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INTRODUCERE

Intreaga lume se confrunti cu o incidentd crescutd a diabetului zaharat de tip 2
datorita Tmbatranirii populatiei, stilului de viata occidental, urbanizarii, care duc la
aparitia obezitatii, modificari ale dietei si adoptarea unui stil de viata sedentar. Incidenta
diabetului de tip 2 a crescut dramatic. Diabetul zaharat este asociat cu un numar mare de
complicatii cronice, al caror rezultat final este scaderea calitatii vietii si a mortalitatii
premature.

Tratamentul se bazeaza pe tratament non-farmacologic (exercitii fizice si dieta) si
tratament farmacologic. Agentii hipoglicemianti cei mai frecvent utilizati sunt
sulfonilureele. Gliclazida, o sulfoniluree de generatie doi, sub forma de comprimate cu
eliberare modificata, mentine controlul glicemic pe o perioada de 24 de ore, cu putine
efecte adverse raportate si este bine tolerata de catre pacienti.

Agentii hipoglicemianti orali si insulina sunt in general disponibili doar in cateva
din tarile cu venituri mici. Sunt necesare interventii politice si programe pentru
imbunatatirea accesului echitabil. Prin inregistrarea produselor generice, mai multi
pacienti ar avea acces la tratament adecvat la costuri mai mici.

In prima parte a tezei de doctorat, intitulati Stadiul actual al cunoasterii, se
prezinta sinteza informatiilor disponibile cu privire la principalele subiecte abordate in
cadrul cercetdrii. Primul subiect este diabetul zaharat, cu aspectele sale generale,
prevalenta, factorii de risc, preventia, diagnosticul si tratamentul si impactul economic al
acestei boli. Apoi, este prezentata gliclazida cu farmacodinamia sa si mecanismul de
actiune, contraindicatii, atentionari si precautii de utilizare, efecte adverse si proprietati
farmacocinetice. Cerintele de reglementare pentru efectuarea studiilor de bioechivalenta
si metodele utilizate pentru estimarea parametrilor farmacocinetici sunt prezentate in
urmatoarele capitole. Un alt subiect de interes au fost metodele de stabilire a corelatiilor
In Vitro - In Vivo (IVIVC) si aplicabilitatea acestora.

CONTRIBUTII PERSONALE

O noud formulare generica cu eliberare modificatd cu gliclazida 60 mg a fost
dezvoltatd de Ranbaxy Laboratories Limited, acum Sun Pharmaceutical Industries
Limited, India. Scopul cercetarii a fost de a evalua biodisponibilitatea produsului atat in
conditii de repaus alimentar, cat si In conditii post-prandiale, profilul farmacocinetic care
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descrie cel mai bine disponibilitatea gliclazidei in organism si de a dezvolta o corelare in
vitro-in vivo cu datele experimentale obtinute pentru acest produs.

Primul studiu al sectiunii Contributii personale descrie metoda bioanalitica pentru
determinarea gliclazidei din plasma utilizand gliclazida D4 ca standard intern. Metoda a
fost elaborati si validati in conformitate cu cerintele de reglementare. In timpul validarii,
s-a stabilit ca curba de calibrare a gliclazidei este liniara de la 5.00 ng/mL la 5016.48
ng/mlL, cu o limitd de cuantificare de 5.00 ng/ml. Pentru evaluarea preciziei si acuratetei
s-a constatat o corelatie bund (R2 = 0.9972). Metoda necesitda volume mici de proba, a
avut o sensibilitate bund, curba de calibrare a fost liniara in intervalul de concentratie
dorit si timpul de analiza/proba a fost scurt (2,5 min). Metoda bioanalitica a fost utilizata
pentru a determina concentratiile de gliclazida in peste 2000 de probe de plasma
colectate din doua studii de bioechivalenta in care a fost evaluata formularea cu eliberare
modificata cu gliclazida 60 mg dezvoltata de Ranbaxy Laboratories Limited, acum Sun
Pharmaceutical Industries Limited, India.

Cel de-al doilea studiu prezinta rezultatele unui studiu clinic de bioechivalenta in
conditii de repaus alimentar. Studiul a fost randomizat, Incrucisat, cu doua tratamente
care a comparat biodisponibilitatea noului produs dezvoltat cu produsul disponibil pe
piata. Dupa obtinerea concentratiilor plasmatice de gliclazida din plasma, au fost evaluati
prin analizd noncompartimentala parametrii farmacocinetici relevanti, iar valorile medii
obtinute pentru acesti parametrii au fost similari intre cele doua produse. Dupa analiza
statistica efectuata prin testul ANOVA, pentru Cmax si AUCo.;, raportul mediilor produsului
test si referinta si intervalele de Incredere de 90% au fost in intervalul stabilit de
bioechivalenta de 80.00-125.00%.

In cel de-al treilea studiu sunt prezentate rezultatele studiului de
bioechivalenta in conditii post-prandiale. Design-ul studiului a fost similar cu cel
prezentat anterior si s-a folosit aceeasi metodologie. Rezultatele au aratat valori medii
similare pentru parametrii farmacocinetici obtinuti pentru ambele produse. Mai mult,
criteriile de bioechivalenta au fost indeplinite pentru cele doua produse testate In conditii
post-prandiale.

Avand 1n vedere rezultatele studiilor in conditii de repaus alimentar si post-
prandiale in conformitate cu cerintele de reglementare, se poate concluziona ca
produsele testate sunt bioechivalente si interschimbabile. Chiar daca evaluarea sigurantei
nu a fost un obiectiv al acestor studii, evenimentele adverse au fost monitorizate si s-a
concluzionat ca produsul a fost In general bine tolerat.

Cel de-al patrulea studiu al sectiunii Contributii personale descrie evaluarea
suplimentara a efectului alimentelor asupra farmacocineticii formularii nou dezvoltate. S-
a observat o scadere a valorilor Cmax Si AUCo-, cu toate acestea s-a constatat ca nu este
semnificativa din punct de vedere statistic. Prin urmare, alimentatia nu au influentat
biodisponibilitatea generala a gliclazidei. Avand in vedere rezultatul acestei evaluari,
acest produs poate fi administrat indiferent de momentul ingestiei alimentelor. Mai mult,
prin deconvolutie matematicd a fost obtinuta fractia relativa absorbitd in timp a
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gliclazidei de la locul de administrare. A fost observat un timp de latenta de aproximativ
2.5 ore dupad administrarea produsului, ceea ce ar putea fi explicat prin dezintegrarea
lentda a formuldrii farmaceutice si golirea gastrica bifazica sau absorbtia gliclazidei din
doua locuri distincte din tractul gastrointestinal superior.

Cel de-al cincilea studiu a urmarit elucidarea modelului farmacocinetic de baza al
gliclazidei dupad administrarea orala in doza unica a formularii cu eliberare modificata cu
gliclazida 60 mg. Prin utilizarea metodelor specifice de analizd compartimentala, a fost
determinat si descris modelul reprezentativ. Acesta sugereaza o absorbtie mixta a
gliclazidei, atat dupa o cineticad de ordin 1 cat si dupa o cinetica de ordin zero, proces care
incepe dupa aproximativ 3 ore dupa administrarea dozei. Gliclazida prezinta distributie
bicompartimentala (compartimentul central si periferic legat de procesele de distributie
de ordin 1) si cinetica de ordinul 1 pentru procesul de eliminare.

Cel de-al saselea studiu a urmarit sa evalueze o posibila corelatie in vitro-in vivo
pentru gliclazida. Prin urmare, testele de dizolvare in vitro pentru gliclazida 60 mg s-au
efectuat in trei medii diferite de dizolvare: pH 4.5 tampon de acetat de sodiu, pH 6.8
tampon fosfat si pH 7.2 tampon fosfat. Cele mai bune profiluri de dizolvare au fost
obtinute in mediile de dizolvare cu pH 6.8 si pH 7.2, in timp ce in mediul de dizolvare cu
pH 4.5 s-a observat o eliberare incompleta a gliclazidei (69,3% * 3,7% eliberatd in 24 de
ore) sau instabilitatea substantei active la pH acid. Dupa ce s-a luat in considerare timpul
ca factor de scalare, s-a constatat corelatii de nivel A (R?> 0.98 pentru cele sase corelari in
vitro- in vivo pentru gliclazida). Corelarile in vitro- in vivo obtinute nu au fost intentionate
a fi cu scop industrial, totusi, avand in vedere rezultatul preliminar al acestui studiu, s-ar
putea efectua teste suplimentare pentru validarea nivelului A de corelare in vitro- in vivo
pentru gliclazida de 60 mg si luat In considerare posibilitatii aplicarii unui biowaiver in
cazul modificarilor ulterioare aprobarii produsului.

ORIGINALITATEA SI CONTRIBUTIILE INOVATIVE ALE TEZEI

Principalele contributii ale tezei constau In principal in caracterizarea adecvata
in ceea ce priveste biodisponibilitatea si farmacocinetica a noii formulari generice cu
eliberare modificatd cu gliclazida 60 mg, dezvoltatda de Ranbaxy Laboratories Limited,
acum Sun Pharmaceutical Industries Limited, India.

Biodisponibilitatea si farmacocinetica au fost evaluate in comparatie cu un
produs de referinta disponibil pe piatd, prin intermediul a doua studii de bioechivalenta
in conditii de repaus si post-prandiale. Cele doud produse s-au dovedit a fi bioechivalente,
astfel incat noul produs cu eliberare modificata ar putea fi Inregistrat pentru obtinerea
autorizatiei de introducere pe piata. Mai mult, produsul a demonstrat un profil de
siguranta favorabil.

Pentru a evalua concentratiile plasmatice ale gliclazidei din probele de plasma
provenite din studiile mentionate mai sus, a fost elaborata si validatd o noua metoda
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bioanalitica. Metoda este simpld, nu necesita costuri ridicate, are o buna sensibilitate si
respecta cerintele de reglementare.

Studiul efectului alimentelor asupra biodisponibilitdtii nu a evidentiat nici o
influentd, astfel incat produsul poate fi administrat indiferent de momentul aportului
alimentelor, crescand astfel complianta pacientilor si aderarea la tratament.

Profilul farmacocinetic de baza al gliclazidei a fost evaluat si consta in: doua
compartimente (central si periferic), proces mixt de absorbtie (cinetica de ordinul 1 si
zero), cu un timp de latenta de aproximativ 3 ore si cinetica de ordinul 1 al eliminarii.

Au fost stabilite sase nivele liniare de corelare in vitro- in vivo pentru produsul
nou dezvoltat, pentru teste de dizolvare efectuate la pH 4.5, 6.8 si 7.2. Cercetarea ar putea
fi extinsa pentru a stabili metoda de dizolvare discriminatorie, validarea metodei,
utilizarea acestei abordari pentru controlul calitatii produsului si scutirea de la studii
suplimentare in cazul in care sunt necesare modificari dupa aprobarea produsului.
Corelarile in vitro- in vivo ar putea fi scalate In continuare la nivel industrial si ar putea fi
folosite pentru a obtine un biowaiver.

Prin Inregistrarea produsului generic, comprimate cu eliberare modificata cu
glizlacida 60 mg, impactul economic al tratamentului diabetului de tip 2 ar putea fi redus.
In plus, mai multi pacienti ar avea acces la un tratament adecvat, iar complianta la
tratament ar putea fi crescutd datorita simplitatii regimului de dozare si a profilului de
toleranta bun.
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INTRODUCTION

The whole world faces an increased incidence of type 2 diabetes due to population
aging, occidental lifestyle, urbanization, resulting in development of obesity, changes in
diet and adoption of a sedentary lifestyle. The incidence of type 2 diabetes increased
dramatically. Diabetes mellitus is associated with a large number of chronic
complications whose end result is decreased quality of life and premature mortality

The treatment is based on non-pharmacological treatment (exercise and diet) and
pharmacological treatment. The hypoglycemic agents that are the most frequently used
are sulfonylureas. Gliclazide, second-generation sulphonylurea, as modified release
tablets, maintains the glycemic control over 24 hours, with few reported adverse effects
and is well tolerated by the patients.

In only a few of low-income countries, oral hypoglycaemic agents and insulin are
generally available. There are required policy and programme interventions for
improvement of equitable access. By registration of generic products, more patients
would have access to appropriate treatment at lower costs.

In the first part entitled Actual state of knowledge of the PhD thesis there is
presented the synthesis of the available information with respect to the main topics
addressed in the research. First topic is the diabetes mellitus with its general aspects,
prevalence, risk factors, prevention, diagnosis and treatment and the economic impact of
this disease. Next, it is presented Gliclazide with its pharmacodynamics and mechanism
of action, contraindications, warnings and precautions for use, adverse effects and
pharmacokinetic properties. The regulatory requirements for conducting bioequivalence
studies and the methods used for the estimation of pharmacokinetic parameters are
presented in the following chapters. Another topic of interest were the methods for
establishing In Vitro - In Vivo correlations (IVIVC) and their applicability.

PERSONAL CONTRIBUTION

A new generic modified release formulation with Gliclazide 60 mg was developed
by Ranbaxy Laboratories Limited, now Sun Pharmaceutical Industries Limited, India. The
aim of the research was to evaluate the bioavailability of the product in both fasted and
fed conditions, the pharmacokinetic profile that best describes the disposition of
Gliclazide in the body and to develop an in vivo-in vitro correlation with the experimental
data obtained with this product.
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The first study from the Personal contribution part describes the bioanalytical
method for determination of Gliclazide in plasma using Gliclazide D4 as internal standard.
The method was developed and validated in compliance with the regulatory
requirements. During the validation step, the calibration curve of gliclazide was found to
be linear from 5.00 ng/mL to 5016.48 ng/mL, with a quantification limit of 5.00 ng/mL.
For the precision and accuracy assessment, a good correlation was found (R?=0.9972).
The method required small samples volumes, had a good sensitivity, the calibration curve
was linear over the required concentration range and the run time was short (2.5 min).
The bioanalytical method was used to determine the levels of gliclazide in more than
2000 plasma samples collected from two bioequivalence studies for Gliclazide 60 mg
modified release formulation developed by Ranbaxy Laboratories Limited, now Sun
Pharmaceutical Industries Limited, India.

The second study presents the results of a bioequivalence clinical trial under
fasting conditions of subjects, a two-way crossover randomized study that compared the
bioavailability of the new developed product with the product available on market. After
obtaining the Gliclazide plasma concentrations from the biological samples, the relevant
pharmacokinetic parameters were evaluated by non-compartmental analysis method and
the mean values obtained for the pharmacokinetic parameters were similar between the
two products. After statistical analysis performed by ANOVA test, for Cmax and AUCo.c the
ratio of test and reference product averages and the 90% confidence intervals were
within 80.00-125.00% acceptance bioequivalence range.

In the third study are presented the results of the bioequivalence test under fed
conditions of subjects. The study design was similar with that under fasting condition and
the same methodology was used. The results showed similar mean values for the
obtained pharmacokinetic parameters of both gliclazide products. Furthermore, the
bioequivalence criteria was met for the two products tested in fed conditions.

Taking into consideration the results of the studies in fasting and fed condition
according to the regulatory requirements, it can be concluded that the tested products
are bioequivalent and interchangeable. Even though safety evaluation was not an
objective of these studies, the adverse events were monitored and it was concluded that
the product was generally well tolerated.

The fourth study of the Personal contribution section describes the additional
evaluation of food effect on the pharmacokinetics of the newly developed formulation. A
decrease was observed for Cmax and AUCo., however it was found to be not statistically
significant. Therefore, food had no influenced upon the overall exposure to gliclazide.
Considering the result of this evaluation, this product can be administered irrespective to
food intake. Further, by mathematical deconvolution was obtained the relative fraction
absorbed over time of gliclazide from the site of administration. A Tiag of 2.5 hours was
observed after administration of the product, which could be explained by slow
disintegration of the pharmaceutical formulation in addition to the biphasic gastric
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emptying or absorption of gliclazide from two distinct sites within the upper
gastrointestinal tract.

The fifth study aimed to elucidate the basic pharmacokinetic model of gliclazide
after single oral administration of 60 mg gliclazide modified release formulation. By using
the specific compartmental analysis methods, the representative model was determined
and described. The model (M10) considers a mix order absorption for gliclazide, 15t order
and zero order kinetics, which begins after approximately 3 hrs post-dose. Gliclazide
displayed bicompartmental distribution (central and peripheral compartment linked by
the 15t order distribution processes) and 15t order kinetics for the elimination process.

The sixth study aimed to evaluate a possible in vitro-in vivo correlation for
gliclazide. Therefore, in vitro dissolution tests for Gliclazide 60 mg were carried out in
three different dissolution media: pH 4.5 sodium acetate buffer, pH 6.8 phosphate buffer,
and pH 7.2 phosphate buffer. The best dissolution profiles were obtained in dissolution
media of pH 6.8 and pH 7.2, whereas in dissolution media of pH 4.5, it was observed an
incomplete release of gliclazide (69.3 % * 3.7 % released in 24 hours) or instability of the
active molecule at acidic pH. After the time scaling factor was considered for the modified
release product, level A correlation was found (R? > 0.98 for the six IVIVC of gliclazide).
The obtained IVIVCs were not meant to be scaled up at industrial level, however
considering the preliminary result of this study, additional tests could be performed in
order to validate the level A IVIVC for gliclazide 60 mg and further consider of applying
for a biowaiver in case of post-approval changes of the product.

ORIGINALITY AND INOVATIVE CONTRIBUTIONS OF THE THESIS

The main contribution of the thesis is the proper characterization in terms of
bioavailability and pharmacokinetics of the new generic modified release formulation of
gliclazide 60 mg, developed by Ranbaxy Laboratories Limited, now Sun Pharmaceutical
Industries Limited, India.

The bioavailability and pharmacokinetics were evaluated in comparison with a
reference product available on market, through two bioequivalence studies under fasting
and fed condition. The two products were found to be bioequivalent, thus the newly
developed modified release product could be registered for obtaining the marketing
authorization. Moreover, the product proved a favourable safety profile.

In order to evaluate the plasma concentrations of gliclazide from plasma samples
for the above mentioned studies, a new bioanalytical method was developed and
validated. The method is simple, does not require high costs, has a good sensitivity and
complies with the regulatory requirements.

The food effect study revealed no influence of food on the product bioavailability
so the product can be administered irrespective to food intake, hence increasing the
patients’ compliance and adherence to treatment.
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The basic pharmacokinetic profile of gliclazide was evaluated and it consists of two
compartments (central and peripheral), mixed order absorption process (15t and zero
order kinetics) with a lag time of around 3 hrs, and 15t order kinetics of elimination.

Six linear level A IVIVCs were established for the newly developed gliclazide 60 mg
modified release tablets, for dissolution tests performed at pH 4.5, 6.8 and 7.2. The
research could be extended to establish the discriminating dissolution method, validate
the method, use this approach to quality control of the product, and exempt from
additional studies in case changes are required after product approval. The IVIVCs could
be further scaled-up at industrial level and be used to obtain a biowaiver.

By registration of the generic product, the economical burden could be reduced for
patients under medical treatment for type 2 diabetes and further have positive
implications in pharmacotherapy. In addition, more patients would have access to
appropriate treatment and the compliance to treatment could be increased due to the
simplicity of the dosing regimen and a good tolerance profile of Gliclazide 60 mg modified
release tablets.



