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Summary

Cancer continues to be one of the major causes of death
worldwide. In recent years, the concept of cancer
chemoprevention and treatment with natural occurring agents
has evolved greatly. In this review work the biological
activity and protective effects against cancer of some natural
products - coffee, caffeic acid, caffeic acid phenethyl ester
(CAPE), chlorogenic acid, quercetin and curcumin are

presented. It seems that the most natural products with
anticancer activity act as strong antioxidants and/or modify
the activity of one or more protein kinases involved in cell
cycle control. The results of in vitro and in vivo studies
showed that some of them may be useful as potential
chemotherapeutic or chemopreventive anticancer drugs or
adjuvants in complex anticancer therapy.

Streszczenie

Rak pozostaje jedng z glownych przyczyn zgonoéw na
Swiecie. W ostatnich latach obserwuje si¢ znaczny wzrost
zainteresowania chemoprewencja i wykorzystaniem natural-
nych produktow w leczeniu schorzen nowotworowych.
W prezentowanej pracy przegladowej opisano aktywno$é
biologiczng i dzialanie ochronne przed rakiem wybranych
naturalnych produktéw, jak: kawa, kwas kawowy, fenylowy
ester kwasu kawowego (CAPE), kwas chlorogenowy,

kwercetyna i kurkumina. Liczne dane naukowe potwierdzaja
ich silne dziatanie przeciwnowotworowe jako przeciwutle-
niaczy i/lub substancji modyfikujacych aktywnos$é¢ kinaz
bialkowych i wplywajacych na kontrole cyklu komorko-
wego. Wyniki badan in vitro i in vivo wykazaty, ze niektore
z nich moga by¢ przydatne jako potencjalne chemiotera-
peutyki lub leki chemoprewencyjne w zlozonej terapii
przeciwnowotworowe;.
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INTRODUCTION

Cancer is a multifactorial disease that requires
treatments able to target multiple intracellular
components and signalling pathways [1]. Many factors

including life style, genetic variation, virus infection
and chronic inflammation may affect the susceptibility
to cancer [2]. Nowadays, although a lot of
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chemotherapeutic agents have been developed for
cancers, the treatment efficacy of many anticancer
drugs is still limited or unsatisfactory [3].

Throughout history, natural products have afforded
a rich source of compounds that have found many
applications in the fields of medicine, pharmacy and
biology [4]. More than half of currently available drugs
[5] are natural compounds or are related to them. Over
70% of anticancer compounds are either natural
products or substances derived from natural products
[6]. In the past 5 decades, a series of natural products
with the capability to regulate physiological functions
have been isolated and exploited from plants, animals
and microorganisms, and most of them have revealed
obvious anticancer activity [3]. Natural products that
enriched flavonoids from fruits have confirmed their
anti-carcinogenic, anti-proliferative, co-chemothera-
peutic and estrogenic effects through various
mechanisms such as modulating cell cycles, inducing
apoptosis, inhibiting ERK phosphorylation, and so on
[71.

Cancer chemoprevention by either natural or
synthetic agents is a promising route towards lowering
cancer incidence. In addition to synthetic compounds,
many natural products have been found to be able to
inhibit carcinogenesis, at least in animal models. There
are many ongoing clinical trials to test the safety and
efficacy of natural agents in preventing or treating
cancer [2].

Natural compounds are expected to become
potential effective drugs for the prevention and
treatment of cancers in the future. In vitro and in vivo
studies have shown that many dietary agents from
fruits, tea and some herbs with both medicinal and
food functions are able to fight against and prevent
cancers via regulating cellular fate through apoptosis
and autophagy [3, 8-13].

In this review work the biological activity and
protective effect against cancer some of natural agents
is presented.

BIOLOGICAL AND ANTICANCER ACTIVITY OF
COFFEE, CAFFEIC ACID, CAPE, CHLOROGENIC
ACID, QUERCETIN AND CURCUMIN

COFFEE

Coffee which is one of the most widely consumed
beverages worldwide contains a wide variety of
phytochemicals, many of which are antioxidants [14].
The coffee tree belongs to the Rubiaceae family, genus

Coffea. Although more than 80 coffee species have
been identified worldwide, only two are economically
important. Coffea arabica, also known as Arabica
coffee, is responsible for approximately 70% of the
global coffee market, and Coffea canephoraor Robusta
coffee (commercial name of one of the main
C. canephoracultivars) accounts for the rest. Coffee
has been the most commercialized food product and
most widely consumed beverage in the world for
decades. Since the opening of the first coffee house in
Mecca at the end of the fifteenth century, coffee
consumption has greatly increased all around the
world. In 2010, coffee production reached 8.1 million
tons worldwide. This represents more than 500 billion
cups, with the United States, Brazil, Germany, Japan,
and Italy being the major consumer countries.
However, per capita consumption in North European
countries such as Finland, Norway, Denmark, and
Sweden may reach 8 kg/year, more than twice as much
as in the United States or Brazil [15-17].

In 2004 year Bohn et. al., found that coffee, due to
the widespread consumption, is the single greatest
contributor to redox-active compounds in the diet,
contributing to more than 60% of the total dietary
antioxidants [14]. Known constituents of coffee
include caffeine, diterpenes (coffee lipids), phenolic
acids, and melanoidins, N-methylpyridinium, and
acrylamide produced during roasting of coffee beans.
The major polyphenols in coffee are the chlorogenic
acids and metabolites including quinic acid, caffeic
acid, ferulic acid, and coumaric acid [18-23].

Over eleven hundred publications reporting
anticancer activities of polyphenols have appeared in
the peer-reviewed literature. In addition, a search of the
PubMed database using ‘polyphenols — cancer —
review’ as keywords produced over 667 hits for review
articles (February 2015). Polyphenol anticancer
activities include, among others, anti-oxidative, pro-
apoptotic,c, DNA damaging, anti-angiogenic, and
immunostimulatory effects. Targeting specific protein
kinases to combat cancer represents a major focus of
oncology research within the so-called targeted therapy
approach [24]. The chemical structures and the sources
of main biologically active polyphenols and
metabolites in coffee are presented in Table 1.

Growth condition, the sort of coffee plant (usually
Robusta and Arabica), sorting procedure, removal of
flesh, fermentation, washing and drying of the beans,
as well as the roasting and brewing processes all affect
the quality, composition, and biological abilities of the
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Table 1. The chemical structures of main biologically active polyphenols and metabolites in coffee

Polyphenols

Chemical structure

The sources

Chlorogenic acid

HQ L£O;H

> in bamboo,

» as well as in many other plants,
» in peach,

» in prunes,

» in green coffee bean extract.

Caffeic acid

» in the bark of Eucalyptus
globulus,

» in the freshwater fern Salvinia

molesta,

or in the mushroom Phellinus

linteus,

in coffee,

in argan oil,

in barley grain.

\4

Quinic acid

cinchona bark,
coffee beans,
and other plant products

VVVVVYY

Ferulic acid

in the seeds of :

coffee,

apple,

artichoke,

peanut,

and orange,

as well as in both seeds and cell
walls of commelinid plants, such as:
rice,

wheat,

oats,

the Chinese water chestnut
(Eleocharis dulcis)

and pineapple).

YVVVYY

Y VYVY

Coumaric acid.
There are three
isomers of coumaric
acids - o-coumaric
acid, m-coumaric acid,
and p-coumaric acid-
that differ by the
position of the hydroxy
substitution of the
phenyl group.

OH

OH

0-coumaric acid

Y|V

o-Coumaric acid can be found

in vinegar,

» m-Coumaric acid can be found
in vinegar,

» p-Coumaric acid can be found
in Gnetum cleistostachyum,

p-Coumaric acid can be found in a

wide variety of edible plants

such as:

peanuts,

navy beans,

tomatoes,

carrots,

garlic,

wine,

vinegar,

in barley grain,

p-Coumaric acid from pollen is

a constituent of honey.

VVVVVYVVYVYY

coffee. The degree and methodology of roasting that
create unique coffees with regard to appearance and
taste and chemical profile seems to be particularly
important for the biological effects of coffee in a
clinical trial and in experimental systems. For example,

recent studies clearly demonstrate that the degree of
roasting differentially affects biological activities, such
as gene expression and antioxidant defence, protection
against DNA oxidative damage (in vitro and ex vivo
genoprotective effects) [25-30].
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Table Il. The biological effect of coffee compounds in
relation to different cancer sites (Based on Bohn
et. all., 2014 [14]

Cancer Biological effect of coffee References
Breast » There seems to be no association
between the overall risk of breast cancer
and coffee intake [31]

» recently, Simonsson et al, 2013
observed that moderate (two to four
cups per day) to high (five or more cups
per day) coffee consumption was| [32], [33],
associated with significantly decreased| [34], [31]
risk for early events in tamoxifen-treated
breast cancer patients.

» emerging evidence point toward an
inverse association between breast
cancer and coffee intake, particularly for
subgroups of estrogen receptor negative
cancers, brest cancer type 1 mutation
carriers, postmenopausal women, as
well as tamoxifen-treated breast cancer
survivors.

Prostate » the current evidence shows no clear [14]
association between overall prostate
cancer risk and consumption of coffee.

» however, an inverse association between| [35], [36]
the intake of coffee and both lethal and
advanced prostate cancers was found In
the large cohort from the ‘Health [37]
Professionals Follow-up Study’ and in
the ‘Cancer of the Prostate in Sweden’
cohort.

» Geybels et al, 2013 also recently
observed that higher prediagnostic
coffee consumption is associated with a
lower risk of prostate  cancer
recurrence/progression.  Thus, new
evidence may suggest an inverse
association between subgroups of
prostate cancers such as lethal and

advanced  prostate  cancer, and
recurrence/progression  in  prostate
cancer survivors. These possible
beneficial ~effects deserve further
investigation.

Liver » the accumulating evidence provided by [14]
epidemiological studies consistently

point toward protective effects of coffee
for risk of liver cancer.

colorectal |>» Wang et al., 2013 found a U-shaped [38]
response curve for the relationship
between coffee and colorectal cancer,
with significantly decreased risk up to [39]
three cups of coffee per day in a
Japanese population.

» similarly, another Japanese study found [14]
decreased risk of colorectal cancer with
a moderate coffee intake in women.

» the accumulating evidence provided by
epidemiological studies thus point
toward protective effects of coffee for
risk of colorectal cancers.

Many coffee compounds have the potential to
induce biological effects. Caffeine, chlorogenic acid,
kahweol, and cafestol are so far the most studied in the
perspective of cancers. Potential mechanisms for
chemopreventive effects of coffee phytochemicals
include inhibition of oxidative stress and oxidative
damage, regulation of DNA repair, phase Il enzymatic

activity, apoptosis, inflammation, as well as having
antiproliferative,  antiangiogenetic ~ effects and
antimetastatic effects [14]. Table 2 presented the
biological effect of coffee compounds in relation to
different cancer sites.

CAFFEIC ACID (CA) AND CAFFEIC ACID
PHENETHYL ESTER (CAPE)

Caffeic acid (CA,; 3,4-dihydroxycinnamic) is one of
the hydroxy-cinnamate metabolites universally present
in plant tissues. CA is found in many food sources,
including coffee drinks, blueberries, apples and cider.
Besides acting as a cancer inhibitor [40, 41], it also
possesses anti-oxidant and anti-bacterial activities in
vitro and can contribute to the prevention of
atherosclerosis and other cardiovascular diseases
(CVDs) [42]. In the latest work of Bufalo M. C. and
Sforcin J. M., 2015 [43] caffeic acid downregulated
TLR-2 and HLA-DR expression and inhibited cytokine
production, whereas it upregulated the fungicidal
activity of monocytes, without affecting cell viability.
Caffeic acid exerted an immunomodulatory action in
human monocytes in the evaluated parameters
depending on concentration, with no cytotoxic effects.

Caffeic acid phenethyl ester (CAPE) (Fig. 1),
a lipophilic derivatives of caffeic acid and a phenolic
antioxidant , is a natural bioactive compound extracted
from honeybee hive product propolis. It occurs in
many plants. It is acquired from propolis obtained
through extraction from honeybee hives. The chemical
name of CAPE is 2-phenylethyl (2E)-3-(3,4-
dihydroxyphenyl) acrylate. It is also termed as
phenylethyl caffeate or phenethyl caffeate. Its
molecular formula is C;;H;0,4. CAPE is a polyphenol
with hydroxyl groups within the catechol ring which is
responsible for its crucial role in many biological
activities. The available studies narrate it as an
effective moiety against various pathologies such as
infections, oxidative stress, inflammation, cancer,
diabetes, neurodegeneration, and anxiety. Large
number of studies have been conducted on various
features of the biological and pharmacological
activities of CAPE and its mode of action [44-54].

Fig. 1. Structure of caffeic acid phenethyl ester (CAPE)



19

Biological and anticancer activity of selected natural products

Table I11. Some of the main biological activities of CAPE and its potential mechanisms of the anti-cancer activity (Based on

51-54)

Biological activity

Targets for CAPE

Effects of CAPE

Antimicrobial

DNA, RNA, cellular proteins

- antimicrobial activity againts Enterococcus faecals, Listeria monocytogenes,
Staphylococcus ureus, Haemophilus influenzae,Escherichia coli DH5a,

-CAPE is useful for the treatment of sore throat, common cold and wound,

-fungicidal activity on fungi infecting tomato without causing any harm to the fruit,

- CAPE has been proposed as a valuable inhibitor of HIV-1 integrase; therefore, this
polyphenol is believed to be a potential anti-HIV therapy.

- CAPE and its esters, in a concentration range of 1.0 t0109.6mM, have also been
tested In an HCVreplicon cell line of genotype 1b and found effective against
replication of hepatitis C virus suggesting it a promising anti-HCV compound,

Antioxidant

ROS

- Oxidative stress is also suggested to be a major cause of cellular injuries in
carcinogenesis. The results showed that CAPE and its related polyphenolic acid esters
elicited remarkable inhibitory effects on erythrocyte membrane lipid peroxidation,
cellular DNA stand breakage, and protein fragmentation.

Anti-inflammatory
activity

- Pro-inflammatory
COX -1, COX-2,

- Pro-inflammatory mediators:
PGE2, TNF-qo, IL1B, IL6, ILS,
IL10, MCP-1,

- Transcription factors: NF-xB,
-Upstream signaling molecules:
TLR 4, INK.

enzymes:

- The mode of anti-inflammatory activity of CAPE involves the inhibition of
arachidonic acid release from the cell membrane; it, in return, inhibits the COX-1 and
COX-2

activity as well as suppresses the activation of gene responsible for COX-2
expression. In carrageenin-induced inflammation, CAPE suppresses both exudate
volume and leukocytes relocation,

- immunosuppressive behavior of CAPE has been evaluated in T-cells. This discovery
revealed the CAPE-mediated inhibition of initial and late steps in T-cell receptor-
mediated T-cell activation and thus proposed the mechanistic basis for the
immunomodulatory and anti-inflammatory activities of CAPE,

- CAPE inhibits of both interleukin- (IL-) 2 gene transcription and the IL-2 synthesis
In stimulatedT-cells,

- the CAPE-mediated inhibition of the production of TNF-aand IL-6 factors. The
attenuation of phosphorylation potentials of ERK1/2 and JNK was also observed,

- in CAPE-treated gastric epithelial cell line (AGS), an obstruction was observed in
cytokine- and mitogenprovoked NF-xB and AP-1 expression. Additionally, CAPE
inhibited theH. pylori-provoked cell proliferation, H. pylori-induced COX-2
expression, and synthesis of the cytokines, TNF-a, and IL-8. These results are
potential insights into the anticancer and anti-inflammatory activities of CAPE.

Anticarcinogenic

CAPE modulates the activity of
the main signaling molecules of:

-metastasis suppression (MMP-2,
MMP-9, VEGF, TGF- 8
phosphorylation),

Induction of apoptosis ( Bax,
Bak, JNK, P42/44ERK, P53, P38
MAPK, Fas, cytochrome C
release, caspase activity, NF-xB,
Bel-2, Mel-1, glutatione
xanthione oxidase, ROS, cAIP —
1, clAP,

Induction of cell cycle arrest
(cyklin D1, cyklin E, cyklin B1,
c-myc, nu clear B-catenin,
hyperphosphorylated of Rb)

-CAPE can induce apoptosis,

-G1 or G2 cell cycle arrest and necrosis while it can reduce motility and invasiveness
in cancer cells depends on the concentration of CAPE being used and the types of
cancer cells being treated.

-CAPE also suppresses development, growth and metastasis of tumors in animal
models.

These observations suggest that CAPE might be a potential therapeutic agent for
cancers.

Abbreviations: ROS - Reactive oxygen species; HIV - Human immunodeficiency virus; HCV - Hepatitis C virus; COX — Cyclooxygenase;
PGE2 - Prostaglandin E2; MCP-1 - Monocyte Chemoattractant Protein-1; TLR4 - Toll-like receptor 4 (protein); ERK1/2 - Extracellular-
signal-regulated kinases; IL — Interleukin; NF-Kb - Nuclear factor kappa; JNK - c-Jun NH2-terminal kinase; TNF — Tumor necrosis factor;
MMP-2, MMP-9 - Matrix Metalloproteinases; VEGF - Vascular Endothelial Growth Factor, TGF — B - Transforming Growth Factor beta;
Bax - Apoptosis regulator; Bak - is a pro-apoptotic member of the Bcl-2 gene family which is involved in initiating apoptosis; P42/44 ERK —
kinase; P38 MAPK - P38 mitogen-activated protein kinases; Fas — protein; Mcl-1 - Induced myeloid leukemia cell differentiation protein; Bcl-
2- protein; clAP - cellular inhibitor of apoptosis; cAIP - cellular apoptosis inhibitor protein; P16, P21, P27 — 16, 21, 27 protein; c-myc —
regulator gene; Rb — protein - a tumor suppressor.

CAPE has been reported to inhibit transformation

more resistant to CAPE treatment, indicating potential

of normal cells to cancer cells. Different cancer cell
lines showed different sensitivity to CAPE treatment.
CAPE treatment suppresses proliferation of several
human cancer cell lines. Non-cancer cells, such as
human immortal lung fibroblast WI-38 cells, Human
Normal Umbilical Vein Epithelial Cells (HUVEC), or
Human Normal Oral Fibroblast (NHOF) cells are much

selective cytotoxic effect against cancer cells of CAPE
treatment [53].

CAPE specifically inhibits NF-xB (nuclear factor-
kappa B). It exhibits antioxidant, anti-inflammatory,
antiproliferative, cytostatic, and most importantly,
antineoplastic properties [54]. CAPE (50-80 uM)
specifically inhibits the activation of nuclear
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transcription factor NF-xB induced by Tumor Necrosis
Factor (TNF) and inflammatory agents as well as
prevented the translocation of p65 unit of NF-«kB.
CAPE inhibits the binding between NF-xB and DNA
but has no effect on other transcription factors. CAPE
is also a strong antioxidant [49-54].

An extensive literature is available regarding
cytotoxicity studies of CAPE. In the presence of
CAPE, human pancreatic and colon cancer cells
undergo apoptosis. The in vitro and in vivo studies
reveal the growth inhibition of C6 glioma cells by
CAPE. There are many evidences which elaborate the
antiproliferation activity of CAPE. The antitumor
activity of CAPE has been investigated to reveal its
influence on cancer development including
angiogenesis, tumor invasion, and metastasis. CAPE
can induce apoptosis, G1 or G2 cell cycle arrest and
necrosis, while it can reduce motility and invasiveness
in cancer cells depends on the concentration of CAPE
being used and the types of cancer cells being treated.
CAPE also suppresses development, growth and
metastasis of tumors in animal models. These
observations suggest that CAPE might be a potential
therapeutic agent for cancers. The achievable
concentration of CAPE in human serum is around 5.0
ng mL™* (17 puM). This concentration (17 puM) is not
enough to eradicate all types of cancer cells. However,
CAPE can be used in combination with current
standard treatments. Several studies indicate that
CAPE may be an alternative, safe and effective
adjuvant therapy for several types of cancer with little
or no side effect. CAPE has shown promising efficacy
in preclinical settings including neuroprotective,
hepatoprotective and cardioprotective effects. Large
research has been done to assess antioxidant role of
CAPE. The evidences show that CAPE is potent
antioxidant which can scavenge ROS and protect the
cell membrane against lipid peroxidation. Some other
studies elaborate immunomodulator, antihepatotoxic,
antiosteogenic, and antiatherosclerotic role of CAPE
[45-54]. Some of the main biological activities of
CAPE and its potential mechanisms of the anti-cancer
activity are presented in Table Il1.

CHLOROGENIC ACID

Chlorogenic acid (CGA) is a natural chemical ester
composed of caffeic acid and (-)-quinic acid, and is
further metabolized into active compounds in the living
body. Chlorogenic acid (CGA) holds promise as a
physiologically active substance; its properties are

attributable to the phenolic hydroxyl group(s) and it is
characterized by relatively low toxicity and side
effects. CGA is a natural phenolic compound
commonly found in apples, coffee beans, grapes, pulp,
peel, plum, and tea leaves. Chlorogenic acid has
antibacterial, antiviral, clear free radicals, and
antitumor effects [55]. In recent years, the effective
anticancer activity and low toxicity of chlorogenic acid
were constantly confirmed and draw scientists’
attention [56-58]. Kurata et al. [59]showed that the
inhibition of tumor cell proliferation effect of
chlorogenic acid was enhanced with increasing dose;
they speculated that this inhibition of tumor cell
proliferation may be obtained by enhancing the activity
of the DNA ladder and caspase-3 as well as increasing
the expression of c-Jun. Gmnado and Feng et al.
showed that the in vitro experiments show that the
anticancer mechanism of CGA contains inhibition of
cell growth, regulation of cell cycle, and induction of
apoptosis pathways, such as: to reduce ROS expression
to reduce cell growth/reproduction signal transduction
pathway of NFkB,AP-I, and MAPKs to reduce cancer
cell viability; to improve the activity of the NAD(P)H
and GST; to inhibit the expression of tetradecanoyl
method wave alcohol acetate (TPA), in order to reduce
the c-Jun NH2-terminal kinase, p38 kinase, and MAPK
kinase-4 to present cancer transformation, and to
stimulate the expression of NF-E2-related factor and
the activity of GST regulated by Nrf2 downstream
cascade links antioxidant response element (ARE) to
inhibit the growth of cancer cells [60, 61]. Chlorogenic
acid is considered to be an effective cancer chemical
repellent because of its significant inhibitory effect on
colorectal cancer, liver cancer, and laryngeal [62].

QUERCETIN

For several decades, naturally occurring flavonoids
have received widespread attention due to a remarkable
scope of health benefits. Results from cell culture and
animal models reveal that flavonoids exert positive
preventive  effects in carcinogenesis  and
neurodegenerative disorders essentially because of
their antioxidant activity, their capacity to affect the
expression of several detoxifying enzymes, and their
ability to modulate protein signalling cascades.
Flavonoids can interfere with specific stages of the
carcinogenic process, and can inhibit cell proliferation
and induce apoptosis in several types of cancer cells.
Meanwhile, the antiproliferative effects of flavonoids



21 Biological and anticancer activity of selected natural products

are considered to be among the most therapeutically
utilizable of bioactivities [63-65].

Quercetin (3,5,7,3",4"-pentahydroxy flavone) is one
of the most abundant bioflavonoids. It is present in
edible fruits and vegetables. It consists of two aromatic
rings A and B, linked by an oxygen containing
heterocyclic ring C (Fig.2) [65].

OH O

Fig. 2. The chemical structure of quercetin (Que)

Numerous studies have described the cancer
preventive effects and molecular mechanisms of
quercetin, which has been shown to be one of the
major flavonoids with antiproliferative efficacy on a
wide range of cancer cells. For example, quercetin was
shown to inhibit the growth of acute lymphoid and
myeloid leukemia cells. It was also reported to have
growth-inhibitory effects on human gastrin and colon
cancer cells by inhibiting cell cycle progression at the
G1-S boundary. These diverse antitumor activities of
quercetin make it a lead compound for the
development of new effective cancer preventive or
therapeutic agents [62, 66-67].

CURCUMIN

Curcumin or diferuloylmethane (Fig. 3) is a yellow
spice that is used in curry. It is extracted from the
rhizome of the plant, Curcuma longa, and has been
used for centuries in Ayurvedic, Chinese and Hindu
traditional medicines as a potent anti-inflammatory
agent. Research over the last 50 years established that
curcumin appears both as a preventive and therapeutic
agent able to reverse, inhibit or prevent the
development of cancer by inhibiting specific molecular
signalling pathways involved in carcinogenesis, as
reported in in vitro, in vivo and in clinical studies.
The chemistry of curcumin induces biological effects
that allow it to influence multiple cell signalling
pathways, giving it anti-inflammatory, antioxidant,
chemo-preventive, chemotherapeutic, anti-mutagenic,
anti-metastatic and anti-angiogenic properties in the
micromolar concentration range in several cancer cell
types [68-76].

Hr;m:[i,;j| [,TDH
i
CH, o OH CH;
Enol form
HDU\/ @GH
A g i
CH, 0 O CH,
Keto form

Fig. 3. The chemical structure of curcumin

At the molecular level there is evidence that
curcumin inhibits the growth of a variety of human
cancer cell lines in vitro by cell cycle arrest and
induction of apoptosis through inhibition of several
protein and/or pathways such as cyclin, cyclin-
dependent kinase, NF-xB, protein kinase C and
mitogen-activated protein kinase (MAPK). It also
suppresses pro-inflammatory signalling by inhibiting
the expression and activity of cyclooxygenase-2
(COX-2). Curcumin has been reported to have anti-
prostate cancer activity in vitro and in vivo in both
androgen-dependent  and androgen-independent
prostate cancer. Curcumin was demonstrated to have a
wide spectrum of pharmacological properties with an
absence of systemic toxicity [77-89].

Curcumin has poor bioavailability, which has been
determined in both animal and human models, limits
its clinical application as a potential anticancer agent.
This limitation has led researchers to develop a variety
of synthetic analogues of curcumin with similar safety
profiles and increased activity, but improved
bioavailability. Several analogues of curcumin with
different bioactivities through modification of the
molecular structure have resulted in the development
of potential anti-cancer candidates that target various
cancers [90-98].

It seems that most dietetic products with anticancer
activity act as strong antioxidants and/or modify the
activity of one or more protein kinases involved in cell
cycle control. Kinases such as protein kinase A, protein
kinase B, protein kinase C, JNK-1, CDK-2, and CDK-
4 are either activated or deactivated by these
antioxidants, as shown in Fig. 4. This can happen
directly or indirectly through activation of some
transcription factors such as NF-IL6 or tumor
suppressor genes such as p21WAFYCPL and pa27K™
[99-101].
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Growth arrest apoptosis

cell membrane

dietetic
products
with
antioxidants
activity

Fig. 4. Schematic mechanism of presentation of signal
transduction cascades modified by some dietetic
antioxidants. Products with antioxidants activity
reduce protein kinase A (PKA). The reduced form
of PKA translocates to the membrane where it
phosphorylates  transcription factor C/EBPS.
C/EBPS then translocates to the nucleus where it
induces the transcription of p21 WAFYCIPL jn 3 p53-
independent way. Induction of p21 WAFYCIPL reqy|ts
in inhibition of CDK-2 and growth arrest of cells in
G 1 phase. p21WAFYCIP1a0 hings to JNK-1 and
inactivates this stress-activated protein Kkinase
(SAPK). Rb - protein is a tumor suppressor, which
plays a pivotal role in the negative control of the
cell cycle and in tumor progression; p53 — tumor
suppressor protein; p21 WAFYCIPL _ cyclin-dependent
kinase inhibitor 1 or CDK-interacting protein 1;
CDK-2 - Cyclin-dependent kinase 2; JNK-1 - c-Jun
N-terminal protein kinase 1(Based on 99-101)

CONCLUSIONS

About 12.5% of the 422,000 plant species of higher
plants are known as medicinal plants and constitute a
principal source of bioactive molecules. About 25% of
drugs in the modern pharmacopoeia are derived from
plants, and many others are synthetic analogues built
on prototype compounds isolated from plants. Up to
60% of prescribed drugs in the Western world contain
plant products or their derivatives.

Natural products have been a prime source for the
treatment of many forms of cancer, many of which are
consumed daily with the diet. They provide significant
protection against various cancers and many other
diseases.

Although a number of natural compounds have
been reported to possess anticancer properties, their
mechanisms of action are not well understood.
Additionally, the poor bioavailability of them is the

main limitation of their application as a potential
anticancer agent. Extensive literature is available on
some research areas, but still some areas are very much
less or not explored; therefore, further investigations to
use natural compounds for the best therapeutic
treatment are required.

ACKNOWLEDGMENTS

This work was supported by research project
number S/WBil$/3/2015.

REFERENCES

1. Teiten M-H., Dicato M., Diederich M. Hybrid Curcumin
Compounds: A New Strategy for Cancer Treatment.
Molecules 2014; 19: 20839-20863.

2. Wang J.,, Jiang Y-F. Natural compounds as anticancer
agents: Experimental evidence. World J Exp. Med. 2012;
20: 45-57.

3. Zhang S. F., X-L. Wang, X-Q. Yang, N. Chen.
Autophagy-associated Targeting Pathways of Natural
Products during Cancer Treatment. Asian Pac. J Canc.
Prevent. 2014; 15: 10557-10563.

4. Gordaliza M. Natural products as leads to anticancer
drugs. Clin Transl Oncol. 2007; 9:767-776.

5. Newman D. J.,, Cragg G. M. Natural products as sources
of new drugs over the last 25 years. J Nat Prod. 2007;
70:461-477.

6. Watanabe M. A. E., Amarante M. K., Conti B. J., Sforcin
J. M. Cytotoxic constituents of propolis inducing
anticancer effects: a review. J Pharm. Pharmacol. 2011;
63: 1378-1386.

7. Meiyanto E., Hermawan A., Anindyajati A. Natural
products for cancer-targeted therapy: citrus flavonoids
as potent chemopreventive agents. Asian Pac J Cancer
Prev. 2012; 13: 427-36.

8. Kallifatidis G., Hoepfner D., Jaeg T., et al. The marine
natural product manzamine A targets vacuolar ATPases
and inhibits autophagy in pancreatic cancer cells. Mar
Drugs. 2013; 11: 3500-16.

9. Kma L. Roles of plant extracts and constituents in
cervical cancer therapy. Asian Pac J Cancer Prev. 2013;
14: 3429-3346.

10. Lachumy S. J., Oon C. E., Deivanai S., et al. Herbal
remedies for combating irradiation: a green anti-
irradiation approach. Asian Pac J Cancer Prev. 2013; 14:
5553-65.

11. Lao Y., Wan G., Liu Z., et al. The natural compound
oblongifolin C inhibits autophagic flux and enhances
antitumor efficacy of nutrient deprivation. Autophagy
2014; 10: 736-49.

12. Larocque K., Ovadje P., Djurdjevic S., et al. Novel
analogue of colchicine induces selective pro-death
autophagy and necrosis in human cancer cells. PLoS
One. 2014: 9: 87064.



23

Biological and anticancer activity of selected natural products

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Zhong L. R., Chen X., Wei K. M. Radix tetrastigma
hemsleyani flavone induces apoptosis in human lung
carcinoma a549 cells by modulating the MAPK pathway.
Asian Pac J Cancer Prev. 2013; 14: 5983-7.

Bohn S. K., Blomhoff R., Paur 1. Coffee and cancer risk,
epidemiological evidence, and molecular mechanisms.
Mol. Nutr. Food Res.2014; 58: 915-930.

Farah A. Coffee constituents. In Coffee: Emerging
Health Effects and Disease Prevention, First Edition.
Edited by Yi-Fang Chu. John Wiley & Sons, Inc.
Published by Blackwell Publishing Ltd. 2012; 1: 21-58.
Yeretzian C., Jordan A., Lindinger W. Analysing the
headspace of coffee by proton-transfer-reaction mass-
spectrometry. Int. J. Mass Spectr.2003; 223-224: 115—
139.

Clarke R. J. Coffee: green coffee/roast and ground.
In:Encyclopedia of Food Science and Nutrition,2nd
edition, Caballero, B., Trugo, L. C., Finglas, P., eds.
Oxford: Academic Press; 2003; 3:345-349.

Barone J. J., Roberts H. R. Caffeine consumption. Food
Chem. Toxicol.1996; 34: 119-129.

Urgert R., Katan M. B. The cholesterol-raising factor
from coffee beans. Annu. Rev. Nutr.1997; 17: 305-324.
Mattila P., Hellstrom J., Torronen R. Phenolic acids in
berries, fruits, and beverages. J. Agric. Food Chem.
2006; 54: 7193-7199.

Clifford M. N. Chlorogenic acids and other cinnamates—
nature, occurrence and dietary burden. J. Sci. Food
Agric.1999; 79: 362-372.

Bekedam E. K., Loots M. J., Schols H. A., Van Boekel
M. A. et al. Roasting effects on formation mechanisms of
coffee brew melanoidins.J. Agric. Food Chem.2008; 56:
7138-7145.

Lantz 1., Ternite R., Wilkens J., Hoenicke K. et al.
Studies on acrylamide levels in roasting, storage and
brewing of coffee. Mol. Nutr. Food Res. 2006; 50: 1039—
1046.

Lamoral-Theys D., Pottier L., Dufrasne F., Neve J.,
Dubois J., Kornienko A., Kiss R., Ingrassia L. Natural
polyphenols that display anticancer properties through
inhibition of kinase activity. Curr Med Chem. 2010;17:
812-25.

Paur |, Balstad T. R., Blomhoff R. Degree of roasting is
the main determinant of the effects of coffee on NF-
kappaB and EpRE. Free Radic. Biol. Med. 2010; 48:
1218-1227.

Somoza V. Five years of research on health risks and
benefits of Maillard reaction products: an update. Mol.
Nutr. Food Res. 2005; 49: 663-672.

Boettler U., Volz N., Pahlke G., Teller N. et al. Coffees
rich in chlorogenic acid or N-methylpyridinium induce
chemopreventive phase Il-enzymes via the Nrf2/ARE
pathwayinvitroandinvivo. Mol. Nutr. Food Res. 2011;
55: 798-802.

Kotyczka C., Boettler U., Lang R., Stiebitz H. et al. Dark
roast coffee is more effective than light roast coffee in
reducing body weight, and in restoring red blood cell
vitamin E and glutathione concentrations in healthy
volunteers. Mol. Nutr. Food Res. 2011: 55: 1582-1586.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Isshiki M., Ohta H., Tamura H., Coffee reduces
SULT1EL expression in human colon carcinoma Caco-2
cells.Biol. Pharm. Bull. 2013; 36: 299-304

Del Pino-Garcia R., Gonzalez-San Jose M. L., Rivero-
Perez M. D., Muniz P. Influence of the degree of roasting
on the antioxidant capacity and genoprotective effect of
instant coffee: contribution of the melanoidin fraction.J.
Agric. Food Chem. 2012; 60: 10530-10539.

Simonsson M., Soderlind V., Henningson M., Hjertberg
M. et al. Coffee prevents early events in tamoxifen-
treated breast cancer patients and modulates hormone
receptor status. Cancer Causes Control. 2013; 24: 929—
940.

Lowcock E. C., Cotterchio M., Anderson L. N., Boucher
B. A. et al. High coffee intake, but not caffeine, is
associated with reduced estrogen receptor negative and
postmenopausal breast cancer risk with no effect
modification by CYP1A2 genotype.Nutr. Cancer. 2013;
65: 398-409.

Li X. J., Ren Z. J, Qin J. W., Zhao J. H. et al. Coffee
consumption and risk of breast cancer: an up-to-date
metaanalysis. PLoS One. 2013; 8: 52681- 52689.

Jiang W., Wu Y., Jiang X. Coffee and caffeine intake and
breast cancer risk: an updated dose-response
metaanalysis of 37 published studies.Gynecol. Oncol.
2013; 129: 620-629.

Wilson K. M., Kasperzyk J. L., Rider J. R., Kenfield S. et
al. Coffee consumption and prostate cancer risk and
progression in the Health Professionals Follow-up Study.
J. Natl. Cancer Inst. 2011; 103: 876-884.

Wilson K. M., Balter K., Moller E., Adami H. O. et al.
Coffee and risk of prostate cancer incidence and
mortality In the Cancer of the Prostate in Sweden
Study.Cancer Causes Control. 2013; 24: 1575-1581.
Wang Z. J., Ohnaka K., Morita M., Toyomura K. et al.
Dietary polyphenols and colorectal cancer risk: the
Fukuoka colorectal cancer study.World J. Gastroenterol.
2013; 19: 2683-2690.

Sugiyama K., Kuriyama S., Akhter M., Kakizaki M. et al.
Coffee consumption and mortality due to all causes,
cardiovascular disease, and cancer in Japanese women. J.
Nutr. 2010; 140: 1007-1013.

Geybels M. S., Neuhouser M. L., Wright J. L., Stott
Miller M. et al. Coffee and tea consumption in relation to
prostate cancer prognosis.Cancer Causes Control. 2013;
24:1947-1954.

Greenwald P. Clinical trials in cancer prevention: Current
results and perspectives for the future. J. Nutr. 2004; 134:
3507-3512.

Huang M. T. Ferraro, T. Phenolic-compounds in food
and cancer prevention. ACS Symp. Ser. 1992; 507: 8-34.
Magnani C., Isaac V. L. B., Correa M. A. Salgado H. R.
N. Caffeic acid: A review of its potential use in
medications and cosmetics. Anal. Methods UK .2014; 6:
3203-3210.

Bufalo M. C., Sforcin J. M. The modulatory effects of
caffeic acid on human monocytes and its involvement in
propolis action. J. Pharm. Pharmacol. 2015; 2: 1-6.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Lamoral-Theys%20D%5BAuthor%5D&cauthor=true&cauthor_uid=20156174
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pottier%20L%5BAuthor%5D&cauthor=true&cauthor_uid=20156174
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dufrasne%20F%5BAuthor%5D&cauthor=true&cauthor_uid=20156174
http://www.ncbi.nlm.nih.gov/pubmed/?term=N%C3%A8ve%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20156174
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dubois%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20156174
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kornienko%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20156174
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kiss%20R%5BAuthor%5D&cauthor=true&cauthor_uid=20156174
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ingrassia%20L%5BAuthor%5D&cauthor=true&cauthor_uid=20156174
http://www.ncbi.nlm.nih.gov/pubmed/20156174

Marzena Matejczyk 24

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Abuzar E.,Rosline H., Zamzuri 1., Zulkifli M., Nadiah
W-A., Sulaiman S. A.Siew H. G. Wan Zaidah A.
Fibrinolytic Activity and Dose-Dependent Effect of
Incubating Human Blood Clots in Caffeic Acid
Phenethyl Ester: In VitroAssays. BioMed Research
Intern. 2015; 2: 1-10.

Gebhard C., St ahli B. E., Largiad™ S. and et al. Caffeic
acid phenethyl ester inhibits endothelial tissue factor
expression. Biol. Pharm. Bull. 2013; 36: 1032-1035.
Bankova V. Chemical diversity of propolis makes it a
valuable source of new biologically active compounds. J.
ApiProduct and ApiMedical Science. 2009; 1: 23-28.
Kumazawa S., Ahn M. R., Fujimoto T., Kato M.
Radicalscavenging activity and phenolic constituents of
propolis from different regions of Argentina. Nat. Prod.
Res. 2010; 9: 804-812.

Chen H. C. Chen J. H., Chang C., Shieh C. J.
Optimization of ultrasound-accelerated synthesis of
enzymatic caffeic acid phenethyl ester by response
surface methodology. Ultrason. Sonochem. 2011; 18:
455-459.

Chen H. C.,, Ju H. Y., Twu Y. K. et al. Optimized
enzymatic synthesis of caffeic acid phenethyl ester by
RSM. New Biotechnol. 2010; 27: 89-93.

Kurata A., Kitamura Y., Irieetal S. Enzymaticsynthesisof
caffeic acid phenethyl ester analogues in ionic liquid. J
Biotechnol. 2010; 148: 133-138.

Wang X., Stavchansky S., Bowman P. D., Kerwin S. M.
Cytoprotective effect of caffeic acid phenethyl ester
(CAPE) and catechol ring-fluorinated CAPE derivatives
against menadione-induced oxidative stress in human
endothelial cells. Bioor. Med. Chem. 2006; 14: 4879-
4887.

Tolba M. F.,, Azab S. S., Khalifa A. E., Abdel-Rahman S.
Z., Abdel-Naim A. B. Caffeic Acid Phenethyl Ester, a
Promising Component of Propolis with a Plethora of
Biological ~Activities: A Review on its Anti-
inflammatory, Neuroprotective, Hepatoprotective, and
Cardioprotective Effects. Intern. Un. Biochem. Molec.
Biol. 2013; 65: 699-709.

Murtaza G., Karim S., Rouf Akram M., Ali Khan S.,
Azhar S., Bin Asad A. M. Caffeic Acid Phenethyl Ester
and Therapeutic Potentials. BioMed Res. Internat. 2014;
4:1-9.

Hui-Ping L., Ching-Yu L., Chiech H., Liang-Cheng S.,
Chuu S. Anticancer Effect of Caffeic Acid Phenethyl
Ester. Pharmacologia. 2012; 3: 26-30.

Ozturk G., Ginis Z., Akyol S., Erden G., Gurel A., Akyol
O. The anticancer mechanism of caffeic acid phenethyl
ester (CAPE): review of melanomas, lung and prostate
cancers. Eur. Rev. Med. Pharmacol. Scien. 2012; 16:
2064-2068.

Liu J. H., Qiu A. Y. Chlorogenic acid extraction and
purification and application prospects. Cereals & Oils.
2003; 9: 44-446.

Dorrell D. G. Chlorogenic acid content of meal from
cultivatial sunflower. Crop Science. 1976; 16: 422-426.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Shimizu M., Yoshimi N., Yamada Y. et al. Suppressive
effects of chlorogenic acid on N-methyl-N-nitrosourea-
induced glandular stomach carcinogenesis in male F344
rats. J. Toxicol. Scien. 1999; 24: 433-439.

Matsunaga K., Katayama M., Sakata K., et al. Inhibitory
effects of chlorogenic acid on azoxymethane- induced
colon carcinogenesis in male F344 rats. Asian Pac. J.
Canc. Preven. 2002: 3: 163-166.

Kurata R., Adachi M., Yamakawa O., Yoshimoto M.
Growth suppression of human cancer cells by
polyphenolics from sweetpotato (Ipomoea batatas L.)
leaves. J. Agricul. Food Chem. 2007: 55: 185-190, 2007.
Rylova S. N., Amalfitano A., Persaud-Sawin D. A, et al.
The CLN3 gene is a novel molecular target for cancer
drug Discovery. Cancer Res. 2002: 62: 801-808.

Pereira. R. C., Delany A. M., Canalis E.
CCAAT/enhancer binding protein homologous protein
(DDIT3) induces osteoblastic cell differentiation.
Endocrinology. 2004; 145: 1952-1960.

Pellati F., Benvenuti S., Magro L., Melegari M., Soragni
F. Analysis of phenolic compounds and radical
scavenging activity of Echinacea spp. J. Pharm. Biomed.
Anal. 2004; 35: 289-301.

Zhang H., Zhang M., Yu L., Zhao Y., He N., Yang X.
Antitumor activities of quercetin and quercetin-5,8-
disulfonate in human colon and breast cancer cell lines.
Food Chem. Toxicol. 2012; 50: 1589-1599.

Gibellini L., Pinti M., Nasi M., Montagna J. P., De Biasi
S., Roat E., Bertoncelli L., Cooper E. L., Cossarizza A.
Quercetin and Cancer. Chemoprevention. 2011; 1: 1-15.
Joshi U. J., Gadge A. S., D’Mello P., Sinha R.,
Srivastava S., Govil G. Anti-inflammatory, antioxidant
and anticancer activity of Quercetin and its analogu es.
Intern. J Res. Pharm. Biomedical Scien. 2011, 4: 1756-
1766.

Sreelatha S., Jeyachitra A., Padma P. R. Antiproliferation
and induction of apoptosis byMoringa oleiferaleaf extract
on human cancer cells. Food Chem. Toxicol. 2011; 49:
1270-1275.

Suh D. K., Lee E. J., Kim H. C., Kim J. H. Induction of
G1/S phase arrest and apoptosis by quercetin in human
osteosarcoma cells. Arch. Pharm. Res. 2010; 33: 781-
785.

Aggarwal B. B., Bhatt I. D., Ichikawa H., Ahn K. S,,
Sethi G., Sandur S. K., Sundaram C. Seeram N.,
Shishodia S. Curcumin: Biological and medicinal
properties, In Turmeric: The Genus Curcuma; CRC
Press: New york, NY, USA. 2007; 45: 297-368.

Hatcher H., Planalp R., Cho J., Torti F. M., Torti S.V.
Curcumin: From ancient medicine to current clinical
trials. Cell. Mol. Life Sci. 2008; 65: 1631-1652.

Teiten M. H. Eifes S., Dicato M., Diederich M.
Curcumin-the paradigm of a multi-target natural



25

Biological and anticancer activity of selected natural products

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

compound with applications in cancer prevention and
treatment. Toxins (Basel). 2010; 2: 128-162.

Teiten M. H. Gaigneaux A., Chateauvieux S., Billing A.
M., Planchon S., Fack F., Renaut J., Mack F., Muller C.
P., Dicato, M. et al.ldentification of differentially
expressed proteins in curcumin-treated prostate cancer
cell lines. Omics. 2012; 16: 289-300.

Goel A., Kunnumakkara A. B., Aggarwal B. B.
Curcumin as “curecumin”: From kitchen to clinic.
Biochem. Pharmacol. 2008; 75: 787—809.

Reddy A. R., Dinesh P., Prabhakar A.S., Umasankar K.,
Shireesha B., Raju M. B. A

comprehensive review on sar of curcumin. Mini Rev.
Med. Chem. 2013; 13: 1769-1777.

Priyadarsini K. . Chemical and structural
featuresinfluencing the biological activity of curcumin.
Curr. Pharm. Des. 2013; 19: 2093-2100.

Jitoe-Masuda A., Fujimoto A., Masuda T. Curcumin:
From chemistry to chemistry-based functions. Curr.
Pharm. Des. 2013; 19: 2084-2092.

Teiten M., Dicato M., Diederich M. Hybrid Curcumin
Compounds: A New Strategy for Cancer Treatment.
Molecules. 2014; 19: 20839-20863.

Aggarwal B. B., Kumar A., Bharti A.C. Anticancer
potential of curcumin: Preclinical and clinical studies.
Anticancer Res. 2003; 23: 363—-398.

Chaturvedi M. M. Sung B., Yadav V. R., Kannappan R.,
Aggarwal B. B. NF-kB addiction and its role in cancer:
one size does not fit all. Oncogene. 2001; 30: 1615-1630.
Aggarwal B. B., Shishodia S. Molecular targets ofdietary
agents for prevention and therapy of cancer. Biochem.
Pharmacol. 2006; 71: 1397-1421.

Aggarwal B. B. Prostate cancer and curcumin. Cancer
Biol. Ther. 2008; 7: 1436-1440.

Teiten M.-H.; Gaascht F., Eifes S., Dicato M., Diederich
M. Chemopreventive potential of curcumin in prostate
cancer. Genes Nutr. 2010; 5: 61-74.

Shishodia S., Sethi G., Aggarwal B. B. Curcumin:
Getting back to the roots. Ann. N. Y. Acad. Sci. 2005;
1056: 206-217.

Anand P., Kunnumakkara A. B., Newman R. A.
Aggarwal, B.B. Bio-availability of curcumin: Problems
and promises. Mol. Pharmacol. 2007; 4: 807-818.

Ohtsu H., Xiao Z., Ishida J., Nagai M., Wang H., Itokawa
H. S., Shih C., Chiang T., Chang E., Lee Y. et al.
Antitumor agents. 217. Curcumin analogues as novel
androgen receptor antagonists with potential as anti-
prostate cancer agent. J. Med. Chem. 2002; 45: 5037—
5042.

Liang G., Shao L., Wang Y., Zhao C., Chu Y., Xiao J.,
Zhao Y., Li X., Yang S. Exploration and synthesis of
curcumin analogues with improved structural stability
bothin vitroandin vivoas cytotoxic agents. Bioorg. Med.
Chem. 2009; 17: 2623-2631.

Lin L., Shi Q., Su C.Y., Shih C.C., Lee K.-H. Antitumor
agents 247. New 4-ethoxycarbonylehtyl curcumin

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

analogs as potential antiandrogenic agents. Bioorg. Med.
Chem. 2006; 14: 2527-2534.

Lin L., Shi Q., Nyarko A. K., Bastow K. F.,, Wu C. C., Su
C. Y., Shih C. C., Lee K.-H. Antitumor agents 250.
Design and synthesis of new curcumin analogues as
potential anti-prostate cancer agents. J. Med. Chem.
2006; 49: 3963-3972.

Lin L., Hutzen B., Ball S., Foust E., Sobo M., Deangelis
S., Pandit B., Friedman L., Li C., Li P. K. et al. New
curcumin analogues exhibit enhancedgrowth-suppressive
activity and inhibit AKT and signal transducer and
activator of transcription 3 phosphorylation on breast and
prostate cancer cells. J. Cancer Sci. Ther. 2009; 100:
1719-1727.

Wei, X.; Zhou, D.; Wang, H.; Ding, N.; Cui, X-X,;
Wang, H.; Verano, M.; Zhang, K.; Conney, A.; Zheng,
X.; et al. Effects of pyridine analogs of curcumin on
growth, apoptosis and NF-kBactivity in prostate cancer
PC-3 cells. Anticancer Res. 2013; 33: 1343-1350.
Itokawa, H., Shi Q., Akiyama T., Morris-Natschke S. L.,
Lee K-H. Recent advances in the investigation of
curcuminoids. Chin. Med. Sci. J. 2008; 3: 11.

Lee K.-H. Discovery and development of natural
product-derived chemotherapeutic agents based on a
medicinal chemistry approach. J. Nat. Prod. 2010; 73:
500-516.

Fuchs J. R., Pandit B., Bhasin D., Etter J. P., Regan N.,
Abdelhamid D., Li C., Lin J,, Li P. K. Structure-activity
relationship studies of curcumin analogues. Bioorg. Med.
Chem. Lett. 2009; 19: 2065—2069.

Ishida J., Ohtsu H., Tachibana Y., Nakanishi Y., Bastow
K. F., Nagai M., Wang H., Itokawa H., Lee K.-H.
Antitumor agents. Part 214: Synthesis and evaluation of
curcumin analogues as cytotoxic agents. Bioorg. Med.
Chem. 2002; 10: 3481-3487.

Shi Q., Shih C. C., Lee K-H. Novel anti-prostate cancer
curcumin analogues that enhance androgen receptor
degradation activity. Anticanc. Agent. Med. Chem. 2009;
9: 904-912.

Kumar A. P., Varcia G. E., Ghosh R., Fajnarayanan R.V.,
Alworth W. L., Slaga T. J. 4-Hydrocy-3-methoxybenzoic
acid methyl ester: A curcumin derivative targets Akt/NF
kappa B cell survival signalling pathway. Potential for
prostate cancer management. Neoplasia 2003; 5: 255-
266.

Shi Q., Wada K., Ohloshi E., Lin L., Huang R. Morris-
Natschke S.L., Goto M., Lee K.-H. Antitumor agents
290. Design, synthesis and biological evaluation ofnew
LNCap and PC-3 cytotoxic curcumin analogs conjugated
with anti-androgens. Bioorg. Med. Chem. 2012; 20:
4020-4031.

Valentini, A.; Conforti, F.; de Martino, A.; Condello, R.;
Stellitano, C.; Rotilio, G.; Ghedini, M.; Federici, G.;
Bernardini, S.; Pucci, D. Synthesis, oxidant properties
and antitumoral effects of heteroleptic palladium (II)
complex of curcumin on human prostate cancer cells. J.
Med. Chem. 2009; 52: 484-491.



Marzena Matejczyk

26

100.

101.

102.

103.

Kamini C., Faridah A., Lajis N. H., Othman I., Naidu
R.. Anti-Proliferative Effect and Induction of
Apoptosis in Androgen-Independent Human Prostate
Cancer Cells by 1,5-Bis(2-hydroxyphenyl)-1,4-
pentadiene-3-one. Mole-cules 2015; 20: 3406-3430.
Colic M., Pavelic K. Molecular mechanisms of
anticancer activity of natural dietetic products. J. Mol.
Med. 2000; 78: 333-336.

Archer S. Y., Hodin R. A. Histone acetylation and
cancer. Curr Opin Genet Dev. 1999; 9:171-174.
Weinstein J. N., et al. An information-intensive
approach to the molecular pharmacology of cancer.
Science 1997; 275: 343-349.

Address for correspondence:

Bialystok University of Technology

Faculty of Civil Engineering

and Environmental Engineering

Department of Sanitary Biology and Biotechnology
Wiejska 45E

15-351 Bialystok, Poland

phone: (+48) 85 7469659

fax: (+48) 85 7469559;

e-mail: m.matejczyk@pb.edu.pl

Received: 10.03.2015
Accepted for publication: 3.08.2015


mailto:m.matejczyk@pb.edu.pl

