O6pa3zar 4.

®dakynreT dapMaleyTcKu YHUBEP3UTET V¥V BEOTPAOY
01 6poj 2261/1-1 Behy Hayununx ob1acTu MeJUIMHCKUX HAyKa
(Bpoj 3axTeBa) (Ha3ug Beha HayuHe 06acTi KOMe ce 3axTeB ynyhyje)
10.09.2026. S3AXTEB
(Matym)

3a JaBame carjacHOCTHU Ha OJJIYKE O yCBajamy u3BelTaja Komucuje 3a oneny
JOKTOPCKE JUCepTalMje U O UMEHOBalbY KOMHUCH]E 3a 010paHy

Monumo na, cxomHo wiany 47. cr. 5. tau. 4. Craryra Yuusepsurera y beorpany ("I'macuuk Yuusepsurer", 6poj 186/15-
npeuninhienu Teket u 189/16), nate carnacHOCT Ha OTYKY O yCBajamy u3Belnraja KoMmucuje 3a olieHy JTOKTOPCKE JHcepTalyje:

KAHJMJAT BAJEHTHHA (YPOI) JAYKOBUHh

(¥Me, UMe jeTHOT O/l POAUTEbA U IIPE3NUME)

CTYACHT NOKTOPCKUX cTyauja Ha ctyaujckom nporpamy JJOKTOPCKE AKAJEMCKE CTYAUJE, PAPMAINIEYTCKE HAVYKE,
OAPMAIIEYTCKA TEXHOJIOTUJA

NPUjaBHUO je JJOKTOPCKY TUCEPTaIH]y MO Ha3HBOM:

» HAHOKOMIIO3UTHH MAaTEepPHjaJH HA 0231 XAJ0j3UTAa U XUTO03aHA KA0 NOTEHIH jaIHU hapMalleyTCKH
eKCUMIUjeHCH: UCTPAKMBAE YTHIIA]A TOCTYNKA M3pajae Ha pusnukoxemmjcke U GQyHKIIMOHATHE 0COOMHE*

W3 Hay4YHe 00IacTu: PAPMALEYTCKA TEXHOJIOTHMJA

Vuusepsurer je mana 18.03.2025.romuue cBojum akrtom mox Op. 02-01 6poj 61206-1123/2-25 nao carmacHOCT Ha

TIPEIJIOT TeME JOKTOPCKE AUCEpTaIlije Koja je riiacuia;

2 HAHOKOMIIO3UTHU MATEPUjaJIH HA 023U XAJI0j3UMTA M XUTO3aHA KA0 NOTEHIHjaaHu (papManeyTcKku
eKCUMIUjeHCH: NCTPAKMBAKE YTUIIA]a TIOCTYNKA M3pajie HA pu3nuKkoxeMujcke U QYHKIMOHATIHE 0COOMHE

HNme u npe3ume MeHTOopa ! Hp cu. Hamwmna Kpajumnauk, pemoBHu mnpodecop, Yuusepsurer y beorpagy —
dapmarieyrcku dakynrer (Vika HaydHa obnact: dapmarieyTcka TEXHOIOTHja)

Kommucuja 3a olleHy JOKTOPCKE IMCEPTALUje€ MMEHOBAHA j€ Ha cequuim oapxkanoj 14.05.2026.roaune

OIITYKOM (paKyinTera mosu op. 01 6p.1093/2 , y cacTaBy:
Nwme u mpe3ume wiaHa 3Bamke Hay4YHa 00JIacT YcranoBa y K0j0j
KOMHCH]e je 3amociieH

1. p cu. Cuexana Casuh, penoBuu npodecop, Yausepsurer v beorpany - @apMatieyrcku haxyiarer
(Y>xa Hayuna oOmact: @apmalieyrcka TeXHoJIoruja), npeaceaauk Komucuje

2. Hp cu. Anekcanapa Jaxkosuh, HaydHHU caBeTHUK, MHCTUTYT 334 TEXHOJOTH]Y HVKJICAPHUX M APYIHUX
MUHepaJHUX cupuBrHa, beorpaa (Yika HayyHa obiact: Pusnyka xeMuija - MaTepujajin)

3. Jp cu. bpanka Uskosuh, Baupeanu npodecop, YuusepsureT y beorpaay - @apmaneyrcku Gakyiarer
(Y>xa HayuHa oOmact: @apmarieyrcka-MeIUIIMHCKA XeMH]a U CTPYKTYPHA aHan3a)

Hanmowmena: ykonuko je unan Komucuje y neH3uju HaBeCTH aTyM NEH3WOHHUCAHA.



JlaTym craBibama u3Bemraja Komucuje u gokropeke aucepranuje Ha ysua jasaoctu: 18.06.2026.roaune.

HacraBHo-HayuHO Behe dakynrera ycBojuio je m3Bemraj Komucuje 3a oneHy JOKTOpPCKE QUcCepTalje HACEAHHUIM OIP>KAaHO]

JaHa 10.09.2026.roauue

Komucuja 3a on0paHy JOKTOPCKE IHCEpTallfje UMEHOBaHA je Ha ceauuiu oapxkanoj_ 14.05.2026.ronune

omnykom (akyrrera oa 6p. 01 6poj 1093/2, y cacrasy:

Nwme u pe3ume diaHa 3BabE Hay4YHa 00JIacT YcraHoBa y K0j0j
KOMHCH]e je 3arocieH

1. [p cu. CHexana Casuh, pexoBau npodecop, Yuusepsurer v beorpany - @apmaneyrcku dakyarer (Yka
HayuyHa oOnacT: PapMarieyrcka TexHoaoruja), npeacenuuk Komucuije

2. Jp cu. Anekcanapa JlakoBuh, HaydYHM CaBEeTHUK, MHCTHTYT 3a TEXHOJIOTHM]Y HYKJIEApHHUX W JIPYTUX
MHUHEPAIHUX chpuBHHA, beorpan (Yika HayuHa o0macT: Puspnuka XxeMuja - MaTepujain)

3. Ip cu. bpanka MBxoBuh, Baupeanu npodecop, Yuusep3urer y beorpany - @apmaneyrcku dakynrer (Yka
Hay4JHa oOnacT: PapMalneyrcka-MeIMIIMHCKA XEMH]a U CTPYKTYPHA aHIn3a)

Hanomena: ykonuko je wiaH KoMucuje y meH3Mju HaBECTH AAaTyM NEH3UOHHUCAHA.

JEKAH ®AKVIITETA

1 Onnyka HacraBHo-HayuyHor Beha o ycBajamy m3Bemraja Komucuje 3a olieHy JOKTOPCKE AMCEPTAIIH]je

[Ipunosu: . .
U oAyKa o MMeHoBamy Komucuje 3a onOpaHy nOKTOpCKe AHCepTalyje
2. WM3Bemraj Komucuje o olieHu JOKTOPCKE TUcepTanuje

3. Tlpumenbe Ha usBeniTaj Komucuje o omeHu H0KTOpCKe qucepTandje (YyKOIHKO UX je Ouio) u
Munubewe Komucuje o mpumendama

Hamowmena: ®akynTer goctaBjba Y HUBEP3UTETY 3aXTEB ca MPWIO3UMA Y eNEKTPOHCKO] GOPMH H Y jeTHOM IMHCAHOM HPUMEPKY
3aapXuBy YHHUBEpP3UTETA



YHUBEP3UTET V BEOI'PALTY
OAPMALEYTCKU ®AKVIITET
11000 - BEOI'PAL

V. Bojoae Creme 450.

01. 6poj 2261/1

10.09.2026. roaune

Ha ocnoBy wrana 28. Craryra u mpemiora Komucuje 3a MOCIEIUIUIOMCKE CTyIHje —
NoKTOpcke crynuje, HacraBHo-Haydno Behe YHuBepsutera y beorpamy — ®dapmarneyrckor
¢dakynrera Ha cemauiy oapxkanoj 10.09.2026.romune, noHENO je

ONJYKY

IMPUXBATA CE no3utuBan u3Bemnitaj Komucuje 3a oreny u o0paHy 3aBpIiieHe JOKTOPCKE
JUCEpTalInje, kagaunata  mar.papmanuje JaykoBuh BajieHTmHe 101 HACIOBOM:
»HAHOKOMIIO3UTHM MaTepHjaJd Ha 0a3M XaJI0j3UTA M XHTO3aHA KAa0 NOTECHIM)AJIHHU
dapmaneyTcku eKCUMIHMjeHCH: HCTPakKMBame YTHLAja MNOCTYyNKa wu3pajge Ha
pusuukoxemujcke u ¢yHkuumoHaaHe ocodune* u ynyhyje Behy wnayunmx oOmactu
MEIMIIMHCKUX HayKa Ha yCBajame, a Mo J0OMjeHO] MHCaHO] carjlaCHOCTH 0J00paBa jaBHA
onbpana npen Komucujom y cacrany:

1. Ip cu. Cuexana Casuh, pemoBHu mpodecop, YHuBepsuter y beorpany -
®dapmaneyrcku dakynrer (Yxa HayuyHa obOmact: dapmarieyrcka TEXHOJIOTH]a),
npeacennuk Komucuje

2. Hdp cu. Anekcanapa JlakoBuh, HayYHH caBeTHHK, HWHCTHUTYT 3a TEXHOJOTH]Y
HYKJIEapHUX W JPYTUX MHUHEpaTHMX CHpuBHUHA, beorpan (Yka HayuyHa o0iacT:
®dusnyuka XeMuja - MaTepUjaIu)

3. Hp cu. bpanka HBkoBuh, Banpeanu mnpodecop, YHupep3uteT y beorpamy -
@dapmaneyrcku  (akynrer (Yka HayduHa oOnact: Papmalieyrcka-MeIuIMHCKa
XeMHja U CTPYKTYpHA aHJIN3a)

VYuusepsureT je gana 18.03.2025.rogune cBojum akrom 6p.: 02-01 6p: 61206-1123/2-25 nao
CarJIaCHOCT Ha MPEJIOr TeMe TOKTOPCKE JHCepTaluje.
Kanaunar mar. ¢apm. Banentuna Jaykosuh, oGjaBuia je pe3yiraTe M3 OBE JOKTOPCKE
aMcepranyje y 1Ba paja kareropuje M21 y mehynaponaum yaconucuma ca CLIU nucre:

1. Jaukovi¢ V, KrajiSnik D, Dakovi¢ A, Damjanovi¢ A, Krsti¢ J, Stojanovic J, Calija B.
Influence of selective acid-etching on functionality of halloysite-chitosan
nanocontainers for sustained drug release. Materials Science and Engineering. C:

Materials for Biological Applications 2021, 123:112029.
https://doi.org/10.1016/j.msec.2021.112029 (ISSN: 0928-
4931)

IF(2021) = 8,457; Materials Science, Biomaterials (8/45) M21

2. Jaukovi¢ V, Calija B, Ivkovi¢ B, Khutoryanskiy VV, Elella MHA, Kuréubi¢ I,
Medarevi¢ D, Stojanovi¢ J, Damjanovi¢ A, Kraji$nik D. Modification of selectively
acid-etched  halloysite by  mucoadhesive  chitosan  derivatives:  new


https://doi.org/10.1016/j.msec.2021.112029

bionanocomposites with improved functional properties. Material Chemistry and

Physics. 2024;325:129756. https://doi.org/10.1016/j.matchemphys.2024.129756
(ISSN: 0254-0584)

IF(2024) = 4,7; Materials Science, Multidisciplinary (151/461) M21

OmnyKy NOCTaBHTH: KaHIUAATy, YHHUBEP3UTETY, WIAHOBUMA KOMHCH]e, JICKaHY, CeKpeTrapy,
NPOJICKaHy 3a MOCIIEAUIIIOMCKE CTyauje, MeHTopy (pod ap. Januuu Kpajuinuk), Onceky 3a
HACTaBY U CTyAEHTCKa nuTama, OfceKy 3a IpaBHE U OIILITE IOCIOBE, IOCIIOBHOM CEKpETapy,

npenceanuky Komucuje 3a mocneaurioMcke cryauje — nokropeke cryauje (Ipod. np brspana
AnTOoHMjeBUh) U apXUBH.

MPEJACEJTHUK
HACTABHO-HAYYHOT BERA
®APMALEYTCKOT
®AKYJITETA

IIpo¢. ip Harama borasan
CranojeBuh


https://doi.org/10.1016/j.matchemphys.2024.129756

YHUBEP3UTET Y BEOI'PAZLY - PAPMALEYTCKH ®AKYJITET
HACTABHO - HAYYHOM BERY
KOMUCHUINA 3A TOCJIEAUITJIOMCKY HACTABY - JOKTOPCKE CTYJAUJE

[Mpenmer: M3Bemraj Komucuje 3a oneHy u ondpaHy 3aBpIlIeHE TOKTOPCKE TUCEpTaIldje
KaHauaaTta Maructpa gapmanvje Banentune Jaykosuh.

Ha cegnummu HacrtaBHo-Hayunor Beha VYwuBepsutera y beorpany — ®apmareyrckor
daxyntera, oapxanoj 14.05.2026. ronune, ommykom Opoj 1093/2 nMeHOBaHU Cy YIaHOBU
Komucwuje 3a oneHy u oa0paHy 3aBpllieHE JOKTOPCKE IucepTaldje, KaHauaata mar. (hapm.
Banentune JaykoBuh, moa HacioBOM:

»HAHOKOMIIO3UTHH MAaTepPUjaJu HAa 0a3M Xaj0j3UTa M XUTO3aHA KA0 NMOTEHIUjaJTHH
bapmaneyTckn  eKCHMIMjeHCH: MCTPAaXKUBakbe YTULAja MNOCTYNKAa HU3pajae Ha
busnukoxemnjcke U GyHKIMOHAJIHE 0COOMHE

Komucuja y cacraBy:

1. dp cu. Cuexxana CaBuh, penoBuu mpodecop, YauBepsurer y beorpagy — ®apmaneyrcku
daxynTer, npeaceaHuk komucHje (Yxa HayuHa obnact: PapmarieyTcka TeXHOJIOTH)a)

2. JIp cu. Anekcanapa JlakoBuh, HayuyHu caBeTHHK, IHCTUTYT 3a TEXHOJIOTH]Y HYKJICAPHUX U
JpYruX MUHEPAJTHUX CHpoBHHA, beorpas (Yxa HayuHa oOnact: @U3MUKa XeMH]ja - MaTepH]jalii)

3. dp cu. bpanka UskoBuh, Banpeaau npodecop, Yausepsuret y beorpany — dapmanieyrcku
daxynter (Y:xa HayuHa obnact: PapmareyTcka — MEIUIIMHCKA XEMHja U CTPYKTYpHA aHAIIN3a)

nperyiefiana je NMPUIOKEHY JOKTOPCKY Aucepranujy W moaHocu HacraBHo-HayyHoMm Behy
VYuusepsuteta y beorpany — ®@apmarieyrckor dakynrera cienehu usseraj.

MN3BEIITAJ

1. OCHOBHMU INOJAILIA O KAHAUJIATY U JUCEPTALIMIA
A. OCHOBHH MOJALM 0 KAHIAUAATY

Banentuna Jaykosuh je pohena 25.08.1995. ronqune y Huxkmuhy. [xomncke 2013/2014. roqune
ynucana je MenunuHckn (¢akynrer YuHuBep3utera Llpue I[ope (cTyamjcku mporpam
®dapmanuja), a gummomupana 16.05.2018. rogune ca mpocedHoM o1ieHOM 8,79 U cTekIIa 3Bambe
JIOKTOp (hapmanmje. JleBeTomMeceyHH NPUNPABHUYKH CTaX 00aBUiIa je y AIOTEKapCKOj
yCTaHOBH ,,beny”, anorery KnuHUIK0-00THUYKOT 1IeHTpa U (adpHIH 3a IPOU3BOIKY JIEKOBA
»XeMOMOHT y Ilonropurm.

JlokTOopcke akameMcke ctyauje - Moayn dapmarieyTcka TEXHOJIOTHja yIHcalia je€ IIKOJCKE
2018/2019. rogmne Ha dapmaneyrckom dakynTeTy YHuBep3uteta Yy beorpany.
CrienjanucTuyke akageMmcke crynuje u3 Muayctpujcke dapmanuje Ha PapmareyTckoM
dakynrery YHupep3uteta y beorpanmy, ynucana je mkosicke 2020/2021. romune, a HWCTe
3aprmia 01.04.2022. rogune ca npoceynoM oreHoM 10,00, u cTekia 3Bame CrenujamucTa
dapmaryje.

Opn aBrycra 2023. roauHe 3anocieHa je y IHCTUTYTY 3a JlekoBe U MeIUIUHCKa cpencTBa Lpae
["ope kao capaHUK 3a U3AaBamke 103BoJIe 3a Jiek. O mkoscke 2023/2024. roguHe aHTa)KOBaHA
je Kao capaJIHUK y HacTaBM Ha MenunmHckoM Qakynrery YHusep3utera Lpue ['ope.



b. HacsioB nucepramnuje

» HAHOKOMIIO3NTHN MaTepHjajiud Ha 0a3dM XaJ0j3UTA M XHTO3aHA Kao0 INOTEHIMjaJTHH
dapmaneyTckn eKCUMIHMjeHCH: HCTPaKuBambe YTHIAja TMOCTYNKAa u3paae Ha
(puznukoxemujcke u PyHKIHOHAIHE 0COOUHE*

B. O0um qucepramnuje

Jlokropcka mucepranuja mar. ¢apMm. Banentune JaykoBuh, caipku mecT mHorjaBiba: yBOJ,
UJb paja, eKCIEpUMEHTANIHU JI€0, Pe3yJITaTH U JTUCKYCHja, 3aKJbydak u nurepatypa. [lopen
HaBe/ICHUX TEMAaTCKHUX IIeJTMHA JTUCepTaluja YKJbydyje CakeTaK Ha CPICKOM M EHIJIECKOM
je3uKky, caapykaj, ckpahenuiie, mpuwiore (CHucak pajoBa M CaoMIITEeHa KOJU YHHE JIE0
JIOKTOpPCKE qucepTanyje u onorpadujy KaHauaaTa), Kao 1 U3jaBe 0 ayTOPCTBY, HCTOBETHOCTH
mTamMIaHe W eJIEKTPOHCKE Bep3vje W KopuIIhewmy JOKTOpCKe mucepraruje. Jucepramuja je
HanucaHna Ha 143 crpane u cagpxu 62 ciuke (30 y yBony, 6 y eKCIepUMEHTAIHOM Jeny, 26 y
pesyatatuma u auckycuju) u 11 Tabema (1 y yBomy, 1 y excrmepumeHTaiaHOM fermy, 9 y
pesynaTatuma u auckycuju). [lpernen nureparype caapxu 392 HaBona.

2. IPEAMET U IMJb TUCEPTAIIMJE

[IpeameT wucTpakuBama JAOKTOpPCKE aucepramuje je dopmynanuja, (GU3NIKOXEMH]CKa |
OouodapmarieyTcka KapakTepusaluja HaHOKOMIIO3UTa, Ha 0a3u Xajoj3ura (HaHOMaTepujal
MHHEPAJHOT ITOPEKJIa [IeBACTE CTPYKTYPE) U XUTO3aHa, Kao MOTESHIMjaJTHUX HOCAa4Ya JIEKOBUTHX
CYICTaHIU (MOJEI JIEKOBHUTA CYICTaHIa KopultheHa y UCTpaXXuBamwy je auekiodeHak, jean
OJ1 TIpEJICTAaBHUKA W3 TPyNe HECTepOouIHUX aHTuHHpIamaTopHux jekoBa - HCAWJ). umw
UCTpaKMBamba JOKTOPCKE TUCEPTAIMjH j€ Pa3BOj HOBUX, OMOKOMITaTUOMITHUX,, HAHOKOMITO3UTA
Ha 0a3W Xajoj3uTa W XWTO3aHA Kao MOTEHIIMjaTHUX HOcada 3a Moau(ukoBaHO ociobahame
arexsiopeHaka Kao MO/Ies JISKOBUTE CYIICTAHIIE.

OpUTHHATTHOCT OBE MOKTOPCKE IUCEpTalHje Oryiefja Cce y CHUCTEeMaTHYHOM HCIHTHBAY
MoOIU(UKAIHje Xal0j3uTa CUpheTHOM KHCEIMHOM M (YHKIMOHATIH3AIMje HEroBe CIOJballbhe
MOBPIIMHE PA3JIMYUTAM XUTO3aHUMA, YUME CE I00M]ajy Xal0j3UuT-XUTO3aH HAHOKOMITO3UTH Ca
yHanpeheHuM (PU3MUKOXEeMUjCKUM M (YHKIMOHAJIHUM CBOjCTBMMA. 3Haya] HCTpPaKUBaba
oTJiefia c€ y IOMPUHOCY pa3yMeBamy yTHUIIAja MOCTYIKA U3paJie Ha CBOJCTBA XaJIOj3UT-XUTO3aH
HaHOKOMIIO3UTA, KOja Cy Ba’KHa 3a HA HbUXOBY PUMEHY Kao HOCA4a JICKOBUTHUX CYICTAHIIH.

3. IPUKA3 CAAPKAJA JOKTOPCKE JUCEPTAIIMJE

VY ¥VBoay je, kpo3 6 moTHoriaBjba JaT Mperjie HaydHUX CazHama 3a MPEeAMET MpoyvaBama
JOKTOpCKe aucepranyje: [ nune u munepanu rimHa; Kaomuaut; Xuro3an; Xaaoj3uT-noauMep
HAaHOKOMITO3UTH; AIeKJI0(peHaK Kao MOJIEN JIEKOBUTA CYIICTaHIIa.

Y npBoM MOTHOINIaB/bY YBOJA NpHUKa3aHe Cy Haj3HAvyajHUje MH(OpMAIUje O OCHOBHHM
CBOJCTBMMA TJIMHA M MHHEpaja TJIMHA TPH YeMy je mocebdaH OCBPT CTaBJhEH Ha CBOJCTBA
3Ha4yajHa 3a BUXOBY OMOMEIUIIMHCKY IPUMEHY. Y HACTaBKy Cy OIUCAHU CTPYKTypa MUHEpaja
U K1acuuKaIyja MUHEpasia rJInHa, Ka0 1 OCHOBHA CBOjCTBA Haj3HAYAJHH]UX TUIIOBA MUHEpAJIa
rnuHa. Ha kpajy oBor mormnoriiasjba onrcaHa je OMOMeIUIIMHCKA PUMEHa MUHEpasa IJnHa,
ca HarJacKoM Ha HUXOBY NMPUMEHY Kao Hocada 3a Moau(ukoBaHO ociobahame JTEeKOBUTHUX
CYIICTAHIIH.

VY npyrom noTHOIIIaBJbY YBOJTHOT JieNia JOKTOPCKE AUCEPTAIUje je JaT CBeoOyXBaTaH Mperiie]
XEMHUJCKE CTPYKType U (U3NIKOXEMHUJCKMX OCOOMHA KAOJWMHHUTA Kao MpeICTaBHUKA
¢dbunocwmkata tumna 1:1. Onucana je mpuMeHa KaoJMHa Kao (apMaleyTCKOT eKCIMITHjeH Ca Y
dapmaleyTCKuM IpOU3BOANMA 32 PA3TUYUTE TyTeBE IPUMEHE.



VY tpehem moTtnornasiby YBoga Cy M3J0KEHHM HAj3HAYAJHH]JU TOJAIM O Xaloj3UTy (CHTJL.
halloysite, Hal), Hanomarepujaay MHHEpATHOT IMOpPEKJa LEBAacTe CTPYKTYpe, KOjH IMpHIaga
TPYyNU KaOJMHUTA U MPEJICTaBIba MPEIMET UCTPAKHUBAKA OBE JIOKTOPCKE TUCEPTAIIH]e.

JletasbHO Cy omnmucaHe CTPYKTypa U XeMHjcku cacTaB Hal, pasnuke y onHOCY Ha KaOJIHHUT H
Haj3HavYajHUja GU3MIKOXEMH]CKa CBOJCTBA HAa KOJUMa CE€ 3aCHUBA HETOB BEJIMKU MOTEHITH]AJ
npuMmeHe y oOmactu O6uomenunmue. Ilpeno3nar je 3nauaj monudukanuje Hal xako 6u ce
NPEBa3UIILIN HEAOCTAIN KOJU OTPaHNYaBa]y BEroBy MUY MPUMEHY, a KOjH C€ OHOCE Ha MalTy
3alpeMUHy JlyMeHa M MOCJIEINYHO HU3aK KalaluTeT 3a HHKAICYIalH]jy JEKOBUTE CYIICTAHIIE,
0p30 ocnobahame JEKOBUTE CYNCTAHIIE, Kao U C1ab0 M3pakeHy MyKoaaxe3uBHOCT. OmnucaHe
Cy MeToze Koje ce kopucte 3a moau¢pukanujy Hal: mogudukanuje xucenunama (uume ce
mo0oJbIIaBa KamayuTeT 3a WHKAICYJAlN]y JICKOBUTE CYIICTaHIIE, ca MOCEOHUM OCBPTOM Ha
JI0Ca/Iallllhba UCTPAXXKMBAba y OBOj 00JacTH) M MojudUKalyja noaiumepuma (KOBaJieHTHA U
HEKOBAJICHTHA KOjUMa ce€ MOXKe yHampeauTn (QyHkimoHanHocT Hal kao Hocaua JIGKOBUTHX
CYIICTaHIIU ca MouuKoBaHUM ociobahamem). Jlar je neraspan onuc npunpeme Hal-xuto3an
HAaHOKOMIIO3UTa, TPEJICTaBbEHE TNPEAHOCTH M HEJOCTAlld KOBAJCHTHE W HEKOBAJICHTHE
Mo udHKaIHje MOJTMMEpIMa U 10CaIallliha HCTPAKUBakha y 0BOj 001acTH.

VY 4eTBpPTOM MOTIIOTIIABJBY YBOIHOT Jiejia JOKTOPCKE AWCEpTAlHje je JaT JeTajbaH NpUKas3
XeMHjCKE€ CTPYKTYpEe M OCHOBHUX (DU3MUYKOXEMHJCKUX CBOjCTaBa XWTO3aHA, JIMHEAPHOT
MOJINKATJOHCKOT OWOIOIMMEpPa, KOJU j€ Takohe MpeaMeT HCTpakuBama OBE JOKTOPCKE
muceprauyje. OmmcaHa cy CBOjCTBa XHMTO3aHa KOja MPOM3WIIA3€ U3  HETOBUX
(U3UYKOXEMH]CKUX KapaKTEPUCTHKA, YKIbY4IYy]YhH pacTBOPJHMBOCT, MOJICKYJICKY Macy, CTETICH
JlealieTHUIaIje U BUCKO3UTET. Y HACTaBKY Cy ONHCAHE KapaKTEpPUCTUKE XWUTO3aHA KOje Cy
3HAaYajHE 3a HHEroBYy INMPUMEHy y oOmactu Ouomemuimue. IIpemo3Har je 3Ha4a] XEMH]jCKE
MoauGUKaIMje XUTO3aHa KOJOM C€ JI0JaTHO MOTY YHANpeAWTH HEroBa MYKOaJIXe3WBHA
cBojctBa. OOpasnmoXeH je 3Hayaj TMOCTyNKa MoAW(UKAIHMje XHWTO3aHa PEaKIijoM
METaKpUJIalKje U YKPATKO je OMKCAH OBaj MPOLIEC.

VY meTom moTnoriaBby YBOJA AT je MPUKA3 PA3IMUUTHX MeTona mpunpeme Hal-mommmep
HAaHOKOMIIO3UTA: MEIIAEe Yy PAacTBOPY MOJUMEpa; MEIIAE Yy PacToIly IOJuMepa; in situ
HOJIMMEpHU3alIfja; eJICKTPOIpeeHhe M METOa HaHOUIeHka ciojeBa. JleTaskHUM mperienom
JUTEpaTypHUX HaBOJa OomMMcaHa je npuMeHa Hal-xuTo3an HaHOKOMIIO3UTa y OMOMEIUITMHH, ca
¢dokycom Ha npumeny Hal-xuTo3an HaHOKOMITO3HUTa Kao HOCa4a JIGKOBUTHX CyICTaHIH. Jlape
Cy pa3MOTpEeHe METOIE 3a MHKAICYyalH]jy JekoBuTe cyrncranie y Hal koje o0yxBarajy MeToay
aJIcopIIIIje, MeToly MHTEpKaallije 1 METOy ylapaBama pacTBapaya.

VY nocneameM neny YBoJa OMHMCaHa jeé MOJAEN JEKOBHUTA CYNCTaHIA — anekio(eHak (eHTII.
aceclofenac, Ace), ca OCBpTOM Ha merosa ¢apmakoyonika, Ouodapmareyrcka u
(U3UYKOXEMH]jCKa CBOJCTBA KOja I'a YMHE TIOTOJHUM 33 HCTIUTHBAE Y PA3TUIUTHM HOCAUUMa
3a UCTIOPYKY JIGKOBUTHX CYICTaHIIM. 3aBPIIHH Jie0 YBoa nmocBeheH je mperseny Aocaiaibux
UCTpakMBama O TpuMeHH Hal kao Hocaya JEKOBHTHX CYICTaHIM, Ka0 M Pa3IMIUTHX
CaBpeMEHMX HOcayda Koju Mory oMoryhutu moaudukoBaHo ociobahame arnexinodpeHaka.

Huwsb wucTpaxkuBama TOKTOPCKE AWCEpPTAlldjH j€ pa3BOj HOBHX, OMOKOMIATHOWIIHHUX,
HaHOKoMMo3uTa Ha 0a3um Hal m xuTO3aHa Kao MOTEHIMjaHMX HOcaya 32 MOAM(PHUKOBAHO
ociiobahame arekiioeHaka Kao MOJEN JICKOBUTE CyrcTaHie. Kanauaar je mocraB/beHU MU
peanu3oBao Kpo3 TpH a3e eKCHepuMeHTANIHOr pana. LlwbeBn auceprauuje cy no0po
IIOCTABJbCHH.

VY nornaspy EKciepUMeHTAIHH €0 HaBEJCHE Cy KapaKTePUCTUKE KOPUITNEHUX MOJTa3HUX
MaTtepHjaia U IpHKa3aH je AeTajbaH OMUC EKCIIEPUMEHTAITHUX MpoIeaypa, ypehaja u onpeme
KOju cy KopuimtheHM Kako OM ce peaan30Baid TIOCTABJbEHU IIMJBEBH HCTPAKUBAA.
ExcniepuMeHTaiHu 1e0 peaan3oBaH je Kpo3 Tpu ¢ase.



VY npBoj ¢a3u eKcriepuMEHTAITHOT paja MPUKa3aH je JeTabaH MOCTYIaK IPUIPEME Xal0j31uTa
Mou(UKOBaHOT KUCEMUHOM (eHrI. acid etched halloysite, eHal). Hakon Tora, cipoBeneHa je
(bU3UYKOXEeMH]jCKa KapaKTepu3allyja MoJIa3HoT Y30pKa U y30pKa HaKOH Moaudukaimje, Koja je
oOyxBaTana: aHaIn3y ojApehuBama crenuduyHe MOBPIIMHE, 3allPEMHUHE 1Opa M pacrojee
BenuuuHE mopa npema bpynayep-Emer-Tenep meronu amcoprmmje azota, oapehuBame 3eTa
NOTEHIMjalla,  CKeHWpajyhy  eleKTpoHCKy  Mukpockonujy  (SEM), wuH(]panpBeHy
criekTpockonujy ca dypujeoBoM Tpanchopmarmjom (FT-IR), nudepennujanny ckeHupajyhy
kanopumetpujy (DSC), ka0 W peHAreHcKy IupakmuoHy aHainu3dy Ha mpaxy (XRD).
[Topehemem duzmuroxemujckux Kapakrepuctuka mosnasHor Hal u eHal pasmotpen je yruiaj
MoudUKaIHje Ha QYHKIIMOHAIHE KapaKTepUCTUKE TOJIa3HOT MaTepHjaa.

Y npyroj ¢a3m excrnepuMEHTaTHOT paja H3BpIIeHa je (YHKIMOHAIU3AIMja CIIOJhallbhe
noBpiuHe nonasHor Hal m eHal, ogHOCHO mpumpemMa Xajoj3UT-XWTO3aH HAHOKOMIIO3UTA
KopuithemeM KOMEpIHjaJTHUX XHTO3aHa Pa3IUYUTHX MOJIEKYJICKHX Maca (Majie M Cpeambe
MOJIEKYJICKE Mace). YCIOBH IMOJ KOjUMa je BpIeHa MOAW(UKAIMja 3aBUCHIN CYy OJ BpPCTE
muHepaiaHor Hocada (Hal wim eHal). ®opmynamuonu ¢gakrtopu Koju Cy BapHpaHH y TOKY
u3pajze Ccy KOHIICGHTpalWja M MOJEKYJICKa Maca XWTO3aHa, KOHIEHTpalHja AUCIEep3uje
Xajo0j3uTa |y pacTBOpy XWTO3aHa 3a objarame W Bpeme KoHTakTa. llopehemem
(U3NUKOXEMHUJCKUX CBOjCTaBa TNPUIPEMIbEHHX HAHOKOMIIO3UTA TMIPOICHEH je YTHLQj
KHCEJIMHCKOT TpeTMaHa Hal, Mmonekysncke Mace 1 KOHIIEHTpaIlyje mojaumMepa Ha ¢ yHKIIMOHATTHE
KapakTepucTuke wu3paheHnx HaHokoMmmo3uta. @Duznykoxemujcka KapakTepuzaluja je
obyxBatuna: oapehuBame 3era mortenmumjana, F7-IR, DSC w XRD anamusy. [lomatHo,
crposenene ¢y FT-IR, DSC u XRD ananu3e XxuTo3aHa Maje MOJIEKYJICKe Mmace (eHri. Low
molecular weight chitosan, LChi) u cpeame mosekyicke mace (eHrin. Medium molecular weight
chitosan, MChi) xako 6u ce 100MO JeTaJbHUJU YBHUJ Y XEMH]jCKE, TEPMAJIHE U CTPYKTYpHE
ocoOMHE ToJIMMEpa KOjeé MOTY HMMaTH yTHIla] Ha (YHKIMOHAJIHA CBOjCTBa H3paheHux
HaHOKOMIIO3uTa. Y 0BOj (a3u paja, cuposeneHa je u SEM ananuza ogabpanux y3zopaka eHal-
XUTO3aH HAHOKOMITO3UTa, KaKo OM Ce HCMHUTA0 YyTHIA] (YHKIIMOHATU3AIM]E CIIOJbAIIHE
NOBpIIMHE TOJIMMEPOM Ha IEBacTy CTPYKTypy Xanoj3uTa. JlomaTHo, WU3BpIIEHa je
nudepennujanHa ckeaupajyha kanopumerpuja (DSC)/Tepmorpasumerpuja (TG) ananmsa Hal,
eHal, LChi, MChi u onabpaHux HaHOKOMIIO3UTa y LIWJbY JIETaJbHUJET pa3MaTparmba TEPMaTHOT
MoHaIIama HWCIUTHBAaHUX Yy3opaka. HakoH Tora, cmpoBeneHa je (yHKIMOHAIW3AIHja
cnoJpamme noBpmuHe eHal mMeTakpuioBaHMM XHTO3aHOM Majie MOJIEKYJICKE Mace (€HIJ.
Methacrylated  chitosan, MeLChi) ongaOpane KOHIEHTpalje TpPH  ONTHMAIHUM
EKCIepUMEHTATHUM  yCJIOBMMAa 32 HM3paJy HAHOKOMIIO3UTAa U  (U3HIKOXEMH]jCcKa
KapakTepuszalyja MNpPUIIPEMIbEHUX HAHOKOMIIO3UTa KOpUIINEHEeM MPEeTXOAHO HaBEACHUX
Metoaa. Takohe, y 0BOj (pa3u ekcriepruMEeHTATHOT pajia CIIPOBEICHA j€ ONTUMU3aIlHja mpoleca
MHKAITCYNalje Mojes JIEKOBUTE CYICTaHle y nonazHu Hal BapupameM HBUXOBOT OJHOCA.
Hakon pedunucama ONTUMAIHOT OAHOCA, MOJEN JIEKOBUTA CYICTAHIA j€ MHKAICyJIupaHa y
eHal. Jlasbe je cnpoBeaeHa GpyHKIIMOHATH3AIMja CIIOJballle TOBpIIMHE monaznor Hal u eHal
KOJU CaApXKHM MHKAINCYJIUpaHy JIEKOBUTY CYIICTaHIy IOMOhy XHTO3aHa pPa3lIudUTHX
MOJIEKYJICKMX Maca IpHU pa3IndUTUM KOHIIEHTpalujama. V3BpiieHa je u GyHKIMOHATU3aIMja
criospanimke moBpmmHe eHal, kKoju campku WHKaICylIHpaHy JIEKOBUTY CYICTaHIly MOMOhy
MeLChi npu onabpanoj xonuentpanuju. Onpelen je caapikaj MOAET JEKOBUTE CYICTAHIIE y
CBUM TMPUIPEMIBEHUM HAHOKOMIIO3UTHMA M CIIPOBEJeHAa CBEOOyXBaTHa KapaKTepHu3aluja
nonasHor Hal u eHal u muxoBux omadpaHux HaHOKOMIIO3MTA Ca PA3IMYUTHM XUTO3aHUMA,
KOJH caJipke JIEKOBHUTY cyrncTaHily npuMeHoM FT-IR, DSC/TG u XRD ananuse.

VY T1pehoj ¢a3m excrnepuMeHTATHOI pajga HWCIHUTaHA je Op3MHA pacTBapama JIEKOBUTE
cyrcraniie u3 onadpanux Hal-xuro3an u eHal-xuto3an nanokommosura. Ha ocHOBY pe3ynTaTa
nporewmeH je yrumaj moaudukanuje Hal kucenuHoM, (yHKIMOHANM3aLUje CHOJbAIIbHE



MOBPIIMHE PA3IMYUTUM XUTO3aHUMA, KA0 ¥ METaKpHJIAIMje XUTO3aHa Ha OP3WHY U KHHETUKY
ocinobahama  JIEKOBUTE  CYINCTaHLE. Y  HAcCTaBKy je  CIPOBEICHO  HCIUTHBAHbE
OMOKOMIIATUOMIIHOCTA Ha KOMEPIHMJjATHUM Y30pIiuMa 31apaBux henuja ¢udpobmacra miyha.
BroxoMnaTHOMIHOCT je mpolemuBaHa Ha OCHOBY BHjaOmiaHOCTH henuja TpeTHpaHux
ucruTuBaHuM  dopmynarnujama copoBohemeM MTT Tecra. VYV mwby HUCIUTHBamKba
MYKOQ/IX€3UBHOCTH HCIIUTUBAHUX y30paKa HAHOKOMIIO3UTA MPUMEEHA CY TPH in Vitro TecTa:
onpehuBame 3eTa MOTeHIM]ajla, METO/Ia aICOPIIMje MYIIMHA U oJipehUBamke CUJIe pas/iBajarmba
KOMIIpUMaTa MyIiHa U y30pka. Ha ocHOBY 10OHMjeHHX pe3yiTara MPOoLEeHEH je YTHIA] BPCTE U
MOJIEKYJICKE Mace XUTO3aHa Ha MyKaoXe3uBHa cBojcTBa eHal-xuTo3aH HaHOKOMIIO3HUTA.

3ak/by4ak JOKTOPCKE IucepTanrje o0yxBara jaCHO U CaKETO M3JI0KEHE pe3yaTare CBUX (asa
UCTPAXHBaa, y CKIAY Ca IIOCTaBJbeHUM INJBEBHMA.

VY neny Jluteparypa HaBeneHe cy 392 pedepeniie, nutupane XapBapACKUM CTHIIOM, KOje Cy
KopHulTheHe y TOKTOPCKO] JUCEPTALIH]H.

[Ipuno3u oOyxBaTajy CHHCaK pajoBa M CaolIITeHa KOJU Cy CAacTaBHU JE0 JIOKTOPCKE
JIUcepTalyje, Kao U KpaTky onorpadujy KaHauaaTa.

3.1. Onayke eTnuke koMucHje pakyJaTeTa H 0CTaJle HEONXOAHEe eTHUYKE OJIyKe

Hujenna ox tpu (ase oBe MOKTOpCKe nucepTaidje HUje paheHa y 31paBCTBEHO] YCTAaHOBU O
yeMmy je KaHAWJaT, 3ajelH0 ca MEHTOPOM, JOCTaBHO M MOTIHCA0 IHCaHy H3jaBy JaHa
08.06.2026. ronuHe.

4. OITMC OCTBAPEHUX PE3YJITATA U HAYYHHU JOIIPUHOC AOKTOPCKE
JAUCEPTAIIMJE

[Ipema excriepuMEHTATHOM IIJIaHY, Pe3YyATaTh JOKTOPCKE AUCEPTAlMje CUCTEMAaTU30BaHU CY Y
TPHU LEJIMHE, Y OKBUPY KOJUX CYy MPEJICTABILEHN U UHTEPIIPETUPAHHU.

Jobujern pesynratu mnpBe (a3e HCTpaxXuBama NPHUKA3y]y pe3yiaTaTe HCIUTHBAKbA
($U3NUIKOXEeMHUjCKUX U (PYHKIIMOHATHUX KapakTepucTuka nonassor Hal u eHal. Pesyntatu BET
MeTo/e ToKa3anu cy naa TpermaH Hal cuphetHom kucenmHom moBehaBa crnenuduuny
NOBPIIKHY, 3aIIPEMHUHY U BEJIMYMHY [TOpa HAaHOLIEBU. MepemeM 3eTa oTeHILMjana yTBpheHo je
na kucenuHcku TperMaH Hal cmamyje mNOBpIIMHCKO HaenekTpucame HaHoueBu. Hucy
3a0esie)KeHe 3HAYajHE TMPOMEHEe Y IeBacTo] cTpykTypu Hal HakoH TpeTmMaHa HaHOLEBH
cuphernom kucenmuaom. [Ipumenom codtBepa Imagel 1.52a, u3padyHaTH Cy NPOCEYHH
cnospanbu aujamerap (y omncery 50-100 nm) u nyxuna HanoresH (y omcery 300-700 nm) 3a
nosiazau Hal 1 eHal, unme je motBpheno ma tperman Hal cupheTHOM KHCEIMHOM CEIEKTUBHO
Jienlyje Ha YHYTpalllkbe OKTaenapcke ciojee Hal, nok crospammsu aujamerap W JIy>KWHA
HAHOIIEBH OCTa]y HEMpOMEeweHU. Takohe, HHje MO0 A0 3HaYajHUX MpoMeHa Y GU3NIKUM 1
TepMaHUM ocobmHaMma Hal Hakon Moaudukaiyje HaHOIIEBU CUPNETHOM KHCEITMHOM.

Jpyra ¢a3a wuctpaxuBama o0O0yxBaTa pe3yiaTaTe HCHOUTHBAMkA (UINIKOXEMH]CKHX U
(GYHKIIMOHATHUX KapaKTEpPUCTHKA XaJl0j3UT-XUTO3aH HAHOKOMIIO3UTA TPUIPEMIbEHHUX
KopuirhemeM XuTo3aHa pa3nuuuTux Mojekyinckux maca (LChi 1 MChi). Ha ocHoBYy no6ujenux
pe3yaTaTa Mepema 3eTa MOTEHIIMjana YTBPHEHO je Ja cy ONTHMAaIHA YCJIOBH 3a u3panxy Hal-
XHUTO3aH HAaHOKOMITO03MTa, KOHIeHTpaluja aucnep3uje Hal 2 % (m/m) y pacTBopy nonumepa u
BpeMe TIpHUIpeMe Iucriepsnje y Tpajaby oA 10 min. Pesynratn mMepema 3eTa MoOTEHIIMjaia
yKa3alu Cy Ha MTHTCH3UBHH]E BE3MBAKE XUTO3aHA 3a CroJballky nospinnHy eHal y mopehemy
ca Hal nanoueBmma, 300r Mame BpeaHOCTH 3eTa moreHumujana eHal ycien cenexkTuBHE
KHCEJIIMHCKE aKTHBalMje HaHoueBu. JlokazaHo je Oospe BesuBame LChi 3a crnospammy
noBpmmHy Hal u eHal y omrocy na MChi 360r ¢nekcnbununjux u kpahux nanara noamMepa
KOjU MOTYy Jla C€ BEXYy 3a BHIIE MeCTa Ha CIOJballkhOj MOBPUIMHM HaHoueBu. I[lopact
KOHIICHTpAIlMje pacTBOpa XWTO3aHA JIOBEO j€ /IO jauer Be3WBama IOJIMMEpPA 3a CIOJbAIlhY
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noBpmmHy Hal u eHal manomesu. Pesynratu F7-IR ananmv3e TOTBPAWINA CY TMPHUCYCTBO
esiekTpocTaTnukux uHTepakiuja uamely Hal u eHal nanonesu u paznuuntux xurozana (LChi
u MChi). [lomepame ancopnimoHux Tpaka je 6mno mHTeH3uBHUje Ha FT-IR cnexktpy eHal-
XHUTO3aH HAHOKOMITO3HUTa y opehemy ca Hal-xuro3an HaHOKOMIIO3UTHMA, LITO j€ jOIII jeTHOM
MOTBPAMIIO pe3y/ITaTe Meparma 3eTa MOTeHIM]jajla KOjU Cy YKa3aJli Ha UHTCH3UBHH]E BE3UBAhE
XHUTO3aHa 3a crosbanmby noepmuHy eHal y onnocy na Hal nanouesu. [IpoMene Ha TepMUYKHM
kpuBama Hal-xurozan u eHal-xuTo3aH HaHOKOMIIO3UTa y OJHOCY Ha TEPMHUUYKE KpHUBE
NOJIa3HUX XUTO3aHa, MOTBPAMIIE Cy YCIICHIHY (PYHKIMOHAIM3AIN]Y CIIOJballlikhe oBpinHe Hal
u eHal ca LChi u MChi. Pesyntatn XRD ananu3se cy mokasanu fa He J10J1a34 O HapyIlIlaBama
kpuctanne ctpykrype Hal u eHal nakon moaudukanuje HaHOIIEBH pa3IHUUTHM XUTO3aHUMA.
Huje mpumehena 3navajua pazmuka usmelly XRD cnekrpa Hal-xuto3an m eHal-xuto3an
HaHoKoMmo3uTa. Pesynratu SEM ananuse cy nokasanu Aa He J0J1a3u /10 HapylllaBamba [EBacTe
CTPYKType HakoH (yHKIMOHaNM3anuje crosbammke mnopmuHe eHal ca LChi m MChi.
[Tpumenom Imagel 1.52a codrBepa nokaszano je na eHal-LChi u eHal-MChi nanokomMno3utu
nMajy Behu mpoceyHu CroJballlikhbu IUjaMeTap Y OJIHOCY Ha nosia3He eHal nanoneswu, mro je y3
pesynTare Mepema 3era noreHuujana, F7-IR u DSC/TG ananuze notBpawio na cy LChi u
MChi ycnemHo amcopOoBaHM Ha croJbamikoj NoBpmwmHM e¢Hal HanomeBu. Y HacTaBky
EKCIepUMEHTAIHOT paja je moTBpheHa ycnemrHa pynkinuonanusanyja eHal Hanouesu nomohy
MeLChi, pe3ynratuma Mepema 3era noreHnujana. Ha SEM mukporpadujama HUje yOUEHO
HapylaBame 1eBacrte cTpykrype eHal nanoueBu Hakon moaudukanuje ca MeLChi. Pesynraru
FT-IR u DSC/TG ananu3e NMOTBPAWIH Cy pe3yiTaTe Mepema 3eTa nmoteHujaia aa je MeLChi
YCIIEIIHO a7iIcopOOBaH Ha croJbalikoj noBpiinau eHal Hanonesu. Jludppaxkrorpamu XRD Hucy
nokaszanu npoMeny pediekcuje eHal HanoneBn HakoH dyHKnroHanu3amuje ca MeLChi, mro
je aokasano na GyHKIMOHAIN3AIja OBUM OJIMMEPOM He HapymaBa cTpykTypy eHal. Ha kpajy
oBe (haze UCTpaKHMBamka MPUKA3aHHU Cy pe3ynTatu (Ppu3nukoxemujcke kapakrtepusanuje Hal-
xurto3aH M eHal-xuro3aH HAHOKOMIIO3UTAa MPHUIPEMIBCHUX KOpPHUIINEHEM XHTO3aHa
pazmuuutux Mosekysckux mMaca (LChi u MChi), a koju cagpxke MOAEIN JIGKOBUTY CYIICTAHILY.
Youeno je ga je TokoMm mporeca pynknmonanmsanuje Ace-Hal u Ace-eHal pazmuumtum
XUTO3aHMMA JIOIIUIO 10 HE3HATHOT TYOUTKa JIEKOBUTE CYIICTaHIle. AllekiIopeHaK HIje oKa3ao
3Hake uHTepakuuje ca tymenoMm Hal u eHal nanouesu. Pesynratu F7-IR ananuse cy Ouinu y
carnacHocty ca pesynraruma DSC/TG n XRD ananmze koja je ykaszana Jia je MOJeN JIEKOBUTa
CyIICTaHLa MHKarcynupana y tymer Hal u eHal y Henpomemenom 00uky.

Pesynratuma Tpehe ase ekciepumenTanHor pasia yrBpheHo je Opxke ocnodahame Ace uz eHal
HaHOIIEBH y oaHocy Ha Hal Hanouesu, ycien nosehaHe mopo3HOCTH W MPOLIMpEHa JTyMeHa,
IITO j€ JOII JeTHOM IMOTBPIUIIO pe3yaTaTe CTYAH]e aICOPIIHje-aecopmiyje a3oTa. [locTurayro
je ycnopeHo ociobahame Ace HakoH ¢yHKIMoHanu3amnuje noppmuHe Hal u eHal nanonesu
pazimuuutuM xuto3anuMa. Kommumna ocno6ohenor Ace u3 eHal-LChi u eHal-MChi je 6una
Hmka y onnocy Ha Hal-LChi u Hal-MChi manokommosure, peaom, yciel WHTEH3UBHHU]jET
BE3WBama MoJIMMEpa 3a crosballkby noepmuny eHal y onHocy na Hal HanonieBu. YTBpheno je
criopuje ociobahame Ace n3 HanokommnosuTa Ha 0asu Hal m eHal ca LChi y nopehemy ca
onrosapajyhum Hanoxommosutuma mnpunpembeHuM ca MChi. Ilocturnyro je crnopuje
ociobahame Ace u3 eHal-MeLChi nanokoMmmosuTta, mro Moke OWTH mocieauna Beher
cnospammer aujamerpa eHal-MeLChi0,5 nanokomnosura (=115 nm) y nopehemy ca eHal-
LChi0,5 (=106 nm) koju cy u3pauyHaTu npumeHoM [mageJ 1.52a codtBepa. Pesynratu
CTyAMja OMOKOMMIATUOMIHOCTH TOKa3adH Cy Ja (yHKIMOHAIU3aIHja CIIOJbALIhE MOBPLIMHE
eHal pasnmuuutuM XHWTO3aHMMa HE yTHYE HA HErOBY LUTOKOMOATHOWIHOCT. Y ciydajy
dopmynamnmja Koje cagpxe Ace, JOIUIO je 1O cMamkemha BHjadmiHocTy henuja y nopehemy ca
manedo y3opiuMa, ainu TeK HakoH 72 h nHkyOaruje. Y HacTaBKy UCTpaKUBamba MOKa3aHo je
na ¢ynkunonanuzanuja eHal nanoueBu katjonckuMm nonmumepuma, LChi, MChi u MeLChi,
¥Ma MMO3UTHBAH YYMHAK HAa MYKOAJIX€3UBHE KapaKTEPUCTUKE MPUIPEMIbEHUX HAHOKOMIIO3UTA.



Hanoxommnosutu Ha 6a3u eHal 1 MeLChi cy moka3anu Haj0oJba CBOjCTBa Be3HBamba MYIIMHA.

Ha ocHOBY mpukasza OCTBapeHHMX pe3yliTaTa OBE AHMCEpTalldje, MOXKEe C€ 3aKJbYUUTH Ja Cy
notBpheHe ocCHOBHE XUIOTe3e OBe Aucepranyje: moaudukanujom Hal cuphetHoM KucennHom
MOTY ce yHampenutu (u3mdkoxemujcka u (pyHkmuoHanHa cBojctBa Hal (Hamomarepujana
MHUHEpAJIHOT TOpEKIa IeBacTe CTPYKType); Moryhe je HCTOBpeMEHO MOAU(pUKOBATH
yHyTpammwy (Momudukamuja cupheTHOM  KHCEIMHOM) U CIOJbAllllby  MOBPIIUHY
(Momu¢uKanmja pasTUTHYUM XWUTO3aHHMA) Y3 OYYBAHE OCHOBHE CTPYKTYpE IOJIa3HOT
Marepvjaia W TPUIPEMY HAHOKOMIIO3MTa  yHampeheHuX  (U3HUYKOXEMHU]JCKUX |
¢dbyHkIoHanTHUX ocobuHa, Hal mMomuduxoBanor kucemmnom. Takolhe, moTBpheHo je na
MPUIPEMIbEHH HAHOKOMIIO3UTHU MaTepujaiu Ha 6a3u Hal m xuTo3ana mory OuTH HOocauu ca
nocTusame MoaupUKoBaHOT ociiobahama Ace, y3 OCTU3akhe BUCOKE [IUTOKOMIATHOMITHOCTH
1 yHanpelheHuX MyKoaJIxe3uBHUX CBOjCTaBa.

5. YIOPEJTHA AHAJIM3A CA PE3YJITATUMA U3 JIMTEPATYPE

[Ipumeny Hal xao HOocaua JIEKOBUTHX CYICTAaHIIM OrpaHMYaBa Maja 3alpeMUHa JyMeHa U
MOCJICIMYHO HU3aK KamaluTeT 3a MHKAICYJall]y JIEKOBHUTE cyrcTaHie (eHr. drug loading
capacity), 6p30 ociobahame JTEKOBUTE CYICTAHIIE, KA0 U clab0 M3pakeHa MYKOAIXE3MBHOCT
[1-3]. 300r Tora cCe TOKOM MOCIENE EIEeHN]€ HHTEH3UBHO UCTPaKyje MOTYNHOCT IpuUMeEHe
pa3MUUTUX PU3UYKUX M XEMH]CKHX MOJU(HKAIMja KaKo O ce MPEeBa3UIILTd OBU HEIOCTALIH.
Jeman om mpucTymna, Koju je KopumiheH y OBOj JOKTOPCKO] AMCEPTAIMjH, MOApazyMeBa
MoaudUKaKjy yHyTpamime mnospmmHe Hal kucenmnama. Jlocajgamima HCTpaKuBamba Cy
nokasasna ja moaudukanujom Hal kucenmmnama gomas3u 0 MMpemHa JyMeHa HAaHOIIEBH YUME CE
noehaBa KamamuTeT 3a WHKancyilanujy uunpodiokcanuHa [4], amokcummimHa [5],
ayrMeHTHHa [6], wuOymnpodena |[7], Harpujym-caymmwiata [8], u 1meduxkcuma [9].
Momudukanuja Hal kucenunom 3amouushe Audy3ujoM BOJOHMKOBHUX jOHA y YHYTPAIlImbHU
JyMEH HaHOIEBH, HAKOH 4Yera aJlyMUHOJ TpyIie HHTEParyjy ca BOJIOHHKOBUM jOHHUMA YHYTap
nopa ¥ Mpou3BOAU peakiuje AudyHayjy BaH nopa [8]. Y nureparypu ce HaBOIU Jia HIMPEHE
nymena Hal jakum kucenmHama (HIIp. CyMIIOPHOM HJIH XJIOPOBOJJOHMYHOM KHCEITMHOM) MOXKE
JIOBECTH 10 pa3rpalie CIOJbAIlbE CTPYKTYpE HIM NPEKOMEPHE IMOPO3HOCTH, OJIHOCHO
MOCJICTUYIHOT HEXKEIBCHOT ,,ITypeHha’ HHKAICYJIUpaHe JICKOBUTE CYIICTAHIIE, A je Tpenopyka
na ce 3a moaudukanujy Hal kopucte cnabuje kucenune nonyt akpuiaHe u cupherne [10].

VY oxBupy npBe (paze nokropcke nucepranuje, BET ananuza motBpauna je ma tperman Hal
CUpheTHOM KMCEIMHOM JIOBOH A0 noBehama criennduyHe NOBpIIMHE, 3aIpEMUHE MUKPOIIOpa
¥ 3arpeMuHe Me3onopa. [Ipema muTeparypHUM HaBOAMMA, BPEAHOCTH CIIENU(UIHE TIOBPIITIHE
nosrazHor Hal no6ujennx npumenom BET mertone (Sger) Bapupaiu Cy y MIUPOKOM OTICETY OJ
22,1 m%/g no 81,6 m*/g [11]. Y npBoj a3y excrepuMeHTaIHOr paja, 100UjeHa BPEAHOCT SBET
nosiazHor Hal je Ouna y cpenmuHM TOT Omcera M HajBWINE j€ y CarjlaCHOCTH ca pe3yiTaThuma
Garcia-Garcia u cap. [12] u Sadjadi u cap. [13], nok je 3a eHal HaHoueBH, BpenHOCT ST OMIIa
Beha 3a oko 10 % u usHocuna 57,2 m*/g. Iojenune cTyauje cy nokasajie Ja ce MHTEH3UBHU]E
nosehame crenu@uyuHe MOBPIIMHE, 3aIpEeMUHE MOpa U JUjaMeTpa Mopa MOXKe MOoCTUhH
ynoTpeOoM jakuxX M KOHIICHTPOBAHMX KHCEJIWHA (HMOp. CyMIopHa KucennHa). MehyTtum, To
MOY€E JIOBECTH JI0 3Ha4yajHOr moBehama Mopo3uTeTa, ryOMTKa IIeBacTe CTPYKType, Ma Yak U
pasrpaame kpucraiaHe ctpykrype Hal [12], 300r dera je y uctpaxkuBamy onadpaHa ciaduja
cupherHa kucenuHa. OACYCTBO XOPU3OHTAJIHOI IUIaTOa y PErHOHY BHUCOKE BPEIHOCTH
penaTUBHOT MPUTHUCKA, T1a YaK W Ha3HAKa HErOBOT TOCTOjamba, CIIPEYMIO je KIacu(pUKaimjy
no6ujenux uzorepmu y tui IV u knacugpukosano ux je y tum I, npema IUPAC HOMeHKIaTypH
[14]. ¥V Hexonmko pamoBa npukaszaHe cy N2 mzorepme Hal, roToBO mMaeHTHYHE HM30TepMamMa
NPUKa3aHUM Y TOKTOPCKOj IUCEepTalHjy, KIacuprKoBaHe kao u3orepme tuna [V [12,15], tuna
I1[11,13], ma yak u Tuna 111 [16].



MepemeM 3eTa moTeHnujana, npea ¢asza pama pacBeriauia je na tperman Hal cuphernom
KHCETTMHOM CMamyje TMOBPIIMHCKO HAaelleKTPUCAmEe HAHOIICBH, HE HapylIaBajyhu meBacTy
ctpyktypy Hal u He noBoaehu n0 3Ha4ajHUX MpoMeHa Y (GU3UIKUM B TEPMATHUM OCOOMHaMa
Hal. OBu pesynratu cy y ckiany ca pesyataruma Stodolak-Zych u capagnuka [10] xoju cy
MOKa3aJIx Ja He JI0JIa3H J0 3Ha4ajHuX MIPOMeHa y GHU3MIKOXEeMH]jCKUM cBojcTBMMa Hal ykommko
Cce 3a BeroBy MoIU(UKAIN]y KOPUCTE OJlare KucelnHe.

OynknuonanHoct Hal kao Hocaua 3a JIEKOBUTE CYIICTaHIIE Moryhe je yHampeauTh
MOIU(HUKAIMjOM CIHOJbAIbE MOBPIIMHE HAHOUEBHM KOBWICHTHHMM W HEKOBAICHTHUM
BE3MBamEM PA3INYUTHX MOJIUMeEpa. 3a pa3lIuKy 0J] KOBaJeHTHE MouduKaliije, Koja yrllaBHOM
noJpa3yMeBa IPUMEHY OpPraHCKHX yMpeXHBaua, HeKoBajieHTHa Moandukanuja Hal ce ogsuja
pu OJIaruM peakIMOHUM YCJIOBHMMa M HeMa YTHUIlaja Ha CTPYKTYpPY HaHoleBH [2,8], 30or yera
je omabpaHa y OBOj JOKTOPCKO] AMcepTaluju. 3axBasbyjyhu HETaTHBHO HAEIEKTPHCAHO]
crioJpalimko] moBpmmHUA, Hal Moke 1a ycmocTtaBu eIEeKTpOCTaTHYKE HWHTEPAKIMje ca
KaTjOHCKUM TOJUMepuMa, Tpajaehu KOMIO3UT Kao NOTEHIMjaJJHU HOCad 3a JIEKOBHUTE
CyICcTaHIle. Y JIUTepaTypHu c€ HaBOJM Ja C€ Yy OBE CBpXe Hajuemhe KOPUCTE XUTO3aH, KOJU je
IpeMET HCTPaKUBaha OBE JOKTOPCKE TUCEpTaltje, a KOjU yCie]] IPOTOHOBakha aMUHO IpyTie
y KHCEJIO0j CPEIUHHM, MOCTaje KATJOHCKH TOJHMENICKTPOIUT M Kao TakaB ce MoOXe e]ukacHo
BE3aTH 32 HETaTWBHO HaelekTpucany nospimny Hal [2]. V nutepatypu je onucana moryhHoct
yHanpehema puznukoxemujckux cBojctaBa Hal Mmomudukamnmjom KucemmaaMa u oJIMMepruMa,
NOjeIMHAYHO, alld He IOCTOje JUTEepaTypHU HaBOAM O Kopuiihemy KOMOWHAIMje oBa /1B
MOCTyINKa MoOAW(UKANH]Ee, ITO CE MOXE CMaTpaTH OPHTHHAIHUM IPUCTYIIOM Y OBO]
TOKTOPCKO] THUCEPTALIU]H.

[Tocneamux roauna Hal-nmoaumep HAHOKOMITO3UTH C€ MHTEH3UBHO UCTPAXKY]y 3a MPUMEHY Y
obOmactn OuomenuiMHEe 300T JeIMHCTBEHHWX XHUOPUAHUX CBOjCTaBa KOHCTUTYyeEHaca.
JlutepaTypHu mojany yKaslyjy JAa Ha (QYHKIHOHATHOCT HAHOKOMIIO3UTA YTHYE METOoja
npuIpemMe, Kao 1 yJIeo U 0CoOMHEe KOHCTUTYTUBHUX Matepujaia [17,18]. HajjennocraBauja u
Hajuentha metona 3a npunpemy Hal-monumep HaHOKOMIIO3WTa TIpeABUNEHUX 3a MPUMEHY Y
o0nacTi GMOMEIUIIMHE je MEIIake Y PacTBOpy MojuMepa, Koja moapa3yMeBa AUCIIEProBamke
Hal y pactBopy momumepa [19], koja je xopumrheHa 3a MPUIIPEMY HAaHOKOMIIO3UTAa y OBOj
JOKTOPCKO]j TUCEePTAIH]H.

VY oxBupy npyre ¢ase je oagpehuBamem 3eTa MOTEHIIMjaIa MOTBpheHa ycnenrHa Moaudukayja
cnoseamme nospmuHe Hal u eHal ca LChi 1 MChi npu KoHIIeHTpaIijaMa pacTBopa XUTO3aHa
0,2% u 0,5% (m/V). Pe3ynratu cy OuiM y carjiacHOCTH ca JIUTepaTypHUM HaBOJMMa KOJU CY
ykazanu ja je Mmoryhe ycrnocraBipame uHTepakuuja usmely Hal u xurosana, 1j. popmupame
Hal-xuTo3aH HaHOKOMITO3WTa TIPH HIKUM KOHIIeHTpanujama noaumepa [20]. Kouser u cap.
[21] cy moka3zanu na KoHueHTpanuyja gucnep3uje Hal y pacTtBopy mosmmepa 3a obsarame o
3% (m/m) u BuUIlle MOKE OTEXKATU MOCTU3alkE XOMOTeHe nucrep3uje. Tume moxe mohu 1o
CMamema MelymoBpIIMHCKE HWHTEpakiuje, OjABajamka mojuMepa o mnopmuHe Hal u
HapyllaBamba CTPYKType KOMIIO3UTHOT Marepujaia. Y Ipyroj (gasu eKCrepuMEHTAIHOT pajaa
MepemeM 3eTa moTeHiujana Hal-xuro3aH HaHOKOMIIO3WTa TOKa3aHO Ja je ONTHMajiHa
KOHIIeHTpauyja nucnepsuje Hal y pactBopy xurto3ana 3a oOmarame 2% (m/m). Ilopen Tora,
neduHrCaHO je onmTUManTHO Bpeme mpumnpeme aucrnepsuje 10 min. Hakon mpunpeme Hal-
xuTo3aH U eHal-xuTo3aH HaHOKOMIO3WMTa MPH ONTUMAIHUM YCJIOBUMA U3paje, nopehemem
BUXOBUX (PU3NYKOXEMHUJCKMX CBOjCTaBa, NPOILECHECH € YTHIA] MOJEKYJICKEe Mace |
KOHIICHTpAalLlje XUTO3aHa Ha (pu3nukoxemMujcka M (pyHKIMOHaNHA cBojcTBa Hal-xurozaH u
eHal-xuTo3an Hanokommo3uTa. Y oBoj (a3u paaa, MepemeM 3eta noreHnujana Hal-xuto3an u
eHal-xuro3an nHanokomnosura y oncery pH 2-12 yrpheno je untensuBHuje BesuBame LChi n
MChi 3a cnospammy nopmuHy eHal y omnocy Ha monasam Hal. {oOujenu pesynraTtu cy
ykazanu Ha ytuuaj moaupukanuje Hal kucennHom Ha ¢usnykoxemujcka M (yHKIMOHAITHA
CBOJCTBA  XaJIOj3UT-XUTO3aH HaHokommo3uTa. [Jlomatno, Hal-LChi wu eHal-LChi



HAaHOKOMITO3UTH CY MOKa3ajiu HajBehe BpEeAHOCTH 3€Ta MOTEHIMjaJIa Y KUCEJI0] CPEIUHHU, IIITO
je motBpawio na je LChi ycrocraBuo jaue mHTepakiyje ca crojbaimboM nospmuHoM Hal
eHal nanoneBu y onnocy Ha MChi. [lobujeHu pe3ynraTtu cy Ouiv oO4eKMBaHU ¢ 003UPOM Ha TO
na ce y nutepatypu HaBoau Aa LChi uma kpahe u ¢uiekcnOuiIHMje TaHIe KOju MOTy J1a C€ BEXY
3a BWIIIE MECTa Ha CIOJhAIllFh0] MOBPIIMHU HAHOIIEBM M YCIIOCTaBE jaue MHTEPAKIHje ca
HEraTUBHOM HaelekTpucanoM nospmmHoMm Hal um eHal. TlopacT xoHmeHTpamwmje pactBopa
LChi u MChi ca 0,2 Ha 0,5% (m/V) kopumhennx 3a obnarame eHal HaHoLeBH, 10Beo je 10
nopacta BpeAHOCTH 3eta mnoreHuujana mnpunpemsbenux eHal-LChi u  eHal-MChi
HAaHOKOMIIO3UTa Yy KHCEJO] CpeIuHU. Y HacTaBKy apyre (ase eKCIepuMEHTAJHOI paja
cnpoBeznieHa je F'7-IR ananu3a koja je nmokaszana cnekrpe LChi u MChi koju cy y carimacHocTu
ca JuTepaTypHUM nojanuma [22,23].

[Momepame ancompuuonux Tpaka Ha F7-IR cnekrpuma Hal-xutozan u eHal-xuro3an
HAaHOKOMITIO3MTA j€ y CarjacCHOCTH Ca paHUjUM Pe3yJITaTUMa aHAJIN3€ HAaHOKOMITO3UTa Ha 06a3u
Xanoj3uTa U xurosaHa [24,25] u HacTaje Kao MOCJIEOUIa ENEKTPOCTaTUUYKUX HHTEpaKIHja
u3Mel)y MpOTOHOBAaHMX aMHHO Tpyla XWUTO3aHA W HETaTUBHO HAEJEKTPUCAHE MOBPIINHE
HaHoneBu. OBa ¢a3a uCTpakuBama OTKPUJIA je 1a je IOMEPAbEe OroBapajyhnux ancoprniuoHux
Tpaka Ouno mHTeH3uBHHUje Ha FT-IR cniektpy eHal-xuto3an Hanokommosuta Hero Ha FT-IR
cnektpy Hal-xuto3an HaHOKOMIO3MTa, MITO j€ TMOTBPAWJIO HWHTEH3UBHHUJE BE3HBAE
MOJIMKATjOHa 3a crhoJbammy moBpmuHY eHal, a mTo je mperxogHo morBpheHO Behmm
BpenHOCTHMa 3eTa noTeHuujaita eHal-xuro3an manoxommosura. /looujene DSC kpuse Hal-
XUTO3aH HAaHOKOMIIO3MTA, KOje Cy MOTBpAwMiIe ycremny ¢pyakunonanusanujy Hal ca LChi u
MChi cy y cknany ca panuje 1o0ujeHUM pesynraTuma 3a Hal-xutozan komnosutHe ckadoie
[26] u pumoBe [25]. TTopehemem ca kpuBama eHal-xuto3an HaHOKOMTIO3UTa, DSC aHanu3a je
NOTBpAMIA pe3yliTaTe Mepema 3era noTeHuujana u F7-IR aHanmm3e Koje cy OTKpuie
nHTeH3uBHUje Be3uBame LChi 1 MChi 3a cnospammy noBpmnny eHal y ogHocy Ha mona3Hu
Hal. Pesyntatm XRD aHanu3e cy MOKaszalu Jla HE JOJNa3d [0 HapyllaBama KPUCTAIIHE
CTPYKTYp€ HAHOILIEBM HAKOH MoJu(duKanyje pa3IMduTUM XHTO3aHWMa. Takohe, HHje
npumehena pasnuka usmel)y XRD cniektpa Hal-xuro3an n eHal-xuto3an HaHOKOMITO3UTa, ILITO
je y ckiamy ca auTeparypHuM HaBoguMma [12] ma tperman Hal Gnarum kucenmHama He
HapyllaBa KpUCTAJIHY CTPYKTYpy HaHoueBH. [Ipumenom SEM ananuse youeHo je aa He J10J1a3u
JI0 HapylllaBama IeBacTe CTPYKTYpe HaKOH (PyHKIIMOHAIM3AIM]e CToJballlbe moBpmuHae eHal
ca LChi u MChi. Cnuyna 3anaxama uMmanu cy Lisuzzo u cap. [27] Koju cy qoka3aiu jia He
J0JIa3l 10 TpoMeHe MOpQoJIOTHje HAHOIEBHM HAKOH (YHKIIMOHAIU3AIM]E CIIOJbAIIHE
nospiuHe nonasHor Hal ca MChi. Huje youena 3nauajHa paznuka usmel)y SEM muxporpaduja
ucniutuBaHux eHal-xuro3zan Hanokommosuta u eHal HaHOLEBH, KOje OM MOTrJe a yKaxy Ha
IPUCYCTBO TOJMMEpa HAa TOBPIIMHM HAHOLEBU, IITO C€ MOXe OO0JaCHUTH HHUCKOM
KOHIICHTPALIMjOM TOJIMMEpPa Ha CIOJballIbo] nmoBpinnHu eHal HaHo1eBH, KoOja ce TeIIKo youyaBa
npumeHoM SEM anammze. [Ipoceunn crospammu gujaMeTap KOju je J00HWjeH MPUMEHOM
ImageJ 1.52a codrtBepa 6mo je =106 nm 3a eHal-LChi0,5 u =108 nm 3a eHal-MChi0,5
HaHokommo3uTe. [loBehamwe crosbalmer qujaMeTpa UCIIMTUBAHUX HAHOKOMIIO3UTA Y OJTHOCY
Ha nujamerap eHal HanoueBu (=82 nm) nokasano je ycnemny afacopnuujy LChi u MChi na
criospanimko] moBpmuHU eHal nanoneBu. JloOujeHn momamm cy OWwiM y CaryiaCHOCTH ca
pe3yaTaTumMa Mepema 3eTa norenuujana, F7-IR u DSC ananusze Koju ¢y MOTBPAWIN YCIICIIHY
dbyaknnonanuzanujy eHal nanoneBu ca LChi u MChi. DSC/TG ananmu3a otkpuia je na eHal
HAHOIICBY UMa]jy CIIMYHO TEPMAJIHO MOoHaIame kao Hal ca 61arum npomeHaMa y eHIOTEpMHUM
MMKOBHMa y TemrepatypHom nuarepsaity uzmelhy 20 u 200 °C. HaBeaena 3anaxkama Cy y CKIaay
ca pesynratuma koje cy o0jaBunu u Garcia-Garcia u cap. [12], u Kujawa u cap. [28]. OBa da3za
HCTpaXMBama MOTBpAMIa je Mamu ryoutak mace Hal-LChi u eHal-LChi nanoxommosura y
onHocy Ha Hal-MChi u eHal-MChi nanoxommnosure, ycien uHTeH3uBHUjer Be3uBama LChi 3a
CIOJbAILGY MTOBPIINHY HAHOIEBH.



VY auTeparypu ce HaBOAM Ja je€ METaKpWIAIlMjoM XHTO3aHa Moryhe yTHWIaTH Ha Hherona
XeMHjCKa, MEXaHW4yKa M Ouosomka cBojcTBa [29]. HemaBHa mcTpaxkuBama Cy MOKaszajia Ja
MeTaKpuialyja XuTo3aHa JOBOAM 10 M0O0JbIIamka lerOBUX MyKOAIXE3MBHUX CBOjCTaBa yCIe]
dopmupama KOBaJICHTHUX Be3a M3Mel)y MeTakpHiIOBaHUX T'yla MOJMMEpa U THOJA Y MYIUHY
[29-32]. Jlo cama y unuTepaTypd HHje omucaHa MoryhHoct ¢yHkinoHanu3anuje Hal
METAaKpUJIOBAaHUM XMTO3aHOM, IITO je OO MpeaMeT UCTPAKHUBAIbA OBE IUCEpTAIH]e.

VY apyroj ¢ga3u ekcriepuMeHTaTHOT pajia croJbalimka nmopimrHa eHal je pyHkimonanm3oBana
ca MeLChi um noOujeHu pesynTatu cBeoOyxBaTHE (UINUKOXEMHJCKE KapaKTepHu3allyje
npunpembeHnx eHal-MeLChi Hanokommo3uTa Koja je moJpa3ymMeBalla Mepeme 3eTa
norenumjana, F7-IR, DSC/TG, XRD n SEM ananu3y NOTBpAWJIA je YCHEIIHO aJCOPILHUjy
nmoJiuMepa Ha CroJeanikoj mnoBpmuHA eHal HaHomeBw. Y HacTaBKy, CIIpoBeeHa je
ONTUMU3AIMja Tpolieca MHKarcynanuje Ace y aymeH nonaszHor Hal, BapupameM HBHUXOBOT
onHoca. JlurepaTypHu mojanu cy IMOKa3ajld Ja C€ JIKOBUTE CYIICTaHIE MOry e(uKacHO
MHKAICYJIMPATH y JIYMEH HaHOLIEBU METOIOM yIapaBama pacTBapaua, IITo je OTBPEeHO y 0BOj
JIOKTOPCKO] aucepranuju. Lvov u cap. [1] cy mokasamu ma Hal mma HHM3ak kamamurter 3a
MHKAICYJAIjy JIEKOBUTE CYCIICTaHIIe KOju je oOuyHo y omncery u3mehy 5-10 %. Jlo6Gujena
BPEIHOCT MPOIEHTYATHOT caapxaja Ace y y3opky Ace-Hal npu ognocy Hal u Ace 1:1 6uo je
7,9 £ 0,8 %, noxk je mpu ogHocy 2:1 6mna 9,1 + 0,9%. Pezynratu cy cnuuHu paHuje UCIIUTAHOM
KamaruTeTy WHKaTcyanuje noynpodena (HecTepougHu aHTUUH(IAMAaTOPHH JIEK, KaTeropuja
II BSK) [33], ¢nypOunpodena, atenonona, pypocemMusa u Bepanammi-xuapoxiopuaa [3] y
Hal manoneBuma. OBa (haza uctpaknBama OTKpuia je na nosehamem ynena Hal y omnocy Ha
MOJIEJT JISKOBHUTY CYIICTaHIly, ToBehaBa ce M MOBpIIKHA JOCTYIIHA 32 Be3UBame Ace, YUMe ce
noBehaBa e(UKaCHOCT Be3MBamba M KamaluTeT 3a MHKAICYJIAIHjy JeKoBUTe cyrcranie. Y eHal
HAHOIICBH, MO/JIEJ JIEKOBUTA CYIICTAaHLA je e(pUKACHHje MHKAICYJIHMpaHa ca MPOICHTYaTHUM
cazp:KajeM JIeKOBUTE cyrctanue (eHri. drug loading capacity, DL%) 16,5 + 0,9 % 3a Ace-
eHal. 3nauajno nosehame nHKancynamuje aexkosure cyrncranie (=<81% 3a Ace-eHal) y ogaocy
Ha Ace-Hal Moxe ce mpunucaTy celeKTUBHOM KHCETMHCKOM TPETMaHy U MPOIIUPEY JIyMeHa
HAHOIICBH U Y CKJIQ/1y j€ ca JIUTEepaTypHUM HaBOJUMA KOjH Cy TIOKa3alu Ja ce MOAN(UKALIN]OM
Hal xucennaoM Moyke moBehaTH KamaruTeT 3a MHKAIICYJIAIN]y JIeKOBUTE cyrcTanie. OBa daza
EKCIepUMEHTATHOT paja je OTKpuia Ja TOKOM mpoueca (yHkuuonanuzauuje Ace-eHal
pa3IMUUTUM XUTO3aHMMa y KoHHeHTpauuju 0,5% npomasum go Onaror ryouTka JIEKOBHUTE
CYIICTaHLIE, Kao TOCJEHIIa Be3MBamba XUTO3aHA U T'YOUTKa JICKOBUTE CYICTAHIIE TOKOM
WHKyOaruje y pactBopy nosmumepa. CBeoOyxBaTHOM (HU3UIKOXEMH]CKOM KapaKTepHU3allijoM
JIOKa3aHo je MpHUCYcTBO Ace y MpUIIpeMJbeHUM Kommo3utuma. CBu ucnutuBanu Ace-Hal-
xuto3aH W Ace-eHal-xuto3an HaHOokommo3utu Ha FT-IR crnekTpuma, TIOKa3add Cy
KapakTepucTUyHe Tpake Ace. 3a pa3iuKy OJf HEKUX APYTUX aHjJOHCKUX aKTMBHHUX CYICTaHIIH,
Hp. ubynpodena [34], Ace HHUje MOKa3zao 3HaKe MHTepakiuje ca aymeHoM Hal m eHal
HaHoIeBU. [loOujeHn pe3yaTaTu 3ajeJHO ca pe3yiTaTuMa TEPMAIHE aHAJIU3E yKa3alu Cy Ja je
Ace MHKanCynyupaH y JyMEH HaHOLIEBU Y CBOM HETIpOMEHheHOM 00iKy. HaHokommno3utu Ace-
Hal-LChi i Ace-Hal-MChi nokazanu cy ciudHO TepMaitHO noHamame kao Ace-eHal-LChi i
Ace-eHal-MChi ca Omarum mnpomMeHamMa y €HAOTEPMHOM M €r30TepPMHHM IHKOBHMA.
[Topehewem eHal-LChi0,5 u Ace-eHal-LChi0,5 nanoxommo3uTa, youeHa Cy MpeKiamnama
KapaKTepUCTUYHHUX TpakKa MoJa3HUX KOHCTUTYyeHaca, TaKo J1a HUCY NpuMeheHH HOBU NMUKOBH,
HITO je MOTBPJWIO NMPUCYCTBO JIEKOBUTE CYNCTAHIIE Y KOMIIO3UTY Y HEIPOMEHEHOM OOJIHKY.
Cnnuna 3anaxama umanu cy Krej¢ova u cap. [35] koju cy qoka3anu NpuCyCTBO AUKIO(PEHAK-
HaTpHjyma y HaHolieBuMa Hal y HemmpomemeHoM 00Ky .

VY Ttpehoj ¢a3um paga, mo mpBM MyT je WUCOUTAH yTUla] TpermMaHa Hal kucenuHoM u
(GYHKIIMOHATU3AIIH]€ CIIOJbaIlhE MTOBPIIMHE HAHOIIEBU XUTO3aHOM Ha Op3uHY pacTBapama Ace
Kao MOjIeJ JISKOBHUTE CyIcTaHLe. bpojuu ayropu ykaszanu cy Ha MoryhHocT npumene Hal kao
HOCaya Pa3IMYUTHX JIEKOBUTUX CYICTaHIM U3 TpyIe HECTEPOMJAHMX aHTUUH(IAMATOPHUX
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nekoBa, Hrp. Guypobunpodena [3], ubynpodena [34], nuknodenaka [36], Hanpokcena [37],
keronpodena [38], anetrwncamuuuiHe kucenuHe [39] 3a mepopanHu myT npuMene. Takohe, y
JUTEepaTypH ce HaBOJE MOAAIM O MPUMEHU MOHTMOPUJIOHUTA (OCHOBHM MUHEpaJl OEHTOHUTA),
Kao Hocaya Ace HaMEeHmEHOT 3a niepopanuy npumeny [40]. Kaga je ped o ucnutuBamy Op3uHe
pactBapama Ace u3 Hal, y Tpehoj ¢da3u ekciepuMmeHTaHOT paja, MoKa3aHo je OMMOIaiHO
ocnobahame Ace ca TOTOBO TMHEAPHUM MOYETHUM (HYJITOT pea) ocinodbahameM TOKOM MPBUX
5 h ca =79 % ocnobohene mojen jekoBUTe cyncTanie. Y aApyroj ¢asu ocnobdbahame je 6110
3Ha4YajHO CHOpHje ca MOTIIYHUM pacTBapameM TokoM 12 h. CiuyHo GudazHo ocnobdahame u3
nosiazHor Hal je panmje mokaszano 3a mukiodeHak-HaTpujym (kareropuja II BSK) [7,35].
Ocnob6ahame Ace uz Ace-eHal je umano 6umomanau obpasan u noctwke ~90 % tokom 5 h.
Cnuunu pesynaTtatu cy noobwjenu 3a Hal tperupan xmopoBomoHuuHoM [41] u cymmopHOM
KHCEITUHOM [8].

VY o0Boj ¢asu paga, MOCTUTHYTO je YCIMOPEHO ociiobahame Ace HAaKOH (PyHKIIMOHAIM3AIU]ES
nopmmHe Hal wu eHal pasnuuumtim xwuto3anuma. OTKpUBEH je U3paKeHHjH edekar
ycrnopaBama ociiobahama Ace npu GyHKIIMOHATU3ANKjH criosbalrmhe noppmrHae eHal ca LChi
u MChi y onnocy Ha momasuu Hal ycrnen mHTeH3uMBHHjer Be3uBama xuTo3zaHa 3a eHal y
nopehemwy ca momazuum Hal, mTo cy moTBpawnmm pesynratu 3era moreHnujana. JlomatHo,
npumeheno je cnopuje ocnobahame Ace n3 Hanokomnosurta Ha 6asu Hal u eHal ca LChi y
nopehewy ca oaroeapajyhum HaHOKOMIIO3UTHMa mnpunpeMmibeHrM ca MChi  ycnen
UHTEeH3MBHUjer Be3nBama LChi 3a cniospammy noBpuinay Hal n eHal HanoneBu 3axBaspyjyhu
kpahum u QuiekcuommHUjuM JTannuma LChi, mTo cy nmokaszanu pe3yaTaT 3eTa IoTeHIjana. Y
OKBHPY OBE€ IOKTOPCKE IUCEPTAIIH]j€ j€ 110 PBH ITyT UCIIUTAH yTUlaj pyHKunoHanu3amnuje eHal
HanoneBn ca MeLChi na Op3uny pactBapama Ace u3 eHal-MeLChi nanoxommo3ura.
[Tpumeheno je cnopuje ocnobahame Ace nz eHal-MeLChi Hanokommo3uTa y oxHocy Ha eHal-
LChi, mTo wmoxe Owtum mocnenuna Beher cnospammer paujamerpa eHal-MeLChi
HaHokommno3uTa (<115 nm) y mopehemy ca eHal-LChi (=106 nm) xoju cy u3zpadyHatu
npumeHoM Image 1.52a codraepa.

Hob6pa OumoxkomnarubunHoct Hal mokaszana je y Bume cryauja [42-44]. Mehyrum, y
JUTEpaTypu CE HABOJIE PE3yJTaTH MCTPAXKHBaWKA KOJU CY MOKa3adu Ja (pyHKIIMOHAIM3AIH]a
cnoJpamime noBpimuHe Hal cHHTeTCKMM KaTjOHCKMM MojuMepuma (HOp. HOJU(aIujaMHH
XUAPOXJIOPUA), TONH(IHATMIIUMETHIAMOHU]YM-XJIOPHI) W TIOJHUETUJICHUMHUH) 3HA4YajHO
noBehaBa BEroBy HUCKY HHXEPEHTHY TOKCMYHOCT M3a3uBajyhu henujcka omrehema [45].
Takolhe, BenTuKu TOMPUHOC JUCEPTAIIH]E OTJIe/Ia Ce y UCTIUTHBAKY yTullaja Moaudukamuje Hal
cUpheTHOM KHCETMHOM U (hyHKIMOHAIU3aIHje crosbammke nospiunHe eHal nanonesu ca LChi,
MChi 1 MeLChi Ha OMOKOMIATHOWJIIHOCT NPUIPEMJbEHHX HAHOKOMIIO3UTA, a Koja je
cripoBeicHa 'y okBupy Tpehe daze pama. JloOujeHM pe3ynaTaTd yKazaid Cy Ha BHCOKY
BujabunHoct hemmja (> 80%) y mpucyctBy eHal-LChi, eHal-MChi u eHal-MeLChi
HAaHOKOMITO3MTA IITO j€ TIoKa3aso na pyHkuroHanu3anuja eHal paznuuntum xuro3anuma Huje
yTUIaNa Ha HEroBYy LUTOKOMIATHOMWIHOCT M y ckiany je ca ISO 10993-5:2009 [46] u
PUXBAT/bUBA je 32 OMOKOMMATUOMIHY HOcad. CIIMYHU PEe3yNATaTH Cy OMUCAHU Y JUTEpaTypu
3a XaJoj3UT-XuTo3aH huiaMose u ckadoinzae [26,47].

Hanoxommosutu Ace-eHal-LChi, Ace-eHal-MChi u Ace-eHal-MeLChi nokasanu cy HUXY
BujabuHOCT henuja y mopehemwy ca mianebo ysopuuma. BujabumHoct henmja y npucycTBy
UCIUTHUBAHUX HAHOKOMIIO3UTA Ca MHKAICYJIMPAHOM aKTUBHOM CYIICTAaHIIOM, 3aBUCHIIA € O
koHueHTpauyje. [lpu konuentpauuju 1000 pg/ml croma npexxuspaBama henmja je Ouna 33,7
+ 3,8% 3a Ace-eHal-LChi, 27,9 + 6,9% 3a Ace-eHal-MChi u 24,6 = 7,3% za Ace-ecHal-MeLChi
HaHOKOMITO3UTe. Hrka MUTOKOMITATHOMITHOCT MOKE Ce MPUIUCATH JIejCTBY ociiobohenor Ace
TokoM 72 h mepuoaa uakyoaruje. Minak, HAHOKOMIIO3UTH ca MHKAIICYJIMPAHUM Ace TToKa3ain
Cy NMpHUXBaT/bUBY BHjaOmiIHOCT henuja ca cromom mpexuBibaBama hemuja Behom ox 70% y
koHueHTpanyjama ucrnoa 500 pg/ml. JloGujenu pesynratu cy 60JbH y OTHOCY HA TIOJIATKE U3

11



JUTEpaType KOju yKasyjy Ha IMUTOKOMMATHOMIHOCT Ace mpu KoHmeHTpauuju a0 100 pg/ml
[48,49].

JlutepatypHu momanu ykasyjy Ha J00po M3pakeHa MYKOaJIXxe3WBHa CBOjcTBa xuTo3aHa [50],
IITO je MOTBpEHO W pe3ysiTaTHMa MPHUKa3aHUM y OBOj OKTOPCKOj auceprauuju. Kama cy y
nuTamky MyKoaJxe3nuBHa cBojcTBa Hal, y nurepatypu ce nponanase nojai, fa cy orpaHuueHa
yclel WCTOBPCHOT HaeNEeKTpHCama MYIUHA M crosbalimbe noBpmuHe Hal [2], mTo je
noTBpheHo u 1obujeHnM pe3yaTaTuma. bpojau ayTopu cy ykazaim Ha MoryhHocT yHanpehema
MYKOQ/IX€3UBHUX CBOjCTaBa XUTO3aHA PEaKIMjoM MeTakpuianuje [29-31].

Tokxom umcnuTHBama MyKoaaxe3uBHUX cBojctaBa Hal, eHal u meroBux HaHokommo3uTa ca
LChi, MChi i MeLChi npumemene cy Tpu in vitro metoze. JloOujeHu pe3ynTaTu cy moxka3anu
na ce Mmomubukanyjom crospanime nospmuHe eHal manonesu ca LChi m MChi 3HavajHO
no0oJblIaBajy MYKOAJIXe3MBHAa CBOjcTBAa HaHoueBU. CIMYHE pe3ynTaTe KOjU YyKa3yjy Ha
noOoJbIIalkbe MYKOQAXE3WBHUX Kapakrepuctuka Hal dyHKIMOHamM3ammjoM HErone
CHOJhAIIHE MOBPIIMHE XUTO3aHOM, paHuje cy o0jaBuiu Sharif u cap. [2]. Jluteparypuu nogamnu
yKazyjy na xuto3aHu Behe moisekyncke mace (<1400 kDa) mmajy G6osba MyKoaaxe3wBHA
CBOjCTBA Yy OJHOCY Ha XHUTO3aHe Maje Moiekyicke mace (500-800 kDa) jep dopmmupajy
BHCKO3HH]€ pacTBOPE U 00JbeE MPHjamajy 3a Cry30koxky [51]. loOujeru pe3ynraTu Koju yKasyjy
Ha Oo0Jba MyKOaJXe3MBHa CBOjcTBa HaHokommo3uTa Ha 0a3um eHal m LChi y omnocy Ha
Hanokomrosute uszpahene ox eHal u MChi, mory ce o6jacauTy jauom mHTEepakijom LChi u
eHal nanonesu 3axBaspyjyhu kpahum u uiekcnounanjum nanuma LChi koju cy noctynHu 3a
WHTEPaKIIN]y Ca MYIITTHOM.

OyHKIIMOHANMM3AK]OM croJbanime nospinHe eHal nanoueBu ca MeLChi npunpemibeHu cy
eHal-MeLChi nanokoMmio3utu ca yHanpelheHUM MyKOaJIXe3MBHUM CBOJCTBHMa Y mopehemy ca
eHal-LChi nanokoMno3utumMa. OBHU pe3ynTaTH Cy y carjlacHOCTH ca HaBoauma Mirkani u cap.
[32] koju Ccy yKazajqu Ha H3paK€HH]ja MYKOAJIXE3MBHA CBOjCTBAa JIUIIOCOMA OOJIOKEHHX
METAaKpUJIOBAaHUM XUTO3aHOM Yy TIopehemy ca TUnocoMuMa 00JI0KEHUM TOJTa3HUM XUTO3aHOM.
Cmuuno tome, Kolawole u cap. [29] cy oTKpuim 1a METaKpWIOBaHM XWUTO3aH MMa Behy
CHOCOOHOCT 3a/pkaBama (PIyopeclerH-HaTpUjyMa Ha CIIy30KOXH Oemunke y nopehemy ca
MOJIA3HUM XUTO3aHOM.

Caeneoasajyhu ceeobyxeamuo pesyimame npedcmasmsene y 080j 00OKMOPCKOj oucepmayuju,
Modice ce 3aKbYUUMUU 0d je 0eo pe3yimama y cazidcHoCmu ca nooayuma u3 aumepamype.
IIpe ceeca, mo ce oOHOCu Ha pesynimame QU3UUKOXEMUJCKe Kapakmepusayuje aHaiu3om
cneyuguune nogpuiune, Meperbem 3ema NOMeHYujana U UCHUMuUBarbem mepmMaiHo2 NOHAuard
NONA3HO2 XANOJ3UMA U NPUNPEMBEHUX XAN0j3um-xumo3zan komnosuma. C 003upom na mo oa
Cy ¥y 080] OOKMOPCKOj oOucepmayuju no npeu nym pasmampausu YCiosu u3paoe
OUOKOMNAMUOUTHUX, HAHOKOMNO3UMA HA OA3U MOOUPUKOBAHOZ XANOj3UMA U XUMO3AHA KAO
NOMEHYUJATHUX HOCAUa 3a MOOUPUKosaHo ocrobahare ayexkioghenaxa kao mooen iekosume
cymcmanye, éehuna pesyimama u CneyuQuUUHUX 3anaxcara Huje mo2ia oumu npogepeHa y
00CMYNHUM —JTUMEPAMYPHUM U3BOPUMA, Me Ce CMaAmpad OPUSUHATHUM —OONPUHOCOM
UCMpacicu8aukoe pada KaHouoama.
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7. BAK/bYYAK CA OBPA3JIOXKEIBEM HAYYHOI' JOITPUHOCA JOKTOPCKE
JAUCEPTAIIMJE

HajsehuM HaydHUM JONPHUHOCOM OBE JOKTOPCKE JHUCEpTallje MOXKE Ce CcMaTpaTH
CBEOOyXBaTHAa W CHCTEMaTHYHA aHaln3a YTHIAja TOCTYIKAa H3paJie XaJl0j3UT-XUTO3aH
HAaHOKOMIIO3UTa Ha MUXOBa (PU3MUYKOXEMHjCKAa M (YHKUIMOHATIHA CBoOjcTBA. OpHUrHHAIaH
HCTPAXUBAYKH JOIPUHOC OCTBAPEH j€ KPO3 CHCTEMAaTHYHO HCIUTUBAKE (PU3MIKOXEMH]CKUX 1
(YHKIMOHATHHUX CBOjCTaBa XaJI0j3UT-XUTO3aH HAHOKOMIIO3UTA MPUIPEMIBEHUX KOpHUIThemeM
KOMEPIIHjTHIX XUTO3aHa Pa3INIUTHX MOJIEKYJICKUX Maca (MaJie ¥ Cpe/I-e MOJIEKYJICKE Mace),
Kao U MO NPBU MYT NPUMEHE METAKPHIOBAHOT XUTO3aHA 32 MOAU(HKAIM]y HaHOMAaTepHjaia
MHUHEpATHOT TOpeKIIa. 3HadyajaH JOMPUHOC OBE AWCEPTAIH]j€ j€ MO MPBU MTyT UCIIUTAHU YTHIIA]
KOMOMHOBaHE CTpaTervje Koja ce 3aCHHMBa Ha TPETMaHy IOJAa3HOI XaJloj3UTa CHUpheTHOM
KHCEITMHOM M (YHKIIMOHAIHN3ALU]H HErOBE CIOJbAIIHE OBPIINHE PA3IMYUTHM XUTO3aHUMA,
Ka0 U UCIUTHBAaKE MOTYNHOCTH NMPHMEHE MPHUIIPEMIbEHUX XaJ0j3UT-XUTO3aH KOMITO3UTA KAo
MOTCHITH]aTHUX (papMarleyTCKUX EKCIMITHjeHaca OJTHOCHO Hocaua 3a alekiiodeHak Kao MoAel
JIEKOBUTY CYICTaHIy. Jlo1laTHO, HCTpa)kUBamkbUMa y OKBHPY OBE JIOKTOPCKE JUCEepTaldje IaT je
JTOTIPUHOC WCIUTHUBaBkY Op3MHE pacTBapama aimekinodeHaka, OMOKOMMATHOWIHOCTH W
MYKOQ/IX€3UBHOCTH MPHUIPEMIBEHUX XaJI0j3UT-XUTO3aH HAHOKOMIIO3UTA.

Cge HaBeeHO MOBphyje Aa je TOKTopcka aucepranuja Mar. apmanuje Banentune Jaykosuh
ypahjeHa y ckiagy ca 0J00peHOM NpHjaBOM M Jla MPEACTaB/ba OPUTHHAIHO M CaMOCTAJIHO
Hay4YHO JIEJIO.
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8. MPOBEPA OPUTMHAJIHOCTH JAOKTOPCKE TUCEPTAIINJE

OHEHA U3BEIITAJA O ITPOBEPU OPUT'MHAJIHOCTH JOKTOPCKE
JAUCEPTAIIMJE

Ha ochoy Ilpasuiiinka o nocTynky nposepe OpUrHHaNHOCTH JOKTOPCKMX AWCEpTALMja Koje
ce Gpane Ha Yausepsutery y beorpany u Hanasa y ussewnrajy w3 nporpama iThenticate kojum
je u3BplieHa npoBepa OPUIMHAIHOCTH JOKTOPCKE auceprammje ,,Hanokomnosumnu
Mamepujaiu Ha 06a3u XAnoj3uma u Xumo3ana Kao HOmMERuujanuu apmayeymcku
eKCUURUJeNCU: UCMPAXiCUBatbe ymuuaja NOCMynKa uspade Ha (usuukoxemujcre u
(yuxuuonanne ocodune, ayropa Banenrune Jaykosuh, koucrtaryjem na yrtepleHo
noayaapawe Tekcra u3HoCH 13% ca 236 ussopa (y cBUM CllyyajeBUMA MOAYAAPAba CIMYHOCT
TEKCTa je u3Hocha Mame o 1%). Ogaj creneH NOAygapHOCTH MOCTENMIA je T3B. ONUITHX
MeCTa M rojataKa (JMMYHMX WMMEHA, UMTaTa, peud KOpHWAEGHHX y ONHMCY METOAOJOrH]e,
yobuuajenux (pasa Koje ce KOPHCTE y ONMCY pesy/rara HCTPaKUBaha) KA0 W MPETXOAHO
nyO/IMKOBAHMX PeE3yNTaTa NOKTOPAHIOBHX HMCTPAXKUBAMa, KOJH Cy MPOUCTEKIH H3 HeHe
auceprauuje, WTo je y ckaaay ca wiarom 9. [papunnuka.

Ha ocHoBy cBera u3Hetor, a y cknafly ca unasom 8. crag 2. [IpaBuiHuKa 0 NOCTYNKY NpoBepe
OPUIHHAIHOCTA JOKTOPCKHMX JAHMCepTaimja koje ce OpaHe Ha YhuBepsuteTy y Beorpany,
u3jaBibyjeM Ja U3BELITA] YKa3yje Ha OPHTMHAIIHOCT JOKTOPCKE [MCEPTALH]e, Te Ce MPONHCaHH
[OCTYNaK IPUNpPEME 3a HeHY 010paHy MOXKe HACTABUTH.

09.06.2026. ronuue

MenTop
Hp cu. anuna Kpajuinuk, penosau npogecop
Vuusepsuret y Beorpany — ®@apmarieyrckun axynrer

B e o
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9. MUIJBEILE U IIPEJJIOT KOMUCHJE 3A OLIEHY 3ABPIIEHE JJOKTOPCKE
TMCEPTAITAJE

Ha ocHoBy npernena iOKTOpeKe aucepTauyje kanauaarta Mar. dapm. Banentune Jaykoeuh noa
- Ha3UBOM ,HAHOKOMOO3UTHM MaTepujajn Ha 0asM XaJ0j3HTA H XHTO3aHA KAa0
noTeHUHjATHH GApMAUEYTCKH eKCUHNUjeHCH: HCTPAKHBAILe YTHLAjA HOCTYNKA H3paje
Ha QusHuKoXeMHjcKe H (PyHKUMOHAJHE 0cOOHHe® MOKE Ce 3aK/bYYUTU Ja je KauaujaaT
YCNELIHO Peanu3oBa0 MNOCTaB/LEHE LUJbEBE HMCTPAKMBAILA M [a PE3yNTaTH NpUKalaHu y

.- JUCEpTauMjy NPEACTaB/bajy OPUIMHANAH M 3HAYajaH AONpHHOC y oBnactu (dapMaueyTeke.

' TEXHOJIOrHje, WTO je MOoTBpheHo nyONHKOoBameM [Ba paja Yy BPXYHCKHM MehyHapoOaHHUM

. yaconucuma (M21), jeHOr CAONIITERA ¢a CKYNa MelyHAPOAHOT 3Ha4aja ITAMIAHOT Y U3BOAY.

(M34) u jenHor caonurera ca CKyrna HaUMOHAIHOT 3Ha4aja 1WTaMIiaHor y uzegony (M64).

Komucuja y HaBeicHOM cacTaBy, CTOra, MO3HTHBHO OLEHYje JOKTOPCKY AMCEPTAaLMjy Mar.
dapm. Banentune Jaykoeuh u npennaxe HactapHo-HayuHoM Behy YHusepzutera y Beorpany
— ®apmaueyrckor (dakynTeta Oa npuxeard osaj M3pewrtaj 0 3aBpLIEHO] JOKTOPCKO]
Auceprauujn ¥ ynytd ra Belly HayuHux o0nacTd MEAMUMHCKMX Hayka, paju )105?1}&1-1:&
. CarfiaCHOCTH 3a jaBHY 0A0paHy AOKTOPCKE qucepTauuje,

ﬁ%’wmw lelivi—
1. Op cu. Cuexana Casuh, penosnu npodecop
YuusepsureT y beorpany — @apmaueyTcku GakysTer, npeace ik KOMUCH]e
(Yaxa nayuHa o0siacT: QapmaleyTCcKa TEXHOI0rHja)

AR W

2. Ip cu. Anexcanapa Jlakosuh, HayuHM CaBeTHHK
MHCTUTYT 3a TEXHOIOTH]Y HYKIIGAPHUX U JPYTUX MUHEPAIHMX CHPOBHHA, Beorpan
(Ysxa nayuna obnact: @uzudka xemmja — MaTepujaiu)

éﬁ//é{/ fé# :

3. JIp cu. Bpanka MBkoeuh, Banpenuu npodecop
YHuupepauter y beorpany — @apmaueyTtcku hakynarer
(Yxa Hayuna obnact: DapmaneyTeka MEQUUMHCKA XEMUja U CTPYKTYPHA aHAJIM3a)

Georpan, 11.06.2026.
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H3JABA MEHTOPA H KAH/AH/IATA JIA HCTPAXKHBARE 34 IOTPERE JOKTOPCKE
HAHCEPTALHIJE HUJE PABEHO Y 3J{PABCTBEHOJ YCTAHOBH

H3japibyjemo aa MCTpakHBamke 32 HOTpede H3pae HOKIOPCKE JHCEPTallkje T HACTIOBOM:

oo DOy NATEPLIRN U H#HE BASY XAAQIST U XUITOSHHA- KO DOTEUL WA Ay
OAPLFUCYTCKy  ERLLUNUISH Cy @ UOPANHBMEE A DOTNOLS USPARAE -
QUM oy e U DBET M QY Mol Wourd k€ OCoBUte

Huje paheHo y 37paBcTEeHO] YCTAHOBH.

TTornac MenToOpa

c:g %w#%

Hornue KaHiHiarTa

M bt
% v/

¥V Beerpany, OK.©6. 200 ¢




6/9/26, 10:56 AM Summary Report

Nanokompozitni materijali na bazi halojzitaii h... Similarity Index

By: Valentina Jaukovi¢
As of: Jun 9, 2026 10:40:46 AM

13%

47,653 words - 492 matches - 236 sources

Mode: Summary Report v

sources:

247 words / 1% - Internet
Raci¢, Andelka. "Polysaccharide mucoadhesive vehicles as carriers for antihistaminic drugs for
ophthalmic application”, YHuBepauteT y beorpaay, ®apmaueytcku GakynteTt, 2022

77 words / < 1% match - from 01-Nov-2025 12:00AM
fedorabg.bg.ac.rs

72 words / < 1% match - Internet
Savi¢, Sanela M.. "Parenteral nanoemulsions with poorly water-soluble psychopharmacological
drugs:: formulation, optimization and in vivo disposition evaluation", YHuBepauTtet y beorpaay,
dapmaueyTcku hakyntet, 2017

51 words / < 1% match - Internet

Nikoli¢, Ines. "Nanoemulsions prepared via spontaneous emulsification for dermal application of
curcumin: investigation of the interfacial phenomena in the colloidal system and their impact on
delivery efficiency and biological activity", YHuBep3uTteT y beorpaay, ®apmavieytcku dakynrtet, 2022

43 words / < 1% match - from 29-Nov-2025 12:00AM
fedorabg.bg.ac.rs

43 words / < 1% match - Internet from 27-Feb-2020 12:00AM
fedorabg.bg.ac.rs

35 words / < 1% match - Internet

Draskovié, Milica. "Formulation and characterization of orodispersible dosage forms containing_high
drug_load: contribution to mechanistic system understanding", YHuBep3uTteT y beorpaay,
dapmavuieyTcku dhakynteT, 2020

34 words / < 1% match - from 16-Mar-2026 12:00AM
fedorabg.bg.ac.rs

27 words / < 1% match - Internet
Dini¢, Miroslav. "Influence of bioactive molecules of lactobacilli on autophagy and inflamation
processes in in vitro and in vivo systems", YHuBep3autet y beorpany, Papmalieytcku dakyntet, 2018

https://app.ithenticate.com/en_us/report/121480835/summary

1133


https://nardus.mpn.gov.rs/handle/123456789/21387
https://nardus.mpn.gov.rs/handle/123456789/21387
https://fedorabg.bg.ac.rs/fedora/get/o:36907/bdef:Content/download
https://fedorabg.bg.ac.rs/fedora/get/o:17263/bdef:Content/download
https://fedorabg.bg.ac.rs/fedora/get/o:17263/bdef:Content/download
https://fedorabg.bg.ac.rs/fedora/get/o:17263/bdef:Content/download
https://fedorabg.bg.ac.rs/fedora/get/o:29064/bdef:Content/download
https://fedorabg.bg.ac.rs/fedora/get/o:29064/bdef:Content/download
https://fedorabg.bg.ac.rs/fedora/get/o:29064/bdef:Content/download
https://fedorabg.bg.ac.rs/fedora/get/o:37150/bdef:Content/download
https://fedorabg.bg.ac.rs/fedora/get/o:14480/bdef:Content/get
https://fedorabg.bg.ac.rs/fedora/get/o:22400/bdef:Content/download
https://fedorabg.bg.ac.rs/fedora/get/o:22400/bdef:Content/download
https://fedorabg.bg.ac.rs/fedora/get/o:22400/bdef:Content/download
https://fedorabg.bg.ac.rs/fedora/get/o:38168/bdef:Content/download
https://fedorabg.bg.ac.rs/fedora/get/o:18343/bdef:Content/download
https://fedorabg.bg.ac.rs/fedora/get/o:18343/bdef:Content/download

6/9/26, 10:56 AM Summary Report

27 words / < 1% match - Internet from 03-Dec-2020 12:00AM
fedorabg.bg.ac.rs

25 words / < 1% match - Internet

Rusmirovi¢, Jelena D.. "Dynamic-mechanical and thermal properties of composites based on
unsaturated polyester resins and modified silicon-dioxide and cellulose nanoparticles.", YHuBep3autet
y beorpany, TexHonowkKo-MeTanypLuku pakyntet, 2016

21 words / < 1% match - from 25-May-2024 12:00AM
fedorabg.bg.ac.rs

17 words / < 1% match - Internet

Ponjavi¢, Marijana M.. "Synthesis, characterization and application of biodegradable block
copolymers based on poly(e-caprolactone)_and poly(ethylene oxide)", YHuBepsuTet y Beorpaay,
TexHonouwKo-mMeTanypkun dakynter, 2017

16 words / < 1% match - from 29-Nov-2025 12:00AM
fedorabg.bg.ac.rs

16 words / < 1% match - Internet
Cveti¢anin, Jelena. "Functionalized materials based on carbon nanobutes”, YHuBepsautet y beorpaay,
dakynTteT 3a HUsnydky xemujy, 2013

11 words / < 1% match - Internet from 29-Feb-2020 12:00AM
fedorabg.bg.ac.rs

9 words / < 1% match - from 16-Mar-2026 12:00AM
fedorabg.bg.ac.rs

9 words / < 1% match - Internet from 27-Feb-2020 12:00AM
fedorabg.bg.ac.rs

8 words / < 1% match - from 06-Dec-2025 12:00AM
fedorabg.bg.ac.rs

8 words / < 1% match - Internet
Koci¢, Ivana A.. "Biopharmaceutical characterization of levothyroxine sodium immediate-release
tablets", YHuBepsutet y beorpany, ®apmaveytcku dakynret, 2013

6 words / < 1% match - Internet
Stajci¢, Aleksandar P.. "Synthesis and characterization of ethylcellulose polymer composite magnetic
membranes", YHuBep3uTeT y beorpaay, TexHonouko-MeTanypLiku dakynrtet, 2018

https://app.ithenticate.com/en_us/report/121480835/summary 2/133


https://fedorabg.bg.ac.rs/fedora/get/o:22979/bdef:Content/get
https://fedorabg.bg.ac.rs/fedora/get/o:14719/bdef:Content/download
https://fedorabg.bg.ac.rs/fedora/get/o:14719/bdef:Content/download
https://fedorabg.bg.ac.rs/fedora/get/o:14719/bdef:Content/download
https://fedorabg.bg.ac.rs/fedora/get/o:33684/bdef:Content/get
https://fedorabg.bg.ac.rs/fedora/get/o:17424/bdef:Content/download
https://fedorabg.bg.ac.rs/fedora/get/o:17424/bdef:Content/download
https://fedorabg.bg.ac.rs/fedora/get/o:17424/bdef:Content/download
https://fedorabg.bg.ac.rs/fedora/get/o:37145/bdef:Content/download
https://fedorabg.bg.ac.rs/fedora/get/o:7726/bdef:Content/download
https://fedorabg.bg.ac.rs/fedora/get/o:7726/bdef:Content/download
https://fedorabg.bg.ac.rs/fedora/get/o:10383/bdef:Content/get
https://fedorabg.bg.ac.rs/fedora/get/o:38166/bdef:Content/download
https://fedorabg.bg.ac.rs/fedora/get/o:11282/bdef:Content/get
https://fedorabg.bg.ac.rs/fedora/get/o:37246/bdef:Content/download
https://fedorabg.bg.ac.rs/fedora/get/o:7193/bdef:Content/download
https://fedorabg.bg.ac.rs/fedora/get/o:7193/bdef:Content/download
https://fedorabg.bg.ac.rs/fedora/get/o:19003/bdef:Content/download
https://fedorabg.bg.ac.rs/fedora/get/o:19003/bdef:Content/download

6/9/26, 10:56 AM Summary Report

164 words / < 1% match - Internet

Calija, Bojan R.. "Functionality of chitosans in formulation of alginate-chitosan microparticles as drug
carriers for nonsteroidal antiinflammatory drugs’, YHuBepautet y beorpaay, ®apmatieyTcku
takynrer, 2013

82 words / < 1% match - Internet
Salevi¢, Ana. "Synthesis and characterization of active fibers and films based on poly(e-caprolactone)
and zein", YHuBepsuteT y beorpaay, Mo/bonpuBpeanun dakynrtet, 2021

77 words / < 1% match - Internet

Todosijevi¢, Marija N.. "Formulation, physico-chemical characterization and biological testing_of
biocompatible microemulsions for dermal and transdermal delivery of aceclofenac", YHuBep3auTeT y
Beorpapy, ®apmateytcku dakyntet, 2017

61 words / < 1% match - Internet

[li¢, Tanja. "Micro- and nanostructured emulsion systems based on polyhydroxy surfactants for
aceclofenac delivery into/through the skin using chemical penetration enhancers and microneedles”,
YHuBepauteT y beorpaay, Papmaueyrcku dakyntet, 2019

35 words / < 1% match - Internet

Jankovié, Jovana. "Formulation and characterization of semisolid self-microemulsifying_ drug_delivery
system as potencial new generation carriers for oral delivery of aciclovir’, YHuBep3autet y Beorpaay,
dapmavueyTcku dhakyntet, 2020

27 words / < 1% match - Internet

Filipovi¢, Mila D.. "Cosmetic emulsion stabilized with a natural alkyl polyglucoside emulsifier containig
liposome-encapsulated plant stem cells:study of interfacial phenomena and biophysical
measurements on the skin', YunBepsutet y beorpaay, ®apmatieytcku dhakynrtet, 2017

18 words / < 1% match - Internet
Pavun, Leposava. "Spectrofluorimetric investigation of complex compounds of morin, hesperidin and
guercetin with aluminium", YHuBep3autet y beorpaay, ®akyntet 3a Guanyky xemujy, 2013

15 words / < 1% match - Internet

Timotijevi¢, Mirjana. "Polymeric film-forming systems for dermal delivery of betamethasone
dipropionate: defining_critical quality attributes by using optimised physicochemical, tribological and
biopharmaceutical tests", YHusepautet y beorpany, ®apmatieytcku hakyntet, 2022

12 words / < 1% match - Internet

Colovi¢, Bozana. "Biomimetic designing_of scaffolds based on hydroxyapatite for encapsulation of
antibiotics with controlled release", YHuBep3auTteT Y beorpaay, TeXHONOLWKO-MeTanypLiku dhakynTeT,
2013

11 words / < 1% match - Internet
Krsti¢, Sanja. "Synthesis, functionalization and application of activated carbon micro and nano
materials", YHuBepsutet y beorpaay, TexHonowko-MeTanypuku dakynrtet, 2018

https://app.ithenticate.com/en_us/report/121480835/summary 3/133


http://eteze.bg.ac.rs/application/showtheses?thesesId=840
http://eteze.bg.ac.rs/application/showtheses?thesesId=840
http://eteze.bg.ac.rs/application/showtheses?thesesId=840
http://eteze.bg.ac.rs/application/showtheses?thesesId=8201
http://eteze.bg.ac.rs/application/showtheses?thesesId=8201
http://eteze.bg.ac.rs/application/showtheses?thesesId=5507
http://eteze.bg.ac.rs/application/showtheses?thesesId=5507
http://eteze.bg.ac.rs/application/showtheses?thesesId=5507
http://eteze.bg.ac.rs/application/showtheses?thesesId=7330
http://eteze.bg.ac.rs/application/showtheses?thesesId=7330
http://eteze.bg.ac.rs/application/showtheses?thesesId=7330
http://eteze.bg.ac.rs/application/showtheses?thesesId=7496
http://eteze.bg.ac.rs/application/showtheses?thesesId=7496
http://eteze.bg.ac.rs/application/showtheses?thesesId=7496
http://eteze.bg.ac.rs/application/showtheses?thesesId=5776
http://eteze.bg.ac.rs/application/showtheses?thesesId=5776
http://eteze.bg.ac.rs/application/showtheses?thesesId=5776
http://eteze.bg.ac.rs/application/showtheses?thesesId=911
http://eteze.bg.ac.rs/application/showtheses?thesesId=911
https://eteze.bg.ac.rs/application/showtheses?thesesId=9060
https://eteze.bg.ac.rs/application/showtheses?thesesId=9060
https://eteze.bg.ac.rs/application/showtheses?thesesId=9060
http://eteze.bg.ac.rs/application/showtheses?thesesId=833
http://eteze.bg.ac.rs/application/showtheses?thesesId=833
http://eteze.bg.ac.rs/application/showtheses?thesesId=833
http://eteze.bg.ac.rs/application/showtheses?thesesId=6308
http://eteze.bg.ac.rs/application/showtheses?thesesId=6308

6/9/26, 10:56 AM Summary Report

10 words / < 1% match - Internet
Kaluderovi¢, Lazar M.. "Sorption of herbicides on inorganic and organic modified natural
montmorillonite from Bogovina', YHuBepauTeT y beorpaay, Pynapcko-reonowku dakynter, 2018

9 words / < 1% match - Internet
Radovanovié, Neda. "Plant growth biostimulators originated from marine environment intended for
agricultural application”, YHuBepauteT y beorpaay, TexHonowko-MeTanypLiku dakyntet, 2021

8 words / < 1% match - Internet

Panteli¢, Ivana N.. "Dermal bioavailability of antiinflammatory drugs from sugar emulsifier stabilized
bases: comparative application of in vitro / in vivo characterization methods", YHuBepautet y
beorpany, ®apmatieytckm dakynret, 2013

8 words / < 1% match - Internet

MiloSevi¢, Milica V.. "Nanocomposites with antimicrobial properties synthesized by photoreduction of
silver ions on the surface of differently shaped titanium(lV)-oxide nanocrystals deposited on textile
materials.", YHuBepautet y beorpaay, TexHonoLWKO-MeTanypLikm hakyntet, 2017

8 words / < 1% match - Internet

Obeid, Samiha. "Investigation of the influence of model design and 3D printing_parameters on model
drug dissolution from tablets obtained by fused deposition modelling’, YHuBepauTtet y Beorpaay,
dapmalieyTcku hakyntet, 2022

7 words / < 1% match - Internet

Mudrinié, Tihana. "The influence of the interaction between iron and nickel on electrochemical
behavior of electrodes based on bentonites modified with acids and polyhydroxy cations.”,
YuuBepauteT y beorpaay, Pakynrtet 3a huanuky xemujy, 2016

110 words / < 1% match - from 04-Dec-2023 12:00AM
nardus.mpn.gov.rs

97 words / < 1% match - from 04-Dec-2023 12:00AM
nardus.mpn.gov.rs

16 words / < 1% match - Internet
Korica, Matea D.. "Obtaining_of bioactive nanostructured materials based on cellulose and chitosan’,
YHuuBep3autet y beorpaay, TexHonoWKo-MeTanypLku dakyntet, 2020

14 words / < 1% match - Internet

Loncarski Maja. "Impact of physicochemical properties of microplastics and selected persistent
organic pollutants on interactions in the aqueous matrix", YHueepauteT y HoBom Cazy, MNpupoaHo-
MaTeMaTuyku hakyntet, 2020

https://app.ithenticate.com/en_us/report/121480835/summary 4/133


http://eteze.bg.ac.rs/application/showtheses?thesesId=5701
http://eteze.bg.ac.rs/application/showtheses?thesesId=5701
https://eteze.bg.ac.rs/application/showtheses?thesesId=8689
https://eteze.bg.ac.rs/application/showtheses?thesesId=8689
http://eteze.bg.ac.rs/application/showtheses?thesesId=1016
http://eteze.bg.ac.rs/application/showtheses?thesesId=1016
http://eteze.bg.ac.rs/application/showtheses?thesesId=1016
http://eteze.bg.ac.rs/application/showtheses?thesesId=5316
http://eteze.bg.ac.rs/application/showtheses?thesesId=5316
http://eteze.bg.ac.rs/application/showtheses?thesesId=5316
https://eteze.bg.ac.rs/application/showtheses?thesesId=9117
https://eteze.bg.ac.rs/application/showtheses?thesesId=9117
https://eteze.bg.ac.rs/application/showtheses?thesesId=9117
http://eteze.bg.ac.rs/application/showtheses?thesesId=3656
http://eteze.bg.ac.rs/application/showtheses?thesesId=3656
http://eteze.bg.ac.rs/application/showtheses?thesesId=3656
https://nardus.mpn.gov.rs/bitstream/handle/123456789/21917/Disertacija_14426.pdf?isAllowed=y&sequence=1
https://nardus.mpn.gov.rs/bitstream/handle/123456789/21918/Disertacija_14427.pdf?isAllowed=y&sequence=1
https://nardus.mpn.gov.rs/handle/123456789/18224
https://nardus.mpn.gov.rs/handle/123456789/18224
http://nardus.mpn.gov.rs/bitstream/id/66435/Disertacija.pdf
http://nardus.mpn.gov.rs/bitstream/id/66435/Disertacija.pdf
http://nardus.mpn.gov.rs/bitstream/id/66435/Disertacija.pdf

6/9/26, 10:56 AM Summary Report

12 words / < 1% match - Internet

Stefanovié, lvan. "Synthesis and characterization of polyurethane copolymers based on
poly(propylene oxide)-block- poly(dimethylsiloxane)-block- poly(propylene oxide) and their
nanocomposites with organomodified clay.’, YHuBepauteT y beorpaay, Xemujcku dakyntet, 2017

9 words / < 1% match - from 19-May-2023 12:00AM
nardus.mpn.gov.rs

9 words / < 1% match - Internet

Milanovié, Ana. "Optimization of hot-melt coating_in a fluidized-bed apparatus: preparation and
characterization of modified release paracetamol granules’, YHuBepauteT y beorpaay,
dapmaueyTcku hakyntet, 2021

8 words / < 1% match - from 12-Sep-2023 12:00AM
nardus.mpn.gov.rs

8 words / < 1% match - Internet
Duvnjak, Dunja K.. "Selenium acumulation in submerged and industrial cultivated Coriolus versicolor
mushroom", YHuBep3uTeT Yy beorpaay, NossonpuepenHu hakyntet, 2017

8 words / < 1% match - Internet
Jankovi¢, Zoran. "Electrical conductivity and characterization of polymer composites filled with
chemically and electrochemically obtained metal powders", YHnBepauteT y beorpaay, TexHUYKK

125 words / < 1% match - Internet
Cetkovié, Zora. "Formulation and in vitro/in silico characterization of lipid-based drug_delivery systems
with simvastatin as model substance", YuuBep3autet y beorpaay, Papmatieytcku dakynteT, 2021

61 words / < 1% match - Internet

Bubi¢ Paji¢, Natasa. "Chemical and physical enharcens for dermal delivery of poorly soluble drugs:
comparative study of microemulsions, solid and dissolvable microneedles", YHuBep3autet y beorpaay,
dapmaueyTcku hakynteT, 2020

59 words / < 1% match - Internet
Mili¢, Jela, Calija, Bojan, Kraji$nik, Danina. "Funkcionalnost ekscipijenasa - znacaj_i farmakopejski
status", Arhiv za farmaciju, 2016

44 words / < 1% match - Internet
Calija, Bojan, Mili¢, Jela, Krajisnik, Danina, RaCié, Andelka. "Karakteristike i primena hitozana u
farmaceutskim/biomedicinskim preparatima’, Arhiv za farmaciju, 2013

8 words / < 1% match - Internet

Todorovié, Vanja. "Investigation of cocoa powder's antioxidant and antimicrobial potential and its
impact on mice behavior after short-term and long-term supplementation.”, YHuBep3uteT y beorpagy,
dapmavuieyTcku hakynter, 2018
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71 words / < 1% match - Internet
Oalde Pavlovié, Mariana. "Biological activity of commercial medicinal Lamiaceae plant extracts from
Serbia", YHuBep3utet y beorpaay, buonouwku hakynrtet, 2022

29 words / < 1% match - Internet
Madzarevi¢, Marijana. "3D printing_of tablets by photopolymerization and selective laser sintering:
development and process optimisation’, YHuBepautet y beorpaay, ®apmatieyrcku hakyntet, 2023

55 words / < 1% match - Internet

Markovié, Bojana M.. "Synthesis, characterization and application of macroporous nanocomposites of
glycidyl methacrylate and magnetite", YHuBepauteT y beorpaay, TexHoNoLWKo-MeTanypLIKu
takynrer, 2019

16 words / < 1% match - Internet
Filipovi¢, Nenad. "Synthesis and characterization of poly (e-caprolactone) / selenium nanoparticles
biocomposite", Univerzitet u Beogradu, Fakultet za fizicku hemiju, 2018

15 words / < 1% match - Internet
Vasi¢, Marija B.. "Optimizacija i fotokatalitiCka primena nanostrukturnog Ti02", YHuBepauTteT y Huuy,
MNpuponHo-MaTemMaTnykm hakynrtet, 2017

13 words / < 1% match - Internet

Vunduk, Jovana D.. "Chemical characterization and biological properties of polysaccharide extracts of
fungi Fomes fomentarius, Auricularia auricula-judae and Sparassis crispa.’, YHuBep3uteT y beorpany,
MomwonpuBpeaxn dakynter, 2017

27 words / < 1% match - Internet from 19-Dec-2021 12:00AM
uvidok.rcub.bg.ac.rs

26 words / < 1% match - Internet from 26-Aug-2022 12:00AM
uvidok.rcub.bg.ac.rs

13 words / < 1% match - Internet from 26-Aug-2022 12:00AM
uvidok.rcub.bg.ac.rs

9 words / < 1% match - Internet from 09-Nov-2022 12:00AM
uvidok.rcub.bg.ac.rs

73 words / < 1% match - Crossref

Valentina Jaukovié, Danina KrajiSnik, Aleksandra Dakovi¢, Ana Damjanovi¢ et al. "Influence of
selective acid-etching_on functionality of halloysite-chitosan nanocontainers for sustained drug
release"”, Materials Science and Engineering; C, 2021
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53 words / < 1% match - from 31-Mar-2024 12:00AM
utvsi.com

50 words / < 1% match - ProQuest
lli¢, Marko. "Razvoj i Primena Novih Metoda za Odredivanje Autenti¢nosti Ulja Semena i Plodova
Razlicitih Biljnih Vrsta.", University of Novi Sad (Serbia),

47 words / < 1% match - ProQuest
DZunuzovié, Enis S.. "Dobijanje Nanokompozita na Bazi termoplasti¢nih Polimera i Uticaj nanocestica
Oksida Titana i Gvozda na Njihova Svojstva", University of Belgrade (Serbia), 2024

46 words / < 1% match - ProQuest 3
Krsti¢, Marko Z.. "Formulacija i Karakterizacija Cvrstih Samo-Dispergujuc¢ih Nosa¢a Karbamazepina
Izradenih sa Poroznim Adsorbensima’, University of Belgrade (Serbia), 2024

35 words / < 1% match - Internet
Vukovié, Goran. "Synthesis, Characterization and Application of Functionalized Carbon Nanotubes”,
Belgrade : University of Belgrade, Faculty of Technology and Metallurgy, 2010

8 words / < 1% match - Internet
Sknepnek, Aleksandra. "Karakteristike ¢ajne gljive - kombuhe, fermentisane u prisustvu ekstrakata
odabranih vrsta medicinskih gljiva’, Univerzitet u Beogradu, Poljoprivredni fakultet, 2019

37 words / < 1% match - ProQuest
Vasiljevi¢, Sanja. "Uticaj uslova koagulacionog procesa na efikasnost uklanjanja mikroplastike u
tretmanu voda.", University of Novi Sad (Serbia)

36 words / < 1% match - ProQuest
Stojicevi¢, Aleksandra S.. "Stabilizacija Hladno Presovanog_Suncokretovog Ulja Primenom Etarskih
Ulja i Ekstrakata Odabranih Vrsta Lekovitog i Zac¢inskog Bilja", University of Belgrade (Serbia), 2024

18 words / < 1% match - Internet from 24-Dec-2018 12:00AM
fedorani.ni.ac.rs

9 words / < 1% match - Internet from 06-Mar-2020 12:00AM
fedorani.ni.ac.rs

8 words / < 1% match - Internet
Miladinovi¢, Marija. "Quicklime-catalyzed methanolysis of sunflower oil", YHuBepautet y Huuy,
TexHonouwku dhakyntet, Jleckosall, 2013

33 words / < 1% match - ProQuest
Zelenovi¢, Nevena D.. "Ispitivanje interakcija sekundarnih metabolita elaginske kiseline (urolitina)_sa
albuminima i ekstracelularnim vezikulama.", University of Belgrade (Serbia)
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32 words / < 1% match - Crossref 5
Natasa Bubié-Paji¢, Biljana Gatari¢, Jelena Civcija, Gordana Vuleta. "Nanopharmaceuticals:
Characteristics of importance for pharmaceutical practice", Arhiv za farmaciju, 2017

32 words / < 1% match - ProQuest
Cakarevié¢, Jelena. "In Vitro Digestija i Njen Uticaj Na Aktivnost, Stabilnost i Dostupnost BiolosSki
Aktivnih Jedinjenja", University of Novi Sad (Serbia), 2022

31 words / < 1% match - ProQuest
Posi¢, Marija S.. "Biokeramicke Prevlake na Bazi Kalcijum-Fosfatnih Jedinjenja Dobijene na Titanu
Elektrohemijskim Metodama", University of Belgrade (Serbia), 2024

30 words / < 1% match - from 02-Jun-2026 12:00AM
eur-lex.europa.eu

27 words / < 1% match - Internet from 03-May-2022 12:00AM
apps.unizg.hr

26 words / < 1% match - ProQuest

Spasojevié, Jelena P.. "Radijaciono-Hemijska Sinteza Termo-I pH-Osetljivih Antibakterijskih
Srebro/Poli(N-1zopropilakrilamid-Ko- [takonska Kiselina) Nanokompozita", University of Belgrade
(Serbia), 2024

25 words / < 1% match - ProQuest

PecaHoBuh, MBaHa M.. "Y1uuaj Tepanuje KuceoHnkom nopa XunepbapuyHmm Ycnosmma Ha HMBo u
CactaB MacHux KrcenvHa y lNnasmu, n Perynauujy Ekcnpecuje n AKTuBHoctu UHAyLMOUAHE A30T-
MoHokena-CuHTtase y Jiumdountuma MaumjeHaTta ca MHcynmH-3aBucHumM Jujabetecom’, University
of Belgrade (Serbia), 2024

23 words / < 1% match - ProQuest

Petrovic, Jelena M.. "Uticaj Magnezijuma na Ponasanje, Neuroendokrine i Poromene na Miokardu
Uzrokovane HiperaktivnoScu Osovine Hipotalamus-Hipofiza-Nadbubreg kod Pacova.",_University of
Belgrade (Serbia), 2024

23 words / < 1% match - ProQuest

Simié, Vera S.. "Antimikrobna Citotoksi¢na | Genotoksi¢na Aktivhost Novosintetisanih Kompleksa
Paladijuma(ll)_| Platine(ll)_Sa 2-(Difenilfosfino) Benzaldehid-1-Adamantoilhidrazonom", University of
Belgrade (Serbia), 2024

23 words / < 1% match - ProQuest
Trifkovi¢, Kata T.. "Hidrogelovi na Bazi Hitozana za Kontrolisano otpustanje Polifenola”, University of
Belgrade (Serbia), 2024

22 words / < 1% match - ProQuest
Beloica, Sofija V.. "Mehanisticko Modelovanje i Moguénost Predvidanja Brzine Rastvaranija Lekovite
Supstance iz Tableta in Vitro i in Vivo", University of Belgrade (Serbia), 2024
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22 words / < 1% match - ProQuest
NesSovié, Marija D.. "Uloga Inhibitora SRC Tirozin-Kinaze u Prevazilazenju Urodeno Rezistentnog_i
Invanzivnog Fenotipa Glioblastoma", University of Belgrade (Serbia), 2024

22 words / < 1% match - Crossref

Valentina Jaukovié, Bojan Calija, Branka Ivkovié, Vitaliy V. Khutoryanskiy et al. "Modification of
selectively acid-etched halloysite by mucoadhesive chitosan derivatives: New bionanocomposites
with improved functional properties"”, Materials Chemistry and Physics, 2024

22 words / < 1% match - Internet
Loncarevi¢, Branka. "Optimization of levan production from bacterium Bacillus licheniformis and its
application in copolymer synthesis.", YHuBep3auteT y beorpaay, Xemujcku cakyntet, 2019

21 words / < 1% match - ProQuest
Kragovi¢, Milan M.. "Uklanjanje Jona Olova iz Vodenih Rastvora Upotrebom Prirodnog_i Fe(lll)-
Modifikovanog_Zeolita", University of Belgrade (Serbia), 2024

21 words / < 1% match - ProQuest
Maletin, Marija Z.. "Synthesis, Characterization and Application of New Adsorbents and lon Exchange
Materials for Nickel Removal From Water.", University of Novi Sad (Serbia)

21 words / < 1% match - ProQuest
Vucdijak, Nada M.. "Algoritam za Odredivanje Fazne Razlike Sinusnih Signala Niskih U¢estanosti",
University of Belgrade (Serbia), 2024

20 words / < 1% match - ProQuest
Finaur, Nina. "Fotolitiaka i fotokatalitiaka razgradnja odabranih psihoaktivnih komponenata lekova u
vodenoj sredini.", University of Novi Sad (Serbia), 2020

20 words / < 1% match - ProQuest

Mitrovi¢, Jelena S.. "Antioksidativni Potencijal Polifenola i Ulja Semena Koprive (Urtica Dioica L)_i
Karakterizacija Proizvoda od PSeni¢nog Brasna sa Dodatkom Semena Koprive", University of Nis
(Serbia), 2024

20 words / < 1% match - ProQuest
Svonja, Parezanovic Gordana. "Uticaj Vlage i Sastojaka Formulacije Na oslobaa'anje Lamotrigina |z
Tableta Sa Trenutnim oslobaa‘anjem.”, University of Novi Sad (Serbia), 2021
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University of Belgrade (Serbia), 2024
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19 words / < 1% match - ProQuest
Trumié, Maja S.. "Model kinetike izdvajanja Cestica tonera iz vodene suspenzije papira’, University of
Belgrade (Serbia), 2024

18 words / < 1% match - ProQuest
Boskovi¢, Marija D.. "Ispitivanje Uticaja Odabranih Etarskih Ulja na Rast Salmonella Spp u Mesu Svinja
Pakovanog_u Vakuum i Modifikovanu Atmosferu", University of Belgrade (Serbia), 2024

18 words / < 1% match - ProQuest
Nesi¢, Aleksandra R.. "Karakterizacija i primena kompleksa na bazi hitozana i amidovanog_pektina za
uklanjanje azo boja iz vodenih rastvora”, University of Belgrade (Serbia), 2024

18 words / < 1% match - ProQuest
Pavlovic, Ksenija. "Mikrotalasno stimulisane transformacije prirodnih i sintetickih karboksilnih kiselina
injihovih derivata.", University of Novi Sad (Serbia), 2020

18 words / < 1% match - ProQuest
Radoici¢, Marija B.. "Nanokompoziti na Bazi Polianilina i Titan (IV)-Oksida: Sinteza, Karakterizacija i
Primena u Fotokatalizi", University of Belgrade (Serbia), 2024

18 words / < 1% match - ProQuest
Rakic, Milana. "Diverzitet makrogljiva i njihova uloga u monitoringu stanja sumskih ekosistema
Srbije.", University of Novi Sad (Serbia), 2020

18 words / < 1% match - ProQuest
Raki¢, Aleksandra A.. "Nanostrukture Polianilina Sintetisane Oksidativnom Polimerizacijom Anilina u
Sistemima Bez Dodatka Kiseline",_University of Belgrade (Serbia), 2024

18 words / < 1% match - Crossref
Valentyn Dzyhovskyi, Arianna Romani, Walter Pula, Agnese Bondi et al. "Characterization Methods for
Nanoparticle—Skin Interactions: An Overview", Life, 2024

18 words / < 1% match - Internet
Vukié, Nevena. "Structuring_of composite materials based on poly(lactide) and carbon nanotubes”,
YHuuBepauteT y HoBom Caay, TexHonouwku dhakyntert, 2019

17 words / < 1% match - ProQuest
Barudzija, Tanja S.. "Ispitivanje Strukturnih i Magnetnih Svojstava Razli€itih Polimorfa Mangan-
Dioksida", University of Belgrade (Serbia), 2024

17 words / < 1% match - ProQuest

Krsmanovié, Nenad. "Potencijal Lignikolnih Vrsta Gljiva Schizophyllum Commune Fr. 1815.,
Flammulina Velutipes (Curtis) Singer 1951., Trametes Versicolor (L.)_Lloyd 1921, | Pleurotus Ostreatus
(Jacg. Ex Fr.) Pkumm. (1871) za Proizvodnju Biomaterijala | Funkcionalne Hrane",_University of Novi
Sad (Serbia), 2025
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17 words / < 1% match - ProQuest
Raji¢, Vladimir B.. "Kristalna Struktura, Opti¢ka i Magnetna Svojstva Nanocestica Zn1-xFeyO(1-x+1.5y),
(0.06 < y/(1-x).< 0.27)", University of Belgrade (Serbia), 2024

17 words / < 1% match - ProQuest

Vasiljevic, Bojana. "Microwave-assisted Synthesis of Selected Naphthenic and Bile Acids Derivatives,
Exam in Their Biological Activity as Well as Thermal and Chemical Stability of Selected Medicines",
University of Novi Sad (Serbia), 2020

17 words / < 1% match - ProQuest
Vasiljevi¢, Ivana |.. "Doprinos Savremenih Matematic¢kih Pristupa MehanisticCkom Razumevanju
Farmaceutsko-Tehnoloskih Karakteristika ViSeCesti¢nih Sistema.", _University of Belgrade (Serbia)

17 words / < 1% match - Internet from 19-May-2022 12:00AM
www.ph.bg.ac.rs

16 words / < 1% match - ProQuest
Lopici¢, Zorica R.. "Proucavanje sorpcionog_i energetskog_potencijala otpadne biomase Prunus
persica L.", University of Belgrade (Serbia), 2024

16 words / < 1% match - ProQuest
Petronijevi¢, Nela, Nela,. "Ispitivanje mehanizma neutralizacije kiselih rudnic¢kih voda koriSéenjem
flotacijske jalovine i lete¢eg_pepela.’, University of Belgrade (Serbia)

16 words / < 1% match - ProQuest
Radenovic, Dunja. "Uticaj Starenja Stabilizovanog_i Solidifikovanog Sedimenta Na Strukturne
Karakteristike Matriksa i izluzivanje Metala", University of Novi Sad (Serbia), 2021

16 words / < 1% match - Internet

Velinov, Nena D.. "Sinteza, karakterizacija i primena biosorbenata na bazi razli¢itih ligno-celuloznih
materijala hemijski modifikovanih pomocéu Al[sub]20[sub]3", Yuusepsutet y Huuiy, MpupoaHo-
MaTemaTuyku hakyntet, 2019

16 words / < 1% match - Internet from 07-Mar-2023 12:00AM
iss.rs

16 words / < 1% match - from 30-Jul-2024 12:00AM
link.springer.com

15 words / < 1% match - ProQuest
Miletic, Aleksandra. "Funkcionalni materijali na bazi elektrospinovanih nanovlakana.", University of
Novi Sad (Serbia), 2020
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14 words / < 1% match - ProQuest
Kuzminac, Ivana. "Sinteza i antitumorski potencijal C19-derivatizovanih steroidnih D-homo laktona.’,
University of Novi Sad (Serbia), 2020

14 words / < 1% match - ProQuest
Milosavljevié, Nedeljko. "Sinteza, karakterizacija i primena hidrogelova za izdvajanje bakra, kadmijuma
i cinka iz vodenih rastvora", University of Belgrade (Serbia), 2024

14 words / < 1% match - ProQuest 3
Milovanovi¢, Stoja L.. "Impregnacija Timola na Cvrste Nosace Natkriti¢nim Ugljenik(IV)-Oksidom",
University of Belgrade (Serbia), 2024

14 words / < 1% match - ProQuest
Obradovi¢, Maja D.. "Elektrohemijsko taloZenje | karakterizacija legure Ni-W", University of Belgrade
(Serbia), 2024

14 words / < 1% match - Crossref
Tatjana Simi¢. "Significance of thiol-disulfide balance in SARS-CoV-2 infection", Medicinski
podmladak, 2021

14 words / < 1% match - Internet from 20-Dec-2022 12:00AM
downloads.regulations.gov

13 words / < 1% match - ProQuest
Bajac, Jelena D.. "Dobijanje emulzionih nosaaa aktivnih materija primenom homogenizera i
membranskim emulgovanjem u celiji sa mesanjem.", University of Novi Sad (Serbia), 2020

13 words / < 1% match - ProQuest
Karanac, Milica M.. "Primena Elektrofilterskog Pepela Modifikovanog Kalcijum-Hidroksidom i
Oksidima Zeleza za Uklanjanje Jona Teskih Metala iz Vode", University of Belgrade (Serbia), 2024

13 words / < 1% match - ProQuest

LjesSevié, Marija B.. "Mikrobna degradacija sloZzenih aromatiénih zagadujuéih supstanci | analiza
proizvoda biodegradacije sveobuhvatnom dvodimenzionalnom gasnom hromatografijom sa
masenom spektrometrijom”, University of Belgrade (Serbia), 2024

13 words / < 1% match - ProQuest
Pajnik, Jelena M.. "Primena natkriticnog_ugljenik(iv)-oksida za dobijanje materijala sa repelentnim
svojstvima na bazi piretrina”, University of Belgrade (Serbia), 2024

13 words / < 1% match - ProQuest
Pavlovi¢, Miroslav M.. "Sinteza i Karakterizacija Elektroprovodnih Kompozitnihmaterijala na Bazi
Biorazgradivih Polimera i Prahova Metala", University of Belgrade (Serbia), 2024

https://app.ithenticate.com/en_us/report/121480835/summary 12/133


http://gateway.proquest.com/openurl?res_dat=xri%3Apqm&rft_dat=xri%3Apqdiss%3A27818939&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Adissertation&url_ver=Z39.88-2004
http://gateway.proquest.com/openurl?res_dat=xri%3Apqm&rft_dat=xri%3Apqdiss%3A27818939&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Adissertation&url_ver=Z39.88-2004
https://gateway.proquest.com/openurl?res_dat=xri%3Apqm&rft_dat=xri%3Apqdiss%3A30960245&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Adissertation&url_ver=Z39.88-2004
https://gateway.proquest.com/openurl?res_dat=xri%3Apqm&rft_dat=xri%3Apqdiss%3A30960245&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Adissertation&url_ver=Z39.88-2004
https://gateway.proquest.com/openurl?res_dat=xri%3Apqm&rft_dat=xri%3Apqdiss%3A30960313&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Adissertation&url_ver=Z39.88-2004
https://gateway.proquest.com/openurl?res_dat=xri%3Apqm&rft_dat=xri%3Apqdiss%3A30960313&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Adissertation&url_ver=Z39.88-2004
https://gateway.proquest.com/openurl?res_dat=xri%3Apqm&rft_dat=xri%3Apqdiss%3A30959559&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Adissertation&url_ver=Z39.88-2004
https://gateway.proquest.com/openurl?res_dat=xri%3Apqm&rft_dat=xri%3Apqdiss%3A30959559&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Adissertation&url_ver=Z39.88-2004
https://doi.org/10.5937/mp72-32874
https://doi.org/10.5937/mp72-32874
https://downloads.regulations.gov/FDA-2011-D-0489-0002/attachment_1.pdf
http://gateway.proquest.com/openurl?res_dat=xri%3Apqm&rft_dat=xri%3Apqdiss%3A27819356&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Adissertation&url_ver=Z39.88-2004
http://gateway.proquest.com/openurl?res_dat=xri%3Apqm&rft_dat=xri%3Apqdiss%3A27819356&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Adissertation&url_ver=Z39.88-2004
https://gateway.proquest.com/openurl?res_dat=xri%3Apqm&rft_dat=xri%3Apqdiss%3A30959945&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Adissertation&url_ver=Z39.88-2004
https://gateway.proquest.com/openurl?res_dat=xri%3Apqm&rft_dat=xri%3Apqdiss%3A30959945&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Adissertation&url_ver=Z39.88-2004
https://gateway.proquest.com/openurl?res_dat=xri%3Apqm&rft_dat=xri%3Apqdiss%3A30970422&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Adissertation&url_ver=Z39.88-2004
https://gateway.proquest.com/openurl?res_dat=xri%3Apqm&rft_dat=xri%3Apqdiss%3A30970422&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Adissertation&url_ver=Z39.88-2004
https://gateway.proquest.com/openurl?res_dat=xri%3Apqm&rft_dat=xri%3Apqdiss%3A30970422&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Adissertation&url_ver=Z39.88-2004
https://gateway.proquest.com/openurl?res_dat=xri%3Apqm&rft_dat=xri%3Apqdiss%3A30960074&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Adissertation&url_ver=Z39.88-2004
https://gateway.proquest.com/openurl?res_dat=xri%3Apqm&rft_dat=xri%3Apqdiss%3A30960074&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Adissertation&url_ver=Z39.88-2004
https://gateway.proquest.com/openurl?res_dat=xri%3Apqm&rft_dat=xri%3Apqdiss%3A30960318&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Adissertation&url_ver=Z39.88-2004
https://gateway.proquest.com/openurl?res_dat=xri%3Apqm&rft_dat=xri%3Apqdiss%3A30960318&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Adissertation&url_ver=Z39.88-2004

6/9/26, 10:56 AM Summary Report

13 words / < 1% match - ProQuest
Taci¢, Ana D.. "Razvoj | karakterizacija naprednih farmaceutskih sistema sa sulfanilamidom”,
University of Nis (Serbia), 2024

12 words / < 1% match - ProQuest
Beljin, Jelena. "Karakterizacija bioremedijacionih procesa u sedimentima zagadenim policiklicnim
aromaticnim ugljovodonicima i procena biodostupnosti®, University of Novi Sad (Serbia), 2020

12 words / < 1% match - ProQuest
Dragoijlovi¢, Danka. "Potencijal brasna Od razlicitih Vrsta Insekata Kao Alternativnih Izvora Proteina u
Ishrani Zivotinja", University of Novi Sad (Serbia), 2023

12 words / < 1% match - ProQuest
Sentié, Milica N.. "Elektrogenerisana Hemiluminiscencija: Ispitivanje Mehanizma i Njena Primena u
Bioanalitici", University of Belgrade (Serbia), 2024

12 words / < 1% match - ProQuest
Stojkovié, Aleksandra M.. "Biofarmaceutska Karakterizacija Interakcije Ciprofloksacina i Jona Metala”,
University of Belgrade (Serbia), 2024

12 words / < 1% match - ProQuest

Skori¢, Marija Lj. Lugié. "Uklanjanje Boja za Tekstil iz Vode Fotokatalitickom Degradacijom u Prisustvu
Nanocestica Titan-dioksida Imobilisanih na Hidrogelove Hitozana i Alginata", University of Belgrade
(Serbia), 2024
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antibiotics: The effect of chitosan molar mass", Journal of Applied Polymer Science, 2019
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Sovljanski, Olja. "Mikrobioloska Precipitacija Karbonata — Od Odabira Induktora Do Ispitivanja
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Apostolovi¢, Tamara. "Ispitivanje Mehanizma Transporta Odabranih Organskih Polutanata Kroz
Aluvijalni Sloj Reke Dunav Kao Doprinos izu¢avanju Procesa Obalske Filtracije", University of Novi Sad
(Serbia), 2022

10 words / < 1% match - ProQuest
Brzi¢, Sasa J.. "Uticaj_Tri(2,3- Epoksipropil)lzocijanurata Kaovezujuéeg Agensa na Karakteristike
Kompozitnih Raketnih Goriv", University of Belgrade (Serbia), 2024

10 words / < 1% match - ProQuest

Gligorovska, Ljupka N.. "Metabolizam Lipida i Signalni Put Glukokortikoida u Visceralnom Masnom
Tkivu i Jetri Mif-/-MiSeva na Rezimu Ishrane Obogacéene Fruktozom", University of Belgrade (Serbia),
2024

10 words / < 1% match - ProQuest
Jankovi¢, Marijana Z.. "Proteinski Profili PSenice i Njihov Uticaj na Tehnoloska Svojstva Brasna",
University of Belgrade (Serbia), 2024

10 words / < 1% match - ProQuest
Kosutic, Milenko. "Ekstrudirani Fleks Proizvod sa Dodatkom Divljeg Origana i Konzumnog Suncokreta
Kao Funkcionalnih Komponenti", University of Novi Sad (Serbia), 2021

10 words / < 1% match - ProQuest

Kuzmanovi¢, Bojana R.. "Struktura i Elektrohemijska Svojstva Polianilina i Njegovih Kompozita
Sintetisanih u Prisustvu Nestehiometrijskog_Cerijum(IV)-Oksida Ce02-6-- Eksperimentalni i Teorijski
Pristup"”, University of Belgrade (Serbia), 2024

10 words / < 1% match - Crossref

Mehmet Can, Sahin Demirci, Yildiz Yildrim, Canan Cakir Coban, Mustafa Turk, Nurettin Sahiner.
"Modification of halloysite clay nanotubes with various alkyl halides, and their characterization, blood
compatibility, biocompatibility, and genotoxicity", Materials Chemistry and Physics, 2021
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Milakovi¢, Dragana. "Populaciona farmakokinetika linezolida i uspostavljanje korelacije sa
parametrima efikasnosti i bezbjednosti kod pacijenata sa akutnim respiratornim distres sindromom
na veno-venskoj ekstrakorporalnoj membranskoj oksigenaciji.", University of Belgrade (Serbia)

10 words / < 1% match - ProQuest
Mrkonijic, Zorica. "Fitohemijska karakterizacija i biohemijska ispitivanja plodova vrsta roda Sorbus L.
1753 (Rosaceae, Maloideae) kao izvora prirodnih nutraceutika.”, University of Novi Sad (Serbia), 2020

10 words / < 1% match - ProQuest
Raskovi¢, Brankica G. "Ispitivanje Stabilnosti Serin- | Cistein-Proteaza na Niskim Temperaturama’,
University of Belgrade (Serbia), 2024
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Simetic, Tajana M.|DiD D%DuN,D Ny, D¢D°N"D°D%D° M.. "Degradacija Odabranih Organskih
ZagaA'ujucih Materija u Vodi Primenom UnapreA'enih Oksidacionih Procesa.", University of Novi Sad
(Serbia), 2023

10 words / < 1% match - ProQuest

Stankovic, Aljosa. "Sinteza i Karakterizacija Radiofarmaceutika na Bazi Superparamagnetnih
Nanocestica i Efekat Dualne Terapije na Eksperimentalnom Modelu Adenokarcinoma Kolona",
University of Novi Sad (Serbia), 2022

10 words / < 1% match - ProQuest

Tubic, Aleksandra. "Effect of Ozone, Ozone/Hydrogen Peroxide and Hypochlorite on Natural Organic
Matter and Oxidation By-products Content in Water after Coagulation, Flocculation and Adsorption
Processes.", University of Novi Sad (Serbia), 2020

10 words / < 1% match - ProQuest
Vladimir, Tadic. "Fazifikacija Gaborovog filtra i njena primena u detekciji registarskih tablica.",
University of Novi Sad (Serbia), 2020

10 words / < 1% match - ProQuest

Vucenovié, Valentina D. Topié. "Razvoj Populacionog biokineti¢kog_ i Dinami¢kog Modela
Radioaktivhog Joda(1311)_i Primena u Optimizaciji Doziranja Kod Pacijenata sa Benignim Oboljenjem
Stitaste Zlezde", University of Belgrade (Serbia), 2024

10 words / < 1% match - ProQuest
Salipur, Hristina V.. "Dobijanje vodonika fotokatalitickim razlaganjem vode kori§éenjem dopiranih
titanatnih nanokatalizatora.", University of Belgrade (Serbia)

10 words / < 1% match - ProQuest

Zivanovié, Bojana R.. "Uticaj Ciklusa Suse na Metabolizam Ugljenih Hidrata i Antioksidanata Kod
Divljeg_Tipa i Flacca Mutanta Paradajza (Lycopersicum Esculentum Mill.) Gajenih na Razli¢itim
Svetlosnim Rezimima", University of Belgrade (Serbia), 2024

9 words / < 1% match - ProQuest
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University of Belgrade (Serbia), 2024
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Bebi¢, Jelena M.. "Imobilizacija lakaze za primenu u razgradnji organskih zagadujuéih materija’,
University of Belgrade (Serbia), 2024
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Cajko, Kristina. "Dobijanje i karakterizacija 2D i 3D funkcionalnih materijala iz klase halkogenida
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Engineering_ Materials, 2016.
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Ivanovska, Aleksandra M.. "Uticaj Hemijskog Modifikovanja na Strukturu i Svojstva Jute", University of
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Krulj, Jelena. "Potencijal biosinteze aflatoksina B1 u razliaitim vrstama Triticum spp.’, University of
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Maithri Tharmavaram, Gaurav Pandey, Deepak Rawtani. "Surface modified halloysite nanotubes: A
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Interface Science, 2018
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Petrovié, Jelena T.. "Optimizacija Procesa Hidrotermalne Karbonizacije Komine Grozda i Primena
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ARTICLE INFO ABSTRACT

Keywords: The functionality of halloysite (Hal) nanotubes as drug carriers can be improved by lumen enlargement and
Ha.HOYSite nanotubes polymer modification. This study investigates the influence of selective acid etching on Hal functionalization
Chitosan with cationic biopolymer chitosan. Hal was subjected to lumen etching under mild conditions, loaded under
Nanocomposites . . . . . ‘s . .

Etchin vacuum with nonsteroidal antiinflammatory drug aceclofenac, and incubated in an acidic solution of chitosan.
Aceclo%enac The functionality of pristine and etched Hal before and upon polymer functionalization was assessed by {-po-

tential measurements, structural characterization (FT-IR, DSC and XRPD analysis), cell viability assay, drug
loading and drug release studies.

Acid etching increased specific surface area, pore volume and pore size of Hal, decreased {-potential and
facilitated binding of the cationic polymer. XRPD and DSC analysis revealed crystalline structure of etched Hal.
Successful chitosan binding and drug entrapment were further confirmed by FT-IR and DSC studies. XRPD
showed surface polymer binding. DSC and FT-IR analyses confirmed the presence of the entrapped drug in its
crystalline form. Drug loading was increased for ~81% by selective lumen etching. Slight decrease of drug
content occurred during chitosan functionalization due to aceclofenac diffusion in the polymer solution. The
drug release was more sustained from etched Hal nanocomposites (up to ~87% for 12 h) than from pristine Hal
(up to ~97% for 12 h) due to more intensive chitosan binding. High human fibroblast survival rates upon
exposure to pristine and etched Hal before and after chitosan functionalization (>90% in the concentration of
1000 pg/mL) confirmed that both lumen etching under mild conditions and polymer functionalization had no
significant effect on cytocompatibility.

Based on these findings, selective lumen etching in combination with polycation modification appears to be a
promising approach for improvement of Hal nanotubes functionality by increasing payload, polymer binding
capacity, and sustained release properties with no significant effect on their cytocompatibility.

Sustained release

1. Introduction

Clay minerals have been traditionally used as excipients (e.g. dilu-
ents, lubricants, binders, disintegrants, desiccants, adsorbents, pig-
ments, opacifiers, emulsifying, thickening and anticaking agents) in
solid, liquid and semisolid pharmaceutical preparations for various
routes of administration [1,2]. As abundant, inexpensive, biocompat-
ible, stable and highly functional materials with unique physicochem-
ical features, these minerals are recently attracting considerable
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attention in the rapidly growing field of advanced drug delivery [3,4].

Among them, halloysite (Hal) is particularly attractive due to its
hollow tubular structure composed of 10-15 rolled alumosilicate bi-
layers (AlxSi2Os5(OH)4-nH20), with negatively charged siloxane groups
(Si—O0—Si) located at the outer surface and positively charged aluminol
groups (Al—OH) located at the inner surface [3,5]. Such unique struc-
ture allows selective lumen loading with negatively charged molecules
and surface adsorption of positively charged molecules [6]. Besides,
having an external diameter of 40-60 nm and an internal diameter of
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10-15 nm Hal is considered as a nanomaterial [6,7].

The functionality of Hal as nanocontainer for sustained drug delivery
can be improved by its covalent and noncovalent modification using
various polymers [8-15]. Noncovalent functionalization with cationic
polymers, such as chitosan and polyethyleneimine in acidic conditions is
based on electrostatic interactions between their protonated amine
groups and negatively charged siloxane groups at outer surface of Hal
[14,16,17].

However, the use of Hal as nanocontainer for drug delivery is limited
by its low drug loading capacity (5-10 wt%) [6]. This can be overcome
by different approaches such as selective etching of alumina from the
lumen (chemical modification) [18] and cryoscopic expansion (non-
chemical modification) [19]. Recent findings have shown that Hal
lumen enlargement affects the functionality of Hal modified by a
nonionic-polymer [11]. Nevertheless, a combined strategy based on
lumen enlargement and polycationic functionalization has not been
employed so far. Therefore, the present study was designed to investi-
gate the simultaneous effect of these two approaches on functionality-
related characteristics of Hal-polycation nanocomposites as sustained
release nanocontainers for small molecules. Etching under harsh acidic
conditions may result in external surface collapse, loss of crystallinity or
excessive porosity [20]. These structural changes may lead to unwanted
leakage of entrapped drug. To avoid this, lumen enlargement was per-
formed under mild acidic conditions. In the second stage, etched Hal was
modified with chitosan by stirring in the acidic polymer solution. Prior
polymer functionalization, Hal was loaded with aceclofenac, a nonste-
roidal antiinflammatory drug. Owing to its short half-life (t;,2 ~ 4 h)
and local gastric irritation triggered by its burst release this drug is a
suitable candidate for sustained release systems [21].

2. Experimental
2.1. Materials

Hal nanopowder with tubular morphology (30-70 nm x 1-3 pm),
1.26-1.34 mL/g pore volume, 64 m%/g specific surface area and 8.0
meq/g cation exchange capacity was supplied from Sigma-Aldrich
Chemie GmbH (Germany). Aceclofenac was obtained by Jinan Jia-
quan Chemical Co. Ltd. (China). Highly deacetylated (75-85%) medium
molecular weight (90-310 kDa) chitosan, methylthiazolyldiphenyl-
tetrazolium bromide (MTT), sodium dodecyl sulfate (SDS) and
nutrient medium (RPMI-1640) were purchased from Sigma-Aldrich
Chemie GmbH (Germany). Human lung fibroblasts cell line (MRC5)
was obtained from American Type Culture Collection (Manassas, VA,
USA). Fresh purified water (Ph. Eur. 10 grade) was used for all experi-
ments. All other chemicals and reagents were of analytical grade and
used as such without further purification.

2.2. Enlargement of Hal nanotubes lumen

The lumen of Hal nanotubes was enlarged by heat-assisted treatment
with acetic acid according to a previously reported protocol [22] with
slight modification. Briefly, pristine Hal was dried at 100 °C for 12 h and
then dispersed in 1 M aqueous solution of glacial acetic acid. The
dispersion was continuously stirred on a magnetic stirrer at 50 °C for 60
h. Thereafter, Hal was repeatedly washed with purified water until the
pH of supernatant reached pH value of purified water. In a final step,
etched Hal was dried at 50 °C for 24 h prior to further use and labeled as
eHal.

2.3. Preparation of aceclofenac-loaded Hal nanotubes

To load the drug into Hal and eHal nanotubes 1.6 g of each clay was
dispersed in 10 mL of aceclofenac ethanol solution (Cy = 80 mg/mL) and
shaken on a laboratory shaker (KS 260 basic, IKA®-Werke GmbH,
Germany) at 150 rpm speed for 24 h. The resulting dispersions were kept
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under vacuum in a vacuum drying oven VT 6025 (Thermo Fisher Sci-
entific, USA) for 1 h at 20 °C and then cycled back to atmospheric
pressure. This procedure was repeated three times to drive the drug
solution into the nanotubes lumen and increase loading efficiency [23].
Afterwards, the drug-loaded nanotubes were separated by centrifuga-
tion at 15,000 rpm (21,130 rcf) for 5 min at 21 °C (Eppendorf Centrifuge
5424R, Eppendorf, Germany), washed with ethanol to remove the un-
bound aceclofenac and dried for 12 h at 50 °C. Before further experi-
ments, the drug-loaded samples were grounded and sieved through a
125 pm sieve. Drug-loaded Hal and eHal were labeled as Ace-Hal and
Ace-eHal, respectively.

2.4. Preparation of nanoclay-polymer composites

Chitosan solution (0.5 wt%) was obtained by dissolving the required
amount of chitosan in 0.1 M acetic acid aqueous solution under stirring
with a Heidolph RZR 2020 three-blade propeller stirrer (Heidolph,
Germany). The resulting solution was filtered and used for Hal modifi-
cation. Hal was added to the polymer solution (2 wt%, Hal: polymer
ratio = 2:0.5) and sonicated for 1 min in an ultrasonic bath Sonorex
RK1024 (Bandelin, Germany) to remove initial Hal agglomerates and
then stirred for 10 min using an IKA RH basic 2 magnetic stirrer (IKA®-
Werke GmbH, Germany). The obtained Hal-Ch composites were sepa-
rated from the polymer solution by centrifugation at 15,000 rpm for 5
min at 21 °C (Eppendorf Centrifuge 5424R, Eppendorf, Germany) and
washed three times with purified water to remove unbound chitosan.
Thereafter, the composite powder was dried for 12 h at 50 °C, grounded
and sieved through a 125 pm sieve. Drug-loaded Hal-Ch and eHal-Ch
composites were prepared by following the above described procedure
from Ace-Hal and Ace-eHal and obtained composites were denoted as
Ace-Hal-Ch and Ace-eHal-Ch, respectively.

2.5. Specific surface area and pore size analysis

The adsorption-desorption isotherms of Hal and eHal samples were
obtained by Ny physisorption measurement at —196 °C on a Sorptomatic
1990 Thermo Finnigan device. First, the empty mass of the vacuumed
sample holder (burette) was measured, and its adsorption parameters
were also determined by physisorption of N, at —196 °C (blank mea-
surement). Before physisorption measurement, the sample was placed in
a burette and pre-treated by evacuation below 0.1 Pa for 2 h at room
temperature and an additional 24 h at 40 °C at the same residual pres-
sure. After cooling, the exact mass of the sample (+0.1 mg) used in the
analysis was determined from the difference in the mass of the blank
measurement.

The specific surface area (Spgr) of the sample was calculated ac-
cording to the Brunauer, Emmett, Teller method, from the linear part of
the nitrogen adsorption isotherms at relative pressure region determined
according to Thommes et al. [24] and assuming a closely packed BET
monolayer, with a cross-sectional area of Ny of 0.162 nm? at 77 K and
0.8086 g/cm® for density of liquid Ny [25]. The Dubinin-Radushkevich
method [26], was used to determine the micropore volume (Vi) while
the mesopore volume (Vieso) and the mesopore size distribution was
estimated by the Barrett, Joyner, and Halenda (BJH) method [27] from
the desorption branch using the Lecloux standard isotherm [28].

2.6. Characterization of Hal and Hal-Ch nanocomposites

2.6.1. Zeta potential measurements

Zeta potential (¢) of 0.1 mg/mL Hal and Hal-Ch composite disper-
sions in deionized water was measured by laser Doppler microelectro-
phoresis using a Zetasizer NanoZS90 instrument (Malvern Instruments,
UK). The pH value of the investigated dispersions was measured using a
HI 2223 pH meter (Hanna Instruments, SAD) and adjusted by adding
0.1 M NaOH and 0.1 M HCI solutions. To ensure complete redispersion
prior { measurements, the colloidal dispersions were sonicated in a
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Sonorex RK 102 H ultrasonic bath (Bandelin, Germany) and transferred
to disposable folded capillary DTS1070. Each measurement was
repeated three times at 25 °C. The average values were calculated and
expressed as a function of pH. Prior the measurements, the operating
conditions were checked using a calibrated latex dispersion supplied by
Malvern Instruments ({ = —50 + 5 mV).

2.6.2. Drug loading determination

Aceclofenac-loaded samples were transferred in USP phosphate
buffer solution (PBS) at pH 7.4 and vigorously magnetically stirred for
12 h and then ultrasonicated for 1 h to ensure complete release of the
entrapped drug. The released aceclofenac was separated from the
dispersion by filtration and its concentration was determined spectro-
photometrically at 229 nm by determined by Evolution 300 UV-VIS
spectrophotometer (Thermo Fisher Scientific, UK). The drug loading
(DL%) was calculated by the following Eq. (1):

cxV

%DL = 100 x (@]
where c is the concentration of the dissolved drug (mg/mL), V is the
volume of the PBS solution (mL), and m is the initial mass of drug-loaded
sample (mg).

2.6.3. Fourier transform infrared (FT-IR) spectroscopy

FT-IR spectra of the nanocomposite powders and their individual
components were recorded using a Nicolet iS50 spectrometer (Thermo
Scientific, USA) with a diamond attenuated total reflectance (ATR)
smart accessory in the range of 4000-400 cm ™! at a resolution of 2 cm ™.

2.6.4. Thermal analysis

Differential scanning calorimetry (DSC) experiments were performed
on a DSC1 instrument (Mettler-Toledo, Switzerland). Accurately
weighed samples were crimped in a pierced 40 pL standard aluminum
pans and heated from 25 °C to 500 °C at a rate of 10 °C/min under 50
mL/min nitrogen flow rate. The empty standard aluminum pan was used
as a reference. The obtained thermal data were analyzed by STARe
Software v12.10.

2.6.5. X-ray powder diffraction method

The X-ray powder diffraction (XRPD) patterns were obtained using a
Philips PW-1710 automated diffractometer (Philips, The Netherlands)
with a Cu tube operating at 40 kV and 30 mA. The instrument was
equipped with a diffracted beam curved graphite monochromator and a
Xe filled proportional counter. The diffraction data were collected in the
26 Bragg angles from 4 to 65°, counting for 1 s at every 0.02° step. The
divergence and receiving slits were fixed 1 and 0.1, respectively. All the
XRPD measurements were performed at room temperature in a sta-
tionary sample holder. Joint Committee on Powder Diffraction Stan-
dards (JCPDS) database was used for sample identification.

2.6.6. Drug release experiments

The in vitro drug release experiments were carried out in USP PBS at
PH 7.4 using dialysis bag method. Drug-loaded samples (150 mg) were
dispersed in 10 mL of PBS pH 7.4 and transferred in dialysis bags (cel-
lulose, molecular weight cut-off 14 kDa, Sigma-Aldrich Chemie GmbH,
Germany). The bags were immersed in 200 mL of PBS (acceptor
compartment), and gently shaken for 12 h at 50 rpm at 37 °C on a
shaking water bath Grant LSB Aqua Pro 18 (Grant, UK). At scheduled
time intervals, 4 mL aliquots were withdrawn from the acceptor
compartment, filtered through a 0.22 pm nylon syringe filter and
replaced with an equal amount of PBS to maintain a constant volume of
dissolution medium. The drug concentrations in the filtered samples
were determined by UV-VIS spectrophotometer (Evolution 300 spec-
trophotometer, Thermo Fisher Scientific, UK) at 229 nm. Drug release
experiments were performed in triplicate for each investigated
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formulation, and the average cumulative drug release was plotted versus
time.

2.6.7. Mathematical modelling of release profiles

To elucidate mechanism of aceclofenac release and rate kinetic
mechanisms, the release data were fitted to various mathematical
models (Table 1) by linear regression analysis [29,30]. Coefficient of
determination (r?) was used to test the applicability of the release
models.

2.6.8. Cell viability assay

The cytotoxic activity of Hal, eHal, Hal-Ch, eHal-Ch and Ace-eHal-Ch
against normal human lung fibroblasts (MRC5) was determined by MTT
test. The cells were maintained in complete nutrient medium RPMI-
1640 at 37 °C in humidified atmosphere with 5% CO,, and seeded
into 96-well microtiter plates with seeding density of 5000 cells per well.
After 24 h five different concentrations (62.5, 125, 250, 500, and 1000
pg/mL) of five tested samples were added to the wells, while control
cells were grown in culture medium only. After 72 h of incubation 10 pL
of MTT solution (5 mg/mL in phosphate buffered saline) was added to
each well, and after 4 h 100 mL of 10% SDS was added to the wells. The
absorbance was measured at 570 nm the next day. The experiments were
performed in triplicate. The IC50 was defined as the concentration of the
tested substance that inhibited cell survival by 50% compared to the
control, and the data are presented as mean value + standard deviation
(SD) from three independent experiments. The experiments were per-
formed and the percent of cell survivals was calculated according to the
procedure described earlier [31].

3. Results and discussion
3.1. Effect of selective acid etching on the porous texture of Hal

The nitrogen physisorption study at —196 °C was performed in order
to assess the impact of the applied acid etching procedure of Hal on a
surface area, pore volume and their distribution, and drug loading ca-
pacity. The Ny adsorption-desorption isotherms of the Hal and eHal
samples are shown in Fig. 1a and b, while calculated textural parameters
are given in Table 2. Also, for the corresponding materials, as inserts in
Fig. 1a and b, the integral and differential distributions of mesopores are
given.

The shape of the isotherms of both materials reveals the formation of
an adsorbent layer whose thickness increases progressively with
increasing relative pressure up to p/pg =~ 1. The absence of a horizontal
plateau of high value relative pressure, and even indications of its ex-
istence, prevent the classification of the obtained isotherms into type IV
and classify them into type II, according to the IUPAC nomenclature
[24]. Considering that the mesoporous tubular structure of halloysite is
well documented in literature, not only by Ny physisorption measure-
ment but using TEM also, this finding is a certain surprise. Several

Table 1
Applied mathematical models to the drug release data.
Model Equation
Zero order Q= Qo + kot
First order In(Qnax — Q) = In Quax — kat
Higuchi Q. = kpt/?
Korsmeyer-Peppas ;= kit
Bhaskar Q )
~log(1- o
¢ ( Quar) "

Q,, percentage of drug dissolved at time t; Qo, the percentage of drug
dissolved at the beginning (Qp = 0); Qmax, the percentage of undissolved
drug at the beginning (Quax = 100%); ko, k1, kn, kk, kp, are dissolution rate
constants; release exponent of Korsmeyer-Peppas model indicative of the
drug release mechanism (n < 0.5 (diffusion controlled release); 0.5 <n < 1
(anomalous transport)).



V. Jaukovi¢ et al.

a) 300
0.24 0.010
35 10.8
o w. .3
5 2
2004 > E |
o
o 0.12- tooos § 7§
§ g ¢
> 3
100
0.00 ’
1 10
o e SR Vdes-Hal
04¢ T Vads-Hal
T % T s T s T v T L T
0.0 0.2 04 0.6 0.8 1.0
p/p
b) :
400
0.24 0.010
36
- 123
2 < i
300 g = v —— dVIdD eHal ‘Tm
a 'meso @Hal £ .
> £ 1
£
o 0.12- {0.006 &
X a
- g
= T
by
p P
'.9
\ _-’.
1004  o.00 : 0.002
1 10 D, nm .
e ....w.«.»«.‘..W._.-«Nmb*’»‘*"+’77‘: " Vdes-eHal
o} Gl —— Vads-eHal
1 .4 T v T Y 1 e T L2 L
0.0 0.2 0.4 0.6 0.8 1.0

plp,

Fig. 1. N, adsorption-desorption isotherms, integral and differential distribu-
tions of mesopores of a) Hal and b) eHal.

Table 2
Specific surface area, pore volume and pore size of pristine Hal and acid-treated

Hal (eHal).

Sample SpET Vineso Vimic
(m?/g) (em®g™M (nm)

Hal 51.6 0.199 0.021

eHal 57.2 0.209 0.023

reports contain Ny isotherms of halloysite, almost identical to those
presented in Fig. 1, are in most cases classified as type IV [22,32-34],
but also as Type II [35-37] and even Type III [38,39]. Although all the
presented halloysite isotherms have a clear hysteresis loop, this, without
a plateau at high p/pq, is insufficient for their classification as isotherm
of exclusively mesoporous materials (type IV). Furthermore, almost all
authors who referred to the measured isotherms as type IV reported
hysteresis loop similar to the H3 type, which occurs in agglomerate of
plate-like particles containing slit-shaped pores. However, this type of
pores is not consistent with the expectation of the cylindrical shape of
the halloysite pores.

A possible explanation of the plateau absence and non-existence of
hysteresis loop H1 type can be found in the contribution of other mineral
phases present in used halloysite (later confirmed by XRPD), whose
presence enables unrestricted multilayer Ny building even in the mes-
oporous region above the diameter of internal halloysite cavities. Even
the smallest presence of plate-like particles containing slit-shaped pores
(e.g. montmorillonite, kaolinite and dickite) will alter the inter-
connectivity of rod-like halloysite particles, creating an additional pore
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network, altering the isotherm shape in both adsorption and desorption
branches.

The values of the specific surface area of unmodified halloysite
determined by the BET method (Sggr), presented in the literature, vary
in a wide range from 22.1 m?/g to 81.6 m?/g [36]. For Hal sample, Sggr
value (Table 2) is in middle of that range and is in the best agreement
with previous reports of Garcia et al. [22] and Sadjadi et al. [37], while
for an eHal sample Sggr increase a little bit more than 10% up to 57.2
m?/g. Actually, the influence of acid treatment on Hal is visible on all
selected textural parameters (Table 2). Those increases are consequence
of acid octahedral AlOg layers dissolution [20]. Previous studies have
shown that more intensive increase in specific surface area, pore volume
and pore diameter can be achieved by using more aggressive and
concentrated acids (e.g. sulfuric acid). However, this can lead to a
remarkable increase in porosity, loss of tubular shape and even
destruction of the crystalline structure of HNTs [20,22].

In mesopores diameter range (2-50 nm) both Hal and eHal have
bimodal pore sizes distribution typical for halloysite. The smaller
diameter pores occur during the dehydration process and represent
space between rolled layers of halloysite perpendicular to the longest
axis of the halloysite rods [40]. However, the origin of peak for the
smallest pores must be taken with some reserve due to the well-known
“tensile strength effect” which occurs due to the collapse of the liquid
phase Nj i.e., the spontaneous formation and growth of gas bubbles in
the metastable condensed fluid at relative pressure around 0.42 as
interpreted in detail by Groen et al. [41]. Namely, when N3 at —196 °C s
used for textural characterization of the material, the pore size distri-
bution calculated from desorption branch will always have a maximum
at ~3.8 nm if there are pores smaller than this diameter. According to
the growing trend in the small-diameter segment on integral mesopore
curves (Fig. 1), and Vpjc values (Table 2), these pores are undoubtedly
present in both characterized halloysite materials [32,33,42]. The sec-

ond distribution peak cantered at 10.8 nm for Hal is slightly shifted to
12.3 nm for acid-activated eHal, as a consequence of acid activation
inside of the halloysite lumen [42].

Pores of both diameter ranges can play a role in the adsorption of the
active component due to the fact that the diameter of these pores is large
enough to achieve aceclofenac loading without diffusion restrictions.

3.2. Zeta potential measurements

The {-potential was measured as a function of pH to investigate the
influence of selective alumina etching on Hal functionalization with the
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Fig. 2. ZP of Hal, eHal and the corresponding Ch composites as a function of
pH value.
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cationic polymer (Fig. 2). Hal exhibited negative {-potential in the pH
range from 2 to 12 with isoelectric point very close to the isoelectric
point of silica (pH = 2) owing to the negatively charged siloxane groups
mainly located at the external surface [5,43]. A similar pattern was
observed for eHal with lower {-potential values below the isoelectric
point of alumina (pH = 8.5) [44]. This decrease of {-potential values can
be explained by selective etching and removal of alumina, from the
exposed lumen surface, edges and defects of the outer surface [45].
Garcia-Garcia and coworkers reported that Hal treatment with weak
acetic acid (1 M aqueous solution of glacial acetic acid) at 50 °C caused a
slight decrease in the alumina content which is in agreement with this
slight {-potential decrease upon selective etching [22]. Treatment of Hal
and eHal with chitosan shifted isoelectric points toward higher pH
values (between pH 4 and 5) as a consequence of successful binding of
the cationic polymer and formation of the composite. The composite
formation is based on electrostatic interactions between protonated
amine groups of chitosan and negatively charged siloxane groups of Hal
in addition to hydrogen bonding between the amine and hydroxyl
groups of chitosan and siloxane groups of Hal. Higher ¢-potential values
of the composite samples in acidic conditions (Fig. 2) could be explained
by presence of protonated chitosan —NH; groups on their surface.
Similar behavior was reported earlier for Hal-Ch dispersion by Bertolino
and coworkers [46]. The positive charge density of the composite
samples increased by decreasing pH value reaching maximum at pH 2.
The difference between {-potential values of chitosan-treated and un-
treated samples was reduced with pH increase due to —NH3 deproto-
nation. Negative (-potential value of both Hal-Ch and eHal-Ch
composite particles above pH 4 could be ascribed to a dominant influ-
ence of negatively charged siloxane groups.

The lower {-potential value of eHal (—22.13 + 0.46) mV- than that of
Hal (—14.37 + 2.15) mV at pH value of chitosan solution (pH 4.0) used
for the preparation of the composite powders facilitated binding of this
cationic polymer. Consequently, an increase in {-potential observed
upon chitosan treatment was more intensive for eHal-Ch in comparison
to Hal-Ch.

3.3. Drug loading determination

Internal tube volume of Hal typically ranges from 10 to 15 vol%,
with average drug loading capacity from 5 to 10 wt% [6,47]. DL% value
of Ace-Hal sample was 9.1 + 0.9% which is close to earlier report for
ibuprofen loading capacity (another BCS class II nonsteroidal anti-

3287 2872

_ 168" 1560/ 1375 1313
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inflammatory drug) [48]. Upon functionalization with chitosan (Ace-
Hal-Ch sample), DL% slightly decreased to (8.4 + 0.4)%. Selectively
etched samples entrapped the drug more efficiently, with (16.5 + 0.9)%
and (14.2 + 0.4) DL% values, for Ace-eHal and Ace-eHal-Ch, respec-
tively. Such a significant payload increase (~81% for Ace-eHal and
~68% for Ace-eHal-Ch) could be ascribed to selective acid etching and
lumen enlargement. DL% values for chitosan functionalized samples
(Ace-Hal-Ch and Ace-eHal-Ch) were slightly lower than those of the
corresponding clay powders (Ace-Hal and Ace-eHal) as a consequence of
chitosan binding and the drug loss during incubation in the polymer
solution. Low loss of the entrapped drug from the Hal and eHal powders
during their incubation in the polymer solution could be attributed to
the short incubation times (10 min), and low solubility of aceclofenac
(pKa 4.7) in acidic chitosan solution (pH 4.0).

3.4. Fourier transform infrared (FT-IR) spectroscopy

FT-IR spectroscopy was used to scrutinize the presence of individual
components and their interactions within placebo and drug-loaded
composite powders. FT-IR spectra of the Hal and chitosan presented in
Fig. 3 were consistent with previous reports [49-51]. No significant
change in absorption bands on FT-IR spectrum of Hal was observed upon
mild acid etching, which is in accordance with findings of Saklar and
Yorukoglu [52]. A close comparison of chitosan spectrum with spectra
of the composite powders gave insight into shifting of the protonated
amide group band from 1574 cm™! to 1560 cm™* and 1557 cm ™, for
Hal-Ch and eHal-Ch, respectively. The shift of this band toward higher
frequencies is in line with earlier findings on composites of pristine Hal
and chitosan [50,53] and could be explained by electrostatic in-
teractions between the protonated amine group of chitosan and nega-
tively charged surface of the nanotubes. This absorption band and
corresponding shifting were more intensive on the FT-IR spectrum of
eHal-Ch in comparison to the Hal-Ch, suggesting more intensive binding
of the polycation for eHal, as further supported by the higher values of
{-potential of eHal-Ch.

FT-IR spectra of aceclofenac, eHal-Ch and Ace-eHal-Ch are given in
Fig. 4. The spectrum of Ace-eHal-Ch showed following bands originating
from aceclofenac: N—H stretching at 3317 em™!, O—H stretching at
2936 cm ™!, C=0 stretching of carboxylic acid at 1770 em™!, C=0
stretching at 1715 cm ™!, aromatic C—C stretching at 1589 cm™! and
1452 cm™, in plane N—H bending at 1507 cm ™!, C—N aromatic amine
stretching at 1281 cm ™! and 1256 cm ™! and out plane bending for N—H
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Fig. 3. FTIR spectra of Hal, eHal, chitosan, Hal-Ch and eHal-Ch.
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at 746 cm™ L. Intensive bands of eHal overlapped the other characteristic
bands of aceclofenac, so no additional bands were noticed. It should be
highlighted that unlike some other anionic drugs, i.e. ibuprofen [54],
aceclofenac showed no sign of interactions with tubule lumen. These
findings along with the results of the thermal analysis indicate the
presence of unaltered drug in the nanotubes lumen.

3.5. Thermal analysis

Hal and eHal demonstrated similar thermal behavior upon heating,
with two distinctive endothermic events (Fig. 5): the one with the peak
around 70 °C related to loss of physically absorbed water, and the other,
more intensive with onset around 400 °C due to dehydroxylation of
aluminol groups [50]. DSC curves of placebo chitosan-functionalized
samples followed similar pattern. The only observable difference was
presence of broad exothermic bands with peaks at 432 °C and 413 °C on
DSC curves of Hal-Ch and eHal-Ch, respectively, attributable to thermal
decomposition of the polymer. Namely, thermal decomposition of pure
chitosan started above 240 °C with the sharp exothermic peak at 302 °C

Heatflow (>endo)
1 Wig

(Fig. 5). Shifting of this degradation exotherm toward higher tempera-
tures for the composite powders could be explained by electrostatic in-
teractions between protonated —NH, groups of chitosan and the
negatively charged surface siloxane groups of Hal confirmed by findings
of FT-IR analysis. Similar findings were reported earlier for chitosan-Hal
composite scaffolds [55] and films [50]. Visual inspection of the com-
posite samples after cooling to room temperature revealed intensive
black colour caused by decomposition of their organic component
(chitosan). In contrast, the colour of Hal and eHal remained almost
unchanged.

DSC was further used to scrutinize the state of the entrapped drug.
Thermogram of Ace-eHal-Chi displayed intensive endothermic event at
153 °C (Fig. 5). This sharp peak of aceclofenac melting suggested its
presence in crystalline form within nanotube lumen. Clearly, both the
drug loading procedure and chitosan functionalization did not affect the
state of the entrapped drug, as supported by the results of FT-IR analysis.
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Fig. 5. DSC curves of Hal, eHal, chitosan, placebo Hal-Ch. placebo eHal-Ch and Ace-eHal-Ch.
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3.6. X-ray powder diffraction method

The effect of acid etching and polymer functionalization on the
crystalline structure of Hal was analyzed by XRPD. The Hal sample
consisted of halloysite-7A (JCPDS-29-1487), dickite (JCPDS-10-0446),
kaolinite (JCPDS-14-0164), quartz (JCPDS-46-1045), and smectite
minerals (montmorillonite-JCPDS-13-0135) (Fig. 6). The most abundant
phase was halloysite-7A, with reflections at 26 = 11.8°, 20.0°, 22.2°,
24.5° and 26.6°, while dickite and kaolinite were far less present. Quartz
and smectite minerals were in a trace.

The eHal sample showed almost identical XRPD patterns indicating
that crystalline structure was unaffected by acetic acid treatment. These
results are consistent with previous reports on etching in mildly acidic
conditions, e.g. 1 M acetic acid, 1 M acrylic acid [22], 1.3 M hydro-
chloric acid and 0.9 M oxalic acid [52]. Abdullayev et al. [18] have
shown that partial loss of the tube wall crystallinity starts above 40% of
the alumina removal. More important, functionalization with chitosan
did not affect XRPD patterns due to surface polymer binding and
absence of intercalation.

3.7. Drug release study and drug release kinetics

Pristine Hal exhibited bimodal aceclofenac release with almost linear
initial (zero order) release during the first 5 h with ~79% of the released
drug (Fig. 7). In the second stage the release was significantly slower
with complete dissolution for 12 h. Similar biphasic release from pristine
Hal was reported earlier for other BCS II class drug - diclofenac sodium
[56,57]. Aceclofenac release from Ace-eHal sample followed similar
bimodal pattern reaching ~90% after 5 h of the experiment. Faster drug
release from the etched sample is the most likely consequence of
increased porosity and lumen enlargement which is in line with findings
of nitrogen adsorption-desorption studies. Similar findings were re-
ported earlier for hydrochloric [58] and sulfuric [11] activated Hal. On
the contrary, the release of aceclofenac was slowed down by chitosan
functionalization for both pristine and etched Hal. As a weak base with
pKa = 6.3, chitosan is insoluble at pH 7.4, thus hinders diffusion of
aceclofenac from the lumen. This retardation effect was more pro-
nounced upon eHal functionalization, with ~61% of the released drug
after 5 h and ~87% after 12 h. The latter could be ascribed to more
intensive chitosan binding for eHal in comparison to Hal as confirmed by
¢-potential measurements.

Considering the determination coefficient (rz) values of tested
experimental models given in Table 3, aceclofenac release profile from
Hal, Hal-Ch and eHal-Ch showed the best fit to the first-order model.
This model, typical for porous carriers containing water-soluble drug
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Fig. 6. XRPD traces of Hal, eHal, chitosan and corresponding composites.
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Fig. 7. In vitro aceclofenac release profiles from investigated samples in
phosphate buffer solution: pH 7.4 (means + SD, n = 3). Error bars repre-
sent SDs.

Table 3
Values of fitted parameters by different drug release models.
Model Fitted Formulation
parameters
Ace- Ace- Ace-Hal- Ace-eHal-
Hal eHal Ch Ch
Zero order ? 0.9206 0.9839 0.9076 0.8776
ko 0.1646 0.3015 0.1264 0.1077
First order r 0.9906 0.9671 0.9917 0.9818
k1 0.0054 0.0078 0.0047 0.0026
Higuchi r 0.9842 0.9904 0.9893 0.9738
kn 5.0170 6.4615 4.2884 3.5789
Korsmeyer- r 0.9746 0.9953 0.9866 0.9568
Peppas n 0.7864 0.8675 0.6626 0.7294
kx 0.7202 1.4528 1.4488 0.8666
Bhaskar r 0.9473 0.8381 0.9369 0.9694
kp 0.0230 0.0278 0.0216 0.0130

describes drug release proportional to its remained amount in the carrier
interior [30]. Release profile from eHal showed a good fit to Higuchi and
Korsmeyer-Peppas model suggesting diffusion dependent release. A
higher r? value for Korsmeyer-Peppas with release exponent (n) value
0.82 indicated on non-Fickian diffusion release mechanism from the
etched nanotubes.

3.8. Cell viability assay

Pristine Hal is widely considered as biocompatible and safe in con-
centrations relevant for oral administration [59,60]. Recent findings
have shown that surface modification of Hal by single layer of synthetic
cationic polymers (poly(allylamine) hydrochloride, poly(dia-
llyldimethylammonium chloride) and poly(ethyleneimine)) signifi-
cantly increases its low toxicity by inducing cellular and nuclear defects
[61]. Yet, there are no reports on cytotoxicity of selectively etched Hal
modified with cationic biopolymers. To investigate effect of both
etching and chitosan functionalization on Hal cytocompatibility, cyto-
toxicity of Hal, eHal, Hal-Ch and eHal-Ch in concentrations from 62.5 to
1000 pg/mL was determined by MTT test. The samples exhibited good
cytocompatibility within investigated concentration range (Fig. 8) with
cell viability reduction far below 30% threshold specified by the ISO
10993-5 standard [62]. Comparable values of cell survival rates of
etched and pristine Hal confirmed that lumen etching under mild con-
ditions exert no significant effect on cytocompatibility. More important,
comparison of cell survival rates of eHal and eHal-Ch composite points
out that Hal functionalization with chitosan did not show significant
effect on cytocompatibility. This was expected given that chitosan itself
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exhibit low cytotoxicity in concentrations below 1 mg/mL [63,64].
Similar findings were reported earlier for chitosan-Hal and
oligochitosan-Hal films and scaffolds [15,55,65,66]. The results of these
studies showed high viability of different fibroblast cell lines in presence
of these composite materials, suggesting their excellent cytocompati-
bility even after prolonged exposure. Excellent cytocompatibility of Hal-
polymer composites could also be ascribed to high surface energy,
enhanced cell attachment and proliferation in presence of Hal [67].
These reports are consistent with the obtained cell viability values for
Hal-Ch and eHal-Ch samples shown in Fig. 8.

The only significant difference (p < 0.05) in cytotoxic activity among
investigated formulations was observed for the drug loaded sample
(Ace-eHal-Ch). Cell viability of this nanocomposite powder was
concentration-dependent with IC50 value of (708 + 5) pg/mL. Signifi-
cantly lower cytocompatibility could be ascribed to the effect of released
aceclofenac during 72 h incubation period. Still, the drug-loaded sample
displayed acceptable cell viability with >70% cell survival rate in con-
centrations below 500 pg/mL.

4. Conclusions

Functionalized nanocomposites were prepared by mild acid treat-
ment of Hal and subsequent modification with chitosan. Successful
etching was confirmed by increase in specific surface area and porosity
of acid-treated Hal while the crystalline structure was unaffected.
Findings of {-potential measurements point out that acid treatment
promotes binding of the polycationic polymer due to octahedral AlOg
layers dissolution. Drug loading was increased for 81% by selective
lumen etching, reaching 14.2% for the etched Hal nanocomposites. The
drug release was slower from the etched Hal nanocomposites (up to 87%
for 12 h) than those obtained from pristine Hal (up to ~97% for 12 h)
due to more intensive chitosan binding. Both acid etching and chitosan
functionalization exert no significant effect on high human lung fibro-
blast cell survival rates of (>90% in the concentration of 1000 pg/mL).

These findings imply that combined strategy based on halloysite
etching under mild acid conditions and polycationic functionalization
could serve as a promising approach for improvement of halloysite-
polycation nanocomposites by increasing drug loading and polymer
binding capacity, in addition to sustained release properties, while
preserving their high cytocompatibility.
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ARTICLE INFO ABSTRACT
Keywords: In this study, the modification of selectively acid-etched halloysite (eHal) by low molecular weight chitosan
Acid-etched (LChi) and its methacrylated derivative (MeLChi) is investigated to form new bionanocomposites with improved
Halloysite

functional properties. The formation of nanocomposites was confirmed by various instrumental techniques
(¢-potential measurements, SEM, FT-IR, DSC, XRD and 'H NMR). Both nanocomposites exhibited improved
functional properties while preserving the tubular structure of halloysite. The cytotoxic activity of eHal and eHal-
polycation nanocomposites against normal human lung fibroblasts (MRC5) was determined using MTT assay.
The results showed good biocompatibility of the prepared nanocomposites, with a cell survival rate of more than
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90 %. The mucoadhesive properties of eHal and the corresponding chitosan nanocomposites were investigated in
vitro. Primarily, (-potential measurements revealed electrostatic interactions between the eHal-polycation
nanocomposites and mucin. The absorption study showed that the eHal-MeLChi nanocomposites could adsorb
a greater amount of mucin (=82 %) than the eHal-LChi nanocomposites (=72 %) and eHal (~58 %) after 8 h of
incubation. Furthermore, the compacts of the tested samples were prepared by direct compression, and the
detachment force against the mucin compact was measured using a texture analyzer. A significantly higher
detachment force of the eHal-MeLChi nanocomposite compact (1.59 + 0.07 N) from the mucin compact was
determined compared to the eHal-LChi (1.35 + 0.08 N) and eHal (0.98 + 0.08 N) samples, demonstrating their
improved mucoadhesive potential. In summary, this study demonstrates that functionalization of eHal with
MeLChi may be a useful approach for the preparation of nanocomposites as potential carriers for mucoadhesive

dosage forms.

1. Introduction

In recent decades, mucoadhesive drug delivery systems have
received much attention because they can prolong the residence time of
the dosage form at the site of absorption, allowing controlled drug
release and improving therapeutic effect [1-3]. Various polymers have
been used to develop mucoadhesive formulations [4-7]. Among them,
chitosan is widely used due to its remarkable properties, such as non-
toxicity, low cost, biocompatibility, biodegradability, and excellent
mucoadhesive properties [8-10]. Chitosan is a naturally occurring
cationic polysaccharide produced by the deacetylation of chitin. This
polymer exhibits significant mucoadhesive properties, mainly due to
electrostatic interactions between positively charged amino groups in
chitosan and negatively charged groups in the mucin layer, at low pH <
6.5 [11]. The mucoadhesive properties of chitosan can be further
improved by chemical modification through interaction with meth-
acrylic anhydride. Methacrylated chitosan is able to form covalent
bonds with the thiol groups of mucin, resulting in improved adhesion
[12,13].

The preparation of new drug delivery systems based on the combi-
nation of chitosan and clay minerals has evoked intense research in
recent years. Clay minerals can be considered naturally available ma-
terials that can be used as drug carriers because of their high retention
capacity and colloidal properties [14,15]. Among them, halloysite (Hal)
is of particular interest due to its biocompatibility, hollow tubular
structure, large specific surface area, tunable surface chemistry, positive
lumen, and negative external surface charge [16-18].

The Hal nanotubes are two-layered aluminosilicate clay minerals,
consisting of silica tetrahedral layer situated on the outside and an
octahedral layer of alumina on the inside of the tubes [19]. Despite
numerous advances, the use of Hal as a drug carrier is limited by its low
loading capacity (5-10 wt%) [18] and mucoadhesiveness [20,21]. This
can be overcome by various approaches such as selective etching of
alumina from the lumen [22-25] and functionalization of Hal with
mucoadhesive polymers [21].

Owing to their excellent biological and mechanical properties, Hal-
chitosan nanocomposites have been used in various biomedical appli-
cations including wound healing [26], drug delivery [27-30], implant
coatings [31] and as scaffolds for tissue engineering [32-34]. Our pre-
vious study showed that a combined strategy of Hal etching under mild
acidic conditions and functionalization with medium molecular weight
chitosan had a significant effect on increasing drug loading (~81 %) and
sustained release of aceclofenac (=87 % of the drug after 12 h) [23]. Low
molecular weight chitosan has more flexible chains than medium and
high molecular weight chitosans, which facilitates its efficient binding to
the external surface of halloysite. The simultaneous effect of acid etching
of Hal and functionalization with LChi on the mucoadhesive properties
of nanocomposites has not yet been investigated. To fill this knowledge
gap, the present study investigated the effect of these two approaches,
which represent a significant contribution to the understanding of the
interactions within these systems and their importance for the devel-
opment of novel drug delivery systems. Hence, this study contributes to
the understanding of the effects of methacrylation of LChi on the

mucoadhesive properties of eHal-LChi nanocomposites. The combina-
tion of acid etching of halloysite and modification with low molecular
weight chitosan and its methacrylate derivative represents a novel
approach to improve the mucoadhesive properties of halloysite which
may prolong the therapeutic effect of loaded drugs. Primarily, lumen
enlargement was performed under mild acidic conditions [23]. More-
over, the obtained eHal was modified with LChi and MeLChi by stirring
in the acidic polymer solution. Considering that drugs can be loaded into
the lumen of Hal by vacuum suction (e.g., aceclofenac [23], curcumin
[28]), the drugs entrapped in the lumen were not expected to affect the
mucoadhesive properties of eHal-polycation nanocomposites. Accord-
ingly, mucoadhesive properties evaluation was performed using
drug-free samples.

2. Experimental
2.1. Materials

Hal clay (Al»SipO5(0H)4-2H20) was purchased from Sigma-Aldrich
Chemie GmbH (Germany). Low molecular weight chitosan (50-190
kDa; degree of deacetylation 75-85 %) was obtained from Sigma-
Aldrich (UK). Methacrylated low molecular weight chitosan (degree of
methacrylation 27 %) was synthesized according to the method
described in Ref. [12]. Mucin from the porcine stomach, type II (Sig-
ma-Aldrich Co., USA) was used to evaluate mucoadhesive properties.
Deuterated trifluoroacetic acid and deuterated water were acquired
from Sigma-Aldrich Chemie GmbH (Germany).
Methylthiazolyldiphenyl-tetrazolium bromide (MTT), sodium dodecyl
sulphate (SDS) and culture medium (RPMI-1640) were also purchased
from Sigma-Aldrich Chemie GmbH (Germany). The human lung fibro-
blast cell line (MRC5) was obtained from the American Type Culture
Collection (Manassas, VA, USA). Ultrapure water from a GenPure
apparatus (TKA Wasseranfbereitungssysteme GmbH, Germany) was
used for all experiments. All other chemicals and reagents used were of
analytical grade.

2.2. Preparation of nanoclay-polymer composites

To increase the surface area and inner lumen diameter, Hal was
treated with acetic acid according to a previously described protocol
[23]. The final sample was a white solid that was easily crushed to
powder with a mortar and pestle, sieved through a 125 pm sieve and
labeled as eHal. In addition, eHal was coated with LChi and MeLChi. The
preparation of nanocomposites is described in detail in the Supple-
mentary material.

2.3. Characterization of eHal and eHal-polycation composites

2.3.1. Scanning electron microscopy (SEM)

The surface morphology of all samples was examined by scanning
electron microscopy (SEM) (JSM-6390LV, JEOL, Japan) at 20 kV. To
avoid electrostatic charging during imaging, all samples were coated
with a thin conductive gold layer using SCD 005 Cool Sputter Coater
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(Bal-Tec, Germany) at 30 mA for 100 s before analysis. SEM images were
acquired at two different magnifications (30000 x and 8000 x ). ImageJ
software, version 1.52a (National Institutes of Health, USA) was used to
evaluate particle size. For each sample captured on SEM micrographs,
one hundred tubes were randomly selected, and their external diameter
and length were measured. The dimensions of the samples were
expressed as the mean of length and external diameter.

2.3.2. Fourier transform infrared (FT-IR) spectroscopy

The Nicolet iS10 FT-IR spectrometer (Thermo Fisher Scientific, USA)
was used to obtain the attenuated total reflectance FT-IR spectra of the
prepared nanocomposites and their individual components. The mea-
surements were performed in a wavelength range between 4000 and
400 cm ™! with a resolution of 2 em ™.

2.3.3. Thermal analysis

Differential scanning calorimetry (DSC)/Thermogravimetry (TG)
utilised a STA 449 F5 Jupiter Simultaneous Thermal Analyzer with
Proteus® software produced by Netzsch, Germany. Samples were heated
at a rate of 10 °C min~! from 25 to 1000 °C using Pt80Rh20 thermo-
couples and Pt80Rh20 crucibles with lids. An empty crucible with lid
was used as reference. The oven gas was streaming with 70 ml min~!
(20 ml min~! protective gas - synthetic air and 50 ml min~" purge gas -
synthetic air). Prior to analyses, samples were kept in a desiccator over a
saturated solution of NH4CI (a relative humidity of 75 %) for 24 h.

2.3.4. X-ray powder diffraction analysis

X-ray powder diffraction (XRD) was performed using the Philips PW-
1710 automatic diffractometer (Philips, The Netherlands) with a Cu
tube at 40 kV and a current of 30 mA. The instrument was equipped with
a graphite monochromator with a curved diffracted beam and a pro-
portional counter filled with Xe. The XRD patterns were recorded in a 260
range from 4 to 65° with a step of 0.02° and a sampling time of 1 s per
step. The divergence and reception gap were set to 1 and 0.1, respec-
tively. All XRD measurements were performed at room temperature in a
stationary sample holder. The Joint Committee on Powder Diffraction
Standards (JCPDS) database was used for sample identification.

2.3.5. Nuclear magnetic resonance (NMR) spectroscopy

'H NMR spectra were recorded using a Bruker Avance III spec-
trometer (Bruker Biospin GmbH, Germany) at 400 MHz. Samples of LChi
and MeLChi were prepared by stirring in a solution of deuterated water
acidified with 0.1 % deuterated trifluoroacetic acid. The solutions were
heated to 70-80 °C for 2-3 min and then left at room temperature for
half an hour. The 'H NMR spectra were recorded after the complete
dissolution of LChi and MeLChi. The same procedure was used for the
composites eHal-LChi and eHal-MeLChi as well as for physical mixtures
(prepared by geometric dilution with mortar and pestle) of eHal and
LChi, i.e. eHal and MeLChi (in a ratio of 2:0.5). The ' NMR spectra
were recorded after good dispersion of the above physical mixtures and
composite samples.

2.4. Assessment of mucoadhesive properties

To evaluate potential interactions between Hal (and its derivatives,
such as eHal and eHal-polycation nanocomposites) with mucin,
mucoadhesive studies were performed using three in vitro methods.

The first method was based on zeta potential measurements () of the
mixture at 20 °C using a Zetasizer Nano ZS90 (Malvern Instruments,
UK). The ¢ measurements can provide insight into the mechanism of
interaction between Hal (and its derivatives, such as eHal, eHal-
polycation nanocomposites), and mucin. The {-potential of mucin free
dispersions of the samples in deionized water at a certain concentration
was used as a reference. Any changes in their {-potential values during
incubation with mucin could be considered as an indication of their
interaction [35]. The pH of mucin dispersion was measured using a HI
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2223 pH meter (Hanna Instruments, USA).

For the test, a mucin stock dispersion was prepared by adding mucin
powder at a concentration of 0.1 % (w/v) to deionized water. The mucin
dispersion was ultrasonically homogenized for 30 min at room tem-
perature. Then, the accurately weighed Hal, eHal, eHal-LChi, and eHal-
MeLChi (from each 25 mg) were added to 25 mL of aqueous mucin
dispersion (0.1 % w/v) and shaken for 4 h at 300 rpm and 20 + 1 °C. The
{-potential of the mixture was measured at specific time intervals (1 and
4 h) and compared with the {-potential of the mucin-free aqueous dis-
persions under the same conditions. Each measurement was repeated
three times at room temperature and the data are presented as mean +
standard deviation (SD).

The mucoadhesiveness of the samples was additionally assessed by
measuring their ability to adsorb mucin, using a method previously re-
ported in Ref. [36] with a slight modification (Supplementary material,
Fig. S1).

The interactions between the samples and mucin were also studied
using a Shimadzu Texture Analyzer EZ-LX (Shimadzu Corporation,
Japan) operated in a compression mode. A detailed description of the
method is provided in the Supplementary material, Fig. S2.

2.5. Cell viability assay

The cytotoxic effect of eHal, eHal-LChi, and eHal-MeLChi against
MRC-5 normal human lung fibroblasts was determined by MTT assay.
The procedure is described in the Supplementary material.

3. Results and discussion
3.1. Scanning electron microscopy (SEM)

The SEM images of all samples at different magnifications (8000 x
and 30000 x ) are shown in Fig. 1. It can be clearly seen that the pristine
Hal (Fig. 1a and e) has a tubular structure with a smooth and flat surface,
which is consistent with the results of Murphy et al. [37]. No significant
change in the particle morphology of Hal was observed after etching
with acetic acid (Fig. 1b and f). This observation is consistent with
previous results on the morphology of Hal etched in 0.01 M sulfuric acid
[38]. The average characteristic size (external diameter of 50-100 nm
and 300-700 nm in length) was maintained for pristine Hal and eHal.
Similar results were previously reported for hydrochloric and sulfuric
acid-activated Hal, showing that acid treatment selectively affects the
inner octahedral layers of Hal, while the external diameter and length of
the tubes remain unchanged [25].

The morphology of the composite particles at 30000 x magnification
(Fig. 1c and d) shows that the tubular shape of the nanotubes has been
preserved. The tubular structure of the composite particles can also be
seen at 8000 x magnification (Fig. 1g and h). There were no significant
differences in the SEM images of the composites compared to eHal,
clearly indicating the presence of the polymer on the nanoclay surface.
This can be explained by the low concentration of the polymer on the
surface of the etched halloysite, which is not clearly visible in the SEM
analysis. Using data from ImageJ (National Institutes of Health, USA), an
average external diameter of ~82 nm was determined for the eHal tubes.
In contrast, the eHal-LChi and eHal-MeLChi nanocomposites had
external diameters of ~106 nm and ~115 nm, respectively. The increase
in external diameter supports the adsorption of the polymers on the
external surface of the eHal nanotubes.

3.2. Fourier transform infrared (FT-IR) spectroscopy

The functional groups on the surface of the eHal and eHal-polycation
nanocomposites were further analyzed by FTIR analysis (Fig. 2). Fig. 2
shows the FT-IR spectra of LChi, MeLChi, and eHal-polycation nano-
composites. The FT-IR spectrum of eHal has been discussed previously
[23]. Pure LChi showed a peak at 3354 cm ™! representing the stretching
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Fig. 1. SEM images at 30 000 x magnification of (a) pristine Hal; (b) eHal; (c) eHal-LChi; and (d) eHal-MeLChi, and SEM images at 8000 x magnification of e)

pristine Hal; (f) eHal; (g) eHal-LChi; and (h) eHal-MeLChi.

of the hydroxyl groups and the symmetric stretching of the amine groups
at 2871 cm™! (Fig. 2). The peak observed at 1374 cm ™! corresponds to
—CHj stretching, while the absorption bands at 1026 cm™! and 1150
cm™! can be assigned to C-O stretching. The signal at 1651 em™! is
attributed to the C=O0 stretching of the amide group. The FTIR spectrum
of LChi is consistent with previous reports [39,40].

According to Fig. 2, the largest differences between LChi and MeLChi
were observed in the range (1538-1652 cm™!). The coupling of the
methacrylated groups to the LChi backbone led to the appearance of a
characteristic double bond peak in this region, indicating the C=C

stretching of the alkenyl group. The absorption band at 1621 cm™* can
be assigned to the C=O0 stretching of the amide in the methacrylate
moiety of MeLChi, confirming the chemical modification of LChi.
Moreover, the increased intensity of the absorption band at 2921 cm™Y,
corresponding to the C-H stretching of the alkyl groups, proves the
successful methacrylation of LChi, which was also confirmed by DSC,
XRD, and 'H NMR analyses. These results are consistent with previous
reports on methacrylated chitosan [12,41].

Comparing the FT-IR spectral details of LChi and eHal-LChi, it was
found that after the interaction of LChi with eHal in the nanocomposites
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Fig. 2. FT-IR spectra of LChi, MeLChi and the corresponding composites.

(eHal-LChi), the stretching vibration of the protonated amino group
observed in LChi at 1564 cm ™! was shifted to 1559 cm ™ in the nano-
composites. Similar results have been previously reported for nano-
composites of eHal and medium molecular weight chitosan [23]. In the
eHal-MeLChi nanocomposites, the C—=C stretching vibration of the
alkenyl group was shifted from 1538 em ™! in MeLChi to 1558 cm™! in
the composite sample. The shift of these absorption bands confirmed
that both polymers were effectively linked to eHal in the prepared
nanocomposite samples.

3.3. Thermal analysis

At DSC curve (Fig. 3), the dehydration of eHal is described by the
endothermic peaks at 77 and 148 °C related to the removal of the
physically adsorbed water and the interlayer water during the trans-
formation from Hal-10 A to Hal-7 10\, followed by the high intensity
endothermic peak centered at and 505 °C originated from

dehydroxylation of the structural aluminol groups. Exothermic peak at
996 °C of eHal is attributed to the formation of y-Al,O3 [42]. From TG
curve, the total mass loss of eHal is 17.15 % up to 1000 °C, which em-
phasizes its inherent stability as an inorganic material (Fig. 4).

For the LChi, in the interval between 20 and 200 °C, at DSC curve,
endothermic peak at 75 °C is visible attributed to the water evaporation,
while in the temperature region from 200 to 650 °C exothermic peaks at
299, 323 and 510 °C originated from the degradation of polymer due to
the rupture the anhydrous glycoside ring and deamination process
(Fig. 3a) [43]. The DSC curve of eHal-LChi nanocomposite shows
slightly visible changes in the endothermic and exothermic peaks
compared to pure LChi, only in the temperature region from 20 to
650 °C, the mass loss of eHal increased from 13.66 % after modification
with LChi to 14.87 % indicating the chitosan functionalization on the
surface of eHal (Fig. 4) [44].

At DSC curve of MeLChi, the attached methacrylated groups to the
LChi are confirmed with the change of the intensities and with the shift
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Fig. 3. DSC curves of eHal, LChi and eHal-LChi composites (a), eHal, MeLChi and eHal-MeLChi composites (b).
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Fig. 4. TG curves of eHal, LChi, MeLChi and the corresponding composites.

of the characteristic exothermic peaks of LChi. For MeLChi, exothermic
peaks are visible at 237, 314 and 492 °C. After modification of eHal with
MeLChi, changes in the thermal behavior of composite eHal-MeLChi are
more visible. The endothermic peaks of eHal visible at 77 and 148 °C
were shifted toward higher temperatures (85 and 154 °C) and were more
pronounced in the eHal-MeLChi composites (Fig. 3b). The mass loss in
the temperature region from 20 to 200 °C increased from 2.96 % for
eHal to 5.70 % for eHal-MeLChi composite (Fig. 4). In the temperature
region 200-650 °C, at DSC curve of nanocomposite, high intensity
exothermic peak originated from MeLChi appeared at 315 °C, while
mass loss increased from 13.66 % (eHal) to 25.10 % (eHal-MeLChi).
Also, the intensity of the dehydroxilation peak of eHal decreased after
modification with MeLChi probably due to the overlapping with the
exothermic peak of MeLChi and peak is slightly shifted toward lower
temperature (from 505 °C for eHal to 499 °C for nanocomposite). These
results are another confirmation of the successful modification of eHal
with MeLChi.

3.4. X-ray powder diffraction method (XRD)

The effect of polymer functionalization on the crystalline structure of
eHal was analyzed using XRD. The XRD patterns of eHal showed
diffraction patterns at 20 = 12.02°, 19.96°, 24.72°, 35.98°, 38.4°,
54.98°, and 62.5° (Fig. 5). All observed diffraction peaks are indexed
with the diffraction of the halloysite powder (JCPDS 29-1487). These
results agree well with our previous report that the crystalline structure
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Fig. 5. XRD traces of eHal, LChi, MeLChi and the corresponding composites.
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of pristine Hal was not affected by acetic acid treatment. After func-
tionalization with LChi and MeLChi, the reflections of eHal remain un-
changed, indicating that functionalization with these polymers does not
affect the structure of eHal. This is in accordance with the observation
that LChi and MeLChi adsorb only on the external surface of eHal
nanotubes.

In addition, the XRD patterns were used to study the effects of
methacrylation on the crystalline structure of LChi. Two intense crys-
talline peaks (20) at 12.06° and 20.28° were observed in pure chitosan
previously reported in Ref. [45]. The change in the XRD pattern of
MeLChi, characterized by a broadening of the peak at 20.28° due to the
destruction of the intermolecular hydrogen bonds, indicates successful
methacrylation of LChi. Kolawole et al. [12] reported lower crystallinity
of methacrylated chitosan (degree of methacrylation, 34.3 %) compared
to pure chitosan, with broadening of the peak around 20° and disap-
pearance of the peak around 10°. In this study, the characteristic peak at
12.06° did not disappear, which can be explained by the lower degree of
methacrylation of chitosan (27 %).

3.5. Nuclear magnetic resonance (NMR) spectroscopy

The 'H NMR spectra of LCh and MeLChi are shown in Fig. 6. The 'H
NMR spectrum of LChi (Fig. 6a) shows a peak at 1.98 ppm attributable to
methyl groups and peaks at 3.1-3.81 ppm attributable to hydrogen
atoms of the glucosamine ring. In the 'H NMR spectrum of MeLChi
(Fig. 6b), new peaks appeared at 5.60 and 5.99 ppm, which were due to
the presence of hydrogen atoms of the methylene group. These peaks
indicated the successful methacrylation of chitosan. The physical mix-
tures of eHal and LChi (Fig. 6¢), and eHal and MeLChi (Fig. 6d) showed
the same peaks characteristic for LChi and MeLChi, respectively. The
presence of hydrogen atoms was not detected in the 'H NMR spectra of
eHal-LChi and eHal-MeLChi nanocomposites (Fig. 6e and f). The peak of
the methyl group, which is not involved in the interaction of LChi and
MeLChi with eHal, was preserved, confirming that the interaction be-
tween the polymers and eHal occurred.

3.6. Assessment of mucoadhesive properties

The mucoadhesive properties of the Hal, eHal, eHal-LChi, and eHal-
MeLChi nanocomposites were evaluated by measuring the changes in
their {-potential upon interaction with negatively charged mucin; the
results are shown in Fig. 7. The {-potential value of the mucin particles
was —12.2 mV, confirming their negative charge due to the presence of
sialic acid. In several studies, the negative {-potential of mucin was re-
ported to be about —10 mV [46,47]. This slight difference in surface
charge can be explained by the different conductivity and pH of water
used for preparation of mucin dispersion, as well as by the different
concentration and pH of the mucin dispersion.

Pristine Hal and eHal nanotubes initially exhibited a negative {-po-
tential due to the negatively charged silanol groups located mainly on
their external surface [48]. After incubation with mucin at 20 4+ 1 °C for
1 h, ¢-potentials of pristine Hal and eHal increased from (—25.9 + 0.9)
mV to (—14.2 + 0.8) mV and from (-28.3 £ 1.1) mV to (-13.1 + 0.8)
mV, respectively. The values obtained were close to the {-potential of
pure mucin (—12.2 mV), indicating that the surface of the complexes
formed between mucin and nanotubes has a similar charge density to
mucin. The interaction arises from hydrogen bonds between the hy-
droxyl groups of mucin and the silanol groups of nanotubes and from
hydrogen bonds between the thiol groups of mucin and the silanol
groups of nanotubes. With increasing incubation time with mucin, the
C-potential of the nanotubes slightly decreased.

The (-potential measurements are also used to evaluate polymer
adsorption on the eHal surface. The {-potentials for eHal-LChi and eHal-
MeLChi nanocomposites were +25.9 + 0.9 mV and +24.4 £+ 0.8 mV,
respectively, indicating successful binding of the cationic polymers to
the external surface of the eHal nanotubes. In aqueous mucin dispersion
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Fig. 6. 'H NMR spectra of chitosans (a) LChi and (b) MeLChi; physical mixtures of () eHal and LChi and (d) eHal and MeLChi; nanocomposites (e) eHal-LChi and (f)

eHal-MeLChi.

(pH = 4.5), the sialic acid residues of mucin (pKa 2.6) are present in
ionized form, indicating an overall negative charge of the glycoprotein
[49]. At the same pH, the amine groups of chitosan are protonated, and
given the strength of electrostatic interactions, positively charged spe-
cies of the nanocomposite particles may interact with mucin. Indeed, the
positive charge of eHal-LChi and eHal-MeLChi nanocomposites
decreased significantly from +25.9 + 0.9 mV to —13.3 &+ 0.5 mV and
from +24.4 + 0.8 mV to —12.6 + 0.4 mV, respectively, after 1 h incu-
bation with mucin. This change in the surface charge of the nano-
composite particles strongly suggests that their interaction with mucin is
electrostatic in nature. The complexes formed between mucin and
nanocomposites exhibited a lower {-potential value compared to mucin
itself, which can be explained by the different conformation of adsorbed
mucin [50,51].

The mucoadhesive properties of the samples were further

determined by measuring their ability to adsorb mucin. The results of
the mucoadhesion measurements followed the trend eHal-MeLChi >
eHal-LChi > eHal > Hal. As shown in Fig. 8, pristine Hal exhibited the
lowest mucoadhesive potential: 49 + 0.7 % of the initially added mucin
was adsorbed onto the nanotubes after 1 h of incubation. These results
are consistent with a previous study showing that Hal has mucoadhesive
potential [21]. Acetic acid treatment increased the specific surface area
of nanotubes from 51.6 m2/g to 57.2 mz/g [23] for Hal and eHal,
respectively. Due to the larger surface area, eHal was able to adsorb a
higher percentage of mucin than the pristine Hal, with 54 + 0.7 % of
mucin adsorbed on the eHal surface after 1 h of incubation. For all
samples tested, most of the mucin was bound to the nanotubes within
the first hour of incubation and did not differ according to the duration
of incubation. This could be due to the saturation of the nanotube sur-
face by mucin chains.
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Fig. 8. Adsorption of mucin by the samples presented as a % of the initial
amount of mucin added to the mixture. Data are presented as mean + SD of
three independent experiments.

After functionalization of eHal with LChi, the amount of mucin
adsorbed on the composite surface increased to 66.8 + 0.8 % after 1h of
incubation. This was expected since chitosan itself has good mucoad-
hesive properties [52,53]. The binding of eHal-LChi nanocomposites to
mucin can be attributed to electrostatic interactions between the posi-
tively charged amines of LChi and the negatively charged sialic acid
residue of mucin, as well as hydrogen bonds between the hydroxyl
groups of LChi and the hydroxyl groups of mucin. Similar behavior was
reported in Ref. [21], where the functionalization of pristine Hal with
chitosan had a positive effect on mucoadhesive properties.

The introduction of methacrylate groups into MeLChi provides an
opportunity for formation of covalent bonds with mucin in addition to
the previously mentioned interactions (Fig. 9). The interaction between
the alkenyl groups of MeLChi and the thiol groups of mucin are likely
responsible for a greater percentage of adsorbed mucin by eHal-MeLChi
nanocomposites (77.7 + 0.9 %) compared to eHal-LChi nanocomposites
(66.8 + 0.8 %) after 1 h of incubation. These results were expected
based on the findings of Kolawole et al. [12], who reported better
mucoadhesivity of methacrylated chitosan compared with pure
chitosan.

The mucoadhesiveness of the samples was additionally evaluated
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with a texture analyzer. Table 1 shows the Fadh values of all tested
samples after detachment from the mucin compact.

In the present study, the eHal-MeLChi nanocomposite compacts
showed the strongest adhesive properties to the mucin compacts,
whereas the halloysite compacts showed the weakest interaction with
mucin. Pristine Hal showed limited interactions with mucin due to its
negative surface charge, which inhibits adhesion to negatively charged
mucin. This study showed that Fadh, which is required for the detach-
ment of the eHal compact from the mucin compact, was greater than the
Hal compact, with values of 0.98 + 0.08 N (eHal) and 0.78 + 0.06 N
(Hal), respectively. The better mucoadhesive properties of eHal
compared with the pristine nanotubes could be explained by the larger
specific surface area of eHal, which contributes to a stronger interaction
with mucin.

In addition, the force required to break the mucoadhesive bonds
between eHal-LChi and mucin compacts was 1.35 + 0.08 N, greater than
for eHal compacts. This suggests that noncovalent modification of eHal
with LChi significantly improves mucoadhesive properties. Such results
are expected due to the presence of positively charged amino groups in
the structure of LChi, which can interact electrostatically with nega-
tively charged mucin. Furthermore, this study revealed significant dif-
ferences in the detachment force of eHal-LChi and eHal-MeLChi
nanocomposite compacts from mucin compacts. The better mucoadhe-
sive behavior of the eHal-MeLChi nanocomposites, with a mean
detachment force (1.59 + 0.07) N is probably due to the presence of
methacrylate groups that form covalent bonds with the thiols of mucin.
These results support our hypothesis that LChi and MeLChi have a
marked effect on the mucoadhesiveness of eHal, and among the tested
samples, eHal-MeLChi stands out as the composite with the best
mucoadhesive properties.

3.7. Cell viability assay

The cytotoxic effect of eHal, eHal-LChi, and eHal-MeLChi nano-
composites on MRC-5 cells was determined by the MTT assay; the results
are shown in Table S1 (Supplementary material). According to the

Table 1
Values of Fadh of sample compacts to the porcine
mucin compact (mean £ SD; n = 4).

Samples Fadh (N)

Hal 0.78 £+ 0.06
eHal 0.98 + 0.08
eHal-LChi 1.35 + 0.08

eHal-MeLChi 1.59 £+ 0.07
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standard ISO 10993-5 [54], a cell viability more than 70 % is acceptable
for a biocompatible nanocarrier (ISO 10993-5:2009). The results
showed that eHal and eHal-polycation nanocomposites were biocom-
patible as the resulting percentage of viability in MRC-5 cells was more
than 70 % within investigated concentration range, even after prolonged
exposure. The cell survival rate of eHal-LChi (90.7 + 3 %) and
eHal-MeLChi (96.3 + 3 %) nanocomposites at a concentration 1000
pg/mlL, indicated that functionalization with LChi and MeLChi did not
affect cytocompatibility of eHal. Comparable values of cell survival rates
of eHal-LChi and eHal-MeLChi confirmed that methacrylation of LChi
does not affect cytocompatibility. This result was expected since Zanon
et al. [55] showed that methacrylation did not affect the good
biocompatibility of chitosan when tumor cell lines (H1299 and A549
GFP) were studied. These data suggest good biocompatibility of the new
eHal-polycation composites under the cell culture conditions.

4. Conclusion

Selectively etched halloysite and corresponding composites with
polycationic polymers (low molecular weight chitosan (LChi) and its
methacrylated derivative (MeLChi)) were studied. The successful func-
tionalization of eHal with the polycationic polymers was confirmed by
{-potential measurements, SEM, FT-IR, DSC, XRD, and 'H NMR. The
results of in vitro mucoadhesion studies showed that the mucoadhesive
properties of eHal were improved by functionalization with LChi and
MeLChi. Overall, the eHal-MeLChi nanocomposite exhibited remarkable
mucin-binding properties, which were attributed to the presence of
methacrylate groups that interact with thiol groups of mucin. The
enhanced mucoadhesive properties of the eHal-MeLChi nanocomposites
were confirmed by {-potential measurements, mucin adsorption capac-
ity, and mucoadhesion studies using a texture analyzer. The MRC5 cell
cytotoxicity assay showed excellent cytocompatibility of the halloysite-
polycation composites, even after prolonged exposure over 72 h, while
the cell survival rate for the eHal-MeLChi nanocomposite at a concen-
tration of 1000 pg/ml was more than 90 % and the IC50 values were
above 1000 pg/ml.

These results suggest that modification of selectively etched halloy-
site with MeLChi may be a promising approach to improve the func-
tional properties of these nanocarriers. The improved mucosal adhesion
of halloysite-chitosan nanocomposites and good biocompatibility make
them promising materials for drug delivery application.
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