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Treatmenti ofi Alzheimeri diseasei fori bloodi braini deliveryi systemi  

Abstrect 

Brain pathologies such as brain cancer, Alzheimer's disease, Parkinson's disease, stroke, and 

multiple sclerosis are among the most common, because they are currently undertreated due to 

drug development, administration, and targeting to the brain challenges. The blood-brain barrier 

is a significant barrier to therapeutic drug delivery to the brain. It is a selective permeability 

network that acts as a local gateway against circulating foreign drugs. The creation of brain 

delivery methods based on nanotechnology, such as nanoparticles, liposomes, dendrimers, 

micelles, and carbon nanotubes, may be the response. 

 

 

Introduction 

Braini diseases,i includingi braini cancer,i Alzheimer’si disease,i Parkinson’si disease,i strokei andi 

multiplei sclerosis,i arei somei ofi thei mosti prevalenti diseases,i whichi arei becomingi ai greati 

concerni duei toi thei increasei ini elderlyi populationi [1].i Thesei disordersi mayi bei causedi byi 

genetici andi environmentali factors,i pathologiesi ini processesi involvingi proteini aggregationi 

whichi leadi toi neurodegenerationi ori disregulationi ofi thei immunei process,i ori abnormalitiesi 

regardingi thei developmenti andi functioni ofthei braini [2].i However,i comparedi toi otheri areasi ofi 

ani organism,i thei treatmenti fori braini diseasesi isi presentlyi unsuccessfuli mostlyi duei toi thei 

complexityi ofi thei brain.i Additionally,i drugi developmenti fori braini diseasesi requiresi longeri 

periodsi ofi timei andi morei complexi clinicali trials.i Sincei thei numberi ofi casesi arei expectedi toi 

increasei overi thei followingi years,i thei discoveryi ofi noveli andi improvedi strategiesi isi cruciali [3]. 

Thei pathwaysi fori thei deliveryi ofi therapeutici agentsi toi thei braini cani eitheri bei invasivei ori non-

invasive.i Thei invasivei routei involvesi thei surgicali administrationi ofi drugsi directlyi insidei thei 

brain,i thusi providingi ai sufficienti dosagei withouti causingi systemici toxicity.i However,i thei intra-

cerebrali injectioni reliesi oni thei cerebrali diffusion,i thusi beingi concentration-dependenti andi 

decreasingi fromi thei administrationi site.i Thei non-invasivei administrationi strategiesi arei basedi 

oni thei anatomicali structureofi thei braini capillaries,i cells,i andi extracellulari environment,i andi oni 

thei directionali transferi ofi fluidsi acrossi thei brain,i thei maini routesi includingi thei nasali andi thei 



systemici administrationi [4].i Thei nasali routei isi preferredi overi thei systemici drugi deliveryi asi thei 

drugi isi directlyi deliveredi intoi thei braini throughi thei olfactoryi bulb,i whichi increasesi thei 

bioavailabilityi andi reducesi thei degradationi ofi thei drug. 

Nevertheless,i limitationsi suchi asi poori drugi permeationsi throughi thei nasali mucosai andi 

mucociliaryclearancei mighti bei encounteredi [5].i Consideringi thei systemici route,i thei circulatingi 

drugsi musti enteri thei parenchymai andi thei cerebrospinali fluidi andi furtheri diffusei throughi thei 

braini extracellulari spacei toi thei targetedi sitei [4].i Thei braini isi onei ofi thei mosti complexi andi 

importanti organsi ofi livingi organisms.i Therefore,i iti isi necessaryi toi protecti iti againsti thei 

contaminationi withi environmentali andi foreigni substancesi whichi couldi leadi toi changesi ini thei 

inneri andi outeri concentrationsi ofi neuronali cellsi andi subsequentlyi toi impairmentsi ini nervei 

conductioni andi dysfunctionsi ini thei bodyi controli processesi [6].i Thei blood-braini barrieri isi thei 

structurei responsiblei fori thei protectioni ofi thei brain,i actingi asi ai locali gatewayi againsti 

thecirculatingi toxinsi andi cellsi [7]i throughi ai selectivei permeabilityi system.i Hence,i thei deliveryi 

systemsfori thei treatmenti ofi braini diseasesi shouldi havei thei capacityi toi crossi thei blood-braini 

barrieri withouti causingi immunei responses.i However,i thei physiologicali functioni ofi thei blood-

braini barrieri isi thei keyi challengei fori thei deliveryi ofi pharmaceuticali drugsi toi thei brain,i whichi 

representsi thei maini reasoni fori complicationsi ini thei existingi treatmenti strategiesi andi fori thei 

numerousi researchi studiesi focusingi oni thei developmenti ofi noveli drugi deliveryi systemsi fori thei 

treatmenti ofi brain-associatedi diseasesi [8]. 

Thei principali pathwaysi fori crossingi thei blood-braini barrieri arei throughi paracellulari transport,i 

betweeni endotheliali cells,i andi throughi transi cellulari transport,i involvingi passivei ori activei 

mechanisms,i acrossi thei luminali sidei ofi thei endotheliali cells,i throughi thei cytoplasm,i andi 

subsequentlyi acrossi thei albuminalside,i intoi thei braini interstitiumi [9].i Althoughi therei arei 

multiplei crossingi pathways,i approximatelyi 98%i ofi smalli moleculesi andi mosti largei moleculesi 

arei unablei toi reachi thei braini throughi thei blood-braini barrieri [10]. 

Nanotechnology,i thei emergingi fieldi thati encompassesi knowledgei fromi multiplei disciplinesi 

includingi chemistry,i physics,i engineering,i andi biology,i implicatesi thei developmenti andi 

modificationi ofi materialsi withini thei sizei rangei ofi 1–100i nmi ini ati leasti onei dimensioni [11–

13].i Additionally,i nanotechnologyi representsi thei capacityi toi understand,i manipulate,i andi 

controli thei matteri ati thei leveli ofi individuali atomsi andi moleculesi [14].i Therefore,i thei 

implicationi ofi nanotechnologyi fori thei developmenti ofi non-invasivei drugi deliveryi strategiesi 



couldi leadi toi thei designi ofi noveli andi improvedi formulationsi toi enhancei thei deliveryi ofi 

therapeutici agentsi acrossi thei blood-braini barrieri [3,15–18]. 

Numerousi researchi studiesi havei focusedi oni thei explorationi ofi nanotechnology-basedi drugi 

deliveryi systems,i includingi nanoparticles,i liposomes,i dendrimers,i carboni nanotubes,i andi 

micelles,i Thei Blood-Braini Barrierwhichi havei thei potentiali toi deliveri thei desiredi quantityi ofi thei 

drugi toi thei braini [10]. 
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Thei Blood-Braini Barrier 
Thei centrali nervousi systemi compartment,i consistingi ofi thei braini andi thei spinali cord,i isi 

protectedbyi twoi maini barriers:i thei blood-braini barrier,i formedi byi thei braini microi vasculari 

endotheliali cells,i andi thei blood-cerebrospinali fluidi barrier,i comprisedi ofi thei epitheliali layeri ofi 

choroidi plexus,i thei cerebrali ventricles,i andi thei arachnoidi materi coveringi thei outeri braini 

surfacei [19].i Asi thei subjecti ofi thisi review,i thei blood-braini barrieri isi characterizedi byi itsi 

uniquei structurei andi thei highlyi controlledi interactionsi betweeni itsi cellulari andi acellulari 

components.i Thei maini functioni ofi thei blood-braini barrieri isi toi ensurei ani optimali environmenti 

fori thei properi functionalityi ofi thei neuronali network,i byi maintainingi braini homeostasis,i 

regulatingi thei influxi andi effluxi ofi fluids,i andi protectingi thebraini againsti pathogenici agentsi 

[20]i throughi ai dynamici combinationi ofi cellular,i vascular,i molecular,i andi ionici factors.i 

Additionally,i iti contributesi toi thei neuronali functionalityi byi allowingi thei glucosei transporti [21]. 

 

Thei Anatomicali Structurei ofi thei Blood-Braini Barrier 
Thei maini componenti ofi thei blood-braini barrieri isi thei continuousi layeri ofi endotheliali cells 

connectedi throughi tighti junctionsi composedi ofi claudin-5,i occludin,i andi otheri moleculesi [22], 

whichi representsi thei luminali surfacei ofi morei thani 99%i ofi thei capillariesi ofi thei braini andi 

spinal 

cordi [23].i Additionally,i thei blood-braini barrieri isi composedi ofi specializedi cells,i includingi the 

pericytes,i thei astrocytes,i andi thei adjacenti neuronsi (Figurei 1)i [24].i Thei functionsi associatedi toi 

thei mainblood-braini barrieri componentsi arei summarizedi ini Tablei 1. 

 



 

i i i i i i i i i i i i i i i i i Figurei 1.i Thei maini structurali componentsi ofi thei blood-braini barrier. 
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morei thani 99%i ofi thei capillariesi ofi thei braini andi spinali cordi [23].i Additionally,i thei blood-

braini barrieri isi composedi ofi specializedi cells,i includingi thei pericytes,i thei astrocytes,i andi thei 

adjacenti neuronsi (Figurei 1)i [24].i  

Thei endotheliumi ofi thei braini providesi ai surfacei areai ofi 20i m2i fori thei blood-braini exchange, 

whilei thei tighti junctionsi directi thei moleculari traffickingi acrossi thei blood-braini barrieri 

throughi thei transcellulari routei [25].i Thei influxi ofi necessaryi substancesi andi thei effluxi ofi 

wastei arei enabledi byi thei structurali andi functionali uniti ofi thei centrali nervousi system,i whichi 

isi thei neurovasculari uniti [24].i Thisi structurei isi formedi ati thei contacti sitesi betweeni smalli 

bloodi vessels,i suchi asi arterioles,i precapillaryi arterioles,i capillaries,i andi postcapillaryi venules,i 

andi thei parenchymali cellsi ofi thei brain.i Thei walli ofi thei bloodi vesselsi consistsi ofi threei 

differenti typesi ofi layers.i Thei inneri layeri ofi endotheliali cellsi isi separatedi fromi thei middlei 

layeri ofi contractilei cellsi throughi thei basementi membrane.i Subsequently,i thei outeri layeri 

differsi dependingi oni thei sizei ofi thei vessel:i ini arteriesi andi arteriolesi iti consistsi ofi smoothi 

musclei cells,i ini capillaries,i thei smoothi musclei cellsi arei replacedi byi pericytes,i andi largeri 



vesselsi arei surroundedi byi ani adventitiali layer,i whichi containsi perivasculari nervei endingsi ofi 

extracerebrali origini fori thei piali vasculaturei andi intrinsici nervesi originatingi fromi subcorticali 

areasi ori locali interneuronsi fori thei intraparenchymali vasculature,i andi arei separatedi fromi thei 

parenchymai byi thei Virchow-Robini spacei [26].i Thei paracellulari spacei betweeni endotheliali 

cellsi isi eliminatedi throughi thei tighti junctions,i whichi appeari asi continuous,i anastomosing,i 

intramembranousi networksi ofi strandsi andi interacti withi thei tighti junctioni proteinsi oni thei 

adjacenti endotheliali cells.i Therefore,i thei transferi ofi solutesi andi ionsi betweeni thei braini andi 

thei bloodi isi blockedi byi thei fusioni ofi tighti junctionsi [27]i Pericytes,i spatiallyi isolatedi 

contractilei cellsi foundi ini thei perivasculari space,i arei involvedi ini angiogenesis,i maintenancei ofi 

thei blood-braini barrier,i regulationi ofi immunei celli entryi toi thei brain,i controli ofi thei cerebrali 

bloodi flow,i andi constrictioni ofi capillariesi ini strokei [28].i Astrocytes,i alsoi knowni asi 

astrogliathei mosti abundanti cellsi ofi thei humani braini [29],i arei responsiblei fori theregulationi ofi 

metabolism,i thei modulationi ofi neuronali transmission,i andi braini developmenti andrepair.i Thei 

astrocytici end-feeti processesi thati surroundi thei endotheliali cells,i overi thei basali lamina,termedi 

gliai limitans,i formsi ai highlyi restrictivei secondi barrieri [22].i barrieri [22].i Neuronsi arei activelyi 

involvedi throughi thei nervousi terminationsi thati reachi alli thei cellsi thati formi thei blood-braini 

barrier 

[30] 

The Physiology of  the Blood-Brain Barrier 

Eachi ofi thei threei maini CNSi interfacei layers:i thei BBB,i choroidi plexusi epitheliumi andi thei 

epitheliumi ofi thei arachnoidi mater,i functionsi asi ai physical,i transport,i metabolic,i andi 

immunologici barrier.i Thei barrieri functionsi arei dynamici andi respondi toi regulatoryi signalsi fromi 

bothi bloodi andi brain.i Tighti junctionsi betweeni adjacenti cellsi restricti diffusioni ofi polari solutesi 

throughi thei intercellulari clefti (paracellulari pathway).i Thei barriersi arei permeablei toi O2i andi 

CO2i andi otheri gaseousi moleculesi suchi asi helium,i xenon,i N2i andi manyi gaseousi anesthetics.i 

Thei permeabilityi toi xenoni mayi providei ai highi resolutioni magnetici resonancei imagingi tooli byi 

whichi smalli morphologicali alterationi mayi bei detectablei withini thei livingi tissuei andi alsoi 

permiti thei analysisi ofi bindingi sitesi usingi moleculari probingi techniques.i Lipidi solublei 

substancesi cani passi thei barrieri byi diffusion.i Principally,i thei BBBi isi alsoi permeablei toi water,i 

howeveri solutei carriersi oni thei apicali andi basali membranesi togetheri withi ectoenzymesi andi 

endoenzymesi regulatei smalli solutei entryi andi efflux.i Transferi ofi somei moleculesi isi regulatedi 



byi multidrugi transportersi thati cani limiti theiri concentrationsi withini thei centrali nervousi system.i 

Multidrugi transportersi arei ubiquitousi transporti proteinsi thati exploiti ATPi hydrolysisi toi funneli 

moleculesi acrossi lipidi membranes;i theyi facilitatei transporti ofi moleculesi intoi cellsi buti mayi 

alsoi preventi accumulationi ofi moleculesi withini thei braini interstitiali space.i Multidrugi 

transportersi andi Pgp-likei proteinsi arei expressedi ati thei BBBi andi limiti accessi ofi drugsi toi braini 

tissuei buti alsoi otheri lipophilici molecules,i includingi (fori example)i bilirubin,i thei degradationi 

producti ofi hemoglobin,i whichi -i ifi enteringi thei centrali nervousi systemi –i isi neurotoxici andi cani 

causei significanti damagei [31].i Recenti studiesi suggesti thati upregulationi ofi transporteri 

moleculesi ini pathologicali conditionsi mayi reducei drugi levelsi withini thei brain,i andi explaini 

treatmenti failuresi (pharmacoresistant)i ini neurologicali andi psychiatrici disordersi [32]. 

Largei moleculesi (e.g.i peptidesi andi proteins)i withi particulari growthi andi signalingi rolesi withini 

thei CNSi enteri thei braini ini ai restrictedi andi regulatedi manneri byi adsorptivei andi receptor-

mediatedi transcytosisi (ARTi andi RMT,i respectively).i Smalleri peptidesi mayi crossi thei BBBi byi 

eitheri nonspecifici fluid-phasei endocytosisi ori RMTi mechanisms.i Similarly,i 98%i ofi alli smalli 

moleculesi arei noti freelyi transportedi acrossi thei BBBi [33].i Thei barriersi alsoi regulatei thei 

recruitmenti andi entryi ofi leukocytesi andi innatei immunei elementsi andi involvei ini bothi thei 

reactivei andi surveillancei functionsi ofi CNSi immunity.i Leukocytei migrationi involvesi ai 

complexi seti ofi adhesioni moleculesi ati thei surfacei ofi leukocytesi andi vasculari endotheliali cells.i 

Tetheringi andi rollingi ofi leukocytesi isi achievedi viai integrinsi VLA-4i (α4β1)i andi α4β7i [34]i andi 

adhesioni moleculesi suchi asi ICAM-1,i VCAM-1i andi PECAM-1,i contributei toi thei adhesioni 

and/ori migrationi ofi distincti subsetsi ofi leukocytesi toi thei CNSi throughi cytokine-activatedi braini 

endotheliumi [35].i Transporti systemsi acrossi thei blood-braini barrieri arei illustratedi ini Figurei 1. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4397166/#R32
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4397166/#R33
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4397166/#R34
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4397166/#R35


 

 

Figurei 2.i Nano-carrieri deliveryi pathwaysi acrossi thei blood-braini barrier. 

 
 

 

Figurei 3.i i Schematici diagrami ofi diseasedi andi healthyi BBB. 
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Nanotechnologyi Approachesi fori Crossingi thei Blood-Braini Barrier 

Thei developmenti ofi nanotechnologyi throughi integratedi multidisciplinaryi effortsi willi resulti ini 

noveli insightsi intoi thei functionsi ofi neurali circuitsi andi approachesi fori ofi braini diseasesi [38].i 

Thisi isi especiallyi necessaryi duei toi thei limitationsi ofi currenti strategiesi toi deliveri drugsi intoi 

Thei specifici propertiesi nanomaterials,i suchi asi reducedi size,i biocompatibility,i prolongedi bloodi 

circulation,i andi non-toxicity,i havei beeni exploitedi fori thei creationi ofi ani emergingi deliveryi 

platformi thati cani easilyi transporti therapeutici agentsi toi thei braini [39].i Thei nanotechnology-

mediatedi drugi deliveryi systemsi arei basedi oni bothi specifici andi non-specifici mechanismsi fori 

targetingi braini sitesi [40].i Recenti studiesi havei focusedi oni thei developmenti ofi drugi deliveryi 

nano-vehicles,i includingi nanoparticles,i liposomes,i dendrimers,i micelles,i andi carboni nanotubes,i 

fori thei deliveryi ofi pharmaceuticali agents,i peptides,i proteins,i vaccines,i ori nucleici acids.i Thei 

parametersi ofi thei maini nano-carriersi usedi fori drugi deliveryi acrossi thei blood-braini barrieri arei 

summarizedi in. 
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Organici nanoparticles 

Polymerici Nanoparticles 

 

Asi nanoparticlesi possessi suitablei propertiesi fori drugi delivery,i suchi asi controlledi drugi 

releaseandi targetingi efficiency,i theyi havei beeni widelyi usedi fori thei developmenti ofi drugi 

deliveryi carriersi toi crossi thei blood-braini barrier.i Moreover,i theyi cani avoidi phagocytosisi byi 

thei reticuloendotheliali system,i thusi improvingi thei concentrationi ofi drugsi ini thei braini [41].i 

Severali typesi ofi nanoparticlesi havei beeni studiedi fori thei efficienti blood-braini barrieri crossing,i 

includingi polymerici andi inorganici nanoparticles.i Recenti studiesi havei focusedi oni thei usei ofi 

poly(lactide-co-glycolic)i acidi asi ai materiali fori thei synthesisi ofi nanoparticlesi toi encapsulatei 

therapeutici agentsi fori thei treatmenti ofi Alzheimer’si diseasei [42]i andi braini canceri [43,44].i Ini 

vitroi studiesi showedi thati thei usei ofi polymerici nanoparticlesi enhancedi drugi deliveryi toi thei 

brain,i withi reducedi oxidativei stress,i inflammationi andi plaquei loadi throughi thei improvedi 

deliveryi ofi curcumini fori treatingi Alzheimer’si diseasei [42],i andi efficienti internalizationi ofi 

doxorubicini intoi thei humani gliomai cells,i resultingi ini cytotoxici effecti oni canceri cellsi [43].i 

Additionally,i thei ini vivoi experimenti regardingi thei co-deliveryi ofi cisplatini andi boldine,i ani 

antioxidanti agent,i usingi thei poly(lactide-co-glycolic)i nanocarriersi resultedi ini ani effectivei 



target-specifici deliveryi fori therapeutici usei ini braini canceri therapyi [44].i Furthermore,i thei usei 

ofi ai positivelyi chargedi polymer,i poly(ethylenei imine)i [45],i andi ofi thei poly(ethylenei imine)-

poly(L-lysine)i copolymeri [46]i asi genei deliveryi vehiclesi hasi beeni reported.i Toi improvei thei 

cytocompatibilityofi poly(ethylenei imine),i L-glutathionei wasi attachedi toi thei backbonei ofi thei 

polymer,i whichi alsoi enhancedi thei passagei throughi thei blood-braini barrieri ini vitroi [45].i Thus,i 

iti hasi beeni demonstratedi thei potentiali ofi poly(ethylenei imine)-basedi nanoparticlesi fori thei 

deliveryi ofi genesi fori genei therapyi ini braini canceri [45,46].i Anotheri polymeri usedi fori thei 

synthesisi ofi nanoparticlesi fori braini deliveryi isi poly(allylamine)i hydrochloride.i Thei 

encapsulationi ofi kynurenici acidi intoi thei core-shelli structuresi hasi indicatedi neuroprotectivei 

propertiesi andi therapeutici potentiali fori neurologicali disorders,i ini bothi ini vitroi andi ini vivoi 

experimentsi [47].i Otheri studiesi havei focusedi oni thei usei ofi andrographolideloadedi intoi humani 

serumi albumin-basedi nanoparticlesi andi polyethylcyanoacrylatei nanoparticlesi fori thei treatmenti 

ofi inflammationi relatedi toi neurodegenerativei diseases.i Resultsi showedi ai slightlyi increasedi 

permeabilityi fori thei humani serumi albumini nanoparticles,i whilei thei 

polyethylcyanoacrylatenanoparticlesi reversiblyi disruptedi thei integrityi ofi thei celli monolayeri 

utilizedi fori thei ini vitroi experimenti [61].i Thei deliveryi ofi docetaxeli fori thei treatmenti ofi braini 

metastasisi hasi beeni achievedi throughi thei developmenti ofi penetratingi amphiphilici polymer-

lipidi nanoparticlesi system.i Thei ini vivoi testsi indicatedi thei accumulationi ofi thei nanoparticlesi ati 

thei tumori site,i withi effectivelyi inhibitedi tumori growth,i andi increasedi mediani survivali 

comparedi toi ani equivalenti dosei ofi clinicallyi usedi docetaxelsolutioni formulationi [48].i Chitosani 

conjugatedi withi L-valinei hasi beeni utilizedi asi vehiclei toi deliveri saxagliptin,i ai hydrophilici 

therapeutici agent,i fori thei therapyi ofi Alzheimer’si disease.i Ini thei ini vivoi studies,i thei 

nanoparticlesi showedi plasmai stability,i thusi preventingi prematurei release,i andi enhancedi braini 

deliveryi comparedi toi thei suspensioni ofi saxagliptini [62]. 



Liposomes 

 

 

i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i Fig-i liposomes 

Liposomesi arei synthetici andi sphericali cells,i consistingi ofi singlei amphiphilici lipidi bilayers,i 

whichi cani entrapi therapeutici molecules,i includingi drugs,i vaccines,i nucleici acids,i andi proteins.i 

Thus,i theyi havei beeni extensivelyi usedi asi drugi deliveryi systemsi toi enhancei thei safetyi andi 

effectivenessi ofi thetherapeuticsi [63]. 

Thei applicationsi ofi liposomesi mostlyi targeti braini canceri therapy,i duei toi thei capacityi toi cross 

thei blood-braini barrieri andi deliveri ani appropriatei quantityi ofi drugsi toi thei brain.i Manyi studiesi 

havereportedi thei usei ofi liposomali formulationsi toi deliveri anti-canceri drugs,i suchi asi 

methotrexatei [64],5-fluorouracili [65],i paclitaxeli [66],i doxorubicini [49,50],i andi erlotinibi [49].i 

Ini orderi toi improvei theefficiencyi ofi thei blood-braini barrieri passagei ofi thei liposomes,i therei arei 

ai fewi strategiesi thati mayi beappliedi toi thei formulations.i Thus,i liposomesi cani bei coatedi withi 

variousi molecules:i poly(ethyleneglycol)i hasi showni toi extendi thei blood–circulationi timei ofi thei 

formulationsi [64],i transferrini fori receptori targetingi leadi toi enhancedi translocationi ofi thei 

carriersi acrossi thei braini [49,65],i andi thei glucose-vitamini Ci complexi hasi improvedi thei 

accumulationi ofi liposomesi ati thei targetedi sitei [66].i Additionally,i ini silicoexperimentsi 

demonstratedi thei capacityi toi facilitatei ai favorablei hydraulici environmenti aroundi thei infusioni 

sitei toi enhancei drugi transporti locallyi throughi convectioni enhancedi deliveryi ofi liposomesi [50].i 

Furthermore,i thei inhibitioni ofi _-amyloid-inducedi Alzheimer’si diseasei usingi ai drugi carrieri 

systemofi apolipoproteini E-modifiedi liposomesi conjugatedi withi phosphatidici acidi designedi toi 

improveblood-braini barrieri penetrationi andi releasei quercetini andi rosmarinici acidi hasi beeni 

reportedi [51].Anotheri treatmenti strategyi involvesi thei usei ofi transferrini modifiedi liposomesi toi 



deliveri _-mangostin,ai potentiali candidatei fori neurodegenerativei diseasesi therapyi [67].i Bothi ini 

vitroi andi ini vivoi studiesshowedi enhancedi blood-braini barrieri permeationi andi efficienti deliveryi 

ofi drugs.Liposomesi havei alsoi beeni utilizedi asi carriersi fori genei therapy.i Researchi worksi havei 

reportedthei deliveryi ofi oligonucleotidesi fori braini canceri therapyi usingi mannitoli fori blood-

braini barrierdisruptioni [68]i andi thei deliveryi ofi liposomesi functionalizedi withi transferrini 

receptori targetingi andpenetratini fori enhancedi celli penetrationi fori thei efficienti deliveryi ofi 

nucleici acidsi fori braini diseasestreatmenti [52]. 

 

Micelles 

 

Micellesi arei amphiphilici molecules,i withi ai particlei sizei withini thei rangei ofi 5–50i nm.i Micellesi 

formspontaneouslyi underi specifici conditionsi ofi concentrationi andi temperaturei ofi thei aqueousi 

solutioni [75]. 

Thei mechanismi involvesi thei self-assemblyi ofi amphiphilici molecules,i withi thei 

hydrophilic/polar 

region,i knowni asi thei head,i facingi thei outsidei surfacei andi thei hydrophobic/non-polari region,i 

knowni asi thei tail,i formingi thei core.i Micellesi havei attractedi thei attentioni fori thei deliveryi ofi 

poorlyi water-solublei molecules,i providingi sustainedi andi controlledi release,i chemicali andi 

physicali stabilityi ofi thei drugs,i andi improvingi drugi bioavailabilityi [76].i Thei potentiali ofi 

polymerici micellesi hasi beeni evaluatedi fori improvingi thei blood-braini barrieri passagei ofi drugsi 

fori braini diseasesi therapy.i Severali blocki copolymersi havei beeni studied,i includingi 



poly(styrene)-poly(acrylici acid),i poly(ethylenei glycol)-b-poly(lactici acid),i andi distearyl-sn-

glycero-3-phosphoethanolamine-N-methoxyi poly(ethylenei glycol),i ofi whichi thei latteri providedi 

enhancedi cellulari uptake,i provingi thei potentiali ofi polymerici micellesi toi deliveri encapsulatedi 

drugsi toi thei specifici braini sitesi [77].i Furthermore,i thei developmenti ofi targetingi andi cellulari 

uptakei mediatingi lipopeptidei derivedi fromi apolipoproteini E,i thati formsi micellesi andi rapidlyi 

incorporatesi intoi liposomesi havei ledi toi thei conclusioni thati thei sizei ofi thei carriersi andi thei 

surfacei densityi of 

cationici peptidesi arei keyi determinantsi fori thei developmenti ofi targeti specifici drugi deliveryi 

systemsi toi thei braini [78].i Recenti worksi havei focusedi oni thei deliveryi ofi curcumini fori 

targetingi gliomai [79]i andi treatingi Alzheimer’si diseasei [55]i usingi micellesi asi nanocarriers.i 

Additionally,i micellesi carryingi contrasti agentsi mighti bei appliedi fori thei magnetici resonancei 

imagingi ofi neuroinflammationi [56]i andi ischemici strokei injuriesi [57]. 

 

 

Solidi lipidi nanoparticles 

 

 

Lipid-basedi nano-carriersi arei anotheri typei ofi nanoparticulatei systemsi thati offeri goodi drugi 

loadingi capacities,i protectioni againsti drugi degradation,i sustainedi andi controlledi drugi releasei 

andi lowi toxicityi issues.i Lipidi NPsi arei colloidali particlesi thati cani crossi thei BBBi viai 

endocytosisi duei i toi theiri lipophilici nature,i whichi wouldi alsoi havei ai beneficiali effecti oni thei 

easei ofi loadingi lipophilici drugsi andi surfacei functionalizationi [58].i Additionally,i lipidi carriersi 



havecomparativelyi enhancedi drugi loadingi efficaciesi comparedi toi polymerici NPs,i allowingi 

themi toi havei greateri controli overi drugi releasei [59].i Yet,i theyi alsoi expressi somei limitationsi 

includingi poori ini vivoi stabilityi andi poori loadingi ofi hydrophilici agentsi [35].i Lipidi NPsi consisti 

ofi solidi lipidi nanoparticlesi (SLNs)i andi nanostructuredi lipidi carriersi (NLCs),i bothi ofi whichi 

havei beeni usedi asi drugi deliveryi vehiclesi fori ADi treatment.i SLNsi arei typicallyi composedi ofi ai 

solidi lipidi corei matrix,i ini whichi thei therapeutici drugsi cani bei dispersedi ori dissolvedi [60].i 

Theiri nano-sizei (40i nmi –i 200i nm)i offeri themi thei abilityi toi eludei thei liveri andi thei 

reticuloendotheliali system,i andi thusi penetratei throughi thei endotheliali cellsi ofi thei BBBi [61].i 

SLNsi mayi bei preparedi fromi lipids,i emulsifyingi agents,i andi water/solventi thati arei 

biocompatiblei fori applicationi ini humans.Differenti preparationi techniquesi cani bei utilizedi ini 

theiri manufacturei comprisingi ultra-sonication/high-sheari technique,i highi pressurei 

homogenization,i solventi emulsificationi –i diffusion,i evaporation,i doublei emulsioni andi sprayi 

dryingi techniquesi [62].i NLCs,i oni thei otheri hand,i arei drugi deliveryi vehiclesi withi bothi solidi 

andi liquidi lipidi cores,i thati werei developedi toi avoidi somei ofi thei limitationsi ofi SLNsi suchi asi 

limitedi drug-loadingi capacityi andi expulsioni duringi storagei [63]. 

 

 

Nanoi emulsionNeurodegenerativei disordersi (NDDs)i arei characterizedi byi thei progressivei lossi ofi 

structurei ori neuroni function,i ofteni associatedi withi neuronali death.i Treatmentsi fori 

neurodegenerativei diseasesi onlyi addressi symptomsi withouti havingi anyi disease-modifyingi 

effecti buti seriousi sidei effects.i Currently,i therei isi noi effectivei treatmenti fori NDDs.i Thisi isi duei toi 

thei poori flowi ofi drugsi toi thei blood-barrieri braini (BBB)i whichi doesi noti allowi macromoleculesi 

likei proteinsi andi peptidesi toi passi throughi it.i Targetedi drugi deliveryi toi thei centrali nervousi 

systemi (CNS)i fori thei diagnosisi andi treatmenti ofi NDDs,i suchi asi Alzheimer'si diseasei (AD),i isi 

restrictedi duei toi thei limitationsi posedi byi thei BBBi asi welli asi Opsonizationi byi plasmai proteinsi ini 

thei systemici circulationi andi peripherali side-effects.i Nanotechnologyi therebyi presentsi ai broadi 

approachi fori transportingi moleculesi throughi thei BBB,i thusi allowingi thei entryi ofi substancesi 

actingi directlyi oni thei sitei affectedi byi thei disease.i Thei aimi ofi thisi reviewi isi toi outlinei currenti 

strategiesi ini nanotechnologyi fori treatingi Alzheimer'si andi Parkinson'si diseases. 

 

 

Inorganici nanoparticle 

 

Goldi nanoparticle 



 

Goldi nanoparticlesi havei beeni commonlyi studiedi ini thei therapyi ofi neurodegenerativei 

diseasesthroughi thei functionalizationi withi therapeutici macromolecules.i Thei treatmenti ofi 

Alzheimer’si diseasei byi usingi goldi nanoparticlesi functionalizedi withi _-amyloidi specifici 

peptidesi [67]i andi thei treatmenti ofi Parkinson’si diseasei withi L-DOPAi functionalizedi multi-

branchedi nanoflower-likei goldi nanoparticlesi [68]i havei beeni studied,i showingi enhancedi blood-

braini barrieri permeabilityi acrossi ini vitroi models.i Furthermore,i thei effecti ofi insulin-coatedi 

goldi nanoparticlei sizei oni thei capacityi toi overcomei thei blood-braini barrieri hasi beeni studied.i 

Resultsi showedi thati thei smallesti nanoparticles,i withi thei diameteri ofi 20i nmi presentedi thei mosti 

widespreadi biodistributioni andi accumulationi withini thei braini [69].i Similarly,i insulin-coatedi 

goldi nanoparticlesi withi 20i nmi ini diameteri havei beeni injectedi intoi thei taili veini ofi mice.i 

Microcomputedi tomographyi imagesi showedi ani accumulationi ini thei micei brains,i 

demonstratingi thei effectivenessi ofi thesei nanosystemsi ini imagingi diagnosisi ofi braini diseasesi 

andi ini thei deliveryi ofi therapeutici agentsi [70].i Moreover,i transactivatori ofi transcriptioni peptide-

modifiedi goldi nanoparticlesi withi ai 5-nmi corei sizei containingi doxorubicin,i ani anticanceri drug,i 

andi gadoliniumi chelatesi asi imagingi contrasti agentsi havei beeni administeredi fori theranostici 

applicationsi ini glioblastoma.i Ini vitroi andi ini vivoi resultsi provedi thei potentiali ofi thesei nano-

carriersi toi penetratei thei blood-braini barrieri andi efficientlyi deliveri anticanceri drugsi andi 

enhancei braini tumori imagingi [71].i notheri researchi worki focusedi oni thei usei ofi citratei andi 

polyethylenei glycol-coatedi goldnanoparticlesi fori visualizingi corticali vasculaturei changes,i 

whichi arei associatedi withi disruptionsi ini thei blood-braini barrier.i Nanoparticlesi werei 

administeredi toi mousei modelsi ofi strokei andi thei multi-photoni luminescencei imagingi provedi 

thei capacityi ofi thei nanoplatformsi fori monitoringi vasculari morphologyi andi physiologyi 

associatedi withi braini diseases.i Furthermore,i nanoparticlesi withi 5i nmi ori smalleri diametersi 



couldi bei usefuli fori thei diagnosticsi ofi earlyi stagesi ofi blood-braini barrieri dysfunctionsandi fori 

drugi deliveryi [72]. 

 

Silicai Nanoparticles 

 

Surfacei modifiedi fluorescenti silicai nanoparticlei derivativesi havei showni potentiali fori applying 

themi asi nano-vehiclesi fori drugi deliveryi toi thei braini consideringi thei possibilityi ofi attachingi 

various. 

typesi ofi moleculesi toi thei corei [73].i Byi attachingi lactoferrini oni thei surfacei ofi thei polyethylene 

glycol-coatedi silicai nanoparticles,i thei processi ofi receptor-mediatedi transcytosisi ofi thesei 

nanosystei hasi beeni enhanced,i withi ai maximumi transporti efficiencyi observedi fori nanoparticlesi 

withi 25i nm. 

ini diameter.i Thus,i thesei nanosystemsi couldi bei employedi fori drugsi andi imagingi probesi 

delivery 

acrossi thei blood-braini barrieri [74].i Thei applicationi ofi silicai nanoparticlesi toi deliveri nootropics, 

suchi asi piracetam,i pentoxifylline,i andi pyridoxine,i thati arei designedi toi enhancei thei 

permeabilityi ofi thei blood-braini barrieri hasi beeni reported.i Thei efficiencyi ofi silicai nanoparticlesi 

asi nanocarriersi fori drugsini comparisoni toi thei unencapsulatedi drugsi hasi beeni demonstrated,i sincei 

thei latteri werei noti detectedini thei brainsi ofi thei micei [58]. 

Ai comparativei studyi betweeni sphericali andi rod-shapedi barei mesoporousi silicai nanoparticlesi 

and 

poly(ethylenei glycol)-poly(ethylenei imine)-coatedi mesoporousi silicai nanoparticlesi hasi beeni 

conducted. 



Althoughi thei effecti ofi thei shapei oni thei blood-braini barrieri permeability,i coatingi thei 

nanoparticlesgreatlyi enhancedi thei cellulari uptakei fori thei ini vitroi models.i However,i thei ini vivoi 

imagingi experimentsi oni micei showedi noi blood-braini barrieri penetration,i whichi couldi bei 

associatedi toi thei largei dimensionsofi thei particles,i rangingi fromi 50i toi 240i nmi [75].i Anotheri 

studyi oni zebrafishi embryosi demonstratedi thatblood-braini barrieri penetrationi isi dependenti oni 

thei surfacei chargei andi thei sizei ofi thei nanoparticles,i withi enhancedi transporti capacityi relatedi 

toi negativei chargesi andi reducedi sizesi [Cheni C-T,i Cheni Y-P,i Wui S-H,i Changi T-Y,i Choui C-

M.i Negativelyi chargedi mesoporousi silicai nanoparticlesi penetratei throughi thei Zebrafishi larvali 

blood-braini barrier.i EuroSciConi Conferencei oni Nanotechi andi NanobiotechnologyNano;i Paris.i 

Nanoi Researchi andi Applications;i 2018.]i Polylactici acid-coatedi mesoporousi silicai 

nanoparticlesi conjugatedi withi ai ligandi peptidei ofi low-densityi lipoproteini receptori toi enhancei 

thei transcytosisi processi acrossi thei blood-braini barrieri havei beeni employedi ini thei deliveryi ofi 

resveratrol,i ai therapeutici agenti fori excessi reactivei oxygeni speciesi andi reactivei nitrogeni 

speciesi removal.i Thei ini vitroi studyi showedi thei potentiali ofi thei 200i nmi nanoparticlesi ini 

antioxidant-basedi therapyi fori neurodegenerativei diseasesi andi neurali injuriesi treatmenti [76]. 

 

Carboni Nanotubes 

 
 
Carboni nanotubesi arei ai classi ofi nanomaterials,i consistingi ofi graphitei sheetsi tubesi withi nano-

scaledi diameters.i Carboni nanotubesi cani bei single-walledi ori multi-walled,i withi openi endsi ori 

closedi withi fullerenei capsi [77].i Recently,i theyi havei gainedi ai greati interesti asi nanocarrieri 

systems,i duei toi thei possibilityi ofi functionalizationi withi specifici chemicali compounds,i thusi 

modifyingi theiri physicali andi biologicali properties.i Additionally,i carboni nanotubesi cani bei 

appliedi canceri therapyi throughi photothermali actioni [78]. 

Polymer-coatedi carboni nanodotsi [60]i andi chemically-functionalizedi multi-walledi carboni 

nanotubesi [59]i havei beeni appliedi fori thei deliveryi ofi drugsi fori braini canceri therapy.i Bothi ini 

vitro 



andi ini vivoi experimentsi indicatedi thei penetrationi ofi thei blood-braini barrieri andi enhancedi 

uptakei ini tumorsi [59,60].i Fori thei treatmenti ofi Alzheimer’si disease,i berberine,i ani isoquinolinei 

alkaloid,i usedi fori thei managementi ofi dementiai andi otheri neurologicali disorders,i hasi beeni 

adsorbedi ontoi thei surfacei ofi multi-walledi carboni nanotubes.i Comparingi toi thei administrationi 

ofi thei purei drug,i thisi drugi deliveryi systemi significantlyi improvedi drugi absorptioni ini thei brain,i 

withi potentiali ini reducingi _-amyloidi inducedi Alzheimer’si diseasei [79]. 

Thei permeationi ofi amino-functionalizedi multi-walledi carboni nanotubesi throughi thei blood-

brain 

barrieri hasi beeni studiedi ini vitro,i usingi ai co-culturei modeli comprisingi primaryi porcinei brain 

endotheliali cellsi andi primaryi rati astrocytes,i andi ini vivo,i throughi thei systemici administrationi 

in 

mice.i Thei resultsi ofi thei studyi couldi pavei thei wayi fori carboni nanotubesi applicationi ini thei 

deliveryi ofi drugsi andi biologicsi toi thei brain,i causingi noi toxici effectsi oni thei cellsi [80].i . 

 

Conclusionsi andi Perspectives 

Drugi targetingi andi deliveryi toi thei braini representi keyi challengesi duei toi presencei ofi the 

blood-braini barrier,i whichi isi responsiblei fori thei protectioni ofi thei braini againsti foreigni 

substances.i Ini orderi toi progressi ini thei effectivei treatmenti ofi braini cancer,i neurodegenerativei 

disease,i andi stroke,whichi arei highlyi prevalenti diseases,i noveli strategiesi fori thei enhancedi 

passagei ofi thei blood-brainbarrieri musti bei developed.i Nanotechnology-basedi approachesi arei 

intensivelyi studiedi ati thei moment,includingi nanoparticles,i liposomes,i dendrimers,i micelles,i 

andi carboni nanotubesi asi nanocarriersi toovercomei thei blood-braini barrieri andi deliveri thei 

appropriatei amounti ofi drugi toi thei specifici braini site.Furtheri researchi isi neededi toi understandi 

andi mediatei thei blood-braini barrieri crossingi mechanismsandi toi improvei thei efficiencyi ofi 

braini deliveryi  

methodsi usingi nanotechnology. 
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