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ABSTRACT

Polymericnanoparticlesrepresentattractivetargetsforthecontrolleddeliveryoftherapeuticdrugs.
Drug-nanoparticleconjugatesareconvenienttargetstoenhancesolubilityandmembranepermeability
ofdrugs,prolongcirculationtimeandminimizenon-specificuptake.Thebehaviorofdrugs-loaded
nanoparticlesisgovernedbyvariousfactors.Understandingoftheseeffectsisveryimportantfordesign
ofdrug-nanoparticlesystems,thatcouldbesuitablefortreatingtheparticulardiseases.Theaimof
thecurrentstudyisacomplementarymoleculardockingfollowedbyquantitativestructure-activity
relationshipsmodelingfordrugspayloadonpolymericnanoparticles.Twenty-oneapproveddrugs
wereconsidered.Dockingofdrugswasperformedtowardsasimplifiedpolymericsurface.Binding
energiesagreedwellwiththeobservedmassloading.Quantitativestructure-activityrelationships
modelsupportedthisdata.Effectsofelectronegativityandhydrophobicitywerediscussed.Developed
modelmaycontributetothedevelopmentofotherusefulnano-sizedpolymericdrugcarrierstodeliver
aspectrumoftherapeuticandimagingagentsformedicalpurposes.
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1. INTRoDUCTIoN

Drugdevelopmentisanexpensiveandtime-consumingprocess.Inordertosavetimeandmoney,in
mostcasesitismoreeffectivetoimproveefficacyandsafetyofknowndrugs,ratherthandevelop
newdrugs.Forthispurpose,differentmethodssuchasindividualizeddrugtherapy,dosetitration,
andtherapeuticdrugmonitoringweredeveloped(Tiwari,etal.,2012).Oneofthepossiblewaysof
drugdelivery is theusageofnanoparticles.Poly(ε-caprolactone),poly(lacticacid),poly(glycolic
acid),andtheircopolymersarethemostpopularpolymerstobeusedasdrugcarriers(Jeong,Bae,
Lee&Kim,1997;Brewer,Coleman,&Lowman,2011).Theyaresafe,highlybiodegradableand
approvedbytheUSFoodandDrugAdministration(FDA)(Tiwarietal.,2012;Chiellini&Solaro,
1996).Inaddition,polymericnanoparticlesaresuitablespeciesforthesurfacemodification.Hence,
polymericnanoparticlessuitablecandidatesfordrugdelivery.Differentdrugsthatcanbeexplored
in combination with polymeric nanoparticles include: small molecules, proteins, nucleic acids,
diagnosticagents(Morachis,Mahmoud&Almutairi,2012).Targeteddrugdeliveryusingpolymeric
nanoparticleshasavastpotentialindiagnosisandtreatment(Torchilin,2007;Singh&Lillard,2009).
Applicationofsuchspeciesasdrugcarrierscannotablyreducesideeffectsandincreaseresidence
timeinthebody(Brewer,Coleman,&Lowman,2011;Scarpaetal.,2016;Mørch,etal.,2015).
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Polymericnanoparticlescouldalsobeusedtodelivermultipledrugssimultaneously(Scarpaetal.,
2016;Mørchetal.,2015).Theycanstabilizeandprotectloadeddrugsfromdegradation(Panyam
&Labhasetwar,2003).

Physical and chemical propertiesofbothpolymericnanoparticles anddrugshave influence
ondrugdelivery.Systematicalevaluationoftheinfluenceofdifferentphysicochemicalparameters
ofdrugsandnanomaterialswasperformedindifferentpapers(Morachis,Mahmoud&Almutairi,
2012; Wang & Dormidontova, 2010; Bae, Fukushima, Harada & Kataoka, 2003). For instance,
bindingaffinityandspecificityaretwoimportantaspectsofnanoparticletargetingthatcharacterize
the performance of nanoparticle delivery systems (Wang & Dormidontova, 2010). Wang and
Dormidontovafoundthatnanoparticleaffinityisaffectedbyvariationsinthebindingenergy,number
ofligands,tetherlength,density,andnanoparticle’ssize(Wang&Dormidontova,2010).

Effectivenessofadrugdeliverydeviceissystem-dependentondrugloadinganddrugrelease.
Highdrugloadingcapacityisthenecessityforasuccessfuldelivery(Bae,Fukushima,Harada&
Kataoka, 2003). In general, release/loading rates depend on drug solubility, sorption-desorption
processes,drugdiffusionanderosion/diffusionprocessesinnanoparticle.

Propertiesofnanoparticles loadedwithdrugcanbepredictedusingsimulationmethods. In 
silicopredictionsofpropertiesofnanomaterialsrepresentthecuttingedgeofnon-testingmethods.
For instance, Costache et al. modeled drug-polymer interactions in polyethylene glycol-tyrosine
copolymer nanospheres (Costache, Sheihet, Zaveri, Knight & Kohn, 2009). However, all atoms
simulations usually require big amounts of computer time. Simple and quick methods, such as
moleculardockingorQuantitativeStructure-PropertyRelationship(QSAR)analysiscouldbeapplied
toidentifycandidatematerials(Winkleretal.,2014;Sizochenko&Leszczynski,2016;Rasulevet
al.,2017).Suchmodelingcouldbeusedtofilltheinformationalgapbetweenmoderntheoriesof
mechanismsofnanoparticle’sactionandpropertypredictions.

2. MATeRIALS AND MeTHoDS

Originalexperimentaldataofmassloadingof21approveddrugsonpoly(dl-lactide-co-glycolicacid)
wereextractedfromliterature(Das,Roy,Islam&Saha,2013).Thestructuresofdrugswerefurther
optimizedwiththeGaussian09softwarepackageusingaprotocolwhichincludedDensityFunctional
Theory(B3LYPfunctional,6-31G(d,p)basisset).AlistofthestudieddrugsispresentedinTable1.
RelativechiralityofdrugswasreflectedusingContinuousChiralityMeasure(CCM)(Pinsky,Zait,
Bonjack&Avnir,2013).TheCCMevaluatesthedegreeofchiralityofamolecule.Themeasureis
basedonthedistancebetweenthechiralmoleculeandtheneareststructurethatisachiral(Pinsky,
Zait,Bonjack&Avnir,2013).Bydefinition,forgivenconfigurationofpoints{Pi}:=l,thechirality
contentisdeterminedbyfindingthenearestconfigurationofpoints{ki}:=lwhichhasanimproper
elementofsymmetryandbycalculatingthedistancebetweenthetwosets.

Additionally,relativelipophilicityandelectronegativitycountswerecalculatedusingsimplex
descriptors(SIRMS-lipandSIRMS-EO)(Sizochenko,Kuz’min,Ognichenko&Leszczynski,2016).
IntheframeworkofSiRMS,moleculeswererepresentedasasystemofsimplexes(fragmentsof
fixedcomposition,chiralityandtopology).Thisapproachisutilizedtogenerateso-calledsimplex
fragments(fragmentsofsize4atoms).Hydrophobicityofstudiedcompounds(logP)wasdetermined
bythesumofnon-overlappingmolecularfragments(Table1).

Forthepurposesofquantitativemodeling,modificationofM5Pclassifierwasapplied.Previously,
ourteamsuccessfullyappliedM5PalgorithmforQSARmodelingofnanoparticles(Sizochenkoet
al.,2017).M5Pmethodologycombinesaconventionaldecisiontreetechniquewiththeregression
functionsatthenodes(Quinlan,1992).Collecteddatawasrandomlysplitbetweentrainingandtest
sets.Trainingsetcovers~80%oftheinitialdataset;relatedtestsetcoverstheremaining~20%.
Next,thestatisticalgoodness-of-fitoftheM5Pmodelanditspredictiveabilitywereassessedusing



 

 

8 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/article/drug-nanoparticle-composites/188865

Related Content

Nanobiotechnology for Bioremediation: Recent Trends
Swati Jagdale, Asawaree Hableand Aniruddha Chabukswar (2021). Research

Anthology on Synthesis, Characterization, and Applications of Nanomaterials (pp. 67-

88).

www.irma-international.org/chapter/nanobiotechnology-for-bioremediation/279142

Towards Arithmetical Chips in Sub-Excitable Media: Cellular Automaton

Models
Liang Zhangand Andrew Adamatzky (2009). International Journal of Nanotechnology

and Molecular Computation (pp. 63-81).

www.irma-international.org/article/towards-arithmetical-chips-sub-excitable/4085

Safety and Toxicity of Nanomaterials in Medicine
Vandana Singh, Ankush Verma, Amit Pratap Singh Chouhan, Rahul Saxena,

Sanjana Korangaand Takreem Husain (2024). Cutting-Edge Applications of

Nanomaterials in Biomedical Sciences (pp. 429-449).

www.irma-international.org/chapter/safety-and-toxicity-of-nanomaterials-in-medicine/336408

Developments in Antibacterial Disinfection Techniques: Applications of

Nanotechnology
Nicolas Augustus Rongione, Scott Alan Floerkeand Emrah Celik (2017). Applying

Nanotechnology for Environmental Sustainability (pp. 185-203).

www.irma-international.org/chapter/developments-in-antibacterial-disinfection-

techniques/162329

A Reduced-Order General Continuum Method for Dynamic Simulations of

Carbon Nanotube
Yang Yangand William W. Liou (2010). International Journal of Nanotechnology and

Molecular Computation (pp. 1-24).

www.irma-international.org/article/reduced-order-general-continuum-method/52086

http://www.igi-global.com/article/drug-nanoparticle-composites/188865
http://www.igi-global.com/article/drug-nanoparticle-composites/188865
http://www.irma-international.org/chapter/nanobiotechnology-for-bioremediation/279142
http://www.irma-international.org/article/towards-arithmetical-chips-sub-excitable/4085
http://www.irma-international.org/chapter/safety-and-toxicity-of-nanomaterials-in-medicine/336408
http://www.irma-international.org/chapter/developments-in-antibacterial-disinfection-techniques/162329
http://www.irma-international.org/chapter/developments-in-antibacterial-disinfection-techniques/162329
http://www.irma-international.org/article/reduced-order-general-continuum-method/52086

