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ABSTRACT

Angiotensin receptor blockers (ARBs) are a group of drugs primarily used in the treatment of
cardiovasculardisease.Multiplequantitativestructuralactivityrelationship(QSAR)modelswere
establishedforpredictionofangiotensinIItype1a(AT-1a)receptorblockingactivityofquinazolinone
derivativestoinvestigatethestructuralattributesthathavesignificantcorrelationwithbiological
activity.Thegeneticalgorithm(GA)approachwasusedtogenerateahighlypredictivemodelsusing
easilyinterpretablePy,Estate,andPadeldescriptors.OECDprincipleshavebeenfollowedtodevelop
statisticallyrobustQSARmodels(R2tr=0.8055–0.8625)withgoodexternalpredictivity(CCCex
=0.7528-0.8450).ThemultipleQSARmodelssuccessfullyidentifiedthatincreaseinsurfaceareaof
negativelychargedcarbonatomswithinfourbondsfromNatom,presenceoftetrazolesubstituents,
andsp3NatomsgoverntheAT-1areceptorblockingactivity.ThevalidatedQSARmodelsofthe
presentstudymightbehelpfulforevaluationAT-1areceptorblockingactivitytoidentifynovelhits.
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INTRoDUCTIoN

Controllinghypertensionisconsideredtobeaprimeobjectiveinthemanagementofcardiovascular
diseases (“Principles of Treatment,” 2009). Neurohormonal blockade of the renin-angiotensin
systemthroughinhibitingangiotensin-convertingenzymeandangiotensinIIhasinvolvedthepillar
oftreatmenttherapyofhypertension(Álvarezetal.,2004;Maetal.,2010).Reninandangiotensin-
converting enzyme (ACE) are two enzymes that work together to release the linear octapeptide
angiotensinII,apotentvasoconstrictorthatcontrolsbloodpressurehomeostasis,fluidvolume,and
electrolytebalance(Pacurarietal.,2014;Piqueras&Sanz,2020).AngiotensinIIalsoactivatesthe
AT2-receptorsubtype,whichhasbeenshowninexperimentstomitigatethenegativeeffectsofAT1-
receptorstimulation(Timmermansetal.,1992).SelectiveAT1receptorblockadethusappearstobea
viabletherapeutictargetinhypertensionandcardiovasculardisease.AT1-receptorblockershavean



International Journal of Quantitative Structure-Property Relationships
Volume 7 • Issue 2

2

advantageoverACEinhibitorsinthattheyenablehyper-stimulationoftheAT2-receptorsubtypeby
selectivelyblockingangiotensinIIactivitiesatAT1-receptors(Gradman,2002).Thesedrugsmaynot
onlyinhibitangiotensinII’sharmfulhemodynamiceffects,buttheymayalsoenhanceitsbeneficial
cardiovasculareffects(Unger,2001).

Computer-aideddrugdiscoveryisthelynchpinintheexplorationandoptimizationofpotential
leadcompounds(Bajorath,2015).CADDmethodologieshelptodeterminetheassociationofthe
respectivecompoundwithitstargetbeforechemicalsynthesisandbiologicaltesting(Yu&MacKerell
Jr, 2017). Statistical analytical methods like QSAR correlate chemical structures and biological
activities isarealistic technique thatcanbeapplied in thepredictionofhalf-maximal inhibitory
concentration(IC50)valuesofnewcandidates(Aykul&Martinez-Hackert,2016;Vyasetal.,2014).

AltogetherapprovedAngiotensinReceptorBlockers(ARBs)showthepresenceofbiphenyl,
tetrazole,benzimidazole,ornon-biphenylnon-tetrazolefeatures(Abrahametal.,2015).Previous
studiesshowthatquinazolinoneringconstitutesanalternativetoimidazoleringfordevelopingnovel
angiotensinIItype1a(AT-1a)receptorblockers(deLaszloetal.,1993).Quinazolinonesbelongto
apotentcategoryofthemolecularnucleuswhichisreportedtohavepotentbiologicalimportance
(Al-Obaidetal.,2009).Literaturestudyshowstherehavebeenalargenumberofcomputational
studiesperformedandQSARmodelsdevelopedbydeLaszloetal.1993(ncompounds=41)(deLaszlo
etal.,1993),Dataretal.2004(ncompounds=28)(Dataretal.,2004),Pandyaetal.2004(ncompounds=17)
(Pandya&Chaturvedi,2004),Sharmaetal.2014(ncompounds=19)(Sharma&Kohli,2014)todesign
novelleadasAT-1areceptorblockers.However,modelsweredevelopedusingasmalldatasetof
moleculesonly(no.ofcompounds=17to41)andhavepoorstatisticalperformancethatneedsto
beupdatedwiththecurrentknowledgeandnewerreportedanalogs.

Inthecurrentresearch,weaimtodevelopagood,rational,andstatisticallyrobustQSARmodel
usingalargerdatasetof114Quinazolinonederivativesusingeasilyinterpretablemoleculardescriptors
thatcancorrectlyidentifystructuralfeatures,withhighexternalpredictiveabilitytodiscovernovel
AngiotensinIIType1a(AT-1a)receptorblockerwithmorefavorableclinicalprofilesthancurrent
generationdrugs.Therefore,abetterunderstandingofstructuralfeaturesofQuinazolinonesasAT-1a
receptorblockerthatwouldbeofgreatsignificancetoanydrugdesignscheme.

MATeRIAL AND MeTHoDS

Datasets Selection
Aninitialdatasetof134substitutedquinazolinonederivativescontainingdiversesubstituents
reportedpotential toblockAT-1areceptorswasselectedfromtheChEMBLdatabasefor the
presentwork(Daviesetal.,2015).Thefollowingcriteriawereadoptedtorefinethedatasets:
(1)onlydatatestedonOryctolagus cuniculusorganismwerecollected;(2)datawithbinding
assayperformedbyanin vitroexperiment;(3)angiotensinIItype1a(AT-1a)receptortarget
typesingleprotein;(4)experimentalactivityofeachcompoundisexpressedinIC50(nM)values.
Wehavealsocheckedthatthedatawehadtakenforspecificend-pointswereexperimentedwith
usingsimilarconditions,togetthehomogeneousdataforreliablepredictions.ThereportedIC50
(nM)valuesforreceptorblockingactivitywereconvertedtomolarunitsandthencalculated
pIC50 (-log10IC50)beforeproceedingwithQSARmodeldevelopment.Allchemicalstructures
are sketched in MarvinSketch (Marvin 20.19.0, 2020) and converted into SDF format using
OpenBabel considering 2D geometry optimization(O’Boyle et al., 2011). Before calculating
descriptors,thedatasetwasfurthersubjectedtochemicalcurationusingtheKonstanzInformation
Miner (KNIME) workflow (https://www.knime.org/)(Berthold et al., 2009). The chemical
propertiesofquinazolinonederivativeswerereadusingtheSDFreadernodeinKNIME.The
stepsincludedinKNIMEworkflow(availableathttps://sites.google.com/site/dtclabdc)includes
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