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Partile principale ale tezei de doctorat

INTRODUCERE

Obiectivul cercetdrii experimentale a fost realizarea unor sisteme farmaceutice cu metoprolol
cu eliberare pulsatil3, In care substanta medicamentoasa sa fie eliberatd rapid dupa o perioada de
latenta determinata. Acest obiectiv s-a realizat prin prepararea unor minicomprimate cu
metoprolol cu o capacitate mare de umflare spre a determina ruperea Invelisului de film polimeric
si cedarea rapida a substantei medicamentoase, si prin realizarea unor minicomprimate cu
metoprolol acoperite prin comprimarea unui amestec de excipienti care sa asigure dezideratul unui

timp de latenta si al eliberarii ulterioare rapide a continutului medicamentos al nucleului.

STADIUL ACTUAL AL CUNOASTERII

In partea generald sunt prezentate principalele aspecte legate de cronofarmacie si de
medicatia cronoterapeutica, al carei scop este sincronizarea concentratiilor maxime de substanta
medicamentoasa in singe cu momentul exacerbarii simptomelor bolii, in functie de ritmul
circadian. In acest caz nu sunt utile formele farmaceutice cu eliberare controlati sau prelungiti, ci
este necesara o cedare pulsatila, care prezinta o perioada determinata de intarziere, urmata de o
eliberare rapida a substantei medicamentoase.

S-a realizat o sinteza a datelor din literatura de specialitate referitoare la formularea
sistemelor farmaceutice pulsatile orale, care se pot clasifica in: sisteme cu invelisuri erodabile sau
solubile, sisteme cu permeabilitatea membranei modificatd, sisteme casabile monolitice, sisteme
casabile multiparticulate si sisteme cu forma de capsula.

S-a motivat alegerea metoprololului ca substantd medicamentoasa model in studiile
experimentale prin faptul ca indicatiile sale, hipertensiunea arteriala si angina, raman in continuare

cei mai importanti factori de risc pentru morbiditatea si mortalitatea de natura cardiovasculara.

CONTRIBUTII PERSONALE

Contributiile personale sunt alcatuite din cinci studii experimentale, primele doua referindu-

se la dezvoltarea unui sistem cronofarmaceutic de tipul minicomprimatelor filmate, iar urmatoarele



trei referindu-se la dezvoltarea unui sistem cronofarmaceutic de tipul minicomprimatelor acoperite

prin comprimare. Partea de contributii personale se incheie cu un capitol de concluzii generale.

Dezvoltarea unui sistem cronofarmaceutic de tipul minicomprimatelor filmate

Obiectivul primului studiu a fost de a prepara minicomprimate cu metoprolol cu cedare
pulsatild, din nuclee cu capacitate mare de umflare, acoperite cu trei tipuri de polimeri, pentru a
determina polimerul, cantitatea de polimer si cantitatea de agent de umflare cele mai potrivite
acestui tip de formulare cronofarmaceutica, pentru a fi utilizate in experimente ulterioare. In acest
scop a fost dezvoltat un plan experimental cu trei factori si trei niveluri, obeservandu-se influenta
variabilelor de formulare asupra profilurilor de eliberare a substantei medicamentoase. Factorii
studiati au fost: tipul polimerului (Eudragit NE, Eudragit RS si etilceluloza Surelease), procentul de
polimer si procentul de amidon glicolat de sodiu (agent de umflare) din formulare. Comprimatele
au fost caracterizate din punctul de vedere al profilului de cedare obtinut. Pentru fitarea datelor s-a
utilizat o ecuatie empirica denumita Piecewise, care prezinta trei regiuni definite de trei ecuatii
separate: inaintea cedarii medicamentoase, in timpul cedarii si dupa cedare, avand doua puncte de
inflexiune, primul reprezentand momentul inceperii cedarii, iar al doilea momentul terminarii

cedarii substantei medicamentoase.

Factorii de formulare au influentat rezultatele obtinute, existand formulari cu cedare rapida,
imediata, sau cu cedare continua, dar si formulari cu perioade de latenta. Rezultatele au aratat ca o
crestere a cantitdtii de agent de umflare a dus la o eliberare mai rapida de substanta
medicamentoasa, in timp ce o crestere a cantitatii de polimer a dus la o eliberare mai lenta. Tipul
polimerului nu a avut o mare influenta asupra eliberarii substantei medicamentoase, dar
concentratia la al doilea punct de inflexiune a crescut in cazul utilizarii Eudragit RS. Acest polimer s-
a utilizat In continuarea cercetarii datorita faptului ca timpul de latenta depinde si de proprietatile

acestuia, si anume de elasticitatea sa, care este influentata de procentul de plastifiant din film.

Optimizarea formularii unui sistem conofarmaceutic de tipul minicomprimatelor
filmate

In cel de-al doilea studiu al partii de contributii personale s-a studiat influenta concentratiilor
diferite de Eudragit RS ca polimer formator de film, a concentratiilor diferite de trietilcitrat de sodiu
folosit ca plastifiant si a concentratiilor diferite de amidon glicolat de sodiu ca agent de umflare,

asupra profilului de eliberare a metoprololului din minicomprimate acoperite cu film polimeric. A



fost utilizat un plan experimental cu trei factori si trei niveluri pentru a observa influenta
variabilelor de formulare asupra profilurilor de eliberare ale comprimatelor.

Concentratiile de polimer si de plastifiant au avut o mare influenta asupra eliberarii
metoprololului, cresterea lor determindnd o prelungire a timpului la care Incepe cedarea substantei
medicamentoase. Cu cat procentul de polimer adaugat este mai mare, cu atat filmul este mai gros si
deci mai greu de rupt. Cu cat procentul de plastifiant adaugat este mai mare, cu atat filmul este mai
elastic si deci mai greu de rupt. Procentul de agent dezagregant nu a avut o influenta semnificativa
asupra eliberarii medicamentoase, datorita cantitatii mari de diluant utilizat. Procedeul de
optimizare a formularii a condus la realizarea unei formulari cu eliberare pulsatila dupa o perioada
de intarziere de 2.5-3 ore, utilizand o cantitate mare de polimer de acoperire, o cantitate medie de
agent dezagregant si o cantitate mica de plastifiant, cantitati alese dintre valorile studiate
experimental. Cercetarea a deschis calea de urmat pentru alegerea factorilor de formulare
convenabili pentru o cedare pulsatild, cu o perioada de Intarziere convenabila si o cedare ulterioara
rapida, pentru tratamentul hipertensiunii, cand nivelul maxim de substan{da medicamentoasa in

sange trebuie atins dimineata, la trezire, dupa administrarea dozei la culcare.

Dezvoltarea unui sistem cronofarmaceutic de tip comprimat in comprimat

Al doilea obiectiv al partii de contributii personale a fost de a se studia posibilitatea
dezvoltarii unor sisteme farmaceutice pulsatile cu metoprolol, pentru terapia cronofarmaceutica, cu
ajutorul minicomprimatelor acoperite prin comprimare. S-a utilizat un plan experimental cu trei
factori si trei niveluri pentru a se realiza studiul. Factorii de formulare au fost: tipul nucleului, tipul
polimerului de intarziere din stratul extern (hidroxipropil metilceluloza (HPMC) K15M, HPMC
K100M, Carbopol 71G), si tipul diluantului din stratul extern (lactoza sau celuloza microcristalina).

A fost studiat comportamentul comprimatelor la cedarea in vitro a metoprololului.

Din rezultatele obtinute s-a observat ca perioada de latenta si tipul eliberarii au fost
influentate in special de tipul polimerulului de retardare si de tipul diluantului din nvelisul extern.
In ceea ce priveste polimerul de retardare, cel mai mare efect de intarziere a fost dat de Carbopol
71G NF, urmat de HPMC K100M si HPMC KI15M. In ceea ce priveste diluantul, celuloza
microcristalina a avut un efect de Intarziere mai mare decat lactoza, care a favorizat eliberarea mai
rapida a substantei medicamentoase. Celuloza microcristalina a condus la obtinerea de comprimate
cu perioada de latentd de 2-4 ore, urmate de o eliberare lentd, cu o cinetica de ordin 0. Utilizarea
lactozei ca diluant, in combinatie cu Carbopol 71G ca polimer de retardare, a condus la obtinerea

de comprimate cu perioada de latenta de 2-4 ore urmate de o eliberare rapida (aproximativ 1-1.5



ore). Rezultatele obtinute au aratat ca un sistem farmaceutic cu eliberare Intarziaza cu o perioada
de latenta de 2-4 ore poate fi obtinut prin utilizarea tehnologiei comprimatelor in comprimat.
Pentru a se obtine o perioada de latentda mai mare (5-6 ore), urmata de o eliberare rapid3,
cercetarea a aratat ca acest fapt este posibil utilizand Carbopol 71G ca polimer de retardare, lactoza

ca diluant si un strat mai gros de acoperire.

Influenta polimerului in stratul de retardare si a grosimii acestuia in dezvoltarea unui
sistem cronofarmaceutic de tip comprimat in comprimat

S-a continuat dezvoltarea sistemului cronofarmaceutic de tip comprimat in comprimat prin
studierea efectului procentului mai mare de Carbopol din stratul de retardare si grosimii stratului
de retardare, obtinute prin utilizarea de seturi de poansoane cu diametre diferite, asupra profilului
de cedare a metoprololului. Pentru realizarea studiului s-a folosit un plan experimental cu doi
factori si trei niveluri.

Conform rezultatelor obtinute, atat procentul de Carbopol 71G din invelisul extern, cat si
grosimea Invelisului extern intarzie eliberarea substantei medicamentoase din comprimatele
acoperite prin comprimare. Majoritatea formularilor realizate conform planului experimental au
prezentat o cinetica de ordin 0 si nu un profil de cedare cu o eliberare rapida dupa perioada de
intarziere, chiar in conditiile in care polimerul de retardare din stratul de acoperire (Carbopolul)
este In proportie redusa. Acest lucru se datoreaza grosimii mari a stratului exterior folosit la
acoperirea comprimatelor.

Ca urmare, pentru obtinerea unei eliberari pulsatile este nevoie de utilizarea unei cantitati
mai mici de material de acoperire, care duce la obtinerea unui strat de acoperire de grosime mai
mica, si eventual de utilizarea in stratul de acoperire a unei cantitati medii spre mari de polimer

(Carbopol), nivelul cantitativ al acestor parametri fiind ales dintre valorile experimentale cercetate.

Optimizarea formularii unui sistem cronofarmaceutic de tip comprimat in comprimat

In acest capitol s-au continuat studiile experimentale in vederea dezvoltirii unor sisteme
farmaceutice pulsatile cu metoprolol pentru cronoterapie, prin acoperirea prin comprimare a unor
minicomprimate nucleu. S-a utilizat un plan experimental cu doi factori si trei niveluri pentru a
optimiza procentul de Carbopol din stratul de retardare si grosimea stratului de retardare, in

vederea obtinerii unui profil de cedare cu perioada de intarziere cat mai lunga.



Deoarece Carbopolul prezinta un comportament diferit 1n mediu acid fata de mediu bazic, s-a
studiat si comportamentul comprimatelor in conditii de pH care simuleaza conditiile din tubul
digestiv, realizdndu-se o acoperire a comprimatelor acoperite prin comprimare din formularile
experimentale N10 si N11 (formulari cu compozitie identica si profil similar de cedare in tampon
fosfat pH 6.8) cu straturi succesive de polimeri cu cedare enterica pe baza de ftalat acetat de

polivinil, Opadry si Sureteric, in toba de acoperire. Procentul stratului de acoperire a fost 12%.

S-a constatat ca o formulare a eliberat doar o cantitate foarte mica de metoprolol in cele 8
ore; aceasta a fost formularea care continea cel mai mare procent de Carbopol si care avea o
grosime medie. O parte dintre formulari au prezentat o eliberare de ordin 0 dupa diferite perioade
de latenta (1.5, 3.5 si 5 ore). Trei formulari au prezentat o eliberare rapida dupa perioade de latenta
scurte (1-1.5 ore): cele cu procent mic de Carbopol si strat de acoperire subtire sau mediu (N1 si
N5), si cea cu procent mediu de Carbopol si strat de acoperire subtire (N7). Au existat doua tipuri
de formulari care au prezentat eliberare pulsatila, dupa o perioada de latenta de doua ore: cea cu
procent mic de Carbopol si strat de acoperire gros si cele cu procent mediu de Carbopol si strat de
acoperire mediu. S-a obtinut si o formulare care a avut o perioada de intarziere de 4 ore, eliberand
apoi rapid substanta medicamentoasd, prin adaugarea un strat de acoperire gastrorezistent din
polimerii Opadry si Sureteric la formularile alese, atingindu-se astfel dezideratul unei formulari cu

cedare pulsatila a metoprololului.

CONCLUZII GENERALE

In cazul unui sistem farmaceutic cu cedare pulsatili, substanta medicamentoasd este
eliberata rapid si complet dupa o perioada definita de intarziere, perioada in care nu se elibereaza
deloc substanta medicamentoasa. Dezideratul acestei lucrari s-a atins prin prepararea unor forme
farmaceutice cu eliberare pulsatila de doua tipuri: minicomprimate acoperite cu film polimeric si
minicomprimate acoperite prin comprimare cu strat de material polimeric. In primul caz s-a
obtinut o perioada de intarziere de 2.5-3 ore urmata de o eliberare rapid3, iar in cel de-al doilea caz
s-a obtinut o perioada de latenta de 4 ore in mediu care simuleaza conditiile de pH din tubul
digestiv, urmatd de o cedare rapida. Cercetarea experimentala a demonstrat posibilitatea realizarii
unor preparate cu cedare pulsatila a metoprololului, prin optimizarea formularii , prin manipularea
variabilelor de formulare si prepararea in scopul atingerii dezideratului propus prin ipoteza de

lucru.
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The Main Parts of the Doctoral Thesis

INTRODUCTION

The aim of the experimental research was the production of pulsatile release metoprolol
pharmaceutical systems in which the drug is rapidly released after a predetermined lag time. This
objective was accomplished by preparing metoprolol minitablets with a big swelling capacity in
order to determine the breaking of the polymeric film coat and the rapid release of the drug, and by
preparing metoprolol tablets through compression coating a mixture of excipients that insure the

obtaining of a lag time and of a following rapid release of the drug in the core.

CURRENT STATE OF KNOWLEDGE

In the general part the main aspects regarding chronopharmacy and chronotherapeutical
medication are presented, whose aim is the synchronization of the maximum blood drug
concentrations with the moment of the exacerbation of the disease symptoms, depending on the
circadian rhythm. In this case controlled release or prolonged release forms are not useful, but a
pulsatile release is necessary, which has a predetermined lag time, followed by a rapid drug release.

A synthesis of the special literature data was done, referring to the formulation of oral
pulsatile release systems, which can be classified in: systems with eroding or soluble coatings,
systems with changed membrane permeability, monolithical rupturable systems, multiparticulate
rupturable systems, capsular shaped systems.

The choice of metoprolol as a model drug in the experimental studies was motivated by the
fact that its indications, hypertension and angina, still remain the most important risk factors for

the cardiovascular morbidity and mortality.

PERSONAL CONTRIBUTIONS

The personal contributions are made up of five experimental studies, the first two referring
to the development of a chronotherapeutical system in the form of coated minitablets, and the next
three referring to development of a chronotherapeutical system in the form of compression coated

tablets. The personal contribution part is ended with a general conclusions chapter.



The Development of a Coated Minitablet Chronopharmaceutical System

The aim of the first study was to prepare some pulsatile release metoprolol tablets from cores
with high swelling capacity, coated with three different polymers in order to determine the type of
polymer, the quantity of polymer and the quantity of swelling agent best suited to this type of
chronotherapeutical formulation in order to be used in further experiments. An experimental
design with three factors and three levels was used for this purpose, observing the influence of the
formulation variables on the drug release profiles. The factors studied were: the polymer type
(Eudragit NE, Eudragit RS and Surelease ethylcellulose), the polymer percent and the sodium starch
glycolate percent (swelling agent) used in the formulation. The tablets were analyzed regarding the
in vitro dissolution behaviour and the obtained release profile. An empirical equation called
Piecewise was used for the data fitting; this shows three different regions characterized by three
separate equations: before, during and after drug release, having two turning points, the first one
representing the start of the release, and the second one representing the moment of the end of the

release.

The formulation factors influenced the obtained results, as there were formulations with fast,
immediate release, or with continuous release, but also with lag time release. The results show that
higher concentrations of swelling agents increase the drug release, while higher concentrations of
polymer decrease it. The polymer type did not have a big influence on the drug release, but the
concentration at the second turning point was higher in the case of Eudragit RS. This polymer was
used in the further research studies because the lag time also depends on its properties, namely its

elasticity, which is influenced by the percent of plasticizer in the film.

The Optimization of the Formulation of Coated Minitablet Chronopharmaceutical

System

In the second study of the personal contributions, the influences of different Eudragit RS
concentrations as a film forming polymer, different concentrations of sodium triethylcitrate as a
plasticizer and different concentrations as swelling agent on the drug release from film coated
metoprolol minitablets were studied. An experimental design with three factors and three levels

was used to observe the influence of the formulation variables on the release profiles of the tablets.



The polymer and plasticizer concentrations had a big influence on the metoprolol release,
increasing them leading to a prolongation of the time at which the drug release starts. The more
polymer is added, the thicker the film is and also the harder to break. The more plasticizer is added,
the more elastic the film is and also the harder to break. The amount of swelling agent added did
not have a significant influence on the drug release, because of the big quantity of filler used. The
optimization of the formulation lead to a pulsatile release formulation with a lag time of 2.5-3
hours, using a big amount of coating polymer, a medium amount of swelling agent and a small
amount of plasticiser, quantities chosen from the experimentally studied values. The research
opened the way for choosing the convenient formulation factors for pulsatile release, with a
convenient lag time and a rapid ulterior release, for the treatment of hypertension, when the
maximum level of drug in the blood needs to be achieved in the morning, at the wake up time, after

ingesting the dosage form at bed time.

The Development of a Compression Coated Pharmaceutical System

The second aim of the personal contribution part was to study the reliability of developing
metoprolol pulsatile delivery systems for a chronopharmaceutic therapy, by compression coating
minitablet cores. To perform the study an experimental design with three factors and three levels
was used. The formulation factors studied were: core type, coating retarding polymer type
(hydroxypropylmethylcellulose (HPMC) K15M, HPMC K100M, Carbopol 71G), and filler type
(lactose or microcrystalline cellulose). The tablets were studied regarding their in vitro dissolution

behaviour.

According to the obtained results, the lag time period and the release behavior are mainly
influenced by the type of the retarding polymer and the type of filler in the coating mixture. In
terms of the retarding polymer in the coating mixture, the greatest retarding effect is given by
Carbopol 71G NF, followed by HPMC K100M, and HPMC K15M. In terms of the filler,
microcrystalline cellulose has a greater retarding effect than lactose, which favours the drug
release. Moreover, microcrystalline cellulose leads to obtaining tablets with a lag time of about 2-4
hours, followed by a slow, 0 order kinetics release. Lactose as filler, in combination with Carbopol
71G as retarding polymer, conducts to obtaining tablets with a lag time of 2-4 hours followed by a
quick release (approximately 1-1.5 hours). According to the results, a delayed pharmaceutical
system with a drug release with a lag time of 2-4 hours can be obtained via compression coating

tablets. In order to obtain a bigger lag time (5-6 hours), followed by a rapid release, the research



showed that this is possible using Carbopol 71G as a retarding polymer, lactose as filler and a

thicker coating layer.

The Influence of the Polymer in the Retarding Layer and of its Thickness in the

Development of a Compression Coated Pharmaceutical System

The development of a compression coated chronopharmaceutical system was continued by
studying the effect of the bigger amount of Carbopol in the retarding layer and the thickness of the
retarding layer, obtained by using sets of punches with different diameters, on the metoprolol
release profile. For the study an experimental design with two factors and three levels was used.

According to the obtained results, both the amount of Carbopol 71G and the thickness of the
external layer delay the drug release from compression coated tablets. Most of the formulations
done in the experimental desigh had a zero order release kinetics and not a rapid release after the
lag time, even in the conditions in which the retarding polymer in the external layer (Carbopol) is in
a small amount. This is due to the big thicknedd of the external layer used for coating the tablets.

As a result, for obtaining a pulsatile release a smaller quantity of coating material is needed,
leading to obtaining a less thick external layer, and maybe using a medium to large amount of
polymer (Carbopol), the quantitative level of these parameters being chosen from the experimental

researched data.

The Optimization of the Formulation of a Compression Coated Pharmaceutical System

In this chapter the experimental studies for the development of pulsatile release metoprolol
pharmaceutical systems were continued, through the compression coating of core minitablets. An
experimental design with two factors and three levels was used for the optimization of the amount
of Carbopol in the retarding layer and of the thickness of the retarding layer, in order to obtain a

release profile with a longer lag time.

Because Carbopol has a different behaviour in an acid environment and in a basic
environment, the behaviour of the tablets in pH conditions that mimic the conditions in the
digestive tract was studied, by coating the compression coated tablets from the experimental

formulations N10 and N11 (formulations with identical compositions and similar release profile in



phosphate buffer with a pH of 6.8) with successive layers of polymers with enteric release based on
polyvynil ftalate acetate, Opadry and Sureteric, in the coating pan. The standard coating percent

was 12%.

It was found that a formulation only released a small amount of metoprolol in the 8 hours;
this was the formulation with the highest amount of Carbopol and with a medium thickness. A part
of the formulations had a 0 order release kinetics after different lag times (1.5, 3.5 and 5 hours).
Three formulations had a rapid release after short lag times (1-1.5 hours): the ones with a small
amount of Carbopol and a small or medium thickness of the coating layer (N1 and N5), and the one
with a mediun amount of Carbopol and a less thick coating layer (N7). There were two types of
formulations with pulsatile release, after a two hour lag time: the one with a small amount of
Carbopol and a thick coating layer, and the one with a medium anount of Carbopol and and a
medium thickness layer. A formulation with a 4 hour lag time and a rapid release was obtained by
adding a gastroresistant layer with the Opadry and Sureteric polymers at the chosen formulations,

achieving a pulsatile release metoprolol formualation.

GENERAL CONCLUSIONS

In the case of a pharmaceutical system with pulsatile releasae, the drug is rapidly and
completely released after a well defined lag time in which no amount of drug is released. The aim of
this work was achieved by preparing two types of pulsatile release dosage forms: film coated
minitablets and compression coated minitablets. In the first case a 2.5-3 hour lag time followed by a
rapid release was obtained, and in the second case a 4 hour lag time followed by a rapid release was
obtained in conditions mimicking the pH conditions in the digestive tract. The experimental
research proved the possibility of manufacturing metoprolol pulsatile release formulations,
through the optimization of the formulation, through the manipulation of the formulation variables

and the preparation with the aim of achieving the objective stated in the work hypothesis.
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