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ABSTRACT

Riboflavin presents tremendous potential as a photosensitizing agent for photodynamic therapy
(PDT)fortreatingmicrobialinfectionandcancertherapy.Encapsulationofriboflavincanimprove
itsbioavailabilityandstabilitywhilemakingtheclinicalapplicationsmoreefficient.Theauthors’
detailedstudyoncellularinhibitionofliposomeencapsulatedriboflavin-5-phosphateinvestigation,
and theeffectofunencapsulated riboflavinon liposomebilayersaims to improve theefficiency
ofcellulardeliveryofriboflavin.Nano-sizedliposomescomposedof1,2-dipalmitoyl-sn-glycero-
3-phosphocholine(DPPC)andcholesterolwereusedinthisstudy.Cellstudiesdemonstratehigh
inhibitionratesforthelipsome-encapsualtedhighconcentrationriboflavinformulationsinthepresence
ofbluelight,despitethelowerencapsulationlading.
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INTRodUCTIoN

A beam light at a visible or near infrared (NIR) wavelength to destroy the target cells bases
photodynamictherapy(PDT)oraphotodynamicreactioninvolvingalight-sensitivesubstance(a
photosensitizer)combinedwith the irradiation. It isemergingasahighlyeffective,non-invasive
therapeutic approach in the struggle against cancer and other infectious diseases (Ma, Huang,
Song,Chen,&Zhang,2016).Despitethesignificantprogressandscientificreports,PDTisyetto
beestablishedasaneffectiveandsafetechniquetoeradicatemicrobesandtumors(Konan,Gurny,
&Allemann,2002).Riboflavin-5-phosphate, also referredasvitaminB2, is apotentantioxidant
and isusedasasupplement inchemotherapydue to itsanti-carcinogenicproperties (Ashoori&
Saedisomeolia,2017;Kandzija&Khutoryanskiy,2017).Inadditiontotheanti-carcinogenicproperties,
riboflavinhasalsoreportedasapotentialphotosensitizerforPDT.Thephotosensitivepropertyof
riboflavinhasbeeninvestigatedineliminatingtumor,ocularandskinandbacterialinfections(Arboleda
etal.,2014;Edwards,Barredo,Silva,DeIoannes,&Becker,1999;Ion,2007;Kashiwabuchi.,2012;
Khaydukovetal.,2016;Sato,Sakakibara,Hasegawa,Minami,&Tsuji,2000;Shen.,2017).However,
thehydrophilicnatureofriboflavincausesrapidclearanceofthedruginthebloodstreamandlowers
theintracellularabsorption,thereby,reducingitstherapeuticefficacy(Eloyetal.,2014).Liposome
basedcarriershavebeenexploitedtoencapsulatinghydrophilicdrugstopreventtheirrapidclearance
andincreasetheircirculationtimeuponadministration.(Eloyetal.,2014;Pabst,Kučerka,Nieh,&
Katsaras,n.d.;Torchilin,2005;Xu,Khan,&Burgess,2012).
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Liposomes are self-assemblies of lipids, which are amphipathic in nature consisting of a
hydrophilicheadandahydrophobictail.Liposomesarecharacterizedbyalipidbilayersurrounding
aqueouscorewhichself-assemble togive rise toanaqueouscore (Gupta,Mandal,Ahmadibeni,
Parang,&Bothun,2011;Matos,Moutinho,&Lobão,2012).Due to thisunique structure, they
arecapableofentrappingbothhydrophobicandhydrophilicmolecules(Murthy,2007).Avariety
ofsimpleandeconomicmethodssuchasdryfilmhydration,solventexchange,electroformation
methodshavebeeninvestigatedtoformliposomeswithvariablesize,surfacecharge,andnumberof
bilayers(Patil&Jadhav,2014).Additionofcholesterolimprovesthecirculationofliposomesinthe
bloodstreamwhileprovidingthestericstabilizationthroughincreasingtherigidityofthebilayer
(Tan,2015).Althoughtheefficacyofliposomeencapsulatedriboflavin-5-phosphateformulationshas
beenreported(Ahmadetal.,2015;Ioniţă,Ion,&Cârstocea,2003)theeffectsofinteractionbetween
thefree-floatingriboflavin-5-phosphate,apotentriboflavinderivativeonthestabilityofliposome
carriersremainunaddressed.

Theobjectiveofthecurrentworkistwofolds,firsttotesttheefficacyofliposomeencapsulated
riboflavin riboflavin-5-phosphate in the presence and absence of blue light for their potential
applicationinphotodynamictherapyagainstcancerandinfectiousdiseases.Secondly,togaininsight
ontheinteractionofunencapsulatedriboflavin-5-phosphateathigherconcentrationsontheliposomal
bilayers.Accordingly,acombinationofanalyticalstudiessuchaszetapotential,DSC(Differential
ScanningCalorimetry)wereusedtoexaminetheelectrostaticbindingbetweentheriboflavinand
lipidheadgroups.DSCwasusedtoobtaininformationontheperturbationsanddisorderingofthe
lipidbilayerduetothepresenceofriboflavin.Adetailedquantificationofthermodynamicproperties
associatedwithincorporationofriboflavinwithinthelipidbilayerwasalsoconducted.

MATeRIALS ANd MeTHodS

Materials
DPPC (1,2-Dipalmitoyl-sn-glycero-3-phosphocholine) dissolved in chloroform was purchased
from Avanti Polar Lipids. Sigma Aldrich supplied cholesterol in powdered form. Riboflavin-5-
monophosphatesodiumsalt(98%purity)waspurchasedfromVWR.InvivogenUltra-puredistilled
waterwasusedinthepreparationofliposomesandriboflavin-5-phosphatesolutions.Table1enlists
themoleculesusedinthisstudyalongwiththeirchemicalstructureandtheproperties.

Preparation of Liposomes
1,2-Dipalmitoyl-sn-glycero-3-phosphocholine (DPPC),cholesterolandpolycarbonatemembranes
were purchased from Avanti Polar Lipids (Alabaster, AL). DPPC/Cholesterol (90/10, 10mM)
liposomeswerepreparedbymixingtheDPPCandCholesterolinknownvolumes.Themixturewas
lefttodryunderastreamofnitrogenfollowedbyvacuumdryingfor20minutes.Thedriedlipidfilm
wasre-hydratedwithInvivogenendotoxinfreeandtheliposomeswereextrudedthrough100nm
polycarbonatemembranestoobtainunilamellarliposomes.Topreparetheriboflavin-encapsulated
liposomes,thedriedlipidfilmwashydratedwith0.5mMand10mMriboflavin-5-phosphate.

dLS and Zeta Potential Measurements
DLS (Dynamic Light Scattering) and Zeta potential experiments were recorded using Zetasizer
nano-series(MalvernNano-ZS).Thesizedistributionoftheliposomeswasobtainedbyplacing1ml
ofsampleinSARSTEDTpolystyrenecuvettesata173°backscatteranglewith120sequilibration
time.ZetapotentialmeasurementsweremadeusingDTS1070foldedcapillarycells.Sizeandzeta
potentialmeasurementswereconductedat25and43°C.
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