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treatment. By elucidating the distinctive aspects of our study’s outcomes, we address the
concern of distinguishing our findings from those of prior research.

1. Introduction

Cancelis amultifaceteddiseas¢hat is characterizedby the uncontrollablegrowthand subse-
guentdisseminatiorof abnormalcellsthroughoutthe body.Giventhatit is consistentlyranked
amongtheleadingcausesf deathacrosshe globe,it presenta significantchallengeo thefield
of medicine[1]. Traditionaltreatmentdor cancersuchaschemotherapyndradiationtherapy,
arenot only ineffectivebut alsocomewith ahostof unpleasansideeffectd2]. Asadirectcon-
sequencef this, thereis agrowinginterestin the developmenbf innovativeand efficientcan-
certreatmentsTargetingspecificproteinsthatareinvolvedin the canceipathwayis one
strategythat canbeusedin the proces®of creatingnewanticancemedicationgd3]. Cancetis
the secondeadingcauseof deatharoundtheworld, andwhile dysfunctionaDNA cancontrib-
uteto its developmentit is not the solecauseOtherfactorssuchasgeneticsenvironmental
exposuresglteredcellularpathwaysproteinsandtranscriptionfactors havebeenassociated
with the progressiondifferentiationand developmenbf differentkinds of cancei4]. It is
believedhat certainmedicinescankill cancercellsor causehemto shrink [5]. It iswidely
believedhatinhibiting the ability of cancercellsto replicatetheir DNA would bethe most
effectivareatment[6]. In contrastmedicineghatbind DNA reversiblyposea muchlowerrisk
to healthycellsandarethereforepreferabldor therapeutiause[7]. Thisemphasizethe sus-
tainedimportanceof researclinto chemicakcompoundghat canform reversiblebondswith
DNA andpreventcancemwithout harmingnormal cells.Theincorporationof non-covalent
interactionssuchaselectrostatiénteractions groovebinding, andintercalationinto in vitro
studiesevaluatinghe anticancepotentialof drug-like moleculesn termsof binding modes
andpropertieq8] is of considerabldenefit. Caspases, p53,and NF-kB arepotentialtherapeu-
tic targetdor varioustypesof cancersincluding breastcancerJung cancerjeukemiaJym-
phoma,coloncancerpvariancancer prostatecancerandhematologianalignanciesike
leukemialymphoma,andmultiple myeloma[9+14].Caspas8isinvolvedin the programmed
celldeathor apoptosisDysfunctionalcaspas® hasbeenassociatewith the developmenbf
cancerjncluding breastcancer)ung cancerjeukemiaandlymphoma[10]. P53is atumor sup-
pressomproteinthatregulateshe cellcycleand preventshe growth of cancercells Mutatedor
dysfunctionap53hasbeenlinked to varioustypesof cancerjncluding breastcancer)ung can-
cer,coloncancerandovariancancel{11,12,15]. Thenuclearfactor-kappaB (NF-«B) pathway
isinvolvedin theregulationof immuneresponsandinflammation,cellsurvival,and apoptosis
[13]. DysregulatedNF-xB signalinghasbeenassociatewith the developmentaind progression
of varioustypesof cancerjncluding breastcancerprostatecancerandhematologianalignan-
ciessuchasleukemialymphoma,and multiple myeloma[14]. Thereforetheseproteinsare
beingconsiderechsemergentargetdor the designingof anticanceragents.
Heterocycliccompoundsareoneof the manychemicaklassethat playanimportantrole
in medicinalchemistryandthe rationaldesignof newdrugs[16, 17]. It hasheendemonstrated
thatnumerousheterocyclicompoundsarecapableof exhibitingadiversearrayof anticancer
activities[18,19],including theinhibition of DNA replication,theinduction of apoptosisand
thedisruption of cellsignalingpathwaysCompoundsbasedn pyrimidine andpyrazolefor
instance havebeendemonstratedo exhibit potentanticanceiactivitiesthroughavarietyof
mechanism$20]. Thesemechanisméncludetheinhibition of cellproliferation,theinduction
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of apoptosisandthe disruption of cellsignalingpathwaysFor instancejt hasbeendemon-
stratedthat 1,3,5-trisubstitutegbyrazolederivativeshaveantiproliferativeactivity againsea
varietyof cancercelllines[21]. In addition, it hasbeendemonstratedhat compoundsased
on pyrazolenhibit theinvolvedin the proces®f repairingDNA and possesseahti prolifer-
ativeactivities[22]. Basedn findings,the currentstudyhasemployedwo heterocycliccom-
poundsfor investigationaspotentialanticancercandidateCompoundAO1lis aderivativeof
doxorubicinwhichis awell-knownandwidely usedchemotherapylrug for the treatmentof
varioustypesof cancer Doxorubicinworksby interfering with the DNA in cancercells pre-
ventingthemfrom reproducingand causinghemto die. The derivativementionedin the
guestionis amodified form of doxorubicin,which hasbeendesignedo enhancats effective-
nessandreduceits toxicity. Studieshaveshownthat the modified compoundhasimproved
antitumor activity comparedo doxorubicin,while alsobeinglesgoxic to healthycells.This
makesdt apromisingcandidatefor further investigationasa potentialchemotherapyrug for
thetreatmentof cancerFurthermore the compoundhasbeenshownto beeffectiveagainsta
widerangeof canceitypes,ncluding breasttancer)ung cancerandleukemig23]. Further-
more,compoundA02is apyrimidine analogthat hasbeenshownto haveanti-tumor activity
in varioustypesof cancerlt is afluorinatedanalogof uracil andinhibits the synthesi®f thy-
midylate,whichis necessarfor DNA replicationin cancercells.Thisleadgo theinhibition of
cancercellproliferationandultimatelyresultsin celldeath[24]. Thesdindingsprovideratio-
nalefor selectingheseheterocyclicompoundgA01 and A02) for the developmenbf
advancednedicineghat arehighly effectivein treatmentagainstcancerdisease.

In addition, differentfindingshassuggestethat caspas8, p53,andNF-kB areproteins
that showpotentialastherapeutidargetsn the developmenbdf newanticancerdrugsagainst
breasttancer)ung cancer)eukemiaJymphoma,coloncancerpvariancancerprostatecan-
cer,andhematologianalignanciedike leukemialymphoma,and multiple myeloma[9, 15+
18,25,26]. Thecontinuationof researctanddevelopmengffortsin theseareasoldsagreat
dealof promisefor enhancingcancertreatmentandthe outcomedor cancerpatients Few
previouslyreportedpyrazoleand pyrimidine analoguegxhibitinganticancempotentialare
illustratedin the Fig 1 [27£30].

Thecurrentstudyhasexaminedhe potentialanticanceactivity of two derivatives(com-
poundA01)and(compoundA02),usingacombinationof in vitro assays;omputational
methodsandmolecularsimulations Bothcompoundswvereevaluatedor theirimpacton can-
cercelllinesand DNA binding capacityutilizing HearingspermDNA. DFT calculationavere
performedto assesslectronicstructureand compoundstability,while moleculardocking
studiesvereemployedo investigatehe binding affinity of the compoundswith caspase-3,
p53,andkappaprotein. Furthermore MD simulationswasconductedo analyzehe stability
of the protein-ligandcomplexesTheresultsof this studyhavethe potentialto inform the
developmenof future anticancetherapieswith both (compoundA01) and (compoundA02)
showingpromiseaspotenttherapeuticagents.

2. Experimental
2.1. Cell viability assay

In this study,the assessmemif the anticanceipotentialof two compounds AOland A02,was
conductedagainshumanbreastcancercelllinesfrom ATTC (MDA-MB231:HTB-26™and
MCF-7 cellline: HTB-22™)andahumancervicalcancercellline (HeLa:CRM-CCL-2™).The
cellviability assayvasperformedasdescribedreviously32]. Thedetaileddescriptionis
givenin S1File.
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Fig 1. Already reported Pyrazole derivatives alongside compound A01 and A02 [28, 30, 31].
https://da.org/10.1371durnal.pon®292455.g0D

2.2. Lactate dehydrogenase cytotoxicity assay

Lactatedehydrogenastor the cytotoxicitypotentialof A01 and A02 againstHelLa,MDA-MB-
231land MCF-7 cellswasdetermineatits respectivés s and 2x Glsg valuesThe selectiorof
HelLa,MDA-MB-231,and MCF-7 celllinesfor anticanceistudiess basedn their aggressive
andinvasivenature,resistancéo somechemotherapeutiagentsandtheir widespreadisein
canceresearchln addition, The primary objectiveof this studywasto explorepromising
leadsfor combattingspecifictypesof cancerparticularlybreastand cervicalcancersExtensive
researcthasestablishedCF-7and MDA-MB-231 asbreastcancercelllines,whiletheHelLa
cellline isassociatewvith cervicalmetastasisThesecelllinesarevaluableoolsfor investigat-
ing cancemetastasiandfor developinghewcancertreatmentsThe previouslyreported
methodwasused[33] andasper protocolmentionedin LDH AssayKit (Cytotoxicity;
ab65393)Theabsorbancavascarriedout at CLARIOstarPlusmicroplatereader(BMG Lab-
tech,Germany).Thedetaileddescriptionis givenin S1File.
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2.3. Apoptosis assessment by caspase 3 activity

Themethodusedfor treatmentwasin accordancavith literature[34] andthe Caspase-3
AssayKit protocol (Fluorometric:ab39383)Theadherentcellswerecollectedcentrifuged,
andlysedon icefor 10minutesusing50uL of lysisbuffer. Thelysatewasthenincubatedwith
DEVD-AFC substratdor caspase-3ollowedby the addition of reactionbufferat 37EGor 3
hours.Theamountof fluorescentleavag@roductwasmeasuredisingthe CLARIOstarPlus
microplatereader(BMG LabtechGermany).The experimentsvereconductedn triplicate.
More detailedinformation canbefoundin the S1File.

2.4. Spectrophotometric DNA binding analysis

UV-visible spectrophotometyr wasutilized atroom temperaturgo examinethe interactionof
(compoundA01)and (compoundA02) with DNA whenbound.Initially, both compounds
werepreparedn 10%DMSO.A stocksolutionwasmadeby dissolvings mg of lyophilized
Herring spermDNA (SigmaAldrich, USA)in 10mL of distilledwater.To testthe DNA's
purity, wecalculatedheratio of absorbancat260and 280nm, obtainingvaluesangingfrom
1.6to 1.9.Variousconcentration®©f HS-DNA (40 uM, 80pM, 120uM, 160uM, 200uM, and
240uM) wereemployedn the experimentMore detailedinformation is availablén the meth-
odologysection[35, 36]in boththe absencand presenc®f the compoundsThe UV absorp-
tion spectravasrecordedusinga CLARIOstarPlusmicroplatereader(BMG Labtech,
Germany)aftera30-minuteincubationin the dark atroom temperature.

2.5. Computational investigations

2.5.1 Density functional theory calculations. Thecurrentstudyhaveutilized the Gauss-
ian 09W program[37, 38]to assesthe structuralstabilityand precisionof the compoundA01
and A02 throughthe optimizationof their structuralgeometrieandfrequencycalculations.
Theelectrondensity frontier molecularorbitals,andboth localandglobalreactivitydescrip-
torsfor the compoundswverecomputedto acquireamorein-depth understandingof their
electrondensity[39]. Quantifyingthe electrondensityof the compoundsallowedfor determi-
nation of their reactivityprofiles,revealinga high ionization potentialand chemicaldaptabil-
ity. Densityfunctionaltheory(DFT) wasimplementedo calculatehe electrondensityusing
the 6-31G*basissetandthe B3LY Pfunctional correlation,asdetailedin the methodssection
[40]. This basissetis ahybrid of the 6-31Gand 3-21Gsetsjncorporatingdiffusefunctions
necessarfor modelingelectrondensitynearthe peripheryof moleculesvhile maintaininga
balancebetweeraccuracyand computingefficiency{41]. To accuratelyand effectivelycharac-
terizethe electricalpropertiesof moleculesthe selectedbasissetconsistf primitive and
Gaussiarorbitals.GaussVievD6[42] log fileswereanalyzedo generateanumberof analytical
metrics,which werethenusedto evaluateahe electronicpropertiesof the compounds.

2.5.2. Molecular docking studies. To analyzehenon-covaleninteractionsbetween
(A01)and(A02) and numerousanti-cancemproteinsand nucleicacids proteinsof interest
wereretrievedfrom the ProteinDataBank(PDBIDs 3DEI, 1NFI,3DCY,and 127D;www.
rcsb.com)MacromoleculesverethendehydratedisingMGL techniqueswith heteroatoms
beingreplaceddy polarhydrogenatomsand Gasteigechargesntroducedto preparefor
moleculardocking[43]. Theaccuratebinding patternof aligandis relianton the protonation
stateof the enzyme'sactivesite.In orderto ensureapreciseeflectionof the proteins, MGL
correctiontoolswereemployedo remedyanyincorrectlyabsentesiduesProperpreparation
wasthenconductedo facilitateinteractionof eachprotein. Thedockingdatabasevascon-
structed with optimizationof theligandvia densityfunctionaltheorycalculationseingdone
to enabledockingpreparationgor both moleculesThe compoundswveresavedisingthe

PLOS ONE | https://doi.org/10.1371/journal.pone.0292455 December 21, 2023 5/28


http://www.rcsb.com/
http://www.rcsb.com/
https://doi.org/10.1371/journal.pone.0292455

PLOS ONE

Anticancer potential of Tetracene and Pyrimidine derivatives

pdbgtformat. AutoDock Vina wasutilized to perform moleculardockingafterthe proteinand
liganddatabasewereproperlyprepared44,45]. Followingmoleculardocking,the proposed
binding sitesof all proteinswereselectedbasedn functionalsignificanceand previously
reportedliterature[46]. The coordinatedor caspase-&ere(-46.790,15.0200,21.901)for
NF-kBtheywere(-10.24948.903and 6.706) andfor p53,the coordinatesvere(30.483,
32.903and-2.903Regardinghe DNA moleculeweincludedthe entire molecularstructure
within thedesignatedjrid boxfor the purposeof moleculardocking.To ensurethat only accu-
ratedockingpredictionswereprovided,the numberof modeswasrestrictedto 100.Following
dockingevaluationsthe optimal conformationswereinvestigatedisingQM/MM.

Thevalidity checkis essentialor establishinghe reliability of the moleculardockingtech-
nigue.To validatethe dockingmethod,the co-crystallizedigand (areferencenhibitor) was
redockedat nativesite.A dockingwasdeterminedto bevalid if theroot-mean-squarelevia-
tion (RMSD)betweerthe nativeandregenerategosturewaslesghan 2 angstromsThevalid-
ity checkis essentialor establishinghe reliability of the mooring technique To validatethe
dockingmethod,the co-crystallizedigand (areferencenhibitor) wasredockedThe RMSD
betweerthe original andregenerateghosturemustbelesshan 2 angstromsn orderto vali-
datethe mooringtechniquel47]. Theredockedposeof co-crystaligandis providedin S1 File
(S1 Fig).

2.5.3. Molecular dynamics simulations. Theprotein-ligandcomplexgeneratedy
moleculardockingwassubjectedo moleculardynamicssimulationsbasedn Desmond48].
TheTIP3Psolventmodelwasutilized to simulateeachcomplexfor 50ns[49]. To accomplish
neutralizationof the systemf.15Msodiumchloride (NaCl) ionswereadded.The simulation
utilized the OPLS3optimal potentialfor liquid simulation3) [50] forcefield which accounted
for the mobility of the atomswithin regularlyspacedoundariesin orderto preventatomic
collisions,apreliminary energyreductiontechniqueconsistingof 2000stepsvasput into
action.At atemperatureof 300kelvinandapressureof 1.01bar,the systemwasbroughtto
equilibrium within of anisothermalandisobaric(NPT) ensemblg51]. A cutoff distanceof 10
angstromsvasusedfor the studyof short-rangevander Waalsinteractions For the purposes
of simulation,we madeuseof the Nose-Hoovethermostatin conjunctionwith the Martyna-
Tobias-Kleinbarostaf52]. Integratingthe equationsof motion with atime stepof 2 fsateach
step.Themanufacturingcyclelastedfor fifty nanosecondssndthe simulatedtrajectoriesvere
storedin intervalsthatwerefifty picosecond#ong. Theelectrostatignteractionswereana-
lyzedin greatdepthby makinguseof the ParticleMeshEwaldapproach53]. Analyse®f the
simulatedtrajectoriesof protein-ligandcomplexesverecarriedout by employingthe Des-
mond simulationinteractiondiagramapproach.

2.5.4 ADMET prediction. ADME predictionplaysapivotalrolein therealmof drug
designresearctby facilitatingthe enhancemenof both the effectivenesand safetyprofilesof
novelcompoundsAmongthe arrayof toolsavailabldor predictingADME properties Swiss
ADME standsout asawidelyembracedhoice[54]. In the presenistudy,the assessmeiaf
ADME characteristicor both compoundsAO1and A02,wasundertakenthroughthe utiliza-
tion of the SwissADME online platform. Theworkflow commencedvith the formulation of
input files,encompassinthe generatiorof SMILESrepresentationfor eachcompound.Sub-
sequentlythe SwissADME tool wasemployedo analyzeheinput files,therebyyieldinga
comprehensiveatasetTheensuingphaseencompassedmeticulousanalysiof the generated
outcomesenablingthe derivationof meaningfulinsightsinto the ADME propertiesinherent
to thecompoundsunderinvestigation This systematiprocessulminatedin the formulation
of well-foundedconclusionsoncerningthe ADME behaviorof the aforementioned
compounds.
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3. Result and discussions
3.1. Biological evaluation

3.1.1. In vitro cytotoxic activity. In thecurrentstudy,anin vitro assayvasutilized for
evaluationof both compoundsA01and A02 againsthreecancercelllines(HeLa,MCF-7,and
MDA-MB-231),with acolorimetricMTT assayeingperformed[32,55]. Thereferenceeom-
poundfor this cytotoxicevaluatiorwascisplatin.Tablel containstheresults.The Glsographs
havebeenprovidedin the S1 File (S2 Fig).

3.1.2. Lactate dehydrogenase cytotoxicity assay. LDH isacytosolicenzymethatcatalyzes
thetransformationof |-lactateto pyruvatel eakag®f LDH from the cytoplasminto the
mediumindicatesachangen the permeabilityof the plasmamembraneor the occurrenceof
apoptosior necrosisTo determinethe effectof derivativeAO1on LDH activity,HelLa,
MDA-MB231,andMCF-7 cellsweretreatedfor 24hourswith varyingconcentrationsof
derivativeA01 (Fig 2). After 24 hoursof treatmentwith higherconcentrationsf compound
A01,theresultsdemonstrated statisticallysignificantinduction of LDH (P<0.05).

3.1.3. Apoptosis assessment by caspase 3 activity. Caspase-IB the primary executorof
apoptoticcelldeath,andits presencenhanceshe effectivenessf celldeath.In the LDH
experimentHeLa,MDA-MB231,and MCF-7 cellsweretreatedat two distinct concentrations
with compoundA01.Fig 3 demonstrateghat both concentrationsignificantlyincreasedas-
pase-&ctivity.HeLa,MDA-MB231,and MCF-7 cellinhibition wasdose-dependenBoththe
MTT testandthe LDH assaylemonstratediconnectionbetweerHeLaand MDAMB-231,
but onlythe MTT testdemonstratedi significanteffect.

3.1.4. UV-visible spectroscopy based DNA binding studies. AO0landA02weretested
for their interactionswith mammalianDNA (HS-DNA) in orderto betterunderstandheir
molecularbehavior.Theabsorptionspectraof both compoundsveredeterminedat aconstant
concentrationof 10uM (each)in theabsencandpresencef HS-DNA at40uM, 80uM,
120uM, 160uM, 200uM, and240uM. Figs4 and5illustratethatincreasein HS-DNA con-
centrationwereaccompaniedby increasen absorbancéor both AOlandA02,but no alter-
ationsin bandpositions.The hyperchromicresultthereforedisclosedhe non-covalent
charactef the HS-DNA interactionwith both compounds Surprisingly A01 hadthe maxi-
mum DNA interactionGibbsfreeenergyof -18.28KJ/mol.Nonethelesghe seconcdchemical,
i.e.,alsodemonstrategositiveresults albeitwith fewerbinding interactionsJendingcredibil-
ity to the cellviability findings.

3.2. Density functional theory calculations

Utilizing optimizationandfrequencycalculationsatthe B3LYP/6-31GTevelof theory,the
structuralgeometrie®f compoundsAOl1and AO2 weredetermined.Thestructuralgeometries
of compoundsAOland AO2weretailoredto attainthe sharpesenergygradientandzero
imaginaryfrequencyThe compoundselectronicpropertieswerealsoanalyzedTable2 dis-
playsthe optimizationandreactivitypropertiesof the compounds.

In this study,weanalyzedhe propertiesof two compounds A01and AO2,which wereopti-
mizedusinga computationakapproachTheoptimizationenergywhichreflectsthe stability of
themoleculewasfoundto be-1927.95118hartreefor A01 and-513.88514kartreefor A02.
We alsoexaminedhe polarizabilityof the compoundswhichis ameasuref how easilythe
electroncloud canbedistorted.The polarizabilityvaluesvere352.777288nd55.367297
atomicunits for AOland A02,respectivelyThedipolemoment,whichindicatesthe distribu-
tion of electricchargewithin the moleculewas5.314328lebyefor A01 and4.29694 debye
for A02. We further investigatedhe electronicpropertiesof the compoundsjncluding the
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Table 1. Cytotoxic activity of compounds A01 & A02 against human HeLa, MDA-MB- 231 and MCF-7 cancer cell lines.

Compound
HeLa
A01 3.64+0.19
A02 27.8+1.76
Doxorubicin 4.21+0.22
Cisplatin 2.64+0.13

GI5o+SEM

MDA-MB231

10.4+0.94
54.3+3.11
6.82+0.59
2.27+0.24

MCE-7
16.3+0.96
26.8+1.36
7.32+0.81
4.63+0.21

%Growth inhibition
Vero cells
6.31%
8.2%
6.67%
4.88%

Tablel showsthatthe compoundAO01 (a) wasthe mostactiveagainstHeLawith Glsg valuesof 3.64+0.1%M. Thiscompoundshowedl0.4+0.94ind 16.3+0.96uM
againstMDA-MB231and MCF-7, respectivelyinterestingy, the compounda showedcomparableesultswith referencedrugs.WhereasompoundA02 (b), compared
to N-A01 (a), exhibitedlesspotentialof growthreductionof all cellsi.e.,HeLa,MDA-MB231andMCF-7 cellwith an Glsgvaluesof 27.8+1.76,54.3+3.11and 26.8+
1.36uM, respectiely. Theresultswerefurther supportedby DNA studiesand suggestethesecompoundsasleadfor the synthesi®f more potentialanticancergents.

https://da.org/10.1371durnal.pon®292455.t001

ionization potentialandelectronaffinity. Theionization potentialreflectsthe energyrequired
to removean electronfrom the moleculewhile the electronaffinity measureshe energy
changewvhenanelectronis addedto the molecule CompoundA01 hadanionization potential
of 0.115%V andanelectronaffinity of 0.220eV, while compoundA02 hadanionization
potentialof 0.0659%V andan electronaffinity of 0.068eV.In addition, weexaminedheelec-
tron-donatingandacceptingpowersof the compoundsaswell astheir electrophilicity. These
propertiesareimportant for understandinghe reactivityof amoleculeandits potentialfor
interactingwith othercompoundsCompoundA01 hada higherelectron-donatingpower (w-
) of 0.378andahigherelectron-acceptingower(w+) of 0.599comparedo A02,whichhad

w- and w+ valuesof 0.231and 0.298respectivelyCompoundA0l alsohadahigherelectro-
philicity (Aw+) of 0.271comparedo A02,whichhadaAw+ valueof 0.100Thepropertiesana-
lyzedin this studyareimportant for understandinghe behaviorand potentialapplicationsof
thesecompoundsn variousfields,suchasdrug discoveryand materialsscienceTheoptimiza-
tion energypolarizability,anddipolemomentareessentialor evaluatinghe stabilityand
reactivityof amoleculewhile theionization potentialand electronaffinity canprovide
insightsinto its electronicpropertiesThe electron-donatingand acceptingpowersandelec-
trophilicity areparticularlyrelevantfor understandinghe interactionsbetweerdifferentmol-
eculesaandtheir potentialfor forming bonds.
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Fig 5. A) UV-visiblespectrumresponsesf A02 in theabsencandpresencef variousconcentraions of HS-DNA aswashighlightedabove The pointedend
ofthearrowrepresentanincreasen theamountof DNA present(B) AoxA/Ao vs.1/[DNA] isthegraphthatis usedto calculatehe binding constant.

https://da.org/10.1371¢urnal.pon®292455.g08

Theelectrostatipotentialmapdepictsthe molecule'igh- andlow-potentialregions Due
to the presencef electronegativexygenatomsredindicatesan electron-attractingpotential,
whereadblueindicatesalow electron-donatingpotentialdueto the presencef hydrogen
atoms.Thesaliagramdeachusaboutthe propertiesandactionsof amoleculeby illustrating
wherethe electronsaareandhowtheyreact.Fig 6 illustratesthe ESPmapand optimizedstruc-
turesfor compoundsAO1and AO2.

In this study,two compoundsAO1and A02,wereanalyzedo determinetheir electronic
propertiesForcompoundA01,the EHOMO andELUMO are-0.2003V and-0.11%V,
respectivelyresultingin aAEgapof 0.084eV. Thechemicahardnesgn) is calculatechs0.042
eV, indicatingthatthe compoundis relativelysoftand morereactive The chemicalpotential
() is-0.158eV, while the electrophilicityindex (w) is 0.294eV, which suggestthatthe com-
poundis agoodelectrondonor andaweakelectrophileThechemicakoftnesgS)is 11.792
eV, indicatingthatthe compoundhasalow resistanceo deformation.Theelectronegativity
(X) is 0.158which reflectsthe ability of the compoundto attractelectrongowardsitself.

For compoundA02,the EHOMO and ELUMO are-0.2608V and-0.065eV, respectively,
resultingin aAEgapof 0.194eV.Thechemicahardnesgn) is calculatedas0.097eV,indicat-
ing thatthe compoundis relativelyharderandlessreactivethan AO1. The chemicalpotential
() is-0.163eV,while the electrophilicityindex (w) is 0.137eV,which suggestthatthe com-
poundis aweakelectrondonor andagoodelectrophileThechemicakoftnesgS)is 5.133V,
indicatingthatthe compoundhasa higherresistance¢o deformationthan A01. Theelectro-
negativity(X) is 0.163whichreflectsthe ability of the compoundto attractelectrongowards
itself,similarto A01. Thesepropertiescanprovidevaluablansightinto the potential

Table 2. Optimization energy, polarizability and dipole moment of compound A01 and A02.

Code | Optimization Energy |Potential

(hartree) Ionization I(eV)
A01 |-1927.951181 0.2003
A02 |-513.885145 0.2608

https://da.org/10.1371durnal.pon®292455.t002

Affinity A | Electron donating | Electron accepting | Dipole Moment |Electro philicity | Polarizability a.u

(eV) power (w-) Power (w+) (debye) (Awz) (a)
0.1155 0.220 0.378 5.314323 0.599 352.777289
0.06599 0.068 0.231] 4.296947 0.298 55.367297
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Electrostatic Potential Map
Fig 6. TheoptimizedstructureA01 (right) and A02 (left) alongsie electrosatic potentialmap (ESP).
https://cbi.org/10.1371durnal.por.0292455.406

applicationsf thesecompoundsn variousfields.Theglobalandlocalreactivitydescriptor
valuedor compoundAOlandA02,istabulatedn Table3.

Thehydrophobicbenzenging and methylgroup of compoundAO1 contributeasmall
guantityto theHOMO, whereaghe sulphonamidegroupis responsibldor the majority of the
HOMO. Dueto theclusteringof LUMOs surroundingthetoluenering, this molecules elec-
trophilic. Thedichloro-substitutedhiophenering of compoundA02 containsan abundance
of HOMO orbitals.Concentrated UMO orbitalsarepresenin the sulphonamidgportion of
themoleculeTheseresultsshedight on the moleculesthemicareactivityandelectricalstruc-
ture. The FMOsof compoundsAOland AO2 aredepictedin Fig7.

3.3. Molecular docking studies

Theobjectiveof the currentinvestigationwasto assesthe DNA intercalationpropertyof two
compoundsA01and AO2againsthreeimportant cancer-relategroteins,caspase-3yF-«B,
andp53.Theseproteinsareessentiafor the progressiorof cancerandinhibiting their activity
isacrucialstagen preventingtumor growth. Stress-inducedpoptosiss mediatedby Cas-
pase-3whereadNF-kBregulatesnflammation,cellsurvival,andproliferation.In contrast,
P53functionsasatumor suppressoby modulatingthe cellcycleandis known asthe "guard-
ian of thegenome."

Caspas8isacysteingoroteasehat playsacrucialrolein apoptosispr programmedcell
death.lts topologycanbedescribedasa helix bundle,with sixalpha-helicearrangedn acom-
pactfold. The proteinis composedf two subunits gachcontainingalargeandasmalldomain.

Table 3. Global and local reactivity descriptors of compound A01 and A02.

Compound | Egomo Erumo AEg,, Chemical Hardness |Chemical Potential |Electrophilicity Index | Chemical Softness | Electronegativity
(eV) (eV) (eV) (m) (W (w) ®) X)
A01 -0.2003 -0.115 0.084 0.042 -0.158 0.294 11.792 0.158
A02 -0.2608 -0.065 0.194 0.097 -0.163 0.137 5.133 0.163

https://da.org/10.1371durnal.pon®292455.t003
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Fig 7. HOMO/LUM O orbitalsof AO1 (up) and AO2 (down).
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Thelargedomainis responsibldor substratebinding, while the smalldomainis involvedin
catalysisTheternarystructureof caspas8 is composef threedistinct domains:the N-termi-
nal prodomain,the largeand smallcatalyticsubunits. The prodomainis important for regulat-
ing the activationof caspas8, while the catalyticsubunitsareresponsibldor catalyzinghe
hydrolysisof specificpeptidebonds.Theactivesitecontainsacysteineresiduethat playsa cru-
cialrolein the catalyticmechanisnof caspas8, andis responsibldor cleavingthe peptide
bond betweeran asparticacidresidueandanotheraminoacidresiduen its substratg56].
NF-xB (nuclearfactorkappa-light-chain-enharer of activatedB cells)is atranscription
factorthat playsacritical role in regulatingtheimmuneresponseinflammation,andcellsur-
vival. Thetopologyof NF-xB canbedescribedasadimeric protein composedf two subunits,
p50andp65,thatareheldtogetherby adimerizationdomain. The dimerizationdomainis
locatedatthe N-terminusof eachsubunitand containsaleucinezippermotif, which allows
for the formation of astabledimer. The p50subunitis composedf an N-terminal Relhomol-
ogyregion(RHR)andaC-terminal DNA-binding domain. TheRHRis responsibldor dimer-
izationwith the p65subunit,while the DNA-binding domainis responsibldor binding to
specificDNA sequencei the promoterregionsof targetgenesThe p65subunitis composed
of anN-terminal RHR,a C-terminaltransactivatiordomain,andacentralproline-rich region.
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TheRHRisresponsibldor dimerizationwith the p50subunit,while thetransactivation
domainisresponsibldor recruiting coactivatorand othertranscriptionalmachineryneces-
saryfor geneexpressionln theinactiveform of NF-«xB, the subunitsareheldtogetherby a
family of inhibitors known aslkBs(inhibitor of kappaB). Upon activation,lxBsarephosphor
ylatedand degradedallowingthe NF-xB subunitsto translocateo the nucleusandbind to
specificDNA sequencesictivatingthe transcriptionof targetgeneg56].

Thep53proteinis atetramericprotein with four subunits,including the DNA-binding
domain,coredomain,andloop-sheet-helixnotif. Thetetramerizationdomainis responsible
for stabilizingthe tetramericstructure.P53playsacrucialrole in DNA binding, transcrip-
tional regulation,cellcycleregulation,and DNA repair.Post-translationaiodifications,such
asphosphorylationacetylationand ubiquitination, canalterits stability, DNA-binding affin-
ity, andtranscriptionalactivity. Mutationsin the p53geneareassociatewith variouscancer
types potentiallyresultingin lossof tumor suppressofunction or oncogenigropertieg57].

Understandinghetopologyandternarystructuresof thesecancerproteinsis thereforecru-
cialfor developmenanticanceragent.Theresultsof moleculardockingindicatedthat com-
pound AO1interactedsignificantlywith all threeproteinsandintercalatedNA strongly.NF
kappawassignificantlyinvolvedin both hydrogenbondingandhydrophobicinteractions,
with atop dockingscoreof -8.6kcal/mol,indicatingthat AO1 hasthe potentialto inhibit this
protein. Thesdindingsarein accordancevith in-vitro cytotoxicityassaydn contrastcom-
poundAO2inhibited the P53protein significantlywith adockingscoreof -5.7kcal/mol. The
binding affinitiesof thesecompoundssurpassethoseof the standarddrug cisplatin.Addi-
tionally, their binding scoresvereon parwith thoseof the standarddrug doxorubicin.
Remarkablyboth compoundsiemonstrateguperioraffinity againsthe Kappaprotein com-
paredto doxorubicin.Foramore comprehensiveinderstandingof the molecularinteractions
of the standarddrugs,pleasaeferto the S1 File (S1 Table). Thesearesultsshedliight on the
anti-cancepotentialof compoundsA01 and AO2 andtheir underlyingmechanismThedock-
ing scoresandaminoacidresiduesmplicatedin the binding interactionsof compoundsAO1l
andAO2areshownin Table4.

3.3.1 Interpretation of molecular interactions. Themoleculardockinganalysif the
interactionbetweerCaspase-a8nd AOlrevealedasignificantdockingscoreof -8.0kcal/mol.
Thehydrogenbondingresiduesnvolvedin theinteractionwereGlu124,Tyr197,and Arg164
with respectivénydrogenbond lengthsof 3.08A, 3.25A, and3.14A (Table4). Thehydropho-
bicinteractionsresiduesverePro201Glu124 1 ys137Gly125,Tyr197,Tyr195,Val266,
Pro201andGly125.Thebondlengthof eachhydrophobicinteractionis providedin Table4.
Theseesultssuggesthat compoundAO1 canpotentiallyinhibit the activity of Caspase-3
keyenzymeinvolvedin theinitiation of programmedcelldeath by forming stablenydrogen
bondswith the protein'skeyresiduesandforming hydrophobicinteractionswith otherimpor-
tantresiduesTherefore compoundA01 canbeconsideredhsapotentialanti-canceragent
thatmayaid in the suppressiomf tumor growth by targetingCaspase-3:ig 8 is illustrating
the putative2D and 3D binding interactionsof AO1with caspase-3.

Theanalysi®f theinteractionbetweernCaspase-protein andcompoundAO2revealed
comparabléondingandnon bondinginteractions.Themoleculardockingscoreobtained
was-5.3kcal/mol,indicatingamoderatebinding affinity betweerthe proteinandthe com-
pound.Thehydrogenbondingresiduesnvolvedin theinteractionwerePhe252Ser251,
Asn208and Arg207 with the correspondinchydrogenbond lengthsof 3.14,2.57 3.19,and
3.05angstromsrespectivelyTheseresiduesareimportantin the activesiteof Caspase-3,
whichistheregionresponsibldor its enzymaticactivity. The compoundalsohadhydrophobic
interactionswith Ser249Phe250Trp214,and Asp253esiduesywhich areknown to beimpor-
tantfor the stabilityand specificityof protein-ligandinteractions.Overall thesdindings
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Table 4. The binding interactions observed during molecular docking investigations.

Complex Binding energy |Hydrogen bonding Hydrogen bond |Hydrogenbond |Hydrophobic interactions residues | Hydrophobic interactions
(kcal/mol) length (A) angle (°) Bond length (A)
Caspase-3- A01 | -8.0 Glul24,Tyr197, 3.083.253.14 | 137.08147.09, Pro201Glul24ys137Gly125, 3.90,:3.95,3.55,3.39,3.90,
Arg164 133.54 Tyr197 Tyr195,Val266,Pro201, 3.853.65,3.23,399
Gly125
Caspase-3- A02 | -5.3 Phe252Ser251, 3.142.573.19, |126.59]119.30, Ser249Phe2507rp214,Asp253 2.933.76,3.454.00
Asn208Arg207, | 3.05 100.16136.70
NF-kB- A01 -8.6 Glu49,Glu222, 2.90,2.992.86 |154.43165.75, | Thr52,Arg50,Trp258,Gly259, 4.004.223.90,3.20,3.21,
Arg260 117.68 Phe239lle224,Ser51 3.894.01
NF-xB- A02 -5.0 Aspl41 3.14 164.90 Arg140,GIn111,Pro352]le354, 3.453.22,2.98,2.90,3.95,
Tyrl81 Phel42Tyr351 4.004.01
P53- A01 -7.8 GIn23,GIn23,lle21 | 3.032.822.81 | 151.60120.55, |Asnl7,le22,Tyr92,Leu100GIu89, | 3.82,3.653.253.81,3.99,
109.49 Asn232Lys20Glul3 3.873.213.54
P53- A02 -5.7 Asnl7,Glu8g, 3.042.833.19 |110.43148.09, GIn23,lle21,Tyr92 3.352.344.08
Arg10 136.03
DNA- -8.3 Dt7,Dt8, Dt8 3.033.012.71 109.21134.23, | Dt20,Dt19,Da18,Dg10,Dal7,Dc9 | 2.54,2.90,2.87,3.00,3.45,
compound A01 149.22 3.89
DNA- -5.0 Dt8, Dt19 3.173.07 156.22124.32 Dc9,Dal8,Dal7 2.112.09.2.45
compound A02

https://da.org/10.137 1§urnal.pon®292455.t004

GLY-125

TYR-197

suggesthat compoundA02 hasthe potentialto inhibit the activity of Caspase-3yhichisa
promisingtargetfor anti-cancerdrug developmenttig 9isillustrating the putativebinding
modeof compoundA02with caspase-3.
Theresultsfrom moleculardockinganalysi®f compoundA01 and NF-kB showeda strong
binding affinity with ahigh dockingscoreof -8.6kcal/mol. The keyresiduesnvolvedin the
formation of hydrogenbondswereGlu49,Glu222 and Arg260,with hydrogenbondlengths
rangingfrom 2.86to 2.99angstromsFurthermore hydrophobicinteractionsalsoplayeda
vital rolein the binding of compoundA01 (A01) with NF-xB,with the keyresidueseing
Thr52,Arg50,Trp258,Gly259 Phe239lle224 and Ser51Thesdnvestigationgrovideinsight

GLU-124

TYR-197

Fig 8. Predicted 2D and 3D binding interactions of compound A01 with caspase 3.
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Fig 9. Putative 2D and 3D binding mode of compound A02 against Caspase-3.

https://da.org/10.137 1durnal.pon®292455.g09

into the substantiapotentialof compoundA01 asananti-canceragentby inhibiting the NF-
kB protein. Fig 10depictsthe putativebinding modeof compoundA01 (A01) with NF-kB.
Themoleculardockingdatafor the complexof NF-xB and compoundA02 showsaninsig-
nificant dockingscoreof -5.0kcal/mol. The only hydrogenbondingresidueinvolvedin the
interactionis Asp141havingahydrogenbond lengthof 3.14angstromsThehydrophobic
interactionsinvolvedresiduesArg140,GIn111,Pro352)le354,Tyr181,Phel42and Tyr351.

PRO-261
GLY-259

ARG-260
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Fig 10. Putative 2D and 3D interaction of A01 (A01) with NF-kB.

https://da.org/10.1371¢urnal.pon®292455.g00
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Overall,theinteractionbetweercompoundA02 andNF-xBis lessfavorablehanthat of com-
pound A01,with alowerdockingscoreandfewerhydrogenbondingandhydrophobicinter-
actions.Fig 11is presenting2D and 3D interactionof AO2 againstNF-«B.

With adockingscoreof -7.8kcal/mol,the dockinganalysiof P53with AO1revealedahigh
binding affinity. TheinteractionbetweerGIn23,GIn23,andlle21residuesvasmediatedoy
hydrogenbondswith lengthsrangingfrom 2.81to 3.03angstromslin addition, hydrophobic
interactionsweredetectedetweertheresidueAsnl7 |le22,Tyr92,Leul00GIlu89,Asn232,
Lys20andGlul3.Thesdindingssuggesthat AO1 couldfunction asatumor suppressarty
inhibiting the P53protein‘sactivity.Fig 12 depictsthe orientationof compoundA01 binding
to P53.

Themoleculardockingdataof P53with compoundA02revealedcomparablaelocking
scoreof -5.7kcal/mol. Theanalysiof the dockingresultsshowsthat compoundA02forms
hydrogenbondswith Asn17,Glu89,and Arg10residueswith bondlengthsof 3.04,2.83,and
3.19angstromsrespectivelyln addition, it interactswith hydrophobicresiduesuchasGIn23,
lle21,and Tyr92.Thesdnteractionssuggesthat compoundA02 caneffectivelybind to the
activesiteof P53protein andinhibit its activity. Thereforejt canbeconsidereda potential
candidatefor the developmenof anti-cancerdrugstargetingP53protein. Fig 13isillustrating
the binding orientationof compoundA02 againsiP53.

3.3.2 Intercalation of DNA molecule. In theanalysiof theinteractionof compoundA01
with DNA, themoleculardockingdatashowsthat compoundAQ01 stronglyintercalatedwith
the DNA moleculewith adockingscoreof -8.3kcal/mol. The hydrogenbondingresidues
involvedin thisinteractionwereDt7, Dt8, and Dt8, with hydrogenbond lengthsof 3.03,3.01,
and2.7langstromstespectivelyln addition, the compoundalsoshowedsignificanthydro-
phobicinteractionswith the DNA moleculethroughresiduedt20,Dt19,Da18,D0g10,Dal7,
andDc9.Thesdindingssuggesthat compoundA01 hasastrongpotentialfor anti-cancer
activity by interactingwith DNA andinhibiting its replicationand celldivision. Furthermore,
the observatiorthat compoundA01is entirelyembeddedvithin the DNA helix suggesta
robustintercalationof DNA by the compound.Suchinteractionscouldhold significantimpli-
cationsfor the potentialuseof compoundAO1lin treatingDNA-relateddiseasesuchascan-
cer.However further researchs requiredto gainacomprehensiveinderstandingpf the
mechanisnby which compoundAOLlinteractswith DNA. Fig 14depictstheintercalationof
DNA grooveshy A01(AOL).

Theintercalationof DNA by compoundA02wasevaluatecndtheresultsshowedadock-
ing scoreof -5.0kcal/mol. The compoundintercalatedbetweerthe basepairsof the DNA mol-
ecule specificallypetweemucleotidedt8 and Dt19, forming hydrogenbondswith themata
bondlengthof 3.17and 3.07angstromgespectivelyAdditionally, the compoundshowed
hydrophobicinteractionswith nucleotidedc9,Dal8,and Dal7 .Intercalationof compounds
betweerthe basepairsof DNA is knownto beacrucialmechanisnof anti-canceragentsasit
caninterferewith DNA replicationandleadto celldeath.Thesdindings suggesthat com-
pound AO02 hasthe potentialto actasan anti-canceragentby inhibiting DNA replicationand
inducing celldeath.Furtherstudiesareneededo confirm the efficacyof this compoundasa
potentialanti-cancetagentFig 15isillustratingtheintercalationof DNA groveby A02.

3.4. Molecular dynamics simulation

This studyusedmoleculardynamicssimulationsto examinehowwell compoundsAOland
A02 (A02) maintainedtheir optimal conformationswhenboundto their respectiveargetpro-
teins.CompoundA01 (A01)wasdiscoveredo havethe highestbinding affinity for NF-«xB,
while compoundA02 (A02) wasdiscoveredo significantlyinhibit P53.In addition, the
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Fig 11. Illustration of 2D and 3D interaction of A02 against NF-xB.

https://da.org/10.1371durnal.pon®292455.g01

compoundA0l1andA02in complexwith caspas8 wasalsosubjectedo MD simulationand
detaileddiscussiorhasbeenincorporatedin the S1 File (S3 Fig). The primary objectiveof
thesesimulationswasto determinehow the molecularinteractionshetweertheligandand
protein affectedhe stabilityof the protein-ligandcomplex.Protein-ligandcomplexesvere
modeledin Desmondandthensubjectedo mechanicabndthermalstresseto ascertairtheir
stability. After accumulatingand organizingthe data,scientistsaanalyzedt to drawconclusions
aboutthe protein-ligandinteractionandidentify the keyresiduesnvolvedin complex
formation.
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Fig 12. The putative binding mode of compound A01 against P53.
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Fig 13. The putative binding mode of compound A02 against P53.
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Thisresearctseekso analyzeRMSDpatternsduring moleculardynamicssimulationsin
orderto gainabetterunderstandingpf the stability of both the apoprotein andthe protein-
ligandcomplex.Theapoprotein NF-xB exhibitedonly minor rearrangementafter 10ns of
simulation,demonstratingts remarkablestability. Throughoutthe voyagethe RMSDfor the
protein-ligandcombination(NF-xB-A0lcomplex)wasdiscoveredo beaconstant3.lang-
stroms.Hydrogenbondsandhydrophobicinteractionswerefound to bethe primary contrib-
utorsto the stabilityof the complex Hydrophobicinteractionsreducedhe exposuref

Fig 14. Intercalation of DNA groove by compound AQ1.

https://bi.org/10.1371durnal.por.0292455.q4
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Fig 15. Intercalation of DNA groove by compound A02.
https://abi.org/10.1371durnal.por.0292455.906

hydrophobicresiduesn boththe protein andthe ligand,whereasiydrogenbondingresidues
wereessentialor complexstability.Fig 16 depictsthe evolutionof the relativemeansquared
deviation(RMSD)of both the protein andthe protein-ligandcomplex(NF-kB-AOlcomplex).
RootMeanSquare-luctuation(RMSF)analysiswhich measureghe deviationof each
aminoacidresiduefrom its meanlocation,wasutilized to evaluatehe protein-ligand

RMSD (angstroms)
- N w Y [%,]

o
o

10 20 30 40 50
Time (ns)

Fig 16. Representation of RMSD pattern for apo protein NF-kB (red colored trajectory) and liganded protein
(NF-kB -A01 complex, represented by green colored trajectory).

https://bi.org/10.1371durnal.por.0292455.9q06
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complex'sstability. Theresultsdemonstratedhat the protein-ligandcomplexdid not dissoci-
ateduring the simulation. The RMSFstudyconfirmedthe building's structuralintegrity and
its capacityto maintainits integrity. Theinvestigationshedlight on the protein-ligandinterac-
tion's stability,an essentiapropertyfor the complex'sapplicationin biologicalsystemswith
anaverag&kMSFvalueof 2.5angstromdor NF-«B,the studyalsoidentified keyaminoacid
residueghatremainedstableand connectedo theligand. Theseesultsprovideinsighton the
significanceof a stableprotein-ligandcomplexfor properfunction, which hasimplicationsfor
thedevelopmenbf novelmedicationsandtreatmentghattargetproteins.Fig 17showshe
RMSFvaluedor theintendedcomplex.

TheRMSD(RootMeanSquareDeviation)analysisvasperformedon boththe apoprotein
andp53-A02complexto understandhe stability of the simulatedtrajectoriesThe apoprotein
(P53)demonstratedRMSDvaluesangingfrom 1.6to 1.8angstromsTheapoprotein
achievedtabilityatthe startof the simulation,andtrajectoryachievedtabilityand equili-
brated.However the protein-ligandcomplexshowedslightrearrangementduring the simu-
latedtrajectory.Initially, up to 10ns the RMSDof the complexwas3 angstromsyhich then
increasedip to 5 angstromseforeeventuallydroppingandachievingequilibrium. Thefluctu-
ationsin RMSDvaluessuggesthat the protein-ligandcomplexunderwentsomeconforma-
tional changesluring the simulation.However the overallstabilityof the complexwas
maintained,andthefluctuationswerewithin anacceptableange.The Fig 18isillustratingthe
evolutionof RMSDpatternfor P53and P53-A02complex.

UsingRMSF(RootMeanSquare-luctuation),weanalyzedhe complex'yA02) stability.
Themajority of the simulatedtrajectorywasstablewith the exceptionof residuesl 80+200,
whichdisplayedhelargesipeakin RMSFwith avalueof up to 2 angstromsDespitethis peak,
howevertheaminoacidresidueg10+30)n thebinding sitethatinteractwith theligand A02
remainedrelativelystablethroughoutthe simulation,indicating that the P53-A02complexis
generallystable The P53-A02complexis both chemicallyreactiveand stable asdemonstrated
by the DFT calculationsandMD simulations Fig 19showshe RMSFvaluedor theintended
complex.

TheRMSDpatternfor theindividual simulatedigandshasbeencomprehensivelgssessed.
The RMSDtrajectoriesof theligandshaveunveiledsignificantconformationalchangesoffer-
ing insightsinto the accommodatiorwithin the ligand pocket.Remarkablythe RMSDvalues
remainedconsistenthbelow2 angstromdor both ligands,namelyA01and A02,underscoring
their continuousassociatiomwith the activepocketof the targetedproteins.Furthermore the
ligand-boundcomplexeslisplayecconvergencand stability,exhibitingminimal conforma-
tional alterations Specificallythe averagd&RMSDfor ligand AO1lwasmeasuredt 1.5ang-
stroms,while ligand AO2 exhibitedevengreaterstabilitywith anaveraglRMSDof 0.8
angstromsTo visuallyrepresenthe evolutionarytrendsin RMSDfor theindividual ligands,
referto Fig 20.This graphicalillustration offersa clearerdepictionof howtheligands’/RMSD
valuesevolvedoverthe simulationperiod.

Superimposingheinitial andfinal frameswould yield valuablansightsinto the orientation
and conformationalchange®ccurringin boththe protein andboundligands.This analysis
would alsoshedlight on the conserved&nd modified ligand-aminoacidinteractions along
with the close-rangeontactshatareestablishedr alteredduring the processThetrajectories
of the NF-kB-AOlcomplexand P53-A02complexweresynchronizecat multiple intervalsfor
alignment.Specificallytheinitial conformationin thefirst framewasalignedwith the con-
cludingframeof eachsimulatedtrajectory.Theresultingsuperimposedonfigurationsvisually
depictedthe progressivdlRMSDpatternsshowcaseth Figs13and15.1t's worth highlighting
thatthroughoutthis alignment,both ligandsconsistentlymaintainedtheir connectionswith
the activesitesof therespectivdargetproteins.Minor adjustmentswithin the binding sites
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Fig 17. The amino acid residues wise fluctuation (RMSF) for c alpha atoms of NF-kB (apo protein) and liganded
protein (NF-kB -A01 complex).

https://dbi.org/10.1371durnal.por.0292455.q07

wereobservedfurther emphasizinghe dynamicnatureof theinteractions This alignment
processs visuallypresentedn Fig21,wherethe superimposegosef the simulatedcom-
plexesareillustrated.

3.4.1 MMGBSA analysis. The MMGBSAfreeenergycalculationis avaluablgool for esti-
matingthe binding affinitiesof protein-ligandcomplexesln this study,weemployedhe
Thermal_mmgbsacriptof Schrodingeto subjecthe simulatedcomplexeso MMGBSA

5
2
S 4
B,
c3
&
3
2’ et AL o A
(1'4
1
0
0 10( 20 30 40 50
Time (ns)

Fig 18. The RMSD pattern for the apo protein, P53 (represented by the blue trajectory), and the liganded protein,
P53-A02 complex (represented by the brown trajectory), is depicted in the illustration.

https://bi.org/10.1371durnal.por.0292455.g08
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Fig 19. The amino acid residues wise fluctuation (RMSF) of Apo protein (P53) and liganded protein (P53-A02 complex).
https://doi.0g/10.137 1Hurnal.pon®292455.g019

assayTheresultingMMGBSAfreeenergycalculationdor the simulatedcomplexesrepre-
sentedn Table5. Thesdindings demonstratehe potentialof MMGBSAfreeenergycalcula-
tionsasapromisingapproachfor predictingbinding affinitiesof protein-ligandcomplexes.

3.5. ADMET properties

Thephysicochemicgbropertiesof CompoundA01and CompoundA02wereanalyzedased
on variousparametersincluding their molecularweight,numberof heavyatoms fraction

2
1.8
1.6
1.4

1.2

a 1
= 0.8
0.6
0.4
0.2

(1)
0 10 20 30 40 50
Time (ns)
—RMSD of compound AO01 ~—RMSD of compound A02

Fig 20. The evolution of RMSD trajectories for sole ligand molecules. The Bluecoloredtrajectoryis for compoundAO1
wherea®rangecoloredtrajectoryis depictingthe RMSDfor compoundA02.

https://dbi.org/10.1371djurnal.por.0292455.g20
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Fig 21. Superimposed structures of the NF-kB-A01 complex and the P53-A02 complex were observed during MD
simulation. (A) Overlayframesof the NF-xB-AO1complexwherethe blue-coloredigandindicateshe conformaton
observediuring thefirst frame,while the pink-coloredligandindicateshe conformation at the final frameof the MD
simulation.(B) Superimpose conformatians of the P53-A02complexobservediuring theinitial andfinal framesThegreen-
coloredligandindicateshe conformaton of AO2in thefirst frame,whereashe blue-coloredigandindicateshe
conformatian during thefinal frame.

https://doi.0g/10.1371§urnal.pon®292455.9021

Csp3 numberof rotatablebonds,andnumberof H-bond donorsandacceptorsAdditionally,
theanalysisncludedthe molar refractivity, TPSA andseveradifferentmeasuresf hydropho-
bicity, suchasiLOGP,XLOGP3WLOGP,MLOGP,SILICOS-IT,andconsensukog Po/w.
Thecompoundswerealsoevaluatedor their Gl absorption BBBpermeability P-gpsubstrate
activity,and CYP1AZ2inhibition. CompoundA01 hasasignificantlylargermolecularweight
(543.52g/molromparedo CompoundA02(130.08g/mol)Thisis reflectedn the numberof
heavyatoms with CompoundA01 having39heavyatomsascomparedo 9 for Compound

A02.CompoundA01lalsohasahigherfraction Csp3jndicating ahigherproportion of sp3-hy-
bridizedcarbonatoms.In contrast,CompoundA02hasno sp3-hybridizedcarbonatoms,indi-
catingafully aromaticstructure.CompoundA01 hasfive rotatablebonds while Compound
A02hasnone.Additionally, CompoundA01 hasahighernumberof H-bond acceptorand
donors,indicatingagreatetpotentialfor hydrogenbondinginteractions.The molar refractivity
of CompoundA01lis muchlargerthanthat of CompoundA02,indicating agreatermpolarizabil-
ity of themoleculeIn termsof hydrophobicity, CompoundA01 hasa higheriLOGP,XLOGP3,

Table 5. MM-GBSA binding energies of NF-kB-A01 complex and P53-A02 complex.

Compounds AGying (kJ/mol) | AE ouiomb (KJ/mol) | AE _gyatent (KJ/mol) | AE g pona (kJ/mol) | AE qw (kJ/mol) | Lipophilic energy (kJ/ Sol_GB (kJ/mol)
mol)

NF-kB-A01 -253.34 -48.36 8.34 -23.56 -120.43 -59.74 -30.89

complex

P53-A02 complex -154.38 -40.12 9.98 -11.66 -109.25 -45.56 -26.31

https://da.org/10.137 1§urnal.pon®292455.t005
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andSILICOS-ITvaluesindicatingagreatethydrophobiccharacterHowever the WLOGPand
MLOGPvaluedor CompoundAO1larenegativeindicatingthatthe compoundis more hydro-
philic. TheconsensutogPo/wvaluefor CompoundAQLlis alsopositive indicatingahigher
overallhydrophobiccharacterin contrast,CompoundA02 hasnegativevaluedor all measures
of hydrophobicity,indicatingahydrophilic characterCompoundAOlis predictedto havelow
Gl absorptionwhile CompoundA02is predictedto havehigh Gl absorption Neithercom-
poundis predictedto beaBBBpermeantCompoundAQ01lis predictedto beasubstratdor P-
gp,while CompoundA02is not. Neithercompoundis predictedto bea CYP1AZinhibitor.
Overall,the physicochemicgbropertiesof CompoundA01and CompoundAQ2 differ signifi-
cantly,with CompoundA0Q1havingalargersize higherhydrophobicity,andlower Gl absorp-
tion andbeinga P-gpsubstratewhile CompoundA02is smallermore hydrophilic,andhas
higherGlI absorptionand no P-gpsubstratectivity. Thesepropertiescanbe usedto guidedrug
designandoptimizationeffortsfor thesecompoundgTable6).

4. Conclusion

Thepresentstudyis focusedon the explorationof anticancempotentialof two compounds.e.,
(7S,99)-7-[(2R,4S,5S,6S)-4-amb-hydroxy-6-methyloxan-¥1]oxy-6,9,11-trihydroxy-9-
(2-hydroxyacetyl)-4-methoxy-8)tdihydro-7H-tetracene-5,12-die (A01) and 5-fluoro-1H-
pyrimidine-2,4-diong(A02). The anticanceleffectwasobservedigainsthreecancercelllines
andresultswerefound verypromising.Briefly,during DFT studyfor both compoundsthe
HOMO andLUMO orbitalswerefoundto belocallyconfinedto specificregionsof the mole-
culesjndicatingintensechemicakeactivity. The binding freeenergyof compoundA01 is sub-
stantiallyinfluencedby both electrostati@and non-electrostatignteractions,makingit a
promisinganticancedrug. The effectwasobservedn differentcancerproteinshighly
expresseth both breastandcervicalcancer Accordingto moleculardockinganalysesA01

Table 6. Comprehensive physicochemical properties of compound A01 and A02.

Physicochemical properties
Formula

Molecularweight
Numberof heavyatoms
Numberaromatc heavyatoms
FractionCsp3
Numberrotatablebonds
NumberH-bond acceptors
NumberH-bond donors
Molar Refractiity

TPSA

Log Py (ILOGP)

Log Popy (XLOGP3)

Log Py (WLOGP)

Log Py (MLOGP)

Log Pony (SILICOSIT)
ConsensaLog Py

Gl absorption
BBBpermeant
P-gpsubstrée
CYP1A2inhibitor

https://da.org/10.1371durnal.pon®292455.t006

Compound A01 Compound A02
C27H2NO11 C4H3FN202
543.52g/mol 130.08g/mol
39 9
12 6
0.44 0.00
5 0
12 3
6 2
132.66 27.64
206.07A% 65.72A2
2.58 0.44
1.27 0.89
-0.32 0.38
-2.10 0.73
1.17 1.78
0.52 0.05
Low High
No No
Yes No
No No
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hasa high affinity for binding to NF-xB,whereasA02 hasa higheraffinity for binding to p53.
TheMD simulationsprovidedadditionalevidencehatboth compoundsaresecurelyoound
to their binding sites. Thesdindingsshedlight on the therapeutigotentialof thesecom-
poundsasinhibitors of NF-xB and P53.By combiningcomputationaland experimentameth-
odologiesnoveltreatmentdor awide spectrumof diseasesuchascancerandits associated
malignanciescanbedeveloped.
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