev. Med. 2002, 53, 615-627,
doi:10.1146/annurev.med.53.082901.103929.

Herranz-Lépez, M.; Losada-Echeberria, M.; Barrajon-Catalan, E. The Multitarget Activity of Natural Extracts on Cancer:
Synergy and Xenohormesis. Medicines 2018, 6, 6, doi:10.3390/medicines6010006.

Watkins, R.; Wu, L.; Zhang, C.; Davis, RM.; Xu, B. Natural product-based nanomedicine: Recent advances and issues. Int. ].
Nanomedicine 2015, 10, 6055-6074, doi:10.2147/1JN.592162.

Patra, ].K.; Das, G.; Fraceto, L.F.; Campos, E.V.R.; Rodriguez-Torres, M.D.P.; Acosta-Torres, L.S.; Diaz-Torres, L.A.; Grillo, R,;
Swamy, M.K,; Sharma, S.; et al. Nano based drug delivery systems: Recent developments and future prospects. . Nanobiotechnology
2018, 16, 71, d0i:10.1186/s12951-018-0392-8.

Tran, S.; DeGiovanni, P.J.; Piel, B.; Rai, P. Cancer nanomedicine: A review of recent success in drug delivery. Clin. Transl. Med.
2017, 6, 44, doi:10.1186/s40169-017-0175-0.

Liang, J.; Yan, H.; Wang, X.; Zhou, Y.; Gao, X,; Puligundla, P.; Wan, X. Encapsulation of epigallocatechin gallate in zein/chitosan
nanoparticles for controlled applications in food systems. Food Chem. 2017, 231, 19-24, doi:10.1016/j.foodchem.2017.02.106.
Huang, Y.; Deng, S.; Luo, X; Liu, Y.; Xu, W.; Pan, J.; Wang, M.; Xia, Z. Evaluation of Intestinal Absorption Mechanism and
Pharmacokinetics of Curcumin-Loaded Galactosylated Albumin Nanoparticles. Int. |. Nanomedicine 2019, 14, 9721-9730,
doi:10.2147/1JN.5229992.



Int. ]. Mol. Sci. 2021, 221, 380 23 0f 23

179. Mignet, N.; Seguin, J.; Chabot, G.G. Bioavailability of polyphenol liposomes: A challenge ahead. Pharmaceutics 2013, 5, 457-471,
doi:10.3390/pharmaceutics5030457.

180. Lu, W.; Kelly, A.L.; Maguire, P.; Zhang, H.; Stanton, C.; Miao, S. Correlation of Emulsion Structure with Cellular Uptake Behavior
of Encapsulated Bioactive Nutrients: Influence of Droplet Size and Interfacial Structure. J. Agric. Food Chem. 2016, 64, 8659-8666,
doi:10.1021/acs.jafc.6b04136.

181. Mimeault, M.; Hauke, R.; Batra, S.K. Recent advances on the molecular mechanisms involved in the drug resistance of cancer
cells and novel targeting therapies. Clin. Pharmacol. Ther. 2008, 83, 673-691, d0i:10.1038/sj.clpt.6100296.



