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ABSTRACT

A series of uracil substituted s-triazinyl derivegs (U1T, U2T & U3T) were synthesized. All the tdgbwvere in
vitro evaluated for their anti-proliferative acttyi in human cancer cell lines, namely HepG2 hepslolar
carcinoma and normal hepatocytes. Docking studa&ibeen performed with suitable enzyme to stuelyntbde of
action. The I1G, values of these compounds showed less viabilitipiéed in tumor cells compare to normal cells.
The hybrid molecules distinguish between cancef fcein normal cell and reducing the toxicity. Fihal a
theoretical kinetic study was established to prettie ADME of the active hybrids. These compounedsarthy of
further evaluation as anticancer agents.

Keywords: nucleobasemimitic, Pharmacokinetic properties, Hepéll lines, docking studies, anti-cancer drugs.
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INTRODUCTION

Identification of cytotoxic compounds led the demhent of anticancer therapeutics for several decafidvances
in cancer treatment, however, continued to be dichiby the identification of unique biochemical agpeof
malignancies that could be exploited to selectiahget tumor cells. Schwartsmaanhal, noted in 1988 that of
over 600,000compounds screened, less than40 agengsroutinely used in the clinic [1]. Conventiosareening
models for anticancer agents are geared towarslleetion of cytotoxic drugs. The history of canckemotherapy
has been widely described [2]. Most An understagdof toxicities, adverse effects, and special dpsin
considerations of existing anticancer compoundsportant to the design of effective drug combioasi and to the
interpretation of the toxicological profile of neshemical entities. Most cytotoxic anticancer agearts dosed to
maximum tolerated levels to achieve maximum céll Kytotoxic anticancer compounds were discovebgd
serendipity or as inhibitors of metabolic pathwayeolved in cell division. There is clearly an inment role for
nucleosides in the treatment of cancer, and thige$ new agents within his class of compoundstilswarranted.
However, design, synthesis, and evaluation of nesdogues as potential anticancer agents is nogwilyra major
emphasis in the drug development community. Altlotaxicity is still a problem and is an issue tigbhard to
circumvent with antimetabolites (or other classicglotoxic agents), the information provided in gheceding
pages clearly indicates that small structural ckangan have profound effects on the biologicalvigtiof
nucleoside analogues and suggests that new agihtsseful activities can still be identified.

28
Pelagia Research Library



V. Chidambaranathan et al Der Pharmacia Sinica, 2015, 6(11):28-38

The main mechanism of action of these classic oxtotdrugs is inhibition of the increased rate di®synthesis
and replication, or to destroy DNA in tumor celytotoxic drugs can interact with cells via diffetanechanisms
and are divided into groups accordingly; alkylatingents (e.g. melphalan), antimetabolites (e.garapine,
fluorouracil), topoisomerase inhibitors (e.g. etside, doxorubicin) and microtubule interacting &agefe.g.
vincristine, paclitaxel) (Nygren 2001).In contrésthe traditional DNA-targeting cytotoxic agerttsese drugs were
designed to specifically act on their targets dretdby to be less toxic to normal cells. In druged@ment, it is
therefore important to find novel anticancer druggh both good clinical effects and low toxicitygent-Massiret
al. 2010; Valeriet al.2010). Currently more investigations are going dtihwhe xenobiotic in the hope of reducing
the toxicity [3]

So far researchers have designed nucleoside amatygotoxic drugs with deoxyribose or ribose moietyich was
connected to any one of the five nucleobase mobriy,we have chosen 1,3,5-Triazine. s-triazinevd¢iries are
considerable interest among the chemist becausteefanti-tumor activity[4-9]. In our earlier worke designed
and synthesized s-triazine nucleobase derivativeghware all found to anticancer activity with lowxicity
[10].First time we are synthesized a drug that edkily catabolized by the enzyme and minimizettixgity. In
this present work we have reported the anticancéviy, ADMET and docking studies of s-triazinylracil
derivatives.

MATERIALS AND METHODS

2.1. MTT assay
The compound was dissolved in different concemra{ilO to 250ug/ml) in 10% Dimethyl Sulfoxide (DMpB@
give a final concentration of DMSO not more thab%.and did not affect cell survival.

Cell viability test

The viability of cells was assessed by MTT assaggiMann, 1983) using HepG2 Liver cancer cell lifiée cancer
cells were plated separately in 96 well plates ebrcentration of 1 x fQells/well. After 24 h, cells were washed
twice with 100 pl of serum-free medium and starf@dan hour at 3. After starvation, cells were treated with
different concentrations of test compound (10-106\)gfor 24 h. At the end of the treatment period thediumm
was aspirated and serum free medium containing NOT3 mg/ml) was added and incubated for 4 h at 3A°€
CGO, incubator. The 50% inhibitory concentration vall@sg) of the test compound was identified for untreatel
line[11]

The MTT containing medium was then discarded amdctils were washed with PBS (200 pl). The crystedse
then dissolved by adding 100 pl of DMSO and thisswaixed properly by pipetting up and down.
Spectrophotometrical absorbance of the purple fidurmazan dye was measured in a microplate readgr@nm
(Biorad 680). Cytotoxicity was determined using @rgad prism5 software.

2.2. Computational Studies

Molecular docking experiment was carried out tadgtthe exact binding location of ligand on protditolecular
docking simulation was performed with the aid ofdé®o 9.3.5 version. Three dimensional (3D) stmectd all protein
was retrieved from the Protein Data Bank (PDB) gigtDB ID: 1ZXM, 1HVY (http://www.rcsb.org/pdb) andas
optimized by removing water molecules and heteoakithg was subsequently performed using the Flexdalcking
algorithm considering the default parameters. Atlups were deleted from receptor beyond the raofudA of
reference ligand and the resulting protein strectefined and minimized by protein preparation Wizasing OPLS-
2005 force field [12]. Receptor Grid Generationgseans were used to prepare all the protein Gridadidijands were
optimized by LigPrep program by using OPLS-200%ddield to generate lowest energy state of ligdi3sA binding
sphere covering all the active site residues wagrgéed using the Define and Edit Binding Site nedOf the total
poses identified, the compounds were synthesisedopatimized by Gaussion 09 package with DFT metfed
311G(d.p) as basis set. 2D structures of compowrds subjected to a computational program usingi@jkmodule of
Schrodinger software for thie silico determination of pharmacokinetic properties [14].

RESULTS AND DISCUSSION

A series of triazinyl derivatives with uracil nuglease by mono, di, and tri-substitution in cyangtitoride at the 2, 4
and/or 6positions was taken for antitumor evaluatithe compounds was synthesised using the prazeduper the

29
Pelagia Research Library



V. Chidambaranathan et al

Der Pharmacia Sinica, 2015, 6(11):28-38

literature and optimized by DFT method[10]. Thelfg@ompound structures are givefligure 1.We assumed that the
toxicity would be minimised by connecting s-triaziand uracil moieties and thus it has been proyethéin-vitro
studies. On the basis of two major factors regardencer drug candidate we designed these hylo@sdingly. 1.
The xenobiotic molecule should already presenhéndell 2. Enzymes pathway was taken in to accofioaincer
and normal cell. The Kgvalues of the probe compounds are listed inabke 1

1, 1’-(6-chloro-1,3,5-triazine-2,4-diyl)bis(pyrimidne-2,4(1H, 3H)-dione) (U2T)

1,1, 1"-(1,3,5-triazine-2,4,6-triyl)tris(pyrimidi ne-2,4(1H, 3H)-dione) (U3T)

Figure 1. Optimized structures of s-triazine uracilderivatives

Table 1.ICsovalues of the probe compounds obtained hip vitro method

Compounds| 16 Value of HepG2 cancer celig/ml) | ICsValueofNormalhepatocyteag/ml)
UlT 16 82
u2T 22 85
U3T 20 65

Doxorubicir 4 12

All the values obtained in 5

Pelagia Research Library

30



V. Chidambaranathan et al Der Pharmacia Sinica, 2015, 6(11):28-38

Table 1 showed the kKgvalues of the probe compounds. It revealed thatitle compounds are very much active
against the HepG2 cancer cell lines. Thg\@lues suggested that compound U1T, U2T exhibitédord, 5.3 fold
activity respectively while U3T has 4.5 fold wheampared to doxorubicin which has 3.2 fold activatyainst
cancer cell. It suggested that our hybrids exhibiiest activity with low toxicity compare to stamdl@oxorubicin.
The cytotoxic effect was cell type specific targgtipreferentially cancer cells. From thesd@alues one can
conclude that these drugs are not inhibiting anthefenzymes implied that their specificity is onmse other way.
Fluorescence images of treated cell lines showeditibility of cell in the presence of s-triazirydacil hybrids.

Control 12pgiml 25pg/ml |

50pg/ml 100ug/ml |

Control : D "12{g/ml 25png/ml

50ug/ml 100pg/ml

Figure 3.Fluorescence microscopic images of HepGarwer cells by MTT assay method in the presence cdmpound U1T
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Control 12pg/ml 25ug/ml

Figure 4.Fluorescence microscopic images of normhépatocytes by MTT assay method in the presence @dmpound U2T

50pg/ml 100ug/ml 230pgml

Figure 5.Fluorescence microscopic images of HepGarwer cells by MTT assay method in the presence cémpound U2T
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Control 12ps/ml 25ps/ml

Figure 6.Fluorescence microscopic images of normhaépatocytes by MTT assay method in the presence @dmpound U3T

Control

100p=ml

Figure 7.Fluorescence microscopic images of HepGarer cells by MTT assay method in the presence cémpound U3T

The cytotoxicity table clearly revealed that norrhepatocytes were less sensitive to our hybrids thenor cells
with dose dependent manner. At higher dosage %@l1M the cytotoxicity was 2 fold in tumor cell, tbat the
dosage of 50uM viability is more in normal cell wheompared to tumor cells. The fluorescence imageved less
damage area in normal cell when compared to tuelts in all the three hybrids.
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Table 2. Percentage viability of Normal cells andumor cells on compounds ULT, U2T and U3T

HepG2 liver cancer cells (%)  Normal Hepatocytes (%)
Concentrationg/ml) Compounds Compounds
uiT u2T U3T UlT u2T U3T
0 100 100 100 100 100 10Q

12 54 56 53 85 86 88

25 39 52 48 79 82 70
50 31 41 30 66 74 64
100 18 15 26 49 37 43
250 8 5 8 29 28 18

All the values obtained in 5

Enzymology

Enzymes played a vital role causing and curingedésease so considering the enzymes leads towdiseonovel
and active drugs. Enzymes involved drug catabofismeess and diminishes the toxicity of xenobioti@ecules in
living system. All the anticancer drugs directlyindirectly stop the replication of DNA usually hibiting one of
the enzymes involved in the replication processessuch enzymes are present in both normal celtander cell.
Normal cells are also killed by xenobiotic drugadang to adverse effect including death. Our motivéhe drug
would Kill the cell or catabolized by suitable enmy [15, 16]. In our hybrid molecule uracil moietya natural
nucleobase moiety which is well known to the celtriazine moiety also easily catabolized by theyeme[17],
when using our hybrid it is theoretically nontoxience it has been proved by in vitro method. But fogorids
mainly target DNA particularly in cancerous cell @ novel way. Doxorubicin and 5-flurouracil inhibt
topoisomerase, thymidylate synthase respectiveityubacil substituted triazinyl hybrids acted imavel way and
minimized toxicity, it suggested that predominaritiynay attack DNA, still 5-fluoro uracil mechanisis not yet
discovered our drug candidates mechanism alsoéteuprobed because it acted in a different way[18]

We assumed that disincorporation of hybrid U1T,UT3T into DNA is also possible due to the presente
nucleobase moiety but according to the noble laaieéheory of DNA repairing, the mismatch repaizgme could
not replace our hybrids due to the existence ofséfatrick hydrogen bond with complementary base &,
20],but further replication is not possible duete rigid stereochemistry of s-triazine moiety hesmit could not
form the phosphodiester back bone formation hepoptasis triggered, phosphorylate enzyme did nokdeith

our hybrids further supported our mechanism. Mueeeostudies should be done for understanding of its
mechanism. The sensitivity towards topoisomerasag #wymidylate synthase also studied through modéecul
docking.

Molecular Docking

Docking studies provide remarkable information émding sites of drugs, estimating the binding eres@f each
drug conformation with corresponding scores ancdttions. Docking studies were performed to know khreling
mechanism of our hybrid with enzymes. We have dandspoisomerase and thymidylate synthase for dgckin
studies whether these proteins have been inhillitedur hybrids like doxorubicin and 5-fluro ura¢#1,18].
Docking results are shown irable 3.

From the table low docking score indicated non dementarity of our hybrid with protein cavity, lesamber of
hydrogen bonding (2-4) indicated that these hybaigisnot inhibiting the activity of protein, in eef thymidylate
synthase no hydrogen bond is present between theiprand ligand suggested that this enzyme ismvotved in
enzymology mechanism, so it may directly attack DNfAthe hybrid molecules inhibit DNA and its assded
enzyme such as DNA helicase, single stand bindiogeims, primase, DNA polymerase | & Ill, DNA ligas
gyrase, topoisomerase and cytochrome P450 bototimeal and tumor cells will damage or otherwiswilt inhibit
the thymidylate synthase that also will cause dathage in both cases. In the case of our hybrigcntes, they are
allowed by their anabolic enzyme to DNA for reptioa while the natural nucleoside is deficit; othieye the
hybrid molecule may go to DNA for replication whémeir catabolic enzyme activity is very low. Frommet
experimental and docking studies it is the indidgdence that all the hybrids causing cell damagettacking
DNA molecule which leads to apoptosis. This is plssible way to distinguish tumor cells from norroells. Two
dimensional docking images illustrated the varimtisractions involved between ligand and protein.
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Table 3. Docking results of the probe compounds

Topoisomerase (1ZXM)
Compounds Docking Score Binding energy Glide evdw Glide | Hydrogen bond Inter{:lctmg
kcal/mol ecoul energy residues
Ser 148
- - - - g -
ulT 6.62 41.13 38.28 2.85 1.95 Asn 150
Ser 148
Asn 150
u2T -6.85 -46.52 -42.58 -3.94 -2.74 Gly166
Tyr 165
u3T -8.8¢€ -47.2¢ -31.7¢ -15.4¢ -1.0%
Thymidylate Synthase (1HV
ulT -5.13 -37.91 -31.98 -5.94 -1.26
u2T -7.76 -55.16 -48.72 -6.44 -1.24
u3T -5.82 -35.95 -30.64 -5.3( -1.52
Evdw-van der waals energy, ecoul-coulomb energy
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Figure 8. 2D docked diagrams shows the protein-ligel interaction of a-topoisomerase (1ZXM) with (a) U1T (b) U2T (c) U3T
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Figure 9. 2D docked diagrams shows the protein-ligal interaction of with Thymidylate synthase (1HVY)(a) ULT (b) U2T (c) U3T

ADME Properties

Lipinski rule of five of all compounds indicatedathU1T and U2T compounds obey the rule of five ing they
are having drug-like properties. ADMET (Absorptidistribution, Metabolism, Excretion and Toxicitgjoperties
were predicted using silico methods to know whether the hybrids have potemtizhdverse effect in human.
Among the three hybrids single and di substitutechpounds are good consistent wittisilico pharmacokinetics
properties, tri substituted compound (U3T) has mdeeiations from the Lipinski rule and pharmacokicse
properties suggested that it can be used intrawnduut not orally [22-24].The pharmacokinetic pedjes are

listed in table 4
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Table 4. Pharmacokinetic properties of probe componds

Factors of Lipinski’s rule of five Pharmacokinetic properties
Percent Human
Compounds Molecular | Donor | Accpt QPlogPo/wW | Rule Oral QPlogS | QPlogHERG® | QPlogBE?
Weight | HB | HB (<5 | ofFive | APSorption | g 5i505)| (below-5) | (-3t01.2)
(<500) (<5) | (<10) (> 80 high, : ' :
< 25 poor)

UlT 260.039 1 6.5 0.431 0 71.213 -2.68 -3.986 8.58
u2T 335.66t 2 1C -0.76% 1 31.50¢ -3.14¢ -4.73¢ -1.95¢
U3T 411.293 3 135 -2.047 1 4.014 -3.398 -5.307 428.

3partition Coefficient between octanol and watBPredicted aqueous solubility; S in mol/L,
“Predicted 1G value forblockage of HERG K+ channélBredicted blood brain barrier permeability

CONCLUSION

The present study demonstrated the anti-canceritgatif uracil substituted s-triazine hybrids agaitlepG2cancer
cell lines and normal hepatocellular lines. All thew hybrid molecules selectively target cancelsaatd reduced
toxicity. The fluorescence image and the viabil#tudy illustrated the persistence of normal cetishigher

concentration when compared to cancer cells. Dgckindies revealed that our hybrids may be cataélby their

enzymes, unlike doxorubicin and 5-fluro uracil maagism our hybrids acted in a novel way which wal forther

probed. For the first time it has been shown thatdatabolic enzymes missing in cancer cells magxpéoited for

highly selective toxicity. ADMET screening has betame for future analysis and drug developmentureustudies
are needed to rectify the errors for all the ott@mpounds and finally screen for their in-vitroiargncer effect.
This study could be utilized for the designing tiéetive drug for the treatment of cancer.
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