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ABSTRACT

A series of cytosine substituted s-triazinyl derives (C1T, C2T &C3T) were synthesized. Pharmaetiin
parameters such as absorption, distribution, melisbg excretion of these hybrids were determinednbsilico
method. Docking studies have been performed witih tatabolic enzyme. The viability of HepG2 ligancer cells
and normal hepatocyte in the presence of theseidg/bwere assessed by MTT assay. Thg W@lues of these
compounds showed less viability exhibited in tuosbls compare to normal cells. The hybrid molecdistinguish
between cancer cell from normal cell and reducimg toxicity.

Keywords: s-triazine nucleoside analogue, Pharmacokinetipgites, HepG2 cell lines, docking studies, anti-
cancer drugs.

INTRODUCTION

Cancer is one of the most widespread and fearedshks in the Western world today - feared largebabse it is
known to be difficult to cure. The main reason fbrs difficulty is that cancer results from the ontrolled
multiplication of subtly modified normal human lOne of the main methods of modern cancer tredtimalrug
therapy (chemotherapy). The majority of drugs ufedhe treatment of cancer today are cytotoxidl-{a#ing)
drugs that work by interfering in some way with theration of the cell's DNA.A major challengeasdesign new
drugs that will be more selective for cancer celly] thus have lesser side effects.

Cytotoxic drugs work by interfering with DNA repéition because cancer cells are rapidly synthesizead DNA.

No qualitative differences has been discoverechsbétween the DNA and associated enzymes of caetdsrand
normal cells. Currently more investigations arengobn with the chemicals of natural origin in thaph of reducing
the toxicity [1]

1,3,5-Triazine possessing threefold symmetry allovessatile modifications uncomplicated by regiocheh
concerns to provide useful biologically active campds.[2-4]This strategy was an important develagnredrug
discovery in the context of rapid identificationdanptimization of biological active lead compourfgH.,3,5-
triazines and its derivatives are of considerabterest among the chemist because of their anttwaativity. [6-
10] In our earlier work we designed and synthesigedazine nucleobase derivatives which are alinfb to
anticancer activity with low toxicity [11]. Severalyrimidine derivatives have been reported forptgent anti-
cancer activity [12-17]. So far researchers deglgaexenobiotic molecule that has been inhibiting firotein
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activity, first time we are synthesized a drug thdk easily be catabolized by the enzyme and minénthe toxicity.
In this present work we have reported the anticaactvity, pharmacokinetic properties and dockstgdies of s-
triazinecytosine derivatives.

EXPERIMENTAL SECTION

2.1. MTT assay
The compound was dissolved in different concertrafilO to 250g/ml) in 10% Dimethyl Sulfoxide (DMSO) to
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) usingepG2 Liver cancer cell lines. The 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 3C. 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 NOI3 mg/ml) was added and incubated for 4 h at 3i°&€
CGO, incubator. The 50% inhibitory concentration vall@sg) of the test compound was identified for untreateld
line[18]

The MTT containing medium was then discarded amdctils were washed with PBS (200 ul). The crystedse
then dissolved by adding 100 pl of DMSO and thisswaixed properly by pipetting up and down.
Spectrophotometrical absorbance of the purple fdueazan dye was measured in a microplate readg@r@inm
(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 ofdgi®o 9.3.5 version. Three dimensional (3D) stnectd all protein
was retrieved from the Protein Data Bank (PDB) gisibB ID:1MQO, 1HVY (http:/Mww.rcsb.org/pdb) andaws
optimized by removing water molecules and heteoakithg was subsequently performed using the Flexdacking
algorithm considering the default parameters. Aups were deleted from receptor beyond the radfudA of

reference ligand and the resulting protein strect@fined and minimized by protein preparation WigEQJusing

OPLS-2005 force field. Receptor Grid Generationgpms were used to prepare all the protein Gridainigands
were optimized by LigPrep[20]program by using OFAB5 force field to generate lowest energy statiggahds. A
binding sphere covering all the active site ressduas generated using the Define and Edit BinditegrSodule, of the
total poses identified, the compounds were syrghdsand optimized by Gaussion 09 package with DEthod 6-
311G(d.p) as basis set. Pharmacokinetic propevtes determined using Qikprop[21] module of Schigdr software.

RESULTS AND DISCUSSION

A series of triazinyl derivatives with cytosine teabase by mono, di, and tri-substitution in cyanahloride at the 2, 4
and 6positions was taken for antitumor evaluatiile compounds was synthesised using the proceduperathe
literature [11] and optimized by DFT method. Thel@ compound structures are giverfigure 1.The selection of
nucleobase moiety is playing an important role beedt was present in the DNA. So we assumed ligataxicity
would be minimised and thus it has been proveihwtro studies. The I§gvalues of the probe compounds are listed in
thetable 1
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4-amino-1-(4,6-dichloro-1,3,5-triazine-2-yl)pyriniie-2(1H)-one(C1T)

-

1, 1’,1"-(1,3,5-triazine-2,4,6-triyl)tris(4-aminopynidine-2(1H-ongC3T)

Figure 1. Optimized structures of s-triazinecytosine derivatives

Table 1.IC5 values of the title compounds

Compounds| Ig Value of HepG2 cancer celig/ml) | 1CsValue of Normal hepatocytegd/ml)
8

CiT 40

C2T 18 83

C3T 10 85
Doxorubicin 4 12

All the values obtained in 5

Table 1 shows the kg values of the probe compounds. It revealed thatitle compounds are very much active
against the HepG2 cancer cell lines. When comparingancer cell in normal cell doxorubicin has 3dfo
cytotoxicity while C1T exhibits 2 fold cytotoxicifyC2T and C3T having 6 fold, 8 fold cytotoxicityspectively. It
revealed that our hybrids act as better anti-cadoggs. From the £ values one can conclude that these drugs are
not inhibiting the enzymes which are responsibleddA replication implied that their specificity is some other
way. All the drugs may interact with the DNA replion associated enzymes or by their corresponcttagbolic
enzyme cytidinedeaminaseor inhibit thymidylate Bgase or it may directly go to the DNA and interadh it. In

our drug nucleobase moiety is available so it maygdtabolized by its corresponding enzyme due &dahility of
natural nucleotide already present in the cell rigplication or the enzyme may allow our candidategd for
replication due to imbalance of natural nucleofifereplication.
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Among the three title compounds only C1T havinghhi€s, values suggested that those drugs might have
catabolized by their corresponding enzyme and ésdreso high concentration is needed to attack DNA.
Compounds which are having lessegj@alues may attack the DNA which leads to apoptoshile compound
C3T has low IGyvalue (1Qug/ml)The mechanism can be explained by another &hydrug molecules having
nucleobase moiety (nucleobase mimetic) so theabwdic enzyme may allow these drugs for replicatiesause it
needs nucleotides that leads to obtained loyy V@lues or some of them go to inhibit some othetgin which is
also leads to apoptosis. C3T was not docked witidiogdeaminase suggests that there is some otbelnanism
also possible which will be investigated in futuFairther the cytotoxicity can be explored by théofeing cell
viability obtained from the normal cell lines whighshowed in th@able 2.

Table 2. Percentage viability of Normal cells andumor cells on compounds C1T, C2T and C3T

HepG2 cancer cells (%) Normal hepatocytes (%)
Concentrationy(g/ml) Compounds Compounds
C1T | C2T | C3T | CiT | C2T | C3T
0 10C 10C 10C 10C 10C 10C
12 80 47 47 87 88 8¢
25 57 46 43 81 84 82
50 45 43 37 83 78 74
100 21 20 29 40 43 63
250 6 10 12 11 19 49

All the values obtained in 5

The viability table clearly revealed that our hysritarget only cancer cells and thus minimized tthdcity
suggested that they acted against cell prolifenatit lower concentration (40-50uM) the normal sedre more
viable when compared to tumor cell. The toxicity &ee explained by enzymology aspects.

3.1. Enzymology

Researchers have been reported that in the carsceetitsome important enzymes are less or morgeaf2R-25].
We have designed a drug in a novel way that wdaaaget a missing enzyme so that we have achievadrim
toxicity which was proved by MTT assay. Cytidineddéaase is the catabolic enzyme of cytidine nuctksti
Thymidylate synthase is an important enzyme fouratpyrimidine nucleotide balance in the cell. @msidering
the TS activity is very essential for anti-cancetivdty of our drug candidate. Under expressionT& lead to
thymine less death [26-27]. This may be the redsodistinguish the normal cell from cancer celtlaninimize the
toxicity. It can be explained in docking studiegnarly the other enzyme activity also assessedthieyresearchers
and found variations among them between the canserell and normal cell, as a chemist we have densd this
enzymology aspect and designed the xenobiotic ratdethat minimized toxicity. Further studies may daaried
out and developed by biochemist, biotechnologisarmacologist, and physicians.

Table 3. Docking results of the probe compounds

Cytidinedeaminase (1MQO)
Compounds - :
P Docking Score| Binding energy kcal/mol Glide | Glide Hydrogen Interacting residue:
evdw | ecoul | bond energy
Glu 67
CiT -3.29 -29.77 -2490 -4.88 -0.91 Ser 97
Glu 67
caT -4.37 -38.28 -30.79  -7.45 -1.46 Ser 97
Tyr 60
C3T No Dock - - - - -
Thymidylate Synthase (1HVY)
C1T -4.68 -44.67 -37.85 -6.83 -0.7 -
c2T -7.11 -56.42 -48.89 -7.54 -1.20 -
C3T -4.83 -45.19 -27.93 | -17.26 -2.89 Leu 221

3.2. Molecular Docking

Evdw-van der waals energy, ecoul-coulomb energy

In silico docking studies are the powerful tool fiesigning a drug candidate molecule. So far chisrhigve been
designing drug molecules that target the proteimiidbit its action by strongly binds with proteifihe same idea
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has been employed in the case of anti-cancer dlugsthe main problem in the cancer drug designoktic

molecule will also kill the normal cell and causisige effects. Our motive is the drug would beekilthe cell or be
catabolized by suitable enzyme. We have chosedingtieaminase and thymidylate synthase for dockindies
which are maintaining the nucleoside balance inc#le Docking studies were performed with nucldestatabolic
enzymes and the parameters are showirabie 3.

From the table low dock scores indicated that thsgeids are not inhibiting any protein, so it mdiyectly attack
DNA. If the hybrid molecules inhibit DNA and its sciated enzyme such as DNA helicase, single dtarding
proteins, primase, DNA polymerase | & Ill, DNA lig, gyrase and topoisomerase both the normal amat tcells
will damage or otherwise it will inhibit the cytigtdeaminase and thymidylate synthase that alsocadé cell
damage in both cases. In the case of our hybhéy,are allowed by their catabolic enzyme to DNArplication
while the natural nucleoside is deficit; otherwibe hybrid molecule may go to DNA for replicatiorhen the
enzyme activity is very low. While the enzyme aityivs inhibited there also both cells will be affed that causes
toxicity. Due to their bulky size of the C3T moléeudocking will not be taken place so chance iserio go DNA
(IC50-10uM). Fig 2 showed 3D diagram of protein-ligand imtetion showed both in the C1T, C2T hybrids amino
acid residue is interacting with amino group onty it will be deaminased by the enzyme and go to ribet
metabolite stage, very low docking score of C1TT @8licated that this may be catabolized by thayee in the
case of normal cells, but it will active in tumaglls because of their low enzyme activity. In dase of TS no H-
bond is found between any of the drug and the pratieowed that this protein is not involved in #grezymology
mechanism. From the experimental and docking ssuiies the indirect evidence that all the hybridletules
causing cell damage by attacking DNA molecule whedds to apoptosis. This is the possible way s$tirdjuish
tumor cells from normal cells. Two dimensional ireagf docking diagram showed the amino acid resicunel
hydrogen bonding and other interactions.

PRO /98 ILE 96

RG 103 ‘\\EER 97

“_""

Figure 2.3D docked diagram illustrates the proteinligand interaction of Cytidinedeaminase (1MQO0) with(a) C1T (b) C2T

3.3. Pharmacokinetic Properties

Lipinski rule of 5filters help in early preclinicalevelopment and could avoid costlylate-stage pieal and
clinical failures.C1T abide the Lipinski’s rule fi¥e while C2T has one violation and C3T has 2 afiains. Among
the three hybrids two have possess drug like ptigselLipinski factors are listed in Table 4.

Table 4.Lipinski's properties of probe compounds

Factors of Lipinski’s rule of five
Compounds Molecular Weight| Donor HB | Acceptor HB | QPlogPo/né )
(<500 (<5) (< 10 (<5) Rule of Five
Ci1T 259.05¢ 2 7 0.26¢ 0
C2T 333.696 4 11 -1.121 1
C3T 408.338 6 15 -2.577 2
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Figure 3.3D docked diagram illustrates the proteinligand interaction of thymidylate synthase (1HVY) vith (a) C1T (b) C2T (c) C3T

The drug-like prediction results by Qikprop areuiabed in table 5. Table showed C1T exhibited aiad#p values
of human oral absorption, solubility and blood braiarrier penetration except HERGKhannels. So it can be
taken orally. Di substituted compounds have moéevatues while tri substituted compounds not gatstactory
results. From the values it can be assumed tha¢ tbempounds are taken intravenously or appliezteadly on the

surface against cancer.
Table 5 Pharmacokinetic properties of probe compouds

Compounds
C1T C2T C3T

Nesgs | 27.016] 0

Pharmacokinetic properties

Percent Human Oral Absorptio
(> 80 high, < 25 poo

QPlogS (—6.51t0 0.5) -281] -3.31] -3578
QPlogHERG (below —5) -416| -5133 -5.95p
QPlogBE' (310 1.2) 0749 -2.347 -4.108

#Partition Coefficient between octanol and water,
PPredicted aqueous solubility; S in mol/L,
‘Predicted |G value for blockage of HERG K+ channels,
dPredicted blood brain barrier permeability

CONCLUSION

In summary we have evaluated the anti-cancer &ctofi cytosine substituteds-triazine- hybrids aghiRlepG2
cancer cell lines and normal hepatocellular limdsthe new hybrid molecules selectively target oancells and
reduced toxicity except. From the cytotoxic stutlyvas found that viability of tumor cells decreaseda dose
dependent manner while the normal cells viabilgsnains unchanged up to¥ml. Why and how the molecules
are cytotoxic to cancer cells as well as non-taxicnormal cells were explained from docking studasd
enzymology aspects. Docking studies indicated ttethybrids may be degraded by catabolic enzymies.above
study suggested that all the hybrid molecules mgack DNA causing apoptosis. For the first timenés been
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shown that catabolic enzymes missing in cancerscetlay be exploited for highly selective toxicity.
Pharmacokinetics screening has been done for fathalysis and drug development. It can be utilage guide for
future studies for designing and screening potetitcancer drug development.
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