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Partile principale ale tezei de doctorat

INTRODUCERE

Obiectivul general al lucrarii a fost de dezvoltare a unor sisteme farmaceutice bioadezive noi
si de cercetare a factorilor care au influenta asupra cedarii din aceste sisteme. Acest obiectiv s-a
realizat prin prepararea unor comprimate de tip matrita cu famotidina utilizand diferite combinatii
de polimeri bioadezivi si excipienti si prin formularea unor sisteme flexibile noi pe baza de gelatina
pentru aplicabilitate la nivel bucal, care sa cedeze substanta medicamentoasa controlat pe un

interval de timp determinat.

STADIUL ACTUAL AL CUNOASTERII

In partea generald s-a realizat o sintezd a datelor existente in literatura de specialitate
referitoare la concepte legate de muco/bioadeziune, metode in vivo si in vitro de determinare a
bioadeziunii precum si teoriile care stau la baza acestor interactiuni. S-au amintit sumar principalii
polimeri bioadezivi cu punerea accentului pe cei care au fost utilizati in cercetarea din partea
experimentala. S-a realizat o sinteza a formelor farmaceutice pe diferitele mucoase cu prezentarea
avantajelor si dezavantajelor acestora. S-a motivat alegerea famotidinei ca substanta
medicamentoasa model in studiile experimentale din primele doua capitole, a carbamazepinei,
cafeinei si a diprofilinei in capitolul trei al partii experimentale respectiv utilizarea azotatului de

miconazol in ultimul capitol experimental.

CONTRIBUTII PERSONALE

Contributiile personale sunt alcatuite din patru capitole, primele doua referindu-se la
formularea unor comprimate de tip matrita pe baza de combinatii diferite de polimeri bioadezivi si
excipienti. Ultimele doua capitole sunt dedicate formularii unor sisteme bioadezive noi pe baza de
gelatina si polimeri bioadezivi pentru aplicabilitate la nivel bucal. Partea de contributii personale se

incheie cu un capitol de concluzii generale si un capitol dedicat originalitatii lucrarii.
Formularea unor comprimate bioadezive hidrofile de tip matrita cu famotidina

Obiectivul acestei lucrari a fost de a prepara comprimate bioadezive de tip matrita cu
famotidina (FAMO) utilizdnd diferite combinatii de polimeri si diluanti cu scopul de a determina
combinatia cea mai potrivita si de a determina posibilul avantaj al unei combiniatii binare sau
ternare de polimeri bioadezivi asupra retentiei de apa, asupra profilului de eliberare a substantei

active si asupra proprietatilor bioadezive. Ipoteza de lucru s-a bazat pe alegerea unor polimeri cu



proprietati bioadezive cunoscute in literatura de specialitate, dar si a utilizarii unor asocieri ale
acestora, spre a obtine un efect bioadeziv crescut, presupunand ca asocierea poate conduce la un
efect bioadeziv imbunatatit. Polimerii utilizati in studiu au fost: hidroxipropilmetilceluloza (HPMC),
acidul poliacrilic (Carbopol 71G, CP), acidul poliacrilic reticulat cu divinilglicol (Policarbofil, PC) si
carboximetilceluloza sodica (CMCNa). A fost utilizat un plan experimental cu cinci factori si trei
niveluri pentru a observa influen{a variabilelor asupra proprietatilor comprimatelor.

Profilurile de eliberare au fost evaluate utilizand numeroase modele de eliberare a substantei
active cum ar fi modelele Baker-Lonsdale, Korsmeyer-Peppas, Hixson-Crowell, Higuchi, de ordinul
zero si de ordinul intai. Criteriul Akaike a fost ales pentru a diferentia intre modelele utilizate care
descrie cel mai bine profilul de cedare experimental. S-a constatat faptul ca utilizarea combinatiei
de trei polimeri in concentratia cea mai crescuta a prezentat cea mai lenta cedare a substantei
active din sistem si a prezentat cel mai mare procent de Imbibare cu ap3, urmata de combinarea a
doi polimeri utilizati in concentratia cea mai mare. Procentele de HPMC si de CMCNa sunt factorii cu
cel mai mare impact de retardare asupra cedarii. Cedarea de famotidina din formulari a fost cel mai
bine descrisa de modelul Peppas. Bioadeziunea a fost influentata in mod pozitiv (efect sinergic) de
combinatia de CP si CMCNa in aceeasi formulare. Utilizarea de isomaltoza In comprimate
favorizeaza bioadeziunea acestora prin efectul pozitiv asupra hidratarii polimerului la suprafata
comprimatelor. Combinatiie binare si ternare de polimeri in formulari prezinta un avantaj in ceea

ce priveste proprietatile acestora fata de cele in care este prezent doar un singur polimer bioadeziv.

Optimizarea formularii unor comprimate bioadezive de tip matrita cu diferite

concentratii de Carbopol si carboximetilceluloza sodica

Cel de-al doilea studiu al partii de contributii personale este un plan de optimizare in urma
rezultatelor obtinte in capitolul anterior cu scopul de a determina concentratia optima de polimeri
bioadezivi pentru obtinerea unor comprimate cu profiluri de cedare dorite prezentind o forta
bioadeziva cat mai puternica. Scopul acestei lucrari de cercetare a fost studiul efectelor unor
combinatii a polimerilor bioadezivi HPMC, CMCNa si CP, aspra profilului de eliberare a substantei
active, asupra proprietatilor bioadezive, asupra cineticii de imbibare cu apa si asupra eroziunii
unor comprimate bioadezive de tip matrita cu famotidina. Pentru a realiza studiul a fost utilizat un
plan experimental cu 2 factori si trei niveluri. Factorii de formulare utilizati au fost: procentul de
Carbopol si procentul de carboximetilceluloza sodica. Comprimatele au fost caracterizate prin
profilurile de eliberare a substantei active, prin proprietdtile bioadezive, prin profilurile de

imbibare cu apa si prin profilurile de eroziune.



Profilul cu viteza cea mai micd de cedare a fost obtinut la formularile cu cea mai mare
cantitate de polimer bioadeziv iar profilul cu viteza cea mai mare de cedare la comprimatele cu
35% polimer in compozitie. La formularile cu acelasi continut de polimeri, cedarea a fost mai rapida
in cazul formularilor contindnd mai mult Carbopol decat CMCNa. Profilurile de retentie a apei au
fost de asemenea similare intre formulari. Cele mai mari diferente intre formulari au fost obtinute
in cazul profilelor de eroziune. In ceea ce priveste proprietitile bioadezive, combinatia de Carbopol
si CMCNa a prezentat un efect sinergic asupra proprietatilor bioadezive (accentuandu-le)
proportional cu cresterea concentratiei polimerilor. In concluzie pe intervalul 35-70% continut
total de polimeri factorii de formulare nu prezinta un impact major asupra proprietatilor

comprimatelor bioadezive, cea mai mare diferenta fiind observata la profilurile de eroziune.

Formularea unor comprimate polimerice moi pentru aplicare la nivelul
mucoasei bucale

In acest capitol s-a studiat posibilitatea formulirii unor tablete polimerice moi care si
combine avantajele comprimatelor bucale cu cele ale filmelor bioadezive. Obiectivul a fost de a
realiza noi formulari pentru aplicabilitate bucala cu actiune locala de scurta durata (1 - 4 ore).
Tabletele au fost realizate prin combinarea a diferiti polimeri bioadezivi neionici
(hidroxipropilmetilceluloza (HPMC), polietilenoxid (PEO), hidroxipropilceluloza (HPC)), alaturi de
apa, glicerol (cu rol de plastifiant) si gelatina. Eliberarea substantelor active model de diferite
solubilitati a fost controlata prin intermediul diferitilor polimeri si prin tipul de gelatina utilizata. S-
a dorit obtinerea unor tabletele moi, cu o bioadeziune satisficatoare (> 1N), cu un timp de
dezagregare cat mai mare. Pentru a caracteriza in detaliu cedarea substantei din sistemele
bioadezive s-au utilizat trei substante active model cu diferite solubilitati in diferite concentratii:
carbamazeping, cafeina si diprofilina.

Cedarea de substanta medicamentoasa, timpul de dezagregare, bioadeziunea si retentia de
apa sunt influentate de tipul de polimer. Formularile care au la baza PEO prezinta proprietati
bioadezive bune, cu timpi de dezintegrare lungi, un procent de imbibare mare cu apa si o cedare
lentd. Cedarea are loc rapid pentru tabletele cu HPC si mai lent In cazul HPMC si PEO. Masa
moleculara prezinta o influentd detectabila doar in cazul valorilor fortei bioadezive (mase
moleculare mai mari determina forte de bioadeziune mai mari). Diferente au putut fi detectate doar
in cazul Imbibarii cu apa. Taria gelului exprimat prin cifra de bloom prezinta o influenta majora
asupra timpilor de dezagregare, asupra cedarii si a imbibarii cu apa, fara a influenta In mod

semnificativ bioadeziunea. Toate formularile au prezentat un pH favorabil aplicarii in regiunea



bucala. Studiile de stabilitate au prezentat in majoritatea cazurilor valori imbunatatite ale timpilor

de dezagregare, ale bioadeziunii precum si o intarziere a cedarii cafeinei din sisteme.
Formularea unor discuri polimerice flexibile

In capitolul anterior s-a incercat obtinerea unor tablete moi pe bazi de gelatina si polimeri
bioadezivi care sa combine avantajele tabletelor cu cele ale filmelor bucale. Deoarece aceste tablete
contin o catitate mare de apa si necesita o pastrare care sa nu permita pierderea de apa, in acest
capitol s-a incercat eliminarea apei din sistem. S-au obtinut discuri polimerice flexibile cu azotat de
minocazol de dimensiuni mai mici, care sa asigure o cedare mai indelungata a substantei active la
locul de actiune de la 1-2 ore la tablete moi la 3-4 ore in cazul discurilor flexibile.

In urma studiilor preliminare s-a stabilit o mirime optima a discului de 100 mg/disc. S-a
determinat o curba de corelare intre timpul de remanenta la nivel bucal (determinat cu ajutorul
unor voluntari) si timpul mediu de dezagregare a discurilor de diferite marimi si cu diferite
procentaje de HPMC K100M. Astfel s-a dorit estimarea timpului de remanenta la nivel bucal pentru
formularile medicamentoase pentru a evita testarea in vivo. Discurile medicamentoase au fost
realizate pe baza unui procentaj de 50% de polimer bioadeziv (HPMC K100M) acesta prezentand
un timp mediu de dezagregare potrivit cedarii dorite de 3-4 ore la nivel bucal (225 minute de
dezintegrare corespunzand conform curbei de regresie unui timp de remanenta bucal de
aproximativ de 237 de minute = 3.95 ore) cu flexibilitate acceptabila si forta de bioadeziune buna.
Din testarea in continuare a diferitelor tipuri de polimer bioadeziv in proportie de 50% s-a ajuns la
concluzia ca si polimerul HPMC K4M poate fi oportun utilizarii prezentand o forta de bioadeziune si

flexibilitate similara, cu un timp de remanenta la nivel bucal estimat de 206 minute = 3.43 ore.

CONCLUZII GENERALE

Dezideratul acestei lucrari s-a atins prin prepararea unor comprimate bioadezive de tip
matritd cu famotidina si cercetarea influentei unor combinatii de polimeri bioadezivi (HPMC,
CMCNa, PEO, CP, PC) si a unor diluanti (DCP, ISO), asupra proprietitilor acestora. In urma studiului
s-a concluzionat faptul ca procentele de HPMC si de CMCNa sunt factorii cu cel mai mare impact de
retardare asupra cedarii iar bioadeziunea a fost influenfata in mod pozitiv (efect sinergic) de
combinatia de CP si CMCNa in aceeasi formulare.

In cel de-al doilea studiu al partii experimentale s-a realizat o optimizare al primului plan de
studiu cu ajutorul planurilor experimentale. In urma studiului s-a concluzionat faptul ci desi exista

o diferenta majora intre conginutul total de polimeri bioadezivi in comprimate, profilurile de cedare



a diferitelor formulari au fost similare, rezultate care pot fi explicate prin profilurile de eroziune.
Bioadeziunea a fost influentata in mod pozitiv de combinatia intre CP si CMC Na.

In cel de-al treilea studiu s-a elaborat si caracterizat un nou sistem bioadeziv de cedare a
substantelor active la nivel bucal, avand la baza gelatina si diferiti polimeri neionici bioadezivi.
Cedarea substantelor active model de diferite solubilitdti a fost controlata prin intermediul
diferitilor polimeri si prin tipul de gelatina utilizata. Cedarea de substanta medicamentoasa, timpul
de dezagregare, bioadeziunea si retentia de apa sunt influentate de tipul de polimer. Masa
moleculara prezinta o influentd detectabila doar in cazul fortei bioadezive. Taria gelului exprimat
prin cifra de bloom prezinta o influenta neta asupra timpilor de dezintegrare, asupra cedarii si a
imbibdrii cu apa, fard a influenta In mod semnificativ bioadeziunea. Studiile de stabilitate au
prezentat in majoritatea cazurilor valori imbunatitite ale timpilor de dezagregare si ale
bioadeziunii.

In ultimul capitol al lucrarii s-au elaborarat discuri polimerice flexibile cu azotat de miconazol
pe baza de gelatina si polimeri bioadezivi neionici. Discurile medicamentoase au fost realizate pe
baza unui procentaj de 50% de polimer bioadeziv (HPMC K100M) acesta prezentand un timp
mediu de dezintegrare potrivit cedarii dorite de 3-4 ore la nivel bucal (3.95 ore) cu flexibilitate
acceptabila si fortda de bioadeziune bund. Pe langa HPMC K100M si polimerul HPMC K4M a
prezentat valori dorite. Formularile pe baza de HPC si PEO au prezentat valori bune de bioadeziune

fara insa a indeplini valorile de remanenta la nivel bucal propuse 1n obiectivul cercetarii.

ORIGINALITATEA SI CONTRIBUTIILE INOVATIVE ALE TEZEI

Contributiile inovative ale tezei sunt evidentiate prin rezultatul final al cercetarilor
experimentale. Fata de alte cercetari in domeniu, rezultatele obtinute aduc concluzii noi in ceea ce
priveste combinatiei de polimeri bioadezivi in cadrul comprimatelor de tip matrita. Ultimele doua
capitole prezinta doua noi formulari pentru aplicabilitate la nivel bucal si anume tablete polimerice

moi si discuri polimerice flexibile.
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The Main Parts of the Doctoral Thesis

INTRODUCTION

The main aim of the experimental research was to develop new bioadhesive dosage forms
and to analyse the factors that can influence the release from these systems. This aim has been
achieved by formulating matrix tablets with famotidine using different combinations of bioadhesive
polymers and fillers, and by formulating new flexible systems based on gelatin for buccal
application. These formulations were designed to release the active substance in a controlled

manner during a determined time interval.

CURRENT STATE OF KNOWLEDGE

The general part of this thesis presents a synthesis of published scientific data regarding
muco/bioadhesion concepts, in vitro and in vivo methods for measuring bioadhesion and the
theories that explain these interactions. The main bioadhesive polymers mentioned emphasised the
ones used in the experimental part. The pharmaceutical dosage forms used on different mucosal
surfaces have been summarised pointing out their various advantages and disadvantages. The last
part of the thesis includes the motivation for using famotidine as a model substance in the first two
chapters, carmabazepine, diprophylline and caffeine in the third chapter, and miconazol nitrate in

the last chapter of the experimental part.

PERSONAL CONTRIBUTIONS

The personal contributions are presented in four experimental studies, the first two referring to the
development of matrix tablets using different combinations of bioadhesive polymers and excipients. The
last two chapters refer to the development of new bioadhesive systems based on gelatin and bioadhesive
polymers for buccal application. The personal contribution part of the thesis ends with a chapter of final

conclusions and one dedicated to the originality of the research.
The development of hydrophilic bioadhesive matrix tablets with famotidine

The aim of the first study was to prepare bioadhesive matrix tablets with famotidine (FAMO)
using different combinations of polymers and fillers in order to determine the most appropriate
one and to define the possible advantage of a binary or ternary combination of bioadhesive
polymers on the water uptake, the release and the bioadhesive properties. The working hypothesis
was based on the use of bioadhesive polymers with known bioadhesive properties (based on

literature research) in combination, in order to achieve an improved bioadhesive effect; this was



based on the assumption that the association of more bioadhesive polymers results in increased
bioadhesive properties. The polymers were: hydroxypropylmethylcellulose (HPMC), polyacrylic
acid (Carbopol 71G, CP), Policarbofil (PC) and carboxymethylcellulose sodium (CMCNa). An
experimental design with 5 factors and 3 levels was used to observe the influence of formulation
factors on water uptake, the active substance’s release of the active substance and bioadhesive
properties.

The release profiles were evaluated using different release models of the active substance
such as the Baker-Lonsdale, Korsmeyer-Peppas, Hixson-Crowell, Higuchi, zero order and first
order. The Akaike criterion was chosen to differentiate between the analysed models and identify
the model best describing the release. The results showed that the combination of three
bioadhesive polymers in the highest concentration allowed the slowest release of the active
substance from the system and the highest water uptake properties, followed by the use of two
polymers in the highest concentration. The release of famotidine was best described by the Peppas
model. The bioadhesion was influenced in a positive way (synergic) by the combination of CP and
CMCNa in the same formulation. The use of isomaltose in the tablets favoured bioadhesion through
a positive effect on polymer hydration at the surface. Binary and ternary polymer combinations in
the same formulations showed an advantage regarding their properties, in comparison with

formulations containing only one bioadhesive polymer.

The optimisation of the design of bioadhesive matrix tablets using different

concentrations of Carbobol and CMCNa

The second study of the personal contribution part - an experimental optimisation design -
was based on the results of the previous chapter. The aim was to determine the optimal
concentration of bioadhesive polymers for the development of tablets with defined release profiles
and strong bioadhesive properties. The effects of combining bioadhesive polymers such as HPMC,
CMCNa and CP on the bioadhesive properties, the water uptake, the erosion profile, and the release
of matrix tablets with famotidine were studied using an experimental design with 2 factors and 3
levels. The formulation factors were: the percentage of Carbopol and the percentage of CMCNa. The
tablets were characterised according to bioadhesive strength, the release of the active substance,
water uptake profiles, and the erosion profiles.

The slowest profile was obtained for those formulations with the highest quantity of
bioadhesive polymers and the fastest profile was obtained for the tablets containing a total of 35
% polymer. In formulations with the same amount of polymers, the release was faster for systems

containing more Carbopol than CMCNa. The water uptake profiles were very similar. The most



significant difference between the formulations was observed in the erosion profiles. Regarding the
bioadhesive properties, the combination of Carbopol and CMCNa showed syinergic effects
(increasing bioadhesive properties) proportional with the increase in polymers” concentration. To
sum up, within the interval of 35-70% of total polymer content the formulation factors did not
affect tablet properties significantly, the most significant difference being observed in the erosion

profiles.
The formulation of polymeric soft tablets for buccal application

This chapter studied the possibility of formulating soft polymeric tablets using the combined
advantages from buccal tablets and buccal films. The aim was to develop new formulations for
buccal application with a short acting time (1-4 hours). The tablets were developed using different
npon-ionic bioadhesive polymers (hydroxypropylmethylcellulose (HPMC), polyethylene oxide
(PEO), and hydroxypropylcellulose (HPC)) with water, glycerol (as a plastifier) and gelatin. The
release of model substances with different solubilities was controlled through the use of different
types of bioadhesive polymers. The aim was to formulate soft tablets with good bioadhesive
strength (> 1N), with a high desintegration time. For the detailed characterisation of the active
substance from the bioadhesive systems three active model substances with different solubilities
and concentrations were used: carbamazepine, caffeine and diprophylline.

The release of the active substance, the disintegration time, bioadhesion and water uptake
are all influenced by the polymer type. Those formulation based on PEO showed good bioadhesive
properties, with high disintegration times, a high water uptake percentage, and a slow release. The
release was faster for the HPC tablets and slowest for the tablets based on HPMC and PEO. The
molecular mass had an influence only on the bioadhesive force (higher molecular mass determined
higher bioadhesive strengths). The most noticeable difference was obtained for water uptake
profiles. The gel strength expressed through the bloom number, showed major differences in
disintegration time, release, and water uptake profiles, without a noticeable effect on bioadhesion.
All formulations presented pH values appropriate for buccal area application. In most cases the
stability studies presented improved disintegratrion time properties and bioadhesion properties

and had a retarding effect on the release of caffeine from the systems.
The formulation of flexible polymeric discs

In the previous chapter the development of new gelatin based tablets with bioadhesive
polymers were studied in order to combine the advantages of buccal tablets with those of buccal

bioadhesive films. Because these tablets contained a high amount of water and required special



storage conditions to avoid water loss, this chapter adresses the elimination of water from the
system. Smaller sized polymeric, flexible discs with miconazole nitrate were obtained. These
systems allowed a prolonged active substance release at the site of action - 3-4 hours for the
flexible discs, in comparison with 1-2 hours for the soft tablets.

After preliminary studies an optimal size of 100 mg/disc has been established. A correlation
curve between the buccal residence time (determined with the help of volunteers) and the median
dizintegration time of the different sized discs with different percentages of HPMC K100M was
designed.

The aim was to estimate the buccal residence time for the systems containing active
substance in order to avoid the in vivo testing. The discs containing active substance were
developed using 50% bioadhesive polymer (HPMC K100M) formulations. This type of discs showed
a medium buccal disintegration time of 3-4 hours (225 minutes of disintegration time corresponds
according to the regression curve to a buccal residence time of 237 minutes = 3.95 hours) with an
acceptable flexibility and a good bioadhesive force.

From the testing of the different bioadhesive polymers in a 50% formulation, we concluded
that the HPMC K4M polymer can be also be appropriate and showed favourable levels in the
desired properties. Formulations based on HPC and, PEO showed good bioadhesive strength but

did not meet the other desired properties.

GENERAL CONCLUSIONS

The aim of this thesis was achieved through the preparation of bioadhesive matrix tablets
with famotidine and the research of the influence of various bioadhesive polymer combinations
(HPMC, CMCNa, PEO, CP, PC) and of some fillers (DCP, ISO) on their properties. The study
concluded that the percentages of HPMC and CMCNa are the factors with the biggest impact on
release delay and that the bioadhesion was positively influenced (in a synergic manner) by the
combination of CP and CMCNa in the same formulation.

The second study of the experimental part was an optimisation plan of bioadhesive matrix
tablets with famotidine, designed with the help of experimental designs. The conclusion of the
study was that even though there were big differences in the total content of bioadhesive polymers
in the tablets, the release profiles of different formulations were similar and could be explained
through the erosion profiles. Regarding the bioadhesive properties, the combination of Carbopol

and CMCNa presented significant synergic effects.



In the third study a new bioadhesive system was elaborated and characterised for buccal
release of active substance. This system was based on gelatin and different non-ionic polymers. The
release of the model active substances of different solubilities was controlled through the use of
different polymers and through the use of different types of gelatin. The relase, the disintegration
tome, the bioadhesion and the water uptake were influenced by the polymer type. The molecular
mass presented a detectable influence only on the bioadhesive force. The strength of the gel,
expressed in the bloom number, had a strong influence on the disintegration time, the release and
the water uptake without affecting the bioadhesion in a significant manner. The stability studies
presented in the majority of cases improved values of the disintegration time and of the
bioadhesive force.

In the last chapter polymeric flexible discs with miconazol nitrate were developed based on
gelatin and non-ionic bioadhesive polymers. The medicated discs were designed based on high
percentage of bioadhesive polymer (HPMC K100M), which presented the desired median buccal
disintegration time of 3-4 hours (3.95 hours), an acceptable flexibility, and good bioadhesive force.

Good results were also achieved by using HPMC K4M as bioadhesive polymer.

ORIGINALITY AND INNOVATIVE CONTRIBUTIONS TO OF THE THESIS

The innovative contributions of the thesis are sustained by the results of the research
conducted. The thesis brings to light new conclusions regarding the combination of bioadhesive
polymers in matrix tablets. The last two chapters present two new formulations for buccal use in

form of soft polymeric tablets and flexible polymeric discs.
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