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ABSTRACT

It has been reported in the literature review tiia¢ multifarious biological and pharmacological sificance of
compounds possess 1,3,5-triazine and chalcone @taphores in its basic scaffold as potential cyta@gents.

In view of its therapeutic potential, 1,3,5-triagichalcone hybrid molecules (TCH1-35) were schermued
synthesize , in the present study were screeneth&r In vitro cytotoxicity potential. Cell proliferatiomvas
determined by the MTT assay method. MTT which tistrazolium salt is converted into insoluble formazy
mitochondrial dehydrogenases in live cells. Formmaizadissolved in DMSO, and absorbance was measatrddal
wavelength of 550 and 630 nm on a Varioskan TMH-Msltimode Reader. A part from this cytotoxic gstafind
the best fit lead compounds from the synthesizedirie-chalcone hybrid derivatives, receptor-ligaddcking
studies were also performed using Schrodinger GLiaEnmercial software (Maestro 9.5) version withraxt
precision mode and Grids were generated using Glielsion 9.5 following the standard procedure reomnded
by Schrodinger. Glide tools were used to calcutiiek score and evaluate conformers. The best fiécutes were
identified from the results andiere accomplished with good binding efficiency aghfive selected anticancer
targets such aphosphatidyl inositol-4,5-bisphosphate 3 kinag43 (K gamma), vascular endothelial growth factor
(VEGF), cyclin-dependent kinase-2 (CDK-2), muriregcema viral oncogene homologue bl (BRAF), focal
adhesion kinase (FAK).

Keywords: invitro Cytotoxicity, MTT assay 1,3,5-triazine-chalcone phacophores, Anticancer targets,
Schrodinger GLIDE commercial software (Maestro 9éision.

INTRODUCTION

Cancer is a class of diseases that cause celig inddy to change and grow out of control [1]. Gareell growth is
different from normal cell growth. Instead of dyjr@ancer cells keep on growing and form new caoneks. These
cancer cells can grow into (invade) other tisssesyething that normal cells cannot do. In most £&lse cancer
cells form a tumor. But some cancers, like leukemaeely form tumors. Instead, these cancer cedlsrathe blood
and bone marrow [2]. Cancer cell escape from mahyhe normal homeostatic mechanism that control
proliferation. They invade surrounding tissues,sg@tto the body's circulating system and set upasref
proliferation away from the site of their origirggbpearance [3].
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Cancer is the second most important disease leadirdeath in both the developing and developed trigsn
nowadays. The global burden of cancer continuesd®ase largely because of the aging and growtheofvorld

population alongside an increasing adoption of eeseausing behaviors, particularly smoking, in eguoitally

developing countries [4]. A substantial proportafrthe worldwide burden of cancer could be preveieough the
application of existing cancer control knowledgel dny implementing programs for tobacco control,cviaation

(for liver and cervical cancers), and early detattand treatment, as well as public health camgaomoting

physical activity and a healthier dietary intakdiniCians, public health professionals, and policgkers can play
an active role in accelerating the applicationwtsinterventions globally [5].

I nvitro Cytotoxicity studies

The invitro cytotoxicity can be evaluated by thegie and economic MTT assay. This is a colorimedgsay that
measures the reduction of yellow 3-(4,5-dimethyilazble-2-yl)-2,5-diphenyl tetrazolium bromide (MTTHy
Mitochondrial succinate dehydrogenase. The MTT rentiee cells and passes in to the mitochondria eviteis
reduced to an insoluble, colored (dark purple) farem product. The cells are then solubilized wiMID and the
released the solubilized formazan reagent is meds8pectrophotometrically at 570 nm. Since redactbMTT
can only occur in metabolically active cells, tleedl of activity is a measure of viability of tleells. When the
amount of dark purple formazan produced by thescslltreated with a reagent compared with the amotin
formazan produced by untreated controlled cells, éffectiveness of the agent in causing death i§ can be
deduced through the production of a dose-respamnse ¢6-10].

NAD+ O
N— NADH

Br- / N\N+ N—NH
N/ \7/ps / / N//N }S
N\%\CH3 N/\%\cm
MTT CHa FORMAZAN CH,

Fig:1 representing the conversion of MTT to Formaza

Experimental section

Cell lines and Reagents

HT-29(Colon cancer),MCF-7 (breast cancer) and DB-(gtostate cancer) cell lines were obtained fratiomal
centre for cell science (NCCS) Pune, India. DMEMuliizccos Modified Eagles Medium),MEM (Minimum
Essential Media Eagle),MTT [3-(4,5-dimethyl tiaz@leyl)-2,5-diphenyl tetrazolium bromide], trypsiBDTA were
purchased from sigma chemicals (St.Louis, MO). IHet&ine serum (FBS) was purchased from arrow l186syell
flat bottom tissue culture plates were purchasexhffarson.

Method

A) Maintenance of cell lines

HT-29 and DU-145 cell lines were grown as adheie@MMEM media, whereas MCF-7 was grown in MEM media
supplemented with 10% fetal bovine serum. The cedtwas maintained in a humidified atmosphere &#hCQ.

B) Preparation of samples for Cytotoxicity
Stock solutions of test compounds (TCH 1-35) werepared (100ug/mL) in DMSO and from them various
dilutions were made with sterile water to get tinalfdrug concentrations of 50, 25, 12.5, 6.2528.fig/mL.

C) Cytotoxicity evaluation

The cells were seeded in 96 well pates at a deositx1d® (Counted by Tryphan Blue exclusion dye method) per
well and were incubated for 24hrs to recover. Aftecubation the medium was replaced with fresh medi
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containing different dilutions of the test composn@hen the plated were incubated for addition&irg@t 3% in
DMEM/MEM with 10% FBS medium. Following incubatiothe medium was removed and replaced with 90uL of
fresh DMEM without FBS. To the above wells,10 uLMTT reagent (5mg/mL of stock solution in DMEM witht
FBS) was added and incubated al@Tor 3-4hrs,there after the above media was regldry adding 200 pL of
DMSO to each well (to dissolve the blue formazaystals) and incubated at %7 for 10 minutes. The absorbance
at 570 nm was measured on a spectrophotometer [11].

Methotrexate was used as a reference drug for casopa Assay was performed in triplicate for thnredependent
determinations. The cytotoxicity was expressedGEO(pg/mL) which is the concentration of the commbuhat

inhibited proliferation rate of the tumor cells B§% as compared to the control untreated cells.\zBOes were
determined from the plot: % inhibition versus camtcation. All in vitro experiments for cell prolifation/inhibition

were performed in triplicates.

% inhibition at the given concentration= 1-  (Mean optical density of Test) x100
(Mean opfical density ohtml)

IC50=Inv.log (50-c)/m; ¢ and m derived from Y= mx+cplot of % inhibition Vs log C. The results ofeth
compounds are shown in tables 1 and 2.

In silico Molecular docking

Ligand—protein inverse induced fit docking (LPIIFBpproach has been used as a useful tool in &iilif drug
design. In this approach, docking single or muitiginall molecules in single or multiple conformasoto a
receptor site is attempted to find putative liganflssumber of flexible docking algorithms have beettoduced.
These include multiple-conformer shape matchingpete algorithm, evolutionary programming, simuthte
annealing, fragment-based docking, and other nalgbrithms [12]. Testing results have shown thatséh
algorithms are capable of finding ligands and bigdconformations at a receptor site close to erpantally
determined structures. [13-16]. The LPIIFD approechow applied to the database of compounds sgiztbe in
the present study for finding ‘best fit’ (hit idéfitation) against selected anticancer protein dragets. The
compound with least binding energy against eaclviehgal target protein is considered scope forHartstudy. By
these means, it is possible to understand howdhgounds interact with the target protein. The ltesemerging
out of these studies can be used to identify neweatigands by using the knowledge obtained fréminh silico
established secondary protein targets [17-21].

In the present research, considerable attentiorbbar focused on identifying some new 1,3,5-tnegzthalcone
hybrids capable of showing significant cytotoxici32-28]. The docking simulation was performed gsfive
different anticancer targets involved with cell lieyaell growth, and DNA replication.

In an attempt to understand the binding mode ofTaiazine-chalcone analogues, the ligands (35 camgs) were
docked with the crystal structure of the five tasgehosphatidylinositol-4, 5-bisphosphate 3-kind3BKS gamma,
PDB ID:4FHK), Vascular endothelial growth factor E&F,PDB ID:1Y6A), Cyclin-dependent kinase-2 (CDK-2
,PDB ID: 4BGH), Murine sarcoma viral oncogene hoogole bl (BRAF, PDB ID: 5CSX), Focal adhesion kinase
(FAK, PDB ID: 4Q9S) Receptor ligand-binding doma&incomplex with various substrates, the inforimativas
obtained from the Protein Data Bank(www.rcsb.org)

EXPERIMENTAL SECTION

Schrodinger Maestro (9.5) GLIDE commercial versiprused as graphical user interface.[29] Proteiprépared
using protein preparation wizard and following ftiogs are performed:

a) Automatically imported full PDB files — or anyain within a PDB file — from local databases oe tARDB
website.

b) Automatically missing hydrogen atoms are added.

c) Metal ionization states are corrected to enpuvper formal charge and force field treatment

d) Bond orders are enumerated to HET groups

e) Co-crystallized water molecules are removeti@tser's discretion.

f) Residues with missing atoms or multiple occupaesmare highlighted.
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g) Quickly and easily determine the most likelyaligl protonation state as well as the energy pesaissociated
with alternate protonation states

h) Optimal protonation states for histidine resilaee determined.
i) Potentially transposed heavy atoms in arginghetamine, and histidine side chains are corrected.

j) The protein's hydrogen bond network is optimized means of a systematic, cluster-based approslctth
greatly decreases preparation times.

k) A restrained minimization is performed that allohydrogen atoms to be freely minimized, while@walhg for
sufficient heavy-atom movement to relax straineddso angles, and clashes.

RESULTS

Table: 1 Cytotoxicity Assessment (MTT-dye Reductiomssay) of newly synthesized 1,3,5 Triazine-chalcerybrids (TCH1-35) IC50
values expressed in pug/mL, for compounds TCH-24,2,11,12,9,5,6 and for the standard methotrexate

Compound codg R substituent| IC50 Values of Cell Lines
HT-29 MCE-7 DU-145
TCH-24 3-FGH4 42+1.986 49+1.356 28+1.654
TCH-20 3-CICeH4 53+2.25¢ 58+2.00¢ 41+2.84(
TCH-10 3,5-diOHGH; 38+2.314 46+2.176 24+1.264
TCH-11 4,5-diOHGH; 56+2.986 63+2.986 59+2.032]1
TCH-12 2-Me,5-OH@H3 64+2.647 76+1.765 61+2.384
TCH-5 2-OMeGH,4 81+2.658 89+1.546 74+2.025
TCH-6 3-OMeCgH.4 66+2.45¢ 69+2.58: 51+1.03¢
TCH-9 4-OHGsHa4 73+2.56¢ 79+2.19¢ 62+1.24¢
Methotrexate 11+1.463 9+1.002 6+1.005

Values are expressed as mean + SEM, *P < 0.05m&licompounds and the standard dissolved in DMS@gediwith culture medium
containing 0.1% DMSO. The control cells were trelatéth culture medium containing 0.1% DMSO.

Growth curves of HT-29,MCF-7,DU-145 cell lines.
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Fig: 2 shows the growth curve of each of the ColoBreast and prostate cancer cell lines in normal DM culture media. The three cell
lines maintained exponential growth characteristicaintil the end of experiments (96 hours)

Cytotoxic MTT assay experiment showing the deteatiam of half maximum inhibitory concentration of
synthesized hybrid conjugates treabedHT-29, MCF-7 and DU-145 cells.
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Cytotoxicaﬂy active trlazme chalc0ne hybnds W|th
' 1C50 values expressed in ug/mL
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Fig: 3 Indicates cytotoxically potential Triazine halcone hybrids with excellent IC50 values expresden pg/mL.
% cell proliferation rate inhibitory activity at ha If maximun inhibitory concentration (IC50 value) of all the cytotoxically active 6
Triazine chalcone hybrid compounds treated on HT-29MCF-7 and DU-145 cells in comparision with the sindard Methotrexate treated
at various concentrations of 50, 25, 12.5, 6.25125 pg/mL
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Fig: 4 show the excellent proliferation inhibitionof cells at IC50 concentration, calculated and plééd against the Methotrexate as
reference standard

Molecular Docking results of 1,3,5-Triazine-chaledmybrid molecules (TCH 1-35) against selecteccantier drug
target PI3KS- Gamma (PDB ID:4FHK) (VEGF,PDB ID:1YRACDK-2 ,PDB ID: 4BGH), (BRAF, PDB ID:
5CSX), (FAK, PDB ID: 4Q9S).
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Fig:5 2D diagram interactions of cytotoxically actve antagonists (TCH-5,6, 9, 10, 11, 12, 20, 24,Jardigures online are indicative of H-
bond interactions of synthesized molecules Dockedtiv anticancer Targets

LE
881 e MET. ik ALA
885 baid a8l ey
TR
MET 812
- L

a53 2

ILE
831
N, N
[ \
s ASP
B 884 cl
a3
5
\ r
- ”
LEY
838 \\\5_//
ASP
ASPl PHE
264y 836 261
i ASP ILE
841 879 =
- e
963 963
LYS. GLY
861 a3s
PHE Gl
216 815 o
ASN
21 24 Cl
| N
AL \ LEU \ ST e}
014 ) 838 k
g 533 o /
2 10
\ A N~
e : a5
1045 - HO
PHE NH \
1045 4 \
g - Hi0
VAL Gy
= 848 \ o
920
LEU |
1033 ‘O
PHE oL LYS
vaL
916 / sl e ALA [
o1 864
s, LEU
917 28 s
sia)
GLU
ALA
144 &
PHE
o Gl
- son - ) e
\ 64
VAL /
. GIN s e
151 ASP.
145
VA
& e ¥
13 LEU
= 134
7 N = s
Asp N \ ,a:)
86 - 143 ALA
144 Cl
1 S,
’ N >_,_N
s - ~
a9 s
: % /N
culh —3+—N \
12 N\ ASP
ILE 4
10 ‘é‘:L >;’,‘N 86
Gl Cl
PHE 11
80
GLN
s ASN / 2
132 / 4
/
% G v
HE PHE LEU B1 b GLN
LEU 8z 83 HE 85
134

398



Venkata Pavan Kumar G.et al

J. Chem. Pharm. Res., 2016, 8(5):393-402

ASP.
594

VAL PHE N

471 595

~ -

©)

G 6l LEU
432 431 501

Gl
LEU
563 553

AA
452

G
ors 430
502 436
N
/ G
b c = /| 508
v OH
\ o

g %\‘ /
/
\
\ HN =
ASP \
&4 OH
G el
o 505
O 1
‘S'l) LE
MET VAL &
ag9 ags
(10

ASP
594

VAL
471

596

ALA
481

THR
529

LEU
514

ALA ILE Gy
= 428 505

VAL
436

Gy eIt}
Gl 430
VAL 500 429

484

(11

MET
499

Table: 2 Summarized molecular docking results of B,5-triazine-chacone hybrid molecules (TCH1-35) wiit their Schrodinger Maestro
(9.5) GLIDE / Dock Scores (kcal/mol) and H-bond

Target PDB Best Fit R Substituent Glide Glide No.of _H-Bond
code ID Ligand group score energy H Bonds |nterz_ict|ng
Residues
TCH-20 3-OMe-Phenyl h ) Val (882) Asp(884)
PIBK y | 4FHK BERtoul By 3 Lys(833) Ala(885)
TCH-6 3-Cl- Phenyl ) ) Val(882) Asp(884)
TCH-24 3-F-Phenyl -8.998 -39.318 2 Cys(917) Asn(921)
VEGFR | 1Y6A | 1opog 3-Cl- Pheny 877 -40.03: 2 Cys(917) Asn(92
) . ) ) Asp(86) Hie(84)
4BG TCH-10 3,5diOH Pheny! 10.206 61.168 4 Asp(145) Leu(83)
CDK2 H Glu(12) GIn(131)
TCH-11 4,5diOH-Phenyl | -9.776 -55.718 4 Hie(84) Leu(83)
TCH-9 4-OH-Phenyl | -12.808 | -44.815 4 Asp(594) Cyc(532)
Gly(534)
BRAF | 5CSX Phe(595) Cys(532)
TCH-12 2Me,50HPhenyl -12.304 -40.597 4 Gly(534)
] . -8.832 ] Asp(564) Cys(502)
A 4008 TCH-11 4,5di OHPhenyl 52.373 5 GIu(430)GIU(506)lle(428)
) - -8.752 ) Asp(564) Cys(502)
TCH-10 3,5diOH-Phenyl 47.299 5 Glu(430)Glu(506)
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Charged (negative) wa \Water = H-bond (side chain)
Charged (positive) ) Hydration site —s Metal coordination
Polar # Displaced hydrationsite — SaltBridge
Hydrophobic =—s r-mnstacking Solvent exposure
Glycine —s m-cation

4 Metal = H-bond (backbone)

interactions against selected five anticancer taugets.

Statistical analysis

The data were statistically analyzed and all tHees are expressed as meant standard error of riteagraphs
were plotted by using Microsoft excel software. Eh@erimental data obtained was plotted againsterumation
Vs % inhibition, half maximum reduction in numbdmoetabolically active cells to determine IC50 walu

Discussion

The results ofinvitro Cytotoxic (MTT) assay of the synthesized 1,3,5ziria-chalcone hybrid molecules is
illustrated in Table: 1.The compounds (TCH1-35)é&een evaluated for their cytotoxicity against 28{Colon
cancer), MCF-7(breast cancer) and DU-145 (prostateer) cell lines. Methotrexate was used as tfererce
standard.

The results clearly revealed that most of the ssgited compounds possessed Cytotoxic activity aeresed by
IC50 values. Of all the compounds tested agains2BiTells lines, The compound TCH-24 having 3fluphenyl
moiety in its structure showed appreciable activifth IC50 value of 42pug/mL. This is followed bgropounds
TCH-20 having 3 chloro-phenyl moiety (IC50 value §8/mL),TCH-12 having 2methyl,5 hydroxy phenyl
moiety(IC50 value 64 pg/mL), TCH-11 having 4,5dihyxly phenyl moiety(IC50 value 56 pug/mL),TCH-10 hayin
3,5dihydroxy phenyl moiety (IC50 value 38 pg/mL)HQ® 4-hydroxy phenyl (IC50 value 73 pg/mL), TCH-6
3methoxy phenyl (IC50 value 66 pg/mL), TCH-5 2-methphenyl (IC50 value 81 pug/mL).

Among the compounds tested for cytotoxicity on MTEell lines again the compound TCH-24 having 3fuo
phenyl moiety in its structure showed apprecialdgvily with IC50 value of 49ug/mL. This is follezd by
compounds TCH-20 having 3 chloro-phenyl moiety 0CE&lue 58 pg/mL),TCH-12 having 2methyl,5 hydroxy
phenyl moiety(IC50 value 76 pg/mL),TCH-11 havingdithydroxy phenyl moiety(IC50 value 63 pug/mL), TCH-1
having 3,5dihydroxy phenyl moiety (IC50 value 46mb), TCH-9 4-hydroxy phenyl (IC50 value 79 pg/mLEH-

6 3methoxy phenyl (IC50 value 69 pug/mL), TCH-5 2-hwety phenyl (IC50 value 89 pug/mL).

The compounds tested for cytotoxicity on DU-143 tirks, It is interesting to note that the compdwagain with
3fluoro-phenyl moiety in its structure showed el activity (IC50 value 28ug/mL) and this is mutlere potent
on these cell lines than the other two cell linestdd. This is followed by compounds TCH-20 havinghloro-
phenyl moiety (IC50 value 41 pg/mL),TCH-12 havingnethyl,5 hydroxy phenyl moiety(IC50 value 61
pg/mL), TCH-11 having 4,5dihydroxy phenyl moiety(lC%yalue 59ug/mL),TCH-10 having 3,5dihydroxy phenyl
moiety (IC50 value 24 pug/mL),TCH-9 4-hydroxy pherfdC50 value 62ug/mL), TCH-6 3methoxy phenyl (IC50
value 51 pg/mL), TCH-5 2-methoxy phenyl (IC50 valt#epg/mL).

Compounds with different R substituent at différpasitions were found to exhibit satisfactory teswhen treated
against HT-29,MCF-7,DU-145 cells respectively wilicH-7 (IC50 value 128,132,108 pg/mL).similarly TCH-
15(1C50 value 148, 167,130 pg/mL),TCH-18 (IC50 ealif3,128,122 pg/mL),TCH-21(IC50 value 118,116, 109
pg/mL) TCH-25 (IC50 value 108,118,102 pg/mL) ane tbst of the compounds showed least Cytotoxiwictht
higher IC50 values towards all the three typesetifimes.

The molecular docking results of a series of sysitteal hybrids with highest glide score and leastihg energy
scored molecules were selected for target study-2Qj8 accomplished the best binding efficiency asfatarget
PI3K gamma with Glide score -11.781,-11.693 Kcal/amal 3,5 hydrogen bonding residues respectiiitilarly
TCH-24,20 against VEGFR with Glide score -8.998,778 Kcal/mol and 2,2 hydrogen bonds respectively.
Correspondingly compounds TCH-10,11 showed goodibinefficiency against target CDK2 with -10.208,7-76
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Kcal/mol and 4,4 hydrogen bonds respectively. Cammgs 9,12 with -12.808 ,-12.304 Kcal/mol and formed
hydrogen bonds each with BRAF. Compounds 11,10 »git832,-8.752 each formed 5 hydrogen bonds witleta
FAK.

CONCLUSION

The structure-activity relationship study basedtlo& above results clearly indicated the signifiean€ aryl and
heteroaryl moieties as a part of the 1,3,5 Triazin@lcone hybrids scaffold and also presence &drdifit electron
withdrawing substituents in enhancing the cytotitxidVhen more than one electron withdrawing substits are
present on the aryl and heteroaryl ring, a cumedagiffect may be observed. Compounds with more eurob
electron releasing or electron withdrawing substits on the aromatic or hetero aromatic ring dediht positions
can be synthesized to draw meaningful conclusioith vespect to the influence of electronic effeots the
cytotoxic activity. Molecular docking results ofetlsynthesized triazine-chalcone hybrids were inddaeping with
the MTT assay results, that clearly indicating @yotoxic activity of these hybrids molecules.

Extensive research is required on 1,3,5-triazirededine hybrid molecules to find novel analogs slédor clinical
applications.
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