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Contribution a la pharmacocinétique

d'un antidépresseur inhibiteur de la

monoamineoxydase-A

en phase lll:

LE MOCLOBEMIDE



La classe thérapeutique des inhibiteurs de la monoamineoxydase (IMAQ)
inhibant I'enzyme du catabolisme des catécholamines présynaptiques englobe
les premiéres drogues utilisées en neuropsychiatrie en tant qu'antidépresseur.
L'utilisation de ces IMAO de premiére génération était limitée, d'une part, par la
survenue de crises hypertensives liées a l'ingestion concomittante de tyramine
dans l'alimention, d'autre part, par leur hépatotoxicité et leur incompatibilité
avec les antidépresseurs tricycliques et, enfin, par leur irréversibilité et leur
manque de spécificité a I'égard de l'interaction avec la monoamine oxydase
(MAO).

Il y a quelques années, des IMAO de deuxiéme génération ont été isolés et
divisés en deux types de familles sélectives d'isoenzymes de la MAO, la MAO-
A, qui désamine préférentiellement au niveau synaptique la sérotonine et la
noradrénaline et sont dotés d'une activité antidépressive dominante et la MAO-
B avec comme substrat préférentiel, la phényléthylamine et la benzylamine.
Quant a la tyramine et a la dopamine, ce sont des substrats mixtes.
L'amélioration des IMAO irréversibles et sélectifs de deuxieme génération a
conduit a une troisieme génération récente d'IMAO réversibles et sélectifs,
appelés RIMAs tel que le MOCLOBEMIDE.

Le moclobémide est une benzamide dotée d'une activité rapide, sélective,
inhibiteur préférentiel et réversible de la MAO-A, spécifique et compétitif ayant
des propriétés d'antidépresseur et stimulant. Cette molécule tire son originalité,
d'une part, de son absence d'hépatotoxicité conduisant a une bonne tolérance
méme en association avec d'autres drogues, d'autre part, de sa réversibilité et
de sa sélectivité a I'égard du substrat et, enfin, son effet dit "tyramine" mineur.
L'activité pharmacologique et thérapeutique du moclobémide apparait
conditionnée, non seulement par son activité intrinseque mais également par la
variation des concentrations du principe actif. Ces variations conditionnent
l'efficacité thérapeutique. C'est pourquoi, nous avons consacré nos travaux a la
définition du profil pharmacocinétique de phase Il du moclobémide.

Des études antérieures chez 'Homme ont permis de définir le profil de dispo-
sition du moclobémide aprés une prise orale unitaire ou intraveineuse. Aprés
administration orale, la résorption de la molécule de moclobémide est rapide et



intense depuis le tractus gastro-intestinal vers la veine porte avec des
concentrations plasmatiques maximales atteintes en moins d'une heure et plus
de 90 % de la dose administrée éliminés par voie rénale. La biodisponibilité est
réduite (0.55 pour 1 dose de 100 mg), en raison d'un effet de premier passage
hépatique. L'administration intraveineuse révele un volume de distribution
d'environ 1.2 I/kg lié au caractere lipophile de la molécule de moclobémide.

La demi-vie plasmatique d'élimination est courte (1 a 2 h) avec une clairance
systémique relativement élevée de 700 a 1200 ml/min. Cette derniére est le
reflet du métabolisme et de la clairance hépatique et suggeéere une élimination
présystémique importante. La liaison aux protéines plasmatiques, essen-
tiellement a I'albumine, est relativement faible (50 %).

Ces donnés nous ont permis d'approfondir la pharmacocinétique du
moclobémide et de deux de ses métabolites en étudiant, dans une premiere
partie, le profil de disposition aprés administration de doses unitaires et
croissantes (2) ainsi qu'une cinétique en traitement chronique permettant
d'évaluer I'état d'équilibre (1).

Une deuxiéme partie nous a conduit a tester l'influence de la prise
concomittante de repas (3) sur la cinétique du moclobémide et d'apprécier
l'influence des états pathologiques associés aux populations a risques tels que
l'insuffisance rénale (4), hépatique (5), I'age (6) ainsi que l'influence des états
physiologiques tel le passage du moclobémide dans le lait maternel (7), donnée
importante pour la femme allaitante. En dernier lieu, nous avons voulu relier les
données de la pharmacogénétique au métabolisme du moclobémide (8).

La pharmacocinétique du moclobémide durant un traitement chronique oral de
15 jours (100 mg 3x/jour) précédé et suivi d'une perfusion intraveineuse, (l.V.)
nous a permis de faire les observations suivantes (étude 1): Les valeurs des
parameétres obtenus aprés la premiere et deuxieme dose [.V. sont
respectivement (% c.v.):

Cls, 39,4 (15) et 29,1 (12) L/hr; ty2, 1.60 (15) et 2.00 (18) hr; Vs, 84,3 (11) et
80,7 (15) L.



La reéduction de la clairance systémique, avec en paralléle une augmentation
du temps de demi-vie d'élimination du moclobémide, nous ont permis de
conclure que le moclobémide ou un de ses métabolites pouvait inhiber son
propre métabolisme Quant aux paramétres pharmacocinétiques, aprés
administration orale, ils révelent une résorption rapide d'environ 0,75 h et une
biodisponibilité absolue orale de 0,55 h pour la premiére dose, passant
respectivement a 0,86 et 0,89 h la premiére et deuxieme semaine de
traitement. Ainsi, 'état d'équilibre est atteint au plus tard 8 jours apres le début
du traitement et I'accumulation observée aprés administration orale pourrait
s'expliquer par une diminution de l'effet de premier passage hépatique, ainsi
que par une diminution de la clairance métabolique.

Une étude de tolérance de doses unitaires croissantes du moclobémide (2)
nous a permis de mettre en évidence une cinétique linéaire dans l'intervalle
thérapeutique de 100 a 200 mg. Pour des doses supérieures a 200 mg, la
cinétique devient non linéaire accompagnée d'une diminution de la clairance et
d'un allongement statistiquement significatif du temps de demi-vie d'élimination.
Ces observations refletent un métabolisme dose-dépendant pour le
moclobémide avec une saturation, soit du métabolisme pendant la phase de
résorption (réduction du premier passage hépatique a doses élevées), soit de
la clairance au cours de la phase qui suit immédiatement I'absorption ou des
deux phénoménes simultanés. Ainsi, en traitement chronique a haute dose, on
peut s'attendre a des concentrations plasmatiques supérieures a celles prévues
par une cinétique linéaire. Bien que cet effet soit important en comparant les
doses de 100 et 1200 mg, les conséquences cliniques aux doses
thérapeutiques semblent minimes.

La deuxiéme partie de nos travaux est consacrée plus spécifiquement a des
études d'interactions. Ainsi, I'étude de l'influence de la prise de repas sur la
biodisponibilité du moclobémide (3) indique qu'en présence d'aliments la
résorption est légérement retardée (1.14 h) sans incidence sur la clinique du
moclobémide. Quant a la quantité résorbée évaluée d'apres les aires sous les
courbes de concentrations en fonction du temps, elle est sensiblement
équivalente a jeun et lors de la prise d'un repas. Le quotient des
biodisponibilités orales avec et sans repas s'éléeve en moyenne a 0.98.



L'influence potentielle de l'insuffisance rénale sur I'excrétion du moclobémide et
la relative fréquence de cette affection suffisent a justifier notre volonté de
préciser le comportement pharmacocinétique du moclobémide dans cet état
pathologique. Les caractéristiques de résorption et les données
pharmacocinétiques de la disposition du moclobémide ont été évaluées aprés
administration d'un comprimé de 100 mg et d'une perfusion de méme dose a
13 insuffisants rénaux (4). Les paramétres obtenus ont été comparés a ceux
d'une population saine et aucune différence statistiquement significative n'a été
révélée. Les résultats de cette etude indiquent qu'il ne semble pas nécessaire
d'ajuster la dose thérapeutique du moclobémide chez les insuffisants rénaux,
car I'élimination rénale ne parait pas influencer la résorption et la disposition du
moclobémide.

La molécule de moclobémide subit un métabolisme hépatique prédominant.
Ainsi, il nous a semblé primordial d'étudier l'influence de l'insuffisance
hépatique sur le comportement pharmacocinétique du moclobémide (5). Pour
cela, 100 mg de moclobémide par voie orale et 90 mg en perfusion ont été
administrés a 12 insuffisants hépatiques chroniques atteints de cirrhose.
Comparés a une population saine, les parametres cinétiques apres une dose
intraveineuse montrent qu'en présence d'une insuffisance hépatique le temps
de demi-vie et le temps moyen de résidence sont augmentés alors que la
clairance systémique est diminuée et le volume de distribution a I'équilibre reste
constant. Aprés administration orale, la clairance est significativement
diminuée. Il en résulte des concentrations maximales plasmatiques plus
élevées et une biodisponibilité absolue accrue (F=0,84) comparée aux sujets
sains (F=0,56). Les variations observées sont suffisantes pour envisager une
modification de posologie chez l'insuffisant hépatique et augmenter les
intervalles de prise afin d'éviter une éventuelle accumulation du moclobémide.

La probabilité de prescription d'un antidépresseur chez la personne agée étant
grande, I'évaluation de la pharmacocinétique du moclobémide chez ces sujets
devrait étre connue. Ainsi, nous avons comparé les caractéristiques de
résorption et de disposition chez 14 sujets agés (65 - 77 ans) (groupe |), a
celles de 6 sujets jeunes sains, (22 - 33 ans) (groupe ll), aprés traitement oral
chronique de 3 fois 100 mg/jour précédé et suivi d'une dose IV de 75 mg (6).
Les parametres obtenus aprées la voie IV indiquent que la disposition de moclo-



bémide n'est pas affectée par I'age. Quant a la voie orale, aprés la premiére
administration de moclobémide, le sujet agé voit sa concentration plasmatique
maximale augmentée et sa clairance diminuée, alors que le temps de demi-vie
et la biodisponibilité absolue orale reste constante par rapport au groupe |l.
Aprés un traitement chronique de 15 jours, la clairance orale est diminuée dans
les deux groupes avec augmentation de la demi-vie d'élimination. Les mémes
variations étant observées dans une étude précédente (1) chez 12 sujets sains,
il semble qu'il ne soit pas nécessaire d'ajuster la posologie en gériatrie.

Apres avoir examiné l'influence de deux principaux états pathologiques
susceptibles d'interférer sur la disposition du moclobémide, nous avons
également voulu savoir si le moclobémide était susceptible de passer dans le
lait maternel, vu le caractere lipophile de cette molécule et son utilisation
éventuelle dans les dépressions post-partum. L'administration d'une dose de
300 mg de moclobémide a 10 femmes allaitantes indique que seuls 0.06 % de
la dose administrée se retrouvent dans le lait dans les 12 heures qui suivent la
prise du moclobémide, ce qui semble sans danger pour le nouveau-né; d'autant
plus, que la dose thérapeutique prévue est de 100 a 150 mg par prise (7).

Le moclobémide est éliminé a peu prés exclusivement aprés métabolisation. La
voie de dégradation prédominante se fait par des réactions d'oxydation de
phase |. Au cours des études cliniques pharmacocinétiques, quelques individus
isolés ont montré un temps de demi-vie trés allongé avec une biodisponibilité
anormalement élevée et une clairance diminuée d'un facteur 2. Ces
observations peuvent étre le résultat de variations interindividuelles liées a un
effet de premier passage hépatique élevé mais un contréle génétique du
polymorphisme de l'activité enzymatique n'a pu étre exclu. Ainsi, dans une
derniére partie, nous avons abordé |'apport de la pharmacogénétique au
métabolisme du moclobémide. Le phénotype d'hydroxylation a été déterminé
chez 39 sujets dans nos études cinétiques par administration d'un comprimé
combiné contenant 10 mg de débrisoquine, 5 métaboliseurs faibles (PM) ont pu
étre identifiés pour la débrisoquine.
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Aucune corrélation significative entre la clairance orale ou temps de demi-vie
d'élimination et le phénotypage a la débrisoquine n'a pu étre mis en évidence.
Les parametres cinétiques du moclobémide des meétaboliseurs efficaces
englobent toutes les valeurs des métaboliseurs faibles.

Les parameétres pharmacocinétiques et le métabolisme de 5 IMAO-A
réversibles chez 'Homme ont été comparés dans une étude rétrospective
(Moclobémide, toloxatone, brofaromine, cimoxatone, amiflamine). Des
différences sont observées dans les caractéristiques d'absorption et de
disposition. Cependant, il existe une similitude entre le moclobémide et le
toloxatone. A noter que les 5 IMAO-A subissent une élimination hépatique
prépondérante avec moins de 1 % de substance mére éliminée dans les urines.
Le catabolisme se fait principalement par oxydation.

En conclusion, ce travail nous a permis d'apporter des résultats nouveaux,
d'approfondir l'aspect pharmacocinétique de la molécule de moclobémide et
d'évaluer l'implication thérapeutique dans les populations a risques. La
résorption du moclobémide est rapide et compléte avec des concentrations
plasmatiques maximales atteintes en moins d'une heure suivant I'administration
orale.

Le moclobémide présente un effet de premier passage hépatique qui est a
l'origine d'une biodisponibilité réduite. Cette réduction est plus prononcée apres
une dose unitaire (F = 55 %) qu'avec des doses multiples (F - 86 - 89 %). La
clairance plasmatique s'échelonne entre 20 - 50 L/h et le temps de demi-vie
d'élimination entre 1 - 2 h.

En traitement chronique, I'état d'équilibre est atteint au bout de 8 jours, avec
une augmentation de la biodisponibilité liée a une diminution de la clairance
hépatique. La prise concomittante d'aliment semble retarder la résorption de
moclobémide mais n'influe pas sur son profil de disposition.

Le métabolisme hépatique du moclobémide étant prédominant, un ajustement
de la dose thérapeutique semble nécessaire en cas d'insuffisance hépatique
séveére alors que l'insuffisance rénale est sans influence sur sa
pharmacocinétique. Chez le sujet agé sain, la pharmacocinétique du moclobé-
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mide n'est pas significativement différente de celle du sujet jeune sain.

Chez la femme allaitante seuls 0,06 % de la dose du moclobémide administrée
passe dans le lait maternel dans les 12 h qui suivent la prise de moclobémide.
Ainsi, l'allaitement ne semble pas étre une contre-indication au traitement avec
le moclobémide.

Enfin, l'étude pharmacogénétique suggére que le métabolisme du
moclobémide n'est pas altéré chez les métaboliseurs faibles de la
débrisoquine.

La pharmacocinétique du moclobémide comparée a quatre autres IMAO-A
montre des similitudes avec le toloxatone (effet de premier passage hépatique).
Le métabolisme hépatique est prépondérant pour les 5 IMAO-A.
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Liste des abbréviations et définitions

CIT'IED(

CcT
Cy

Trmax

Fpo-pred

Q
MRT
MAT

fu

fm
MAO
IMAO
LV.
po

Gl
HPLC
uv

Concentration maximale déterminée directement par lecture des
variations de concentrations en fonction du temps

Concentration a la fin de la perfusion
Concentration au temps t
Temps pour atteindre la concentration maximale

Temps de demi-vie

Constante de vitesse liée a la phase terminale
Aire sous la courbe extrapolée a l'infini
Clairance orale apparente

Clairance totale ou systémique
Biodisponibilité orale absolue

Biodisponibilité relative

Biodisponibilité attendue a partir de données obtenues apres ad-
ministration par voie intraveineuse

Biodisponibilité attendue a partir de données obtenues apres ad-
ministration par voie orale

Début sanguin hépatique (valeur moyenne estimée a 1.5 L/mn)
Temps de présence moyen

Temps de résorption moyen

Volume de distribution a I'état d'équilibre
Fraction de médicament non liée

Fraction métabolisée

monoamineoxydase

inhibiteur de la monoamineoxydase

voie intraveineuse

voie orale

Gastrointestinal

Chromatographie liquide a haute performance

Ultraviolet



Disposition

Processus qui entrent en jeu depuis le moment ol le médicament atteint la
circulation jusqu'au moment ou ce dernier, ou un ou plusieurs métabolites, quittent
I'organisme (1).

Biodisponibilité absolue

- Fraction ou pourcentage de la dose d'un médicament en solution qui, aprés
administration, atteint la circulation générale

- Quantité de principe actif atteignant la biophase et la vitesse a laquelle le
médicament parvient au site d'action (1).

Résorption

Processus par lequel le composé passe de son lieu d'application dans la
circulation générale (1).

Effet de premier passage

Perte de médicament par métabolisme avant son arrivée dans la circulation
générale.

Etat d'équilibre ou Steady-State

L'état d'équilibre peut étre obtenu lors de l'administration chronique du
médicament. Il est atteint lorsque les quantités de substances injectées ou
résorbées aprés chaque administration deviennent égales aux quantités éliminées
entre deux administrations.



Introduction

C'est le pédiatre allemand Dost (1a) qui a utilisé pour la premiére fois, en 1953, le
terme de "pharmacocinétique" qu'il définit comme la science des interactions
quantitatives entre |'organisme et un médicament administré. Cette discipline s'est
fortement développée avec, notamment, le progrés de la chimie analytique, avec
I'utilisation de molécules marquées et de l'informatique qui a conduit a la
description de molécules de plus en plus complexes. Peu a peu les concepts
pharmacocinétiques essentiels sont apparus et leur intérét est maintenant
amplement démontré dans la mise au point des médicaments en particulier en
pharmacologie expérimentale, étude de métabolisme et expérimentations
cliniques, d'une part chez le sujet sain et, d'autre part en thérapeutique avec
I'adaptation des posologies dans les états pathologiques tels que l'insuffisance
rénale, hépatique et états physiologiques tels que le sujet agé ou la femme
allaitante. Tous ces facteurs, dont dépend l'efficacité thérapeutique, englobent
l'univers de la pharmacocinétique et de ses extraordinaires ressources.

Ainsi, nous avons consacré nos travaux a la définition du profil pharmacocinétique
clinique de phase lll d'une nouvelle molécule médicamenteuse type benzamide
appartenant a la classe thérapeutique des inhibiteurs de l'isoenzyme A de la
monoamineoxydase (IMAO) inhibant I'enzyme du catabolisme des catécholamines
présynaptiques tels que sérotonine et noradrénaline et utilisée en neuropsychiatrie
comme antidépresseur.

Cette molécule est intéressante a différents points de vue. Elle est le fruit d'une
recherche intense en pharmacologie ayant conduit a une génération récente
d'IMAOQ reversible et sélectif au niveau de l'interaction avec la monoamineoxydase
(MAO) permettant une utilisation non-restrictive de la molécule contrairement a
I'ancienne génération d'IMAO dont les nombreuses interactions médicamen-
teuses, les crises hypertensives par ingestion concomittante de tyramine et leur
hépatoxicité limitaient sensiblement l'utilisation. Cette benzamide dotée d'une
activité antidépressive rapide, sélective, inhibiteur préférentiel et réversible de la
MAO, de forme A, spécifique et compétitif posseéde egalement un profil
pharmacocinétique peu classique.

Aprés une mise au point bibliographique concernant le systeme MAO et ses
inhibiteurs, notre démarche s'est scindée en une double approche:

- Dans la premiere partie de notre travail personnel, nous avons essayé de
définir les caractéristiques pharmacocinétiques de la molécule de
moclobémide chez le sujet sain apreés administration de doses unitaires
croissantes et de doses multiples afin de pouvoir extrapoler le comportement
de la molécule lors d'un traitement thérapeutique chronique.

- Dans la deuxieme partie, nous avons recherché linfluence d'états
pathologiques tels que l'insuffisance rénale ou hépatique ainsi que des états
physiologiques tels que l'dge et le passage du moclobémide dans le lait
maternel.
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Par ce biais, nous avons été amenée a tester l'influence de la prise concomittante
d'aliments sur la biodisponibilité du moclobémide.

De plus, nous nous sommes intéressée a l'influence de la pharmacogénétique sur
le comportement de la molécule dans I'organisme.

Enfin, nous avons comparé le métabolisme de la molécule chez I'animal de
laboratoire et I'nomme afin de déceler l'existence d'une éventuelle différence
métabolique qui pourrait étre a l'origine d'une sélectivité de I'activité clinique MAO-
A du moclobémide chez 'homme.



2. Mise au point bibliographique
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2.1.1.
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Mise au point bibliographique
Le systeme monoamineoxydase (MAO) et ses inhibiteurs (IMAO)
Les MAO: Aspect biochimique et réles

C'est en 1928 que fut découverte l'activité enzymatique de
desamination de la tyramine (2). Dans un premier temps, cette enzyme
fat baptisée "Tyramine oxydase" en relation avec la découverte de son
premier substrat, puis en 1938 (3) a été défini le systéme enzymatique
"monoamineoxydase". Depuis, I'existence de formes principales de
I'enzyme ainsi que leur répartition trés ubiquitaire dans I'organisme a
été précisée. Il a notamment été montré que ces MAO (oxygéne
oxydoréductase désaminative E.C. 1.4.3.4) sont des flavoprotéines
localisées sur la membrane externe des mitochondries (4,5) en
particulier sur celle des synaptosomes et également présentes a des
degrés différents d'activité dans presque tous les tissus des vertébrés
(6) avec une préférence pour les plaquettes sanguines (7-9), le
placenta (9-13), l'intestin (14, 15), le foie et le cerveau (16).

Les données biochimiques de I'enzyme indiquent que le site actif des
MAOQ est un résidu flavine lié de fagon covalente au groupe thiol d'une
cystéine alors que la séquence des acides aminés dans cette région
est commune aux 2 formes de I'enzyme ainsi que la présente la figure 1
(17). Les deux isoenzymes MAO-A et MAO-B possédent au niveau de
leur site actif un fragment commun (18-20) formé d'un pentapeptide lié
a un groupe prosthétique flavine-adénine diphosphate (FAD). Ce site
actif posséde un groupement SH essentiel provenant d'une cystéine de
I'apoenzyme. L'intervention des groupements o-amines provenant d'un
ou plusieurs résidus lysine a également été discutée (21). Récemment
a l'aide d'anticorps monoclonaux, les activités MAO-A et B hépatiques
humaines ont pu étre différenciées (22), dénongant une différence de
structure dans la partie adjacente au site catalytique de I'enzyme ou les
cycles aromatiques se lient au substrat (23). Leur structure primaire a
également pu étre décrite a partir d'expériences de clonage (24).

Le poids moléculaire des sous-unités a été déterminé comme étant de
59700 et 58800 d pour les MAO-A et B respectivement. La
comparaison de la séquence de leurs structures indique que le
fragment commun constitué de 5 acides aminés portant le groupe
prosthétique FAD fait partie d'une séquence de 20 acides aminés
communs localisés a des positions identiques au niveau C terminal.
Ces nouvelles données structurales ont stimulé des recherches en
cours sur leur structure tertiaire.
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| MAOtype A |
Site actif
Substrat Sérotonine (5HT)
spécifique Noradrénaline (NA)
. . c’ C‘ -
Inhibiteur U Clorgyline
Spécifique 0 — CH, — CH, — N — CH, — C = CH
A
c‘!
| MAOtypeB |
Site actif
Substrat Phényléthylamine (PEA)

Spécifique Benzylamine

© ege CHy—CH—=N—CH, —C=CH
spécifique E

CH, CH,

Inhibiteur : L-Déprényl

Figure 1: Représentation schématique du site actif et liaison des MAO-A et B

avec leur sélectivité de substrats et leur inhibiteurs (adapté de Kalir et
coll. (23)).
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Le réle des MAO en tant qu'enzymes intracellulaires est capital dans le
catabolisme conduisant a l'inactivation des amines neurotransmettrices
présynaptiques accumulées dans les granules ou vésicules au niveau
du systeme nerveux central et tissus périphériques. Les
neurotransmetteurs libérés par stimulation sont recaptés en grande
majorité (environ 80 %) (25) et dégradés par le systéme enzymatique
MAO (Fig. 2 et 3).

Tryptophane

Mitochondrie

s

................. -+ 5-HIAA
. Auto- o
Axone terminale —— 3 récepteur
i T WS
5-HY I
Sl
Membrane postsynaptique Récepteur
Fig.2 - Synthese et métabolisme de la sérotonine

La sérotonine est un substrat préférentiel pour la MAO-A. Le premier
produit de dégradation produit par la MAO est l'aldéhyde 5-
hydroxyindolacétique. Cet aldéhyde est principalement oxydé en acide
5-hydroxyindolacétique qui est le produit de dégradation majeur du
catabolisme de la sérotonine dans le cerveau. Un faible pourcentage de
l'aldéhyde est réduit en alcool, le 5-hydroxytryptophol, qui représente
une voie mineure dans les conditions habituelles.
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Aldéhyde déhydrogénase

Aldéhyde reductase

Catéchol-O-méthyltransférase (E.C. 2.1.1.6)
Dopamine

Dopa-décarboxylase

Dopamine B-hydroxylase

Acide 3,4-dihydroxymandélique

Acide 3,4-dihydroxy-phénylacétique

= DHPG 3,4-dihydroxy-phényl-éthyléne-glycol
3,4-dihydroxy-phényl-éthyléne-glycolaldéhyde
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3-méthoxy-4-hydroxy-phényl-éthyléne-glycolaldéhyde
Métanéphrine

Noradrénaline

Normétanéphrine

N-méthyltranstérase

Tyrosine hydroxylase

Acide vanilmandélique = 3-méthoxy-4-hydroxy mandélate
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Ainsi, une inhibition des MAO localisées dans la membrane externe
mitochondriale du neurone résulte en une augmentation des
concentrations présynaptiques de monoamines et de leur quantité
disponible dans la synapse neuronale.

Parallelement a |'accroissement de la concentration des monoamines,
les IMAO diminuent la formation des métabolites désaminés (MHPG ou
MOPEG, VMA, DOPAC, 5-HIAA)

L'activité du systéme enzymatique MAO consiste a catalyser la réaction
de désamination oxydative sous la dépendance d'oxygene moléculaire
en deux étapes (26, 27) selon I'équation de la Fig. 4:

a) Meécanisme simplifié

RCH,-OH _, conjugaison

aldéhyde
réductase NADP*
ROHNH, MAONH. + RcHO”
O, NADPH + H*
H,0 H;0, NAD* ~ Aldéhyde
D déhy:{c@énase
NADH + H* RCOOH — conjugaison

b) Mécanisme selon Dosert et all. (27a)

H R, Flte FI' m R, R /,R,
(Si) wd N TR R N—i ]
J ~ e
(RET R R & ¢
I/"F‘H-"'t‘
[SFIH-
i
/R' HO R\_ /R'
R— CHO + NH "T‘ﬁ‘ =N
CH 7 N
R, FIH, FIH" R,

Fl = flavine oxydé

Fig. 4 Mécanisme de désamination oxydative catalysé par le sys-
teme MAO
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2.1.2.7.
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Dans I'étape initiale, le substrat est oxydé en imine, dérivé intermédiaire
instable. Cet intermédiaire est immédiatement hydrolysé en aldéhyde et
ion ammonium. Enfin, l'aldéhyde peut étre oxydé en acide sous
l'influence d'une aldéhyde oxydase, ou réduit en alcool en présence
d'une aldéhyde réductase (28). Les MAO en tant que flavoprotéines
(27) désaminent préférentiellement la forme non-ionisée du substrat
(29-31).

Une grande variété de monoamines sont désaminées par les MAO. Les
amines aliphatiques de structure CH3 - (CH2),NH»>, avec n=1 sont
désaminées par les enzymes avec un maximum d'activité lorsque n =5
(32-35). Les MAO désaminent également lI'isoamylamine et

l'isobutylamine (36) mais sont sans action sur les amines o-alkyl-
substituées (32, 37). Les amines contenant un groupement aryle sont
également métabolisées par cette voie, bien qu'au moins un
groupement méthylene non-substitué entre I'amine et le groupement
aryle soit nécessaire a l'activité (32, 37). Ainsi les neurotransmetteurs
tels que les amines primaires noradrénaline (NA), dopamine (DA), 5-
hydroxy-tryptamine ou sérotonine (5-HT) ainsi que les amines
secondaires telles que I'adrénaline sont des substrats principaux pour
les MAO, de méme que les amines des produits alimentaires, telles que
la B-phényléthylamine (PEA) et la tyramine (TYR) (25). Cette derniere
est principalement désaminée par la MAO hépatique qu'elle atteint par
la veine porte depuis son lieu d'absorption intestinale (38). Enfin,
certaines amines, non trouvées dans l'organisme telles que la
benzylamine sont également métabolisées par cette voie enzymatique
(25). Alors que le métabolisme de la sérotonine (Fig. 2) dépend
presque exclusivement de la MAO, celui des catécholamines (Fig. 3)
nécessite également l'action de la catéchol-0-méthyltransférase
(COMT) (39).

L'inhibition de la MAO se traduit par une accumulation de ces
médiateurs et de leurs dérivés 0-méthylés (3-méthoxy-tyramine,
normétanéphrine et métadrénaline) et une disparition de leurs
métabolites terminaux (acide 5-hydroxy indolacétique (5-HIAA) pour la
sérotonine et acide homovanillique (HVA), 3-méthoxy-4-hydroxy-
phénylglycol (MHPG = MOPEG), acide vanylmandélique (VMA) et
acide 3,4-dihydroxyphénylacétique (DOPAC) pour les catécholamines
(Flg. 3).

Les MAO: Evolution et naissance des IMAO. Aspect
pharmacologique.

Le systeme enzymatique des MAO

En 1968, Johnston définit différents types de MAO (40) en étudiant un
nouveau composé IMAO et en le comparant aux produits de référence.
Pour ces derniers la courbe représentant le pourcentage d'inhibition de
la MAO en fonction de la concentration de l'inhibiteur est une sigmoide
simple (Fig. 5).
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Fig. 5: Courbe d'inhibition de la MAO d'aprés [ Johnston (40).]

Avec le produit nouveau (MB 9302), Johnston constate que la courbe
devient un couple de sigmoides reliées entre-elles par une portion
horizontale ou le pourcentage d'inhibition reste constant (Fig. 5). Il en
déduit que la MAO est un systeme binaire d'enzymes dont chacune des
deux composantes a une sensibilité différente au produit testé: la
premiére partie (a gauche) représente la courbe d'une enzyme sensible
a l'inhibiteur (A), la partie horizontale représente une plage de
concentrations d'inhibiteur pour lesquelles la forme (B) n'est pas encore
affectée, puis la seconde sigmoide (partie droite) représente les
différents stades d'inhibition de la forme B.

De plus, les résultats de Johnston au cours de ce remarquable travail
ne se sont pas limités a la constatation de la dualité de la MAQ, il a en
effet montré que chacune des deux isoenzymes A et B présente des
spécificités de substrat différentes. Ainsi, la molécule de clorgyline
inhibe I'enzyme utilisant comme substrats la noradrénaline (NA) et la
sérotonine (5-HT) (41). Puis Knoll et coll. (42, 43) mettent en évidence
un composé, le déprényl qui inhibe une forme de la MAO désaminant
- préférentiellement la benzylamine et phényléthylamine. Ainsi, deux
types de MAO sont individualisés correspondant a 2 espéces majeures
d'enzymes. L'existence de ces 2 formes catalytiques d'activité de la
MAO a permis a Johnston d'introduire les termes de MAO-A et MAO-B
pour distinguer les 2 formes d'enzymes (40). Chacune des 2 MAO
admet des sélectivités ou spécificités particulieres vis-a-vis des
substrats (monoamines) et de leur sensibilité vis-a-vis de certains
inhibiteurs (IMAQ). Ainsi la forme A de la MAO réalise une
désamination oxydative préférentielle de la NA (8, 16, 44) et 5-HT (8,
16, 42, 44-49),. la benzylamine (8, 16) et la tryptamine (8, 16). Quant a
la dopamine (DA) (8, 16) et tyramine (TYR) (8, 16), ce sont des
substrats communs des formes A et B de la MAO. Des études récentes
(50, 51) ont montré que cette spécificité de substrat qui est inversement
proportionelle a sa concentration pouvait étre déterminée par les
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valeurs relatives des parameétres cinétiques tels que Km et Vmax
relatifs & la forme de I'enzyme par rapport au substrat (51a, 51b). A
noter que cette sélectivité d'inhibition est également fonction de la
concentration des médicaments, ainsi les agents inhibiteurs de la MAO
tres sélectifs a faible concentration deviennent non-sélectifs a haute
concentration (46, 52, 53).

MAO-A et MAO-B: Leurs substrats et inhibiteurs

De nombreux travaux ont donc été consacrés a ce domaine (8, 9, 54-
63) qui ont précisé quels étaient les substrats spécifiques de chacune
des isoenzymes A et B et leurs inhibiteurs. Ces données sont résumées
dans le tableau I.

Les MAO possédent des substrats spécifiques de la forme A et B ou
communs, de méme que ses inhibiteurs peuvent étre spécifiques ou
mixtes avec une composante réversible ou irréversibles. Ceci signifie
que les IMAO dit réversibles ont leur durée d'action inhibitrice plus
courte que le temps necessaire au renouvellement de I'enzyme. Quant
aux IMAQ irréversibles, ils ont une durée d'action longue.
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MAO-A et MAO-B

Leurs substrats et

leurs

Substrats et

inhibiteurs MAO-A MAO-B
Substrats Adrénaline Phényléthylamine (PEA)
spécifiques Noradrénaline (NA) Phényléthanolamine
Sérotonine (5HT) Benzylamine
Octopamine O-Tyramine
Milacémide
Méthyl-histamine
N-Acétylputrescine
MPTP
n-Pentylamine
Décylamine
Octylamine
Substrats Tryptamine (peut-étre
communs MAOQO-B pour certains)
Dopamine (DA) surtout
MAO-B dans le cerveau humain
Tyramine
Kynuramine
3-Méthoxy-tyramine
Inhibiteurs (MD 780515) Cimoxatone Almaxatone (MD 780236)
spécifiques Toloxatone (Humoryl®) MD 240928 (énantiomére)
réversibles Harmaline RO 16-6491
(+) amphétamine RO 19-6327
Quipazine MDL 72145
Moclobémide (Aurorix® ¥
Moclamine®)
P-méthoxyamphétamine
Brofaromine
Amiflamine
Inhibiteurs Clorgyline Déprényl (Selegiline)®
Spélelq.UES Lilly 51641 Pargyiine (EUionw@]
irréversibles (J-SOS) AGN 1133
LY 54761
MDL 72145
Inhibiteurs Caroxazone
mixtes Milacémide
réversibles
Inr;i‘biteurs Iproniazide (Marsilid®)
mixtes i 3 {arai
rréversiblos Nialamide (Nlamide®)

Isocarboxazide (Marplan®)
Iproclozide (Sursum®)
Phénelzine (Nardelzine®)
Octamoxine (Ximaol®)
Phéniprazine (Catron®)
Tranylcypromine (Tylciprine®)
Benmoxine (Neurale
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Les 2 formes de MAO individualisées difféerent non seulement par une
sélectivité de leur substrat (64) et leur inhibition (18), mais également
par leur distribution tissulaire (57), leur poids moléculaire (65), leur
composition en acides aminés ou leur séquence protéique (24, 65, 66)
et leur comportement immunologique (67-68).

L'individualisation des 2 types de MAO a conduit a la naissance d'une
nouvelle génération d'IMAO (31) de nature spécifique pour I'une des
formes de l'enzyme par opposition a I'ancienne génération de nature
mixte par un effet d'inhibition totale sur I'enzyme. On devait d'ailleurs
constater que certains produits déja connus pour étre des IMAO
s'avéraient étre des inhibiteurs spécifiques (Déprényl, Clorgyline,
Harmaline, Pargyline). En plus de cette spécificité de substrat, une
seconde propriété pharmacologique importante de ces IMAO a permis
de les différencier. |l s'agit de la réversibilité. Ainsi, la propriété de
réversibilité (69, 70) ou non de l'action inhibitrice sur I'enzyme a
permis de définir les inhibiteurs mixtes ou spécifiques de nature
réversible ou irréversible. Toutes ces caractéristriques importantes ont
permis d'établir une classification pharmacologique des IMAO
présentés dans le tableau |.

Classification chimique des IMAO

En plus de la classification pharmacologique précédente, une deuxieme
classification concernant leur nature chimique s'avere étre trés
intéressante. En effet, les différentes structures chimiques des IMAO
permettent de distinguer 2 groupes divisés en 3 et 4 sous groupes
respectivement (71-76). Le premier groupe englobe les dérivés des
hydrazides, hydrazines et amines et le second groupe les dérivés
oxazolidinones, benzofurane, benzamide et alcaloides de I'Harmala.
Ces 2 groupes chimiques présentent une remarquable corrélation entre
structure et activité des IMAO. Ainsi, a de rares exceptions pres, le
premier groupe avec les dérivés de I'hydrazide, hydrazine et amine est
doté d'une activité IMAO non sélective, c'est-a-dire ont un effet
d'inhibition totale sur la MAO alors que le second groupe avec les
dérivés oxazolidinones, benzofurane, benzamide et alcaloides de
I'Harmala sont des IMAO dit sélectifs inhibant sélectivement soit la
forme A, soit la forme B de I'enzyme. (Tableaux Il et Il1).



4G =

Tableau Il - Structures chimiques des IMAO non sélectifs

HYDRAZIDE
Rz
R,-C-NH-NH-CH.,
C“) 3
HYDRAZINE

Ry-CHz-CH-NH-NH,
I
Ry
AMINE

R ~
Propargylamine ‘,CH-I*!-CHQ-C aCH
Ry ch,

Cyclopropylamine R, Bk Y HR,

Indolethylamine @\_j)Hz-(IlH-NHz
N Ry

H

R,

Phenylethylamine R, _O_CHTCH‘NHz
1

R3

* préférentiellement IMAO-B
« préférentiellement IMAO-A

Benmoxine
Iproniazide
Iproclozide
Isocarboxazide
Nlalamide
Pivalylbenzhydrazine
IH-3

Phénelzine
Phéniprazine
Phénoxypropazine
Octamoxine

SU 11-739/5-508/
AGN-1133

Dinitranyl

Clorgyline

Abbolt 21, 855
L-Déprényl, Sélégiline*
Pargyline*

Tranylcypromine
AGN-1135*

Lilly 49393

Lilly 51641**
Lilly 54761*
PCO

Elryptamine

Amiflamine**
(FLA 336)

Spécialités ®

Neuralex
Marsilid
Sursum
Marplan
Niamide
Tersavid

Nardelzine, Nardil
Catron

Drazine

Ximaol, Nimaol

Eldépryl
Eutonyl, Euditron

Tylciprine, Parnate

Monase
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Tableau Il - Structures chimiques des IMAO sélectifs

Spécialités®
OXAZOLIDINONE 1T CH;—Ry Toloxatone (MAO-A) Humoryl
R, N 0O Almoxatone(MAO-B)
Y (MD 780236)
R; o) Cimoxatone(MAO-A)
(MD 780515)
MD 770222 (MAO-A)
BENZOFURANE M1~ ] I 1] BrofaromingMAO-A)
0~ R, (CPG 11305A)
Ry s .
BENZAMIDE \(\:>—c-NH-n, Moclobemide(MAO-A) Aurorix
=/ | (Ro 11-1163) Moclamine
o

Ro 19-6327 (MAO-B)

Ro 16-6491 (MAO-B)

- R
ALCALOIDE DE L'HARMALA . R,
Harming(MAO-A)

H.CO N ZN HarmalindMAO-A)
3

H  CHy
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Localisation tissulaire des 2 isoenzymes MAO-A et B

Les formes A et B de la MAO présentes dans la plupart des tissus, a
I'exception des érythrocytes, ont des caractéristiques variables selon
I'espéce animale ou leur localisation. Ainsi, le cerveau de rat contient en
proportion équivalente la forme A et B (16, 77), alors que dans le
cerveau humain le rapport des formes A sur B est de 30/70. Les
thrombocytes humaines, dont l'activité MAO est le reflet de celle de la
MAO-B cérébrale, contiennent exclusivement la forme B, alors que le
placenta contient exclusivement la forme A (7-9, 43, 49, 77, 78). A
l'inverse, les thrombocytes de la plupart des animaux de laboratoire
contiennent principalement la forme A.

Au niveau hépatique, l'activité MAO-A est légérement supérieure par
rapport a celle de la MAO-B alors que dans l'intestin I'effet est inverse
(15, 79, 80). Les neurones monoaminergiques contiennent surtout de la
MAO-A, a I'exception des neurones sérotoninergiques englobant des
quantités importantes de MAO-B (81). Les cellules extraneuronales
sont caractérisées surtout par la MAO-B (81).

Bien que la MAO intraneuronale soit surtout de type A potentialisant
I'activité pharmacologique de la sérotonine (5-HT) et noradrénaline
(NA), il est supposé que des traces résiduelles de la forme B peuvent
coexister dans les neurones. Ainsi, lorsque la MAO-A est entierement
inhibée, les quantités de 5-HT et NA dans le cytoplasme augmentent
pour atteindre des concentrations qui peuvent agir sur la constante de
Michaelis et Menten (Km) de la forme MAO-B et ainsi la désamine.
Cette sélectivité dépendant de la dose a été confirmée dans plusieurs
études (31, 54, 58, 59).

Dans d'autres tissus a forte concentration de MAO tels le foie, le rein et
le poumon (79), I'enzyme joue un rble de défense en inactivant les
monoamines circulantes. En particulier, I'enzyme est en premiere ligne
d'attaque contre les monamines absorbées par I'alimentation, tels la
tyramine et la B-phényléthanolamine qui par leurs effets sympatho-
mimétiques indirects induisent une crise hypertensive décrite sous le
terme d' "effet fromage”. A noter qu'un mécanisme similaire est actif au
niveau des barrieres hémato-encéphalique et gastro-intestinale (25).

Le tableau IV résume les principales localisations humaines des deux
isoenzymes MAO-A et B.
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Tableau IV Localisation de la monoamine oxidase de type A et B chez
I'Homme.

MAO-A MAO-B

Périphérie | Terminaisons nerveuses pré- | Plaquettes sanguines
synaptiques sympathiques (88, 88, 93)
intraneuronales (82)

Trophoblastes placen- Cellules médullosurrénales
taires (84). (87, 87a, 92)
Cortex et médullosurré-
nale (87a)

Cerveau |Locus coeruleus (85, 86) Astrocytes (cerveau, cerve-
Locus niger (87b, 89-91) let) (82)
Neurone riche en Pinealocates (épiphyse) (82)
catécholamines Neurones riches en séro-

tonines (81, 94)

Autre Neuroblastes (84)

Cellules gliales C6 (84)
Cellules hépatiques (79, 85)
Tissu intestinal (15, 79, 80)
Plasma (83)

Aspect clinique des IMAO

Classification des IMAQO parmi les agents psychotropes

La classification frangaise, directement inspirée de la classification
clinique proposée par Delay et Deniker (95), comprend trois groupes
principaux d'agents psychotropes:

- Les psycholeptiques, ou sédatifs psychiques.
- Les psychoanaleptiques, stimulants des activités mentales.
- Les psychodysleptiques ou perturbateurs de l'activité psychique.

Dans chaque groupe, des sous-groupes correspondent aux principaux
types d'activités pharmaco-cliniques sont indiquées dans le tableau V.
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Tableau V: Classification générale des psychotropes

1. Psycholeptiques LA. HYPNOTIQUES ” Barbituriques, non barbituriques J
ou sédatifs
psychiques B. TRANQUILLISANTS Benzodiazépines, méprobamate, eic.
MINEURS ET SEDATIFS | | Bromures, belladone, etc.
C. NEUROLEPTIQUES Phénothlazines, réserpiniques,
butyrophénones, benzamides, elc.
D. REGULATEURS DE Sels du lithium
L'HUMEUR
2. Psychoanalep- E. ANTIDEPRESSEURS Imipraminiques el comp. tricycliques
tiques ou OU STIMULANTS DE LM.AO.
stimulants L'HUMEUR
psychiques
F. STIMULANTS DE Amphétamines, elc.
LA VIGILANCE
G. AUTRES STIMU- Phosphoriques, vitamine C, etc.
LANTS
3. Psychodys- H. HALLUCINOGENES Mescaline, lysergamide,
leptiques ou psilocybine, cannabinols
perlurbaleyrs
de l'activite I. STUPEFIANTS Morphiniques, cocaine !
mentale
J. ENIVRANTS Alcool, éther, solvants

Dans le groupe des psychoanaleptiques, ou stimulants psychiques,
apparait le sous-groupe des antidépresseurs ou stimulants de I'humeur
appartenant a 2 types biochimiques différents: les composés
tricycliques dérivés de l'isopramine et les IMAO. L'originalité de ce
sous-groupe est son activité dans les états de dépression mentale en
rapport avec un déreglement de la fonction régulatrice de I'humeur
(fonction thymique). Dans certains cas, cet effet peut dépasser le but et
entrainer une véritable inversion euphorique de I'humeur. Cette action
excessive qui doit étre corrigée, le cas échéant, est capitale en ce
qu'elle démontre I'action spécifique du médicament sur la régulation de
I'numeur. Elle permet de distinguer les antidépresseurs vrais des autres
médicaments utilisables dans le traitement des dépressions, en
particulier des tranquilisants.

Les composés tricycliques et les IMAO, bien qu'ayant sans doute un
mode d'action différent, sont des antidépresseurs vrais répondant
exactement a la définition donnée ci-dessus. Les IMAO sont
généralement non sédatifs et parfois plus puissants que les tricycliques,
ou capables d'agir quand ceux-ci sont inefficaces (96-99).
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Aprés avoir subit une certaine désaffection, en raison de la crainte des
effets secondaires qui sont attribués aux anciennes générations d'IMAO
(cf. 2.1.5.2), la nouvelle génération subit actuellement un net regain
d'intérét.

Indications cliniques des IMAO

Pendant longtemps les IMAO n'ont été qu'exceptionnellement prescrits
en premiere intention et le psychiatre n'y avait recours que lors de
contre-indications manifestes aux tricycliques ou échec a toute autre
thérapeutique antidépressive plus récente du type maprotiline,
miansérine, nomifensine, etc. Apres avoir été pendant longtemps
considéré comme antidépresseurs de second choix, les IMAO
connaissent depuis 5-10 ans de nouvelles perspectives cliniques. Ainsi,
ils sont considérés comme traitement de choix dans les dépressions
atypiques, névrotiques et réactionnelles. De plus, I'amélioration de la
securité d'emploi de la nouvelle génération d'IMAO-A a permis d'élargir
leur spectre d'utilisation et de nombreux articles récents ont étudié les
indications cliniques des IMAO (55, 96-99). Les IMAO les plus étudiés
jusqu'a ce jour sont de nature irréversible. lls sont caractérisés par un
large spectre d'activité et ont été utilisés dans de nombreuses affections
psychiatriques avec comme indication clinique majeure la dépression
mentale dite psychogéne et atypique.

Bien qu'il soit difficile de définir une classification rigoureuse des
dépressions, nous avons adopté la classification suivante regroupant
les plus importantes étiologies (100): Dépressions endogenes,
atypiques ou psychogénes et symptomatiques.

La dichotomie classique endogéne-psychogéne est actuellement
considérée comme trop simpliste et réductionniste; nous nous
limiterons pourtant a envisager schématiquement les étiologies des
syndromes dépressifs selon trois grands axes en rappelant que cette
répartition reste relative et critiquable. Ces trois types de dépressions
peuvent évoluer et créer une nouvelle étiologie appelée dépression
résistante et dépression chronique. Ainsi, certains états dépressifs ne
répondent pas favorablement & une thérapeutique adéquate et sont
parfois susceptibles d'avoir une évolution particulierement prolongée.
Ces états sont caractérisés par un facteur de chronicité et de
résistance.

Parmi ces étiologies, les principales sémiologies relevant de la cure
d'IMAO sont les suivantes:

- Les dépressions simples ou réactionnelles sur terrain névrotique,
source d'une abondante littérature (101, 102-116) et appelé
dépression atypique. Cette derniere englobe une catégorie
hétérogene de dépressions non majeures (103, 105, 109, 115, 117).
Les états boulimiques semblent également bien réagir aux IMAO
(118-121).

- Les syndromes mélancoliques francs

- Les syndromes hypocondriaques et les dépressions d'involution

A coté des dépressions proprement dites, les IMAO posséedent
plusieurs autres indications telles:
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En psychiatrie (Fig. 6)

La psychasthénie avec les nombreux troubles psychiques et
somatiques qu'elle entraine

Les attaques de panique et agoraphobie (99, 122-132) classées
dans les formes anxieuses

Les états obsessionnels (133-138)

Les névroses dépressives et préoccupations hypocondriaques

Les dépression du sujet agé souvent associées a la maladie
d'Alzheimer (139-142)

Les hystéries (143)

Le stress post-traumatique

Les dépressions résistantes et chroniques (102)

En neurologie

Certaines affections psychosomatiques telle que la migraine rebelle
(144-152)

L'akinésie parkinsonienne (15, 153-163)

La schizophrénie avec predominance de l'indifférence affective

La narcolepsie

L'hypotension orthostatique idiopathique (164-167)

Divers

L'Eczéma atopique (168)
L'Arthrite rhumatoide (169-170)

antidépresseurs -
tricycliques

< IMAO >

- Anxiété

mélancolique
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Fig. 6 Spectre d'activité des IMAO en psychiatrie selon Zisook (116)
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A cété des indications mentionnées, la nouvelle génération d'IMAO
sélectifs A ou B, dotés d'une maniabilité clinique significativement
accrue par rapport a ses prédécesseurs a permis de mettre en
évidence une activité antidépressive supérieure pour les IMAO-A par
rapport aux IMAO-B (114, 171-176). Les MAO-A ont un spectre
d'activité plus large que les IMAO traditionnels englobant pratiquement
tous les syndromes dépressifs. Quant aux IMAO-B, ils se caractérisent
par leurs propriétés anti-parkinsonniennes (175a).

Effets secondaires des IMAO classiques

Les IMAO ont longtemps été délaissés. Le désintérét était en partie lié
a leur réputation d'engendrer de nombreux effets secondaires. C'est
crise hypertensive paroxystique spontanée qui se trouve a l'origine de
la véritable mythologie qui s'est développée autour des IMAO
classiques.

La prise d'IMAO anciens est lié a une stricte regle de prescription qui
exclue pratiquement toute comédication et nécessite pour le patient de
suivre un régime diététique approprié.

Les principaux effets secondaires de ces IMAO sont regroupés dans le
tableau VI.

Tableau VI - Effets indésirables des IMAO classiques

- Systeme nerveux autonome (SNA)

* Hypotension orthostatique

 Crises d'hypertension artérielle paroxystique consécutive a
I'administration concomittante de certains aliments riches en
tyramine

o Effets anticholinergiques avec rétention urinaire, constipation,
sécheresse de la bouche, troubles de la vision, troubles sexuels

* Hyperhydrose

- Systéme nerveux central (SNC)
* Bouffées de chaleur et frissonnements
* Insomnie, irritabibité ou euphorie, agitation psychomotrice
e Suppression des mouvements oculaires rapides (REM),
perturbation du sommeil
* Hypomanie
e Délire consécutif a I'ingestion concomittante de tryptophane

- Divers

Hépatotoxicité (ictere grave sous iproniazide)
Perte de poids

Oedéme

Maux de téte

Paresthésie

Crampes musculaires
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Au niveau du SNA

- L'hypotension orthostatique est l'un des principaux effets
secondaires des anciens IMAO qui limite fortement leur prescription
(177-181). On pense que I'hypotention résulte d'une inhibition du
catabolisme de la tyramine par les MAO. La tyramine subirait une -
hydroxylation en tant que "faux transmetteur" avec des effets
vasopressifs trés légers (36). Cet effet apparait au début du
traitement et disparait généralement au bout de 3-4 semaines (99,
182).

- La crise hypertensive est un effet indésirable sérieux bien que rare
et est lié a l'ingestion concomittante de tyramine et amines vaso-
pressives dans l'alimentation lors d'un traitement avec les IMAO. Le
mécanisme de cette crise hypertensive appelée "effet fromage" ou
"cheese reaction" semble étre relié a la capacité de la tyramine de
déplacer d'importants stocks de noradrénaline des granules
présynaptiques, il en résulte un effet -adrénergique exagéré se
traduisant par une élévation de la pression artérielle (183-188).
Ainsi, les patients sous IMAO doivent suivre un régime appauvri en
tyramine et une liste d'aliments a proscrire doit leur étre procuré. Les
premieres listes publiées (186, 189, 190) étaient trop restrictives,
ainsi une nouvelle classification basée sur le contenu en tyramine et
autres amines vasopressives est utilisée (189, 191) telle celle
présentée dans le tableau VII.

- Centains travaux suggerent que l'inhibition de la MAO n'est pas la
seule cause des crises hypertensives consécutives a l'ingestion de
tyramine (192).

Au niveau du SNC
L'insomnie n'a été qu'occassionnellement citée comme effet
secondaire des IMAO bien que la majorité des prises de
médicament se fassent le soir (99). Les IMAO interférent sur le
sommeil en supprimant le mouvement oculaire rapide (102, 193) qui
se traduit par une perturbation de I'électroencéphalogramme (EEG)
du sommeil (102, 193). Cette perturbation s'annule des l'arrét du
traitement (194).

- Moins de 10 % de patients sous phénelzine ou tranylcypromine souf-
frent d'hypomanie (177, 195, 196) lié au dosage administreé.

- Dans certains cas de dépressions réfractaires, I'adjonction de
tryptophane au traitement IMAO augmente l'incidence des effets
secondaires sur le SNC (197, 198).

- Quelques cas séveres d'hépatotoxicité ont été décrits surtout pour
l'iproniazide (47, 98, 99, 177, 185, 199).

- La prise de poids est un effet secondaire déplaisant et est surtout
lige a l'ingestion de phénelzine (47, 98, 99, 177). L'incidence
d'apparition d'oedeme est rare (99, 177, 200). Il en est de méme
avec les maux de téte, les paresthésies et crampes (97, 177).
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Effets secondaires peu communs

Parmi tous ces incidents cités, Greenblatt et coll. (94) estiment la

Des cas rares d'allergie, de photosensibilisation, de leucopénie, de
syndrome lupoide, de syndrome antidiurétique, de perturbation de la

sécrétion de prolactine ont été observes (201).

Des troubles sexuels ont été enregistrés chez 'homme (47, 98, 202,

203), moins fréequemment chez la femme (196-198, 204).

Les autres effets secondaires mentionnés dans le tableau 6 ont été
rapportés dans différentes publications (98, 99, 177, 200, 205).

fréquence a moins de 20 % des cas, tous troubles confondus.

Tableau VII:

par les IMAO classiques (206).

Aliments a proscrire:

Fromages fermentés

Poissons fumés y compris hareng et caviar
Levure, extraits de ferments

Abats de volaille

Feves

Bananes

Saucisses, saucissons

Aliments a consommer avec modération

Boissons alcooliques y compris vin rouge , biere et liqueurs
Viande en conserves

Foies de boeuf

Sauces de soja

Epinards

Chocolat, café, the, coca

Aliments pouvant étre consommés normalement

Fromages blancs, yaourts, laitages non fermentés
Figues, oranges
Aliment en conserves (sauf viande)

Restrictions alimentaires associées au traitement
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Interactions médicamenteuses des IMAO classiques

Le tableau VIII regroupe les associations médicamenteuses a éviter

sous traitement IMAQO.

Tableau VIII: Interactions médicamenteuses sous IMAO
classiques

Association dangereuse (effet potentialisateur) avec:

Médicaments

Psychostimulants

(amphétamine, cocaine)
Décongestifs

(éphédrine, phényléphédrine, phényl-
propanolamine, pseudoéphédrine)
Antihypertenseurs

(méthyldopa, guanethidine, réserpine)
Antidépresseurs

(a I'exception de I'amitriptyline)
Sympathomimétiques ou amines
vasopressives

(dopamine, métaraminol, tyramine)
Narcotiques

(meperidine)

Anorexigénes

(amphétamine)

Anesthésiques locaux
Anti-allergiques

Diurétiques thiazidiques

Effets cliniques
Crise hypertensive

Crise hypertensive

Excitation, hallucination vi-
suelle, hypotension sévere
Potentialisation des effets
cliniques

Hypotension sévere

Excitation, hypotension,
hypersudation

Crise hypertensive
Crise hypertensive
Hypotension sévere

Association a surveiller, peut étre dangereuse:

Médicaments

Précurseurs d'amines
Narcotiques

Sédatifs
Sympathomimétiques
(adrénaline, noradrénaline,
isoprotérénol)
Anesthésiques généraux
Hypoglycémiants
(insuline, sulphonylurée,
phenformine)
Anticoagulants
Morphiniques naturels
et de synthése type
(pethidine, Dolosal )

miant

Effets cliniques

Potentialisation des effets sur le SNC

Potentialisation de l'effet hypoglycé-
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Une importante interaction médicamenteuse apparait en associant les
IMAO aux sympathomimétiques. |l en résulte une hyperactivité
sympathomimétique avec crise hypertensive, maux de téte, sueur,
tachycardie (99, 207). Certains médicaments bien que non métabolisés
par les MAO interferent également avec les IMAO. Ainsi, les IMAO
classiques bloqueraient d'autres enzymes que la MAO et agiraient sur
le mécanisme de dégradation hépatique (47, 97, 208-210).

L'administration simultanée d'antidépresseurs tricycliques avec les
IMAO a conduit a de nombreuses controverses. Au départ cette
association médicamenteuse était proscrite (47), alors qu'actuellement
elle est préconisée et méme conseillée dans les dépressions
résistantes (211-216, 217).

Apres prise en compte des précautions d'interactions médicamenteuses
et alimentaires, les IMAO sont habituellement bien tolérés. Cependant
la prescription nécessite une surveillance étroite des le début du
traitement.

Effets secondaires et interactions médicamenteuses des IMAO-A
réversibles.

Nous venons de voir que la crise hypertensive, avec les effets sur le
SNA et SNC, ainsi que I'hépatotoxicité, sont les effets indésirables les
plus fréquents et dangereux pour l'ancienne génération d'IMAO. Ainsi
de nombreux travaux de recherche ont essayé de se concentrer sur
une nouvelle génération d'IMAO non toxiques et plus maniables (35).
Dans cette nouvelle génération la crise hypertensive a pu étre
contrdlée. Son incidence a fortement diminué depuis la découverte que
la tyramine, principale amine du fromage, a des propriétés
vasopressives dont les effets sur la tension artérielle sont potentialisés
par les IMAO (3). Une restriction alimentaire appropriée a permis de
faire chuter les réactions hypertensives a moins de 4 % (35).

Propriétés pharmacoiogiques et apport clinique de ia nouveiie
génération des IMAO-A type MOCLOBEMIDE

L'histoire des IMAO reflete en fait celle de la MAO. A la suite des
travaux des équipes de Knoll et Johnston (40, 43,), les
fondamentalistes ont approfondi leurs connaissances dans le domaine
de la biochimie cérébrale. De cette recherche est née la synthése d'une
génération de nouvelles molécules inhibitrices de la MAO (Tableaux |, Il
et Ill), douées de propriétés pharmacologiques particuliéres relatives a
I'affinité enzyme-substrat. Nous nous limiterons a décrire les
caractéristiques de la classe des IMAO de type A dont fait partie le
moclobémide, la molécule que nous avons étudiée.
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Sélectivité:

La nouvelle génération d'IMAO inhibe préférentiellement qu'une seule
forme A ou B de la MAO contrairement a leur prédécesseurs non
sélectifs. L'utilisation d'un IMAO sélectif de la forme A type
moclobémide entraine une diminution du catabolisme des monoamines
impliquées dans le processus de la dépression ce qui contribue a
l'augmentation de la concentration pré-synaptique en monoamines.
Ainsi, l'intérét clinique de cette sélectivité réside dans le pouvoir
d'augmenter les concentrations intra-cérébrales de NA, DA, 5-HT dont
le réle est incriminé dans la pathogénie des états dépressifs.

Réversibilité:

La réversibilité de I''MAQ est une propriété qui induit une durée d'action
inhibitrice sur lI'enzyme plus courte que le temps nécessaire au
renouvellement de I'enzyme, ainsi, a I'arrét du traitement, I'activité de la
MAO revient rapidement a ses valeurs initiales. Quand a l'irréversibilité
des anciens IMAO liée a leur liaison covalente forte, indéplagable avec
la MAQ, leur activité inhibitrice ne disparait qu'au fur et a mesure de la
synthése d'un nouveau pool enzymatique de MAO (Fig. 7).

L'ntérét clinique de la réversibilité réside dans le fait qu'elle provoque
une inhibition plus rapide de la MAO qui est levée plus rapidement,
rendant caducs les problémes de délais liés a leur durée d'action trop
longue: 15-21 jours pour les IMAO classiques et 1-2 jours pour les
nouvelles molécules ce qui constitue un progres réel (100).
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Substrat: IMAO:
5-Hydroxytryptamine (5-HT)- - Moclobémide
(substrat de la MAO-A) (IMAO-A) réversible)
B-phényléthylamine (PEA)- Clorgyline
(substrat de la MAO-B) (IMAO-A irréversible)

Fig. 7 Inhibition cérébrale de la MAO-A (substrat 5-HT) et de la
MAO-B (substrat PEA) chez le rat aprés administration
par la clorgyline inhibiteur irréversible et par le moclobé-
mide inhibiteur réversible (selon M. Da Prada et coll. 217a).

La figure 7 retrace l'inhibition cérébrale de la MAO-A chez le rat aprés
administration d'un

- IMAO-A réversible type moclobémide.
Pour le substrat de la MAO-A, une inhibition enzymatique maximale
est observée des 1-2 h aprés administration orale, alors que l'activité
enzymatique revient a ses valeurs basales.

- IMAO-A irréversible type clorgyline
Le maximum d'inhibition enzymatique est atteint des les premiéres
heures apres administration orale, cette inhibition reste pratiquement
constante et n'est toujours pas levée 48 h apres le traitement.

A l'opposé du substrat MAO-A (5-HT), la désamination oxydative du
substrat de la MAO-B (PEA) est trés faible pour les 2 IMAO testés.

Ces resultats indiquent qu'avec la nouvelle génération d'IMAO-A
réversibles, type moclobémide, l'inhibition enzymatique de la MAO-A
est rapidement levée par opposition aux anciens IMAQ irréversibles.

Le mode d'action de I''MAO-A réversible moclobémide avec I'enzyme a
été étudié par inhibition de la MAO cérébrale chez le rat ou placentaire
chez I'Homme (218, 219). L'activité de la molécule de moclobémide a
également été testée sur un nouveau modeéle animal du rat qui permet
de confirmer son efficacité dans la dépression (220, 221).
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Compétivite

L'activité d'un inhibiteur enzymatique est dite de type compétitif lorsque
l'augmentation de la concentration du substrat sur lequel il agit est
capable de rompre la liaison enzyme-inhibiteur (MAO-IMAO-A) et que
I'enzyme libérée se trouve a nouveau capable d'exercer son action (89).
L'absence de propriété de compétivité des IMAO anciens est a I'origine
de crises hypertensives conduisant a des accidents graves chez les
malades sans traitement. Ces accidents appelés "cheese reaction"
apparaissent lors d'absorption d'aliments riches en tyramine (tels que
fromages, Chianti, bananes, avocats, gateaux, abats) normalement
désaminés par la MAO-A intestinale. Lors du blocage de cette MAO par
un IMAO non compétitif, la tyramine n'est plus désaminée et franchit la
barriere intestinale pour s'accumuler dans les terminaisons nerveuses
sympathiques. Son arrivée dans la terminaison nerveuse déplace vers
I'extrémité présynaptique les pools disponibles de NA. Ainsi, l'arrivée de
I'influx nerveux va provoquer une libération massive de NA responsable
de la crise hypertensive. Avec |'utilisation d'IMAO-A compétitifs ce type
d'accident est mineur car, en cas d'absorption importante de tyramine,
celle-ci primera sur l'inhibiteur, rompant la liaison faible MAO-A-IMAO-A
compétitif, ce qui permet alors a la MAO a nouveau libérée de
cataboliser la tyramine (222 - 224). La meilleure tolérance des IMAO-A
sélectifs tel que le moclobémide par rapport aux IMAO classiques est
démontré dans plusieurs études par l'absence de |'effet fromage et d'un
quotient bénéfice risque positif (225 - 227).

Spécificité

Les IMAO nouveaux semblent plus spécifiques du seul systeme MAO
en respectant l'intégrité des autres systemes enzymatiques, notamment
des enzymes hépatiques responsables du métabolisme de nombreux
médicaments. Quant aux IMAO anciens, ils inhibent également des
systemes enzymatiques autres que la MAO tels les estérases mono-
oxygénases et systémes microsomiaux hépatiques responsables de
nombreuses contre-indications médicamenteuses.

Apport thérapeutique

Comme nous venons de le voir au chapitre précédent, les IMAO-A
englobent une classe thérapeutique utilisée principalement pour leur
propriétés antidépressives. Un des principaux avantages de cette
nouvelle classe d'IMAO sélectifs et réversibles est la diminution des
effets secondaires tels que les accidents cardio-vasculaires par
ingestion concomittante de tyramine ou hépatiques en cas de
surdosage.
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Il en résulte une meilleure observance pour le malade et une utilisation
moins restrictive du médicament thérapeutique contrairement a
I'ancienne génération.

Les différentes propriétés citées respectent l'activité antidépressive et
stimulante décrite depuis l'origine et constituent les étapes de décou-
verte successive de nouvelles générations d'IMAO sélectifs et
irréversibles puis réversibles. Cette derniere génération a permis un
regain d'intérét de la classe thérapeutique des IMAO. C'est ainsi que
sont nés les IMAO sélectifs et réversibles de la forme A de I'enzyme
avec la brofaromine (CGP 11305 A) (222, 228-233), la cimoxatone (MD

780515) (234-236), le toloxatone (Humoryl® (236-238), I'amiflamine
(FLA 336) (240) et le moclobémide (RO 11-1163) (241-247) assurant
par leur courte durée d'action une aisance de manipulation sur le plan
thérapeutique (248). Les nouveaux IMAO-A réversibles ont permis par
leurs nouvelles propriétés de créer un nouveau concept d'IMAO appelé
"RIMA" (249-252), A ce jour parmi les représentants de cette classe, le
moclobémide est une des molécules les plus étudiées, bouleversant par
leur nouvelle approche les théories pharmacologiques traditionnelles
sur les IMAO. Ainsi, nous avons consacré ce travail a la molécule de
moclobémide en développant son profil pharmacocinétique.



2.3.

2.3.1.

-32-

Propriétés du moclobémide

Propriétés physico-chimiques

Le principe actif de moclobémide est le p-chloro-N-(2 morpholinoéthyl-)
benzamide comme l'indique la fig. 8 dont la masse moléculaire est de
268,7.

Cette molécule a les propriétés d'un acide faible de pKa = 6.3. C'est un
composé fortement lipophile avec un coefficient de partage n-
octanol/eau de 40, a pH 7.4 (22° C). Il est également fortement soluble
en milieu acide (2,6 g/100 ml de liquide gastrique artificiel de pH 1.2 a
37° Q).

Toutes ces caractéristiques laissent prévoir une absorption complete
aprés administration orale et un passage rapide a travers la barriere
hématoencéphalique.

Fig. 8 Structure de la molécule de:
Nom de recherche: RO 11-1163
Nom chimique: Moclobémide

Spécialités: AURORIX® MOCLAMINE®
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Métabolisme

Bilan d'excrétion

Apres administration orale de 50 mg de moclobémide, 95 % de la dose
sont excrétés dans l'urine dans l'intervalle de 96 h de collecte, dont

92 % durant les douze premieres heures. Les quantités totales
retrouvées dans l'urine et les faeces sont de 100 %. Avant excrétion, le
moclobémide est pratiquement entierement métabolisé. Seuls 0,4 % de
la dose sont retrouvés intacts dans l'urine.

Métabolites du moclobémide dans l'urine
Les différentes voies métaboliques ont été intensément étudiées par
plusieurs équipes (253).

Une multitude de métabolites du moclobémide est formée lors du
catabolisme de la molécule (Tableau IX). Quatre groupes distincts de
composeés ont pu étre identifiés: composés acides (49 % de la dose),
neutres (8 % de la dose), basiques (2 % de la dose) et N-oxide (4.5 %
de la dose).

Un total de 19 produits de dégradation ont été identifiés. La cascade
métabolique semble initiée par quatre réactions d'oxydation primaire:
I'oxydation morpholine, la désamination, la N-oxydation morpholine et
I'nydroxylation aromatique (Fig. 9). Quantitativement les produits
d'oxydation du noyau morpholine sont prépondérants.

Les principaux composés excrétés dans l'urine (M8, M7A, M9) sont des
acides carboxyliques correspondant a 49 % de la dose administrée.

Métabolites du moclobémide dans le plasma

Aprés administration orale de 50 mg de moclobémide radioactif (14 C),
on peut constater qu'une grande partie de la radioactivité ne peut étre
attribuée a la substance inchangée.

Les métabolites retrouvés dans le plasma sont qualitativement
similaires a ceux de l'urine. Parmi les métabolites identifiés dans le
plasma se trouvent les métabolites principaux urinaires, les acides M8,
M7A, M9, M4 et des traces du N-oxyde M5 (Fig. 9). Le métabolite
principal est le dérivé Lactam M15 qui représente moins de 1 % dans
l'urine.

Le métabolisme du moclobémide chez I'homme se fait principalement
par oxydation du noyau morpholine. Ce dernier semble étre une étape
intermédiaire dans la cascade métabolique (Fig. 9 - Formation de M15
et M7A) suivi d'une nouvelle oxydation et ouverture du noyau.
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Figure 9: Catabolisme du moclobémide chez 'Homme
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Comparaison quantitative et excrétion du moclobémide et métabolites
chez I'animal et I'Homme.(254).

% de la dose excrétée

Codes Structure chimique chien | Homme
Identification Rat
1 2 3 urine bile
; H
N-Oxides (u) I VY
CI—Q—C—N—CHZ—CHJ.—‘NUO
M5 Ro 12-5637 132 0.12 7.0% 3.5
P
M6 01—@— C—N—CH,~ CH?—-JN)EO 1.0%
OH
Composés neutres &
H
' ol
. m-Q—C—N—CH?—CHz—N 0
M10 K1 . 3.0"
o} o)
M11 Il o 12
C'—@—C~N—CH2—CH,—N 0
HO " oH
Q
|O| :‘ ,C-CH;0H -
Mi2 CI-@—C—N—CH_.—CH;—N_ e
Ro 16-7722 "
0
0 H
T b
M13 St u-@c—N—CHQ—CHa—N\_(o 22)
OH
O H o
T P
M14 CI—©~C—N-—CH3—CH?—N>—JO 1"
HO
P 0?'—\ 0.5% 0.12 <0.2% <12
M15 CI—Q—C——N—CH;—CHE-—NUO
Ro 12-8095
O H O OH
T »—~ 12
M8 CI—QC-—N—-CH;—CH;-—Nuo
0
& I
M17 I #H 12)
ol C—N—CH,—CH,=N_
Ro 16-9788  CHz—CH.OH
&
M18 o C~CH,0H -
CI@C—N—-CH;—CHE—N_
CH, — CH,0H

1) Conjugué principalement

2) Principalement non conjugué
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Tableau IX: Comparaison quantitative et excrétion du moclobémide et métabolites

(suite) chez I'animal et 'Homme. (254).
| e ”
Codes % de la dose excrétée
Identification Structure chimique Rat Chien | Homme
1 2 3 | urine bile
Composés basiques ,
I 7 g
(}%CDFCwN—Cw—Oﬁ~ﬂ_P
2) 2) 2) 2)
MO i AR 1.4 1.1 3.0 <1
M1 P R 0.6 2" <12
m—<:>—c—n—cm—cw-m 0
Nt
2 n _ CH=CH,OH
M2 u@c-n—cm—wrn <12
. ™ CHp—CH,OH
Ro 16-5381
0 ?
I
M3 Cl‘Q-C—N*CHe—CH?"NﬁO 0.25" 1.7 <2" <1
N
HO
Ro 18-5075
O H H
| ’
M4 S2 CI@-C—-N—CH —CH=N_ 2) 2) 2) 2)
. T 8.4 4.0 22 2
Ro 16-3177
Composés acides
M7 54
ﬁ Ti  CH,—COOH
o—< >—C—N—cm—cw—q
M7A CH,— CH,OH 0 11
ring opened form of Ro 17-4527
7 0 HO—C — 2.79
CIO—C—N—CH —CH;—NH © - 2
M78 - i avec 7A| < g avec 7A
ring opened form of Ro 12-8095
= <
0O H ]
o ,C—COOH
M CIOC—N~CH —CH,—N_ traces <1.8% 2)
8 S3 o CH,— CH,OH o
ring opened form of Ro 16-3220
? H
| |
M9 c:-@—c-—w— CH,— COOH 15 0.6% 262 72)
Ro 11-1903
? 'I* H
| s
cl C—N—CH,—CH,—N_ 1.02 2) 9
@* — 2 traces”
Ro 16-7242

1) Conjugué principalement

2) Principalement non conjugué
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Toxicité

Des études de toxicité aigué, sub-aigué et chronique chez le rat et le
chien sont incluses dans |'évaluation de la tolérance de moclobémide.
La DL50, apres administration orale chez le rat, est de 1000 a 2000
mg/kg.

Les études de toxicité, apres administration orale répétée (resp. 12 et
18 mois chez le chien et le rat) montrent que la dose la plus élevée
testée (125 mg/kg/jour chez le chien et 250 mg/kg/jour chez le rat) n'a
aucun effet toxique majeur sur le foie. Le moclobémide semble dénué
d'hépatoxicité (255).

Les études de cancérogénese chez la souris et le rat montrent que le
moclobémide n'est pas cancérigéne. Les études sur la reproduction
chez le rat et le lapin n'indiquent aucune foetotoxicité, ni effet
tératogéne, de méme il n'a aucun effet sur la fécondité.



2.3.4.
2.3.4.1.

=98 =

Clinique

Efficacité

Le tableau X résume les caractéristiques de 4 études principales
contrélées a double-insu avec placebo ayant pour but de démontrer
I'efficacité du moclobémide en tant qu'antidépresseur et sa tolérance
(256).

Parmi ces études multicentriques I'une d'entre-elle est conduite sur 490
patients. Nous nous concentrerons sur les résultats de cette étude dont
I'effectif dépasse largement celui des trois autres études menées chez
34 a 44 patients. De plus sa méthodologie est voisine de celle des
études comparatives a double-insu menées avec des antidépresseurs
tricycliques (257).

Tableau X - Etudes cliniques comparatives du moclobémide avec
placebo.

Nombre de Nombre de Autres Durée du
patients sous | patients sous aroupes traitement
moclobémide placebo

Amérique 164 162 Imipramine 6 semaines
latine (257) (N=164)
Danemark 22 18 Clomipramine | 6 semaines
(260) (N=21)
ltalie (258) 18 16 - 4 semaines
Belgique (259) 23 21 - 4 semaines

Méthodologie

C'est une étude prospective a double-insu, comparative et randomisée,
menée chez des patients répartis en trois groupes et recevant soit du
moclobémide, de l'imipramine ou un placebo.

L'évaluation de la dépression du patient se fait selon les criteres du
DSM lIl. La gravité du syndrome dépressif doit étre au moins modérée
et le score sur I'échelle de dépression de Hamilton (EDH) (21 criteres)
est d'au moins 17 points avant I'étude.

Les doses de moclobémide administrées sont de 3 x 100 mg les 5
premiérs jours, puis 3 x 200 mg jusqu'a la fin de l'étude.

Résultats

La figure 10 montre I'évolution chronologique du score total sur I'EDH
(17 critéres). Ce score diminue de fagon paralléle dans les groupes
moclobémide et imipramine avec une distinction du placebo des le
14éme jour.

Aucune différence significative entre les groupes moclobémide et
imipramine n'est obtenue, par contre, une différence significative existe
entre les groupes moclobémide et placebo.
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Echelle de Hamilton
(EDH)
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Avant 3 7 14 2 28

Jour de traitement

Figure 10: Score total sur I'EDH (17 critéres) moyen + ETM.
Etude multicentrique latino-américaine. (257)
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Comparaison avec des antidépresseurs de référence

Parmi les nombreuses études cliniques comparatives du moclobémide
avec l'imipramine (258), désipramine (259) clomipramine (260) et
amitryptiline (261), la plus importante semble étre celle menée chez
378 patients avec moclobémidé et imipramine pendant quatre
semaines.

Les résultats présentés a la figure 11 montrent que l'efficacité des deux
composés est similaire.

Echelle de Hamilton
(EDH)

35 -

moclobémide

30

----- imipramine

25

0 1 | I I
Avant 3 7 14 21 28 42

Jour de traitement

Figure 11 : Score total sur I'EDH (17 critéres) moyen + ETM.
Etude multicentrique autrichienne. (258)
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Tolérance

Le tableau Xl liste les symptdomes observés au cours des études en
double insu avec le moclobémide ou des antidépresseurs de référence
chez plus de 5 % des patients. Les effets anticholinergiques typiques
(sécheresse buccale, tremblement, hypersudation, constipation et
vision floue) sont deux fois plus fréquents avec les antidépresseurs
tricycliques qu'avec le moclobémide (différence significative).
L'insomnie et les céphalées sont les effets indésirables les plus
fréquents sous moclobémide (différence statistiquement non
significative dans les deux cas) (256, 266).

Contrairement aux tricycliques, aucun effet tachycardisant systématique
n'apparait au cours des études cliniques avec moclobémide.

Aucune hypotension orthostatique importante du type de celle observée
avec les IMAO irréversibles n'est observée.

Aucune interaction directe avec la tyramine n'a pu étre mise en
évidence parmi les rares cas d'hypertension au cours des études
cliniques. Les résultats cliniques confirment ceux des études de
pharmacologie humaine indiquant qu'un régime restrictif en tyramine
n'est pas nécessaire durant un traitement avec moclobémide. Il est
toutefois conseillé aux patients de ne pas ingérer des quantités
importantes d'aliments riches en tyramine et de prendre le
moclobémide en fin de repas (262-264).

Les résultats des analyses biologiques au cours des études n'indiquent
aucune altération de la fonction hépatique.

En résumé, l'efficacité du moclobémide en tant qu'antidépresseur est
comparable a celle des antidépresseurs tricycliques dans le traitement
de diverses formes de dépression. Elle est notamment manifeste dans
le traitement des dépressions endogénes. La tolérance du moclobé-
mide ne se différencie pas de celle d'un placebo et est supérieure a cel-
le des antidépresseurs tricycliques. |l n'exerce aucun effet sédatif, de
méme qu'aucune cardiotoxicité et effets anticholinergiques n'ont été
démontrés.
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Tableau XI: Manifestations indésirables survenues chez au moins
5 % des patients lors des études a double-insu com-
parant le moclobémide a des antidépreseurs tricy-
cliques

Moclo- atc atc/
Manifestations bémide (n=681) moclobémide Signification*
indésirables (n=694) % Rapport
%

Sécheresse 14,0 39,5 2,8 S

buccale

Tremblement 45 11,9 2,6 S

Hypersudation 43 11,2 2,6 S

Vertiges 7.8 12,3 1,6 <0,005 NS **

Constipation 3,7 11,5 3,1 S

Insomnie 6,6 54 0,8 NS

Fatigue 6,6 6,8 1,0 NS

Céphalées 9,1 6,6 0,7 NS

Somnolence 3,3 6,5 2,0 <0,008 NS**

Nervosité 3,6 4.8 1,3 NS

Vision floue 29 6,2 2.1 <0,003

<0,048 ** S

Palpitations 52 5,1 1,0 NS

* Test exact de Fischer
* Valeur de P corrigée selon Bonferoni

atc = antidépresseurs tricycliques
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Pharmacocinétique humaine
Disposition du moclobémide lors:

Etude |
Pharmacocinétique a doses multiples du moclobémide chez le
volontaire sain durant un traitement chronique

But

Cette étude est réalisée afin de pouvoir évaluer les parameétres de
résorption et de disposition du moclobémide chez le volontaire sain
pendant un traitement chronique. Une dose unique de 150 mg de
moclobémide (RO 11-1163/004) a été administrée par voie I.V. une
semaine avant et aprés 15 jours d'un traitement chronique oral de
moclobémide (100 mg t.i.d. RO 11-1163/017) afin de pouvoir évaluer
les variations éventuelles de la clairance, du volume de distribution, du
temps de demi-vie et de la biodisponibilité.

Matériel et méthodes

Les concentrations plasmatiques du moclobémide et des métabolites
sont dosées par une méthode CLHP (267) a détection U.V. (240 nm).
Durant un traitement oral chronique avec moclobémide douze sujets
sains males, non fumeurs, agés de 21 a 34 ans, ont ingéré 3 fois par
jour 100 mg de moclobémide pendant 15 jours (jours 8 a 22), a
intervalle de 6,6 et 12 heures. Aux jours 1 et 24 de I'étude une perfusion
de 150 mg est administrée durant 20 minutes.

En résumé, les échantillons a doser contenant un standard interne sont
extraits du plasma baséifié (pH 11) a l'aide de dichlorométhane avec un
rendement supérieur a 70 %. Les échantillons sont élués a travers une
colonne remplie d'une phase hexyl Spherisorb 5 um, a l'aide d'une
phase mobile constituée d'acétonitrile, d'un tampon aqueux phosphate
en proportion v/v 50:220 a pH 3,9 et a la vitesse de 1,5 ml/min.

Les limites de quantification pour le moclobémide et ses métabolites
dans le plasma vont de 20 a 30 ng/ul avec un volume d'échantillon de
0,5 ml. Sur tout l'intervalle de dosage il existe une relation linéaire entre
les concentrations et les rapports des hauteurs de pic des composés a
doser. La précision inter-essai de la méthode calculée a partir de
dosages répétées de contrdles de qualité (blancs) a différents jours est
excellente avec un coefficient de variation pour moclobémide < 8 %
entre 50 - 1500 ng/ml pour RO 12-5637, < 6 % entre 50 - 1500 ng/ml
pour RO 12-8095, 14 % a 50 ng/ml et < 7 % entre 200 - 1000 ng/ml.

La stabilité des échantillons pendant 24 h a température ambiante

(£ 20 ° C) apres 6 et 9 mois de stockage a -20 ° C a été testée. Aucune
chute de concentration significative (> 10 %) n'a pu étre détectée.

Les paramétres pharmacocinétiques définissant le déclin des concen-
trations plasmatiques, en fonction du temps, ont été analysés en
utilisant la méthode modéle indépendant.

Résultats et discussion

Les résultats des concentrations plasmatiques, en fonction du temps de
moclobémide administré ou perfusion I.V. et, en traitement chronique
oral, sont dans la majorité des cas suffisamment complets pour
permettre d'évaluer la disposition du médicament. Le traitement oral
avec le moclobémide a été réalisé durant une période suffisamment
longue (15 jours) pour permettre d'atteindre I'état d'équilibre.
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En revanche, la durée des prélevements sanguins n'est pas suffisante
pour permettre de caractériser la disposition des deux métabolites du
moclobémide dosés, RO 12-8095 et RO 12-5637. Cette constatation
apparait lors de I'examen des profils des concentrations plasmatiques
en fonction du temps qui indiquent que les métabolites sont éliminés
plus lentement gu'ils ne sont formés. Une autre possibilité est que la
partie terminale de la courbe d'élimination n'ayant pas été mesurée, les
metabolites peuvent étre formés et/ou distribués relativement
lentement. Enfin, la derniére hypothése est qu'avec des temps de
prélevement suffisamment longs, les profils des métabolites seraient
paralléles a ceux du moclobémide.

Le dosage des concentrations plasmatiques du moclobémide en
fonction du temps aprés administration I.V. et orale indique clairement
des variations dépendantes du temps dans la disposition du
moclobémide entre le traitement aigu et chronique. L'AUC augmente de
fagon significative comme consequence d'une réduction de la clairance
systémique en comparant les données obtenues a partir de la 1ére
perfusion I.V. (jour 1) a celles obtenues a partir de la 2éme perfusion
l.V. (jour 24). En paralléle on observe une augmentation du temps de
demi-vie qui est plus le reflet d'une altération de I'élimination que du
volume de distribution, car ce dernier (Vgs) reste constant. Le
médicament étant completement éliminé par métabolisme hépatique, la
diminution de la clairance systémique signe une variation de la
clairance hépatique. Ces résultats refletent une clairance métabolique
réduite, ainsi le métabolisme du moclobémide est affecté durant un
traitement chronique. La clairance rénale reste inchangée entre la
premiere et la deuxieme perfusion I.V. 2,6 £ 1,9 et 24 + 2,8 ml/min
respectivement.

Les résultats obtenus a partir du traitement oral a I'état d'équilibre sont
en accord avec les résultats obtenus a partir de la voie I.V.. Les
concentrations plasmatiques de moclobémide, les AUC et T 1/2
augmentent alors que la clairance orale décroit durant la premiére
semaine de traitement puis reste constante durant la 2éme semaine.
Cette diminution de la clairance a comme conséquence une
accumulation de médicament plus importante que celle prévue durant
le traitement chronique oral en se basant sur la comparaison des
valeurs de concentrations plasmatiques a I'état d'équilibre ou des AUC
de la 2eme et 1ere semaine (Tableau XIlI)

Le moclobémide est rapidement résorbé aprés traitement oral (T max =
0,75 h). Cette résorption reste inchangée malgré la variation de la
clairance. Par contre, la biodisponibilité absolue augmente entre la
premiere dose et apres des doses multiples. La faible biodisponibilité a
dose unique observée dans cette étude ainsi que précédemment (3)
semble étre le reflet d'une importante élimination présystémique,
sGrement un effet de premier passage hépatique, car I'extraction
hépatique est importante. Le médicament semble étre complétement
absorbé a partir du tractus gastro-intestinal, en se basant sur la bonne
corrélation existant entre la biodisponibilité systémique observée et
attendue. En supposant une résorption compléte, un débit sanguin
hépatique de 90 L/hr et un coefficient de partage sang/plasma de 1,0, la
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biodisponibilité systémique attendue a partir des données 1.V. (jour 1,
avant traitement chronique) est de 0,56 + 0,06 comparé a la valeur
moyenne observée (jour 8 premiere dose orale avant traitement
chronique et jour 1 perfusion I.V.) de 0,55 + 0,20. Une bonne corrélation
est également observée entre la biodisponibilité systémique attendue
basée sur la premiére dose orale (jour 8), 0,54 + 0,11 et les valeurs
observées 0,55 + 0,20.

Au contraire, la biodisponibilité systémique attendue basée sur la
seconde dose I|.V. (jour 24), 0,68 + 0,04 est inférieure a la valeur
observée a |'état d'équilibre (moyenne des jours 15 et 22) 0,87 + 0,16.
La méme sous-estimation est faite pour la voie orale (jours 15 et 22)
avec une biodisponibilité de 0,73 + 0,05 comparée aux valeurs
observées 0,87 = 0,16. Ces disparités sont en réalité faibles car les
valeurs obtenues sont supérieures a celles attendues, la clairance
ayant varié au cours du traitement oral entre les jours 15 et 22 et la
dose I.V. (jour 24). Si la clairance réduite aprés doses multiples revient
a sa valeur de base (entre jour 22 et 24), on observe une diminution de
I'AUC L.V. et une surestimation de la biodisponibilité observée (AUC
oral/AUC 1.V.). Alternativement, I'hypothése d'une cinétique de 1er
ordre et flux sanguin hépatique inchangé, ou autres sites de
métabolisme pré-systémique, peut également expliquer les résultats
obtenus.

Dans tous les cas, la biodisponibilité augmentée a I'état d'équilibre
comparée a celle observée apres une dose unique est en accord avec
une clairance hépatique et un taux d'extraction réduit. Le mécanisme
exact de cet effet et la réduction de la clairance I.V. notée aprés un
traitement chronique (jour 24) ne sont pas connus actuellement. Il y a
deux hypothéses possibles: Le moclobémide inhibe son propre
métabolisme ou le métabolisme du moclobémide est inhibé par un ou
plusieurs de ses métabolites. A noter que les limites étendues des
parametres et leur grande variabilité peuvent également expliquer, au
moins en partie, les résultats obtenus.

En résumé, la pharmacocinétique du moclobémide a été étudiée apres
un traitement chronique oral a I'état d'équilibre. Le traitement chronique
est précedeé et suivi d'une perfusion |.V. de moclobémide. L'analyse des
concentrations plasmatiques en fonction du temps indique une
réduction des clairances systémiques et orales, une augmentation de la
biodisponibilité systémique avec comme conséquence une
accumulation du moclobémide plus élevée a I'état d'équilibre que celle
attendue. Le métabolisme du moclobémide est inhibé aprés doses
multiples par un meécanisme inconnu qui pourrait impliquer une
réduction de la clairance hépatique par le composé ou le(s)
métabolite(s). La diminution de la clairance du moclobémide et
l'augmentation des concentrations a |'état d'équilibre ne devraient
entrainer que des conséquences cliniques minimes. Le médicament
montre une bonne tolérance et les ajustements des doses, pour
atteindre la zone de réponse thérapeutique souhaitée, peuvent étre
effectués entre le 10éme et le 14éme jour qui suivent le début du
traitement.
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Tableau XII:
Parameétres pharmacocinétiques du moclobémide aprés:

- Administration intraveineuse avant (A) et aprés (B) un traitement oral
chronique

Moclobémide
Paramétres A B
T1/2 (h) 1.60 2.00
Clg (L/h) 39.4 29.1
Vss (L) 84.3 80.7

- Traitement oral chronique, jours 1, 8 et 15:

Moclobémide

Jours / 1 8 15
Paramétres
Clp (L/h) 83.6 35.6 33.8

Fobs 0.56 0.86 0.90
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Etude Il
Pharmacocinétique du moclobémide (RO 11-1163) dans une étude
de tolérance a doses orales croissantes chez le volontaire sain

But

La pharmacocinétique du moclobémide et de deux de ses métabolites
RO 12-5637 et RO 12-8095 sont étudiés aprés administration orale de
100, 200, 400, 800 et 1200 mg de moclobémide en comprimés & 12
volontaires sains, dans une étude en double aveugle randomisée. Le
but de cette étude est de tester la tolérance subjective et objective, la
résorption et les parameétres de disposition du moclobémide chez le
volontaire sain aprés des doses orales croissantes, ainsi que le profil
pharmacodynamique des effets secondaires aprées I'administration de
différentes doses de moclobémide en comparaison avec le placebo. Ce
rapport ne décrit que la partie pharmacocinétique de I'étude. L'étude est
menée selon le protocole PK 4615 en annexe.

Matériel et méthodes

Dans une étude de tolérance en double aveugle randomisée, une dose
orale de 100, 200, 400 800 et 1200 mg de moclobémide a été
administrée a quatorze volontaires males, non fumeurs, agés de 20 a
34 ans. Le protocole est divisé en deux études. L'étude a comprend 6
sujets dont 4 regoivent a 3 occasions des doses de 100, 200 et 400 mg
et deux du placebo. L'étude b englobe 8 sujets auxquels sont admi-
nistrés des doses de 800 mg (6 vrais - 2 placebos) et 1200 mg (4 vrais -
2 placebos). Deux sujets ont quitté I'étude apres la dose de 800 mg.

Les parametres pharmacocinétiques définissant le déclin des concen-
trations plasmatiques, en fonction du temps, ont été analysés en
utilisant la méthode modéle indépendant.

Résultats et discussion

Les graphiques des concentrations plasmatiques en fonction du temps
du moclobémide et deux de ces métabolites (RO 12-8095 et RO 12-
5637) sont étudiés sur une période de 24 heures apres administration
de 100, 200 et 400 mg (Etude a) et 800 et 1200 mg (Etude b) de
moclobémide.

Les principaux parametres pharmacocinétiques obtenus dans I'étude a
et b indiquent que la pharmacocinétique du moclobémide est dose
dépendante. Dans I'étude a, la clairance orale de moclobémide est
réduite 1.6 fois (76,0 vs 47,1 L/h; p<0.05) lorsque la dose passe de 100
a 400 mg. Une diminution faible mais statistiquement significative de la
clairance du moclobémide est observée entre les doses de 100 et 200
mg (réduction de 1,2 fois). Elle est accompagnée d'une augmentation
d'un facteur 1,4 du temps de demi-vie (1,25 vs 1,71 h; p<0.05) dans le
plasma. Dans I'étude b, les valeurs de la clairance orale du moclobémi-
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de aprés des doses de 800 et 1200 mg chutent d'un facteur 2.6 et 3.4,
compare aux résultats obtenus aprés une dose de 100 mg.

Tableau Xlll: Effet de la dose sur les paramétres pharma-
cocinétiques du moclobémide (x + % CV) aprés
administration orale

Xl a: 100 - 200 ou 400 mg
Parameétres
Clo AUC AUC! B tip 6
Dose (L/h) (ng.h/ml) (ng.h/ml) (h-1) (h
100mg 76,0 1361 1361 0,553 1,25
(n=4) +21 +22 +22 +22 +21
200mg 62,0 3585 1793 0,440 1,58
(n=4) + 38 + 39 + 39 +33 +37
400mg 47,1 9209 2302 0,405 1,71
(n=4)  +36 + 29 +29 +24 +25
Xl b: 800 ou 1200 mg
Parameétres
Clo AUC AUCT B tio g2
Dose (L/h) (ng.h/ml) (ng.h/ml) (h-1) (h)
800mg 28,9 32111 4014 0,253 2,74
(n=6) +53 + 33 + 33 + 21 +22
1200 mg 22,8 55000 4583 0,254 2,73
(n=4)  +24 + 24 + 24 +12 +12

1) Normalisé pour une dose de 100 mg de I'étude a
2) Moyenne harmonique et % CV basé sur la "pseudo” déviation standard

Ces observations indiquent que la pharmacocinétique du moclobémide
est dose dépendante dans l'intervalle de dosage de 100 a 1200 mg
pour le moclobémide (Tableaux Xlll a et b) et apparait, soit durant la
phase de résorption (réduction de l'effet de premier passage hépatique
a hautes doses) et/ou est liée a la clairance systémique dans la phase
"post-résorption”. Bien que cet effet soit prononcé en comparant les
doses de 100 et 1200 mg, les conséquences cliniques semblent
minimes aux doses thérapeutiques (100 a 150 mg trois fois par jour).
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Etude Il

Effet de l'alimentation sur la biodisponibilité relative du
moclobémide

But

Le moclobémide est principalement métabolisé au niveau hépatique, sa
clairance systémique est relativement grande (40L/h) et il subit un effet
de premier passage hépatique élevé. L'influence de I'alimentation sur la
biodisponibilité des médicaments a extraction hépatique élevé ayant été
décrite, nous avons étudié l'effet d'un repas sur la résorption et la
disposition du moclobémide.

Matériel et Méthodes

Une dose orale de 100 mg de moclobémide a été administrée, a deux
occasions, a douze volontaires sains agés de 27 a 47 ans. D'une part,
le médicament est administré aprés avoir jené une nuit, le repas étant
servi 4 heures apres la prise de moclobémide. D'autre part, le mé-
dicament est administré aprés une nuit a jen, mais 30 minutes aprées la
prise d'un repas standard consistant en 20 % de protéines, 35 % de
lipides et 45 % de glucides. Un repas pauvre en lipides est servi 4 et 10
heures apres la prise de médicament. Des prélevements sanguins sont
effectués durant 12 heures.

Les parametres pharmacocinétiques définissant le déclin des concen-
trations plasmatiques, en fonction du temps, ont été analysés en
utilisant la méthode modéle indépendant.

Les résultats des concentrations plasmatiques en fonction du temps
sont analysés par une méthode non compartimentale pour obtenir les
parametres pharmacocinétiques et le test statistique de Student

(p<0.05).

Résultats et discussion

Les parametres pharmacocinétiques obtenus apres administration orale
de moclobémide (Tableau XIV) montrent que sa résorption est rapide a
jeun et qu'en présence d'aliments sa vitesse de résorption est
légérement diminuée, ia vaieur moyenne de Tmax est de 0,71 et 1,14 h
avec le repas. Quant aux valeurs de Cpax, €elles restent constantes avec
des valeurs moyennes de 753 ng/ml a jeun et 643 ng/ml apres repas.

Ces observations en présence d'aliments peuvent s'expliquer pour
différentes raisons d'une part, par un retard de la vidange gastrique
avec augmentation du débit sanguin splanchnique d'autre part, par une
diminution de la vitesse de dissolution et ralentissement de la diffusion
du moclobémide vers les sites de résorption. Quant aux valeurs de
Cmax, inchangées en présence d'aliments, elles montrent que le taux de
résorption ne semble pas étre altéré.

Le taux de résorption du moclobémide évalué par les aires sous les
courbes des concentrations plasmatiques en fonction du temps n'est
pas significativement différent avant (1752 ng.h/ml) et aprés repas
(1676 ng.h/ml). La moyenne des quotients des biodisponibilités rela-
tives orales (2VeC repasy, jo ) est de 0,98 avec un coefficient de variation
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(cv) de 15 %. De méme, les valeurs de la clairance orale ne sont pas
influencées par la nourriture avec une valeur de la Cl, (2Ve€C repas/y
jeun) de 0,94 avec un cv de 17 %. Quant au temps de demi-vie aprés
repas, il reste inchangé de 1,60 a 1,77 h. La valeur de Cpay du
métabolite RO 12-8095 reste inchangée en présence de nourriture,
quant a Tma il est retardé apres repas (1.64 h) comparé a jeun (1,27 h).
Ty2 varie de 2,10 & 2,39 h avec le repas. De méme que pour le
moclobémide, 'AUC du RO 12-8095 n'est pas significativement
différente en présence d'aliments. A I'exception de Tmax tous les

rapports (3Vec 'ePas/y jaun) des parametres calculés sont proches de 1.

En résumé, la consommation d'aliments simultanément a l'ingestion de
moclobémide influence sa vitesse de résorption mais n'a pas
d'influence sur son taux de résorption depuis le tractus gastro-intestinal
aprés une prise orale de 100 mg de moclobémide. Les variations
minimes observées sont sans effet sur le traitement avec le
moclobémide. Aussi, la prise concomittante de nourriture ne modifie
pas la biodisponibilité de moclobémide.

Tableau XIV
Parametres pharmacocinétiques du moclobémide et de son

métabolite principal (Moyenne + D.S.)

Moclobémide Métabolite principal

Parametre aijeun Aprés repas aijeun Apres repas

Crmax (ng/ml) 753 301 643 283 565 90 531 117

Tmax (h) 071 0.21 1,14 065 1.27 0.70 164 075

AUC °: (ng.h/ml) | 1676 788 | 1752 788 2587 905 2770 859

T1s2 (h) 160 032 | 177 037 | 210 053 | 239 069

Clo (L/h) 777 513 | 708 375

Aprés une dose orale de 100 mg de moclobémide avant et aprés un repas
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Etude IV

Influence de l'insuffisance rénale sur la pharmacocinétique du
moclobémide (RO 11-1163) et de ses métabolites RO 12-8095 et
RO 12-5637

Objectif

Le but de cette étude est d'étudier l'influence de différents degrés
d'insuffisance rénale sur I'absorption et la disposition du moclobémide
aprés administration orale ainsi que de deux métabolites RO 12-8095 et
RO 12-5637. Le composé a également été administré en L.V. afin de
pouvoir définir les variations des parameétres de disposition. Les
résultats obtenus sont comparés a ceux décrits chez le sujet sain.

Matériel et méthodes

Les caractéristiques pharmacocinétiques de résorption et de disposition
du moclobémide sont étudiées suite a une administration orale d'une
dose de 100 mg et une perfusion I.V. de 96,7 mg a 13 patients (9
hommes, 4 femmes) souffrant de différents degrés d'insuffisance
rénale. Les sujets sont divisés en deux groupes: Groupe | avec une
clairance de la créatinine de 0 a 5 ml/min (patients dialysés) et groupe |
avec une clairance de la créatinine comprise entre 19 et 46 mi/min.
(patients non dialysés)

Les parametres pharmacocinétiques définissant le déclin des
concentrations plasmatiques en fonction du temps sont analysés en
utilisant la méthode modele indépendant.

Reésultats et discussion

Aucune différence n'étant apparue entre les groupes | et Il dans la dis-
position du moclobémide, la valeur moyenne de tous les patients a été
utilisée pour comparer les résultats a ceux d'une étude précédente
(Etude 1) chez des volontaires sains (Tableau XV). A une exception
pres, aucune différence statistiquement significative dans ['absorption et
la disposition du moclobémide n'a été observée en comparant le groupe
des insuffisants rénaux avec les sujets sains. Les valeurs moyennes

(x DS) chez les insuffisants rénaux et sujets sains sont respectivement
de: 40,3 (16,1) vs 39,4 (5,9) L/h pour la clairance systémique, 84,2
(23,6) vs 84,3 (9,3) L pour le volume de distribution a I'équilibre, 1,62
(0,53) vs 1,60 (0,24) h pour le temps de demi-vie; 2,09 (1,16) vs 2,11
(0,37) h pour le temps de présence moyen, 0,58 (0,24) vs 0,55 (0,20)
pour la biodisponibilité absolue orale. Bien qu'il n'y ait pas de différence
dans les concentrations maximales de moclobémide ou de la durée
pour atteindre ces concentrations aprés une dose orale, le temps de
résorption moyen est significativement prolongé chez l'insuffisant rénal
comparé au sujet sain (1,05 vs 0,47 h.). La grande variabilité des
parametres obtenus chez l'insuffisant rénal, comparés a ceux des
sujets sains, peut étre le reflet d'une comédication et/ou d'un intervalle
d'age plus grand dans le groupe des insuffisants rénaux. Aucune
corrélation entre les parameétres de disposition de moclobémide et la
fonction rénale évaluée par la clairance de la créatinine n'a pu étre mis
en évidence.
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Les caractéristiques de disposition du métabolite RO 12-8095 sont en
général bien décrites et en se basant sur le temps de présence moyen
et la constante d'élimination, le métabolite semble étre éliminé plus
rapidement que la substance mére. L'élimination de ce métabolite
semble étre limitée par sa vitesse de formation aprés prise de
moclobémide et aucune différence significative entre l'insuffisant rénal
et le sujet sain n'a pu étre mis en évidence. Aucune corrélation entre les
parameétres de disposition de RO 12-8095 (métabolite principal) et
l'insuffisance rénale évaluée par la clairance de la créatinine n'a été
trouvée. Peu d'informations ont pu étre obtenues pour une autre
métabolite, le RO 12-5637 (dérivé N-oxydé), car ce composé présente
de faibles concentrations durant la durée des prélévements.

Le résultat de cette étude montre qu'il n'est pas nécessaire d'adapter la
posologie du moclobémide chez l'insuffisant rénal, la fonction rénale ne
semble pas influencer les parametres de disposition et d'absorption du
moclobémide. Cette conclusion suppose qu'il existe la méme
corrélation dose-réponse pour les sujets sains et insuffisants rénaux.
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Parametres pharmacocinétiques du moclobémide, des métabolites
RO 12-8095 et RO 12-5637 et histogramme (moyenne + DS)

Voie LV.* Moclobémide

Insuf. rénaux Sains
T12 (h) 1,62 + 053 | 1,60+0,24 **
Cls (L/h) 403 + 161 | 394+59
Vss (L) 842 + 236 | 843+93
MRT (h) 2,09 + 1,16 | 2,11+037

RO 12-8095 RO 12-5637

Insuf. rénaux Sains Insuf. rénaux Sains
CPmax (Mg/L) | 049 + 0,13 | 0,58 + 0,15 | 0,15 + 0,06 | 0.09 + 0,03
Trax (h) 163 + 083 | 1,72 + 068 | 1,66 + 060 | 0,82 + 0,53

*  Dose LV. des patients insuffisants rénaux (96.7 mg) comparés a des sujets sains (Etude 1)

**  Moyenne harmonique et pseudo DS

T1/2 (h)

BZZ2 nsuffisants rénaux:
() Sujets sains:

1

96.7 mg
150 mg

MRT (h)

Vgs (1) -
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Tableau XV (suite)
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Etude V
Influence de l'insuffisance hépatique sur la pharmacocinétique du
moclobémide '

But

La résorption et la disposition du moclobémide et de deux métabolites
sont examinées chez 12 patients atteints d'insuffisance hépatique
chronique (cirrhose) aprées une perfusion |.V. de 90 mg et une dose
orale de 100 mg de moclobémide.

Matériel et Méthodes

Les parametres obtenus sont comparés aux résultats d'une étude
précédente chez 12 sujets sains (Etude 1). La fonction hépatique est
évaluée par la clairance du vert d'indocyanine (ICG) et la clairance de
I'antipyrine (AP) et des analyses biochimiques. Les paramétres
pharmacocinétiques définissant le déclin des concentrations plasma-
tiques, en fonction du temps, ont été analysés en utilisant la méthode
modeéle indépendant.

Résultats et discussion:
Les patients atteints de cirrhose présentent des valeurs moyennes de
clairance ICG et AP de 8.24 L/h et 1.66 L/h respectivement.

Aprés une dose L.V. plusieurs parameétres sont significativement diffé-
rents chez les insuffisants hépatiques comparés aux sujets sains, en
particulier le temps de demi-vie (T1/2), le temps moyen de présence
(MRT), la concentration a la fin de la perfusion (Cinf), la clairance
systémique (Cls) et la phase terminale d'élimination (3) résumés dans le
tableau XVI.

Ainsi, en présence d'une insuffisance hépatique la valeur de Clg est
d'environ 1/3 de celle des sujets sains, Tq/2 est prolongé par un facteur
d'environ 2.4 et MRT est augmenté par un facteur >3. Tous ces
parametres ont des variations interindividuelles nettement supérieures
a celles observées chez le sujet sain. Aucune différence du volume de
distribution (Vss) ou clairance rénale (Cl,) n'est relevée. Ces résultats
sont le reflet d'une perturbation du métabolisme dans l'insuffisance
hépatique, ce qui n'est pas surprenant car la Cls élevée du
moclobémide signe un métabolisme hépatique prépondérant. Une
bonne corrélation entre les valeurs de Clg pour moclobémide, d'une
part, et les valeurs de clairance ICG et AP, d'autre part, est observée.

Aprés une administrale orale, la clairance orale apparente Cl, du
moclobémide est significativement diminuée chez les patients
insuffisants hépatiques avec des valeurs de concentrations
plasmatiques maximales (Cmax) et de biodisponibilité orale
augmentées. (Tableau XVI). Comme pour la voie I.V., une bonne
corrélation entre les valeurs de clairance orale apparente et celles des
clairances ICG et AP est observée.

Ainsi, aprés un traitement oral, on peut s'attendre a une accumulation
de moclobémide supérieure chez le patient souffrant d'insuffisance
hépatique par rapport au sujet sain. C'est pourquoi, lors d'une
insuffisance hépatique chronique, la posologie doit étre réduite
d'environ un quart a un tiers afin d'atteindre les concentrations de
moclobémide comparables a celles du sujet sain. L'intervalle d'admi-
nistration peut également étre espacé du fait de l'allongement du T12.
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Tableau XVI Comparaison statistique des parametres de disposition du
moclobémide chez les sujets insuffisants hépatiques et sujets

sains

XVI a: voie L.V.

Parametres Insuffisants hépatiques Sujets sains 1 p 2
Clg (1/h)
moyenne (%ocv.) | 146 (77) 39.4 (15)
limites (n) 4.0 - 39.1 (9) 30.7 - 48.1 (11) <0.001
B (h-1)
moyenne (% c.v.) 0.179 (64) 0.432 (15) < 0.001
limites (n) 0.064 -0.392 ( 9) 0.296 -0.514 (11)
t1/2 ()
moyenne (% c.v.) 3.87 (68) 1.60 (15) <0.005
limites (n) 1.77-10.83 (9) 1.35-2.34 (11)
Vss (L)
moyenne (% c.v.) 75.7 (53) 84.3 (11) ns
limites (n) 27.0-1654 (9 63.4 - 98.0 (11)
MRT (H)
moyenne (% c.v.) 7.21 (68) 2.19 (21) < 0.005
limites (n) 222-1537 (9) 1.68-3.14 (11)
Clp (I1/h)
moyenne (% c.v.) 0.152 (33) 0.160 (70) ns
limites (n) 0.066-0.198 ( 8) 0.040-0.433 (12
Conc. a lafinde la
perfusion
(ng/ml)
moyenne (% C.V.) 2217 (36) 1148 (36) 3 < 0.001
limites (n) 377 - 3371 (12) 599 - 2268 (12) 3

1)  Résultats obtenus de I'étude 1
2)  Test de Student; ns = non significatif (e< = 0.05)
3) Ces valeurs sont ajustées a la différence de dose (90 mg/150 mg)
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XVI b: voie orale

Parametres Insuffisants hépatiques Sujets sains 1 p 2
Cmax (ng/mi)
moyenne (% c.v.) 1607 (42) 549 (39)
limites (n) 577-2959 (12 220 - 917 (11) < 0,001
Tmax (h)
moyenne (% c.v.) 0,87 (54) 0,95 (57) ns
limites (n) 0,28 - 2,00 (12) 0,50 - 2,00 (11)
B (1)
moyenne (% cC.v.) 0,173 (64) 0,480 (25) < 0,001
limites (n) 0,057-0,393 ( 9) 0,326-0,667 (11)
t1/2 (h)
moyenne (% c.v.) 4,00 (70) 1.44 (25) < 0,001
limites (n) 1,76-12,16  ( 9) 1.04-2.13 (11)
AUC? (ng.h/ml)
moyenne (% cC.v.) 8864 (71) 1454 (43) < 0,001
limites 1692 - 19760 587 - 2380
Clp (I/h)
moyenne (Cyo C.V.) 20,1 6 (88) 83,6 (49) < 0,005
limites (n) 5,06 - 59,10 ( 9) 42,0-170,4 (1 1)
MAT (h)
moyenne (% c.v.) 1,16 (45) 0,47 (79) < 0,005
limites ) 065-2,15 ( 6) 0,0 - 1,03 (12)
4 3
moyenne (% C.v.) 0,86 (29) 0,55 (37) <0,02
limites (n) 0,33-1,10 (9 0,26 - 0,91 (11) 8

1)  Résultats obtenus de I'étude 1
2) Test de Student; ns = non significatif (< = 0.05)
3) Ces valeurs sont ajustées a la différence de dose (90 mg/150 mg)
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Etude VI
Pharmacocinétique du moclobémide chez le sujet jeune et 4gé
apreés une dose I.V. et orale en aigué chronique

But
Evaluer l'influence de I'age avancé sur la pharmacocinétique du
moclobémide.

Matériel et Méthodes

Les caractéristiques de résorption et disposition du moclobémide sont
examinés chez 14 sujets sains agés (65 - 77 ans) et 6 sujets sains
jeunes (22 - 28 ans). Une dose |.V. de 75 mg de moclobémide est
administrée avant et apres un traitement oral chronique de 15 jours de
100 mg, trois fois par jour.

Les parameétres pharmacocinétiques définissant le déclin des concen-
trations plasmatiques, en fonction du temps, ont été analysés en
utilisant la méthode modéle indépendant.

Résultats et discussion

Les résultats de I'étude ne sont que partiels car les données obtenues,
aprés administration intraveineuse avant et aprés le traitement oral
chronique de moclobémide, n'ont pu étre analysées. Il en résulte que
les parameétres obtenus, aprés administration L.V., sont limités a deux
groupes de 5 sujets jeunes et agés ayant recu une nouvelle dose 1.V.
apres la fin de |'étude. A noter qu'aprés administration L.V. les
parameétres de disposition du moclobémide tels que clairance, temps de
demi-vie, volume de distribution et temps de présence moyen ne sont
pas significativement différents entre les 2 groupes de sujets. De
méme, aucune différence significative entre les 2 groupes n'est
observée dans la disposition du métabolite RO 12-8095 (Tableau XVII).

Apres la premiére prise orale, la valeur du Cpax des sujets agés est
augmenté de facon significative avec en paralléle une clairance orale
apparente diminuée. Aucune différence entre les deux groupes n'est
relevée pour les parametres tels que le temps pour atteindre la
concentration maximale, le temps de demi-vie, le temps de résorption
moyen et la biodisponibilité orale absolue (Tableau XVII a). A I'état
d'équilibre aux jours 15 et 22 les concentrations plasmatiques
maximales sont semblables dans les deux groupes.

A la fin de la premiere semaine de traitement chronique, la clairance
orale reste significativement supérieure chez le sujet jeune, mais cette
différence devient non significative a la fin de la deuxieme semaine de
traitement.

Tous les autres parametres, y compris les concentrations plasmatiques
maximales sont semblables dans les deux groupes, de méme que la
valeur moyenne des concentrations minimales a I'état d'équilibre pour
le moclobémide (Tableau XVII b) et son métabolite RO 12-8095 n'est
pas différente entre les deux groupes.

Ces résultats indiquent qu'il ne semble pas nécessaire d'adapter la
posologie du moclobémide lors du traitement des sujets agés, afin
d'obtenir des concentrations similaires a celles des sujets jeunes.

Dans les deux groupes, une différence significative de la clairance orale
et de temps de demi-vie du moclobémide, aprées traitement chronique,
est apparue en comparaison des valeurs obtenues aprés la premiére do-
se. Le méme résultat de clairance diminuée et de demi-vie prolongée a
été observé dans une étude précédente chez 12 sujets jeunes (Etude I).



Tableau XVII:

Parameétres de disposition du moclobémide chez le sujet jeune et age

XVl a Perfusion i.v. de 75 mg de moclobémide
. a B Tir2 AUC* AUMC= CLs Vss
Sujet Age CT h-1 h ng.h/ml ng.h2/ml L/h L MRT
ng/mi h
Moyenne 71 1372 0,425 1,63 ¢ 2262 5307 36,3 72,8 2,10
+% c.v. 45 49,6 30,6 30,6 32,3 49,9 33,9 25,0 27,8
Médiane 69 1169 0,416 1,67 2319 5826 32,3 75,9 1,88
Limites 68-75 664-2461 0,257-0,563 [ 1,23-2,69 1505-3040 |2576-9188 | 24,7-49,8 43,5-93,7 1,51-2,99
Moyenne 29 1399 0,527 1,31¢ 1717 3248 45,3 71,6 1,65
+% c.v. 14.1 20,0 30,0 29,9 22,1 47,3 21,0 249 33,9
Médiane 29 1394 0,581 1,19 1695 3222 44,3 66,7 1,61
Limites 22-33 991-1748 0,359-0,698 | 0,99-1,93 1296-2298 | 1591-5272 | 32,6-57,9 57,9-102,3 | 1,06-2,31
p < 0.05 ns ns ns ns ns ns ns ns
a cr = concentration a la fin de la perfusion
b MRT = Temps de présence moyen
c = moyenne harmonique
d = Comparaison statistique (T. de student) p<0.05
ns = non significatif
XVil b Dose orale de 100 mg de moclobémide
Crmax Tmax B T2 AUC* AUMC®® a  Clo

Sujet Age ng/ml h h-1 h ng.h/ml ng.h2/ml MﬁtT Lh F
Moyenne 70 592 0,93 0,441 157 C 2269 6768 0,58 52,0 0,63
+%c.v. 6.1 29,8 51,0 246 24,3 43,9 69,1 51,3 40,6 28,6
Médiane 71 840 0,15 0,435 1,60 2142 5527 0,72 46,7 0,66
Limites 65-77 435-1313 0,50-2,00 | 0,202-0,627 | 1 11-2,65 1156-4673 2562-20673 | 0,23-0,86 21,4-86,5 0,36-0,79
Moyenne 29 608 0,92 0,509 1,36 © 1482 4408 1,16 79,1 0,66
* % c.v. 12.9 25,8 61,2 33,4 33,3 47,7 83,2 42,9 37,2 38,3
Médiane 30 584 0,75 0,537 1,29 1075 2475 1.13 93,2 0,63
Limites 22-33 428-807 0,50-2,00 |0,311-0,722 | 0,96-2,26 931-2408 1723-10272 | 0,74-1,96 42,1-107,4 | 0,43-1,07
p<0.05 ns ns ns ns ns ns ns ns ns
a MAT = temps de résorption moyen

= 69 -




XVil ¢ Traitement chronique (jours 15 et 22) de 100 mg de moclobémide 3 fois par jour
_ Cmax Tmax B T1/2 AUC> Clo
Sujet Age ng/ml h h-1 h ng.h/mi
d15 d 22 d15 d22 d15 d22 d15 d22 d15 d22 d15 d22
Moyenne | 70 1393 1498 0,93 0,84 0,257 0,248 270 a 2,79 a| 5364 5571 202 | 19,7
+%C.V. 6.1 21,8 20,6 37,2 43,1 30,4 35,0 30,4 34,6 29,4 32,3 30,5| 31,8
Médiane | 71 1420 1493 0,88 0,75 0,255 0,274 2,73 2,54 5084 5138 19,8 19,5
Limites | 65-77 927-1982| 865-1911| 0,50-2,00 | 0,50-2,00 | 0,114-0,371 | 0,084-0,370 | 1,87-6,08 | 1,87-8,25 | 2871- 2844- 11,7 9,9-
8582 10117 34,8 352
Moyenne | 29 1192 1277 0,83 0,92 0,317 0,281 219 a 2,47 a| 3988 4406 28,5 27,4
+%cv. | 129 32,2 43,0 24,6 14,0 34,8 32,2 35,8 32,2 42,1 50,3 34,3 | 432
Médiane | 30 1142 1199 0,88 1,00 0,285 0,291 2,49 2,38 3188 3771 31,5 | 266
Limites | 22-33 | 758-1820| 723-2124| 0,50-1,00 | 0,75-1,00 | 0,207-0,463 | 0,176-0,399 | 2,13-3,35 | 1,74-3,94 | 2676- 2307- 153- | 12,1-
6525 8245 37,4 43,4
p<0.05 ns ns ns ns ns ns ns ns ns ns ns ns

a =

moyenne harmonique

09
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Etude VI
Passage du moclobémide dans le lait maternel

But

Une des indications cliniques du moclobémide est la dépression post-
partum. L'allaitement maternel est fortement conseillé au cours du
traitement clinique or, le clinicien est souvent contraint de proposer
I'arrét de I'allaitement afin de prévenir les risques potentiels causés par
le passage du médicament dans le lait maternel.

Le but de cette étude est d'évaluer le passage du moclobémide et de
ses metabolites dans le lait maternel et de déterminer la quantité a
laquelle est exposée le nouveau-né apres une prise orale de 300 mg
chez la meére.

Matériel et Méthodes

6 femmes allaitantes agées de 24 a 36 ans ont ingéeré une dose de 300
mg de moclobémide entre le 2éme et le 5éme jour post-partum. Des
prélevements sanguins et de lait maternel sont effectués durant une
période de 24 heures. Le moclobémide, son métabolite actif RO 12-
5637 et son métabolite principal RO 12-8095 sont dosés par une
méthode HPLC.

Les parametres pharmacocinétiques définissant le déclin des
concentrations plasmatiques en fonction du temps sont analysés en
utilisant la méthode modéle indépendant.

Résultat et Discussion

Apres une dose orale de 300 mg de moclobémide, les concentrations
de la substance meére et de son métabolite principal RO 12-8095 sont
maximales au bout de 3 heures dans le plasma et le lait et ne sont plus
détectables apres 12 heures. Le métabolite actif RO 12-5637 n'est
détecté dans aucun prélevement de lait maternel. La quantité totale de
moclobémide et de son métabolite principal RO 12-8095 excrétée dans
le lait est négligeable. Le pourcentage de la dose excrétée de
moclobémide et RO 12-8095 dans le lait maternel est en moyenne de
0.057 £ 0.020 % et 0.031 £ 0.011 % respectivement (Tableau XVIII).
Une relation directe entre les concentrations de moclobémide dans le
plasma et le lait et RO 12-8095 est mise en évidence (r2> 0.97). Le
passage d'un médicament dans le lait maternel se fait principalement
par diffusion passive a travers la membrane mammaire conduisant a un
équilibre rapide du médicament entre le plasma et le lait. Le lait
maternel peut donc étre considéré comme un compartiment a transfert
bidirectionnel entre la barriére sang-lait plutét qu'une poche a
accumulation entre deux prélevements. Nous considérons ainsi chaque
prélevement de lait comme instantané. Le déclin paralléle des
concentrations de moclobémide dans le lait et plasma soutient
I'nypothese d'un équilibre rapide entre le lait et le plasma.

En traitement chronique, il existe un risque d'accumulation de la
substance meére dans le plasma et le lait, d'autant plus que chez le
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volontaire sain une accumulation a été décrite (étude 1). D'autre par, la
pharmacocinétique du moclobémide n'est pas linéaire a des doses de
100 mg 3x/jour pendant 15 jours, ainsi les AUC a I'état d'équilibre sont
deux fois supérieures a celles obtenues aprés une dose de 100 mg
(étude II).

La dose de 300 mg de moclobémide administrée dans cette étude est
deux a trois fois supérieure a la dose thérapeutique. Ainsi, les AUC
observées chez la mere allaitante aprés 300 mg de moclobémide
reflétent les conditions a I'état d'équilibre telles qu'elles sont décrites
chez le sujet sain aprés un traitement chronique.

Nous venons de voir que 3 heures aprés une ingestion de 300 mg de
moclobémide par la mére, le nouveau-né est exposé a des quantités
minimes de substance mere et métabolite inactif RO12-8095.

En considérant la quantité totale de médicament passée dans le lait
maternel durant I'étude, un nouveau-né de 3.5 kg regoit en moyenne
0.050 mg kg-! de moclobémide, soit environ 1 % de la dose maternelle
basée sur des mg/kg et 0.028 mg kg-! de RO 12-8095.

En conclusion, il est peu probable que les quantités négligeables de
moclobémide excrétées dans le lait maternel aient une influence
clinique sur le nouveau-né.

Tableau XVIII Parametres de résorption et disposition du moclobémide
et de ses métabolites
Lait Plasma
. Paramétres de résorption et disposition du moclobémide et métabolites
Moclobemide | Ro 12-8095 Moclobemide Ro 12-8095 Ro 12-5637
o T-su Cmu E Tlﬂ AUCO-. CLO Cnu Tnn Cuu Tnn
(hg) (% dose)| (pg) | (% dosc) ) |ongm)| vy | ) | (g - w/mD) | () [ toglmb) | (h) | (ng/m) | (h)
Moy_ 171.8 | 0.057 |96.6 0.031 | Moy. 2,03 | 2699 |0.306 |2.27 11654 27.62 | 1348 |3.34 661 243
D.S. 61.7 | 0.020 |34.7 0.011 |D.S. 1.19 | 1236 |[0.036 | 0.26* 3294 8.16 172 10.63 205 1.03
Médiane ~ |153.0 | 0.051 [89.6 | 0.029 |Médiane |2.12 | 2385 [0.295 [2.35 | 11525 [26.73 | 1343 |30 | 595 |3.06
Limite inf. |105.9 | 0.035 [50.0 | 0.016 [Limiteint. | 0.58 | 1473 |0.263 [1.98 | 7397 |1837 | 1070 |3.02 | s14 | 110
Limite sup. | 283.3 | 0.094 [144.5| 0.046 |Limite sup.|3.17 | 4926 |0351 [2.63 | 16328 |40.56 | 1572 |4.63 | 1061 | 3.7
@® = Moyenne harmonique
@ = ‘“pseudo" déviation standard
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Pharmacogénétique

Etude VIl
Comparaison de la pharmacocinétique du moclobémide chez le
métaboliseur faible et efficace de la débrisoquine

But

Dans plusieurs études pharmacocinétiques chez le sujet sain, le temps
de demi-vie du moclobémide pour certains sujets est nettement
supérieur a la moyenne de 1.5 h, de méme que leur biodisponibilité
semble anormalement élevée. Cette observation ne semble pas étre
reliée au facteur age, mais peut étre le reflet d'une variabilité
interindividuelle. Ainsi, I'on ne peut exclure un éventuel contrble
génetique du polymorphisme de l'activité enzymatique.

Méthode
Au cours de trois études pharmacocinétiques les sujets ont été
phénotypés avec de la débrisoquine. Une analyse rétrospective des
métaboliseurs faibles auxquels a été administré du moclobémide est
réalisée.

Les parametres pharmacocinétiques, définissant le déclin des
concentrations plasmatiques en fonction du temps, sont analysés en
utilisant la méthode "Modele indépendant”.

Résultat et Discussion

Sur un total de 27 sujets agés de 19 a 75 ans, 5 ont été classés comme
étant métaboliseurs faibles de la débrisoquine. Bien qu'il existe une
grande variabilité dans les paramétres pharmacocinétiques observés,
aucune corrélation entre les parametres pharmacocinétiques telle que
la clairance orale ou temps de demi-vie d'élimination et le phénotypage
par la débrisoquine n'a été obtenue. Les parametres pharmacociné-
tiques des métaboliseurs faibles de la débrisoquine se situent tous a
l'intérieur des limites des valeurs obtenues pour les métaboliseurs
efficaces dans les études a dose unique (Cly, T1/2, Cls) et chronique
(Cmax & I'état d'équilibre) - (Tableau XIX).

Cette analyse bien que limitée par le nombre de sujets, de méme que
par sa nature rétrospective suggeére cependant qu'aucune variation des
parametres pharmacocinétiques du moclobémide n'est attendue chez
les métaboliseurs faibles de la débrisoquine en comparaison des
métaboliseurs efficaces.
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Tableau XIX

Comparaison des parametres pharmacocinétiques du moclobémide chez les
meétaboliseurs lents et rapides a la débrisoquine (DB) apres:

A) une dose orale de 100 mg

B) une dose orale de 150 mg

C) des doses chroniques orales de 150 mg 3x/jour pendant 15 jours (jours 8 + 15)
D) une perfusion I.V. de 150 mg

Dose Parameétre Métaboliseur faible Métaboliseur efficace

A) N 5 22
Cl, (Lh) moy. 59,74 61,56
D.S. % rel. 57 % 54 %
lim. 26,09 - 112,8 17,11 - 2141
Cmax (ng/ml)  moy. 713 706
D.S. % rel. 34 % 54 %
lim. 442 - 981 210 - 2032
T4/2 () moy. 1,80 1,62
D.S. % rel. 29 % 26 %
lim. 1,35-2,85 1,04 - 2,81
B) N 3 10
Cl, (L/h) moy. 64,07 46,99
D.S. % rel. 22 % 47 %
lim. 50,87 - 78,02 17,32 - 83,69
Cmax (ng/ml)  moy. 1339 1141
D.S. % rel. 13 % 54 %
lim. 1218 - 1543 570 - 2622
T1/2 (h) moy. 1,45 1,87
D.S. % rel. 19 % 23%
lim. 1,17 - 1,67 1,356 - 2,65
C) N 3 10
Cl, (L/h) moy. 22.42 15.33
D.S. % rel. 15 % 41 %
lim. 18,54 - 27,36 5,49 - 27,39
Cmax (ng/ml)  moy. 1720 2231
D.S. % rel. 15 % 30 %
lim. 1424 - 2075 1572 - 4502
T1/2 (h) moy. 2,94 3,67
D.S. % rel. 20 % 30 %
lim. 2,28 - 3,49 2,30-6,44
D) N 4 17
Cls (L/n) moy. 29,67 34,47
D.S. % rel. 37 % 26 %
lim. 18,60 - 40,49 17,41 - 48,2
MRT (h) moy. 2,10 2,14
D.S. % rel. 54 % 23 %
lim. 1,53 - 4,40 1,60 - 3,29
Vgs (l) moy. 62,8 73,7
D.S. % rel. 19 % 19 %
lim. 52,1-81,8 50,6 - 97,8
T1/2 (h) moy. 1,65 1,66
D.S. % rel. 46 % 19 %
lim. 1,24 - 3,11 1,29 - 2,34
Légende: N = nombre de sujets
moy. = moyenne géométrique
D.S.%rel. = déviation standard relative

lim.

limites
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Pharmacocinétique et métabolisme comparatifs de 5 IMAO-A
réversibles

Etude IX

But

Le but de cette étude rétrospective est d'évaluer la pharmacocinétique
de 5 IMAO-A réversibles (moclobémide, toloxatone, brofaromine,
cimoxatone et amiflamine).

Résultats et discussion

a) Reésorption

Apres administration orale, le moclobémide et le toloxatone sont
rapidement résorbés. Le temps pour atteindre les concentrations
plasmatiques maximales se situe entre 0,5 et 2 h. La résorption de
la brofaromine, de I'amiflamine et de la cimoxatone est plus lente
avec des concentrations maximales atteintes au bout de 1,5 a 4 h.
La valeur de la biodisponibilité n'‘est connue que pour le toloxatone
et le moclobémide et est comprise entre 0,5 et 0,8. Ces valeurs
sont le reflet d'un taux d'extraction hépatique élevé, seuls 2/3 de la
dose administrée atteignent la circulation sanguine inchangée.

b) Distribution et fixation protéique

La distribution d'un composé dans l'organisme est dépendant de
son caractéere lipophile et de la nature de sa fixation protéique.
Aucune corrélation entre le coéfficient de partage octanol-eau et
I'un des parametres pharmacocinétiques n'a pu étre mis en
évidence pour les cing composés. La nature de la fixation aux
protéines plasmatiques est différente pour chaque composé. Pour
I'amiflamine elle est faible quant a la cimoxatone et la brofaromine
elle est trés forte. Pour le moclobémide et le toloxatone est est de
50 %.

c) Biotransformation et élimination
Le temps de demi-vie passe de quelques heures pour le
moclobémide et le toloxatone a plus de 10 heures pour la
brofaromine et la cimoxatone.

Les 5 IMAO-A subissent un métabolisme hépatique prépondérant et
seule une fraction négligeable de la dose (< 1 %) est éliminée
inchangée dans les urines.

La voie de dégradation majeure commune aux 5 composés est
I'oxydation .

Conclusion

De nombreuses différences dans les paramétres pharmacocinétiques
disponibles des IMAO-A sont relevées. Cependant, une comparaison
plus approfondie révéle une similitude entre le moclobémide et le
toloxatone avec un taux d'extraction hépatique élevé, une bio-
disponibilité réduite et un temps de demi-vie d'élimination entre 1 a 3 h.
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Tableau XX: Parameétres pharmacocinétiques des IMAO-A

réversibles
Spécialités Absorption Distribution s Elimination _
F tmax \ P fb TIIQ Cl fe
h I/kg % h I/h/kg
Moclobémide 0.5-08 0,520 0,63-1,6 40,7 50 1-3 0.2-1,0 < 0,01
Toloxatone 0,5-0,6 0,5-1,0 1,1-16 112 50 0,9-2,5 0,46-0,86 < 0,01
Brofaromine 1,6-4,0 4,3-6,0 15,5 98 12-15 0,26-0,29 < 0,01
Cimoxatone 1,0-5.0 0,46-0,69 257 95 8.9-16 0,023-0,045  n.d.
Amiflamine 2 4,2-84 05 23 49-12 0,42-0,83 0,002
1) tmax = Temps datteinte de la concentration maximale aprés administration orale
fe Fraction de substance inchangée éliminée par voie rénale
fo Fraction de substance liée au plasma
Vv Volume de distribution apparent
F Biodisponibilité
P Coefficient de partage octanol/eau
Cl Clairance
n.d. non détectable
2 Calculé d'aprés Hansch et Leo.



4. Conclusions
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Conclusions

Les études pharmacocinétiques nous ont permis d'obtenir une
description pratiquement compléte de la résorption du moclobémide et
d'examiner les différents facteurs qui peuvent influencer le taux et la
vitesse de résorption chez I'homme. Le moclobémide apparait comme
un composé rapidement et complétement résorbé a partir du tractus
gastro-intestinal vers la veine porte. La vitesse de résorption aprés
administration orale est évaluée par la valeur du Tmax (0,74 - 0,94 h) et
dans certains cas, par celle du temps de résorption moyen.

Le composé apparait comme ayant un taux d'extraction hépatique
élevé qui entraine un effet de premier passage hépatique important . La
biodisponibilité orale absolue, aprés administration d'une dose de 100
mg, est d'environ 60 %. Avec des doses orales croissantes, un
phénoméne de saturation du métabolisme hépatique, par effet de
premier passage hépatique apparait, qui entraine une augmentation de
la biodisponibilité. Ce phénomene n'intervient qu'avec des doses orales
d'au moins 400 mg. L'étude pharmacocinétique de doses croissantes
de moclobémide (Etude Il) confirme ce phénoméne avec la possibilité
d'une altération de la clairance systémique et temps de demi-vie
observé aux hautes doses (800 et 1200 mg).

La disposition du moclobémide a été intensément étudiée au cours des
différentes études. Les résultats indiquent que le moclobémide est
complétement métabolisé par voie hépatique, la clairance rénale ne
représentant qu'une faible fraction de la clairance systémique. Cette
derniére est prépondérante. Le volume de distribution a I'équilibre
d'environ 80 | est également important et implique une large distribution
au-dela du systeme circulatoire avec une fixation tissulaire intense. Le
composeé est lié a 50 % aux protéines plasmatiques et a ainsi peu de
chance d'étre déplacé par d'autres médicaments. Son temps de demi-
vie est court (1,5 a 2 h), de méme que son temps de présence moyen
(2,1 a 2,6 h). L'étude en traitement chronique (Etude |) montre des
changements dans la disposition du moclobémide (Chute de la
clairance orale) ainsi qu'une augmentation de la biodisponibilité aprés
une semaine de traitement. Au-dela de cette période de traitement, les
concentrations plasmatiques restent constantes avec des valeurs
d'environ deux fois celles prédites a partir des résultats d'une dose
orale.

Les concentrations plasmatiques de moclobémide augmentent de fagon
non proportionnelle en augmentant les doses orales de 100 a 150 mg
trois fois/jour. Une explication possible de cette observation est la
possibilité d'une altération de I'élimination de moclobémide par
inhibition du métabolisme par le composé ou un de ses métabolites.

En pratique il devrait étre proposé au clinicien d'attendre une semaine
de traitement avant d'évaluer son efficacité ou d'ajuster la posologie.
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L'évaluation de la prise concomittante d'un repas sur la biodisponibilité
du moclobémide (Etude [ll) montre que la vitesse de résorption du
moclobémide est légérement retardée, par contre, le taux de résorption
reste inchangeé.

En ce qui concerne les populations a risques, les études IV et VI
testent l'insuffisance rénale et l'effet de I'dge avancé sur la
biodisponibilité du moclobémide et ne montrent pas de variations des
concentrations plasmatiques dans ces populations.

Ainsi d'un point de vue pharmacocinétique, il ne parait pas nécessaire
d'adapter la posologie pour ces sujets. Par contre, l'insuffisance
hépatique réduit fortement la capacité d'élimination de moclobémide,
avec des valeurs de Cpax et une biodisponibilité orale absolue
significativement augmentée par rapport a des sujets sains. Ainsi la
posologie de moclobémide doit étre réduite de moitié a un tiers de la
dose habituelle afin de pouvoir obtenir des concentrations semblables a
celle des sujets sains lors d'un traitement chronique.

Enfin les derniers résultats sur les populations a risques que nous
avons obtenus concerne les nouveaux-nés et le passage de
moclobémide dans le lait maternel. Le pourcentage de substance mére
passé dans le lait maternel est négligeable et sans incidence sur le
nouveau-né et son allaitement (Etude VII).

Meétabolisme

La principale voie de dégradation du moclobémide se fait par oxydation
du noyau morpholine, conduisant a une multitude de produits
d'oxydation éliminée par voie rénale. Les principaux produits de
dégradation terminaux sont des acides. L'étude du polymorphisme a la
débrisoquine (Etude VIII) ne montre aucune influence sur le taux
d'oxydation du moclobémide.

La comparaison des caractéristiques de résorption et disposition du
moclobémide a celles de plusieurs IMAO-A réversibles a permis de
constater des différences par contre, tous les composés subissent un
métabolisme hépatique important avec I'oxydation comme principale
voie de métabolisation.

Ce travail nous a permis de montrer que d'un point de vue
pharmacinétique:

- La résorption de moclobémide & partir du tractus gastro-intestinal est
rapide et compléte et n'est pas influencée par [l'ingestion
concomitante d'aliment

- La molécule subit un effet de premier passage hépatique élevé

- La biodisponibilité orale absolue est de 60 % avec une dose de 100 mg.

- Le polymorphisme a la débrisoquine ne semble pas influencer le
métabolisme du moclobémide

- La posologie doit étre réduite de moitié a un tiers en présence d'une
insuffisance hépatique chronique

- Il n'est pas nécessaire d'adapter la posologie chez le sujet agé de
moins de 75 ans et en bonne santé.

- L'insuffisance rénale ne perturbe pas la disposition du moclobémide

- Des quantités négligeables sont éliminés dans le lait maternel.

La molécule de moclobémide a bouleversé l'image traditionnelle des
IMAO en étant 'un des précurseurs d'une nouvelle génération d'anti-
dépresseur "géniale"
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Disposition kinetics of moclobemide, a
monoamine oxidase-A enzyme inhibitor:
Single and multiple dosing 1n

normal subjects :

The absorption and disposition kinetics of moclobemide (Ro 11-1163), a new reversible and preferential
monoamine oxidase-A cnzyme inhibitor, were examined in 12 normal male subjects. An intravenous
infusion was administered before and after a 15-day multiple oral dosing regimen (100 mg t.i.d.). Plasma
concentration-time data were obtained after cach intravenous infusion, after the first oral dose, during
two dosing intervals at stcady state, and before the second daily dose on several days. The disposition
values (percent cocfficient of variation in parentheses) after the first and sccond intravenous infusions,
respectively, were: clearance, 39.4 (15%) and 29.1 (12%) L/hr; elimination half-life, 1.60 (15%) and 2.00
(18%) hours; and volume of distribution at steady state, 84.3 (11%) and 80.7 (15%) L. The absolute
oral bioavailability increased from 0.56 after the first oral dose to 0.86 and 0.90 after the first and second
wecks of administration, respectively. The reduced metabolic, presumably hepatic, clearance may be the
result of self-inhibition or metabolite inhibition of moclobemide clearance. (CLin PHARMACOL THER
1987;42:395-404.)

Maric-Paule Schocerlin, Ph.D., Michacl Mayersohn, Ph.D., Adrienne KXorn, M.D.,

and Herwig Eggers, Ph.D.

Basle, Switzerland, Tucson, Ariz., Vicnna, Austria, and Grenzach, Germany

In recent years there has been a resurgence of interest
in the use of monoamine oxidase (MAO) inhibitors for
the treatment of depression. Current interest reflects the
development of and encouraging findings from a new
class of agents that are specific or at lcast prefercential
inhibitors of the MAO-A or MAO-B isozymes.'? In
addition to the greater sclectivity of action that such
agents would offer, they have the advantage of being
rapidly reversible enzyme inhibitors. The older, first-
generation MAO inhibitors were nonspecilic, irrevers-
ible enzyme inhibitors whosec use has been associated
with hepatotoxicity and adverse pressor response in the
presence of certain amine compounds (¢.g., tyraminc).?
Although the latter characteristics were not common to
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all MAO-inhibiting drugs, there has been a gencral re-
luctance to use those compounds and to resort to other
drugs (e.g., tricyclic antidepressants).*

Moclobemide (Ro 11-1163) is an example of the
newer class of MAO inhibitors (sce structure). The
compound is a short-acting, preferential, and reversible
inhibitor of the MAO-A cnzyme system.® The com-
pound appears to be devoid of hepatic toxicity in the
rat,® lacks adverse cardiocirculatory effects,” and pro-
duces a mild pressor response to tyramine in rodents
and humans.**” The antidepressant activity of moclo-
bemide has been examined in uncontrolled'™" and
placebo-controlled'? clinical trials and its relative effi-
cacy has been compared with other currently used drugs
(amitriptyline and clomipramine).'*'® The published
clinical results, although limited, indicate that moclo-
bemide, either alone or in combination with tricyclic
drugs, is an effective trecatment for certain forms of
depression.

The disposition profile of moclobemide, especially
with regard to the active pharmacologic species, has
not been examined thoroughly. The compound appears
to be metabolized extensively and rapidly and, based

395



396  Schoerlin et al.

0
c:@("}NH—CHz—CHg—NQ

MOCLOBEMIDE (Ro11-1163)

0 Q
Cl@&-NH-CH2-CH2- ND

METABOLITE 1(Ro12-8095)

0
CIQ&—NH~CH2—CH2— NC}
!
0

METABOLITE 2(Ro12-5637)

o
I@é*NH-CHfCHQ-ND

INTERNAL STANDARD (Ro11-9900)

Structural formulas of moclobemide (Ro 11-1163), metabo-
lite 1 (Ro 12-8095), metabolite 2 (Ro 12-5637), and the
internal standard used in the assay (Ro 11-9900)

on in vitro and in vivo response measurements in the
rat, it has been suggested that one or more metabolites
may, at least in part, be responsible for the activity of
the drug.**'® To date there have been only two pub-
lished reports concerning the disposition kinetics of the
drug after single oral and intravenous doses in healthy
humans.'”" Those studies indicate a short elimination
half-life (ti,,) of about 1 to 2 hours and a relatively high
systemic clearance (CL) (700 to 1200 ml/min). The
latter value, primarily a reflection of metabolic and
presumably hepatic clearance, suggests substantial
presystemic elimination (i.e., first-pass hepatic metab-
olism). The observed absolute oral bioavailability
(50 mg solution) of about 0.44 is consistent with that
suggestion."”

The purpose of this report is to describe the results
of a study designed to examine the absorption and dis-
position of moclobemide after single oral and intrave-
nous doses before and after a multiple oral-dosing reg-
imen and to evaluate the steady-state concentration pro-
file of moclobemide and two known metabolites (see
structure),
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Fig. 1. Moclobemide plasma concentrations as a function
of time after intravenous administration before (O, day 1)
and after (e, day 24) a multiple oral-dosing regimen of
moclobemide. The inset graphs are moclobemide plasma
concentration-time data after an oral dose given before
(m, day 8; left panel) and during (e, day 15; O, day 22; right
panel) a multiple oral-dosing regimen. The data shown are
from one subject (No. 5).

METHODS

Twelve healthy, nonsmoking male subjects between
the ages of 21 and 34 years participated in this study
after providing written, informed consent. Health status
was determined before and at the completion of the
study based on medical history, physical examination,
and laboratory findings. Exclusion criteria were recent
drug use, history of drug abuse or drug intolerance,
and any clinically significant deviation from normality
in both physical examination and laboratory test results.
No drugs were allowed for 2 weeks before and during
the study. Alcohol ingestion was not permitted for 10
hours before and during the study. Subject ages and
weights are recorded in Table 1. \

Eight of the 12 subjects were phenotyped with
10 mg debrisoquin and 100 mg mephenytoin according
to published procedures.’”* Analytic methods have
been described elsewhere.*'*
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Table I. Disposition paramelers of moclobemide after intravenous' infusion before and alter a multiple

oral-dosing rcgimen ol moclobemide

Moclobemide, an MAO-A inhibitor 397

Iy (hr) CL (Lihr)
Age Weight

Subject (yr) (ke) dl 24 dt 24 ol 24
| 29 85 1.75 2.31 36.0 27.7 87.4 92.9
s 2 28 66 1.35 1.59 44.5 33.1 79.2 70.7
3 25 63 1.42 1.95 41.1 32.1 81.3 82.5
4 25 75 .44 2.06 48.1 30.3 98.0 85.5
5 21 80 1.66 2.18 39.0 30.3 85.0 89.5
0 24 60 1.49 1,52 37.8 26.5 63.4 52.8
7 29 75 1.59 2.24 35.5 24.5 78.4 76.3
8 24 78 3.11 3.67 18.6 15.8 81.8 85.4
9 23 20 1.52 1.95 44.7 27.8 85.1 755
10 27 78 2.34 3.03 31.1 23.3 97.8 92.1
Il 30 74 2.06 1.86 30.7 34.5 86.2 91.6
12 34 90 1.48 2.02 45.2 30.4 85.4 78.3
Mcan* 27 76 1.60T 2.001 9.4 29.1 #4.3 80.7
% CV 13.6 12.7 15.0 18.0 15.0 12.0 1.0 15.0

P valuct <0.001 <0.001 NS

dl, before multiple oral-dosing regimen of moclobemide; 424, after multiple oral-dosing regimen of moclobemide.

*Data for subject B not included in caleulation of the mean 1y, and CL.

Harmonic mean, Percentage coelficient of variation (% CV) on the *“*pseuda’™ SD.Y

$Puircd Student 1 test,

On day 1 of the study cach subject was given an
intravenous infusion of 150 mg moclobemide in a total
volume of 20 ml (three vials of 50 mg/vial, balch G
FER 09134). The drug was infused into an antccubital
vein by a constant-rale infusion pump over a period of
20 minutes. The subjects remained supine during this
time and in a sitting position for the next 2 hours; they
were ambulatory thercafter. Blood samples were ob-
tained from a contralateral vein via an indwelling ve-
nous cathcter and collecled into Vacutainer tubes con-
taining ammonium and potassium oxalatc. Blood sam-
ples were obtained belore and 10 and 20 minutes
aller the start of infusion and at the following times af-
ter the end of the infusion: 10, 20, and 30 minulcs
and 1, 2, 4, and 6 hours. Plasma was harvested and
storcd frozen at —20° C until assaycd. Urinc was
voided just before administration and complete urine
collections were obtained at frequent, known inter-
vals for up to 24 hours. Samples were stored [rozen at
—20° C until assayed.

Onc wecek after the intravenous dose, on day 8 of the
study, cach subject ingested a single 100 mg tablet of
moclobemide (batch PT 9221 B56) with 120 ml water
while in a sitting position. Subjects fasted overnight
and until 2 hours alter administration when a light stan-
dard meal, low in [at content, was scrved. Blood sam-
ples were obtained belore, 15, 30, and 45 minules, and
1,2, 3,4, and 6 hours after administration. Urinc was
collected for up to 24 hours.

A 15-day multiple oral-dosing regimen was initiated
on day 8, at the lime of the 6-hour blood sample aflter
the first oral dose. Moclobemide tablets (100 mg) were
taken three times a day at intervals of 6, 6, and 12
hours during study days 8 to 22. A concentration-lime
profile was oblaincd alter the first morning dosc on days
15 and 22. The blood sampling and urine collection
times were the same as thosc usced during the first single
dosc. Subjects fasted overnight and were served a stan-
dard meal 2 hours alter the dosc. A single blood sample
was obtained just belore the sccond daily dosc on study
days 9, 11, 13, 16, 18, and 20. On thosc days meals
were ingested alter blood sampling,.

Al the end of the multiple oral dosing regimen, alter
I drug-lrec day (day 24 of the study), a 20-minutc
intravenous infusion of 150 mg moclobemide was ad-
ministered. Study conditions and sampling times were
the same as those described above for the intravenous
infusion on day | of the study.

Plasma and urine samples were analyzed lor intact
moclobemide and two meltabolites (1, Ro 12-8095; 2,
Ro 12-5637; scc structurc). Concentralions were de-
termined by an HPLC mecthod (Geschke ct al., sub-
mitted [or publication). A plasma or urinc sample con-
taining the internal standard (Ro [ 1-9900; sce structure)
was alkalinized and cluted through an Extrelut | column
(E. Mcrck, Darmstadt, FFederal Republic of Germany)
with two portions of 6 ml dichloromethanc. The solvent
was cvaporaled at 35° C under a stream ol nitrogen and
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Fig. 2. Plasma concentration-time profiles after intravenous administration of moelobemide ad-
ministered before (left panel) and after (right panel) a multiple oral-dosing regimen of moclobemide.
The moclobemide data (®) are the same as those shown in Fig. | and also illustrate concentrations
of metabolite 1 (©) and metabolite 2 (W). The data shown are from one subject (No. 5).

reconstituted with 300 I mobile phase. One hundred
microliters was injected onto a C,; reverse-phase col-
umn with a mobile phase of acetonitrile and 0.067
mol/L phosphate buffer (adjusted to pl1 4.4) in the v/v
ratio 50:250 and a flow rate of 1.5 ml/min. Quantitation
was achieved at 237 nm with reference to a standard
curve of peak height ratio vs. moclobemide or metab-
olite concentration. The limits of quantitation for mo-
clobemide and metabolites 1 and 2 in plasma were 20,
40, and 40 ng/ml, respectively. The intra-assay per-
centage coefficients of variation for the three com-
pounds ranged from 3% to 7% over the concentration
range of 100 to 2500 ng/ml. For lower concentrations
near the limits of quantitation, the percentage coeffi-
cients of variation ranged from 8% to 13% for each
compound. Control samples were analyzed along with
authentic samples to ensure quality control in analysis.

Moclobemide plasma concentration-time data were
analyzed by area methods. The terminal disposition rate
constant () was determined by lincar regression of the
log plasma concentration-time values in the postab-
sorptive, postdistributive phases and from which half-
life was calculated (In 2/B). The AUC was determined
by the linear trapezoidal rule until the last measured
concentration (C) and extrapolation to time infinity by
C/B. CL was determined from the intravenous data
(dose/AUC), and the steady-state volume of distribution
(Vss) was calculated by moment analysis with correc-
tion for the 20-minute infusion.®** The absolute oral
bioavailability (F,,) after the first single oral and in-

travenous dose (days 8 and I, respectively) was deter-
mined from the ratio of AUCs corrected for dose. F,,
was also determined [rom the oral data obtained on
days 15 and 22 of the study. In that instance, because
unequal dosing intervals were employed, the total AUC
was calculated from: AUC = AUCS — CJ/B + CG/B,
where the 0- to 6-hour AUC was determined by the
trapezoidal rule, C, and C6 were the concentrations just
before and 6 hours after administration, and 8 was the
value determined from linear regression of the datar
during that dosing interval. The AUC from the oral
doses on days 15 and 22 were compared with the AUC
obtained from the intravenous dose on day 24 and cor-
rected for dose. Oral clearance (CL,) was calculated
from oral dose/oral AUC. Statistical comparisons were
performed with the Student paired t test.

RESULTS

No adverse effects were reported by the subjects dur-
ing the study. The biochemical laboratory values were
unchanged before and after completion of the study and
all values were within the normal ranges. Only one of
the eight subjects phenotyped with debrisoquin and me-
phenytoin (subject 8) gave evidence of being a poor
metabolizer of debrisoquin.

Fig. 1 illustrates the moclobemide plasma concen-
tration-time profiles after intravenous infusion “and
oral administration. These data are from one subject
(No. 5) whose values were close to the mean of the
group and are representative of the data obtained for
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Fig. 3. Changes in the disposilion parameters of moclobemide from the first intravenous dose
before (day 1) and alter (day 24) a multiple oral-dosing regimen of moclobemide. The F,, calculated
on day 8 (rclative to intravenous dosc of day 1) and the average of days 15 and 22 (relative to
intravenous dose on day 24) arc shown in the pancl on the right. The open circles for CL and 3
arc values for subject 8, which were not included in calculation of the means, The cross-hatched
vertical bars represent the SD ol the mean value shown to the left and right of the individual values.

*

all of the subjects. The intravenous data indicate a rel-
atively short distribution phase [ollowed by a log-lincar
decline in concentration. Although the drug appcars to
be absorbed rapidly, with a maximum concentration
achicved within about | hour (inset graph on left,
Fig. 1), there is no obvious distribution phasc, It is
apparent from Fig. | that there was a change in the
disposition of moclobemide when comparing the first
and second intravenous infusions and the first oral dosc
(inset graph on left) with the oral doscs during days 15
and 22 of the study (inset graplh on right).

The metabolite plasma concentration-time profiles
after intravenous administration of moclobemide could
not be completely characterized. As illustrated in
Fig. 2, the 6-hour sampling time is too short to adc-
quatcly describe the behavior of the metabolites. It ap-
pears that one metabolite (1) is formed relatively slowly
and concentrations then begin to parallel those of mo-
clobemide. However, sampling would need to be cx-
tended to later times to make a better judgment. In
contrast, mctabolite 2 appears to be formed relatively
rapidly but concentrations persist, declining at a slow
rate during the time of saumpling. This may suggest that
this metabolite is clearcd more slowly than it is formed.
The metabolite patterns appear similar whether moclo-
bemide was given before or after a multiple-dosing
regimen,

Table I summarizes the disposition parameters ol mo-
clobemide after the first intravenous infusion before
multiple dosing (day 1) and after the second infusion
given at the cnd of the study (day 24). The data for

subject 8 (ti,, and CL) were consistent with the findings
of the phenotyping experiment, suggesting that this sub-
Jject was a poor metabolizer of moclobemide and, bascd
on a test for outlying data,™ the data for that subject
have not been included in calculation of average ti,, and
CL. The rcsults of the first intravenous infusion indi-
cated that moclobemide had a relatively short t,,, and
intermediate to large valucs for CL and V. There was
rclatively little intersubject variability for those param-
cters (i.c., <16% cocllicient of variation).

The data in Fig. | and Table I indicate changes in
moclobemide disposition when comparing the results
of the intravenous infusion belore and after multiple
oral dosing. There was a statistically significant de-
crease in CL and a significant increasc in ;. The value
of V,, remained unchanged from the first to the second
intravenous infusion and, therefore, the change in ty,
is a reflection of altered CL. The individual changes in
these parameters arc illustrated in Fig. 3. The direction
of the changes noled in CL and ty,, occur for virtually
all of the subjects, the exeeption being one subject in
whom CL and B incrcasc and onc subject whose valuc
for  was unchanged. In contrast, there was no apparent
trend and no significant difference in the change in Vg,
the value increased in four subjects, decreased in seven,
and remained unchanged in onc.

Scveral characteristics ol moclobemide disposition
alter oral administration arc summarized in Table 11,
and the concentration-time profiles for onc subject arc
illustrated as inscts in Fig. 1. In comparing the results
of the first oral dose to the first intravenous infusion,



400  Schoerlin et al.

CLIN PHARMACOL THER
OCTOBER 1987

Table II. Absorption parameters of moclobemide before and during a multiple oral-dosing regimen and

steady-state concentrations of moclobemide and metabolites

Average (+=SD) minimum steady-state

CL, (Lihr) F. ¥ concentration (ng/ml)f
Metabolite
Subject ds dls d22 ds8 dis d22 Moclobemide ! 2
1 59.7 24.1 25.1 0.60 1.15 1.10 267 (25) 194 (17) 74 (12)
2 170.4 39.4 35.7 0.26 0.84 0.93 140 (20) 222 (23) ND -
3 45.3 49.4 44.4 0.91 0.65 0.72 137 (34) 90 (13) 41%
4 133.5 51.4 48.0 0.36 0.59 0.63 141 (13) 374 (39) ND
5 84.3 35.1 33.7 0.46 0.86 0.90 172 (33) 161 (32) 53 (12)
6 110.1 39.5 35.6 0.34 0.67 0.74 114 (34) 200 (18) ND
i 42.0 28.5 25.3 0.84 0.86 0.97 242 (15) 232 (40) 73 (9)
8 26.1 16.7 15.8 0.71 0.94 1.00 517 (37) 212 (38) 92 (6)
9 90.7 38.7 28.5 0.49 0.72 0.98 191 (47) 400 (41) ND
10 47.4 23.0 24.2 0.66 1.01 0.96 360 (65) 211 (1) 65 (15)
11 52.9 33.9 35.7 0.58 1.02 0.97 145 (22) 252 (32) ND
12 83.6 28.7 35.7 0.54 1.06 0.85 164 (23) 172 (24) ND
Mean§ 83.6 35.6 33.8 0.56 0.86 0.90 216 227 66
% CV 49.0 26.2 22.8 35.7 20.8 15.1 54.6 37.7 26.8
P valuc|| <0.005 <0.001

U8, belore dosing regimen; d15, 22, during dosing ND, not d

*Fyp, on day 8 with relerence to intravenous administration on day 1 and days 15 and 22 with reference 1o intravenous administration on day 24,
tEach value is the mean of five determinations on dififerent days during the second week of administrtion,

$Mean of two determinations,
§Data for subject 8 not included in calculation of mean CL,.

[[Comparison of the value on day 8 compared with the mean of days 15 and 22 by the Student paired 1 test.

the average CL, was about twice the value of CL. In
addition, there was far greater intersubject variability
in CL, compared with CL (26 to 170 L/hr vs. 19 to 48
L/hr, respectively). The F,, after the first dose averaged
0.56 and illustrated substantial variation among the sub-
jects (0.26 to 0.91).

Consistent with the results of the two intravenous
infusions, CL,, decreased significantly from the first oral
dose (day 8) to that seen during the second week of
multiple dosing (days 15 and 22). The values for CL,
were essentially the same on days 15 and 22 for a given
subject. As scen in Fig, 1, the concentration-time pro-
files for those days were supcrimposable (inset graph
on right). There was a statistically significant increase
in the F,,,; of moclobemide, and in all but one subject
the bioavailability increased (Fig. 3). The values of F,,
on days 15 and 22 were essentially the same for a given
subject (Table II). Interestingly, the variability in F,,
during the multiple oral-dosing regimen was consid-
erably smaller in comparison with the first oral dose
(0.59 to 1.15 vs. 0.26 1o 0.91, respectively).

The minimum steady-state plasma concentrations of
moclobemide increased during the first week of ad-
ministration and thereafter remained essentially un-
changed, as illustrated for one subject in Fig. 4. This

is the same subject whose data are illustrated in
Figs. 1 and 2. The average and SD of five values de-
termined during the second weck of administration are
presented in Table I1. The average values ranged from
114 to 360 ng/ml for 11 of the 12 subjects; subject 8,
who was the poor metabolizer, had the largest value
(517 ng/ml). The intrasubject variability in the mini-
mum steady-state concentrations was not that pro-
nounced, because the percentage coefficients of vari-
ation were <20% for nine subjects and 25% to 30%
for three subjects.

Table II also presents the average minimum steady-
state concentrations ol two moclobemide metabolites.
Metabolite 1 was present in measurable concentrations
and the average values ranged from 90 to 400 ng/ml.
The minimum steady-state concentrations of this me-
tabolite were greater than those for moclobemide in six
subjects and less than or about equal to moclobemide
concentrations in the other six subjects. The variabil{ty
in the concentrations of metabolite 1 was about that
seen for moclobemide. In contrast, the minimum
steady-state concentrations ol metabolite 2 were de-
tectable in only six of the 12 subjects. These concen-
trations were considerably smaller than those for mo-
clobemide or metabolite 1.
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Iiig. 4. Meclobemide plasma concentrations as a function of time during the multiple oral-dosing
regimen of 100 mg t.i.d. The time scale refers to the oral regimen (days 1 to 15), which corresponds
to days 8 to 22 of the study. Concentration-time profiles arc illustrated for cach of three oral doses
taken during a 6-hour dosing interval (®). The dotted line connccts the minimum concentration (=)
just before the sccond daily dose during the first week of administration. The average minimum
concentration (0) and SD (cross-hatched vertical bary) during the second weck of administration
(mcan of five values) are shown on the right. These data are for one subject (No. 5), whose data

are also illustrated in Figs. | and 2.

Moclobemide renal clearance (CL,) remained un-
changed from the first lo the second intravenous infu-
sion (2.6 % 1.9 ml/min and 2.4 2= 0.8 ml/min, re-
spectively). There was considerable intersubject vari-
ation in CL; because only a small percentage of the
dose (<1%) was cxcreted in the urinc as unchanged
drug. The urinary recovery of metabolite 2 averaged
5.9% of the dose after the first intravenous infusion
(range 2.8% to 11.3%; 33.4% coclficicnt of variation)
and 9.1% of the dosc after the second intravenous in-
fusion (range 4.0% to 15.5%; 33.4% cocflicicnt of vari-
ation). These values were significantly different (P <
0.001). The urinary rccovery of metabolite 1 was (wo

low to permit adequate quantitation.

DISCUSSION

The present study was designed to examine the ab-
sorption and disposition kinetics of moclobemide, a
preferential MAO-A inhibitor, in healthy young sub-
jects alter single and multiple oral administration for
2 weeks. There have been only two published reports
in a total of 12 normal subjccts concerning moclobem-
ide absorption and disposition alter a single intravenous

and oral dosc'” and after different single oral doscs.'™
The results obtained here from the [irst intravenous
infusion and oral dosc arc somewhat different in mag-
nitude from thosc reported previously.'” The mean val-
ucs obtained in this study compared with thosc of a
previous report alter intravenous administration arc: B,
0.43 vs. 0.67 hr™'; CL, 39.4 vs. 55.8 L/hr; and V,,,
84.3 vs. 75.6 L. Two possible explanations for this
disparity arc the smaller doses used in that study
(50 mg administered intravenously and orally compared
with 150 mg administered intravenously and 100 mg
administered orally) and the shorter sampling time of
only 3 hours. The former may-imply some dosc de-
pendency in moclobemide disposition whercas the latter
may suggest relatively greater error in the accurate de-
termination of AUC and f3. There arc currently no data
to support the suggestion of dosc-dependent disposi-
tion. The log-lincar plasma concentration-time data
found in this and previous studics and the lack of change
of ti, with single oral doses of 50, 100, and 200 mg"
would arguc against that possibility, at lcast over that
dose range. Furthermore, the drug is bound to plasma
proteins only to the extent of about 50% (Brandt R,
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unpublished observation, F. Hoffmann-LaRoche &
Co.) and would, therefore, be unlikely to display non-
linear binding properties.

The results of these studies indicate that moclobem-
ide has a short elimination t,,, and intermediate to large
values of CL and V,,. Because the drug appears to be
totally metabolized,'” presumably by hepatic processes,
CL may be viewed as being essentially equal to hepatic
clearance (CLy). The small vlaue of CL; (approxi-
mately 2.6 ml/min) is consistent with extensive metab-
olism. Assuming primarily hepatic metabolism and
complete gastrointestinal absorption, the value for CL,,
which represents intrinsic clearance, is about twice that
of CL. The compound would be expected to undergo
first-pass hepatic elimination, and the F,, after the first
oral dose, 0.56, is consistent with that suggestion. The
same conclusion has been reached by other investigators
who report a value for F,, of 0.44 after a 50 mg oral
dose.'” The average values of CL, and CL in that study
were 151 and 56 L/hr, respectively. The increase in F,,
from 0.44 to 0.56 after single oral doses of 50 and
100 mg, respectively, may suggest saturable first-pass
hepatic metabolism. Although this suggestion is limited
by the small dose range, the analysis of data from other
studies (oral doses from 50 to 300 mg) would lend
support to that possibility (Mayersohn and Schoerlin,
submitted for publication). Additional evidence for sat-
urable presystemic metabolism comes from a study in
which single oral doses of 50 to 200 mg were admin-
istered to the same subjects.' The predicted bioavail-
ability (F.s) based on the oral data was 0.43, 0.47,
and 0.59 at oral doses of 50, 100, and 200 mg, re-

+ spectively. The latter values reflect a reduction in CL,
with increasing oral dose. Furthermore, as noted pre-
viously,'” there is generally good agreement between
Fos and F,., based on intravenous and oral data. In the
present study the average (= SD) values of F,, based
on intravenous and oral data® are 0.58 (0.09) and 0.56
(0.13), respectively, compared with F,, of 0.56. A
similar good agreement is found based on the intra-
venous and oral data from a previous study'”: 0.38
(0.13) and 0.41 (0.13), respectively, compared with
F.us of 0.44. This good agreement between F,,, and F,,.4
would support the suggestion of complete gastrointes-
tinal absorption, for which there is some direct exper-
imental data,'” and hepatic metabolism as being the
major site of biotransformation.

Although the two metabolites of moclobemide that
were measured in plasma were present at detectable
concentrations after single intravenous and oral doses,
the 6-hour sampling interval was insufficient to com-
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pletely characterize their disposition (Fig. 2). The av-
erage maximum concentrations (=SD) of metabo-
lites 1 and 2 after the first single intravenous and oral
dose, respectively, were: 1, 577 (152) and 487 (147)
ng/ml; 2, 91 (30) and 97 (30) ng/ml. When adjusted
for dose the metabolite concentrations are greater after
oral compared with intravenous administration (26%
greater for 1 and 59% greater for 2, relative to the
intravenous concentration). Because plasma sampling
was of too short a duration to clearly delineate a terminal
disposition phase for the metabolites, we cannot assess
whether metabolite formation is slow or rate limited by
subsequent elimination. The issue of metabolite for-
mation becomes important with regard to the chemical
species responsible for producing the pharmacologic
response; this point will be addressed later.

Analysis of the moclobemide plasma concentration-
time data after intravenous administration clearly in-
dicates time-dependent changes in the disposition of the
drug when the results from single to multiple dosing
are compared. The data in Table I and Fig. 3 illustrate
the direction and magnitude of change in ti, (and B),
CL, and V. after intravenous infusion before and after
multiple dosing. With one exception, CL decreased
after multiple dosing in all subjects by an average of
about 25%. Because renal excretion represented only a
small fraction of the dose and CLy was unchanged be-
fore and after multiple dosing, the reduction in CL
represents a decrease in CLy. With the exception of
one subject, the decrease in B reflects altered CL be-
cause V,, was essentially unchanged before and after
multiple dosing. The reduction in CL, and the conse-
quent increase in F,, (Table II; Fig. 3) are consistent
with reduced CLy. The alteration in CL, appeared to
occur gradually during the first week of administration
because concentrations before the second daily dose
increased during that time and remained relatively con-
stant thereafter (Fig. 4).

The exact mechanism of this alteration in CL,, is not
known at present but would appear to involve either
self-inhibition or metabolite inhibition of moclobemide
clearance. The mechanism and time course of this effect
need further investigation. Some data obtained here
may pertain to the nature of altered moclobemide clear-
ance on multiple dosing. The urinary excretion of one
of the metabolites measured in urine, referred to as
metabolite 2, increased significantly after the second
intravenous infusion compared with the first infusion.
These results would indicate increased formation of that
metabolite after multiple dosing with moclobemide. To
be consistent with reduced CL of moclobemide, one or
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morc of the other metabolites ol moclobemide must be
formed to a smaller extent. This would suggest a pref-
crential alteration in the metabolic pattern and thereflore
metabolite 2 would not appear to be involved in the
metabolic steps associated with the inhibition of mo-
clobemide metabolism.

.The mctabolic profile of moclobemide may be an
important consideration in therapy for two rcasons: the
nature of the chemical specices responsible for the phar-
macologic effcct, as a result of decreased moclobemide
clearance, and the conscquent alteration of metabolite
[ormation. Studics in rats have shown that moclobemide
per sc is a relatively weak MAO inhibitor in vitro.® This
obscrvation and comparison with the results from
ex vivo experiments have led one group of investigators
to conclude that onec or morc of the metabolites of
moclobemide is responsible for producing the phar-
macologic responsc.™™'* Although the in vitro activity
of six identificd metabolites of moclobemide has been
shown to be low," moclobemide may be serving as a
prodrug, at least in part, in producing the desired re-
sponsc. Our current understanding of the pharmacologic
profilc of the drug suggests that it acts rapidly and is a
readily reversible preferential inhibitor of the MAO-A
cnzyme system. Although the chemical form(s) re-
sponsible for the cffect and its potential alteration as a
result ol inhibition of moclobemide clearance arc of
fundamental interest, the clinical data currently avail-
able support the therapeutic clficacy ol the drug.

We gratcfully acknowledge Dr. A, Kupler (Department ol
Clinical Pharmacology, University of Berne, Berne, Swilz-
crland) for having conducted the phenotyping studies and
Monique Dellenbach and Jean-Paul Plefen (Pharmaccutical
Rescarch Department, F. Holfmann-La Roche & Co., Basle,
Switzerland) for their competent technical assistance.
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ABSTRACT

The pharmacokinetics of moclobemide, a new reversible inhibitor of the
monoamine oxidase-A isozyme, were assessed following single oral doses
(100, 200, 400, 800 and 1200 mg) to l4 young, healthy male volunteers
as a part of a double blind, randomized placebo-controlled dose
tolerance study. Dose was escalated in a scattered sequence when
tolerance of the preceding dose was acceptable. This trial was
divided into Ewo study components. Study 1 involved six subjects
participating in three dosing sessions (100, 200 and 400 mg of
moclobemide) with each dosing session consisting of four moclobemide
and two placebo treated subjects. Study 2 ‘involved eight subjects
participating in Ltwo moclobemide doging sessions (800 mg [6
moclobemide and 2 placebo] and 1200 mg‘[é moclobemide and 2 placebo]).

Two subjects dropped out of Study 2 following the 800 mg dose.

Plasma concentrations vs time profiles of moclobemide and two of its
metabolites (RO 12-8095 and RO 12-5637) were evaluated over a 24 hour
period following the single oral dose administration of 100, 200 and

400 mg (Study 1) and 800 and 1200 mg (Study 2) of moclobemide.

All major pharmacokinetic parameters obtained in Studies 1 and 2
indicated dose dependent behavior for moclobemide. In Study 1, the
Clo of moclobemide was reduced 1.6 fold (76.0 vs 47.1 L/h; P < 0.05)
as  the dose was  increased from 100 Lo 400 mg. A modest  but
statistically significant lower Clo of moclobemide was observed
between the 100 and 200 mg doses (1.2 fold reduction). This was

accompanied by a 1.4 fold increase (1.25 vs 1.71 h; P < 0.05) in



plasma half-life. TIn Study 2, oral clearance values of moclobemide
following 800 and 1200 mg doses were 2.6 and 3.4 fold lower compared

to those obtained after administration of 100 mg dose (from Study 1).

Our observations are consistent with dose dependent metabolism of
moclobemide occurring either during absorption (reduction in first-pass
effect at higheF doses) and/or as a function of systemic clearance.
Although thié effect appears dramatic, particularly when contrasting
the 100 and 1200 mg doses, the clinical consequences are expected to

be 'minimal at the dosage fange to be employed therapeutically.



INTRODUCTION

Moclobemide is a benzamide derivative which has a preferential ability
to reversibly inhibit the monoamine oxidase-A isozyme (DaPrada et al.,
1981). This compound, unlike earlier monoamine oxidase inhibitors, is
devoid of hepatotoxicity in rodents (Schlappi, 1985) and produces only a
mild pressor response to tyramine in rodents (DaPrada et al., 1981; DaPrada
et al., 1984) and humans (Korn et al., 1986). This antidepressant drug
following oral administration to humans is rapidly absorbed and undergoes
first pass metabolism resulting in a bioavailability of approximately 552
following a single 100 mg oral dose. Preliminary observations with
moclobemide indicated that the bioavailability of this compound increases
with higher oral doses (Schoerlin ct al., 1987). Therefore, the purpose of
the present study was to assess the impact that escalating single oral dose
of moclobemide has on its pharmacokinetics and safety over a dosing range

of 100 to 1200 mg.

METHODS

The pharmacokinetics of moclobemide were assessed following single
oral doses (100, 200, 400, 800 and 1200 mg) to fourteen young (20 to 34
years), healthy male volunteers as a part of a double blind,“randomized
placebo-controlled dose tolerance study. All subjects gave their written
informed consent and the study was approved by the local Ethics Committee.
All volunteers were non-smokers and in general good health as evidenced by
a normal medical history, physical cxamination and laboratory profile.
Subjects received escalating doses of moclobemide in a scattered sequence
when the tolerance of the preceding dose was accepLable. ‘This tLrial was
divided into two study components. Study 1 involved six subjects

participating in three dosing sessions (100, 200 and 400 mg of moclobemide)



with each dosing session consisting of fou% moclobemide and two placebo
treated subjects. Study 2 involved eight subjects participating in two
moclobemide dosing sessions (800 mg [6 moclobemide and 2 placebo] and 1200
mg [4 moclobemide and 2 placebo]). Two subjects dropped out of Study 2
following the 800 mg dose. One of the two drop-outs was associated with
dose intolerability. A one week washout period was imposed between
treatments for each of the subjects.

All subjects ;ere housed at the study facility at least 12 hours prior
to dosing through the 24 hour blood sample. Subjects were dosed following
. an overnight fast at approximately 08:00. Immediately prior to dosing, a
venous catheter was inserted into each subject's arm for the purpose of
blood withdrawal. Lach subject ingested their assigned tablet with 200 ml
of water. Blood samples (10 ml) were collected in ammonium oxalate tubes
at the following times: pre-dose, 0.25, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 5.0,
6.0, 8.0, 10.0, 12.0, and 24.0 hours after drug administration. Blood
samples were immediately centrifuged and the plasma harvested and placed
into glass tubes and stored at -20°C until analysis.

Plasma concentrations of moclobemide and two of its metabolites, the
active RO 12-5637 and the main metabolite in plasma RO 12-8095, were
determined by HPLC (Ceschke et al., 1987). DBriefly, this assay involves
extraction of the three main components from alkalinized plasma with
dichloromethane followed by chromatographic separation with a
reversed-phase HPLC system and quantitation by UV detection. ‘The lower
limits of assay sensitivity for moclobemide, RO 12-5637 and RO 12-8095 were
20, 25, and 30 ng/ml, respectively. Inter-day coefficient of variation
studies performed on quality control samples of moclobemide, RO 12-5637,

and RO 12-8095 were 3.5, 7.7, and 4.27, respectively.



Pharmacokinetic data analysis was performed according to
noncompartmental methods. The maximum plasma moclobemide concentrations
(Cmax) and Lime Lo reach maximum moclobemide concentrations ('max) were
determined directly by observation of the dﬁta. The AUC was determined by
the trapezoidal rule. The values were extrapolated to infinity by dividing
the last measured plasma concentration by B, the negative slope of the
terminal elimination phase obtained by least-squares linear regression.
The terminal plasmé elimination half-life (tl/2 B) was calculated as tl/2 @8
= 0.693/B. Apparent oral clearance (Clo) was determined by: Clol =
dose/AUC . Statistical analysis of log-transformed data from Study 1 was
analyzed using a 2-way ANOVA (SAS). If appropriate, the least square means
of the dose effects were then compared in é pairwise manner (option LS
means of GLM of SAS). Statistical analysis for Study 2 involved a t-test
procedure which compared differences between the following treatment group:
800 vs 100 mg; 1200 vs 100 mg. This latter approach was employed because
of the relatively high drop out rate (n = 2) at the 1200 mg dosage level.

Statistical significance was defined as P < 0.05 throughout the study.

RESULTS

Figures 1, 2, and 3 represent mean plasma concentration vs Lime data
of moclobemide, RO 12-8095, and RO 12-5637, respectively following oral
administration of 100, 200, 400, 800, and 1200 mg of moclobemide.
Moclobemide was rapidly absorbed with Tmax values in the range of 0.5 to
2.0 hours and appeared independent of the dose administered. Table I
provides a summary of Lhe major ﬁharmauokinetic parameters obtained Crom
Study 1. Statistically significant differences were observed for all

parameters between dosing groups in Study 1 sugpestive of dose-dependent



pharmacokinetics for moclobemide. Table 1I summarizes the pharmacokinetic
parameters determined from Study 2. As expected, all of these parameters
were statistically different from those compared to the 100 mg treatment
group in Study 1. Figure 4 reveals the relationship between oral
moclobemide dose and its AUC. A disproportionate increase in AUC with
increasing dose can also be appreciated by examining normalized AUC values
in Tables I and II. Half-life values also tended to increase with
increasing dose (1:25 h [100 mg dose] vs 2.73 h [1200 mg dose]).

The pharmacokinetics of moclobemide's main inactive (RO 12-8095) and
pharmacologically active (RO 12-5637) metabolites are summarized in Table
IIT. Like moclobemide, the terminal half-life of RO 12-8095 and RO 12-5637
increased with increasing moclobemide dose. “The magnitude of the terminal
half-life for the two metabolites were similar to each other at the five
doses studied. Both metabolites had terminal half-lives slightly longer

than that of the parent compound, moclobemide.

DISCUSSION

The present study shows that the pharmacokinetics of oral moclobemide,
a new reversible monoamine oxidase inhibitor, are markedly altered as a
function of dose. Moclobemide has been shown to be extensively metabolized
by the liver to a large number of metabolites. Its relatively low oral
bioavailability has been attributed to an extensive first pass metabolism
effect. Dose-dependent bioavailability has been observed with several
compounds (Bai ot al., 1983; Twamoto ot al., 1985; Jusko ot al., 1976).
Most notably, the dose-dependent bioavailability of propranolol has been
extensively evaluated in man (Shand & Rangno, 1982; Lvans & Shand, 1973)

and animals (Bai et al., 1983; Suzuki et al., 1981).



In an earlier study (Wiesel et al., 1985), the predicted
bioavailability of moclobemide based on oral data increased from 0.43 to
0.59 over a single oral dose range of 50 to 200 mg suggestive of a
reduction in oral clearance with increasing dose. In a more recent report
(Schoerlin et al., 1987), it was shown that the systemic clearance of
moclobemide decreased after chronic oral dosing. It was also observed that
a reduction in Clo occurred during a multiple dosing regimen of 100 mg
three times a day. .It was suggested from this study that moclobemide's non
linear behavior may be due to either self-inhibition or metabolite
~ inhibition of moclobemide clearance. Our study suggests that a saturable
first pass effect and reduction in systemic clearance is occurring over the
single dose administration range of 100 to 1200 mg.

We observed a significant reduction (3 fold between 100 and 1200 mg
doses) in the oral clearance of moclobemide with increasing dose. This can
be best visualized by examining the relationship between oral dose and AUC
(see Figure 4). This data suggests that saturable first pass metabolism
may exist with moclobemide.

It is also possible that a reduction in systemic clearance (Cl.) with
increasing dose may also be contributing to moclobemide's nonlinear
characteristics. In fact, a saturable first pass phenomena dlone cannot,
by itself, account for the Lhree fold reduction in oral clearance.
Previous studies have shown that the oral bioavailability of moclobemide
following a single oral 100 mg dose is approximately 557. Consequently, a
decrease in moclobemide's oral clearance from 76.0 L/h  [100 mg] to 22.8
L/h [1200 mg) can't be explained solely on the basis of increased
bioavailabilily. Such a change could only occur if moclobemide's oral
bioavailabilily exceeded 180%4. This wunrealistic Dbioavailability wvalue

supports the argument that decreases in moclobemide's oral clearance with



increasing dose is likely attributed to a deérease in both the first pass
effect and systemic clearance. [Further support for a nonlinear elimination
process can be found in the consistent trend toward prolonged half-life
values (1.25 [100 mg] vs 2.73 [1200 mg] hours) with increasing dose. If
this 2.2 fold increase in half-life reflected a comparable reduction in
systemic clearance, then a more reasonable increase in absolute
biocavailability to 887 would explain the data. Differences in our observed
half-lives could pértially be attributed to the fact that at the higher
doses we were able to sample for a longer period of time resulting in a
~better estimate of our terminal slope. It is interesting to note that the
increases in moclobemide's terminal elimination hall-1life paralleled those
observed with the two metabolites studied (see Table III). Finally,
limitations in the study design (incomplete crossover design Study 1 and
two dropouts from Study 2) may have exaggerated our observation of
nonlinear behavior with moclobemide. Because there was no overlap between
subjects in Study 1 (100, 200, 400 mg doses) and Study 2 (800, 1200 mg
doses), a considerable portion of our nonlinear profile could be attributed
to intersubject variability in moclobemide's metabolism.

Table III provides a summary of the pharmacokinetics for two of
moclobemide's metabolites. As mentioned previously, the half-lives of both
metabolites (RO 12-8095 and RO 12-5637) increased with increasing dose.
The terminal elimination half-lives of both metabolites were slightly
longer than that of their parent compound, .moclobemide. ‘This would suggest
that Cheir terminal elimination half-lives are elimination and not

formalion dependent.
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In summary, moclobemide appears .to possess dose-dependent
pharmacokinetic characteristics over Lhe dosage range of 100 Lo 1200 mg.
It appears that this nonlinear behavior is the consequence of saturable
metabolic processes eilher during absorption (reduction in (irst-pass
effect at higher doses) and/or systemic clearance in the post-absorptive
phase. Although the effect appears dramatic (i.e. comparison of data
between 100 and 1200 mg doses), the clinical consequences are expected to
be minimal at the.dosage range (100 to 150 mg three times a day) to be

employed therapeutically.
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FIGURE LEGENDS

Figure l: Semilogarithmic plots of the mean moclobemide concentrations
(ng/ml) in relation Lo Lime: 100 mg (3 ); 200 mg (0); 400 mg
(A); 800 mg (7); 1200 mg ().

Figure 2: Semilogarithmic plots of the mean RO 12-8095 concentrations
(ng/ml) in relation to time (symbols same as Figure 1l).

. Figure 3: Semilogarithmic plots of the mean RO 12-5637 concentrations

(ng/ml) in relation to time (symbols same as Figure 1).

Figure 4: Effect of moclobemide dose on moclobemide area under the plasma

concentration vs time curve.
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Table 1: Effect of dose (100, 200 and 400 mg) on the pharmacokinetic parameters
(X + % CV) of oral moclobemide.

Parameltoers

Clo AUC auct B e1/2 p2
Dose  (L/h) (ng-h/ml)  (ng-h/ml) 'l (h)
100 mg 76.0 1361 1361 0.553 1.25
(n=4) + 21 4 22 4 22 + 22 + 21
200 mg  62.0 3585 1793 0.440 . 1.58
(n=4) + 38 + 39 + 39 + 33 + 37
400 mg  47.1 9209 2302 0.405 ¥, 71
(n=4) + 36 + 29 + 29 + 24 + 25

1Normalized to a 100 mg dose.

2Harmonized mean and 7 CV based upon the "pﬁeudo" standard deviation.
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Table II: Effect of dose (800 and 1200 mg) on the pharmacokinetics (X + Z CV) of
oral moclobemide.

Clo AUC auct B t1/2 g2

Dose (L/h) (ng+h/ml) (ng-h/ml) (h_l) . (h)
800 mg  28.9 7 4014 0.253 2.74
(n=6) + 53 + 33 + 33 + 21 4+ 22
1200 mg 22.8 55,000 4583 0.254 Zid3
(n=4)  + 24 + 24 + 24 + 12 + 12

lNormalized to a 100 mg dose from Study 1.

2Harmonized mean and 7 CV based upon the "pseudo" standard deviation.
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Table III: Summary of plasma half-life values of moclobemide, RO 12-8095, and
RO 12-5637 with increasing moclobemide dose (X + 7 CV).

Dose (mg) Moclobemide RO 12-8095 RO 12-5637
100 1.25 + 21 2.16 + 17 ND
200 1:.58 + 37 2,02 + 32 1.97 + 36
400 1.71 + 25 2.48 + 38 2.76 %+ 36
800 2.74 + 22 3.64 + 24 3.38 + 20
1200 2.73 + 12 3.68 + 20 3.24 + 29
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Figure 2
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Figure 3
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Effect of food intake on the relative bioavailability
of moclobemide (Ro 11-1163)

M.-P. Schoerlin', M. Mayersohn®, B. Hoevels®, H. Eggers®, M. Dellenbach',
and J.-P. Pfefen'

''Clinical Rescarch Department, F. Holfmann-La Roche & Co., Lid., Basle, Switzerland
2College of Pharmacy, University of Arizona, Tucson, Arizona, USA
* Clinical Pharmacology Unit, Holfmann-La Roche AG, Grenzach, Federal Republic of
Germany

Summary. Twelve healthy adult volunteers received a single 100-mg tablet of
moclobemide in an open-label crossover study designed to determine the in-
(lucnce of food on moclobemide absorption. Moclobemide was administered
30min alter a standard break(ast as well as under [asting conditions. Moclob-
emide absorption was rapid in the absence of food. Bioavailability parameters
obtained when drug was taken 30 min after the meal suggested that the rate of
absorption was slightly decrcased in the presence of food (mecan T, 0.71 h vs.
1.14 1), while the extent of absorption of moclobemide given with [ood was
unaltered. The decreased absorption rate in the presence of food is not expected
to be of clinical signilicance.

Introduction

Moclobemide (Ro 11-1163), a benzamide derivative (Fig. 1) is a novel mono-
amine oxidase (MAO)-inhibitor with predominant inhibition of MAO-A. In
contrast to classical MAO-inhibitors, this drug is characterized by the reversi-
bility of MAO-inhibition. Pharmacokinetic data obtained after single doscs
indicate that moclobemide has a short terminal disposition half-life of between
| and 2 h, an intermediate value [or systemic plasma clearance (31-48 L/h), and
a large steady-state volume of distribution (1-1.5L/kg). The drug appears to
be totally metabolized by the liver with only a small value for renal clearance.
As a result of substantial first-pass hepatic metabolism, the absolute oral bio-
availability of a 100-mg single dosc averages about 56% (Schoerlin etal., 1987).
However, bioavailability appears to be dose-dependent, increasing as dosc in-
creases, possibly as a result of saturable hepatic metabolism during the ab-
sorption step (Mayersohn etal., unpublished).

High first-pass hepatic extraction or ““presystemic” elimination alter oral
ingestion is a property shared with a variety of other drugs, including pro-
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pranolol (Evans etal., 1973), lidocaine (Shand etal., 1975), nifedipine (Mc
Allister, 1982), verapamil (Schomerus et al., 1976), and imipramine (Abernethy
etal., 1984). When such drugs are ingested with food, systemic bioavailability
may increase. This has been reported for propranolol, metoprolol, lidocaine,
propoxyphene, and hydralazine (Rawlins etal., 1977; Melander etal., 1977 a—
c). The mechanism of increased bioavailability during food ingestion is not well

0
N
CI—@—C—NH—CHZ—CHz-—N/_E)
-

Moclobemide
(Ro 11-1163)
q
.
Cl—@—C—NH—CHg—CHg-—N o}
l\-—f
o)

Metabolite
(Ro 12-5637)

0

Il %_\

CI—@—C—NH—CHQ—CH-‘»—N O
A

Metabolite
(Ro 12-8095)

Fig. 1. Structure of moclobemide and metabolites

defined, but may be related, at least in part, to altered splanchnic or hepatic
blood flow (Svensson etal., 1983). On the other hand, food may also be as-
sociated with a decrease or delay in drug absorption (Welling, 1977; Polasa
and Krishnaswamy, 1983; Colburn etal., 1983), but examples of a lack of effect
or increased absorption have been reported as well (Welling, 1977; Melander,
1978).

The present single-dose study was conducted to determine the relative bio-
availability of moclobemide in the presence and absence of food.

Methods
Subjects

Twelve healthy non-smoking male volunteers ranging in age from 23-47 years, weighing
68.5-93.5kg, and taking no other medications were included in the trial. All subjects
provided written informed consent.

Protocol
In an open-labelled, crossover design, the volunteers received a single 100-mg tablet of

moclobemide on an empty stomach after an at least 10-hour overnight fast (treatment A)
and on a second occasion, 30 min after a standard breakfast' (treatment B). Six subjects

! Standard breakfast contained a total energy of 1840 kJ (= 440 kcal); 20% protein, 35%
fat and 45% carbohydrate.
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started with treatment A, the other six subjects with trecatment B; the subjects were randomly
assigned to onc of the treatment sequences. The two treatments were separated by a wash-
out period of at least one wecek.

The time of moclobemide dosage always was between 6.00 and 8.00 a.m. After cach
dose, venous blood samples were drawn into Vacutainer tubes containing EDTA prior to
the dosc and during twelve hours post drug administration. A light standardized low-fat
meal was caten after the 4-h and 10-h blood sampling. Blood specimens were centrifuged,
the plasma separated and stored at —20°C until analysed.

Analytical methods

Plasma concentrations of moclobemide, and two metabolites were measured by a HPLC
method (Eggers ctal., 1987). A Spherisorb® Cg, 5um, 125 x 4 mm (Phase Separation) stccl
column was used with a flow rate of 1.0 ml/min for the mobile phasc (mixture of acetonitrile
and aqucous phosphate buffer solution 30:320 (v/v), pH 3.9). The column cffluent was
monitored with a UV-detector at 240 nm. The limit of sensitivity was 20, 30, and 30 ng/
ml for moclobemide (Ro 11-1163), the main metabolitec (Ro 12-8095), and an active me-
tabolite (Ro 12-5637), respectively (sce Fig. 1). The mean inter-assay reproducibility (%
CV) for the quantitation of these three compounds in plasma calculated from quality
control samples were 4.1 (range 3.4-5.0), 4.8 (rangc 3.4-6.0), and 11.0% (range 6.0-14.4),
respectively, over the concentration range 50 to 1250 ng/ml for Ro 11-1163, 100 to 1250 ng/
ml for Ro 12-8095, and 50 to 220 ng/m! for Ro 12-5637. For lower concentrations near the
detection limits, the cocfficients varied between 8 and 20% [or the compounds.

Data analysis

Pharmacokinctic analysis

Plasma concentration-time (C, () data for moclobemide Ro 11-1163 and the main metabolite
Ro 12-8095 after the two administration modes were [irst plotted for visual inspection.
Maximum plasma concentration (C,,.,,) and time of its occurrence (T,,,,) were determined
directly from the C,  data. Other pharmacokinetic parameters were calculated by “model-
independent” (arca) methods. The terminal disposition ratle constant was determined by
lincar regression analysis of the terminal log-lincar phase in the concentration-time profile.
The terminal disposition hall-life (t,,) was calculated [rom In2/B. The total arca under the
plasma concentration-time curve (AUC, _, .,) was determined by the linear trapezoidal rule
applicd up to the time of the last concentration and extrapolation thereafter (C,/p), where
C, is the last concentration on the regression line. The bioavailability of moclobemide post-
prandial (B) rclative to pre-prandial (A), Fy (uncorrected and corrected for differences
in the terminal disposilion rale constants), was calculated as

Fret = A

AUC(}—.CO(!‘\)
F = AUCn—coglll % %}
el AUC.«,_..QOU\J BU\}
correcled

The oral clearance (CI/FF) after oral administration was calculaled as

dosc

ClJF = ———
X AUC(I-"C-O
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Statistical analysis

The Wilcoxon matched-pairs signed-ranks test was used to test for a statistical significance
in changes in pharmacokinetic parameters AUC,_, o, t;2, B, Cl/F, Ty Cinax Obtained in
the absence or presence of food (o = 0.05).

Results

Fig.2 shows moclobemide and Ro 12-8095 plasma concentrations during the
trial for a representative subject.

Table ] compares mean pharmacokinetic parameters obtained for parent
drug after the two administration modes. The values for one subject (number
5) were not included in the calculation of the mean values, since this subject
was characterized as a poor metabolizer (mephenytoin). The half-life of the
drug in this subject was unusually high (5.17h) and was beyond two standard
deviations of the mean of the other subjects. However, the value is consistent
with what one finds for poor metabolizers (Schoerlin etal., 1987).

The plasma concentrations of the metabolite Ro 12-5637 were low, and in
many cases near the limit of detection throughout the sampling period. No
graphical representation or pharmacokinetic analysis for this compound is pro-
vided.

Moclobemide is absorbed rapidly after oral dosing. No significant differences
in the mean maximum plasma concentration was observed between fasting

NG/ML

103

11 L 11111

102

L L.t 1111

TIME (HOURS)>

Fig. 2. Plasma concentration-time profiles of moclobemide ( ) and Ro 12-8095 (——-
—-) in a healthy volunteer following a 100-mg oral dose in absence (*) and in presence
(V) of food
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Table 1. Absorption and disposition parameters of moclobemide after a single 100-mg oral

dosc in the absence (A) and presence (B) of food in twelve subjects

Parameters in Meun £ CV% and (range) p-value
the extensive S . S SRS for A=B'
mctabolizers A B ratio B/A
B(h™" 0.433+£20 0.392+21 09114 <0.05
(0.319-0.541) (0.258-0.509) (0.72-1.17)
ta (h)? 1.60 %20 1.77 421 1L12£13 <0.05
(1.28-2.17) (1.36-2.69) (0.86-1.38)
Coax (ng/ml) 753440 64344 0.894:30 >0.05
(210-1270) (229-1290) (0.55-1.45)
Toax (h) 0.71+£29 1.14£57 1.74 £ 69 <0.05
(0.33-1.00) (0.50-2.50) (0.67-4.55)
dosc/AUC, . o, 77.77+ 66 70.8 453 0.954:16 >0.05
(L/h) (31.4-214.1) (30.9-149.5) (0.70-1.17)
ALIC: o | 67647 1752445 >0.05
(ng-h/ml) (467-3 183) (669-3241)
) T .10+ 18
(0.86-1.43)
Fyot 09815
corrected (0.?7—'1 32)
Tuhde I {eontimwed)
Parameters in subject 5 (poor melabolizer)
B ll,f! Cm'.l; Tm:lx CIJ{F AUCu-—-O‘J
(™" (h) (ng/ml) (h) (L/h) (ng - h/ml)
A 0.134 5.7 1331 0.50 13.9 7211
B 0.113 6.13 1032 1.50 10.1 9942

' Wilcoxon malched-pairs signed-ranks lest.

2 Harmonic mecan and %CV based upon the “pseudo’™ standard deviation (Lam et al.,
1985).

* Fra =AUC,_ o 1y/AUC, o (a) [data for subject 5 (poor metabolizer) incl.).

Rl S =AUC,_ m/AUCo_cs (a) X Buy/Beay [data for subject 5 (poor metabo-

corrected
lizer) incl.].
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(Cinax 753 ng/ml) and non-fasting (643 ng/ml) conditions. However, with the
meal the rate of absorption was slightly decreased (T, 0.71 h vs 1.14 h), while
the relative extent of absorption was unaltered (98%).

However, a large inter-subject variation was seen in these parameters. There
were no significant changes with food in total areas under the concentration-
time curve, either uncorrected or when corrected [or varying hall-lives. Fur-
thermore, no difference was seen in apparent oral clearances (CI/F [asting 77.7 L/
h, non-[asting 70.8 L/h). The relative oral bioavailability of moclobemide in the
presence of food relative to [asting conditions was 0.98 (£ 15%). There was a
consistent increase in the terminal disposition hall-life (t,,) in the presence of
food with a harmonic mean of 1.77 h and ranging from 1.36 to 2.69 h. Although
the difference compared to fasting conditions was small (difference ol average
values, 0.17 h) it reached statistical significance. Since it is likely that the change
seen is due to changes in clearance, AUCs corrected for changing hall-lives
were used to calculate the relative availability of the drug.

Discussion

Moclobemide absorption 1s rapid in the absence of [ood. On average, the rate
of absorption was slightly decreased in the presence of food (mean T, 0.71 h
vs. 1.14h), while the extent of absorption was unaltered. The extent ol mo-
clobemide absorption as judged by the corrected AUCs was not significantly
different in the absence and presence of food. The lack of a significant change
in C,,,, In the presence of [ood supports the contention ol unaltered extent of
absorption when moclobemide is given with a meal. The relative oral bio-
availability Fy,, (lood/no [ood) averaged 0.98 with a CV of only 15%. Consistent
with this finding, no significant influence of food on the apparent values of
oral clearance was found. It is apparent {rom the absorption and disposition
parameters of moclobemide (Table 1) that for all measured parameters except
Toaxe the CV values are similar in the presence and absence of food. Only for
Tonax did the CV increase by a factor of 2, [rom 29 to 57% with food. Increased
variability in rate of absorption with [ood is generally seen in bioavailability
studies and is not unique [or moclobemide. Even though T, is alfected by
food intake, the increase 1s small. Maximum concentrations were reached within
2.5h in all subjects.

Similar observations for the variability of moclobemide could be made for
the disposition parameters associated with the metabolite Ro [2-8095: little
differences in variability around the means of the parameters t;,, C.y,
AUC,_,,, but a greater CV [or T,,,.. As exemplilied [or subject 8 (Fig. 2), C,,...
for this metabolite is slightly (but not statistically significantly) decreased, and
T, 18 Increased in presence of [ood.

We conclude that food, at least of the composition used in this study, has
no clinically significant influence on the gastrointestinal absorption ol mo-
clobemide following a single oral 100-mg dose.
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Disposition Kinetics of Moclobemide,

a New Mao-A Inhibitor, in Subjects

with Impaired Renal Function

Marie-Paule Schoerlin, PhD, Fritz F. Horber, MD, Felix ]. Frey, MD,
and Michael Mayersohn, PhD

A single intravenous and oral dose of moclobemide (Ro 11-1163) was administered lo 13
subjects with varying degrees of renal impairment (creatinine clearances ranging from 0
to 40 mL/min). The resulting disposition and absorption paramelers of moclobemide
were more variable than but, with the exception of mean absorption lime, were not
significantly different from values obtained in another study conducted in 12 normal
healthy subjects. There were no relationships between any of the disposition paramelers
and renal function as measured by creatinine clearance. The disposition of lwo metabo-
lites of moclobemide were partially characterized from plasma data. One of these (Ro
12-8095) appears to be formation rate-limited and, from available data, behaves in a
manner similar to what has been observed in normals. The other metabolite (Ro 12-5637)
has a long apparent disposition half-life and is present in greater concentralions in the
renally impaired compared to the normal subjects. The latter observation may reflect
reduced elimination clearance in the renally impaired subjects. Based upon the results of
this study there does not appear to be any need to alter the normal dosing regimen of
moclobemide in subjects with renal impairmenl in order to achieve drug concenlrations

similar to those in healthy subjects.

Moc]obemide (Ro11-1163; Figure 1) is a new drug
entity which shows preferential and revers-
ible inhibition of the A-isozyme of the monoamine
oxidase enzyme system.” Unlike many of the earlier
generation monoamine oxidase enzyme inhibitors,
moclobemide is devoid of hepatic toxicity in the rat?
and it produces only mild pressor response to tyra-
mine in rodents and humans."** The antidepressant
activity of the drug in humans has been examined in
several uncontrolled and placebo controlled stud-
ies.>® The relative efficacy of moclobemide com-
pares favorably with other currently used antide-
pressant agents, ™

The absorption and disposition characteristics of
moclobemide have been studied in normal human
subjects following single intravenous and oral doses

From the Department of Clinical Pharmacology, F. Hoffmann-La Roche
and Company, Basel, Switzerland (Dr. Schoerlin), Medizinische Polin-
klinik, Inselspital, Berne, Switzerland (Drs. Horber and Frey) and the
College of Pharmacy, University of Arizona (Dr. Mayersohn). Address
for reprints: Michael Mayersohn, College of Pharmacy, University of
Arizona, Tucson, AZ 85721.
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and after multiple oral dosing."’"* The overall find-
ings of those studies indicate that moclobemide has
a relatively short disposition half-life of 1-2 hours
and intermediate to large values of systemic clear-
ance and steady state volume of distribution (ca., 40
L/hour and 80 L, respectively). The drug appears to
be primarily metabolized, presumably by the liver,
as renal clearance is only a small fraction of systemic
clearance (<1%)." The relatively large hepatic ex-
traction ratio results in substantial first-pass hepatic
melabolism, providing an absolute bioavailability of
about 55% from a single 100 mg oral dose. The oral
bioavailability appears to be dose-dependent, in-
creasing as the dose increases above 100 mg, possibly
as a resull of saturable first-pass metabolism
(Mayersohn and Schoerlin, unpublished).

_Multiple oral dosing results in a reduction in mo-
clobemide clearance and an increase in oral bio-
availability." The exacl mechanism of this phenom-
enon is not known but it may involve moclobemide
and/or metabolite inhibition of metabolism.

There are suggestions thal one or more of the me-
tabolites of moclobemide may be partially responsi-
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Q
CI@C-NH—CHz—CHz-N/\—_—B)

MOCLOBEMIDE (Ro11-1163)

o Q
0|©6—NH~CH2—CH2— ND

METABOLITE 1(Ro12-8095)

0
CI@&—NH~CH2—CH2-N:>
'
0

METABOLITE 2(Ro12-5637)

0
I@&-NH—CHz—CHz—ND

INTERNAL STANDARD (Ro11-9900)

Figure 1. Structurul formulas of moclobemide and (wo metabolites and the internal standard used in the assay.

ble for producing the pharmacologic effect.’® Since
those metabolites may be partially excreted by the
kidney, the influence of renal impairment on the
disposition of moclobemide and its metabolites
needs to be examined. The purpose of this investi-
gation was to study the absorption and disposition of
moclobemide and two known metabolites (Ro
12-8095 and Ro 12-5627; Figure 1) in renal impaired
subjects following single oral and intravenous doses
and to compare the results to findings in normal
healthy subjects.

MISCELLANEOUS

METHODS
Protocol

This study was approved by the investigators’ insti-
tutional human research committee and all subjects
provided informed consent. Thirteen subjects (4
women, 9 men) with varying degrees of renal im-
pairment and between the ages of 27 and 75 years
participated in the study. The subjects have been
arbitrarily divided into two groups according to
renal status; Group I, creatinine clearance values of

273
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0-5 mL/min; Group II, creatinine clearance values
of 19-40 mL/min. Subjecls in Group I were main-
tained on hemodialysis. Subjecl characlerislics are
summarized in Table I. The values for crealinine
clearance represenl Lhe average of lwo measure-
ments, orze of which was determined prior to and the
other alter the end of the study. The individual
values were similar. All subjects provided a medical
history, underwenl a physical examinalion and
blood chemistry lests were performed. There was no
evidence of impaired liver or gastrointestinal func-
tion. Subjects were allowed to continue laking any
medicalion necessitated by their medical condition.
Exclusion crileria were: smoking more than 10 ciga-
relles per day; unstable renal function; anemia
(beyond whal is expected for the degree of renal
insulficiency): pregnancy and any history of drug
abuse (other than excessive consumplion of analge-
sics).

An open lrealmenl design was used. On onc of lwo
experimental inlerdialysis days, separated by at
least one week, cach subject ingested a single 100 mg
tablet of moclobemide (Ro 11-1163/017, balch PT
2935 B 51) wilh 4 ounces of water. On anolher occa-
sion 12 ol Lhe 13 subjects received a 96.7 mg dose of
moclobemide as an inlravenous infusion over 20
minules (Ro 11-1163 /004, balch G FER 09 134). The
infusion (30 mL) was administered via an anlecubi-

lal vein al a conslant rale using a previously cali-
brated infusion pump. The drug was administered
between 5 and 9 aMm [ollowing a 10-hour period dur-
ing which alcohol, callfeine, and lyramine-contain-
imp foods were nol permilted. The drug was ingesled
1.5 hours after a light snack (lea, bread and jam) and
an addilional snack (2 biscuils and [ruil juice) was
served 4 hours aller dosing. A light standard meal
was ingesled 8 hours alter dosing. Food was always
ingested after the appropriale blood sample was ob-
tained.

The subjecls remained in a silling position for Lhe
first 2 hours following dosing. Blood samples were
oblained from an arm vein and, in Lhe case of the
infusion, from a conlralateral vein. Blood samples
were oblained prior lo, 10, and 20 minules after the
start of the infusion and al the following times after
the end of the infusion: 10, 20, 30, 45 minutes and 1,
1.5, 2, 3, 4, 5, 6, and 8 hours. For oral dosing, blood
samples were oblained prior lo and al the [ollowing
times after drug ingeslion: 15, 30, and 45 minules
and 1, 1.5, 2, 3, 4, 5, 6, and 8 hours. Samples were
obtained via an indwelling venous calheter al early
limes and by venipuncture al laler limes. Blood was
collecled inlo Vaculainer lubes containing EDTA
and centrifuged lo oblain plasma. The plasma was
stored frozen unlil analyzed for moclobemide and
melaboliles.

TABLE |

Subject Characteristics

Cler*
Subject Sex Age (yr) Weight (kg) (mL/min) Diagnosis
Group |
1 M 48 50 0 Nephrotuberculosis
2 M 27 67 0.4 Glomerulonephritis
3 M 42 57 04 Glomerulonephritis
4 M 31 69 0.4 Glomerulonephritis
5 M 54 71 1.1 Analgesic nephropathy
6 F 52 77 2.9 Glomerulonephritis
s F 64 60 4.1 Analgesic nephropathy
8 F 59 63 4.4 Analgesic nephropathy
Group Il
9 M 62 66 19 Nephroangiosclerosis
10 F 75 75 27 Diabetic nephropathy,
Hyperparathyroidism
11 M 48 75 30 Glomerulonephritis
12 M 36 63 35 Glomerulonephritis
13 M 61 62 40 Analgesic nephropathy

* CLCr = crealinine clearance. Values are the mean of two measurements determined prior lo and after the completion of the study.
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Analytical Methods

Plasma samples were analyzed for intact moclobe-
mide and two metabolites whose structures are il-
lustrated in Figure 1. Plasma concentrations were
determined by a high performance liquid chromato-
graphic method.*® Briefly, a plasma sample contain-
ing the internal standard (Ro 11-9900; Figure 1) was
alkalinized and eluted through an Extrelut 1 column
with two portions of 5 mL dichloromethane. The
solvent was evaporated at 35°C under a stream of
nitrogen and reconstituted with 250 ul of mobile
phase. One hundred ul were injected onto a C-18
reversed phase column (u-Bondapack, Waters, Mil-
ford, MA) using a mobile phase of acetonitrile and
0.067 M phosphate buffer (adjusted to pH 3.8) in the
v/v ratio of 55:255 and a flow rate of 1.5 mL/min.
Quantitation was achieved by measuring absor-
bance at 237 nm with reference to a standard curve
of peak height ratio vs moclobemide or metabolite
concentration. The lower detection limits for quan-
titation of moclobemide and metabolites 1 and 2 in
plasma were 20, 35 and 40 ng/mL, respectively. The
intra-assay percentage coefficient of variation for
the three compounds ranged from 2 to 6% over the
concentration range of 100 to 3,000 ng/mL. For
lower concentrations near the limits of detection,
the percentage coefficients of variation ranged from
5 to 13% for each compound. Control samples were
analyzed along with authentic samples to ensure
quality control in analysis.

Data Analysis

Plasma concentration-time data for moclobemide
and metabolites were analyzed by noncompartmen-
tal or area methods. The data in the terminal post-
absorptive, post-distributive phases were analyzed
by linear regression to obtain estimates of the termi-
nal disposition rate constant (3) and from which the
disposition half-life was obtained (In 2/8). The total
area under the concentration-time curve (AUC) was
determined by the linear trapezoidal rule with ex-
trapolation from the last measured concentration on
the regression line (Cn) to time infinity (Cn/pg). Sys-
temic or total body clearance (CLs) and the steady
state volume of distribution (Vss) were delermined
from the intravenous (iv) data by:

CLs = iv dose/AUC (1]
Vss = [(iv dose - AUMC)/(AUC)*
— [(iv dose - T)/2(AUC)] [2]

where AUMC is Lhe tolal area under the first mo-

MISCELLANEOUS

ment of the plasma concentration-time curve and T
is the duration of infusion.
The mean residence time (MRT) following iv infu-
sion was determined from:

MRT = [AUMC/AUC] - T/2. 3]

The initial or central volume of distribution (Ve) of
moclobemide following iv infusion was determined
by applying the method of residuals to the post-in-
fusion data in order to estimate the rate constants
and coefficients. The coefficients associated with an
iv bolus were then calculated’ and from which an
estimate of Vc was obtained by dividing the iv dose
by the sum of the coefficients.

The mean residence time of the metabolite, Ro
12-8095, was determined from the iv data for the
metabolite and moclobemide from the relation-
ship,®

MRT (metabolite) = [AUMC/AUC] metabolite
— [AUMC/AUC] moclobemide. [4]

The maximum plasma concentration (C,,,) and
time to achieve the maximum (T, were deter-
mined directly from the concentration-time data.
The observed absolute oral bioavailability (Fobs)
was calculated from:

Fobs = [(AUC oral)/(AUC) iv]
X [(iv dose)/(oral dose)] [5]

The apparent clearance after oral administration
(oral clearance, CLo) was determined from the ratio
of the oral dose to the corresponding AUC. The
mean absorption time (MAT) was calculated by,

MAT = [(AUMC) oral /(AUC) oral] = MRT [6]

The absolute oral bioavailability was predicted from- -
the iv data (Fpred: iv) and the oral data (Fpred: oral)
based upon the following relationships:

iv =1 - [CLs/Qh] (7]
oral = Qh/[CL, + Qh] (8]

where Qh is the hepalic blood flow assumed to be 90
L/h and CLs was assumed to be equal to hepatic
clearance.

The Student’s unpaired (-test was used to compare
parameter values between the two renal impaired
groups and belween the renal impaired and normal
subjects. A value of P < .05 was considered to sug-
gest a statistically significant difference.

RESULTS

Fpred:
Fpred:

r

There were slight but clinically insignificant
changes in blood pressure and pulse rate noted only

275
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during the first 2 hours following dosing. Aparl [rom
one subjecl who developed tachycardia which
lasled for about 10 minutes, there werc no adverse
cffecls experienced by any of the subjects Lo the
single iv and oral dose of moclobemide. These effects
were nol different from those scen in normal sub-
jecls who received single iv and oral doses of 150 and
100 mg, respectively, and who were given 300 mg
moclobemide per day for 2 weeks.™

The subjects were arbitrarily divided inlo two
groups according lo renal status (Table 1). These
groups had significantly different crealinine clear-
ance and serum creatinine values but, with the ex-
ception of the relative proportion of men and
women, there were no significant differences be-
tween Lhe groups. There were no statistically signifi-
canl differences between the two groups lor any of
the disposilion parameters to be discussed and, [or
that reason, comparisons (o findings in normals will
be based upon the values for all of the renal im-
paired subjecls. Dala reported here for normal sub-
jects, (12 male subjecls, 21 lo 34 ycars) have been
oblained from another study in which a single iv
(150 mg) and oral (100 mg) dosc of moclobemide was
administered prior lo multiple dosing.™

Figure 2 illustrates the plasma concenlralion-lime
proliles of moclobemide and tlwo melaboliles follow-
ing iv inlusion and oral administration (insct graph).
The data shown are for one subjecl (number 1)
whose values for moclobemide disposilion were
similar lo the group mean. however, Lhis subjecl was
essenlially anephric. The 8-hour sampling lime was
sufficiently long to characterize moclobemide dis-
posilion and that of one melabolite (Ro 12-8095). In
mos! cases, distribulion was rapid bul somewhal
more prolonged in some subjects. The maximum
plasma concenltration of moclobemide al the end ol
the iv infusion varied over a four-fold range (775 to
3109 ng/mL) and the average was greater in Group Il
subjects compared to those in Group | (mean and
range: Group I, 1.56, 0.78 lo 3.11 mg/L; Group II,
2.39, 1.86 lo 2.98 mg/L) but this difference was not
significanl. There was a nonlinear inversc correla-
tion belween the maximum moclobemide concen-
tralion and estimates of the initial or central volume
of distribulion obtained in these subjects (data not
shown).

In order lo perform a similar analysis between the
renal impaired and normal subjects, the maximum
moclobemide concentration was adjusted for differ-
ences in iv dose and further adjusled to a body
weight of 70 kg since the normal subjects had a
grealer body weight. The average maximum con-
cenlrations (% coefficient of variation) for the renal
impaired and normal subjects were 1.79 mg/L (42%)
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and 1.38 mg/L (24%), respectively. These differ-
ences were nol significant bul the normal subjects
had a lower average value and a smaller range of
values.

The disposilion paramelers of moclobemide fol-
lowing iv administralion are summarized in Table Il
which also includes values oblained in normals,
One subjecl (number 2) did nol receive the iv dose
for reasons unrelaled o the drug. There were no
significanl differences between the renal impaired
and normal subjecls [or the iv disposilion parame-
ters listed in Table Il. For each of those paramelers,
however, Lhere is grealer varialion among the renal
impaired subjecls compared Lo the normals. The
latter comparisons are besl scen in Figure 3.

Moclobemide is rapidly absorbed following oral
administration with maximum concentrations being
achieved within 1 lo 2 hours. The range of Lthe max-
imum concenlralions were grealer Lhan that ob-
served for Lhe iv dose (0.11 to 1.08 mg/L; mean and
% CV, 0.60 mg/L., 47%). A similar mean and range of
values have been noled in normals following the
same 100 mg oral dose (mean and % CV, 0.55 mg/L,
39%; range, 0.22 lo 0.92 mg/L). The absorplion pa-
ramelers associaled wilh the oral moclobemide dose
are summarized in Table 1. The absolule oral bio-
availability ranged [rom 0.19 o 0.93 wilh an average
(0.58) essenlially identical lo that observed in nor-
mals (0.55). The apparent oral clearance (one value
nol used in the calculation of the mean) had a large
range of values (21.7 1o 174.5 L./h) bul the mean was
similar lo thal secen in normals and there were no
significant differences belween the lwo groups. The
oral clearance was aboul twice Lhe value of systemic
(iv) clearance. The mean absorplion lime, which in-
cluded several values ol zero for both subject groups,
was signilicantly grealer in the renal impaired com-
pared Lo the normal subjects. The laller was the only
parameler thal was differenl belween Lhe two
groups. As noled for the iv dala, the oral paramelers
have far grealer variation among Lhe renal impaired
subjects. This is besl illustrated in Figure 4.

Wilh regard lo the disposilion of the lwo metabo-
lites of moclobemide thal were measured in this
study, only one of those (Ro 12-8095) provided a
concenlralion-lime profile thal permilled analysis.
The sampling lime was gencrally sufficient Lo char-
aclerize disposilion, as noled in Figure 2. In several
inslances (subjects 9 and 10) the parameler values
were eslimalions only, as the melabolile had a long
lerminal phase. The maximum concentrations of
this metabolite following iv dosing were nol signifi-
canlly differenl from those seen in the normal sub-
jects after adjustling [or dose and Lo a body weight of
70 kg (renal impaired, 0.45 mg/L, 23% CV: norinals,
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Figure 2. Plasma concenltration of moclobemide (®), metabolite 1 (Ro 12-8095; O) und metabolite 2 (Ro 12-5637; W) as a function of time
following an iv infusion in one subject (number 1). The solid line is based upon linear regression analysis of the moclobemide data in the
terminal phase. One point in parentheses was not used in filting the data. Melubolile concentrations are connecled by straight line

segments. The inset graph illustrates the concentration-time data following an oral dose of moclobemide in the same subject.
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TABLE Il
Moclobemide Disposition and Absorption Parameters
v ORAL
CLs Vss Tis MRT ClLo MAT
Subject (L/h) (L) (h) (h) F (L/h) (h)
Group |
1 39.2 92.6 1.66 2.36 0.58 68.1 0.70
2% — —_ — — — 119.2 —
3 32.8 71.6 1.58 2.18 0.92 35.7 1.38
4 52.4 105.4 1.74 2.01 0.46 113.1 —t
5 29.7 85.2 2.16 2.87 0.68 43.6 1.99
6 64.0 144.1 1.64 2.25 0.70 91.9 1.99
7 28.3 73.6 2.16 2.60 0.40 71.7 —1
8 67.5 92.8 0.94 1.37 0.19 354.6% 0.92
Group Il
9 17.3 67.8 2.82 3.92 0.80 21.7 0.79
10 20.4 75.3 2.77 3.69 0.93 22.0 2.14
11 49.3 721 1.38 1.46 0.55 90.0 0.55
12 48.9 79.7 1.43 1.63 0.61 79.7 1.62
13 34.0 50.7 1.15 1.49 0.19 174.5 0.55
Mean 40.3 84.2 1.62§ 2.09§ 0.58 77.6 1.05
sD 16.1 23.6 0.53 1.16 0.24 45.0 0.76
Normals'
Mean 394 84.3 1.60§ 2.11§ 0.55 83.6 0.47
SD 5.9 9.3 0.24 0.37 0.20 41.0 0.37
p valuel NS NS NS NS NS NS <.05

* This subject did not receive an iv dose,

t Value approximately equal to zeru and included in the calculation of the
mean.

1 Value not included in calculation of the mean.

§ Harmonic mean and “'pseudo” SD.'®

' Data taken from Schoerlin et al. (based upon 11 subjects)."®

1 Unpaired Student’s t-test for the comparison between renal impaired and
normal subjects (NS = not significantly different).

0.40 mg/L. 28% CV). The maximum concentrations
were achieved within 2 hours after dosing and these
values were similar in both groups (renal impaired,
1.63 hours, 51% CV; normals, 1.72 hours, 40% CV).
Table III lists the actual values of C,,,x and T,,,x along
with estimates of half-life and mean residence lime.
The two latter parameters could not be compared
with normals as an insufficient sampling time did
nol permit their estimation. The half-life values for
this metabolite are similar to those for moclobemide
(Table II) but the estimated mean residence lime is
shorter than that for moclobemide.

The other metabolite, Ro 12-5637, was present in
low concentrations in plasma and, as noted in FFigure
2, the concentrations persisted at relatively constant
values during the sampling time. We were unable to
obtain adequate estimates of the terminal half-life of
thal metabolite. The maximum concentrations and
time to maximum are summarized in Table III. After

278 e J Clin Pharmacol 1990;30:272-284

adjusting the C,,., values for differences in dose and
to a 70 kg body weight, the renally impaired subjects
had a significantly greater concentration compared
to the normal subjects (renally impaired 0.14 mg/L,
35% CV; normals, 0.07 mg/L, 32% CV). The time to
achieve this maximum concentration was also sig-
nificanlly longer in the renally impaired subjects.
The metabolite plasma concentration-time data
after an oral dose of moclobemide provided profiles
similar to those seen after iv administration (Figure
2). The maximum concentrations of Ro 12-8095
were not significantly different when comparing the
renal impaired and normal subjects (renal impaired,
0.59 mg/L, 26% CV; normals, 0.49 mg/L, 30% CV).
The time to achieve the maximum concentration in
the renal subjects (1.46 hours, 47% CV) was not dif-
ferent from the normals (1.44 hours, 30% CV). In
contrast, and as noted following iv dosing, the maxi-
mum concentrations of Ro 12-5637 were signifi-
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Figure 3. Disposition parumeters of moclobemide in renal impaired subjects (@, Group I: O, Group I} and normal subjects following a

20-minute iv infusion of moclobemide. The data for the normal subjects have been taken from Schoerlin et al' Several values for one
normal subject (A) have not been included in the calculation of the mean. The harmonic mean is shown for T,, and MRT. The
cross-halched vertical bars represent the standard deviation of the mean values (m) shown to the left or right of the individual values.

cantly greater in the renal impaired subjects (0.19
mg/L, 36% CV) compared to the values in normals
(0.10 mg/L, 31% CV). The time to achieve the maxi-
mum concentration was also significantly greater in
the renal impaired subjects (1.70 hours, 73% CV)
compared to the normals (0.83 hours, 47% CV).

There were no correlations between any of the
disposition parameters of moclobemide or its metab-
olites and renal function based upon creatinine
clearance.

DISCUSSION

The purpose of this investigation was to examine the
absorption and disposition characteristics of the
MAO-A inhibitor moclobemide and several of its
metabolites in subjects with impaired renal function
following a single iv and oral dose. These results
could then be compared to findings obtained in nor-
mal healthy subjects in order to assess differences in
disposition and the need for adjustment of dosing
regimens.

The subjects in this study had different degrees of
renal function with creatinine clearance values

MISCELLANEOUS

ranging from 0 to 40 mL/min. While an arbitrary
division, the subjects were separated into two
groups according to the degree of renal impairment.
These groups differed significantly with regard to
creatinine clearance and serum creatinine concen-
tration but there were no differences with respect to.
age or weight. It should be recognized, however, that
these groups were not balanced in terms of the num-
ber of subjects per group nor with regard to gender.
Based upon the results of this study, however, there
were no differences between these groups with re-
spect to absorption or disposition parameters and,
therefore, comparisons with normals were based
upon the average values for all of the renal impaired
subjects.

Moclobemide appears to be essentially completely
metabolized, presumably by hepatic enzymes. The
renal clearance of the drug is low in normal human
subjects (less than 1% of systemic clearance)'® and,
on that basis, renal impairment per se would nof be
expected to alter disposition of the parent drug.
There are suggestions, however, that renal impair-
ment may directly influence hepatic enzyme activ-
ity as has been observed for certain drugs.'” Altered

279



- 126 -

SCHOERLIN ET AL

Y@
10} 200{ 200 S8
e O ° L T
= ® . ° ®
08 To° 160 _ | 1%
) 8 o] £ = 15 @
o] i = 2 T® N T I_.
LE 0.6 [ | g ! & 61 0 ® ® < L
sl s 10; (]
[ ] ' ® 0 ) s [ ] ®
oa |+ | © 8o 43" et o s
‘ i . o
02} o ) 40f e ol 04 °
| oo ° N 8
! 1 1 1 | .I .
renal normal renal normal renal normal

Figure 4. Absorption parameters of moclobemide in renal impaired subjects (®. Group I; O, Group II) and normal subjects following an oral
dose of moclobemide. The values for the normal subjects have been taken from Schoerlin el al’® Two values were not used in calculation of
the mean CLo (one value in parentheses and not drawn lo scale and the open Iriangle). The average value of MAT includes several values
of zero (not shown). The cross-hatched verlical bars represent the standard deviation of the mean value (m) shown lo the left or right of the

individual values.

renal function in the absence of liver impairment
may influence disposition by indirect or secondary
mechanisms. These would include a change, most
often a decrease. in plasma protein binding which
may alter systemic clearance, apparent volume of
distribution and disposition half-life. Renal impair-
ment may also cause a change in tissue protein bind-
ing of the drug and thereby alter the apparent vol-
ume of distribution and disposition half-life. Altered
renal function would be expected to have a direct
effect upon the excretion of metabolites which are
partially or completely eliminated by the kidney.
The latter consideration is of concern when the me-
tabolite(s) are either pharmacologically aclive or
toxic. One of the melabolites measured in this study
(Ro 12-5637) appears to exhibil some activity'* and
about 6 to 10% of an iv dose is excreted into the
urine in that form.*

The disposition parameters of moclobemide fol-
lowing iv dosing are essentially the same in the renal
impaired and normal subjects (Table II). In both
groups of subjects moclobemide had a relatively
short disposition half-life of about 1.6 hours and in-
termediate to large values for systemic clearance

280 e J Clin Pharmacol 1990;30:272-284

(ca.. 40 L/h) and steady state volume of distribution
(ca.. 84 L). A similar conclusion is reached with re-
gard to the absorption paramelters of moclobemide.
With the exception of mean absorption time, which
is longer in the renally impaired subjects, there are
virtually no differences between the two groups
with respect to absolute oral bioavailability or ap-
parent oral clearance. However, for all of those pa-
rameters, there is greater variability among the
renal impaired subjects compared to the normals
(Figures 3 and 4).

It is unlikely that renal function would be respon-
sible for this greater variation within the renal im-
paired subjects because the drug is primarily elimi-
nated by metabolism. It is possible that plasma or
tissue binding differences between these groups
could, at least in parl, explain some of this variation.
Plasma binding was not determined in this study but
moclobemide is bound only to the extent of about
50% (R. Brandt, F. Hoffmann-LaRoche and Co., per-
sonal communication). There are, however, two pos-
sible explanations for this greater variability among
the renal impaired subjects. First, that group had a
greater average and range of ages (51: 27 to 75 years)
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TABLE 111

Disposition Parameters of the Metabolites of Moclobemide Following IV Administration of Moclobemide

Ro 12-8095 Ro 12-5637
cmo: Tmu T1;2 MRT cmu Tm:
Subject (mg/L) (h) (h) (h) (mg/L) (h)
Group |
1 0.71 1.83 1.70 0.76 0.15 1.08
2* — — — — — —
3 0.47 1.08 1.78 1.02 0.28 1.08
4 0.36 0.67 1.49 0.65 0.10 1.83
5 0.33 2.33 2.76 1.84 0.18 6.331
6 0.39 1.83 1.86 1.19 0.09 2,33
7 0.58 1.83 2.01 0.98 0.17 1.83
8 0.67 1.33 1.18 0.91 0.09 1.83
Group Il
9 0.62 3.33 9.05t —1 0.20 1.08
10 0.51 2.33 6.851 7.231 0.14 2.33
11 0.50 0.50 2.01 1.68 0.10 0.83
12 0.34 0.67 1.78 1.36 0.12 2.22
13 0.41 1.83 1.61 1.59 —1 it
Mean 0.49 1.63 1.74§ 1.08§ 0.15 1.66
SD 0.13 0.83 0.40 0.38 0.06 0.60
Normals!
Mean 0.58 1.72 —1 —1 0.09 0.82
SD 0.15 0.68 — — 0.03 0.53
P valuel NS NS — — <.001 <.005

* This subject did not receive an intravenous dose.

t Value not used in calculation of the mean nor in the statistical comparison.
1 Value could not be determined.

§ Harmonic mean and “pseudo’’ standard deviation."®

' Data taken from Schoerlin et al. (based upon 11 subjects).!?

1 Unpaired Student’s t-test for the comparison between renal impaired and

normal subjects (NS = not significantly different). The comparisons of Cn,. are
based upon the values adjusted for differences in dose and body weight (values
listed are unadjusted). The adjusted Cy,, values for Ro 12-8095 (SD) in the renal
impaired and normal subjects were, 0.45 (0.10) and 0.40 (0.11) mg/L, respec-
tively. The adjusted Cp,, values for Ro 12-5637 (SD) in the renal impaired and
normal subjects were, 0.14 (0.05) and 0.07 (0.02) mg/L, respectively.

compared to the normal subjects (27: 21 to 34 years).
While we have not yet established the influence of
age on the disposition of moclobemide, it would not
be unlikely to observe a greater range of disposition
values in association with a larger range of ages. The
disposition parameters, however, did not correlate
with age. Second, while there were no obvious clin-
ical laboratory findings to suggest altered hepatic
function among the renally impaired subjects, the
measurements used for that purpose (typically ele-
vation in certain enzyme concentrations) will not by
themselves rule out that possibility. Interestingly,
normal serum liver enzyme concentrations have
been noted in renal impaired subjects even though
there was a diminished non-renal (i.e., hepatic)
clearance for several drugs.’ In addition, all subjects
continued to take their medication and no attempt
was made lo interfere with required therapy. While
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we cannot predict the possible alteration of moclo-
bemide disposition in the presence of other drugs, it
would not seem unreasonable to expect greater vari-
ation in disposition within a population taking other
drugs compared to a drug-free group (as were the
normals). We have noted, for example, an interac-
tion between moclobemide and cimetidine (Mayer-
sohn et al., unpublished).

As mentioned previously, with the exception of
mean absorption time, the absorption parameters
were not different between the two groups. Since
many of the renally impaired subjects were ingest-
ing antacids, it is possible that the significantly
longer mean absorption time in that group was re-
lated to an antacid-induced reduction in absorption
rate. However, the compleleness of absorption and
apparent oral clearance, while more variable in the
renal impaired group, were essentially identical in

281
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both groups. The apparenl oral clearance was aboul
twice the valuc of syslemic clearance. Since (he oral
dosc appears lo be complelely absorbed from the
gaslroinlestinal tracl inlo lhe portal circulalion,
thal observalion is consistenl with an absolule oral
bioavailabilily of less than one and suggesls an he-
palic first-pass cffecl. Equalting systemic clearance
with hepatic clearance, moclobemide has a substan-
tial hepalic extraction ralio which would be consis-
tenl with presyslemic climination. The bioavailabil-
ily may be predicted from the iv or oral data and, in
both cases, the predictions agreed well with the ob-
served bioavailability of 0.58. The average (% CV)
value predicled from the iv data was 0.55 (33%) and
that from the oral data was 0.55 (33%). The rclation-
ship belween the predicted and observed values
may be seen in Figure 5 which includes dala from
the renal impaired and normal subjects. The values
arc randomly distributed about the line of idenlity
(solid line) but there is far less variation noted wilh
the oral compared lo the iv prediction. The same
conclusion has been made for moclobemide based
upon more exlensive dala oblained from several
other studies; the oral prediclion is less variable
than the iv prediclion bul both give the same aver-

age value (Mayersohn el al., 'unpublished). These
corrclations lend lo supporl Lhe assumplions of
complele gaslroinleslinal absorplion [rom Lhe oral
tablel and thal syslemic clcarance is essentially
cquivalenl lo hepalic clearance.

The plasma concenlralion-lime profiles of the two
melaboliles of moclobemide were similar to those
noted in normal subjects,' however, the sampling
lime in lhe former sludy was insufficienl to com-
pletely characlerize their disposilion. In Lhe present
sludy we were beller able Lo characlerize the dispo-
silion of onc of the tlwo melaboliles, Ro 12-8095, but
nol the other (Ro 12-5637). The former melabolite
reached maximum concenlralions within 1-2 hours
following dosing and Lhen appecared lo decline in
parallel with moclobemide. The average ratio of the
lerminal disposilion rale conslanls (Ro 12-8095 lo
moclobemide) was 0.90. Based upon thal informa-
tion and the facl thal the calculaled mean residence
time for that metabolile was less than thal of moclo-
bemide, the elimination of Ro 12-8095 would appear
lo be formation rale-limited. Unforlunalely, we are
nol able lo compare disposilion hall-life or mecan
residence lime ol (hal melabolile wilh values in
normals, for Lhe reason given above. However, since
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Figure 5. The observed absolute oral bieavailability (Fobs) of moclobemide in renal impaired subjects (@, Group 1: O, Group 1) and normal
subjecls (m) as o function of the bioavailability predicted from the oral dala (Fpred: oral) and iv data (Fpred: iv). The data for the normal
subjects have been taken from Schoerlin et al™ The solid lines are the lines of identity. The slopes of the regression lines forced through the

origin arc: Fpred: oral, 1.05; Fpred: iv, 1.05.
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the elimination appears to be limited by metabolic
formation, renal insufficiency is not expected to in-
fluence the disposition or accumulation of that me-
tabolite.

Less information has been obtained about the
other metabolite, Ro 12-5637, since the disposition
half-life was relatively long and blood samples were
not obtained for a sufficient time. The maximum
concentrations of that metabolite were found within
1-2 hours after dosing, but the concenlrations re-
mained small and persisted during the period of
sampling. We were unable to determine the disposi-
tion half-life in the renal impaired and normal sub-
jects and it is, therefore, difficult to evaluate the
influence of renal impairment on the disposition and
accumulation of that metabolite. Based upon the rel-
atively long half-life, at least in comparison to mo-
clobemide, it would appear that the elimination of
the metabolite is rate-limited by its further elimina-
tion (either metabolism and/or renal excretion).
Since, in a previous study,'” a small fraction of the
metabolite was excreted into the urine in that form
(ca., 6 to 10%), elimination would appear to be lim-
ited by subsequent metabolism rather than renal
excretion. However, renal function appears to influ-
ence the disposition of the metabolite, at least to
some extent. The latter conclusion is based upon the
significantly greater maximum concentrations and
the longer time to achieve those concentrations in
the renally impaired compared to the normal sub-
jects (Table III). Those differences may be caused by
alterations in formation and/or elimination clear-
ances of the metabolite. Reduction in the elimina-
tion clearance, rather than an increase in formation
clearance, is a more reasonable explanation and that
value would appear to be reduced in subjects with
renal impairment. The significance of this observa-
tion and the presumed mechanism, in terms of ef-
fective moclobemide therapy, is difficult to evaluate.
Although this metabolite has been suggested to be
pharmacologically active, it is present at low con-
centrations. Following multiple oral dosing in nor-
mal subjects,’ the metabolite does not accumulate
and steady state concentrations are low. It is likely
that accumulation following multiple dosing in sub-
jects with renal impairment would still result in low
concentrations of the metabolite and not result in
substantially greater clinical effect compared to
normals.

In conclusion, we have examined the disposition
kinetics of moclobemide and two of its metabolites
in subjects with renal impairment following a single
iv and oral dose. The results have been compared
with findings from a previous study in normal sub-
jects. Although there was greater variability among
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the renally impaired subjects there were no impor-
tant or significant differences in the disposition or
absorption parameters of moclobemide when com-
pared to normal subjects. The disposition of one me-
tabolite (Ro 12-8095) was examined and, with the
available data, the characteristics of that metabolite
were the same in both the renally impaired and
normal groups. The disposition of another metabo-
lite, Ro 12-5637, could not be completely described
because of a relatively long half-life but the renally
impaired subjects had grealer maximum concentra-
tions and it took longer to achieve those concentra-
tions compared to the normal subjects. It does not
appear to be necessary to alter the dosing regimen of
moclobemide in subject with renal impairment; ex-
isting regimens in normals should provide adequate
therapy provided Lhat there is no alteration in re-
sponse.

The authors gratefully acknowledge the competen! technical
assistance of Monique Dellenbach and Jean-Paul Plefen (F. Hoff-
mann-La Roche and Company, Basel, Swilzerland).
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PHARMACOKINETICS OF MOCLOBEMIDE (RO 11-1163) IN PATIENTS WITH LIVER
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Moclobemide (Ro 11-1163) is an effective anti-depressant drug which is
a rapidly acting and reversible inhibitor of the MAO-A enzyme system. The
drug has a relatively large systemic clearance (ca. 40 1/h) and undergoes
substantial hepatic first-pass metabolism after its oral administration.
Moclobemide is entirely metabolized before its elimination from the body
and it was of interest to examine the influence of liver disease on the
disposition of the drug. The absorption and disposition of moclobemide and
disposition of its metabolites Ro 12-5637 (active) and Ro 12-8095 (in-
active) have therefore been examined in six male and six female patients
with chronic liver disease following a single IV infusion (90 mg over 20
min) and a single oral dose (100 mg) of moclobemide. Liver function was
evaluated on the basis of biochemical blood tests, indocyanine green
clearance (ICG) (mean 8.24 1/h, #CV S55%) and antipyrine clearance (1.66
1/h, + 74%). The estimated hepatic blood flow averaged at 16.3 1/h (% 53%)
and 57% of that flow was calculated to perfuse the functional mass of the
liver.

Following the IV dose pharmacokinetic parameters, such as half-life
(Thl. mean residence time (MRT), the concentration at the end of the
infusion (Cinf}, the systemic clearance (Cls) and the terminal disposition
rate constant (B) summarized in Table 1 were significantly changed in the
liver impaired subjects compared to those of healthy subjects in a previous

study (Schoerlin et al., 1987). This was due to impaired metabolism of the
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drug in liver patients. The steady-state volume of distribution (V..) and
renal clearance (Cl,.) were unchanged in liver disease as shown in Table 1,
There were good correlations between moclobemide systemic clearance and
ICG and antipyrine clearance.

Following a single oral dose apparent oral clearance (Cl,) of moclob-
emide was significantly lower in the diseased patients than in healthy
subjects with greater maximum plasma concentrations (Cp,,) and increased
absolute oral bioavailatility (F) (Table 1). Although there were no dif-
ferences in the time needed to achieve the maximum concentration, the mean
absorption time (MAT) was significantly greater in the liver impaired
subjects. Consistent with the IV dose, moclobemide apparent oral clearance
correlated well with both ICC and antipyrine clearances. The results of
this study indicate that subjects with chronic liver impairment handle
moclobemide in a quantitatively and significantly different manner from
healthy subjects. Therefore, the oral dose needs to be reduced when treat-
ing such patients to avoid drug accumulation.

Table 1: Average (* CV) Pharmacokinetic Parameters of Moclobemide in
Patients with Liver Cirrhosis Compared to Healthy Volunteers

STUDY INTRAVENQUS INFUSION / 90 mg ORAL DOSE / 100 mq
POPULATION Ty, MRT Cjne Clg B Vgy Clp  Cly Cpay F MAT
(h) (h) (ng/m1l) (1/h) (h=1) (1) (1/h) (1/h) (ng/m1) (h)

Patients 3.87 7.21 2271 14.6 0.179 75.7 0.15 20.2 1607 0.84 1.16
with liver 68t 68% 36% 77% 64% 53% 33% 883 42% 29%  45%
cirrhosis

(n = 12)

Healthy 1.67 2.37 1148 37.7 0.415 84.1 0.16 78.8 582 0.56 0.47
volunteers 21% 32% 363 22% 21t 11%  70% 54% 40% 35%  79%
(n = 12)

Reference: Schoerlin M.-P., Mayersohn M., Korn A., Eggers H.
Clin. Pharmacol. Ther. 1987; 42: 395-404,
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Absorption and disposition of moclobemide
in patients with advanced age or reduced liver

or kidney function

Stoeckel K, Plefen JP, Mayersohn M, Schoerlin MP, Andressen C,
Ohnhaus BE, Frey IS Guentert TW. Absorption and disposition of
moclobemide in patients with advanced age or reduced liver or kidney
function.

Acta Psychiate Scand 1990: Suppl 360: 94 -97.

Three dilTerent studies were conducted Lo assess the pharmacokinetics ol
moclobemide in subjects with conditions complicating dose determination,
The lirst examined the absorption and disposition ol moclobemide in in
elderly population and compared these with results obtained in a group
of normal young subjects, No signilicant dilTerences were lound between
the groups in the intravenous (i.v.) parameters ol disposition, and no
dilferences with regard to disposition ol the metabolite, Ro 12-8095, In
addition, the minimum steady-state concentrations of moclobemide and
the main plasma metabolite did not dilTer between the elderly and younger
patients. In the second study, clearancee ests in patients with circhosis ol
the liver conlirmed that hepatie Tunction is drastically reduced in this
group of patients; it is therefore possible that moclobemide absorption
and distribution might be influenced. In only 3 of the 12 patients investi-
pated, slowly declining, plasma concentrations alter administration
pointed to a severely limited elimination capacity for moclobemide. In
the remaining 9 subjects, average values ol several parameters changed
signilicantly (t, MRT and C1), whereas V and renal clearance were
not signilicantly altered. In patients with kidney dysfunction, there were
no differences in kineties between patients undergoing hemodialysis and
those who were not. Compared with normal healthy volunteers, no differ-
ences were Tound lor renal patients, with the exception ol the mean
absorption timwe, which was signilicantly prolonged. From these studies

it can be conciuded that, pharmacokinetically, neither age nor renal
impairment require adjusting the dosage o moclobemide. Patients with
liver cirrhosis, however, need to have the usual dose redueed 1o one hall’
or one third, or else the dosage intervals ean be inereased to prevent
cumulation,
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Impaired capacity ol exeretory pathways in ad-
vanced age or dilTerent disease states may inerease
the risk ol side effects ol any drug treatment, Three
dilferent studies were undertaken (o assess the
pharmacokinetics ol moclobemide in populations
with conditions comphlicating drug dose “adjust-
ments.

Elderly people often suller from depression and
moclobemide may therefore be uselul in treating
depression in the aged population. There is con-
siderable evidence that elderly subjects may dispose
ol drues dilterently than young, subjects (1). Unlor-
tunately, and unlike the renal excretion ol druas,

no generalizations can be made on the influence off

age on drug metabolism. Therelore, o first study

04

examined the absorption and disposition ol moclo-
bemide in an aged population and compared the
results with those obtained in a group ol normal
young subjects.

Moclobemide appears to be completely metabol-
ized by hepatic enzymes. Liver impairment may
chitnge the elimination characteristics ol the drug
and dosage alterations may be required when treat-
ing patients with such conditions. It was ol'interest,
therefore, to examine the absorption and dispo-
siion ol moclobemide in subjects with reduced
liver function,

Renal excretion accounts for only a small por-
tion of the total elimination ol moclobemide,
Nevertheless, absorption and disposition ol moclo-



bemide was studied in renal disease patients, since
renal impairment may alter hepatic metabolism by
allecting intrinsic enzymatic activity (2, 3). Fur-
thermore, several ol the metabolites of moclobem-
ide appear to be eliminated by renal mechanisms,
and the metabolites may therelore accumulate to
a different degree depending on renal function. The
latter may be important il any ol the metabolites
exert actlivity or alter the elimination ol the parent
drug.

Material and methods
Study oullines

When the influence of age was assessed, 14 healthy
clderly subjects (10 women, 4 men; 65-77 years;
46-78 kp) were administered oral moclobemide as
single doses ol 100 mg and multiple doses ol 100
mye 3 times daily. Five subjects received additional
moclobemide intravenously (i.v.) (75 mg as in-
fusion over 20 min). The panel of liver cirrhosis
patients examined (6 women, 6 men; 34-80 years;
56-103 kg) also received single oral doses ol moclo-
bemide (100 mg) and an v, infusion (90 mg over
20 min). Antipyrine and indocyanine green (1CG)
were administered 1o assess total hepatie blood
Now and the degree ol shunting (4, S5). Patients
Cwith renal insufliciency (4 women, 9 men; 27-75
years; 50-77 kg) were grouped according to severi-
ty of the kidney impairment (group I: Cle, 0-5 mlf
min, on hemodialysis; group 11: Cl, 19-40 ml/min,
no hemodialysis), Again o single oral dose (100
mg) and iv. infusion (96.7 mg over 20 minutes)
were administered 1o every study subject. Although
the pharmacokinetic characteristics of moclobem-
ide seen in the liver or kidney discase patients
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Fig. 1. Inlluence ol advanced ape, hver or renal impairment on
pharmacokinetic parameters of moclobemide after single 100-
me doses. Bars represent mean 4 SD; parnmeters from 3 liver

disense patients with extreme vidues not included in caleulition
ol mean.
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were contrasted to those in healthy volunteers by a
historical comparison, the study on elderly volun-
teers included a parallel group ol young subjects
(2 women, 4 men; 22-33 years; 62-74 kg) that
underwent the same protocol as the elderly sub-
Jeclts.

Pharmacokinetic evalualion

In all 3 studies plasma was collected at various
times after drug administration to determine phar-
macokinetic parameters suitable for charnctleriza-
tion of absorption and disposition by model-inde-
pendent methods: area under concentration-time
curve (AUC); elimination hall-life (1) or associ-
ated rate constant ([3); mean residence time (MRT);
clearance (CI) and steady-state volume of distri-
bution (V) after i.v. dosing: maximum concen-
trations (C,,.,) and oral clearance (CY/TF) alter oral
administration. In the studies on liver and renal
patients, urine was also collected to determine the
renal elimination characteristics ol unchanged drug
and metabolites. Parameters between  diflerent
study groups were statistically compared by using
Student’s unpaired r-test (@ =0.05). ‘The analytical
method employed 16 quantily moclobemide in
plasma and urine (6) allowed not only unchanged
drug but also the MAO-A active N-oxide metabo-
lite (Ro 12-5637) and the main metabolite in plas-
ma with a lactam structure (Ro 12-8095) to be
determined.

Results and discussion

In Fig. I t,» and AUC values observed in elderly
subjeets, liver and renal disease patients are all
compared with values reported earlier (7) for a
group ol healthy young volunteers.

When the elderly study group was compared
with the young volunteers investigated in parallel
using the same trial protocol, there were no signili-
cant differences in the v, parameters ol disposition
between the subjects with advanced ape (mean -
SD: Cl 3634123 1/h: Gy 1.63::0.50 hy MRT
2.104:0.58 h; Vi 72.84-18.2 liter) and the young,
control group (Cl 45.349.5 I/ 1. 1314039
h; MRT 1.654-0.56 h; V,, 71.64-17.8 liters). In
addition, there were no significant ditTerences be-
tween these groups with regard to the disposition
ol the moclobemide metabolite, Ro 12-8095, lol-
lowing, i.v. moclobemide administration. Following
the first oral dose, the elderly subjeets had a signifi-
cantly greater C,,,, and smaller Cl/I, but there were
no significant dilTerences between the groups for
time of peak concentrations, t,,,, MRT and abso-
lute bioavailability. Unlike the results ol the [irst
oral dose, the C,,,. values during multiple dosing

mas
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at steady state were not significantly different be-
tween the elderly (1446 4-243 ng/ml) and the young
(1235 + 448 ng/ml) subjects. At the end of the first
week of multiple dosing the oral clearance re-
mained significantly greater in the young subjects,
but that parameter was not different at the end
of the second weck of dosing (19.74£6.3 I/h v
274+ 11.8 1/h). No other parameter showed sig-
nificant dilferences. In addition, the average mini-
mum steady-state concentrations of moclobemide
and its main plasma metabolite (Ro 12-8095) were
not different between the groups.

Clearance tests performed in the liver cirrhosis
patients confirmed that hepatic function in this
group was drastically reduced, thus allowing a
possible influence on moclobemide absorption and
disposition to be investigated. Based upon 1CG
and antipyrine measurements, we estimated that,
in these subjects, the total hepatic blood flow aver-
aged 16.3 1/h and 57% of that flow was calculated
to perfuse the functional mass of the liver. The
variability in kinetic parameters seen in liver dis-
case was much greater than that observed in other
subject groups and may reflect heterogenceity in the
discase among (he patients. For 3 subjects, only
slowly declining plasma concentrations after ad-
ministration were observed, indicating a drastically
reduced elimination capacity for moclobemide. An
exact assessment ol pharmacokinetic values was
not possible because ol time limitations in the
sample collection period. Even when parameters
obtained for these subjects are excluded from stat-
istical tests, several parameters were still signifi-
antly changed on average in the remaining 9 liver
impaired subjects compared with healthy volun-
leers: Uy (3.87:£2.62 h vs 1.6740.35 h) and MRT
(7.214:4.93 h vy 2.37-:0.77 h), both calculated
after the i.v. dose. Systemic clearance, Cl, was sig-
nificantly lower compared with normals (14.6:
11.21/h vs 37.7 8.2 I/h). No significant differences
in moclobemide V,, (75.7--40.3 liters vs 84.14-9.0
liters) or renal clearance (0.1524+0.050 1/h vs
0.1604-0.112 1/h) were found. There were good
corrclations of moclobemide clearance with 1CG
and antipyrine clearance (n=12), lollowing a
single oral dose, moclobemide Cl/F was significant-
ly smaller than in normals (20.24:17.8 1/h vs
78.8:£42.5 1/h) and this resulted in higher C,,
(1607 4- 669 ng/ml vy 5824234 ng/ml) and greater
absolute oral bioavailability compared with the
normal subjects (0.84 40.25 vy 0.56 4-0.20). Moclo-
bemide apparent oral clearance correlated well
with both ICG and antipyrine clearance.

When renal patients with various degrees of kid-
ney impairment were studied, no differences in mo-
clobemide kinetics between patients with and with-
out hemodialysis were noted. The mean for all

96
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subjects was therefore used to compare the results
with those from a previous study in normal healthy
volunteers (7). With onc exception, there were no
statistically significant dilferences in moclobemide
disposition and absorption parameters when the
renal impaired patients were compared with the
normal group, The mean values for the renal im-
paired subjects were: Cl, 40.34-16.2 I/h; V, 84.2+
23.5 liters; tpg, 1.6240.55 h; MRT, 2.32+0.84 h;
absolute oral bioavailability, 0.584-0.25. Although
there were no differences in C,,, or the lime Lo
reach it following an oral dose, the mean absorp-
tion time was significantly longer in the renal-im-
paired than in the normal subjects. The greater
variability for any given parameter within the re-
nal-impaired subjects compared with the normals
may reflect the usc of other drugs andfor the
greater average age and age range among the renal-
impaired group. There were no relationships be-
tween any of the disposition parameters of moclo-
bemide and renal function as measured by creati-
nine clearance. The climination kinetics of the
metabolite Ro 12-8095 appear to be formation ra-
te-limited after moclobemide administration and
there were no significant dilferences in the com-
parisons that could be made between the renal-
impaired and normal subjects. Little information
could be obtained about another metabolite, the
N-oxide derivative, since that compound was pres-
ent at low concentrations only persisting at rela-
tively conslant levels during the sampling period,

From a pharmacokinetic point ol view, neither
advanced age nor renal impairment require dose
adjustments when depressive disorders are treated
with moclobemide. Patients with liver cirrhosis,
however, handle moclobemide differently than do
normal subjects; the oral dose ol moclobemide in
such patients needs to be reduced to one hall or
one third of the usual dose, or the dosing interval
may be prolonged Lo avoid accumulation of the
drug after chronic dosing,.
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1. INTRODUCTION

Moclobemide (Ro 11-1163) is o preferentinl inhibitor of the monamine
oxidage-A isozyme (1). The compound is a rapid acting and reversible
inhibitor of that enzyme system (1). The anti-depressant activity in
humans has been examined in several clinical studies and the results
support the drug’s therapeutic efficacy (2-5). The absorption and
disposition of the compound has been rensonably well defined in
normals following single oral and iv doses and after multiple oral
dosing (G6-8). Other studies have examined moclobemide absorption and
disposition in renally and hepatically impaired subjects (9, 10) as
well as in the presence of food (11) and cimetidine (12). These
studies indicate that moclobemide has a relatively short elimination
half-1life of anbout 1 to 2 hour in normals and intermedinte to large
values of clearance (ca., 40 L/hr) and steady-stote volume of
distribution (ca., 80 L). Since the drug is primarily metaobolized by
the liver and, because of its relatively large hepatic clearance,
moclobemide undergoes rother substantial first-pass metabolism.
Although moclobemide appears to be completely absorbed into the portal
circulation from the so0lid oral dosage forms examined, the
bioavailability increanses with dose, probably as a result of saturable
hepatic metabolism (13). There is generally good ongreement between the
observed and predicted aobsolute oral biocavailability following single
doses.

Because moclobemide maoy find use in the elderly population, it is of
interest to determine if absorption and disposition in that population
is different from that in young subjects. Such differences may suggest
the need to anlter a dosing regimen of the drug in the elderly subjects
nssuming the same concentration-response relaotionship as in the young.
There is now considerable evidence that elderly subjects are different
from young subjects with regard to anatomic and physiologic parameters
and, therefore, the elderly may handle drugs differently (14).
Unfortunately, and, unlike the renal excretion of drugs, no
generalizations can be mande concerning the influence of age on drug
metabolism. This leaves little choice but to examine the disposition
of the drug of interest in the eclderly populotion and compare the
findings with those obtained in a young group of: subjects.

2. OBJECTIVES

The purpose of this study was to examine the mbsorption and
disposition of moclobemide in groups of healthy young and elderly
subjects following single iv and oral doses and after multiple oral
dosing.

3. MATERIALS AND METIIODS
3.1. Trianl Center
This study was conducted by Dr. C. Andressen of AFB, Klinische

Pharmaltologie GmbH, D-1000 Berlin, according to trinl plan PK 4577,
The staff of that company was responsible for subject recruitment,
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drug administration, blood collection and plasma separation.
3.2. Teat Preparntiona

Moclobemide for iv administration was given in o dose of 75 mg (3 ml
of 50 mg/2 ml; Ro 11-1163;° batch CFER 09134) dissolved in sterile
waoter to malte a final volume of 20 ml.

Moclobemide tablets (100 mg; Ro 11-1163/017; batch 2963 B51) were
used for single and multiple oral dosing ( 3 x 100 mg per day for 15
days).

3.3. Subject Charncteristica

Fourteen healthy non-amoking elderly maole and female subjects
between the ages of 65 and 77 years and six healthy young non-smolting
subjects between the ages of 22 and 33 years participated in this
study. Subject characteristics are summarized in Table 1. Health
status was csatablished by medical history, physical examination
including o 12-lend ECG nand biochemical loboraotory tests. The
biochemistry test results are summarized in Appendix 1 and the normonl
volues in Appendix 2.

Exclusion criteria included: any deviation from normal wilth respect
to gastrointeatinal, hepatic, respiratory, renal or cardinc functions;
any deviation from normal in the physical examination; any clinically
significant allergic discase; any history of drug exposure which"
amounts to drug aobuse; smoking; drug or anlcohol addiction. No other
medication should be talkken during the 2 weelts preceeding and during
the study. Alcoholic bevernges were not anllowed for 10 hours prior to
dosing and during the blood sampling period.

Ten of the .twenty:' subjects were phenotyped with 10 mg debrisoquine
and 100 mg mephenytoin (Table 1) (15, 16).

3.4, Ethicnl Considerations

The present study was conducted in accordance with the principles
laid down in the declarations of Helsinki, Tokyo and Venice concerning
biomedical rescarch involving human subjects. The study protocol was
aproved by the institutional ethical review board and written informed
congsent was obtnined from every subject prior to inclusion in the
study. The volunteers were free to withdrow from. the study at any
time.

3.5. Study Design

.Each subject received a single 20 minute iv infusion of 75 mg
moclobemide on two occassions: one weel prior to and two daoys after o
15 doy multiple orol dosing regimen of moclobemide. Moclobemide 100 mg
tablets were ingested three times o daoy at intervals of 6, 6, and 12
hours for a totanl of 15 days.
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Fivg elderly and five young subjects repcated.the single dose iv
experiment 11 weeks after the initial study.

3.6. Clinicanl Procedures

On day 1 of the study each subject received 75 mg moclobemide (in
20 ml sterile water) as a 20-minute iv infusion into a forearm vein
using a calibrated syringe infusion pump. Subjects remained supine
during the infusion. Blood samples (10 ml) were to be obtained from a
contralateral arm vein and collected into Vacutainer tubes containing
ammonium oxalate and sodium fluoride. Blood samples werc taken prior
to dosing (blank), 10 minutes after the start of the infusion and at
the end of the infusion and at the following times after the end of
the infusion: 10, 20 and 30 minutes and 1, 2, 3, 4, 5, 6, 8 and 10
hours. Blood was centrifuged within 30 minutes of collection at 3000
rpm for 15 minutes. Plasma was transferred to glass tubes and stored
at -20 C until analysis.

One weel after the first iv dose, on day 8 of the study, a 15 day
.multiple oral dosing regimen was begun. Moclobemide tablets (100 mg)
were ingested threce times a day with 120 ml of water at intervanls of
6, 6 and 12 hours. A concentration-time profile was obtained during a
dosing interval on days 8, 15 and 22 (days 1, 8 and 15 of the multiple
dosing regimen). Blood samples were collected into Vancutainer tubes at
the following Ltimes after the first morning dose: 0, 15, 30 and 45
minutes and 1, 2, 3, 4, 5 and 6 hours. On study days during which
multiple blood samples were obtained, the subjects came to the clinic
after non overnight fast. Two hours after the morning dose n light
brealkfast was served which waos limited in fot content. Caffeine-
containing beveranges were nllowed but were restricted to the absolute
minimum:, For 10 hours prior to and as long as blood samples were
obtained, alcoholic beverages were not allowed. During sampling days
the meals were caten after the appropriate blood samples were
obtained.

A single blood sample was obtained just prior to the second daily
dose on days 8, 10, 13, 16, 18 and 20 ( days 1, 3, 6, 9, 11 and 13 of
the oral regimen).

. At the end of the multiple oral dosing regimen and following one
drug-free day (doy 24 of the study), a second 20 minute iv infusion ‘of
75 mg moclobemide was administered. Study conditions and sampling
times were the same ns described above for the first iv infusion.

A copy of the study protocol is attached in Appendix 3.
3.7. Analytical Methods

Moclobemide and one of its metabolites, Ro 12-8095, were determined
in plasmao using a HPLC method (15). The main steps of the assay
involve extraction of the two components from alkalinized plasma with
dichloromethane, followed by chromatographic separation with a reverse
phase system and quantitation by uv detection.
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The detection limits for the quantitontion of moclobemide and Ro 12-
8095 in plasma were 20 and 40 ng/ml, respectively, starting with 0.5
ml of plasma. The intra-assay reproducibility for the quantitation of
these compounds in plasma, caolculated from quality control samples,
ranged from 3 to 8% over the concentration range of 30 to 2,400
ng/ml.

3.8. Phormacokinetic Daota Anaolysis

Plasmn concentration-time dota for moclobemide nnd its metabolite
were anaolyzed by noncompartmental methods. The data in the terminal
post-absorptive, post-distributive phases were anaolyzed by linear
regression to obtain the terminal disposition raote constant (08) from
which the half-life (t'y ) was ecaleculated (ln 2/0). The total area
under the plasma concentration-time curve (AUC) was determined by the
linear trapezoidal rule with extrapolation from the last mensured
concentration on the regression line (Cn) to time infinity (Cn/08).
Systemic clearance (CLs) nnd steady-stnote volume of distribution (Vss)
were determined from the iv dota by,

CLs = iv dosc/AUC
Vss = [(iv dose . AUMC)/(AUC}Z] - [(iv dose . T)/(2 . (AUC))]
where AUMC is the total area under the first moment of the plasma
concentration-time curve and T is the duration of infusion. The mean
residence time (MRT) following iv infusion was determined from,
MRT = [AUMC/AUC] - [T/2]
The mean residence time of the metabolite, Ro 12-8095, was

determined from the.-iv data for moclobemide and metabolite from the
relantionship (18),

MRT (metabolite) = [AUMC/AUC] metabolite - [AUMC/AUC] moclobemide
The maximum plasma concentration (Cmax) ‘and the time of its
occurrence (Tmax) were determined directly from the dota. The absolute
oral bioavailability of moclobemide (Fobs) was determined from,

Fobs = [(AUC)oranl/(AUC)iv]) . [(dose)iv/(ddse)oral)]

Apparent oral clearance (CLo) wos determined as the ratio of oral
dose to the corresponding AUC.

Predicted values for the absolute oranl bioavailability of
moclobemide were calculated from the iv daota (Fpred:iv) oand the oral
data (Fpred:oral),

Fpred:iv = 1 - [CLs/Qh]

Fpred:oral = [(Qh)/(Qh + CLo)]
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where Qh is liver blood flow (assumed to be 90 L/hr) and assuming that
CLs is equal to hepatic clearance.

The total AUCs on days 15 and 22 of the study (at steady-state) were
determined from, :

auc = (auc)?-% - c%p + cb/p

where CO is the concentration Jjuat prior to the dose and C6 is the
concentration at the end of the dosing interval. The vaolue of B used
was the one determined from the concentration-time datn during the
dosing interval on either day 15 or 22. Since C0 was not
experimentally measured, it was calculated from a concentration prior
to thot time by,

cl - C(previous).e”

i I o
where C(previous) is the concentration talkken at some time prior to CP.
and t igs the time difference between those two concentrations.

CLo ond TIpred:oral were determined from the AUC volues calculated on
days 15 ond 22 using the cquations described above.

3.9. Statisticanl Analysis

Statistical comparisons within a subject were performed on the
first vs. the multiple oral dosing data on days 15 and 22 using the
paired Students t-test for: B8, TY, . AUC and CLo. However, such
comparisons were only made in the cases where a difference between
observation days was indicated by a Friedman test. Comparisons among
subjects were performed wusing the unpaired "~ Students t-test. A
p-value of <0.05 was suggested to indicate a significant difference.

4. RESULTS
4.1. Adverse LEffects

Table 3 summarizes the adverse events reported by the subjects
during the course of the study. These effects were noted by only some
subjects and only on certain and few occasions. The reported effects
appeared to be transient in any one subject for a given effect as they
were not present on more than 1 or at most 3 days. Subject 15 reported
9 different events.

The biochemical laboratory values were essentianlly unchanged prior
to and after the completion of the study and these values were within
the normal ranges (Appendix 1). Vital signs are reported in Appendix
" o

4.2. Deviations from Protocol

The study wons completed using essentially the protocol as described
in Study Design (3.5). Upon completion of the study it became apparent
that the plasma concentrations of moclobemide following iv dosing were
extremely high and totanlly inapproprinte for the dose given, based
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upon the results of previous studies. It appeared that the
investigantors sampled blood from the same catheter used to infuse the
drug. The iv data from that portion of the study, therefore, had to be
discarded. Therefore, an iv dose was given to 10 of the subjects (5
young and 5 elderly) after the completion of the original study. That
doge then served as the base-line iv study (i.e., comparable to day 1
of the study). In addition, time zero blood samples were not obtained
during the dosing intervala on daoys 15 and 22. The time zero wvalues
had to be calculated from a concentration prior to that time. Only 10
of the 20 subjects underwent the phenotyping study. The original .20
subjects initially enrolled completed the study.

4.3. Analytical

All plasma samples were ananlyzed at least twice and, in some
instances, 3 to 5 times. Spiked control plasma samples were analyzed
daily together with authentic samples to obtain a measure of
reproducibility. The results of the quality control analyses are
summarized in Table 2. The results indicate excellent reproducibility
for moclobmide and the measured metabolite. The % CV was less than 8%
in all cases and the values of % bias are quite small. A
representative HPLC chromatogram is shown in Appendix 5.

4.4. Pharmncokinetic Analysis

The moclobemide and metabolite (Ro 12-8095) plasma concentration-
time dota following the 75 mg iv infusion of moclobemide are presented
in Tables 4 and 5 and are shown graphically in Figures | to 10. The
moclobemide plosma concentration-time data following the first single
100 mg ornl dose and during o dosing interval on days 15 and 22 are
summarized in Tables 6 to 8, and the corresponding mctabolite data are
presented in Tables 9 to 11. These data are shown graphically in
Figures 11 to 30. The moclobemide and metabolite plasma concentration-
time data during the multiple dosaing regimen are presented in Tables
12 to 15. :

The moclobemide and metabolite concentration-time data were
generally quite regular in their graphical diasplay and at least 4 and
upto 6 points could be used to estimate the terminal disposition rate
constant. The same was true following the first single oral dose (day
8). As a result, the data were generally sufficient to completely
characterize disposition and absorption of moclobemide and the
dispogition of one major metabolite (Ro 12-8095). Fewer points were
used in estimating the terminnl raote constant of moclobemide aond
metabolite during the two oral dosing intervals nt steady-state (days -
15 and 22) since blood samples were obtained for only 6 hours. The
resulting estimates must be considered to be only reasonably good
approximations of the true value. Furthermore, it was necessary to
calculate a time zero concentraotion at the beginning of the dosing
intervals since o sample was not obtained at that time. This was done
by multiplyiﬁ& the concentration prior to time zero by the
exponential, ¢ -, where B8 wns the value estimated during the interval
and t was the time between that concentration and at time zero. Both
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of the wabove approximations oadd error to Lthe estimatea of AUC which
were obtained during eoch of the two dosing intervals.

The analysis of the iv cxperiments conducted in only 5 young and 5
elderly subjects is summarized in Table 16. There was substantinl
varintion among most parameters for both the young onnd. elderly
subjects, but there was less variation of the concentration at the end
of the infusion, AUC and CLs among the younger subjects. This can be
seen with reference to TFigurce 31 which illustrates the comparisons
among 0, Vss, CLs and MRT. In all cases the standard deviations

overlap when comparing the two groups. There were no statistically
significant differences in any of the parameters when comparing both
groups of subjects (Table 21). Figure 32 illustrates the nge

.relationship for the disposition parameters.

Table 17 summorizes the disposition paramcters of the metabolite,
Ro 12-8095, following the iv infusion of moclobemide. As noted for
moclobemide, there is large variation among most parameters in both
groups of subjects. There were no significant differcnces for any of
the parameters when comparing the young and eclderly subjects (Table
21). The values for Cmax, 0 and MRT are shown in [Figure 33.

The results of the analysis of moclobemide absorption and
disposition following the first oral 100 mg dose (day 8) are
summarized in Table 18. The analyais of several of these paramecters
could be compared omong 14 clderly and 6 young subjects. The maximum
concentrotion ronge was greoater among the elderly compared to the
young subjects and there was a significant difference between the
groups (p <0. 05; Taoble 21). In contrast, the average Tmax values were
similoar and encompassed an identical roange (0.5 to 2.0 hours). The
mean absorption time could only be determined in those subjects who
received the iv infusion and, while the values were lower in the
clderly subjects, there were no siginificont differences between the
groups (Table 21). The comparisons among Cmox and MAT are shown in
Figure 341.

The apparent oral clearance could be caolculated for all of the
subjects and the elderly had o significantly smaller value for Clo
comparcd to the young subjects (p < 0.05; Table 21). This coan be scen
with reference to Figure 35. As with MAT, the absolute oral
bioavailability of moclobemide could only be determined in subjects
who received the iv infusion. There were no significont differences in
that parameter between the two groups although the young group had
greater variation (Figure 35).

The relationshipsa between Cmox, MAT, CLo and Fobs and age are
illustroted in Figure 36.

Table 19 summarizes the absorption and disposition parameters of
moclobemide during the multiple dosing phase of the satudy. The data
for nll subjects could be used to compare the two age groups. There
were no sifgnificant differences between the two groups for a given
parameter on day 15 or on day 22 with the cxception of CLo on day 15
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(Table 21). The latter comparison is shown in Figure 35.

Comparisons of the ornl daota for day 8 versua days 15 and 22 within
a group, however, indicate that there are significant changes in Cmax,
8, Ty » AUC and CLo (Table 22). These comparisons for CLo and 0 can be
seen graphically in Figure 37. The comparison of CLo on days 15 and
22 between the elderly and young subjects is illustrated in Figure 35.

The results of the minimum steady-stnte concentrations of
moclobemide and Ro 12-8095 are summarized in Table 20 nlong with the
ratio of those concentrations. There were no significant differences
between the two groups with respect to the concentrations or ratio of
concentrations (Table 21).

5. DISCUSSION

The purpose of this study was to examine and compare the absorption
and disposition of moclobemide among n group of healthy young and
elderly subjects. Moclobemide was given as o single iv dose prior to
and following o multiple oral dosing regimen of moclobemide. The study
design was identical to that used previously in a group of young
healthy subjects (8).

The results of this study are not complete. The reason for this
gituation is the fact that the samples obtained for the iv portions of
this study were talten from the same catheter used for drug
administration. This resulted in unusually large artifactual wvalues
for moclobemide concentrations which could not be relied upon to give
accurate results. A single iv dose was therefore given to 5 of the
elderly and 5 of the young subjects once more severnl months after
completing the study and the resulting daota were used to compare
disposition data between the two groups. Thus, several parameters
could only be compared between 5 young and 5 elderly subjects (viz.,
CLs, MRT, T4, , MAT and F). This, of course, represents a small
population from which one can only obtain limited information. The
data from the multiple oral dosing phases of the study, however, could

“be analyzed and it permitted a valid comparison between the 14 elderly
and 6 young aubjects. '

Moclobemide disposition parameters following the iv dose to 5 young
and 5 elderly subjects are summarized in Table 16. The avernge age of
the elderly group was 71 yearas (68 to 75 years) and that of the young
group was 29 years (22 to 33 years). There were no significant
differences between the two groups for any of the parameters listed
(Table 21). Figure 31 illustrates the individual data and, as is
apparent, there is sgubstantial variation within any given parameter
for both groups. In all cases, however, the range of values overlap.

The values obtained here can be compared to those determined in
another study where 12 henlthy young subjecta received a 150 mg iv
dose of moclobemide (8). The average and range of ages in that study
were 27 years and 21 to 34 ycara, respectively. The mean values
determined in that study were: Ty, 1.60 hr; CLs, 39.4 L/hr; Vsa, 84.3
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L; MRT, 2.19 hr. The latter values angree very well with those obtained
in the young and elderly subjects in this study and the range of
values for uny given parameter overlap between the two studies.

The graphical display of the above iv parameters as a function of
age is shown in Figure 32. No attempt was made to perform =n
correlation analysis of these data because there are only n total of
10 points and because the data encompass a small range of ages at
either extreme of age. Additional data pointa covering n larger range
of ages would be needed to perform such a meaningful analysis.

One of the metabolites of moclobemide, Ro 12-8095, was quantitated
following moclobemide dosing. The disposition paorameters of that
metabolite are summarized in Table 17 and the individuanl values are
illustrated in Figure 33. As for moclobemide following iv
administration, there were no significant differences in the
disposition of this metabolite when comparing the 5 elderly and 5
young subjects (Table 21). For all of the porameters of this
metabolite shown in Figure 33 (Cmax, B and MRT) there is overlap for
any given parameter between the two groups. The values for Cmax at the
end of infusion are similar to those seen in 12 normal healthy
subjects (8) when adjusting for differences in moclobemide dose (75
va. 150 mg). The average (% CV) Cmax adjusted for dose was 289 ng/ml
(26 % CV) compared to the means reported here for the young (248
ng/ml) and elderly subjects (304 ng/ml). We are not able to calculate
~the values for T and MRT from the previous study as insufficient data
were available and, therefore, comparisons cannot be mande with the
findings of the present study.

The terminanl elimination rate constant of Ro 12-8095 as a function
of the terminal elimination rate constant of moclobemide following iv
moclobemide dosing is illustrated in Figure 38 for the 5 elderly and 5
young subjects. The. slope of this line forced through zero is 0.706
with relatively little variation about the line of regression. Since
this slope is less than one, the data suggest that this metabolite is
eliminated more slowly than it is formed. Although similar data are
not available in normal subjects, the same anaolysis performed in
subjects with renal impairment gave a slope of 0.90 (unpublished)
with points randomly distributed about the line of identity (slope =
1.0). Based upon the latter value and the fact that the MRT for Ro 12-
8095 was less than the MRT for moclobemide, o tentative conclusion
reached was that the metabolite wns formation rate-limited. In. -the
present study, albeit based upon fewer points, the smaller slope and
the nearly equal MRTs for moclobemide and Ro 12-80D95 (Tables 16 and
17) suggest elimination rate-limited elimination of the metabolite.
This comparison is’. flawed by the fact that we are contrasting results
from normals with those from renally impaired subjects. An unequivocal
conclusion cannot be reached at this time about the precise rate-
limiting step for the decline of metabolite Ro 12-8095 concentrations,
The terminal elimination rate constant of the metnbolite appears to be
about equal to or less than that for moclobemide.

Since only 10 subjects out of a total of 20 received the iv dose of
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moclobemide, the analysis of the oral absorption data is incomplete.
As a result, values for F and MAT after the first oral dose could only
be calculated for the 10 subjects who received the iv dose. Table |
summarizes the results of the analysis. The average Cmax o
moclobemide after the first single oral dose was greater in the
elderly subjects (843 ng/ml) compared to the value in the young
subjects (608 ng/ml) and this difference Jjust reached statistical
significance (p <0.05; Table 21). The individual values are shown in
Figure 34. In contrast, there were no significant differences in Tmax,
8, T4y, or MAT. The latter value, however, could only be compared in 5
elderly and 5 young subjects and the mean values were close to but
were not significantly different. Figure 34 illustrates the values for
MAT which gives the impression that absorption rate is more rapid in
the elderly subjects. The oapparent oral clearance (CLo) was
significantly greater in the young subjects compared to the elderly
subjects (79.1 vs. 52.0 L/hr, respectively) ns seen in Figure 35 (p
<0.05; Table 21). Figure 35 also illustrates the absolute oral
bioavailabiliy of moclobemide among the 10 subjects who received the
iv dose. There were no significant differences between the two groups
with respect to that parameter.

Several of the above absorption parameters can be compared with
results obtained in 12 normal young subjects who received the same 100
mg oral dose of moclobemide (8). The values for those parameters in
the previous study compared to those in the young subjects in the
present study ( %CV) are: Cmax, 549 (39%) vs. 608 (26%) ng/ml; Tmax,
0.95 (57%) vs. 0.92 (61%) hr; MAT, 0.47 (79%) vs. 1.16 (43%) hr; CLo,
83.6 (49%) vs. 79.1 (37%) L/hr; F, 0.55 (37%) vs. 0.68 (38%). With the
exception of MAT, the values are essentially identical from both
studies in normal young subjects. The MAT was considerably smaller in
the previous study compared to this study but this may reflect the
smaller number of subjects in the present study upon which that
average is based.

The greater Cmax among the elderly subjects compared to the young
subjects may reflect a greater rate of absorption based upon the
smaller MAT values, although there were no differences in Tmax. The
basis for that argument, however, is somewhat limited because MAT was
only determined in 5 of the 14 elderly subjects. Based upon a fairly
substantial literature, it is wunusual to observe a greater rate of
abgorption in the elderly compared to young subjects (14). There are
numerous factors that would suggest a slower and not a more rapid rate
of absorption in the elderly. A more likely explanation for the
greater Cmax is the difference observed in CLo. The elderly have a
significantly smaller CLo value compared to the young subjects. This
would result in a reduced- hepatic first-pass effect and lead to a
greater Cmax. In contrast to this suggestion is the observation that
there were no differences in the absolute oral bioavailability of
moclobemide when comparing the elderly and young subjecta. However,
the latter comparison, unlike the comparison of Clo, is based only
upon data from 5 elderly subjects. While it is not possible to say
with any certainty, it is conceivable that if values for I were
available for all of the elderly subjects that there would have been a
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larger value for that parameter compared to the young subjects. Such
an observation has been made for the drug propranolol which also
undergoes substantianl first-pass hepatic metabolism (19). Additional
studies might be required to support this suggestion.

A reduced oral clearance in the elderly for drugs with a high
hepatic clearance has been noted, as mentioned above, for propranolol
but other similar drugs have not been studied in that regard. The
reduced oral clearance may be a general observation among the elderly
as a result of decreased metaobolic efficiency, but to date no general
conclusion can be reached. Conclusions with regard to moclobemide
absorption in the elderly is necessarily limited by the data obtained
in the present study. The elderly may be expected to have somewhat
greater maximum concentrations following a single ornl dose perhaps
as. a result of a lower oral clearance but more important will be the
Cmax value following multiple oral dosing and this is discussed below.

The relationships between the observed absolute oral bioavailability
of moclobemide (Fobs) and the values predicted from the oral data
(Fpred:oral) and iv data (Fpred:iv) are shown in Figure 39. Although
these data are limited, the oral prediction provides a better
relationship to Fobs compared to that seen with the iv prediction. TFor
the: former plot there is far less variation about the line of identity
compared to the latter graph. This is an observation that we have made
in a previous study (8) and, with the exception of one subject who
had an unusually large value for Fobs, the oral data appear to provide
a good prediction of the observed absolute oral bioavailability of
moclobemide after a single oral dose. Furthermore, the data for the
elderly and young subjects illustrate similar variability in the oral
and iv predictions.

The results of the multiple oral dosing study are summarized in
Table 19. Two comparisons need to be mande here;, elderly vs. young and
results as a function of the time of study within each group (i.e.,
day 8 vs. days 15 and 22). There were no significant differences,
between the elderly and young group with regard to parameters on day
15 of the study (i.e., after one week of oranl dosing) with the
exception of CLo which was significantly greater in the young group.
There were no significant differences among the parameters on day 22
of the study (two weeks of orml dosing) when comparing both groups.
The significant difference in CLo on day 15 is consistent with the
results obtained from the first oral dose (day 8). On day 22 of the
atudy the comparison of CLo between the two groups just misses being
significantly different. The average of CLo on days 15 and 22
indicates a significantly greater value for the young subjects
compared to the elderly. As seen in Figure 35 there is a large amount
of variability associated with that average value, especially among
the 6 elderly subjects. '

Unlike the results of the first oral dose, the Cmax vanlues during
multiple dosing on days 15 and 22 were not significantly different
between the elderly and young subjects. This would appear to reflect
the fact that oral clearance decreases in both groups with continued
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dosing and the fact that the values have become similar. On day 8 the
CLo values for the elderly and young were 52.0 and 79.1 L/hr, wherens
on days 15 and 22 they were 20.2 and 28.5 and [9.7 and 27.4,
respectively. This suggests that moclobemide will accumulate to about
the same extent in the elderly and young subjects and produce similar
plasma concentrations. Further evidence for this is shown in Table 20
which presents the average minimum steady-state concentrations of
moclobemide and the metabolite Ro 12-8095. Although the elderly tended
to have greater concentrations, there were no stotistically
gignificant differences between the elderly and young groups (Table
21). Nor was there a significant difference in the ratio of the
concentrations of the metabolite to moclobemide. The latter ratio was
considerably more variable omong the elderly subjects (0.49 to 1.91)
compared to the yoéung subjects (0.47 to 0.93). This would appear to
reflect a greater range of metabolic efficiencies among the elderly in
the formation of the metabolite.

The second 1important comparison that needs to be made 1is that
between the disposition parameters within each group on day 8
compared to days 15 and 22. Friedman's test indicated differences in
Cmax, 8, TY% . MNUCy,, and CLo but not in Tmax. Multiple
comparisons between observation days for ecach one of these
parameters by the paired t-test are summarized in Table 22. There
were significant differences in Cmax, 8, TY% , AUC and CLo when
comparing day 8 to day 15 and day 8 to day 22. Figure 37 illustrates
the values of CLo and B8 on day 8 compared to the average value.on
days 15 and 22 for the elderly and young subjects. It is clear that
upon multiple dosing oral clearance and B decrease substantially and
this happens for both the young and elderly subjects. We have noted
the same phenomenon in a similar multiple dosing study among 12
young healthy subjects (8). While the exact mechanism of this effect
is not as yet known it would appear to reflect reduced moclobemide
clearance as a result of self-inhibition or metabolite-inhibition of
metabolism.

In conclusion, we have examined the absorption and disposition of
moclobemide in a group of healthy young and elderly subjects following
a multiple oral dosing regimen. The study results have been
compromised by the fact that the iv data prior to and at the end of
the dosing regimen could not be analyzed. As a Tesult, the data are
gomewhat limited and only 5 young and 5 elderly subjects received an
iv dose subsequent to the completion of the study. The results of the
study indicate that there were no differences between the young and
elderly subjects with regard to the iv disposition parameters of
moclobemide or of its metabolite Ro 12-8095. Following the first oral
dose, the elderly had a significantly greater Cmax value and smaller
CLo compared to the young subjects. The oral clearance on day 15 of
the study remained greater in the young subjects, however, there were
no other significant differences between the groups for any of the
parameters obtained on either days 15 or 22 of the study. In
particular there were no significant differences in Cmax values
between the two groups. The average minimum steady-state
concentrations of moclobemide and Ro 12-8095 during the multiple
doging regimen were nhot different between the two groups. As noted in
a previous study the oral clearance and elimination of moclobemide
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decreased in both groups upon multiple dosing compared to the first
oral dose. Based upon these results it would appear that after a given
orenl dosing regimen elderly subjects will achieve steady-state plasma
conentrations of moclobemide similar to those achieved in young
subjects. There is no pharmacokinetically-based need to alter the
dosing regimen of moclolbemide for elderly subjects.

6. DATA RETRIEVAL

Lab Journals Number 628, pages 1 to 200 and Number 4541, pages 1 to
47.

" Dr. med. W. M. Herrmann
t-
T orl
Kurftirstendamm 217
1000 Berlin 15 .
Telefon: 8813801 ¢

e o =01 153



- 152 -

M. Moyersohn, GCR B-116'078
7.REFERENCES

1. DaProdao M, Keller lill, Kettler R, Schaflfflfner I, Pieri M, Uurlard WP,
lorn A, Haefely WE. Ro 11-1163, a specific and short-acting MAO
inhibitor with antidepressant .properties. In: Kamijo K, Usdin E,
Nagatsu T, eds. Monamine Oxidase. DBasic and Clinical Frontiers.
Amsterdam: Rxcerpta Medica, 1982: 183-196.

2. Bobon DP, Rossignol P, Lepage-Goffioul G, Adens A, Gecot P,
Breulet M. L'effet antidepressif du Ro 11-1163, inhibiteur selectif de
la MAO-A. Comptes Rendus du Congres de Psychintrie et de Neurologie de
Langue Francaise, volume 2. Paris: Masson, 1979, pp. 1281-1286.

3. Stefanis CN, Alevizos BH, Papadimitriou GN. Antidepressant effect
of Ro 11-1163, a new MAO inhibitor. Int Pharmacopsychiatry 1982; 17:
- 43-48.

{. Casacchia M, Carolei A, Barba C, Frontoni M, Rossi A, Meco G,
Zylberman MR. A placebo-controlled study of the antidepressant
activity of moclobemide, a new MAO-A inhibitor. Pharmacopsychiatry
1984; 17: 122-125.

5. Postma JU, Vranesic D. Moclobemide in the treatment of depression
in demented geriatric patients. Acta Therapeutica 1985; 11: 1-4.

6. Raaflaub J, Haefelfinger P, Troutmann KH. Single-dose
pharmacokinetics of the MAO-inhibitor moclobemide in man. Arzneim
Forsch/Drug Res 1984; 34: 80-82.

7. Wiesel F-A, Roanfloub J, Kettler R. Pharmacokinetics of oral
moclobemide in henlthy human subjects and effects on MAO-activity in
platelets and excretion of urine monoamine metabolites. Eur J Clin
Pharmacol 1985; 28: .89-95.

8. Schoerlin M-P, Mayersohn M, Korn A, . Eggers H, Dellenbach M,
Pfefen J-P. Multiple dose pharmacokinetics of moclobemide in healthy
subjects. GCR B-105'464a, 28-1-87.

9. Schoerlin M-P, Mayersohn M, Frey [, Dellenbach M, Pfefen J-P.

Effect of renal insufficiency on the pharmacokinetics of moclobemide
(Ro 11-1163) and its metabolites Ro 12-8095 and Ro 12-5637. GCR
105’465, 29-09-87. :

10. Schoerlin M-P, Mayersohn M, Ohnhaus EE, Dellenbach M,
Pfefen J-P. Pharmacokinetics of moclobemide (Ro 11-1163) in patients
with liver cirrhosis (PK-4549). GCR B-116'204, 2-12-87.

11. Schoerlin M-P, Mayersohn M, Hoevels B, Eggers H, Dellenbach M,
Pfefen J-P, Crevoisier C. Effect of food intake on the relative
bioavailability of moclobemide (Ro 11-1163). GCR B-105'468, 1-12-86.

12. Mayersohn M, Schoerlin M-P, Hoevels B, Eggers [, Dellenbach M,
Pfefen J-P. Moclobemide absorption and disposition prior to and after



- 153 -

cimetidine administration. GCR B-116'077, 12-1-1986.

13. Mayersohn M, Schoerlin M-P. Observed and predicted absolute oral
biocoavailability of moclobemide, a new MAO-A inhibitor, following
single oral doses. GCR 116 075, 1-9-86.

14. Mayersohn M. Special pharmacolkinetic consideration in elderly.
In: Evans WE, Schentag JJ, Jusko WJ, eds. Applied Pharmacokinetics:
Principles of Therapeutic Drug Monitoring, 2nd ed., San Francisco:
Applied Therapeutics, 1986: 229-293.

15. Mahgoub A, Idle JR, Dring LG, Lancaster R, Smith RL. Polfmorphic
hydroxylation of debrisoquine in man. Lancet 1977; 2: 584-586.

16. Kupfer A, Jamel R, Carr K, Branch R. Analysis of hydroxylated and
demethylated metabolites of mephenytoin in man and laboratory animals
using gas liquid chrmatography. J Chromatogr 1982; 232: 93-100.

17. Eggers H, Gieschke R, Korner J. Quantitation of the new mono-
amineoxidase inhibitor moclobemide and three of its metabolites in
biologicl fluids by HPLC. GCR B-105’976, July 1986.

18. Veng-Pedersen P. A simple method for obtaining the mean residence
time of metabolites in the body. J Pharm Sci 1985; 75: 818-819.

19. Castleden CM, George CF. The effect of aging on the hepatic
clearance of propranolol. Br J Clin Pharmacol 1979; 7: 49-54.

20. Lam FC, Hung CT, Perrier DG. Estimation of variance for harmonic
mean half-lives. J Pharm Sci 1985; 74: 229-231.



M. Mayersohn, - 154 -
GCR B-116'078
TABLE 1 : Subject Characteristics
Subject Sexa) MAge Weight Height Phenotypeb}
Number yr ké cm Debrisoquine Mephenytoin
1 M 74 78 169 ND ND
2 F 65 69 162 ND ND
3 F 77 65 165 ND ND
4 F 65 69 152 ND ND
5 F 72 70 168 ND ND
6 M 72 70 158 ND ND
) P 69 46 160 PM EM
iy g% F 68 62 157 EM EM
9¢) F 75 65 159 EM EM
10 F 68 70 174 EM EM
11 r 65 64 157 ND ND
12 F 66 60 160 ND ND
13 M 76 60 178 ND ND
14 M 73 75 172 EM EM
Mean 70 66 164
+ %CV 6 12 5
Range 65-77 | 46-78 152-178
15¢) M 30 74 190 EM EM
16%) M 22 63 184 EM EM
17 F 31 62 172 ND ND
18%) F 33 74 174 EM EM
19%) M 29 65 179 EM EM
20° M 29 67 184 EM EM
Mean 29 68 181
+ %CV 13 8 4
Range 22-33 62-74 172-190

a) M = male,

b) PM = poor metabolizer,

F = female

EM = extensive metabolizer,

ND = not determined

c) Subjects studied once more after completion of initial study (iv infusion)
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TABLE 2 Reproducibility of the Quality Control Plasma Samples
Concentration Concentration measured
Compound Added Number of mean % Dias®
ng/ml Samples ng/ml 5CV
IV Samples
Ro 11-1163 40.0 5 41 .1 4.0 e
200.0 6 202.0 2.5 1.00
800.0 6 806.0 1.6 0.75
2000.0 8 2003.0 1.6 0.15
., Ro 12-8095 100.0 6 99.2 2.9 - 0.80
400.0 393.0 1.8 - 1.75
1000.0 8 965.0 2.0 - 3.50
Oral Samples
Ro 11-1163 32.0 61 32.4 8.0 1225
52.5 15 53.2 Ta5 1.33
104.9 12 106.8 7.5 1.81
139.9 59 142 .4 5.4 179
599.4 62 597.2 1.4 - 0.37
700.0 5 685.2 1.5 - 2.10
750.8 12 743 .0 1.5 - 1.04
1501.6 16 1490.3 1.6 - 0.75
2247.8 64 2234.3 2.8 - 0.60
2400.0 12 2329.3 i.8 - 2.95
Ro .12-8095 52.0 15 50.8 6.7 - 2.3
69.9 59 70.8 TeD 1.29
104.0 12 100.4 3.0 - 3.46
299.7 61 294.8 3.2 - 1.63
350.0 6 336.9 3.3 - 3.70
375.4 11 365.5 2.9 - 2.64
750.8 16 720.3 1.7 - 4,06
1223.9 64 1111.6 2.4 - 9.18
Conc. measured - Conc. added
a) % Bias =

Conc. added

x 100
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TABLE 3 : Summary of Reported Adverse LEvents
Elderly subjects Young Subjects
Symptom Patient Day.of i Symptom Patient Day of
No. Treatment No. Treatment
1. Headache 2 03 1. Fatigue 15 01
05 09
5 09
18 18
6 02
19 16
8 02 18
10 —++ 3+ + + + + ¢+ + + + + *+ + + t t+ ¢+t F-+ ¢+t ===msmm=
18
__________ e I 2. Headache 15 02
B 03
2. Fatigue 2 a9 : 05
16
18 17 02
10
4 01 =3 -] —- =+ & - SEE=S=S=ESESSSSSESESSEESSE
- 02 3. Somnolence 15 16
8 o i o
16
3. Insomnia 3 03 02
8 47 4. Acathisia 15 03
11 s | . i
[/l A I
e ==== == 5. Nausea 18 03
5o ' 07
4. Tinnitus 5 12 L —aa aa
6 12 6. Dizziness 15 01
5. Dizziness 6 12 7. ‘Weightlessness 15 01
6. Numbness 8 02 8. Agitation 15 03
9. Numbness 15 18
10. Stomache 15 02
b —— 3 3 3+t 1+ 3 3 % 5




TABLE 4 Plasma Concentrations of Moclobemide (ng/ml) in Five Elderly Subjects (7-14) and in
Five Young Subjects (15-20) Following an Intravenous Infusion of 75 mg‘Hoclobemide

Time Subject No.

Hours 7 B S 10 14 15 16 18 19 20
-0.05 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
0.00 *N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. h.D. N.D.
0.08 552 494 392 37 440 568 1038 345 280 992
0.17 1346 725 801 382 1098 1091 1295 590 534 1408
0.25 1959 1424 1070 518 2053 1410 1278 816 914 1584
0.33 2461 1052 1169 664 1516 1748 1324 991 1394 1539
0.50 1369 766 9717 692 896 947 17 627 919 763
0.67 1041 560 786 593 807 739 483 524 739 559
0.83 938 529 712 541 729 - 654 421 468 683 455
1.33 71 395 551 476 562 535 284 404 503 315
2.33 503 248 353 274 421 312 149 265 291 186
3.33 224 107 205 134 249 192 72 159 147 84
4.33 130 61 140, B1 192 122 37 106 88 44
5.33 95 42 105 55 141 89 N.D. 73 50 28
6.33 53 25 67 31 109 65 N.D. 51 28 N.D.
8.33 28 N.D. 37 N.D. 64 35 N.D. 26 N.D. N.D.
10.33 N.D. N.D. 21 N.D, 42 N.D. N.D. N.D. N.D. N.D.

N.D.

= not detectable
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Plasma Concentrations of Moclobemide Metabolite, Ro 12-8095 (ng/ml), in Five Elderly Subjects

(7-14)

TABLE 5
and in Five Young Subjects (15-20) Following an Intravenous Infusion of 75 mg Moclobemide

Time Subject No.

Hours 7 8 9 10 14 15 16 18 19 20

-0.05 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
0.00 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
0.08 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N,D. N.D. N.D.
0.17 34 43 N.D. N.D. N.D. 42 52 N.D. N.D. 35
0.25 125 168 47 N.D. 42 106 90 N.D. 56 152
0.33 231 152 77 57 79 159 176 69 133 98
0.50 345 300 175 153 137 232 238 122 222 224
0.67 340 278 222 209 203 235 208 128 262 201
0.83 360 310 239 233 207 256 225 141 267 198
1..33 381 327 253 263 247 261 198 129 291 169
2.33 332 290 281 256 269 268 156 191 321 127
3.33 231 206 243 200 246 235 116 187 252 87
4.33 156 131 195 140 219 178 70 158 186 54
5:33 113 89 157 93 185 156 40 131 133 37
6.33 m 59 115 68 159 127 N.D. 105 86 N.D.
8.33 35 N.D. 65 33 104 17 N.D. 56 47 N.D.
10.33 N.D. N.D. 37 N.D. A 41 N.D. 38 N.D. N.D.

N.D.

= not detectable
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TABLE 6: Plasma Concentrations of Moclobemide (ng/ml) in Elderly Subjects (1-14) and Young Subjects (15-20)
Following the First 100 mg Oral Dose of Moclobemide on Study Day 81
Time Subject No.
Hours 1 2 3 b 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20
0.00 N.D. N.D. N.D. N.D. N.D. N.O. N.D. N.D. K.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
0.25 36 N.D. 55 N.D. N.D. N.D 23" N.D. 133 2002 75 58 N.D. N.D. 93'I N.D. 141 N.D.  N.D.  N.D.
0.50 125 455 507 3k2 393 433 150 N.D. 5N 634 1005 1249 178 1086 647 372 781 N.D. 258 585
0.75 287 1086 841 885 892 754 426 516 838 N.S. 1067 1313 676 1057 807 466 550 173 398 498
1.00 376 828 781 890 860 673 641 485 819 Lﬁ}j 1033 1128 577 835 679 372 426 432k 428 349
2.00 435 532 583 756 1025 506 414 373 560 369 720 648 308 632 519 336 274 582 279 253
3.00 259 23 303 425 678 218 181 165 286 145 391 365 142 355 288 134 80 h23 - 137 91
4.00 167 134 199 261 459 136 110 87 165 83 254 239 86 287 209 95 43 289 76 57
5.00 112 87 127 174 393 97 72 56 144 55 210 189 59 215 139 43 29 198 51 30
6.00 78 b4 92 136 299 56 48 32 106 55 N.S. 129 27 155 117 29  N.D. 173 31 N.D.

1 N.D. = not detectable,
2 Actual sample time 0.28 hr
3 Actual sample time 1.50 hr
b Actual sample time 0.97 hr

N.

S. = no sample
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TABLE 7: Plasma Concentrations of Moclobemide (ng/ml) in Elderly Subjects (1-14) and Young Subjects (15-20)

on Study Day 15 Following a Multiple Oral Dosing Regimen of 100 mg Moclobemide Three Times A Day1
Time Subject No.
Hours 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20
0.00 st B 77 380 391 539 207 147 60 257 by 394 388 106 364 254 32 86 355 L5 b3
0.25 254 56 3%92 3282 504 202 bLg 243 265 276 624 582 89 475 228 87 162 343 324 96
0.50 423 1058 1339 1351 469 795 1083 1040 1128 869 1346 1753 k11 1634 871 629 1226 451 454 724
0.75 594 1385 1499 1410 780 1135 1250 1108 1554 09 1710 1982 738 1375 1225 891 923 1406 758 1016
1.00 821 1306 1562 1454 1629 1163 1196 1029 1481 927 1643 1792 1048 1205 1399 846 1017 1820 ° 757 1058
2.00 1092 1070 1203 1169 1422 985 1060 821 1119 594 1389 1389 964 1034 1108 644 47 1247 : 617 625
3.00 830 667 720 924 1130 679 621 451 796 368 921 949 617 789 770 L06 367 895 473 387
4.00 555 563 552 652 841 531 459 348 624 252 757 m 513 650 612 274 294 678 296 195
5.00 424 369 472 554 781 399 369 243 556 192 730 623 363 529 496 168 231 621 232 168
6.00 24 257 388 hy7 638 310 275 175 519 143 637 585 273 k90 440 113 177 532 173 H.S.3 -

1 Values reported at time 0.00 actually correspond to sample

2 Actual sample time 0.33 hr

3 N.S. = no sample

times prior to dosing
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TABLE 8: Plasma Concentrations of Moclobemide (ng/ml) in Elderly Subjects (1-14) and Young Subjects (15-20)

on Study Day 22 Following a Multiple Oral Dosing Regimen of 100 mg Moclobemide Three Times A Day1
Time . Subject No.
Hours 1 2 3 4 5- b 7 8 9 10 1 12 13 14 15 16 17 18 19 20
0.00 377 450 249 N.D. 109 HN.D. 99 65 245 103 505 217 167 483 281 46 70 762 148 40
0.25 562 528 290 28 110 27 219 240 238 606 5hY 199 202 491 H.S.'. 109 78 755 103 b7
0.50 1177 1583 1193 1252 631 150 1197 1190 1649 1617 1565 1040 1258 796 620 570 633 1339 278 317
0.75 1310 1911 1525 1201 173 865 1352 1461 1888 1429 162k 1752 1678 1181 61 - 717 1673 2104 578 746
1.00 1237 1647 1458 1029 317 793 1290 1271 1622 1193 1870 1652 1545 1350 1328 723 1079 2124 1069 685
2.00 1023 1524 1172 1066 1144 630 977 902 1248 772 1557 1352 986  1348. 1178 568 689 1567 923 530
3.00 710 855 768 672 867 369 617 %692 754 421 969 843 650 876 728 423 437 1284 614 389
4.00 527 632 538 433 693 312 446 364 610 339 8223 648 488 736 628 268 339 1081 467 247
5.00 467 523 h56 3N 569 217 3k 262 51 23 856 613 367 599 523 195 260 820 363 176
6.00 369 422 367 290 506 160 27 196 480 197 727 L85 317 585 h27 143 207 815 282 107

1 Values reported at time 0.00 actually correspond to sample times prior to dosing.
2 Actual sample time 3.13 hr
3 Actual sample time 4.08 hr

N.D. = not detectzble
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TABLE 9: Plasma Concentrations of the Moclobemide Metabolite, Ro 12-8095 (ng/ml), in Elderly Subjects (1-14)

and in Young Subjects (15-20) Following the First 100 mg Oral Dose of Moclobemide on Study Day 81
Time Subject Na.
Hours 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20
0.00 | N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. H.D. N.D. N.D. N.D. N.D. N.D. H.D. N.D. N.D. N.D.
0.25 3% N.D.  N.D.  N.D.  HN.D.  N.D. k52 H.D. 49 1802 N.0. N.D. H.D. N.D. 37.  N.D. 149 N.D.  N.D.  N.D.
0.50 110 323 245 184 127 n 202 N.D. 265 k94 323 489 262 300 239 270 572 N.D. 250 456
0.75 252 792 523 b9 2n 578 550 492 451 N.S.  hbb 645 766 384 k13 458 564 9 437 i1
1.00 350  8hb 525 569 320 634 649 702 490 5‘103 587 678 806 391 385 3N 499 223§l 516 374
2.00 501 739 k99 67 538 511 539 687 b49 498 663 634 674 k02 k55 380 365 478 k72 272
3.00 L06 533 37 575 500 363 307 415 3 280 602 534 436 35 391 213 189 478 292 138
.00 299 3N 284 426 L4g 256 193 263 2kh 187 500 435 301 307 332 156 115 409 219 80
5.00 225 2695 210 324 423 173 123 182 216 151 k67 373 197 254 256 89 68 337 157 54
6.00 172 226 157 258 350 114 9 110 145 107 H.S. 307 125 209 230 52 ko 29% 104 N.D.
1 H.D. = not detectable, .S. = no sample
2 kctual sample time 0.28 hr
3 Actual sample time 1.50 hr
b Actual sample time 0.97 hr
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TABLE 10: Plasma Concentrations of the Moclobemide Metabolite, Ro 12-8095 (ng/ml), iﬁ Elderly Subjects
(1-14) and in Young Subjects (15-20) on Study Day 15 Following a Multiple Oral Dosing Regimen
of 100 mg Moclobemide Three Times A Day1

8LO«9LL-8 ¥DIO
‘uyosIaAew "W

Time Subject No.
tours 1 2 3 b 5 b l 8 9 10 1 12 13 1% 15 16 17 18 19 20

0.00 247 212 215 35h 433 205 117 158 187 50 2h2 323 239 238 197 33 25 52 N.D.
0.25 219 185 177 304 k27 210 168 169 179 122 229 33 214 242 182 48 81 276 132 38
0.50 269 b2 343 496 393 331 329 k16 261 344 314 482 308 393 251 214k 359 288 193 157
0.75 | 287 558 420  Sk2 k66  4h1 kO3 528 354 409 387 564 409 393 303 348 336 381 298 247
1.00 329 614 k51 583 584 468 W13 561 370 450 396 572 S50 383 369 379 388 472 322 273
2.00 454 815 447 597 640 507 459 612 373 383 45k 591 686 392 385 357 372 457 340 222
3.00 LL§ 755 382 560 615 439 354 540 367 319 419  S43 658 371 360 290 265 419 333 167
4.00 504 686 339 479 582 k02 274 470 319 246 388 49 S76 323 322 211 208 407 247 98
5.00 350 646 320 460 568 335 233 391 318 197 380 429 516 307 281 130 186 397 219 97
6.00 339 534 269 383 506 269 195 340 253 159 335 410 427 280 283 97 153 341 178 N.S.

- €91 -

1 Values reported at time 0.00 actually ccrrespahd to sampling times prior to dosing. N.D. = not detectable, N.S. = no sample
2 Actval sample time 0.33 hr



TABLE 11: Plasma Concentrations of the Moclobemide Metabolite, Ro 12-8095 (ng/ml), in Elderly Subjects
(1-14) and in Young Subjects (15-20) on Study Day 22 Following a Multiple Oral Dosing Regimen

of 100 mg Moclobemide Three Times A Day1 |

Time Subject No.
Hours 1 2 3 4 5 6 i 0 8 9 . 10 11 12 13 ik 15 16 17 18 19 20
0.00 287 518 200 N.D. 149 N.O. 87 17 223 112 299 158 291 290 222 33 60 478 164 N.D.

0.25 306 516 198 N.D. 143 N.D. 106 163 198 220 255 139 294 280 M.S. L8 63 479 . 126 N.D.
0.50 k32 663 341 301 253 154 332 401 359 462 365 273 513 b 274 166 163 521 171 115
0.75 490 799 435 343 161 399  hk2h 562 449 522 382 396 647 381 288 262 426 557 257 243
1.00 k72 825 k62 394 209 k41 449 550 449 486 421 443 724 423 389 274 388 647 392 244
2.00 540 870 k65 S0 K4S b1 448 534 457 433 488 484 689 461 478 262 316 587 450 228
3.00 b1 782 Lo6  kS2 504 356 374 470 Lo 330 461 k28 622 421 405 210 283 628 418 198
4.00 k27 633 346 400 470 303 297 388 354 304 432 375 549 372 376 167 235 608 357 130
5.00 387 603 320 359 k27 2k4 238 335 328 223 h24 338 k79 330 337 120 190 499 313 68
6.00 338 519 262 307 405 201 201 284 321 194 407 296 42y 337 285 g6 156 488 278 65

1 Valuves reported at time 0.00 actually correspond to sempling times prior to dosing. N.D. = not detectable, N.S. = no sample
2 Actval sample time 3.13 hr
3 Actuzl sample time 4.08 hr
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TABLE 12: Trough Levels of Moclobemide (ng/ml) on Days 8-15, 16-22 in Fourteen Elderly Subjects
During a 15 Day Multiple Oral Dosing Regimen of 100 mg Moclobemide Three Times a Day
Days Time Subject No.

hours 1 2 3 4 5 6 7 8 9 10 11 12 13 14
12 167 137 194 246 500 126 80 49 204 86 220 270 67 232
36 321 330 342 770 1013 580 564 769 369 226 669 590 1003 947
11 84 555 443 615 605 1269 486 664 199 409 336 1218 588 418 1024
13 132 552 1324 580 110 1021 48 768 604 407 267 668 925 840 662
15 180 567 427 538 601 731 391 389 246 515 184 624 635 338 750
16 204 617 743 828 826 998 601 783 160 733 935 748 590 348 415
18 252 942 795 604 616 953 308 533 270 752 155 1139 578 499 1007
20 300 1024 1083 691 125 535 53 167 289 593 273 662 129 560 959
22 348 545 662 752 616 859 364 343 236 560 258 689 496 362 704
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TABLE 13: Trough Levels of Moclobemide (ng/ml) on Days 8-15, 16-22 in Six Healthy Subjects
During a 15 Day Multiple Oral Dosing Regimen of 100 mg Moclobemide Three Times a Day

gLOOLL-O ¥DD
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Days Time Subject No.
hours 15 16 17 18 19 20

8 12 188 33 52 222 58 31
9 36 361 81 102 626 147 120
11 84 626 510 342 951 222 83
13 132 B34 416 727 1677 414 374
15 180 531 113 162 619 193 122
16 204 701 666 541 809 286 342
18° 252 670 704 445 755 619 739
20 300 828 326 678 939 277 528
22 348 415 E 128 213 784 270 133

991



TABLE 14:  Trough Levels of the metabolite, Ro 12-8095 (ng/ml), in Fourteen Elderly Subjects
During a 15 Day Multiple Oral Dosing Regimen of 100 mg Moclobemide Three Times a Day
Days Time Subject No.
hours 1 2 3 4 5 6 7 8 9 10 11 12 13 14
8 12 238 338 195 367 466 161 117 166 193 144 406 360 175 251
9 36 321 698 307 622 636 447 469 931" 354' 278 535 528 986 409
11 84 472 674 388 516 666 362 455 501 338 407 433 456 633 493
13 132 532 | 940 337 174 649 59 442 928 288 316 336 495 853 380
15 180 363 624 292 412 534 288 233 412 312 194 356 412 464 350
16 204 413 958 432 494 666 422 440 497 462 740 415 335 552 249
18 252 452 | 1015 360 484 625 337 352 537 440 249 402 390 664 450
20 300 467 960 393 145 489 82 119 514 411 347 320 134 739 457
22 348 402 613 410 | 489 493 353 234 336 362 224 436 339 517 364
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TABLE 15: Trough Levels of Metabolite, Ro 12-8095 (ng/ml), in Six Healthy Subjects
During a 15 Day Multiple Oral Dosing Regimen of 100 mg Moclobemide Three Times a Day
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Days Time Subject No.
hours 15 16 17 18 19 20

8 12 288 52 84 343 137 44
9 36 3599 124 150 452 240 121
11 84 336 393 321 483 300 61
13 132 406 341 425 679 366 180
15 180 301 98 144 384 179 72
16 204 341 469 407 429 309 158
18 252 397 382 289 463 519 266
20 300 460 238 358 450 284 288
22 348 262 105 174 491 243 89

891



.TABLE 16: Moclobemide. Disposition: Parameters in Young and Elderly Subjects

Following a 75 mg i.v. Infusion of Moclobemide

8L0,9LL-8§ ¥YIO
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: a = & b’
Subject Age CT B_1 T1/2 AUCo AUM:o CL.S Vés MRT
Number yr ng/ml hr hr ng.hr/ml ng.hr”/ml L/hr L hr

7 69 2461 0.416 1.67 3040 5867 24.7 43.5 1.76

8 68 1052 | 0.563 1.23 1533 2576 48.9 74.0 1.51

9 75 1169 0.345 2.01 2319 5826 32.3 75.9 2.35

10 68 664 0.542 1.28 1505 3080 49.8 93.7 1.88
14 73 1516 0.257 2.69 2915 9188 25.7 76.8 2.99
Mean 7 | 1372 0.425 1.63° 2262 5307 36.3 72.8 2.10
s cv 4.5 49.6 30.6 30.6 32.3 49.9 33.9 25.0 27.8
Median 69 1169 0.416 1.67 2319 5826 32.3 75.9 1.88
Range 68-75 | 664-2461 | 0.257-0.563 | 1.23-2.69 | 1505-3040 | 2576-9188 | 24.7-49.8 | 43.5-93.7 | 1.51-2.99
15 30 1748 0.359 1.93 2298 5272 32.6 69.5 2.13
16 22 1324 0.698 0.99 1296 1591 57.9 61.4 1.06
18 33 991 0.361 1.92 1695 4206 44,3 102.3 2.31
19 29 1394 0.581 1.19 1812 3222 41.4 66.7 1.61
20 29 1539 0.634 1.09 1485 1950 50.5 57.9 1.15
Mean 29 1399 0.527 1.31°¢ 1717 3248 45.3 71.6 1.65
& % oy 14.1 20.0 30.0 29.9 22.1 47.3 21.0 24.9 33.9
Median 29 1394 0.581 1.19 1695 3222 44.3 66.7 1.61
Range 22-33| 991-1748 | 0.359-0.698 | 0.99-1.93 | 1296-2298 | 1591-5272 | 32.6-57.9 | 57.9-102.3| 1.06-2.31
a CT = concentration at the end of infusion

b 'MRT = mean residence time

¢ Harmonic mean. % CV based upon the "pseudo" standard deviation (reference 20)




TABLE 17: Disposition Parameters of the Moclobemide Metabolite Ro 12-8095 in Young and
Elderly Subjects Following a 75 mg i.v. Infusion of Moclobemide
- = b3 B (-]
Subject 2ge Cmax B ; T1/2 .E.UCO ntngo MRT
Number yr ng/ml hr~ hr ng.hr/ml ng.hr”/ml hr
7 69 381 0377 1.84 1627 5365 137
8 68 327 0.402 1.72 1374 4360 1.49
=] 15 281 0.281 2.46 1696 7893 2.19
10 €8 263 0.361 1.92 1264 4697 1.67
14 73 289 0.190 3.65 2137 13521 3.18
Mean 1 304 0.322 2.15% 1620 7167 1.98
T % Cv 4.5 16.4 26.9 26.0 20.9 53.2 37.4
Median 69 281 0. 361 1.92 1627 5365 1.67
Range 68-75 263-381 0.120-0.402 1.72-3.65 1264-2137 |4360-13521 1.37-3.18
15 30 268 0.243 2.86 1796 8745 2.58
16 22 239 0.532 1.30 769 2012 1.39
18 33 ‘187 0.248 2.82 1362 7277 2.86
19 29 321 0.342 2,03 16089 6264 2.11
20 29 224 0.38% 1.78 674 1041 Y5
Mean 29 248 0.350 1.98° 1242 5248 2.10
T s cCv 14.1 20.3 34.1 36.4 40.3 59.3 30.0
Medizn 29 239 0.342 2.03 1362 6264 2.1
Range 22-33 187-321 0.243-0.532 1.30-2.86 674-1785 1941-8745 1.39-2.86

a Harmonic mean. % CV based upon the "pseudo" standard deviation (reference 20)
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Moclobemide Absorption and Disposition Perameters in Young and Elderly

TAELE 18: :
Subjects Follewing the First Single 100 mg Oral Dote of Moclobemide

Subject Age o = S ' Tz auc? hUHﬁ;: Mar® cL F
Number y= ng/ml hr hx hr rg.hr/ml ng.hr"/nl hr L/hr

1 74 435 2.00 0.401 1.73 1544 5042 - E4.8B -

2 €5 1086 0.75 0.428 1.62 2032. 4872 - 49.2 -

3 77 Bl 0.75 0.4586 1.52 2260 ED;H - 45.2 -

4 €S _590 1.00 0.383 1.81 2854 8751 - 35.0 -

5 72 1025 2.00 0.252 2.63 4573 20673 - 21.4 -

6 72 754 0.75 D.478 1.43 1693 4228 - 59.1 -

7 63 641 1.00 0.441 1.57 1451 2657 0.79 €£8.9 0.35

8 E3 516 0.75 0.597 1.15 11586 2744 0.86 E6.5 0.56

g 73 638 0.75 0.311 2,23 2428 7463 0.72 41.2 0.79

10 ES B34 0.50 0.627 1.1 1322 2783 0.23 75.6 0.65

11 5] 1057 0.75 0.481 1.44 25845 7428 - 4.0 -

12 €6 1313 0.75 0.389 1.73 3162 8505 - 31.6 -

13 76 678 0.75 0.582 1.117 1168 2552 - Bi.2 -

14 73 10E8 0.50 0.332 2.09 3057 SSEB 0.28 32.7 0.77
Hean 70 552 0.93 0.441 1.5?b 2269 6768 0.58 52.0 0.63
s cCv 6.1 29.8 51.0 24.6 24.3 43.9 69.1 51.3 40.6 28.6
Median nm 8350 0.15 0.435 1.69 2142 5527 0.72 46.7 0.65
Ranga 65-77 435-1313 0.50-2.00 0.202-0.527 1.11-2.63 1155-4673 2562-20673 .| 0.23-0.86 21.4-86.5 | 0,36-0.75

15 20 E07 0.75 0.311 2123 23717 7742 Yt 42.1 0.78

16 22 4E6 0.75 0.537 1.23 1097 2526 1.24 $1.2 0.63

17 31 721 0.50 0.722 0.93 1052 1723 - 5.1 -

16 33 582 2.00 0.307 2.25 2408 10272 1.56 41.5 1.07

18 Z9 428 1.00 0.537 1:.29 1028 2423 0.75 27.5 0.43

20 29 SE5 0.50 0,642 1.03 931 I'l?53 0.74 107.4 0.47
Mez2n z9 eoe 0.92 0.508 1.33h 1482 4408 1.16 79.1 0.66
* % CV 12.9 25.8 61.2 33.4 33.3 47.7 £3.2 42.9 37.2 28.3
“edian 30 584 0.75 0.537 1.23 1075 2475 1.13 3.2 0.63
kange 22-33 4238-E07 0.50-2.00 0.311-0.722 0.86-2,256 931-2408 1723-10272 0.74-1.96 | 42.1-107.4 0.43-1.07 _
a MAT = meszn absorption time

"b Harmonic mezn. % CV based upen the "pseudo" stapdsrd ceviation (reference 20)
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Moclobemide Absorption and Disposition Parzmeters in Young znd Elderly Subjects or Days

TAELE 19:
15 2rnd 22 of a Multiple Cral Dosing Regimen of 100 mg Moclobemide Three Times a2 Duy
Subject Age me, ng/ml Tmax hr [ I'u'-1 T1/2' kr P.UC:, ng.hr/ml CLln. L/hr
Number ¥r 4 15 4 22 é 15 4 22 d 15 4 22 d 15 d 22 d4 15 da 22 d 15 a 22
1 74 1082 1310 2,00 0.75 0.33% 0.248 2.08 2.82 4382 48739 22.8 21.4
2 6-5 1385 1911 0.75 0.75 0.344 0.264 2.01 2.63 v 4744 6039 21.1 1€.6
3 21 1262 1525 1.00 0.75 0.20 0.284 3.45 2.44 5414 5280 18.5 18.9
4 €5 1454 1252 1.00 0.50 0.243 0.320 2.E5 2.17 5858 47E5 171 20.9
5 72 1629 1144 1.00 2.00 0.197 0.181 3.52 3.83 7683 6130 14.1 16.3
6 72 1163 BES 1.00 0.75 0.284 0.327 2.44 2.12 4508 2844 22.2 5.2
7 69 1250 1352 0.75 0.75 0.256 0.311 2.61 2.23 4754 4649 21.0 21.5
8 68 1108 1461 0.75 0.75 0.3M 0.370 1.87 1.87 3z 4036 28.2 24.8
9 75 1554 12E8 0.75 0.75 0.232 0,153 2.99 4.53 5919 7024 16.89 13.2
10 €8 27 1617 1.00 0.50 0.350 0.333 1.88 2.08 22N 3859 34.8 25.9
1 65 1710 1870 0.75 1.00 0.114 0.CE4 6.08 8.25 E582 10117 11.7 9.8
12 66 1882 1752 0.75 0.75 0.156 0.17 4.17 4.05 7585 7303 13.2 13.7
13 75 1043 1678 1.00 0.75 0.305 0.284 2.27 2.44 4179 4995 23.9 20.0
14 73 1634 1350 0.50 1.00 0.189 0.142 3.67 4.E8 5685 6247 17.6 16.0
Mezn 70 13583 1458 0.93 0.84 0.257 0.248 2.70% 2.79° 5354 5571 20.2 19.7
X xcv 6.1 21.8 20.6 37.2 43.1 . 30.4 35,0 30.4 34.6 29.4 32.3 30.5 3.8
Median kA 1420 1483 0.€8 0.75 0.255 0.274 2.73 2.54 5084 5138 19.8 19.5
Fange 65-77 | 527-1582 | £65-1511 | 0,50-2.00 | 0.50-2.00 | 0,114-0.371 | 0,0B4-0,370 | 1.67-5.08 | 1.87-8.25 | 2871-8582 | 2844-10117| 11.7-34.8| 9.9-35.2
15 30 1359 1328 1.00 1.00 0.223 0.178 3.03 3.89 5673 5692 17.6 17.6
15 22 B9 723 0.75 1.00 0.436 0,353 1.58 1.56 2677 2633 37.4 32.8
17 3 1228 1673 0.50 0.75 0,243 0.2:2 2.85 2.37 3409 3583 23.3 27.9
18 33 1820 2124 1.00 1.00 0.207 0.176 3.35 3.94 6525 8245 15.3 121
13 29 758 1069 0.75 1.00 0.326 0.290 2.13 2.39 2587 3859 33.7 25.3
20 23 1058 746 1.00 0.75 0.4£3 0.359 1.50 1.74 2676 2307 37.4 43.4
Heza 29 1182 1277 0.83 0.92 0.317 0.281 2.19° 2.47° 3988 4404 28.5 27.4
rxcev| 12,9 32.2 43.0 24.6 14.0 34.8 32,2 35.8 32,2 42.1 50.6 34.3 - 63.2
Mecdien 20 1142 1189 0.88 1.00 0.285 0.291 2,49 2,38 31e8 31N 31.5 26.6 .
Range |22-33 | 75¢-1820 | 723-2124 | 0.50-1.00 | 0.75-1.00 | 0.207-0.463 | 0,176-0.399 | 2.13-3.35 | 1.74-3.94 | 2676-6525 | 2307-B245 | 15.3-37.4 | 12.1-43.4

.
2 Harmonic mean. % CV based upon the "pseudo® standard deviation (reference 20)
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M. Mayersohn, - 173 -
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TABLE 20: Minimum Steady-State Plasma Concentrations of Moclobemide and

Metabolite (Ro 12-8095) During the Multiple Oral Dosing Regimena

Subject Minimum steady-state 4 Ratio
conc. (* S.D.), ng/ml
Number Moclobemide Ro 12-8095 Ro 12-8095/Moclobemide
Elderly
1 739 (226) 419 (41) 0.57
2 742 (237) 834 (198) Va2
3 683 (115) 377 (55) 0.55
4 557 (259) 405 (149) 0.73
5 835 (198) 561 (80) 0.67
6 343 (197) 296 (129) 0.86
7 443 (231) 276 (123) 0.62
8 240 (49) 459 (84) 1.91
S, 631 (106) 397 (61) 0.63
10 361 (325) 351 (225) 0.97
11 772 (210) 386 (47) 0.50
12 486 (206) 322 (110) 0.66
13 421 (101) 587 (112) 1:<39
14 767 (236) 374 (85) 0.49
Mean 573 432 0.83
% CV 33.3 33.7 40.2
Median 594 392 0.67
Range 240-835 276-834 0.49-1.91
15 629 (160) 352 (78) 0.56
16 387 (285) 258 (165) 0.67
17 408 (218) 274 (114) 0.67
18 781 (115) 443 (40) 0.57
19 329 (166) 307 (128) 0.93
20 372 (264) 175 (99) 0.47
Mean 4184 302 0.64
xcv 374 30.1 25.0
Median 390 291 . 0.62
Range 329-781 175-443 0.47-0.93

a Each value is the average of 5 determinations made during the

second week of dosing. The samples were obtained prior to the
third daily dose on days 8, 9, 11, 13 and 15.
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TABLE 21: Unpaired Statistical Comparison of Moclobemide and Metabo-
lite (Ro 12-8095) Absorption and Disposition Parameters:

Elderly vs Young Subjects

- a : I a
Level of Significance Level of Significance

Parameter (p value) Parameter (p value)

I.V. Moclobemide Oral Moclobemide

on Day 15
C, ns c ns
T max
] ns - ns
T_| /2 ns i3 . ns
J\UCO ns 'I‘1 /2 ns
AUMC™ ns AUC®™ ns
o o
CL _ ns CLO < 0.05
ns
ss
MRT ns
Ro 12-8095 Following Oral Moclobemide
I.V. Moclobemide on Day 22
C ns (4 ns
max max
B ns Tmax ns
T_I /2 ns 1 ns
J\UCO ns I‘_l /2 ns
AUMC™ ns AUC*™ ns
o o
MRT ns CL ns
o
Oral Moclobemide Moclobemide
on Day 8 C . ns
min.ss
C < 0.05
max
T ns Ro 12-8095 }
max
C. . ns
g ns min.ss
T1 /2 ns
nuc: ns Ratio of
. - ; Ro 12-8095
i 9 = Cmin.ss / ns
Moclobemide
CL < 0.05 € .
o min.ss
P ns

a DBased upon the unpaired Student's t-test



M. Mayersohn,

GCR B-116'078

o

TABLE 22: Paired Statistical Comparison of Moclobemide Ab-

sorption and Disposition Parameters: First Oral

Dose (d 8) vs Oral Multiple Doses (d 15 and 22)

Level of Significance?

(p value)
Parameter Elderly Young
Cc : 8 vs d 15 <0.001 <0.01
max s
8 vs 4 22 <0.001 <0.025
T : ns ns
max
B : 8 vs 4@ 15 <0.001 <0.05
8 vs 4 22 <0.001 <0.005
" = < <
11/2 5 d 8 vsd 15 0.001 0.02
8 vs d 22 <0.005 <0.005
auC? 8 vs d 15 <0.001 <0.005
vs a 22 <0.001 <0.01
Cr..o 8 vs 15 <0.001 <0.005
8 vs d 22 <0.001 <0.005

a Dased upon

the Student's paired t-test




Figures 1-4 : Plesma concentration-time profiles of moclobemide (x—x) and Ro 12-8085 (¥...V)

following a 75 mg intravenous infusion of moclcbemide.
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Figure 5 : Plasma concentration-time profiles of moclobemide (*—=%*) a2nd Ro 12-8095 (V...V)

following a 75 mg intravenous infusion of moclobemide.
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Figures 6-9 :

Plzsma concentration-time profiles of moclobemide (+—=) and Ro 12-86095 (V.. .V)

following a 75 mg intravenous infusion of moclobemide.
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Figure 10

s Plasma concentration-time profiles of moclobemide (x*—x) and Ro 12-8095 (¥V¥...V)
following a 75 mg intravenous infusion of moclobemide.
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Figures 11-14 : Plasma concentration-time profiles of moclobemide and Ro 12-8085 on days 8, 15 and 22 o
a
following a multiple oral dosing regimen of moclobemide. =
o
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Figures 15-18 : Plasma concentration-time profiles of moclobemide and Ro 12-8095 on days 8, 15 and 22 a =z
(o ]
following a multiple oral dosing regimen of moclobemide. e
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Figures 19-22 :

Plasma concentration-time profiles of moclobemide and Ro 12-8095 on days B, 15 and 22

following a multiple oral dosing regimen of moclobemide.
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Figures 23-24

Plasma concentration-time profiles of moclobemide and Ro 12-8095 on days 8, 15 and 22

following a multiple oral dosing regimen of moclobemide.

MG /L
103 103
- N \1\:
102 102
TR 10!l 4
¥ L 1 Ll
0 2 4 ' 6 ' 8 0 ' 2 4 6 '

o =

O ¢

s §

I -~

- R

> a

- 18

3 3

(o] -
Ro 11-1163
day 8 — %

day 22 O——0O
Ro 12-8095
day 8 HeveoroX
day 15 VAR v
day 22 O:-- O

€81



Figures 25-28 : Plasma concentration-time profiles of moclobemide and Ro 12-8095 on days 8, 15 and 22 o =
HG ; (@] .
4 following a multiple oral dosing regimen of moclobemide. Y
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Figures 29-30

Plasma concentration-time profiles of moclobemide and Ro 12-8095 on days 8, 15 and 22

following a multiple oral dosing regimen of moclobemide.
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Figure 31 : Disposition parameters of moclobemide following a single 75 mg intravenous infusion of
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moclobemide in elderly (E) and young (Y), subjects. The cross-hatched vertical bars are

the standard deviations of the mean shown to the left and right of the individual values.
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Figure 32 :

Disposition parameters of moclobemide as a function of age following a 75 mg

intravenous infusion. Cp is the concentration at the end of the infusion.
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Figure 33
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i
T

The maximum plasma concentration (Cpax), terminal disposition constant (B)
and mean residence time (MRT) of the metabolite, Ro 12-8095, following a

75 mg intravenous infusion of moclobemide in elderly (E) and young (Y) sub-
jects. The cross-hatched vertical bars represent the standard deviations

of the mean shown to the left and right of the individual values.
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Figure 34 :

-1

Cmax, pg-ml

The maximum plasma concentration (Cpay) and mean absorption time (MAT) of
moclobemide determined after the first 100 mg dose on day 8 in elderly (E)
and young (Y) subjects. The cross-hatched vertical bars represent the
standard deviations of the mean shown to the left and right of the

individual values.
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Figure 35 :

e 0 O

ocm 20 0

2pparent oral clearance (CLO) following the first 100 mg oral dose (d 8) and during the
multiple oral dosing regimen of 100 mg three times a day (d 15,22) and the absolute oral

bicavaileability (PO S] of moclobemide (after the first dose) in elderly (E) and young (Y)

b
subjects. The values shown for CLo on d 15,22 are the mean of the values determined during
a dosing interval on those days. The cross-hatched vertical bars are the standard deviations

of the mean shown to the left and right of the individuval values.
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Figure 36 :
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Cmax, pg-mi
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Absorption parameters of moclobemide as a function of age following

the first 100 mg oral dose on day 8.
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Figure 37 :

I-hr

(@)
o

ClLo,
D
o

100

o
o

N
o

Apparent oral clearance (CLO) and terminal disposition rate constant (B) of moclobemide in elderly

and young subjects following the first 100 mg oral dose (d 8) and during the multiple oral dosing

regimen of 100 mg three times a day (d 15,22). The values shown for d 15,22 are the mean of the

values determined during a dosing interval on those days. The cross-hatched vertical bars are the

standard deviations of the mean shown to the left and right of the individual values.
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M. Mayersohn,

- 193 -
GCR [+-116'078
Fioqure 3& : The terminal disposition rate constant of the metabolite

Ro 12-8055 as a function of the terminal disposition rate
constant of moclobewide following a 75 mg i.v. infusion of
moclobemide. The stippled line is the line of identity and
the solid line is the regression fit of the data forced
through the origin (slope = 0.706). kKev: elderly subiects (o);

young subijects (e).
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Figure 39 :  The observed absolute oral bioavailability of moclobemide (Fobs) as a _function of the

predicted bioavailability based upon the oral (F 5
pred:oral
Key: elderly subjects (o); young subjects (e).
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Moclobemide excretion in human breast milk

G. PONS!, M. P. SCHOERLIN?, Y. K. TAM?, C. MORAN!, ], P. PFEFEN?, Ch. FRANCOUAL?,

A. M. PEDARRIOSSE?®, J. CHAVINIE® & G. OLIVE'

Département de 'Pharmacologie Clinique Périnatale et Pédiatrique and “Maternité Pinard, Hopital Saint-
Vincent de Paul, Paris, France, ?Hoffmann-La Roche, Basle, Switzerland, and *Produits Roche, Paris, France
and 3Uni\n:l'sily of Alberta, Edmonton, Canada.

1 Six lactating white women, aged 24-36 years, received a single oral dose of 300 mg
moclobemide, between 09.00 h and 11.00 h, 3 to 5 days after the delivery of a full term
neonate.

2 Complete milk collections were obtained before, 3, 6, 9, 12 and 24 h after drug
administration by means of a breast pump. Venous blood samples were drawn before, and
0.5,1,3,4.5,6,9, 12, 24 h post-dosing.

3 Moclobemide, and its major metabolite (Ro 12-8095) were measured in milk and
plasma samples using h.p.l.c. The active metabolite (Ro 12-5637) could only be detected in
plasma.

4 Moclobemide and its metabolites were not detectable in 24 h plasma samples. Cpay,
tmax and ty, for moclobemide were (mean =+ s.d.) 2.70 = 1.24 mg 1™, 2.03 + 1.19 h and
2.26 % 0.26 h, respectively.

5 The concentrations of moclobemide and Ro 12-8095 in milk were highest at 3 h after
drug administration and the drug and metabolite were not detectable after 12 h. Ro 12-5637
was not detected in any milk sample. The percentages of the dose excreted as moclobemide
and Ro 12-8095 were (mean * s.d.) 0.057 *+ 0.020% and 0.031 * 0.011%, respectively.
An average 3.5 kg breast-fed neonate would therefore be exposed to only a 0.05 mg kg™
moclobemide dose (approximately 1% of the maternal dose on the mg kg™' basis).
The low amount of moclobemide excreted into breast milk is unlikely to be hazardous to
suckling infants.

Keywords breast milk antidepressant monoamine oxidase inhibitor moclobemide

Introduction

Moclobemide, a benzamide derivative, is a new  management of postnatal depression. The ad-
reversible monoamine oxidase-A inhibitor vantages of breast feeding in this condition are
(Keller et al., 1987). It possesses an anti- well recognized and physicians are often re-
depressant efficacy comparable with that of luctant to advise discontinuation of breast feed-
clomipramine, amitriptyline and imipramine ing because of potential risks to the infant posed
(Larsen et al., 1984; Norman et al., 1985; Stabl by the presence of an antidepressant drug in
et al., 1989) and superior to that of placebo  mother’s milk. The purpose of this study was to
(Casacchia et al., 1984; Stabl er al., 1989). Most  measure the time course of moclobemide and its
patients tolerate moclobemide better than tri-  metabolites in human milk and to determine the
cyclic antidepressants (Larsen et al., 1984; Stabl  exposure of breast-fed neonates after a single
etal.,1989). Moclobemide might be useful in the 300 mg oral dose.

Correspondence: Dr G. Pons, Département de Pharmacologie Périnatale et Pédiatrique, Hopital Saint-Vincent
de Paul, 74 Avenue Denfert Rochereau — 75674 Paris Cedex 14, France
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Moclobemide is a weak base (pKa 6.3) with an
n-octanol/water distribution coefficient of 62 at a
pH of 7.4 and a molecular weight of 269. It is
50% bound to plasma proteins (Schoerlin ez al.,
1989). Data in normal healthy volunteers indi-
cate a short terminal half life (1 to 2 h), an
intermediate clearance (39 | h™") and a large
volume of distribution (1 to 1.5 | kg™') after a
150 mg intravenous dose. The drug is eliminated
primarily by metabolism and exhibits non linear
kinetics. The absolute bioavailability averages
about 60% after a 100 mg oral dose (Schoerlin et
al., 1987).

Ro 12-8095, the main metabolite, produced
by hydroxylation of the morpholine ring, is
inactive while Ro 12-5637 produced by N-
oxidation of the same ring is active.

Methods

Six lactating white women, ranging in age from
24 to 36 years, in height from 158 to 172 ¢cm and
in weight from 48 to 63 kg were recruited to
the study. Each subject was in good health as
assessed by medical history, physical examination
and routine laboratory tests. The study was per-
formed on day 3 to 5 after delivery of a full term
neonate. Mothers nursing twins were excluded.
The subjects had not used any medication
known to induce or inhibit drug metabolism, for
at least 2 weeks before drug administration and
during the study. Written informed consent was
obtained from all subjects prior to the study. The
protocol was approved by the UER Cochin Port-
Royal Ethics Committee. Before the study each
mother agreed to stop nursing her infant for 24 h
after drug administration.

Each mother received a single oral dose of
300 mg moclobemide as three 100 mg tablets
with 120 ml of water between 09.00hand 11.00 h
after a low-fat breakfast. A lunch was served 4 h
after drug intake. During the entire blood
sampling period, the subjects were allowed light
meals which were low in fat. Breast milk was
collected using an Egnell SMB breast electric
pump (AMEDA AG, Zug, Switzerland). The
working cycle of the breast pump is divided into
three phases: a short suction phase; during
which the pressure decreases from atmospheric
pressure to 520 mm Hg (negative pressure of
240 mm Hg); a short relief phase, back to at-
mosphere pressure; a resting phase under slight
overpressure of about 10 mm Hg. The suction
rhythm is of 48 periods min~'. Milk samples
were collected immediately before dosing and 3,
6, 9, 12, 24 h after drug administration. Avail-
able milk was collected as completely as possible

from each breast. Blood samples were drawn,
immediately before, 0.5, 1, 3,4.5, 6 and 9 h after
drug administration in the first two patients.
Two additional blood samples were taken, 12
and 24 h post-dosing in the remaining four.
Plasma and milk samples were stored at —20° C
until analysis.

The concentrations of moclobemide and its
metabolites (Ro 12-5637) and (Ro 12-8095) in
plasma were measured by h.p.l.c. (Geschke er
al. 1987). Moclobemide and Ro 12-8095 were
measured in milk using the same h.p.l.c. method
after a two step extraction with butylchloride
and an acetonitrile/hexane (1 : 1 v/v) mixture.
The detection limits were as follows: 20, 30 and
30 ng ml ™" in 0.5 ml of plasma for moclobemide,
Ro 12-5637 and Ro 12-8095; and 0.025 and
0.030 mg 1" in 0.5 ml of milk for moclobemide
and Ro 12-8095, respectively. The interassay
reproducibility was as follows: 1.8 to 7.9% and
3.3 to 9.0% for moclobemide and Ro 12-8095
over the concentration range in plasma (0.15 to
2.50 mg1~") and in milk (0.035 to 0.700 mg 1~1),
respectively. The apparent elimination half-life
(215) was calculated by linear regression from the
slope of the log linear decay of the 4.5 to 12 h
concentration-time points. The area under the
moclobemide plasma concentration-time curve
(AUC) was calculated using the linear trap-
ezoidal rule with extrapolation to infinity using
the ratio of the concentration calculated at the
last time point divided by the terminal elimination
rate constant. The oral clearance (CLo) was
calculated as the ratio of the oral dose/AUC,

The results are expressed as means and stand-
ard deviations (s.d.). For 11, values of the mean
ands.d. are the harmonic mean and the ‘pseudo’
standard deviation (Lam er al., 1985).

Results

Milk yield was 440 + 103 ml 24 h~!'and 82.6 +
37.5 ml/time-point.

Mean plasma moclobemide and metabolite
plasma concentration-time curves are shown in
Figure 1a. Moclobemide, Ro 12-5637, Ro 12-
8095 were not detectable in 24 h plasma samples.
The maximum plasma concentration of moclo-
bemide (C,,x) Was observed between 0.58 and
3.17 h after drug administration (fn,.,) and
ranged from 1.47 to 4.93 mg |~! (Table 1). The
mean 1,, AUC and oral plasma clearance (CLg)
values of moclobemide were 2.27 £ 0.26 h, 11.66
+3.30mg1~"' hand 27.61 + 8.28 | h™', respect-
ively (Table 1).

The concentrations of moclobemide and its
main metabolite Ro 12-8095 excreted in breast
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Figure1 a) Plasma concentration-time profiles (mean * s.d.) of moclobemide (®), Ro 12-8095 (A) and
Ro 12-5637 (m) following a 300 mg oral dose of moclobemide in six lactating mothers. b) The mean

(= s.d.) concentration of moclobemide (®) and Ro 12-8095 (A) in breast milk as a function of time
following a 300 mg oral dose of moclobemide in six lactating mothers.
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Table 1 Parameters describing the pharmacokinetics of
moclobemide following a 300 mg oral dose in six lactating

mothers

P - ty, AUC CLo
Subject (h)  (mgl™) (n) (mgl™'h) (1h7")
1 3.17 1.88 2.43 9.66 31.05
2 1.10 3.14 2.42 13.39 22.41
3 3.08 1.47 1.98 7.40 40.56
4 0.58 4.93 2.28 16.33 18.37
5 1.20 2.14 2.00 9.66 31.06
6 3.03 2.63 2.63 13.49 22.25
Mean 2.03 2.70 2.27 11.66 27.62
s.d. 1.19 1.24 0.26 3.30 8.16

Table 2 Breast milk excretion of moclobemide and Ro 12-8095 following a 300 mg oral dose in six

lactating mothers

Moclobemide
Cumulative amount

% of dose Cumulative amount/

Ro 12-8095

Cumulative amount % of dose

excreted in milk excreted  plasma AUC ratio excreted in mitk  excreted

(0-24 h) in milk (0-24 h) in milk
Subject (mg) (%) (th™) (mg) (%)
1 0.1059 0.035 0.01096 0.0500 0.106
2 0.1948 0.065 0.01455 0.1285 0.041
3 0.1483 0.049 0.02005 0.0950 0.030
4 0.1408 0.047 0.00862 0.0772 0.024
5 0.1576 0.053 0.01631 0.1445 0.046
6 0.2833 0.094 0.02101 0.0841 0.027
Mean 0.1718 0.057 0.01525 0.0966 0.031
s.d. 0.0617 0.020 0.0049 0.0347 0.011

milk were highest 3 h after drug administration
and were no longer measurable after 12 h. The
milk concentration-time curves paralleled the
plasma concentration-time curves (Figure 1b).
The concentration of moclobemide in milk
correlated with its plasma concentration (y =
45.118 + 0.71892x; r = 0.986): the slope of this
equation indicates that the concentration of drug
in milk is, on average, 72% of that in plasma.
The percentage of the administered dose ex-
creted in 24 h was 0.057 £ 0.020 and 0.031 £
0.011% for moclobemide and Ro 12-8095,
respectively (Table 2). Ro 12-5637, an active
metabolite, was not detected in breast milk.

Discussion
The experimental design took into consideration

the significant changes, previously described
(Wilson et al., 1980), in milk composition and

yield, which depend on the time of sampling
during a feeding, the side of collection, the
time of the day, the stage of lactation and the
nutritional state. The sampling protocol was
standardized to allow interpatient comparisons
and also for the measurement to be relevant to
clinical practice. Milk was sampled from each
breast as completely as possible in order to ob-
tain samples representative of a complete feed.
The time interval between consecutive milk col-
lections was similar to that of a regular schedule
of breast feeding. In all patients the study was
performed during the fourth to the sixth days
postpartum and at the same time of the day. All
of the lactating mothers were well nourished and
had given birth to a full term neonate.

Drug excretion in breast milk is primarily by
passive diffusion across the mammary mem-
branes leading to rapid equilibration of drug
between plasma and milk (Wilson et al., 1980).
Breast milk can, therefore, be considered as a



compartment with bidircctional transler across a
blood-milk barricr rather than a bladder with
milk accumulation between (wo consccutive col-
lcclions. We thus chosc Lo consider cach milk
sample as instantancous, at the mid-point of the
milk collection interval, rather than lo consider
the amount of drug rccovered as the result of
drug accumulation in breast during the time
clapsed since the previous milk collection. The
parallel declinc of milk and plasma moclobcmide
concentrations (Figure 1a and 1b) support the
hypothesis of rapid cquilibration of drug be-
tween plasma and milk. The kinctic paramcters
describing the time course of moclobemide in
plasma in the lactating mothers following a
300 mg dosc arc consistent with thosc observed
in previous studics in healthy male volunteers
(Data on filc Hoffmann La Roche).

We have shown that breast-fed nconales from
mothers trcated with a single 300 mg oral dosc of
moclobemide would be cxposcd (o only a small
amount of the drug and its major and inaclive
mctabolite Ro 12-8095 when fed as carly as 3 h
afler drug administration. Using the total
amounts of compounds rccovered in breast milk
over the period of the study, a child weighing
3.5 kg is estimated to reccive, on average, about
0.050 mg kg ™" moclobemide (approximately 1%
of the matcrnal dosc on the mg kg ™' basis) and
0.028 mg kg~ Ra 12-8095, assuming that such a
3-5 day old infant would be able to ingest the
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rclatively large amount of milk collected. The
amount of moclobemide transferred into milk is
nol expecled lo be very much higher alter the 6th
day post-dclivery due to changes in milk yield
and composition which occur during maturation.
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cur. Accumulation in plasma has becn demon-
strated in healthy volunteers. Furthermore,
moclobemide exhibits non lincar kinctics when
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et al., 1987). The dosage uscd in the present
study is two to three times higher than a single
therapeutic dosc. Thus, the AUC obtained in
the present study in lactating mothers recciving a
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infants.
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Comparison of the pharmacokinetics of
moclobemide m poor and efficient

metabolizers of debrisoquine

Schoerlin MP, Blouin RA, Pfefen JP, Guentert TW. Comparison of the
pharmacokinetics of moclobemide in poor and efficient metabolizers of
debrisoquine.

Acta Psychiatr Scand 1990: Suppl 360: 98-100.

A number of pharmacokinetics studies in which patients had been pheno-
typed and poor metabolizers for moclobemide found were analysed
retrospectively. There were 27 subjects in all, aged between 19 and 75
years, and 5 of these were classified as poor debrisoquine metabolizers.
Although there was a wide variability in the pharmacokinetic parameters
observed, no consistent relationship was found between these and debriso-
quine phenotype. Poor debrisoquine metabolizers all had values within
the extremes for the efficient metabolism. This was true for both single and
multiple dosing. This analysis is limited by the small number of subjects
as well as its retrospective nature. Nevertheless, the data suggest that no
deviations of moclobemide pharmacokinetics should be expected in poor

M. P. Schoerlin', R. A. Blouin?,

J. P. Pfefen', T. W. Guentert'
'Department of Clinical Pharmacology, F.
Hoffmann-La Roche, Basel, Switzerland, *Col-
lege of Pharmacy, University of Kentucky, Lex-
ington, Kentucky, USA

Key words: antidepressant; moclobemide; metab-
olism; pharmacokinetics; phenotype; debriso-
quine

M. P. Schoerlin, Department of Clinical Pharma-

In several pharmacokinetic studies involving
healthy volunteers, a few individuals were observed
for whom moclobemide half-life was considerably
longer than the average of approximately 1.5 h and
in whom the oral bioavailability appeared unchar-
acteristically high. This was not age-related. The
observations might simply be an expression of in-
terindividual variability. Nevertheless, it cannot be
excluded that a genetically controlled polymor-
phism in enzymatic activity may also play a role
in this variability. Because participating subjects
had been phenotyped with the model drug debriso-
quine in some studies, a retrospective analysis was
performed comparing pharmacokinetic parameters
for moclobemide in extensive and poor metaboliz-
ers of debrisoquine after single and/or multiple
doses of the monoamine oxidase (MAOQ) inhibitor.
All pharmacokinetic studies were included in this
comparison in which subjects had been phenotyped
and poor metabolizers were found.

Material and methods
Subjects

A compilation of all phenotyped subjects included
in previous pharmacokinetic trials was made.
Twenty-seven phenotyped subjects with ages be-
tween 19 and 75 years were included who had
participated in 3 different studies. Informed written
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cology, F. Hoffmann-La Roche, CH-4002 Basle,
Switzerland

consent was obtained from all subjects prior to
the different studies. Prior to enrolment and after
completion of the studies, a physical examination
and a series of laboratory tests (haematology,
blood chemistry and urinalysis) was performed,
including phenotyping with 10 mg debrisoquine.
The debrisoquine hydroxylation ratio was assessed
using the method of Mahgoub et al. (1). Volunteers
were excluded from the studies if they had any
recent drug exposure or history of drug intolerance
or any clinically significant deviation from normal
in physical examination or laboratory tests.

Study procedures

Subjects had abstained from ethanol for 24 h be-
fore the study and did not smoke during the study.
After an overnight fast each subject received 1-2
single intravenous (i.v.) infusions of moclobemide
(75-150 mg over 20 min) and a single oral 100- or
150-mg dose of the drug on different occasions.
Additionally, 14 subjects received multiple oral do-
ses of the drug (150 mg 3 times daily) during 14
days. Blood was collected before and at several
times until 24 h after each dosing. Plasma was
separated and stored at —20°C until assayed. Mo-
clobemide in these samples was determined by a
published high-pressure liquid chromatography
method with ultraviolet light detection (2).
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Fig. 1. Comparison of pharmacokinetic paramelérs of moclobemide (oral clearance, CL/T; climination half-life, 1,,; maximum
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Analysis of moclobemide pharmacokinctics

Moclobemide plasma concentration-time (C,t)
data were analysed by modcl-independent methods
to determine, after oral dosing, the half-life of the
terminal slope (t,,55), area under the concentration-
time curve (AUC) and clearance (Cl/F); maximum
plasma concentrations (C,,,) were directly read
from the C,t data. Whenever i.v. data were avail-
able, systemic clearance (Cl), steady-state volume
of distribution (V,) and absolute oral bioavail-
ability were determined.

Results and discussion

According to the criteria accepted for categoriza-
tion of phenotypes, a total of 5 poor debrisoquine
metabolizers (PM) were identified among 27
phenotyped subjects in the 3 different studies. Since
subjects with known PM phenotype were encour-
aged to participate in these studies, the PM fre-
quency in the study population does not reflect the
incidence of deficient debrisoquine metabolizers in
the general population.

The pharmacokinetics of moclobemide in ef-
ficient debrisoquine metabolizers (EM) following
single-dose administration compared favourably
between studies and was consistent with earlier
reports (3, 4). The data are characterized by wide
intersubject variability in the pharmacokinetic
parameters observed.

When absorption and disposition parameters of
moclobemide in subjects characterized as PM were
compared with those in subjects characterized as
EM, no consistent relationship between moclo-
bemide pharmacokinetics and debrisoquine pheno-
type was found. The parameter values in subjects
with deficient hydroxylation capacity for debriso-
quine were all encompassed in the range of values
seen in EM (Fig. 1). This was true for parameters
determined after single doses (CI/F, t;, Cl) as
well as for maximum concentrations observed after
multiple dosing when steady-state conditions had
been achieved. Therefore, no different accumu-
lation characteristics of the drug under chronic
dosing conditions than have been described in pre-
vious reports (3, 4) are to be expected in PM.

This analysis of a possible co-scgregation of de-
brisoquine and moclobemide metabolism has its
limitations not only because of the small number
of poor metabolizers included in the studies but
also because of its retrospective nature. Further-
more, inclusion of moclobemide metabolites might
have strengthened the analysis. Nevertheless, the
data suggest that no gross deviations are to be
expected between the pharmacokinetic character-
istics of moclobemide in poor metabolizers of deb-
risoquine and those seen in subjects with extensive
hydroxylation capacity.
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Pharmakokinetik und Metabolismus reversibler
MAO-A-Hemmer beim Menschen

_M.-P.Schoerlin, T. W. Guentert, Basel

Pharmacokinetics and Metabolism of
Reversible MAO-A Inhibitors in Man

Monoamine oxidase (MAO) type A inhibitors
are used as antidepressants. A number of drug candidates in
this therapeutic class are currently being evaluated clinically.

The objective of the present review is to eval-
uate the pharmacokinetics of five MAQO-A inhibitors (mo-
clobemide, toloxatone, brofaromine, cimoxatone, ami-
flaminé). Differences between these drugs exist in their ab-
sorption and disposition characteristics. However, a detailed
comparison reveals a strong similarity between moclobemide
and toloxatone (high hepatic extraction ratio; reduced oral
bioavailability due to first-pass metabolism; similar binding
to plasma proteins, [ =~ 0.23).

Elimination half-lives of 1-3 h for mo-
clobemide and toloxatone contrast with the higher values for
amiflamine (5-12 h), cimoxatone (9~16 h) and brofaromine
(12-15 h). All five MAO-A inhibitors undergo complete he-
patic elimination, and only a negligible fraction of the dose
(< 1%) is excreted unchanged in the urine. Oxidation repre-
sents the major degradation pathway.

Results from studies in populations with in-
creased risk factors are scarce for the discussed MAO-A in-
hibitors except for moclobemide. For this drug it has been
shown that neither age nor reduced kidney function influence
plasma levels significantly. Liver insufficiency reduces the
body’s elimination capacity for moclobemide. As a con-
sequence similar doses result in higher plasma concentra-
tions in liver impaired patients than subjects with normal he-
patic function and a dose adjustment may therefore become
necessary.

Zusammenfassung

Monoamino-Oxidase-Hemmer vom Typ A
(MAO-A-Hemmer) werden spezifisch als Antidepressiva
eingesetzt. Verschiedene Vertreter dieser therapeutischen
Klasse befinden sich derzeit in klinischer Priifung. In der vor-
liegenden Arbeit werden verfiigbare pharmakokinetische
Daten von fiinf MAO-A-Hemmern (Moclobemid, Toloxa-
ton, Brofaromin, Cimoxaton, Amiflamin) miteinander ver-
glichen. Da sich die einzelnen Vertreter sowohl in ihren Ab-
sorptions- wie Dispositionseigenschaften und Verfiigbarkeit
unterscheiden, fithren dhnliche Dosierungen zu unterschied-
lichen Plasmakonzentrations-Zeit-Profilen. Bei cinem detail-
lierten Vergleich zeigt sich jedoch cine starke Ahnlichkeit
zwischen Moclobemid und Toloxaton. Beide Verbindungen
werden rascher absorbiert als Brofaromin, Cimoxaton oder
Amiflamin, und zeigen auBlerdem eine hohe hepatische Ex-
traktionsrate. Dies fiihrt bei oraler Verabreichung zu einer
erheblichen Reduktion der Bioverfiigbarkeit wahrend des er-
sten Leberdurchgangs (F nach Einfachdosierung =~ 60%).

Die Plasmaproteinbindung ergibt bei den ver-
glichenen Pharmaka sehr unterschiedliche Werte. Wiederum
sind Moclobemid und Toloxaton einander sehr dhnlich (ge-
bundene Fraktion fp =~ 0,5), wiahrend Cimoxaton und Bro-
faromin stirker (fy 0,95-0,98) und Amiflamin schwicher (fy
0,23) an Plasmaproteine gebunden werden.

Zuverldssige Zahlenwerte fiir das Verteilungs-
volumen sind nur fiir Moclobemid und Toloxaton erhiltlich
(=~ 1,31/kg).

Die Plasmakonzentrationen fallen im Kérper
nach der Verabreichung der einzeinen MAO-A-Hemmer mit
unterschiedlicher Geschwindigkeit ab. Dabei findet man fir
Moclobemid und Toloxaton mit 1-3 h die niedrigsten Halb-
wertzeiten im Gegensatz zu hdheren Werten bei Amiflamin-
(5-12h), Cimoxaton (9-16 h) und Brofaromin (12-15 h). Die
Ausscheidung aller fiinf hier besprochenen Vertreter erfolgt
fast ausschlieBlich iiber metabolische Verinderungen in der
Leber. Nur eine verschwindend kleine Dosisfraktion dieser
Substanzen (< 1 %) wird unveridndert iiber die Niere ausge-
schieden. Beim Metabolismus spielen Oxidationsreaktionen
eine entscheidende Rolle. Infolge einer gegeniiber der Mut-
tersubstanz verlingerten Halbwertzeit (36 h) wird die
Wirkung der MAO-A-Hemmer besonders bei Cimoxaton,
durch aktive Metaboliten mitbestimmt. Amiflamin unterliegt
einem genetisch bestimmten Polymorphismus vom Debriso-
quin-Typ.

Psychiat. Prax. 16 (1989) 11-17 (Sonderheft)
© GeorgThieme Verlag Stuttgart - New York
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-Untersuchungen an Populationen mit erhdh-
ten Risikofaktoren sind, mit Ausnahme von Moclobemid,
fiir die hier verglichenen MAO-A-Hemmer kaum bekannt.
Bei Moclobemid zeigte sich, daB weder fortgeschrittenes
Alter noch eingeschrinkte Nierenfunktion nach Standard-
dosen klinisch relevante Anderungen im Plasmakonzentra-
tions-Zeit-Profil bewirken. Aus pharmakokinetischer Sicht
ist daher bei diesen Patienten keine Dosisanpassung nétig.
Leberschddigungen reduzieren dagegen die Eliminations-
kapazitat fir Moclobemid betrdchtlich. Bei eingeschrink-
ter Leberfunktion sind deshalb héhere Plasmaspiegel als
bei Patienten mit normaler hepatischer Funktion zu erwar-
ten und entsprechende Dosierungsanpassungen vorzuse-
hen.

Einleitung

Monoamino-Oxidasen (MAQ) sind mitochon-
driale Enzyme, die sowohl Aminotransmitter im Nervensy-
stem als auch biogene Amine im Ko&rper abbauen. Bisher
wurden zwei verschiedene MAO-Aktivitdten (Typ A und B)
nachgewiesen, die sich hinsichtlich ihrer Substratspezifitat
und Empfindlichkeit gegeniiber Inhibitoren (1) unterschei-
den. Die neue Generation von MAO-Hemmern zeigt beziig-
lich Reversibilitat und Spezifitit der induzierten Inhibitoren
unterschiedliche Eigenschaften. Therapeutisch zeigen MAO-
Hemmer vom Typ A antidepressive und MAO-Hemmer vom
Typ B Antiparkinson-Eigenschaften. Die Ausgangsstruktur
der idlteren, nichtselektiven und teilweise irreversiblen MAO-
Hemmer basiert auf Hydrazin-, Hydrazid- oder Aminstruktu-
ren (Abb. 1), widhrend die neueren reversiblen MAO-A-
Hemmer Oxazolidinon-, Benzamid- und Benzofuranderivate
sind oder sich von Harmala-Alkaloiden ableiten (Abb. 2).
Samtliche MAO-Hemmer weisen eine von den trizyklischen
Antidepressiva unterschiedliche Struktur auf.
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Abb.1 Chemische Grundstrukturen nicht
selektiver MAO-Hemmer
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Abb.2 Chemische Grundstrukturen selekti-
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Die Kenntnis der pharmakokinetischen Eigen-
schaften der verschiedenen MAO-Hemmer kdnnte mithelfen,
die therapierelevanten Unterschiede zwischen den einzelnen
Vertretern zu definieren und die Dosierungsempfehlungen
auf eine rationale Grundlage zu stellen. Die vorliegende Uber-
sicht bezweckt daher, die neueren reversiblen MAO-A-
Hemmer pharmakokinetisch zu bewerten. Zu diesem Zweck
wird die Pharmakokinetik von Moclobemid (2-6), mit der von
Toloxaton (7-9), Brofaromin (10-12), Cimoxaton (13-14)
und Amiflamin (15) verglichen.

Pharmakokinetische Eigenschaften
verschiedener MAO-A-Hemmer

Ahnliche Dosierungen der MAO-Hemmer
Moclobemid, Toloxaton, Cimoxaton, Brofaromin und Ami-
flamin fiihren zu recht unterschiedlichen Plasmakonzentratio-
nen. Abb. 3 zeigt das unterschiedliche pharmakokinetische
Verhalten dieser Substanzen nach einer Einfachdosierung.

Absorption

Nach oraler Verabreichung werden Moclobe-
mid (16-17) und Toloxaton (18) verhiltnismiBig rasch absor-
biert. Die Zeit fiir das Ermreichen des Konzentrationsmaxi-
mums im Plasma tmax liegt zwischen 0,5 und 2 h. Die Absorp-
tion von Brofaromin (19), Amiflamin (20-21) und Cimoxaton
(22-23) verlauft langsamer. Bei diesen Substanzen werden
maximale Plasmaspiegel zwischen 1,5 und 4 h erreicht. Die
Dosisfraktion, die den systemischen Kreislauf in unverdnder-
ter Form erreicht (Bioverfiigbarkeit F), ist fiir Toloxaton und
Moclobemid unvollstindig. Eine hohe Leberextraktionsrate
bewirkt, daB lediglich zwei Drittel der jeweiligen Einfachdosis

den systemischen 