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IZVESTAJ REPORT

A. PRIKAZ SADRZAJA DOKTORSKE DISERTACIJE/ THE CONTENT OF THE
DOCTORAL DISSERTATION

Doktorska disertacija kandidata magistra farmadi)erda Medarewia, pod nazivom
.Karakterizacija i optimizacija binarnih i ternarnh ¢vrstih disperzija i ciklodekstrin-
polimer sistema kao noga u cilju poboljSanja brzine rastvaranja tesko rastljive lekovite
supstance; napisana je na 168 strana i sadrzi Sest poglaWjaod, Ciljeve rada,
Eksperimentalni deo, sa rezultatima i diskusijomszaku od tri faze istrazivanja, Kriki
osvrt na dobijene rezultate istrazivanja, Zaddjki i Literaturu. Na p&etku disertacije dat je
sazetak rada na srpskom i engleskom jeziku, dokasé&raju rada nalaze Prilozi: Spisak
publikovanih radova i saopStenja ka@jine deo doktorske disertacije, Biografija autora i
Rezultati iz doktorske disertacije koji su publikov u m@unarodnim nag&nim ¢asopisima.
Disertacija je napisana jasnim i preglednim stiil@adrzi 41 sliku, 15 tabela i 170 literaturnih

navoda.

Doctoral dissertation candidatePorde Medarewd, master of pharmacy, entitled
“Characterization and optimization of binary and meary solid dispersions and
cyclodextrin-polymer systems as carriers with thenaof improving dissolution rate of
poorly soluble drug’ is written on 168 pages and comprises of six chiaptatroduction,
The aims of research, Experimental part with resalbd discussion of three phases of the
research, Critical review of the results of resdgrcConclusion and References. At the
beginning of the dissertation a short abstractiieeg on both Serbian and English language,
while dissertation ends with the Supplements: afsthe papers published in the scientific
journals and presented on the scientific meetirysthor biography and Results of the
dissertation published in the scientific journdl¥ssertation is written in a clear and concise

style and contains 41 figures, 15 tables and 17éremces.



U Uvodnom delu su date teorijske osnove koje su odcapm za predmet préavanja
doktorske disertacije. Uvodni deo disertacije sstgjaiz Sest odeljaka. U prvom odeljku
uvodnog dela izneti su osnovni principi na kojima zasniva primena tehnik&vrstih
disperzija sa ciliem povanja rastvorljivosti i bioloSke raspolozivosti teSkastvorljivih
lekovitih supstanci. Na koncizan i jasarcimaje prikazana klasifikacijévrstin disperzija, u
zavisnosti od fizikog stanja lekovite supstance i polimera Kapi matrikscévrstih disperzija.
Prikazane su i tehnike koje se primenjuju u izradistih disperzija, p&ev od onih
najjednostavnijin, koje se primenjuju na laborgstom nivou, sve do tehnika koje
omoguavaju izraduwvrstih disperzija u velikim kofinama na industrijskom nivou. U ovom
delu prikazane su i osnovne karakteristike pololesam Soluplu$-a, kao polimera odabranih
za formulacijucvrstih disperzija u istrazivanju. F&ohemijska karakterizacija predstavlja
neodvojivi deo prilikom formulacijeivrstih disperzija, pa je u ovom odeljku dat kratak
pregled najzn&jnijih tehnika za fizikohemijsku karakterizacijtvrstih disperzija. Takde je
dat kratak pregled trenutnih ogréenja primenevrstih disperzija, zbogega je joS uvek mali
broj preparata zasnovanih &arstim disperzijama nasSao svoje mesto na trzist.kiyju
ovog odeljka dat je tabelarni prikaz preparata kagrzecvrste disperzije, koji su trenutno
dostupni na trziStu. Drugi odeljak uvodnog delawvedsn je primeni ciklodekstrina kao
ekscipijenasa sa cillem paisnja rastvorljivosti teSko rastvorljivin lekovitilsupstanci.
Navedeni su najzitajniji predstavnici prirodnih ciklodekstrina i nplih derivata i dat je
pregled njihovih fiztkohemijskih osobina koje su najZ@gnije za primenu kao
farmaceutskog ekscipijensa. Detaljno su prikazanghamizmi nastanka inkluzionih
kompleksa izméu lekovite supstance i ciklodekstrina i definisani osnovni parametri koji
karakteriSu ravnoteznu reakciju nastanka lekowufzstanca-ciklodekstrin kompleksa i koji se
kao takvi koriste za procenu solubilizacionog poijta ciklodekstrina za razite lekovite
supstance. U téem odeljku uvodnog dela ukratko su prikazani osn&eorijski principi na
kojima se zasniva simulacija molekularne dinamilkazumevanje navedenih principa
predstavlja neophodan preduslov za primenu simalagiolekularne dinamike u cilju
uspostavljanja veze izrie fenomena na mikroskopskom i makroskopskom nivalaode su
navedena i osnovna ograenja simulacije molekularne dinamike kojih treba Bivestan
prilikom tumaenja dobijenih rezultata i prikazani su primerinpene simulacije molekularne
dinamike, relevatni za predmet istrazivanja. Kaka jjednoj od faza istrazivanja primenjena
metodologija eksperimentalnog dizajnagetvrtom odeljku uvodnog dela predstavljeni su
osnovni principi na kojima se zasniva metodologii@perimentalnog dizajna, uz naeoje

karakteristika n#&e&e korig€enih tipova eksperimentalnog dizajna. Poseban akcen



stavljen na tehniku eksperimentalnog dizajna sme3&o je u istrazivanju upravo karéha
ova tehnika eksperimentalnog dizajna. U narednoraljlad uvodnog dela navedeni su
osnovni principi na kojima se zasniva primena teéniesStakih neuronskih mreza. Detaljno
je prikazan proces razvoja modela véita neuronskih mreza, sa svim faktorima koje je tom
prilikom potrebno definisati (broj slojeva, brojurena u svakom sloju, t& na koji su
neuroni povezani, izbor aktivacione funkcije i estlgoritma za ¢enje mreze), uz prikaz
postupka tenja veSt&kih neuronskih mreza. U istom odeljku navedeni smagee
koris¢eni tipovi vestakih neuronskih mreza, kao i primeri primene veé&ta neuronskih
mreza u farmaceutskoj tehnologiji. Poseban akcstiaatjen je na uporedni prikaz prednosti i
nedostataka tehnika eksperimentalnog dizajna iatkiBt neuronskih mreza i mogoosti
njihove kombinovane primene, Sto je kasnije pogad kao jedan od predmeta istrazivanja.
U poslednjem segmentu uvodnog dela navedene swrstizickohemijske i farmakoloSke
karakteristike karbamazepina, koji je odabran kaalehtesko rastvorljive lekovite supstance
koja ¢e biti kori€ena u istrazivanju. Poseban osvrt je dat na do padeenjene tehnike za
poboljSanje brzine rastvaranja i bioloSke raspelogii karbamazepina, uz naglasak na pojavu
polimorfizma, koji predstavlja jedan od kiuih faktora na koji je potrebno obratiti paznju

prilikom razvoja formulacija sa ciljem po¢@nja brzine rastvaranja karbamazepina.

Thelntroduction contains theoretical bases relevant for the subgéaloctoral dissertation.

The introduction is organized in six parts. Thestfipart of the introduction gives basic
principles important for application of solid diggéons with the aim of improving solubility

and bioavailability of poorly soluble drugs. Clasation scheme of solid dispersions,
depending on the physical state of both drug anignper that constitutes solid dispersion
matrix is given in clear and concise manner. Addislly, detailed description of the

techniques for the preparation of solid dispersiomgiven, starting from the simplest ones
for preparation of solid dispersions on the labangt scale, to techniques that enable the
production of solid dispersions in large quantities an industrial scale. This part of the
introduction also gives basic characteristics ofluptus® and poloxamers as polymers
selected for the formulation of solid dispersionstlis research. Since physicochemical
characterization is inevitable part during solidspersion formulation, this section of the
introduction gives a brief overview of the most amant techniques for the physicochemical
characterization of solid dispersions. A short a#ew of current limitations solid dispersion

applications that are the reason for small numbgsuach preparation on the market is also

given in this part of the introduction. Table thptovides overview of the preparation



containing solid dispersions, currently available the market, is given at the end of this part
of introduction. The second part of the introdustics focused on the application of
cyclodextrins as excipients with the aim of impngvsolubility of poorly soluble drugs. The
properties of natural cyclodextrins as well as theblysynthetic derivates that are the most
important for their application as pharmaceuticakcgients are given in this section of
introduction. A detailed overview of the mechanisihsclusion complex formation between
drug and cyclodextrins is given, with definition tfe parameters that characterized
equilibrium reaction of inclusion complex formatiamd are used to assess solubilization
potential of cyclodextrins for different drugs. Titérd part of the introduction gives briefly
basic principles of molecular dynamics simulatiddnderstanding of these principles is
necessary prerequisite for application of molecutiynamics simulation with the aim of
establishing relationship between phenomena onasampic and macroscopic level. This
section of the introduction gives basic limitatioos molecular dynamics simulation that
should be aware of during interpretation of the ulés with examples of application of
molecular dynamics simulation in the field relevémtthe research topic. Since experimental
design methodology was applied in one of the exparial phases, the fourth section of the
introduction provides basic principles of experia@ndesign methodology, stating the
characteristics of the most commonly used typexpérimental design. Particular emphasis
is placed on the mixture experimental design, sthisetechnique of experimental design was
used in the researclBasic principles of the artificial neural networkse given in the next
section of the introduction. The development dfieidl neural networks model is described
in details, with all factors that should be consildin this process (number of layers, number
of neurons in each layer, the manner in which nesrare connected and selection of the
activation function and learning algorithm) and oview of the learning procedure of
artificial neural networks. The most frequently diggpes of artificial neural networks with
examples of their using in pharmaceutical technplaye mentioned in this part of
introduction. Particular emphasis is given on themparative overview of the advantages
and disadvantages of experimental design and adlfineural networks and possibility for
their combined use that was subsequently set abtiee subjects of research. In the last
segment of introduction the most important physieotical and pharmacological properties
of carbamazepine, a poorly soluble drug substaredected for using in the research, are
presented. A particular emphasis is given to thehnegues for improving solubility and

bioavailability of carbamazepine applied so farttwan emphasis on the polymorphism as



one of the key factors that should be consideredhgudevelopment of the formulation

intended for improving carbamazepine dissolutiotera

Ciljevi istrazivanja su definisani kao ispitivanje mo@uosti primene binarnih i ternarnih
¢vrstih disperzija, kao i binarnih lekovita supstarwiklodekstrin i ternarnih lekovita
supstanca-ciklodekstrin-hidrofilni polimer sistek® nosaa za povéanje brzine rastvaranja
teSko rastvorljive model lekovite supstance karlmapma. Navedeni ciljevi su jasno

definisani i na osnovu postavljenih ciljeva istkafije je podeljeno u tri faze.

The aims of the researclare defined as evaluation of using of binary aachary solid
dispersions, as well as binary drug-cyclodextrirdaernary drug-cyclodextrin-hydrophilic
polymer systems, as carriers for improving dissotutrate of poorly soluble drug
carbamazepine. These aims are clearly defined awkd on the defined aims the whole

research is divided into three phases.

Ekseprimentalni deo.Eksperimenti kojtine doktorsku disertaciju realizovani su u okviiu t

faze.

Experimental part.Experiments from this doctoral dissertation haeer conducted in three

phases.

U prvoj fazi istrazivanja razmatrana je magst izrade binarnih karbamazepin-poloksamer
¢vrstih disperzija primenom metoda topljenja. Zadtr navedenih binarnitvrstih disperzija
koris¢eni su poloksamer 188 i poloksamer 407, dokc¢stste disperzije iziivane u
odnosima karbamazepin:poloksamer 1:1, 1:2 i 1:3is®p je postupak izradévrstih
disperzija metodom topljenja. Dobijeni uzor&irstih disperzija su podvrgnuti detaljnoj
fizickohemijskoj karakterizaciji sa ciljem utlivanja fizickog stanja karbamazepina u
disperziji, eventualnih polimorfnih prelaza i kanmbazepin-poloksamer interakcija. U
navedenom delu doktorske disertacije detaljno ssaoe sve eksperimentalne procedure
vezane za fizikohemijsku karakterizaciju uzoraka primenom difeigine skenirajte
kalorimetrije OSQ), polarizacione mikroskopije na zagrejanojdl@ng. hot-stage polarized
light microscopy-HSWM) difrakcije X-zraka na prasku (engowder X-ray diffraction-PXRDi
infracrvene spektroskopije sa Furijeovom transfaijoen (eng.Fourier transform infrared

spectroscop¥T-IR). Izraieni uzorci¢vrstih disperzija podvrgnuti su i ispitivanju brein



rastvaranja sa ciljem sticanja uvida u stepen ¢eva brzine rastvaranja karbamazepina iz
¢vrstih disperzija u odnosu st karbamazepin, kao i ispitivanju uticaja vrstégksamera i
odnosa karbamazepin:poloksamer na brzinu rastwakampamazepina.

In the first phase of research, the possibility to prepare binary lwamazepine-poloxamer
solid dispersions by melting method was evalud®etbxamer 188 and poloxamer 407 were
used for solid dispersions preparation, while soldispersions were prepared in
carbamazepine:poloxamer ratios 1:1, 1:2 and 1:3.eTprocedure of solid dispersions
preparation is described in details. Obtained sdlidpersion samples were undergone to
detail physicochemical characterization with themaiof determining physical state of
carbamazepine in the dispersion, eventual polymorghansitions and carbamazepine-
poloxamer interactions. In this part of the doctodéssertation, all experimental procedures
for samples physicochemical characterization ugiffgrential scanning calorimetry (DSC),
hot-stage polarized light microscopy (HSM), powderay diffraction (PXRD) and Fourier
transform infrared spectroscopfT-IR) are described in details. Prepared samplese
also undergone to dissolution testing with the dmnget insight into degree of drug
dissolution rate improvement from solid dispersidormulations compared to pure
carbamazepine as well as evaluation of the infleenof poloxamer and

carbamazepine:poloxamer ratio on carbamazepineotliti®n rate.

U drugoj fazi istrazivanja ispitivana je mognost primene tehnika eksperimentalnog dizajna
smes&e i vestkih neuronskih mreZza u razvoju ternarnih karbamiz&pluplu$-poloksamer
188 ¢vrstih disperzija kao noga za poboljSanje brzine rastvaranja karbamazegineste
disperzije su izrdivane metodom rastvaranja, uz variranje udela kagzzpina, Soluplfsa

i poloksamera 188 unutar unapred postavljenih gea(@0%< karbamazepir 50%, 30%<
Soluplu$ < 80%, 0%< poloksamer 188 20%). Primenom D-optimalnog eksperimentalnog
dizajna smeSe i vestdah neuronskih mreza, tipa viSeslojnog perceptrag@ativan je uticaj
udela navedenih komponenatarstih disperzija na brzinu rastvaranja karbamawmepuz
poreienje sposobnosti predidanja dobijenih modela na test setu podataka. Dwabiii
eksperimentalni dizajn smeSe je kée8 posto je postavijanjem navedenih granica zaeudel
komponenata ternarri@rste disperzije dobijen eksperimentalni prostgoraeilnog oblika u
kome nisu primenljivi tzv. simetini tipovi eksperimentalnog dizajna smeSe, kao $to s
simplex latticei simplex centroid Arhitektura vesté&ih neuronskih mreza tipa viSeslojnog
perceptrona, sa jednim slojem skrivenih neuronabomha je za istrazivanje zbog svoje

relativno jednostavne strukture i ma@gosti modelovanja izuzetno kompleksnih zavisnosti



izmedu promenljivih. Prilikom razvoja modela ve&kié neuronskih mreza kotién jeback
propagationalgoritam, pricemu su varirani broj neurona u skrivenom slojugedwosti za
brzinu wenja imomentuma takae su korigene i razkite aktivacione funkcije, sa ciljem
dobijanja mrezZe sa najboljom sposoliwoga generalizaciju. Dobijeni uzorci ternarginstih
disperzija su podvrgnuti fizkohemijskoj karakterizaciji primenom diferencijalakenirajiée
kalorimetrije SO, polarizacione mikroskopije na zagrejanoj gldifrakcije X-zraka na
prasku, FT-IR spektroskopije, kao i ispitivanju inez rastvaranja karbamazepina sa ciljem
utvrdivanja fizickog stanja karbamazepina unutar matriksastih disperzija, eventualno
prisutnih polimorfnih prelaza, kao i mehanizamai kigjprinose pov&nju brzine rastvaranja

karbamazepina iz izdanih ternarnittvrstih disperzija.

In thesecond phasef research, the possibility for application ofxtoire experimental design
and artificial neural networks in the developmerit ternary carbamazepine-Solupflis
poloxamer 188 solid dispersions as carriers for iaying carbamazepine dissolution rate
has been investigated. Solid dispersions were pegpdy solvent casting method with
variation in the proportions of carbamazepine, $is® and poloxamer 188 within the
predefined constraints (20% carbamazepine< 50%, 30%< Soluplu§ < 80%, 0% <
poloxamer 188< 20%). The influence of the proportions of mentioned salispersion
components on carbamazepine dissolution rate waduated using D-optimal mixture
experimental design and multi layer perceptronfenitil neural networks, with comparison of
predictability of obtained models on the test da&t. D-optimal experimental design was
used, since setting of such constraints for thepgrioons of ternary solid dispersion
components resulted in irregular experimental spasehere symmetrical mixture
experimental designs, such as simplex lattice amglex centroid are not applicable. Multi
layer perceptron artificial neural network with ohélden layer was selected for the research
due to its simple architecture and ability to modemplex relationships between variables.
During development of artificial neural network nebdback propagation algorithm was
used, with variations of the number of hidden naardearning rate and momentum values,
as well as using of different activation functiomsth the aim to obtain network with the
highest generalization ability. Obtained solid dispion samples were undergone to
physicochemical characterization using differentsglanning calorimetry (DSC), hot-stage
polarized light microscopy, powder X-ray diffractioand Fourier transform infrared

spectroscopy (FT-IR), as well as drug dissolutiesting, with the aim of determining



carbamazepine physical state within the solid disipas matrix and eventual polymorphic

transitions.

U treéoj fazi istrazivanja ispitivana je mognost primene karbamazepin-hidroksiprapil-
ciklodekstrin binarnih i karbamazepin-hidroksipiepiciklodekstrin-hidrofilni  polimer
ternarnih sistema sa cillem p@amja brzine rastvaranja karbamazepina. Prvo jenarSe
procena solubilizacionog kapaciteta hidroksipr@pdiklodekstrina za karbamazepin i
moguenosti povéanja solubilizacionog kapaciteta i efikasnosti késkpiranja u sistemu
karbamazepin-hidroksipropfl-ciklodekstrin dodatkom malih kd&ina hidrofilnih polimera
(Soluplu$, polivinilpirolidon K25-Kollidon® 25 i dva tipa hidroksipropilmetilceluloze
razlicitog stepena supstitucije i viskoziteta-Metof@@0SH-100 i Metolose 65SH-1500).
Simulacija molekularne dinamike je kai&ha kako bi se stekao bolji uvid u interakcije
izmedu karbamazepina, hidroksiprofifeiklodekstrina i hidrofilnih  polimera na
molekulskom nivou. Nakon toga, binarni karbamazdpdroksipropil$-ciklodekstrin i
ternarni karbamazepin-hidroksiprogHeiklodekstrin-hidrofilni polimer sistemi su iztavani
tehnikom suSenja rasprSivanjem iz vodenih rastvdta. dobijenim uzorcima vrSena je
fizickohemijska karakterizacija primenom diferencijalnekenirajée kalorimetrije,
polarizacione mikroskopije na zagrejanoj dodifrakcije X-zraka na prasku, FT-IR
spektroskopije i skenirafe elektronske mikroskopije (engcanning electron microscopy-
SEM u cilju procene promene ftdohemijskih karakteristika karbamazepina usled
interakcija sa hidroksipropp-ciklodekstrinom i/ili hidrofilnim polimerom. Na dwujenim
uzorcima vrseno je i ispitivanje brzine rastvarak@gbamazepina. Sve metode ispitivanja
uporedno su sprovedene i nadkim smeSama istovetnog sastava.

Sve metode koré&&ne u radu su u skladu sa savremenim standardiotmaistrazivékog
rada u naénoj oblasti u kojoj je vrSeno istrazivanje. Prikaaametodologija omogava

dobijanje jasnih i nedvosmislenih rezultata kojenostvaruju postavljeni ciljevi istrazivanja.

The possibility of using binary carbamazepine-hygipopyl#-cyclodextrin and ternary
carbamazepine-hydroxypropgiteyclodextrin-hydrophilic polymer systems in ordéo
improve carbamazepine dissolution rate was evathiatehethird phaseof research. At the
beginning, solubilization capacity of hydroxyprogytyclodextrin for carbamazepine was
assessed, followed with assessment of the posgsibitiimproving solubilization capacity as
well as complexation efficiency in carbamazepingrbyypropylg-cyclodextrin system with

addition of low amounts of hydrophilic polymers I(®tus®, polyvinylpyrrolidone K25-



Kollidon® 25 and two types of hydroxypropyl methylcellulasfe different degree of
substitution and viscosity-Metold5e90SH-100 and Metolo8e 65SH-1500). Molecular
dynamics simulation was used to get better indigfiot interactions between carbamazepine,
hydroxypropylg-cyclodextrin and hydrophilic polymers at the malec level. After that
binary  carbamazepine-hydroxyprogdeyclodextrin  and ternary carbamazepine-
hydroxypropylg-cyclodextrin-hydrophilic polymer systems have bgeepared by spray
drying from aqueous solutions. Obtained samplesewandergone to physicochemical
characterization using differential scanning caloetry, hot-stage polarized light
microscopy, powder X-ray diffraction, FT-IR spestopy and scanning electron microscopy
(SEM) with the aim of assessment changes of ploy®@otcal characteristics of
carbamazepine due to interactions with hydroxypkgpgyclodextrin and/or hydrophilic
polymer. Carbamazepine release rate from prepassdmes was also evaluated. All methods
for characterization were carried out simultanegusin the physical mixtures of the same

composition as spray dried formulation.

All methods used in the doctoral dissertation ameaccordance with the contemporary
standard of scientific work in this field of reselar The presented methodology enables

obtaining of clear and unambiguous results thattndedéined aims of the research.

U okviru svake faze eksperimentalnog dela prikazsuni dobijenirezultati, zajedno sa

diskusijom i poreienjem dobijenih rezultata sa trenutno dostupniendiurnim podacima.

Each section of the experimental part contains imleiresultswith the followingdiscussion

and comparison of the obtained results with theenity available literature data.

Na kraju disertacije prikazan jeriti ¢ki osvrt na dobijene rezultate kao i zakljuéci u
odnosu na prethodno postavljene ciljeve za svakspoavedenih faza istrazivanja.

Critical review of the results of researcéind conclusionsin relation to predefined aims for

each of the research phases are given at the edissdrtation.



B. OPIS POSTIGNUTIH REZULTATA/ DESCRIPTION OF THE OBTAINED
RESULTS

U okviru prve fazeistrazivanja, poloksamer 188 i poloksamer 407 sue&no primenjeni u
formulaciji binarnih ¢vrstih disperzija sa teSko rastvorljivom lekovitosupstancom
karbamazepinom. Binarnecvrste disperzije izivane su u masenim odnosima
karbamazepin:poloksamer 1:1, 1:2 i 1:3, postupkoispaigovanja karbamazepina u
otoplienom poloksameru, nakodega je smeSa hiana do o¢vrStavanja, a zatim
pulverizovana i prosejavana u cilju dobijanja peaikednaene veléine ¢estica. U svim
izradenim  uzorcima  binarnih ¢vrstih  disperzija, bez obzira na odnos
karbamazepin:poloksamer, zabelezeno je prisustubakazazepina u kristalnom obliku.
Veoma je znéajno da je u svim uzorcima izt@nih ¢vrstih disperzija detektovano prisustvo
polimorfnog oblika 1l karbamazepina, koji preddjav najstabilniji polimorfni oblik
karbamazepina i koji je kao takav prema Evropskajmikopeji jedino prihvatljiv za
formulaciju farmaceutskih oblika. Pokazano je dapsienenom diferencijalne skenirdg
kalorimetrije ne moze odrediti fidko stanje karbamazepina u karbamazepin-poloksamer
binarnim ¢vrstim disperzijama pri odnosima karbamazepin:psdoker 1:2 i 1:3, usled
promene inicijalnog fizkog stanja karbamazepina pod uticajem poviSene dmhpe
primenjene u ispitivanju. Primena polarizacione nog#kopije na zagrejanoj aioi difrakcije
X-zraka na prasku omogila je nedvosmisleno detektovanje kristalnog obkkebamazepina
u izradenim ¢vrstim disperzijama. Primenom simulacije molekuéaminamike udena je
teznja molekula karbamazepina ka stvaranju intezkudkih interakcija i agregaciji, Sto
zajedno sa odsustvom karbamazepin-poloksamer kaigrazabelezenim primenom FT-IR
spektroskopije, predstavlja maguobjasnjenje za denu kristalnu prirodu karbamazepina u
¢vrstim disperzijama. Formulacijom binarnih karbaeyan-poloksamercvrstin disperzija
postignuto je zn&jno povéanje brzine rastvaranja karbamazepina u qenjl sadistim
karbamazepinom. Tako se za 10 minuta ispitivargtveailo vise od 80% karbamazepina iz
¢vrstih disperzija izrdenih sa poloksamerom 188 i 57-67% karbamazepin&vistih
disperzija izrdenih sa poloksamerom 407, dok se iz uzokagimg karbamazepina rastvorilo
tek oko 15% ove lekovite supstance. Primenom paloiesa 188 postignuto brZze rastvaranje
karbamazepina u odnosu &aste disperzije izidene sa poloksamerom 407, pemu je za
rastvaranje 90% od ukupne kafie karbamazepina u uzorcima bilo potrebno oko futa u
slieaju karbamazepin-poloksamer 188/rstih disperzija i do 60 minuta u shju

karbamazepin-poloksamer 40&vrstih disperzija. Sa povanjem udela poloksamera



zabeleZzeno je smanjenje brzine rastvaranja karbgpivez, Sto moZe biti posledica
termoreverzibilno gelirajgih osobina poloksamera i stvaranja gel sloja aodestica
karbamazepina. Veoma je zago da je naju@ stepen pov&anja brzine rastvaranja
karbamazepina postignut pri relativno visokim masendelima karbamazepina (50%jme
je olakSana formulacija finalnih farmaceutskih &hlipogodnih za peroralnu primenu. Zbog
prisustva karbamazepina u termodinégininajstabilnijem kristalnom obliku, nec¢ekuju se
problemi u obezh#ivanju dugoréne stabilnosti binarnih karbamazepin-poloksahastih

disperzija, St@esto ograrsiava Siru komercijalnu primeniyrstih disperzija.

In the first phase of research, poloxamer 188 and poloxamer 407 Haaen successfully
applied in the formulation of binary solid dispems with poorly soluble drug
carbamazepine. Binary solid dispersions have baepagred in carbamazepine:poloxamer
mass ratios ofl:1, 1:2 and 1:3, by dispersing of carbamazepindghi@ molten poloxamer
followed by mixture cooling until solidified andtef that obtained product was pulverized
and sieved in order to obtain powder of uniform tde size distribution. In all of the
prepared binary solid dispersion samples, regarsllearbamazepine:poloxamer ratio, the
presence of crystalline carbamazepine was detetttéxlof particular importance that in all
of the solid dispersion samples the presence gofparphic form Ill of carbamazepine was
detected, which is the most stable polymorphic fofntarbamazepine and according to
European Pharmacopoeia, it is the only polymorgdbien of carbamazepine acceptable for
formulation of dosage forms. It has been shown thatusing of differential scanning
calorimetry it is not possible to determine carbaewine physical state in binary
carbamazepine:poloxamer solid dispersions in thebaaazepine-poloxamer ratios of 1:2
and 1:3, due to changes of the initial carbamazephysical state upon heating during DSC
analysis. Using of hot-stage polarized light micamgsy and powder X-ray diffraction enable
unequivocal detection of crystalline carbamazepinethe prepared solid dispersions.
Application of molecular dynamics simulation shoveadency of carbamazepine molecules
to intermolecular interactions and aggregation, wuhi altogether with absence of
carbamazepine-poloxamer interactions observed byIRFTspectroscopy can explain
crystalline nature of carbamazepine in the prepasetid dispersions. Formulation of binary
carbamazepine-poloxamer solid dispersions signifilga improved carbamazepine
dissolution rate compared to pure carbamazepiDaring the first 10 minutes of testing,
more than 80% of carbamazepine was dissolved frolmxpmer 188 solid dispersions and

57-67% from poloxamer 407 solid dispersions, whildy 15% of carbamazepine was



dissolved from the samples of pure drug. Using oloxamer 188 resulted in faster
carbamazepine release, compared to poloxamer 40 sdispersions, wherein for
dissolution of 90% of total carbamazepine about i was necessary in the case of
carbamazepine-poloxamer 188 solid dispersions gmdou60 min in the case of poloxamer
407 solid dispersions. With increasing of poloxamperportion, carbamazepine release rate
decreased, which can be a consequence of thermeilgleegelation properties of poloxamer
and formation of gel layer around carbamazepinetiphas. It is of particular importance that
the highest improvement of carbamazepine dissolutite was achieved with relatively high
carbamazepine proportion in solid dispersion (50%Mich facilitates formulation of final
dosage forms suitable for oral route of administrat Due to presence of carbamazepine in
its most stable crystalline form, problems in emsyrlong-term stability of binary
carbamazepine-poloxamer solid dispersions, thaeroftimited their wider commercial

applications, are not expected.

U drugoj fazi istrazivanja, tehnike eksperimentalnog dizajna &amevestakih neuronskih
mrezZa prvi put su primenjene u kombinaciji u raemdjrstih disperzija. Navedene tehnike su
uspesno primenjene u formulaciji ternarnih karbaepazSoluplu§-poloksamer 188&vrstih
disperzija. Iz izrdenih ternarnihcvrstin disperzija postignuto je z¢&gno povéanje brzine
rastvaranja karbamazepina u ptmeju sacistim karbamazepinom i odabranim uzorkom
fizickih smeSa. Tako se kod 11 od 22 pripremljene féanige u toku prvih 10 minuta
ispitivanja rastvorilo vise od 80% od ukupnog safiiZzarbamazepina u uzorcima. Zeljeno
poveanje brzine rastvaranja karbamazepina postignuté&qgd ternarniitvrstih disperzija sa
relativno visokim udelima karbamazepina od oko 50%®timenom D-optimalnog
eksperimentalnog dizajna smeSe i vé§ta neuronskih mreza tipa viSeslojnog perceptrona
razvijeni su modeli koji pokazuju zavisnost izineudela komponenata u ispitivanim
ternarnim¢vrstim disperzijama i procenta rastvorenog karbapema nakon 10 (€) i 20
min (o). Primenom D-optimalnog eksperimentalnog dizajnmee& utwieno je da kubni
model najbolje opisuje zavisnost izéoeispitivanih promenljivih, dok je u staju modela
vesSta&kih neuronskih mreza, tipa viSeslojnog perceptrdaa model koji najbolje opisuje
zavisnost izméu ispitivanih promenljivih identifikovana mreza && neurona u skrivenom
sloju, hiperbokknom aktivacionom funkcijom i vrednostima za brziatenja od 0,6 i
momentunod 0,3. Pokazano je da na odabrane parametigi (@) najvei uticaj imaju
udeli karbamazepina i poloksamera 188. Za dobijendele je pokazano da dobro opisuju

zavisnost izméu ispitivanih promenljivih, pricemu je model vestaih neuronskih mreza



(R°=0,978) pokazao bolju sposobnost prédvia na test setu podataka u odnosu na model
dobijen primenom eksperimentalnog dizajna sme$€=QR41). Fiztkohemijskom
karakterizacijom odabranih uzoraka ternartimstin disperzija pokazano je da je u svim
uzorcima karbamazepin prisutan u kristalnom obliko u termodinandki najstabilnijem
polimorfnom obliku Ill. Vrsta rastvata kori€enog u izradicvrstih disperzija pokazala je
znaajan uticaj na strukturu dobijenih disperzija, fgmu je primenom metanola omdga
nastanakivrste disperzije sa amorfnim karbamazepinom u kajeudeo karbamazepina visi
nego Sto je to moge postti primenom etanola. Take, pokazano je da se dodatkom
poloksamera 188 olak$ava kristalizacija karbamazepiternarnim karbamazepin-Solufftus

poloksamer 188vrstim disperzijama.

In the second phaseof the research, mixture experimental design antifi@al neural
networks for the first time have been used in coatlin in the development of solid
dispersions. These techniques have been succgssfdt in the development of ternary
carbamazepine-Soluplfigoloxamer 188 solid dispersions. Significantly ioyed
carbamazepine dissolution rate was achieved froenpitepared solid dispersions compared
to both pure carbamazepine and selected sampleeqgbttysical mixture. Thus, from 11 of 22
prepared formulations, more than 80% of total carta@epine was dissolved during first 10
min of testing. Desired improvement of carbamazepgiissolution rate was achieved even
from solid dispersions with relatively high proport of carbamazepine of about 50%.
Models that shows relationship between proportiohs£omponents in the studied ternary
solid dispersions and percent of dissolved carbapae after 10 () and 20 minutes (£
have been developed using D-optimal mixture exmariah design and multi layer perceptron
artificial neural networks. Using D-optimal mixtuexperimental design it was determined
that cubic model best describes relationship betwstidied variables, while multilayer
perceptron artificial neural network with three klieh neurons, hyperbolic activation
function, learning rate of 0.6 and momentum of W&& identified as the network that best
describe relationship between studied variableshds been shown that proportions of
carbamazepine and poloxamer 188 have the highdkiencte on both of the studied
parameters (@ and Qo). It has been shown that obtained models wellrif@scelationship
between studied variables, wherein artificial nduratwork model (0,978) showed better
predictability on test data set, compared to migtexperimental design model’R,741).
Physicochemical characterization of the samplesaglibthat in all samples carbamazepine

was present in the crystalline form in its thermmaiyically most stable polymorphic form Il



The type of solvent used in the solid dispersi@paration showed significant influence on
the structure of obtained solid dispersions, whenesing of methanol enables formation of
solid dispersion with amorphous carbamazepine wiiigher carbamazepine loading

compared to solid dispersions prepared with ethakolrthermore, it has been shown that
addition of poloxamer 188 facilitates crystallizati of carbamazepine in the ternary

carbamazepine-Soluplfigooloxamer 188 solid dispersions.

Primenom hidroksipropip-ciklodekstrina, urecéoj fazi istrazivanja, postignuto je z&gno
poveanje rastvorljivosti karbamazepina, @emu je postignut linearan rast rastvorljivosti
karbamazepina (0,56-102,20 mmol/l) sa porastom danacije hidroksipropip-
ciklodekstrina (0-40% m/v). Na osnovu dobijenogadigma fazne rastvorljivosti moze se
pretpostaviti da karbamazepin i hidroksiprgpitiklodekstrin grade inkluzioni kompleks u
stehiometrijskom odnosu 1:1. Dodatak hidrofilniHimera (Soluplu8, Metolos& 90SH-100

i Metolos€ 65SH-1500) doveo je do porasta rastvorljivostiblanazepina u rastvorima
hidroksipropil$-ciklodekstrina od oko 1,5 puta, u odnosu na sameene rastvore
hidroksipropil$-ciklodekstrina, dok dodatak Kollid§ra 25 nije imao zn@mjnog uticaja na
rastvorljivost karbamazepina u rastvorima hidrokgpid-p-ciklodekstrina. Na osnovu
dobijenih rezultata moZe se zaKii da je dodatak hidrofilnih polimera (Solupfys
Metolos€& 90SH-100 i Metolose 65SH-1500) efikasan tim za povéanje efikasnosti
kompleksiranja u sistemu karbamazepin-hidroksiprpmiklodekstrin, pri ¢cemu je
postignuto povéanje efikasnosti kompleksiranja od 1,5 puta u odnosm binarne
karbamazepin-hidroksipropfl-ciklodekstrin sisteme. Simulacijom molekularne adimke u
ternarnom karbamazepin-hidroksipropitiklodekstrin-hidroksipropilmetilceluloza sistemu
pokazano je da spedgifie interakcije izméu molekula hidroksipropilmetilceluloze i molekula
karbamazepina koji disosuju iz kompleksa sa hidpwkgil-p-ciklodekstrinom mogu biti
odgovorne za povanje rastvorljivosti karbamazepina u ternarnomesist u odnosu na
binarni karbamazepin-hidroksiprogiteiklodekstrin ~ sistem. Ueene interakcije
najverovatnije spk&vaju formiranje dimera karbamazepina, Sto je ponak u procesima
nukleacije i rasta kristala. Tehnikom suSenja r&gpnjem iz vodenih rastvora dobijeni su
binarni karbamazepin-hidroksiprogitciklodekstrin i ternarni karbamazepin-hidroksipitep
B-ciklodekstrin-hidrofilni  polimer  sistemi u obliku praska. Fizikohemijskom
karakterizacijom dobijenih uzoraka pokazano je dauj svim formulacijama dobijenim
susenjem rasprSivanjem, karbamazepin prisutan ufaom obliku, Sto moze ukazati na

formiranje inkluzionih kompleksa sa hidroksipropitiklodekstrinom. Uéeno je da izméu



karbamazepina i hidroksiprogtciklodekstrina dolazi do intermolekulskih intergkckoje
mogu imati zn&ajnu ulogu u nastanku i stabilizaciji karbamazdmoiroksipropil -
ciklodekstrin inkluzionih kompleksa. Dobijeni ekspeentalni rezultati su potdeni i
primenom simulacije vezivanja molekula karbamazapinhidroksipropilB-ciklodekstrina
(tzv. docking simulacija). Iz binarnih i ternarnih formulacijazraienih suSenjem
rasprSivanjem postignuto je Ziagno poveéanje brzine rastvaranja karbamazepina, kako u
odnosu na&istu lekovitu supstancu, tako i u odnosu na odgajuée fizicke smeSe. Najvéa
brzina rastvaranja karbamazepina postignuta je omndlacija binarnih karbamazepin-
hidroksipropil$-ciklodekstrin i ternarnih  karbamazepin-hidroksipiteB-ciklodekstrin-
Soluplu$ sistema, gde je celokupna kitia karbamazepina rastvorena: vekon 5 minuta
ispitivanja. Kod formulacija izeenih sa oba tipa hidroksipropilmetilceluloze (Met#
90SH-100 i Metolose 65SH-1500) zabeleZeno nesto sporije i nepotpursivaeanje
karbamazepina i to nanto kod formulacije izrdene sa tipom hidroksipropilmetilceluloze
vedeg viskoziteta (Metolo§e65SH-1500), gde je za rastvaranje vise od 90%akaazepina
bilo potrebno oko 60 minuta.

Using of hydroxypropyp-cyclodextrin significantly improved carbamazepswodubility in the
third phase of research, wherein carbamazepine solybifiearly increased with increasing
of hydroxypropy|s-cyclodextrin concentration. Based on obtained phsdubility plot it can
be assumed that carbamazepine and hydroxypiygyklodextrin form inclusion complex in
stoichiometric ratio of 1:1. Addition of hydroplailpolymers (Solupls Metolos& 90SH-100
and Metolos& 65SH-1500) led to significant increasing of carlzaepine solubility in the
hydroxypropylg-cyclodextrin solutions, while addition of Kolliddn25 didn't exhibit
significant influence on carbamazepine solubilityhiydroxypropy|s-cyclodextrin solutions.
Based on the obtained results it can be concluded addition of hydrophilic polymers
(Soluplu§, Metolos&€ 90SH-100 and MetoloSe 65SH-1500) is an effective way for
improving of compleaxtion efficiency in carbamamrephydroxypropyp-cyclodextrin system,
with complexation efficiency 1.5 times higher coredato binary carbamazepine-
hydroxypropylg-cyclodextrin  system. Molecular dynamics simulatioim ternary
carbamazepine-hydroxypropgteyclodextrin-hydroxypropyl methylcellulose systshnowed
that specific interactions between hydroxypropylthyleellulose and carbamazepine
molecules, which dissociate from complexes withrdxybropyl#s-cyclodextrin may be
responsible for increasing of carbamazepine soitybih ternary system compared to binary

carbamazepine-hydroxypropgiteyclodextrin system. Observed interactions propaioévent



formation of carbamazepine dimmers, which is th& ftep in the processes of nucleation
and crystal growth. Binary carbamazepine-hydroxyytes-cyclodextrin and ternary
carbamazepine-hydroxypropgiteyclodextrin-hydrophilic polymer systems in povetkeform
were prepared by spray drying from aqueous solstidPhysicochemical characterization
showed that in all of the formulations carbamazepivas present in the amorphous form,
which can indicate on formation of inclusion conxgle with hydroxypropys-cyclodextrin. It
has been shown that intermolecular interactionsMeen carbamazepine and hydroxypropyl-
p-cyclodextrin occurred and these interactions caveh significant role in stabilization of
carbamazepine-hydroxypropgteyclodextrin inclusion complexes. Obtained expental
results have been additionally confirmed using daglsimulation between carbamazepine
and hydroxypropyp-cyclodextrin  molecules. Significantly improved wmnazepine
dissolution rate was achieved from binary and teynspray dried formulations compared to
both pure drug and corresponding physical mixturdse highest carbamazepine dissolution
rate was achieved from formulations of binary camaaepine-hydroxypropylcyclodextrin
and ternary carbamazepine-hydroxypropytyclodextrin-Solupl systems, where the
entire amount of carbmazepine was dissolved aftemibutes of testing. Formulations
prepared with both types of hydroxypropyl methjltese (Metolos® 90SH-100 and
Metolos€ 65SH-1500) exhibit somewhat slower and incomplatbamazepine dissolution,
particularly in the case of formulation preparedtivhydroxypropyl methylcellulose type of
higher viscosity (Metolo§e65SH-1500), where 60 minutes was necessary fepldison of

more than 90% of carbamazepine.

Nakon prikazanih rezultata sve tri faze istrazisakgndidat je dao kritki osvrt na dobijene
rezultate. U ovom delu izdvojene su formulacijebiggme primenom sva tri ispitivana
formulaciona pristupa, kod kojih je postignuto magb rastvaranje karbamazepina (viSe od
80% rastvorenog karbamazepina za prvih 10 mingi&ivianja). Detaljno su prodiskutovani
faktori koji uticu na izbor optimalnog formulacionog pristupa. lakose sva tri formulaciona
pristupa pokazali efikasnim u paanju brzine rastvaranja karbamazepina, prednodage
formulaciji binarnih i ternarnilivrstih disperzija, zbog postizanja Zagog povéanja brzine
rastvaranja karbamazepitak i kod formulacija sa relativno visokim udelimarkamazepina
(oko 50%), Sto je natto zna&ajno za visokodozirane lekovite supstance, kao j&to
karbamazepin. Zbog niskog udela karbamazepina?g%), formulacija binarnih lekovita

supstanca-ciklodekstrin i ternarnih lekovita supsgaciklodekstrin-hidrofilni polimer sistema



predstavlja pogodan pristup za péaeje brzine rastvaranja niskodoziranih tesko rakivih

lekovitih supstanci.

After presenting the results of all three phasethefresearch, candidate gave critical review
of the obtained results. In this part, formulatipbtained using three studied formulation
approaches, which exhibit the fastest carbamazegdiasolution rate (more than 80% of
dissolved carbamazepine in the first 10 minutes)@esented. Factors that influence on the
choice of optimal formulation approach are discuss@ details. Although all three
formulation approaches shown to be effective inrowing carbamazepine dissolution rate,
preference is given to formulation of binary antheey solid dispersions due to achieving of
significantly increased carbamazepine dissolutiater even from formulations containing
relatively high carbamazepine proportions (abou®gDwhich is particularly important for
high dose drugs, such as carbamazepine. Due tacéobamazepine proportions (5.3-7.7%),
formulations of binary drug-cyclodextrin and tergadrug-cyclodextrin-hydrophilic polymer
systems represents suitable approach for improwolgbility of low dose poorly soluble

drugs.

C. UPOREDNA ANALIZA REZULTATA SA PODACIMA 1Z LITERA TURE/
COMPARISON OF THE OBTAINED RESULTS WITH THE PUBLISH ED DATA

Formulacija preparata za peroralnu primenu sa teaktvorljivim lekovitim supstancama
predstavlja veliki problem u farmaceutskoj indystisled niske bioloSke rasplozivosti ovih
lekovitih supstanci, koja je ogramina njihovom niskom brzinom rastvaranja. Smatraase
oko 70% novosintetisanih lekovitih supstanci polazisku rastvorljivost u vodi, dok oko
40% preparata sa trenutnim oslébajem lekovite supstance prisutnih na trziStu sadrz
lekovite supstance koje se mogu smatrati pEakti nerastvorljivim u vodi (osnovna
rastvorljivost manja od 100g/ml) (Takagi i sar., 2006). Potenom udelu tesko rastvorljivih
lekovitih supstanci doprineo je razvoj tehnika sr# hemijskih jedinjenja, koje danas
omoguiavaju sintezu veoma komplikovanih struktura kajesto pokazuju vrlo nisku
rastvorljivost, kao i sve @& primena visoko efikasnih tehnika ispitivanja (erggh
throughput screeningsupstanci kandidata za novi lek (Lipinski i s&001). Formulacija
¢vrstih disperzija i inkluzionih kompleksa lekovitisupstanci sa ciklodekstrinima spadaju
medu nagee korig€ene i najefikasnije metode za poéanje brzine rastvaranja i poslédo

bioloSke raspolozivosti teSko rastvorljivih lekakitsupstanci, pa su stoga ova dva pristupa i



koris¢ena u istrazivanju. Kao model lekovita supstancaistrazivanju je kori&en
karbamazepin, s obzirom da je ova supstanca testworljiva (oko 170 mg/l na 25 °C)
(Moneghini i sar., 2002), pokazuje polimorfizamrinpenjuje se u relativno visokoj dozi, Sto

sve predstavlja izazov u razvoju formulacije.

Formulation of dosage forms for peroral adminisioat with poorly soluble drugs is one of
the greatest problems in the pharmaceutical indystmce poorly soluble drugs exhibit low
oral bioavailability limited with their low dissotion rate. It is considered that about 70% of
newly synthesized drugs exhibit low aqueous sdiybihile about 40% immediate release
preparations on the market contain drugs practigafisoluble in water (intrinsic solubility
lower than 100ug/ml) (Takagi et al., 2006). Increasing number obgy soluble drugs is
caused by development of synthesis techniques iegabynthesis of very complicated
structures that exhibit poor aqueous solubility amtreasing use of high throughput
screening techniques of new drug candidates (Lkpinsar., 2001). Formulation of solid
dispersions and drug-cyclodextrin inclusion compteis one of the mostly used and the most
efficient method for improving dissolution rate aodnsequently bioavailability of poorly
soluble drugs, therefore these two approaches awsen for the research. Carbamazepine
was chosen as a model drug, since this substanpeady soluble (aqueous solubility is
about 170 mg/l at 25 °C) (Moneghini et al., 2002)hibit polymorphism and is administered

in high doses that altogether presents a challengbe formulation development.

Poloksameri predstavljaju poie materije koje setesto koriste kao emulgatori i
solubilizatori, ali se danas zahvaljtjuisvom visokom solubilizacionom kapacitetu, niskoj
temperaturi topljenja (<60°C) i povoljnom bezbedmms profilu sve viSe koriste i u
formulaciji ¢vrstih disperzija. Pokazano je da se formulacijboprofena (Newa i sar., 2007,
2008), bikalutamida (Sancheti i sar., 2008), npeth (Chutimaworapan i sar., 2000) i
etorikoksiba (Karekar i sar., 2009) aurste disperzije sa poloksamerima postizecajmo
pove&anje brzine rastvaranja lekovite supstance, StobggSnjava poboljSanim kvasSenjem i
solubilizacijom molekula lekovite supstance, smajgm veltine ¢estica lekovite supstance
u disperziji i smanjenjem njihove aglomeracije, anekim sld¢ajevima je zabelezeno i
formiranje amorfnog oblika lekovite supstance (Newsar., 2007; Sancheti i sar., 2008;
Karekar i sar., 2009; Shah i sar., 2007; Gharesdy.i 2009). Noviji radovi su pokazali da u
¢vrstim disperzijama lekovite supstance BMS-3470& @aoksamerima, dobijenim suSenjem

rasprSivanjem, lekovita supstanca kristaliSe u koblhanokristalne faze, Sto predstavlja



posledicu kinetike procesa kristalizacije u dispeiekovita supstanca-polimer, odnosno
ravnoteze izm@u procesa nukleacije i rasta kristala (Yin i s@8005; Qian i sar., 2007). U
literaturi za sada nisu dostupni podaci vezani inarbe¢vrste disperzije karbamazepina sa
poloksamerima. Rezultati prikazani u disertacijkaouju da se poloksameri mogu uspesno
primeniti u izradi¢vrstih disperzija sa karbamazepinotime se postiZze z@ajno povéanje
brzine rastvaranja karbamazepina.celwo prisustvo karbamazepina u kristalnom obliku u
izradenim ¢vrstim disperzijama je dakivano, s obzirom na relativno visoke udele
karbamazepina koji su koégni i ogranéen kapacitet poloksamera da u otopljenom stanju
rastvaraju lekovitu supstancu, kao i teznju molakiarbamazepina ka khesobnoj
agregaciji, koja je ugena primenom simulacije molekularne dinamike. lae odsustvo
pikova topljenja lekovite supstance na dobijenimMBrmogramima&esto uzima kao dokaz
prisustva amorfnog oblika lekovite supstance, ¢irstih rastvora, rezultati prikazani u
disertaciji su pokazali se ova tehnika ne mozeskitiiza pouzdano utdivanje fizickog
stanja lekovite supstance u &iju binarnih karbamazepin-poloksamarrstih disperzija.
Kako se poloksameri tope na znatno nizoj tempearathikarbamazepina, postoji magost
da sa poviSenjem temperature u toku DSC analizée ddo postepenog rastvaranja
karbamazepina u otpoljenom poloksameru. Tako jeutegla kada temperatura dostigne
temperaturu topljenja karbamazepina, viSe nema Iprmvéristalnog karbamazepina kako bi
se detektovao endotermni pik njegovog topljenja¢n®l se moze zaklfiti i na osnovu
dostupnih literaturnih podataka za sisteme rofekngsloksamer 188 (Shah i sar., 2007) i
karbamazepin-polietilenglikol (Zerrouk i sar., 20(Nair i sar., 2002) u kojima je i pored
odsustva pikova topljenja lekovite supstance na D&Gogramima, primenom dodatnih
analitckih tehnika pokazano da je lekovita supstanca fwésuu kristalnom obliku.
ZabeleZzeno smanjenje brzine rastvaranja karbamszem izratenih binarnih ¢vrstih
disperzija sa porastom masenog udela poloksamerze ree objasniti termoreverzibilno
gelirajitim osobinama poloksamera. Termoreverzibilno geid&j osobine poloksamera
podrazumevaju formiranje gel sloja iznad aidmn@h vrednosti temperature i koncentracije
poloksamera i ove karakteristike poloksamera sualjdet opisane u literaturi (Sharma i
Bhatia, 2004, Fusco i sar., 2006, Hsu i sar., 200&n i sar., 2009). Razlog za smanjenje
brzine rastvaranja karbamazepina sa pangm udela poloksamera moZze biti paage
debljine i viskoziteta gel sloja, Sto dovodi do omgja difuzije molekula karbamazepina u
okolni medijum. Skni rezultati prethodno su opisani u&ju ¢vrstih disperzija bikalutamida
(Sancheti i sar., 2008) i albendazola (Castro . 24x10) sa poloksamerom 188.¢ddebrzina

rastvaranja karbamazepinadarstih disperzija izrdenih sa poloksamerom 188, u odnosu na



¢vrste disperzije iziene sa poloksamerom 407, moZe se objasniti hidijofih prirodom
ovog polimera, kao posledicadeg udela hidrofilnih etilenoksidnih segmenata urpetnom
lancu. Na profilima brzine rastvaranja karbamazapin ¢vrstih disperzija izréenih sa
poloksamerom 407 @ava se i da nakon 10 minuta brzog rastvaranja kaabapina dolazi
do naglog usporavanja rastvaranja karbamazepin&raienih ¢vrstih disperzija. lako
navedena pojava nije opisana u literaturi, mozgregpostaviti da je ona posledica formiranja
dihidratnog oblika karbamazepina, prilikom kontakémhidrovanog karbamazepina sa
vodenim medijumom. Dobro je poznat@jenica da se dihidratni oblik karbamazepina
odlikuje 1,5-1,6 puta nizom rastvorljivas i brzinom rastvaranja u odnosu na anhidrovani

oblik karbamazepina (Kobayashi i sar., 2000).

Poloxamers are excipients widely used as emulgifgimd solubilizing agents and due to their
high solubilization capacity, low melting point (88C) and favorable safety profile they are
increasingly used in the solid dispersions formolat It has been previously shown that
dissolution rate of ibuprofen (Newa et al., 200008), bicalutamid (Sancheti et al., 2008),
nifedipine (Chutimaworapan et al.,, 2000) and etoxib (Karekar et al., 2009) is

significantly improved upon formulation of solidsgersions with poloxamers which is
explained by improved wetting and drug solubiliaatby the carrier molecules, reduced in
both drug particle size and particle agglomeratiand in some cases formation of drug
amorphous form occurred (Newa et al., 2007; Sandttetl., 2008; Karekar et al., 2009;

Shah et al., 2007; Ghareeb et al., 2009). Somentepapers have shown that model
substance BMS-347070 crystallizes in the form ofongystalline phase within the solid

dispersion in poloxamer prepared by spray dryindpich is a consequence of kinetics of
crystallization process in drug-polymer dispersiore. equilibrium between processes of
nucleation and crystal growth (Yin et al., 2005aQiet al., 2007). There are no literature
data regarding solid dispersions of carbamazepiith woloxamers. The results presented in
the doctoral dissertation showed that poloxamers lsa successfully used for the preparation
of solid dispersions with carbamazepine, resuliimgignificantly improved carbamazepine
dissolution rate. Observed presence of carbamaeepiithe crystalline form in the prepared

solid dispersions is expected due to use of rabtikiigh proportions of carbamazepine and
limited capacity of poloxamers in the molten stetedissolve drug substance, as well as
tendency of carbamazepine molecules towards aggoegawhich is observed using

molecular dynamics simulation. Although absencedafg melting peaks on the DSC

thermograms is often used as an indicator for ttes@nce of drug amorphous form, or solid



solutions, the results presented in the dissemasioowed that this technique cannot be used
for reliable determination drug physical state hetcase of binary carbamazepine-poloxamer
solid dispersions. Since poloxamers melt at mualetdemperature than carbamazepine, it is
possible that with increasing of temperature du§C analysis carbamazepine dissolves in
the molten poloxamer. Therefore, it is possiblet tiéhen the temperature achieves
carbamazepine melting point, there is not enougithaaazepine left to detect endothermic
peak of its melting. Similar can be concluded basedhe available literature data for the
systems rofecoxib-poloxamer 188 (Shah et al., 280@)carbamazepine-polyethylene glycol
(Zerrouk et al., 2001, Nair et al., 2002) in whialespite the absence of drug melting peaks
on the DSC thermograms, additional analytical tegbes showed the presence of
carbamazepine in the crystalline form. Decreasecambamazepine dissolution rate was
observed with increasing in the proportion of pamer, which can be explained with
thermoreversible gelation properties of poloxameFeermoreversible gelation properties
imply formation of gel layer beyond certain tempgeras and concentrations of poloxamers
and these properties of the poloxamers are destribedetails in the literature (Cabana et
al., 1997, Sharma and Bhatia, 2004, Fusco et &lQ&2 Hsu et al., 2009, Tian et al., 2009).
Increasing in the proportion of poloxamer causedcrdasing of the carbamazepine
dissolution rate probably due to increasing of théckness and viscosity of the gel layer
which led to deceleration of diffusion of carbanmme molecules in the surrounding
medium. Similar results have been previously dbedrior solid dispersions of bicalutamide
(Sancheti et al., 2008) and albendazole (Castralgt2010) with poloxamer 188. Higher
carbamazepine dissolution rate from solid dispersiwith poloxamer 188, compared to solid
dispersions with poloxamer 407 can be ascribed twenhydrophilic nature of poloxamer
188, as a consequence of higher proportion of hylite ethylene oxide segments in its
polymeric chain. Dissolution profiles of carbamainepfrom poloxamer 407 solid dispersions
exhibit deceleration of carbamazepine dissolutiaterafter initial 10 minutes. Although this
phenomenon hasn’'t been described previously ifitdrature, it can be assumed that it is a
consequence of carbamazepine dihydrate formatiem gpntact with an aqueous medium. It
is well known that carbamazepine dihydrate exhilditS-1.6 times lower solubility and

dissolution rate compared to anhydrous form of eanazepine (Kobayashi et al., 2000).

Kako je broj trenutno dostupnih polimera koji segudoristiti za izradwvrstih disperzija
ogranten, ¢esto ih je neophodno kombinovati, kako bi se ptstigljene osobine disperzije

u odnosu na moguost izrade, stabilnost disperzije i brzinu rasawga lekovite supstance



(Bley i sar., 2010). Formulacijom ternarnih karbaeyin-Soluplu&-poloksamer 188vrstih
disperzija postignuto je zt@ano brze rastvaranja karbamazepina u odnosu narnan
karbamazepin-Soluplfisivrste disperzije. Izrada binarnitvrstih disperzija karbamazepina
sa poloksamerom opisanim metodom rastvaranja tdeébmoguta usled niske temperature
topljenja poloksamera 188, koja oteZava uklanjaajestalog etanola. Ovo taleopravdava
formulaciju ternarnih karbamazepin-Soluplysoloksamer 188vrstih disperzija. Izrada
ternarnih karbamazepin-Solupfapoloksamer 18&vrstih disperzija metodom rastvaranja
nije do sada opisana u literaturi i moze se smatai:nim doprinosom kandidata. Sn
sistem je nedavno opisancii sastav ulazi poloksamer 407, umesto poloksani®@, pri
c¢emu je u izradi kori&n metod ekstruzije toplienjem. Ipak u navedenodu @ kori€en
udeo karbamazepina do maksimalnih 3@4ar(s i sar., 2014). Kako je karbamazepin visoko
dozirana lekovita supstanca, izuzetno je vaznozdaene cvrste disperzije sadrze Stoéve
udeo ove lekovite supstance, kako bi se onmitggflormulacija finalnog farmaceutskog oblika
koji je pogodan za primenu i sadrzi terapijski veletnu koléinu lekovite supstance. U
literaturi su opisane i binarne karbamazepin-Soisibévrste disperzije iziene korigenjem
kako ekstruzije topljenjem, tako i metoda rastv@ghim, 2012). Rezultati navedene studije
su pokazali da se trenutno osldhaje karbamazepina postize kod formulacija koje su
sadrzale do najvise 30% karbamazepina. Rezultatodske disertacije kandidata su pokazali
da se formulacijom ternarnih karbamazepin-Soldppsioksamer 188vrstih disperzija
postize trenutno oslobanje karbamazepina i kod formulacija sa relativisokim udelom
karbamazepina od priblizno 50%. Kombinovana primetmika eksperimentalnog dizajna
smesSe i veStkih neuronskih mreza u razvojpwvrstih disperzija nije do sada opisana u
literaturi i moze se smatrati jedinstvenim &iain doprinosom ove disertacije. Upravo
kombinovana primena ovih tehnika omégua maksimalno isko&vanje prednosti
pojedin&nih tehnika, uz prevazilaZzenje njihovih nedostatdkamenom navedenih tehnika
dobijeni su modeli koji omogvaju sticanje uvida u uticaj udela karbamazehudplus’-

a i poloksamera 188 na brzinu rastvaranja karbapaadz formulisanih ternarnikivrstih
disperzija. Dobijeni modeli taki®@ omogéavaju preuwianje parametara odabranih kao
pokazatelj brzine rastvaranja karbamazepinay (QQ.0) za dati sastav ternarn®&rste
disperzije. Na osnovu navedenih modela moZe seugdklda najvei uticaj na brzinu
rastvaranja karbamazepina iz ikeaih ternarnittvrstih disperzija imaju udeli karbamazepina
I poloksamera 188, ptiemu se najuw&a brzina rastvaranja karbamazepina belezi &kaostih
disperzija koje sadrze najnize udele karbamazepinajviSe udele poloksamera 188. U

prethodnim radovimauris i saradnicifpuris i sar., 2014) i Tawde i saradnici (Tawde i sar



2012) su pokazali sinergiski uticaj Soluplu§-a i poloksamera na posanje brzine
rastvaranja karbamazepina i simvastatina izdemé ternarnihévrstin disperzija. Park i
saradnici su u nedavno objavljenom istrazivanjugzek da je dodatak poloksamera 407
neophodan uslov za postizanje Zeljenog ¢mva brzine rastvaranja repamipida iz
¢vrstin  disperzija izidenih sa PVP-VA 64 kopolimerom. Pokazano je da saatkom
poloksamera 407 omogava stvaranje hidrofilnog okruzenja unutar matrikgate disperzije
koje omoggava brze rastvaranje, dok PVP-VA 64 oméma spréavanje rekristalizacije
rastvorene lekovite supstance iz supetzamig rastvora (Park i sar., 2013). Ucslu filmova

sa polie-kaprolaktonom koji su sadrzalévrstu disperziju tesSko rastvorljive lekovite
supstance, pokazano da je da se nakon inkorp@inaojoksamera 188 u sistem, u toku
procesa rastvaranja ¢swva stvaranje velikog broj pora u matriksu kao @disla brzog
rastvaranja hidrofilnog poloksamera 188 (Shen i,s2013). Tako se i staju ternarnih
karbamazepin-Soluplfispoloksamer 188&vrstih disperzija povianje brzine rastvaranja
karbamazepina sa dodatkom poloksamera 188 mozenabjaidrofiinom prirodom i brzim
rastvaranjem ovog polimer&@je brzo rastvaranje za posledicu ima stvaranjekegl broja
pora u matriksucvrstin disperzija. Stvaranje pora i kanala usle@obr rastvaranja
poloksamera 188 olakSava penetraciju vodenog mradiju difuziju rastvorene lekovite
supstance u okolni medijum. Na osnhovu rezultataaganih u disertaciji, kao i rezultata
dostupnih u literaturi moze se zakiji da je u sldaju formulacijecvrstih disperzija tesko
rastvorljivih lekovitih supstanci sa amorfnim poénma (PVP, Soluplds HPMC...)
potrebno ozbiljno razmotriti dodatak brzo rastveitj hidrofilnih polimera (poloksameri,
PEG) u cilju postizanja zeljenog p@amja brzine rastvaranja lekovite supstance. Redzulta
fizickohemijske karakterizacije uzoraka ternartinstih disperzija pokazali su da je u svim
uzorcima karbamazepin prisutan u kristalnom oblikikljuc¢ivanjem poloksamera 188 u
sastav ispitivanih ternarntvrstih disperzija dodatno se ubrzava kristalizakgebamazepina.
Naime kristali poloksamera 188 mogu delovati kamgja, koja ubrzavaju nukleaciju i
posledénu krstalizaciju karbamazepina. Tako sam poloksamer 188 deluje kao plastifikator
poveavaji slobodnu zapreminu izma polimernih lanaca Soluplfisa, ¢ime se snizava
temperatura staklastog prelaza ovog polimera iSalek rekristalizacija karbamazepina tokom

izradecvrstih disperzija.

Since number of currently available polymers than e used for the preparation of solid
dispersions is limited, it is often necessary tonbmme them to tailor their properties with

regards to processability, stability and drug disgmn rate (Bley et al., 2010). Formulation



of ternary carbamazepine-Solupfupoloxamer 188 solid dispersions resulted in sigaiitly
higher carbamazepine dissolution rate, comparedit@ry carbamazepine-Solupfusolid
dispersions. Preparation of binary carbamazepinepamer 188 solid dispersions using
described solvent method won't be possible dueworhelting point of poloxamer 188 that
hinder removal of ethanol, which was used as aeslvThis also justifies formulation of
ternary carbamazepine-Solupflupoloxamer 188 solid dispersions. Formulation ahgey
carbamazepine-Soluplfigooloxamer 188 solid dispersions by solvent castirgghod hasn’t
been described yet and therefore can be considesetientific contribution of the candidate.
Similar system has been recently described comgipoloxamer 407, instead of poloxamer
188, wherein hot melt extrusion method was useddbd dispersion preparation. However
in this previous study proportion of carbamazepwas varied up to 30% (Djuris et al.,
2014).Since carbamazepine is high dose drug, it is ofipaar importance that prepared
solid dispersions contain as much drug as possknsure formulation of final dosage form
that is suitable for oral administration and comaiherapeutically relevant amount of drug.
There are also data in the literature regarding diy carbamazepine-Soluplftissolid
dispersions prepared using both hot melt extrusao solvent method (Lim, 2012). The
results of this study have shown that immediatbaaazepine release can be achieved from
formulations containing up to 30% of carbamazepifike results of candidate’s doctoral
dissertation showed that immediate release of aadmeepine can be achieved by formulation
of ternary carbamazepine-Solupfypoloxamer 188 solid dispersions, even in the aafse
formulations with relatively high carbamazepine dog of about 50%. Combined using of
mixture experimental design and artificial neuraktworks in the solid dispersion
development hasn't been described in the literatanel can be considered as unique
scientific contribution of this doctoral dissertati. Combined application of these techniques
enables maximal utilization of the benefits of eaebhnique, with overcoming of their
dissadvantages. Application of these techniquesltessin models that allow getting insight
in the influence of proportions of carbamazepin®luplus’ and poloxamer 188 on
carbamazepine dissolution rate from the preparelitisdispersions. Obtained models also
allow prediction of parameters selected as indicaitof carbamazepine dissolution rate;(Q
and Qg for the given composition of ternary solid dispens. Based on the obtained
models, it can be concluded that proportions obeanazepine and poloxamer 188 exhibit the
largest influence on carbamazepine dissolution faden ternary solid dispersions, whereby
the highest carbamazepine dissolution rate waseaed from solid dispersions containing

the lowest proportions of carbamazepine and thdndsg proportions of poloxamer 188. In



the previous studies Djuris et ab\ris et al., 2014) and Tawde et al. (Tawde et 2012)
showed that Soluplus and poloxamer exhibit syngcgeffect on improving dissolution rate
of carbamazepine and simvastatin from prepared agrrsolid dispersions. Park et al.
recently showed that addition of poloxamer 407dasassary prerequisite to achieve desired
increase of repamipide dissolution rate from sdlidpersions prepared with PVP-VA 64
copolymer. It has been shown that poloxamer 407blesaformation of hydrophilic
environment inside the solid dispersion matrixpaiing faster drug release, while PVP-VA
64 prevents recrystallization of dissolved drugnireupersaturated solutions (Park et al.,
2013). In the case of potyeaprolactone films containing solid dispersionpwiorly soluble
drug, it has been shown that after incorporatiorpofoxamer 188 in the system large number
of pores is formed in the matrix during dissolutipnocess, as a consequence of fast
dissolving of hydrophilic poloxamer 188 (Shen et 2013). Therefore, in the case of ternary
carbamazepine-Soluplfigooloxamer 188 solid dispersions, increasing of beamazepine
dissolution rate with addition of poloxamer 188 dam explained with hydrophilic nature of
this polymer, which fast dissolution caused foromatof large number of pores within the
solid dispersion matrix (Park et al., 2013). Formoat of pores and channels due to fast
dissolution of poloxamer 188 facilitate penetratioh aqueous medium and diffusion of
dissolved drug into surrounding medium. Based @nr#sults presented in the dissertation
and data available in the literature, it can be chrded that addition of fast dissolving
polymers (poloxamers, PEG) should be seriously idensd in the formulation of solid
dispersions with amorphous polymers (PVP, Soll{pli#PMC...) in order to provide the
desired increase of drug dissolution rate. Phydmuical characterization of the selected
solid dispersion samples showed the presence daftatlipe carbamazepine in all solid
dispersions. Including of poloxamer 188 in the cosijon of solid dispersions further
enhance carbamazepine crystallization. Namely,talyof poloxamer 188 can act as nuclei
that accelerate nucleation and consequential ciiiz&dion. Additionally, poloxamer 188
acts as plasticizer by increasing free volume betwpolymeric chains of Solupfysthus
lowering its glass transition temperature and faating carbamazepine recrystallization

during solid dispersions preparation.

Niska efikasnost kompleksiranja predstavlja jeda@nnajveih problema prilikom razvoja
formulacija sa ciklodekstrinima. Niska efikasnostipleksiranja, uz veliku molekulsku masu
ciklodekstrina dovodi do toga da formulacije sdamlekstrinima imaju masu koja prevazilazi

granice prihvatljive za farmaceutske oblike za para primenu. Na osnhovu rezultata



prikazanih u disertaciji, moZe se =zakifi da Soluplu§ i oba ispitivana tipa
hidroksipropilmetilceluloze (MetoloSe 90SH-100 i Metolose 65SH-1500) ispoljavaju
sinergistéki efekat sa hidroksipropp-ciklodekstrinom na solubilizaciju karbamazepina i
dovode do powanja efikasnosti kompleksiranja od priblizno 1,5tgpuSa druge strane
dodatak polivinilpirolidona (Kollidofi 25) nije pokazao zdajniji uticaj na efikasnost
kompleksiranja u sistemu karbamazepin-hidroksiprpiklodekstrin. Dobijeni rezultati
odgovaraju literaturnim podacima vezanim za utidaidroksipropilmetilceluloze i
polivinilpirolidona na efikasnost kompleksiranjasistemu karbamazepin-hidroksiprof-
ciklodekstrin (Kou i sar., 2011). Uticaj Solupfaa na efikasnost kompleksiranja u sistemima
lekovita supstanca-ciklodekstrin joS uvek nije tiapj pa se dobijeni rezultati mogu smatrati
nawnim doprinosom ove doktorske disertacije. Primenegpitivanih hidrofilnih polimera
omogueno je dobijanje amorfnih inkluzionih kompleksali@mazepina sa hidroksiprofH-
ciklodekstrinom sa viSim udelom karbamazepina uosdnna binarne karbamazepin-
hidroksipropil$-ciklodekstrin  sisteme. Mehanizam kojim se objagajapoveéanje
solubilizacionog kapaciteta ciklodekstrina za lek®wsupstance, sa dodatkom hidrofilnih
polimera, nije joS uvek u potpunosti razjasSnjenzuti prikazani u disertaciji, dobijeni
primenom simulacije molekularne dinamike, pokazuju da molekuli
hidroksipropilmetilceluloze stupaju u interakcija solekulima karbamazepina koji disosuju
iz kompleksa sa hidroksiprogilciklodekstrinom,cime spréavaju njinovu kristalizaciju iz
rastvora. lako se navedeni rezultati ne mogu kastinepobitan dokaz ispitivanog fenomena,
oni svakako doprinose njegovom boljem razumevaRjimenom metoda fizkohemijske
karakterizacije zabelezeno je da je, kako u bimarrtiako i u ternarnim formulacijama
dobijenim suSenjem rasprSivanjem karbamazepin ansu amorfnom obliku, Sto ukazuje na
inkluziju karbamazepina u Supljinu hidroksipropitiklodekstrina. Ova tvrdnja je dodatno
potkrepljena rezultatima figkohemijske karakterizacije uzoraka &kih smeSa koji su
pokazali prisustvo karbamazepina u kristalnom abl#naajno povéanje brzine rastvaranja
karbamazepina postignuto je kako iz formulacijadenih suSenjem rasprSivanjem, tako i iz
izradenih fizickin smeSa, premu je u poéetnoj fazi zabeleZzeno znatno brze ositzrge
karbamazepina iz formulacija dobijenih suSenjenpr@Eganjem. Pordenjem ovih rezultata
sa rezultatima prikazanim u doktorskoj disertanigize se zakljiti da su rezultati navedeni u
doktorskoj disertaciji u skladu sa literaturnim pomna (Choudhury i Nelson, 1992, Kou i
sar., 2011).



Low complexation efficiency is one of the majorigbeans during development of formulations
containing cyclodextrins. Low complexation efficgnogether with the high molecular
weight of cyclodextrins lead to increase in forntiga bulk beyond the level acceptable for
oral administration. Based on the results presentethe dissertation, it can be concluded
that Soluplu& and both types of hydroxypropyl methylcellulosettMs& 90SH-100 and
Metolos€ 65SH-1500) exhibit synergistic effect with hydmmeypyl-8-cyclodextrin on
solubilization of carbamazepine leading to 1.5 sniecreasing of complexation efficiency.
On the other hand, addition of polyvinylpyrrolidoti€ollidon® 25) didn't show significant
effect on complexation efficiency in carbamazepiydroxypropylg-cyclodextrin system.
Obtained results comply with literature data regagl the influence of hydroxypropyl
methylcellulose and polyvinylpyrrolidone on the ptewation efficiency in carbamazepine-
hydroxypropylg-cyclodextrin system (Kou et al., 2011). The infaee of Solupld® on
complexation efficiency in drug-cyclodextrin has@en investigated yet and therefore can be
considered as scientific contribution of this deatodissertation. Using of the tested
hydrophilic polymers enabled formation of inclusmymplexes of carbamazepine with higher
carbamazepine content, compared to binary carbapiagehydroxypropyp-cyclodextrin
systems. Mechanisms responsible for increasingoloibgization capacity of cyclodextrins
with addition of hydrophilic polymers are still nobmpletely clear. The results presented in
dissertation, obtained using molecular dynamics usation, show that hydroxypropyl
methylcellulose molecules interacts with carbamamepmolecules that dissociate from
complexes with hydroxypropgteyclodextrin, thus preventing crystallization ofsblved
carbamazepine. Although presented results cannotaken as irrefutable proof of the
investigated phenomenon, they certainly contriboileetter understanding of the investigated
phenomenon. Physicochemical characterization ofsdraples showed amorphous nature of
carbamazepine in both binary and ternary formulasioprepared by spray drying that
indicate inclusion of carbamazepine in hydroxyptefpgyclodextrin cavity. This claim is
further supported by the results of physicochemaracterization of physical mixture
samples that showed presence of crystalline carzapiae. Significant increasing of
carbamazepine dissolution rate was achieved fromysgried formulation as well as from
physical mixtures, wherein in the initial phaserbmmazepine dissolved faster from spray
dried formulations. After comparison of these biteire data with the results presented in
doctoral dissertation it can be concluded that fesun doctoral dissertation are in
accordance with literature data (Choudhury and Mals1992, Kou et al., 2011).
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Radovi objavljeni u nadnim ¢asopisima méunarodnog zn#aja

1. Medarewt Dj, Kachrimanis K, Dju Z, lbri¢ S. Influence of hydrophilic polymers on the
complexation of carbamazepine with hydroxypropndyclodextrin. Eur J Pharm Sci. 2015;
78:273-285. (M21)F 3,350/2014

2. Medarew Dj, Kachrimanis K, Mitr¢ M, Djuris J, Djurt Z, lbri¢ S. Dissolution rate
enhancement and physicochemical characterizationcasbamazepine-poloxamer solid
dispersions. Pharm Dev Technol. 20ibpress doi:10.3109/10837450.2014.996899 (M23)
IF 1,202/2014

3. Medarew DP, Kleinebudde P, Djuris J, Djarz, Ibri¢ S. Combined application of mixture
experimental design and artificial neural netwarkshe solid dispersion development. Drug
Dev Ind Pharm. 2015n press,doi:10.3109/03639045.2015.1054831 (M#E3R,101/2014

Radovi u nawnim ¢asopisima (M53)/Papers published in scientific jourals (M53)

1. Medarewt D, lbri¢ S, buri§ J, buri¢ Z. Primenacvrstih disperzija u farmaceutskoj
tehnologiji: postupci izrade | metode karakteripg8olid dispersion application in
pharmaceutical technology: methods of preparatiowl &haracterizationArh. farm. 2013;

63:473-493.

SaopsStenja sa méunarodnih skupova Stampana u celini (M33)

1. Medarew Dj, Kachrimanis K, Mitré M, Ibri¢ M. Preparation and characterization of
carbamazepine-poloxamer solid dispersions. 9th #Vokeeting on Pharmaceutics,

Biopharmaceutics and Pharmaceutical Technologypdn&ortugal, March 31-April 3, 2014.

2. Medarew D, Kleinebudde P, Beké K, buric Z, Ibri¢ S. Application of mixture
experimental design and artificial neural networks the development of ternary

carbamazepine-Soluplus®-poloxamer 188 solid dispess 10th Central European



Symposium on Pharmaceutical Technology, Portorozisiia, September 18 — 20, 2014.
Farm vest. 2014; 65:63-65. (oral presentation)

3. Medareu b, Kleinebudde P, Djuris Huri¢ Z, lbri¢ S. Physicochemical characterization
of ternary carbamazepine-Soluplus®-poloxamer 188 siispersions. 10th Central European
Symposium on Pharmaceutical Technology, Portoroxilia, September 18 — 20, 2014.
Farm vestn. 2014; 65:166-168.

SaopStenja sa skupova nacionalnog ztaja Stampana u izvodu (M64):

1. Medarew D, lbri¢ S, Buri¢ Z. Uticaj dodatka hidrofilnih polimera na solubdiciju
karbamazepina hidroksiprogitciklodekstrinom i efikasnost kompleksiranjae influence
hydrophilic polymers addition on the solubilizatioh carbamazepine with hydroxyprogh-
cylcodextrin and complexation efficiencyl Kongres farmaceuta Srbije sa doearodnim
uceEemNI Serbian Congress of Pharmacy with internatiopatticipation Beograd,15-19.
oktobar 2014/Belgrade, October 15-19, 2014. Zbomsaizetakabstract book 383-385.

(nagraten rad u okviru poster sesg@farded paper in the poster sesgion

E. ZAKLJU CAK - OBRAZLOZENJE NAU CNOG DOPRINOSA DISERTACIJE/
CONCLUSION-JUSTIFICATION OF SCIENTIFIC CONTRIBUTION OF THE
DOCTORAL DISSERTATION

Doktorska disertacija kandidaksorda Medarewia, magistra farmacije fokusirana je na razvoj
tehnika za powanje brzine rastvaranja tesSko rastvorljive modd&lolgte supstance, Sto
predstavlja tematiku koja je veoma aktuelna icajea, kako sa aspekta @aoistrazivakog
rada, tako i sa aspekta farmaceutske industrijgaljpem analizom prilozene doktorske
disertacije Komisija je konstatovala da je disejgaprikazana na jasan i pregledartina da

su svi postavljeni ciljevi doktorske disertacijepotpunosti realizovani. Eksperimentni su
organizovani i sprovedeni u skladu sa savremeramdsirdima u praiavanoj natinoj oblasti
Sto je omogtilo dobijanje rezultata kojima se ostvaruju prethodpostavljeni ciljevi
doktorske disertacije. Kandidat je u doktorskopdiaciji na sveobuhvatan ¢ia razmotrio tri

razlicita pristupa za povanje brzine rastvaranja tesko rastvorljive modkblgte supstance



karbamazepina. Na kraju doktorske disertacije paka su zakljaci koji su izvedeni na
osnovu dobijenih rezultata i podataka dostupniltemdturi. | pored toga Sto se oblast koju je
kandidat istrazivao veoma intezivno p&aua poslednjih nekoliko godina, sa velikim brojem
prate&ih publikacija, kandidat je uspeo da da originatboprinos u reSavanju ispitivanih
problema. Sve ovo je potkrepljemjenicom da su rezultati ove doktorske disertadige
sada publikovani u okviru tri rada u thearodnim nagnim c¢asopisima, jednom radu u
nawnom c¢asopisu, tri saopsStenja sa dnearodnih skupova, od kojih je jedno usmeno

izlaganje i jednim saopStenjem sa skupa nacionatnagja.

Doctoral dissertation of candidateorde Medarewt, master of pharmacy, is focused on the
development of techniques for improving dissolutiate of poorly soluble drug, which
presents a topic that is relevant and important both research work and pharmaceutical
industry. After detailed review of submitted doatatissertation, Committee ascertains that
dissertation is presented in clear and concise nearand that all defined aims of doctoral
dissertation are fully accomplished. All experinserdre organized and conducted in
accordance with contemporary standards in the swdresearch field, which enabled
obtaining results that are realized predefined aimf dissertation. In this doctoral
dissertation, candidate has considered in a comgmelve manner three different approaches
for improving dissolution rate of carbamazepinenasdel of poorly soluble drug. At the end
of doctoral dissertation, conclusions are givendzh®n the obtained results and available
literature data. Although investigated researcHdies highly intensively studied during the
last few years, resulting in large number of pudions, candidate succeeded to give an
original contribution in solving of the studied fmems. This is supported with the fact that
up to now the results of this doctoral dissertatiare published in three papers in
international scientific journals, one paper in agtific journal, three short papers presented
on the international meetings, including one oredgentation and one short paper presented

on the national meeting.

Na osnovu svega izloZzenog, moze se zéitijua je kandidat ispunio postavljene ciljeve u
doktorskoj disertaciji pod nazivomKarakterizacija i optimizacija binarnih i ternarnih

¢vrstih disperzija i ciklodekstrin-polimer sistema kao nos&a u cilju poboljSanja brzine



rastvaranja tesko rastvorljive lekovite supstancg te predlazemo Nastavno-ngnom veu

Farmaceutskog fakulteta da prihvati lzveStaj i ootogkandidatu mag. farmbordu

Medarevéu odbranu doktorske disertacije.

Based on the above consideration, it can be comedutiat candidate fulfill defined aims of

doctoral dissertation entitleglCharacterization and optimization of binary and teary solid

dispersions and cyclodextrin-polymer systems asriees with the aim of improving

dissolution rate of poorly soluble drug“and therefore we advise the Academic Council of

the Faculty of Pharmacy-University of Belgrade txept this Report and permits candidate

borde Medarewt defense of this doctoral dissertation.
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