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The use of drug delivery systemsbasedon polymeric nanoparticles(NPs) has generatedinnovative

therapeuticstrategiesfor severaldiseases1,2. Polylactic acid (PLA) is one of the most commonly used

polymers for the synthesis of NPs3, PLA-NPs conjugated with hydrophilic molecules like

polyethyleneglycol (PEG) presentsimproved blood circulation, clearance,biocompatibility, and less

cytotoxicity4.

The current high prevalenceof cardiovasculardiseases(CVD) and the vast application of PEGylated

nanoparticlesproposean excellentopportunityto developnovel therapeuticapproachesfor CVD. In this

work, we developed a computational plan to understanding the structural and physiochemical

properties that establish the associationof cilostazol and adenosine5'-monophosphate(AMP), both

antiaggregantcompounds,loadedinto PLA nanoparticlesasnovelnanosystemfor CVD.
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A combinationof MolecularDynamics(MD) simulationsandDockingtechniqueswereemployedto model

andpredictnanoparticle-druginteractions.

1. Building and optimization of molecules

- Pre-optimization and MD simulations of PLA nanoparticles(ReaxFF (reactive force field)5 with

LAMMPS software6).

- 3D structuresof drugs

2. Blind Docking

- A grid volumeenoughto coverthe entiresurfaceof PLA corewasbuilt (126 x 126 x 126 Å3), usinga

grid spacingof 0.5 Å.

- Dockingwith AutoDock47

- Dockingwith AutoDockVina8

3. Analysisof conformations

- 20conformationsof eachdrugweregeneratedfor eachsystem.

- The docking poseswere analyzedby examiningtheir binding energyscoreand the most visitedñhot

spotsò(putativebindingsites). Themostenergeticallyfavorableconformationswereselectedasthebest

poses.

4. SteeredMolecular Dynamics

- Simplifiedsystemof PLA-DSPE-PEGƄdrugcomplexes.

- To determineanappropiatevelocityspringconstantandvelocityof pulling.

4. Preparation of nanoparticlesusinga nanoprecipitation/self-assemblymethod

Fig 2. Poly D,L-lactic acid20 monomerstructure

PLA polymerchainswerebuilt with the head-to tail connectionandsyndiotactic(D,L) configuration.

Themeanlengthwasdefinedin 20monomers.

10 PLA chains, eachwith 20 repeatunits, were packedin a 100 x 100 x 100 Å3 periodic box to

assemblethePLA core.

Fig 3. PLA coreformationafter2nsof MD simulation

PEGylation(DSPE-PEG2000)

Fig 1. Schematicrepresentationof PEGylationprocessin PLA-NPs

Fig 5. Initial andfinal conformationof PLA-DSPE-PEGcoatedstructureafter60psof simulation

The main goal is to determine the spatial distribution of the drugs into polymeric nanoparticles.

Especially, whether drugs would be found predominantly into PLA core or at the interface of

PLA and DSPE-PEG.

Theresultsshowedthatbothdrugsarefoundat the interface of PLA andDSPE-PEG.

Themosthydrophobicdrug, cilostazol, allowsa betteralignmentwith thePLA unit thanAMP and

presentedthe highestaffinity to PLA core, which wasconsistentwith logPvalues(octanol/water

partitioncoefficient).

AutoDock Vina predicted the strongestdrug-polymer affinity in all cases,comparedwith

AutoDock4.

Cilostazol AMP
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Fig 7. Most visited putativebinding sitesof A) CilostazolandB) AMP obtainedin AutoDock Vina. C) ALogP values

andcomputedestimatedbindingenergiesfor eachantiaggregantcompound.

A) B)

Antiaggregantcompoundswerepreparedbasedon their protonationstateatpH 7.4. Partialcharges

wereassignedandrotatablebondswereidentified.

A) B)

Fig 6. A) AMP andB) Cilostazolstructures.

ü Thestructuralcharacterizationin silico of polymers-drugsprovidesa comprehensiveunderstandingof

thefactorsthatcontributeto NPformationanddrugloadingof nanocarriersbasedonpolymericNPs.

ü This is the first time that the reactiveforce field ReaxFFwasusedto simulatepolymernanoparticle

formation.

ü A self-assemblingprocessin which a core-shell structureis observedwith PLA in the core and a

DSPE-PEG in the shell was detectedand this model is consistentwith nanoprecipitationsynthesis

method.

ü This approachrepresentsan innovative strategy to evaluate the drug encapsulationof several

antiplateletdrugsinto PLA-NPs.

METHODS

INTRODUCTION

RESULTS

CONCLUSIONS

To ensurethat the assemblingmethodologyis correct, severalMD simulationswith more numberof

PLA chainswereperformed. Thus, 20, 40 and80 PLA chains, with sameMD conditionswereusedfor

this goal. Datacollectedalongthetrajectorieswereusedto calculatemolecularpropertiessuchasradius

of gyrationandasphericityandthus, to bettercharacterizetheshapeof PLA core.

Fig 4. A) Radiusof gyrationandB) Triaxial parameterasa functionof simulatedtime for PLA coreswith differentnumberof

PLA chains(10, 20, 40, 80).

Nanoprecipitation/self-assemblymethodallowedto createnanoparticleswith a diameter~ 100 nm

andexhibiteda suitablestability (datanot shown). Theanalysisof samplesby transmissionelectron

microscopy(TEM) exhibitedsphericalshapenanoparticles, with a uniform diameter, and a high

electrondensity on the Surfaceof nanoparticlesdue to the presenceof DSPE-PEG groupsthat

absorbsahigheramountof stainingagent.

Fig 8. A) SizeB) ZetapotentialandC) representativeTEM imageof carboxylicacid-terminatednanoparticles

A) B) C)

DSPE-PEG moleculeswerearrangedaroundthe PLA core randomlyto obtain the final PLA-DSPE-

PEGcoatedstructure. This startingconfigurationwasminimizedfollowed by anequilibrationat310K,

usingacanonicalensemble(NVT) andtimestepof 1 fs.

C)

Fig 8. A) PMF profile alongthe time for PLA-DSPE-PEG(-)/CLZ andPLA-DSPE-PEG(-)/AMP at k=50 kcal/mol*Å2

andvelocity of 5 Å/ps. B) Imageof cilostazoltrajectoryeveryfifth frameshowedat once,smoothedwith a 25-frame

window.

B)A)

Steeredmoleculardynamicsshoweda similar behaviorof drugreleasefor AMP andCilostazol, but

thedifferenthydrophobiccharacterdominatetheformationprocessof complexes.
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