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CUVINTE-CHEIE

Nebivolol,  zolpidem, fluvoxamind, bupropionda, interactiuni = medicamentoase
farmacocinetice, inhibitor enzimatic, inductor enzimatic, studiu clinic, voluntari sanatosi,
analiza farmacocineticd non-compartimentald, analiza farmacocinetici compartimentala,
analiza farmacodinamica, analiza bioechivalentei, analiza statistica, evaluarea sigurantei,
HPLC, MS

INTRODUCERE

La ora actuald un numar foarte mare de oameni, respectiv adolescenti, adulti si in
special varstnici prezintd tulburdri de somn, boli cardiovasculare si episoade depresive.
Literatura stiintifica cuprinde o serie de investigatii privind acest aspect, iar Organizatia
Mondiala a Sanatatii (OMS) subliniaza importanta unei abordari adecvate atunci cand aceste
probleme de sdnatate apar ca si comorbiditati asociate, cazuri in care se impune necesitatea
unor scheme terapeutice complexe, ce includ utilizarea unui numar mare de medicamente
asociate (polimedicatie). Mai mult, amenintarile la adresa sanatatii mentionate mai sus s-au
dovedit a fi corelate si implica efecte negative grave, cum ar fi un risc ridicat de deces sau
tentative suicidare, in cel mai riu caz.

Contextul epidemiologic global este foarte alarmant pentru aceste trei probleme de
sanatate. De exemplu, bolile cardiovasculare (BCV) sunt prima cauzd de deces la nivel
mondial, cu o valoare estimatda de 17,5 milioane de decese in fiecare an (31% din totalul
deceselor globale), din care 7,4 milioane se datoreaza bolilor coronariene. Depresia se
regdseste actualmente 1n viata a aproximativ 350 de milioane de oameni de toate varstele din
intreaga lume, cu o prevalentd mai mare la femei decat la barbati. Mai mult, depresia este
considerati principala cauzi de dizabilitate la nivel mondial. In ceea ce priveste tulburirile de
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somn, exista riscul ca acestea sa devind epidemice avand in vedere ca 150 de milioane de
adulti suferd de probleme legate de somn la nivel global. Prevalenta insomniei este mai mare
pentru pacientii cu BCV si depresie, dar s-a constatat ca este si unul dintre factorii de risc
pentru afectiunile mentionate mai sus.

Prin urmare, o privire rapida asupra contextului epidemiologic global releva o legatura
clard si subliniazd o stridnsad corelatie intre aceste patologii. Avand 1n vedere cd aceste
probleme de sanatate vin adesea in lant, in prezent se recurge deseori la instituirea unor
scheme terapeutice pluri-medicamentoase, ceea ce favorizeazd o crestere a incidentei
interactiunilor medicamentoase de tip farmacocinetic. Asadar, aspectele mentionate anterior
subliniaza importanta studiilor clinice efectuate pe subiecti umani ce vor fi descrise pe larg
in cadrul acestei teze.

Teza de doctorat cuprinde in cadrul primei parti, intitulatd stadiul actual al cunoasterii,
o sinteza a celor mai importante si recente date legate de interactiunile medicamentoase de tip
farmacocinetic ce au loc la nivelul procesului de metabolizare. De asemenea, sunt descrise
premisele studiilor clinice incluse in a doua parte a lucrarii, si anume, profilul farmacocinetic
al fiecarui medicament studiat (nebivolol - substrat al CYP2D6, zolpidem - substrat al
CYP3A4, fluvoxamina inhibitor al CYP2D6 si CYP3A4, bupropiona inhibitor al CYP2D6 si
inductor al CYP3A4). Aspecte generale privind metodologia de analiza farmacocinetica sunt
discutate la sfarsitul acestei sectiuni.

CONTRIBUTII PERSONALE

Studiile clinice care sunt prezentate pe larg in partea de contributii personale a acestei
teze demonstreaza existenta interactiunilor farmacocinetice intre nebivolol (NEB) — un agent
antihipertensiv din clasa beta-blocantelor prescris pentru tratamentul BCV, zolpidem (ZOL) -
un agent sedativ-hipnotic recomandat pentru tratamentul insomniei pe termen scurt $i doud
antidepresive cu mecanisme diferite de actiune si care posedd capacitatea de a inhiba
activitatea unor izoenzime a citocromului P450 - fluvoxamina (FLV) si respectiv, bupropiona
(BUP). Studiile clinice au evaluat amploarea acestor interactiuni farmacocinetice la nivelul
metabolizarii si efectul lor asupra profilurilor farmacodinamice si de sigurantd ale
nebivololului si zolpidemului.

S-au realizat doud studii clinice deschise, nerandomizate, secventiale pentru evaluarea
interactiunilor farmacocinetice intre nebivolol-fluvoxamina, nebivolol-bupropiond (studiul
clinic nr. 1) si zolpidem-fluvoxamina, zolpidem-bupropiona (studiul clinic nr. 2), design-ul
acestora fiind similar. Datele experimentale obtinute in perioada de referintd au fost analizate
suplimentar in vederea elucidarii profilurilor farmacocinetice ale nebivololului, zolpidemului
si a principalilor lor metaboliti analizati (4-hidroxi-nebivolol si zolpidem fenil 4-carboxilic).
Studiile clinice s-au derulat in conformitate cu Principiile Declaratiei de la Helsinki (1964) si
amendamentele in vigoare, respectiv conform Regulilor de Buna Practica Clinica. Protocolul
clinic a fost avizat in prealabil de cédtre Comisia de Etica a Universitatii de Medicind si
Farmacie "luliu Hatieganu", Cluj-Napoca. Toti voluntarii inclusi in studiile clinice au semnat
formularul de consimtdmant informat inainte de initierea oricdrei proceduri.
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Primul studiu clinic a fost realizat pe un lot de 18 voluntari sdnatosi si a fost alcatuit
din 3 perioade. in prima perioada, cea de referinti, s-a administrat o doza unica de nebivolol,
iar in perioada Test 1 s-a administrat fluvoxamina in doze zilnice crescétoare (50 mg/zi timp
de 3 zile, 100 mg/zi pentru urmatoarele 3 zile), cu precizarea cd in ultima zi a acestei
perioade au fost administrate concomitent NEB cu FLV. In cea de-a treia perioada de
tratament s-a administrat bupropiona in doze repetate crescatoare (150 mg/zi timp de 3 zilesi
300 mg/zi in urmatoarele 4 zile) , iar in ultima zi a studiului s-au co-administrat NEB cu
BUP.

Cel de-al doilea studiu clinic a fost realizat pe un lot de 20 de subiecti sanatosi si s-a
axat pe zolpidem ca substantd substrat. Acesta a urmarit, in perioade diferite de studiu,
influenta celor doua antidepresive (FLV si BUP) asupra profilului farmacocinetic al ZOL ca
urmare a co-administrarii acestora si consecutiv pre-tratamentului cu doze multiple
crescatoare din fiecare antidepresiv. Design-ul studiului clinic a fost similar cu cel descris
mai sus, in studiul clinic care a investigat interactiunile farmacocinetice ale nebivololului. In
fiecare perioada de studiu a a studiilor clinice s-au prelevat probe de sange venos, inainte si
dupa administrarea medicamentelor la intervale prestabilite de timp.

Pentru o mai buna intelegere, studiile sunt prezentate in capitole distincte, secvential,
organizate tindnd cont de perioada de studiu si obiectivele urmarite.

Primul studiu al tezei a urmarit elucidarea profilului farmacocinetic al nebivololului si
al principalului sau metabolit activ dupa administrarea orald a unei doze unice de 5 mg de
nebivolol la 18 voluntari sanatosi. Prin utilizarea instrumentelor matematice specifice analizei
farmacocinetice compartimentale, a fost determinat si descris in continuare modelul
reprezentativ pentru farmacocinetica nebivololului si a metabolitului acestuia. Modelul ia in
considerare conversia partiald a nebivololului in timpul absorbtiei. Nebivololul si 4-OH-
nebivololul (4-OH-NEB, principalul metabolit activ farmacologic ce a fost analizat alaturi de
compusul parinte) au prezentat distributie bicompartimentala si cineticd de ordinul 1 a
proceselor de eliminare. Nebivololul a fost determinat a fi 99,8% eliminat prin
biotransformare la metabolit, in timp ce 0,2% este eliminat prin alte cdi. Toate procesele
cinetice ce descriu dispozitia nebivololului si a metabolitului sdu in organism urmeaza o
cinetica de ordinul 1.

Al doilea studiu, realizat pe un lot de 18 subiecti sanatosi, descrie evaluarea
interactiunii farmacocinetice dintre nebivolol si fluvoxamina la voluntari sdndtosi. Analiza
datelor experimentale a aratat ca tratamentul cu doze multiple de fluvoxamina a modificat
farmacocinetica nebivololului si a metabolitului sdu activ hidroxilat intr-o maniera
semnificativd statistic. In urma co-administririi de FLV a crescut expunerea subiectilor la
NEB cu aproximativ 60% si la metabolitul hidroxilat cu circa 40%, datorita inhibarii de cétre
FLV a principalei izoenzime responsabild de metabolizarea NEB si a 4-OH-NEB, respectiv
CYP2D6. Aceastd interactiune nu a avut o influentd majord asupra farmacodinamicii
nebivololului (evaluatd prin monitorizarea parametrilor - tensiune arteriald sistolica,
diastolica si frecventa cardiacd), insa nu se poate emite o concluzie clara si definitiva datorita
limitarilor studiului detaliate la sfarsitul capitolului in cadrul céruia a fost prezentat studiul.

Cel de-al treilea studiu, realizat pe un lot de 18 subiecti sanatosi, prezintd
investigarea interactiunii medicamentoase farmacocinetice dintre nebivolol si bupropiona.
Acest studiu clinic a demonstrat ca tratamentul cu doze multiple de bupropiona a influentat
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considerabil farmacocinetica nebivololului si a metabolitului sdu activ hidroxilat, fara a avea
consecinte semnificative asupra farmacodinamicii beta-blocantului. In cazul asocierii acestui
antidepresiv s-a remarcat o crestere de 7.2-ori a expunerii subiectilor la NEB si de circa 4-ori
a expunerii lametabolitul sdu activ farmacologic, fata de perioada de referintd. Mecanismul
interactiunii este si In acest caz inhibarea izoenzimei CYP2D6 de catre BUP.

Cel de-al patrulea studiu prezintd profilul farmacocinetic al zolpidemului si al
metabolitului sau dupd administrarea unei doze orale unice de 5 mg zolpidem la 20 de
voluntari sanatosi. Dupd evaluarea datelor experimentale prin metoda analizei
compartimentale, a fost determinat si descris modelul reprezentativ pentru farmacocinetica
zolpidemului si a metabolitului acestuia majoritar, zolpidem fenil 4-carboxilic. Modelul
farmacocinetic a aratat ca zolpidemul este absorbit printr-un proces cinetic de ordinul 1, timp
in care acesta este partial biotransformat la principalul sdu metabolit, acidul zolpidem fenil-4-
carboxilic (Z4CA). Atat zolpidemul cét si Z4CA prezinta distributie bicompartimentala si
cinetica de eliminare de ordinul 1. Zolpidemul este eliminat prin metabolizarea la metabolitul
inactiv Z4CA 1n proportie de 99,6%, in timp ce restul este eliminat prin alte cai.

Al cincilea studiu a evaluat administrarea concomitentd de zolpidem si fluvoxamina la
un lot de 20 voluntari sanatosi. Asocierea acestora a dus la o expunere crescutd de 2.13-ori la
zolpidem si la o prevalenta si intensitate mai mare a efectului secundar datorat zolpidemului
(somnolentd diurnd). Farmacocinetica metabolitului zolpidemului (Z4CA) a fost de asemenea
influentatd, dar intr-o masurd mai mica decét cea a compusului parinte. Rezultatul acestui
studiu se datoreazd inhibdrii de citre FLV a CYP3A4, principala izoenzima implicatd in
metabolizarea zolpidemului..

In al saselea studiu, influenta bupropionei asupra farmacocineticii zolpidemului a fost
evaluatd pe un lot de 20 de voluntari sdndtosi. Investigatia a concluzionat ca profilul
farmacocinetic al zolpidemului co-administrat cu bupropiond a fost modificat dupd un pre-
tratament cu inhibitorul enzimatic. Mai precis, bupropiona, datoritd capacitatii de inductor
enzimatic al CYP3A4, a accelerat metabolizarea zolpidemului administrat concomitent, ceea
ce a dus la scaderea concentratiilor plasmatice ale agentului sedativ-hipnotic cu aproximativ
35% si la concentratii plasmatice crescute ale Z4CA (cu circa 5%). Rezultatele acestui studiu
au aratat ca bupropiona a influentat si farmacocinetica metabolitului principal al
zolpidemului (ZACA), desi Intr-o masurd mai mica raportat la influenta exercitatd asupra
compusului parinte. Datele de monitorizare a sigurantei tratamentului in cadrul studiului de
interactiune ZOL-BUP (T2), mai precis evaluarea somnolentei diurne, nu au indicat existenta
unor potentiale consecinte clinice in urma utilizarii acestei asocieri medicamentoase.

Péna la efectuarea unor investigatii suplimentare pentru a clarifica semnificatia clinica a
acestor interactiuni farmacocinetice demonstrate pe studii cu voluntari sanatosi, trebuie
recomandatd precautie Tnainte de asocierea nebivololului si zolpidemului cu bupropiona sau
fluvoxamina in practica clinica.

ORIGINALITATEA SI CONTRIBUTIILE INOVATIVE ALE TEZEI

Pentru prima data in literatura de specialitate, s-a dovedit existenta unei interactiuni
farmacocinetice intre nebivolol si fluvoxamina, respectiv bupropiond. De asemenea, pana in
momentul realizarii acestor studii clinice, nu existau informatii in literatura de specialitate
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referitoare la activitatea inductorie in vivo a bupropionei asupra izoenzimei CYP3A4 (fapt
observat experimental in studiul clinic de interactiune zolpidem-bupropiond). Referitor la
investigarea interactiunii farmacocinetice intre zolpidem si fluvoxamina, elementul de
noutate este evaluarea influentei co-administrarii acestor doud substante medicamentoase
asupra profilului farmacocinetic al principalului metabolit al zolpidemului.

Studiile de interactiuni medicamentoase la nivel metabolic efectuate pe voluntari
sdnatosi au o contributie majora la profilul de siguranta al tuturor medicamentelor evaluate.
Rezultatele sunt importante pentru pacientii care sufera de afectiuni cardiovasculare, tulburari
de somn, precum si depresie, fie ca si comorbiditati asociate, fie ca boli unice.

Un alt element de noutate il constituie descrierea amanuntitd a profilurilor
farmacocinetice ale nebivololului, zolpidemului si metabolitilor acestora, cu determinarea
parametrilor farmacocinetici caracteristici.
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INTRODUCTION

A large majority of people, ranging from adolescents to adults and especially elderly,
are diagnosed with sleep disorders, cardiovascular diseases and depression. The scientific
literature abounds with a wide range of investigations on these topics and the World Health
Organization (WHO) highlights the importance of an adequate approach when these
conditions appear as comorbidities, which usually implies the need for using complex
therapeutic schemes (polymedication). Moreover, the above mentioned health threats are
proved to be stronlgy correlated and entail serious negative effects, such as a high risk of
death or suicidal attempts as worst-case scenario.

The global epidemiological context is very alarming for these three health issues. For
instance, cardiovascular diseases (CVDs) are the first cause of death worldwide with an
estimated of 17.5 million deaths every year (31% of all global deaths) out of which 7.4
million are due to coronary heart diseases. Depression is currently present in the lives of
approximately 350 million people of all ages all around the world and with a higher
prevalence in women than in men. In addition, it is acknowledged that depression is the
leading cause of disability worldwide. Sleep disorders are considered to soon become
epidemic, with an estimated 150 million adults suffering of sleep disorders on a global scale.
The prevalence of insomnia is higher for patients with CVD and those diagnosed with
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depression and it was also found to be one of the risk factors for the above-mentioned
conditions.

Therefore, a rapid insight into the actual epidemiological context suggests a clear and
strong relationship between these diseases and further supports the importance of all clinical
studies performed on human subjects which are comprised in the present PhD thesis.
Considering that these health conditions often come in chain, multi-drug regimens are often
necessary to address all comorbidities, which means that pharmacokinetic drug-drug
interactions are more likely to occur.

The first part of the The PhD thesis entitled Actual state of knowledge comprises a
synthesis of the most recent data and important aspects related to metabolism-based drug-
drug interactions. Furthermore, it details the premises for the clinical trials that are described
in the second part of the thesis, namely the pharmacokinetic profiles of each study drug
(nebivolol- substrate of CYP2D6, zolpidem- substrate of CYP3A4, fluvoxamine- inhibitor of
CYP2D6 and CYP3A4, bupropion- inhibitor of CYP2D6 and inducer of CYP3A4). An
overview concerning the pharmacokinetic analysis methodology is included at the end of this
section.

PERSONAL CONTRIBUTION

The clinical studies which are thoroughly presented in this PhD thesis aimed to
investigate the existence of a series of potential pharmacokinetic (PK) drug-drug interactions
between nebivolol (NEB) - a cardiovascular agent known for his beta-adrenergic blocking
properties, zolpidem (ZOL) - a sedative-hypnotic drug recommended for the short-term
treatment of insomnia and two antidepressants with different mechanisms of action-
fluvoxamine (FLV) and bupropion (BUP), respectively. The clinical trials evaluated the
magnitude of these metabolism-based PK interactions and their consequences on the
pharmacodynamic and safety profiles of nebivolol and zolpidem.

Two open-label, non-randomized, sequential clinical trials and with a similar design
were conducted to evaluate the pharmacokinetic interactions between nebivolol and
fluvoxamine, nebivolol and bupropion (clinical trial 1), respectively between zolpidem and
fluvoxamine, zolpidem and bupropion (clinical trial 2). The experimental data obtained
during the reference period were further analyzed in order to elucidate the pharmacokinetic
profiles of nebivolol, zolpidem and their main metabolites (4-hydroxy-nebivolol and
zolpidem phenyl-4-carboxylic acid). The clinical trials were conducted according to the
Declaration of Helsinki (1964) and its amendments and Good Clinical Practice guidelines.
The clinical protocol was reviewed and approved by the Ethics Committee of the University
of Medicine and Pharmacy "luliu Hatieganu", Cluj-Napoca. All volunteers included in
clinical trials signed the informed consent form prior to initiating any study procedure.

The first clinical trial was performed on a group of 18 healthy volunteers and was
composed of 3 periods. In the first study period (Reference period), a single dose of nebivolol
was administered. During study period Test 1, fluvoxamine was administered in increasing
doses (50 mg / day for 3 days, 100 mg / day for the next 3 days) while on the last day of this
period NEB was co-administered with FLV. During the third study period (Test 2), multiple
doses of bupropion were administered (150 mg / day for 3 days and 300 mg / day for the
next 4 days), and on the last day of this study period NEB was co-administered with BUP.
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The second clinical trial was performed on a group of 20 healthy subjects and focused
on zolpidem as a substrate. The influence of two antidepressants and enzymatic inhibitors
(FLV and BUP) on the pharmacokinetic profile of ZOL was assesed in different study
periods. The design of the clinical trial was similar to that described above, for the clinical
study investigating the pharmacokinetic interactions of nebivolol. Blood samples were taken
before and after medication, at different time intervals in each study period.

For a better understanding, the studies are presented in distinct chapters, organized by
taking into account study period and the objectives pursued during each study.

The first study of the Personal contribution section aimed to elucidate the basic
pharmacokinetics of nebivolol and its main active metabolite after a single oral
administration of 5 mg nebivolol in 18 healthy volunteers. By using the specific mathematical
tools of compartmental data analysis, the representative model for the pharmacokinetics of
nebivolol and its metabolite was determined and further described. The model considers
partial conversion of nebivolol during the absorption process and 1% order kinetics of
absorption. Nebivolol and 4-OH-nebivolol displayed bicompartmental distribution and 1*
order kinetics for the elimination processes. Nebivolol was found to be 99.8% eliminated via
biotransformation to metabolites, while 0.2% drug is eliminated via other paths.

The second study describes the pharmacokinetic interaction between nebivolol and
fluvoxamine in 18 healthy volunteers. The analysis of the experimental data showed that
multiple-dose treatment with fluvoxamine altered the pharmacokinetics of nebivolol and its
active hydroxylated metabolite in a statistical significant manner. Following co-
administration of FLV, the exposure to NEB increased by about 60% and for the
hydroxylated metabolite by about 40% due to the fact that FLV inhibited the activity of
CYP2D6, the main isoenzyme responsible for the metabolism of NEB and 4-OH-NEB. This
interaction did not have a major influence on the pharmacodynamics of nebivolol (assessed
by monitoring cardiovascular parameters - systolic and diastolic blood pressure and heart
rate), but a clear and definitive conclusion cannot be drawn due to the limitations of the study
that were detailed at the end of the respective chapter.

The third study of the experimental part includes a drug-drug pharmacokinetic
interaction study between nebivolol and bupropion performed in 18 healthy volunteers. This
study demonstrated that multiple-dose pretreatment with bupropion considerably influenced
the pharmacokinetics of nebivolol and its active hydroxylated metabolite, while having no
significant consequences upon nebivolol pharmacodynamics. After bupropion pretreatment,
the exposure to nebivolol was increased by 7.2-fold for the parent drug and 4-fold for the
hydroxylated active metabolite. The mechanism of interaction is also due to the inhibition of
CYP2D6 isoenzyme by BUP.

The fourth study presents the pharmacokinetic profile of zolpidem and its metabolite
after a single oral administration of 5 mg zolpidem in 20 healthy volunteers. After the
evaluation of experimental data by means specific to compartmental analysis, the
representative model for the pharmacokinetics of zolpidem and its metabolite was assessed.
The model revealed that zolpidem is absorbed by a 1** order kinetic process during which it is
partially converted to its main metabolite, zolpidem phenyl-4-carboxilic acid (Z4CA). Both
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zolpidem and Z4CA exhibit bicompartmental distribution and 1** order elimination kinetics.
99.6% of zolpidem dose was eliminated by biotransformation to its inactive metabolite
ZACA, whereas the rest was eliminated by other paths.

The topic of the fifth study from the experimental part of the thesis was the analysis of
the co-administration of zolpidem and fluvoxamine in 20 healthy volunteers. Their
association resulted in a 2.13-fold increased exposure to zolpidem and a higher prevalence
and intensity of a side effect (daytime sleepiness). Zolpidem metabolite (Z4CA)
pharmacokinetics was also influenced, but to a lesser extent than that of the parent
compound. The outcome of this study is due to the CYP3A4 (the main metabolizing
isoenzyme of zolpidem) enzymatic inhibition ability of FLV.

In the sixth study, the influence of bupropion upon zolpidem pharmacokinetics is
described in detail. The study was conducted on 20 healthy volunteers. After a preatreatment
regimen with multiple doses of bupropion, the pharmacokinetic profile of zolpidem (after co-
administered with bupropion) was modified. Bupropion appeared to induce the metabolism of
zolpidem, leading to 35 % lower plasma drug concentrations of the parent drug and higher
plasma drug concentrations for its metabolite, zolpidem phenyl-4-carboxilic acid (Z4CA)
(with approximately 5%). The outcomes of this study showed that although to a lesser extent
than for zolpidem, the pharmacokinetics of ZACA was also influenced after the
aforementioned drug combination. The safety data for the ZOL-BUP (T2) interaction study,
namely the assessment of diurnal drowsiness, did not hint to any potential clinical
consequences in this case.

Until further investigations are performed in order to clarify the clinical significance of
these already proven pharmacokinetic interactions that were seen in healthy volunteers,
caution should be recommended prior to nebivolol’s and zolpidem’s association with either
bupropion or fluvoxamine in clinical practice.

ORIGINALITY AND INOVATIVE CONTRIBUTIONS OF THE THESIS

For the first time in the scientific literature, a pharmacokinetic interaction between
nebivolol and fluvoxamine, respectively nebivolol and bupropion was demonstrated. Until
now, there was no information in the scientific literature regarding the in vivo induction
activity of bupropion with respect to CYP3A4 isoenzyme (a fact observed in the clinical
study that addressed the interaction between zolpidem and bupropion). With regard to the
investigation of the pharmacokinetic interaction between zolpidem and fluvoxamine, the
novelty included the evaluation of this interaction by considering the pharmacokinetic profile
of the major metabolite of zolpidem (Z4CA).

These metabolism-based drug-drug interaction studies performed on healthy volunteers
provide a major contribution to the safety profile of all evaluated drugs. The results are of
importance especially for patients presenting cardiovascular diseases, sleep anomalies as well
as depression, either as associated comorbidities or considered as sole disorders.

Another element of novelty is the detailed description of the pharmacokinetic profiles
of nebivolol, zolpidem and their metabolites.
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