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ABSTRACT

Coumarins, natural or synthetic, due to their wide range of biological activities, have become an interesting subject
of investigation for many researchers. Coumarin scaffold has proven to have an important role in anticancer drug
development due to a fact that many of its derivatives have shown an anticancer activity on various cell lines. Action
of coumarins on tumour cells is carried out via different mechanisms and some of them show very good selectivity
toward the cancer cells. In this work a brief literature review (2010-2015) on coumarins as potential anticancer
drugs is given, which can serve as an excellent tool for future investigations on design and synthesis of such
derivatives.
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INTRODUCTION

Coumarins (Fig.1) belong to benzopyrone chemicads;l more precisely benzepyrones, where benzene ring is
fused to pyrone ring [1]. In nature, coumarins faend in higher plants lik&utaceae andUmbelliferae and some
essential oils like cinnamon bark oil, cassia lgidbind lavender oil are also rich in coumarinscé&pt from higher
plants, coumarins were found in microorganisms al, Wike novobiocin and coumermycin frostreptomyces and
aflatoxins fromAspergillus species [1, 2].
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Fig. 1 Chemical structure of coumarin

Coumarins are proven to possess a wide range tdgidal activities, anti-inflammatory [3], antimigbial [4],
antiviral [5], antioxidant [6], antinociceptive [7hnti-tumor [8], antiasthmatic [9], antidepressHr], anti-HIV
[11], antituberculosis [12], anti- Alzheimer [7]nt&-influenza [13], antihyperlipidemic [14] - beiranly some of
them.

Anticancer activity of coumarins
Cancer is a fatal disease, which accounts 7, 6omitleaths (around 13 % of all deaths) worldwid2@®8. The
number of deaths from cancer will continue to rigiéh an estimated 13.1 million people dying in 2Q35].

There are many different mechanisms how anticadogys can inhibit the division of cancer cells, soaf them

working as DNA intercalating agents, DNA cross-lintk agents, topoisomerase inhibitors, cytoskelelisnipting

agents and antimetabolites [16]. Most of the antiea drugs kill cancer cells by triggering apopgasi the cancer
cells [17]. Apoptosis, which is the result of comlinteraction between pro- and anti- apoptotic avoles,

regulates the homeostasis and eliminates the dahtaije [18].
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As antitumor activity of natural and synthetic carm derivatives have been extensively explorednigny
researchers [19, 20, 21, 22, 23, 24] and it has peaven that coumarins, depending on their strecttan act on
various tumour cells by different mechanisms; thybit the telomerase enzyme, protein kinase dgtand down
regulating oncogene expression or induce the caspasediated apoptosis, suppress cancer cell gralibn by
arresting cell cycle in GO/G1 phase, G2/M phasedafetting the p-gp of the cancer cell [15, 25].

Coumarin derivatives can possess not only cytastatit cytotoxic properties as well [26]. Marshill E. et
al.(1994) showed that coumarin and 7-hydroxycoumeain inhibited growth in human cancer cell lin2g][ such
as A549 (lung), ACHN (renal), H727 (lung), MCF7 €bst) and HL-60 (leukaemia) and in some clinidaldrthey
exhibited anti-proliferative activity in prostatarccer [28], malignant melanoma [29] and renal cattinoma [30].
Coumarin, itself also exhibited the cytotoxic effagainst Hep2 cells (human epithelial type 2) asel dependent
manner and showed some typical characteristiepoptosis with loss of membrane microvilli, cytagtac hyper-
vacualization and nuclear fragmentation [31].

Coumarins were also found to be excellent agentstrémting side effects caused by radiotherapy whias
demonstrated by Mahler et.al (1992) who appliedrakinational therapy of coumarin/troxerutin in atection of
salivary glands and mucosa in patients undergadgtherapy [32].

2.1. Ovarian cancer

Ovarian cancer, as a very common cause of deatlofinen worldwide, is often diagnosed in its lategetaand the
major obstacle in its treatment is multi-drug resise (MDR) where most of the patients developsistance to
platinum based drugs or paclitaxel, chemotherapyg dised for treating ovarian cancer, breast cahoeg, cancer
and Kaposi’s sarcoma [33, 34, 35].

Coumarin derivative RKS262 as an analogue of Nifiok, a drug that induces the cytotoxic and antdueffects
in neuroblastoman vivo andin vitro, showed very potent activity in ovarian cancer (AR-3 cells, human
ovarian epithelial adenocarcinoma cell line) chezstant to platinum-based drugs [19].

Its structure is shown on Fig. 2 where it is visilthat nitrofuran ring of Nifurtimox is replaced Iybromo-4-
chlorocoumarin group. Lipophilic properties of misgll coumarin group and hydrophilic character of 1-
aminotetrahydrothiazine ring ensure that this pidémirug could have good bioavailability [19]. Tlaaticancer
activity of this compound towards ovarian cancetl dmes (OVCAR-3) was exhibited by reducing the
mitochondria-transmembrane-depolarization potentia@gulating the mitochondrial Bcl-2 family pathway
increasing the pro-apoptotic factors Bid, Bad awat Bxpression and decreasing the expression oklBatd Mcl-1

[36].
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Fig. 2 a. Structure of Nifurtimox; b. Synthetic patway for RKS262 (4) from 6-brom-4-chloro-2-oxo-#-chromene-3-carbaldehyde and
1-aminotetrahydrothiazane [19]

Jamier et al. (2014) synthesized chalcone-coundgiivatives and evaluated them for anticancer igtagainst
different cancer cell lines, where compound on Figad the highest cytotoxic activity against ovar@ancer
(OVCAR) [37].
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Fig. 3 Chemical structure of the most potent chalage-coumarin derivative against ovarian cancer celines (OVCAR) - 7-hydroxy-4-
[(1E)-3-0x0-3-phenylprop-1-en-yl]-2H-chromen-2-one [37]

2.2. Lung cancer
Lung cancer is characterized by two main types:lisogdl lung cancer (SCLC) and non-small-cell luogncer
(NSCLC), respectively [38].

Treatment for NSCLC often fails because of drugsugteptibility to advanced lung cancer stages [B&ny
coumarin derivatives, natural and synthetic hava/@n to be excellent anticancer agents on this tfpeancer.
Osthole (7-methoxy-8-(3- methyl-2-butenyl)coumariR)g. 4), which was extracted from many therapeptants
such agCnidium monnieri [39] andPrangos ferulacea (L.) [40] inhibited the growth of human lung can¢é- 549
cancer cells) by inducing G2/M arrest and apoptpki$. Umbelliprenin, (Fig. 4) which was isolatem Ferula
plant species, induced the apoptosis in QU-DB @azgll lung cancer) and A549 adenocarcinoma ced, liat
different doses [20].

Wang et al. (2013) demonstrated that naturallyaexéd 7,8 —dihydroxycoumarin (daphnetin) (Fig. #ibits the
proliferation of A549 human lung adenocarcinomdscahd by suppression of Akt/NEB signalling pathways
induces the apoptosis in concentration dependenbhend17].

H;CO HO (@] O
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CH3 CH3 CH3 N
)\/\/W
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Fig. 4 Structure of the most active natural coumams against lung cancer: a. osthole (7-methoxy-8-(8ethyl-2-butenyl)coumarin) [41];
b. 7,8-dihydroxycoumarin (daphnetin) [17]; c. umbdiprenin [20]

Musa et al. (2012) found that some of the coumbaised benzopyranone derivatives induced apoptosisrnan
lung cancer (A549) by a different mechanisms. Cainr@erivative on Fig. 5a. induces the apoptosisnoyeasing
the expression of pro-apoptotic Bax and decreasntj-apoptotic Bcl-2 expression. However, coumarin-
benzopyranone derivative on Fig. 5b. decreasedpession of both Bax and Bcl-2 proteins [38].

1225



Jelena Klenkar and Maja Molnar J. Chem. Pharm. Res., 2015, 7(7):1223-1238

CHs
o) )
CHs H,
O >
H4C.
30 oo
b

Fig. 5 Structure of the potent anticancer coumarinbenzopyranone derivatives against lung cancer: a-@-(2-
(dimethylamino)ethoxy)phenyl)-7-methoxy-4-phenyl-Bi-chromen-2-one; b. 7-methoxy-4-phenyl-3-(4-(3-(pyolidin-1-
yl)propoxy)phenyl)-2H-chromen-2-one [38]

Musa et al. (2015) also investigatiedvitro antitumor activity of some 3-arylcoumarin derivativin A549 cancer
cell lines (lung cancer). The most active compowas 8—(acetyloxy)-3-(4-methanesulfonyl phenyl)-D-2d-
chromen-7-yl acetate (Fig. 6), a compound whichwatbselective cytotoxicity, causing cell arresBiphase of the
cell cycle which is the indication of inhibiting DNsynthesis in cells, loss of MMP (matrix metallof@inase) and
increase of ROS (reactive oxygen species) produaid549 cancer cell lines [21].
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Fig. 6 Structure of 8—(acetyloxy)-3-(4-methanesulfyl phenyl)-2-oxo-H-chromen-7-yl acetate [21]

Among synthesized iodinated-4-aryloxymethylcoumaimproved anti-cancer activity against A-549 (harhang
cancer) was observed in compounds having cloriposition 6and 7 and bromine at position 6 of coumarin ring
(Fig. 7) [42].
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Fig. 7 Structure of 6-chloro-4-[(4-iodophenoxy)metiil]-2H-chromen-2-one [42]

Hybrid molecules which consist of substituted traimg/lbenzene moiety on coumarin scaffold were bgsized by
Belluti et al. (2010) [43]. The most promising riisuwith an excellent antiproliferative and propfmtic activities
were 7-methoxycoumarin nucleus with 3,5- disubstitupattern of the trans-vinylbenzene moiety. Comm on
Fig. 8a. 4-[E)-2-(2,4-dimethoxyphenyl)ethenyl]-7-methoxi#Zhromen-2-one administered orally at dose of 10-
20 mg/kg in patients with lung carcinoma (H460)ilrited growth of cancer cells, without a toxic effe[43].
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Fig. 8 Structure of: a. 4-[E)-2-(2, 4-dimethoxyphenyl)ethenyl]-7-methoxy-B-chromen-2-one; b. 4-[(E)-2-(2,4-dimethylphenyl)etényl]-7-
methoxy-2H-chromen-2-one [43]

Among S- and O-substituted 7-mercaptocoumarin dévigs synthesized by Chen at al. (2012), compaméig.
9 significantly increased cellular apoptosis in @amtration dependent manner and also caused ead ayrest at
G2/M phase in A549 cell line [44].
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Fig. 9 Chemical structure of 7-[(6-chloropyridin-2yl)sulfanyl]-4-methyl-2H-chromen-2-one [44]

When lung cancer is treated with combination of matin-3-carboxylic acid and valproic acid (Fig. 18)
significant inhibition of proliferation and migrath of lung cancer cells was observed [45].

(0]
HO\C%O
a. b

Fig. 10 Structure of potential combinational therapy in lung cancer: a. coumarin-3-carboxylic acid; bvalproic acid [45]

2.3. Breast cancer

Hormone oestrogen has the crucial role in developrokthe breast cancer, the most frequent maligdisease in
women, therefore many therapies are designed tckbics activity [46]. Cinnamoyl-coumarin derivats/evere
especially effective in oestrogen-dependent canseich as breast (MCF7) and ovarian (OVCAR) cane#iines,
the most potent is on the Fig. 11. These compoanesselective nonsteroidal inhibitors of g4ydroxysteroid
dehydrogenase type 1, an enzyme that catalyses NAI#endent reduction of the weak oestrogen, aestiato

the most potent oestrogen, oestradiol [37].
OCHjz

H3CO
Fig. 11 Chemical structure of the most potent cinn@oyl-coumarin derivative against breast cancer (MCF7) - 7-methoxy-4-[(E)-3-(4-
methoxyphenyl)prop-2-enoyl-H-chromen-2-one [37]
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A new group of coumarin-oestrogen conjugates werghssized by attaching thgoestradiol (Fig. 12) to a
coumarin ring with most of the compounds showintjpaaliferative activity against panel of breashcar cell lines
[471.

OH
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o o
Fig. 12 Structure of the conjugate of coumarin with-oestradiol [47]

Tamoxifen (TAM) (Figl3.) as non-steroidal tripheetylylene derivative is the most widely used seleabiestrogen
receptor modulator (SERM), [48] but usually a dregistance develops through couple of years ofnresat in
patients [46]. Therefore, Sashidhara et.al. (2@E)eloped a new hybrid molecules coumarin — mooksthere
compound on the Fig. 13. showed the most poteectet activity against breast cancer cell linesRviCand
MDA-MB-231. This compound induced caspase-3 adtwaand apoptosis and caused arrest of MCF-7 gelec
at G1 phase [46].

CHs
J/N\CHs
o OH
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Fig. 13 Structure of a. Tamoxifen; b. monastrol; ccoumarin—monastrol hybrid [46]

Mustafa et al. (2011) synthesized series of new(ddlxmarin-7-yl)amidrazones incorporating N-pipenas and
related congeners where 7-{2-[1-(4-(1-benzyl-2-edwitro-1H-imidazol-5-yl)piperazin-1-yl)-2-
oxopropylidenelhyrazinyl}-4-methyl42-chromen-2-one (Fig. 14), showed the most potetivipcagainst MCF-7
cell line (breast cancer) [49]. Among a series afirnarin substituted benzothiazoles synthesized ioy & al.
(2012), the most potent compound against breastecgdMCF-7) was SC20 (Figl4.) with 79.40 % at tlosed of
250 puM/ ml [50].
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Fig. 14 Chemical structure of; a.N1-(coumarin-7-yl)amidrazone[49]; b. coumarin substituted benzothiazol [50]

One of the 4-(1,2,3-triazol-1-yl)coumarin derivatsy 4-(4-((4-fluorophenoxy)methyl)-1,2,3-triazoll)-7-
methoxycoumarin showed excellent anticancer agtiajainst MCF-7 (breast cancer) and also SW48oficol
cancer) and A549 (lung cancer). This compound (E&gR.) inhibited proliferation of cells by inducirapoptosis
and causing cell cycle arrest at G2/M phase [23]dagiri et al. (2014) synthesized benzosuberoneirgea
coumarin moieties where compound on Fig. 15b. sdatve most potent activity against all tested eds A549
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(human alveoral adenocarcinoma cell line), HeLar(an cervical cancer) and also two human breastecarad|
line MDA-MB-231 and MCF-7, respectively [51].
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Fig. 15 Structure of a. 4-(4-((4-fluorophenoxy)metil)-1,2,3-triazol-1-yl)-7-methoxycoumarin [23];
b. 8, 9-dihydrobenzo[3,4]cyclohepta[1,2-c]chromen{BH)-one [51]
2.4. Prostate cancer
Li. et. al. (2015) demonstrated that scopoletim@hoxy-7-hydroxycoumarin) (Fig. 16), a natural mauin found
in plants such aErycibe obtusifolia, Aster tataricus andFoeniculum vulgare, exhibited anticancer activity against
prostate cancer cells (LNCaP) by inhibition of eegmion of cyclin D which caused cell cycle arrest at G2/M phase
and induced early and late apoptosis in LNCaP casadklines [52].

H,CO
3 AN

HO O @)
Fig. 16 Structure of scopoletin [52]

Since the importance of amide bond on C-3 positfbcoumarin for cytotoxic activity was proven by iy et al.
(2005) [53], Matiadis et al. (2013) synthesized seeies of coumarins and quinolinone-3-aminoamigiévdtives,
with coumarin aminoamide derivative (Fig. 17) passeg the highest activity against DV 145 prostatecer cell
lines [54].

OH o]

(CHy)g
H
O O
Fig. 17 Structure of N-(8-aminooctyl)-4-hydroxy-2-oxo-2-chromene-3-carboxamide [54]
In their attempt to synthesize biological activenpmunds Rehman et al (2014) designed 6-hydroxy eoiam

derivatives with triazole and isoxazole ring. Thestanticancer activity against prostate cancéiinel (PC-3) was
obtained with compound on Fig. 18 carrying isoxazihg, while compound carrying triazole ring (FI) was the

most potent against lung cancer cell line (A-5490][
/
N\)\/O X

Os5N
Ioony O
o "0
o "0 b.

Fig. 18 Chemical structure of: a. 6-((3-(2-nitrophayl)isoxazol-5-yl)methoxy)2H-chromen-2-one potent against prostate cancer cdihe
(PC-3); b. 6-((1-(2-nitrophenyl)-H-1,2,3-triazol-4-yl)methoxy)2H-chromen-2-one potent against lung cancer cell ling\-549) [24]

O,N

Szliska et al. (2011) demonstrated that neobavaiswie and psoralidin (Fig. 19) isolated fré&soralea corylifolia
in combination of TRAIL (tumor necrosis factor redd apoptosis inducing ligand) enhanced the pateofiT RAIL
for inducing apoptosis in sensitized TRAIL-resistaNCaP (prostate cancer cells). TRAIL moleculegressed on
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the cell surface of T-lymphocytes, natural killezlls, dendritic cells, neutrophils, monocytes orcrophages,
induces apoptosis in cancer cells with no effechommal cells [55].
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Fig. 19 Chemical structure of: a. neobavaisoflavoné. psoralidin [55]
2.5. Bladder carcinoma
Transitional cell carcinoma (TCC), one of the mmmihmon bladder cancers, is difficult to treat duég resistance
to a wide range of chemotherapeutic agents [56].

Cytotoxic activity on bladder cancer cells was stigated by Haghighi et al. (2014) on 7-isopentexytoumarin
(7-1P) (Fig. 20a), compound that can be synthesizeth naturally and chemically and it exhibitedestive
cytotoxic effect on 5637 cells (bladder cancegomparison to normal HDF-1 cells (human dermaldfitiast) [56].

Diversin, terpenoid coumarin (Fig. 20b), isolatedni Ferula diversivittata by Haghighitalab et al. (2014) was
found to have cytotoxic effect in 5637 cells (bladdancer) causing arrest of the cells in the G@aifislse [57].

From KoreanAngelica gigas root Kim et al. (2010) isolated pyranocoumarinusin (Fig. 20c), which inhibited

proliferation in bladder cancer 235J cells and a@fsoolon cancer HCT-1116 cells. Decursin inducpdosis in
both cancer cell lines through expression of Batgin and reduced Bcl-2 protein levels [58].

|

Fig. 20 Chemical structure of: a. 7-isopentenyloxyaumarin (7-1P) [56]; b. diversin [57]; c. decursin[58]

Citotoxicity of cisplatin (Fig. 21a) (platinum bakdrug), used in treating different kind of canderduding bladder
cancer, was significantly enhanced in combinatidth vinerniarin (Fig. 21b). In herniarin, hydrogeromt on
position 7 of umbelliferone is replaced by methyduyp, so the compound is also called methyl unfeetine [59].

Cl
CI\Pt/ X

HsN NH3 HSC\

a. b.

Fig. 21 Structure of: a. cisplatin and b. herniarin[59]
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2.6. Hepatocellular carcinoma

Hepatocellular carcinoma (HCC) is very aggressiypetof cancer and also immune to standard therapies
(chemotherapy and radiotherapy), so there is ammng need for new anticancer agents for treati@@ f60].

Osthole (7-methoxy-8-(3-methyl-2-butenyl)coumariRlg. 4), a natural coumarin derivative found ieeds of the
dried ripe fruit ofCnidium monieri (L) Cuss (Common Cnidium) anéingelica pubescens [61] can inhibit growth of
HCC tumor cells (SMMC-7721)n vivo andin vitro, through inhibiting Akt/NF¢ B signaling pathway, which
induces G2/M arrest and apoptosis [60].

Esculetin (Fig. 22), coumarin presented in sevplahts such aBraxinus rhynchophylla and Artemisia capillaris,
significantly inhibited proliferation of HCC celkSMMC-7721 cancer cell lines) by causing cell cyateest at S
phase and inducing apoptosis[22].

HO
X

HO O O

Fig. 22 Chemical structure of esculetin [22]

Prasad et al. (2010) isolated 8-hydroxypsoraleg. (Z8) from peels of wampe€l@usena lansium (Lour.) Skeels),
which belongs toRutaceae family widely distributed in India, southern Chind@hailand and Vietnam. 8-
Hydroxypsoralen showed high anti-proliferative aityi against HepG2 (human hepatocellular liver carma),
A549 (human lung adenocarcinoma epithelial ce#t)liand HELA(human cervical carcinoma cell line)][62

HO
X

HO 0] @]
Fig. 23 Chemical structure of 8-hydroxypsoralen [6R

Zhao et al. (2014) modified the structure of scefin] main active component & obtusifolia Benth stems, and
got a new compound, named SC-llI3 (Fig. 24). S@-Was effective in inhibiting the growth of HEpG2
(hepatocellular carcinoma) by inducing generatibintracellular ROS, DNA damage and arrest in Ssgha his
inhibitory effect of SC-I113 was very low on normialer cell lines [63].

Cl
H3;CO H
Oy
0]
0] @)

HO
Fig. 24 Chemical structure of SC-III3 (modified scpoletin) [63]

Coumarins with attached pyrazoline ring were sysittesl from 8-acetyl-7-methoxycoumarin and evaludted
anticancer activity against HepG2 cell line. Thestqmotent coumarin pyrazoline hybrid was the on¢henFig. 25
[64].

Fig. 25 Chemical structure of the most potent couarin-pyrazole hybrid against HepG2 cell line (7-mefoxy-8-{5-[4-
(methylsulfanyl)phenyl]-4,5-dihydro-1H-pyrazol-3-yl}-2H-chromen-2-one) [64]

Nasr et al. (2014) synthesized coumarin hydrazigtrdrone derivatives (CHHDs) with the one showrfFan 26
being the most potent antiproliferative agent agfaiesistant Hep-G2 cell line (HCC) [25].
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Fig. 26 Structure of the most potent CHHD against ldp-G2 cell line (6-bromo-2-oxdN'-[( E)-thiophen-2-yImethylidene]-2H-chromene-3-
carbohydrazide) [25]

Studies have shown that chloropurine derivativeBibdted cytostatic activity against many cancerl digles.
Coumarin derivative containing 2-amino-6-chloroperiigand had the best cytostatic activity on hieparcinoma
(Hep-G2) (Fig. 27) and also against colon cance/30) [26].

/4N Cl
N // \N
<\
NH,

HO O O
Fig. 27 Structure of 4-[(2-amino-6-chloro-9H-purin9-yl)methyl]-7-hydroxy-2H-chromen-2-one [26]

Synthetic coumarin, 7-carbethoxyamino-2-oxdé-éhromen-4-yl)methylpyrrolidine-1 carbodithioate RE) (Fig.
28) synthesized by Neelgundmath et al. (2015) tadgehe nuclear factor kappa (NB) in hepatocellular
carcinoma, which is an inducible transcription ¢agilaying an important role in cell proliferatiamd survival, also
found in the cytoplasm of almost all mammalian £elLPP induced cytotoxicity in three HCC cells: B&p
PLC/PRF5 and Huh7 in dose and time dependent matmyesuppression DNA binding ability of NE&B,
decreasing the CXCL12-induced cell migration an¢agion and inhibition of expression MB- targeted genes
such as cyclin D1, Bcl-2, survivirin, MMP12 and G/#[65].

S N

S
I /di
/\O)]\” 0 o

Fig. 28 Structure of (7-carbethoxylamino-2-oxo-B-chromen-4-yl)methylpyrrolidine-1 carbodithioate (CPP) [65]

2.7. Colon cancer

The most common chemotherapeutic agent used itingeaf colorectal cancer is 5-fluoruracil (5-FUyt patients
often develop resistance on 5 -FU with high requreerate, so research for the new drugs for trgdtiis type of
cancer is crucial [66].

Furocoumarins, coumarin derivatives fused with fureng, showed a wide range of biological actigtiguch as
anti- HIV [67], anticancer [68], anti-influenza [[L3&anti- inflammatory [69]Furo[3,2-c] coumarin derivatives (Fig.
29), which Rajabi et al. (2015) synthesized shoaegkry good anticancer activity by cell growth ibition of
HCT-15 cell line (colon cancer) [70], while di-coarn polysulfides synthesized by Saidu et al. (30d&used
arrest in HCT 116 colorectal cancer cell in G2/Magh of the cell cycle and also induced apoptodis [7
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Ph  OCH,CH,

Fig. 29 Chemical structure of the most potent furd},2-c]Jcoumarin analogs against HCT-15 cell line (dmn cancer): a. E)-3-(2-oxo0-2-
phenylethylidene)-2-phenyl-2-(pyrrolidin-1-yl)-2H-furo[3,2-c]chromen-4(3H)-one; b. E)-2-ethoxy-3-(2-ox0-2-phenylethylidene)-2-
phenyl-2H-furo[3,2-c]chromen-4(3H)-one [70]

Di-coumarin polysulfide SV25 (Fig. 30) caused ariasHCT 116 colorectal cancer cell in G2/M phas¢he cell
cycle and also induced apoptosis [71].

m J/%D\
H;CO 0] (oXe) O OCH3

Fig. 30 Chemical structure of di-coumarin polysulfde SV25 [71]

Lin et al. (2014) showed that alkylation on posit® of coumarin induces apoptosis in colon canedts.cDMAC
(5,7-dihydroxy-4-methyl-6-(3-methylbutanoyl)-courmgr (Fig. 31) induced apoptosis in two human cotamcer
cells: HCT-116 and LoVo. Also in combination witbrozentional anticolon cancer drugs, such as 5-FJGIAT-
11, DMAC increased effectiveness of this drugs [72]

CH; O OH CHs,

H,C X

HO 0] O
Fig. 31 Chemical structure of DMAC (5, 7-dihydroxy4-methyl-6-(3-methylbutanoyl)-coumarin) [72]

Umbelliprenin (Fig. 4) showed moderate activity iagainvasive SW48 and noninvasive SW1116 colorceanell
lines when used in at higher concentrations, ad ahowed significant proliferation of noninvasocancer cell line
when used in lower concentrations, so when treatolgn cancer patients with this compound it bedusih care
[73]. Patil et al. (2012) isolated 5-geranyloxy-e&ttmoxycoumarin (Fig. 32) fror€itrus aurantifolia L. Osbeck
(Rutaceae), commonly known as Mexican lime. This coumarihiloited proliferation of SW-480 cells (human
colon cancer) by induction of apoptosis through #wtivation of tumour suppressor gene p53, casBa3e
regulation of Bcl2 and inhibition of p38 MAPK phdgprylation [74].

F F

X

H,CO o) o)
Fig. 32 Structure of 5-geranyloxy-7-methoxycoumarirf74]

Shi et al. (2011) synthesized 3-aminohexahydroceimmderivatives, among which seven compounds showed
stronger citotoxicity than powerful anti-canceugidoxorubicin hydrochloride against SW1116 (catancer) with
lower viability rates at the same dose (10 g/mhe®f this compounds is shown on the Fig. 33 [75].
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0] 0]
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Fig. 33 Chemical structure ofN-(4-(4-chlorophenyl)-3,4,5,6,7,8-hexahydro-7,7-dintleyl-2,5-dioxo-2H-chromen-3-yl)benzamide [75]

2.8. Gastric cancer

Prognosis for the patients with gastric cancereis/\poor compared to the other solid malignancies the only
available treatment that could cure this type afcea is complete resection of the tumour. The madely used
chemotherapeutics such as fluoropyrimidine andfatimum based drugs have not been able to attaiisfaztory
survival [76].

Telomere and telomerase are closely associatdr tdavelopment and occurrence of human gastricecalmcearly
stages of life telomerase mantains telomere leagtitchromosomal integrity of frequently dividindlseln most
somatic cells during adulthood telomerase keepsadot, while in cancer cells becomes reactivategikgethe
short length of telomers of rapidly dividing cellghis leads to the immortality of cancer cells [77]

Coumarin derivative containing 4,5-dyhidropyrazoieiety (Fig. 34) exhibited high activity againstrhan gastric
cancer cell SGC-7901, acting as telomerase inhibitonolecular docking study [77]. Wu et al. (20B3nthesized
a series of 1-(3-substituted-5-phenyl-4,5-dihydragpl--yl)-2-thio-ethanone derivatives as potenteomerase
inhibitors. Coumarin derivative on Fig 34. showéé most potent telomerase inhibitory activity ahdvwsed the
highest antiproliferative activity against MGC-8(8iman gastric cancer), Bcap-37 (human breasecasad! line),
SGC-790 (human gastric cancer) and HEPG-2 (humpatbeellular liver carcinoma) [78].

FsC
HyC j\/
>:O N S\/\/\
N—N \
) N
) e
(@) (@] a. 0] 0] b.

Fig. 34 Structure of potent telomerase inhibitorsa. 3-(1-acetyl-5-phenyl-4,5-dihydro-H-pyrazol-3-yl)-2H-chromen-2-one [77]; b. 3-(1-
(2-(penthylthio)acetyl)-5-(4-(trifluoromethyl)phenyl)-4,5-dihydro-1H-pyrazol-3-yl)-2H-chromen-2-one [78]

Studies showed that xanthoxyletin (Fig. 35), issdatromErythrina variegata has antiproliferative activity against
SGC-7901 cells (gastric cancer), which is the tesUDNA damage, apoptosis and cell cycle arres$ iphase in
dose-dependent manner [79].

O/

Z X

O O O
Fig. 35 Structure of xanthoxyletin [79]

2.9. Leukaemia
Leukaemia is a type of cancer that typically bedimshe bone marrow and causes the high numbebdranal
white blood cells [80].
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It was showed that benzofuran-coumarin derivatiig.(36) can cause cell cycle arrest in G1, S dmpBase and
induce apoptosis in K562 cell lines (chronic myéltéukaemia) [81]. Seidel et.al (2014) synthesiaeskries of
coumarin derivatives which carsy B-(mono- or bis)-unsaturated ketone at the C3 op@zition. E)-7-methoxy-4-
(3-(4-methoxyphenyl)acryloyl?H-chromen-2-one (Fig. 36) strongly inhibited preldtion in chronic myeloid
leukaemia K-562 and histiocytic lymphoma U-937 diles. This compound also inhibited histone dedasée
(HDAC) activity; enzyme crucial in cancer developth82].

H3CO H5CO

Fig. 36 Structure of: a. benzofuran-coumarin deriative (Z)-2-((7-methoxy-2-oxo-H-chromen-4-yl)methylene)naphtho[2,3s]furan-
3(2H)-one [81]; b. E)-7-methoxy-4-(3-(4-methoxyphenyl)acryloyl)2H-chromen-2-one [82]

Among series of hybrids of chalcone-coumarin déives synthesized by Pingaew et al. (2014) theam&ig. 37
showed the most potent citotoxic activity againg®IM'-3 cells (human acute T-lymphoblastic leukaemi@h an
ICso at the dose of 0.53 um [83].

(0]
/N:N
CO 0N
OCH 0
3 \ le)

OCH,
o

Fig. 37 Structure of potent chalcone-coumarin deriatives linked by 1,2,3-triazole ring (E)-4-((1-(3-(3-(2,3-
dimethoxyphenyl)acryloyl)phenyl-4,5-dihydro-1H-1,2,3-triazol-4-yl)methoxy)-2H-chromen-2-one) [83]

Ethanolamine at position 7 of coumarin-benzimidazioybrid was responsable for the higher selectiamginst
leukaemia cancer cells (CCRF-CEM, HL-60 (TB), K25&RPMI-8226) and also colon cancer cells (HCT-116,

HCT-15), melanoma cancer cells (LOX IMVI, UACC-25ad breast cancer cells (MCF7, T-47D). Compound on
the Fig 38. inhibited more than 50% cancer cellghis cancer cell lines [84].

X
HO
\/\H 0 o

Fig. 38 Structure of 3-(H-benzimidazol-2-yl)-7-[(2-hydroxyethyl)amino]-2H-chromen-2-one [84]

Ir=z

Hejchman et al. (2014) synthesized a series ofcgatlid esters and 7-hydroxycoumarins and invetsdaheir
anticancer activity. Acetylated esters showed S§itanit cytostatic and cytotoxic activity, they texd 70% cell
viability at dose 100 pm. Among non acetylated \dgives compound on the Fig. 39 at the lowest comagon
(50um) showed 50% of cell growth inhibition in HIO-Bnyeloid leukeamia cells [85].
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I m
HO
(0] (@) (@]
HO

OH
Fig. 39 Chemical structure of 7- hydroxycoumarinylgllate [85]

The mixture of the coumarins mammea A/BA and A/BHg40.) which were isolated from the leaves of
Calophyllum brasiliense (tropical rainforest tree of the American contijeshowed the significant cytotoxic
activity against K562 leukaemia cells [86].

a. b.

Fig. 40 Chemical structures of mammea coumarins: anammea A/BA; b. mammea A/BB [86]

2.10. Pancreas cancer

A geranylgeranylated hydroxycoumarin based compdiigl 41) exhibited 100% cytotoxicity against PANC
cells (human pancreas cancer) under nutrient-degrimedium at doses of only 6.25 um, which makes thi
compound potential in developing new anti-austeagents [87].

CHj CHj CHj CHj N
NN NS NN NS
H,C o) o) o)
Fig. 41 Structure of 7-(((E,6E,10E)-3,7,11,15-tetramethylhexadeca-2,6,10,14-tetraenyl)oxy)-2H-chromen-2-one [87]

CONCLUSION

This article showed some of the potent natural apdthetic coumarins against different cancer celéd.

Coumarins exhibited anticancer activity againstiotss types of cancer such as breast cancer, prosgatcer,
gastric cancer, bladder cancer, leukaemia etc.t®tleeir low toxicity and good selectivity, theyeanf great interest
to many medicinal chemists for developing even nimoéogically active derivatives. Since much workshalready
been done on their biological activity, and someiewws are already written, this review was focused the

literature survey published between 2010 - 2015.

REFERENCES

[1] A Lacy; R O’KennedyCurr. Pharm. Des., 2004 10, 3797-3811.

[2] PK Jain; H Joshi. App. Pharm. <ci., 2012 2(6), 236-240.

[3] SJ Lee; US Lee; WJ Kim; SK MooMol. Med. Rep., 2011, 4, 337-341.

[4] LW Nitiema; A Savadogo; J Simpore; D Dianou; A&ore.Int. J. Microbiol. Res,, 2012, 3(3), 183-187.

[5] B Xu; L Wang; L Gonzalez-Molleda; Y Wang; J X¥; Yuan. Antimicrob. Agents Chemother., 2014 58, 563-
573.

[6] | Kostova; S Bhatia; P Grigorov; S BalkanskyS\Pramar; AK Prasad; L Sagourr. Med. Chem., 2011, 18,
3929-3951.

1236



Jelena Klenkar and Maja Molnar J. Chem. Pharm. Res., 2015, 7(7):1223-1238

[7] P Anand; B Singh; N SinglBioorg. Med. Chem., 2012 20, 1175-1180.

[8] XY Huang; ZJ Shan; HL Zhai; L Su; XY Zhanghem. Biol. Drug Des., 2011, 78, 651-658.

[9] A Sanchez-Recillas; G Navarrete-Vazquez; S Hjoldigueroa; MY Rios; M lbarra-Barajas; S Estr&izo.
Eur. J. Med. Chem., 2014 77, 400-408.

[10] KV Sashidhara; RK Modukuri; S Singh; KB RacAQeja; S Gupta; S Shukl&ioorg. Med. Chem. Lett.,
2015 15, 337-341.

[11] E Kudo; M Taura; K Matsuda; M Shimamoto; R Kar, H Goto; S Hattori; S Kimura; S Okadgioorg. Med.
Chem. Lett., 2013 23(3), 606-609.

[12] A Manvar; A Bavishi; A Radadiya; J Patel; V Mo N Dodia; K Rawal; A ShatBioorg. Med. Chem. Lett.,
2011, 21, 4728-4731

[13] JY Yeh; MS Coumar; JT Horng; HY Shiao; FM Kudt. Lee; IC Chen; CW Chang; WF Tang; SN Tseng; CJ
Chen; SR Shih; JTA Hsu; CC Liao; YS Chao; HP HsieMed. Chem., 201Q 53(4), 1519-1533.

[14] M Asif. Chem. Int., 2015 1(1), 1-11.

[15] KM Amin; AM Eissa; SM Abou-Seri; FM AwadallalS Hassartur. J. Med. Chem., 2013 60, 187-198.
[16] N Kumar; A Bhatnagar; R Dudh@rabian J. Chem, 2013 1878-5352.

[17] Y Wang; CF Li; LM Pan; ZL Gadexp. Ther. Med, 2013 5, 1770-1774.

[18] X Xu; Y Zhang; D Qu; T Jiang; S Li. Exp. Clin. Cancer Res., 2011, 30(33), 1-7.

[19] KR Singh; ST Lange; KK Kimlnvest. New Drugs, 2011, 29, 63-72.

[20] N Khaghanzadeh; Z Mojtahedi; M Ramezani; Nalaif A GhaderiDARU J. Pharm. Sci., 2012 20(1), 69-74.
[21] MA Musa; MY Joseph; LM Latinwo; V Badisa; J®@perwoodAnticancer Res., 2015 35(2), 653-659.

[22] 3 Wang; ML Lu; HL Dai; SP Zhang; HX Wang; N WBraz. J. Med. Biol. Res., 2015 48(3), 245-253.

[23] W Zhang; Z Li; M Zhou; F Wu; X Hou; H Luo; Hil; X Han; G Yan; Z Ding; R LiBioorg. Med. Chem. Lett.,
2014 24, 799-807.

[24] S Rehman; M Rahman; VK Tripathi; J Singh; TaAS Koul; S Farooq; A KauBioorg. Med. Chem. Lett.,
2014 244, 243-4246.

[25] T Nasr; S Bondock; M. Young&ur. J. Med. Chem., 2014 76, 539-548.

[26] K Benci; L Mand¢; T Suhina; M Sedi M Klobucar; SK Paveli; K Pavelt; K Wittine; M Mintas.Molecules,
2012 17,11010-11025.

[27] ME Marshall; K Kervin; C Benefield; A Umerarg Albainy-Jenei; Q Zhao; MB Khazaeli.Cancer Res. Clin.
Oncol., 1994 120(1), 3-10.

[28] JL Mohler; LG Gomella; ED Crawford; LM Glod€D Zippe; WR Fair; M.E MarshallProstate, 1992, 20,
123-131.

[29] RD Thornes; L Daly; G Lynch; B Breslin; H Brow; HY Browne; T Corrigan; P Daly; G Edwards; E faa¥;
J Henley; T Healy; F Keane; F Lennon; N McMurrayOS.oughlin; M Shine; A Tannei]. Cancer Res. Clin.
Oncoal., 1994 120, S32-S34.

[30] ME Marshall; K Butler; A FriedMol. Biother., 1991, 3, 170-178.

[31] S Mirunalini; K Deepalakshmi; J Manimoziiiomed. Aging Pathol., 2014 4(2), 131-135.

[32] JL Mahler; LG Gomella; ED Crawford; LM Glod€D Zippe; WR FairProstate, 1992 20, 112-123.

[33] N Borhani; M Manoochehri; SS Gargari; MG Noyilh Mansouri; MD OmraniClin. Ovarian Cancer Other
Gynecol. Malig., 2015 2212-9553. (article in press)

[34] C He; D Liu; W Lin. Self-assembled nanoscateomination polymers carrying siRNAs and cisplafim
effective treatment of resistant ovarian canBeomater.; 2015; 36; 124-133.

[35] B. A. Weaver; How Taxol/paclitaxel kills carroeells;Mol. Biol. Cell; 2014; 25(18); 2677 -2681.

[36] L. Xu; X. Y. Zhao; Y. L. Wu and W. Zhang; Asipacific Energy Equipment Engineering Research
Conference (AP3ER 2015).

[37] V Jamier; W Marut; S Valente; C Chereau; CN Choomen H Lemarechal; B Weill; G Kirsch; C Jacob; F
Batteux.Anticancer Agents Med. Chem. 2014 14, 963-974.

[38] MA Musa; LDV Badisa; LM Latinwo; TA PattersodM Owens.Anticancer Res., 2012 32, 4271-4276.

[39] R Liu; L Feng; A Sun; L Kongl. Chromatograph A, 2004 1055(1-2), 71-76.

[40] H Sadraei; Y Shokoohinia; SE Sajjadi; B GhidirRes. Pharm. Sci., 2012 7(8), 141-149.

[41] X Xiaoman; Y Zhang; D Qu; T Jiang; S Ui.Exp. Clin. Cancer Res., 2011, 30(33), 1-7.

[42] M Basanagouda; VB Jambagi; NN Barigidad; S8rhashwar; V Devaru; Narayanachgur. J. Med. Chem,,
2014 74, 225-233.

[43] F Belluti; G Fontana; L Dal Bo; N Carenini; C Giorarslli; F Zunino.Bioorg. Med. Chem., 2010 18, 3543-
3550.

[44] Y Chen; HR Liu; HS Liu; M Cheng; P Xia; K Qia®C Wu; CY Lai; Y Xia; ZY Yang; SL Morris-Natschke
KH Lee.Eur. J. Med. Chem., 2012 49, 74-85.

[45] X Liu; L Chen; F Sun; G Zhan@ytotechnology, 2013 65, 597-608.

[46] KV Sashidhara; SR Avula; K Sharma; GR Paln@R, Bathula.Eur. J. Med. Chem., 2013 60, 120-127.

[47] MA Musa; OMF Khan; JS Cooperwodcdktt. Drug. Des Discov., 2009 6(2), 133-138.

1237



Jelena Klenkar and Maja Molnar J. Chem. Pharm. Res., 2015, 7(7):1223-1238

[48] CK Baumann; M Castiglione-Gertsdbrugs, 2007, 67(16) 2335-2353.

[49] MS Mustafa; MM EI- Abadelah; MA Ziblif, RG Nfa; MS MubarakMolecules, 2011, 16, 4305-4317.

[50] GS Kini; S Choudhary; M Mubeed. Comput.Meth. Mol. Des., 2012 2(1), 51-60.

[51] B Yadagiri; UD Holagunda; R Bantu; L Nagara@G Kumar; S Pmbala; B Sridhd&ur. J. Med. Chem., 2014
79, 260-265.

[52] C Li; C Han; H Zhang; JS Wu; B LTrop. J. Pharm. Res,, 2015 14(4), 611-617.

[53] NS Reddy; K Gumireddy; MR Mallireddigari; SCo€enza; P Venkatapuram; SC Bell; EP Reddy; MVR
Reddy.Bioorg. Med. Chem., 2005 13(9), 3141-3147.

[54] D Matiadis; V Stefanou; G Athanasellis; S Héakis; V McKee; O Igglessi- Markopoulou; J Markopast
Monatsh. Chem., 2013 144, 1063-1069.

[55] E Szliska; ZP Czuba; L Sedek; A Paradysz; I KPharmacol. Rep., 2011, 63, 139-148.

[56] F Haghighi; MM Matin; AR Bahrami; M IranshahBF Rassouli; A HaghighitaladDARU J. Pharm. <ci.,
2014 22(1), 3-13.

[57] A Haghighitalab; MM Matin; AR Bahrami; M Irahshi; M Saeinasab; F Haghig®i. Naturforsch., 2014 69c,
99-109.

[58] W Kim; S Lee; YD Choi; S Moornt. J. Mol. Med., 2010 25, 635-641.

[59] A Haghighitalab; MM Matin; AR Bahrami; M Irahahi; F Haghighi; H Pors@rug Chem. Toxicol., 2014
37(2), 156-162.

[60] L Zhang; G Jiang; F Yao; Y He; G Liang; Y ZliaB Hu; Y Wu; Y Li; H Liu. PLOSONE, 2012 7(5), e37865.
[61] Il Al-Doush; TJ Mahier; M Al Tufail; MJ Bogusznt. J. Appl. Res. Nat. Prod., 2012-20135(4); 37-43.

[62] KN Prasad; H Xie; J Hao; B Yang; S Qiu; X WEiChen; Y Jiang-ood Chem., 201Q 118, 62-66.

[63] P Zhao; L Chen; L Li; Z Wei; B Tong; Y Jia;Kong; Y Xia; Y Dai.BMC Cancer, 2014 14(987), 13.

[64] KM Amin; SM Abou-Seri; FM Awadallah; AAM EissaS Hassan; MM AbdullaEur. J. Med. Chem., 2015
90, 221-231.

[65] M Neelgundmathg; KR Dinesh; CD Mohan; F Li;Dai; KS Siveen; S Paricharak; DJ Mason; JE Fuchs; G
Sethi; A Bender; KS Rangappa; O Kotresh; S Basapiparg. Med. Chem. Lett., 2015 25, 893-897.

[66] N Kugimiya; A Nishimoto; T Hosoyama; K Ueno; Enoki; TS Li; K HamanoJ. Cell. Mol. Med., 2015
20(10), 1-13.

[67] TO Olomola; S Mosebi; R Klein; T Traut-Johns¢g J Coates; R Hewer; PT Kagtoorg. Chem., 2014 57, 1-
4.

[68] M Sumiyoshi; M Sakanaka; M Taniguchi; K BabaKimura. J. Nat. Med., 2014 68(1), 83-94.

[69] G Kayal; K Jain; S Malviya; A Kharidnt. J. Pharm. Sci. Res., 2014 5(9), 3577-3583.

[70] M Rajabi; Z Hossaini; MA Khalilzadeh; S Dattist Halder.J. Photochem. Photobiol. B; Biol., 2015 148, 66-
72.

[71] NEB Saidu; S Valente; E Bana; G Kirsch; D BagM MontenarhBioorg. Med. Chem., 2012 20, 1584-1593.
[72] MH Lin; CH Cheng; KC Chen; WT Lee; YF Wang; CQao; CW Lin. Chem. Biol. Interact., 2014 218, 42-
49.

[73] M Hamidinia; M Ramezani, Z Mojtahed\nn. Colorectal Res., 2013 1(3), 101-105.

[74] IR Patil; GK Jayaprakasha; J Kim; KNC MurtihyB Chetti; S Nam; BS PatiPlanta Med., 2013 79, 219-
226.

[75] F Shi; AX Dai; S Zhang; XH Zhang, SJ Teur. J. Med. Chem., 2011, 46, 953-960.

[76] H Luo; R Xu.Biochem. Pharmacaol., 2014 4 (1), 1-8.

[77] X Liu; H Liu; J Chen; Y Yang; B Song; L Bai;Llu; H Zhu; X Qi.Bioorg. Med. Chem. Lett., 201Q 20, 5705-
5708.

[78] XQ Wu; C Huang; YM Jia; BA Song; J Li; XH Litur. J. Med. Chem., 2014 74, 717-725.

[79] A Rasul; M Khan; B Yu; T Ma; H YondgAsian Pac. J. Cancer Prev., 2011, 12, 1219-1223.

[80] K Mayee; G MasehRes. Rev. J. Med. Health Sci., 2015 4(1).

[81] C Zwergel; S Valente; A Salvato; Z Xu; O Tal Mai; A Silva; L Altucci; G Kirsch.Med. Chem. Commun.,
2013,4, 1571-1579.

[82] C Seidel; M Schnekenburger; C Zwergel; F Ghgsd Mai; M Dicato; G Kirsch; S Valente; M Diedef.
Bioorg. Med. Chem. Lett., 2014 24(16), 3797-3801.

[83] R Pingaew; A Saekee; P Mandi; C Nantasenagh®rachayasittikul; S Ruchirawat; V Prachayasittikur. J.
Med. Chem., 2014 85, 65-76.

[84] K Paul; S Bindal; V LuxamiBioorg. Med. Chem. Lett., 2013 23(12), 3667-3672.

[85] E Hejchman; P Taciak; S Kowalski; D Maciejewsid Czajkowska; J Borowska; D Sladowski; | Mlyozwk-
Bialy. Pharmacol. Rep., 2015 67(2), 236-244.

[86] JC Gomez-Verjan; EA Estrella-Parra; | GonzaBamnchez; ER Vazquez-Martinez; E Vergara-Castardda,
Cerbon; R Reyes-Chilpd. Pharm. Pharmacoal., 2014 66, 1189-1195.

[87] T Deviji; C Reddy; C Woo; S Awale; S Kadota;Tarrico-Moniz.Bioorg. Med. Chem. Lett., 2011, 21, 5770-
5773.

1238



