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Abstract:ȱOralやdiseaseやgreatlyやaffectsやqualityやofや life,やasやtheやmouthやisやrequiredやforやaやwideやrangeやofや
activitiesや includingや speech,や foodや andや liquidや consumption.や Treatmentや ofや oralや diseaseや isや greatlyや
limitedやbyやtheやdoseやformsやthatやareやcurrentlyやavailable,やwhichやsufferやfromやshortやcontactやtimes,やpoorや
siteやspecificity,やandやsensitivityや toやmechanicalやstimulation.やMucoadhesiveやdevicesやpreparedやusingや
electrospinningや offerや theや potentialや toや addressや theseや challengesや byや allowingや unidirectionalや siteま
specificやdrugやdeliveryや throughや intimateやcontactやwithや theやmucosaやandやwithやhighやsurfaceやareasや toや
facilitateやdrugやrelease.やThisやreviewやwillやdiscussやtheやrangeやofやelectrospunやmucoadhesiveやdevicesやthatや
haveやrecentlyやbeenやreportedやtoやaddressやoralやinflammatoryやdiseases,やpainやrelief,やandや infections,やasや
wellやasやnewやtreatmentsやthatやareやlikelyやtoやbeやenabledやbyやthisやtechnologyやinやtheやfuture.や

Keywords:ȱ bioadhesion;や mucosa;や localや therapy;や electrospinning;や oralや cavity;や drugや delivery;や
inflammation;やinfections;やpainやreliefや

や

1.ȱIntroductionȱ

Theや oralや cavityや playsや aや vitalや roleや inや dayまtoまdayや life,や includingや speech,やmastication,や eating,や
drinkingやasやwellやasやotherや sensoryや functions.やTheseや functionsやareやallやunderpinnedやbyやhealthyやoralや
tissues�theやimpairmentやofやwhichやdueやtoやdiseaseやcanやvastlyやreduceやqualityやofやlifeや[1,2].やTreatmentやofや
oralやdiseasesやcanやbeやdifficult,やwhereやfrequentやhighやtopicalやdosesやappliedやacrossやtheやwholeやofやtheやoralや
cavity,やorやdrugsやdeliveredやsystemically,やareやtheやmainやtreatmentやoptionsやforやoften,やsmallやaffectedやareasや
ofやtheやoralやmucosa.やSomeやlocalisedやtopicalやtreatmentやmethodsやusingやgelsやorやcreamsやareやcurrentlyやonや
theやmarket;やhowever,やmanyやofや theseやonlyやhaveやaや transientや therapeuticやeffectやdueや toや limitedやdrugや
retentionやonやtheやaffectedやmucosa.ȱ

Theや fieldや ofや oralやmedicineや facesや severalや challengesや inや findingや anや appropriateやdrugやdeliveryや
systemやthatやoffersやsustainedやdrugやreleaseやtoやdirectlyやtargetやtheやdiseaseやsiteやorやlesion,やnotやleastやbecauseや
theやmoistやenvironmentやinやtheやmouthやandやflexibilityやofやtheやmucosalやtissueやsurfacesやmakesやadhesionや
difficult.やThisやrepresentsやaやmajorやunmetやclinicalやneedやasやthereやareやcurrentlyやnoやeffectiveやcommerciallyや
availableや drugや deliveryや systemsや thatや fullyや addressや theseや problems.や Electrospinningや thinや fibrousや
patchesや forや localや oralや drugや deliveryや mayや beや idealや toや overcomeや theseや challenges,や whereや theや
manufacturedや fibresやhaveやaやhighやsurfaceやareaやtoやsimultaneouslyやallowや increasedやdrugやreleaseやandや
mucoadhesiveやinteractionやwithやtheやtissue.やInやrecentやdecades,やnumerousやscientificやstudiesやhaveやshownや
thatや electrospunや systemsや canや actや asや drugや deliveryや vehiclesや [3,4].や Moreや recently,や electrospunや
oromucosalやdrugやdeliveryや systemsやareやbeingやdevelopedや forや localや treatmentやofやoralやdiseases.やThisや
reviewやintroducesやtheやrequirements,やmanufacture,やandやcharacterisationやofやelectrospunやmucoadhesiveや
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systemsやsuitableやforやapplicationやtoやtheやoralやmucosaやandやdiscussesやmaterialsやcurrentlyやinやdevelopmentや
forやuseやinやoralやmedicine.やResearchやsoやfarやhasやalmostやexclusivelyやbeenやaimedやatやprovidingやpainやreliefや
orや treatingや infectionsや andや inflammatoryや diseases.や Thisや reviewや alsoや discussesや howや electrospunや
mucoadhesivesや couldや beや furtherやdevelopedや forや theseや applicationsや andや identifiesやpotentialや futureや
treatmentsやthatやcouldやbeやenabledやbyやthisやtechnology.ȱ

2.ȱOralȱMucosaȱ

2.1.ȱStructureȱ

Theやoralやmucosaや isや theやmucousやmembraneや liningや theやoralや cavityや andや consistsやofや aや stratifiedや
squamousや epithelium,や basementやmembrane,や laminaや propriaや andや submucosaや (Figureや 1)や [5].や Theや
epitheliumやtypicallyやconsistsやofやfiveやlayersや(stratumやbasale,やstratumやspinosum,やstratumやgranulosumや
andや stratumや corneum)やdependingや onや levelや ofや keratinisation.やTheや epitheliumや isやmadeや upや ofや oralや
keratinocytesやthatやoriginateやinやtheやstratumやbasaleや(basalやlayer),やwhereやtheyやdivideやbyやunevenやmitosis.や
Inや thisや process,や oneや daughterや cellや remainsや inや theや basalや layerや andや isや attachedや toや theや basementや
membrane,やwhereやitやcanやundergoやfurtherやroundsやofやcellやdivision.やTheやotherやdaughterやcellやmigratesや
apicallyやintoやtheやstratumやspinosum;やmoreやcommonlyやtermedやtheやspinousやlayer.やOnceやinやtheやspinousや
layer,やtheやkeratinocytesやloseやtheやabilityやtoやdivideやandやbeginやaやprogrammeやofやterminalやdifferentiationや
asや theyやprogressや intoや theやstratumやgranulosum.やHere,や theやkeratinocytesやcontainやmembraneやcoatingや
granulesや thatや extrudeや lipidsや andや these,や alongやwithや theや lowや intracellularや volume,や actや asや aやhighlyや
efficientやpermeabilityやbarrierやagainstやhydrophilicやmaterialsや [6].やTheやkeratinocytesや finallyやenterや theや
stratumやcorneum,やwhereやtheyやcanやeitherやshedやtheirやnucleiやandやincreaseやkeratinやproductionやtoやbecomeや
keratinisedやorやretainやtheirやnucleiやandやbecomeやnonまkeratinised,やbeforeやeventuallyやbeingやlostやtoやtheやoralや
cavityやbyやdesquamation.やTheやhardやpalate,やdorsumやofや theや tongueや andや theやgingivaや areや coveredや inや
masticatory,やkeratinisedやstratifiedやsquamousやepitheliumやwhilstやtheやinnerやlipsや(labialやmucosa),やcheekや
(buccal)やmucosa,やsoftやpalateやandやfloorやofやtheやmouthやareやcoveredやinやliningやmucosaやthatやconsistsやorやaや
nonまkeratinisedやstratifiedやsquamousやepithelium.やAlthoughやoralやkeratinocytesやmakeやupや95%やofや theや
totalやcellやnumberやinやtheやoralやepithelium,やotherやimportantやcellsやareやpresentやincludingやdendriticやcellsや
thatや performや importantや immunosurveillanceや rolesや andや sensoryやMerkelや cells.や Theや surfaceや ofや theや
epitheliumや isや bathedや inやmucinsや (highlyや glycosylatedや proteins)や andや inorganicや saltsや areや primarilyや
secretedやbyやsublingualやsalivaryやglands.やTheseやcauseやtheやgelationやofやtheやouterやlayerやintoやaやprotectiveや
andや lubricatingや layerやofやmucousやwithやaや thicknessやofや40�300やょm,や followedやbyやanやadditionalや70やょmや
coatingやofやsalivaや[5].や や

Basolateralやtoやtheやoralやepitheliumやisやtheやlaminaやpropria,やaやfibrousやconnectiveやtissueやlayerやwhereや
oralやfibroblastsやproduceやelastinやandやtypeやIやandやIIIやcollagenやfibresやtoやformやtheやextracellularやmatrix.やTheや
laminaやpropriaやalsoやcontainsやbloodやvessels,やglandsやandやnerves.やTheやsubmucosaやbeneathやtheやlaminaや
propria,やwhichやmayやorやmayやnotやbeやpresentやdependingやonやtheやregionやofやtheやoralやcavity,やconsistsやofや
looseやconnectiveやtissueやthatやconnectsやtheやoralやmucosaやtoやtheやunderlyingやmuscles.やHealthyやoralやliningや
mucosa,やsuchやasやthatやofやtheやbuccalやmucosa,やconsistsやofやapproximatelyや40やtoや50やcellやlayersや[7],やwithやanや
averageやthicknessやofや294や±や68やょmや[8].やHowever,やepithelialやthicknessやvariesやatやdifferentやmucosalやsites,や
withやtheやfloorやofやtheやmouthやhavingやtheやthinnestやmucosa.や や

Diseasedやoralやtissueやusuallyやoriginatesやinやtheやepithelium.やForやexample,やmalignancyやoccursやdueや
toやgeneticやdefectsやinやtheやbasalやkeratinocytesやleadingやtoやuncontrolledやcellやdivision.やAutoまinflammatoryや
diseasesやsuchやasやoralやlichenやplanusやoccurやasやaやresultやofやimmuneやcellまmediatedやdamageやofやtheやstratumや
basale,やwhilstや fungiや suchや asや Candidaȱ albicansや canや infectや theや upperや epithelialや layersや causingや oralや
candidiasisやorやdentureやstomatitis.やTherefore,やtheやepitheliumやisやtheやmainやdrugやdeliveryやtargetやforやtheや
treatmentやofやmostやoromucosalやdiseasesや[9].や
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や
Figureȱ1.ȱHistologicalや(left)やandやschematicや(right)やimageやofやtheやbuccalやoralやmucosaや(histologicalやimageや
courtesyやofやProf.やKeithやHunter,やUnitやofやOralやPathology,やUniversityやofやSheffield).やScaleやbarや=や100やょm.や

2.2.ȱPermeationȱ

Theや permeabilityや ofや theや oralや epitheliumや isや dependentや onや itsや thickness,や lipidや contentや inや theや
granularやlayerやandやdegreeやofやkeratinisation.やInやgeneral,やtheやhigherやlipidやcontentやinやkeratinisedやregionsや
lowersやtheやpermeabilityや[7].やOralやmucosalやpermeabilityやisやlowerやthanやinやtheやintestineやdueやtoやincreasedや
thicknessやandやreducedやsurfaceやareaやofやtheやepithelium.やThereやareやmultipleやroutesやforやaやdrugやtoやpassや
throughやtheやoralやmucosaやandやtheやpredominantやrouteやdependsやonやtheやphysicochemicalやpropertiesやofや
theや drugや [10].や Smallまmoleculeや lipophilicや drugsや suchや asや fentanylや [11]や oftenや partitionや intoや cellや
membranes,やandやsoやdiffuseやpredominantlyやthroughやtheやepithelialやcellsや(transcellularやroute)やandやoftenや
crossやtheやoralやmucosaやefficientlyやwithoutやanyやpermeationやenhancers.やInやtheやcaseやofやionisableやsmallま
moleculeやdrugs,やsuchやasやlamotrigine,やtheやpHやofやtheやdeliveryやsystemやmayやbeやadjustedやtoやfavourやtheや
nonまionisedやformやtoやpromoteやtranscellularやdiffusionや[12].やLargerやandやmoreやhydrophilicやcompounds,や
includingや peptides,や tendや toや favourや transportや aroundや keratinocytesや (paracellularや route)や andや areや
usuallyやlessやwellやabsorbedや[10].やForやcertainやdrugs,やtranscellularやtransportやacrossやtheやoralやmucosaやmayや
occurやviaやcarrierまmediatedやtransport.やForやexample,やthereやisやevidenceやthatやmonocarboxylateや[13]やandや
glucoseや [14]や transportersやareや expressedやonや theやkeratinocyteや cellや surface;や therefore,やdrugsや thatやareや
substratesやforやtheseやtransportersやmayやhaveやincreasedやepithelialやuptake.や

2.3.ȱCurrentȱOromucosalȱDrugȱDeliveryȱSystemsȱ

Aやvarietyやofやcommerciallyやavailableやformulationやtypesやtargetやtheやoralやcavityやandやtheseやhaveやbeenや
reviewedやinやdetailやbyやHearndenやetやal.や[15].やMouthwashesやareやcommonlyやusedやforやtheやlocalやdeliveryやofや
antimicrobialsや[16].やMucoadhesiveやgels,やpastes,やandやhydrogelまformingやfilmsやareやalsoやmostlyやusedやforや
localやtopicalやdeliveryやorやtoやformやprotectiveやlayersやoverやwounds,やforやexampleやtoやtreatやulcersやandやsoresや
[17].やGelsやhaveやalsoやbeenやtrialledやforやtheやsystemicやdeliveryやofやanalgesicsや[18]やandやantiまhypertensivesや
[19].やBuccalやtabletsやandや lozengesやareやusedやforやbothやtopicalやandやsystemicやdeliveryやandやmayやincludeや
mucoadhesives.やHere,やdrugsやareやreleasedやasやtheやtabletやdissolves,やofferingやexposureやtimesやofやupやtoや30や
minや [20].や Buccalや tabletsや haveや beenや usedや forや severalや drugsや includingや opioidや painkillersや [20],や
nitroglycerin,や andや steroidや hormonesや forや hormoneや replacementや therapyや [15].や Theseや requireや theや
hormoneや toやpermeateや throughや theや oralやmucosa.やBuccalや tabletsやhaveや alsoやbeenやusedや forや theや localや
deliveryやofやantifungalsやtoやtreatやoralやcandidiasisや[21].や

Theseやexistingやdoseやformsやofferやrelativelyやshortやexposureやtimesやandやtendやtoやdeliverやtheやdrugやnonま
specificallyやacrossやtheやwholeやoralやcavity.やMucoadhesiveやgelsやandやtabletsやofferやimprovedやretentionやoverや
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rinsesやbutやareやproneやtoやbecomingやdislodgedやbyやmechanicalやstimulationやandやareやlikelyやtoやinterfereやwithや
speech.やDrugやdosesやtendやtoやbeやinconsistentやdueやtoやvariationsやinやsalivaやflowやandやswallowingや[20].やTheや
oralやmucosaやisやaやhighlyやchallengingやsiteやforやtheやdevelopmentやofやaやmucoadhesiveやdoseやformやdueやtoや
constantやsalivaやflowやandやmechanicalやforces.やThereや isやaやclearやneedや forやnewやformulationsや thatやallowや
specificや deliveryや ofや aやwellまdefinedや drugや doseや toや theや oralやmucosa.や Electrospunやmaterialsや areや anや
interestingや emergingや technologyや forや thisや application,や dueや toや theirや flexibilityや andや thinnessや inや
comparisonや toや tablets,やwhichや isやexpectedや toや resultや inや improvedやcomfortやandや retention.やTheirやhighや
surfaceやareaやandやporosityやallowsやforやrapidやswellingやenablingやcontrolledやdrugやreleaseやandやanやincreasedや
numberやofやmucoadhesiveやinteractionsやwithやtheやmucosa.や

3.ȱElectrospunȱMucoadhesiveȱMaterialsȱ

3.1.ȱElectrospinningȱ

Electrospinningやusesやaやhighやvoltageや(5�30やkV)やtoやproduceやpolymerやfibres,やwithやdiametersやrangingや
fromやtwoやnanometresやupやtoやseveralやmicrometresやfromやaやpolymerやsolutionやorやmeltや[22].やSoやfar,やatやleastや
12やelectrospunやmedicalやdevicesやareやinやlateやstagesやofやregulatoryやorやmarketやapproval,やwithやtheやmajorityや
beingや usedや asや surgicalや graftsや orや forや tissueや regenerationや [23�34].や Theや techniqueや isや particularlyや
promisingや forやdrugやdeliveryや becauseや ofや itsや versatilityや andや theや highや surfaceや areaや ofや theや resultingや
nanofibreやmesh,やwhichやallowsやanやactiveやcompoundやtoやbeやincorporatedやandやreleasedやatやaやcontrolledや
rateやbyやeitherやdiffusionやorやdegradationやofやtheやnanofibresや[3].やAやtypicalやelectrospinningやsetまupやconsistsや
ofやaやspinneretやneedleやloadedやwithやpolymerやsolution,やaやhighやvoltageやpowerやsupply,やandやaやgroundedや
collectorやplateや (Figureや 2).やTheやpowerや supplyや injectsや chargeや intoや theや solutionや causingや aや streamや toや
accelerateやawayやfromやtheやtipやdueやtoやtheやelectricalやrepulsionやexceedingやsurfaceやtension.やTheやpointやofや
eruptionやisやcalledやtheやTaylorやcone.やAやsyringeやpumpやdrivesやtheやsyringeやatやaやcontrolledやflowやrateやtoやkeepや
theや spinneretや tipや filled.や Polymerや entanglementsや increaseや viscosityや leadingや toや theや formationや ofや aや
continuousや fibreや ratherや thanや droplets.や Theや polymerや streamや drawnや awayや fromや theや needleや tipや
undergoesやwhippingやmotionsやcausedやbyやelectrostaticやrepulsionsやwithinやtheやstreamや[35].やTheやsolventや
evaporatesや rapidlyやduringや theや flight,や leavingや aやmatやofやpolymerやnanofibresや onや theや collectorやplateや
(Figureや3).や

Severalやdifferentやtypesやofやcollectorやcanやbeやused,やmostやcommonlyやaやstaticやplateやorやaやrotatingやdrum.や
Rotatingやdrumsやallowやaやmoreやuniformやmembraneやthicknessやorやtheやcollectionやofやalignedやfibres,やwhichや
areやtypicallyやlessやporousやandやhaveやdifferentやreleaseやandやmechanicalやpropertiesや[22,36].やTemplatesやmayや
alsoやbeやusedやtoやproduceやmembranesやwithやaやthreeまdimensionalやpatternedやsurfaceや[37].やSolutionやandや
processingやparametersや affectや fibreやmorphology,や includingやdiameterや andや theや incidenceやofやdefects.や
Theseやeffectsやareやreviewedやinやdetailやelsewhereや[22].やInやgeneral,やhigherやsolutionやconductivityやandやlowerや
solutionやviscosityやareやassociatedやwithやnarrowerやfibresやwhileやviscosityやmustやbeやsuitableやtoやcounteractや
solutionやsurfaceやtensionやeffectsやandやallowやaやcontinuousやstreamやtoやflow.や

Modificationsやtoやtheやelectrospinningやtechniqueやincludeやtheやproductionやofやfibresやwithやmultipleや
polymerやdomainsやusingやcoaxial,やemulsion,やorやsideまbyまsideやelectrospinningや(Tableや1)や[38�40].やForやdrugや
delivery,やtheseやcanやbeやusedやtoやimproveやtheやprocessabilityやofやaやdrugまcontainingやphaseやusingやaやsecondや
polymerやphaseやorやtoやinfluenceやreleaseやrateやorやadhesionやstrengthやbyやencapsulatingやtheやdrugやwithinやaや
sheath.やRecently,や thereやhasやbeenや interestや inやhighまthroughputやnanofibreやproductionや toやallowやmoreや
economicalやmassやproduction.やNeedlelessやelectrospinningやinvolvesやinjectingやchargeやintoやaやtroughやorや
surfaceや containingやpolymerや solution,や causingやmanyやpolymerや jetsや toや beやproducedや simultaneouslyや
[41,42].やCentrifugalやelectrospinningやinvolvesやaやheatedやrotatingやcylinderやasやtheやspinneret,やwhichやejectsや
moltenやpolymerやthroughやnarrowやoutletsやunderやaやcombinationやofやelectrostaticやandやcentrifugalやforce.や
Thisやpotentiallyやenablesやhighまthroughputやsolventまfreeやproductionやbutやisやchallengingやtoやoptimiseや[43].や
Currently,やarraysやofやuniaxialやneedlesやareやoftenやusedやtoやincreaseやscaleやinやindustrialやsettings.や
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や
Figureȱ2.ȱ(A)やSchematicやdiagramやofやtypicalやelectrospinningやapparatus.やAやhighやvoltageやpowerやsupplyや
injectsやchargeやintoやtheやmetallicやsyringeやtip,やcausingやaやpolymerやjetやtoやbeやejectedやtowardsやtheやgroundedや
collectorやplate.やTheやjetやdriesやduringやflight,やdepositingやaやnanofibreやmesh.や(B)やStaticやcollectorsやresultやinや
aやrandomやmeshやofやfibres;やmovingやcollectorsやcanやbeやusedやtoやproduceやalignedやfibres;やpatternedやcollectorsや
resultや inや texturedやmembranes.や (C)やMultipleやneedlesや inやcombinationやwithやaやmovingやcollectorやallowや
increasedやoutputやorやtheやproductionやofやmixedやfibreやtypes;やcoaxialやneedlesやallowやtheやproductionやofやcoreま
sheathやfibresやwithやmultipleやpolymerやdomains;やneedlelessやspinneretsやallowやmanyやpolymerや jetsやtoやbeや
producedやsimultaneousやtoやgiveやincreasedやoutput.や

や

Figureȱ3.ȱ(A)やScanningやelectronやmicroscopyやimageやofやfibresやelectrospunやfromやaやsolutionやofやEudragit®や
RS100やandやpoly(vinylpyrrolidone)やinやethanol/waterやusingやaやstaticやcollector.やScaleやbarや=や100やょm.や(B)や
Alignedやpolyhydroxyalkanoateやblendやfibresやelectrospunやfromやchloroformやusingやaやrotatingやcylinderや
collector.やScaleやbarや=や100やょm.やReproducedやfromやJ.ȱTissueȱEng.ȱRegen.ȱMed.や2019,や13,や1581�1594.や(C)やPolyや
(3まhydroxybutyrateまcoま3まhydroxyvalerate)や fibrousや membranesや withや rectangularや micropatternsや
electrospunやfromやdichloromethane/methanolやusingやaやmicropatternedやstaticやcollector.やImageやcourtesyや
ofやDrやÍlidaやOrtegaやAsencio,やUniversityやofやSheffield.やScaleやbarや=や1やmm.や

 ȱ
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Tableȱ1.ȱVariationsやandやmodificationsやtoやtheやelectrospinningやtechnique.や

Modificationȱ Typeȱ Applicationȱ Referenceȱ
Focusingやringや Attachmentや Improvedやperformanceや [44]や

Rotatingやmandrelや
collectorや

Collectorや
Alignedやfibres,やmoreやuniformや

membraneやthicknessや
[45]や

Beltやcollectorや Collectorや Increasedやoutputや [46]や
Patternedやcollectorや Collectorや Patternedやmembranesや [37]や

Coaxialや Spinneretや Multipleやdomainやfibresや [47]や
Sideまbyまsideや Spinneretや Multipleやdomainやfibresや [48]や
Simultaneousや
electrospinningや

Spinneretや
andやcollectorや Mixedまfibreやmembranesや [49]や

Multiまneedleや Spinneretや Increasedやoutputや [49]や
Needlelessや Spinneretや Increasedやoutputや [42]や
Centrifugalや Spinneretや Increasedやoutputや [43]や
Emulsionや Feedstockや Multipleやdomainやfibresや [39]や
Sequentialや

electrospinningや Feedstockや Multipleまlayeredやmembranesや [49]や

Meltや Feedstockや Solventまfreeやmanufactureや [50]や
InやSituやmixingや Feedstockや Porousやfibresや [51]や

3.2.ȱBiocompatibleȱPolymersȱ

Itやisやimportantやthatやtheやdeviceやandやitsやcomponentsやbeやnonまirritantやandやnonまtoxicやbothやinやtheやoralや
cavityやandやinやtheやgastrointestinalやtract,やinやcaseやitやisやaccidentallyやswallowed.やBothやnaturalやandやsyntheticや
polymersやcanやbeやelectrospunやintoやbiocompatibleやdrugやdeliveryやmembranes.やTheやmostやcommonlyやusedや
syntheticやpolymersやareやbiodegradableやpolyestersやsuchやasやpoly(lacticやacid)や(PLA),やpoly(glycolicやacid)や
(PGA),やpoly(lacticまcoまglycolicやacid)や(PLGA),やandやpolycaprolactoneや(PCL)や[52].やTheseやpolymers,やwhichや
haveや beenや extensivelyや studiedや forや useや inや orthopaedicや devicesや whereや biodegradabilityや isや oftenや
desirableや [53],や areや typicallyや solubleや inや organicや andや halogenatedや solventsや suchや asや chloroform,や
dichloromethaneや(DCM),やdimethylformamideや(DMF),やandやtetrahydrofuranや[54]やandやhaveやhighやtensileや
strengths.やBiodegradableやpolyestersやareやalsoやsuitableやforやoromucosalやdevices,やasやtheyやareやoftenやnonま
inflammatoryやoverやtheやrelevantやtimescales,やeasilyやprocessed,やeasilyやsterilised,やandやhaveやgoodやshelfや
lives.やTheseやpolymersやareやnotやtypicallyやadhesiveやbutやcanやbeやblendedやwithやaやmucoadhesiveやorやusedやasや
partや ofや aや compositeや systemや toや improveや residenceや time.や Poly(ethyleneや glycol)や (PEG),や poly(vinylや
alcohol)や(PVA)やandやpoly(vinylpyrrolidone)や(PVP)やareやcommonlyやusedやwaterまsolubleやpolymers.やTheseや
haveや beenや includedや inや aやwideや varietyや ofや pharmaceuticalや productsや andや areや generallyや consideredや
biologicallyやinertや[55,56],やwhichやmakesやthemやaやgoodやoptionやforやrapidlyやdissolvingやmembranesやorやforや
increasingや hydrophilicityや inや combinationや withや anや insolubleや polymer.や Theや highや surfaceや areaや ofや
electrospunやsystemsやinやcomparisonやtoやtraditionalやdosageやformsやmeansやthatやacceptableやdosesやcanやoftenや
beやdeliveredやwithoutやdisintegrantsやorやsolubilityやenhancers.やHowever,やreleaseやfromやhydrophobicやfibresや
isやoftenやbimodal,やwithやanやinitialやburstやreleaseやcausedやbyやtheやdissolutionやofやdrugやatやtheやfibreやsurface,や
followedやbyやslowやreleaseやoverやtheやcourseやofやdaysやorやweeksやlimitedやbyやdiffusionやofやdrugsやwithinやtheや
polymerや[52].やThisやmayやnotやbeやaやproblemやforやinexpensiveやlowやtoxicityやdrugs,やwhereやthisやpartialやreleaseや
isやsufficientやtoやprovideやaやtherapeuticやdose.やSlowやreleaseやisやoftenやdesirableやforやotherやapplicationsやsuchや
asやdrugまelutingやimplantsや[57].や

3.3.ȱBioadhesiveȱPolymersȱ

Theや moistnessや ofや theや oralや mucosaや makesや itや aや challengingや siteや forや adhesion;や therefore,や
mucoadhesivesやareやoftenやrequiredやtoやachieveやacceptableやresidenceやtimes.やDependingやonやtheやnatureやofや
theやpolymer,や severalやdifferentやmechanismsやmayやbeや involvedや inやmucoadhesion.やTheseや includeや theや
effectsやofやsurfaceやtension,やdehydration,やdiffusion,やelectrostaticやinteractions,やandやchemicalやadsorptionや
(e.g.,やthroughやtheやformationやofやcovalentやbonds).やWaterまsolubleやpolymersやsuchやasやPVPやswellやrapidly,や
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causingやtheやdehydrationやofやtheやmucusやlayerや[58].やTheやswellingやresultsやinやintimateやcontactやbetweenやtheや
polymerやandやmucusやglycoproteinsやandやhydratesやtheやpolymers,やfurtherやincreasingやtheやrateやofやdiffusionや
intoや theやsubstrate.やProlongedやadhesionやarisesやdueや toやhydrogenやbondingやorや ionicや interactions,やandや
entanglement,や betweenや theや interpenetratingや polymersや andや glycoproteins.や Inや general,や higherや
molecularや weightや waterまsolubleや polymersや resultや inや improvedや residenceや timesや dueや toや slowerや
dissolutionやandやincreasedやchainやlengthやforやinterpenetration/chainやentanglementや[59].やMoreやflexibleや
polymersやwithや linearまchainや configurationsや tendや toや diffuseやmoreや easilyや intoや theや biologicalや tissue,や
resultingや inや anや increasedや numberや ofや interactionsや andや improvedや adhesionや [60].や Highlyや coiledや
polymers,やsuchやasやdextrans,やareやmoreやbulkyやandやlessやableやtoやinterpenetrateやwithやtheやtissue.やPolymersや
withやsimilarやsurfaceやchemistryやtoやtheやglycoproteinsやareやlikelyやtoやbeやmiscibleやandやableやtoやdiffuseやintoや
theやmucusや[61].やNaturalやcarbohydratesやandやproteinやpolymersやthatやhaveやbeenやwidelyやreportedやtoやhaveや
mucoadhesiveやpropertiesやincludeやchitosanや[62],やgelatinや[63],やhyaluronicやacidや[64],やandやalginatesや[65],や
TheseやpolymersやareやchargedやatやphysiologicalやpH;やtherefore,やelectrostaticやinteractionsやinやcombinationや
withやhydrogenやbondingやareやlikelyやinvolvedやinやtheやadhesionやmechanism.やSyntheticやpolyionicやpolymersや
suchや asやpoly(acrylicや acids),や includingやCarbopol®や [66],や andや theやEvonikやEudragit®や seriesやhaveや alsoや
shownやmucoadhesiveやpropertiesや [34,67].やThiolatedやpolymers,や suchや asや thiolatedや chitosanや [68]や andや
thiolatedやhyaluronicやacidや[69],やadhereやbyやformingやdisulfideやbridgesやwithやcysteineやdomainsやinやmucins,や
resultingやinやadhesionやthroughやchemicalやadsorption.や

3.4.ȱMaterialȱCharacterisationȱ

Noや oneや methodや hasや beenや identifiedや toや measureや mucoadhesionや andや thereや isや noや obviousや
correlationや inや resultsやbetweenやmethods,やespeciallyやwhenやcomparedや toや inやvivoや findings.やTheやmostや
commonやtestsやinvolveやuseやofやaやtextureやanalyserやtoやmeasureやmucoadhesiveやstrength,やtheやperpendicularや
forceやrequiredやtoやbreak,やpullやorやpeelやawayやtheやsampleやfromやaやmodelやmembraneや[70�72].やAlternatively,や
inやvitroやresidenceやtimeやtestsやmayやbeやusedやtoやmeasureやtimeやuntilやdetachment,やforやexampleやfromやexやvivoや
animalやmucosaやinやaやsimulatedやsalivaやmediumや[34].や

Differentやexperimentalや inやvitroやsetまupsやhaveやbeenやusedやtoやquantifyやdrugやreleaseやkinetics.やOneや
suchやsetまupや isや theやpaddleまoverまdiscやmethod,やwhichや isやspecificや forや transdermalやpatches,やmeasuringや
oneまsidedやpatchやdissolutionやinやaやbufferやatやaやpaddleやspeedやofや50�100やrpm.やAtやtheやpreまdeterminedやtimeや
points,やanやaliquotやisやremovedやfromやtheやtestやsolutionやandやreplacedやwithやanやequivalentやvolumeやofやfreshや
bufferやsolution.やTheやsamplesやareやthenやanalysedやbyやspectrophotometryやtechniquesや[73]やorやHPLCや[74]や
toやobtainやaやgraphやofやtheやdrugやreleaseやoverやtime.やSimplifiedやversionsやofやthisやmayやalsoやbeやperformedやbyや
immersingやtheやpatchやfreelyやinやtheやreleaseやmediumや[73]やorやadheredやtoやaやglassやslideや[75]やandやstirringやtheや
mediumやwithやaやmagneticやstirrerやbarやorやlaboratoryやshaker.や

Inやvitroやcellまbasedやassaysやareやimportantやatやtheやpreまclinicalやstageやforやevaluatingやirritationやpotentialや
orや sideやeffectsやcausedやbyや theやdeliveryや system.やAtやpresent,や thereやareやnoや internationallyや recognisedや
standardisedやtoxicityやtestesやspecificallyやforやtheやoralやmucosa.やCellやmetabolicやassaysやareやoftenやusedやtoや
giveやanやindirectやmeasureやofやcytotoxicity,やforやexampleやtheやmethylthiazoletetrazoliumや(MTT)やassayやthatや
isやrecommendedやbyやtheやOrganisationやforやEconomicやCoまoperationやandやDevelopmentや(OECD)やtoやassessや
potentialやforやskinやirritationや[76].やAlthoughやvalidatedやforやtissueまengineeredやskinやequivalents,やtheseやtestsや
areや alsoやusefulや forや oralやmucosalや studiesやdueや toや theや similaritiesや inや tissueや structure.や Similarly,や theや
recentlyやdevelopedやmolecularやtestやforやskinやirritation/sensitivityやbasedやonやaやvalidatedやgeneやsignatureや
profileや(SENSまIS)や[77,78]やmayやalsoやbeやofやuseやinやoralやmucosalやstudiesやifやthisやtechnologyやcanやbeやtranslatedや
toやoralやtissue.やMonolayersやofやculturedやoralやkeratinocytesやisolatedやfromやhealthyやtissueやorやkeratinocyteや
cellやlinesやcanやbeやusedやasやinやvitroやmodelsやtoやtestやoromucosalやmaterialsや[79,80].やThreeまdimensionalやoralや
mucosalや equivalentsや areや increasinglyや preferred,や beingや moreや physiologicallyや representativeや andや
offeringやmoreやaccurateやpredictionsやofやcellまtoxicityやwhileやavoidingやtheやuseやofやanimalやmodelsや[81,82].や

Drugやdiffusionやacrossやexやvivoやoralやmucosaやmayやbeやmeasuredやusingやdrugやpermeationやchambers,や
suchやasやtheやFranzやdiffusionやcell.やInやsuchやchambers,やtheやtissueやisやplacedやbetweenやdonorやandやreceptorや
chambers,やwhereや theや donorや chamberや containsや theや doseや formや andや theや receptorや chamberや holdsや aや
temperatureや controlledや physiologicallyや relevantや bufferや solution.や Inや someや instances,や syntheticや
membranesやmayや beや usedや toや eliminateや someや variabilityや causedや byや animalや tissueや [83].や Forや theseや



Pharmaceuticsや2020,ȱ12,や504や 8や ofや 21や

 

methods,や theや solutionや isや removedや fromや theや receptorや chamberや atや preまdeterminedや timeや pointsや toや
measureやtheやdrugやpermeationやoverやtimeやusingやaやUVやspectrophotometerやorやHPLC.やMoreやrecently,やtheや
localisationやofやpermeantsやwithinや theやoralやmucosaや itselfやhasやbeenやvisualisedやdownや toやaやmicrometreや
scaleや resolutionや usingや matrixまassistedや laserや desorptionや ionisationまmassや spectrometryや imagingや
(MALDIまMSI)やonやsectionedやtissueや[84].や

3.5.ȱExcipientsȱandȱOtherȱConsiderationsȱ

Whereやpermeabilityや isやaや limitingや factor,やpermeationやenhancersやmayやbeや incorporatedや intoや theや
deliveryやsystem.やThereやareやaやvarietyやofやclassesやofやpermeationやenhancersやwithやdifferentやmodesやofやactionや
thatやareやoutlinedやinやaやreviewやbyやSudhakarやetやal.や[10].やInやgeneral,やlipophilicやunchargedやdrugsやareやmoreや
stronglyやaffectedやbyやenhancersやthatやincreaseやmembraneやfluidity,やsuchやasやfattyやacidsやorやlaurocapramや
[85].やTheやmechanismやofやactionやofやtheseやclassesやisやtheorisedやtoやbeやaやresultやofやimprovedやsolubilityやofやtheや
drugや inや cellやmembranes,や leadingや toや fasterや uptake.や Supportingや evidenceや forや thisやmechanismや hasや
recentlyや beenや producedや usingや permeationや kineticや experimentsや andやmassや spectrometryや imaging,や
showingやcoまlocalisationやofや theやdrugやwithや theやenhancerやandや increasedやcapacityや forや theやdrugや inや theや
mucosaや[86].やHydrophilicやdrugsやareやgenerallyやmoreやaffectedやbyやsurfactants,やincludingやbileやsalts,やwhichや
areやbelievedやtoやextractやlipidsやfromやtheやepitheliumやandやformやaqueousやreverseまmicelleやchannelsやwithinや
theやtissueや[85].やThisやincreasesやtheやintracellularやspaceやavailableやforやparacellularやtransportationやandやthusや
increasesやtheやrateやofやpermeation.やAtやthisやstage,やthereやhasやbeenやlittleやresearchやinvolvingやelectrospunや
systemsや containingやpermeationやenhancers;やhowever,やmanyやmucoadhesiveやpolymers,や inやparticularや
chitosan,やcanやthemselvesやenhanceやpermeationやbyやdisruptingやtheやstructureやofやmucinsやandやlipidsやatやtheや
mucosalやsurfaceや[85].や

Inやsomeやcases,やexcipientsやhaveやbeenやincludedやinやelectrospunやsystemsやtoやfurtherやenhanceやdrugや
solubility,やforやexampleやemulsifiersやorやcomplexingやagentsや[87,88].やNanoparticleやdrugやdeliveryやvectors,や
suchやasやliposomesやandやpolymersomes,やhaveやpreviouslyやbeenやincorporatedやintoやelectrospunやmaterialsや
forや aや varietyや ofや nonまoromucosalや applicationsや [89�91].や Researchや onや oromucosalや filmsや containingや
nanoparticlesやhasやshownやimprovementsやtoやabsorptionやandやdrugやsolubilityやandやmayやprotectやcertainや
drugsやfromやenzymaticやdegradationや[92].やHowever,やdueやtheやadditionalやmanufacturingやandやregulatoryや
complexity,やtheseやmaterialsやrarelyやmakeやitやtoやlateやstageやclinicalやdevelopment.や

Otherや considerationsや forや aや topicalや dosageや formや thatや adheresや toや theや oralや mucosaや includeや
disturbancesやtoやtaste,やspeech,やeatingやandやdrinkingや[15].やItやmay,やtherefore,やbeやdesirableやtoやavoidやfoulま
tastingや drugsや andや excipientsや orや deliverや themや unidirectionallyや intoや theやmucosa.やLowや profileや andや
flexibleやdosageやformsやmayやreduceや theや likelihoodやofやtheやdeviceやbecomingやdislodgedやbyやmechanicalや
forcesや inや theやmouth;や therefore,や flexibleや polymericや filmsや orや patchesやmayや beや preferableや toやmoreや
traditionalやtabletsやinやthisやregard.や

4.ȱTherapeuticȱApplicationsȱCurrentlyȱinȱDevelopmentȱ

4.1.ȱAntiȬInflammatoryȱ

Chronicやinflammatoryやdiseasesやinやtheやoralやcavityやareやoftenやmediatedやbyやdysregulatedやimmuneや
responsesや initiatedや byや pathogens,や foreignや bodies,や ionisingや radiation,や orや autoimmuneや disorders.や
Commonやchronicや inflammatoryやdiseasesや includeやoralや lichenやplanusや (OLP),やwhichやproducesやwhiteや
lesionsや affectingや 1�3%や ofや theやworld�sや population,や andや recurrentや aphthousや stomatitisや (RAS),や alsoや
knownやasやaphthousやulcersやorやcankerやsoresや[93,94].やTheやaetiologyやofやmanyやchronicやoralやinflammatoryや
diseasesやisやpoorlyやunderstoodやandやnoやprophylacticやtreatmentsやareやavailable.やInstead,やcorticosteroidsや
orやotherやantiまinflammatoryやagentsやareやcommonlyやusedやtoやmanageやtheやseverityやofやulcersやandやlesions.や
Systemicやcorticosteroidやdeliveryやoftenやresultsやinやunacceptableやsideやeffects,やwhereasやexistingやtopicalや
formulations,やsuchやasやrinses,やlozenges,やandやointments,やmustやbeやreappliedやseveralやtimesやperやdayやandや
resultやinやinconsistentやdosing.やTopicalやcorticosteroidsやareやalsoやassociatedやwithやsomeやseriousやadverseや
effects,やincludingやadrenalやsuppressionやandやsecondaryやcandidiasisや[95];やtherefore,やformulationsやthatや
allowやtheやspecificやdeliveryやofやwellまdefinedやdosesやareやdesirable.やUlcersやandや lesionsやareやoftenやhighlyや
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sensitive;やtherefore,やmucoadhesives,やonceやcarefullyやapplied,やmayやalsoやpreventやpainやbyやprovidingやaや
protectiveやbarrierやagainstやmechanicalやstimulation.や

Severalや researchや groups,や includingや us,や haveや beenや atや theや forefrontや inや theや developmentや ofや
electrospunやmucoadhesiveやpatchesや(Tableや2).やIndeed,やourやcloseやindustrialやcollaborationやwithやAFYXや
Therapeuticsや hasや enabledやusや toやpushや thisや technologyや closerや towardsやpatientやuse.やAsやpartや ofや ourや
portfolioやofやstudies,やColleyやetやal.やconductedやaやpreまclinicalやstudyやonやelectrospunやpatchesやloadedやwithや
theやcorticosteroidやclobetasolま17まpropionateやtoやtreatやchronicやoralやinflammatoryやdiseases.やTheやpatchesや
consistedやofやaやdrugまloadedや(upやtoや20やょgやperやpatch)やlayerやofやmucoadhesiveやfibresやconsistingやofやPVPや
andやEudragit®やRS100やwithやpoly(ethyleneやoxide)や(PEO)やparticlesやelectrospunやfromや97%やethanolや[34].や
Theseや polymersや areや allや knownや toや haveやmucoadhesiveや properties.やWaterまsolubleや PVPや allowsや theや
patchesやtoやswellやrapidlyやandやinsolubleやRS100やallowsやtheやpatchesやtoやmaintainやtheirやstructuralやintegrity,や
improvingやresidenceやtime.やAやhydrophobicやbackingやlayerやwasやintroducedやtoやpromoteやunidirectionalや
deliveryやandやimproveやmechanicalやpropertiesやbyやelectrospinningやaやsecondやlayerやofやpolyや(caprolactone)や
fromや 9:1や DCM/DMFや andやmeltingや inや anや ovenや toや produceや aや continuousや film.や Drugまfreeや patchesや
displayedやbuccalやresidenceやtimesやofや96や±や26やmin.やinやhumanやvolunteersやwithやgoodやpatientやacceptabilityや
(Figureや4).やDrugまloadedやpatchesやreleasedや80%やofや theやdrugやoverやaや6やh.やperiod.や Inやvitroやcytotoxicityや
testingやwithやtissueまengineeredやoralやmucosalやequivalentsやsuggestedやthatやtheやpatchesやwereやnonまirritantや
[82].やThisやformulationやisやnowやaやproprietaryやtechnologyやofやAFYXやTherapeuticsやwithやtheやbrandやnameや
Rivelin®や andや recentlyや successfullyや metや theや primaryや endや pointや inや phaseや 2bや clinicalや trialsや
(ClinicalTrials.govや identifier:や NCT03592342)や forや theや treatmentや ofや OLP,や showingや aや significantや
reductionや inやulcerやarea,やandや isやonやtrackやtoやbecomeやtheやfirstやsuchやelectrospunやmucoadhesiveやonやtheや
market.や

Tableȱ2.ȱElectrospunやmucoadhesivesやunderやdevelopmentやforやuseやinやoralやhealth.や

Indicationȱ Polymerȱ Drugȱ Solventȱ Processingȱ Ref.ȱ

Oralやlichenや
planusや

Adhesive/drugやrelease:や
PVP,やEudragit®やRS100や

Backingやlayer:やPCLや

Clobetasolま17ま
propionateや

97:3やethanol/waterや
9:1やDCM/DMFや

Sequentialや
electrospinning,やheatや

treatmentや
[82]や

Recurrentや
aphthousや
stomatitisや や

Lowerやlayer:やPEOや
Upperやlayer:やPLLAや

Diclofenacや
sodiumや

Curcuminや

Waterや
HFPや

Doubleまringやslitや
needlelessやspinneretや

[41]や

Painやreliefや
Adhesive/drugやrelease:や
PVP,やEudragit®やRS100や
Backingやlayer:やPCLや

Lidocaineや
97:3やethanol/waterや
9:1やDCM/DMFや

Multipleまlayerや
electrospinning,やheatや

treatmentや
[96]や

Oralや
candidiasisや

PVPや

Clotrimazoleや や
Excipient:や

hydroxypropylま
ぽまcyclodextrinや

7:2:1やethanol/water/や
benzylやalcoholや

Conventionalや
electrospinningや

[87]や

PVPや
Backingやlayer:や

PVA/thiolatedやchitosanや

Clotrimazoleや や
Excipient:や

hydroxypropylま
ぽまcyclodextrinや

7:2:1やethanol/water/や
benzylやalcoholや

Sequentialや
electrospinningや

[79]や

PVA/chitosanや
Terbinafineや

hydrochlorideや
Waterや

Conventionalや
electrospinningや

[88]や

gelatinや Nystatinや HFPや
Electrospinning,やUVや

crossまlinkingや
[97]や

Adhesive/drugやrelease:や
PVP,やEudragit®やRS100や
Backingやlayer:やPCLや

Dodecanoicやacidや
97:3やethanol/waterや
9:1やDCM/DMFや

Sequentialや
electrospinning,やheatや

treatmentや
[98]や

Antibacterialや
Adhesive/drugやrelease:や
PVP,やEudragit®やRS100や
Backingやlayer:やPCLや

Lysozymeや
97:3やethanol/waterや
9:1やDCM/DMFや

Sequentialや
electrospinning,やheatや

treatmentや
[99]や
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や
Figureȱ4.ȱMucoadhesiveやRivelin®やpatchesやplacedやonや theや (A)やgingiva,や (B)や lateralや tongue,や (C)やbuccalや
mucosaやofやaやhealthyやhumanやvolunteer.やReproducedやfromやBiomaterialsや2018,や178,や134�146.や

Weiやetやal.やusedやneedlelessやelectrospinningやwithやaやdoubleや ringまshapedやspinneretや forや theやrapidや
productionや ofや 3まlayerや compositeやmeshesや consistingや ofや aや layerや ofやmucoadhesiveや PEOや nanofibresや
electrospunやfromやwaterやcontainingや30%やw/wやdiclofenacやsodium,やandやaやlayerやofやhydrophobicやpolyや(Lま
lacticやacid)や(PLLA)やnanofibresやelectrospunやfromや1,1,1,3,3,3まhexafluoroま2まpropanolや(HFP)やcontainingや
curcuminやatやupやtoや4%やw/wや(Figureや5).やCurcuminやwasやusedやasやaやmodelやantiまinflammatoryやagentやthatや
mayやbeやbeneficialや forや theや treatmentやofやRASやandやdiclofenacやsodium,やanやantimicrobialやanalgesic,や toや
reduceやtheやriskやofやinfectionやandやrelieveやpain.やTheやfibresやwereやthenやplacedやontoやaやhypromelloseまbasedや
gelや inやaやmouldやandやallowedや toやdryや toやproduceやanやadhesiveやbackingや layer.やDiclofenacやsodiumやwasや
shownや toや inhibitや theやgrowthやofやStaphylococcusȱaureusȱbyやplacingや theやpatchesやontoやaやbacterialや lawnや
grownやonやaやbloodやagarやplate.やCurcuminやwasやshownやtoやmaintainやitsやantiまinflammatoryやpropertiesやbyや
measuringやreducedやproまinflammatoryやgeneやexpressionやbyやactivatedやhumanやmonocytes.やTheやreleaseや
ofやcurcuminやfromやtheやfibresやwasやsustainedやoverやaやperiodやofやtwoやweeksや[41].やAやrelativelyやslowやrelease,や
whichや isや typicalやofやhydrophobicや fibresや loadedやwithやaやhydrophobicやdrugやandやwouldやpotentiallyやbeや
disadvantageousやforやmoreやexpensiveやdrugs,やgivenやthatやshorterやresidenceやtimesやareやmoreやappropriateや
forやRASやulcers.やTheやmultipleやlayersやofやfibresやmakeやtheやsystemやsuitableやforやtheやcoまadministrationやofや
waterまsolubleやandやinsolubleやdrugs,やwhichやisやusefulやforやinflammatoryやdiseases,やwhereやaやcombinationや
ofやdifferentやtherapeuticやagentsやmayやbeやbeneficialや(forやexampleやcorticosteroids,やantimicrobialやagents,や
andやanalgesics).や

や

Figureȱ5.ȱFabricationやofやmultiまdrugまloadedやbilayerやcompositeやmeshesやusingやdoubleまringやslitやneedlelessや
spinneret.や Yellowや layer:や curcuminまloadedや PLLAや nanofibreやmesh;や blueや layer:や diclofenacや sodiumま
loadedやPEOやnanofibreやmesh.やReprintedやwithやpermissionや fromやACSȱAppl.ȱMater.ȱ Interfacesや2019,や11,や
28740�28751.やCopyrightや(2019)やAmericanやChemicalやSociety.や

Althoughや thereや haveや beenや relativelyや fewや studiesや onや electrospunや mucoadhesivesや forや
inflammatoryやconditions,やtheyやhaveやgreatやtherapeuticやpotentialやdueやtoやtheやlargeやnumberやofやpatientsや
affected.やElectrospunやpatchesやofferやimprovedやresidenceやtimesやoverやtopicalやointmentsやandやrinsesやand,や
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unlikeやbuccalや tablets,やareや flexibleやand,や therefore,や lessや likelyや toやplaceやmechanicalやstressやonやsensitiveや
lesionsやandやulcers.やThereやisやpotentialやforやfurtherやresearchやinやthisやareaやtoやdevelopやformulationsやandやforや
theやcoまadministrationやofやantifungalやagentsやtoやcounteractやsecondaryやoralやcandidiasisやoftenやobservedや
withやcorticosteroidやtreatments.や

4.2.ȱLocalȱAnaesthesiaȱandȱAnalgesicsȱ

Chronicや oralやmucosalや painや isや aや commonや complaintや thatや canや haveや aやwideや varietyや ofや causesや
includingや infections,や inflammation,や chemotherapy,や orや surgeryや [100].や Overまtheまcounterや oralや nonま
steroidalや antiまinflammatoryや agentsや (NSAIDs)や andや paracetamolや areや effectiveや forや oralや painや
management,やbutやwithやsomeやsideやeffectsやassociatedやwithやlongまtermやuse.やTopicalやanaesthetics,やsuchやasや
lidocaine,やareやalsoやhighlyやeffectiveやforやlocalやpainやreliefやandやareやcommonlyやappliedやasやgelsやorやlozenges.や
NSAIDsやcanやcauseやorやdelayやtheやhealingやofやoralやulcers,やandやsoやmayやnotやbeやappropriateやforやallやkindsやofや
oralやpainや[101].やOverや50%やofやpatientsやundergoingやtreatmentやforやheadやandやneckやcancerやsufferやfromやoralや
mucositisや[102],やaやdisruptionやinやtheやoralやepithelium,やleadingやtoやpainfulやinflammationやandやulceration.や
Magicやmouthwashesやareやaやcommonlyやusedやpalliativeやtreatment,やtypicallyやcontainingやcombinationsやofや
localや anaestheticsや (lidocaine)やorや antihistamines,や antimicrobialや agents,や corticosteroids,や andや coatingや
agents.やTheseやhaveやunclearやeffectivenessやandやoftenやresultやinやsideやeffectsや[103].やSomeやstudiesやsuggestや
thatや morphineや mouthwashesや provideや superiorや painや reliefや withや reducedや sideや effectsや [104,105].や
Anaestheticやinjectionsやareやusedやforやsomeやdentalやprocedures;やhowever,やdentalやinjectionsやareやtheやcauseや
ofやdentalやanxietyや forやmanyやpatientsや[106].やAlcoholまbasedやtopicalやsolutionsやmayやbeやappliedやusingやaや
cottonやswabやasやanやalternative.やTheseやhaveやanやunpleasantやtasteやandやcanやspreadやacrossやtheやoralやmucosaや
uncontrollablyや[107].やElectrospunやmucoadhesiveやpatchesやmayやofferやanotherやusefulやdeliveryやmethodや
forやdentalやanaesthesiaやorやtheやtreatmentやofやchronicやpainやwithやimprovedやsiteまspecificityやandやprolongedや
deliveryや inやcomparisonやtoやrinsesやandやointmentsやandやwithやaや lowerやprofileやandや improvedや flexibilityや
overやadhesiveやtablets.や

Rapidlyやdissolvingやelectrospunやmembranesやwereやpreviouslyやdevelopedやasやaやpotentialやdeliveryや
methodやforやdentalやanaesthetic.やIllangkoonやetやal.やsuccessfullyやfabricatedやelectrospunやPVPやfibresやloadedや
withやmebeverineや (upや toや 30%やw/w),や aやdrugやwithや severalや applicationsや includingや asや aや localやdentalや
anaesthetic.やAsやwouldやbeやexpectedやofやhighやsurfaceやareaやfibresやofやaやwaterまsolubleやpolymer,やdissolutionや
studiesやshowedやveryやrapidやrelease,やwithやtheやfibresやdissolvingやwithinや10やs,やallowingやforやaやconvenientや
applicationやmethodやwithやimprovedやdissolutionやoverやtheやneatやdrugや[73].や

Clitherowや etや al.や investigatedや theや Rivelin®や formulation,や consistingや ofや drugまloadedや fibresや ofや
blendedやPVPやandやEudragit®やRS100やwithやaやPCLやbackingやfilm,やforやtheやdeliveryやofやlidocaineやHClやtoやtheや
oralやmucosaやforやtheやmanagementやofやprolongedやpainやandやasやaやlocalやanaesthetic.やLidocaineやHClやwasや
loadedやintoやtheやfibresやatや2.5%やw/w.やTheやpatchesやreleasedやapproximatelyや80%やofやtheやloadedやlidocaineや
withinや1やhやandやpermeationやexperimentsやshowedやaやpermeabilityやofや136やょgやcm┑2やmin┑1やinやexやvivoやporcineや
buccalや tissue.や Additionally,や lidocaineや releasedや fromや theや patchesや inhibitedや veratridineまmediatedや
openingやofやvoltageまgatedやsodiumやchannelsやinやSHまSY5Yやneuroblastomaやcellsやinやaやrealまtimeやfunctionalや
assay,や showingや thatや therapeuticやactivityやwasやmaintained.やTheやdistributionやofや lidocaineや inやporcineや
buccalやmucosaやwasやimagedやusingやMALDIまmassやspectrometryやtoやshowやtimeまdependentやpermeation,や
providingやforやtheやfirstやtimeやstrongやevidenceやofやtheやelectrospunやpatches�やefficacyやasやaやlocalやdeliveryや
methodやforやdentalやanaestheticやtoやtheやoralやmucosaや(Figureや6)や[93].や

Oralやpainや representsや aや largeやmarketやwithやmultipleやunmetや clinicalや needsや andや is,や therefore,や aや
promisingやapplicationや forやelectrospunやsystems.やMultipleやstudiesやhaveや reportedや suitableや releaseやofや
lidocaineやHClや fromやbiocompatibleやmucoadhesiveやmaterialsやandやsomeやearlyや resultsやshowやeffectiveや
targetedやdelivery.やFurtherやinやvitroやandやinやvivoやinvestigationやisやexpectedやinやtheやnearやfuture.やThereやisや
alsoやscopeやtoや investigateやtheやversatilityやofやelectrospunや fibresやforやtheやdeliveryやofやalternativeやagents,や
whichやmayやbeやmoreやeffectiveや forや treatingやoralやmucositis,や suchやasやbenzydamineやHCl,やopiates,やandや
amylmetacresol/dichlorobenzylやalcoholや[103,108].や
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や

Figureȱ 6.ȱHaematoxylinや andや eosinや (H&E)まstainedや tissueや sectionsや andや correspondingやMALDIまMSや
imagesやofやporcineやbuccalやmucosaや exposedや toやdualまlayerや electrospunやpatchesや containingや3%や (w/v)や
lidocaineやHClや(m/zや235.1805や[Mや+やNa]+;やred)やafterや15やmin,や1,やandや3やh.やTheやepitheliumや(blue)やforやeachや
sampleやisやshownやusingやtheやepithelialやmarkerやlipidやphosphatidylglycerolや(34:1)や(m/zや771.5140や[Mや+やNa]や
+).やTheやarrowsやinやtheやH&Eやimagesやshowやtheやpositionやofやtheやelectrospunやpatch.やReproducedやfromやMol.ȱ
Pharmaceuticsや2019,や16や(9),や3948�3956.や

4.3.ȱAntimicrobialsȱ

Oralやcandidiasisや(OC)や isやcausedやbyやtheやopportunisticやovergrowthやofやCandida,やmostやcommonlyや
Candidaȱalbicansȱinやtheやoralやcavity.ȱItやisやcommonやinやpredisposedやpatients,やsuchやasやpeopleやwithやdentures,や
diabetics,や immunocompromisedや patients,や andや thoseや onや longまtermや antibioticや orや steroidalや therapyや
[109].やTheやinfectionやcanやbeやpresentやasやsuperficialやplaques,やredやlesions,やorやchronicやplaquesやcausedやbyや
fungalや invasionやofや theや epithelium.や Inや someや cases,やOCやmayや causeやburningや sensations,やunpleasantや
tastes,やorやdifficultyやswallowing.やTopicalやantifungalやsteroidやrinsesやcontainingやnystatinやorやmiconazoleや
areやtheやfirstまlineやtreatmentやandやareやusuallyやeffective.やEvenやtheやmostやwellやtoleratedやantifungalやrinsesや
areやsometimesやassociatedやwithやsideやeffectsやincludingやvomitingやandやdiarrhoeaやandやtheirやhighやsucroseや
contentやcanやexacerbateやotherやconditionsやsuchやasやtoothやdecayやandやdiabetesや[109].やAlthoughやrinsesやareや
effectiveやwhenやappliedや4やtimesやperやday,やthereや isやpotentialや toやminimiseやsideやeffectsやusingやaやspecificや
deliveryや method.や Sustainedや releaseや throughや mucoadhesivesや patchesや mayや allowや theや minimumや
inhibitoryやconcentrationやtoやbeやmaintainedやwithoutやrequiringやsuchやaやhighやinitialやdose,やthusやreducingや
sideやeffects.やRecentやincreasesやinやantifungalやresistanceやshowやaやneedやforやalternativeやantifungalやtherapiesや
[110].やSomeやalternativeやtherapiesやthatやhaveやbeenやexploredやincludeやsurfactantsや[111],やsyntheticやpeptidesや
[112],やandやfattyやacidsや[113].やNanofibreやencapsulationやcanやenhanceやdrugやsolubilityやandやmayやbeやusefulや
forやtheやdeliveryやofやalternativeやantifungalやagentsやthatやareやincompatibleやwithやrinses.や

Tonglairoumや etや al.やdevelopedや electrospunやPVPや fibresやwithや hydroxypropylまぽまcyclodextrinや toや
rapidlyやreleaseやandやimproveやtheやsolubilityやofやclotrimazole,やaやpoorlyやsolubleやantifungalやdrug,やforやtheや
treatmentやofやOC.やPVPやwasやusedやasやaやrapidlyやdissolvingやpolymerやandやtheやcyclodextrinやasやanやexcipientや
toやformやinclusionやcomplexesやtoやenhanceやdrugやsolubility.やClotrimazoleやwasやloadedやatやupやtoや20%やbyやdryや
massやandやtheやfibreやmatsやelectrospunやfromやmixturesやofやethanol,やwater,やandやbenzylやalcohol.やTheやfibresや
rapidlyやdissolvedやinやartificialやsalivaやandやwereやeffectiveやatやeliminatingやtheやviabilityやofやC.ȱalbicansやandや



Pharmaceuticsや2020,ȱ12,や504や 13や ofや 21や

 

C.ȱdubliniensisやsuspensionsやwithinや2やhや[87].やToやprolongやtheやeffect,やtheやmaterialやwasやfurtherやdevelopedや
intoやaやsandwichやpatchやbyやelectrospinningやaやsecondやmucoadhesiveやlayerやfromやwaterやconsistingやofや5:1や
PVA/thiolatedやchitosan.やTheやresultingやsandwichやpatchesやreleasedやclotrimazoleやatやaやrateやmoreやsuitableや
forやprolongedやantimicrobialやeffect,やwithやapproximatelyや70%やreleasedやwithinや4やhや[79].や

Similarly,や Szabóや etや al.や incorporatedや terbinafineや HClや atや approximatelyや 7%や w/wや intoや 1:5や
chitosan/PVAや fibresや fromや anや aqueousや solution.や Theや fibresや dissolvedや rapidlyや inや artificialや saliva,や
releasingや allや ofや theや drugや withinや fourやminutes.や Inや silicoやmodellingや withや GastroPlus�や softwareや
predictedやthatやupやtoや66%やofやtheやdoseやwouldやbeやabsorbedやinやtheやoralやcavityやifやoralやtransitやisやproperlyや
regulatedや[88].や

Adubaやetやal.やalsoやdevelopedやanやelectrospunやmaterialやforやtheやdeliveryやofやpoorlyやsolubleやantifungalや
agentsや againstや oralや candida.や Theや 1:1や gelatin/nystatinや fibresや wereや electrospunや fromや 1,1,1,3,3,3ま
hexafluoroま2まpropanolや andや subsequentlyや immersedや inや PEGや diacrylateや andや 2,2まdimethoxyま2ま
phenylacetophenoneや asや aや photoinitiatorや dissolvedや inや ethanol.や Removingや andや curingや usingや UVや
exposureやproducedやcrossまlinkedやfibresやwithやimprovedやstructuralやstabilityやinやaqueousやsolutions.やTheや
releaseやrateやwasやdependentやonやtheやdegreeやofやcrossまlinkingやandやrelativelyやslow,やwithやapproximatelyや
20�70%やreleasedやwithinや24やh.やHowever,やtheやauthorsやdidやnotやassessやtheやeffectivenessやofやtheirやsystemやinや
anyやbiologicalやassaysや[94].や

Clitherowやetやal.や incorporatedやvariousやunsaturatedや fattyやacidsやasやalternativeやantifungalやagentsや
intoやbothやtheやPCLやandやPVP/Eudragit®やRS100やofやtheやRivelin®やpatchやformulationやatやloadingsやofやupやtoや
22%やandや12%やw/w,やrespectively.やUnlikeや inやpreviousやstudies,やdiskやdiffusionや inhibitionやandやbiofilmや
viabilityやassaysやwereやusedやtoやdemonstrateやtheやpotentialやofやtheやpatchesやatやinhibitingやbothやwildまtypeや
andや azoleまresistantや C.ȱ albicansȱ whenや appliedや directlyや toや biofilms,ȱ thusや clearlyȱ showingや theや
effectivenessやofやmucoadhesiveやelectrospunやpatchesやatやtreatingやOC.やDodecanoicやacidやwasやfoundやtoやbeや
theやmostやeffectiveやofやtheやfattyやacidsやtestedやagainstやpreまexistingやC.ȱalbicansȱbiofilmsや[95].や

Edmansやetやal.やincorporatedやlysozyme,やanやantimicrobialやenzyme,やintoやtheやRivelin®やformulationやatや
aやloadingやofや1%やw/wやbyやmixingやtheやaqueousやlysozymeまcontainingやproportionやofやtheやelectrospinningや
solventやintoやtheやpolymerやsolutionやshortlyやbeforeやelectrospinning.やTheやpatchesやreleasedやtheやenzymeやatや
aや suitableや rate,やwithや 90%や ofや theや enzymeや releasedやwithinや 2や h.や Theや enzymeやwasや shownや usingや anや
enzymaticやassayやtoやmaintainやhighやactivityやandやinhibitedやtheやgrowthやofやtheやoralやbacteriumやStreptoccocusȱ
rattiȱ inや suspensionや [96].ȱLysozymeや isや effectiveや againstやC.ȱ albicansやandやvariousやoralやGramまpositiveや
bacteriaやandやmayやbeやparticularlyやusefulやasやaや treatmentや inやpatientsやwithや reducedや salivaや lysozymeや
concentration,や suchや asや childrenやwithや chronicや tonsillitisや andやpatientsやwithや oralやmucositisや [114]や orや
xerostomiaや (dryやmouth).や Perhapsやmoreや importantly,や thisやworkや suggestsや thatや theや formulationや isや
suitableや forやdeliveryやofやbiologics,やwhichやareやparticularlyやchallengingや toやdeliverやwithやexistingやdoseや
formsやandやhaveやaやvarietyやofやpotentialやnewやapplicationsや inやoralやhealth,や includingやasやagentsやagainstや
bacterial,やfungal,やandやviralやinfectionsや[115].や

Researchや soや farや hasや shownや thatや aやwideや varietyや ofや alternativeや antifungalや agentsや thatや couldや
overwiseや notや beや deliveredや usingや rinsesや canや beや incorporatedや andや releasedや fromや electrospunや
mucoadhesivesやandやoneやstudyやhasやshownやeffectivenessやagainstやbiofilmsやinやvitro.やItやisやexpectedやthatや
furtherやinやvitroやandやinやvivoやresearchやwillやbeやperformedやtoやtranslateやtheseやmaterialsやforやclinicalやuse.や

5.ȱFutureȱResearchȱandȱConclusionsȱ

Aやrangeやofやelectrospunやmaterialsやhaveやbeenやdevelopedやwhichやincorporateやandやreleaseやdrugsやforや
treatingやoralやdiseases.やTheseやincludeやrapidlyやdissolvingやmembranesやtoやallowやeasyやadministrationやofや
poorlyやsolubleやdrugsやthroughやtoやdevicesやthatやadhereやforやhours,やdeliveringやsustainedやdoses.やHowever,や
itやremainsやchallengingやtoやevaluateやandやcompareやmucoadhesiveやandやmechanicalやperformanceやdueやtoや
theやlackやofやstandardisedやmucoadhesionやtests.やAlthoughやseveralやdifferentやelectrospunやdevicesやforやoralや
medicineやareやunderやdevelopment,やtheやRivelin®やpatchやisやtheやonlyやdeviceやsoやfarやthatやhasやbeenやtestedや
bothやinやvitroやandやinやhumansやtoやshowやaやsuitableやresidenceやtime,やofやapproximatelyや2やh,やandやgoodやpatientや
acceptability.や Futureや drugや deliveryや devicesや areや likelyや toや bringや otherや advantages,や suchや asや longerや
residenceやtimesやorやtheやabilityやdeliverやdrugsやthatやareやincompatibleやwithやnonまaqueousやelectrospinningや
solvents.やTherefore,やitやisやexpectedやthatやmoreやelectrospunやdrugやdeliveryやmaterialsやwillやbeやdevelopedや
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withやanやemphasisやonやclinicalやtranslation.やSoやfar,やtheやtechnologyやhasやbeenやappliedやtoやaやnarrowやrangeや
ofやoralや conditionsや asや anや improvementやonや exitingや treatments;やhowever,や itや isや expectedや that,や asや theや
technologyやmatures,やitやwillやenableやmoreやunmetやclinicalやneedsやtoやbeやaddressed.や

Biologicsやareやaやclassやofやtherapeuticsやthatやareやchallengingやtoやdeliverやusingやtraditionalやdoseやformsや
andやareやcurrentlyやalmostやexclusivelyやdeliveredやsystemicallyやusingや injections.やPotentialやoralやhealthや
applicationsやincludeやantimicrobialやpeptidesやandやproteinsやtoやtreatやresistantやinfectionsやorやtargetやspecificや
strainsやofやpathogenや[116,117].やCertainやcytokines,やsuchやasやkeratinocyteやgrowthやfactor,やshowやpotentialや
forやregeneratingやtheやoralやmucosaや[118],やforやexampleやfollowingやdamageやcausedやbyやoralやmucositis,やandや
couldやbeやeffectiveや ifやdeliveredやdirectlyや toや theやaffectedやsiteやratherや thanやsystemically.やMoreover,や theや
deliveryや ofや therapeuticや monoclonalや antibodiesや directedや atや proまinflammatoryや cytokinesや wouldや
radicallyやalterやtreatmentやoptionsやforやinflammatoryやdisordersやsuchやasやOLPやorやRAS,やconditionsやwhereや
theseやmoleculesやareやaやmajorやdriverやofやpathogenesisや [119].やHowever,や toやdeliverやbiologics,やbothや theや
compatibilityやwithや theや solventや systemや andや theや permeabilityや ofや theやmucosaやmustや beや considered.や
Indeed,やrecentやworkやbyやEdmansやetやal.やsuggestsやthatやtheやRivelin®やformulationやisやsuitableやforやproteinや
deliveryや [96].や Stieや etや al.や recentlyや reportedやmucoadhesiveや chitosan/PEOや fibresや electrospunや fromや aや
mildlyやacidicやaqueousやsolution,やwhichやareやexpectedやtoやbeやfurtherやinvestigatedやforやoromucosalやpeptideや
deliveryや[120].やItやisやalsoやexpectedやthatやmoreやcomplexやelectrospinningやtechniquesやforやmixedやorやmultiま
domainや fibresや couldや beや usedや toや encapsulateや biologicsや thatや wouldや otherwiseや beや susceptibleや toや
denaturationやbyやtheやelectrospinningやsolvent.やAlthoughやbiologicsやtendやtoやpermeateやtheやoralやmucosaや
lessやeasilyやthanやsmallまmoleculeやdrugs,やcertainやpeptides,やincludingやinsulinや[121]やandやsalmonやcalcitoninや
[122],やhaveやbeenやobservedや toやpermeateや theやoralやmucosaや sufficientlyや toや achieveや therapeuticやbloodや
plasmaやconcentrations.やTherefore,やitやisやexpectedやthatやbiologicsやcouldやalsoやpermeateやintoやtheやmucosaや
toやprovideや aや localや therapeuticや effect.やFutureやworkや isやneededや toや investigateやpermeationや followingや
releaseや fromや aや mucoadhesiveや electrospunや material.や Mucoadhesiveや patchesや mayや improveや
permeabilityや byや disruptingや theや superficialや epitheliumや andや providingや intimateや contact.や Manyや
conditions,やincludingやRAS,やoralやmucositis,やandやoralやwoundsやresultやinやanやimpairedやepithelialやbarrierや
thatやmayやallowやdeliveryやtoやtheやtargetやarea.やIfやnecessary,やfurtherやenhancementやcouldやbeやachievedやusingや
conventionalやpermeationやenhancersやorやdrugやdeliveryやvectorsや[15].や

Anotherやpotentialやuseやforやelectrospunやmucoadhesiveやisやtoやpreventやandやtreatやalveolarやosteitisや(dryや
socket),やaやpainfulやconditionやcausedやbyやtheやlackやofやaやbloodやclotやatやtheやsiteやofやtoothやextractionや[123].やTheや
deviceやcouldやactやasやprotectiveやcoverやtoやpreventやlossやofやtheやbloodやclotやorやprotectやunderlyingやboneやandや
nervesやandやdeliverやpainやrelief.やThisやwouldやlikelyやrequireやaやdeviceやwithやaやresidenceやtimeやofやaやfewやdays.や

Mucoadhesiveやpatchesやcouldやprovideやaやlocalやdeliveryやmethodやforやnewやantiまtumourやtreatmentsや
forやoralやsquamousやcellやcarcinomaやorやpreまmalignantや lesions.やPotentialや therapeuticsや includeやhistoneや
deacetylaseや (HDAC)や inhibitors,やsuchやasやsuberoylanilideやhydroxamicやacid,やwhichやactやasやepigeneticや
chemosensitisersやtoやincreaseやtheやeffectivenessやofやtraditionalやchemotherapyや[124,125].やTyrosineやkinaseや
inhibitors,や suchや asや gefitinibや orや cetuximab,や targetや epidermalや growthや factorや receptors,やwhichや areや
overexpressedや inやmanyやsolidや tumours,やandやcanや increaseやcancerやcellやapoptosisやandやradiosensitivityや
[126,127].やImiquimod,やanやimmuneやresponseやmodifierやavailableやasやaやdermalやcream,やhasやshownやpromiseや
inやanimalやmodelsやforやreducingやoralやleukoplakiaや[128].や

Inや conclusion,や electrospunやmucoadhesivesやmakeや useや ofや aや scalableや andや industriallyや provenや
manufacturingやprocessやandやareやhighlyやversatileやinやtheやrangeやofやdrugsやtheyやcanやincorporate.やTheyやareや
attractiveやforやdrugやdeliveryやtoやtheやoralやmucosaやinやthatやtheyやareやflexibleやandやhaveやaやhighやsurfaceやareaや
forやdrugやreleaseやand,やunlikeやexistingやdoseやforms,やallowやtargetedやdeliveryやandやprolongedやretentionや
times.やItやisやenvisionedやthatやelectrospunやdrugやdeliveryやdevicesやwillやexpandやtheやrangeやofやtreatmentsやthatや
canやbeやappliedやtoやtheやoralやmucosaやandやwillやhaveやwideまrangingやimplicationsやforやtheやtreatmentやofやoralや
diseases.や
 ȱ
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