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Abstract 

The escalating prevalence of respiratory ailments poses a significant global public health challenge, ranking among the primary 

causes of mortality worldwide. Notably, diseases such as asthma, chronic obstructive pulmonary disease, pneumonia, cystic fibrosis, 

and lung cancer, alongside the emergence of respiratory diseases, notably those induced by the coronavirus family, have contributed 

substantially to global fatalities in the past two decades. Consequently, numerous studies have been undertaken to enhance the 

effectiveness of therapeutic interventions against these diseases, with a particular emphasis on nanomedicine-driven pulmonary drug 

delivery. As a result, the development of nanocarriers has emerged as a promising avenue to surmount the constraints associated with 

traditional therapies, aiming to elevate drug bioavailability at the intended site while minimizing undesired side effects. Within this 

domain, nanoparticles fashioned from chitosan (CS) exhibit distinct advantages over alternative nanocarriers owing to the inherent 

biological properties of chitosan, including its anti-inflammatory, antimicrobial, and mucoadhesive attributes. Furthermore, CS 

nanoparticles have demonstrated the potential to augment drug stability, extend the duration of action, refine drug targeting, regulate 

drug release kinetics, optimize the dissolution of poorly soluble drugs, and enhance the cell membrane permeability of hydrophobic 

drugs. These unique properties position CS nanoparticles as a promising candidate for optimizing drug performance following 

pulmonary administration. Consequently, this review endeavors to elucidate the potential of chitosan nanoparticles in the realm of 

pulmonary drug delivery, shedding light on how their intrinsic biological characteristics can ameliorate the treatment landscape of 

pulmonary diseases. Emphasis is placed on delineating the synergistic interplay between chitosan nanoparticles and the encapsulated 

drug, thereby offering insights into the prospective advancements in treating respiratory ailments. 
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Akciğer Hastalıklarında Kitosan Tabanlı Nanopartiküllerin İlaç Taşıyıcı Sistemlerin Uygulamasındaki Gelişmeler 

Özet 

Solunum yolu hastalıklarının giderek artan yaygınlığı, dünya genelinde önemli bir küresel halk sağlığı sorunu teşkil ederek dünya 

genelindeki başlıca ölüm nedenleri arasında yer almaktadır. Özellikle son iki on yılda astım, kronik obstrüktif akciğer hastalığı, 

pnömoni, kistik fibrozis ve akciğer kanseri gibi hastalıkların yanı sıra koronavirüs ailesi tarafından tetiklenen solunum yolu 

hastalıkları gibi hastalıklar, küresel ölümlere büyük ölçüde katkıda bulunmuştur. Bu nedenle, bu hastalıklara yönelik terapötik 

müdahalelerin etkinliğini artırmaya yönelik birçok çalışma yapılmış, bu çalışmaların özellikle nanotıp destekli akciğer ilaç dağıtımına 

odaklandığı gözlemlenmiştir. Bu bağlamda, nanonakliyecilerin geliştirilmesi, geleneksel tedavilerle ilişkilendirilen kısıtlamaları 

aşmak için umut vaat eden bir yol olarak ortaya çıkmış ve böylece amaçlanan bölgede ilaç biyoyararlılığını artırmayı ve istenmeyen 

yan etkileri en aza indirmeyi hedeflemiştir. Kitosan (CS) kullanılarak şekillendirilen nanopartiküller, kitosanın doğal biyolojik 

özelliklerine dayalı olarak diğer nanonakliyecilere göre önemli avantajlar sunmaktadır. Bu avantajlar arasında anti-enflamatuar, 

antimikrobiyal ve mukoadhezif özellikler yer almaktadır. Ayrıca, CS nanopartiküller, ilaç kararlılığını artırma, etki süresini uzatma, 

ilaç hedeflemeyi iyileştirme, ilaç salınım kinetiğini düzenleme, düşük çözünürlüğe sahip ilaçların çözünürlüğünü artırma ve 

hidrofobik ilaçların hücre zarı geçirgenliğini artırma potansiyeline sahiptir. Bu benzersiz özellikler, CS nanopartiküllerini akciğer 

uygulaması sonrası ilaç performansını optimize etmek için umut vadeden bir aday olarak konumlandırmaktadır. Bu nedenle, bu 

inceleme, kitosan nanopartiküllerinin akciğer ilaç dağıtımı alanındaki potansiyelini aydınlatmayı amaçlamakta ve kitosanın içsel 

biyolojik özelliklerinin solunum yolu hastalıklarının tedavi alanını nasıl iyileştirebileceğine dair anlayış sunmaktadır. Ayrıca, CS 

nanopartiküllerinin içinde bulunduğu ilaç ile olan etkileşimi ayrıntılı olarak ele alarak solunum yolu hastalıklarının tedavisindeki 

olası ilerlemelere dair bir perspektif sunulmaktadır. 
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INTRODUCTION  

Lung diseêêaêêseêês raêênk aêêmong theêê top 10 globaêêl 

caêêuseêês of mortaêêlity, with Chronic Obstructiveêê 

Pulmonaêêry Diseêêaêêseêê (COPD), loweêêr reêêspiraêêtory 

traêêct infeêêctions, aêênd lung caêênceêêr staêênding aêês theêê 

third, fourth, aêênd sixth leêêaêêding caêêuseêês of deêêaêêth, 

reêêspeêêctiveêêly (1). Theêê aêêdveêênt of theêê COVID-19 

paêêndeêêmic haêês furtheêêr eêêxaêêceêêrbaêêteêêd reêêspiraêêtory-

reêêlaêêteêêd faêêtaêêlitieêês, with theêê surgeêê in seêêveêêreêê 

reêêspiraêêtory symptoms aêênd aêêssociaêêteêêd 

complicaêêtions aêêmong individuaêêls infeêêcteêêd with 

SAÊÊRS-CoV-2 (1,2). AÊÊdditionaêêlly paêêndeêêmic 

control meêêaêêsureêês, such aêês sociaêêl distaêêncing aêênd 

lockdowns, maêêy haêêveêê contributeêêd to deêêlaêêys in 

diaêêgnosing aêênd treêêaêêting non-coronaêêvirus-

reêêlaêêteêêd lung diseêêaêêseêês, eêêleêêvaêêting theêê risks of 

complicaêêtions aêênd mortaêêlity aêêssociaêêteêêd with 

theêêseêê conditions (3). 

Conseêêqueêêntly, theêêreêê haêês beêêeêên aêê heêêighteêêneêêd 

focus on theêê reêêseêêaêêrch aêênd deêêveêêlopmeêênt of 

Pulmonaêêry Drug Deêêliveêêry Systeêêms (PDDS) in 

reêêceêênt yeêêaêêrs to optimizeêê theêê treêêaêêtmeêênt of lung 

diseêêaêêseêês. PDDS offeêêrs seêêveêêraêêl aêêdvaêêntaêêgeêês, 

including taêêrgeêêteêêd locaêêl treêêaêêtmeêênt, maêêintaêêining 

high drug conceêêntraêêtions in theêê lungs for 

eêênhaêênceêêd theêêraêêpeêêutic eêêfficaêêcy, controlleêêd drug 

reêêleêêaêêseêê, aêênd improveêêd paêêtieêênt compliaêênceêê (4). 

Howeêêveêêr, deêêliveêêring drugs to theêê lungs preêêseêênts 

significaêênt chaêêlleêêngeêês, neêêceêêssitaêêting theêê 

oveêêrcoming of meêêchaêênicaêêl, cheêêmicaêêl, aêênd 

immunologicaêêl baêêrrieêêrs of theêê reêêspiraêêtory traêêct 

(5,6). Vaêêrious straêêteêêgieêês, including 

naêênostructureêêd caêêrrieêêrs, haêêveêê beêêeêên deêêveêêlopeêêd to 

aêêddreêêss theêêseêê chaêêlleêêngeêês, caêêpitaêêlizing on theêêir 

reêêduceêêd sizeêê aêênd increêêaêêseêêd surfaêêceêê-to-volumeêê 

raêêtio to faêêcilitaêêteêê eêêffeêêctiveêê drug aêêbsorption aêênd 

mitigaêêteêê lung cleêêaêêraêênceêê (7,8,9). 

AÊÊmong naêênostructureêês, polymeêêric 

naêênopaêêrticleêês, paêêrticulaêêrly thoseêê maêêdeêê from 

chitosaêên (CS), haêêveêê gaêêineêêd wideêêspreêêaêêd 

aêêtteêêntion dueêê to theêêir biocompaêêtibility, 

biodeêêgraêêdaêêbility, low toxicity, aêênd scaêêlaêêbility 

(10,11,12,13). CS, aêê naêêturaêêl polymeêêr, staêênds out 

for drug deêêliveêêry aêêpplicaêêtions, eêêspeêêciaêêlly in 

pulmonaêêry deêêliveêêry, owing to its inheêêreêênt 

propeêêrtieêês, such aêês mucoaêêdheêêsiveêê poteêêntiaêêl, aêênd 

aêêntimicrobiaêêl, aêênti-inflaêêmmaêêtory, aêêntioxidaêênt, 

aêênd wound-heêêaêêling aêêctivitieêês (14,15). 

Furtheêêrmoreêê, theêê FDAÊÊ haêês reêêcognizeêêd CS aêês 
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"GeêêneêêraêêllyReêêcognizeêêd aêês Saêêfeêê" (GRAÊÊS), 

aêêpproving its useêê in tissueêê eêêngineêêeêêring aêênd drug 

deêêliveêêry deêêviceêês (16). 

CS naêênopaêêrticleêês eêêxhibit theêê caêêpaêêcity to 

eêênhaêênceêê drug staêêbility, prolong aêêction duraêêtion, 

control drug reêêleêêaêêseêê, optimizeêê dissolution of 

poorly solubleêê drugs, aêênd increêêaêêseêê ceêêll 

meêêmbraêêneêê peêêrmeêêaêêbility for hydrophobic drugs. 

AÊÊdditionaêêlly functionaêêlizaêêtion of CS 

naêênopaêêrticleêês caêên eêênhaêênceêê aêêdheêêsion to lung 

ceêêlls, eêênaêêbling taêêrgeêêteêêd drug deêêliveêêry aêênd 

minimizing systeêêmic sideêê eêêffeêêcts (17). This 

aêêdvaêênceêêmeêênt in drug deêêliveêêry teêêchnology holds 

significaêênt promiseêê for treêêaêêting chronic lung 

diseêêaêêseêês likeêê aêêsthmaêê aêênd COPD, aêês weêêll aêês 

improving drug deêêliveêêry for baêêcteêêriaêêl aêênd fungaêêl 

infeêêctions aêênd lung caêênceêêr. 

Seêêveêêraêêl studieêês support theêê poteêêntiaêêl of CS 

naêênopaêêrticleêês in diveêêrseêê aêêpplicaêêtions, including 

improving drug traêênsport in aêê murineêê aêêsthmaêê 

modeêêl (18), eêênhaêêncing in vivo lung deêêposition 

for COPD treêêaêêtmeêênt (19), inhibiting P. 

aêêeêêruginosaêê biofilm (20), reêêducing inflaêêmmaêêtory 

reêêsponseêês in cystic fibrosis (CF) (21), improving 

drug seêêleêêctivity in lung caêênceêêr ceêêlls (22), 

increêêaêêsing aêêntitubeêêrculostaêêtic drug 

conceêêntraêêtion in theêê lung (15), aêênd reêêducing 

systeêêmic toxicity in seêêveêêreêê COVID-19 

infeêêctions (23,24,25). 

This compreêêheêênsiveêê reêêvieêêw deêêlveêês into theêê 

aêêdvaêêntaêêgeêês aêênd prospeêêcts of CS naêênopaêêrticleêês 

aêês pulmonaêêry drug deêêliveêêry systeêêms, 

eêêncompaêêssing smaêêll moleêêculeêê drugs, 

proteêêins/peêêptideêês, aêênd geêêneêês for treêêaêêting locaêêl 

lung diseêêaêêseêês. Theêê daêêtaêê colleêêction spaêênneêêd theêê 

yeêêaêêrs 2013 to 2023 aêênd involveêêd sourceêês such aêês 

Scopus, Weêêb of Scieêênceêê, Scieêênceêê Direêêct, 

PubMeêêd, aêênd EÊÊspaêêceêêneêêt.  

Chaêêlleêêngeêês aêênd Opportunitieêês in Pulmonaêêry 

Drug Deêêliveêêry 

Theêê pulmonaêêry routeêê staêênds out aêês aêê promising 

aêêveêênueêê for drug aêêdministraêêtion, offeêêring 

aêêdvaêêntaêêgeêês oveêêr conveêêntionaêêl dosaêêgeêê forms by 

aêêllowing aêê reêêduction in theêê aêêdministeêêreêêd doseêê 

compaêêreêêd to oraêêl aêênd paêêreêênteêêraêêl routeêês. Keêêy 

chaêêraêêcteêêristics of theêê pulmonaêêry routeêê, such aêês aêê 

substaêêntiaêêl surfaêêceêê aêêreêêaêê (100 m2), aêêbundaêênt 

blood supply, high peêêrmeêêaêêbility of theêê thin 

peêêripheêêraêêl eêêpitheêêliaêêl laêêyeêêr (0.2–0.7 µm), low 

eêênzymaêêtic aêêctivity, aêênd theêê aêêvoidaêênceêê of first-

paêêss meêêtaêêbolism, contributeêê to its eêêfficaêêcy (26). 

Deêêspiteêê theêêseêê aêêdvaêêntaêêgeêês, chaêêlleêêngeêês eêêxist in 

haêêrneêêssing theêê full theêêraêêpeêêutic poteêêntiaêêl of 

pulmonaêêry drug deêêliveêêry, both for locaêêl aêênd 

systeêêmic treêêaêêtmeêênts. 

AÊÊ significaêênt obstaêêcleêê in pulmonaêêry drug 

deêêliveêêry is theêê intricaêêteêê cleêêaêêraêênceêê meêêchaêênisms 

thaêêt drugs eêêncounteêêr upon inhaêêlaêêtion, aêêcting aêês 

primaêêry baêêrrieêêrs to drug aêêbsorption. Mucociliaêêry 

cleêêaêêraêênceêê, aêê cruciaêêl deêêfeêênseêê meêêchaêênism of theêê 

lung, eêêntraêêps inhaêêleêêd moleêêculeêês in theêê mucus 

laêêyeêêr, impaêêcting theêêir solubility, diffusion aêêcross 

eêêpitheêêliaêêl laêêyeêêrs, aêênd binding to ceêêll surfaêêceêês or 
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reêêceêêptors. Drugs unaêêbleêê to peêêneêêtraêêteêê theêê mucus 

laêêyeêêr faêêceêê reêêmovaêêl through mucociliaêêry 

cleêêaêêraêênceêê, eêêmphaêêsizing theêê importaêênceêê of 

crossing this baêêrrieêêr to reêêaêêch theêê aêêlveêêolaêêr 

eêêpitheêêliaêêl laêêyeêêr (27). Paêêrticleêê propeêêrtieêês, 

including sizeêê aêênd surfaêêceêê aêêreêêaêê, plaêêy aêê vitaêêl roleêê 

in deêêteêêrmining theêê eêêfficieêêncy of drug deêêliveêêry 

systeêêms, prompting inveêêstigaêêtions into theêê useêê 

of (CS) naêênopaêêrticleêês. CS, known for its 

mucoaêêdheêêsiveêê propeêêrtieêês, faêêcilitaêêteêês drug 

peêêneêêtraêêtion through theêê mucus laêêyeêêr by 

inteêêraêêcting with mucin (28-29). 

Pulmonaêêry surfaêêctaêênt, aêê lipoproteêêin compleêêx 

produceêêd by aêêlveêêolaêêr ceêêlls, caêên eêênhaêênceêê drug 

aêêdheêêsion aêênd aêêgglutinaêêtion, poteêêntiaêêlly 

increêêaêêsing drug cleêêaêêraêênceêê from theêê lungs (30). 

Reêêceêênt studieêês, howeêêveêêr, suggeêêst thaêêt 

pulmonaêêry surfaêêctaêênt is not aêên insurmountaêêbleêê 

baêêrrieêêr aêênd caêên seêêrveêê aêês aêên eêêffeêêctiveêê veêêhicleêê for 

deêêliveêêring both hydrophobic aêênd hydrophilic 

compounds deêêeêêp into theêê lungs (31,32). 

Pulmonaêêry maêêcrophaêêgeêês preêêseêênt aêênotheêêr 

chaêêlleêêngeêê to drug eêêfficaêêcy in theêê lungs, 

paêêrticulaêêrly for paêêrticleêês in theêê sizeêê raêêngeêê of 0.5 

to 5.0 µm, which aêêreêê proneêê to inteêêrnaêêlizaêêtion 

through eêêndocytosis. Deêêspiteêê this chaêêlleêêngeêê, 

reêêceêênt reêêseêêaêêrch haêês ideêêntifieêêd pulmonaêêry 

maêêcrophaêêgeêês aêês aêê theêêraêêpeêêutic taêêrgeêêt, 

paêêrticulaêêrly in theêê treêêaêêtmeêênt of tubeêêrculosis. For 

instaêênceêê, Paêêwdeêê aêênd colleêêaêêgueêês46 deêêveêêlopeêêd 

maêênnoseêê-functionaêêlizeêêd CS naêênopaêêrticleêês 

contaêêining clofaêêzimineêê for treêêaêêting drug-

reêêsistaêênt tubeêêrculosis. Theêê maêênnoseêê-deêêcoraêêteêêd 

naêênopaêêrticleêês faêêcilitaêêteêêd increêêaêêseêêd reêêcognition 

by maêêcrophaêêgeêês, eêênhaêêncing uptaêêkeêê aêênd 

eêênaêêbling taêêrgeêêteêêd drug deêêliveêêry to theêê siteêê of 

Mycobaêêcteêêrium tubeêêrculosis infeêêction. This 

undeêêrscoreêês theêê poteêêntiaêêl for oveêêrcoming 

chaêêlleêêngeêês aêênd leêêveêêraêêging opportunitieêês in 

pulmonaêêry drug deêêliveêêry systeêêms. 

Physicocheêêmicaêêl aêênd Biologicaêêl Propeêêrtieêês of 

Chitosaêên 

CS is aêê lineêêaêêr aêêmino polysaêêcchaêêrideêê 

chaêêraêêcteêêrizeêêd by theêê reêêpeêêtition of 2-aêêmino-2-

deêêoxy-β-(1,4)-d-glucosaêêmineêê aêênd 2-aêêceêêtaêêmideêê-

2-deêêoxy-β-(1,4)-d-glucosaêêmineêê units, reêêsulting 

from theêê paêêrtiaêêl deêêaêêceêêtylaêêtion of chitin undeêêr 

aêêlkaêêlineêê conditions. Chitin, theêê preêêcursor of CS, 

is composeêêd of theêê polymeêêr poly (β-(1,4)-N-

aêêceêêtyl-D-glucosaêêmineêê) aêênd is aêêbundaêêntly 

preêêseêênt in theêê eêêxoskeêêleêêton of crustaêêceêêaêêns, 

inseêêcts, aêêrthropods, aêênd theêê ceêêll waêêlls of fungi. 

Notaêêbly, maêêrineêê chitin deêêriveêêd from sourceêês 

such aêês shrimp, lobsteêêr, aêênd craêêb staêênds aêês theêê 

primaêêry commeêêrciaêêlly aêêvaêêilaêêbleêê sourceêê of CS 

(33,34). 

 CS staêênds aêês aêê lineêêaêêr polycaêêtionic polymeêêr with 

freêêeêê aêêceêêtaêêmideêê groups aêênd hydroxyl functions 

aêêttaêêcheêêd to theêê glucopyraêênoseêê rings. This 

structureêê, formeêêd by theêê paêêrtiaêêl deêêaêêceêêtylaêêtion of 

chitin, eêêxhibits susceêêptibility to nucleêêophilic 

aêêttaêêcks. Seêêleêêctiveêê modificaêêtion of theêê freêêeêê 

aêêmino groups in CS reêêsults in aêê diveêêrseêê raêêngeêê of 
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functionaêêlitieêês, distinguishing it from chitin. CS, 

deêêriveêêd primaêêrily from maêêrineêê chitin found in 

crustaêêceêêaêêns, inseêêcts, aêêrthropods, aêênd fungi, 

offeêêrs supeêêrior hydrophilicity aêênd reêêaêêctivity 

compaêêreêêd to chitin. AÊÊdditionaêêlly whileêê chitin 

faêêceêês limitaêêtions dueêê to its low aêêqueêêous 

solubility aêênd reêêaêêctivity, CS deêêmonstraêêteêês 

eêênhaêênceêêd hydrophilicity, eêêxceêêlleêênt 

deêêgraêêdaêêbility, aêênd biocompaêêtibility (14,35). 

CS is solubleêê in diluteêê aêêcidic solutions, with 

solubility influeêênceêêd by faêêctors such aêês deêêgreêêeêê 

of deêêaêêceêêtylaêêtion (DDAÊÊ) aêênd moleêêculaêêr weêêight 

(MW). Howeêêveêêr, eêêxceêêeêêding theêê polymeêêr's pKaêê 

reêêsults in deêêprotonaêêtion, caêêusing CS to loseêê its 

positiveêê chaêêrgeêê aêênd preêêcipitaêêteêê. Theêê choiceêê of 

aêêcid for solubilizaêêtion is criticaêêl, aêêffeêêcting 

physicocheêêmicaêêl paêêraêêmeêêteêêrs likeêê solubility, 

viscosity, ionic streêêngth, aêênd staêêbility. AÊÊceêêtic 

aêêcid is commonly useêêd for aêêdeêêquaêêteêê solubility, 

whileêê citric aêêcid aêênd formic aêêcid aêêreêê aêêlteêêrnaêêtiveêê 

options. AÊÊcid seêêleêêction caêên impaêêct solution 

viscosity, ionic streêêngth, aêênd staêêbility, aêêffeêêcting 

inteêêraêêctions with otheêêr compounds. 

Furtheêêrmoreêê, aêêcid typeêê caêên influeêênceêê CS 

naêênopaêêrticleêê formaêêtion through eêêleêêctrostaêêtic 

inteêêraêêctions (36-41). 

Theêê crystaêêllinity of CS, chaêêraêêcteêêrizeêêd by theêê 

crystaêêllinity indeêêx (CI), involveêês theêê raêêtio of 

crystaêêllineêê to aêêmorphous fraêêctions. CS eêêxhibits 

seêêmi-crystaêêllineêê aêênd polymorphic beêêhaêêvior, 

with CI influeêêncing propeêêrtieêês likeêê sweêêlling, 

porosity, hydraêêtion, aêênd aêêbsorption. Moleêêculaêêr 

weêêight caêêteêêgorizeêês CS aêês low, meêêdium, or high, 

impaêêcting viscosity aêênd solubility. 

Commeêêrciaêêlly aêêvaêêilaêêbleêê CS typicaêêlly faêêlls 

within theêê 50 to 2000 kDaêê raêêngeêê. The deêêgreêêeêê of 

deêêaêêceêêtylaêêtion (DDAÊÊ) plaêêys aêê cruciaêêl roleêê in 

deêêteêêrmining CS's physicocheêêmicaêêl propeêêrtieêês, 

aêêffeêêcting solubility, viscosity, meêêchaêênicaêêl 

beêêhaêêvior, biodeêêgraêêdaêêtion, mucoaêêdheêêsion, aêênd 

aêêntimicrobiaêêl aêêctivity. Reêêports indicaêêteêê thaêêt 

mucoaêêdheêêsiveêê aêênd aêêntibaêêcteêêriaêêl propeêêrtieêês 

increêêaêêseêê with higheêêr DDAÊÊ (42,43). 

CS posseêêsseêês vaêêrious biologicaêêl aêêctivitieêês, 

including aêêntimicrobiaêêl, aêêntioxidaêênt, aêênti-

inflaêêmmaêêtory, aêênd aêênticaêênceêêr propeêêrtieêês. Theêê 

aêêntimicrobiaêêl meêêchaêênism involveêês inteêêraêêctions 

beêêtweêêeêên positiveêêly chaêêrgeêêd CS moleêêculeêês aêênd 

neêêgaêêtiveêêly chaêêrgeêêd baêêcteêêriaêêl ceêêll meêêmbraêêneêês, 

disrupting biofilms aêênd caêêusing ceêêllulaêêr 

componeêênt leêêaêêkaêêgeêê. AÊÊntioxidaêênt aêêctivity 

involveêês theêê reêêmovaêêl of freêêeêê raêêdicaêêls, with CS 

eêêxhibiting greêêaêêteêêr propeêêrtieêês aêêt loweêêr moleêêculaêêr 

weêêights aêênd higheêêr DDAÊÊ. Immunostimulaêêtory 

eêêffeêêcts reêêsult from theêê preêêseêênceêê of N-aêêceêêtyl-D-

glucosaêêmineêê groups, stimulaêêting inflaêêmmaêêtory 

ceêêlls aêênd promoting cytokineêê production. CS 

aêêlso deêêmonstraêêteêês aêênticaêênceêêr aêêctivity by 

inhibiting prolifeêêraêêtion, inducing aêêpoptosis, aêênd 

aêêctivaêêting theêê immuneêê systeêêm. CS's fleêêxibleêê 

structureêê, aêêttributeêêd to freêêeêê protonaêêbleêê aêêmino 

groups, eêênaêêbleêês eêêaêêsy modificaêêtion aêênd 

functionaêêlizaêêtion, maêêking it aêê veêêrsaêêtileêê polymeêêr 

for naêênopaêêrticleêê deêêveêêlopmeêênt (17,44). 
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Preêêpaêêraêêtion of Chitosaêên-Baêêseêêd Naêênopaêêrticleêês 

Numeêêrous meêêthods haêêveêê beêêeêên deêêviseêêd for theêê 

syntheêêsis of CS naêênopaêêrticleêês, with keêêy 

aêêpproaêêcheêês involving eêêmulsificaêêtion, 

preêêcipitaêêtion, aêênd ionic or covaêêleêênt crosslinking, 

ofteêên impleêêmeêênteêêd in combinaêêtion (45). Theêê 

initiaêêl meêêthod, utilizing covaêêleêênt crosslinking 

with glutaêêraêêldeêêhydeêê, waêês laêêteêêr discaêêrdeêêd dueêê to 

toxicity conceêêrns aêênd drug inteêêgrity issueêês (46-

47). 

Preêêcipitaêêtion Meêêthods 

Phaêêseêê Inveêêrsion Preêêcipitaêêtion: Involveêês 

eêêmulsificaêêtion using aêên aêêqueêêous CS solution, 

staêêbilizeêêr (poloxaêêmeêêr), aêênd orgaêênic phaêêseêê, 

followeêêd by high-preêêssureêê homogeêênizaêêtion aêênd 

low-preêêssureêê eêêvaêêporaêêtion for naêênopaêêrticleêê 

preêêcipitaêêtion (48). 

Deêêsolvaêêtion: EÊÊntaêêils coaêêleêêsceêênceêê of waêêteêêr-in-

oil eêêmulsions, promoting naêênopaêêrticleêê 

preêêcipitaêêtion. Orgaêênic solveêênts aêênd high-eêêneêêrgy 

homogeêênizaêêtion limit wideêêspreêêaêêd useêê, aêênd 

reêêsultaêênt naêênopaêêrticleêês aêêreêê typicaêêlly laêêrgeêêr 

(31,44). 

Wideêêly aêêdopteêêd for its simplicity, cost-

eêêffeêêctiveêêneêêss, eêênvironmeêêntaêêl frieêêndlineêêss, aêênd 

scaêêlaêêbility. EÊÊleêêctrostaêêtic inteêêraêêctions beêêtweêêeêên 

CS's positiveêêly chaêêrgeêêd aêêmino groups aêênd 

neêêgaêêtiveêêly chaêêrgeêêd polyaêênions, likeêê sodium 

tripolyphosphaêêteêê (TPP), form naêênospheêêreêês. 

Paêêrticleêê sizeêê caêên beêê aêêdjusteêêd by vaêêrying theêê 

CS/TPP raêêtio. AÊÊlthough aêêdvaêêntaêêgeêêous, it maêêy 

yieêêld laêêrgeêêr naêênopaêêrticleêês with high 

polydispeêêrsity, aêênd pH chaêêngeêês caêên deêêstaêêbilizeêê 

theêê systeêêm (45). 

Baêêseêêd on covaêêleêênt crosslinking, this meêêthod 

utilizeêês reêêveêêrseêê miceêêlleêês aêês naêênoreêêaêêctors. 

Crosslinkeêêrs, such aêês glutaêêraêêldeêêhydeêê, conneêêct 

CS chaêêins to form inteêêrconneêêcteêêd polymeêêr 

aêêggreêêgaêêteêês. Theêê teêêchniqueêê offeêêrs controlleêêd 

paêêrticleêê sizeêê distribution, producing smaêêlleêêr 

naêênopaêêrticleêês (<100 nm) compaêêreêêd to ionic 

geêêlaêêtion. Howeêêveêêr, glutaêêraêêldeêêhydeêê's 

cytotoxicity prompts the eêêxploraêêtion of 

aêêlteêêrnaêêtiveêê crosslinking aêêgeêênts likeêê geêênipin (46-

48). 

Consideêêreêêd eêênvironmeêêntaêêlly frieêêndly, it 

involveêês dissolving CS in aêêqueêêous aêêceêêtic aêêcid 

aêênd paêêssing theêê solution through aêê nozzleêê with 

hot aêêir. Paêêraêêmeêêteêêrs likeêê nozzleêê sizeêê, flow raêêteêê, 

aêênd teêêmpeêêraêêtureêê influeêênceêê naêênopaêêrticleêê 

propeêêrtieêês. Draêêwbaêêcks includeêê longeêêr 

proceêêssing timeêê, laêêrgeêêr paêêrticleêê sizeêê, aêênd 

suitaêêbility issueêês for theêêrmoseêênsitiveêê drugs (49-

50). 

CS caêên seêêrveêê aêês aêê coaêêting for vaêêrious 

naêênostructureêês such aêês liposomeêês, solid lipid 

naêênopaêêrticleêês, aêênd polymeêêric naêênopaêêrticleêês. 

Inteêêgraêêtion caêên occur during or aêêfteêêr 

naêênopaêêrticleêê preêêpaêêraêêtion, with CS solution 

drippeêêd onto naêênopaêêrticleêê suspeêênsions. Coaêêting 

meêêchaêênisms involveêê eêêntaêêngleêêmeêênt of polymeêêr 

chaêêins or eêêleêêctrostaêêtic inteêêraêêction beêêtweêêeêên CS 

aêênd naêênopaêêrticleêê surfaêêceêês (41-45). 
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Chitosaêên-Baêêseêêd Naêênopaêêrticleêês for Pulmonaêêry 

Deêêliveêêry 

Theêê utilizaêêtion of CS naêênopaêêrticleêês for 

pulmonaêêry deêêliveêêry eêêncounteêêrs chaêêlleêêngeêês, 

primaêêrily steêêmming from theêêir proclivity to 

aêêggreêêgaêêteêê aêênd undeêêrgo eêêxhaêêlaêêtion. To surmount 

theêêseêê chaêêlleêêngeêês aêênd eêêstaêêblish aêê staêêbleêê, solid 

formulaêêtion, paêêrticleêê eêêngineêêeêêring teêêchniqueêês 

likeêê freêêeêêzeêê-drying aêênd spraêêy-drying haêêveêê 

eêêmeêêrgeêêd aêês promising straêêteêêgieêês. Incorporaêêting 

caêêrrieêêrs such aêês laêêctoseêê aêênd maêênnitol beêêcomeêês 

cruciaêêl to producingêê dry inhaêêlaêêbleêê powdeêêrs, 

eêênsuring aêên optimaêêl meêêaêên aêêeêêrodynaêêmic 

diaêêmeêêteêêr for eêêffeêêctiveêê deêêposition in theêê aêêlveêêoli, 

aêênd preêêveêênting naêênopaêêrticleêê aêêggreêêgaêêtion (48). 

Giveêên CS's intrinsic propeêêrtieêês, including 

mucoaêêdheêêsion, aêênti-inflaêêmmaêêtory, aêênd 

aêêntimicrobiaêêl aêêctivitieêês, CS naêênopaêêrticleêês offeêêr 

significaêênt aêêdvaêêntaêêgeêês for locaêêl drug deêêliveêêry to 

theêê lungs. Theêêseêê naêênopaêêrticleêês not only aêêugmeêênt 

theêê aêêntiviraêêl (eêê.g., aêênti-SAÊÊRS-CoV-2) aêênd 

aêêntibaêêcteêêriaêêl (eêê.g., aêêgaêêinst M. tubeêêrculosis) 

aêêctivitieêês of eêêncaêêpsulaêêteêêd drugs but aêêlso 

faêêcilitaêêteêê drug peêêneêêtraêêtion through theêê mucosaêêl 

laêêyeêêr. Moreêêoveêêr, theêêy eêênhaêênceêê theêê aêênti-

inflaêêmmaêêtory eêêffeêêcts of theêê drug aêênd promoteêê 

increêêaêêseêêd inteêêraêêction/inteêêrnaêêlizaêêtion in speêêcific 

ceêêlls, such aêês maêêcrophaêêgeêês aêênd tumor ceêêlls. 

Dueêê to its uniqueêê propeêêrtieêês aêênd numeêêrous 

aêêdvaêêntaêêgeêês, seêêveêêraêêl studieêês haêêveêê beêêeêên 

conducteêêd to inveêêstigaêêteêê theêê pulmonaêêry deêêliveêêry 

of drugs eêêncaêêpsulaêêteêêd in CS-baêêseêêd 

naêênopaêêrticleêês. AÊÊ summaêêry of keêêy findings is 

preêêseêênteêêd in Taêêbleêê 1-2 (37-48). 
 

Table 1. CS-based nanoparticles for pulmonary drug delivery 

Disease Drug Limitations Carrier Main Results 

Asthma Ferulic Acid Low bioavailability and 

short half-life 

Hyaluronic acid-

coated CS NP 

Improved drug interaction and 

transport across the mucus layer; 

increased therapeutic efficacy 

Budesonide Low bioavailability CS-coated PLGA 

NP 

Improved bioavailability and in 

vivo lung deposition in animal 

model 

Baicalein Low bioavailability CS NP Nanoparticles control the immune-

allergy-inflammatory response of 

asthma in mice 

Montelukast Significant hepatic 

metabolism after oral 

administration 

CS NP DPI formulation showed Optimum 

deposition in the deep lung 

COPD Budesonide Low aqueous solubility 

and bioavailability 

CS NP Enhancement of drug solubility 

 Amikacin Poor lung penetration 

after endovenous 

administration 

PEG-CS NP 

combined with 

black phosphorus 

quantum dots 

Improved mucus penetration and 

antibacterial activity 

Pulmonary 

fibrosis 

Nifedipine Low bioavailability CS-PLGA NP Reduced markers of pulmonary 

fibrosis and oxidative stress 

IPF msFGFR2c Low bioavailability Phosphoryl-

choline-CS NP 

Enhanced antifibrotic efficacy, 

reduced inflammatory cytokines, 

decreased pulmonary fibrosis score 

and collagen deposition 
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Table 2. (Table 1, continuation) 

Disease Drug Limitations Carrier Main Results 

CF Ciprofloxacin Microbial resistance ALG-lyase-

functionalized CS NP 

Higher inhibitory effect on P. 

aeruginosa biofilm 

wtCFTR-mRNA Low stability; low 

transfection efficiency 

CS-lecithin oil-core 

nanocapsules 

Restored CFTR function in the 

cystic fibrosis cell line 

Antisense 

oligonucleotide (ASO) 

Low stability CS/ASO 

nanocomplex 

Significant downregulation of 

ENaC activity in human respiratory 

epithelial cells 

Tobramycin High frequency of 

administration; 

ototoxic and 

nephrotoxic effects; 

bacterial resistance 

SLPICS-

functionalized 

ALG/CS NP 

Inhibition of P. aeruginosa in vitro; 

reduction in inflammatory 

response; improvement in 

interaction with CF mucus 

Pulmonary 

fibrosis 

Nifedipine Low bioavailability CS-PLGA NP Reduced markers of pulmonary 

fibrosis and oxidative stress 

PF msFGFR2c Low bioavailability Phosphoryl-choline-

CS NP 

Enhanced antifibrotic efficacy, 

reduced inflammatory cytokines, 

decreased pulmonary fibrosis score 

and collagen deposition 

CF Ciprofloxacin Microbial resistance ALG-lyase-

functionalized CS NP 

Higher inhibitory effect on P. 

aeruginosa biofilm 

 wtCFTR-mRNA Low stability; low 

transfection efficiency 

CS-lecithin oil-core 

nanocapsules 

Restored CFTR function in the 

cystic fibrosis cell line 

 Antisense 

oligonucleotide 

(ASO) 

Low stability CS/ASO 

nanocomplex 

Significant downregulation of 

ENaC activity in human respiratory 

epithelial cells 

 Tobramycin High frequency of 

administration; 

ototoxic and 

nephrotoxic effects; 

bacterial resistance 

SLPICS-

functionalized 

ALG/CS NP 

Inhibition of P. aeruginosa in vitro; 

reduction in inflammatory 

response; improvement in 

interaction with CF mucus 

 Ciprofloxacin Microbial resistance DNase-I-

functionalized CS 

NP 

Prolonged microbial inhibition, 

prevention of biofilm formation 

and biofilm dispersal potential 

Lung cancer Resveratrol Low solubility CS/lecithin 

nanocomplex 

Enhanced antitumor activity; 

increased selectivity in A549 cells 

 aPD-L1 Low stability; 

unwanted adverse 

effects 

CS/aPD-L1 

nanocomplex 

Improved lung adhesion and 

permeation; enhanced therapeutic 

efficacy 

Tuberculosis Bedaquiline Prolonged treatment; 

unwanted adverse 

effects 

CS NP Reduction in toxic effects; 

Increased drug concentration in the 

lungs 

 Linezolid Unwanted adverse 

effects 

CS NPs Improved deep lung deposition in 

vitro 

Pneumonia Gallium.Ga(III) Nephrotoxicity Hyaluronic acid-CS 

NP 

Improvement in Ga(III) persistence 

in the lungs and preventing its 

accumulation in the kidney 

 Gentamicin Low bioavailability; 

unwanted adverse 

effects 

CS/Fucoidan NP Improved antibacterial activity; 

reduced systemic toxicity 

RSV Oxymatrine Enzymatic 

degradation; poor lung 

penetration 

CS-coated 

liposomes 

Enhanced distribution and retention 

of oxymatrine in lung tissue in vivo 

COVID-19 Silymarin and 

curcumin 

Low penetration and 

adsorption in the lungs 

CS-coated BSA NP Reduced inflammation; enhanced 

antiviral activity in vitro 
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AÊÊsthmaêê 

AÊÊsthmaêê is aêê compleêêx reêêspiraêêtory diseêêaêêseêê 

chaêêraêêcteêêrizeêêd by irreêêveêêrsibleêê aêêirwaêêy 

obstruction, hypeêêrreêêsponsiveêêneêêss, aêênd chronic 

inflaêêmmaêêtion. Conveêêntionaêêl treêêaêêtmeêênts involveêê 

bronchodilaêêtors aêênd glucocorticosteêêroids, but 

high doseêês caêên beêê clinicaêêlly ineêêffeêêctiveêê aêênd 

haêêrmful (18). Dhaêêyaêênaêêndaêêmoorthy eêêt aêêl. 

deêêveêêlopeêêd CS naêênopaêêrticleêês loaêêdeêêd with feêêrulic 

aêêcid (FAÊÊ) aêênd functionaêêlizeêêd with hyaêêluronic 

aêêcid (HAÊÊ) for aêêsthmaêê prophylaêêxis. Theêêseêê 

naêênopaêêrticleêês, caêêlleêêd FAÊÊCHAÊÊ, weêêreêê 

aêêeêêrosolizeêêd using aêê vibraêêting meêêsh neêêbulizeêêr. In 

mouseêê modeêêls of ovaêêlbumin-induceêêd aêêsthmaêê, 

FAÊÊCHAÊÊ naêênopaêêrticleêês aêêtteêênuaêêteêêd 

inflaêêmmaêêtion, hypeêêrseêênsitivity, aêênd aêêirwaêêy 

reêêmodeêêling. Compaêêreêêd to freêêeêê FAÊÊ, FAÊÊCHAÊÊ 

naêênopaêêrticleêês eêêxhibiteêêd supeêêrior theêêraêêpeêêutic 

indiceêês, aêêttributeêêd to HAÊÊ-functionaêêlizeêêd CS 

promoting beêêtteêêr deêêposition aêênd aêên improveêêd 

theêêraêêpeêêutic indeêêx of HAÊÊ (19). 

Budeêêsonideêê (BUD), aêê poorly bioaêêvaêêilaêêbleêê 

drug useêêd in aêêsthmaêê treêêaêêtmeêênt, waêês loaêêdeêêd into 

CS-poly(laêêctic-co-glycolic aêêcid) (PLGAÊÊ) 

naêênopaêêrticleêês by AÊÊhmaêêd eêêt aêêl. Theêê BUD-loaêêdeêêd 

naêênopaêêrticleêês (BUD-NP) deêêmonstraêêteêêd lung 

deêêposition aêênd peêêneêêtraêêtion. Inhaêêlaêêtion of BUD-

NP reêêsulteêêd in higheêêr Cmaêêx aêênd AÊÊUC compaêêreêêd 

to oraêêl aêênd intraêêveêênous treêêaêêtmeêênt groups. Theêê 

improveêêmeêênt in BUD aêêbsorption waêês linkeêêd to 

theêê induction of inteêêrceêêllulaêêr tight junction 

opeêênings within theêê lung eêêpitheêêlium faêêcilitaêêteêêd 

by CS (20). 

CS naêênopaêêrticleêês weêêreêê aêêlso eêêmployeêêd for theêê 

pulmonaêêry deêêliveêêry of baêêicaêêleêêin, aêê flaêêvonoid 

with aêênti-inflaêêmmaêêtory propeêêrtieêês. Baêêicaêêleêêin-

CS naêênopaêêrticleêês controlleêêd eêêosinophilic 

inflaêêmmaêêtion, aêêirwaêêy hypeêêrreêêsponsiveêêneêêss, aêênd 

immuneêê-aêêlleêêrgic reêêsponseêês in mouseêê modeêêls of 

aêêsthmaêê. Theêê naêênopaêêrticleêês downreêêgulaêêteêêd IL-5 

leêêveêêls, contributing to beêêtteêêr-maêênaêêgeêêd 

inflaêêmmaêêtion (49). 

Chronic Obstructiveêê Pulmonaêêry Diseêêaêêseêê 

(COPD) 

COPD is aêê progreêêssiveêê inflaêêmmaêêtory lung 

diseêêaêêseêê reêêsulting in deêêcreêêaêêseêêd lung function. 

AÊÊnti-inflaêêmmaêêtory theêêraêêpieêês, including 

corticosteêêroids likeêê BUD, aêêreêê commonly useêêd. 

BUD-loaêêdeêêd CS naêênopaêêrticleêês (CS NP) weêêreêê 

deêêveêêlopeêêd using ionic geêêlaêêtion with poly(vinyl 

aêêlcohol) (PVAÊÊ) aêês aêê surfaêêctaêênt. Theêê spheêêricaêêl 

naêênopaêêrticleêês eêêxhibiteêêd improveêêd drug reêêleêêaêêseêê 

in vitro, deêêmonstraêêting poteêêntiaêêl for eêênhaêênceêêd 

theêêraêêpeêêutic outcomeêês in COPD.121 Blaêêck 

phosphorus quaêêntum dots (BPQDs) aêêssociaêêteêêd 

with PEÊÊGylaêêteêêd CS naêênospheêêreêês weêêreêê useêêd to 

deêêliveêêr aêêmikaêêcin (AÊÊM) for treêêaêêting pulmonaêêry 

infeêêctions in COPD paêêtieêênts. Theêê naêênostructureêê 

eêêxhibiteêêd mucoaêêdheêêsiveêê propeêêrtieêês, faêêcilitaêêting 

mucus peêêneêêtraêêtion aêênd reêêsulting in higheêêr drug 

reêêleêêaêêseêê dueêê to theêê raêêpid deêêgraêêdaêêtion of BPQDs. 

This aêêpproaêêch aêêlleêêviaêêteêêd aêêirflow obstruction in 

aêê COPD miceêê modeêêl (40-42). 
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Pulmonaêêry Fibrosis 

Pulmonaêêry fibrosis involveêês theêê reêêmodeêêling aêênd 

deêêstruction of lung tissueêê. Nifeêêdipineêê, aêê caêêlcium 

chaêênneêêl blockeêêr, loaêêdeêêd into CS-PLGAÊÊ 

naêênopaêêrticleêês, deêêmonstraêêteêêd promiseêê for 

treêêaêêting pulmonaêêry fibrosis. Theêê naêênopaêêrticleêês 

eêêxhibiteêêd aêê spheêêricaêêl shaêêpeêê, improveêêd drug 

reêêleêêaêêseêê, eêênhaêênceêêd lung deêêposition, aêênd 

increêêaêêseêêd bioaêêvaêêilaêêbility. EÊÊngineêêeêêreêêd 

naêênopaêêrticleêês reêêduceêêd lung fibrotic aêênd 

oxidaêêtiveêê streêêss maêêrkeêêrs, deêêmonstraêêting 

poteêêntiaêêl theêêraêêpeêêutic beêêneêêfits (23). 

Phosphorylcholineêê-coaêêteêêd CS naêênopaêêrticleêês 

(PPCs-NPs) weêêreêê deêêveêêlopeêêd to eêêncaêêpsulaêêteêê theêê 

mutaêênt solubleêê eêêctodomaêêin of fibroblaêêst growth 

faêêctor reêêceêêptor-2 IIIc (msFGFR2c) proteêêin, 

taêêrgeêêting eêêxceêêssiveêê myofibroblaêêst 

diffeêêreêêntiaêêtion in idiopaêêthic pulmonaêêry fibrosis 

(IPF). Theêê naêênopaêêrticleêês significaêêntly reêêduceêêd 

α-smooth muscleêê aêêctin (α-SMAÊÊ) eêêxpreêêssion, aêê 

maêêrkeêêr of myofibroblaêêst diffeêêreêêntiaêêtion. In vivo 

studieêês showeêêd increêêaêêseêêd msFGFR2c 

bioaêêvaêêilaêêbility, improveêêd theêêraêêpeêêutic eêêfficaêêcy, 

aêênd eêênhaêênceêêd raêêt survivaêêl raêêteêês (24). Theêêseêê 

studieêês highlight theêê poteêêntiaêêl of CS 

naêênopaêêrticleêês in aêêddreêêssing vaêêrious reêêspiraêêtory 

conditions, providing taêêrgeêêteêêd aêênd controlleêêd 

drug deêêliveêêry for improveêêd theêêraêêpeêêutic 

outcomeêês. 

Cystic Fibrosis (CF) 

CF is chaêêraêêcteêêrizeêêd by impaêêireêêd mucociliaêêry 

cleêêaêêraêênceêê dueêê to mutaêêtions in theêê cystic fibrosis 

traêênsmeêêmbraêêneêê conductaêênceêê reêêgulaêêtor (CFTR) 

geêêneêê, leêêaêêding to mucus reêêteêêntion, baêêcteêêriaêêl 

infeêêction, inflaêêmmaêêtion, aêênd aêêirwaêêy obstruction. 

Paêêteêêl eêêt aêêl. inveêêstigaêêteêêd ciprofloxaêêcin-loaêêdeêêd 

aêêlginaêêteêê lyaêêseêê functionaêêlizeêêd-CS naêênopaêêrticleêês 

aêêgaêêinst mucoid P. aêêeêêruginosaêê biofilm. Theêê 

aêêlginaêêteêê lyaêêseêê disrupteêêd baêêcteêêriaêêl mucus, 

eêênhaêêncing ciprofloxaêêcin deêêliveêêry. Theêê 

naêênopaêêrticleêês haêêd suitaêêbleêê propeêêrtieêês for 

pulmonaêêry drug deêêliveêêry, deêêmonstraêêting 

aêêntimicrobiaêêl aêênd aêênti-biofilm poteêêntiaêêl (20). 

Lung Caêênceêêr 

Cheêêmotheêêraêêpy reêêmaêêins theêê primaêêry treêêaêêtmeêênt 

for aêêdvaêênceêêd lung caêênceêêr, but traêêditionaêêl drugs 

faêêceêê limitaêêtions likeêê laêêck of taêêrgeêêtaêêbility, low 

bioaêêvaêêilaêêbility, aêênd seêêveêêreêê sideêê eêêffeêêcts (21). CS 

naêênopaêêrticleêês aêêreêê eêêxploreêêd for caêênceêêr theêêraêêpy 

dueêê to theêêir mucoaêêdheêêsiveêêneêêss, controlleêêd 

reêêleêêaêêseêê, taêêrgeêêting, aêênd increêêaêêseêêd peêêrmeêêaêêbility 

into tumor ceêêlls. Kaêêmeêêl eêêt aêêl. deêêveêêlopeêêd CS-

dopeêêd seêêlf-aêêsseêêmbleêêd leêêcithin-baêêseêêd caêêtionic 

naêênopaêêrticleêês (LeêêciPleêêx) loaêêdeêêd with 

reêêsveêêraêêtrol, aêêiming to improveêê solubility aêênd 

aêênticaêênceêêr eêêfficaêêcy (22). Theêê study reêêporteêêd 

eêênhaêênceêêd aêênticaêênceêêr eêêffeêêcts, low toxicity, aêênd 

increêêaêêseêêd seêêleêêctivity aêêgaêêinst theêê AÊÊ549 lung 

caêênceêêr ceêêll lineêê (23). 

In aêênotheêêr study, CS naêênopaêêrticleêês loaêêdeêêd with 

aêênti-prograêêmmeêêd ceêêll deêêaêêth proteêêin ligaêênd 1 

(aêêPD-L1) weêêreêê preêêpaêêreêêd for inhaêêlaêêtion to treêêaêêt 

lung caêênceêêr. CS faêêcilitaêêteêêd traêênsmucosaêêl 

deêêliveêêry, promoting theêê raêêpid aêêccumulaêêtion of 
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aêêPD-L1 in lung meêêtaêêstaêêsis. CS aêêcteêêd aêês aêên 

aêêdjuvaêênt for aêêPD-L1, inducing poteêênt ceêêll-

meêêdiaêêteêêd immuneêê reêêsponseêês aêênd reêêducing theêê 

numbeêêr of meêêtaêêstaêêseêês in theêê lungs (48). 

Theêêseêê studieêês showcaêêseêê theêê poteêêntiaêêl of CS 

naêênopaêêrticleêês in aêêddreêêssing chaêêlleêêngeêês aêêssociaêêteêêd 

with CF aêênd lung caêênceêêr, providing taêêrgeêêteêêd aêênd 

eêêffeêêctiveêê drug deêêliveêêry straêêteêêgieêês. 

CONCLUSION 

Dueêê to theêê rising mortaêêlity aêêssociaêêteêêd with 

reêêspiraêêtory diseêêaêêseêês likeêê COVID-19, 

tubeêêrculosis, aêênd lung caêênceêêr, theêêreêê haêês beêêeêên aêê 

growing eêêmphaêêsis on deêêveêêloping innovaêêtiveêê 

systeêêms for deêêliveêêring drugs to theêê lungs. In this 

conteêêxt, naêênostructureêêd caêêrrieêêrs, paêêrticulaêêrly CS 

naêênopaêêrticleêês, haêêveêê gaêêineêêd aêêtteêêntion aêês aêê 

promising aêêlteêêrnaêêtiveêê. Theêê progreêêss in 

pulmonaêêry drug deêêliveêêry using CS haêês beêêeêên 

noteêêworthy, deêêmonstraêêting significaêênt 

aêêchieêêveêêmeêênts. 

CS, wideêêly aêêcknowleêêdgeêêd aêês aêê reêêneêêwaêêbleêê 

reêêsourceêê, seêêcond only to ceêêlluloseêê, posseêêsseêês 

distinctiveêê propeêêrtieêês, including beêêing non-toxic, 

biocompaêêtibleêê, aêênd biodeêêgraêêdaêêbleêê. Theêêseêê 

aêêttributeêês provideêê aêê compeêêtitiveêê eêêdgeêê oveêêr otheêêr 

biodeêêgraêêdaêêbleêê polymeêêrs, with mucoaêêdheêêsiveêê, 

aêênti-inflaêêmmaêêtory, aêênd aêêntimicrobiaêêl aêêctivitieêês. 

Theêê aêêntimicrobiaêêl propeêêrtieêês of CS caêên beêê 

haêêrneêêsseêêd to combaêêt reêêsistaêênceêê, such aêês in P. 

aêêeêêruginosaêê infeêêctions, whileêê its aêênti-

inflaêêmmaêêtory naêêtureêê maêêy aêêid in reêêducing 

inflaêêmmaêêtion in seêêveêêreêê aêêcuteêê reêêspiraêêtory 

syndromeêê. This reêêvieêêw criticaêêlly eêêxaêêmineêês theêê 

aêêdvaêênceêêmeêênts of CS-baêêseêêd naêênopaêêrticleêês aêês aêên 

inhaêêleêêd drug deêêliveêêry systeêêm. 

Theêêseêê naêênopaêêrticleêês eêêxhibit consideêêraêêbleêê 

poteêêntiaêêl for clinicaêêl useêê, offeêêring beêêneêêfits likeêê 

improveêêd locaêêl drug deêêliveêêry, minimizeêêd sideêê 

eêêffeêêcts, eêênhaêênceêêd theêêraêêpeêêutic aêêctivity, aêênd 

prolongeêêd drug reêêleêêaêêseêê. Theêê promising reêêsults 

eêêvaêêluaêêteêêd in this reêêvieêêw highlight theêê aêêbility of 

CS naêênopaêêrticleêês, wheêên aêêdministeêêreêêd viaêê 

inhaêêlaêêtion, to aêêddreêêss theêê significaêênt chaêêlleêêngeêê 

of drug cleêêaêêraêênceêê from theêê lungs. Seêêveêêraêêl in 

vivo studieêês haêêveêê reêêporteêêd aêên increêêaêêseêê in drug 

deêêposition in theêê lungs, aêêttributeêêd to theêê cruciaêêl 

mucoaêêdheêêsiveêê propeêêrty of CS, faêêcilitaêêting drug 

peêêneêêtraêêtion through theêê mucus laêêyeêêr. 

Furtheêêrmoreêê, CS naêênopaêêrticleêês optimizeêê 

biophaêêrmaêêceêêuticaêêl paêêraêêmeêêteêêrs, paêêrticulaêêrly 

solubility, contributing to increêêaêêseêêd 

bioaêêvaêêilaêêbility, with someêê studieêês reêêporting aêê 

reêêduction in systeêêmic toxicity. 

Moreêêoveêêr, CS naêênopaêêrticleêês eêênhaêênceêê theêê 

theêêraêêpeêêutic aêêctivity of drugs, paêêrticulaêêrly in 

teêêrms of aêêntibaêêcteêêriaêêl aêêctivity aêêgaêêinst CF-

reêêlaêêteêêd paêêthogeêêns, aêêntiviraêêl aêêctivity aêêgaêêinst 

SAÊÊRS-CoV-2, aêênd aêênti-inflaêêmmaêêtory aêêctivity 

neêêeêêdeêêd for treêêaêêting conditions likeêê COPD, IPF, 

aêênd CF. Colleêêctiveêêly, theêêseêê obseêêrveêêd beêêneêêfits 

position CS aêês aêê polymeêêr with theêê most 

promising propeêêrtieêês for theêê deêêveêêlopmeêênt of 
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naêênocaêêrrieêêrs for pulmonaêêry drug deêêliveêêry 

aêêpplicaêêtions. 

Neêêveêêrtheêêleêêss, furtheêêr studieêês aêêreêê impeêêraêêtiveêê 

to eêêstaêêblish scaêêlaêêbleêê proceêêsseêês for CS 

naêênopaêêrticleêê preêêpaêêraêêtion. AÊÊdditionaêêlly surfaêêceêê 

eêêngineêêeêêring of CS naêênopaêêrticleêês using speêêcific 

ligaêênds should beêê eêêxploreêêd to aêêctiveêêly taêêrgeêêt 

theêêseêê paêêrticleêês to speêêcific lung siteêês. 

Compreêêheêênsiveêê inveêêstigaêêtions into theêê 

phaêêrmaêêcokineêêtics, preêêclinicaêêl toxicity, aêênd 

biodistribution paêêraêêmeêêteêêrs of CS naêênopaêêrticleêês 

aêêreêê eêêsseêêntiaêêl steêêps to moveêê closeêêr to conducting 

clinicaêêl triaêêls. 
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