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ABSTRACT

A popular Indian spice, turmeric (Curcuma longa) has been used for centuriesin herbal medicines for the treatment
of a variety of disorders such as rheumatism, diabetic ulcers, anorexia, cough and sinusitis. Curcumin
(diferuloylmethane) is the main active constituent present in turmeric, responsible for its yellow color. It has been
shown to possess significant anti-inflammatory, anti-oxidant, anti-carcinogenic, anti-mutagenic, anticoagulant and
anti-infective effects. This review recapitulates and discusses recently published papers on the key chemotherapeutic
potential of curcumin and its analogues. The promising activity revealed by these compounds chains their use and
places them ahead as a potential drug candidate for the future studies. The review mainly emphasizes the
highlighted studies, which provides the evidence of the ability of curcumin and its analogues to show significant
anti-cancer and anti-microbial properties, thus encouraging those involved in the field of developing effective
chemotherapeutic agents.
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INTRODUCTION

From ancient times, plants have been an exceltante of therapeutic as well as chemotherapeugataguch as
Garcinia mangostana [1] and many more [2]. Curcumin [1,7-bis-(4-hydyeX-methoxyphenyl)-1,6-heptadiene-3,5-
dione] is one of a natural polyphenolic yellow geld compound isolated from the rhizome of Curcuamgh Linn
(turmeric) (family Zingiberaceae), which has beesedifor centuries as a dietary pigment, spice, teaditional
medicine in India and China [3-)iferuloylmethane known as curcuminoid is major sttment of curcumin (77
wt%); the other two curcuminoids are demethoxycuomicu(17 wt%) and bis-demethoxycurcumin (3 wt%) lagven
in Figure 1 [6]. It is traditional drug used toatevarious disorders such as anorexia, biliary damgs, cough,
hepatic diseases, and sinusitis [7].

Curcumin is a hydrophobic polyphenol with two carplogroups and several studies have revealed egtyelow
water-solubility, low stability, rapid metabolisrmd poor absorption of this molecule due to the gmes of two
carbonyl atoms that severely reduces its bioawdithaland consequently decreasing the health beneéilated to
this vital compound [8-10]. Hence to overcome thisblem several monocarbonyl derivatives and drelgvery
systems have also been discovered [114t3F considered to be a safe phytochemical owing-toxic, non-
genotoxic, and non-teratogenic properties evengt toses [14].
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Figure 1: Curcuminoids, the constituents of curcumin

Curcumin and its derivatives owns a broad spectfitherapeutic activities viz., antibacterial [18htifungal [16],
antiviral [17], anti-HIV [18], anti-inflammatory [4], anti-Parkinson’s [20], anti-Alzheimer’s [21]nt&kangiogenesis
[22], free radical scavenging activity [23], angimatic [24], antimalarial [25], anticancer [26itiarotozoan [27],
antimutagenic [28], wound treatment [29], hepattgrtive activity [30]anti-leishmanial activity [31] and amyloid
heart disease [32Recent reports have revealed that curcumin helpdetreasing total cholesterol and LDL
cholesterol level in serum and increases the baaERDL cholesterol level [33].

It can been noticed that curcumin is entirely ativacmoiety possessing a large number of biologadivities but

the most widely studied and effective biologicabperties are discussed here in. Hence the cherapingtical

potential of curcumin is demonstrated. The mostroom approaches in drug discovery with improvedaheutic

effect is chemical modification of bioactive compaits and consequently methods that successfullynizia their

side effects are the focus of much attention [34,BBus there is a salient need of an article that would describe
the vital potential of curcumin analogues and, this present article is a collection of variousegrch works that
supports the use of differently substituted curcuderived molecules as potent anticancer and asribinial agents.
This article would surely help the researchers gt the development/study of curcumin analoguesither

antimicrobial or anticancer compounds.

1. Chemotherapeutic potential of various curcuminoids

2-1. Curcumin and its analogues acting as Anti-cancer :

Junko.let al synthesized fifty-eight curcumin analogues andwatad for in vitro cytotoxicity against a panel of
human tumor cell lines. The most potent analogEigure 2) was evaluated against several cell Jimeduding
HOS (bone cancer) and 1A9 (breast cancer), showgghlues of 0.97 and <0.63 pg/mL, respectively [36].

Brian.K.A.et al synthesized symmetrical,B-unsaturated and saturated ketones and screenexhtfecancer and
anti-angiogenesis activities. The compouBdsd3 (Figure 2) exhibited a high degree of cytotoxiditythe NCI in

vitro anti-cancer cell line screen. Analogues tliate effective in the anti-cancer screens were effaztive in in-

vitro anti-angiogenesis assays [37].

Sabari.Det al synthesized a new semicarbazone derivative ofumirc4 (CRSC) (Figure 2) and examined for its
antioxidant, anti-proliferative, and anti-radicatigity and compared with those of curcumin (CRheTantioxidant
activity was tested by their ability to inhibit iatlon induced lipid peroxidation in rat liver magomes. The anti-
proliferative activity was tested by studying timevitro activity of CRSC against estrogen dependmptst cancer
cell line MCF-7. The results suggested that the mmmnds are good candidates for the above threedéiso
mentioned [38].

Somepalli.Vet a synthesized a series of curcumin analogues. Thiexadant activity of these analogs was
determined by superoxide free radical nitroblueatailium and DPPH free radical scavenging methouk the
polyhydroxycurcuminoid$ (Figure 2) displayed excellent antioxidant activithese analogs showed cytotoxicity
to lymphocytes and promising tumor-reducing agfigih Dalton’s lymphoma ascites tumor cells [39].
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Figure 2. Curcumin Derivatives showing anti-cancer aswell as anti-oxidant potential

Li.L.et a designed and synthesized 4-fluoro-4-ethoxycarkahyl curcumin and 4-ethoxycarbonylethylenyl
curcumin. The two target compounds and their syithietermediates were evaluated for their inhibjitactivity
against androgen receptor transcription in LNCaB B@-3 prostate cancer cell lines. One of the dévig 6
(Figure 3) was found to be the most potent antiagfent and is considered to be a promising drugidatalfor the
treatment of prostate cancer [40].

Ajit.P.Z.et al synthesized curcumin analogues using Knoevenagetiensation. Copper(ll) conjugates of all
synthesized ligands were prepared and structuchHlyacterized as well as evaluated for their pa@kot inhibiting
TNF-induced NF¢B activation and proliferation in human leukemic MES cells. A single compound (Figure 3)
showed more potency than curcumin [41].
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Figure 3. Curcumin derivatives utilized for prostate cancer and leukemia

Li.L.et al designed and synthesized over 40 new analogussifeda into four series: monophenyl analoguesieSer
A (8,9) shown in Table 1, heterocycle containing analsg&eries BX0,11) shown in Figure 4, analogues bearing
various substituents on the phenyl rings, Serigd213) shown in Table 2, and analogues with variousdisk
Series D 14,15) as shown in Table 3. The new compounds wereddstecytotoxicity against two human prostate
cancer cell lines, androgen-dependent LNCaP antbged-independent PC-3. Anti-androgenic activitys vedso
evaluated in LNCaP cells and PC-3 cells transfeutitd wild-type androgen receptor. The compoundsspesed
potent cytotoxicity against both LNCaP and PC-3sgcelome were potent against LNCaP, and one safgjnst
PC-3 as shown in Tables 1,2 and 3 [42].
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Table 1. Cytotoxicity of curcumin analogues (Series A) against LNCaP and PC-3 Human Prostate Cancer Cells

Ry OH O
R, P
R
R; R, >
Cytotoxicity | ICso (UM)
Compounds| R1| R2| R3] Rf R57 5 leflCap
8 H | OH [OMe| H| H 6.1 53
9 OMe | OMe| OMe| H| H 78 5.8
OH O OH O
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Figure4. Curcumin analogues of SeriesB

Table 2. Cytotoxicity of curcumin analogues (Series C) against LNCaP and PC-3 Human Prostate Cancer Cells

R, OH O R,
R, X = R,
O Rs O
Rs R, R/ Rs
PC-3 LNCaP
Compounds| R1 R2 R3 R4 ICso (M) | 1Cso (UM)
12 H OMe | OMe| OMe| H 2.4 2.9
13 OMe | OMe | OMe H H 8.1 4.8
Table 3. Cytotoxicity of curcumin analogues (Series D) against LNCaP and PC-3 Human Prostate Cancer Cells
R, OH O R,
HsCO O X = R,
LI
H,CO R, > R{ Rs
PC-3 LNCaP
Compounds| R1 R2 R3 R# ICsq (UM) | 1Css (uM)
14 H OH | OMe| H| H 5.5 4.8
15 H | OMe | OH H| H 6 3.3

Dani.Y et al synthesized a series of novel cyclic analoguesuofumin and analyzed for in vitro cytostatic aityiv
A number of these analogues were found to havefigignt anticancer activity against representativerine and
human cancer cell lines during in vitro bioass@@mpoundl6 (Figure 5) was found to be most potent [43].
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Figure5. Cyclic curcumin analogue

Chandru.Het al synthesized novel dienone cyclopropoxy curcuminlagsa Anti-angiogenic studies of the
compounds demonstrated significant reduction ofroviessel density (MVD) in the peritoneum wall sect of
mice and induced avascular zone in CAM model. Thdysdemonstrated that the tumor growth inhibitefficts of
synthetic dienone cyclopropoxy curcumin analojd€Figure 6) could be further mediated by promotipgptosis
and inhibiting tumor angiogenesis [44].

Ahmad.Set al developed conjugates of curcumin to two diffengrstized poly(ethylene glycol) molecules in an
attempt to overcome the low aqueous solubilityhid hatural product with cytotoxic activity agairssime human
cancer cell lines. The soluble conjugdg: (Figure 6) exhibited enhanced cytotoxicity as cameg to that of the
parent drug [45].

Daniele.Set al synthesized a series of curcumin analogs. Thegeelth inhibitory and apoptosis inducing effects
of the new analogs were evaluated by in vitro asgayhe hepatocellular carcinoma HA22T/VGH cedis,well as

in the MCF-7 breast cancer cell line and in its tidalig resistant (MDR) variant MCF-7R. Increaseditamor
activity on all cell lines was found with the isaxde analog and especially with the benzyl oximavaéve 19
(Figure 6) [46].

Xu.Qet al synthesized a series of curcumin derivatives. ihiitory activities on thioredoxin reductase (Rijxof

all analogues were evaluated by DTNB assay in vitrvas found that most of the analogues can ibfitxR in
the low micromolar range; Structure-activity retaship analysis reveals that analogues with furaiety have
excellent inhibitory effect on TrxR in an irrevesi® manner. Compoun2D (Figure 6) was found to be the most
potent furan ring containing curcumin analogue [47]

Shiv.K.Det al synthesized and assessed the antimicrobial aridamocér (antiproliferative) activities of the
monoesters of curcumin. The studies suggestediibster derivative of curcumizi (Figure 6) was found to be one
of the most active than curcumin itself due to ttle¢reased solubility, slow metabolism and betdtular uptake
[48].

Erika.Fet al synthesized curcumin derivatives in order to inverchemical properties of curcumin. The binding of
glucose to curcumin reduces the cytotoxicity of tiegivatives towards cisplatin (cDDP)-sensitive amdsistant
human ovarian carcinoma cell lines, the compourigplajed a good selectivity since they are muchk tegic
against non-tumourigenic, Vero cells. The resuimned an improvement of cDDP efficacy with highelestivity
towards cancer cells than non-cancer cells withmibst potent compouri? (Figure 6) [49].

Guang.Let al developed a series of mono-carbonyl analoguesuofumin. The cytotoxic activities of mono-
carbonyl analogues were evaluated in seven diffdtenor cell lines by MTT assay. The results suggest the
five-carbon linker-containing analogues of curcurmay be favorable for the curcumin based drug agreént
both pharmacokinetically and pharmacologically sasttompoun@3 (Figure 6) [50].
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Figure 6. Curcumin derivatives acting as anti-cancer by various mechanisms

Alessandra.\& al synthesized a new ionic Pd(ll) complg4 (Figure 7), [(bipy)Pd(Pcurc)][CF3S03], with the
metal center coordinated to two different chelatiiggnds, the pure curcumin (Pcurc) and the-didonyl-2,2-
bipyridine (bipy). The Pd(ll) complex induces batéll growth inhibition and apoptosis of human pabstcancer
cells, (LnCaP, PC3, and DU145) through the prodactf ROS and JNK phosphorylation associated wisiT @&l
down regulation [51].
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Figure 7. Pd(I1) complex

Babasaheb.¥ al designed and synthesized a series of 18 heteio@yalohexanone analogues of curcumin and
screened for their activity in both adherent and-adherent cancer cell models. Cytotoxicity towa#i3A-MB-
231 breast cancer cells, as well as ability tobhithilF-«B transactivation in non-adherent K562 leukemidsoghs
investigated. The compounds showed potent cytatgxiowards MBA-MB-231, MDA-MB-468, and SkBr3 cell
lines with EG, values below 1 uM and inhibition of NéB activation below 7.5 uM. The lead drug candidzge
(Figure 8) was also able to cause 43% of MDA-MB-28lls to undergo apoptosis after 18 h [52].

Qin.Zet al. synthesized a series of curcumin analogues witerdnt substituents at the 4-position of the pteny
group and screened for in-vitro cytotoxicity agaiapanel of human cancer cell lines. The analogo@gded good
feedback as anti-cancer agents. The compoR6d27 (Figure 8) exhibited selective and potent cytatoxctivity
against human epidermoid carcinoma cell line A-48t human glioblastoma cell line U-251, implyingith
specific potential in the chemoprevention and chiberapy of skin cancer and glioma [53].
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Katsori.A.Met al synthesized a series of novel curcumin analoguaedstested in-vitro/in-vivo as potential multi-
target agents. Their anti-proliferative and anfiaimmatory activities were studied. The derivativesre assessed
for their anti-proliferative activity using thredffégrent human cancer cell lines. All the compouralhibited
significant growth inhibitory activity as comparéml curcumin, against all three cancer cell lines dmmpound28
(Figure 8) was the most potent withsgdf 0.8 uM and 0.9 uM against MCF-7 and SF-268eetpely [54].
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Figure8. Curcumin derivatives as multi-tar get anti-cancer agents

Michael.W.Aet al prepared electron-rich pyrazole and isoxazolecgueds and evaluated against two breast cancer
cell lines, which resulted in the identification séveral compounds that exhibit low micromolar tid manomolar
anti-proliferative activity. The analogues were téels against MCF-7 (ER+) and SKBr-3 (ER-, HER2
overexpressing) breast cancer cell lines. The tegudicate that compoun@9, 30, 31, and32 (Figure 9) represent
the most potent analogues [55].

29 MeO 0 OMe
|C50 (l.l M) ICSO (HM)
MCF-7 = 1.07 £ 0.05 MCF-7 =1.09 £ 0.03
SKBR3 =0.955 £ 0.145 SKBR3 =1.02 + 0.05

(CH),CO,Et
32
1Cs0 (UM) ICs0 (LM)
MCF-7 =0.512 £ 0.004 MCF-7 =1.28 £0.14
SKBR3 = 0.564 + 0.020 SKBR3 =1.96 + 0.65

Figure 9. Pyrazole and isoxazole containing curcumin analogues

Minggui.Y.et al discovered a series of curcumin derivatives witlhhinhibitory activity against human GLO |
(Glyoxalase [). Satisfactory agreement between raxgait and theory suggested that comparative migecu
similarity index analysis (CoMSIA) modeling exhikhibtuch better correlation and predictive power. bitfon
constant (Ki) values of compounds, 34, 35, 36, 37 (Figure 10) to GLO | were found to be 4.600 uM,0DqM,
3.200 puM, 3.600 uM and 3.600 uM, respectively [56].
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Figure 10. Curcuminoids active against Glyoxalase |

Erika.Fet al founded new curcumin analogues sucB&&-igure 11) (ester and acid series) with the ainmiprove
the chemical stability in physiological conditioagd potential anticancer activity. Cytotoxicity aga different
tumorigenic cell lines (human ovarian carcinomdscelA2780, C13*, and A2780/CP, and human colorcicama
cells HCT116 and LoVo) was tested. Most of esteivdéves show IG, values lower than curcumin and exhibit
selectivity against colon carcinoma cells [57].

Francesco.@t al assessed the in vitro anti-proliferative activityRuthenium—-Arene comple39 (Figure 11) of
curcumin on five tumor cell lines shows preferefarethe colon-rectal tumor HCT116, 4= 13.98uM, followed

by breast MCF7 (19.58M) and ovarian A2780 (23.38M) cell lines; human glioblastoma U-87 and lung
carcinoma A549 were less sensitive [58].

Ho.B.Wet al synthesized a novel curcumin mimic library possgssariously substituted benzimidazole groups.
The MTT assay of the cancer cells MCF-7, SH-SY5¥P-HG2, and H460 showed compou@tlwith 1Cs, of 1.0
and 1.9 uM has a strong inhibitory effect on thewgh of SH-SY5Y and Hep-G2 cells, respectively, dme other
compound4l with 1Cso of 1.9 uM has a strong inhibitory effect on thewth of MCF-7 cancer cells (Figure 11)
[59].
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Xingchuan.Wet al synthesized sixty one curcumin related compoundk ag42 (Figure 11) and evaluated for their
anticancer activity toward cultured prostate ca@f3 cells, pancreas cancer Panc-1 cells and calocer HT-29
cells. Inhibitory effects of these compounds ondhawth of PC-3, Panc-1 and HT-29 cells were deirgedhby the
MTT assay. The Compounds exhibited exceptionalbgmoinhibitory effects on the growth of culture@3, Panc-
1 and HT-29 cells. The Wgfor these compounds was lower than 1 uM in aéetgell lines [60].

Yinglin.Z.et al designed and synthesized a series of new 4-andideurcumin analogues (4-arylidene-1,7-
bisarylhepta-1,6-diene-3,5-diones) and found tgpbtent anti-proliferative agents against a panetasicer cell
lines at submicromolar to low micromolar conceritnrag by SRB assay. The compout8I(Figure 11) showed kg

of 0.13 £ 0.01, 0.28 £ 0.01, 0.43 £ 0.03, 0.48@20.0.20 + 0.06 uM against a panel of cell lines Ab49, CNEZ2,
SW480, MCF-7, HepG2 respectively and was foundetonbst potent [61].

Ban.F.Ret al synthesized a series of resveratrol derivatives@ssing curcumin moiety and evaluated for thdir an
proliferative activity against three cancer cetlels including murine melanoma B16-F10, human hepatdepG2
and human lung carcinoma A549. One compoth(Figure 11) displayed the most potent in vitro gqumbliferative
activity against B16-F10 with Kg value of 0.71 pg/mL and also exhibited good tubplolymerization inhibitory
activity with IGsp value of 1.45 pg/mL [62].

Qian.Set al designed and synthesized 15 new curcumin analaneesvaluated for cytotoxicity against two human
prostate cancer cell lines, androgen-dependent EN&ad androgen-independent PC-3. One of the sym#ges
compound45 (Figure 11) showed very good activity [63].

o o o)
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® O R ;
HO COOC(CHy)3 OH o Y HO 40 s/
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H4CO O

H3CO X OCH,

Figure 11. Cytotoxic curcumin analogs against various cancer cell lines

Sunny.Met al. synthesized a series of novel monocarbonyl analegf curcumin and tested for their activity
against Molt4, HeLa, PC3, DU145 and KB cancer tiekes. The analogued6 (Figure 12) showed potent
cytotoxicity towards these cell lines withsf3alues below 1 uM, which is better than doxorub[é4].

Xubin.Fet al designed and synthesized a series of dimethylameétioyl substituted curcumin derivatives. All
compounds particularl$7 and48 (Figure 12) effectively inhibited HepG2, SGC-79&B49 and HCT-116 tumor
cell lines proliferation in MTT assay [65].

Tridib.K.G.et al. synthesized Copper(ll) complexes [Cu(Fc-aa)(cof)urcumin (Hcur). The DNA photocleavage
activity, photocytotoxicity and cellular localizati in HeLa and MCF-7 cancer cells of the complexs wiudied.
Acetylacetonate (acac) complexes [Cu(Fc-aa)(acaele prepared and used as controls. ComgeiFigure 12)
showed high photocytotoxicity with low dark toxigithus giving remarkable photodynamic effect [66].
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Yun.Y.X.et al designed and prepared type of nay@tunsaturated cyclohexanone analogous based omitbencin
core structure, have been discovered as potent&FRE inhibitors. These compounds exhibit potent -anti
proliferative activity in two human tumor cell lindHep G2 and B16-F10). The compouBfdsand51 (Figure 12)
displayed the most potent EGFR inhibitory actiit9s, = 0.43 uM and 1.54 uM, respectively) [67].

Shane.Bat al described the synthesis of analogues of curcuamd, their analysis in acting as nuclear receptor
specific agonists. These studies may lead to theodery of novel curcumin analogues suctbagFigure 12) that
activate nuclear receptors, including RXR, RAR &fi2R, resulting in similar health benefits as thésevitamins

A and D, such as lowering the risk of epitheliadl molon cancers [68].

Imran.Aet al prepared Knoevenagel's condensates and Schiféssbaf curcumin-1, purified and characterized.
Hemolysis assays, cell line activities, DNA bindirend docking studies were carried out. The antEaactivities

of the reported compounds might be due to thearattions with DNA. The results indicated the btigiture of
the reported compound8-60 (Figure 12) as anticancer agents [69].
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Figure 12. Curcumin based candidates as antineoplastic agents

Peiju.Qet al designed and synthesized six novel pyrimidine-suibed curcumin analogues with or without a
hydroxyl group. The cell viability tests indicatthat G, of the analoguél (Figure 12) containing hydroxyl group
were 3 to 8-fold lower than those of the analogwitisout hydroxyl group in two colon cancer celldmtested [70].
Nawras.Set al improved the potential of curcumin to treat adwhbormone-refractory prostate cancer, three series
of heteroaromatic analogs (thirty two compoundshvwdifferent monoketone linkers have been syntleesiand
evaluated for cytotoxicity against two human anéregndependent prostate cancer cell lines (PC-3Dhd 45).

All the analogs were found to be more potent thaicwmin against PC-3 cells, and twenty one analog® more
cytotoxic towards DU-145 cells relative to curcumiith compound2 (Figure 12) the most potent [71].

Babu.Bet al prepared Oxovanadium (IV) complexes. The compounel® characterized and their photo-induced

DNA cleavage activity and photocytotoxicity in \b& light studied. The compleg3 (Figure 12) showed
photocytotoxicity in HeLa and Hep G2 cancer ceilsisible light of 400-700 nm with low dark toxigif72].
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Nawal.K.Pet al synthesized a series of eleven N-acryloyl/N-cinagh3,5-bis(pyridin-4-yl)methylene-4-
piperidones as curcumin-based candidate antindaplagents. The cytostatic potency of these comgsumas
evaluated against three representative cell lindsadl compounds were found to exhibit significanti-cancer cell
activity in vitro. The compound® (Figure 12) was significantly more cytotoxic thaelphalan and curcumin [73].

Xiaolin.L.et al prepared two ruthenium-arene comple@gsand66 (Figure 13) containing curcuminoid ligandg®-(
cymene)Ru(curc)Cl. The complexes were evaluatethfr in vitro anti-proliferative activities aganHela human
cervical epithelioid cancer, as well as BEL-7404 8MMC-7721 human liver cancer cell lines. The ctaxes
showed good activity [74].

Ashutosh. Rt al synthesized the glucuronide metabolites of curoaunfihe newly synthesized curcumin
glucuronide compounds were tested and their aotifprative effects against KBM-5, Jurkat cell, e&nd A549
cell lines were reported. Curcumin mono-glucuronéeas well as di-glucuronidé8 (Figure 13) displayed no
suppression of cell proliferation. [75].

David.J.Set al performed synthesis of C5-curcumin-fatty acid @&-c-FA) conjugates. It was found that C5-Curc-
FA conjugates containing either decanoic acid oimpig acid moieties were cytotoxic against coldetc
adenocarcinoma cell (CCL-229) atsh€ ranging from 22.5 to 56.1 pg/mL. The resultsrsilp suggested that a
decanoic acid moiety at the meta position in C5echék conjugates as in compoufié (Figure 13) is important for
their anticancer activity effect [76].

Saiharish.Ret al synthesized curcumin—quinolone hybrids and theiritro cytotoxicity was determined on a panel
of representative cell lines (A549, MCF7, SKOV3 atb0) using MTT assay. The compounds showed veoy g
anti-cancer activity. The most potent compou@dFigure 13), was analysed for its mode of actieimgi various
cell biology experiments. SKOV3 cells treated withmpound70 showed distorted cell morphology under phase
contrast imaging and induction of apoptosis wadicoed by Annexin V/PE assay. [77].

Qiao-Hong.Cet al synthesized ten new hybrid molecules, 3-(1E,4E)-&ikyl-1H-imidazol-2-yl)-3-oxopenta-1,4-
dien-1-yl)-4H-chromen-4-one§1 (Figure 13). The WST-1 cell proliferation assaypwhd that they have greater
anti-proliferative potency than curcumin, querceéind genistein on both androgen-dependent and gewio
independent human prostate cancer cells [78].

Lucas.N.&t al synthesized novel functionalized quaternary amomongurcuminoids. These molecules were found
to be highly water soluble with increased cytotdyicompared to native curcumin against three cane# lines
MIAPaCa-2, MDA-MB-231, and 4T1. The compourid (Figure 13) has been found to exhibit good tuntomgh
inhibition as a single agent and also in combimatidth clinical pancreatic cancer drug gemcitab@8).

Said.M.Bet al synthesized curcumin analogues and their antioxidetivities were investigated by measuring their
free radical scavenging capacities. The in vitrd anvivo antitumor activities of the synthesizesimpounds on
Ehrlich ascites carcinoma (EAC) cell line were eedtd. 4-(4-Chlorophenyl)-2-(5-ethyl-7-(4-
methoxybenzylidene)-3-(4-methoxyphenyl)-3,3a,4 5ltexahydro-2H-pyrazolo[4,3-c]pyridin-2-yl)thiazole 73
(Figure 14) showed excellent antineoplastic agtiiitboth in vitro and in vivo studies [80].

Qingyong.Let al synthesized 12 asymmetric curcumin (CUR) analoguebs 5 symmetric curcumin derivatives.
The antioxidant activity of these derivatives wenaluated by radicals 1,1-diphenyl-2-picryl-hydilagpPPH)
assay, 2,2-azino-bis(3-ethylbenzthiazoline-6-sutfoacid) (ABTS) assay, ROO*(TRAP) assay and*O@ET)
assay and anti-proliferative activities of thesellagues were assessed against the human hepatdinamee
(SMMC-7721), the human breast cancer cell line (MQFnd the human prostate cancer cell lines (RGA8¥t of
the asymmetric compounds such7dgFigure 14) showed stronger antioxidant activitren Vitamin C (Vc) [81].
Qiaoyou.Wet al designed and synthesized 37 novel long-chain glkted MACs for anti-cancer evaluation. The
MTS assay was used to determine the cytotoxicitgashpounds in gastrointestinal cancer cells. Thepmunds
showed strongest inhibition against gastric camedlr proliferation. Compound5 (Figure 14) showed strongest
inhibition against gastric cancer cell proliferatiand exhibited significant tumor inhibition in SG@1-driven
xenograft mouse model [82].
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Figure 14. Curcuminoids acting against cancer cell proliferation

Amitabh.Jet al designed and synthesized 3,5-bis(arylmethylen@-{ortho-substituted aryl)maleamoyl)-4-
piperidones. Compounds were evaluated against hudimgh T-lymphocyte Molt4/C8 and CEM cells as well as
murine L1210 lymphocytic leukemia cells followinditerature procedure [83]. The compouri#s78 (Figure 15)
were found to be most potent with theigd®@alues given in Table 4 [84].

76 a4 78
Figure 15. 3,5-bis(arylmethylene)-1-(N-(ortho-substituted aryl)maleamoyl)-4-piperidones

Table 4. 1Cs values of most potent compounds against three cancer cell lines

Compounds 16 (UM) SR
Molt 4/C8 CEM/0 L1210
76 0.53+0.18| 048+0.07 21+083 49
77 043+0.05| 042+0.01 1.7+0{1 40
78 0.44+£0.06| 0.40+0.01 1.9+01 48
# SRindicates the selectivity ratio, that is, the ratio between the highest and lowest | Cs, values of either the T-lymphocytes or murine leukemic

cells
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Sahil.Set al prepared molecular hybrids of monocarbonyl curcurand isatin tethered by triazole ring and
evaluated for in vitro cytotoxicity against THP-CQOLO-205, HCT-116, A549, HelLa, CAKI-I, PC-3, MiaRa2
human cancer cell lines. The results revealedttteatompounds showed a good range @f i@lues against THP-
1, COLO-205, HCT-116 and PC-3 cell lines, while tither four cell lines among these were found talneost
resistant but compound®-82 (Figure 16) showed significant cytotoxicity bysiGralue ranging from 1.12-5.67
UM, 2.67-7.64 pM, 3.45-8.95 uM and 5.61-9.40 pMireaHCT-116, THP-1, COLO- 205 and PC-3. These
compounds were further evaluated for tubulin intiobi and the compoun®® was found to significantly inhibit the
tubulin polymerization (1 = 1.2 uM against HCT-116) [85].

o] o]

HaCO O S AA O OCHg HscOOCHs
0 OCH, o) OCH,
/§\) OCHg /§\)
N, N
Nf NN 79 Nf NN 80
o o]
0 o}
H

(0] o}

3CO. O AN = O H3CO O A = O
o) OCH, o) O
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Figure 16. Molecular hybrids of monocarbonyl curcumin and isatin tethered by triazolering

2-2. Structure Activity Relationship for curcumin and its analogues as Anti-cancer agents [86]:

cytotoxicity cytotoxicity

J S S P S
A 3,4,5-substituted | @ T A 3,4,5-substituted
compound shows the highegst @ @ s | compound shows the highest

Hexasubstituted compoundg
exhibited strong activities

Symmetry is important for tetrasubstituted analesgue|
but not for hexasubstituted analogues.

Figure 17. SAR for anti-cancer curcumin analogues
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2-3. Several curcumin analogues as Anti-microbial agents:

Satyendra.Met al synthesized different curcumin bioconjugates vi#.-di-O-glycinoyl-curcumin83; 4,4’-di-O-D-
alaninoylcurcumin 84; 4,4’-di-O-(glycinoyl-di-N-piperoyl)-curcumin 85; 4,4’-di-O-piperoyl curcumin 86;
curcumin-4,4’-di-O-b-D-glucopyranosid®’; 4,4’-di-O-acetyl-curcumir88 along with piperoyl glycine9 (Figure
18). These bioconjugates were tested in vitro agalifferent bacteria and fungi, were found to ffeative. The
4,4’-di-O-(glycinoyl-di-N-piperoyl)-curcumir85 and 4,4’-di-O-acetyl-curcumi@8 were found to be more effective
than Cefepime, an antibacterial drug available arket, at the same concentration. The 4,4’-di-Q¢gyl-di-N-
piperoyl)-curcuming5 and 4,4’-di-O-piperoyl curcumiBé had antifungal activity in vitro almost comparaklih
fluconazole, the most popular antifungal drug [87].

Ramendra.K.®t al synthesized curcumin bioconjugates and testechfor antibacterial and antiviral activities. The
conjugates®0 and9l (Figure 18) have shown very promising antibactex@ivity with MIC ranging between 0.09
and 0.67 uM against Gram-positive cocci and Gragatiee bacilli. The conjugates have also been sewdor
their antiviral activities against HSV, VSV, FIPR|V-3, RSV and FHV and the molecul@d, 91 have also shown
good results with E£30.011 uM and 0.029 uM against VSV and FIPV/FH\épextively [88].

o O o O o O
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Figure 18. Curcumin bioconjugates as anti-micr obial

Jaggi.Let al synthesized 3,4-Dihydropyrimidinones of curcuniiine synthesized compounds were evaluated for
their synergistic antimicrobial (antibacterial aatifungal) activity against bacteria and fungi.ngoof inhibition
was measured by adopting disc diffusion method. @namds92-94 (Figure 19) with MIC of 40-80 were more
active than curcumin (MIC 80), whereas remainingipounds showed moderate antibacterial activity.

The in vitro cytotoxicity of synthesized compouratginst three human cancer lines Hep-G2, HCT-1H6Q®-56

were also evaluated. All the compounds exhibiteticancer activity with IG, values ranging from <12.5 to 100
pM/ml, while the positive control, adriamycin denstrated the 1€ in the range of <2.5 to 5.0 pM/ml. [89].
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92 93 o
Figure 19. 3,4-Dihydropyrimidinones of curcumin

Pramod.K.Sat al provided an efficient procedure for synthesis Bfpyrimido[2,1-b]benzothiazole, pyrazole and
benzylidene derivatives of curcumin. The synthakizempounds were evaluated for their antibactex@ivity
against gram-positive and gram-negative bacterdataphyl ococcus aureus, Pseudomonas aeruginosa, Salmonella
typhi, Escherichia coli, Bacillus cereus andProvidencia rettgeri and antifungal activity against fungi \#spergillus
niger, Aspergillus fumigates, Aspergillus flavus. The results revealed that derivati@gs 96 and97 (Figure 20) were
most potent and showed significant activity as-aritirobials [90].

Jaggi.Let al prepared a series of curcumin derivatives withadmides and evaluated for in-vitro antibacterial
activity against selected medically important gré@ih-and gram-(-) bacterial species viz. Staphylecgcaureus,
Bacillus cereus, Salmonella typhi, Pseudomonagga®ysa and Escherichia coli, and antifungal actiggainst few
pathogenic fungal species viz. Aspergillus nigespérgillus flavus, Trichoderma viride and Curvudarinata. The
cytotoxicity was determined by measuringd®alues against human cell lines HelLa, Hep G-2,58Gnd HCT-
116. Among the compounds screen@®},100 (Figure 20) showed the most potent biological dstiggainst tested
bacteria and fungi and higher cytotoxicity thanocumin [91].

David.J.Set al synthesized C5-curcumin—2-hexadecynoic acid (CE&€2+HDA, 101) conjugate and tested for
antibacterial activity against methicillin-resisteBtaphylococcus aureus (MRSA) strains. The resaltsaled that
compoundl0l1 (Figure 20) was active against eight MRSA stran®ICs that range between 31.3 and 62.5 pg/ml.
It was also found from the results that conjugatib2-hexadecynoic acid to C5-curcumin enhancedritihacterial
activity [92].

N (@] (0]
HsCO SN ¥ OCH;,
O » - vy
Y OCH; OCH3 Py

HO OH

Figure 20. Several curcumin derivatives acting against micr oor ganisms
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CONCLUSION

In short, the importance of curcumin and its anaésy as anti-cancer and anti-microbial agents han be
summarized. Studies suggested that the use ofugadbnalogues of curcumin have left a landmark enfibld of
search for new anticancer as well as anti-microhggnts. Based on the results and reports, itggesied that the
future trends must aim at the development of cuinwanalogues as antimicrobial agents. On the dioer, a lot of
work has been done on the development of anticamgents from curcumin which includes its monocaytbhon
derivatives and hybrids etc., showed very goodltslis potential has been supported by the repescribed in
this article. Researchers must aim at the developrmesome new curcumin analogues with new anciefft
substitutions, thus exploring this central and thigleus to a large extent.
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