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1. UVOD

Cytochrom P450

Enzymovy systém cytochromu P450 je mdgditéjSim systémem prvni faze
biotransforma&nich enzyni. Biotransformaci &Sinou néni lipofilni latky na hydrofilni
nebo poléarni, které mohou byt z organizmu nasledylouceny. Enzymy cytochromu
P450 tvai superrodinu hemoprotein Na klasifikaci jednotlivych enzyin cytochromu
P450 se vyuziva podobnosti aminokyselinové sekvevigdmci této nomenklatury jsou
jednotlivé enzymy sdruzeny v rodinach a subrodindzh&ované pedponou ,CYP*.
Enzymy se shodnosti v sekvenci aminokyselin 40 Wice pati do jedné rodiny (zréa se
arabskymg¢islem, nap CYP3). Enzymy se shodnosti sekvence vy3Si ne%5%ati do
jedné subrodiny (zrtd se velkym pismenem, nafCYP3A). Enzymy, jejichZ proteiny jsou
kédovany jednotlivymi geny (oztiané italikou) se zrih arabskymcislem za pismenem,
nag. CYP3A4[1-4]. V biotransformaci l&v jsou nejvyznam&si enzymy z rodin 1-3,
jedna se o enzymy CYP1A2, CYP2C9, CYP2C19, CYP2D8P3A4 a CYP3AS5.
Distribuce enzym cytochromu P450 v organiznilovéka je vysoka. NejvysSi hladiny se
nachazeji v jatrech, vyznamné hladiny jsou taktgficich, tenkém gewé, ledvinach, kzi,
mozku a nadledvinkach. V hoe se cytochrom P450 nachazi v hladkém
endoplazmatickém retikulu nebo mitochondriich. €dyse podilu jednotlivych enzyinz
rodin cytochromu P450 1-3 na celkovém obsahu vegatr ma nejvysSi zastoupeni
CYP3A4 s 30 %. Kvantitativni zastoupeni jednotlivyenzyni v jatrech vSak nekoreluje

s jejich vyznamnosti pro metabolizmusgié(Tabulka 1)[2-3].

Tab 1. Pamérny podil jednotlivych enzyina celkovém obsahu

cytochromu P450 v jatrech a na biotransformaivIg3]

CYP450 Podil na obsahu (%)  Podil na biotransformaci (%)

1A2 12 4
2C 20 11
2D6 4 30
2E1 6 2
3A4 30 52




Aktivita metabolickych enzyiihmize vyznami kolisat. Rozdily v hladinach a aktivitach
enzymi mizou vést k rozdilnym plazmatickym hladinaniivémezi jednotlivymi pacienty
atim krozdilné odpadi na Iék (nedostatey nebo nadrrny &inek léku). Tyto
odliSnosti v metabolické aktiwitenzymi cytochronii P450 mohou byt Zisobeny faktory
genetickymi (geneticky polymorfizmus) a negenetiokypohlavi, rasa, patologicky stav
a faktory prostedi jako koteni a expoziceliznym latkam).

Pro geneticky polymorfizmus v biotransformagiiléjsou podstatné genové mutace. Jejich
podkladem mze byt zamina, chykni, vsunuti jednoho nebo vice nukledtidduplifikace
nebo amplifikace genomu. Genetické rozdilyirtwo/znamnou fic¢inu variability zejména
u enzymu CYP2D6, CYP2C9 a CYP2C[E. Aktivita téchto enzynd je polymorficky
distribuovana v populaci a zavisi nétpmnosti a p&tu alelickych variant. Népstji se
vyskytujici alela pro kazdy enzym (,wild type") gnaovana *1. Alelické varianty jsou
nasledg ozna&ovany podle jejich identifikace, nap*2, *3, atd. Souasny pehled

alelickych variant je na webovych strank&uaftip://cypalleles.ki.s¢6]. Funkni vyznam

jednotlivych alelickych variant se [isi, odliSna tgktéz frekvence jejich distribuce mezi
jednotlivymi etnickymi skupinami[7]. Enzymovy defekt, projevujici se 2nou

v metabolické aktivig, je v populaci penasen autozomalmrecesivi, projevy jsou proto
nejvyrazrjSi u homozygat pro defektni gen. Na zaklagiitomnosti alel mozno roztit
populaci do ¢ty metabolickych skupin: pomali metabolizatqPMs), intermediarni
metabolizaté (IMs), extenzivni metabolizato (EMs) a ultrarychli metabolizéto(UMs)

[8, 9. PMs jsou jedinci, kié postradaji funéni enzym, maji tedy nejnizSi metabolickou
aktivitu. Jsou vystaveni vysSimu riziku toxicity siédkem Iéiv, nebo je u nich riziko
selhani terapie vifpadt uzivani I€iva, které vyZaduje pro 8y ucinek metabolickou
promenu (prol€ivo). IMs jsou nositeli jedné nefutiki variantni alely, nebo dvou
variantnich alel se snizenou metabolickou aktiviltMs maji Siroké spektrum aktivity, od
okrajow vySSi nez je u PMs az po aktivitu blizkou EM&t3ihu populace tvd EMs, ktei
maji dw funkéni (normalni) alely. UMs vykazuji nejvysSi metabkbu aktivitu

v dasledku duplikace nebo amplifikace genu. Metabolidé§iva rychleji nez EMs a
mohou vyZadovat vysSi ne2Amé davky léiva pro dosazeni terapeutickych plazmatickych
koncentraci. B uzivani proléiva, mize naopak dojit k intoxikaci pacienta.

Geneticky polymorfismus vSak nevysilije vSechnu variabilitu metabolického enzymu
[10]. Rozdilnou biotransformaci mozno pozorovat i vcagedné genotypové skupiny.

Péknym piikladem je prace Aklillu a kol. poukazujici na viaktori prostedi na zminu



s

aktivity enzymi CYP2D6 u populace Etiopanzijicich nsjakou dobu ve Svédsku.
Metabolicka aktivita enzymu CYP2D6, stanovena padnaebrisochinu jako substratové
latky, byla vy3Si u EtiopanZijicich ve Svédsku ve srovnani s Etiopany ZijicirEtiopii
[11]. Metabolickou aktivitu enzyin cytochromu P450 mohou ovlivnit pohlayl?],
patologicky sta[13], zmena fyziologického stavu &hotenstvi)[14] a faktory prosedi
jako koueni[15], expozice iiznym latkam (potrava, #éva,..). Je znamo mnohdikladi
interakci kkterych potravin a v s enzymy cytochromu P450, nasledkem kterychodo$
ke klinicky vyznamné inhibicti indukci metabolické aktivity daného enzymi6-19.
Vysledny efekt Iekové interakce pak déle zavis tam, zda je pacient nositelem variantni
alely nebo se jedna o EM.

Vysledny ®&inek faktofi genetickych i negenetickych na metabolizméivié zavisi na
mnoZzstvi enzynn, které se na pro#né I&iva podileji. Enzymy cytochromu P450 maji
obecrt Sirokou substratovou specificitu, to znamena, €ea metabolizmu téva mize
Ucastnit rekolik enzymi cytochroni P450. V pipadt, Ze je metabolizmus d&a zavisly
principialré na jedné formy, maze dojit k vyznamné zén¢ Ucinku tohoto Iéiva (zejména

u l&iv s uzkym terapeutickym indexem). Naopak tam, lsgdena metabolizmu podili
nékolik enzynmu cytochronti P450, mohou ostatni enzymyepzit roli v metabolizmu
daneého léiva. Alternativni metabolicka cesta nemusi vzdyéphahradit vodni cestu,
muze se mnit spektrum metabolit [20]. Zména metabolické aktivity a tim nasledn
zmeéna koncentrace d&va v séru ma velky vyznam zejména tives Uzkym terapeutickym
rozmezim. U &hto I&€iv i malé vykyvy v hladindch mohou vyvolat vyznamnnaminu

v Cinku. Dochazi bd ke ztra¢ Gcinku nebo naopak k objeveni se nezadoucéamki [3].

Na predikci individualni biotransfornmiai kapacity se pouziva metoda stanoveni genotypu
a fenotypu. Vysledek stanoveni genotypu vSak nelnfrotelny faktory prositedi. Naopak
stanoveni fenotypu umaidje ukit aktualni enzymatickou aktivity in vivo, protoze
zohlediuje i vliv prostedi. Je zaloZzeno na podani latky, ktera je pédyuenzym vysoko
specifickd (substratova latka, probe drug), je tedlamto enzymem exkluzivn
metabolizovana. Vysledna metabolicka aktivita saevi z metabolického pamu MR
(mategska latka/metabolit) v krvéi v maoci a rozdli populaci do odpovidajicich skupin.

PMs maji nejvyssi hodnotu MR, naopak UMs vykazajnizSi hodnotu MR21].



Cytochrom P450 2D6

Cytochrom P450 2D6 (CYP2D6) je nejvice studovanymymem z rodiny cytochroin

s ohledem na geneticky polymorfizmus, jde ubec prvni objeveny polymorfizmus
cytochromu P45(022]. Dvé na sob nezavislé studie v roce 1970 poukéazaly na rozdilno
farmakologickou odpasd’ antihypertenziva debrisochinu a antiarytmika spact mezi
jednotlivci. Pozdjsi studie prokazaly, Ze oblatky jsou metabolizovany stejnym
enzymem, ktery byl pojmenovan debrisochin/sparteiidaza[23, 24. | presto, Ze je
v jatrech kvantitativh mélo zastoupeny (4%)CYP2D6 metabolizuje fblizné 25 %
klinicky uzivanych léiv [3]. CYP2D6 je vysoce polymorficky, dosud bylo objewerice
nez 75 variantnich aldl6]. Stanovenictyi negasgji se vyskytujicich variantnich alel
(CYP2D6*3, *4, *5, *6) uki 98 % PMs v testovaci skugifi25]. Gen pro tento enzym je
lokalizovany na dlouhém raménku 22. chromozomutdigmeni CYP2D6 metabolickych
skupin se [iSi mezi jednotlivymi etnickymi skupinemV béloSské populaci je
zaznamenany nejvyssi vyskyt PMs, a to 5-10 %c¢@é#ji se vyskytujici alelou spojenou
s PM u kloSské populace je alela CYP2D6*4 s frekvenci viisksolem 20 %26, 27.
Naopak prevalence PMs je nizka u asijské populaderf 1 %). Nizkou frekvenci PMs u
této populace moznoripsat téndi ojedirglému vyskytu defektnich alel CYP2D6*3 a *4.
Nejcastji se vyskytujici alelou u asijské populace je al€YP2D6*10. Kolem 50 %
Asijcu je nositelem této alely ve srovnani jen s 1-2 %itei u keloSské populace. Alela
CYP2D6*10 je spojovana s nizSi enzymatickou aldivita je povaZzovana za jednu
z nefastji se vyskytujicich alel na $t&. Asijska populace ma tak ve srovnangmbskou
populaci celko¥ nizSi kapacitu metabolizovat CYP2D6 substi@y, 2§. NizSi celkova
CYP2D6 metabolick& aktivita ve srovnani&adskou populaci se vyskytuje také ¢arné
africké a americké populace, je ttigisovano znégnému vyskytu alely CYP2D6*129,
30]. Prevalence UMs ucbSské populace severni Evropy je kolem 1 % [3%33V vyskyt
UMs se vyskytuje v oblasti &tdozemniho me (7 %)[32]. Rozdil ve vyskytu UMs mezi
obyvateli severni a jizni Evropy je vydlovan migraci arabské populace na jih Evropy.
NejvysSi vyskyt UMs je zaznamenany u populace Egi¢pO %) a Saudské Arabie (21 %)
[33, 34].

Enzymem CYP2D6 je metabolizovafiada &zn¢ uzivanych léiv, u ¢asti z nich byly
publikovany prace zkoumajici vliv genetického potyfiemu na farmakokinetiku i
farmakodynamikuéchto I&iv. Jedna se zejména aida pouzivana v ¢ schizofrenie,



depresivnich poruch, kardiovaskularnich onemingnnéktera opioidni analgetika, atd.

Tabulkac. 2 uvadi piklady substrat enzymu CYP2D6 [35].

Tab 2. Riklady nekterych substrétCYP2D6 [35]

beta-blokéatory

antidepresiva

metoprolol amitriptylin
propranolol clomipramin
timolol desipramin
karvedilol fluoxetin
antiemetika imipramin
dolasetron maprotilin
ondasetron mianserin
palonosetron nortriptylin
tropisetron paroxetin
analgetika/antitusika venlafaxin

dextromethorphan neuroleptika
dihydrokodein haloperidol
ethylmorfin perfenazin
hydrokodon risperidon
kodein thioridazin
tramadol zuklopentixol
antiestrogeny antiarytmika
tamoxifen propafenon

Vliv CYP2D6 polymorfizmu byl popsany zejména u defiresiv (tricyklickych i
nowjSich skupin) a antipsychotik (klasickych i atypjck). Byly pozorovany zgny ve
farmakokinetice v zavislosti na @o funkenich alel. Vysoké hladiny u PMs vedly u
nekterych latek ke zvySenému riziku nezadouciémkn, u UMs bylo naopak riziko
poddavkovani pacienta. VysSi vyskyt extrapyramiabvgiezadoucichéinku neuroleptik
je v rekterych pracich spojovancastjsim vyskytem genotypu PM. VysSi riziko selhani
opioidni analgetika tramadol, kodein a antiestrogeatka tamoxifen. Z kardiovaskularni
medikace se CYP2D6 podili na metabolizmu beta-twkéa antiarytmika propafenonu
[35-37].



Debrisochin, spartein, dextrometorfan a metoprplaiti mezi substratové latky vhodné
pro stanoveni fenotypu enzymu CYP2D6. MRhto latek vykazuje bimodalnifipadre
az trimodalni distribuci. Tim rozd populaci do dvou {f) metabolickych skupin - PMs,
(IMs) a EMs[21].

Beta-blokéatory - Metoprolol

Z beta-blokatar se enzymem CYP2D6 metabolizuje metoprolol, kategdnebivolol,
timolol a betaxolol. Rozdilnd aktivita CYP2D6 uge veést k odliSnostem ve
farmakokineticedchto beta-blokatdr, ktera se mize projevit rozdilnou odp@di pacienta
na dany lek. Podil enzymu CYP2D6 na metabolizmungédd/ych beta-blokatdr je vSak
raizré zastoupeny [38]. Nejvice zavisly na biotransfa¥ma aktivit CYP2D6 je
metoprolol. Metoprolol je betal-selektivni lipofilbeta-blokator, ktery podléha v jatrech
vyrazné pre-systéemové eliminaci. Biotransformuje sestamip-hydroxylaci (10 %), O-
demetylaci (65 %) a N-dealkylaci (< 10%). Alifatickydroxylace a&sti O-demetylace
probihaji prosednictvim CYP2D6. Metabolity maji 1/10 aktivity netdgke latky, jejich
Gcinek na beta-blokade klinicky zanedbatelny [39, 40].

Studie s jednorazovym nebo opakovanym podavanimopr@blu u zdravych
dobrovolniki i pacienti prokazaly vySSi plazmatické koncentrace metopuolppacient

se snizenou aktivitou enzymu CYP2D6. Az 6-nasolozgit v dostupnosti metoprololu
byl pozorovan mezi EMs a PMs. Elimimd polatas metoprololu byl vyznangn
prodlouzeny u PMs ve srovnani s EMs [41-45]. KkyiaiZivany metoprolol je ve forén
racemické sisi, enantiomery maji odliSnou afinitu k betal-re¢oepm, za betal-blokadu
je zodpo¥dny zejména S-metoprolol. OdliSnosti mezi enantigmee nachazeji i
v biotransformaci s rychlejSi eliminaci R-metopfola EMs, coZ méa za nasledek vyssi
plazmatické koncentrace aktijfiho S-metoprololu [46]. S genotypem secnin i
preference metabolizmu enantiofiieu PMs tak dochazi ke zpomaleni metabolizmu a
k vyrovnani koncentraci S- a R-metoprololu, naopakJMs se podil aktivjSiho S-
metoprololu jedt zvySuje. Jedinci sifiomnosti 1 nebo 2 defektnich aleklml.3 az 6-
nasob® vysSi hladiny S-metoprololu ve srovnani s EMs [4IB]. Koncentrace R-
metoprololu kolisaly dokonce vyragin 4 az 11-nasobni rozdil byl pozorovan mezi
metabolickymi skupinami jediric [47]. Vzhledem k vyraznym zémam v dispozici
metoprololu mezi metabolickym skupinami siegpoklada i vyznamny vliv naciinek
metoprololu. Nkteré prace poukazuji na zvyr&mou nebo prolongovanou beta-blokadu u

PMs ve srovnani s EMs. PMsilinvétSi pokles v srdmi frekvenci a diastolickém krevnim



tlaku [49-5]]. Jiné prace naopak nepozorovaly vyznamné rozdil§inku metoprololu
mezi genotypovymi skupinami [47, 48, 52]. Obd®élmejednoznéné jsou i vysledky praci
zabyvajici se vztahem mezi CYP2D6 genotypem a wgskynezadoucich ¢inku

v souvislosti  uzivanim metoprolold48, 52, 53. Geneticky polymorfizmus enzymu
CYP2D6 pati mezi vyznamné faktory ovliwjici dispozici i @inek metoprololu.
Nesmime vSak zapomenout ani na ulohu negenetidigjtbn, které mohou modifikovat
aktivitu daného enzymu. Polypragmazie je pom ¢astym jevem zejména u starSich
pacienti, ovlivnéni metabolické aktivity vikledku Iékové interakce nebyva zanedbatelné.
Je popisovano dkolikandsobné zvySeni hladiny metoprololti kombinaci s inhibitory
enzymu CYP2D6 ve srovnani s jedinci bez inhibitonzdily v koncentraci metoprololu
byly obdobné jako rozdily mezi genotypovymi skupm#47, 54, 55].

Metoprolol je také mozno pouzit i jako substratovatku pro stanoveni aktivity enzymu
CYP2D6, tvorba metabolitua-hydroxymetoprololu se totiz zda byt exkluzévn
zprostedkovana prayv timto enzymem([21]. Metabolicky pondr (MR) metoprololé-
hydroxymetoprolol v séru za 3 hpo uziti jednordzové davky metoprololu se pouZina p
stanoveni fenotypu enzymu CYP2[D&5]. Metoprolol je Siroce pouzivany beta-blokator,
vyhodné by tedy bylo i vyuZiti metabolického p&n metoprololu k jeho metabolitu pro
Ucely CYP2D6 fenotypizace u paciéma dlouhodobé terapii metoprololem.

Teoreticka vychodiska prace

Trendem poslednich let je individualizace terapm® ponkrétniho pacienta. Jednim
z nastroj je zji¥ovani gicin velké variability terapie mezi pacienty, na Kk se
vyznamrié podileji zngny v aktivit metabolickych enzyfi dané bd’ genetickymi nebo
negenetickymi vlivy. Beta-blokatory,ébné uzivana léiva v terapii kardiovaskularnich
onemocgni, podléhaji vyznamné metabolizaci v jatrech. & &l metabolizmu se vizné
mite podili metabolicky enzym CYP2D6 znamy svou vellkariabilitou v aktivie.
Zmeény Vv aktivit CYP2D6 mohou vést ke zme farmakokinetickych a nasledn
farmakodynamickych vlastnosticiga. Krone beta-blokatar hraje CYP2D6 vyznamnou
tlohu i v metabolizmu dalSich ¢bn¢ uzivanych léiv. Vyhodné by tedy bylo
implementovat stanoveni aktivity enzymu do terajgggho monitorovani v, bud ve
formé¢ genotypu nebo fenotypu. Vramci fenotypu se nabiguziti dostupného

metoprololu jako substratove latky.
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Charakteristika praci

Prehledové prace

* Cilem praceYyznam genetického polymorfizmu enzymov cytochR#80Q,cas’
|. Enzymovy systém cytochromu P450 a cytochrom PAZ20 bylo shrnout
poznatky o enzymatickém systému cytochromu P458sgtdfaktory ovliviujici
aktivitu téchto enzyn.

e V praci ,CYP2D6 a jeho klinicky vyzndnsme se zawiili na jeden z enzyiin
cytochromu P450. Popsali jsem genetického polymariis CYP2D6 a jeho vliv u
jednotlivych I&€iv.

* Farmakokinetické a farmakodynamické vlastnoti bmtdkatofi a vliiv CYP2D6
genetického polymorfizmu na tyto latky jsme shrnulpiehledové préci ,Beta-
blokatory'.

Pavodni prace

» V préci ,Stanoveni metoprololu a jeho metabolitehydroxymetoprololu v séru
metodou HPLC s fluorescémi detekci® jsme popsali zavedeni metody
vysokoinné kapalinové chromatografie préely stanoveni metoprololu a jeho
metabolitua-hydroxymetoprololu z @vodu vyuziti metoprololu jako substratové
latky profenotypizaci enzymu CYP2D6

* V nasledujici praci Comparison of metoprolaithydroxymetoprolol metabolic
ratio after single dose and in steady stajefhe porovnavali metabolickou aktivitu
cytochromu P450 2D6 po prvnim a opakovaném uztoprololu

» 'V préci , Cytochrome P450 2D6 phenotype and genotype inrteyysive patients
on long-term therapy with metoprolojsme porovnali aktivitu metabolického
enzymu CYP2D6 stanovenim genotypu i fenotypu s NiynZzmetoprololu jako
substratové latky. Dale jsem zkoumaly vliv metatia@i aktivity CYP2D6 na
farmakokinetiku a farmakodynamiku metoprololu u ipati hypertoniki, ktefi
uzivali metoprolol dlouhodab

 V kazuistice Clinically important interaction between metoproloand
propafenongé uvadime praktické vyuziti TDM metoprololu ¢etné stanoveni
CYP2D6 fenotypu vyuZzitim metoprololu u pacientky kiéouhodobé terapii

metoprololem.

11



2. CILE

Zavest, optimalizovat a validovat HPLC metodu pianeveni metoprololu a jeho
metabolitua-hydroxymetoprololu pro dely fenotypizace enzymu CYP2D6
Stanovit vyznam CYP2D6 genotypu a fenotypu s vyowimetoprololu jako

substratoveé latky u pacienha dlouhodobé terapii metoprololem
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3. VYSLEDKY
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Vyznam genetického polymorfizmu enzymov cytochrom#450,éast’ |.
Enzymovy systém cytochromu P450 a cytochrom P450 2A

Clinical significance of cytochrome P450 genetic pgmorphism, part I.
Enzymatic system of cytochrome P450 and cytochroni&50 1A2

DURICOVA J., GRUNDMANN M.

Ustav klinické farmakologie FNO a Lélskéa fakulta Ostravské univerzity, Ostrava

Suhrn

Inter-individualna variabilita v odpovedi na dieo je vyznamnym klinickym problémom.
Vyznamny podiel na tom maju rozdiely v metaboliztiegiv, jedna sa hlavne o enzymy
cytochromu P450. Geneticky polymorfizmus tychto yenav moéze ovplyvni odpovel
pacienta u bezne uzivanychie Ciel'om prvejéasti tohotatlanku je podé struny vyklad o
enzymovom systéme cytochromu P450 a zarquepisd vplyv genetického polymorfizmu

cytochromu P450 1A2 n&iinok lieciv.

Kracoveé slovacytochrém P450, geneticky polymorfizmus, CYP1A2

Summary

Inter-individual variability in drug response israjor clinical problem. Much of the observed
variability has been observed in drug metabolisantiqulary enzymes of cytochrome P450.
Genetic polymorphism in these enzymes may influemgatient’s response to commonly
prescribed drugs. First part of this review dessilenzymatic system of cytochrome P450
and further focuses on the influence of genetigpokphism of cytochrome P450 1A2 on

drug effect.

Key words cytochrome P450, genetic polymorphism, CYP1A2



Enzymovy systém cytochromu P450

Enzymovy systém cytochrobmu P450 je univerzalnymtésygem biotransformiaych
enzymov nachadzajucich sa v baktériach, rastlingchbznych ZiveiSnych druhoch.
Pbévodnou funkciou cytochrému P450 bolo zachovanigegrity bunénej membrany
metabolizmom a biosyntézou steroidov. Neskér cytmohP450 prevzal ulohu v zbavovani
sa organizmu cudzorodych latoR. Enzymy cytochromu P450 tvoria superrodinu
hemoproteinov. Pojem ,cytochrom P450“ vznikol n&lade absortného piku redukovanej
formy enzymu v komplexe s oxidom umatym pri vinovej tfke 450 nm* ®. Enzymy
cytochromu P450 su pbta svojho reatného mechanizmdasto nazyvané i oxidazami so
zmieSanou funkciou, pretoze pri ich metabolickeki sa spotrebovava molekula kyslika na
oxidaciu substratu.

Na klasifikaciu jednotlivych enzymov cytochrébmu R45sa vyuziva podobnosti
aminokyselinovej sekvencie. V ramci tejto nomenkiatsu jednotlivé enzymy zdruzené
v rodinach a subrodinach ozwwaané predponou ,,CYP“. Enzymy so zhodfms v sekvencii
aminokyselin 40 % a viac patria do jednej rodingalz sa arabskyngislom, napr. CYP3).
Enzymy so zhodnd@su sekvencie vySSou nez 55 % patria do jednej slifyo(zna&ia sa
velkym pismenom, napr. CYP3A). Enzymy, ktorych progegu koédované jednotlivymi
génmi (ozn&ené italikou), sa ozraju ako formy alebo izoformy (zte sa arabskyniislom
za pismenom, napr. CYP3A4).dbveka bolo doteraz popisanych 18 rodin a 44 ptidro
Spomedzi nich rodiny CYP 1, 2 a 3 tvoria 70 % cefdm obsahu v geni a podiéaju sa

v 94 % na metabolizme i v peseni?®). Najvyznamnejsich je &sgakladnych izoenzymov
cytochromu P450, ide o CYP1A2, CYP2A6, CYP2C9, CER2 CYP2D6,
CYP2E1, CYP3A4 a CYP3AG.

Distriblcia enzymov cytochromu P450 v organiztte/eka je vysoka. NajvysSie hladiny sa
nachadzaju v geni, vyznamné hladiny su taktiez gach, tenkontreve,l'advinach, kozi,
mozgu a nakhdvinkadch. V bunke je cytochrom P450 lokalizovany hladkom
endoplazmatickom retikule a v mitochondria€ho sa tyka podielu jednotlivych enzymov z
rodin cytochrému P450 1-3 na celkovom obsahudemie ma najvySSie zastipenie CYP3A4
s 30 %. Kvantitativne zastupenie jednotlivych izognov v pé€eni vSak nekoreluje sich
vyznamnosou pre metabolizmus Kkes. Priemerny podiel jednotlivych izoforiem na
celkovom obsahu cytochromu P450 @& ana biotransformacii ker je uvedeny
v tabukec. 1.



Tab 1. Priemerny podiel jednotlivych izoforiem redkomvom obsahu

cytochrému P450 v geni a na biotransformacii ties ¥

CYP450 Podiel na obsahu (%) Podiel na biotransformacii (%)

1A2 12 4
2C 20 11
2D6 4 30
2E1 6 2
3A4 30 52

Enzymovy systém cytochromu P450 je najdolezitejSimystémom  prvej
faze biotransformaych reakcii. Podia sa na metabolizme exogénnych tak i endogénnych
latok (tabwka ¢.2). Biotransformaciou w&inou meni lipofilné latky na hydrofiln& polarne,
ktoré m6zu by z organizmu nasledne vy@éné. Pri metabolizme niektorych latok vSak
dochadza naopak kich aktivacii. Niektoré cytochyoR450 su dokonca zodpovedné za
iniciaciu kancerogenézié ®. Pre enzymovu aktivitu je nutny nielen cytochréms@ ale

i d’alSi enzym NADPH-cytochrém P450 reduktiza a fogiddiva frakcia membran. Uvedené
tri sCasti tvoria mikrozomalny cytochromovy monooxygengzosystém. Centralnym
enzymom monooxygenazového systému je cytochrom .P4b@pickou reakciou

katalyzovanou monooxygendzovym systémom je:
RH + & + NADPH + H -~ ROH + O + NADF

Aktive miesto cytochrému P450 obsahuje atém Zelkmay sa v oxidovanej forme (E?
viaze so substratom. Dochadza k redukcii “{Fekomplexu enzym-substrat prenosom
elektronu z NADPH. Tento redukovany komplex viazelakularny kyslik aje nasledne
redukovanyd’alSim elektronom. Komplex enzym-substrat-kysliknaioniec Stiepi na vodu,
oxidovany substrat a oxidovanu formu enzymu. Enzyoyochromu P450 katalyzuju
rozmanité chemické reakcie ako N-dealkylaciu, OHdéaciu, S-oxidaciu, epoxidaciu
a hydroxylaciu. Enzymy cytochromu P450 maju romli ale ¢asto sa prekryvajacu
substratovu Specificitu, vykazuju Rk&l variabilitu v katalytickej @innosti a regulacii medzi
jednotlivymi zivaiiSnymi druhmi i v ramci nich. Na metabolizme jedoéleciva sa mé6ze

podidat’ i viacero enzymov cytochrému P4%9 7,



Tab 2. Endogénne substraty cytochrému P450

Substrat CYP450
Cholesterol a Zbvé kyseliny CYP7AL, CYP7B1, CYP8B1, CYP27A1,
CYP39A1, CYP46A1, CYP51

Steroidy CYP11A1, CYP11B1, CYP11B2,
CYP17Al1, CYP19A1, CYP21A2

Prostaglandiny CYP5A1, CYP8AL

Vitaminy Aa D CYP24A1, CYP26A1, CYP26B1,
CYP27A1, CYP27B1

DalSie eikosanoidy CYP2C8, CYP2C9, CYP2J2,
CYP4A11, CYP4B1, CYP4F2,
CYP4F3 a CYP4F8

Na rozdiel od enzymov cytochromu P450 pddjécich sa na metabolizme endogénnych
latok, aktivita enzymov cytochromu P450 metabolizigh latky exogénne méze vyznamne

kolisa® ®

. Rozdiely v hladinach a aktivitdch tychto enzymmdZu vies k rozdielnym
plazmatickym hladinam ligv medzi jednotlivymi pacientmi a tym k rozdielnymapovediam
na liek (nedostatmy alebo nadmernycinok lieku). Tieto odliSnosti v metabolickej aktigi
enzymov cytochromu P450 moézu tbysposobené faktormi genetickymi (geneticky
polymorfizmus) a negenetickymi (pohlavie, rasa,ofmgicky stav a faktory prostredia ako

fajéenie a expozicia roznym latkam).

Genetické faktory variability

Dnes je uz znadme, Ze Iky podiel vrozdielnej odpovedi na liek zohrava ideds’.
Polymorfizmus v géne kodujucom metabolické enzym& wyznamnu uUlohu, je obecne
definovany ako genetické rozdiely vyskytujice saimgednotlivcami v incidencii > 199 .

Pre geneticky polymorfizmus v biotransform@ciiclie si podstatné génové mutacie. Ich



podkladom méze hyzamena, chybanie, vsunutie jedného alebo viacenydtieotidov,
duplifikacia alebo amplifikdcia genomu. Genetickézdiely tvoria vyznamnu piinu
variability hlavne u CYP2D6, CYP2C9 a CYP2C19. iita tychto enzymov je
polymorficky distribuovana v populacii a zavisi petomnosti a péte alelickych variant®
12 CYP3A4 a CYP1A2 sa vyziaju velkou inter- a intraindividuélnou variabilitou, ktojgé
vysledkom kongtitenych a enviromentalnych faktord?. Najastejsie sa vyskytujlica alela
pre kazdy enzym (,wild type“) je oztavana *1. Alelické varianty su nasledne camaané
pod’a ich identifikacie (napr. *2, *3, dt). S&asny preliad alelickych variant je na

webovych strankachnttp://cypalleles.ki.s€”. Funkny vyznam jednotlivych alelickych

variant sa li8i, je taktieZz odliSna ich frekvendustriblcie medzi jednotlivymi etnickymi
skupinami*®. Enzymovy defekt prejavujici sa zmenou v metakeji@ktivite je v popul&cii
prendSany autozomalne recesivne, prejavy su prejeyraznejSie u homozygotov pre
defektny gén. Na zaklade stig aktivity enzymov cytochrobmu P450 mozno rozdeli
populaciu do 4 metabolickych skupin — pomali meiabtri (PM), intermediarni
metabolizétori (IM), extenzivni metabolizatori (EMultrarychli metabolizatori (UM). PM s
jedinci, ktori postradaju furtky enzym a maju teda najnizSiu metabolicklu aktiviBi
vystaveni vysSiemu riziku toxicity nasledkom vysokyhladin nezmetabolizovanéhocliea
alebo je u nich naopak riziko zlyhania terapie pade uZivania ligv, ktoré vyZaduju pre
svoj inok metabolickl premenu. IM sG nodie bud 1 nefunknej variantnej alely
(heterozygoti) alebo nositei 2 variantnych aliel so znizenou metabolickou ivéikiu.
metabolickl aktivitu v dosledku duplifikacie alelmplifikacie génu. Metabolizuju keva
rychlejSie nez EM ambzu vyZzadavarySSie nez bezné davky diea, aby dosiahli
terapeutické plazmatické koncentratie'® Vysledny &inok polymorfizmu na metabolizme
lieciva zavisi na mnozstve enzymov, ktoré sa na premiedera podidaju. Enzymy
cytochromu P450 maju obecne Siroku substratovu iffpg ¢o znamena, Zze sa ha
metabolizme uiitého lieku méze ztastnt’ niekd’ko enzymov cytochrému P450. V pripade,
Ze je metabolizmus kéva zavisly principialne na jednej izoforme, genk§i polymorfizmus
moze vies k vyznamnej zmenecinku tohto ligiva (hlavne u ligiv s izkym terapeutickym
indexom). Naopak tam, kde sa na metabolizme paflieviaceré formy cytochromu P450,
moZu ostatné enzymy prevegidllohu v metabolizme daného diea. Nie vzdy vSak musi

alternativna metabolicka cesta plne nahtadinefunkng** 1"



Negeneticke faktory variability

Hoci geneticky polymorfizmus enzymov cytochromu @45na véky dopad na
biotransforméciu ligiv, genetika sama o sebe nevy$ug@ vetku variabilit®. Rozdielnu
biotrasformaciu mozZno pozora¥/aj v ramci jednej genotypovej skupiny. Peknym faidiom

je praca Aklillu a kol. poukazujuca na vplyv fakde prostredia na zmenu aktivity enzymu
CYP2D6 u populacie Etiganov po pregahovani do Svédsk&). Metabolick( aktivitu
enzymov cytochrému P450 méze ovplywnpohlavie 2©, patologicky stav?®, zmena

fyziologického stavu (tehotenstved a faktory prostredia ako fagnie®®

a expozicia réznym
latkam (potrava, ligva,...). Je zndmych Va prikladov interakcii niektorych potravfft 2
a lietiv 242" s enzymami cytochrému P450, nasledkom ktorychodas klinicky vyznamnej

inhibicii ¢i indukcii metabolickej aktivity daného enzymu.

Enzymové indukcia

Niektoré ligiva izloZzky potravy vyvolavaju zvySend enzymaticlaktivitu, indukciu.
Désledkom enzymovej indukcie po opakovanom podahiylje zrychlenie biotransformacie,
znizenie plazmatickych hladin a terapeutickéhtinku daného ligiva. K tejto situacii
dochadza v pripade, poKiametabolity li€iva maju maly alebo Ziaden farmakologicky
Gcinok. Pokid maju metabolity vé&8i &inok, resp. vysSiu toxicitu, mdze dbjpri enzymovej

indukcii k prejavom intoxikacie.

Enzymové inhibicia

Niektoré liggiva i zlozky potravy naopak enzymov( aktiviimta, inhibuji. Najastejsie sa
jedna o reverzibilnu inhibiciu. Vysledkom inhibidétransformanych procesov je ¥&inou
predZenie farmakologického ¢inku zvySenim plazmatickych hladin daného ¢ilia
S moznymi prejavmi intoxikécie. V pripade, Ze séng o neaktivne livo (prolietivo), ktoré
sa potrebuje transformoWana aktivnu formu, méze naopak nésledkom inhibtbdgs’

ku zlyhaniu terapeutickéhaimku.

Stanovenie biotransformanej aktivity

Na predikciu individualnej biotransforrtiaej kapacity sa pouziva metdda genotypovania a
fenotypovania. Genotyp moznociti analyzou DNA, pouzitim metody PCR (polymerazova
retazova reakcia) a RFLP (polymorfizmusizkly restriknych fragmentov). Novou

alternativou genotypizacie je AmpliChip P450 tedRog¢he), prvy mikroanalyticky



farmakogeneticky test. Jedna sa o prvy systém eajoha znalosttasti 'Tudského genomu
urceny pre rutinnd diagnostiku vyuZivajuci dve modertechnolégie Roche PCR
a Affymetrix mikroanalytiku. Poskytuje kompletnt rmptypizaciu génov CYP2C19
a CYP2D6 %®. Vysledok genotypovania vdak nie je ovplyvhitg faktormi prostredia.
NavySe citlivog genotypovania v predikcii vyskytu ultrarychlych taleolizatorov je stale
nizka. Fenotypovanie je zaloZzené na podani latikyake pre ufity enzym vysoko Specificka
(substratova latka, probe drug), je teda tymto emamy exkluzivne metabolizovana. Vysledna
metabolicka aktivita sa stanovi z metabolického @anMR (materska latka/metabolit) v krvi
¢i vmagi arozdeli populaciu do odpovedajucich skupin. Blgmmetabolizatori maju
najvyssiu hodnotu MR, naopak ultrarychli metabdbzévykazuju najnizSiu hodnotu MR.
Fenotypovanie umaditije stanovenie aktuélnej enzymatickej aktivity imvoy pretoze
zohadtuje i vplyv faktorov prostredi&’.

Cytochrém P450 1A2
Zastupci podrodiny CYP1A, enzymy CYP1Al a CYP1lA2,ajin vyznamnu ulohu

v biotransformacii xenobiotik, vratane xenobiotikeZbe sa nachadzajucich v potrave
a Skodlivinach Zivotného prostredia. Oba enzymypsdid’aju na aktivacii niekikych
prekarcinogénov, ako su polyaromatické hydomodiky, aromatické a heterocyklické aminy
a mykotoxiny. Enzym CYP1Al sa nachadza prevaznealesgpatalne, naopak, enzym
CYP1A2 sa vyskytuje hlavne v geni?.

Enzym CYP1A2 vykazuje vysoky stupeterindividualnej variability. Jednou z pi vel’kej
variability je vysoka inducibilita CYP1A2, na ktgrea okrem xenobiotik, podigju i zloZky
potravy a fajenie. HIUbovitd zelenina (kapusta, brokolica, la@rfa ruzékovy kel,...) je
znama zvysenim aktivity enzymu CYP1A2. Aktivita wmu CYP1A2 je taktieZz indukovana
heterocyklickymi aminmi a polycyklickymi aromatiaky uh’ovodikmi, ktoré sa nachadzaju
napriklad v mase upravenom za vy3sich tepldt naedeen uhli?®. Dalsim faktorom
variability CYP1A2 aktivity je geneticky polymorfiaus®® . Vyskyt mnohych polymorfnych
aliel je zriedkavy a ich furay vyznam na aktivitu enzymu CYP1A2 nie je znamgb 3.
Alela CYP1A2*1F je najastejSie sa vyskytujucou alelou v Eurdpskej popul@s.9%
vyskyt vo Svédskej populacii). Tato alela je Witmjov spojovand s vyznamne vysSou
enzymatickou aktivitou, u nefaarov nema pritomnaodejto alely na aktivitu CYP1A2 vplyv
3031 polymorfné alely CYP1A2 *1C a *1K sl spojované muzenou aktivitou CYP1A2,

prva z aliel bola najdena v Japonskej populadiekvenciou vyskytu okolo 23%, druha allela



bola objavena v Etiopskej populacii, vo Svedskejwacii je jej vyskyt vzacny> >3 Medzi
etnikami existuju vyznamné rozdiely v aktivite CY&2L Svédska populécia ma 1.54-krat
vy38iu CYP1A2 aktivitu v porovnani s Korejcaffll. Niz&ia CYP1A2 aktivita bola najdena

u Azijskej a Africkej populacie v porovnani s bedk&u populaciod®.

Tab.3 Aktivita variantnych aleliel CYP1A2 in viavyskyt v populdcit® 3% 33 3%

Alela Enzymaticka aktivita Frekvencia vyyskytu v popul&cii (%)
beloSska azijska africka
CYP1A2*1A normalna 24.4 21.7 39.9
CYP1A2*1C znizena <1 23 -
CYP1A2*1F zvySena inducibilita 56.7 7.7 49.6
CYP1A2*1K znizenéa 0.3 0 3
Teofylin

V poslednej dobe bolo publikovanych ni€ko praci, ktoré sledovali vplyv polymorfizmu
CYP1A2 na hladiny adinok lieciv, pripadne vyskyt neziaducichtiakov. Uslu a kol. vo
svojej praci skamali vplyv polymorfizmu na metalzotius teofylinu u pacientov s chronickou
obstrukknou bronchopulmonalnou chorobou. Jedinci, ktorii b@dsitdmi CYP1A2*1D
a CYP1A2*1F variatnych aliel mali vyznamne nizZSidadiny teofylinu v porovnani
s ostatnymi pacientmf®. Naopak pritomnas CYP1A2*1C variatnej alely bola spojena

s nizsou clearance teofylinu u astmatickych paoiefft.

Antipsychotik&

Rezistencia na terapiu klozapinom bola popisaréhizafrénnych pacientov féprov, ktori
boli nositémi variatnej alely CYP1A2*1F. Tento polymorfizmuskembinéacii s fajenim
viedol k ultrarychlemu metabolizmu a nizkym hladim&lozapinu s naslednym zlyhanim
Gcinku antipsychotika. Po zvySeni davky klozapinubalenasadeni inhibitora CYP1A2
(fluvoxamin) do$lo ku zlep&eniu klinického stavucigatov 3% 39 Vyskyt neZziaducich
ucinkov z dovodu zvysSenia hladiny klozapinu bol papigu pacientov, ktory prestali &.
Pacienti boli nositémi variatnej alely CYP1A2 *1F atym, Ze prestalj¢féd doSlo u nich
k spomaleniu aktivity metabolického enzyifl V inej praci naopak nebol potvrdeny tah
medzi CYP1A2*1F polymorfizmom, aktivitou enzymu ladinou klozapinu v skupine




fajciarov ** %2 Vplyv CYP1A2 genotypu je popisany idialSieho antipsychotika olanzapinu
43 Clearance olanzapinu korelovala s aktivitou enzy@YP1A2 stanovenou pomocou

kofeinu ako substratovej latky u zdravych dobimikoch*®.

Ostatneé latky

U pacientov uZivajucich antireumatikum leflunomidyerotypom CYP1A2*1F CC bolo
pozorované 9.7-nasobne vySSie riziko toxicity vgwoani s pacientmi s CYP1A2*1F
A alelou®,

Enzym CYP1A2 je hlavhym enzymom v metabolizme kafeiktory je zarowe vyuzivany
ako substratova latka pre stanovenie fenotypu CYPPAPomali metabolizatori mali vy3sie
riziko vyskytu hypertenzie v spojeni s pitim kaf4) a dokonca vysSie riziko nefatalneho

infarktu myokardu®.,

Tab 4. Priklady substratov, inhibitorov a induktoemzymu CYP1A2

Substrat CYP1A2 Inhibitor Induktor
fluvoxamin cimetidin fajenie
imipramin ciprofloxacin hlubovité zelenina
klomipramin fluvoxamin maso grilované na drevendrtii u
klozapin ofloxacin omeprazol
kofein tiklopidin
olanzapin
teofylin
Zaver

Enzymy cytochrému P450 su délezitym systémom pfaeg¢ biotransformacie exogénnych
latok. Aktivitu biotransforménych enzymov méze ovplywhicela sSkala faktorov, vyznamnu
Ulohu zohrava geneticky polymorfizmus. Enzym CYPI1gs2z@astiuje na biotransformacii
niekd’kych bezne uzivanych bie/. Aktivita tohto enzymu je vysoko variabilna. Zda vsak,
Ze samotny polymorfizmus nevysigie dostatdne vyznamné rozdiely medzi jednotlivcami,

vyznamny podiel na aktivite tak budu zohré¥aktory prostredia.
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CYP2D6 A JEHO KLINICKY VYZNAM
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Enzymy cytochromu P450 su hlavnymi enzymami podiefajticimi sa na metabolizme lieciv. CYP2D6 je vysoko polymorficky enzym, ktory
vykazuje vysoky stupefi interindividualnej variability. CYP2D6 metabolizuje priblizne 25% vSetkych lie€iv. Mnohé Stidie poukazuju na
vyznamny vplyv CYP2D6 polymorfizmu na farmakokinetiku a farmakodynamiku lie€iv.
Krucové slova: CYP2D6, polymorfizmus, fenotyp.

CLINICAL SIGNIFICANCE OF CYTOCHROME P4502D6
The enzymes of the cytochrome P450 are the major enzymes responsible for metabolizing of drugs. The CYP2D6 is highly polymorphic
enzyme and shows a very high degree of interindividual variability. The CYP2D6 metabolizes approximately 25 % of all medications. Many
studies point out the significant influence of CYP2D6 on pharmacokinetics and pharmacodynamics of drugs.

Key words: CYP2D6, polymorphism, phenotype.

Klin Farmakol Farm 2007; 21(3-4): 133-136

Ovod

Je zname, ze vacsina lieCiv podlieha v tele Clo-
veka metabolizmu mikrozomalnymi enzymami loka-
lizovanymi v peceni, sliznici tenkého Creva a v inych
organoch. Expresia a aktivita mnohych metabolic-
kych enzymov cytochréomov P450 vykazuje Siroku
interindividudlnu variabilitu, ktora je s¢asti podmie-
nena vplyvmi vonkajsieho prostredia (indukcia ¢i in-
hibicia enzymov P450 su¢asne uzivanymi liekmi ale-
bo potravou, fajcenie, alkohol), vekom, patologickym
stavom. Délezitym faktorom variability v metaboliz-
me lie€iv je geneticky polymorfizmus cytochrémov
P450. Rozdiely v metabolizme lie€iv mdZu ovplyvnit
vztah medzi davkou a odpovedou a mat tak klinicky
vyznamné nasledky. Vysledny acinok CYP polymor-
fizmu na metabolizme lieCiva zavisi na mnozstve
enzymov, ktoré sa na premene lieciva podielaju.
V pripade, Ze je metabolizmus lieciva zavisly princi-
pidine na jednej izoforme, geneticky polymorfizmus
mdze viest k vyznamnej zmene Ucinku tohto lieCiva,
a to k spomalenému odburavaniu a naslednému vy-
skytu neziaducich Ucinkov v dosledku predavkova-
nia (hlavne u lie€iv s Uzkym terapeutickym indexom)
alebo k urychlenému metabolizmu a zlyhaniu tera-
peutického dcinku. Naopak tam, kde sa na metabo-
lizme lieCiva podiefaju viaceré formy CYP, polymor-
fizmus jedného enzymu ma na zmenu metabolizmu
a ucinku lie¢iva mensi vyznam.

CYP2D6

Cytochrém P450 2D6 (CYP2D6) je najviac
Studovanym enzymom z rodiny CYP, s ohladom
na geneticky polymorfizmus — ide o vdbec prvy
objaveny polymorfizmus CYP. Dve na sebe ne-
zévislé Studie v roku 1970 poukézali na rozdielnu
farmakologicku odpoved antihypertenziva debri-
sochinu a antiarytmika sparteinu medzi jednotliv-
cami. NeskorSie $tudie preukdzali, ze obe latky su
transformované identickym enzymom, ktory bol

nazvany debrisochin/spartein oxidaza (1). Napriek
tomu, Ze je v peCeni kvantitativne malo zastdpeny
(4%), CYP2D6 metabolizuje priblizne 25% klinicky
uzivanych lie€iv (tabulka 1) (2). CYP2D6 je vysoko
polymorficky, gén pre tento enzym je lokalizovany
na dihom ramienku 22. chromozému. Doteraz bolo
objavenych viac ako 75 variantnych aliel, z nich len
niektoré st bezné a podielaju sa 95% na polymor-
fizme tohto enzymu (3) (tabulka 2). Aktualizovany
prehlad aliel génu pre cytochrém P450 je dostupny
na http://www.imm.ki.se/CYP-alleles.

Na predikciu individuélnej metabolickej kapacity
sa pouziva metdda genotypovania a fenotypovania.
Genotyp mozno urgit analyzou DNA, pouzitim me-
tddy PCR (polymerazova retazova reakcia) a RFLP
(polymorfizmus  dizky restrikénych fragmentov).

Vysledok genotypovania nie je ovplyvnitelny faktor-
mi prostredia. Stanovenie troch najéastejSie sa vy-
skytujucich PM aliel (CYP2D6*3, *4 a *5) ur¢i 95%
pomalych metabolizatorov v testovacej skupine.
Citlivost genotypovania v predikcii vyskytu ultrarych-
lych metabolizatorov je vSak stéle nizka. V rédmci
urcitej genotypovej skupiny modze existovat verka
variabilita, na ktorej sa podiefaju faktory prostredia
(strava, fajCenie, alkohol a v podstatnej miere liekové
interakcie), vek, patologicky stav. Stanovenie vysled-
nej enzymatickej aktivity in vivo umoznuije fenotypo-
vanie. Fenotypovanie je zalozené na podani latky,
ktord je pre ur€ity enzym vysoko Specificka (probe
drug), je teda tymto enzymom exkluzivne metabo-
lizovana (tabufka 3). Vysledna metabolickd aktivita
sa stanovi z metabolického pomeru MR (materska

Tabulka 1. Lieéiva metabolizované CYP2D6

odkazy
beta-blokatory
metoprolol 1,26-30
propranolol 1,30
timolol 1
karvedilol 1,30
antiemetika
dolasetron 3, 11-13
ondasetron 3,11,13
palonosetron &
tropisetron 3,11,13
analgetika/antitusika
dextromethorphan 3
dihydrokodein
ethylmorfin 3
hydrokodon 3
kodein 3,10
tramadol 3,89
antiestrogény
tamoxifén 3,35
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odkazy
antidepresiva
amitriptylin 15
clomipramin 15
desipramin 15
fluoxetin 19
imipramin 15
maprotilin 15
mianserin 15
nortriptylin 14
paroxetin 16-18
venlafaxin 16
neuroleptika
haloperidol 21,23, 24
perfenazin 21
risperidon 21
thioridazin 21
zuklopentixol 21,22
antiarytmika
propafenon 31-34
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latka/metabolit) v krvi &i v moéi a rozdeli populdciu
do odpovedajucich skupin (1). Pomali metabolizatori
maju najvysSiu hodnotu MR, naopak ultrarychli me-
taboliztori vykazuju najnizsiu hodnotu MR.

Jednotlivé metabolické skupiny

Metabolické aktivita CYP2D6 je pod kontrolou
rdznych aliel, na zéklade ktorych mozno klasifikovat
populdciu do niekofkych skupin: pomali metaboliza-
tori (PMs), intermediarni metabolizatori (IMs), exten-
zivni metabolizétori (EMs) a ultrarychli metabolizatori
(UMs). PMs su nositefmi dvoch deficitnych aliel, maju
tak nizku alebo Ziadnu metabolicku aktivitu. Su vy-
staveni vy$Siemu riziku toxicity nasledkom vysokych
hladin nezmetabolizovaného lie€iva, alebo naopak je
u nich riziko zlyhania terapie v pripade uzivania lie¢iv,
ktoré vyzaduju pre svoj u¢inok metabolicku preme-
nu (3). NajcastejSie sa vyskytujucou alelou spoje-
nou s PM u beloSskej populécie je alela CYP2D6%4
s frekvenciou vyskytu okolo 21 %. Dal$imi PM alela-
mi st CYP2D6*3 a CYP2D6*5 a CYP2D*6 vyskytu-
juce sa priblizne v 1-2% u belo3skej populacie (4).
Oznacenie IMs nie je jednozna¢né. Niektori autori
definuju IM ako nositefov mutantnej alely spojenej
s nizSou metabolickou aktivitou (alely CYP2D6*9,
CYP2D6*10, CYP2D6*17 a CYP2D6*4). Zatial Co
ini autori pouzivaju oznaCenie IM pre nositefov jednej
funk&nej a jednej defektnej alely (5). IMs maju Siroké
spektrum metabolickej aktivity, od okrajovo vy$Sej
nez je u PMs az po aktivitu blizku EMs. Vac¢Sinu po-
puldcie tvoria EMs, jedinci s normalnou metabolickou
aktivitou enzymu (3). Za norméalnu funkciu enzymu
su zodpovedné alely CYP2D6*1 a CYP2D6*2 (5).
Ultrarychly metabolizmus (UM) vznika désledkom
duplifikécie alebo amplifikacie aktivneho génu, ked
dochadza k nadmernej expresii enzymu CYP2D6.
Stanovenie UM genotypu na zéklade genotypovania
duplifikovanej alely CYP2D6 avSak vysvetluje len 10—
30% ultrarychleho metabolizmu pozorovaného u be-
loSskej populdcie. UMs metabolizuju lieciva rychlejSie
nez EMs a mézu vyzadovat vysSie nez bezné davky
lie€iva, ktoré je substratom CYP2D6, aby dosiahli te-
rapeutické plazmatické koncentrécie (3, 6).

Mnohé lieciva (substraty CYP2D6 alebo inych
enzymov) su silnymi kompetitivnymi inhibitormi
enzymu CYP2D6. Sucasné podanie inhibitora en-
zymu s lieCivom, ktoré sa tymto enzymom metabo-
lizuje, mdze viest k blokade metabolickej premeny.
Z extenzivneho metabolizatora sa méze stat inter-
mediarny alebo az pomaly metabolizétor.

Zastupenie jednotlivych
metabolickych skupin
Pomali metabolizatori

Zastupenie typov polymorfizmu CYP2D6 sa liSi
medzi jednotlivymi etnickymi skupinami. Stiidie usku-
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Tabulka 2. NajcastejSie sa vyskytujtce alely CYP2D6

odkazy**
alely kédujuce inaktivny/ziaden enzym CYP2D6*3 1,4
CYP2D6*4 1,4
CYP2D6*5 1,4
CYP2D6*6 4
alely kédujuce enzym so znizenou aktivitou ~ CYP2D6*9 1,5
CYP2D6*10 1,4,5
CYP2D6*17 1
CYP2D6*41 1,4,5
alely kédujuce enzym s normdlnou aktivitou ~ CYP2D6*1 5
CYP2D6*2 5
alely kédujuce enzym so zvySenou aktivitou  CYP2D6*1xN 1,4
CYP2D6*2xN 1,4

**http://www.imm.ki.se/CYP-alleles

Tabufka 3. Priklady Specifickych substratov (probe drugs) na stanovenie MR enzymu

CYP450 3A 2D6

drug midazolam dextrometorfan

probe simvastatin debrisochin
6-betahydroxykortisol metoprolol

odkazy 36-38

tocnené v roznych krajinach demonstrovali vyznam-
né rozdiely vo vyskyte aliel CYP2D6 medzi etnikami.
Najvyssi vyskyt PMs je zaznamenany u belo$skej
populdcie (okolo 7 %), frekvencia PMs je u nich spoje-
na s vyznamnym vyskytom alely CYP2D6*4. Naopak
prevalencia PMs je nizka u azijskej populacie (okolo
1%). Nizku frekvenciu PMs u tejto populécie mbzeme
pripisat takmer ojedinelému vyskytu defektnych aliel
CYP2D6*3 a CYP2D64 (3, 7). NajcastejSie sa vysky-
tujicou alelou u azijskej populdcie je alela CYP2D6*10.
Okolo 50% Azijcov je nositefom tejto mutantne; alely
v porovnani len s 1-2% nositelmi u beloSskej popu-
lacie. Alela CYP2D6*10 je spojovana s nizSou enzy-
matickou aktivitou a je povazovana za jednu z naj-
Sastejsie sa vyskytujlicich sa aliel na svete. Azijska
populdcia ma tak v porovnani s beloSskou populaciou
celkovo niz$iu kapacitu metabolizovat CYP2D6 sub-
straty. NizSia celkova CYP2D6metabolicka aktivita
v porovnani s beloSskou populaciou sa vyskytuje
i u Ciernej africkej a americkej populdcie. Nizsia cel-
kova enzymaticka aktivita je tu pripisovana znaénému
vyskytu alely CYP2D6*17 (1).

Ultrarychli metabolizatori

Podobne ako u PMs sa frekvencia vyskytu UMs
li§i medzi etnikami. Velmi nizka prevalencia UMs
bola najdena u belo$skej populdcie severnej Eurdpy
(okolo 1% Svédskej populdcie) (3). VysSi vyskyt
UMs sa vyskytuje u beloSskej populécie obyvajticej
oblasti Stredozemného mora (7 % $panielskej popu-
lacie) (5). Rozdiel vo vyskyte UMs medzi obyvatelmi
severnej a juznej Eurdpy je vysvetlovany migréaciou
arabskej populdcie na juh Eurdpy. NajvySsi vyskyt
UMs je zaznamenany u populdcie Etidpie (29 %)
a Saudskej Arabie (21 %) (3).

2C9 2C19 1A2
losartan omeprazol kofein
tolbutamid mefenytoin teofylin
diklofenak

Klinicky vyznam polymorfizmu
CYP2D6 na ucinok lieciv
Opioidné analgetika

Tramadol, syntetické opioidné analgetikum, je
ucinné v liecbe strednej bolesti. Vyhodou je nizke
riziko respiracnej depresie, rozvoja tolerancie a vzni-
ku zavislosti (8). Ako analgetikum pdsobi dvojakym
mechanizmom, samotny tramadol inhibuje reupt-
ake adrenergnych mediatorov. Za opioidny analge-
ticky ucinok je zodpovedny hlavne jeho metabolit
M1 (O-desmethyltramadol), ktory vznikd za ucasti
CYP2D6 enzymu. M1 metabolit vykazuje priblizne
200-krat vys$Siu afinitu k y-opioidnym receptorom nez
materska latka. CYP2D6 pomali metabolizatori, obsa-
hujuci 2 inaktivne alely, nemaju schopnost tvorby ak-
tivného analgetického metabolitu M1 z tramadolu. Tato
Cast populacie neodpovedala dostatocne na lie¢bu tra-
madolom a CastejSie vyzadovala pridavnu analgeticku
terapiu v porovnani s nositefmi funkénej alely (8, 9).
Wang vo svojej praci poukdzal dokonca na vyznamny
vplyv genotypu CYP2D6*10 (IMs) na pooperaény anal-
geticky Ucinok tramadolu u ¢inskej populacie (9).

Podobne ako u tramadolu je analgeticky ucinok
dalSieho opioidného analgetika kodeinu zavisly na
bioaktivacii enzymom CYP2D6. Kodein je z 10% me-
tabolizovany na analgeticky Ucinny metabolit morfin.
Okolo 7% belo$skej populacie, patriacej medzi PMs,
tak nekonvertuje kodein na morfin a postrada analge-
ticky ucinok. Naopak podanie kodeinu populacii UMs
mdze vyustit vo zvySenu tvorbu metabolitu morfinu
s naslednymi prejavmi neziaducich ucinkov (3, 10).

Antagonisti 5-HT, receptoru
5-HT, receptorovy antagonisti patria medzi vy-
soko Ucinné antiemetika, Siroko pouzivané v profyla-
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Xii a terapii nauzey a zvracania vyvolané chemotera-
piou a radioterapiou. Napriek Sirokému pouzitiu tejto
skupiny lie€iv, okolo 20 — 30 % pacientov neodpove-
da uspokojivo na tlito terapiu (3, 11). V8etky 5-HT, re-
ceptorovy antagonisti sii extenzivne metabolizovani
réznymi enzymami CYP P450, CYP2D6 izoforma sa
podiefa na metabolizme ondasetronu, tropisetro-
nu, palonosetronu a dolasetronu. Metabolizmus
granisteronu zahrfiuje CYP3A4 izoformu (11, 12,
13). Janicki a kol. porovndvali antiemeticky U¢inok
dolasetronu a granisetronu u pacientov po operacii.
Absoldtny pocet pooperaénych emetickych epizéd
bol vy$si u ultrarychlych metabolizatorov lieCenych
dolasetronom, nie vSak granisetronom (12). Nizsi
pooperacny antiemeticky ucinok bol pozorovany
u ultrarychlych metabolizétorov, ktorym bol podany
ondasetron (13). Podobné vysledky priniesla taktiez
Stldia Kaisera et al. s ondasetronom a tropisetronom
u pacientov v ramci chemoterapeutickej intervencie
(11). Autori tak navrhuju podanie vysSich davok an-
tiemetik u tejto Casti populécie alebo pouzit odliSnu
antiemeticku intervenciu.

Antidepresiva

VacgSina tricyklickych antidepresiv (TCA) podlieha
v peceni biotransformaénym reakciam katalyzovanych
CYP2D6. Genotyp CYP2D6 je povazovany za vy-
znamny faktor variability plazmatickych koncentrécii
a je spajany s vy$8im vyskytom neziaducich U¢inkov
a naslednych rehospitalizacii. Bol zaznamenany uz-
ky vztah medzi poctom aktivnych aliel, plazmatickou
koncentraciou a davkou nortriptylinu. Bezna davka
pre pacientov s normalnou CYP2D6 metabolickou ak-
tivitou je 100-150mg nortriptylinu/den. Odporucana
dennd davka pre PMs je 10-20mg/deni, naopak UMs
mozu vyzadovat az 500 mg/den, aby dosiahli rovnaky
terapeuticky efekt (14). Vyznam genetického polymor-
fizmu bol pozorovany aj u dalSich antidepresiv skupiny
TCA, a to u desipraminu, imipraminu, amitriptylinu
(4,15). ZvySené riziko kardiovaskularnych neziaducich
ucinkov bolo pozorované u pomalych metabolizatorov
uzivajucich venlafaxin (SNRI), kde boli namerané vy-
razne vySSie plazmatické koncentracie pred podanim
v porovnani s EMs (16). Metabolizmus antidepresiv
skupiny SSRI je sprostredkovany niekofkymi izoen-
zymami cytochrému P450, z nich fluoxetin a paro-
xetin st metabolizované prostrednictvom CYP2D6.
Niektori autori popisuju vplyv genetického polymor-
fizmu CYP2D6 na plazmatické hladiny fluoxetinu
a paroxetinu (17, 18, 19). Neddvno boli publikované
odporucéané upravy davok antidepresiv v zavislosti na
type genotype pacienta (15, 20).

Antipsychotika
Interindividualna variabilita v odpovedi na an-
tipsychoticku lieCbu a extrapyramidové neziadu-

ce Ucinky su ¢astym problémom v klinickej praxi.
Vacsina antipsychotik sa extenzivne metabolizuje
oxidativnymi enzymami cytochromu P450. Z nich
najviac Studovanym v oblasti psychiatrie je CYP2D6
izoforma, ktora sa podiela na metabolizme perfena-
zinu, zuklopentixolu, haloperidolu, thioridazinu
arisperidonu (21). Jaanson a kol. popisuju vo svojej
praci vztah medzi genotypom CYP2D6 a plazmatic-
kou hladinou zuklopentixolu v ustalenom stave, pri
podavani v depotnej intramuskularnej forme (22).
Viztah medzi genotypom a plazmatickou hladinou
je popisovany aj u haloperidolu (23), ini autori ten-
to vztah nepotvrdili (24). Kirchheiner vo svojej praci
uvadza odportc¢ané Upravy davok antipsychotik
u jednotlivych genotypov (20). Je zndme, ze dihodo-
bé uzivanie najmé klasickych antipsychotik je spoje-
né s rizikom vyskytu extrapyramidovych neziaducich
Ucinkov (EPS). PM genotyp by mohol byt jednym
z faktorov zvysujucich riziko vyskytu EPS (21, 25).

Beta-blokatory

Beta-blokatory su lieCiva pouZivané v liecbe
kardiovaskularnych ochoreni. Ich ucinnost a tole-
rabilita sa medzi jednotlivcami liSia. Pri¢iny tychto
rozdielov su ¢asto pripisované rozdielnej expozicii
beta-blokatoru medzi jednotlivcami, resp. rozdielmi
vo farmakokinetike. Niektoré beta-blokatory su vy-
lu¢ované v nezmenenej forme do mocu, iné vSak
podliehaju oxidativnej metabolizécii. Metoprolol,
najviac Studovany lipofilny beta-blokator, podlieha
vyznamnému metabolizmu za uéasti CYP2D6. Bola
najdend vyznamna koreldcia medzi genotypom
CYP2D6 a rozdielmi vo farmakokinetike metopro-
lolu (26). DIhsi biologicky poloCas a vys$ia udolna
koncentracia metoprololu u PMs prispievali k vy-
raznejSiemu poklesu srde¢nej frekvencie a vacsej
beta-blokéde nez u EMs. Vztah medzi genotypom
a zmenou krvného tlaku nebol pozorovany (27, 30).
Predpoklada sa, ze zvySené hladiny metoprololu
pozorované u PMs by mohli suvisiet so zvySenym
vyskytom neziaducich ucinkov metoprololu. Wutke
a kol. pozorovali Castejsi vyskyt bradykardie u PMs,
a to hlavne u pacientov so zvySenym rizikom [3-blo-
kédy (28). Ini autori nenasli vyznamnu alebo Ziadnu
asociaciu medzi genotypom CYP2D6 a vyskytom
neziaducich uginkov (29, 30).

Propafenon

Antiarytmikum propafenon patriaci do triedy Ic
antiarytmik, je bezne pouzivané lie€ivo v lieCbe ven-
trikularnych a supraventrikularnych arytmii. Blokuje
rychle sodikové kanaly, na jeho pdsobeni sa uplat-
nuje aj slaby ucinok na P-receptory. Metabolickou
premenou prostrednictvom CYP2D6 vznika aktivny
metabolit, ktory ale postrada blokujuci d¢inok na
[3-receptory.
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Mérike et al. popisuju pripad starSej pacientky,
ktord prijali na kliniku pre zavrat, pad s nasledkom
zranenia hlavy a bradykardiou. Pacientka uzivala
pred prijmom okrem iného propafenon pre fibrilaciu
sieni s tachyarytmiou. Nasledné neurologické a kar-
diologické vySetrenia vysli negativne. U pacientky
bol stanoveny fenotyp pomalého metabolizatora
(pomocou sparteinu ako probe drug), potvrdeny
genotypizaciou, ktord vylucila moznost pripadnej
liekovej interakcie. Absenciou CYP2D6 enzymu ne-
dochadzalo ku premene propafenonu na jeho meta-
bolit a k jeho hromadeniu v krvi. Vyskyt neziaducich
Ucinkov suvisel pravdepodobne s nadmernou 3-blo-
kujucou aktivitou, vysadenim propafenonu vymizol
(31). Vplyv genotypu na farmakokinetiku a ucinok
propafenonu je popisovany aj v pracach inych au-
torov (32, 33, 34).

Tamoxifen

Tamoxifen je selektivny modulator estrogé-
nového receptoru pouzivany v lie€be hormonaine
zévislého karcinomu prsnika. Je extenzivne meta-
bolizovany v peceni prostrednictvom CYP2D6 na
aktivny metabolit endoxifen. Bol pozorovany nizsi
terapeuticky ucinok tamoxifenu u pacientok, ktoré
boli nositefmi dvoch nulovych aliel CYP2D6 (PMs)
(3, 35).

Zaver

Geneticky polymorfizmus metabolizmu lieciv
zohrdva ddlezitu ulohu v interindividuélnej variabili-
te lieCiv prejavujuci sa zmenami vo farmakokinetike
a farmakodynamike. Nizka metabolickd aktivita mo-
Ze viest k zvySovaniu hladin dcinnej latky a nasled-
nom vyskyte neziaducich dcinkov, pripadne k strate
Ucinnosti, ak je podavané liecivo v neaktivnej forme.
Naopak, vysokd metabolickd aktivita vedie ku zvy-
Senej biotransformdcii lieCiva s rizikom poddavko-
vania pacienta, pripadne k toxickym prejavom pri
podavani lie€iv, ktoré sa metabolickou premenou
aktivuju. CYP2D6 sa podiela az 25 % na metaboliz-
me vSetkych lieiv, z nich mnohé patria do skupiny
lieciv s Uzkym terapeutickym indexom. Mnohé $tudie
poukazuju na vyznamny vplyv genotypu CYP2D6 na
plazmatické hladiny a uc¢inok lieciv. Znalost metabo-
lickej aktivity enzymu CYP2D6 u pacienta moze pri-
spiet k vyberu vhodnej medikécie, najst optimainu
davku a znizit riziko neziaducich ucinkov.
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SUHRN

Beta-blokatory

Beta-blokétory patria medzi zékladné lieciva v terapii kardiovaskuldrnych ochoreni. Ich spolo¢ny
mechanizmus uc¢inku je zaloZeny na blokade B-adrenergnych receptorov. AvSak v ramci skupiny
beta-blokatorov existuji medzi jednotlivymi latkami farmakokinetické a farmakodynamické rozdi-
ely, ktoré su klinicky relevantné. Naviac odpoved na beta-blokator sa mdZe medzi pacientmi liSit.
Na tom ma urcity podiel geneticky polymorfizmus biotransforma¢nych enzymov cytochromu P450
(dalej len P450), vratane P450 2D6, ktorym sa biotransformuje niekolko beZzne uzivanych beta-blo-
katorov. Poznanie vlastnosti a teda odliSnosti medzi beta-blokatormi je nevyhnutné pre ich spravne
klinické vyuZitie.

KIicéové slova: beta-blokatory — farmakokinetika — farmakodynamika — P450 2D6
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SUMMARY

Beta-blockers

Beta-adrenergic blockers rank among the principal drugs in the treatment of cardiovascular
diseases. Their common mechanism of action is based on the B-adrenergic receptor
blockade. However, differences in pharmacokinetic and pharmacodynamic properties exist
between the individual agents in the beta-blocker class, and these differences may be of
clinical relevance. In addition, responses to beta-blockers are variable among patients.
Genetic plymorphism in drug-metabolizing enzymes, including cytochrome P450 2D6, has
been demonstrated to contribute to the variability of several beta-blockers. The
understanding of beta-blocker properties and their differences is thus important for their
proper clinical use.

Key words: beta-blockers — pharmacokinetics — pharmacodynamics — P450 2D6
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Uvod

Beta-blokatory zohravaji vyznamnu tlohu v liecbe kar-
diovaskularnych ochoreni. VyuZivaji sa pre svoj antiangi-
nézny, antiarytmicky a antihypertenzivny d¢inok. Casom
ziskali svoje nezastupitelné miesto i v liecbe chronického
srde¢ného zlyhavania. Ich ucinok je zaloZeny na kompeti-
tivnom antagonizme (3-adrenergnych receptorov. Nadmer-
nd aktivacia adrenergného nervového systému totiz prispi-
eva k patofyzioldgii kardiovaskularnych ochoreni.
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Vicsina ucinkov vyvolanych beta-blokatormi je cha-
rakteristickd a spolocna pre celd skupinu. AvsSak,
v rdmci skupiny moZno pozorovat urcité farmakokine-
tické a farmakodynamické rozdiely. Tieto rozdiely sd
dané rozdielnou selektivitou beta-blokatorov voci
adrenergnym receptorom, na ucinku niektorych z nich
sa podielajui i dalSie mechanizmy. Lipofilita ¢i hydrofi-
lita a rozdielna farmakokinetika maju tiez svoj podiel
na odliSnosti ucinku beta-blokatorov. Znalost tychto
rozdielov umoziuje predvidat ucinok konkrétneho
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beta-blokatora a pomaha vo vybere optimalnej latky
pre konkrétnu situdciu a pacienta.

V poslednej dobe je Casto diskutovana otdzka vply-
vu genetického polymorfizmu na d¢inok lieciv. Jednou
z oblasti Stidia genetického polymorfizmu su biotrans-
formacné enzymy superrodiny cytochromu P450 (dalej
len P450) a najviac Studovanym enzymom z tejto sku-
piny je P450 2D6. Enzym P450 2D6 zohrava vyznam-
ni ulohu v biotransformécii niektorych beta-blokéto-
rov. Rozdielna aktivita P450 2D6 vedie k odli§nostiam
vo farmakokinetike beta-blokatorov, ktoré sa mozu
prejavit rozdielnou odpovedou pacienta na dany liek.

Cielom tohto prehladového ¢lanku je podat obecné
informacie o beta-blokatoroch, o ich dc¢inku, odliSnosti-
ach v ramci jednotlivych skupin a pozriet sa na vyznam
genetického polymorfizmu P450 2D6 na ucéinok
beta-blokatorov.

Mechanizmus uc¢inku beta-blokatorov

Hlavnym mechanizmom tucinku beta-blokatorov je
kompetitivna a reverzibilnd blokdda f-adrenergnych
receptorov. Existuju 3 typy -receptorov, B, 3, a 3, recep-
tory. VicSina lieCebnych ucinkov je dand blokadou
je dany blokéadou f,-receptorov. (3 -receptory sa vysky-
tuji postsynapticky predovSetkym v srdci, dalej potom
v GIT, Tadvinach a v tukovom tkanive, p,-receptory su
umiestnené postsynapticky predovsetkym v bronchidl-
nom trakte, cievach a pankrease, taktieZ v mensej miere
i v srdci. B,-receptory su pritomné v tukovom tkanive.
Beta-blokatory sa terapeuticky vyuZzivajua hlavne pre svoj
ucéinok na kardiovaskularny systém 2.

Antianginézny ucinok

Zabranenim ucinku katecholaminov (noradrenalin
a adrenalin) na srdce, beta-blokatory zniZuju srde¢nt
frekvenciu (G¢inok negativne chronotropny) a srdecnd
kontraktilitu (d¢inok negativne inotropny), ¢o nasled-
ne vedie k zniZenej spotrebe kyslika myokardom.
Upravuju tak teda nepomer medzi potrebou a dodav-
kou kyslika, ktory sa vyskytuje u ischémie myokardu.
Zvlast vyznamné je znizenie srdecnej frekvencie
a kontraktility pri aktivacii sympatického nervového
systému (napr. pri ndmahe alebo strese), t¢inok na
frekvenciu a kontraktilitu je v klude mensi. Okrem
toho, prediZenim diastoly zniZenim srdecnej frekven-
cie dochadza k zvySeniu prekrvenia myokardu .

Antiarytmicky ucinok

Beta-blokatory znizuji mieru spontannej depolariza-
cie ektopickych pacemakerov, spomaluju prevod
v sinoatridlnom (SA) a atrioventrikularnom (AV) uzle
a predlzuju refraktornt fazu v AV uzle (d¢inok negativ-
ne dromotropny), upravujui barorecepénu senzitivitu.

Antihypertenzivny Gcinok

Na antihypertenzivnom ucinku beta-blokitorov sa
podiela niekolko mechanizmov. Patri tam zniZenie tvor-
by reninu, negativne inotropny a chronotropny ucinok.
Dlhodobé uZivanie beta-blokatorov vedie nejasnym

mechanizmom ku zniZeniu periférnej vaskularnej rezi-
stencie.

Priaznivé Gc¢inky u chronického srde¢ného
zlyhavania

Beta-blokatory zmenSuju objemové parametre a zvy-
Suju ejekénd frakciu lavej komory. MoZu pozitivne
ovplyvnit i remodelaciu komory #. Na priaznivom G¢in-
ku sa dalej podiela zniZenie napétia sympatoadrendlneho
systému, zniZenie srde¢nej frekvencie, prediZenie diasto-
lickej periddy a ucinok antiarytmicky.

Dalsie tG¢inky

Beta-blokatory inhibuji agregaciu dosticiek, stabili-
zuju ateromatdzny plat a zabratuju jeho ruptdre, niekto-
ré beta-blokatory maji antioxida¢né ucinky a zabratiuji
proliferacii hladkej svaloviny ciev.

Neziaduce ucinky beta-blokatorov

Kardiovaskularne

Blokada f3,-receptorov v srdci moze vyustit v brady-
kardiu a AV blokéadu. Blokada f3,-receptorov v cievach
mdze spdsobovat chladné koncatiny a zhorsit sympto-
my u pacienta s periférnym vaskularnym ochorenim.

Metabolické

Blokéda f,-receptorov nepriaznivo ovplyviiuje lipido-
vy metabolizmus (zvySenie koncentracie triglyceridov
a znizenie koncentracie HDL cholesterolu, mozné tiez
zvySenie LDL cholesterolu), zhorSuje gluk6zovi toleran-
ciu a moze maskovat priznaky hypoglykémie (tremor,
tachykardia atd. > 9.

Plicne

Beta-blokatory mdzu vyvolat bronchokonstrikciu
u pacientov s astma bronchiale a u pacientov s chronic-
kou obstruk¢énou bronchopulmonalnou chorobou 7.

Centralne

Castejsie sa vyskytujd pri uZivani lipofilnych beta-blo-
katorov, ide o unavu, bolest hlavy, poruchy spanku, Zivé
sny, depresiu, zavrate.

Sexualny poruchy
U niektorych pacientov moZu beta-blokatory sposobo-
vat stratu libida a erektilné dysfunkcie.

Nahle vysadenie beta-blokatorov

Mobze vyustit v rebound fenomén, k tomuto fenoménu
dochéddza upregulaciou p-receptorov pri dlhodobom uZzi-
vani beta-blokatorov.

Kontraindikacie

Medzi kontraindikacie beta-blokatorov patri hypoten-
zia, bradykardia, SA a AV blokada II. a III. stupiia, akut-
ne srdeCné zlyhanie a astma bronchiale. Chronickd
obstrukéna bronchopulmondlna choroba, periférne
vaskuldrne ochorenie, metabolicky syndrém a porusena
glukézova tolerancia patria medzi relativne kontraindi-

CESKA A SLOVENSKA FARMACIE, 2009, 58, &. 2

61



kéacie, kedy vysoko rizikovi pacienti mézu profitovat
z terapie beta-blokatormi 2.

Klasifikacia beta-blokatorov

Jednym z doleZitych rozdielov medzi beta-blokatormi
je ich selektivita voCi {3, a B,-receptorom a vazodilatacny
ucinok (tab. 1). MoZeme ich teda rozdelif na

1. neselektivne (blokuju 3,1 ,-receptory),

2. selektivne (majt vySSiu afinitu k 8, nez k f,-recep-
torom),

3. beta-blokatory s vazodilatacnym tc¢inkom.

Selektivita je vSak relativna a na davke zavisla a straca
sa pri uZiti vy$Sich davok. Selektivita k 3 -receptorom ver-
sus k f3,-receptorom Studovana na membranach ludského
tkaniva myokardu bola najvysSia u nebivololu (321x),
nasledovana bisoprololom (103x), betaxololom (93x),
metoprololom (74x) a celiprololom (69x) ¥. Pretoze
selektivne {3 -blokatory maji mensi inhibi¢ny ucinok na
B,-receptory, je u nich nizSie riziko periférej vazokon-
strikcie a bronchokonstrikcie 7 a v mensej miere zasahuja
do metabolizmu sacharidov a lipidov ?. Vazodilatatne
pdsobiace beta-blokatory, nazyvané tiez beta-blokatory
tretej generacie, boli pdvodne vyvinuté ako antihyperten-
zivne latky. Vazodilata¢ny ucinok je dany bud blokadou
adrenergnych o -receptorov (karvedilol) alebo uvolnenim
vazodilatacne pdsobiaceho oxidu dusnatého NO z endote-
lidlnych buniek (nebivolol) 7. Karvedilol sa vyznacuje
naviac antioxida¢nym ucinkom. Urcité beta-blokétory
vykazuju Ciastocni agonisticku aktivitu po naviazani na
receptor, takzvany ISA ucinok (vniitorny sympatomime-
ticky uc¢inok). Patria tam acebutolol, celiprolol a bopindo-
lol. Beta-blokatory s ISA d¢inkom spdsobuji nizsiu kardi-
alnu depresiu, menej ovplyviiuju bronchy a periférny

Tab. 2. Farmakokinetické vlastnosti beta-blokdtorov

Tab.1. Klasifikdacia beta-blokdtorov

Atenolol
Betaxolol
Bisoprolol
Esmolol
Metoprolol

Selektivné

Selektivné s ISA Acebutolol (vazodilatacny)

Celiprolol (vazodilatacny)

Metipranolol
Sotalol
Timolol

Neselektivné

Neselektivné s ISA Bopindolol

Labetalol (vazodilata¢ny)
Vazodilata¢né Karvedilol (neselektivny)
Nebivolol (8,~selektivny)

N

vaskularny systém. Maju taktieZ mensSi d¢inok na metabo-
lizmus sacharidov a lipidov. Jednou z nevyhod tejto sku-
piny je, Ze u nich chyba alebo je dokonca zniZeny benefit
70 zniZenej mortality u pacientov po infarkte myokardu ¢i
so srde¢nym zlyhanim na rozdiel od beta-blokatorov bez
ISA u¢inku V.

Farmakokinetické vlastnosti beta-blokatorov

Beta-blokatory sa vyznamne liSia vo farmakokinetic-
kych vlastnostiach, ako st absorpcia, biodostupnost,
biotransformacia, vdzba na plazmatické bielkoviny,
distribu¢ny objem, rozpustnost v tukoch, eliminacny
polocas (tab. 2).

Beta-blokator Rozpustnost Biodostupnost Vyznamna Vizba na Hlavna cesta Elimina¢ny
v tukoch (%) presystémova plazmatické eliminacie polocas
eliminacia proteiny (%) (hod.)
Acebutolol stredna 30-50 ano 10-25 pecei/ladviny 34
Atenolol nizka 50-60 nie < 5-15 ladviny 6-9
Betaxolol stredna 80 nie 50 peceinl 14-22
Bisoprolol stredna 80 nie 30 pecei/ladviny 9-12
Bopindolol vysoka 60-70 dno 60-65 peceii/ladviny f‘fﬁ’fdp;fef?;;u%
Celiprolol stredna 30 nie 25-30 Tadviny 4-5
Esmolol nizka - - 55 peceny/ladviny 0.12-0.15
Karvedilol stredna 25-35 ano 98 peceni 6-10
Metipranolol vysoka 50 ano 70 pecen/ladviny 4-6
Metoprolol vysokd 40-50 ano 10 peceii 34
Nebivolol vysokd 12 ano 98 peceinl 10
Sotalol nizka 100 nie <1 Tadviny 15
Timolol vysoka 75 nie 60 peceti 2-5
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Lipofilné beta-blokatory — (metoprolol, nebivolol,
timolol, karvedilol) si z gastro-intestindlneho traktu
rychlo a kompletne absorbované. Su extenzivne bio-
transformované pri prvom prechode ¢revom a peceiiou,
maji vysokid presystémovd elimindciu a tym u nich
dochadza k variabilnej biodostupnosi. Lahko prechad-
zaju do centrdlneho nervového systému, ¢o mdzZe pri-
spievat k vysSiemu vyskytu centrdlnych neZiaddcich
ucinkov.

Hydrofilné beta-blokatory — (atenolol, sotalol) su
z gastro-inestindlneho traktu absorbované nekompletne
a st prevazne vylicené nezmenené ladvinami. Maju
menej variabilni biodostupnost 19,

Jeden z vyznamnych enzymatickych biotransfor-
macnych systémov je cytochrom P450. Enzymy P450
vykazuju geneticky polymorfizmus, st zodpovedné za
rozdielnu biotransformacéni aktivitu nasledkom ¢oho
dochadza k zmene farmakokinetickych parametrov
latky a moZnému ovplyvneniu jej u€inku. Z hladiska
genetického polymorfizmu je najviac preStudovany
enzym P450 2D6. Z beta-blokdtorov sa P450 2D6
podiela vo vicsej ¢i mensej miere na biotransformécii
metoprololu, karvedilolu, nebivololu, timololu, beta-
xololu.

StereoSpecificita — vicsina klinicky uzivanych
beta-blokétorov sa nachadza vo forme racemickej zme-
si. Jednotlivé enantioméry sa modzu liSit vo vizbe na
albumin a glykoprotein v plazme, mdZe u nich dochad-
zat k odliSnému metabolizmu v peceni, ¢o nakoniec
mdze viest k ich odliSnym hladindm v krvi. Takisto ste-
reoselektivita sa modze podielat na odliSnom ucinku
enantiomérov na B-blokdde, kde jeden enantiomér je
ucinnejs$i nez druhy, pripadne maji oba enantioméry
tplne odli$né alinky '¥.

Klinicky ucinok beta-blokatorov

Ischemicka choroba srde¢na, akiitny infarkt
myokardu a stav po infarkte myokardu

Ucinnost beta-blokdtorov v terapii ischemickej choro-
by srdecnej je preukdzana mnohymi klinickymi $tddia-
mi. Beta-blokatory znizuju spotrebu kyslika zniZenim
srdecnej frekvencie a kontraktility. ZvySuju prekrvenie
ischemickej oblasti prediZzenim diastoly. St dcinné
v terapii stabilnej anginy pectoris, kde zvySuju toleranciu
na zataZ, zniZuju pocet zichvatov a potrebu uZivania
kratkodobych nitratov '¥. Vysledky meta-analyzy preu-
kazali 13% pokles rizika do progresie akdtneho infarktu
myokardu u pacientov s akitnym korondrnym syndré-
mom bez elevacie ST tusekov na EKG uzivajticich beta-
blokatory. Terapia beta-blokatormi je u tychto pacientov
pri nepritomnosti kontraindikacii doporuéend ' 7. Pri-
nos dlhodobého uzivania beta-blokatorov u pacientov po
infarkte myokardu s elevaciou ST-segmentu je preukaza-
na niekolkymi $tidiami a meta-analyzami. Beta-blokato-
ry znizuju kardidlnu mortalitu, ndhlu srdecnd smrt
a opidtovny vyskyt infarktu myokardu o 20-25 %.
V akitnej faze infarktu myokardu je priaznivy tc¢inok
beta-blokatorov najviac pozorovatelny v prvych dvoch
drioch lie¢by. Znizuju vyskyt komorovych arytmii,
srde¢nej zastavy a riziko vzniku ruptary '3,

Chronické srde¢né zlyhavanie

Priaznivé uCinky pozorované pri terapii chronického
srdec¢ného zlyhéavania beta-blokatormi, zda sa potvrdzuji
ulohu aktivicie adrenergného systému na srde¢nom zly-
havani a jeho $kodlivé Géinky 2*. Lie¢ba beta-blokatormi
ma za nasledok zlepSenie funkcie komory, zniZuje pocet
hospitalizicii a o nieco neskor (za 4—12 mesiacov tera-
pie) dochadza ku zvratu srde¢nej remodelécie. Tieto na
Case zavislé ucinky beta-blokatorov st spolo¢né pre celd
skupinu. ZniZena mortalita u pacientov s chronickym
srde¢nym zlyhanim bola preukdzand v dvojite slepych
multicentrickych §tididch u karvedilolu, biso-
prololu, metoprololu sukcinatu a nebivololu. Beta-bloka-
tory st doporucené vSetkym symptomatickym pacien-
tom so srdeénym zlyhanim (NYHA II-IV)
v stabilizovanom stave, ischemickej alebo neischemicke;j
etioldgie a zniZenou ejekénou frakciou, pri nepritomnos-
ti kontraindikacii * 102122,

Hypertenzia

Postavenie beta-blokatorov v ramci zakladnej skupiny
antihypertenziv sa poslednd dobu oslabuje. Zasluhu na
tom nepochybne maji i nedavno publikované rozsiahle
studie, v ktorych mali beta-blokatory nizsi i¢inok v zni-
7eni rizika cievnych mozgovych prihod % 2%, Beta-
-blokatory vsak nadalej zostavaju liekom prvej volby pri
hypertenzii sprevadzanej ischemickou chorobou srdec-
nou, srdeCnym zlyhanim, anginou pectoris, stavmi po
infarkte myokardu a u tachyarytmii. Pre dosiahnutie lep-
Sieho antihypertenzivneho uc¢inku je vyhodné ich pouZi-
tie v kombinacnej terapii . Vzhladom k ich potenciél-
nym neZziadicim metabolickym u¢inkom sa pocet ich
vhodnych indikécii znizil ?®. Na antihypertenzivnom
ucinku beta-blokéatorov sa podiela niekolko mechaniz-
mov ako je zniZenie srdecnej frekvencie, zniZenie kon-
traktility a plazmatickej hladiny reninu.

Arytmie

Beta-blokatory zniZuji sinusovy rytmus, automaciu
a spomaluji prevod AV uzlom. Su G¢inné u supraventri-
kularnych tachykardii, fibrilacii a flutteru sieni a taktiezZ
v kontrole komorovych arytmii. St d¢inné v prevencii
vzniku arytmii vedudcich k nahlej srdecnej smrti u akut-
nej a chronickej ischemickej choroby srde¢nej, u chro-
nického srde¢ného zlyhavania a u kardiomyopatii 27-2%,

Geneticky polymorfizmus P450 2D6 a jeho vztah
k beta-blokatorom

Geneticky polymorfizmus biotransformacnych enzy-
mov je jednou z pricin variability farmakokinetickych
vlastnosti lieCiv, nasledkom ktorej moze dojst k zmene
odpovede pacienta na liek. Vyznamnu tlohu v biotrans-
formécii lieiv zohrdva enzymaticky systém cytochromu
P450. U ¢loveka bolo popisanych doteraz 21 rodin enzy-
mov cytochrému P450, spomedzi nich rodiny 1, 2 a 3
tvoria 70 % celkového obsahu v pe€eni a podielaju sa
v 94 % na biotransformécii lie¢iv v pe€eni *. Z hladiska
genetického polymorfizmu je najviac preStudovanym
enzymom z rodiny cytochrému P450 enzym P450 2D6.
Napriek tomu, Ze je v peCeni kvantitativne mélo zastipe-
ny (4 %), P450 2D6 biotransformuje priblizne 25 % kli-
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nicky uZzivanych lieciv, vratane niektorych beta-blokato-
rov 39, P450 2D6 je vysoko polymorficky, doteraz bolo
objavenych viac nez 100 variantnych aliel. Sucasny pre-
hlad genetickych variant je na http://cypalleles.ki.se.
Enzymovy defekt je v populdcii prendSany autozomalne
recesivne, prejavy su preto najvyraznejSie u homozygo-
tov pre defektny gén. Na zaklade stupiia aktivity enzy-
mov cytochrému P450 mozno rozdelit populaciu do 4
skupin: pomali metabolizatori (PMs), intermedidrni
metabolizatori (IMs), extenzivni metabolizatori (EMs)
a ultrarychli metabolizatori (UMs). PMs postradaji
funk¢ény enzym, su tak vystaveni vySSiemu riziku toxici-
ty nasledkom vysokych hladin nezmetabolizovaného lie-
¢iva. IMs maju Ciastoéne zachovani metabolicku aktivi-
tu, ktora vSak nedosahuje aktivity EMs. EMs tvoria
lickou aktivitou. NajvysSiu metabolicki aktivitu vyka-
zuji UMs. V dosledku zrychleného metabolizmu mozu
vyZadovat vyssie davky lieciva, aby dosiahli terapeutic-
kého ucinku V. Zastipenie jednotlivych skupin sa med-
zi etnikami 1iSi. V eurépskej populdcii sa vyskytuje oko-
lo 6-10 % PMs a 1-7 % UMs 2.

Vplyv P450 2D6 na jednotlivé beta-blokatory

Z beta-blokatorov sa enzymom P450 2D6 biotransfor-
mujd metoprolol, karvedilol, nebivolol, timolol a betaxo-
lol. Podiel tohoto enzymu na biotransformacii jednotli-
vych beta-blokatorov je rdzne zastipeny. Najviac zavisly
na biotransformacnej aktivite P450 2D6 spomedzi beta-
blokatorov je metoprolol.

Timolol

Timolol je neselektivny beta-blokator, ktory sa u nas
pouziva v lokalnej terapii glaukomu. Uvadza sa vSak, Ze
aZ 80 % lokélne aplikovaného timololu je odvadzany cez
nazolakrimdlny kandl a je absorbovany do systémového
obehu s vyskytom celkovych tc¢inkov. Na biotransforma-
cii timololu sa podiela predovSetkym P450 2D6 (asi
z 90 %), s malym podielom P450 2C19 3%, Biotransfor-
maciou vznikajui neaktivne metabolity, ktoré si nasledne
vylicené ladvinami. V dvoch pracach (v jednej na dob-
rovolnikoch, v druhej na pacientoch s hypertenziou) bol
sledovany vzfah medzi P450 2D6 fenotypom, stanove-
nym pouzitim debrisochinu ako substratovej latky
a metabolizmom jednorazovo per oralne uZzitého timolo-
Iu. V obidvoch pracach bola potvrdend vyznamna kore-
lacia medzi biotransformacnou aktivitou P450 2D6
(P450 2D6 fenotypom) a biodegradaciou timololu. PMs
mali vyznamne vysSie hodnoty AUC a priemerné plaz-
matické koncentracie neZ EMs. Stupen 3-blokady za 24
hodin po uziti timololu (merany zatazovym testom) bol
vyznamne vy$§i u PMs nez EMs (P < 0,01) 3439, Vy-
znamny vplyv genetického polymorfizmu P450 2D6 na
farmakokinetiku a farmakodynamiku timololu bol pozo-
rovany i pri lokalnom uZziti timololu vo forme o¢nych pri-
pravkov. PMs mali vy$Sie maximélne plazmatické kon-
centracie timololu, dlh8i eliminacny poloas a vysSiu
AUC v porovnani s IMs, EMs a UMs. Medzi posledny-
mi troma metabolickymi skupinami neboli rozdiely
pozorované. Tieto rozdiely vSak zaviseli na pouZitom
pripravku, boli vyznamné pri uziti vodného roztoku

timololu, naopak neboli pozorované pri uZziti hydrogelu.
Pri uziti vodného roztoku timololu bol pozorovany trend
v odliS$nosti vzostupu srdecnej frekvencie pri zatazovom
teste medzi PMs a ostatnymi metabolickymi skupi-
nami .

Karvedilol

Karvedilol je neselektivny beta-blokator s vazodilatac-
nym ucinkom v dosledku blokddy o -receptoru. Klinic-
ky uZzivany karvedilol je racemat, za 3-blokujici t¢inok
je zodpovedny S(-)-enantiomér, na o -blokade sa podie-
Taju oba enantioméry rovnakou mierou. Per oralne poda-
ny karvedilol podlieha vyznamnej stereoselektivnej pre-
systémovej elimindcii, ktord je zavisld na
biotransformacnej aktivite P450 2D6. Enzym P450 2D6
preferencne biotransformuje R-karvedilol, ktory je zod-
povedny len za o -blokddu *"**. V prici Honda a kolek-
tiv bol sledovany polymorfizmus P450 2D6 na stereose-
lektivnu biotransforméciu karvedilolu u zdravych
dobrovolnikov po jednordzovom uziti karvedilolu. Oral-
na clearance a distribu¢ny objem obidvoch enantiomérov
boli signifikantne niZsie u jedincov majucich aspoii jed-
nu alelu so zniZenou funkciou (P450 2D6°10 alela)
v porovnani s nositelmi alely s normalnou funkciou
(P450 2D6"1 a "2 alela), vyraznejSia zmena v obidvoch
farmakokinetickych parametroch bola pozorovana
s R-karvedilolom *. Vplyv polymorfizmu P450 2D6 na
farmakokinetiku karvedilolu bol potvrdeny i v dalSej Stu-
dii, kde clearance u IM metabolizitorov bola o 39 % niz-
Sia 9. Praca Graffa a kolektiv sledovala a¢inok flouxeti-
nu (silny inhibitor aktivity P450 2D6) na
farmakokinetiku a ucinok karvedilolu u stabilnych pa-
cientov s chronickym srde¢nym zlyhanim na dlhodobe;j
terapii karvedilolom. Podanie fluoxetinu malo za nasle-
dok stereo$pecificku inhibiciu biotransformacie karvedi-
lolu, k inhibicii biotransformacie R-karvedilolu doslo vo
vicsej miere v porovnani s S-karvedilolom. VysSia kon-
centracia R-karvedilolu u jedincov so zniZenou aktivitou
enzymu P450 2D6 predpoklada vicSiu blokddu o -recep-
vané ziadne rozdiely vo vyskyte neziaddcich tucinkov,
v hodnotich krvného tlaku a srde¢nej frekvencie medzi
skupinou pacientov s a bez flouxetinu V.

Nebivolol

Nebivolol je lipofilny vysoko selektivny beta-blokator
s vazodilatacnym u¢inkom sprostredkovanym prostred-
nictvom uvolnenia vazodilatacne podsobiaceho NO
z endotelu ciev. Nebivolol je extenzivne biotransformo-
vany na aktivne metabolity. Podliecha vyznamne pre-
systémovej elimindcii prostrednictvom enzymu P450
2D6 ®. Klinicky uzivany nebivolol je racemickd zmes
D-a L-nebivololu. D-nebivolu je prisudzovany hlavny
podiel na -blokade, L-nebivololu je naopak prisudzova-
ny urcity podiel na vazodilatatnom Gc¢inku. Stidia na
hypertenzivnych pacientoch preukazala 10- a 15-ndsob-
ne vysSie priemerné trough koncentricie v ustdlenom
stave u PMs v porovnani s EMs. AvSak napriek vyraz-
nym rozdielom v plazmatickych hladinach, pokles krv-
ného tlaku a vyskyt neziaducich ucinkov sa medzi skupi-
nou PMs a EMs neliSil. Podobny uc¢inok nebivololu
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medzi metabolickymi skupinami modZe byt vysvetleny
pritomnostou aktivnych metabolitov nebivololu, ktoré sa
zdajua byt ekvipotentné *?.

Betaxolol

Betaxolol je selektivny beta-blokator. Nepodlieha
presystémovej elimindcii, ma preto pomerne vysoki
biodostupnost. Hlavna cesta vyluCovania je vSak prost-
rednictvom biodegradacie v peCeni na neaktivne meta-
bolity 134, Zda sa, ze P450 2D6 zohrava urditd dlohu
v biotransformacii betaxololu, podiela sa na tvorbe
menej zastipeného metabolitu hydroxybetaxololu *¥.
Zateyshchikov vo svojej praci sledoval vztah medzi
klinickou odpovedou betaxololu u hypertenzivnych
pacientov a polymorfizmom P450 2D6. Popisali
vyznamnu asocidciu medzi polymorfizmom P450 2D6
a ucinkom betaxololu. Pokles kludovej srde¢nej frek-
mutdciou v géne pre P450 2D6 (nositelia Ser/Pro geno-
typu). NiZsia srde¢né frekvencia a diastolicky tlak pri
zatazovom teste boli taktiezZ pozorované u tejto skupi-
ny pacientov. Pokles priemerného denného systolické-
ho tlaku pocas 24-hodinového ambulantného monito-
rovania krvného tlaku bol vyraznejs$i u pacientov
so Ser/Pro genotypom **.

Metoprolol

Metoprolol je B -selektivny lipofilny beta-blokator,
ktory podlieha v peCeni vyraznej presystémovej elimina-
cii. Biotransformuje sa 3 cestami: O-demetylaciou
s naslednou oxidaciou, oxidativnou deamindciou a alifa-
tickou hydroxylaciou. Metabolity maju 1/10 aktivity
materskej latky, ich d¢inok na B-blokade je vSak klinic-
ky nevyznamny “®. Alifatickd hydroxyldcia a scasti
O-demetyldcia prebiehaju prostrednictvom P450 2D6.
Metoprolol sa pouZiva ako substratova latka pre stano-
venie aktivity enzymu P450 2D6, tvorba metabolitu
a-hydroxymetoprololu sa totiz zda byt exkluzivne
sprostredkovana prave tymto enzymom 7. Klinicky uZi-
vany metoprolol je vo forme racemickej zmesi. Enantio-
méry maju odlidnd afinitu k (3 -receptorom, za blokadu
B ,-receptorov je zodpovedny hlavne S-metoprolol.
Odli$nosti medzi enantiomérmi sa nachadzaji i v bio-
transformécii s rychlejSou eliminiciou R-metoprololu
u EMs, ¢o ma za nasledok vys$Sie plazmatické hladiny
aktivnejSiecho S-metoprololu *¥. Medzi jednotlivymi
metabolickymi skupinami P450 2D6 moZno pozorovat
vyrazné rozdiely v hladiniach a vo farmakokinetickych
parametroch metoprololu #3%. S genotypom sa meni
i preferencia metabolizmu enantiomérov, u PMs tak
dochddza spomalenim biotransformécie k vyrovnaniu
koncentracii R- a S-metoprololu, naopak u UMs sa po-
diel aktivnejSicho S-metoprololu este zvySuje V. Zmeny
farmakokinetiky metoprololu medzi metabolickymi sku-
pinami maji dopad i na zmenu farmakodynamiky. AvSak
odli$nostou v preferencii biotransformécie S- a R-meto-
prololu u PMs a UMs v porovnani s jedincami s norméal-
nou biotransformacnou aktivitou nie st farmakodyna-
mické zmeny uplne odrazom farmakokinetickych.
U PMs v porovnani s EMs bol pozorovany vyznamne
vyraznejsi pokles ndmahou-indukovanej srde¢nej frek-

vencie, ktord je dobrym ukazovatelom (3 -blokady. PMs
mali taktiez niz8iu i kludovu srdenu frekvenciu 52759,
Vyssie plazmatické koncentracie u PMs viedli k predpo-
kladu, Ze PMs mdZu byt vystaveny vysSiemu riziku neZzi-
aducich ucinkov v porovnani s EMs. Wutke a kol. pozo-
rovali 5-ndsobne vys$Sie riziko vyskytu neZiaducich
uc¢inkov u PMs 3. Ini autori v8ak tento predpoklad nepo-
tvrdili 3637,

ZAVER

Beta-blokatory maji svoje nezastupitelné miesto
v terapii kardiovaskularnych ochoreni. Mnohé tucinky
beta-blokatorov st podloZené Studiami, v ktorych boli
preukazané priaznivé ucinky v oplyvneni mortality pa-
cientov. Aj ked zakladny mechanizmus tc¢inku je spoloc-
ny pre celd skupinu, moZno pri ich podrobnejSom
preskimani ndjst vyrazné rozdiely medzi jednotlivymi
zastupcami. Jednak su to rozdiely v zakladnych farma-
kokinetickych vlastnostiach beta-blokétorov, tak i rozdi-
ely vo farmakodynamickych vlastnostiach, ktoré maji
rozhodujuci vplyv na vysledny G¢inok danej latky. Poz-
nanie vlastnosti danej latky je nevyhnutné pre spravnu
volbu spravneho beta-blokatora pre konkrétneho pacien-
ta. Trendom poslednych rokov je individualizicia terapie
pre kazdého pacienta. Jednym z néstrojov je skimanie
pri¢in velkej variability terapie medzi pacientmi, na kto-
rych sa vyznamne podielaji zmeny v aktivite biotrans-
formacénych enzymov dané bud genetickymi ¢i negene-
tickymi vplyvmi. Mnohé beta-blokatory podliehaju
vyznamnej biotransformacii v peceni a ako mozno badat
z ¢lanku mo6Ze zmena biotransformacnej aktivity urcité-
ho enzymu vyrazne ovplyvilovat hladiny a vylu¢ovanie
beta-blokétora, a tym vyvolat i zmeny v samotnom uc¢in-
ku daného lieciva.
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Stanoveni metoprololu a jeho metabolitu
a-hydroxymetoprololu v séru metodou
HPLC s fluorescencni detekci

PERINOVA 1., DURICOVA J., BROZMANOVA H., KACIROVA I., GRUNDMANN M.
Ostravskd univerzita Ostrava, Ustav klinické farmakologie FN a Zdravotné-socialni fakulty

Doslo 25. srpna 2008 / Prijato 10. fijna 2008

SOUHRN

Stanoveni metoprololu a jeho metabolitu a-hydroxymetoprololu v séru metodou HPLC
s fluorescenc¢ni detekcei

V préci je popsdna metoda vysokoucinné kapalinové chromatografie, kterd byla zavedena pro tce-
ly fenotypizace enzymu CYP2D6 metoprololem jako substratovou latkou. Metoprolol, a-hydrox-
metoprolol a nadolol (vnitini standard) byly extrahoviny ze séra dichlormethanem s piidavkem
1 mol/l NaOH. Litky byly separovany na koloné s reverzni fazi Supercosil™ LC-18 (15 cm x 3 mm,
5 wm) mobilni fazi o sloZeni acetonitril : methanol : voda : triethylamin (15 : 5 : 80 : 0,1; pH 3,0)
pfi pratoku 0,7 ml/min. Fluorescencni detekce (FL) probihala pfi vinové délce 230 nm (excitacni)
a 300 nm (emisni). Celkové doba analyzy byla 12 min. Reten¢ni Casy byly pro a-hydroxymetopro-
lol (h-MET) 2,04 minut, pro nadolol (IS) 3,02 minut a pro metoprolol (MET) 9,04 minut. Pfesnos-
ti v sérii a mezi sériemi vyjadrené jako relativni smérodatné odchylky byly niZs§i nez 7,2 % a reco-
very se pohybovalo v rozmezi 98,2-103,0 %. Kalibra¢ni kfivka byla linedrni v rozmezi
25-500 ng/ml (r = 0,999) pro ob¢ latky. Detekéni limit byl stanoven pro metoprolol a a-hydroxy-
metoprolol na 5 ng/ml a kvantifika¢ni limit na 25 ng/ml. Prezentovana metoda miZe byt vhodna pro
analyzu metoprololu a a-hydroxymetoprololu v séru u pacientd s hypertenzi, ICHS i jinych one-
mocnéni.

Klicova slova: fenotypizace CYP2D6 — metoprolol — a-hydroxymetoprolol — HPLC-FL

Ces. slov. Farm., 2008; 57, 254-259

SUMMARY

Determination of metoprolol and its metabolite a-hydroxymetoprolol in serum by HPLC
method with fluorescence detection

High-performance liquid chromatography method has been developed with a view of its future use
in the phenotyping of CYP2D6 enzyme by metoprolol as a probe drug. Metoprolol,
a-hydroxymetoprolol and the internal standard nadolol were extracted from serum with
dichloromethane alkalinized with 1 mol/l NaOH. Chromatographic separations were performed on
the reversed-phase column Supercosil™ LC-18 (15 cm x 3 mm, 5 um) with the mobile phase
containing acetonitril:methanol:water:triethylamine (15 : 5 : 80 : 0.1, pH 3.0) at a flow rate of
0.7 ml/min. Fluorescence detection (FL) was made at 230 nm (excitation) and 300 nm (emission).
The total analysis time was 12 min. The retention time for a-hydroxymetoprolol, nadolol and
metoprolol were 2.04, 3.02 and 9.04 min, respectively. The intra-assay and inter-assay precisions
(coefficients of variation) were less than 7.2 %, and recovery values were found to be within
98.2-103.0 %. The calibration curve of the method was linear over a concentration range of
25-500 ng/ml (r = 0.999) for both compounds. The limit of detection was 5 ng/ml and the limit of
quantification was 25 ng/ml for both metoprolol and a-hydroxymetoprolol. The reported method
could be suitable for measurements of metoprolol and a-hydroxymetoprolol in serum from patients
with hypertension, IHD and other illnesses.

Key words: phenotyping CYP2D6 — metoprolol — a-hydroxymetoprolol — HPLC-FL

Ces. slov. Farm., 2008; 57, 254-259 Md

Adresa pro korespondenci:

Mgr. Ilona Pefinové, Ph.D.

Ustav klinické farmakologie FN a Zdravotné socidlni fakulta OU
17. listopadu 1790, 708 52 Ostrava — Poruba

e-mail: ilona.perinova@fno.cz

254 CESKA A SLOVENSKA FARMACIE, 2008, 57, &. 6



Uvod

Metoprolol, (2RS)-3-(isopropylamino)- 1-[4-(2-metho-
xyethyl)fenoxy]propan-2-ol (obr. 1), je lipofilni f, —
selektivni antagonista adrenergnich receptorti pouZivany

v 1é¢bé kardiovaskularnich i nekardiovaskularnich one-
mocnéni.

HC CHs

Obr. 1. Chemicky vzorec metoprololu

LY

Metoprolol 8

Ve

aH
0\/]\(0 oH «
\of\/@/ o
Metoprolol, Acid Metabolite 1
(inactive)

Obr. 2. Hlavni cesty metabolismu metoprololu ¥

Je extenzivné metabolizovan v jatrech na nékolik
metabolitl, které postradaji klinicky vyznamny -blokuji-
ci ucinek V. Hlavnimi metabolickymi cestami jsou
O-dealkylace (65 %), deaminace (10 %) a alifatickd hyd-
roxylace (10 %) ? (obr. 2).

Tvorba metabolitu a-hydroxymetoprololu je exkluziv-
né zprostiedkovana cytochromem P450 2D6 (CYP2D6).
CYP2D6, metabolizujici pfiblizné 25 % vsech uzivanych
1éCiv, je znamy vysokou interindividualni variabilitou.
Tato variabilita je ddna zejména faktory genetickymi,
pridruZenymi nemocemi a v mensi mife i faktory zevni-
ho prostiedi. Metoprolol, spolu s dal§imi latkami, se vyu-
ziva jako specificky substrat pro stanoveni aktualni akti-
vity CYP2D6 enzymu (fenotypizace). Metabolicky
pomér o-hydroxymetoprolol/metoprolol urci pfislusny
fenotyp jedince .

Bylo popsano nékolik metod na stanoveni metopro-
lolu spolecné s jeho metabolitem o-hydroxymetopro-
lolem. Jedna se pfedev§im o metody kapalinové chro-
matografie s UV detekci > ® nebo FL detekci ! pfi
riznych vlnovych délkach. Latky byly extrahovany
z biologického materidlu (plazmy, séra nebo moci)
pomoci extrakce na pevné fazi '~ nebo extrakce kapa-
linou (diethyletherem, dichlormethanem, chlorofor-
mem, ethylethanoldtem nebo kombinaci) pti alkalic-
kém pH 3 1% Jako vnitini standard byl pouZit
pindolol !9 phenacetin ¥, alprenolol & ¥, guanoxan
” nebo dextromethorfan - '¥. Mobilni fazi tvofila smés

voda acetonitril > & 10 1L 131617 yoda
acetonitril:methanol 7 nebo voda : acetonitril:tetra-
hydrofuran % '9. Analyza probihala na kolonach
s reverzni fazi 371011131617 ' na kyano-koloné ® nebo
na phenyl-koloné '> %19 Doba analyzy se pohybova-
la ve vétSiné praci od 20 do 35 minut, méné pak do 15
min > 319 Jen vyjimeéné se metoprolol a a-hydroxy-
metoprolol stanovuje pomoci kapalinové chromato-
grafie s hmotnostni detekci '® nebo plynové chroma-
tografie s hmotnostni detekci 29,

Cilem price bylo zavést, optimalizovat a validovat
HPLC metodu na stanoveni metoprololu a a-hydroxy-
metoprololu pro ucely fenotypizace enzymu CYP2D6
metoprololem jako substratovou latkou. Pozadavkem
byla rychld a selektivni metoda s jednokrokovou extrak-
ci malého mnoZstvi séra, vhodnd pro rutinni analyzu
pacientskych vzorkd.

Y

O-demethylmetoprolol

oH
°\/l\/n\|/ l
-hydroxymetoprolol i/@/O\)\/n\(

HO
Metoprolol, Acid Metabolite 2
(inactive)

POKUSNA CAST

Chemikdlie a roztoky

Substance metoprololu (metoprolol tartarat) a nadololu
byly ziskany od firmy Sigma, o-hydroxymetoprolol byl zis-
kéan od firmy Astra Zeneca. Dichlormethan (LiChrosolv®,
pro kapalinovou chromatografii), acetonitril a methanol
(LiChrosolv®, gradient grade for liquid chromatography)
byly zakoupeny od firmy Merck, voda (Chromasolv® Plus
HPLC) a triethylamin (TEA — triethylamine, 99%) od firmy
Sigma-Aldrich. 1 mol/l NaOH (Sodium hydroxide Solution
for HPCE) byl ziskan od firmy Fluka.

Pristrojové vybaveni a chromatografické podminky

HPLC zafizeni firmy Spectra Physics Analytical se
skladalo z cerpadla (Spectra SYSTEM P1500), smycky
pro manuélni nastfik a fluorescen¢niho detektoru (Spect-
ra SYSTEM FL 2000). Byla pouzita kolona firmy Supel-
co, Supercosil™ LC-18 (15 cm x 3 mm, 5 um). Mobilni
fazi tvofila smés acetonitril : methanol : voda : TEA
(15 : 5 : 80 : 0,1; pH 3,0), pritok mobilni fize byl
0,7 ml/min. Fluorescen¢ni detektor byl nastaven na 230
nm (excitacni) a 300 nm (emisni) vlnové délky. Celkova
délka analyzy byla 12 min.
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Priprava roztokii pro kalibraci a validaci

Zasobni roztoky metoprololu (MET), a-hydroxy-
metoprololu (hMET) a nadololu (vnitini standard —
IS) byly pfipraveny v koncentracich 100 ug/l. Redg-
nim zasobnich roztoki methanolem byly pfipraveny
pracovni roztoky vSech tfi latek o koncentraci
1000 ng/ml. Standardni a kontrolni roztoky metopro-
lolu a a-hydroxymetoprololu byly pfipraveny fedénim
jednotlivych pracovnich roztokti na koncentrace 25,
50, 100, 250, 500 ng/ml a 40, 200, 400 ng/ml, resp.
Roztok nadololu byl pouZzit o koncentraci 1000 ng/ml.
Vsechny roztoky byly uchovavany pii -20 °C v mraz-
nicce.

Priprava vzorkii pro analyzu

Vzorky pro kalibraci a validaci

Standardni a kontrolni vorky se pfipravily odparenim
100 ul jednotlivych standardnich, resp. kontrolnich roz-
tokti a 50 ul vnitiniho standardu. Extrakce probihala stej-
n¢ jako u nezndmych vzorka.

Neznamé vzorky

K 50 ul odpafeného vnitfnitho standardu se pridalo
200 wl neznamého séra (nulového séra v pfipadé stan-
dardnich a kontrolnich vzorka), 50 ul 1 mol/l NaOH
a 1,5 ml dichlormethanu. Vzorky se 1 min extrahovaly.
Po 10 min centrifugaci pti 3800 ot./min se odsala horni
vrstva a spodni dichlormethanové vrstva se pfenesla do
¢isté zkumavky a nechala se odpafit pod dusikem. Odpa-

Tab. 1. Optimalizace chromatografickych podminek

rek se rozpustil ve 20 ul methanolu a 50 ul HPLC vody,
20 ul se injikovalo na kolonu.

Validace metody

Piesnost a spravnost

Béhem 3 dnll byly proméfeny standardni vzorky v 5
koncentracnich hladinach (25, 50, 100, 250, 500 ng/ml,
n = 6 pro kazdou koncentra¢ni hladinu) a kontrolni vzor-
ky ve 3 koncentracnich hladinach (40, 200, 400 ng/ml,
n = 6 pro kazdou koncentra¢ni hladinu). Vzorky byly ana-
lyzovany kompletnim postupem a odecteny z kalibracni
krivky pfipravené v den analyzy. Pfesnost byla vyjadiena
jako relativni smérodatnd odchylka (RSD) pro analyzu
v sérii (intra-assay) a analyzu mezi sériemi (inter-assay).
Spréavnost byla vyjadiena jako recovery (R).

Linearita

Proméfenim ndhodné vybranych vzorkidl (vzorky
pred podanim, 1, 2, 3 a 4 hodiny po podéni) pacienti,
kterym byl podavan metoprolol v riznych davkach
v ramci antihypertenzni terapie, se ziskala predstava
o koncentraénim rozmezi metoprololu a a-hydroxy-
metoprololu. Ze zdkladniho standardniho roztoku
blizkého horni hranici pracovniho rozsahu se natedé-
nim pfipravilo 5 standardnich roztoka s klesajici kon-
centraci analytu tak, aby doSlo k pokryti celého pra-
covniho rozsahu meéfeni — 25, 50, 100, 250
a 500 ng/ml pro metoprolol i a-hydroxymetoprolol.
Kalibraéni kiivka byla zkonstruovéana na zdkladé ana-
lyzy nejmensich ¢tverct jako pomér plochy pika jed-

Kombinace kolona mobilni faze pritok (ml/min) vlnova délka (nm)
1 SGX C18* ACN : methanol : voda : TEA 0,12 UV (220)**
15:15:70:0,05; pH 3,0
2 SGX C18 ACN : methanol : voda : TEA 0,12 FL (230/300)
9:1:90:0,1; pH 3,0
3 SGX C18 ACN : methanol : voda : TEA 0,12 FL (230/300)
5:15:80:0,08; pH 3,0
4 SGX C18 ACN : methanol : voda : TEA 0,12 FL (230/300)
15:5:80:0,05; pH 4,6
5 SGX C18 ACN : methanol : voda : TEA 0,12 FL (230/300)
15:15:70:0,01; pH 3,0
6 SGX C18 ACN : methanol : voda : TEA 0,05 FL (230/300)
30:10:60:0,04; pH 3,4
7 LC 18 ACN : methanol : voda : TEA 0,07 FL (230/300)
30:10:60:0,04; pH3,4
8 LC 18 ACN : methanol : voda : TEA 0,07 FL (230/300)
15:5:80:0,1; pH 3,0

*kolona SGX C18 (15 cm X 1 mm, 5 um) firmy Tessek
**detektor Spectra Series UV 100 firmy Thermo Separation Product
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notlivych latek k ploSe piku vnitfniho standardu
v zavislosti na koncentraci.

Detekéni limit (LOD) a kvantifikaéni limit (LOQ)
LOD (nejnizs8i detekovatelnd koncentrace latky)

a LOQ (nejnizsi koncentrace latky ve vzorku, stanovitel-

nd s pfijatelnou presnosti a spravnosti za uvedenych pod-

minek metody) byly stanoveny na zakladé poméru sig-

Tab. 2. Pfesnost a spravnost metody

nalu k Sumu (S/N). Pro LOD byl pomér S/N stanoven na
3:1aproLOQna 10: 1.

Selektivita

Byla testovana schopnost méfit spravné a specificky
stanovovanou latku v pfitomnosti jinych latek, které
mohou byt oekavany ve vzorku. Analyzoval se vzorek
séra o tzv. nulové koncentraci (krev neléCeného dérce

Latka teoreticka namérena presnost presnost spravnost
koncentrace koncentrace (intra-assay) (inter-assay)
(Og/) (Ug/l = SD) RSD (%) RSD (%) R (%)
MET 25 24,8 0,8 33 99,2
50 49,1 +2,1 4,2 98,2
100 99,9 +5,3 5.4 99,9
250 251,7+3.8 1.5 100,7
500 504,7+7,0 1.4 100,9
40 38715 4,0 96,9
200 202,7 £ 4,1 2,0 101,4
400 403,3 + 19,3 4.8 100,8
S-hMET 25 25,4 +0,8 3,1 101,8
50 50,9 +3,7 72 101,8
100 103,0 £ 6,3 6,1 103,0
250 2529 £ 6,5 2,6 101,1
500 4944+ 11,2 2,3 98,9
40 395+ 1,4 3,6 98,8
200 202,0 7,0 35 101,0
400 3973 £12,2 3,1 99,3
sl testovand na pfitomnost HIV a HBsAg) a béhem 2 mési-
" ci bylo stanoveno 98 vzorkd séra pacientdi lé¢enych
gz.s metoprololem pfi antihypertenzni terapii.
& 20
= Robustnost
w15 . 1w . 2o opz x
3 Sledovalo se jak vybér staciondrni fize a zména ve
g slozeni mobilni faze ovlivni analyzu metoprololu
& sl a a-hydroxymetoprololu. Vybrané podminky jsou shrnu-
- ty v tabulce 1.
0 100 200 300 400 500 {1
Amount

Obr. 3. Kalibracni krivka metoprololu

n

Response / ISTD Response
o I
> o

=
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500 ng)

Obr. 4. Kalibraéni kifivka S-hydroxymetoprololu

VYSLEDKY

Byla zavedena, optimalizovana a validovdna, HPLC
metoda na stanoveni metoprololu a a-hydroxymetoprololu
v séru. Na zakladé predbéznych studii uvedenych v tabul-
ce 1 byl vybran jako nejvhodnéjsi postup ¢. 8, HPLC meto-
da s fluorescen¢ni detekci (230 nm excitaéni a 300 nm
emisni vlnové délky), s reverzni stacionarni fazi LC 18
(15 cm x 3 mm, 5 wm) a ternarni mobilni fazi acetonitril :
methanol : voda : TEA (15:5:80: 0,1; pH 3,0). Pritok
mobilni faze byl 0,7 ml/min. PouZitim mobilni faze s vét-
Sim obsahem vodné slozky (vyZadovalo vétSi pridavek
TEA) se ve srovnani s organi¢téjsi fazi mirn€ zhorsila cit-
livost, ale vyrazné se zvysila selektivita metody. Jako vniti-
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Obr. 7. Chromatogram pacientského vzorku — koncentrace
metoprololu (m) 84,8 ng/ml a koncentrace a-hydroxymetopro-
lolu (h-m) 162,7 ng/ml

ni standard byl nejdfive testovan pindolol. Vzhledem
k jeho nizké detekovatelnosti pfi pouZité vinové délce byl
pro konec¢nou analyzu vybran nadolol. Optimalizovan byl
také extrakeni postup pro precisténi vzorkt séra. Pro danou
metodu byla vybrana jako nejvhodnéjsi extrakce dichlor-
methanem (1,5 ml) s pfidavkem 50 ul 1 mol/l NaOH. Pri
analyze se vychézelo z malého mnoZstvi séra (200 ul), coz
je vhodné pro rutinni méfeni pacientskych vzorki.
Kalibra¢ni kiivka pro metoprolol a jeho metabolit
a-hydroxymetoprolol byla linearni v rozmezi
25-500 ng/ml s korelacnim koeficientem 0,999 pro obé
latky (obr. 3 a 4). Na obrazku 5 je ukdzan chromatogra-

ficky zdznam extrahovaného standardniho vzorku meto-
prololu a a-hydroxymetoprololu o koncentraci
100 ng/ml. Retencni Casy byly pro a-hydroxymetoprolol
(h-MET) 2,04 minut, pro nadolol (IS) 3,02 minut a pro
metoprolol (MET) 9,04 minut. Detekéni limit (LOD —
S/N =3 : 1) byl stanoven pro metoprolol i a-hydroxy-
metoprolol 5 ng/ml a kvantifika¢ni limit (LOQ — S/N =
10 : 1) 25 ng/ml. LOQ byl potvrzen analyzou 6 vzorki
této koncentrace s dostateCnou presnosti a spravnosti —
RSD pro MET byla 3,3 % a pro h-MET 3,1 %, R pro
MET bylo 99,2 % a pro h-MET 101,8 %. Presnost
a spravnost metody je shrnuta v tabulce 2. Relativni smé-
rodatné odchylky metoprololu a a-hydroxymetoprololu
pro analyzu v sérii byly < 5,4 % (MET) a 7,2 % (h-MET)
a pro analyzu mezi sériemi < 4,8 % (MET) a 3,6 % (h-
MET). Recovery metoprololu bylo v rozmezi 98,2-100,9
% a o-hydroxymetoprololu v rozmezi 98,8-103,0 %.
Tyto hodnoty jsou pfijatelné podle platnych kritérii pro
validaéni parametry chromatografickych metod 22, Pfi
analyze vzorku séra o nulové koncentraci nebyly naleze-
ny zadné interferujici latky (obr. 6). Interference nena-
stava ani s léky, které jsou bézné podavany pacientim
s hypertenzi (obr. 7).

DISKUZE

Uvedena HPLC metoda s fluorescencni detekci je
presnd, spravna a selektivni metoda, vhodna pro stano-
veni metoprololu a a-hydroxymetoprololu v séru.
Metoda vyzaduje minimélni mnoZstvi séra a jednodu-
chou dpravu vzorki. Celkova doba analyzy je pouze 12
minut, coZ je vhodné pro rutinni pouZivini. Na rozdil
od vétSiny citovanych praci, které pouZivaji dvousloz-
kovou mobilni fazi acetonitril-voda, byla v praci pou-
Zita ternarni mobilni fize. Pfidavek methanolu do
mobilni faze zlepsil symetrii pikd a prodlouzil Zivot-
nost kolony. Jako vnitini standard byl nové pouZzit B-
blokétor nadolol, coz je latka podobné chemické struk-
tury jako metoprolol a blizké polarity jako
a-hydroxymetoprolol. V Ceské republice neni nadolol
k farmakoterapii pouZivan. Nadolol byl dokonale
oddé€len od obou slozek, vykazoval dobrou fluores-
cencni intenzitu pifi pouZité vlnové délce a extrahova-
telnost pti zvoleném postupu.

Metoda byla vyvinuta pro méteni jak vzorki s nizsi-
mi koncentracemi (pfed podanim léku) tak vzorkl
s vyS§imi koncentracemi (po podani 1éku), takze by
mohla byt vhodna pro terapeutické monitorovani meto-
prololu (TDM) a miZe byt pouZita pro testovani feno-
typu enzymu CYP2D6 v séru pacientl, ktefi metopro-
lol uzivaji.

PfedbéZné se zavedend metoda testovala také pro
stanoveni metoprololu a o-hydroxymetoprololu
v moci. Jednalo se o vzorky ranni moce pacientl
s hypertenzi. Prvni vysledky ukazuji, Ze po natfedéni
vzorkll moce a precisténi uvedenou extrakéni procedu-
rou bude metoda vyuzitelnd i pro stanoveni fenotypu
CYP2D6 v moci.
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SUMMARY

Comparison of metoprolol/o-hydroxymetoprolol metabolic ratio after a single dose and in
steady state

Metoprolol/a-hydroxymetoprolol metabolic ratio (MR) 3 hours after a single metoprolol dose
is used for cytochrome P450 2D6 phenotyping. The aim was to compare cytochrome P450 2D6
metabolic activity after the first metoprolol dose and in steady state. Thirteen adult
hypertensive patients (7 females) in whom an introduction of the beta-blocker metoprolol was
indicated were included. Age (mean + SD) was 42.8 + 12.9 years, weight (mean = SD) was 94.0
+ 25.4 kg. Metoprolol dose was chosen based on clinical grounds on the day of metoprolol first
ingestion. Blood samples were drawn after the first dose and at least 2 weeks since metoprolol
introduction to ensure steady state. The patients were phenotyped as extensive metabolizers in
both periods, after metoprolol first ingestion and in steady state. We observed a significant
correlation (r; = 0.8418, P = 0.0003) between the metoprolol/a-hydroxymetoprolol MRs. All
the patients were phenotyped as extensive metabolizers in both periods, despite statistically
significant differences between the median MRs (0.59 versus 0.81, P = 0.0266). The
differences were not of such an extent so as to assign subjects to different phenotypic groups.
Metoprolol/a-hydroxymetoprolol MR in steady state is an appropriate alternative to
metoprolol/o-hydroxymetoprolol MR after a single dose.

Key words: cytochrome P450 2D6 — phenotype — probe drug — metoprolol
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SUHRN

Porovnanie metabolického pomeru metoprolol/S-hydroxymetoprolol po jednorizovom
a opakovanom uziti

Metabolicky pomer (MR) metoprololu/a-hydroxymetoprololu za 3 hod po uZiti jednorazovej
davky metoprololu sa pouZiva na stanovenie fenotypu enzymu cytochrému P450 2D6.
Cielom tejto prace bolo porovnat metabolicku aktivitu cytochromu P450 2D6 po prvom
a opakovanom uZiti metoprololu. Do tejto prace bolo zahrnutych 13 pacientov s hypertenziou
(7 zien), u ktorych bolo pldnované nasadenie beta-blokatora metoprololu. Vek (priemer +
SD) bol 42,8 + 12,9 rokov, telesnd hmotnost (priemer = SD) bola 94,0 + 25,4 kg. Davka
metoprololu bola u kazdého pacienta zvolend na zdklade klinického stavu pacienta v den
uzitia prvej tablety. Krvné odbery boli urobené po uZziti prvej davky metoprololu a najmenej
2 tyzdne od nasadenia metoprololu k zaruceniu ustdleného stavu (opakované uZivanie). Na
zéklade hodndt MR boli vSetci pacienti po jednordzovom i opakovanom uZiti zaradeni do tej
istej fenotypovej skupiny. Pozorovali sme tesnd koreldciu medzi MR po jednorizovom
a opakovanom uZziti metoprololu (r, = 0,8418, P = 0,0003). VSetci pacienti boli v oboch
odberoch zaradeni do rovnakej fenotypovej skupiny, extenzivny metabolizator i napriek
signifikantnému rozdielu medzi MR metoprololu/o-hydroxymetoprololu po jednordzovom
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a opakovanom uziti (medidn 0,59 vs. 0,81, P = 0,0266), Vyuzitie MR metopro-
lolu/o-hydroxymetoprololu u pacientov na dlhodobej terapii metoprololom je vhodné pre
stanovenie fenotypu enzymu cytochromu P450 2D6.

Klicové slova cytochrém P450 2D6 — fenotyp — substratova latka — metoprolol

Ces. slov. Farm., 2010; 59, 222-226
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Introduction

The human cytochrome P450 2D6 (P450 2D6) is
involved in the oxidative metabolism of about 25 % of all
commonly prescribed drugs V. The enzyme is
characterized by a high range of interindividual
variability 2. It is highly polymorphic with more than 100
variant alleles described so far . However, beside the
genetic polymorphism environmental factors may also
play important role in metabolic activity ¥. Individual
P450 2D6 activity can be affected by gender ¥, liver
diseases ©, pregnancy ” and nutritional habits ¥.
Administration or discontinuation of an enzyme inhibitor
can significantly change the metabolic activity;
a phenotypic shift may even occur *'V. Thus, the ability
to measure the activity of P450 2D6 enzyme is of high
significance. Genotyping alone is not sufficient to
accurately predict an individual’s actual P450 2D6
activity, phenotyping on the other hand can determine the
exact enzymatic activity as it also reflects non-genetic
factors. Phenotyping is usually based on single
administration of a probe drug, a compound that is
predominately or exclusively metabolized by the enzyme.
The resulting metabolic activity is determined from the
metabolic ratio MR (maternal compound/metabolite)
in urine or in blood '?. Bimodal or trimodal distributions
of the MR are typically seen in European populations
with the poor metabolizer phenotype representing
a separate subgroup, which can be clearly defined by an
antimode '». Metoprolol serves as one of the probe drugs
with 70-80% of its metabolism mediated by P450 2D6,
of which o-hydroxylation is exclusively mediated by
P450 2D6 9. The metabolic ratio of metoprolol over its
metabolite o.-hydroxymetoprolol in plasma 3 hours after
a single metoprolol administration has been validated
under standard conditions for the measurement of
enzyme activity of P450 2D6 in vivo '. A single dose of
metoprolol is usually used for P450 2D6 phenotyping.
Use of metoprolol MR in patients routinely treated with
metoprolol would eliminate the need for administration
of an additional probe drug. The fraction of metoprolol
dose available systematically may increase during long-
term treatment with metoprolol '¢. P450 2D6 has a high
affinity and a low capacity and P450 2D6 dependant
metabolism could saturate during chronic exposure
leading to a reduction of metabolic capacity . To our
knowledge, no direct comparison of metopro-
lol/o-hydroxymetoprolol MR after a single dose and in
steady state has been performed. The aim of the present
study was to compare P450 2D6 metabolic activity using
metoprolol as a probe drug in patients after first
metoprolol dose and in metoprolol steady state.

MATERIALS AND METHODS

Thirteen adult patients (7 females) attending
outpatient clinic for hypertension treatment at the
Department of Clinical Pharmacology, University
Hospital Ostrava, were included. Age (mean + SD) was
42.8 = 12.9 years, body weight (mean + SD) was 94.0
+ 25.4 kg. In all of these patients, an introduction of the
beta-blocker metoprolol to their therapy was indicated
due to non-satisfactory treated hypertension. Two of the
patients had already been on the beta-blocker atenolol,
however with persisting higher pulse, thus a shift to
metoprolol was indicated. At the time of admission, one
patient had been treated with 6 antihypertensive drugs,
three of the patients had been treated with 5 anti-
hypertensive agents, one patient had 3 antihypertensive
drugs, three patients had been on 2 antihypertensive
drugs and three patients on antihypertensive mono-
therapy, two patients had been without previous
antihypertensive medication. To optimize the
metoprolol therapy, therapeutic drug monitoring
(TDM) of metoprolol was recommended as well as
P450 2D6 phenotyping.

The patients were invited to our department on the day
of their first ingestion of metoprolol. They were instructed
to take other “morning” medications (if they were on poly-
therapy) at home on the study day. The dose of metoprolol
was chosen based on clinical grounds (7 patients were
prescribed 200 mg of metoprolol, 5 patients were given
100 mg of metoprolol and one patient was given 50 mg of
metoprolol). Blood samples (4.5 ml each) were drawn into
a neutral tube at 1, 3 and 4 hours after metoprolol intake.
Baseline data including renal function test (serum
creatinine, urea) and liver function test (ALT, AST, y-GT)
were obtained on the study day or were recorded if they
were not older than 3 months. The patients further
continued in the prescribed therapy with metoprolol.
Blood samples in metoprolol steady state were drawn on
the next check-up, at least 2 weeks since metoprolol
introduction to ensure metoprolol steady state. The
scheme of blood collections was the same as at first
metoprolol ingestion including blood sample before
metoprolol intake. Patients’ medical history was recorded
and screened for the presence of the P450 2D6 inhibitor.
In 5 patients a change in medication was reported between
the two periods of blood collections. In most cases a new
antihypertensive agent was added (doxazosin, rilmenidine,
telmisartan, trandolapril and hydrochlorothiazide), further
sibutramin, allopurinol and tamsulosin were also
prescribed in one case.
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Assay of metoprolol and o-hydroxymetoprolol

Serum concentrations of metoprolol and o-hydroxy-
metoprolol were measured by means of high-
performance liquid chromatography (HPLC) with
fluorescence detection at 230-300 nm, as described
previously '®.

Data and statistical analysis

Data are expressed as median and range. The P450
2D6 phenotype was determined using serum
metoprolol/o-hydroxymetoprolol MR 3 hours post-
dose. The antimode value distinguishing between
extensive metabolizers and poor metabolizers was set at
MR = 10.5, in agreement with the literature . Values
are given as median and range. Spearman’s rank
correlation test was used for evaluating the relationship
between MR after the first metoprolol dose and in
steady state. To assess the differences between MR after
the first metoprolol dose and in steady state,
the Wilcoxon matched-pairs test was applied. A value of
P < 0.05 was considered statistically significant.
Statistical analysis was performed using GraphPad

Prism for Windows version 5.0 (GraphPad Prism
Software, Inc).

RESULTS

Results are summarized in Table 1. All the patients
continued with the same metoprolol dose after
introduction of metoprolol to their therapy. When we
examined changes in patients’ medication between the
two sampling periods, we did not find any drug
interfering with P450 2D6 enzyme. Therefore no effect
of these drugs on P450 2D6 metabolic activity between
the two periods is likely to occur. We observed
a significant correlation (r, = 0.8418, P = 0.0003)
between the MR 3 hours after a metoprolol single dose
and during repeated treatment (Fig. 1). The patients were
phenotyped as extensive metabolizers in both periods,
after metoprolol first ingestion and in steady state,
despite statistically significant differences between the
median metoprolol/o-hydroxymetoprolol MR 3 hours
after the first metoprolol dose and in steady state (0.59

Table 1. Serum concentrations of metoprolol and o-hydroxymetoprolol at 3 hours post-dose, metoprolol /o-hydroxymetoprolol

MR at 3 hours post-dose after the first dose and in steady state

Patient Daily dose Metoprolol 0o-OH-Met MR, Metoprolol 0o-OH-Met MR MRy - MR,
(mg) CF (ng/ml) CF (ng/ml) CSs (ng/ml) CSS (ng/ml)
1 200 43.7 210.6 0.21 131.5 323.0 0.41 0.20
2 200 47.7 93.1 0.51 95.2 52.8 1.80 1.29
3 100 60.2 80.6 0.75 78.3 117.5 0.67 -0.08
4 200 185.7 40.1 4.63 272.1 65.2 4.17 -0.46
5 100 532 31.6 1.68 95.7 46.2 2.07 0.39
6 100 32.1 422 0.76 46.6 48.1 0.97 0.21
7 200 62.2 91.8 0.68 103.2 102.2 1.01 0.33
8 100 24.2 81.9 0.30 30.4 94.7 0.32 0.02
9 200 53.9 91.0 0.59 101.5 150.0 0.68 0.09
10 50 32 11.4 0.28 10.1 27.9 0.36 0.08
11 200 33.6 78.1 0.43 100.4 124.1 0.81 0.38
12 100 30.3 10.1 3.00 64.0 19.6 3.27 0.27
13 200 30.0 106.9 0.28 58.5 135.1 0.43 0.15
median 200 43.7 80.6 0.59 95.2 94.7 0.81 0.20
range (50-200) (3.2-185.7)  (10.1-210.6)  (0.21-4.63)  (10.1-272.1) (19.6-323.0) (0.32-4.17)  (-0.46-1.29)

MR, - MR after first dose, 0-OH-Met — -hydroxymetoprolol, MR — MR in steady state, C,, — concentration at 3 hours after
first metoprolol dose, Cy — concentration at 3 hours after metoprolol dose in steady state
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Fig. 1. Correlation between metoprolol / o-hydroxymetoprolol MR at 3 hours post-dose after the first dose and in steady state,

(r,=0.8418, P = 0.0003)*

MR, - MR after first dose, MRy, — MR in steady state, * Spearman’s rank correlation test

versus 0.81, P = 0.0266). A great variability in MR
values was observed, ranging from 0.21 to 4.63 after
ingestion of the first metoprolol dose and from 0.32 to
4.17 in steady state.

DISCUSSION

Beta-blocker metoprolol is widely used in patients for
the treatment of different cardiovascular diseases.
Metoprolol also serves as one of the probe drugs for
P450 2D6 phenotyping. However, most of the studies
performed so far have used a single dose of metoprolol
to determine the P450 2D6 phenotype. We compared
metoprolol/a-hydroxymetoprolol MR after a single dose
of metoprolol and in steady state.

First studies on P450 2D6 phenotyping were
conducted by assessing the urinary MR of the probe drug
derived from urine samples collections during the post-
dose of 6- to 12-h period. Thus, a more practical
alternative has been sought based on only one-point
sample collected at a shorter time. Sohn et al. examined
the utility of the single post-dose 3-plasma metabolic
ratio after an oral single dose of 100 mg metoprolol in
two Asian populations. He found statistically significant
(r, = 0.688 and 0,810, p < 0.0001) correlations between
the post-dose urinary and plasma MR, confirming the
utility of this one-point plasma MR ', This finding was
further confirmed by Tamminga et al. who observed
good correlations (rp = 0.997, P = 0.049) between the
metoprolol/o-hydroxymetoprolol MR of the AUC_ ,,and
the MR values taken from the 3-hour plasma sample
after a single metoprolol dose 2 The metoprolol/
a-hydroxymetoprolol MR 3 hours after a single
metoprolol dose was further used in the study of Jonkers
et al. to phenotype the subjects '”. Metoprolol MR in
patients receiving the drug for several days was used in
two studies. However, the MR was calculated from the
area under the curve (AUC) of metoprolol to its

metabolite o-hydroxymetoprolol 2! 22, Ismail et al.
studied the relevance of P450 2D6 genetic
polymorphism on chronic metoprolol therapy in
cardiovascular patients. P450 2D6 phenotypes were
determined using metoprolol as a probe drug. The
distribution of the phenotypes was calculated according
to the plasma ratio of metoprolol to its metabolite
o-hydroxymetoprolol at 4 hours after drug intake 2. Rau
et al. studied the effect of the CYP2D6 genotype on
metoprolol metabolism and the metabolic ratio during
long-term therapy. The metoprolol to o-hydroxy-
metoprolol ratio was determined from two blood
samples drawn 1 hour apart, the first sample was drawn
at a median of 3 hours after administration of the last
metoprolol dose *¥. Pronounced effects of multiple
dosing on the bioavailability of metoprolol have been
reported '9. P450 2D6 is an enzyme with a high affinity
and a low capacity for its substrates and it becomes
saturated at relatively low concentrations '”. Higher
metoprolol systemic availability upon repeated
administration of metoprolol may be the consequence of
the saturation of the enzyme. Such an effect has been
observed e.g. for haloperidol, where higher haloperidol
doses decreased pharmacokinetic differences between
P450 2D6 genotype groups . The clearance of
metoprolol may be also decreased during chronic
treatment as a result of a potential reduction in hepatic
blood flow. Hence in our study we tried to compare the
metoprolol/o-hydroxymetoprolol MR after a single dose
and during repeated metoprolol treatment and to assess
whether the two MRs may be used interchangeably. We
observed a significant correlation between the MR after
a metoprolol single dose and during repeated treatment.
Despite statistically significant differences between the
median metoprolol/o-hydroxymetoprolol MR 3 hours
after first metoprolol dose and in steady state, the
patients were phenotyped as extensive metabolizers in
both periods, after metoprolol first ingestion and in
steady state. The differences were not of such an extent
so as to assign subjects to different phenotypic groups
between the two sampling periods. The differences
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between the MRs after a single dose and in steady state
might by of relevance in the case of MR values close to
the antimode separating the phenotypes.

The metoprolol/o-hydroxymetoprolol MR in steady

state is an appropriate alternative to metoprolol/
o-hydroxymetoprolol MR after a single metoprolol dose.
The use of metoprolol MR in patients routinely treated

with metoprolol

would eliminate a need for

administration of an additional probe drug for P450 2D6
phenotyping.
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Structured Abstract

Objective The aim was to compare cytochrome P450 2D6 phenotype and genotype using
metoprolol as a probe drug. Further to investigate the influence of P450 2D6 activity on
metoprolol pharmacokinetics and pharmacodynamics in patients on metoprolol therapy.
Background Cytochrome P450 2D6 is a highly polymorphic enzyme that contributes to
the variability of metoprolol. However, environmental factors also modify drug
disposition.

Methods Forty-nine hypertensive patients were enrolled. Serum metoprolol and o-
hydroxymetoprolol concentrations, resting heart rate were measured before, 1, 3 and 4
hours post-dose. Metoprolol and o-hydroxymetoprolol serum concentrations were
measured by high — performance liquid chromatography with fluorescence detection.
Metabolic ratio of metoprolol/o-hydroxymetoprolol 3 hours post-dose was used for P450
2D6 phenotyping. Three allelic variants P450 2D6 *3, *4 and *6 were analysed.

Results Discordance between P450 2D6 genotype and phenotype was observed. Three
patients were phenotyped as poor metabolizers compared to one when genotyped.
Significantly higher normalized metoprolol serum concentrations, normalized metoprolol
AUC4 and metoprolol oral clearance was observed in patients with lower P450 2D6
metabolic activity. A trend towards lower resting heart rate before metoprolol intake was
also observed in this group of patients. The differences in metoprolol disposition were
more expressed when P450 2D6 phenotype instead of genotype was determined.
Conclusion Significant variations exist in metoprolol disposition in hypertensive patients.
Both genotyping and phenotyping provides a valuable method in determining enzymatic

activity and in optimising metoprolol therapy.

Key words metoprolol, cytochrome P450 2D6, genotype, phenotype



Condensed abstract
Cytochrome P450 2D6 is a highly polymorphic enzyme that contributes to the variability
of metoprolol. Environmental factors also modify drug disposition. We observed

significant variations in metoprolol disposition based on P450 2D6 genotype and
phenotype. The differences in metoprolol disposition were more expressed when P450

2D6 phenotype instead of genotype was determined.



Introduction

The cytochromes P450 (P450) are a superfamily of heme-containing monooxygenases
playing important role in the biotransformation of both endogenous and exogenous
compounds [1]. Most human P450s that participate in drug metabolism show considerable
interindividual variability in both levels of expression and catalytic activity. This
variability is due to both environmental and genetic factors [2]. P450 2D6 (known as
debrisoquine/sparteine hydroxylase) is a highly polymorphic enzyme [3]. To date, more
than 100 different P450 2D6 allelic variants and sub-variants have been defined [4]. In
general, genotypes may be differentiated in four subgroups: poor (PM), intermediate (IM),
extensive (EM) and ultrarapid (UM) metabolizers. Subjects with a PM genotype lack any
functional allele, whereas EMs have two and UM subjects have more than two functional
alleles. Subjects with IM genotype are heterozygous for a specific variant allele and/or
possess alleles with reduced activity [4]. The frequency of individual variants of P450 2D6
shows a marked interethnic difference. In white European populations, the percentage of
PM varies from 3.2 % (Finish) to 11.7 % (Germans), but PMs constitute less than 1 % of
Asian subjects [6, 7]. Beside the genetic variability, environmental factors such as dietary
habits [8] or drug interactions may also modify drug disposition [9]. In vivo P450
phenotyping has proven to be very successful in predicting the actual enzymatic activity. It
is based on administration of an adequate probe drug followed by measurement and
calculation of metabolic ratio (MR) of a parent compound to its metabolite mediated by
P450 of interest. The MR of P450 2D6 probe drugs shows bimodal or even trimodal
distribution - the EM, (IM) and PM subgroups. Metoprolol serves as one of the probe
drugs, with 70-80 % of its metabolism mediated by P450 2D6, of which o-hydroxylation
seems to be exclusively mediated by P450 2D6 [10, 11].

Genetic plymorphism in cytochrome P450 2D6 (P450 2D6) has been demonstrated to
contribute to the variability of several beta-blockers. Cytochrome P450 2D6 contributes
mainly to the metabolism of Blselective blocker metoprolol [12]. Single dose studies and
studies with repeated dosing demonstrated that plasma concentrations of metoprolol were
higher in patients with reduced enzyme activity. A 6-fold difference in metoprolol
availability has been observed between the EMs and PMs. The elimination half-life was
much longer in PMs than in EMs. Additionally studies indicate that PMs experience
enhanced or prolonged B-blockade compared with EMs [13-17]. Thus, patients treated

with metoprolol might have a quite different cardiovascular responsiveness, depending on



their P450 2D6 genotype. PM genotype might be even associated with higher incidence of
metoprolol-associated adverse effects [18, 19].

The aim of the present study was to compare P450 2D6 phenotype with P450 2D6
genotype using metoprolol as a probe drug. Secondly we investigated the influence of
P450 2D6 metabolic activity on pharmacokinetics and pharmacodynamics of metoprolol in

our hypertensive patients on routine treatment with metoprolol.

Methods
Subjects and study protocol

Forty-nine adult patients (33 females) attending outpatient clinic for hypertension
treatment in our department were included. Median age was 58 years (21 — 86), median
body weight was 82 kg (51 — 149). The patients were on routine treatment with metoprolol
succinate (Betaloc ZOK, AstraZeneca, UK) and metoprolol tartrate (Betaloc SR,
AstraZeneca, UK; Vasocardin, Zentiva, Slovak Republic; Apo-Metoprolol, Apotex Europe
BV, Netherlands; Emzok, Ivax Pharmaceuticals, Czech Republic) at doses between 50-200
mg per day. Indication for treatment was hypertension. There were no dosage changes for
at least 2 weeks before blood sampling. The dosage was based solely on clinical grounds
and no titration to the maximally tolerated dose was attempted. Five patients (11 %) were
on metoprolol monotherapy, nine patients (18 %) had one additional antihypertensive drug,
nine patients (18 %) had two additional antihypertensive drugs, eleven patients (23 %)
were treated by three other antihypertensive agents, nine patients (18 %) by four additional
antihypertensive drugs, four patients (8 %) by five and two patients (4 %) by six additional
antihypertensive drugs. Antagonists of renin-angiotensin-aldosterone were used by thirty-
five patients (71 %), calcium channel blockers by twenty-nine patients (59 %), diuretics
were used by twenty-one patients (43 %) and central antihypertensive agents by twenty
patients (41 %). Baseline data including renal function test (serum creatinine, urea) and
liver function test (ALT, AST, y-GT) were obtained either on the day of blood sampling or
within 3 months prior to the patient visit. Patients’'medical history other than
antihypertensive medication was recorded and screened for the presence of P450 2D6

inhibitor.

Patients were retained in the ward for a half-a-day. After an overnight fast blood samples
(~ 5 ml each) were drawn into a neutral tube before and at 1, 3 and 4 hours after

metoprolol intake. Serum was separated immediately and samples were frozen and stored



at -20 °C until processing. In addition, after a written informed consent, 5 ml of venous
blood was taken into EDTA tube for DNA extraction. The patients were instructed to take
other “morning” medications (if they were on poly-therapy) at home on the study day. The
patients were asked to refrain from coffee drinking throughout the day, breakfast was not
allowed until 1 hour after the drug intake. Heart rate was recorded on a 10-lead resting
ECG. Blood pressure was measured twice with a mercury sphygmomanometer after a 5-
min rest in a sitting position and the second measurement was taken. Blood pressure and
heart rate were measured before metoprolol intake and before each blood sample was

taken.

In the second part of the study thirty patients (21 females) were chosen to assess the impact
of P450 2D6 genotype and phenotype on metoprolol pharmacokinetics and
pharmacodynamics. These patients were treated with the same metoprolol preparation

(Betaloc SR) and they were not treated with medication known to inhibit P450 2D6.

Assay of metoprolol and o-hydroxymetoprolol

Serum concentrations of metoprolol and o-hydroxymetoprolol were measured by high —
performance liquid chromatography (HPLC) with fluorescence detection at 230-300 nm, as
described previously [20]. Briefly, metoprolol and o-hydroxymetoprolol were separated
from 200 pl serum with 50 pul 1M NaOH following by extraction with 1.5 ml of
dichloromethane. The mobile phase consisted of acetonitrile : methanol : water : TEA (15
:5:80: 0.1, pH 3.0). Column Supercosil™ LC-18 (15 cm x 3mm, 5 pm) was used. Flow
rate was 0,7 ml/min. Nadolol was used as an internal standard. After evaporation, the
analyte was dissolved in 20 pl of methanol and 50 pl of water and 20 ul was injected on

the column.

Genotyping of P450 2D6

Total genomic DNA was isolated from peripheral blood using the Gentra Puregene Blood
Kit (Qiagene, Hilden, Germany). Genetic polymorphism of P450 2D6 was detected by
PCR followed by melting curve analysis in LightCycler 1.5 Instrument (Roche, Nutley,
United States). Three allelic variants of P450 2D6 - *3 (4168delA), *4 (G3465A) and
*6 (3326delT) were analysed. Genotyping of P450 2D6*3 and *4 allelic variants was
performed using LightMix Kits - mixtures of primers and probes designed by TIB



MOLBIOL (Berlin, Germany). P450 2D6*6 allelic variant was genotyped using primers
and probes as described previously [21]. PCR reaction mixture was performed in a volume
of 10 pl. PCR conditions were as follows: 15 minutes at 95°C, followed by target
amplification via 40 cycles of 0 seconds at 95°C (denaturation), 10 seconds at 55°C
(annealing) and 40 seconds at 72°C (extension). Subsequent melting curve analysis was
performed by heating at 95°C for 1 second, followed by cooling at 60°C for 20 seconds
and 52°C for 20 seconds and gradual heating (0,3 °C/s) up to 85°C. Final cooling step was
at 40°C for 30 seconds. Melting temperatures of the homozygous wildtype P450 2D6*3,
*4 and *6 alleles were 58.1 °C, 56 °C and 65 °C. Melting temperatures of the homozygous
mutant genotypes were 51 °C, 64.3 °C and 70 °C, respectively.

Data and statistical analysis

Data are expressed as median and range. P450 2D6 phenotype was determined using serum
metoprolol/a-hydroxymetoprolol metabolic ratio (MR) at 3 hours post-dose. The antimode
value distinguishing between EMs and PMs was set at MR = 10.5, in agreement with
literature [22]. The area under the plasma concentration vs. time curve (AUC) between 0
and 4 hours was calculated according to the standard trapezoidal rule. The oral clearance
was estimated using the expression: dose per kg/metoprolol serum concentration. For
differences between groups, the nonparametric Mann-Whitney test was used. Prevalence of
allele frequencies between the study results and Czech population was compared by the
Fischer’s exact test. A value of p < 0.05 was considered statistically significant. Statistical
analysis was performed using GraphPad Prism for Windows version 5.0 (GraphPad Prism

Software, Inc).



Results

Part one

Genotype

Distribution of P450 2D6 alleles is shown in Table 1. There was no significant difference
in the frequency of any of the alleles between the patients studied and the population in
Czech Republic [23]. Eighteen patients (37 %) were heterozygous for defective alleles.
One patient was genotyped as a PM P450 2D6*4/*4. Fifteen patients were found to be
carriers of one P450 2D6*4 defective allele, four patients were heterozygous for P450
2D6*3 allele and one patient was heterozygous for defective allele P450 2D6*6 allele.
P450 2D6*1 was assumed to be present, when none of the above variant alleles had been

identified.

Table 1 Frequency of P450 2D6 defective alleles in our patients and in
Czech population [23]

P450 Number of Frequency in Frequency in Significance
2D6 alleles in our patients Czech (p value)
alleles our (%) population (%)
patients
*3 4 4.1 1.1 NS (p=0.0601) |
*4 15 15.3 22.9 NS (p =0.1049)
*6 1 1.0 0.2 NS (p =0.3281)
Phenotype

Forty-six patients were phenotyped as EMs. A great variability in MR metoprolol/o-
hydroxymetoprolol was observed in EMs, ranging from 0.13 to 8.33. Three patients were
phenotyped as PMs. One of these PMs was also a PM determined by genotyping (P450
2D6*4/*4). The second patient was genotyped as a heterozygote for the defective allele
P450 2D6*4 and in the third patient no defective allele was detected. In these two patients
an inhibitor of P450 2D6 activity was included in the medication (an antiarrhythmic agent
propafenone and an antidepressive agent sertraline). Inhibitors of P450 2D6 activity were
further prescribed in two patients phenotyped as EMs. One of these patients was
heterozygous for P450 2D6*4 defective allele, the patient was taking antidepressive agent



fluoxetine and her MR was 8.33 which was close to the antimode. The second EM patient
was taking antidepressive agent sertraline, no defective allele was detected in this patient,
the value of MR was 0.81. For the distribution of metoprolol/a-hydroxymetoprolol MRs

see figure 1.

Fig 1. Distribution of metoprolol/a-hydroxymetoprolol MR in our patients
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Part two

Metoprolol concentrations and demography in genotype, phenotype groups

Thirty patients were included in this second part of the study. The same controlled released
formulation of metoprolol (Betaloc SR, AstraZeneca, UK) was prescribed to all of these
patients. Daily dose ranged between 100-200mg. Metoprolol serum concentrations varied
extensively between patients, even among patients with the same daily dose. After
metoprolol concentrations were normalized for dose per kg the variation was less
pronounced, however still evident, Tab 2. There was no significant difference in the daily
metoprolol dose prescribed and dose per body weight between both the genotype and
phenotype groups. Statistically significant difference was found in median age (69 versus

52 years, p < 0.01) between the genotype groups. The respective data are given in Table 3.



Table 2 Metoprolol and normalized metoprolol serum concentrations (metoprolol serum

concentration/dose per kg) before and 1, 3, 4 hours after metoprolol intake

Metoprolol Normalized metoprolol
concentrations (ng/ml) concentrations
before 12.9 (0-231.4) 9.0 (0-100.1)
I'hour 55.5(23.9-316.2) 31.5 (12.3-136.8)
3 hours 108.1 (30.4-515.5) 56.3 (22.5-223.0)
4 hours 93.4 (35.4-530.6) 56.4 (18.0-229.5)

median and range

Table 3 Patients” demographic data in the genotype and phenotype groups

Genotype Phenotype
*1/*1 *1/DA MR<I.0 MR 1.0-10.5
(n=19) (n=11) (n=14) (n=16)
Age (years) 52 (21-73) 69 (32-80) " 54.5 (21-74) 63 (32-80)
Weight (kg) 87.8 (64.9-119.5) | 82.0(63.0-123.0) 78.0 (64.9-123) | 90.8 (63-119.5)
Dose per body | 2.11 (0.95-3.08) 1.59 (0.97-2.82) 2.19 (1.04-3.08) | 1.96 (0.95-2.82)
weight (mg/kg)

Median and range, Mann-Whitney test, i p <0.01, DA — defective allele, MR -

metoprolol/a-hydroxymetoprolol metabolic ratio

Metoprolol pharmacokinetic parameters and pharmacodynamics in relation to P450 2D6
genotype

Metoprolol serum concentrations were normalized for the daily drug dose per body weight
to compensate for individual doses prescribed and the body masses. Heterozygous EMs (n
= 11) for the defective allele exhibited 1.5-2.5-fold higher median normalized metoprolol
serum concentrations than homozygous EMs (n = 19). The differences were not
statistically significant except for normalized metoprolol serum concentration 1 hour after
metoprolol dose (p < 0.05), Fig. 2. A 1.8-fold higher median normalized metoprolol AUC,.
4 in heterozygous EMs (median 243.3, range 107.7-704.3) compared to patients without
any defective allele (median 138.6, range 79.7—400.1) was observed (p < 0.05), Fig. 3. As
expected, serum concentrations of metabolite, o-hydroxymetoprolol were lower in
heterozygous EMs than in homozygous EMs. The differences were significant (p < 0.05)

except for the trough o-hydroxymetoprolol concentrations, Fig. 4. Metoprolol/a-

hydroxymetoprolol MR was 2.4—fold higher in patients with the presence of one defective



allele (median 1.91, range 0.67 — 6.60) compared with patients with no defective allele
(median 0.81, range 0.32 — 4.17), p < 0.05. The oral clearance of metoprolol was about
1.8-fold higher in patients without any defective allele compared with patients with one
defective allele (median 0.0201, range 0.0077 — 0.0444 versus median 0.0114, range
0.0045 — 0.0311), however the difference did not reach statistical significance.

Resting heart rate was used as a measure of metoprolol pharmacodynamics. Blood pressure
was also registered, but served only as a measure of clinical effect of antihypertensive
medication. A trend towards lower median resting heart rate before metoprolol intake was
observed in patients with inherited one defective allele when compared with patients
without any defective allele (median 60, range 47-83 versus median 68, range 58-113, p =

0.0738).

Fig 2. Normalized metoprolol serum concentrations between two genotype groups -
subjects with 2 (n =19) and 1 (n = 11) functional P450 2D6 allele, (p < 0.05, for
intergroup differences, Mann-Whitney test), DA — defective allele, Met - metoprolol
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Fig 3. Distribution of normalized metoprolol AUCy4 between two genotype groups -
subjects with 2 (n = 19) and 1 (n = 11) functional P450 2D6 allele, (p < 0.05, for
intergroup differences, Mann-Whitney test), DA — defective allele
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Fig 4. o-hydroxymetoprolol serum concentrations between two genotype groups - subjects
with 2 (n = 19) and 1 (n = 11) functional P450 2D6 allele, (* p < 0.05, ** p < 0.01, for
intergroup differences, Mann-Whitney test), DA — defective allele, OH-Met = o-

hydroxymetoprolol
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Metoprolol pharmacokinetic parameters and pharmacodynamics in relation to P450 2D6
phenotype

Patients were classified into two groups according to their phenotype, those with a value of
metoprolol/a-hydroxymetoprolol MR < 1.0 (n = 14) and with MR 1.0-10.5 (n = 16). In
accordance with MR, normalized metoprolol serum concentrations were 1.4-2.8-fold
higher in patients with MR 1.0-10.5. The differences were statistically significant except
for normalized metoprolol serum concentration before metoprolol intake (p < 0.0001), Fig.
5. A 2-fold higher median normalized metoprolol AUC,.4 was observed in patients with
MR 1.0-10.5 (median 253.6, range 131.5-704.3) compared to patients MR < 1.0 (median
122.6, range 79.7-220.7), (p < 0.0001), Fig. 6. Serum concentrations of metabolite, o-
hydroxymetoprolol, were lower in patients with MR 1.0-10.5 than in patients with MR <
1.0. The differences were significant (p < 0.05) except for the trough a-hydroxymetoprolol
concentrations, Fig. 7. The oral clearance of metoprolol was about 2.4-fold higher in
patients with MR < 1.0 compared with patients with MR 1.0-10.5 (median 0.0257, range
0.0109 — 0.0444 versus median 0.0107, range 0.0045 — 0.0217), (p < 0.0001), Fig 8.

A trend towards lower median resting heart rate before metoprolol intake was observed in
patients with MR 1.0-10.5 when compared with patients with MR < 1.0 (median 61, range
47-83 versus median 69, range 59-113, p = 0.0620).

Fig 5. Normalized metoprolol serum concentrations between two phenotype groups:
MR<1.0 (n = 14) and MR 1.0-10.5 (n = 16), (*p < 0.05, *#xp < 0.0001, for intergroup

differences, Mann-Whitney test), MR — metoprolol/o-hydroxymetoprolol metabolic ratio
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Fig 6. Distribution of normalized metoprolol AUC4 between two phenotype groups:
MR<1.0 (n = 14) and MR 1.0-10.5 (n = 16), (p < 0.0001, for intergroup differences,

Mann-Whitney test), MR — metoprolol/o-hydroxymetoprolol metabolic ratio
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Fig 7. a-hydroxymetoprolol serum concentrations between two phenotype groups:
MR<1.0 (n = 14) and MR 1.0-10.5 (n = 16), (** p <0.05, ** p <0.01, for intergroup
differences, Mann-Whitney test), OH-Met = o-hydroxymetoprolol, MR — metoprolol/o-

hydroxymetoprolol metabolic ratio
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Fig 8. Distribution of metoprolol oral clearance between two phenotype groups: MR<1.0
(n=14) and MR 1.0-10.5 (n = 16), (p < 0.0001, for intergroup differences, Mann-Whitney

test), MR — metoprolol/o-hydroxymetoprolol metabolic ratio
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Discussion

We investigated the enzymatic activity of P450 2D6 in patients on a long term-therapy
with metoprolol using metoprolol as a probe substrate and compared these results with
P450 2D6 genotype and phenotype. Significant differences exist in metoprolol disposition
in relation to P450 2D6 genotype and phenotype during long-term metoprolol therapy.

However, the differences were more expressed between phenotype groups.

Wide interindividual variations in metoprolol serum concentrations have been observed in
our and previous studies [16, 24]. After metoprolol concentrations were normalized for
dose per kg the variation was less pronounced, however still evident. It thus appears that
other factors than the dose and the patient weight play an important role in the variation. A
great variability in MR metoprolol/o-hydroxymetoprolol was observed in our patients.
Contrary to genotyping, phenotyping revealed three patients with a PM phenotype. One of
these patients was simultaneously taking antiarrhythmic agent propafenone the second one
antidepressive agent sertraline, agents known to inhibit P450 2D6 activity. Two to five-
fold increase in steady-state levels of metoprolol has been described in patients after
propafenone was added to the metoprolol therapy even with occurrence of adverse effects
in some patients [25, 26]. Discontinuation of propafenone therapy switched a patient’s
phenotype from PM to EM [26]. A less pronounced inhibitory effect was described with
sertraline, which increased metoprolol AUC by 48 % and 67 % [27]. It is questionable
whether the PM phenotype in this latter patient was caused solely by the inhibitory effect
of sertraline or presence of other defective P450 2D6 alleles not determined in our
department of genetics might play the role.

The variations in metoprolol plasma concentrations have been mainly associated with
variations in metabolism due to genetic polymorphism [13-17]. We have demonstrated that
significant differences may exist between individuals homozygous for the wild type P450
2D6 gene and heterozygous carriers of one variant allele. Clinically significant differences
in metoprolol disposition have also been demonstrated in a study between homozygous and
heterozygous P450 2D6 healthy volunteers. Metoprolol AUC and minimum steady-state
metoprolol concentrations were more than twice higher in heterozygous individuals [28].
In contrast to these findings no significant differences in MR and metoprolol plasma
concentration were found between the heterozygous EMs and homozygous EMs in a study

investigating consequences of P450 2D6 genotype on metoprolol disposition in patients on
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long term-therapy [29]. The discrepancy could be due to the contribution of *IM alleles
(e.g.*41, *9, etc.) [4], that were not tested in our and above-mentioned study. *IM alleles
were significantly associated with higher plasma concentrations of metoprolol and
metabolic ratio if inherited in conjunction with a defective allele [29]. However, more
distinct differences in metoprolol disposition were observed when P450 2D6 phenotype
instead of the genotype was taken into consideration. Phenotyping can determine the exact
enzymatic activity as it also reflects non-genetic factors [10]. Besides drug interactions, the
effect of age, gender might play a certain role in metabolic activity. Most of our patients
included in this study were of older age, when pre-systemic elimination might be reduced
due to changes in hepatic blood flow, volume of distribution [30]. Furthermore, women
have been found to have greater metoprolol exposure than men [31]. Metoprolol serves as
one of the probe drugs for P450 2D6 phenotyping. The metabolic ratio of metoprolol over
its metabolite a-hydroxymetoprolol in plasma 3 hours after metoprolol administration has
been validated under standard conditions for the measurement of enzyme activity of P450
2D6 in vivo [11]. Thus use of metoprolol MR based on a single blood sample in patients
routinely treated with metoprolol would provide a simple alternative for determination of
metabolic activity [32].

Metoprolol has a dose-dependent effect, the beta;-blocking effect increases with increasing
daily doses of metoprolol up to a complete beta;-blockade observed at plasma
concentrations > 400 nmol/l (about 107 ng/ml). However 30 % of the maximum effect is
necessary for a clinically significant effect, this limit was observed at metoprolol plasma
concentration of 45 nmol/l (about 12 ng/ml). [33]. In a population-based study significantly
lower adjusted heart rate was seen in IMs (*1 / *4) compared with EMs, however the most
distinguished effect was observed in PMs [34]. Similarly significantly higher mean
reduction in resting heart rate measured before metoprolol dose administration was
observed in heterozygotes for defective allele than in EMs [28]. In contrast in a study
examining the effect of P450 2D6 genotype in patients with systolic heart failure no
differences in clinical effect were found between genotype groups [35]. In our study
metoprolol effect was determined by measuring resting heart rate. A trend towards lower
median resting heart rate was observed in patients with higher metoprolol concentrations
(patients with inherited one defective allele and with MR 1.0-10.5), this trend was
observed only at metoprolol trough concentrations. The lack of difference in resting heart

rate after metoprolol administration might be caused by increase in metoprolol
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concentrations above the limit that is necessary for clinically significant effect [33]. Some
of our patients achieved maximum metoprolol serum concentrations that were several-fold
higher then that observed for complete beta;-blocking effect. It is thus questionable
whether these high metoprolol concentrations are required for optimal clinical effect in
these patients and whether the patients might profit from lower dose reducing the risk of
adverse effects [26].

We are aware of limitations of our study. The number of patients included in our study was
quite low. However, we tried to include the most homogenous sample with respect to
metoprolol dose and to metoprolol preparation that could contribute to differences in
metoprolol pharmacokinetic parameters. Secondly, our patients were only genotyped for
three defective alleles that are responsible for almost all PM genotype, thus further
stratification of patients to more genotype groups was not possible.

In conclusion we observed significant variation in metoprolol disposition in hypertensive
patients. The effect of P450 2D6 genetic polymorphism is an important factor in
metoprolol disposition. However, one should also remember the role of non-genetic
factors. Age, gender and hepatic disorders can modify metabolic activity. The influence of
concomitant medication on metabolic activity is a well-recognised factor for genotype-
phenotype discordance that may even lead to a transformation of a phenotype. Thus, apart
from genotyping, phenotyping provides a valuable method in determining enzymatic

activity and in optimising metoprolol therapy.
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Case report

Clinically important interaction between metoprolol and propafenone
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Abstract
Aims: We present here a case of an interaction between metoprolol and propafenone with

an impact of high metoprolol concentrations on patient’s condition.

Description of case: A 66-year-old polymorbid female on long-term treatment with
metoprolol, propafenone and other cardiovascular and non-cardiovascular therapy was
referred to our outpatient department because of non-compensated hypertension. Since the
medication adjustment the blood pressure was controlled. However, she was repeatedly
complaining about increased tiredness and dyspnoea on exertion. Therefore measurement
of metoprolol serum concentrations and cytochrome P450 2D6 phenotyping and
genotyping was indicated. Phenotyping revealed a poor metabolizer with metabolic ratio of
metoprolol/a-hydroxymetoprolol 104.3, genotyping revealed an intermediate metabolizer
P450 2D6 *4/*9. Metoprolol dose was reduced to half (100mg daily) the patient’s
condition improved. After propafenone discontinuation the metabolic ratio metoprolol/ot-

hydroxymetoprolol dropped to 1.4 indicative of a phenotypic shift.

Conclusions: We have observed an impact of co-administration of the antiarrhythmic drug
propafenone on the metabolism of metoprolol. Inhibitory effect of propafenone on
metoprolol biotransfomation resulted in the phenotypic shift with the occurrence of

adverse effects due to high metoprolol levels in our patient.

Key words metoprolol, propafenone, cytochrome P450 2D6, phenotype



Introduction

A combination of antiarrhythmic drugs with B1-selective blocking agents has often been
used. Many of them are metabolised via cytochrome P450 enzyme system, hence potential
drug interactions are of major clinical significance. The antiarrhythmic agent propafenone
undergoes P450 2D6-dependent metabolism.' It is also an inhibitor of the enzyme, the
inhibitory constant has been estimated at 50 nmol/L, similar to that of quinidine (60
nmol/L).> Metoprolol, Bl-selective blocking agent, undergoes extensive pre-systemic
elimination by P450 2D6, metabolites were shown not to significantly contribute to the 1-
blockade.™ * It has a dose-dependent effect, dose adjustment is commonly performed to the
highest dose tolerated in order to achieve the maximal effect in the absence of adverse
effects.” Two to five-fold increase in steady-state levels of metoprolol has been described
after propafenone was added to metoprolol therapy.’ The disposition of P450 2D6
substrates depends also on P450 2D6 genotype. In general four subgroups may be
differentiated: poor (PM), intermediate (IM), extensive (EM) and ultrarapid (UM)
metabolizers. PMs lack any functional allele, UMs have more than two functional alleles.
IMs are heterozygous for a specific variant allele and/or possess alleles with reduced

activity. ’

We present here a case of an interaction between metoprolol and propafenone with an

impact of high metoprolol concentrations on patient’s condition.

Description of case

A 66-year-old female (weight 81 kg) was referred to our outpatient department because of
non-compensated hypertension, grade III by WHO. Blood pressure was in sitting position
154/82 mmHg, heart rate 60 beats/min. The patient had undergone kidney transplantation
for polycystic kidney disease several years ago and was on cyclosporine (175 mg daily)
and azathioprine (50 mg daily). Further co-morbidities were ischaemic heart disease
without angina pectoris syndrome (NYHA III-IV) and chronic venous insufficiency. At the
time of admission the patient was treated with the following cardiovascular medication:
metoprolol (200 mg daily), losartan (100 mg daily), rilmenidine (1mg daily), furosemide
(60 mg daily), captopril on demand, acidum acetylsalicylicum (100 mg daily) and
isosorbid mononitras (20 mg daily). Propafenone (600 mg daily) had been prescribed for



the prevention of atrial fibrillation. During the following check-ups amlodipine (5 mg
daily) was introduced to the therapy. Since the medication adjustment the patient’s blood
pressure was compensated (Table 1). However, she was repeatedly complaining about
increased tiredness and dyspnoea on exertion. Therefore determination of metoprolol and
a-hydroxymetoprolol ~ serum  concentrations ~ was  indicated.®  Metoprolol/oi-
hydroxymetoprolol metabolic ratio (MR) at 3 hours post-dose was used for P450 2D6
phenotyping.9 Genotyping of P450 2D6 was also performed. A DNA direct sequencing
analysis of the whole coding sequence of P450 2D6 gene was performed using the ABI
PRISM 3130 genetic analyzer (Applied Biosystems, USA). Copy number variants of the
gene were detected using the long-range PCR method and amplified products were

visualized on 1% agarose gel electrophoresis.

The patient was genotyped as an IM with detected variant alleles P450 2D6 *4/*9.
However, metabolic ratio (MR) of metoprolol/a-hydroxymetoprolol at 3 hours post-dose
was 104.3 indicative of a PM phenotype. For metoprolol and o-hydroxymetoprolol serum
concentrations see Table 1. A survey of her concomitant medication revealed a use of
propafenone an inhibitor of P450 2D6 activity. Metoprolol dose was reduced to 100 mg

daily. The patient’s condition has improved, tiredness and dyspnoea disappeared.

About half a year later the patient was admitted to the internal department for chest pain on
exertion and on rest lasting for about 14 days with irradiation to the right arm, further for
dyspnoea, intolerance of horizontal position and oedema of lower extremities. Blood
pressure was on admission 160/80 mmHg, heart rate 51 beats/min. The patient was
diagnosed a global cardiac failure with atrial bradyfibrilation. A relevant therapy was
initiated with an adjustment of her medication. Metoprolol dosage was reduced to 12.5 mg
daily and propafenone was withdrawn. Two weeks later the patient was discharged from

the hospital haemodynamicaly stable.

Several days after the discharge, the patient herself has increased metoprolol to previous
dose, 100 mg daily. During the next outpatient’s visit P450 2D6 phenotype after
propafenone discontinuation was determined (Table 1) and revealed a significant decrease
in metoprolol/o-hydroxymetoprolol MR from previous PM phenotype (MR = 104.3) to
EM phenotype (MR = 1.4).



Tablel. Metoprolol,

o-hydroxymetoprolol serum concentrations;

metoprolol/o-

hydroxymetoprolol metabolic ratio (MR); heart rate, blood pressure with and without

propafenone before and/or 1, 3 hours after metoprolol intake

Metoprolol daily dose Metoprolol | o-hydroxymetoprolol | MR | Pulse/min | Blood pressure
(ng/L) (ug/L) (mmHg)
200mg + propafenone
Before 152.4 4.4 34.6 66 136/76
1 hour 333.2 3.8 87.7 59 134/72
3 hours 412.2 4.0 104.3 61 128/76
100mg + propafenone
Before 79.2 7.7 10.3 68 132/68
1 hour 168.6 4.0 422 67 138/74
100mg without propafenone
Before 10.3 32.0 0.3 55 124/62
1 hour 53.8 44.0 1.2 62 126/70
3 hours 134.9 97.7 1.4 53




Discussion

We present a case of an inhibitory effect of propafenone on metoprolol biotransfomation

resulting in the occurrence of adverse effects due to high metoprolol levels.

Propafenone was shown to be metabolized by the same hepatic enzyme as
sparteine/debrisoquine, however with higher affinity for P450 2D6, thereby being able to
cause a shift of metabolizer phenotype.! Metoprolol undergoes extensive pre-systemic
elimination, with this enzyme accounting for 70 to 80 % of its metabolism. In our patient a
marked decrease in metoprolol/o-hydroxymetoprolol MR has been observed after
propafenone therapy was stopped, the patient’s phenotype switched from PM to EM. Since
other patient’s medication was retained we attribute this phenotypic shift to vanished
inhibitory effect. In the study of Labbé et al. the addition of propafenone to P450 2D6
substrate mexiletine in EMs caused pharmacokinetic changes of mexiletine to such an
extent that differences between EMs and PMs were almost absent.'” Thus, results of
phenotyping may be falsified by the presence of interfering medications, resulting in
discrepancy between the phenotype and genotype. In the study of Wagner et al addition of
propafenone increased steady-state levels of metoprolol 2-5 times in four patients. Two
patients even developed side effects during the drug combination (severe nightmares and
left ventricular failure), which disappeared after metoprolol dose reduction or metoprolol
discontinuation.® Our patient suffered from tiredness and dyspnoea on exertion likely due
to high metoprolol serum concentrations caused by the inhibitory effect of propafenone.
Significant increases in metoprolol concentrations have also been observed after addition
of antiarrhythmic drug amiodarone, antihistamine drug diphenhydramine. '"* '* Addition of
selective serotonin reuptake inhibitors, fluoxetin and paroxetin, resulted even in occurrence

. . e g eq . . . 13. 14
severe adverse effects, which subsided after inhibitor discontinuation. '*

The patient’s genotype revealed a heterozygote for P450 2D6 *4/*9 alleles. Individuals
who carry P450 2D6*9 allele have an altered ability to metabolize P450 2D6 substrates
and are IM whereas P450 2D6*4 allele results in a loss of enzyme activity."> The
combination of IM and defective allele is not associated with PM phenotype, however it
shows significantly higher MR than does the EM/PM genotype.'® The (S) enantiomer of
propafenone has also been shown to display B-blocking action. The degree of beta-
blockade reflects genetically determined variations in propafenone metabolism, with

subjects with PM phenotype having significantly more beta-blockade.'” Unfortunately we



were not able to determine the propafenone serum concentration and thus to assess its
contribution to occurrence of the adverse effects. However, after reduction of metoprolol

dose to half (100 mg daily), the side effects disappeared.

Interestingly, blood pressure and mainly heart rate did not change significantly after
metoprolol dose reduction and after propafenone discontinuation. Pharmacodynamic
modelling of the B1-blocking effect of metoprolol shows a steep linear relationship to
plasma concentration, with a maximum effect at 400 nmol/L (106.96 ng/L). However only
30 % of the maximum B;-blocking effect is necessary for a clinically significant effect, this
limit was observed at metoprolol plasma concentration of 45 nmol/L (12.03 pg/L).* We
speculate that the permanent metoprolol serum concentrations in our patient above this
concentration limit preserved stable heart rate in spite of gradual decline in metoprolol

concentrations.
Conclusion

Co-administration of propafenone to metoprolol may result in elevation of metoprolol
serum concentration even with impact on patient’s clinical condition. Clinicians should be
aware of the potential interaction when prescribing this combination and start either with
lower metoprolol dose or follow up the patient more carefully. Therapeutic drug

monitoring could serve as a valuable tool in clarifying patient’s condition.

Key points

Propafenone may inhibit metoprolol metabolism, high metoprolol serum

concentrations may have clinical impact.

Clinicians should be aware of this potential interaction and start either with lower

metoprolol dose or follow up patients more carefully.

Therapeutic drug monitoring could serve as a valuable tool in clarifying patient’s

condition.
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4. DISKUZE

Interindividudlni variabilita v odpovédi na 1é€ivo je vyznamnym klinickym problémem.
Vysledkem variability mize byt nedostatecny terapeuticky ucinek, pokud je eliminace
Iéciva pfili§ rychld, nebo naopak miZze dojit k projeviim toxicity, pokud dochazi
k akumulaci 1é¢iva v organizmu. Nezadouci ucinky zplisobené 1éCivy jsou bézné, nekteré
z nich mZou byt pro pacienta i fatalni. Fatalni neZadouci ucinky lé¢iv se fadi mezi ¢tvrtou
vedouci pti¢inu umrti v USA po kardiovaskuldrnim onemocnéni a rakoving [57]. Dnes jiz
vime, Ze podstatnd cast variability uinku lé¢iv je dana geneticky. Znacna pozornost
genetického polymorfizmu je vé€novana biotransformaénim enzymim prvni faze
cytochromu P450. Uginek genetického polymorfizmu na aktivitu metabolickych enzymu
se muze projevit zménou farmakokinetiky (zménou koncentrace 1é¢iva), kterd miize mit
nasledné dopad na zménu farmakodynamiky (ovlivnéni u¢inku 1é¢iva). Enzym CYP2D6
patfi mezi nejlépe studované enzymy z hlediska genetického polymorfizmu, podili se na
metabolizmu zhruba ¢tvrtiny bézné uzivanych 1é¢iv. Geneticky polymorfizmus je hlavnim
faktorem velké interindividudlni variability v aktivité tohoto enzymu. Existuji ovSem
piipady, kdy stanoveny genotyp jedince nekoreluje s fenotypem. Tento nesoulad mezi
genotypem a fenotypem je dany vlivem negenetickych faktord, jako vek, onemocnéni,
potrava, dal§i medikace, atd. Pro posouzeni aktudlni metabolické aktivity je proto vhodné
vyuziti metody stanoveni fenotypu. Urcitou nevyhodou oproti stanoveni genotypu je
vyuziti substratové latky. Méla by to byt latka bezpe¢na, pfednostné metabolizovana
danym testovanym enzymem. Pro stanoveni fenotypu enzymu CYP2D6 je moZno pouZit
nasledujici substratové latky - debrisochin, spartein, dextrometorfan, metoprolol [21]. Z
uvedenych substratovych latek enzymu CYP2D6 jsme si pro nasi praci zvolili beta-
blokator metoprolol, ktery spliiuje vySe uvedena kritéria, navic je Siroce pouzivany a tim
snadno dostupny. Zakladnim pozadavkem implementovani stanoveni fenotypu v rdmci
terapeutického monitorovani 1é¢iv je zavedeni jednoduché, spolehlivé a rychlé metody pro
stanoveni hladiny substratové latky a jejiho metabolitu. Zavedli jsem proto metodu
vysokouc¢inné kapalinové chromatografie s fluorescenéni detekci pro stanoveni hladiny
metoprololu a jeho metabolitu o-hydroxymetoprololu v séru [58]. Jednd se o rychlou
selektivni metodu s jednokrokovou extrakci malého mnozstvi séra, vhodnou pro rutinni
analyzu pacientskych vzorkd. Metoda vyzaduje minimalni mnozstvi séra a jednoduchou
upravu vzorkl. Celkovd doba analyzy je pouze 12 minut, coz je vhodné pro rutinni

pouzivani. Na rozdil od vétSiny praci, které pouzivaji dvouslozkovou mobilni fazi
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acetonitril-voda [59-61], byla v praci pouzita ternarni mobilni faze. Jako vnitini standard
byl nové pouzit B-blokator nadolol, latka podobné chemické struktury jako metoprolol.
Metoda byla vyvinuta pro méfeni vzorku s jak niz§imi koncentracemi (pfed podanim), tak 1
s vysSimi koncentracemi (po podani 1éku). M¢la by tedy byt vhodna pro terapeutické
monitorovani metoprololu 1 pro testovani fenotypu enzymu CYP2D6 v séru pacientl
s vyuzitim metoprololu jako substratové latky.

Dalsi vyhodou metoprololu jako substratové latky je jeho Siroké vyuziti a pouZzivani
v klinické praxi v 1é€bé kardiovaskularnich i1 nekardiovaskuldrnich onemocnéni. Vyuziti
MR metoprololu a jeho metabolitu u pacientli uzivajicich metoprolol dlouhodobé by tak
eliminovalo potfebu uZziti substratové latky pro stanovni CYP2D6 aktivity. VéEtsina dosud
publikovanych praci pouzivala jednordzové podani metoprololu pro stanoveni aktivity
metabolického enzymu CYP2D6 [56, 62, 63]. CYP2D6 je enzym s vysokou afinitou a
nizkou kapacitou pro substraty, pii nizkych koncentracich dochéazi k jeho saturaci [64].
Uvedeny efekt byl pozorovan napiiklad u haloperidolu, kde vyssi davky haloperidolu
snizily farmakokinetické rozdily mezi CYP2D6 genotypovymi skupinami [65]. Pfi
dlouhodobém uzivani metoprololu mize dochazet ke snizeni jeho clearance nasledkem
snizeného prutoku krve jatry [39]. Opakované uzivani metoprololu mize tedy vést k vyssi
dostupnosti metoprololu. Dosud vSak nebyla publikovana prace, ktera by srovnavala MR
metoprololu/o-hydroxymetoprololu u jedincii po jednordazovém uziti metoprololu a u
jedinci na chronické terapii metoprololem. Cilem této prace bylo tedy porovnat MR
metoprololu po jednorazovém a opakovaném uziti a zjistit, zda je moZné vyuzit metoprolol
jako substratovou latku enzymu CYP2D6 u pacientli uzivajicich metoprolol dlouhodobé
[66]. V na$i praci jsme pozorovali signifikantni korelaci mezi MR po jednordzovém a
opakovaném uziti (r; = 0.8418, P = 0.0003). I pfes statisticky vyznamny rozdil mezi
medidnem MR metoprolol/a-hydroxymetoprolol za 3 hod po jednordzovém i opakovaném
uziti (0.59 versus 0.81, P = 0.0266), byly vSichni pacienti zatazeni do stejné fenotypové
skupiny, tj. extenzivni metabolizator. Rozdily mezi skupinami byly pouze nepatrného
rozsahu. Z divodu Sirokého pouziti se metoprolol tedy jevi jako vyhodnd a snadno
dostupné alternativa pro potfeby stanoveni fenotypu enzymu CYP2D6, ktera vyZaduje
pouze jednorazovy odbér za 3 hod po uziti ke stanoveni MR metoprololu v séru.
Antiarytmikum propafenon je dal$im péknym ptikladem lé¢iva uzivaného v bézné klinické
praxi, které je mozno vyuzit ke stanoveni fenotypu CYP2D6. Metoda vyzaduje 1-razovy
odbér za 2 hod po uziti léku kuréeni MR propafenonu a jeho metabolitu 5-

hydroxypropafenonu v plazmé [67].
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O tom, zda zména koncentrace 1éCiva bude mit klinicky relevantni dopad rozhoduje
nékolik faktorti. Jednim z nich je terapeutickd Sitka 1é¢iva. U 1é¢iv s velkou terapeutickou
Sitkou malé zmény v koncentraci nevyvolaji zménu u¢inku, naopak u lé¢iv s uzkou
terapeutickou $ifi mohou 1 malé zmény farmakokinetiky mit klinicky zadvazné duasledky.
Vzhledem k tomu, Ze mezi pocetné substraty enzymu CYP2D6 patii také 1éciva s izkou
terapeutickou $ifi, pfedpokladalo se, ze tento enzym bude mit nejvétsi pocet 1éCiv, u
kterych bude stanoveni genotypu nebo fenotypu pied zahdjenim terapie klinicky
relevantni. Avsak vysledky studii tento predpoklad nepotvrdily [68-69]. CYP2D6 se podili
na metabolizmu mnohych antidepresiv a antipsychotik. Z antidepresiv, které jsou substraty
enzymu CYP2D6, jsou to zejména tricyklicka antidepresiva a venlafaxin, u kterych je
doporucovano terapeutické monitorovani na zéklad¢ prokazaného vztahu mezi koncentraci
v plazmé a u¢inkem lé€iva. Z antipsychotik jsou to klasickd antipsychotika a z atypickych
risperidon [70]. Ne&které léCiva se biotransformuji na aktivni metabolity, které maji
obdobnou aktivitu jako matetska latka. Pfedpoklada se teda, Ze je mozno ocekdvat stejny
terapeuticky uc¢inek nezavisle na zméné poméru mezi lé¢ivem a jeho metabolitem. Celkova
suma mateiské latky a metabolitu se mezi EMs a PMs neméni, vysledny ucinek by se tedy
m¢él rovnat souctu u¢inku matetské latky a metabolitu. U nékterych latek 1 pres obdobny
ucinek metabolitu ve srovnani s léivem, mize vlivem zmény poméru mezi hladinou
matefské latky a metabolitu v disledku genetického polymorfizmu dojit k odliSnostem
v terapeutickém ucinku a vyskytu nezadoucich ucinkl. Ptikladem je antidepresivum
venlafaxin, které je metabolizovano prostiednictvim CYP2D6 na ekvipotentni metabolit O-
desmethylvenlafaxin. Celkovd suma aktivnich latek neni tedy genotypem vyznamné
ovlivnéna, pacientim s pomalym metabolizmem se vSak pfisuzuje vySsi riziko
kardiotoxicity [71, 72]. Podobné i u dalsi latky, antypsychotika risperidonu, je u PMs
pozorovana vysS$i toxicita ve srovnani s EMs i pfes neménici se pomér mezi matetskou
latkou a aktivnim metabolitem 9-hydroxyrisperidonem mezi genotypovymi skupinami
[73]. Podobny efekt mélo 1 soucasné uzivani s inhibitory enzymu CYP2D6 [74]. Ptesny
dopad zmény poméru 1é¢iva a metabolitu neni v§ak mnohdy plné objasnén. Nebivolol je
ultraselektivni  beta-blokator  podléhajici  vyznamné  presystémové  eliminaci
prostiednictvim enzymu CYP2D6. I pies vyznamné rozdily v primérnych udolnich
koncentracich mezi PMs a EMs (az 10-15ndsobné rozdily), nebyl pozorovan vliv na u¢inek
nebo vyskyt nezddoucich ucinkl. Jednim z vysvétleni je pfitomnost aktivnich metabolitd,

které se zdaji byt ekvipotentni [75].
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Beta-blokatory jsou dalsi vétsi skupinou latek, u kterych se podili enzym CYP2D6 urcitym
podilem na jejich metabolizmu. Z nich metoprolol podléha nejvice metabolizmu timto
enzymem. [ kdyZz se nejednd o lécivo s uzkou terapeutickou §ifi, je to 1é¢ivo Siroce
pouzivané¢ v 1écbé kardiovaskularnich onemocnéni, proto byla snaha objasnit vliv
genetického polymorfizmu na dispozici a u¢inek metoprololu. Byly provedeny studie na
zdravych dobrovolnicich i pacientech s jednordzovym 1 opakovanym uzivanim
metoprololu, které potvrdili zejména vyrazny vliv genetického polymorfizmu na dispozici
metoprololu [41-52]. Aktivita enzymu CYP2D6 vSak miize byt vyznamné modifikovana i
jinymi faktory nez genetickym polymorfizmem, a to lékovymi interakcemi, v&kem,
pohlavim, onemocnénim, atd. Pacienti uzivajici metoprolol jsou casto polymorbidni,
rizného veéku a souCasné uzivaji dalsi farmakoterapii, stanoveni pouze CYP2D6 genotypu
tak neumozni odhalit skute¢ny stav enzymu. Proto jsme se v dal$i ¢asti prace zaméfili na
porovnani aktivity metabolického enzymu CYP2D6 stanovenim genotypu i fenotypu
s vyuzitim metoprololu jako substratové latky. Soucasné jsme zkoumali vliv metabolické
aktivity CYP2D6 na farmakokinetiku a farmakodynamiku metoprololu u pacientl
hypertonikti, kteti uzivali metoprolol dlouhodobé [76]. Pozorovali jsem signifikantni
rozdily v dispozici metoprololu v zavislosti na CYP2D6 genotypu i fenotypu u pacientli na
dlouhodobé terapii metoprololem. Rozdily v dispozici metoprololu byly vSak vice
zvyraznény, pokud jsme je porovnavali vramci fenotypové skupiny. VétSina pacientl
zafazenych do nas$i prace byla starSiho véku, kdy mohou byt pre-systémova eliminace a
metabolizmus snizené [39]. V ramci genotypu byl ve skupiné sledovanych pacientii
detekovan 1 PM na rozdil od fenotypu, které odhalilo 3 pacienty s fenotypem PM. Jeden
z PM ve fenotypové skupin€ byl heterozygotem pro defektni alelu, u druhého nebyla ndmi
stanovovana defektni alela nalezena. Jeden z pacientd uzival v dal$i medikaci sertralin,
dalsi propafenon, které mohli do urcité miry modifikovat aktivitu metabolického enzymu
[77, 78]. Soucasné¢ mohly byt u pacientli ptitomny dalsi variantni alely, jejichz metody
stanoveni nebyly na pracovisti genetiky v nasi nemocnici zavedeny [6]. 1.8-ndsobné vyssi
normalizovand AUCy4 metoprololu byla pozorovana u heterozygotnich EMs ve srovnani s
pacienty bez detekované defektni alely, p < 0.05. Pacienti majici 1 defektni alelu mély také
2.4-nasobné¢ vyssi MR metoprolol/o-hydroxymetoprolol ve srovnani s pacienty bez
defektni alely, p < 0.05. Oralni clearance metoprololu byla 1.8-nasobné¢ vyssi u pacientli
bez defektni alely ve srovnani s pacienty s 1 defektni alelou. Klinicky vyznamné rozdily
v dispozici metoprololu mezi CYP2D6 homozygotnimi a heterozygotnimi zdravymi

dobrovolniky byly demonstrovany i v nésledujici studii. AUC metoprololu a minimalni
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koncentrace metoprololu v steady-state byly vice nez 2-krat vyssi u heterozygoti [79].
Naopak, v dal§i praci nebyly pozorovany vyznamné rozdily v MR a plasmatické
koncentraci metoprololu mezi heterozygotnimi EMs a homozygotnimi EMs. Préace se
zabyvala dasledky genotypu CYP2D6 genotype na dispozici metoprololu u pacientd na
dlouhodobé terapii [80]. Vysvétlenim uvedené diskrepance muze byt ptitomnost alel se
sniZzenou metabolickou aktivitou (napi..*41, *9, atd.) [6], které nebyly testované v nasi a
vySe uvedené praci. Efekt metoprololu byl u naSich pacientd sledovan métenim tepové
frekvence na EKG. Pozorovali jsem trend k nizsi tepové frekvenci pred uzitim léku u
pacientii s vy$si hladinou metoprololu, tj. pacienti majici 1 defektni alelu a pacienti s vyssi
hodnotou MR. Vysledky jsou ve shod€ i s jinymi pracemi [51, 79].

Vliv soucasné medikace je vyznamnym faktorem podilejicim se na neshod€ mezi
genotypem a fenotypem. Pfidani inhibitoru mize vést ke zméné fenotypu jedince, tzn. Ze
se zjedince s extenzivnim metabolizmem stavd PM. Konverze na fenotyp PM byla
napiiklad popsana u psychiatrickych pacienti uzivajicich antidepresivum ze skupiny SSRI,
paroxetin, patiici mezi silné inhibitory enzymu CYP2D6 [81]. Vyuziti stanoveni CYP2D6
fenotypu (pfipadné s doplnénim genotypu) nam v tomto piipadé umozni objasnit dopad
inhibitoru na metabolickou aktivitu enzymu a posoudit mozny vliv 1 na jiné substraty
tohoto enzymu. Praktické vyuziti fenotypu vramci TDM a jeho vyznam uvadime
v nasledujici kazuistice u nasi pacientky uzivajici dlouhodob& metoprolol v bézné klinické
praxi [82]. Prezentujeme zde interakci mezi 2 substraty enzymu CYP2D6 metoprololem a
propafenonem u polymorbidni postarsi pacientky. Propafenone se metabolizuje enzymem
CYP2D6 jako spartein/debrisoquin, av§ak ma vys$si afinitu pro tento enzym, nasledkem
¢eho by mohl zptisobit konverzi fenotypu aktivity CYP2D6 [83]. U nasi pacientky jsme
pozorovali vyrazny pokles v hodnot¢ MR metoprolol/a-hydroxymetoprolol po vysazeni
propafenonu ze 104.3 na 1.4, doSlo tedy ke zméné fenotypu z PM na EM. Obdobné
vysledky pozorovala i1 studie Labbé et al.,, kterd sledovala vliv propafenonu na
farmakokinetiku mexiletinu u EMs. Po ptidani propafenonu se rozdily mezi CYP2D6 EMs
a PMs téméf uplné vytratily [84]. Po ptfidani propafenonu byl pozorovén také 2-5 nasobny
vzestup hladiny metoprololu s objevenim se nezddoucich ucinkli u nekterych pacientd,
které odeznély po snizeni davky metoprololu nebo jeho vysazeni [78]. Pfi soucasném
uzivani  metoprololu a propafenonu jsme zjistili u nas$i pacientky vysoké hladiny
metoprololu v séru, coz vedlo nasledné¢ ke sniZzeni davky metoprololu, sniZzeni sérové
koncentrace metoprololu a subjektivnimu zlepSeni klinického stavu pacientky. Zajimavé

je, ze krevni tlak a zejména srdecni frekvence se vyznamné nezménily po snizeni davky
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metoprololu a vysazeni propafenonu. Farmakodynamické modelovani betal-blokujiciho
efektu metoprololu ukazuje na prudky linedrni vztah k plazmatické koncentraci
s maximalnim U¢inkem pfti koncentraci 400 nmol/l (106.96 ug/l). Pro klinicky signifikantni
ucinek postacuje 30 % maximalni betal-blokady, coZ se rovna koncentraci metoprololu 45
nmol/l (12.03 ug/l) [85]. Kazuistika je tedy jednim z mnohé ptikladi vyuZziti stanoveni
genotypu a fenotypu ve snaze o individualizaci farmakoterapie 1éCivy [86]. Je tieba si
uvédomit, ze mnoha 1éCiva jsou podavand ve formé€ racemické smési, jednotlivé
enantiomery se mohou liSit nejen ve své aktivité, ale 1 v preferenci enzymu, kterym se
metabolizuji. Vyrazné zmény v koncentraci celkového 1é¢iva tak mohou vést k menSim
zménam v ucinku lé¢iva. Dopad stereoselektivity mozno pozorovat napiiklad i u
metoprololu, ktery se pouziva ve formé racemické smési S- a R-metoprolol. Za beta-
blokadu je ptedevsim zodpovédny S-metoprolol, preferencné je vSak enzymem CYP2D6
biotransformovan R-metoprolol. U PMs se pomér S/R metoprololu méni ve prospéch R-
metoprololu, u UMs je tomu naopak [46-48]. To miize také vysvétlovat pro¢ vyrazné
zmény Vv celkové koncentraci metoprololu neodrazi adekvatné zmény ve
farmakodynamice.

Stanoveni enzymatické aktivity genotypovanim nebo fenotypovanim by mohlo byt
uzite¢né zejména v piipadech, kdy pacient reaguje na podanou standardni davku léciva
nepfiméfenym zplsobem, a to objevenim se nezddoucich ucinkli nebo naopak selhanim
terapie. Se situaci, kdy pacient neodpovidd na uzivanou medikaci je mozné se stfetnout
napiiklad v psychiatri. Neucinnost terapie muize byt dana non-compliance pacienta,
v ojedinélych piipadech se vSak mize jednat o diisledek ultrarychlého metabolizmu 1é¢iva,
kdy pacient vyzaduje vyssi davky 1é¢iva, nez jsou bézné uzivané v populaci pro dosazeni
terapeutickych hladin. Kawanishi a kol. popisuje zvySeny vyskyt duplikace alel CYP2D6
(10 %) u pacientl s piretrvavajici depresi 1 pfes uzivani terapie ve srovnani s béZnou
Svédskou populaci (1-2 % UMs) [87]. V retrospektivni studii, kterd sledovala divod
pozadavku na stanoveni genotypu enzymu CYP2D6 u psychiatrickych pacientt zjistili, ze
u PMs to byl vyskyt nezadoucich G¢inkti a u UMs nedostate¢na odpovéd’ na terapii nebo
selhani terapie, které dali podnét ke genetickému vySetieni. Nedostate¢nd odpovéd’ byla
zaznamenana u téméef 90 % pacientd genotypovanych jako UMs. Vyskyt nezadoucich
ucinktl byl zaznamenany jen u tfech pacientti s UM genotypem, vSichni tito pacienti uzivali
lé¢iva, u kterych doSlo metabolismem pies CYP2D6 ke tvorbé aktivnich metabolitl

(risperidon a venlafaxin) [88].
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U mnohych 1é¢iv dosud chybéji jednoznacné zavéry vlivu prislusného genetického
polymorfizmu na vysledny tc¢inek. Do jaké miry bude terapeuticky t€inek 1é¢iva ovlivnén
zménami Vv expozici daného 1é¢iva, zavisi na vztahu mezi farmakokinetikou-
farmakodynamikou. Pro fadu 1éCiv zatim neni dostatecné mnozstvi piesvédCivych
informaci, které by prokéazaly ucelnost farmakogenetického vysetfeni pied zahdjenim
terapie. Problémem pfi interpretaci dat je fakt, Ze mnoho farmakogenetickych studii bylo
provedeno na zdravych dobrovolnicich uzivajicich obvykle nizsi davky 1é¢iv a zaméfenych
zejména na sledovani zmén farmakokinetickych parametr, c¢asto po uziti pouze
jednorazové davky. Pozitivem nasi prace je tedy, ze je provedena u pacientd uzivajicich
dané 1é¢ivo dlouhodobé, tedy za podminek bézné klinické praxe. DalS§im problémem studii
je 1 velikost sledovaného souboru. Mnohé studie maji maly pocet sledovanych subjekti,

coz muze vést ke kontroverznim vysledkiim, ¢imz si uvédomujeme limity i nasi prace.

Nicméné, 1 kdyZ se zatim nejevi v blizké dobé& redlni rutinni zavedeni stanoveni genotypu
¢i fenotypu enzymu cytochromu P450 do klinické praxe, maji tyto metody nepochybné
vyznamny piinos v uritych vzpominanych situacich. U nékterych latek jiz byly zarazeny
informace o vlivu genetického polymorfizmu do SPC 1é¢iv. Casem se mozna u téchto 16¢iv

ukdze piinos rutinniho pouzivani metod fenotypu a genotypu v klinické praxi.
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3. Duricova J, Perinova I, Jurckova N, Jeziskova I, Kacirova I, Grundmann M.

Cytochrome P450 2D6 phenotype and genotype in hypertensive patients on long-term
therapy with metoprolol

Pozorovali jsem signifikantni rozdily v dispozici metoprololu v zavislosti na CYP2D6
genotypu a fenotypu u pacientli na dlouhodobé terapii metoprololem. CYP2D6 geneticky
polymorfizmus patti mezi vyznamné faktory ovliviiujici dispozici 1 efekt metoprololu.
AvSak, nesmime zapomenout ani faktory prostiedi, které mohou nékdy vyznamné
modifikovat metabolickou aktivitu. Ob& metody, tj. stanoveni genotypu i fenotypu

poskytuji cenné informace pii stanovovani enzymatické aktivity a optimalizovani terapie.

4. Duricova J, Perinova I, Jurckova N, Kacirova I, Grundmann M.

Clinically important interaction between metoprolol and propafenone
Tato kazuistika poukazuje na vyznam vyuziti terapeutického monitorovani 1é¢iv, vcetné
stanoveni fenotypu a genotypu, k individualizaci farmakoterapie pro konkrétniho pacienta

v bézné klinické praxi.
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7. SOUHRN

Enzym cytochrom P450 2D6 je zodpovédny za metabolizmus ptiblizné¢ 25 % bézné
uzivanych 1€¢iv. Aktivita tohoto enzymu je vysoce variabilni z diivodu genetickych 1
negenetickych faktord. MozZnost méfit aktivitu tohoto enzymu by mohlo pfispét
k individualizaci farmakoterapie. Samotné stanoveni genotypu ndm neumoziuje urcit
pfesnou aktivitu enzymu, protoze aktivita miize byt ovlivnéna i faktory prosttedi. Pro
posouzeni aktudlni metabolické aktivity je proto vhodné vyuziti metody stanoveni
fenotypu. Urcitou nevyhodou oproti stanoveni genotypu je vyuziti substratové latky. Méla
by to byt latka bezpecna, prednostné metabolizovand danym testovanym enzymem. Beta-
blokator metoprolol spliiuje vySe uvedend kritéria. VyuZiti metoprololu u pacientl
uzivajicich metoprolol dlouhodobé by tak eliminovalo potifebu uziti substratové latky.
Dosud vSak nebyla publikovana prace, kterd by srovnavala MR metoprololu/o-
hydroxymetoprololu u jedinct po jednorazovém uziti metoprololu a u jedincti na chronické
terapii metoprololem. Zavedli jsem proto metodu vysokoucinné kapalinové chromatografie
pro stanoveni hladiny metoprololu a jeho metabolitu o-hydroxymetoprololu v séru.
Nasledn¢ jsme prokazali, Ze je moZzné vyuZzit metoprolol jako substratovou latku i u
pacientll uZzivajicich metoprolol dlouhodobg. Dale jsme se zaméfili na objasnéni vlivu
genetického polymorfizmu a faktorti prostfedi na dispozici a ucinek metoprololu u
pacientii na dlouhodobé terapii metoprololem. Pozorovali jsem signifikantni rozdily v
dispozici metoprololu v zavislosti na CYP2D6 genotypu i fenotypu. Pacienti s niz$i
aktivitou enzymu mély vyznamné vyssi hladiny metoprololu a niz§i ordlni clearance. Byl u
nich také pozorovan trend k nizsi tepové frekvenci pred uzitim 1éku. Rozdily v dispozici
metoprololu byly vSak vice zvyraznény, pokud jsme je porovnavali v ramci fenotypové
skupiny. Faktory prostfedi mohou vyznamné modifikovat aktivitu enzymu a tim dispozici
a ucinek léc¢iva. Prakticky vyznam zavedeni fenotypu prezentujeme na piikladu pacientky

u které doslo vlivem medikace ke konverzi CYP2D6 fenotypu s klinickym projevem.
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SUMMARY

The human cytochrome P450 2D6 (CYP2D6) is involved in the oxidative metabolism of
about 25 % of all commonly prescribed drugs. It is characterized by high range of
interindividual variability due to both environmental and genetic factors. The ability to
measure the activity of CYP2D6 enzyme is of high significance. Genotyping alone is not
sufficient to accurately predict an individual's actual CYP2D6 activity. Phenotyping on the
other hand can determine the exact enzymatic activity as it also reflects non-genetic
factors. However it requires the use of a probe drug, a drug exclusively metabolized by a
given enzyme. Beta-blocker agent metoprolol is a suitable candidate for CYP2D6 probe
drug. Use of metoprolol in patients routinely treated with metoprolol would eliminate the
need for administration of an additional probe drug. To our knowledge, no direct
comparison of metoprolol/a-hydroxymetoprolol MR after a single dose and in steady state
was performed. Therefore, we introduced a method of high-performance liquid
chromatography for the determination of metoprolol concentrations and its metabolite o
hydroxymetoprolol in serum. Subsequently, we showed that metoprolol can be used as a
probe drug also in patients on long-term therapy with metoprolol. Furthermore, we focused
on clarifying the influence of CYP2D6 genetic polymorphism and environmental factors
on metoprolol disposition and effect in patients receiving metoprolol long-term. We
observed significant variations in metoprolol disposition in both CYP2D6 genotype and
phenotype, however with phenotype exhibiting greater differences. Patients with a lower
enzymatic activity had significantly higher metoprolol disposition and lower oral
clearance, trend to lower heart rate before metoprolol intake was also observed.
Environmental factors can significantly modify the enzymatic activity with alterations in
the drug disposition and effect. The practical impact of CYP2D6 phenotyping was
presented in a case of a patient experiencing phenotyping shift with clinical manifestation

due to drug interaction.
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