o 4 a (Y =2 a e IS a 1
nsdaATzikasUssliunadanunlugnfnealionviinalug

dsuiduszuuiindssnussludansanisiaans

unAnganiwlne
TspuzisansemnedaanedunzSnulavssdududuin 9 mssnwleslienaividasuvaninssuuluaiou
fnlulAnamvingals WesanUsunaeAluTausnaiaean siusunadun  nMssneseeivrdaluulRneilaens

TagnaivrUalunszinizlaanaz (Intravesical therapy) WuismssnwuuusnasgiudsnislumssnwuziSanssing
Uaay Feuszdniamlunissnuileeisdived fusseznafifmedudaiuidedensiiwazanududuveseily

1
1Y) o

nsznzdaany neunfudienaggninaiedusensgrsmindudedinsdulaany fwulasinsidedfdiinguszasd

WieduaTgvikavimuaynaulugadaailionvilalvniinoindseansanlunisindseadivitaludnssing

Taane Tunsdnunilduasgrinediwesvinlminiingfladidunianudimngsdeigaiiion laud lalaguiiteuseiuga

MU (Cys-CS) lalnguiiiounanu 6-unadiilagnezludauedn (MHA-CS) daddalalaguiidonseiulaiinea (Cat-

sala 44

SCS) wazdadiuniiousiaiuuaiinea (Cat-Alg) uazldwedweindanTandiewmuidusynmaulugafngeodion lny
\@enlden doxorubicin (DOX) 1usienddey AnwautAiniaaiineainasmediwesuazoyninulufiviouls audh
nsBadadeiion Anuamnsalunisussgen msvaslaseen gniiiuuziiinszmnsdaany uasnisduavazauves

v

sunpululuwaduziss Mnmsfnvmuitnedweinduaneiiulantiinisiafadedloniifvuedsdided Aoy

o

a

Aunedmosilifimsusuasulasiaine Ing MHA-CS finnwanansalunsBafnfiffian sesasunde Cat-Alg uden
woRwosanshilitaudefueyniauTudadnaidoidonTnendnnis ionotropic gelation lnefidadauszwing MHA-
CS way Cat-Alg Wiy 1:1 lfeymadifluaidnlusefuunlu uazdidnmsnszaeruinveseynamdign 9Inn1sAne
audAlun1safnbeiienveseyneuilufemaia flow-through WuiteymAuly MHA-CS-Alg-Cat #13n50AIBEUL
Wounsmmeilaangldinnilandofisutueynauilu Cs-Alg uay dextran uenaindoymauly MHA-CS-Alg-Cat
a11130U53981 DOX Latuuunugs Tnedriauaansalunisussyeuasyseansamlunisussaenasanvindu 249
Hg/mg Wag 74.7% MUa1GU aunIAunly MHA-CS-Alg-Cat a@nansaaiununisuantaasen DOX 813u1und 24 dlaa
Mnmsnaasugutumsiunisaiguesvadusniiansunizliaanny (MBA9) wuirayniauilu MHA-CS-AlgCat &
qisTirlumssudansaiaensad MBA9 uasdien ICy, fisniansaraisen DOX uenanianmsdnidnisadusss
wazmsazanveseymanluseralalnuniuazgavssaiuuuasulrineasindlfawedunisaun nuinsusigen
pOX Tuayn1Aurly MHA-CS-Alg-Cat annsaiiunisiduead uaznisagauvosdennslumaduzideldogied
UsyAnsnn defuandiuldhnsdaensinedwesiiimiidarusinededodenannsafiulssavsamlunisda
Andeilendaonatisifinusdnsnmvosszuuidddunsinuinuuianizd mswaneynAuily MHA-CS-Alg-Cat
U398 DOX dwfumsinmdeiaiividauvuienzilasnmsldenaiividalunssmzdaangotatiifiuuszdnsam

Tunssnw Mnuan1sAnwnandliiiing syuniautly MHA-CS-Alg-Cat U33381 DOX ddnanwlunisimundussuy

Wdsergluuulnddmsunssnwueiiinssmesdaansuuuanzd egrdlsinuasiinis@nvinaasaiiaiuly

A A o a

fnivnanawarnisAnwseauadnniatudulsyansnnluniseddnseld

Avan: eunauly Bafnlewden ssuuthasen nsemnzdaans Tsauzss



Synthesis and evaluation of novel mucoadhesive nanomaterials

as drug delivery systems for a chemotherapeutic agent to the bladder

Abstract

Bladder cancer has been ranked to be the ninth most common malignancy in the world. Systemically
treatment for bladder diseases is often unsuccessful because only a small fraction of the drugs reaches the
target site. Intravesical therapy is one of the standard treatments for bladder cancer. The efficacy of the
intravesical treatment depends on the residence time and the drug concentration of the drug inside the bladder.
Unfortunately, the drug is quickly washed out during bladder emptying. This study aimed to synthesize novel
mucoadhesive nanoparticles (NPs) for improved delivery of a chemotherapeutic agent to the bladder. The
polymers were newly synthesized to bear specific functional groups, including cysteine-conjugated chitosan
(Cys-CS), 6-maleimidohexanoic acid-conjugated chitosan (MHA-CS), catechol-conjugated succinyl chitosan (Cat-
SCS) and catechol-conjugated alginate (Cat-Alg). The polymers with favorable properties were subsequently
employed to develop mucoadhesive NPs using doxorubicin (DOX) as the active compound. The
physicochemical properties, drug loading, mucoadhesive properties, in vitro drug release study, cytotoxicity and
intracellular accumulation of the mucoadhesive NPs were investigated. The finding revealed that the
synthesized polymers exhibited improved mucoadhesive capability compared to the unmodified polymers, and
MHA-CS demonstrated the most mucoadhesive competency followed by Cat-Alg. The two polymers were then
selected for the development of mucoadhesive NPs using the ionotropic gelation method. The ratio of MHA-
CS and Cat-Alg was optimal at 1:1, which nanosized particles with the narrowest size distribution were obtained.
The mucoadhesive investigation via the flow-through method indicated that the MHA-CS-Alg-Cat NPs could
retain on the bladder mucosa to a greater extent compared to CS-Alg NPs and dextran. Moreover, a high amount
of DOX could be incorporated into the MHA-CS-Alg-Cat NPs, in which the loading capacity and loading efficiency
were 249 pg/mg and 74.7%, respectively. The MHA-CS-Alg-Cat NPs could sustain the release of DOX for more
than 24 h. The anticancer study conveyed that the MHA-CS-Alg-Cat NPs had a potent inhibitory effect against
MB49 with a lower ICs, value compared to the DOX solution. The cell uptake study investigated by flow
cytometry and confocal laser scanning microscopy revealed that the DOX-loaded MHA-CS-Alg-Cat NPs could
effectively enhance the uptake and accumulation of the drug in the cells. Therefore, the synthesis of polymers
with mucin-specific moieties could improve the efficacy of a drug delivery system for intravesical delivery. The
findings demonstrate that the DOX-loaded MHA-CS-Alg-Cat NPs have the potential to be developed as a new
drug delivery system for local treatment of bladder cancer. However, further animal and clinical studies should

be performed to confirm the clinical efficacy.
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