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ABSTRACT

With the aim to access the biological activitythie present study we have synthesized a seriedbstitsited pyridyl
chalcones (la-1f) by condensing different p-substituted benzaldelytte2-Acetyl pyridine in  dilute
ethanolic potassium hydroxide solution at roéemperature according to Claisen- Schmidt caoisdéon. The
chemical structures of all the compounds were assigon the basis of elemental analyses, UV-Vis.HRAMR

and mass spectral data. All the compounds weredefsir their in vitro cytotoxic activity against iman chronic
myelogenous leukaemia cell linK562 and cell viability was evaluated by 3-(4,5-dimdithpazol-2-yl-

2,5diphenyltetrazoliumbromidg(TT)assay. All compounds indicated significant doseedépnt cytotoxicity in
very low micro molar rangg(lCsy 4.32-6.21uM). The anti-mycobacterial drug susceptibility tegtifDST)

performed against M.smegmatis and M.tuberculosisgusiicrotiter plate resazurin reduction ass@EMA) with

glycerol and acetate as two different carbon sosr@ed results obtained were reported.

Keywords: Pyridyl chalcones, Leukaemia cell line, Cytotoadativity, MTT assay, Resazurin reduction assay.

INTRODUCTION

Cancer, the uncontrolled, rapid and pathologicaliferation of abnormal cells, is the second legdaause of
human death after cardiovascular diseases in dewglas well as advanced countries.[1,2] Diseasesed by
mycobacterium is one of severe problem worldwidesite being preventable disease, tuberculosisuatsdor 2

million deaths per year. This led to developmennei anticancer and anti-mycobacterial agents. Mafcthe

research in this area is currently focussed onaraspecific mechanism and the corresponding maecdatgets but
the research for improved cytotoxic agents stitigtitutes an important part of modern anticancegdtiscovery.
So there is a strong need to develop new simplgatehtial anticancer agents.

The chemistry of heterocyclic compounds has been irgeresting field of study for a long time.
Chalcones constitute an important group of naturadlucts. Chalcones either natural or synthetic karewn to
exhibit various biological activities. The presemiea reactiven, p-unsaturated keto function in chalcones is found
to be responsible for their antimicrobial activifg] which may be altered depending on the type jposition of
substituent on the aromatic rings. The substitutbran aryl group of chalcone by a heterocyclicugravould
enhance their biological activity. They have beeported to possess many useful biological propertieluding
antioxidant, antimalarial, antileishmanial, antilammatory, antitumor, antiprotazoal, , antivirantimiototic,
anticancer, anti- proliferative, antimicrobial , tiaHIV activities[4-9], inhibition of chemical wediators
release, inhibition of leukotriene 4BL0], inhibition of tyrosinase [11-12] and iblition of aldose reductase
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[13] activities. For instance, a simple chalconedsh natural productisoliquiritigenin, suppresses pulmonary
metastasis of mouse renal cell carcinoma [14] dfettévely prevents colo-rectal tumor developmenaalose of
100 ppm. [15]. Inrecent years a variety of chaohave been reviewed for their cytotoxic, icamicer ,
mutagenic as well as antiviral, insecticidald aenzyme inhibitory properties [16].

In the present communication, we here report sywighaf a series of some new pyridyl chalcones flad their
in-vitro biological activities. All the compoundsene tested for their cytotoxic activity against fogenous
leukaemia cell lineK562 .These compounds were also screened for theirmamtdbacterial activity onM.
smegmatis mcandM. tuberculosidH37Ra culture.

MATERIALS AND METHODS

3.1. Materials and methods

Melting points were determined in an electro-thdroagillary melting point apparatus and were unected. Thin
layer chromatography was performed on silica getgsl and examined under UV-Vis.chamber. Elementllyais
(C, H, and N) was performed on Varian Elementaaddllyser. Infra-red spectra were recorded in KBlefseeon
Perkin Elmer RX-1modéH-NMR spectra of synthesized compounds were recbidedeutriated DMSO on
BrukerAvance 500 spectrometer. Chemicals shifts gieen on §-scale relative to (TMS) as internal
standard.UV/Visible spectra were taken on Labt®mni¢-2900 spectrophotometer operating from 200-860in
1.0 quartz cells in our laboratory.

Synthetic materials and reagents were purchased fterck and Hi-media chemicals and were of anaytigade.
All solvents obtained were distilled prior to usaldwing standard procedures. RPMI-1640 medium, MB7
medium, fetal bovine serum was purchased from sigimeanicals.

3.2. General procedure for synthesis of compoundgd-1e)

Chalcones were synthesized by base catalyzed @lSisemidt condensation reaction, by All substitutédlcones
were prepared by reaction of 2-Acetyl pyridine (18oh1.12ml) with different p-substituted benzaldeéy(10
mmol) in aqueous ethanolic 40%KOH. Theprogressattion was monitored by T.L.C. The reaction migtwas
stirred for about 48h-72h and then diluted with ¢éodd water. This was followed by neutralizatiorttwi0% HCI.
The solid obtained was collected by filtration,léated by washing with water-ethanol. These compsundre
purified by recrystallisation with ethanol.

3.2.1. 3-(4-nitrophenyl)-1-(pyridin-2-yl)prop-2-eni-one, (1a)

To a stirred mixture of 2Acetylpyridine (10mmol,2ril) and pnitro benzaldehyde (10mmol,1.51g)in 95%ethanol (
20ml), 40%KOH (15.0 mL) was added drop wise andtée as in the general procedure to givedark brown
powder, Yield 2.20 g (81 %), mp>2%¥D ; A max (nm) (CHCN): 212,278,330 and363, IR(KBr)ém
16874 (C=0),1594(C=C),1518(C=N),1344  v(NOy); Anal.CalforG4H1gN,03:C,66.14; H,3.96;N,11.02.
Found;C,65.83;H,4.03;N,10.8{NMR(DMSOd;);5=6.76(1H,d,COCH=),7.88(1H,d,=CHAr),8.05(2H,d, C2Ht0)6
,8.08(2H,d,C-3H,C-5H,),7.65(1H,m,C-4),7.76(1H,d,§®D2(1H,m,C5H),8.77(1H,d,C6H),ESI/MS(m/z):  255.2
(M™+1).

3.2.2. 3-(4-(dimethylamino)phenyl)-1-(pyridin-2-ylprop-2-en-1-one,(1b)

To stirred mixture of 2Acetylpyridine (10mmol,1.1Brand pdimethylamino benzaldehye (10mml, 1.49 g) in 95%
ethanol (20ml), 40%KOH (15.0 mL) was added pdravise and treated as in the general proeedur
to give dark orange powder, Yield 2.24 g(83 %), i®-114 max (hm) (CHCN) 215,291, 328, and 367, IR
(KBr) cm*:1651v(C=0), 15620(C=C), 15200(C=N), 1347v(C-N-C) Anal. Cal for GeH,N,O: C, 76.16; H, 6.39;
N, 11.10; Found; C,76.83;H,6.13;N,10.MNMR(DMSOd,);5=6.76(1H,d,COCH=),7.88(1H,d,=CHAr), 8.05
(2H,d,C2H,C6H), 8.08(2H,d,C3H,C5H),7.76(1H,m,C4}8(1H,d,C3H),7.65(1H,m,C-5H),8.77(1H,d,C-6H), 2.51
(6H,s,NMe), ESI/MS(m/z): 253.1 (Vk1).

3.2.3. 3-(4-chlorophenyl)-1-(pyridin-2-yl)prop-2-enl-one,(1c)

To a stirred mixture of 2Acetylpyridine (10mmol,2rtil) and pchloro benzaldehye (10mmol,1.41g) in 95%

ethanol (20ml), 40%KOH (15.0 ml) was added dropise and treated as in the general procedure
to givecreamy white powder, Yield 2.25 g(86 %), mp 159Himax (nm) (CHCN) 214,271,337 and 365 IR
(KBr) cmi’: 1688v (C=0), 1582y (C=C), 1487v (C=N), 1088v (Ar-Cl) Anal. Cal for G4H;,CINOC, 69.00; H,
4.14;N,5.75;Found;C,68.57;H,4.39;N,5. 34NMR(DMSOd);8=6.73(1H,d,COCH=),7.66(1H,d,=CHAr),8.20(2H,d,
C-2H,C6-H),8.39(2H,d,C-3H,C-5H,),7.59(1H,m,C-4) @(BH,d,C-3H),7.88(1H,m,C-5H),8.80(1H,d,C-6H),
MS(m/z): 244.01 (NH+1) .
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3.2.4. 3-(4-methoxyphenyl)-1-(pyridin-2-yl)prop-2-a-1-one ,(1d)

To a stirred mixture of 2Acetylpyridine (10mmol,2rl) and pmethoxy benzaldehye (10mmol, 1.3g) in 95%
ethanol (20ml), 40%KOH (15.0 ml) was added dropise and treated as in the general procedure
to give creamy white powder, yield 2.13 g(85 %np: 123-128Cxmax (nm) (CHCN) 211, 231,269, and 358 IR
(KBr) cm™ 16890 (C=0), 1584v (C=C), 1512 (C=N), 1178v (-OCHs) Anal. Cal for GsH;sNO,: C, 75.23; H,
5.43:N,5.85;Found;C,75.81;H,5.19;N,5 3%:NMR(DMSOd);6=6.91(1H,d,CO-CH=),7.36(1H,d,=CH-
Ar),8.11(2H,d,C-2H,C6-H),8.66(2H,d,C-3H,C-5H,),8(0H,m,C-4),8.84(1H,d,C6H),8.50(1H,m,C-
5H),7.84(1H,d,C-3H),3.73(3H,s,0GHESI/MS(m/z): 240.1 (N¥1) .

3.2.5. 3-(4-(benzyloxy) phenyl)-1-(pyridin-2-yl)pr@-2-en-1-one,(1e)

To a stirred mixture of 2-Acetylpyridine (L0mmoll2ml) and pbenzyloxy benzaldehye (10mmol, 2.27g) in 95%
ethanol (20ml), 40%KOH (15.0 ml) was added dropise and treated as in the general procedure
to give creamy white powder, yield 3.0 g(87 %), &5-118C, Amax (nm)(CHCN) 241,323,363 and 413,IR
(KBr) cm™ 1665v (C=0), 15900 (C=C), 1507 (C=N), 117D (-OCH,-), Anal. Cal for G;H;,NO,: C, 79.90;H,
5.39;N, 4.43;Found; C, 78.97;H, 5.89;N, 4HNMR(DMSOd;); $=6.95(1H,d,COCH=), 7.38(1H,d,=CHAr),
7.45(2H,d,C2H,C6H,),7.11(2H,d,C-3H,C-5H),8.03(1H)"8.10(1H,m,C-4,),8.78(1H,d,C6H,)5H,),8.15(1H,d,C-
3H,),5.18(2H,s,-OCH),7.37(3H,m,C-3H,C-4H,C-5H,),7.41(2H,d,C-2H,C-6 HEBI/MS(m/z):316.1 (N 1).

3.3. Biological activity evaluation

3.3.1. Cell culture and maintenance

K562 is a human chronic myelogenous Leukemia cacekttine (Human erythromyeoblastoic leukemia) amaoist
commonly used cell line for screening of anticaneeikemia agents. This was obtained from NCCS Plntta
(job no 1196). The viable K562 cells, determinedrypan blue exclusion test, and 1%b@lls were seeded onto 96
well plates in10QL complete RPMI-1640 culture media supplementedh wihM L-glutamine, 1.5g/lit NaHCO3,
with 10% fetal bovine calf serum and allowed towgiia air in a CQ incubator with 5% C@ at 37°C.

3.3.2. Cytotoxic assay experiment

The stock solutions of test compounds were prepar&MSO. After 24 h incubation, different conceattons (2,
4, 6, 8 uM) of compounds, made by serial dilutionculture medium, were added in 48 h incubatiore Tihal
concentration of DMSO was 0.01% in each well. Assafe well containing 0.01% DMSO only was run as$iA
control, which was found inactive under applied ditans. The cell growth was determined using MTBF(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium braae (Sigma) reduction assay, which is based orityabil viable
cells to reduce a soluble yellow tetrazolium salbtue farmazan crystal[22,23]. Briefly, after 4&htreatments,
thelOul of MTT dye, prepared in phosphate buffesalihne (PBS) were added to all wells. The plateseviken
incubated for 4h at 37C. Supernatant from each well was carefully remo¥adnazon crystals were dissolved in
100uL of DMSO and absorbance at 540nm wavelength wearded (Sharma et al., 2010) and each concentration
was tested in threefold.

Cell toxicity (% of control) = [(O.D; — O.D,)/ (O.D,-0.Dy)] X100

Were, O.) —mean optical density of treated wellsp® mean optical density of blank wells, O.Dc - megtical
density of control wells. Th&C s, values were determined as concentration of comgmtimat inhibited K562 cell
growth by 50%

3.3.3. Anti-mycobacterial Susceptibility Screening\ssay

The antimycobacterial drug susceptibility testiBg{) was performed using micro titer plate assadiino et al.
2002) with glycerol and acetate as two differemboa sources. The details are as providedMhemegmatis mc2
log phase culture was diluted using MB7H9 mediungite an Oy of 0.05 and 10@l of it was taken in micro
titer plate. Also, 10Qu of MB7H9 medium with either glycerol or acetate @arbon source was used. The drug
concentration was initially adjusted to pM. The sterility control, growth control and solterontrols were also
included. All experiments were performed in dupcarhe plates were sealed properly and incubaied8h at
37°C. At the end of incubation 30 of resazurin stock (0.02 % w/v) was added, mitteztoughly and incubated for
o/n at 37C. The plates were visually scored after o/n intiobafor colour change from blue to pink. Similariy.
tuberculosisH37Ra was grown in 100 ml of Middlebrook 7H9 brdifco) supplemented with 0.2% (v/v)
glycerol, 10% (v/v) ADC (albumin, dextrose, cat@aBifco), and 0.05% (v/v) Tween-80 at 150 rpm &idC, till

it reached an optical density of 0.4 to 0.5 at &@@ The final OD was adjusted to Qg of 0.05. The initial
screening was performed using Middlebrook 7H9 bf@tifico) supplemented with 0.2% (v/v) glycerol, 1qQ%v)
ADC (albumin, dextrose, catalase), and 0.05% (VAween 80. The compounds concentration was 50uM avith
total volume of 20Qu and incubated at 37°C for 5 days. All the inhioit studies were performed in duplicate. At
the end of § days, 30l of freshly prepared resazurin (0.02%) was added and incubated for o/n at 37°C. The
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plates were visually scored for colour change frbolme to pink. The visual observation method wasduse
determine % growth inhibition.

3.3.4. Statistical Analysis:

Experimental data were subjected to computer tassitatistical analysis by Graph pad prism 5 saféawsing
analysis of variance (ANOVA). The statistical siigance was considered only when p<0.05. Thg 1@lue was
determined by sigmoidal dose —response curveditiind cell survival/viability curve was determinasl log dose-
response curve on this graph pad software. [24]

RESULTS AND DISCUSSION

2.1. Chemistry

Synthetic routes for chalcone derivatives are showscheme 1.Claisen-Schmidt condensation betweaoegyl
pyridine and various p- substituted benzaldehydera@éd the corresponding pyridyl chalconéka-1e)The
structures of the desired compounds were determbyed)V-Vis. IR, *H-NMR, mass-spectral and elemental
analyses. The overall yield of all compounds exs&&bb.

T R
~
® a |
+ - N/ S
—
N b I
@) =0
2-Acetyl pyridines p-substituted benzaldehyde Chalcone(la-1¢)
1a, R=-NO, a: ethanolic 40% KOH,stirred
1b, R = -NMe, Ao .
1c. R = -Cl b:10% HCI, neutralised
1d, R =-OMe

1e, R =-OCH,Ph

Scheme-1
Scheme-1: Synthetic chemical pathway and reactioronditions for synthesis of compounds (1a-1e)

The I.R spectra of compounds provide valuable midion about functional groups present in compouiite IR

spectrum of all substituted chalcones (la-1le) shaveharacteristic peak between 1651-1688" @ssigned to
v(C=0) vibrations, peak between 1507-1520"dmduev(C=N) vibration of pyridine ring and peak near 158595

is assigned to(C=C) vibrations. |.R spectral data of all composiagde given in their tentative assignments.

In the *H-NMR spectra, the presence of aromatic/hetero-atisnmoiety was clearly identified by presence rof i
regiond 8.77-7.65 ppm. The presence of 1H, doublet irsdictra ab 6.73-6.91 ppm is due to (-CO-CH=) proton.
The presence of 1H, doublet in all spectra &36-7.65 ppm is due to (=CH-Ar), proton. Peakrrie&.19 (2H,
singlet) in spectra of compound (1e) is due to wyletie (OCH) group. Presence of a 3H singleb&.98 in spectra
of compound (1d), a6H singlet &B8.05 in spectra of compound (1b) is due tois duméthoxy (-OCH) group and
N-(CHs),methyl group respectively. The mass spectrum of@hpounds showed molecular ion peak, which is in
agreement with the assigned molecular formula.

Thus, on the basis of above discussion, the stireicuicompounds was assigned. The ground optinszedture of
chalcones 1(a) and 1(b) are shown in figure-1
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1(a) l(b)
Figure-1: Geometry optimized structure of 1(a) andL(b) using Gaussian 03(revision C0.1) at DFT/B3LYB/311G level

100+

% cytotoxicity (as% of control)

N N N
Compounds

Column graph representation of % cell cytoxicity(as% of control) against lukemia K562 cell line
Figure-2: A column graph representation of % cytotaicity(as%of control)of compounds (1la-1e) againselkemia cell line K562

100
80
—-— Ja
2
E 60 = 1b
'S —-— ]c
E 40- —~ 1d
> —-— Je
20
O T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0

log[conc.],u M

log-dose vs response/survivality curve of compounds against K562 cell line
Figure-3: Log dose vs. response /viability curved aompounds (1a-1e) against leukaemia cell line K26

2.2. Cell proliferation assay

In vitro cytotoxic activity was evaluated by 3-(4J8nethylthiaazol-2-yl-2,5diphenyltetrazolium bradei (MTT
assay), as this technique is a reliable methodeterthine bioactivity of compounds.[17] We also peried MTT
assay in well containing 0.01% DMSO and it showe@% cell viability suggesting no toxicity of DMSQh ¢K562
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cell lines.[18] All synthesized compounds were édsagainst human chronic myelogenous Leukemia cdimee
K562 and shows different responses on K562 cellsulture when incubated was restricted to 48 h. fidure-2
and 3, shows effects on % cell viability (as % ofitrol) of in vitro cultured human cancer cellsubated at 2, 4, 6
and 8uM compound concentration.

The results show that cell viability decreased wittrease in concentration from 2 to 8 uM. All caupds showed
significant concentration dependent cytotoxicityhe§e compounds are active in very low micro molar
concentration with Iggvalue ranging frond.32-6.21uM Nitro substituted pyridyl chalcone 1(a) was fouachave
maximum cytotoxic potential witl® 574.32 pM, while hydroxy substituted chalcone (1e) showsimim potential
withICsq 6.21 uM. It may be concluded from result that with increaselectron withdrawing potential of group in
substitution, the cytotoxic activity of these compds may beenhanced. The cytotoxic potenciegdffa of
compounds are given in table-1.

In order to know if their leukemia cancer inhibitiproperty is exclusive of any non —specific cykitoactivity
against cell, we evaluated their cell inhibitoryeef in normal epithelial kidney cell line HEK-298lL compounds
were found to be almost inactive in inhibiting gtbvand proliferation to this normal non-canceroet. &ikesults of
cytotoxic activity provide only information on thestriction of the population of viable cells butt the mechanism
by which restriction is observed, which is mattefusther investigation.

Table-I Effect of compounds on proliferation of hurman chronic myelogenous cancer cell line K562 afte8 h incubation
Cytotoxic potential a8C sovalues of compounds along with their (1) standandevalues.

Compounds 165(+ std. error)
la 32(+0.29)
1b 18(+0.14)
1c 83(+0.32)
1d .94(+0.15)
le 6.21(+0.16)

#50% inhibitory concentration, required to inhibimcer cell proliferation by 50%

2.3. Anti-mycobacterial activity

The drug susceptibility studies (DST) using colatint methods are low cost alternatives to MGIT 8&CTEC

systems with good correlation (Martin et al. 2008artin et al. 2007; Palomino et al. 2002). [19, Z}e

colorimetric indicators such as Alamar blue, MTTagasazurin have been found to have good speyificitl hence
resazurin was used in this study. The resazurinatézh assays usirlg. smegmatisnc andM. tuberculosiH37Ra
offers a rapid and safe screening system for amiitngcterial compounds [21].

The results from present drug susceptibility stadi inhibition ofM.smegmatisnc® mainly at concentration of 50
UM, with acetate as carbon source shows inhibiipto 82% and with glycerol the growth inhibiticnreduced up
to about 22% only.Growth inhibition studies usirga@mstMycobacterium tuberculosis H37Rwaith glycerol and

acetate carbon source at concentration of 50 ubyst inhibition only below 59 %. All the synthesizehalcones

does not show much significant inhibition activdti@ these studies, to be considered as potentiatrgycobacterial

agent.

Table —II Growth inhibition studies using Resazurn reduction assay (REMA) againstMycobacterium smegmatis mc2, in MB7H9 Media
with glycerol and acetate as carbon source at anlibitor concentration of 50uM
All experiments were performed in duplicates anth dae reported as mean % growth inhibition

Compound Concentration (50uM)
Glycerol Acetate

la 6.22 % 77.93 %

1b 10.01 % 77.85 %

1c 10.05 % 81.84 %

1d 21.53 % 72.91 %

le 16.38 % 79.56 %

CONCLUSION

In the present work a series of pyridyl substitutbdlcones were synthesized and their structurecamafirmed by
microanalysis, IR, NMR and UV/Vis. spectral studi@btained results clearly indicate good cytotgtential of
these compounds are in very low micro molar ranfdGgy, 4.32-6.21 Antimycobacterial screening against
M.smegmatigndicates that compounds have promising inhibitiential (up to 82%) with acetate as carbon
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source in comparison to glycerol. The change iruneatind position of substituted groups may enhdhe&
biological activity up to the required level, whisha matter of further research.
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