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SEZNAM ZKRATEK

AMI
AUC_30n
AUC.p
CAR
Crnax
CYP
DEA
EcN
EDTA-Na,
EFC

EM
FAO
FXR
GIT
hBD-2
HNF
HPLC
HPRT
IFNy

IL

IM

I.s.

K

KTJ
Luciferin-ME EGE
LXR
NADH
NADPH
OATP
PAH
PBS

amiodaron

plocha pod ktivkou v rozmezi 0 — 30 hodin
plocha pod ktivkou v rozmezi 0 — oo hodin
konstitutivni androstanovy receptor
maximalni plazmatické koncentrace 1éCiva
cytochrom P450

N-desethylamiodaron

Escherichia coli Nissle 1917

disodna stl kyseliny diethyltetraaminoctové
7-ethoxy-4-(trifluoromethyl)-kumarin
fenotyp rychlého metabolizatoru
Organizace pro vyzivu a zeméedélstvi
farnesoidni receptor X

gastrointestinalni trakt

antimikrobialni peptid f-defenzin 2
hepatocytarni nuklearni faktor
vysokoucinna kapalinovéa chromatografie
hypoxantin-guanin fosforibosyltransferaza
prozanétlivy interferon gama

interleukin, prozanétlivy cytokin

fenotyp stiedniho metabolizatoru

vnitini standard

kontrolni skupina

kolonie tvotici jednotky, v téchto jednotkach se udava pocet bakterii
methylether-ethylenglykolether luciferinu
jaterni receptor X

redukovana forma nikotinamidadenindinukleotidu
redukovana forma nikotinamidadenindinukleotid fosfatu
transportni polypeptidy organickych anionti
polycyklické aromatické uhlovodiky
fostatovy puftr s chloridem sodnym, pH 7,4

Stréanka | 1



PM
PMSF
PPARG

PVDF membrana
PXR

ROS
SCFA
SDS

SIgA

ti2
TEMED
TBS
TNF-a
tmax

Tris
Tween 20
UDP
UGT

UM

uv

WHO
Z01, 02

fenotyp pomalého metabolizatoru

fenylmethylsulfonylfluorid

nukledrni receptory, které jsou obecné¢ aktivované proliferatory

peroxizomu

polyvinylidendifluoridovd membréana

pregnanovy receptor X

reaktivni formy kysliku

mastné kyseliny s kratkym fetézcem

dodecylsiran sodny

imunoglobulin A sekre¢niho typu

biologicky polocas
N,N,N’,N’-tetramethylethylenendiamin

tris pufr s chloridem sodnym, pH 7,4

faktor nddorové nekrozy

¢as pfi dosazeni maximalni plazmatické koncentrace
tris-(hydroxymethyl)-aminomethan
sorbitan-monolaurat polyethylenglykolu, viskdzni kapalina
uridin-5"-difosfat
uridin-5"-difosfoglukoronosyltransferaza

fenotyp ultrarychlého metabolizatoru

ultrafialové zateni

Svétova zdravotnicka organizace
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1. UVOD

Cizorodé latky, tzv. xenobiotika, jsou latky, které se nachazi vSude kolem nas a do
organizmu se mohou dostat napt. s potravou, vdechnutim ¢i vstfebanim kazi. Tyto latky
mohou byt pfeménény v organizmu na latky jiné za ucasti biotransformacnich enzymu.
1é¢iv jsou cytochromy P450 (CYP). Diky enzymim CYP mohou latky ztratit schopnost
ucinku na organizmus anebo naopak ziskat tento efekt, pficemz hlavnim ,,mechanistickym*
ukolem enzymt CYP je pfeménit latku na polarngjsi, aby mohla byt z organizmu vyloucena.
Samotna xenobiotika v§ak mohou ovlivnit funkci enzymtt CYP, a tim ovlivnit ptisobeni jing,
souCasn¢ podané latky, ktera se metabolizuje stejnym biotransformacnim enzymem. Stejné
tak mohou xenobiotika ovlivnit aktivitu transportnich proteini, které slouzi k usnadnéni nebo
znesnadnéni cesty latek pres tkanové bariéry.

V poslednich letech se tada studii zabyva slozkami stravy, které mohou aktivné
ovlivnit stav organizmu, jako jsou se napi. nutraceutika, probiotika ¢i prebiotika. Podle
definice Svétové zdravotnické organizace (WHO) zroku 2002 ,jsou probiotika Zzivé
mikroorganizmy, které jsou-li podany v adekvatnim mnozstvi, vykazuji piiznivy vliv na
zdravi hostitele* [1]. Tyto mikroorganizmy spolu s komenzalnimi bakteriemi osidluji stfevni
mikrofloru hostitele a k jejich hlavnim u¢inktim patii schopnost kolonizace a adherence (tedy
prilnavost ke stfevni stén¢), antagonisticky vliv na patogenni bakterie, schopnost tvorby
antimikrobidlnich substanci a schopnost modulace imunitniho systému. Podobné jako
xenobiotika, o nichZz bylo zminéno vySe, se mohou chovat i latky produkované prave
probiotickymi bakteriemi. Tyto latky mohou napt. ovlivnit farmakokinetiku souc¢asné podané
latky. Ackoliv se c¢asto mluvi o pozitivnim plisobeni probiotik na lidsky organizmus
a pfipadné na lécbu onemocnéni, existuje rovnéZ moznost, Zze probiotické bakterie mohou
ovlivnit 1écbu v negativnim smyslu, pokud by ovlivnily farmakokinetické parametry soucasné
podaného 1éciva. V takovém piipadé by mohla byt 1é€ba danym léCivem nelGcinnd anebo
naopak by podané 1é¢ivo mohlo mit na organizmus toxické tc¢inky.

Ve stfevnim traktu lidského organizmu je zastoupeno 400 — 500 rGznych druht
bakterii, které predstavuji 1 — 3 % télesné hmotnosti [2]. Kazdy druh bakterie mtze na
organizmus pusobit jinym zplsobem a samotné sloZzeni mikroflory se u jednotlivel mize lisit.

Proto je Zadouci studovat vliv riiznych druht bakterii na aktivitu enzymii CYP, a tim se napf.
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vyvarovat nezadoucim efektim pii 1éCbé pacienta a rovnéz sledovat piipadné zmeény
farmakokinetickych parametrti 1é¢iva. Predkladana prace je jednim z prvnich ptispévkil na

toto téma.

2. CIL PRACE

Cilem ptredkladané disertacni prace bylo zjistit, jak a které¢ enzymy CYP jsou
distribuované po celé délce stievniho traktu u potkana a zda mohou na tyto enzymy mit vliv
peroralné podané probiotické bakterie. Zaroven bylo cilem zjistit, zda probiotické bakterie
mohou ovlivnit farmakokinetiku soucasné podaného modelového 1é¢iva. Jako probiotické
bakterie byly vybrany Escherichia coli Nissle 1917 a Lactobacillus casei, které byly ziskany

ze spolupracujiciho pracovisté Mikrobiologického ustavu Akademie véd Ceské republiky.

Studium bylo zaméfeno na nésledujici témata:

» Stanoveni distribuce biotransformacnich enzymut v gastrointestinalnim traktu

potkana.
» Studium vlivu E. coli Nissle 1917 nebo L. casei na aktivitu jaternich enzymu
CYP u potkana a na expresi jaternich a stievnich potkanich CYP jak na Grovni

proteinu, tak 1 na urovni mRNA.

» Zjisténi vlivu E. coli Nissle 1917 nebo L. casei na farmakokinetiku soucasné

podaného modelového 1é¢iva (diklofenaku nebo amiodaronu).
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3. TEORETICKA CAST DISERTACNI PRACE

3.1 Metabolizmus latek

Lid¢, zvitata, rostliny, houby 1 bakterie ziji v prostiedi, ve kterém se nachazi
nespocetné mnozstvi latek, a stejné tak je mnoho latek pfitomno v samotném organizmu. Tyto
latky, at’ uz z vné&jSiho prostiedi (tzv. xenobiotika) nebo latky endogenniho plvodu (coz
mohou byt napf. nasycené inenasycené mastné kyseliny, eikosanoidy, steroly, steroidy,
zlucové kyseliny, derivaty vitaminu D3 nebo retinoidy), se mohou pfeméiovat na latky jiné
(tzv. metabolity), které mohou hrat v organizmu jistou ulohu. Xenobiotika (coZ mohou byt
latky z potravy, 1é¢iva nebo cizorodé latky z okolniho prostfedi), se do lidského organizmu
dostanou tak, ze se absorbuji do krevniho fecisté, cévami se pak v organizmu distribuuji do
jater, kde mohou byt metabolizovdny (jedna se o tzv. biotransformaci) a nakonec prob&hne
exkrece latky z organizmu. Tyto déje maji znac¢ny vliv na to, zda se latka dostane k cilovému
organu, tedy na misto ptsobeni, a jaké bude jeji mnozstvi. To je predevsim dulezité v piipadé
lécive latky, ktera je podavand pacientovi. Jiz béhem absorpce a distribuce musi latka
interagovat s dal$imi latkami a piekonat bariéry, jako je kyselé prostiedi zaludku, propustnost
membrany, transportni proteiny, plazmatické bilkoviny ¢i jiné enzymy, které chrani
organizmus pred Skodlivymi latkami. Vlastnosti dané latky, zptisob podani a davka rozhoduji,
zda latka bude mit v organizmu zadouci efekt [3].

Metabolizmus latek, at’ uz xenobiotik ¢i endogennich latek, probiha za Gcasti enzymil
a lze jej rozdélit na dvé faze, fazi I a fazi II. K prvni fazi metabolizmu lze zahrnout zejména
redoxni reakce, kterymi se latky stavaji polarnéjSimi. Druhd faze metabolizmu zahrnuje
konjugaéni reakce substratil s enzymy za dodani energie, kdy vznikne latka jesté vice polarni
(s vyjimkou methylace, jejiz produkty jsou obecné mén¢ polarni a reaguji s dalSim enzymem
druh¢é faze). Vzniklé metabolity se pak diky polarn€js$i povaze mohou z organizmu vyloucit
moci, potem Ci Zlu¢i. Reakce druhé faze jsou rychlejsi nez reakce prvni faze, proto je
vysledna rychlost metabolizmu spiSe ovlivnéna reakcemi faze 1. OvSem metabolizmus latek
neprobihd vyluéné fazemi I i II, mize probihat pouze fazi I nebo jen fazi II, v zavislosti na
vlastnostech dané latky [4,5]. Reakce obou fazi metabolizmu jsou shrnuty v Tab. 1.

Biotransformace latek usiluje pifedevsim o to, aby byly latky hydrofilnéjsi a mohly se
dostat mimo organizmus. Je to opét jeden z mechanizmil, jak ochranit organizmus pied

cizorodymi latkami. Béhem tohoto déje miZe dojit k pfeméné farmakologicky uc¢inné latky na
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neucinnou, nebo naopak k preméné latky neti¢inné (tzv. prolécivo) na latku ucinnou. V tomto
smyslu se vSak nemusi jednat jen o léCiva, ale také latky z okolniho prostfedi, které se
biotransformaci mohou pfeménit na karcinogeny, tedy latky, jez mohou vyvolat rakovinné

onemocnéni [6,7].

3.2 Cytochromy P450

Mezi nejvyznamnéjsi enzymy, které metabolizuji endogenni latky i xenobiotika, patii
cytochromy P450 (CYP). Jedna se o proteiny s hmotnosti kolem 45 000 Da, které obsahuji
prostetickou skupinu hem b, v némz je atom Zeleza v oxidovaném stavu (Fe**). Tento hemovy
komplex je Kk proteinu vazan pomoci atomu siry z aminokyselinového zbytku cysteinu. Co se
ty¢e nazvu ,,cytochrom P450%, zkracené CYP, oznaceni cytochrom je obecn¢ pouzivano pro
enzymy ucastnici se transportu elektronti a oznaceni P450 je podle pigmentu, ktery byl
nejprve objeven v potkanich jatrech aktery vredukované formé (po vazbé s oxidem
uhelnatym) absorbuje viditelné zafeni o vinové délce 450 nm [5,8]. Ve skute¢nosti se jedna
orozmezi 447-452 nm, Vv zavislosti na daném enzymu [4,9]. Cytochromy P450 jsou
klasifikovany podle primarni struktury. V lidském téle je zndmo 57 aktivnich enzymd, které
jsou rozdeéleny do 18 rodin. Tyto hemové proteiny se oznacuji ¢iselné podle rodiny (ve které
maji minimalné¢ 40% podobnost v sekvenci aminokyselin), dale pismenem podle podrodiny
(ve kter¢ jsou si enzymy podobné s vice nez 55 %) a konecné €islo pak oznacuje individualni
formu enzymu, napt. CYP3A4 [10,11,12].

Tyto proteiny jsou G€innymi enzymy, které jsou schopné katalyzovat hydroxylaci
alifatickych 1 aromatickych sloucenin, epoxidaci dvojnych vazeb, oxidaci heteroatom,
odstranéni esterové skupiny ¢i katalyzovat dealkylacni nebo dehydrogenaéni reakce [5,13].
Na Obr. 1 jsou znazornény krystalové struktury CYP3A4 a CYP2C9 samotné nebo
S navazanym substratem, tedy latkou, ktera je schopnd se na protein vazat. K vyse
zminovanym reakcim vSak nedochdzi jen za ucasti substratu a enzym CYP, nybrz za Gcasti
dalsich enzymd, jako jsou flavoprotein NADPH-cytochrom P450 oxidoreduktdza (CYPOR),
cytochrom bs nebo mitochondrialni ferredoxin a ferredoxin reduktaza [4,14,15]. Obecny
mechanizmus pusobeni enzymi CYP spociva v aktivaci molekularniho kysliku, kdy je jeden
atom kysliku ,,vloZzen“ do molekuly substratu a druhy atom kysliku je pouzit pro tvorbu

molekuly vody. Béhem celého reakéniho mechanizmu se spotiebuji dva elektrony, jejichz
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Reakce Enzym Priklady metabolizovanych latek
Faze
esteraza famciklovir; oseltamivir; paraoxon; prokain; spironolakton; vinylacetat
hydrolyza ) . . -
peptidaza aminokyseliny; peptidy
epoxidhydrolaza leukotrien A4; naftalen-1,2-oxid; styren-7,8-epoxid
azo- a nitro- reduktaza chloramfenikol; prontosil
karbonylreduktaza daunorubicin; haloperidol; pentoxifyllin; prostaglandiny; warfarin
redukce disulfidreduktiza disulfiram
sulfoxidreduktaza sulindac
chinonreduktaza doxorubicin; 6-hydroxydopamin
reduktivni dehalogenaza halotan; isofluran; methoxyfluran
NADPH-cytochrom P450 oxidoreduktaza mitomycin C; tirapazamin
oxidace alkoholdehydrogenaza ethanol
aldehyddehydrogenaza acetaldehyd; glutamat; chloralhydrat
aldehydoxidaza famciclovir; methotrexat; nikotin; tamoxifen
xanthinoxidaza eskuletin; allopurinol
monoaminoxidaza haloperidol; katecholaminy; zolmitriptan
diaminoxidaza putrescin

flavin-monooxidaza

chlorpromazin; imipramin; kokain; methamfetamin; nikotin; sulindac

cytochrom P450
Faze Il

amiodaron; diklofenak; chlorzoxazon; ibuprofen; kumarin; testosteron

glukuronidace

UDP-glukuronosyltransferaza

diklofenak; kodein; paracetamol; propranolol; testosteron

sulfonace (sulfatace)

sulfotransferaza

dopamin; ethanol; cholesterol; paracetamol; PAH; salicylamid

konjugace s glutathionem

glutathion-S-transferaza

diethylmaleat; dichlormethan; trinitroglycerin

konjugace s aminokyselinou

acylkoenzym A syntdza
acylkoenzym A: aminokyselina N-acyltransferaza

kyselina benzoova

acetylace

N-acetyltransferaza

dapson; isoniazid; kyselina p-aminobenzoova a p-aminosalicylova

methylace

methyltransferaza

histamin; L-dopa; 6-merkaptopurin; nikotin
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Tabulka 1. Reakce I. a II. faze metabolizmu latek, enzymy (které se ucastni zminénych reakci) a piiklady latek
(které se t€émito enzymy metabolizuji) [4].
PAH, polycyklické aromatické uhlovodiky.

zdrojem je redukovand forma nikotinamidadenindinukleotid fosfatu (NADPH) nebo
nikotinamidadenindinukleotidu (NADH) [4]. Jelikoz pouze jeden ze dvou atomu kysliku
setrva v molekule substratu, jsou enzymy CYP také nazyvany jako monooxygenazy [5].

Schematicky mechanizmus ptsobeni cytochromti P450 je uveden na Obr. 2.

A B

Obrazek 1. Krystalova struktura lidskych cytochroma P450 (CYP).
CYP3A4 (A); CYP3A4 v komplexu s erythromycinem (makrolidové antibiotikum; B); CYP2C9 (C); CYP2C9
v komplexu s flurbiprofenem (nesteroidni protizanétlivé 1é¢ivo; D) [16,17,18,19].
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Obrazek 2: Schematické znazornéni mechanizmu puisobeni cytochromt P450 (CYP):
Vazba substratu (RH) na enzym CYP za vzniku komplexu enzym-RH [1]. Vazba RH byva doprovazena zm&nou
konformace a zménou spinového stavu Zeleza z nizkospinového na vysokospinovy. Nasledn¢ za ucasti NADPH-
cytochrom P450 oxidoreduktazy, cytochromu bs a donoru elektrontit (NADPH nebo NADH) probihd redukce
oxidagniho stavu hemového Zeleza z Fe** na Fe?* [2]. Redukované hemové Zelezo miiZe reagovat s tripletnim
molekularnim kyslikem [3]. Jeden elektron z Fe*" a jeden elektron z tripletniho kysliku vytvati meziprodukt
s vazbou Fe**-0,. Tento meziprodukt je relativné stabilni, ale miize disociovat na Fe** a superoxidovy anion.
Uvolnéni superoxidu je doprovazeno vznikem peroxidu vodiku, coz je zdroj skodlivych kyslikovych radikald.
Meziprodukt po reakci [3] je superoxidovy anion, ktery je vézany k Fe*' a obsahuje neparovym elektron na
poslednim kysliku. Po této reakci nasleduje druha redukce za uéasti NADPH-cytochrom P450 oxidoreduktazy,
cytochromu bs a donoru elektrond (NADPH nebo NAD) [4]. Pii této redukci vznika negativné nabity Zelezo-
peroxidovy komplex. Je tfeba vzit na védomi, ze tento komplex je formalné dvojnasobné negativné nabity,
a tudiz se pravdépodobné rychle protonizuje za vzniku Zelezo-hydroperoxidovy komplexu [5]. Nasleduje druha
protonace za vzniku Fe® a rozitépeni vazby O-O, pii které dochazi k od§tépeni molekuly vody a vzniku
reaktivniho meziproduktu komplexu Zeleza s atomarnim kyslikem [6]. Komplex Ize zapsat tak, jak je uveden ve
schématu, ale je moZné jej napsat i ve form& kation-radikélu, v némz oxidaéni stav atomu Zeleza je Fe®'.
V konecné fazi dochazi k piesunu atomu kysliku z komplexu Zeleza na RH a vznik R-OH, ktery je vice polarni
nez samotny substrat RH. Dochazi k uvolnéni oxidovaného substritu a enzym se vraci do ptvodniho
nizkospinového stavu [7]. Enzym je opét pfipraven reagovat s dal$i molekulou substratu [5].
NADH, redukovany nikotinamidadenindinukleotid; NADPH, redukovany nikotinamidadenindinukleotid fosfat.
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Enzymy tii rodin CYP1-CYP3 se ucastni pfedev$im metabolizmu xenobiotik (tedy
latek zivym organizmm cizi), zatimco cytochromy P450 s vy$sim Cislem se spiSe ucastni
metabolizmu endogennich latek [20]. Podle substrati 1ze enzymy CYP také rozdélit na dva
typy. Enzymy detoxifikacniho typu (CYP1-4) metabolizuji napt. 1éCiva, aromatické latky
nebo mastné kyseliny, zatimco enzymy biosyntetického typu (CYPS5 a s vys$sim c¢islem) jsou
zahrnuty do biosyntézy fyziologicky aktivnich latek, napf. steroidli, hydroxycholesterolt,
vitaminu D3 ¢i ZluGovych kyselin [12]. Cytochromy P450 jsou odpovédné za 75 - 80 % reakci
I. faze metabolizmu a za 65 — 70 % clearance klinicky uzivanych 1é¢iv [21]. Na Obr. 3 je
znazornéno procentualni rozdéleni klinicky vyznamnych forem cytochroma P450 v lidskych
jatrech.

Enzymy metabolizujici xenobiotika jsou soucasti nejen lidského organizmu, ale jsou
také nachdzeny u bakterii, hub, rostlin a zvifat [5]. Lokalizace téchto enzymu je v bunééné
membrané endoplazmatického retikula a mitochondrii a vyskytuji se v celém organizmu.
Nejvétsi vyskyt enzymt CYP je v jatrech, kde je jejich obsah 300 pmol/mg proteinu. DalSimi
organy s vyskytem CYP jsou napf. gastrointestinalni trakt, ktze, ledviny a nadledviny,
mozek, plice nebo srdce. JelikoZ je obsah enzyml CYP v jatrech nejvétsi, metabolizmus latek
probiha pfedevsim v tomto organu. Na druhou stranu, gastrointestinalni trakt, kde je obsah
enzymu CYP sice jen 20 pmol/mg proteinu, se nabizi jako prvni organ, kde miize byt latka
metabolizovana po peroralnim podani [22]. Pokud se jedna o latku ucinnou, muze jiz zde
ztratit ¢ast své ucinnosti.

Vykonnost cytochromit P450 ovliviiuji faktory, jako jsou vE€k, pohlavi a zdravotni stav
jedince. U Zzenského pohlavi je vysSi exprese CYP1A2, 3A4 a 7Al, zatimco enzymy
CYP3AS, 27B1 a enzym druhé faze UGT2B15 jsou vice exprimovany u muZzského pohlavi.
VétSina studii ukazuje, Ze zeny metabolizuji 1é¢iva rychleji neZ muzi, a to zejména léCiva,
kterd jsou metabolizovana CYP3A4. Koncentrace tohoto proteinu v jatrech mlZe byt totiz
dvakrat vyss$i u zen v porovnani s koncentraci jaterniho proteinu CYP3A4 u muzi, zna¢né
rozdily jsou ina hladiné mRNA. Funkce enzymi je také ovlivnéna stafim jedince.
Cytochromy P450 se plné vyviji béhem 1. roku Zivota. Béhem Zivota pak dochézi jen k
mirnému zvySeni v expresi a aktivité¢ cytochromt P450, a to zejména u CYP2C9. U starSich
lidi je naopak funkce téchto enzymi sniZena. DalSi z faktori, ovlivitujicich vykonnost
enzymti CYP, je zdravotni stav jedince. Napf. onemocnéni jaterni cirh6zou zpusobuje
strukturni zmény jater, coZ vede ke sniZeni krevniho pritoku jatry, ke ztrat€¢ funkce
hepatocytd a ke sniZzené expresi enzymi CYP. VSechny tyto dé&je pfispivaji ke snizeni

kapacity pro metabolizmus 1é¢iv a vysledkem je pak niZ§i clearance a zvySené hladiny l1é¢iva
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nenavazaného na plazmatické bilkoviny. Po dobu infekce, zdnétu ¢i jiného onemocnéni koluji
Vv téle prozanétlivé cytokiny (interleukiny IL-1B a IL-6, faktor nadorové nekrozy TNF-a),
které ptisobi jako signdlni molekuly. Ty vyvolavaji zmény v jaterni genové expresi, kterd pak

vede ke snizené expresi mnoha enzymu metabolizujicich 1é¢iva [21]. VSechny tyto faktory

jsou taktéz schematicky znazornény na Obr. 3.

CYP3A4/5 (30.2%)
*Induction

*Sex (f>m)

* Inflammation ({)

* Polymorphism (1)
*Age (1)

CYP1A2 (8.9%)
¢ Induction (1)
« Inflammation (4) /
*Cholestasis (V) &
*Age (1)

«(Sex, m>f ?)

CYP2J2 (3%)
*Polymorphism({,) CYP2E1 (3%)

«Induction (1)
/ *Inflammation(1")
« Various diseases (1)

* Sex (m>f)

CYP2D6 (20%)
«Polymorphism ({. 1)
« Inflammation ({)

* (Polymorphism)

CYP2A6 (3.4%)
* Polymorphism (. 1)
*Induction (1)

« Inflammation (V)

«(Sex, f>m ?) CYP2B6 (7.2%)

oA
ge (1) «Induction (1)
« Polymorphism (1. 1)

CYP2C19 (6.8%)
*Polymorphism ({ 1)
*Induction (1)

« Inflammation (/)
*(Sex ?)

CYP2C9 (12.8%)

o i CYP2C8 (4.7%) ¢ Induction (1)
.:glzar\r;atlon(d,) *Induction (1) -Polymorphism V)
*(Sex, f>m?) * Polymorphism (J 1) « Inflammation ({)

« Inflammation () *Age (1)

*Age (1) *(Sex ?)

Obrazek 3. Procentualni rozdéleni klinicky vyznamnych forem cytochromii P450 v lidskych jatrech a faktory
ovliviyjici tyto enzymy [21].

Induction, indukce; inflammation, zanét; cholestasis, cholestaza; age, vé€k; sex, pohlavi; polymorphism,
polymorfizmus; various diseases, rizné nemoci.

Aktivitu enzymu CYP ovliviiuje i podand latka, kterd je jeho substratem. Pokud jsou
podany soucasné dvé rizné latky, které interaguji se stejnym enzymem CYP, mize dojit k
tzv. 1ékové interakci. Disledkem toho muze nastat bud’ indukce exprese, nebo inhibice
aktivity ¢i exprese metabolizujicich enzymu. Inhibitorem muizZe byt latka, kterd je substratem
daného enzymu CYP, ale také latka, ktera se nemetabolizuje danym enzymem CYP a je
pouze inhibitorem tohoto enzymu (napf. chinidin — inhibitor CYP2D6, nikoliv jeho substrat)
[23]. Mechanizmus inhibice mtze byt bud’ reverzibilni (nejbézné;jsi forma) nebo ireverzibilni.
Béhem reverzibilni inhibice dochazi pouze k docasné inhibici enzymu, zatimco ireverzibilni
mechanizmus inhibice spociva v tvorbé reaktivnich metabolitlh pevné vazanych na pfislusny
enzym. Tyto reaktivni metabolity tak zptsobuji trvalou ztratu enzymové aktivity do té doby,

nez se syntetizuje novy enzym.
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V piipadé indukce exprese metabolizujicich enzyml dochazi ke zvySeni koncentrace
mRNA (diky transkripéni aktivaci), ndsledné probiha zvysend syntéza proteinu, a v disledku
vyssi koncentrace enzymu dochézi ke zrychleni metabolizmu samotnych indukujicich latek
(autoindukce; vlastnost napt. karbamazepinu) nebo soucasné podanych latek. Zaroven se
zvySuje clearance a dochazi ke zménam farmakokinetiky 1é¢iv. K indukci metabolizmu je
zpravidla zapotfebi syntetizovat novy enzym, coz trva fadové hodiny az dny [23,24].
Vysledkem zvysSené aktivity enzymu pak miize byt nedostatecna 1écba, protoze podana lé¢iva
mohou byt G¢innéji metabolizovana a nemusi byt dosazeny terapeutické hladiny téchto 1&Civ.
Inhibice probiha naproti tomu téméi okamzité nebo béhem nékolika hodin a vede k
nezddoucimu zvySeni plazmatické hladiny soufasné¢ podavanych léciv metabolizovanych
stejnym zplisobem, a to az s toxickymi nasledky. K enzymim schopnym indukce patii
CYP1Al, 1A2, 2B6, 2C8, 2C9, 2C19 a 3A4, zatimco o CYP2D6 je znamo, ze indukovatelny
neni. Na druhou stranu, CYP2EI je indukovatelny uZ jen stabilizaci samotného proteinu
[21,25]. Indukce exprese enzymu CYP muze probéhnout transkripéni aktivaci prostiednictvim
nuklearnich receptorti (napt. pregnanovy receptor PXR, konstitutivni androstanovy receptor
CAR, receptor vitamin D3 nebo nuklearni faktor HNF4a) [26]. V piipadé CYPI1A, 1BI,
nékterych glukuronosyltransferaz (UGT) a glutathion S-transferdz (GST) hraje vyznamnou
transkripcni roli cytosolicky aryl-uhlovodikovy receptor (AhR) [21,27,28]. Obecné lze tedy
fici, ze indukce enzymové exprese vede ke zvySeni clearance podanych 1é¢iv a miize byt
povazovana jednak za prospéSnou, ale také za nezadouci, vede-li napf. k urychlenému
vylu€ovani 1éciva, které tak neumozni dosaZeni terapeutické hladiny. Na druhou stranu
enzymy podrodiny CYP1A mohou také aktivovat n¢které latky (napt. benzo(a)pyren) na latky
karcinogenni. Indukce téchto enzymu tak zvysSuje riziko vzniku rakoviny.

Aktivitu enzyml CYP muze ovlivnit i geneticky polymorfizmus, coZ je prokazano
u nékterych lidskych enzyma, napt. u CYP1AL1, 2B6, 2C9, 2C19, 2D6, 3A4, 3AS. Geneticky
polymorfizmus je obvykle definovdn jako geneticky podminény rozdil ovliviyjici > 2%
populace. Jedna se o dédicné zmeény DNA, které vedou k nedostatecné produkci enzymu
CYP, nedostate¢né indukovatelnosti CYP nebo k syntéze proteinu CYP se zménénou
katalytickou aktivitou [22]. Jedinci pak na zakladé téchto zmén metabolizuji stejna
xenobiotika rtizné€ rychle. Z tohoto ditvodu se tito jedinci, tzv. metabolizatofi, klasifikuji do
fenotypovych skupin: ultra rychli (UM), rychli (EM), stfedni (IM) a pomali metabolizatoii
(PM). UM nesou duplicitni nebo multiplicitni kopie genu urcité alely. Naproti tomu IM nebo
PM nesou Vv genotypu jednu nebo vice nefunk¢nich alel. EM nesou 2 alely davajici normalni

aktivitu dané¢ho enzymu (znaCena *1) a obvykle zahrnuji vétsi ¢ast populace [21,29,30]. Na
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Obr. 4 je znazornéna fenotypova a genotypova distribuce oxidace alkaloidu sparteinu. Této
oxidace se ucastni enzym CYP2D6. Stanoveni bylo provedeno u némecké populace
a zahrnuto bylo 308 jedincd [21,31,32]. Databaze alelickych variant gent lidskych
cytochromii P450 je uzitecnym zdrojem v oblasti farmakogenomiky a je k dispozici na
webovych strankdch http://www.cypalleles.ki.se/, které jsou postupné dopliiovany odborniky
z celého svéta [29]. Tato databaze pouziva klasifikacni systém, kde referencni alela (*1)
koéduje fenotyp aktivniho metabolizmu, zatimco variantni alely koduji fenotyp pomalého
metabolizmu (s nizkou ¢i zadnou aktivitou enzymu k piislusné latce). Variantni alely
jednotlivych enzymi CYP mohou byt pii¢inou nedostacujici 1écby nebo mohou vyvolat
toxické ucinky [20], u enzymi CYP s endogennimi funkcemi mohou byt pfi¢inou samotného
onemocnéni. Fenotypy metabolizatorti jsou pouzivany piedevsim k popsani metabolizmu
1é¢iv [29] a mohou byt stanoveny in vivo za pouziti selektivnich modelovych substratd.
Zjisténi fenotypu pacienta muze piedevS§im usnadnit davkovani 1éCiva a zabranit tak

pfedavkovani s moznosti vzniku toxickych ucinki.

R e (omongene

Mstxatte)gﬁéve‘i — — | normal allele
; _— i
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Ultrarapid Metabolizer PM .
30 1 metabolizer Poor Metabolizer
ml | i *,I
10 !;
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100 MRs

Obriazek 4. Fenotypova a genotypova distribuce oxidace alkaloidu sparteinu u némecké populace (N = 308)
[21,31,32].

Individuals, jedinci; MR, metabolicky pomér (pomér hladiny parentni latky k hlading metabolitu) pro spartein
ziskany z moce; ultrarapid metabolizer (UM), ultrarychly metabolizator; extensive metabolizer (EM), rychly
metabolizator; intermediate metabolizer (IM), stfedni metabolizator; poor metabolizer (PM), pomaly
metabolizator; duplicated gene, duplicitni gen; normal allele, normalni alela; partially defective allele, castecné
defektni alela; null allele, Zadna alela.
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3.3 Rozdéleni enzymi CYP a porovnani jejich vlastnosti u clovéka

a potkana

Jak jiz bylo feceno vyse, enzymy CYP jsou pfitomny jak u ¢loveéka, tak i1 u zvifat,
rostlin, hub a bakterii. Tato prace se zabyva cytochromy P450 u potkana, proto bude detailni
rozbor enzymi CYP z(zen na ¢lovéka a potkana. V Tab. 2 jsou shrnuty lidské cytochromy
P450 (CYP1-CYP3) s genem, lokalizaci, s ptiklady substratt, inhibitord a induktorti. V Tab. 3
je pak porovnani vybranych lidskych forem CYP s potkanimi. Prace je navic ziizena na rodiny

CYP1-3, protoze tyto rodiny se nejvice tykaji metabolizmu xenobiotik.

3.3.1 Lidska rodina CYP1

Enzymy rodiny CYP1 se nachazi v riznych tkanich a jejich genova exprese byva
spojena s aryl-uhlovodikovym receptorem (AhR), tedy transkripénim faktorem, ktery je
aktivovan vazbou polycyklickych aromatickych uhlovodiki (PAH). Tyto aromatické
slou€eniny jsou obsazeny napt. v cigaretovém koufi, vznikaji primyslovym spalovanim nebo
grilovanim jidla na dfevéném uhli. AhR miize byt také aktivovan vazbou pfirodnich slozek
V potravé (napft. v brokolici). Do rodiny CYP1 patii dvé podrodiny, CYP1A a CYP1B. Ob¢ se
ucastni nejen metabolizmu PAH, ale také endogennich latek, jeZ jsou ligandy receptoru AhR.
CYP1A1l inaktivuje prostaglandin G,, CYP1A2 oxiduje uroporfyrinogen a melatonin,
aenzymy CYP1A2 i CYP1BI se ucastni hydroxylace estrogenu [20,27,28].

3.3.11 Podrodina CYP1A u ¢lovéka

Do podrodiny CYP1A patii dva enzymy, CYPIAl a CYP1A2. Prvni znich je
v jatrech detekovatelny jen v ptipadé indukce tohoto enzymu [11]. K indukci CYPIA ovSem
dochdzi velmi Casto, protoze je indukovatelny i latkami ze zneciSténého Zivotniho prostiedi.
Vyznamnou roli vV metabolizmu lé¢iv hraje v této rodiné spise CYP1A2, ktery je vyznamné
exprimovan v jatrech a Giastni se premény 10 % klinicky vyznamnych 1é¢iv [20,21,33]. Mezi
substraty CYP1A2 patii aromatické aminy a heterocyklické slouceniny (napt. paracetamol,

kofein, klozapin, fenacetin, takrin nebo teofylin) na rozdil od CYP1AIl, ktery preferuje
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Rodina Gen Lokalizace enzymu u ¢lovéka Priklady substrati Priklady inhibitori Priklady induktori
lidskych enzymu u ¢lovéka u C¢lovéka enzymu u ¢lovéka
cytochromii
P450
plice, jatra, mozek, GIT, lymfocyty,
CYP1A 1A1 srdce, kiize PAH n¢které flavonoidy dioxiny, PAH, omeprazol
aromatické aminy,
fenacetin, klozapin, amiodaron, cimetidin, B-naftoflavon,
kofein, PAH, disulfiram, fluvoxamin, fenobarbital,
paracetamol, takrin, furafyllin, latky z karbamazepin, PAH,
1A2 jatra, plice teofylin, warfarin kostdlové zeleniny omeprazol, rifampicin
CYP1B ktze, mozek srdce, plice, slezina,
1B1 placenta, jatra, ledviny, GIT PAH nckteré flavonoidy dioxin
diethyldithiokarbamat,
ketokonazol, 8- barbituraty, dexametazon,
CYP2A bilirubin, butadien, methoxypsoralen, estrogeny, karbamazepin,
2A6 jatra, nosni sliznice, plice kotinin, kumarin, nikotin pilokarpin, selegilin rifampicin
2A7 - - - -
benzo[c]fenanthren;
3,4-dihydroxy-3,4-
dihydro-7,12-
2A13 plice dimethylbenz[a]anthracen B-nikotyrin, menthol ?
bupropion,
CYP2B cyklofosfamid, efavirenz, barbituraty,
jatra, mozek, ledviny, srdce, propofol, (S)-mefenytoin, | klopidogrel, klotrimazol, | karbamazepin, metamizol,
2B6 placenta, plice, nosni sliznice testosteron, tramadol sertralin rifampicin, statiny
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amiodaron, amodiaquin,
imatinib, kyselina
arachidonova, kyselina

gemfibrozil, kvercetin,
montelukast, tamoxifen,

barbituraty, fibraty,
imatinib, paklitaxel,

2C8 jatra, ledviny retinova, paklitaxel trimethoprim rifampicin, statiny
celekoxib, diklofenak, amiodaron, flukonazol, barbituraty, nifedipin,
ibuprofen, rosuvastatin, | metronidazol, ritonavir, prednison, rifampicin,
2C9/10 jatra (S)-warfarin, tolbutamid sulfafenazol statiny
CYP2C buprenorfin, diklofenak,
2C18 kize, jatra fenytoin, warfarin ? rifampicin
amitriptylin, diazepam,
klopidogrel, propranolol, | flukonazol, fluvoxamin,
(R)-omeprazol, isoniazid, klopidogrel, barbituraty,
(S)-mefenytoin, omeprazol, ritonavir, | karbamazepin, rifampicin,
2C19 jatra, srdce vorikonazol voriconazol ritonavir
amitriptylin, bufuralol,
CYP2D dextrometorfan, kodein, celekoxib, bupropion,
jatra, mozek, duodenum, jejunum, metoprolol, tamoxifen, haloperidol, chinidin,
2D6 srdce tramadol metadon -
ethanol, chlorzoxazon, diallysulfid,
CYP2E jatra, nosni sliznice, mozek, srdce, nitrosaminy, kyselina diethyldithiokarbamat,
kostni dien, ledviny, varlata, salicylova, paracetamol, disulfiram, aceton, ethanol,
2E1 vajecniky, lymfocyty, GIT p-nitrofenol 4-methylpyrazol hladovéni, isoniazid
CYP2F 2F1 plice, nosni sliznice, jatra benzen, kumariny, skatol skatol ?
amiodaron, astemizol, ketokonazol, kyselina
CYP2J 2J2 GIT, srdce, kosterni svaly, ledviny | cyklosporin A, terfenadin | arachidonova, troglitazon ?
CYP2R 2R1 keratinocyty, varlata vitamin D ? ?
CYP2S 251 GIT, plice, moCové cesty, klize eikosanoidy ? dioxin
mastné kyseliny
CYP2U 2U1 brzlik, mozecek s dlouhym fetézcem ? ?
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tlusté stievo plodu,
CYP2W 2W1 nadorova tkan tlustého stfeva ? ? ?
atorvastatin, cyklosporin | azamulin, erythromycin, barbituraty, fenytoin,
A, diazepam, metyrapon, grapefruitovy dzus, gingko biloba, imatinib,
jatra, GIT, ledviny, plice, mozek, | midazolam, paracetamol, ketokonazol, karbamazepin, rifampicin,
CVYP3A 3A4/5 endotel, placenta, lymfocyty takrolimus, testosteron | klarithromycin, verapamil statiny
3A7 jatra plodu, endometrium délohy | podobné jako u CYP3A4 | podobné jako u CYP3A4 barbituraty, steroidy
ziejmé podobné jako ziejmé podobné jako ziejme podobné jako
3A43 jatra, prostata u CYP3A4 u CYP3A4 u CYP3A4

Tabulka 2. Piehled lidskych cytochromt P450 (CYP1-CYP3) s genem, lokalizaci a s piiklady substratd, inhibitort a induktora [6,11,21,30,34,35,36,37,38,39,40,41,42,43,44].
GIT, gastrointestinalni trakt; PAH, polycyklické aromatické uhlovodiky; ?, neni znamo; -, nedetekovano.

Rodina

Podrodina

Lidska forma CYP

Potkani forma CYP

CYP1

CYP2

1A1, 1A2

1A1, 1A2

o >

1B1

1B1

>

A 2A6, 2A7, 2A13 2A17, 2A2", 2A3

B 2B6 2B1", 2B2", 2B3", 2B12, 2B15

C 2C8, 2C9/10, 2C18, 2C19 2C6, 2C7*, 2C11*, 2C12*, 2C13*, 2C22, 2C23
D 2D6 2D1, 2D2, 2D3, 2D4, 2D5, 2D18

E 2E1 2E1

CYP3 3A4, 3A5, 3A7, 3A43 3A1/3A23, 3A2*, 3A9*, 3A18*, 3A62

Tabulka 3. Porovnani vybranych lidskych forem cytochromt P450 (CYP) s potkanimi formami [22,45,46].
*rozdily mezi pohlavimi.
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substraty planarni aromatické uhlovodiky. Mezi inhibitory CYP1A2 patii disulfiram,
furafyllin nebo nékteré latky z kostalové zeleniny, a mezi induktory CYP1A2 patii napf.
PAH, latky z rostlin z ¢eledi mifikovitych, z lé¢iv pak omeprazol nebo rifampicin. Typické
reakce  katalyzované  CYPIA2  jsou napt. O-deethylace  7-ethoxyresorufinu
a 7-methoxyresorufinu, O-deethylace fenacetinu a N3-demethylace kofeinu, které se bézné
pouzivaji pro in vitro nebo in vivo stanoveni fenotypu. Vysoka hladina CYP1A1 byva
U pacientll spojovana s koufenim, ovSem na interindividualni variabilitu ma vliv zejména
strava [4,22,47,48], zvlasté v dnesni dobé, kdy je letni grilovani velmi popularni.

Na interindividualni variabilité¢ se samoziejmé muze podilet geneticky polymorfizmus.
Napt. genotyp CYP1A2*6 je spojeny s nefunkCnosti enzymu, tato alela je vSak velmi vzéacna.
populace, naopak CYP1A2*1F je spojena se zvySenou enzymovou indukovatelnosti
u Svédskych a némeckych kutakl, a také u silnych $védskych a srbskych konzumentd kavy

[11,21].

3.3.1.2 Porovnani potkani podrodiny CYP1A s lidskou

Potkani podrodina CYP1A ma stejné oznacené Cleny jako rodina lidska. Co se tyce
strukturni podobnosti k lidskym enzymim CYPIA, pro CYPIA1 je to podobnost 83% a pro
CYP1A2 80%. Protein CYP1Al je upotkana exprimovan pfedevsim v tenkém stieve,
Vv jatrech je obsazen pouze v nizkych koncentracich, podobné jako u ¢lovéka. Naopak protein
CYPI1A2 je, podobné jako u lidi, exprimovan zejména v jatrech, zatimco v extrahepatalnich
tkanich je exprimovan ve velmi nizkych koncentracich nebo vibec [22]. Enzym CYP1A2
katalyzuje O-dealkylaci 7-ethoxyresorufinu [4] a tato reakce se vyuziva ke stanoveni aktivity
CYP1A2 u potkana in vitro.

3.3.13 Podrodina CYP1B u ¢lovéka

Do podrodiny CYPIB patii jen jedna forma enzymu, CYP1BI1, ktera je exprimovana
Vjatrech 1 v extrahepatalnich tkanich, ovSem v nadorovych buiikich je exprimovéna ve
vysSich koncentracich v porovnani s normalni tkani. Indukce enzymu CYPIBI je tedy

vyznamnym faktorem pii stanoveni rizika vzniku nddort a to zejména v téch tkani, které jsou
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citlivé na hormonalni zmény (napf. prostata, prsni tkan, vajecniky nebo d€loha). Je znamo, ze
lidsky CYPIBI se ucastni 4-hydroxylace estrogenli. Vzniklé metabolity tedy mohou byt
pti¢inou napf. rakoviny prsu [22,49,50]. Na mySim modelu byla dokonce objevena

souvislost mutace genu CYP1B1 a vzniku primarniho kongenitalniho glaukomu [51].

3314 Porovnani potkani podrodiny CYP1B s lidskou

Potkani CYPIBI je exprimovan v jatrech a plicich. Podobn¢ jako u lidi je CYP1BI
jedinym enzymem podrodiny CYP1B. Tento enzym neni ovSem detailn¢ prozkouman, a tudiz

srovnani potkaniho enzymu CYP1B1 s lidskym enzymem je velice obtizné [22].

3.3.2 Lidska rodina CYP2

CYP2 je u savcu nejrozsdhlejs$i rodinou cytochromi P450. Do této rodiny patii
podrodiny CYP2A, 2B, 2C, 2D, 2E, 2F, 2J, 2R, 2S, 2U a 2W. Nejvyznamn¢jsi podrodinou je
vSak CYP2C, protoze se ucastni metabolizmu kyseliny arachidonové, nékterych steroidi
a predevsim nemalého mnozstvi ¢asto predepisovanych 1é¢iv. Vyznamnou roli v metabolizmu
1é¢iv ma také enzym CYP2D6, mensi pak enzymy CYP2A6, CYP2A13, CYP2B6, CYP2EL1,
CYP2F1 a CYP2J2. Naopak jiné enzymy jsou sice znamy, nicméné& jejich funkce neni stale
prozkoumana. Z této rodiny se jedna o CYP2A7, CYP2R1, CYP2S1, CYP2UI a CYP2W1
[20]. Vzhledem k tomu, jak je tato rodina rozsahla, v jednotlivych kapitolach bude zminéno
jen prvnich pét podrodin, protoze jsou zahrnuty ptfedev§im v metabolizmu xenobiotik a jejich

funkce je dobfe znama.

3.3.21 Podrodina CYP2A u ¢lovéka

Do podrodiny CYP2A patii CYP2A6 a CYP2A13, a dale katalyticky inaktivni
CYP2A7. Vyznamngj$i znich je CYP2A6, ktery se vyskytuje v jatrech, nosni sliznici
a plicich [52]. Mezi substraty tohoto enzymu lze zatadit nizkomolekularni latky obsahujici
keto- nebo nitro- skupinu (napf. kumarin, kotinin nebo nikotin). Jedna se o jediny enzym
metabolizujici 1éCiva, ktery katalyzuje 7-hydroxylaci kumarinu, a tato reakce slouzi ke

stanoveni fenotypu in vitro a in vivo. Exprese proteinu CYP2A6 mize byt rovnéz latkami
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inhibovana (napt. ketokonazolem nebo 8-methoxypsoralenem) nebo indukovana (barbituraty
¢i rifampicinem). Alely CYP2A6*2, *3, *4, *5, *6, *9, *12, *17 patii mezi malo aktivni nebo
neaktivni alely [4,21,53,54]. CYP2A6*12 je hybridni alela CYP2A7/CYP2AG, ktera koreluje se
snizenou aktivitou enzymu CYP2A6 in vivo, konkrétné zptisobuje 50% snizeni koncentrace
proteinu CYP2AG6 a 40% sniZzeni aktivity 7-hydroxylace kumarinu. Distribuce této alely muze
vysvétlit nekteré interindividudlni variability v aktivité enzymu CYP2AG6, které byly objeveny

u jedincu s fenotypem EM [55].

3.3.2.2 Porovnani potkani podrodiny CYP2A s lidskou

Do této podrodiny patii enzymy CYP2A1, 2A2 a 2A3. Prvni dva se vyskytuji v jatrech
a katalyzuji 7o0- (CYP2A1 i CYP2A2) a 15a-hydroxylaci testosteronu (pouze CYP2A2).
CYP2AI1 je dominantni u samic, naopak CYP2A2 je dominantni u samcti. CYP2A3 neni
exprimovan v jatrech, ovSem je detekovan v jicnu, plicich a nosni sliznici. Enzymy CYP2Al
a 2A2 jsou z 60 % homologni k lidskému CYP2A6, ovSem na rozdil od lidského CYP2A6

tyto enzymy nekatalyzuji (nebo jen velmi malo) 7-hydroxylaci kumarinu [4,22].

3.3.2.3 Podrodina CYP2B u ¢lovéka

K podrodiné CYP2B patii geny CYP2B6 a 2B7. CYP2B7 je nefunkéni pseudogen,
jehoz mRNA se nachézi v plicich. Vyznamnéjsi je funkéni gen CYP2B6, ktery je obsazen
Vv jatrech, mozku, ledvindch, srdci, placenté, plicich a nosni sliznici, zatimco ve stfeve, kizi
a keratinocytech se vyskytuje v nizkych nebo zadnych koncentracich. Jeho hladiny mohou byt
vy$$i u kufakd a alkoholikt [21,56]. CYP2B6 je v tkanich obecné malo exprimovan. Jeho
variabilita v expresi je vSak zhruba tfistanasobna. Vétsina studii tvrdi, Ze koncentraéni rozdily
proteinu CYP2B6 mezi pohlavimi nejsou, nicméné nékteré studie ukazuji vyssi koncentrace
CYP2B6 u zZen ve srovnani s muzi [22,57,58]. Mezi substraty tohoto enzymu patii latky
neutrdlni nebo slab& bazické a vétSinou lipofilni, zahrnujici anestetika a dalSi 1éc¢iva (napf.
bupropion, efavirenz, tramadol), drogy, organofosfatové insekticidy (napt. chlorpyrifos nebo
Siroce pouzivany repelent s diethyltoluamidem (DEET) jako u¢innou latkou) ¢i herbicidy

[58,59,60]. Hlavnim regulatorem CYP2B6 je receptor CAR a k indukci CYP2B6 piispiva
i PXR. Induktory exprese proteinu CYP2B6 jsou tedy ligandy téchto receptorii (jako je napf.
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rifampicin, barbituraty). Co se tyCe inhibice exprese CYP2B6, svou roli zde hraje zanét
Vv lidskych hepatocytech, kdy dochézi ke snizeni transkripéni regulace CYP2B6 jako reakce
na interleukin 6 (IL-6) a interferon y (IFNy). CYP2B6 katalyzuje O-dealkylaci 7-ethoxy-4-
trifluoromethylkumarinu nebo 4-hydroxylaci bupropionu, specific¢téjsi reakci pro CYP2B6 je
pak N-demethylace (S)-mefenytoinu. Tyto reakce se bézné pouzivaji pro stanoveni fenotypu
in vitro. Potencialni in vivo marker by mohl byt efavirenz [58,61,62].

Co se tyCe polymorfizmu, nejbéznéjsi alelou je CYP2B6*6, kterd se vyskytuje
u 15 - 60 % populace (u Afri¢ant, Africkych Americanti, Asiat, Kavkazantl) v zavislosti na
etnické skupin€ a piispiva k 50-75% snizeni exprese proteinu. Dal§i vyznamnou alelou je
CYP2B6*18, ktera se vyskytuje predevsim u africké populace, kde je jeji vyskyt 4-12%. Tato
alela pfispiva k velmi malé az zadné expresi proteinu a protein je k riznym substratiim velmi
malo aktivni. Naopak alely CYP2B6*4 a CYP2B6*22 pfispivaji ke zvySeni exprese proteinu
a jeho aktivité [21,58].

3324 Porovnani potkani podrodiny CYP2B s lidskou

U potkana existuji tfi hlavni formy enzymu této podrodiny, CYP2B1, 2B2 a 2B3,
a pak dalsi dva, CYP2B12 a 2B15, které jsou malo prozkoumané. Prvni dva jsou si strukturné
velmi podobné (97% shodnost), maji i velmi podobnou substratovou specifitu, nicméné
CYP2BI1 je mnohem vice katalyticky aktivni nez CYP2B2. Oba lze detekovat v jatrech
| extrahepatalnich tkanich, jako jsou plice a gastrointestinalni trakt (vice vSak v duodenu).
U potkani podrodiny CYP2B jsou rozdily mezi pohlavimi, v tomto pfipad€ jsou koncentrace
CYP2B vyssi u samce nez u samice. Tento dimorfizmus je mozné vysveétlit sekreci rastového
hormonu hypofyzy, ktery potlacuje expresi CYP2B vice u samic v porovnani se samci [22].
Co se ty¢e CYP2B12 a 2BI15, oba se nachazi v kizi potkana a substraitem CYP2B12 je
kyselina arachidonova [63,64].

3.3.25 Podrodina CYP2C u ¢lovéka

Tato podrodina se skladda z téchto cleni: CYP2CS, 2C9/10, 2C18 a 2C19.
Nejvyznamnéj$i z nich je CYP2C9, protoZze je z podrodiny CYP2C nejvice exprimovan

V jatrech a ucastni se metabolizmu klinicky vyznamnych 1é¢iv. Aktivni misto CYP2C9 je
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flexibilni, a to vysvétluje jeho Sirokou substratovou specificitu [65]. Mezi jeho substraty 1ze
obecn¢ zaradit lipofilni a slabé kyselé latky, pfikladem mohou byt warfarin, phenytoin ¢i
CYP2C9 je 4’-hydroxylace tolbutamidu, 7-hydroxylace (S)-warfarinu nebo 4’-hydroxylace
diklofenaku. K metabolizmu tolbutamidu pfispiva i CYP2C19, proto jsou S-warfarin
a diklofenak specifictéjSimi markery pro stanoveni aktivity CYP2C9. Co se ty¢e CYP2CI10,
jeho struktura i substratova specifita je podobna jako u CYP2C9, proto CYP2C9 a CYP2C10
byvaji Casto posuzovany spolecné [11]. CYP2CI18 je detekovan piedevsim v kuzi. Tento
enzym katalyzuje hydroxylaci fenytoinu, 5-hydroxylaci diklofenaku nebo 4’-hydroxylaci
warfarinu [38,66]. Posledni dvé reakce katalyzuje i enzym CYP2CS, ktery se nachazi zejména
Vv jatrech. Tento enzym také participuje napi. na metabolizmu retinolu, kyseliny retinové,
kyseliny arachidonové, benzo(a)pyrenu, rosiglitazonu, pioglitazonu, amiodaronu, paklitaxelu
nebo amodiaquinu. Exprese CYP2C8 muze byt indukovana nékterymi latkami, napf. statiny.
CYP2C19 je detekovan v jatrech i duodenu a je hlavnim enzymem v metabolizmu inhibitord
protonové pumpy (napi. omeprazol), rovnéz metabolizuje (S)-mefenytoin ¢i antidepresiva
(napt. imipramin) [21]. Je také nutné zminit nuklearni receptory, které hraji vyznamnou
transkrip¢ni roli pii indukci CYP2C. Jedna se o PXR, CAR, GR a HNF4a [26].

Ukazalo se, ze i ¢lenové podrodiny CYP2C vykazuji polymorfizmus, zejména
CYP2C19 [22], ktery se u jedinci vyskytuje jako malo aktivni a zptsobuje velkou
interindividualni variabilitu. Nejvyznamnéjsi alelou s nulovou aktivitou je CYP2C19*2, ktera
se vyskytuje vyluéné u Kavkazanti. Dalsi alelou je CYP2C19*3, ktera se primarné vyskytuje
U Asiatd, a dal$i alely bez aktivity jsou CYP2C19*4 - *8. Ukazuje se, ze AUC omeprazolu,
ktery je metabolizovan CYP2C19, je u jedinci s fenotypem pomalych metabolizatori 5 - 14
krat vyssi nez u jedincl s fenotypem rychlych metabolizatori, coz komplikuje davkovani
léciva. Co se tyce polymorfizmu CYP2C8, mezi neaktivni alely patii CYP2C8*5
a CYP2C8*7. Alela CYP2C8*8 ma snizenou aktivitu, zatimco bézné a klinicky vyznamné
jsou alely CYP2C8*2, CYP2C8*3 a CYP2C8*4. CYP2C8*2 se prakticky vyskytuje jen
u Africantt a africkych Ameri¢and. CYP2C9 ma 35 odlisSnych alel, pficemz klinicky
vyznamné jsou CYP2C9*2 a CYP2C9*3, které se bézn¢ vyskytuji u Kavkazant [21]. Tyto
alely maji sniZzenou aktivitu a mohou byt u pacientii pfi¢inou zhorSenych zdravotnich stavd,
pokud jsou tito pacienti 1éCeni 1éCivy, ktera se metabolizuji pfes CYP2C9. Prikladem miize
byt sniZzena clearance perordlnich antidiabetik, ktera mtize vyvolat tézkou hypoglykémii, nebo
Vv pfipad€ podani warfarinu mize dojit v disledku snizené biotransformace ke krvaceni, coz je

znamy vedlejsi nezadouci efekt tohoto 1éku [11].
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3.3.2.6 Porovnani potkani podrodiny CYP2C s lidskou

Potkani CYP2C je rozsahla a velice slozitd podrodina. K enzymim této podrodiny
patii CYP2C6, 2C7, 2C11, 2C12, 2C13, 2C22 a 2C23. Na rozdil od lidskych jater, kde je
nejvice zastoupena podrodina CYP3A, nejrozsifenéj$i v potkanich jatrech je pravé tato
podrodina CYP2C. U téchto enzymt vSak existuji pohlavni rozdily. CYP2CI12 je vice
exprimovan v samicich jatrech, stejné¢ jako CYP2C7. CYP2CI11 se u nevyspélych potkant
nevyskytuje a jeho exprese se rapidné zvySuje az béhem puberty pouze u samct (4 - 5 tydni
po narozeni). CYP2CI11 je ptevladajici forma enzymi CYP v jatrech dospélych samct
potkanii (obsahujici az 50 % celkového obsahu cytochromii P450). Tento enzym vSak neni
detekovan jen v jatrech, ale také v nizSich koncentracich v ledvinach a tenkém stievé.
CYP2CI11 katalyzuje 2a-hydroxylaci testosteronu a tuto reakci nekatalyzuje zadna lidska
jaterni forma CYP [4]. Podobné jako CYP2C11, i CYP2C13 je exprimovan vice u samcl nez
u samic. Naopak CYP2C6 se mezi pohlavimi nelisi a je obsazen v jatrech a v nizkych
koncentracich v tenkém stfevé. Dalsi z enzym potkani podrodiny CYP2C je CYP2C23, ktery
je vysoce exprimovan v ledvinach. Pfedpokladd se, ze mé dilezitou tlohu pii vazodilataci

Vv ledvinach jako odpovéd’ na jejich zatizeni solemi [22].

3.3.2.7 Podrodina CYP2D u ¢lovéka

Do podrodiny CYP2D patii jen jeden funkcni gen, a to CYP2D6, ktery je velice
vyznamny tim, Ze byl u né&j jiz v 70. letech minulého stoleti objeven polymorfizmus [32].
Diky nému vzniklo rozdéleni jedinci na zakladé fenotypli oxidativniho metabolizmu
substrati [4,11,32]. Do podrodiny CYP2D je také mozné zatradit pseudogeny CYP2D7
aCYP2D8. Tyto pseudogeny nejsou schopné produkovat funkéni protein, a to diky
pfitomnému nukleotidu T138 v exonu 1 v ptipadé CYP2D7, nebo obsahu mnoha nezddoucich
mutaci v pfipadé¢ CYP2D8. CYP2D7 je navzdory své nefunkénosti detekovatelny v jatrech na
urovni mRNA [32].

Enzym CYP2D6 je regulovan HNF4a a jeho exprese probiha jak v jatrech, tak
I v enterocytech, v riznych oblastech lidského mozku, v pravé srde¢ni komote, v duodenu,
jejunu, avSak ne vileu atlustém stievé [32,67]. Exprese proteinu CYP2D6 je prakticky

nedetekovatelnd u jesté¢ nenarozenych déti, nicméné, pouze par hodin po narozeni se jeho

exprese znacné zvysi. CYP2D6 metabolizuje 15 — 25 % klinicky uzivanych 1éciv. Jedna se
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0 latky spiSe hydrofilni, bazické a dusikaté, ptikladem mize byt antiarytmikum propafenon,
antidepresivum amitriptylin, p-blokatory bufuralol a metoprolol, nebo slabd opioidni
analgetika tramadol a kodein [32]. Mezi selektivni 1éCiva, ktera se pouzivaji ke stanoveni
fenotypu CYP2D6, patii debrisochin, dextrometorfan, metoprolol, spartein ¢i tramadol, avSak
debrisochin a spartein jiz nejsou v mediciné vyuzivany. Mezi inhibitory patii chinidin nebo
metadon, co se tyce indukce, tuto vlastnost CYP2D6 nevykazuje. U polymorfizmu CYP2D6
bylo zjisténo, ze fenotyp pomalého metabolizatoru miize obsahovat 2 nulové alely, tedy alely,
které¢ koduji nefunkéni protein. Na rozdil od jinych enzymt CYP, u kterych se fenotyp
pomalého metabolizatoru nékdy projevuje jen snizenou aktivitou, u CYP2D6 neni
detekovatelna zadna zbytkova aktivita. Nejbéznéjsi nulova alela u Kavkazant je CYP2D6*4,
kterou nese 20 — 25 % populace. Na druhou stranu se u CYP2D6 také objevuji duplicitni
alely. Jedna z prvnich objevenych byla funkéni CYP2D6*2. Duplicitni alely jsou také
u CYP2D6*1, *4, *6, *10, *17, *29, *35, *41, *43 a *45, ale bohuzel ne vSechny alely
vytvaii funkéni geny, coz znesnadiiuje predikci fenotypu. Dnes je znamo vice nez 80 alel

enzymu CYP2D6 [21,22, http://www.cypalleles.ki.se/].

3.3.2.8 Porovnani potkani podrodiny CYP2D s lidskou

Podrodina CYP2D obsahuje Sest proteini, CYP2D1, 2D2, 2D3, 2D4, 2D5 a 2D18,
které jsou exprimovany v riznych tkdnich v zavislosti na dané formé&. Tyto potkani proteiny
jsou si mezi sebou 1 s lidskym CYP2D6 sekvencné velmi blizké (vice nez 70% podobnost).
Mezi potkanimi enzymy, v piipadé CYP2DS5 a 2D18 se jednd o vice nez 95% podobnost
v sekvenci aminokyselin k CYP2D1 a CYP2D4 (ve stejném potadi). Potkani CYP2DI je
orthologni k lidskému CYP2D6 (82% podobnost). Navzdory podobnostem téchto enzymu je
ziejmy rozdil v inhibici. Ptikladem je latka chinidin, kterd mé inhibi¢ni Gc¢inek na CYP2D
u lidi, ovSem ne u potkanti. Zatimco chinin inhibuje potkani podrodinu CYP2D, u lidi tento
efekt nema. Co se tyce indukce, podrodina CYP2D, podobné jako u lidi, tuto vlastnost
nevykazuje [22,32]. U potkanich enzym CYP2D lze stanovit aktivitu pomoci 1 -hydroxylace
bufuralolu (reakce je katalyzovana vSemi enzymy potkani podrodiny CYP2D) a 1°,2'-
ethenylace bufuralolu (reakce je katalyzovana pouze CYP2D4) [68]. Dalsi reakce
7-hydroxylace propranolu a 4-hydroxylace debrisochinu jsou specifické pro CYP2D2,
zatimco p-hydroxylace diazepamu je specificka reakce pro CYP2D3 [32].

Stranka | 24



3.3.2.9 Podrodina CYP2E u ¢lovéka

V podrodiné¢ CYP2E je u savci znam pouze jediny enzym, a to CYP2E1. Hladiny
tohoto enzymu jsou nachazeny piedevSim v jatrech. U nenarozené¢ho ditéte je exprese
proteinu CYP2E1 sice nedetekovatelnd, ale po narozeni (jiz po par hodinach po porodu) se
exprese proteinu zvysSuje. Enzym CYP2E1l je také v nizkych koncentracich pfitomen
v mozku, nosni sliznici, kiife ledvin, varlatech, vajecnicich a v gastrointestinalnim traktu.
Vyznamné hladiny jsou nachdzeny rovnéz v tkanich kardiovaskuldarniho systému. Tento
enzym je zndmy piedevsim proto, ze se podili na metabolizmu ethanolu a acetonu. Ob¢ tyto
latky, ale i patologické stavy (jako je diabetes mellitus nebo hladovéni), indukuji expresi
cytochromu P450 2E1. Enzym CYP2E1 se mimo jiné G¢astni metabolizmu fady latek, z nichz
nejvyznamné;jsi je paracetamol. Jednd se o analgetikum a antipyretikum, které se metabolizuje
ptes CYP2EI na hepatotoxicky metabolit N-acetylbenzochinonimin. Pfi ptekroCeni davek
paracetamolu anebo soucasné¢ho podani paracetamolu a induktoru CYP2EI (napi. ethanolu)
muze dojit k zdvaznému poskozeni jater. K projeviim hepatotoxicity mize dojit 1 v piipade,
kdy se enzym CYP2El vyrovnava s vysokymi davkami ketonii a mastnych kyselin
u diabetickych nebo obéznich pacientii. Enzym CYP2EI je také ucinny generator reaktivnich
forem kysliku (ROS), jako je superoxidovy anion-radikal ¢i peroxid vodiku, a tyto formy maji
taktéZ podil na poSkozeni bunék. To jsou divody, pro¢ byva chronickd indukce CYP2E1
spojovana s rizikem vzniku onemocnéni (jako je napt. rakovina) [69].

Substraty CYP2E1 jsou relativné malé, neutralni a relativné hydrofilni molekuly. Mezi
reakce, kterych se tcastni CYP2EI, lze zatadit N1- a N7-demethylaci kofeinu na teobromin
ateofylin. Kromé ethanolu, acetonu, paracetamolu a kofeinu jsou timto enzymem
metabolizovany napf. halogenované uhlovodiky, fenacetin anebo chlorzoxazon, ktery se také
pouziva jako selektivni marker aktivity in vitro ain vivo. Je vSak tfeba mit na paméti, ze
6-hydroxylace chlorzoxazonu muze byt katalyzovana i CYP1Al. Ke stanoveni fenotypu
invitro lze také pouzit hydroxylaci 4-nitrofenolu. Expresi CYP2El ovliviiuji HNFla
a B-catenin, ovSem regulace exprese proteinu CYP2EI je velmi slozitd, zahrnuje transkrip¢ni,
post-transkrip¢ni, transla¢ni a post-translaéni mechanizmy [22]. Aktivitu enzymu CYP2E1
muze vSak ovlivnit 1 strava, napt. diallylsulfid, ktery je obsazeny v Cesneku a cibuli. Tato
latka snizuje aktivitu tohoto enzymu a podobny uc¢inek maji i nckteré latky obsazené
v kostalové zeleniné [11]. Co se ty¢e genového polymorfizmu, bylo opublikovano pouze

nékolik variant s malym nebo zadnym dopadem na funkci enzymu CYP2E1 [4,21].
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3.3.2.10  Porovnani potkani podrodiny CYP2E s lidskou

V potkani podrodiné CYP2E je, podobné jako u lidi, pouze jeden Clen, CYP2EI.
Podobnost primérni struktury potkaniho proteinu CYP2EI s lidskym je 80% a substratova

specifita je rovnéz podobnd. V tomto ohledu je potkan vhodnym modelem pro studium

enzymu CYP2E1 [22].

3.3.3 Lidska rodina CYP3

Rodina CYP3 ma u ¢lovéka pouze jednu podrodinu, CYP3A, a v ni 4 enzymy,
CYP3A4, 3A5,3A7 a 3A43. Enzymy CYP3A4 a 3A5 jsou nejvice zastoupenymi cytochromy
P450 v lidskych jatrech i gastrointestinalnim traktu, ti¢astni se metabolizmu jak steroidd, tak
vétSiny 1€¢iv. Z téchto diivodi jsou tyto enzymy nejvyznamnéjsi z celé skupiny cytochromi

P450 [20].

3.3.31 Podrodina CYP3A u ¢lovéka

Podrodina enzymti CYP3A hraje velmi dualezitou roli v metabolizmu xenobiotik. Ma
rozsédhlou substratovou specifitu, je indukovatelna a muze byt také inhibovana. CYP3A4
spolecné s CYP3AS je nejrozsifenéjSim enzymem ze skupiny lidskych jaternich enzymt CYP
a podili se na pfeméné vétsiny 1é¢iv. Podobnost v sekvenci aminokyselin CYP3A4 a CYP3A5
je vice nez 85%. Jejich lokalizace neni jen v jatrech, ale také v extrahepatalnich tkanich,
zejména v gastrointestinalnim traktu, kde casto hraji hlavni roli v metabolizmu prvniho
pruchodu. Koncentrace proteinu a enzymova aktivita CYP3A se v tenkém stfevé smérem
K tlustému stfevu postupné snizuje. I kdyz je koncentrace stievnich enzymi podrodiny
CYP3A (pocitany na mg mikrozomalniho proteinu) niz8i neZz koncentrace jaternich enzymi
CYP3A (as 0 10 — 50 %), existuji jedinci, ktefi maji koncentraci stfevnich enzymt CYP3A
shodnou s koncentraci jaternich CYP3A, nebo dokonce i vyssi [22]. CYP3A7 je exprimovan
predevsim v jatrech plodu a v endometriu délohy, kde tvoii 50 % obsahu enzymi CYP. Po
narozeni se vSak obsah CYP3A7 méni ve prospéch CYP3A4. Fyziologicka funkce CYP3A7
vSak neni dosud znama. Stejné tak neni znama funkce CYP3A43 [20,21].
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Protein CYP3A4 ma pomérn¢ objemné a flexibilni aktivni misto, coz je pti¢inou jeho
schopnosti vazat substraty proménné velikosti [65]. Ukazuje se, Ze by se substraty mohly
vazat az na 3 vazebna mista tohoto enzymu, pokud béhem navazani nedojde k ovlivnéni
struktury enzymu [17]. Takovou latkou, ktera neovlivituje strukturu enzymu, muze byt napi.
metyrapon [65]. Vice vazebnych mist a jejich flexibilita jsou divody, pro¢ tento enzym
metabolizuje tolik 1é¢iv a pro¢ se u néj vyskytuje Siroka substratova specificita [17].

Regulace CYP3A je zprostiedkovdna riznymi signdlnimi cestami (napf. za ucasti
HNFla, HNF40, PXR, CAR, FXR, LXR, glukokortikoidniho receptoru, receptoru pro
vitamin D ¢i PPARa). Molekularni podstatou indukce enzymu CYP3A je navazani ligandu na
jaderny receptor PXR a nasledna aktivace transkripce gentt CYP3A. Tuto transkripci mohou
vyvolat malé molekuly, ale i receptor CAR. Naopak pfes CAR mize puasobit PXR,
aregulovat tak CYP2B geny. Tyto kiizové reakce mezi transkripénimi faktory vytvareji
ochrannou vrstvu pied Skodlivymi latkami z vnéjSiho prostiedi (jako jsou rostlinné metabolity
nebo 1é¢iva se sklonem k Iékovym interakcim) [20]. Ke stanoveni aktivity CYP3A in vitro lze
pouzit atorvastatin, midazolam nebo testosteron [70]. Ke stanoveni aktivity CYP3A in vivo se
pouziva 6B-hydroxylace kortizolu. Stanoveni se provadi v mo¢i, nicméné pomér hladin 6f-
hydroxykortizolu a kortizolu se béhem dne méni, nejvyssi hladiny jsou mezi 17. a 21.
hodinou. Je také mozné stanovit koncentraci **CO, v dechu pacienta po podani [C**-N-
methyl]-erythromycinu anebo stanovit koncentraci midazolamu ¢i nifedipinu v krevni plazmé
po podani téchto latek. Jako vhodny marker stanoveni aktivity CYP3A in vivo se zda byt i 4f-
hydroxycholesterol [4,71,72,73,74].

Co se tyce genového polymorfizmu, 2 — 9 % kavkazské populace vlastni funkéni alelu
CYP3A4*1B. Pacienti, ktefi nesou tuto alelu, mohou vyzadovat vyssi davky Iéciva,
metabolizovaného pies CYP3A4 (napft. cyklosporin A) [21,75]. Alela CYP3A4*22 je naopak
spojena se snizenou aktivitou enzymu. Na aktivitu enzymu CYP3A4 ma ziejmé také vliv
polymorfizmus PPARa. CYP3AS5 je polymorfni pouze u 5 az 10 % Kavkazanii, naopak
u AfriCant a Afroameri¢anti se polymorfizmus CYP3AS5 ukazuje u vice nez 60 % populace.
Bé&Zzné se vyskytujici deficitni alela je CYP3A5*3, u Africant pak jeSt¢ CYP3A5*6. Funkéni
alela CYP3A5*1 se vyskytuje jen u malé casti kavkazské populace. A co se tyce proteinu
CYP3A7, jeho zvySenou expresi ma na svédomi alela CYP3A7*1C [21].
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3.3.3.2 Porovnani potkani podrodiny CYP3A s lidskou

Enzymy CYP3A1, 3A2, 3A9, 3Al18, 3A23 a 3A62 patii do potkani podrodiny
CYP3A. Analyzou genu CYP3A1 bylo zjisténo, ze enzym CYP3A23 je identicky s CYP3AL.
Podrodina CYP3A je u potkana rozdilnd mezi pohlavimi. CYP3A2 a CY3A18 jsou specifické
formy pro sam¢i pohlavi, zatimco CYP3A9 je pievladajici formou u samic. CYP3AG62 je
prevladajici formou v gastrointestinalnim traktu a ma podobny substratovy profil jako potkani
enzym CY3A9 a lidsky enzym CYP3A4. Naopak CYP3A1 a CYP3A2 byly detekovany jen
V jatrech. V obou tkéanich, jaterni i stfevni, se nachazeji CYP3A9 a CYP3A18. Hlavni potkani
jaterni CYP3A forma, CYP3Al, neni indukovatelnd rifampicinem, coz je typicky lidsky
induktor CYP3A4. Z toho divodu neni potkan vhodnym modelem pro studium indukce
CYP3A4. Dokonce néktera 1éciva, kterd jsou metabolizovana lidskym CYP3A4 (napf.
nifedipin), nejsou substraty potkaniho enzymu CYP3A1 [22].

3.4 Stievni mikroflora lidského organizmu

Kromé cizorodych latek je organizmus také atakovdn mikroorganismy, piicemz
samotny organizmus je hostitelem obrovského mnozstvi mikroorganismii. Toto mnozstvi
predstavuje 1 — 3 % tclesné hmotnosti. Mikroorganismy osidluji Usta, nos, genitalie, travici
trakt a povrch celého téla [2]. Kize sice pokryva velkou plochu hostitele (pfiblizng 2 m?) [76],
nicméné muko6zni povrch traviciho traktu je diky vybézkim, tzv. klkim, vétsi nez povrch
kiize (¢ini 200 - 300 m?), aje tak vyznamnym mistem pro osidlovani bakterii [77,78].
Hmotnost stfevnich bakterii je propoc¢itana na ptiblizné 1 kg [79]. Mnozstvi mikroorganizmu
se po celé délce traviciho traktu méni a tuto distribuci bakterii 1ze ukdzat na tfech hlavnich
¢astech traviciho traktu, a témi jsou:

(1)  zaludek, ktery je osidleny 10* — 10° KTJ/ml obsahu, zahrnujici kvasinky a rod
Lactobacillus a Streptococcus,

(1) tenké stievo (jejunum a ileum), které je osidlené 10* — 10° KTJ/ml obsahu,
zahrnujici napf. rod Bacteroides, Bifidobacteria, Escherichia coli, Fusobacteria,
Lactobacillus a Streptococcus,

(1) tlusté stievo, které obsahuje nejrozsahlejsi mikrobialni populaci z celého téla,

obsahuje 10 - 10" KTJ/ml obsahu [80].
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Jak je vidét, nejvice bakterii se nachazi v tlustém stievé. Je to dano tim, ze peristaltika
tlustého stfeva je na rozdil od Zaludku pomalejsi, je zde vyssi pH a nizky oxida¢né-redukéni
potencial. Na zmény v poctu a typu bakterii, tedy na zmény ve slozeni tzv. bakterialni flory,
maji po celé délce traviciho traktu vliv razné faktory, jako jsou:

() faktory zprostiedkované fyziologickymi podminkami hostitele (stafi, stres,
zdravotni stav, etnické prostiedi),

(I1) faktory zprostfedkované travicimi podminkami hostitele (pH prostiedi, sekrece
imunoglobulini nebo zluce, peristaltika gastrointestinalniho traktu, sekrece
mucinu, redoxni potencial),

(1) faktory mikrobialni (schopnost bakterie pfilnout ke stfevni sténé, tzv. adheze, dale
pohyb a tvar bakterie, schopnost bakterie kolonizovat)

(IV) mikrobialni interakce (komunikace bakterie s okolim, tvorba metabolit,
pfitomnost antimikrobidlni slozky, nutricni pozadavky)

(V) slozeni potravy (nestravitelné slozky stravy, kontaminace patogeny, uzivani 1ék)

[77,80].

Stfevni epitel je prvni vrstvou gastrointestinalniho traktu, které je neptetrzité ve styku
S potravnimi antigeny, stfevnimi komenzalnimi bakteriemi a potencidlnimi patogeny, které
vstupuji do organizmu hostitele z ptijimané potravy. Je tedy tzv. stievni bariérou, ktera chrani
hostitele pfed vstupem nezadoucich latek a mikroorganizmi do organizmu. Tato stfevni
bariéra se sklada mimo jiné z resorpcnich enterocytii, poharkovych bungk, které produkuji
hlen, a dale Panethovych bunék, které produkuji antimikrobialni peptidy [81]. Je utésnéna tzv.
apikalnim spojovacim komplexem (zndzornén na Obr. 5.), ktery se sklada z té€sného
a adhezniho spoje. Tyto spoje jsou zajistovany transmembranovymi proteiny (jako jsou napft.
klaudiny, okludiny), dale perifernimi membranovymi proteiny (napt. ZO1) a regulacnimi
molekulami. Tyto spoje tak propojuji buniky sttevniho epitelu, utésnuji paracelularni prostor,
umoznuji mezibunéénou komunikaci a transepiteliadlni transport iontd a latek, které nejsou
schopny pfes membranu projit prostou difuzi [82]. Stfevni bariéra je zaroven chranéna
hlenovitou vrstvou, kterd je tvofena ,,natazenymi* siln¢ glykosylovanymi glykoproteiny, tzv.
muciny, dlouhymi 40 - 70 nm. Muciny mohou byt uvoliilovany poharkovymi buitkami (jak jiz
bylo zminéno vyse) anebo napt. Zalude¢nimi foveolarnimi muko6zni buitkami. Je dilezité, aby
tato mukozni vrstva byla hydratovana, nebot’ v piipadé velké viskozity muze prispét ke
sttevnimu onemocnéni [79]. Co se tyce Panethovych bunck, jejich umisténi je na dné

Lieberkiihnovych Zlazek po celé délce tenkého stfeva, pfic¢emz jejich nejvetsi pocet se nachazi
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Obrazek 5. Snimek z elektronové mikroskopie (A) a odpovidajici schéma spojovaciho komplexu v burice
stievniho epitelu (B).

Pod mikroklky se nachazi bunky plazmatické membrany, které k sob¢ pfiléhaji tésnym a adheznim spojem,
V nichz interaguji transmembranové proteiny klaudiny, okludiny a E-kadherin, dale periferni membranovy
protein ZO1, F-aktin a funkéni proteiny a-catenin 1 a B-catenin. Spojeni bunék také zajistuji desmozomy, tedy
bunééné spoje, které se nachazi pod apikalnim spojovacim komplexem. Toto spojeni je zajisténo interakcemi
mezi kadheriny dezmogleinem ¢i dezmokolinem, pfipeviiujicimi proteiny (napi. dezmoplakinem) a keratinovymi
vlakny [82,83].

Adherens junction, adhezni spoj; claudin, transmembranovy protein patiici do rodiny klaudinti; desmocollin,
transmembranovy protein dezmokolin; desmoglein, transmembranovy protein dezmoglein; desmoplakin, protein
dezmoplakin, ktery souzi jako kotva; desmozome, bunéény spoj desmozom; E-cadherin, transmembranovy
protein E-kadherin; F-actin, globularni strukturni protein F-aktin, dalezity pro tvorbu cytoskeletalnich
proteinovych vlaken; microvilli, mikroklky, tenké a dlouhé vybézky cytoplazmy, které zajist'uji dostatecné velky
povrch pro absorpci a sekreci latek v tenkém stieve; MLCK, kinaza lehkych fetézcti myosinu, vyznamna pfi
kontrakei hladkého svalu; myosin, oznaceni pro skupinu proteinti fazenych mezi tzv. molekularni motory, které
se podili na svalovém stahu, aktivnim vnitrobunééném transportu vacki a pohybu membran; occludin,
transmembranovy protein patfici do rodiny okludini; tight junction, té€sny spoj; ZO1, periferni membranovy
protein tésného spoje.

vileu [81]. Kromé tenkého stieva mohou byt Panethovy bunky detekovany iV zaludku
a tlustém stieve. Jejich hlavni tlohou je syntetizovat enzym lysozym, sekrecni fosfolipazu A2
a antimikrobialni peptidy a-defenziny, které mohou interagovat s bakteriemi, Zijicimi v lumen
stfeva. Panethovy buriky tak mohou vyznamné pfispét k ovlivnéni stfevni mikroflory [84, 85].
OvSem samotny stfevni epitel neni dostatecnou obranou pied patogeny, které se snazi
proniknout do organizmu. Dulezitou roli zde také hraje imunitni systém, ktery se snazi
rozeznat patogenni bakterii od té nepatogenni (schematicky znazornéno na Obr. 6).
Vyznamnou ulohu na sliznicich hraje imunoglobulin A sekre¢niho typu (sIgA). Jeho
produkce je zprosttedkovana B-lymfocyty a plazmatickymi buiikami v submukdznich

vrstvach. Hlavni funkci sekre¢niho IgA je pomoci vyplavit antigeny a potencidlni patogenni
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Obrazek 6. Interakce komenzalnich bakterii se stfevnim imunitnim systémem.

Lumen tenkého stfeva je od lamina propria oddéleno vrstvou epitelu, ktera prekryva sttevni klky a ttvary
obsahujici nahromadénou lymfatickou tkan, tzv Peyerovy platy. Stfevni epitel je pokryt mukdzni vrstvou, kterd
prispiva k obrané proti patogeniim ¢i antigentim. Proti $kodlivym mikroorganizmim bojuji i Panethovy buiiky,
nachazejici se na dné Lieberkithnovych krypt. Jejich hlavni boj proti patogentim spociva v tvorbé
antimikrobialnich proteinti. Transport antigend zajistuji M-buiiky, coz jsou specializované enterocyty, které
endocytézou pohlti vzorky z prostiedi a transportuji je na opacnou stranu do Peyrova platu. V subepitelialnich
vrstvach jsou pak antigeny zpracovany bunikami prezentujicimi antigen (napf. dendritickymi buiikami)
a predlozeny lymfocytlim, nebo jsou piimo rozpoznany antigenné specifickymi receptory lymfocytd B. Slizni¢ni
dendritické bunky mohou také vysilat své vybézky mezi epitelidlni builky az do lumen zaZivaciho traktu
a aktivné vychytavat vzorky pozienych antigent. V piipadé komenzalnich bakterii dochazi k jejich pfilnuti
k apikalni strané enterocytl pies specializované fimbrie (tedy vlasovitymi atvary na povrchu bakterie), nastava
upevnéni tésného mezibunécného spoje a indukce cytokinl, tedy signalni proteini ucastnici se imunitni
odpovédi. Do lumen stfeva mtze byt taktéz vyplavena dimericka protilatka imunoglobulin A sekre¢niho typu
(sIgA), ktera se vaze na antigeny a potencialné patogenni mikroorganizmy za ucelem jejich odstranéni
z organizmu hostitele [79,86].

Bacterial pilli, bakterialni vlakénka, tzv. fimbrie, potiebna k pfichyceni bakterie; B cell, B-lymfocyt; dendritic
cell, dendritickd bunka; enterocyte, stfevni buiika; epithelial stem cell, stfevni kmenova buiika; follicle,
méchyiek; follicle associated epithelium, méchyiek spojeny se stievnim epitelem; goblet cell, poharkova burika;
IgA-producing plasma cell, plazmaticka bunka produkujici protilatku imunoglobulin A; intraepithelial
lymphocyte, imunitni bunika lymfocyt uvniti stfevniho epitelu; macrophage, imunitni bunka makrofag;
mesenteric lymph node, mezenterickd mizni uzlina; mucus, hlen; Paneth cell, Panethova burtika; Peyer's path,
Peyertv plat; sIgA, protilatka imunoglobulin A sekre¢niho typu; T cell, T-lymfocyt; T cell, regulacni T-
lymfocyt; villus, stfevni klk.

mikroorganizmy z lumen stfeva, a to predevSim blokaci jejich pfistupu k epitelidlnim
receptoriim, jejich zachycenim v muko6zni vrstvé a jejich odstranénim za pomoci peristaltické
a mukociliarni aktivity. Tento proces se n€kdy nazyva imunitni exkluze. Dulezité je, Ze
sekreéni IgA neaktivuje komplement, ktery by mohl poSkozovat sliznici. Nicméné
imunokomplexy obsahujici IgA mohou byt zachyceny napf. dendritickymi buiikami a vtaZzeny
tak do sliznice. Tato aktivni reakce, zvana n€kdy imunitni eliminace, mize vést (na rozdil od

imunitni exkluze) k poskozeni tkani (napf. u mikrobidlnich stfevnich zanétd) [79,87]. Svou
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roli ve stfevnim imunitnim systému hraji také Peyerovy platy, tedy utvary obsahujici
nahromadénou lymfatickou tkan. Jejich funkce spociva v kooperaci M-bun¢k a lymfocyta
[88]. Imunitni odpoveéd’ na antigen podany na sliznice je zavisla na povaze antigenu, ale také
na genctickém pozadi jedince, které se podili na skladbé mikroprostfedi sliznic a druhu
imunitni reakce. Stfevni bariéru lze pied veSkerymi negativnimi faktory ochranit, napf.
nékterymi zdravi prospéSnymi bakteriemi (tzv. probiotiky), které mohou posilit protektivni
funkci stfevni bariéry zvySenim produkce cytoprotektivnich molekul.

Stirevni mikrofléra hraje vyznamnou roli v traveni potravy, produkci kratkych
mastnych kyselin a nepostradatelnych vitaminti, ale je také dualezitd ve vyvoji stievniho
imunitniho systému a v odolnosti vié¢i patogennim mikroorganizmim [89,90]. Osidleni
sliznic bakteriemi je tedy dulezité jiz v pocatcich zivota. Dynamika osidlovani se 1isi podle
zpusobu porodu (cisaisky fez vs. fyziologicky porod) a poporodnich podminek [79], ale také

podle vyzivy, tedy zda je novorozenec krmen matetskym mlékem ¢i nikoliv [91,92].

3.5 Probiotické mikroorganizmy

Nazev probiotikum vzniklo z feckého ,,pro bios“, coZ znamena ,,pro zivot*. Termin
probiotikum byl poprvé pouzit ale az v roce 1965 autory Lilly a Stillwellem, ktefi popisovali
latky vyluCované jednim mikroorganismem, a tyto latky stimulovaly rust dalSich
mikroorganizmi. Jednalo se tedy o opaény jev nez v ptipadé pouziti antibiotik [93,94].
Bakteriemi a obecné imunitou se zabyval také Ilja Ilji¢ Mec¢nikov, ktery ziskal v roce 1908
Nobelovu cenu za vyzkum a poznani imunity. Tento rusky biolog pfedpokladal, ze bakterie
obsazené v jogurtu, které se ucCastni mlééného kvaSeni, potlacuji ve stievech hnilobni typ
kvaseni. Ze svych ptfedpokladt tedy vyvodil, Ze konzumace jogurtii s uCinnymi bakteriemi
hraje roli v udrzovani si zdravi. Jeho teorie se osvéd¢ila u bulharskych rolniki, ktefi
konzumovali jogurt obsahujici druh bakterii Lactobacillus [95].

Desitky let se mnoho védct snazilo 1épe porozumét prospéSnym mikroorganismim,
a z toho divodu byla probiotika definovana nékolikrat, vzdy jinak. Dnes existuje pouze jedna
definice, ktera je schvalend Organizaci pro vyzivu azemédé€lstvi (FAO), Svétovou
zdravotnickou organizaci (WHO) a Mezindrodni védeckou spolecnosti pro probiotika
a prebiotika. Tyto organizace definuji probiotika jako Zivé mikroorganismy, které piiznivé
ovlivituji zdravotni stav hostitele, pokud jsou aplikovany v adekvatnim mnozstvi [1]. Mezi

prospesné ucinky probiotik 1ze zatadit:
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()  modifikaci stfevni mikroflory,

(I1) pftilnavost ke stievni sténé se schopnosti zabranit tak prilnavosti patogenti nebo
aktivaci patogend,

(1) modifikaci proteint piijatych z potravy za pomoci stfevni mikroflory,

(IV) modifikaci schopnosti bakteridlnich enzymi, zvlasté téch, které maji néco
spole¢ného s indukci nadort,

(V) ovlivnéni sttevni muko6zni propustnosti [80].

Na zéklad¢ téchto pozitivnich efekti maji probiotika vyuziti v prevenci a 1écbé
ruznych gastrointestindlnich onemocnéni (napf. prevence urogenitalnich onemocnéni,
zmirnéni  zacpy, prevence cestovatelského a postantibiotického prijmu, sniZeni
hypercholesterolémie, prevence rakoviny tlustého stfeva a mocového méchyte, prevence
osteopordzy a potravinovych alergii [96,97]. Probiotické mikroorganizmy jsou dostupné
Vv potravnich doplnicich (ptiklady jsou zobrazené na Obr. 7), ale vyskytuji se i V potravinach,
jako je mléko a mlécné produkty, kvaskovy chléb ¢i masné vyrobky. Obsah bakterii je
v produktu plivodni anebo jsou tyto
bakterie do produktu pfiddvany.
Minimalnim mnozstvi probiotickych
bakterii za ucCelem ziskdni cileného
efektu je zapotiebi, aby v 1 g produktu
bylo 10° — 10" KTJ zZivych bakterii.

Pokud 100 g fermentovaného mlécného

Obrazek 7. Priklady  probiotickych
potravnich doplikti dostupnych v Ceské

minimalné 108 KTJ zivych  bakterii, republice.

produktu obsahuje v ¢ase konzumace

jesté neznamena, ze se stejné mnozstvi

zivych bakterii dostane do tlustého stieva, ze tam zlstane a bude mit pozitivni efekt [98].

Na probiotické mikroorganizmy jsou kladena bezpecnostni kritéria, diky nimz je
U nich nutné stanovit:
() Zarazeni bakterie, to znamend, ze musi byt znamo, o jaky rod, druh a kmen
bakterie se jedna.
(1)  Miru bezpecnosti, to znamena, ze musi byt znamo, zda je bakterie nepatogenni

a netoxicka a zda je plivodem lidska.
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(II1) Obecné vlastnosti bakterie, které se zjist'uji na zakladé¢ testi in vitro. Posuzuje se
geneticka stabilita, odolnost bakterie vi¢i kyselému prostiedi, odolnost vuci
zluCovym kyselindm, schopnost adheze k lidskym epitelidlnim bunkdm a muko6zni
vrstve, schopnost kolonizace, hemolytickd aktivita, antimikrobidlni aktivita proti
potencialné patogennim bakteriim, schopnost snizit adhezi patogenni bakterie
K povrchiim, schopnost §tépit soli zluCovych kyselin, schopnost modulovat
imunitni systém, zivotaschopnost ve zvyseném poctu bakterii, odolnost vici
spermicidiim (dilezité zvIasté u probiotik pro vaginalni pouziti) a odolnost vici
antibiotikim. Bezpe¢nost by se méla také otestovat na zvifecich modelech
a vysledky by mély korelovat s vysledky testd in vitro. V posledni fadé je nutné

provést klinické hodnoceni z diivodu zjisténi piipadnych vedlejsich ucinkt [99].

Dal$im dulezitym bodem jsou technologické aspekty. Probioticky kmen by se mél
adaptovat na vhodného pienaseCe nebo substrat, ktery je schopny se fermentovat (napf.
mléko). Finalni produkt by pak mél mit pfijatelnou trvanlivost a pfijatelné senzorické
vlastnosti (barva, chut, aroma, struktura). V ptipadé potravnich dopliikt jsou vhodné
enterosolventni obaly, které chrani probioticky obsah ptfed vlivem zalude¢ni kyseliny. Pocet
zivych probiotickych bakterii deklarovanych v produktu by mél setrvat i po datu spotieby
Vv dostateném mnozstvi, priCemz bakterie by si mély udrzet metabolickou aktivitu [80].
V produktu mize byt obsaZen pouze jeden probioticky kmen anebo kombinace probiotickych

kment, pfi¢emZ kombinace vice probiotickych kmend nemusi byt vzdy tou nejlepsi volbou.

Vhodnou volbou muize byt kombinace probiotického kmene s prebiotikem, kdy se
jednd o tzv. synbiotikum. Prebiotika jsou totiz nestravitelné sloZzky potravy
(fruktooligosacharidy, galaktooligosacharidy, inulin), které selektivné stimuluji riist a aktivitu
jednoho nebo omezeného poctu bakterii v tlustém stieve, a tim potencialné zlepSuji zdravi
hostitele [100]. U¢inek prebiotik spo¢iva v tom, Ze nejsou stravena a absorbovana v tenkém
stieve, atudiz prochazi travicim traktem od mista podani az do tlusté¢ho stfeva, kde jsou
kompletné¢ fermentovana stievnimi bakteriemi. Produktem jsou pak mastné kyseliny
s kratkym fetézcem, které jsou pfeménény na energii (U€inky prebiotik v gastrointestindlnim
traktu jsou shrnuty v Tab. 4). Dostupna energie z nestravitelné cukerné slozky je zhruba
2 kcal/g. Ovsem pokud je prebiotikum podavano ve vysokych davkach muze u hostitele

vyvolat prijem [101].
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Po celém svété se pouziva mnoho probiotickych kment, predev§im kmeny rodu
Bifidobacterium, Lactobacillus, Streptococcus a Saccharomyces. Nicméné v této praci bude
detailngji popsan pouze rod Lactobacillus, konkrétné¢ druh Lactobacillus casei, a dale pak
kmen Escherichia coli Nissle 1917. L. casei byl vybran na zakladé jeho Castého vyuziti
Vv potravinatskych vyrobcich. E. coli Nissle 1917 byl zvolen na zakladé toho, Ze je tento kmen
velice dobie prozkoumany a jako jeden zmala je soucdsti probiotického pftipravku,

registrovaného v Ceské republice (Mutaflor).

odolnost vici traveni
Vlastnosti prebiotik | zpomalovani vyprazdiiovani zaludku
v horni ¢asti urychleni pohybu potravy v travicim traktu
gastrointestinalniho | snizeni absorpce glukdzy, snizeni glykemického indexu
traktu hyperplazie epitelu tenkého stieva

(Zaludek, tenké stievo) [ stimulace sekrece hormonalnich peptidii v tenkém stievé

jako potrava pro mikroorganizmy v tlustém stieve
jako substrat pro fermentaci v tlustém stfeve
Vlastnosti prebiotik | tvorba kone¢nych produktt fermentace (piedev§im SCFA)
ve spodni ¢asti stimulace sacharidového Stépeni
gastrointestinalniho | okyseleni obsahu tlustého stieva
traktu hyperplazie epitelu tlustého stieva
(tlusté stievo) stimulace sekrece hormonalnich peptidil v tlustém stieve
pozitivni vliv na velikost stolice
regulace tvorby stolice (frekvence a konzistence)

urychleni pohybu stolice ke kone¢niku

Tabulka 4. Vlastnosti a vliv prebiotik na gastrointestinalni trakt [99].
SCFA, mastné kyseliny s kratkym fetézcem.

3.5.1 Rod Lactobacillus
Bakterie rodu Lactobacillus jsou nejvice uzivanymi ze vSech probiotickych bakterii
[102]. Jedna se o Sirokou a heterogenni taxonomickou jednotku, obsahujici vice nez 100

riznych kment [99]. Z hlediska taxonomického zatfazeni patii tento rod (spole¢né i s dalsimi
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rody, jako jsou Enterococcus, Lactococcus, Leuconostoc, Oenococcus, Paralactobacillus,
Pediococcus a Streptococcus) do ¢eledi Lactobacillaceae [103].

Bakterie rodu Lactobacillus jsou rovné nebo mirné zakfivené grampozitivni tycky
nebo kokoty¢ky. Jsou chemoorganotrofni a nevytvari spory ani flagely [97,104]. Vyznacuji se
striktné fermentativnim typem metabolizmu a v kultivacnim prostiedi vyzaduji pfitomnost
cukrl, aminokyselin, peptidd, esteri mastnych kyselin, soli, derivatd nukleovych kyselin
a vitamini skupiny B. Ve vztahu ke kysliku jsou laktobacily anaerobni, fakultativné
anaerobni nebo mikroaerofilni. Produkuji organické kyseliny, ptedevsim kyselinu mlécnou
(proto se jim také fika bakterie mlééného kvaSeni). Produkei téchto kyselin dochazi ke snizeni
pH prostiedi, ve kterém se nachazi, a to je dilezité pro ochranu sliznice pfed invazi jinych
mikroorganizmi. Krom¢ toho mohou laktobacily produkovat peroxid vodiku, ktery rovnéz
inhibuje jiné bakterie [105]. N¢které laktobacily mohou ovlivnit stfevni mikrofléru dal§imi
latkami, jako jsou napf. bakteriociny, které mohou mit antibakterialni u¢inky [106].

Lactobacily se bézn¢ vyskytuji v mléce a mléénych produktech, masnych vyrobcich,
pekatském drozdi, silazi, kravském hnoji, v bachoru ptrezvykavcu ¢i jako Castd komenzalni
mikroflora pochvy, traviciho traktu a dutiny Ustni clovéka a zvitfat. Nékteré druhy laktobacila
se uzivaji ve formé Cistych startovacich kultur k vyrobé jogurtd, kefirG a zapar [107].
Vyznamné se vSak také mohou projevovat pii rozkladani potravin, zejména piva, vina,
ovocnych $tav, mléénych a masnych vyrobkl nebo marinovanych ryb, coz se projevi zékalem

a pachuti [108].

Lactobacillus acidophilus Lactobacillus farciminis Lactobacillus paracasei
Lactobacillus amylolyticus Lactobacillus fermentum Lactobacillus paraplantarum
Lactobacillus amylovorus Lactobacillus gallinarium Lactobacillus pentosus
Lactobacillus alimentarius Lactobacillus gasseri Lactobacillus plantarum
Lactobacillus aviaries Lactobacillus helveticus Lactobacillus pontis
Lactobacillus brevis Lactobacillus hilgardii Lactobacillus reuteri
Lactobacillus buchneri Lactobacillus johnsonii Lactobacillus rhamnosus
Lactobacillus casei Lactobacillus kefiranofaciens Lactobacillus sakei
Lactobacillus crispatus Lactobacillus kefiri Lactobacillus salivarius

Lactobacillus curvatus Lactobacillus mucosae Lactobacillus sanfranciscensis

Lactobacillus delbrueckii Lactobacillus panis Lactobacillus zeae

Tabulka 5. Seznam taxonomickych jednotek rodu Lactobacillus navrzenych pro status kvalifikovaného
ptredpokladu bezpeénosti [99].

Stranka | 36



Kromé¢ prospéSnych vlastnosti (jako je napt. piilnavost k buiikam, kompetice
S patogeny o epitelialni adhezi ¢i odolnost vici antibiotikim) se ukazuje, ze by tyto bakterie
mohly mit pfiznivy G¢inek na vini masa z nevykastrovanych prasat. V takovém mase se totiz
vyskytuje latka skatol (3-methylindol), ktera vytvaii nepiijemny zapach. OvSem pii in vitro
testech bylo zjisténo, Ze bakterie rodu Lactobacillus maji schopnost odstranit skatol z média
[109]. Podobné nékteré bakterie tohoto rodu mohou mit schopnost vychytavat té¢zké kovy,
¢imz by se mohl napf. vytesit problém s bioakumulaci tézkych kovi u ryb [110]. Ted’ uz je
jen otazkou budoucnosti, zda budou tyto bakterie vyuzitelné i v téchto oblastech. V Tab. 5 je

zobrazen seznam laktobacilli navrzenych pro status kvalifikovaného piredpokladu bezpec¢nosti.

3511 Lactobacillus casei

Pfesnéji se jedna o druh Lactobacillus casei, protoze zahrnuje nékolik kment
(63 kmenti bylo testovano Huang et al. [111]). V takovém pfipad¢ neni snadné uvadét obecné
ucinky tohoto druhu, nebot’ ne kazdy bakteridlni kmen stejného druhu m4 stejné Uc€inky na
zdravi hostitele. Mlze byt alespont zminéno, Ze se jedna o bakterie mlééného kvaSeni, které se
nachdzi v ustech astfevech lidského téla. Nicméné v gastrointestinalnim traktu dlouho
nepiezivaji, proto by se dalo fici, Ze se jedna o alochtonni (tedy nepiivodni) bakterie [112]. Do
téla hostitele se zfejmée dostavaji z potravy (napt. z mléka, jogurtu, syrti, fermentovanych oliv
¢i klobas). Tyto mikroorganizmy jsou hodn€ vyuZivany v potravinarském primyslu,
nicméné jako startovaci kultura do mléénych
produktti vhodné nejsou, protoze v mléce rostou
velmi pomalu. Kvili riziku kontaminace je
vhodné&jsi pouzit jako starter jinou probiotickou
bakterii. Z hlediska efektivity a ceny se zda byt
vhodné uziti zelen¢ho caje, ktery stimuloval rtst
kolonii L. casei [107,113,114]. Co se tyce Géinku

bakterii Lactobacillus casei, tyto bakterie mohou

mit pfiznivy vliv na prijem, dale snizuji

Obrazek 8. Bakterie Lactobacillus casei

zévaznost a zkracuji dobu trvani prijmu. Mohou
tak napf. stimulovat imunitni systém stfeva a zmiriovat ptiznaky Crohnovy nemoci [113].

Dale mohou napf. snizovat mutagenitu v mocovém méchyii [115] nebo inhibovat produkci
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protilatky IgE, ktera se podili na alergickych reakcich [116]. Prevence vzniku alergickych

reakci je zejména dilezitd v détském veéku.

3.5.2 Kmen Escherichia coli Nissle 1917

Rod Escherichia coli zahrnuje gram-negativni, fakultativné anaerobni tycinkovité
bakterie, pohybujici se pomoci bi¢ikt. Rod Escherichia coli zahrnuje patogenni kmeny, ale
také nepatogenni a probiotické kmeny. Mezi ty probiotické patii kmen Escherichia coli Nissle
1917 (EcN; sérotyp O6:K5:HI1), ktery byl poprvé izolovan ze stolice vojaka béhem prvni
sveétové valky. Izoloval jej némecky 1ékar a bakteriolog Alfred Nissle, ktery zjistil, Ze tento
kmen ma antagonisticky ucinek na stfevni patogeny [117]. Charakteristickou
vlastnosti gram-negativnich bakterii je, ze
obsahuji lipopolysacharid (LPS) na vné;si
stran¢ bunééné membrany. V piipadé¢ LPS
bakterii kmene EcN se jedna o kli¢ovou
komponentu hrajici roli v bezpecnosti
téchto  bakterii.  Skladd se  totiz
Z hydrofobni slozky lipidu A, obsahujiciho

difosforylovany hexaacylovany disacharid,

a tetradekasacharidu, obsahujiciho pouze
jednu opakujic se jednotku, kterd udava Obrazek 9. Bakterie Escherichia coli Nissle 1917
sérologicku specifitu bakterialniho druhu,

v tomto ptipadé O6 [118, 119]. O-fetézec (O-chain, Obr. 10) se vétsinou sklada z nékolika
opakujicich se oligosacharidovych jednotek, a to diky pfitomnému funkénimu genu wzy, ktery
koéduje O6-antigen polymerazu. Bakterie kmene EcN maji gen wzy nefunkéni, a tudiz maji na
konci polysacharidového fetézce pouze jeden pentasacharid. Diky této skutecnosti jsou tyto
bakterie citlivé k obrannym mechanizmiim v krevnim séru [119]. Sérologické oznaéeni K5
vyjadiuje, Ze bakterie ECN mohou vytvaret extracelularni kapsli (neboli obal bakterie), diky
némuz mohou byt bakterie odolné vii¢i obrannym mechanizmim v krevnim séru. OvSem bylo
zjiSténo, Ze v pritomnosti lidského séra jsou bakterie ECN obrannymi mechanizmy velice
rychle usmrceny. Jedna se tedy o bezpecné netoxické bakterie. Sérotyp HI1 vyjadiuje
pritomnost bi¢ikii na povrchu bakterie. S jejich pomoci je bakterie velice pohybliva, a to

dokonce i ve viskozni mukozni vrstvé gastrointestinalniho traktu [117]. Pfitomnost bic¢ikt
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Core Ol osacd\arlde

0-Chain (06) E. coli
(R1) E. coli

Obrazek 10. Struktura lipopolysacharidu bakterie E. coli Nissle 1917, obsahujici specificky O6-fetézec,
oligosacharidové jadro (typ R1) a lipid A, ktery je spojeny s vnéj$i buné¢nou membranou bakterie [119].

slouzi ovSem také k adhezi bakterii k epitelialnim buikam a hraji vyznamnou roli v produkci
antimikrobialniho peptidu B-defenzinu 2 (hBD-2), ktery pusobi proti stfevnim patogenim
[120, 121]. Bakterie EcN vykazuji na svém povrchu tii typy fimbrii (F1A, FI1C a tzv. ,,curli
fimbrie), které¢ zajistuji adhezi ke stfevnim bunkdm a umoziuji tak schopnost bunck se
kolonizovat. Za pteZiti a kolonizaci téchto bakterii mohou také rtizné zpisoby piijmu Zeleza,
které je pro né velmi dulezité. Bakterie EcN totiz produkuji Siroké spektrum sideroford, tedy
afinitnich latek, které umozni pfesun Zeleza do bakterie aktivnim transportnim mechanizmem.

Bakterie také tvoii tzv. mikrociny, které antagonisticky plsobi proti stfevnim
patogeniim. Kmen EcN byl zfejmé na zakladé piisobeni mikrocinti objeven Alfredem Nissle
(gak jiz bylo zminéno V}’/ée). Krom¢ antimikrobialnich 0¢inkdi maji tyto bakterie také
nadorové nekrozy TNFa) a protektivni, protoze vytvari svymi koloniemi a produkei celuldzy
tzv. biofilm na stfevni stén¢ hostitele. Bakterie ECN mohou tento biofilm tvofit pti 37 °C na
rozdil od jinych kmend E. coli, které jsou schopné tvofit biofilm pii nizsich teplotach

(£30°C) [117]. Protektivni ucinek EcN spociva také (krom¢ indukce produkce hBD-2) ve
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zvySené expresi periferniho membranového proteinu tésného spoje ZO-2 [122, 123], ¢imz
pfispiva k obnove poruseného sttevniho epitelu.

Bakterie kmene Escherichia coli Nissle 1917 jsou svymi vlastnostmi probiotické
mikroorganizmy, které jsou vhodné k prevenci a 1écbé nejriiznéjSich nemoci. Jejich u€innost
Vv 1écbé onemocnéni gastrointestindlniho traktu byla prokazana jiz pred desitkami let
v klinickych studiich, piikladem mutize byt 1é¢ba ulcerdzni a kolagenni kolitidy [124,125,126],
Crohnovy choroby [127], pouchitidy [128], chronické zacpy [129] nebo profylaxe proti

osidleni patogeny a zlepSeni imunity novorozenci a pied¢asné narozenych déti [130,131,132].

V teoretické casti této prace je ukédzano, jak mohou bakterie strevni mikroflory
ovliviiovat imunitni systém hostitele. OvSem jejich pasobeni neni omezeno jen na
imunomodula¢ni nebo toxicky ucinek, samy mohou také metabolizovat cizorodé latky,
podobné jako je to u enzymil metabolizmu xenobiotik. Otazkou je, zda samy také neovliviiuji
expresi metabolizujicich enzymti, coz by pak mohlo mit dopad napf. ve zméné
farmakokinetiky soucasn¢ podaného lé¢iva. Slozitost problematiky stfevni mikroflory miize
zpochybiiovat vyznam uzivani probiotik, protoZze v produktech nemusi byt dostatecny pocet
bakterii, nemusi byt vhodny kmen nebo kombinace kmenli pro dané pouZiti, protoze tyto
kmeny se mezi sebou mohou lisit, a to i ty, které jsou stejného druhu. Mohou rizn¢ ve stieve
adherovat (vazat se na specifické misto) a mohou mit rizné specifické imunologické ucinky

[133].

Cilem prace bylo jednak studium exprese enzymt metabolizmu xenobiotik
Vv gastrointestinalnim traktu vcetn¢ jater u potkana v pfitomnosti i absenci probiotickych
bakterii a vliv téchto bakterii na farmakokinetiku modelového 1éciva. Tato tématika je
pfedmétem péti pfiloZenych praci. DalSi kapitoly disertaéni prace proto sleduji metody,

vysledky a diskusni partie uvedenych praci.
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4.1

EXPERIMENTALNI CAST DISERTACNI PRACE
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4.2 Chemikalie, material a pristrojové vybaveni

4.2.1 Chemikalie

VétSina chemikalii byla zakoupena od firmy Sigma-Aldrich (Praha, ¢eské republika).
Nicmén¢, byly rovnéz pouzity latky ziskané od jinych firem. Na celkovou anestezii pro
experimentalni zvifata byl pouzit fentanyl (Fentanyl Torrex inj., Chiesi CZ, Praha, Ceska
republika), dexmedetomidin (Dexdomitor inj., Orion, Espoo, Finsko) a diazepam (Apaurin
inj., Krka, Novo Mesto, Slovinsko). Diklofenak, ktery byl pouzit ke stanoveni
farmakokinetiky u potkana, byl v tabletach od firmy Dr.R.Pfleger (Myogit 25, Bamberg,
Némecko). Inhibitory protedz cOmplete byly ziskany od firmy Roche (Mannheim, Némecko),
inhibitor serinovych proteaz fenylmethylsulfonylfluorid (PMSF) a dithioniitan sodny byly
koupeny od firmy Fluka (Buchs SG, Svycarsko), substrat Luciferin-ME EGE byl zakoupen od
firmy Promega (Madison, Wisconsin, USA), glycerol, acetonitril a methanol byly ziskany od
firmy Merck (Praha, Ceska republika). Dichlormethan, dimethylsulfoxid, disodna stil kyseliny
diethyltetraaminoctové, ethanol, hydrogenfosforecnan disodny, dihydrogenfosforecnan
draselny, hydroxid draselny, chlorid sodny, chloroform, izopropylalkohol, kyselina chlorista,
kyselina chlorovodikova, kyselina mravenci, kyselina octova, n-butanol, sachar6za a siran
hoteénaty byly zakoupeny od firmy Lach-Ner (Neratovice, Ceska republika). Plynny oxid
uhelnaty a plynny dusik dodala firma Linde Gas (Praha, Ceska republika). Dale byly pouZity
vyvojka a ustalova¢ pro vyvolani fotografickych filmi od firmy Kodak (Rochester, New
York, USA), rentgenové filmy Medix XBU od firmy Foma (Hradec Kralové, CZ), BCA
protein kit na stanoveni koncentrace proteinu od firmy Pierce (Rockford, Illinois, USA)
a chemiluminiscenéni ¢inidlo Western Blotting Luminol Reagent kit od firmy Santa Cruz
Biotechnology (Heidelberg, Némecko). Stabilizatni roztok RNA later® a set na izolaci
mRNA (RNeasy” Plus Minikit) byly od firmy Quiagen (Germantown, Maryland, USA). Dalsi
sety pro stanoveni exprese mRNA v tkanich byly zakoupeny od firmy Roche (Mannheim,
Némecko). Potkani primery byly designovany na naSem pracovisti a syntetizovany firmou
Invitrogen (Life Technologies, divize Praha, Ceska republika). Sekvence jednotlivych
primeridl jsou uvedeny v jednotlivych publikacich (publikace 2 a 3). Co se tyCe protilatek,
rabbit anti-rat CYP3A1, mouse anti-rat 2B1/2, 2C6 a CYP3A1 byly ziskany od firmy Abcam
(Cambridge, Velka Britanie). Dale byly pouzity protilatky goat anti-rat CYP1A1, rabbit anti-
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rat CYP1A2 a CYP2EL od firmy Daichi Pure Chemicals (Tokyo, Japan) a rabbit anti-rat
CY2C11 od firmy (Acris, Herford, Némecko). VSechny pouzité chemikalie byly Cistoty p.a.,
chemikalie pouzivané pro systém HPLC byly Cistoty HPLC gradient grade.

4.2.2 Pristroje

V experimentech byly pouzity analytické vahy GR-202 (A&D Company Europe,
Griesheim, Némecko), laboratorni pH metr Schott CG 843 se sklenénou elektrodou (Schott
AG, Mainz, Némecko), homogenizator DIAX 900 (Heidolph, Schwabach, Némecko),
centrifugy Minispin a 5804 R (Eppendorf, Ri¢any u Prahy, Ceska republika), chlazené
centrifugy Z 323 K (Hermle labortechnik, Wehingen, Némecko) a Jouan BR4i (JOUAN,
Unterhaching, Né&mecko), ultracentrifuga Optima'™ LE-80K srotory 50.4 Ti a 70.0 Ti
(Beckman Coulter, Pasadena, Kalifornie, USA), spektrofotometr Varian Cary UV VIS 4000
(Varian, Mulgrave, Victoria, Australie), TECAN Infinity
absorbance/fluorescence/luminescence reader (Tecan Austria, Grodig, Rakousko), aparatury
Miniprotean Il a Mini Trans-Blot Cell se zdrojem Power Pac 200 (Bio-Rad, Praha, Ceska
republika), magnetickd michacka MR 1000 (Heidolph, Schwabach, Némecko), Flow Box
SCS — I (Merci, Brno, Ceska republika), spektrofotometr NanoDrop 2000 (Thermo Scientific,
Wilmington, Delaware, USA), Mastercycler ep Gradient S (Eppendorf, Ri¢any u Prahy,
Ceska republika), LightCycler® 480 (Roche, Mannheim, Némecko), vodni lazen WB 14
(Memmert, Schwabach, Némecko), ultrazvukova vana (KRAINTEK CZECH, Hradec
Kralové, Ceska republika) a systémy HPLC s UV a fluorescenéni detekci (Shimadzu LC-20A

Prominence, Kyoto, Japonsko; Dionex, Sunnyvale, California, USA).

4.2.3 Experimentalni zviirata

Vsechny experimenty byly provedeny in vivo. Jako modelové zvite ke vSem
experimentim byly pouzity samice (v publikaci 1) nebo samci (v publikaci 2,3,4) potkana
kmene Wistar z konvenéniho chovu (Velaz, Unétice, Ceska republika). Experimentalni
zvifata byla po dovozu piiblizné 2 tydny aklimatizovana a krmena standardni dietou ad

libitum.
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4.2.4 Software

VSechen pouzivany software byl v ¢eském jazyce; MS Excel 2007 (Microsoft, Praha,
Ceska republika), Statistica (StatSoft CR, Praha, Ceska republika), Elfoman (Semecky Inc.,
Praha, Ceska republika), LC Solution (Shimadzu, Kyoto, Japonsko), Chromeleon (Dionex,
Sunnyvale, California, USA), Varian Cary WinUV (Varian, Mulgrave, Victoria, Australie),
software pro pouziti pristroje TECAN Infinity (Tecan Austria, Grodig, Rakousko),
LightCycler® 480 SW 1.5.1 (Roche, Mannheim, Némecko).

4.3 Metody

4.3.1 Odbér potkanich organt

Studované enzymy, cytochromy P450, se nachazeji ptedevSim v jatrech, ale také
v dalSich organech. Vzhledem ktomu, Ze se tato prace zabyva predevSim vlivem
probiotickych mikroorganizmi, jejichz plsobeni je zejména v gastrointestindlnim traktu,
stievo bylo vybrano (stejné jako jatra) jako vhodny organ pro odbér za Gcelem studia enzymu
metabolizujici 1é¢iva.

Organy byly odebrany po usmrceni experimentalniho zvifete, dle schvalenych
etickych postupt. Jaterni tkan byla oplachnuta v ,,homogenizacnim* pufru (obsahujici 0,25 M
sachar6zu, 1 mM EDTA-Nay, 0,2 mM PMSF, pH 7.,4), stfevni tkan byla oplachnuta ve
fyziologickém roztoku, obsahujici tabletu smési inhibitorti proteaz (cOmplete, Roche). Stievo
bylo rozdéleno na nékolik ¢asti, protoZze zastoupeni jednotlivych forem cytochromli P450 se
po celé délce stieva méni. Celé stievo bylo rozdéleno na dvanactnik (duodenum), 1.¢ast
laéniku (proximalni ¢ast, jejunum A), 2. ¢ast lacniku (distalni ¢ast, jejunum B), kycelnik
(ileum), slepé stievo (caecum), tracnik (Cast tlustého stfeva, colon). Rozdéleni je zobrazeno na

Obr. 11. Po oplachnuti, vyplachnuti a osuSeni byly organy zamrazeny a uschovany na -70°C.
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Obrazek 11. Zobrazeni rozdéleni ¢asti potkaniho stfeva ihned po jeho odbéru.

4.3.2 Izolace potkanich mikrozomii z jaterni a stfevni tkané

Mikrozomy jsou vackovité utvary, které vznikaji pii dezintegraci endoplazmatického
retikula in vitro (nejsou tedy bézné ptitomny v zivych buiikach). Tyto utvary obsahuji mimo
jiné enzymy cytochromy P450, proto bylo nezbytné mikrozomy izolovat za ti¢elem stanoveni
exprese proteinu jednotlivych forem cytochromi P450 a stanoveni jejich aktivit (viz
publikace 1, 2, 3).

Orgéany, znichz byla mikrozomalni frakce izolovdna, byly nejprve na ledu
rozmrazeny, poté osuSeny, zvazeny a nasledné¢ v ,homogenizacnim® pufru (viz Odbér
potkanich organll) rozstfthdny ahomogenizovany. Z homogenizované suspenze byla
naslednou frakéni centrifugaci za pouziti centrifugy Z 323 K (Hermle labortechnik)
a ultracentrifugy OptimaLE-80K (Beckman Coulter) ziskana mikrozomalni frakce [134,135].
Tato frakce byla ovSem jesté¢ CiSténa ,,promyvacim pufrem (obsahujicim 0,5 mM TRIS

a 0,15 M KCl, pH 7,4) a opét ultracentrifugovana (60 min pii 125 000 g, pii 4°C).

4.3.3 Stanoveni koncentrace proteinu a cytochromi P450 v potkanich mikrozomech

Pfed pouzitim mikrozomli pro jednotlivé metody (viz dale) je zapotiebi
v mikrozomalni frakci stanovit koncentraci celkového proteinu a koncentraci cytochromu
P450. Celkova koncentrace proteinu byla stanovena metodou, ktera vyuzivad sodné soli

kyseliny bicinchoninové (BCA) a roztoku siranu médnatého (CuSO,). Protein, pfitomny
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v mikrozomalni frakei, redukuje v zasaditém prostiedi Cu®* na Cu**. Nasledn& vznikl¢ Cu™*
ionty se po vazbé s BCA detekuji spektrofotometricky pfi vinové délce 562 nm [136].
K tomuto stanoveni byl pouzit BCA Protein Assay kit (Pierce Company) a spektrofotometr
TECAN Infinity reader (Tecan). Ke kvantifikaci byla provedena kalibra¢ni kiivka za pouziti
hovéziho sérového albuminu (jako standardu). Stanoveni bylo provedeno tiikrat.

Stanoveni koncentrace cytochromti P450 se taktéz provadi spektrofotometricky. Po
pfidani dithionicitanu sodného k mikrozomalni frakci dochdzi k redukci hemového Zeleza
cytochromiit P450. Pokud je nésledné mikrozomalni suspenze probublana plynnym oxidem
uhelnatym, vznikaji komplexy Fe**-CO, jejichz absorpéni maximum je pii vinové délce 450
nm. Koncentrace cytochromi P450 se ziska z diferen¢niho spektra redukovanych enzymu
CYP a redukovanych enzymt CYP v komplexu s CO metodou podle Omury a Sata [8]. V této
praci bylo stanoveni koncentrace enzymlii CYP provedeno pouze u mikrozomu ziskanych
Z jaterni tkdné. VytéZzek mikrozomadlni frakce z Casti gastrointestinalniho traktu byl nizky
(pfiblizné¢ 200 pl), ztoho divodu se toto stanoveni u stfevni mikrozomalni frakce
neprovadélo. Diferenéni spektrum bylo ziskano ze spektrofotometru Varian Cary UV VIS
4000 (Varian) a vypocitana koncentrace byla pouzita pro dal$i stanoveni (viz dale). MnozZstvi
enzymi CYP v mikrozomalni frakci lze také vyjadfit jako specificky obsah, tj. pomér

koncentrace enzymi CYP k celkové koncentraci proteinu.

4.3.4 Stanoveni aktivity vybranych forem potkanich jaternich cytochromi P450

Ke stanoveni aktivity cytochromii P450 byla pouZita mikrozomalni frakce pouze
Z jater, nikoliv ze stfev. Jak jiZ bylo zminéno vySe, vytéZzek mikrozomalni frakce ziskany
Z jednotlivych ¢asti gastrointestindlniho traktu byl totiz velmi nizky. Aktivity vybranych
jaternich cytochrom P450 byly stanoveny jiz zavedenymi enzymologickymi metodami
zalozenymi na analogii lidskych a potkanich forem enzymi CYP a jejich pfisluSnych
substrata.

Princip stanoveni spocivd v inkubaci reakéniho systému pii 37°C (obsahujiciho
mikrozomalni frakci s enzymy CYP, dale NADPH nebo enzymovy systém generujici
NADPH [137,138,139] a ptislusny substrat) a detekci vzniklého metabolitu ¢i metabolitu.
Délka inkubace se li§i podle enzymu CYP a pfislusného substratu. Po stanovené dobé
inkubace se reakce zastavi, po zastaveni reakce nastane vysrazeni pifitomnych proteind

v reakéni smési. Po Uprave vzorku je pak provedena detekce metabolitu.
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Ke stanoveni aktivit vybranych enzymii CYP byly pouzity tyto substraty:
7-ethoxyresorufin (substrat lidského i1 potkaniho CYP1A), kumarin (substrat lidského
CYP2AG6), 7-ethoxy-4-(trifluoromethyl)-kumarin (substrat lidského CYP2B6), diklofenak
(substrat lidského CYP2C9), bufuralol nebo methylether-ethylenglykolether luciferinu
(luciferin-ME EGE; substrat lidského CYP2D6 a potkaniho CYP2D1), chlorzoxazon (substrat
lidského 1 potkaniho CYP2EL), testosteron (substrat lidského CYP3A4). Mnozstvi metabolitii
bylo méteno spektroskopicky na pfistroji TECAN Infinity reader (Tecan) anebo pomoci
vysokouc¢inné kapalinové chromatografie (HPLC, Shimadzu) s UV ¢i fluorescen¢ni detekci.
Stru¢né udaje o podminkach inkubace a o detekci stanovované latky jsou shrnuty na
nasledujici strané v Tab. 6. Stanoveni téchto aktivit je také stru¢né popsano v publikacich 1
a3. Vysledky byly vyhodnoceny pomoci statistického softwaru Statistica (StatSoft CR).

K vyhodnoceni byla pouZita analyza rozptylu a Studentiiv t-test na hladiné vyznamnosti 0,05.
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Stanoveni aktivity odpovidajici

lidskému enzymu CYP

CYP1A

CYP1A

CYP2A6

Sledovana reakce

O-dealkylace resorufinu

O-dealkylace resorufinu

7-hydroxylace kumarinu

Potiebné mnoZstvi enzymi CYP

35 pmol

35 pmol

35 pmol

Substrat

2,5 uM 7-ethoxyresorufin

2,5 uM 7-ethoxyresorufin

10 uM kumarin

Doba inkubace mikrozomalni

frakce se substratem a NADPH 15 min 15 min 15 min
pri 37°C
Metoda stanoveni fluorescencni detekce HPLC s fluorescenc¢ni detekei fluorescen¢ni detekce
Metoda podle literatury [137] [140] [141]
Stanoveni aktivity odpovidajici
lidskému enzymu CYP CYP2B6 CYP2C9 CYP2D6

Sledovana reakce

O-deethylace EFC

4’-hydroxylace diklofenaku

6’-dealkylace luciferin-ME EGE

Potiebné mnozZstvi enzymu CYP 35 pmol 35 pmol 20 pmol
Substrat 60 uM EFC 16 uM diklofenak 30 uM luciferin-ME-EGE
Doba inkubace mikrozomalni
frakcese substratem a NADPH 15 min 25 min 30 min

pi 37°C

Metoda stanoveni

fluorescenc¢ni detekce

HPLC s UV detekci

luminiscenéni detekce

Metoda podle literatury

[142]

[138]

[143]
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Stanoveni aktivity odpovidajici

lidskému enzymu CYP CYP2D6 CYP2E1 CYP3A4
Sledovana reakce 1’-hydroxylace bufuralolu 6’-hydroxylace chlorzoxazonu 6B-hydroxylace testosteronu
Potiebné mnozstvi enzymi CYP 67,3 pmol 160 pmol 100 pmol
Substrat 25 uM bufuralol 2,5 uM chlorzoxazon 100 uM testosteron
Doba inkubace mikrozomalni
frakce se substratem a NADPH 20 min 20 min 20 min
pri 37°C
Metoda stanoveni HPLC s fluorescen¢ni detekei HPLC s UV detekei HPLC s UV detekei
Metoda podle literatury [139] [144] [145]

Tabulka 6. Podminky inkubace a metody detekce metabolitu pro stanoveni aktivity vybranych cytochroma P450 (CYP).
EFC, 7-ethoxy-4-(trifluoromethyl)-kumarin; luciferin-ME EGE, methylether-ethylenglykolether luciferinu.
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4.3.5 Stanoveni exprese jednotlivych forem CYP na drovni proteinu

Strucny popis stanoveni exprese CYP na urovni proteinu je zminén v publikacich 1, 2

a 3. Tato Cast se tedy bude zabyvat detailnéjSim popisem jednotlivych metod.

435.1 Elektroforéza SDS-PAGE

Mikrozomalni frakce izolovanda zjaterni nebo stfevni tkan¢ jednotlivych
experimentalnich zvifat byla zfedéna fosfatovym pufrem (100 mM roztok KH,PO4, pH 7,4)
a smichana v poméru 1:1 se ,,vzorkovacim® pufrem, obsahujici 62,5 mM Tris s upravenym
pH na 6,8, 10% (v/v) glycerol, 4% (v/v) merkaptoethanol, 2% (w/v) SDS, 10%
bromfenolovou modi). Merkaptoethanol zplsobil rozstépeni disulfidovych mustkii mezi
proteinovymi fetézci, a tim umoznil rozbaleni proteinu. Naopak SDS poskytl v§em proteinim
zaporny naboj, aby mohly vSechny proteiny migrovat béhem elektroforézy stejnym smérem.
Bromfenolova modi slouzila k obarveni vzorku. Takto piipraveny vzorek byl jesté vlozen do
vodni 14zn€ horké 95°C na 5 min, centrifugovan 5 min pii 600 x g, a poté byl aplikovan na
polyakrylamidovy gel. Tento gel se skladal z déliciho (spodniho) gelu, obsahujiciho 8% (w/v)
akrylamid, 0,375 M Tris s pH 8,8, 0,1% SDS (w/v), 0,05% (w/v) (NH4),S,0g a 0,05% (v/v)
TEMED, a déle ze zaostiovaciho (horniho) gelu, obsahujiciho 4% (w/v) akrylamid, 0,125 M
Tris s pH 6,8, 0,1% (w/v) SDS, 0,05% (w/v) (NH4):S;0g a 0,1% (v/iv) TEMED. Na
polyakrylamidovy gel bylo aplikovano vzdy 10 pg proteinu u jaternich vzorkd nebo 35 pg
proteinu u stfevnich vzorkl. Gely s aplikovanymi vzorky byly vloZeny do aparatury
Miniprotean 1l se zdrojem Power Pac 200 (Bio-Rad) a zality délicim ,,running* pufrem,
obsahujicim 25 mM Tris, 192 mM glycin a 0,1% (w/v) SDS. Elektroforéza probihala za
konstantniho napéti 120 V po dobu 5 minut, a poté za konstantniho napéti 180 V po dobu 40

min.

4.3.5.2 Western blot analyza (imunoblot)

Separované proteiny z elektroforézy byly pieneseny na polyvinylidendifluoridovou
(PVDF) membranu pomoci aparatury Mini Trans-Blot Cell se zdrojem Power Pac 200 (Bio-
Rad) a ,,pfenosového* pufru (obsahujici 25 mM TRIS, 192 mM glycin, 20% (v/v) methanol).

Stranka | 50



Ptenesené proteiny byly na PVDF membrané zablokovany pomoci roztoku TBS s 0,05%
roztokem TWEEN 20 a 6 % nizkotu¢ného mléka. Poté byla membrana inkubovana s primarni
protilatkou po dobu 60 min pii laboratorni teplot¢ a za stalého michani. Po 60 min byla
membrana promyta roztokem TBS s 0,05% roztokem TWEEN 20, a poté byla inkubovana se
sekundarni protilatkou (konjugovanou s kienovou peroxiddzou) po dobu 60 min pfi
laboratorni teploté a za stalého michdni. Po 60 min byla membrana opét promyta roztokem
TBS s 0,05% roztokem TWEEN 20. Detekce proteinli s navazanymi protilatkami byla
provedena pomoci chemiluminiscenéniho ¢inidla WB Luminol Reagent (Santa Cruz
Biotechnology). Jednotlivé protilatky, pouzivané ke stanoveni exprese proteind jednotlivych

forem CYP, jsou zminény v sekci Chemikalie a v jednotlivych publikacich (1, 2, 3).

4.3.5.3 Vyhodnoceni a statistické zpracovani vysledkii

Denzitometrické vyhodnoceni bylo provedeno pomoci software Elfoman (Semecky
Inc.). Data byla vyhodnocena Studentovym t-testem na hladiné vyznamnosti 0,05. Statisticka

analyza dat byla provedena softwarem Statistica (StatSoft CR).

4.3.6 Stanoveni exprese jednotlivych forem CYP na urovni mRNA

Exprese mRNA v potkani jaterni a stfevni tkani byla stanovena pomoci kvantitativni
polymerédzové fetézové reakce v redlném case (real-time PCR). Odebrani jaternich a stievnich
vzorki bylo provedeno ihned po usmrceni experimentalnich zvirat, dle schvalenych etickych
postuptl. Vzorky byly vlozeny do stabilizujiciho roztoku RNA later® a uskladn&ny na -70°C.
Izolace mRNA byla provedena podle postupti firmy Quiagen, ve kterych byly pouZity
komer¢ni sety od stejné firmy. Pro stanoveni exprese mRNA jednotlivych forem enzymu
CYP byly pouzity pfedevsim nespecifické primery (LightCycler® 480 SYBR Green Master |
mix) od firmy Roche, pro stanoveni exprese CYP1Al, 2E1 a3A9 mRNA byla pouzita
TagMan® sonda (Roche; www.universalprobelibrary.com), ktera je specifict&j$i nez primer
SYBR Green. Pouzité primery byly navrZzeny na naSem pracoviSti a syntetizovany firmou
Invitrogen (Life Technologies). Sekvence jednotlivych primert a detailnéjsi postup stanoveni

exprese mMRNA jednotlivych forem CYP jsou uvedeny v publikacich 1 a 2.
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Vzorky byly zmé&feny na piistroji LightCycler® 480 a vyhodnoceni dat bylo provedeno

pomoci softwaru LightCycler”™

480 SW 1.5.1, ktery je soucasti pfistroje. Data byly
normalizovany k hypoxantin-guanin fosforibosyltransferdze (HPRT) a analyzovany
Studentovym t-testem na hladiné vyznamnosti 0,05 pomoci statistického softwaru Statistica

(StatSoft CR).

4.3.7 Vysokoucinna kapalinova chromatografie (HPLC)

43.7.1 Stanoveni koncentrace diklofenaku v potkani krevni plazmé

-----

1é¢ivé piipravky a je indikovana predevsim ke zmirnéni zdnétu a bolesti pohybového aparatu.
Protoze tato latka patii mezi dostupné a Casto predepisované léky, byla zvolena jako
modelové 1é¢ivo pro studium vlivu probiotickych bakterii na farmakokinetiku Ié¢iva.

Krevni plazma byla ziskana z krve experimentéalnich zvifat, dle schvalenych etickych
postupi, a byla uskladnéna na -70°C. Rozmrazena byla opcét az vden stanoveni
plazmatickych hladin diklofenaku. Ke 100 pl krevni plazmy bylo ptidano 50 ul 1M kyseliny
fosforecné, kterd umoznila uvolnéni diklofenaku z plazmatickych proteinti. Po promichani
byly ke smési pfidany 2 ml dichlormethanu. Tato smé&s byla 15 s promichavana a poté
centrifugovana pii 1600 x g po dobu 5 min pii 4°C pomoci centrifugy Jouan BR4i. Poté bylo
odebrano 1,5 ml spodni vrstvy sklenénou pipetou a toto mnozstvi bylo odpateno pod plynnym
dusikem pii 40°C. Odparek byl rozpustén ve 150 ul 50% methanolu. 50 pl takto ptipraveného
vzorku bylo nastiiknuto do systému HPLC (Shimadzu). K separaci latek byla pouzita reverzni
stacionarni faze C18, 250 x 4 mm i.d., s velikosti ¢astic 5 um (LichroCart, Merck, Darmstadt,
Germany) s predklonou od stejné firmy (C18, 4 x 4 mm i.d., velikost ¢astic 5 um). Separace
probihala pti 30°C. Dale byla pouzita mobilni faze s obsahem 10mM HCIO4/CH3;OH/ACN
(20/70/10) a pratokem 1 ml/min. Jednotlivé slozky byly eluovany isokraticky. Separovany
diklofenak byl detekovan pritokovym absorpcnim spektrofotometrem pifi 280 nm.

Plazmatické koncentrace diklofenaku byly vypocitany z kalibracni ktivky.
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4.3.7.2 Stanoveni koncentrace amiodaronu a jeho metabolitu N-desethylamiodaronu
Vv potkani krevni plazmé

Amiodaron (AMI) je latka, kterd byla vybrana jako dalsi modelové 1é€¢ivo pro studium
vlivu probiotickych bakterii na farmakokinetiku 1é¢iva. AMI je antiarytmikum, které je
indikovano k 1écb¢ supraventrikularnich i komorovych arytmii a metabolizuje se v téle na
dalsi latky pomoci enzymiit CYP. Jeho velkou nevyhodou jsou zavazné nezadouci ucinky
[146]. Jeho hlavni metabolit je N-desethylamiodaron (DEA), ktery je taktéz Gi¢inny jako jeho
parentni latka [147]. Obé¢ latky, AMI i DEA, byly stanoveny v potkani krevni plazmé pomoci
HPLC (Dionex).

Krevni plazma byla ziskdna z krve experimentélnich zvirat, dle schvalenych etickych
postupi, a byla uskladnéna na -70°C. Rozmrazena byla opét az vden stanoveni
plazmatickych hladin AMI a DEA. Ke 100 ul krevni plazmy bylo pfidano 5 ul 0,02 mM
trifluoperazinu dihydrochloridu, jako vnitiniho standardu. Vzorek byl vysrdaZen piidanim
300 pl acetonitrilu a tato smés byla centrifugovana pii 18 400 x g po dobu 5 min a pii 4°C.
Nésledné byl supernatant opatrné pfeveden do Cisté sklenéné zkumavky a odpafen pod
plynnym dusikem pii 40°C. Odparek byl poté rozpustén ve 100 pl 50% methanolu. 30 pl
takto pfipravené¢ho vzorku bylo nastfiknuto do systému HPLC. Ptiprava standardnich roztokt
a HPLC podminky stanoveni jsou detailné popsany v publikaci 4.

Vzhledem k tomu, Ze tato metoda nebyla na pracovisti zavedena, bylo nutné nejprve
metodu zavést a provést validaci. Byla provedena kalibra¢ni kiivka s koncentracemi 0,1, 0,2,
0,3, 0,4, 0,5, 0,6, 0,8 a 1,6 ug/ml amiodaronu a 0,02, 0,05, 0,07, 0,1, 0,2, 0,3 a 0,4 pg/ml
N-desethylamiodaronu v ¢isté potkani krevni plazmé. Stanoveni bylo provedeno osmkrat, aby
mohla byt vypocitdna pifesnost a spravnost méfeni. Tato data byla ziskana z vysledkl
méfenych v ramci jednoho dne, ale také mezi dny. Ke stanoveni hodnoty vytézku pro obé
latky byly méfeny také kalibra¢ni k¥ivky se stejnymi koncentracemi bez krevni plazmy a bez
ptipravy vzorku. Také byl u obou latek stanoven limit kvantifikace, tedy nejmensi mozna
odezva, ktera je desetkrat vétSi neZ Sum (u odezev detekovanych pod touto hranici nemusi

ziskana hodnota odpovidat spravné koncentraci).
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5. VYSLEDKY

V této kapitole jsou uvedeny vysledky studii tak, jak logicky nasledovaly. Jsou zde
proto uvedena data z nepublikovanych experimenti spolu s vysledky, které jiz byly
publikovany.

Prace se zaméfuje pfedev§im na studium vlivu probiotickych bakterii na expresi
proteini CYP a aktivity CYP. Vzhledem k tomu, Ze nejvétsi mnozstvi enzymlii CYP se

nachdzi v jatrech, prvni vysledky budou ukazany pravé z tohoto organu.

V prvnim experimentu byla pouzita bakterialni suspenze probiotického kmene E. coli
Nissle 1917 (EcN), ktera byla podavana samicim potkana kmene Wistar v davee 10™ KTJ.
Tato suspenze byla poddvana experimentalnim zvifatim oralné zalude¢ni sondou pfimo do
zaludku. Detailni postup experimentu byl nasledujici: Prvni skupiné (kontrolni; N = 4) byl
podavan zalude¢ni sondou pouze fyziologicky roztok kazdy den po dobu 14 dni. Druhé
skupiné (N = 4) byla podavana probiotickéd suspenze kazdy den taktéz po dobu 14 dni. Tteti
skupingé (N = 4) byla podana pouze jedna davka EcN, ato 14. den experimentu. Ctvrté
skupin€é (N = 3) byl podavan lipopolysacharid probiotické bakterie EcN (LPS) v davce 150
pg/ml PBS. Tento lipopolysacharid byl experimentdlnim zvifatim poddvan opét Zaludecni
sondou kazdy den po dobu 14 dni. Po 14 dnech byli vSichni potkani usmrceni dle schvalenych
etickych postupti a nasledné jim byla odebrana jaterni tkan. Z jaterni tkan€ byly pfipraveny
mikrozomy, které byly pouZity na stanoveni exprese proteini CYP a na stanoveni jejich
aktivity. Cely experiment je popsan v publikaci 1.

V jaternich mikrozomech byla stanoveny exprese proteint CYP1A2, 2C6, 2C11, 2E1
a 3A1l. Ze stanoveni bylo zjiSténo, ze zmény byly v expresi proteini CYP1A2, 2C6, 2C11

a3A1l. Western bloty se zmé&nami v expresi proteinti jsou zobrazeny v publikaci 1 (Fig. 2)

a graficky znazornény nize na Obr. 12. CYP2C11 se vyskytuje zejména u samcu [4,148]
aVvtomto experimentu byly pouzity samice. Z toho diivodu jsou prouzky nebo tzv ,,bandy*
exprese proteinu CYP2C11 na western blotu slabé, a proto nebyl tedy CYP2C11 vybran pro
grafické znazornéni vysledki, i1 kdyz byla u tohoto proteinu detekovana zména. Data jsou

vyjadiena relativné vzdy ke kontrolni skuping.
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Obr. 12. Porovnani expresi potkanich jaternich proteintt CYP1A2, 2C6 a 3A1 bez nebo s aplikaci probiotického
kmene E. coli Nissle 1917 (EcN) nebo jen jeho lipopolysacharidu (LPS). Kazda skupina byla porovnana jen
S prvni, tedy kontrolni skupinou (K).

K, kontrolni skupina; LPS 14x, aplikace lipopolysacharidu kmene E. coli Nissle 1917 po dobu 14 dni; EcN 1x,
aplikace probiotického kmene E. coli Nissle 1917 pouze 1 den; EcN 14x, aplikace probiotického kmene E. coli
Nissle 1917 po dobu 14 dni; *, p < 0,05; ***, p < 0,001

V jaternich mikrozomech byly také zméfeny aktivity, které odpovidaji lidskym
CYPI1A, 2A6, 2B6, 2C9, 2D6 a 3A4. Tyto aktivity byly vyjadieny vzdy relativné ke kontrolni
skuping a jsou zobrazeny taktéz v publikaci 1 (Fig. 3). Zmény v aktivitaich CYP (s pouzitim

substratt typickych pro lidské formy) nebyly statisticky vyznamné s vyjimkou CYP2C, kdy
trend ke zvySeni aktivity vlivem LPS 1 EcN byl zfejmy a u LPS dokonce signifikantni.
Vzhledem ktomu, Ze prace byla zaméfena piedevSsim na studium interakce
mikrobiomu s enzymy a s procesy Vv gastrointestinlnim traktu, bylo v dalsi etapé ptikro¢eno ke
studiu intestinalnich enzym CYP. V prvnim kroku bylo tieba ziskat informace v zastoupeni
jednotlivych CYP. Toto bylo u jater zbyte¢né, protoze vysledky studii o expresi riznych
forem jaternich CYP u potkant jsou k dispozici v literatuie [22,135]. Je znamo, ze se obsah
jednotlivych forem enzymi CYP méni po celé délce gastrointestinalniho traktu [46]. Bylo
tedy zapotiebi nejprve stanovit exprese vybranych forem CYP v jednotlivych ¢astech stieva
u zdravého, nelééeného samce potkana kmene Wistar z konvenéniho chovu (Obr. 13-17),
ktery byl nasSim experimentadlnim modelem. Ukazalo se, Ze napt. forma CYP3A1 (orthologni

lidské formeé CYP3A4) se vyskytuje podél celého potkaniho stieva.
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Obrazek 13. Exprese potkaniho proteinu CYP1AL po celé délce stieva.
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Obrazek 14. Exprese potkaniho proteinu CYP2B1/2 po celé délce stieva.
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Obrazek 15. Exprese potkaniho proteinu CYP2C6 po celé délce stieva.
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Obrazek 16. Exprese potkaniho proteinu CYP2EL po celé délce stieva.
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Obrazek 17. Exprese potkaniho proteinu CYP3A1 po celé délce stieva.

Tretim tématem prace, popsanym ve druhé publikaci, bylo zjisténi vlivu probiotického

kmene EcN na expresi potkanich stievnich CYP jak na urovni proteinu, tak i na trovni
MRNA. Suspenze probiotického kmene EcN byla podavana tentokrate samcim potkana
kmene Wistar (N = 6) v davce 10' KTJ. Tato suspenze byla podavana experimentilnim
zvifatim oralné Zalude¢ni sondou pfimo do Zaludku kazdy den po dobu sedmi dni. Kontrolni
skupiné (N = 4) byl podavan Zalude¢ni sondou pouze fyziologicky roztok. Osmy den byli
vSichni potkani usmrceni postupem schvalenym etickou komisi a nésledné jim byla odebrana
jaterni 1 stfevni tkan. Z obou tkéni byly pfipraveny mikrozomy, které byly pouzity na

stanoveni exprese proteintt CYP. Cely experiment je popsan v publikaci 2.

Stranka | 57



Nejprve byla stanovena exprese proteinu CYP1A2, 2C6, 2E1 a 3Al v jaternich

mikrozomech (Obr. 18). U jaternich vzorkl nebyly zjistény vyznamné rozdily. Poté byla
stanovena exprese proteinu CYP1A1l (Obr. 19), 2B1/2 (Obr. 20), 2C6 (Obr. 21), 2E1
(Obr. 22) a 3A (Obr. 23) v mikrozomech ziskanych z jednotlivych ¢asti stievni traktu.

Stanoveni bylo provedeno u vSech potkant.

100

50 A

Ecprese proteimi CYP [%]

O Fyziologicky roztok

B EcN

CYPlA2 CYP2C6

CYPIE1

CYP3A

Obrazek 18. Porovnani exprese potkanich jaternich proteini CYP1A2, 2C6, 2E1 a 3A
bez (N =4) a s (N = 6) aplikaci probiotického kmene E. coli Nissle 1917 (EcN).
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Obrazek 19. Porovnani exprese potkaniho proteinu
CYP1Al vruznych castech tenkého stieva bez
(N =4) as (N = 6) aplikaci probiotického kmene E.
coli Nissle 1917 (EcN).
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Obrazek 21. Porovnani exprese potkaniho
proteinu CYP2C6 ve slepém a tlustém (colon)
sttevé bez (N=4) a s (N = 6) aplikaci
probiotického kmene E. coli Nissle 1917 (EcN).
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Obrazek 20. Porovnani exprese potkaniho proteinu
CYP1B1/2 v raznych castech tenkého stifeva bez
(N =4) as (N = 6) aplikaci probiotického kmene E.
coli Nissle 1917 (EcN).
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Obrazek 22. Porovnani exprese potkaniho
proteinu CYP2EL v riznych ¢astech tenkého streva
bez (N=4) a s (N = 6) aplikaci probiotického
kmene E. coli Nissle 1917 (EcN).
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Obrazek 23. Porovnani exprese potkaniho proteinu CYP3A po celé délce stievniho traktu bez (N =4) a s
(N = 6) aplikaci probiotického kmene E. coli Nissle 1917 (EcN). Tlusté stievo je mysleno colon.
*

, p<0,05.

V tomto experimentu byly pouzity star$i potkani (s hmotnosti 400 — 580 g), proto byl
pokus opakovan s mlad$imi potkany (s hmotnosti ptiblizn¢ 300 g). Na Obr. 24 a 25 jsou
zobrazeny exprese proteini CYP pouze v caecu a colon. Jedna se o exprese proteinu CYP2C6
a CYP3A. U proteinu CYP2C6 byl vysledek potvrzen, ovSem v ptipad¢ proteinu CYP3A
doslo v colon u starSich potkani k opaénému (ale nesignifikantnimu) trendu, tj. nartustu

exprese proteinu.
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Obrazek 24. Porovnani exprese potkaniho proteinu CYP2C6 a CYP3A u mladsich a starSich jedinct, bez
(N =4) as (N = 6) aplikaci probiotického kmene E. coli Nissle 1917 (EcN). Stanoveni bylo provedeno ve
slepém stfevé (caecum). Sipky naznacuji trend zmény po aplikaci EcN v porovnani s kontrolni skupinou.
*

, p<0,05.
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Obrazek 25. Porovnani exprese potkaniho proteinu CYP2C6 a CYP3A u mladsich a starsich jedinct, bez
(N=4) as (N = 6) aplikaci probiotického kmene E. coli Nissle 1917 (EcN). Stanoveni bylo provedeno v
tlustém stievé (colon). Sipky naznacuji trend zmény po aplikaci ECN v porovnani s kontrolni skupinou.
**

, p<0,01.

Exprese proteini CYP u starSich potkani byly rovné€z porovnany s jejich expresi
mRNA. Konkrétn¢ se jednd o CYP2B1/2, 2C6, 2E1 a 3Al. Ziskand data jsou zobrazena

v publikaci 2 (Fig. 3-6). Na urovni mRNA do$lo u starSich potkant rovnéz k naristu

(signifikantnimu) exprese mRNA CYP3A1 v tlustém stieve.

Treti publikace (tedy Ctvrté téma prace) popisuje experiment, ktery ma podobny

design jako je v publikaci 2. Misto probiotického kmene EcN byl zde pouzit jiny, a to
Lactobacillus casei. Bakterialni suspenze tohoto kmene byla podavana samciim potkana
kmene Wistar (N = 6) v davce 10°KTJ kazdy den po dobu sedmi dni. Kontrolni skupiné
(N = 6) byl podavan kazdy den fyziologicky roztok. Opét zde byla pouzita zalude¢ni sonda,
ktera umoznila vpravit bakterie L. casei nebo fyziologicky roztok az do zaludku zvitete.
V tomto experimentu bylo provedeno stanoveni aktivity jaternich enzym CYP, které
odpovidaji lidskym CYP1A, 2C9, 2D6, 2E1 a 3A4. Tyto aktivity byly vyjadieny vzdy
relativné ke kontrolni skupiné a jsou zobrazeny v publikaci 3 (Fig. 2). Dale byly stanoveny
exprese jaternich proteini CYP1A2, 2C6, 2C11, 2E1 a 3A1 a taktéz exprese mRNA CYP2C6,

2C11, 2E1 a 3Al. Vysledky jsou zobrazeny v publikaci 3 (Fig. 3). Stejné tak byly stanoveny
exprese proteinu i MRNA v jednotlivych ¢astech stteva pro CYP1AL1, 2B1/2, 2C6, 2E1 a 3A

(v pripadé stanoveni proteinu byla pouzita protilatka proti CYP3A1, nicméné pro stanoveni
mRNA byla pouzita specificka sonda proti CYP3A9, protoZe bylo zjisténo, ze v potkanich
samCich stfevech je vétSi koncentrace CYP3A9). Grafy s vysledky jsou opét zobrazeny

v publikaci 3 (Fig. 4). Zde stoji za zminku, Ze po aplikaci L. casei byl detekovan trend ke

snizeni exprese proteinu i MRNA CYP1A1 po celé délce potkaniho stieva.
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Dalsim (patym) cilem této disertacni prace bylo zjistit, zda mohou probiotické bakterie
ovlivnit farmakokinetiku soucasné¢ podaného 1é¢iva. Jako prvni modelové 1écivo byl
(v nepublikované studii) vybran diklofenak, a to ztoho divodu, ze je v lékarnach b&zné
dostupny a patii mezi casto piedepisované lIéky. Samctim potkana kmene Wistar (N = 6) byla
kazdy den podavéna bakterialni suspenze kmene EcN v davee 7 x 10® KTJ po dobu sedmi
dni. Kontrolni skupiné (N = 4) byl do zaludku kazdy den podavan fyziologicky roztok taktéz
po dobu sedmi dni. Osmy den byla vSem potkaniim poddna suspenze diklofenaku v jedné
davce 10 mg/kg potkana. Bakterialni kmen, fyziologicky roztok i suspenze diklofenaku byla
potkaniim podéna do Zaludku zaludecni sondou. VSichni potkani byly uvedeni do celkové
anestezie smési fentanylu (40 pl’kg), metedomidinu (200 pl’kg) a diazepamu (5 mg/kg),
podanim i.m. Po 0,5, 1, 1,5, 2, 3, 5, 7 a 8 hodinéach bylo v§em potkaniim odebrano 300 pl krve
z vena jugularis do stiikacky s 20 pl 0,2M EDTA-Na,. Po 8 hod. byli vSichni potkani
standardn¢ usmrceni. Z odebrané krve byla ziskdna krevni plazma, kterd byla uskladnéna na
-70°C. Na Obr. 26 je zobrazen chromatogram vzorku s diklofenakem. Tento vzorek byl

odebran potkanovi po 3 hodinéach od aplikace suspenze diklofenaku.

ux1,000)

45 diklofenak

40 /
35

IID ilﬂ 3?0 4?0 5‘0 ﬂfD TID Slﬂ BID IIf:D 11|D min
Cas [h]
Obrazek 26. Chromatogram ziskany z potkani krevni plazmy. Vzorek byl odebran
po 3 hodinach od aplikace suspenze diklofenaku.

Po zméfeni vSech vzorkii a dosazeni ziskanych hodnot do grafu, kde je zavisla
proménna koncentrace diklofenaku a nezéavisla proménnd hodina odebrani vzorku, byla
ziskana farmakokinetika 1é¢iva. Primérmé hodnoty pro farmakokinetiku diklofenaku s a bez

aplikace EcN jsou graficky zobrazeny na Obr. 27.
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Obrazek 27. Porovnani farmakokinetik diklofenaku u potkana s (N = 6) a bez
(kontrolni skupina; N = 4) aplikace probiotického kmene E. coli Nissle 1917 (EcN).
Kazdy bod predstavuje prumér + smérodatna odchylka.

Byly také stanoveny farmakokinetické parametry, diky nimz lze 1épe rozhodnout, zda
na urovni farmakokinetiky doSlo ke zméné ¢i nikoliv. Prehledna tabulka (Tab. 7)
s vypocitanymi farmakokinetickymi parametry je zobrazena nize, vysledky neukazuji

vyznamné zmény ve farmakokinetice diklofenaku.

Stanovovana latka Diklofenak

E. coli Nissle 1917 | Fyziologicky roztok
Aplikace (N =16) (N=4)
Cona [1/M] 1,34 £ 0,48 1,14 = 0,33
tmax [N] 1,75 = 1,03 1,75 £ 0,90
AUC.24n [h*pg/ml] 14,51 + 5,55 14,34 + 3,53

Tabulka 7. Farmakokinetické parametry u potkana po oralni aplikaci diklofenaku (v jedné davce 10
mg/kg) s nebo bez (kontrolni skupina) aplikace probiotického kmene Escherichia coli Nissle 1917.
ty/2, biologicky polocas; cma, maximalni plazmaticka koncentrace 1éCiva; tma, Cas pii dosazeni Cpay;
AUC, plocha pod kiivkou. Vysledky jsou vyjadieny jako praméry + smérodatna odchylka.

Jako dal$i modelové 1é¢ivo byl vybran amiodaron (AMI), a to z toho diivodu, Ze se
jedna o latku, ktera miiZze vyvolat zdvazné nezddouci uCinky a navic inhibuje transportni
protein P-glykoprotein, ktery se mimo jiné nachazi ve stfevé. Vzhledem k tomu, Ze hladiny

amiodaronu v krevni plazmé nebyly dosud na nasem pracovisti méfeny, bylo nutné metodu na
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HPLC zavést a validovat ji. V Tab. 8 je piehled informaci tykajicich se validace metody, tedy

linearita kalibra¢ni kiivky, piesnost a spravnost metody a také limit kvantifikace.

Parametr Amiodaron N-desethylamiodaron
Rozmezi koncentraci kalibracni kiivky (ug/ml) 01-1,6 0,02-0,4
Korelacni koeficient linearity r=0,9961 r=0,9990
Limit kvantifikace (ug/ml) 0,05 £ 0,008 0,018 £ 0,003
Vytéznost (%) 75 85
Ptesnost — vV rdmci jednoho dne (%)

0,1 pg/ml 3,65

0,4 pg/ml 8,36

0,8 pg/ml 7,78

0,05 pg/ml 2,85
0,1 pg/ml 3,84
0,4 pg/ml 6,85
Ptesnost — vV rdmci dni (%)

0,1 ug/ml 14,78

0,4 ng/ml 9,91

0,8 ug/ml 4,59

0,05 pg/ml 8,51
0,1 pg/ml 1,47
0,4 pg/ml 12,01
Spravnost — vV rdmci jednoho dne (%)

0,1 pg/ml 89,09

0,4 pg/ml 96,99

0,8 pg/ml 100,10

0,05 pg/ml 90,18
0,1 pg/ml 96,75
0,4 pg/ml 98,80
Spravnost — vV rdmci dni (%)

0,1 pg/ml 90,01

0,4 pg/ml 96,90

0,8 pg/ml 96,69

0,05 pg/ml 107,59
0,1 pg/ml 96,65
0,4 ug/ml 111,28

Tabulka 8. Parametry validace metody na stanoveni amiodaronu a jeho metabolitu N-desethylamiodaronu

Vv potkani krevni plazmé.

Farmakokinetika AMI byla stanovena celkem u 60 samci potkana kmene Wistar.

Prvnim 30 potkanim (kontrolni skupina) byl do zaludku aplikovan fyziologicky roztok

a dalsim 30 potkanim byla aplikovana bakterialni suspenze EcN v davce 7 x 10® KTJ.
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Bakterialni suspenze i fyziologicky roztok byl potkaniim podan Zalude¢ni sondou piimo do
zaludku jednou denné po dobu sedmi dni. Osmy den byla vS§em potkaniim podana suspenze
hydrochloridu amiodaronu (opét Zalude¢ni sondou) v jedné davce 50 mg/kg. Po 0, 1, 2, 3, 4,
5,5, 7,9, 14, 22 a 30 hodinach byly potkani uvedeni do celkové anestezie smési fentanylu
(40 ul/kg), metedomidinu (200 pl/kg) a diazepamu (5 mg/kg), podani bylo i.m. Po daném
intervalu jim byla odebrana krev z bifurkace aorty tak, ze jeden bod farmakokinetiky
odpovida jedné trojici potkanti. Jako protisrazlivé ¢inidlo byla pouzita 0,2M EDTA-Na,
(57 ul/1 ml krve). Z krve byla ziskana krevni plazma, ktera byla pouzita ke stanoveni AMI
a DEA pomoci HPLC. Chromatograficky profil AMI, jeho metabolitu N-desethylamiodaronu
(DEA) a vnitiniho standardu trifluoperazinu ve vzorku po 3 hod. od aplikace amiodaronu

hydrochloridu je zobrazen v publikaci 4 (Fig. 1). Grafické znazornéni jednotlivych

farmakokinetik pro obé& latky, AMI a DEA, a farmakokinetické parametry jsou taktéz
zobrazeny v publikaci 4 (Fig. 2, Table S1). Vzhledem k tomu, ze vysledky experimentu s ECN

naznacuji existenci vyznamnych rozdili ve farmakokinetice v dusledku pfitomnosti
probiotika, byl tento experiment proveden jesté jednou, ovSem probioticky kmen EcN byl
vyménén za neprobioticky referencni kmen E. coli ATCC 25922 (v davee 7 x 10® KTJ).
Grafické znazornéni jednotlivych farmakokinetik pro AMI a DEA a farmakokinetické
parametry jsou sice zobrazeny v publikaci 4 (Fig. 3, Table S2), nicméné jsou zobrazeny
I v této praci na Obr. 28, 29, 30 a 31.

05 4

%% =¢=Fyziologicky roztok

07 A

=B=EcN
06

05 1

04 4

0,3

0,2 4

Plazmatiska koncentrace
amiodaronu|pg/ml|

01

o 5I 1‘0 1‘5 2‘0 2‘5 3‘0 3‘5
Cas [h]
Obrazek 28. Porovnani farmakokinetik amiodaronu u potkana s a bez (kontrolni

skupina) aplikace probiotického kmene Escherichia coli Nissle 1917 (EcN).
Kazdy bod pfedstavuje pramér + smérodatna odchylka; N = 3.
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Obrazek 29. Porovnani farmakokinetik N-desethylamiodaronu u potkana s a bez
(kontrolni skupina) aplikace probiotického kmene Escherichia coli Nissle 1917
(EcN). Kazdy bod piedstavuje primér + smérodatna odchylka; N = 3.
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Obrazek 30. Porovnani farmakokinetik amiodaronu u potkana s a bez (kontrolni
skupina) aplikace nepatogenniho neprobiotického kmene Escherichia coli
ATCC 25922. Kazdy bod piedstavuje prumér + smérodatna odchylka; N = 3.
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Obrazek 31. Porovnani farmakokinetik N-desethylamiodaronu u potkana s a bez
(kontrolni skupina) aplikace nepatogenniho neprobiotického kmene Escherichia coli
ATCC 25922. Kazdy bod predstavuje primér + smérodatna odchylka; N = 3.

Farmakokinetika AMI byla provedena taktéz s probiotickym kmenem L. casei
(nepublikované vysledky). Design experimentu byl stejny jako v pfedchozim ptipadé.
Experimentélni zvifata vaZila primé&mé 270 g a pocet bakterii v jedné davee bylo 1,5 x 10°

KT]J. Jednotlivé farmakokinetiky pro AMI a DEA jsou zobrazeny na Obr. 32 a 33.
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' i Fyziologicky
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0 T T
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Obriazek 32. Porovnani farmakokinetik amiodaronu u potkana s a bez (kontrolni
skupina) aplikace probiotického kmene L. casei. Kazdy bod piedstavuje
pramér + smerodatnéd odchylka; N = 3.
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Obrazek 33. Porovnani farmakokinetik N-desethylamiodaronu u potkana s a bez
(kontrolni skupina) aplikace probiotického kmene L. casei. Kazdy bod ptedstavuje
priamér + smérodatna odchylka; N = 3.

Byly také stanoveny farmakokinetické parametry pro AMI a DEA, které¢ jsou

ptehledné uvedeny v Tab. 9. Parametry farmakokinetiky AMI a DEA nebyly ovlivnény

aplikaci L. casei s jednou vyjimkou, a to s vyraznym prodlouzenim doby potiebné k dosazeni

maximalni koncentrace (tmax) AMI a DEA u potkanti po aplikaci L. casei.

Stanovovana latka Amiodaron N-desethylamiodaron
Fyziologicky Fyziologicky
Aplikace L. casei roztok L. casei roztok
Cmax [Hg/ml] 0,62 +0,15 0,77 + 0,01 0,05+ 0,02 0,05 + 0,00
tmax [N] 5,00 + 0,71 2,7+ 0,94 5,00+ 0,71 4,67+ 1,70
AUC.(22)30n [h*pg/ml] 5,94+ 1,12 6,70 £ 0,58 0,52 £ 0,09 0,51 +0,04
AUC o [h*pg/ml] 6,06 1,12 6,90 + 0,67 0,69+0,11 0,71+ 0,16

Tabulka 9. Farmakokinetické parametry u potkana po oralni aplikaci amiodaronu (v jedné davce 50 mg/kg)
s nebo bez (kontrolni skupina) aplikace probiotického kmene L. casei.
ty/, biologicky polocas; cmax, maximalni plazmaticka koncentrace 16€iva; tha ¢as pii dosaZeni cpax; AUC, plocha
pod kiivkou. Vysledky jsou vyjadieny jako priméry + smérodatna odchylka; N = 3. Hodnoty tu¢né zvyraznéné
jsou vyznamn¢ odli$né od kontroly.
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Vysledky v této disertacni préaci ukazuji, ze probiotické mikroorganizmy nemaji
jednoznacny efekt na enzymy metabolizujici 1é¢iva a ani nevykazuji obecny, stejny ¢i

podobny vliv na farmakokinetiku souc¢asné podané latky.

6. DISKUZE

Probiotické bakterie jsou vyuzivany pfedevSim v potravinaiském a farmaceutickém
primyslu, kde jsou pfidavany napt. do mlécnych produkti nebo potravnich doplnk.
V odborné vetejnosti jsou diskutovany otazky, zda je mozné soucasné s probiotiky uzivat
probiotika jina, bylinné caje anebo dokonce léky, zda mohou probiotika ovlivnit 1é¢bu
pacienta nebo v hor$im piipad¢, zda by mohla probiotika zpUsobit toxické ucinky soucasné
podané latky. Tato disertacni prace vznikla jako pokus pfispet k poznani této problematiky
s cilem zjistit, zda mohou mit probiotické bakterie vliv na enzymy metabolizujici 1é¢iva a zda
mohou zpiisobit zmény ve farmakokinetice soucasné podané latky.

Prvni publikace se zabyva vlivem probiotického kmene Escherichia coli Nissle 1917
na expresi proteinli cytochromti P450 a na jejich aktivitu v potkanich samicich jatrech. Tento
bakterialni kmen byl experimentalnim zvifatim podavéan 14 dni nebo 1 den. Ze ziskanych dat
bylo zjisténo, ze nedoslo k vyznamnym zménam v expresi proteinu CYP1A2, 2C6, 2E1
a 3Al, jen k mirnému zvyseni exprese proteinu CYP1A2 a CYP2C6 a k mirnému snizeni
exprese proteinu CYP3Al. Co se tyCe aktivit vybranych enzymut, nebyly detekovany
statisticky vyznamné zmény v aktivité odpovidajici lidskym enzymim CYP1A, 2A6, 2B6,
2C9, 2D6 a 3A4. Experimentdlnim zvifatim byl taktéZ podéan lipopolysacharid tohoto
probiotického kmene a ukézalo se, Ze tato ¢ast bakterie méla zna¢ny vliv na expresi proteinu
CYP1A2 (zvySend exprese proteinu po podani LPS v porovnani s kontrolni skupinou;
p <0,001), ovSem nikoliv vyznamny vliv na aktivitu tohoto proteinu (stanoveni aktivity bylo
provedeno pomoci nespecifického substratu 7-ethoxyresorufinu, ktery je metabolizovan jak
lidskym, tak i potkanim enzymem CYP1A1/2 [4,135]). Déle se ukazalo, ze LPS zpisobil
mirné zvySeni v expresi proteinu CYP2C6 po podani LPS v porovnani s kontrolni skupinou
ataktéz bylo detekovéano statisticky vyznamné zvySeni v aktivité odpovidajici lidskému
enzymu CYP2C9 ve srovnani s kontrolni skupinou (p < 0,05). Pii tomto stanoveni byla
pozorovana zvysend 4’-hydroxylace diklofenaku, za kterou odpovida také potkani CYP2C6
I CYP2C11 [135,149]. Opacny efekt byl pozorovan u proteinu CYP3A1, u kterého byla lehce

sniZena exprese proteinu po podani LPS ve srovndni s kontrolni skupinou, a stejny efekt byl
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pozorovan u aktivity odpovidajici lidskému enzymu CYP3A4. Exprese jaternich proteint
CYP byly také stanoveny u samcti potkana kmene Wistar, kterym byl aplikovan probioticky
kmen EcN kazdy den po dobu sedmi dni (viz publikace 2). Vysledky nepotvrdily zvySeni
Vv expresi proteinu CYP1A2 a 2C6 (jako tomu bylo u samic), ale bylo potvrzeno jemné snizeni
v expresi proteinu CYP3A. Publikace 1 tedy hovoii o tom, Ze probioticky kmen EcN nema
zasadni vliv na aktivitu a expresi potkanich jaternich cytochromt P450.

Dalsi otazkou je, zda mohou probiotika ovlivnit obsah a aktivitu CYP, tedy hlavnich
enzymul metabolizujici 1éCiva, v gastrointestindlnim traktu. Vzhledem k tomu, Ze je zejména
tento organ osidlovan bakteriemi a zéaroven zde dochazi k prvnimu kontaktu xenobiotik
s enzymy, které je metabolizuji, byla provedena studie vlivu probiotického kmene EcN na
sttevni enzymy CYP. Touto studii, ve které byly tentokrate (ale i v téch nasledujicich
studiich) pouziti samci potkana kmene Wistar, se zabyva publikace 2. Stanovenim exprese
vybranych proteinti cytochromti P450 v jednotlivych ¢astech sttevniho traktu bylo potvrzeno,
ze koncentrace CYP se po celé délce stieva méni [46]. NaSe vysledky ukazuji, Ze v tenkém
stievé (v duodenu, jejunu a ileu) je vysoka koncentrace enzymt CYP1A1 a 2B1/2, zatimco
CYP2ELI je ve vysokych koncentracich jak v tenkém stievé, tak i ve slepém stieveé. Naopak
CYP2C6 se nachazi piedevS§im v tlustém stievé (ceaceum i colon). Enzym CYP3A1l je
lokalizovan ve zietelné detekovatelnych koncentracich po celé délce potkaniho stieva. Na
zaklad¢ téchto informaci bylo provedeno stanoveni exprese jednotlivych proteini CYP
Vv takovém segmentu stfeva, kde je vysoka koncentrace sledovaného proteinu.

Publikace 2 popisuje vliv probiotického kmene EcN na expresi proteinu i mRNA
vybranych cytochromi P450. Po sedmi dnech aplikace bakterii EcN potkanim byly
detekovany ve stievé zmény v expresi mRNA i proteinu CYP3A vV porovnani s kontrolni
skupinou. Na urovni proteinu doSlo k vyznamnému snizeni exprese CYP3A v duodenu
a caecu, naopak v colon byl zvysujici se trend v expresi proteinu. Na Grovni mRNA byla
detekovana zména pouze Vv colon, ve kterém doSlo (stejné jako u epxrese proteinu)
k vyznamnému nardstu exprese mRNA CYP3A1l (v duodenu nebyla stanovena exprese
MRNA z divodu pfili§ malé ¢asti tkdn¢). Rizné zmény v riznych castech stfevniho traktu
vedly Kk provedeni dalSiho experimentu, tentokrate s mlad$imi potkany (v predchozim
experimentu vazili potkani primémé 490 g, v nasledujicim experimentu vazili potkani
ptiblizn¢ 300 g). Vysledky exprese proteintt CYP z tohoto experimentu potvrdily vysledky
z ptedchoziho experimentu, krom¢ proteinu CYP3A. Po tydenni aplikaci bakterii ECN méli
mladi potkani po celé délce stievniho traktu sniZzenou expresi CYP3A. Dle téchto vysledki se

ukazuje, Ze staii potkana by mohlo mit vliv na expresi proteinu CYP3A.

Stranka | 69



Otéazkou ale je, zda tyto relativné malé zmény mohou vést k vyznamnéjSim zmeénam
na urovni farmakokinetiky soufasné¢ podané¢ho IéCiva. Tim jsme se zabyvali v dalSich
experimentech, ve kterych byly studovany farmakokinetiky modelovych 1é€iv po aplikaci
probiotik. Po sedmidenni aplikaci bakterii kmene EcN potkaniim nenastaly Zadné zmény ve
aplikaci EcN a podéni amiodaronu. V tomto piipadé byly detekovany zmény ve
farmakokinetice tohoto antiarytmického 1é¢iva. Amiodaron byl v krevni plazmé stanoven
nové zavedenou a uspésn¢ validovanou metodou pomoci HPLC a bylo zjisténo, Ze
sedmidenni aplikace EcN zptsobila zvySeni plazmatické koncentrace amiodaronu u potkana
ve srovnani s kontrolnimi potkany. AUCg.30, pro amiodaron byla 1,4x vyssi a AUCo.30n Pro
jeho hlavni metabolit N-desethylamiodaron byla dokonce 1,6x vyssi. V pfipadé
farmakokinetiky N-desethylamiodaronu byl navic ¢as k dosazeni maximalni plazmatické
koncentrace o 2,5 hodiny prodlouzen v porovnani s kontrolnimi vzorky. Tyto vysledky jsou
uvedeny v publikaci 4 a neni snadné vysvétlit, jakym mechanizmem bakterie pusobily, aby
doslo k takové zmén¢ ve farmakokinetice. Mechanizmus pisobeni téchto bakterii 1ze odvodit
na zaklad¢ jejich vlastnosti, které byly popsany ve studiich in vitro. Bakterie kmene EcN
vytvaii ve stievé organické kyseliny s kratkym alifatickym fetézcem (zejména kyselinu
octovou), které snizuji pH prostiedi a které jsou ochotné stievnim epitelem vstiebany [150].
Mohou tak pozitivné ptispét k lepsi absorbci amiodaronu, ktery se rozpousti se v rozmezi pH
3,5 — 5,5 [151,152]. Bakterie kmene EcN dale snizuji sekreci prozanétlivého cytokinu TNFa
(faktor nadorové nekrozy) [117], ktery zplsobuje sniZzeni hladin mRNA membranovych
transportnich proteini OATP (transportni polypeptidy organickych aniontd) [153]. Snizenim
sekrece TNFa se pravdépodobné zvysi hladina mRNA téchto OATP, coz by opét mohlo
prispét k lepSi resorpci amiodaronu z lumen stfeva. Amiodaron se totiZz vdze na influxni
transportér OATP2B1, ktery se mimo jiné nachazi v enterocytech, a diky nému se snadné&ji
dostava ke krevnimu fecisti [154]. Zajimava je také skutecnost, ze transportér OATP2BI je
aktivngjsi pravé v kyselém prostiedi [155]. Vzhledem k tomu, ze bakterie kmene EcN snizuji
pH prostiedi produkci jiZ zminénymi organickymi kyselinami, mohou rovnéZ timto zpisobem
ptispét k lepSimu vstfebavani amiodaronu z gastrointestinalniho traktu. DalSim moznym
vysvétlenim zvySenych plazmatickych koncentraci amiodaronu po podani bakterii kmene
EcN by mohla byt snizena exprese proteinu CYP3A ve stfevnim traktu, kterd byla zjisténa
u stejné starych potkand. Amiodaron se totiz u potkana metabolizuje na N-desethylamiodaron
mimo jiné pfes CYP3A1 [147,156] a v ptipad¢ sniZzené exprese stfevniho proteinu CYP3A se

cast amiodaronu nestaci premeénit na N-desethylamiodaron jiz ve stfeve, a proto se vEtsi cast
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amiodaronu dostane do krevniho obé&hu (v porovnani s kontrolni skupinou). Podobny efekt
byl pozorovan v literatuie [157], kde byl pouzit ov§em patogenni lipopolysacharid kmene E.
coli a antibiotikum telithromycin, které se taktéz metabolizuje cestou pies potkani CYP3A1/2.
I v tomto experimentu z literatury byly nalezeny zvysSené plazmatické koncentrace latky
(v tomto piipadé antibiotika) po podani patogenniho LPS v porovnani s kontrolou.

Na zéklad¢ lepSiho vstfebani amiodaronu z lumen stfeva se ziejmé vice amiodaronu
dostalo krevnim fecistém do jater (ve srovnani s kontrolou), kde tato latka byla metablizovana
(cestami pres CYP1A1, 1A2, 2C6, 2C11, 2D1, 2D2 a 3A1 [147,156]). Pravdépodobné proto
vzniklo vice metabolitu N-desethylamiodaronu a tento jev se projevil zvySenou hodnotou jeho
AUC(.30n. K vyssim plazmatickym koncentracim N-desethylamiodaronu by mohla také
piispét zvySena aktivita odpovidajici lidskému enzymu CYP2C9 (upotkana se jedna
0 aktivitu CYP2C6 a CYP2CI11), kterd byla ovSem zjisténa po podani LPS EcN samicim
potkana kmene Wistar v porovnani s kontrolou.

Pro srovnani vlivu probiotického kmene EcN na farmakokinetiku amiodaronu
s vlivem neprobiotickych bakterii E. coli byl proveden experiment, kdy byl potkanim
podavan nepatogenni neprobioticky kmen E. coli ATCC 25922. Experiment byl realizovan
stejn¢ jako v pfedchozim pftipadé, ale vysledky ziskané z tohoto experimentu byly odlisné.
Pribéh farmakokinetické ktivky amiodaronu a N-desethylamiodaronu po podani E. coli
ATCC 25922 se v tomto piipadé nezménil (ve srovnani s kontrolni skupinou). Na téchto
experimentech bylo tedy ukazano, Ze bakterie stejného rodu (E.coli) nemusi mit stejné
vlastnosti a stejny vliv na farmakokinetiku sou¢asné podaného stejného 1é¢iva (amiodaronu).
Stejné¢ tak bylo ukdzano, Ze jeden kmen bakterie (EcN) nemusi piisobit stejnym zplisobem na

rizné soucasn¢ podané latky (viz Vysledky).

Tato disertacni prace také dokumentuje vysledky experimentu s jinymi probiotickymi
bakteriemi, L. casei. Experimenty byly provedeny stejnym zptuisobem jako v piipadé bakterii
kmene EcN. Byla studovana aktivita enzymii a exprese proteinii i mRNA cytochromi P450
jak ve stfevech, tak i v jatrech samce potkana kmene Wistar (publikace 3). Po sedmidenni
aplikaci probiotického kmene L. casei nedoslo ke statisticky vyznamnym zménam v aktivité
jaternich CYP, stejné¢ tak nebyly pozorovany zadné vyznamné zmény v expresi proteinu
amRNA jaternich CYP v porovnani s kontrolnimi potkany. Naopak ve stievnim traktu
zpusobil L. casei snizeni (p < 0,05) v expresi duodenalni mRNA CYP3A9 (v duodenu nebyla
stanovena exprese proteinu z divodu malé casti tkan€). Dale bylo detekovano vyznamné

snizeni (p < 0,05) nebo snizujici se trend v expresi proteinu CYP1AL od jejuna po colon
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a vyznamné snizeni (p < 0,05) v expresi mRNA CYPI1AIl taktéz od jejuna po colon po
sedmidenni aplikaci L. casei vV porovnani s kontrolni skupinou. Zajimavé je, ze po podani
L. casei bylo stanoveno snizeni exprese CYP2E1 mRNA (p < 0,001), nikoliv proteinu, a to
pouze ve slepém stieve.

Cytochromy P450 1A se ucastni metabolizmu polycyklickych aromatickych
uhlovodiki, které jsou pfitomny napt. ve znecisténém prostiedi, v tabdkovém koufi nebo se
dostavaji do grilovaného masa na dfevéném uhli. Enzymy CYP1A pfeménuji tyto latky na
kancerogeny, a tudiz podavani probiotického kmene L. casei by mohlo piuisobit preventivné
proti vzniku nadorového bujeni. Z literatury je znamo, Ze probiotika L. casei produkuji
polysacharid, ktery potlacil karcinogenezi V tlustém stfevé u mySi snizenim syntézy
prozanétlivého cytokinu interleukinu IL-6 [158,159]. Specificky polysacharid L. casei by tak
zanétlivych onemocnéni.

U bakterii L. casei byl také sledovan jejich vliv na farmakokinetiku amiodaronu
(nepublikované vysledky). IVvtomto piipadé¢ lze pozorovat zmény ve farmakokinetice
amiodaronu po podani L. casei v porovnani s kontrolni skupinou, ov§em ne tak vyrazné, jako
Vv ptipadé pouziti bakterii kmene EcN. Po aplikaci L. casei doslo k nevyznamnému poklesu
AUCq.30n pro amiodaron ak vyraznému posunu c¢asu k dosazeni maximalni plazmatické
koncentrace amiodaronu (pfiblizné o 2 hodiny pozd¢ji). Farmakokinetické parametry jeho
hlavniho metabolitu N-desethylamiodaronu nebyly ale po podani L. casei zménény. Lze tedy
fici, ze navzdory zménam v expresi proteinu i mRNA CYP1AL1 po aplikaci bakterii L. casei,

tyto probiotické bakterie nemaji zadsadni vliv na pribéh farmakokinetiky amiodaronu.

Vysledky piedkladané disertacni prace vcetné publikaci 1-4 ukazuji, ze probiotika
mohou mit vliv na farmakokinetiku soucasné podaného 1é¢iva; ale nevykazuji obecny, stejny
¢i podobny vliv, protoZze zfejmé velmi zalezi jak na vlastnostech podaného probiotika, tak na
vlastnostech interagujiciho lé¢iva a v neposledni fad€ 1 na aktudlnim stavu organizmu. Je
rovnéz skutecnosti, ze vSechny tyto experimenty in vivo byly provedeny na laboratornich
zvitatech a vysledky z téchto experimentl nelze jednoznacné a pfimo vztahovat na Cloveka.
Nicméné, vysledky této prace upozoriiuji na moznost, Ze podavani probiotickych bakterii

muzZze ovlivnit pisobeni (napt. biodostupnost) soucasné podaného 1éciva.
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7. ZAVERY

V této disertacni praci byl na experimentalnim modelu potkana piedevsim sledovan
vliv administrace probiotickych bakterii E. coli Nissle 1917 a L. casei na expresi vybranych
jaternich a stfevnich CYP jak na trovni proteinu, tak i mRNA, a pfipadné aktivity téchto
enzymu. Byl rovnéz studovan vliv obou probiotik na farmakokinetiku soucasné podaného

1é¢iva diklofenaku nebo amiodaronu.

Z vysledku jednotlivych experiment in vivo vyplyvaji nasledujici poznatky a zaveéry:

» Hladiny jednotlivych vybranych enzymti CYP se po celé délce stfevniho traktu
potkana méni. V tenkém stfevé se nachdzeji predevS§im formy CYP1Al
a 2B1/2, zatimco enzym CYP2EI je vyznamn¢ pfitomen jak v tenkém stieve,
tak i ve stfevé slepém. Naopak forma CYP2C6 se nachazi predevs$im v tlustém
sttevé (caecum i colon). Enzym CYP3A1l je lokalizovan ve zietelné

detekovatelném mnozstvi po celé délce potkaniho stieva.

» Probioticky kmen E. coli Nissle 1917 nezpasobil vyznamnou zménu
vV enzymové aktivité vybranych jaternich CYP potkana. Podobné tomu bylo
i U probiotickych bakterii L. casei. Vzhledem k tomu, ze enzymové aktivity
byly uréovany se substraty typickymi pro lidské formy CYP, pienos vysledku

na ¢lovéka je vzdy urcitou aproximaci.

» Probioticky kmen E. coli Nissle 1917 nemél vyznamny vliv na expresi jaternich
proteini CYP u potkana. Bylo detekovano pouze mirné sniZzeni v expresi
jaterniho proteinu CYP3A1. Nicméné, po podani E. coli Nissle 1917 potkanovi
byly v porovnani s kontrolni skupinou nalezeny vyznamné zmény (p < 0,05)
v expresi proteinu CYP3A po celé délce stievniho traktu. U ostatnich proteind

(CYP1Al, 2B1/2, 2C6 a 2E1) exprese nebyla ovlivnéna.

» Po podani probiotické bakterie L. casei experimentalnimu zvifeti nedoslo ke
zménam exprese vybranych jaternich CYP jak na uarovni proteinu, tak

I mRNA, naopak ve stfevnim traktu tyto bakterie zptsobily snizeni v expresi
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duodenalni mRNA CYP3A9 a vyznamné sniZzeni nebo snizujici se trend
v expresi proteinu CYP1Al od tenkého stieva (jejunum) po stievo tlusté
(colon). Stejné tak bylo po aplikaci L. casei detekovano vyznamné snizeni
v expresi MRNA CYP1Al od tenkého stieva (jejunum) po tlusté stfevo
(colon). L. casei mél také vliv na snizeni exprese CYP2E1 mRNA ve slepém

stieve.

» Podani E. coli Nissle 1917 by tak mohlo ovlivnit metabolizmus soucasné
podanych latek, které podléhaji pteméné prostiednictvim CYP3A, zatimco
podani L. casei by mohlo ovlivnit metabolizmus téch souc¢asn¢ podanych latek,

které podléhaji pfeméné za ticasti CYP1A.

» Podani probiotického kmene E. coli Nissle 1917 neovlivnilo farmakokinetiku
diklofenaku, zatimco v pfipadé soucasného podani E. coli Nissle 1917
a amiodaronu zpusobilo zvySeni AUCy30n pro amiodaron a jeho hlavni
metabolit N-desethylamiodaron. Navic v piipad¢ farmakokinetiky metabolitu
N-desethylamiodaronu byl ¢as k dosazeni maximdlni plazmatické koncentrace
posunut v porovnani s kontrolni skupinou o 2,5 hodiny (v Case pozdé&ji).
Zvysené plazmatické koncentrace obou latek zptisobené podanim E. coli Nissle
1917 by tak mohly za uréitych okolnosti ovlivnit odpovéd” organizmu. Toto
zvySeni neni vSak tak dramatické, aby bylo klinicky vyznamné. V ptipadé
soucasného podani L. casei a amiodaronu nenastala vyznamna zména ve

farmakokinetice amiodaronu a jeho metabolitu.

Stranka | 74



8. SOUHRN

Cilem predkladané disertacni prace bylo zjistit, zda probiotické bakterie, Escherichia
coli Nissle 1917 a Lactobacillus casei, ovliviuji cytochromy P450 (zkracené¢ CYP,
potkana. V prvni ¢asti prace byla sledovana enzymova aktivita, exprese mRNA a exprese
proteinti jednotlivych forem CYP (k tomu byla rovnéz provedena studie distribuce CYP
Vv potkanim stfeve) po premedikaci obéma probiotiky. Ve druhé ¢asti prace bylo studovano,
jestli aplikovana probiotika mohou alterovat farmakokinetické parametry modelovych 1é¢iv
(amiodaronu a diklofenaku).

V piedbézné studii distribuce forem CYP v potkanim stfevé bylo zjisténo, ze se
zastoupeni jednotlivych vybranych enzymi CYP po celé délce stievniho traktu potkana méni.
V tenkém stievé se nachazi pfedev§im CYP1A1 a 2B1/2, zatimco CYP2EI je ve vysokych
koncentracich jak v tenkém stfevé, tak i ve slepém. Naopak CYP2C6 se nachazi piedevsim v
tlustém stievé (caecum i colon). Enzym CYP3AL1 je lokalizovan ve zietelné detekovatelnych
koncentracich po celé délce potkaniho stfeva. Po aplikaci probiotického kmene E. coli Nissle
1917 bylo v porovnani s kontrolni skupinou stanoveno vyznamné snizeni v expresi proteinu
CYP3A po celé délce stievniho traktu a po aplikaci probiotickych bakterii L. casei bylo
piedevsim detekovano vyznamné sniZeni nebo snizujici se trend v expresi proteinu i mRNA
CYP1A1 od tenkého stieva po stievo tlusté. Podani E. coli Nissle 1917 by tak mohlo ovlivnit
metabolizmus soucasné podanych latek, které podléhaji pfeméné za ucasti CYP3A, zatimco
podani L. casei by mohlo ovlivnit metabolizmus soucasné podanych latek, které podléhaji
preméné prostiednictvim CYP1A. Na druhé strané, podani E. coli Nissle 1917 i L. casei
nezpusobilo vyznamnou zménu v aktivité a expresi jaternich proteinit CYP v jatrech, kde je
nejvetsi zastoupeni enzymit CYP.

Podani probiotického kmene E. coli Nissle 1917 neovlivnilo farmakokinetiku
soucasn¢ podaného léCiva diklofenaku, nicméné byly detekovany vyznamné zmény ve
farmakokinetice jiného 1éCiva amiodaronu. ZvySeni AUCy.30, pro amiodaron (pfiblizné
0 50 % proti vysledklim ziskanym u nepremedikovanych potkantl) a pro jeho hlavni metabolit
N-desethylamiodaron (rovnéz ptiblizn€ o 50%) po aplikaci E. coli Nissle 1917 by mohlo mit
I disledky na ucinek 1éCiva, zejména u predisponovanych pacientti. Na druhou stranu nebyla

vyznamng ovlivnéna farmakokinetika amiodaronu souc¢asné podavanym probiotikem L. casei.
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Vysledky ziskané v pfedkladané disertacni praci ukazuji, ze probiotika mohou mit vliv
na farmakokinetiku souc¢asné podaného 1é¢iva, ale nevykazuji obecny, stejny ¢i podobny vliv,
protoze zfejm¢ velmi zélezi jak na vlastnostech podaného probiotika, tak na vlastnostech

interagujiciho 1éCiva a v neposledni fadé 1 na aktudlnim stavu organizmu.

9. SUMMARY

The aim of this work was to find if probiotic bacteria E. coli Nissle 1917 and
Lactobacillus casei influence cytochromes P450 (abrev. CYP, the most important enzymes of
metabolism of xenobiotics inc. drugs) in liver and in the gastrointestinal tract of experimental
model (Wistar rat). In the first part of this thesis, enzyme activities, the expression of the
MRNA as well as the protein expression of the individual CYP forms after premedication of
animals by both the above mentioned probiotics were determined. Before start of this, a study
on the distribution of CYP forms along the gastrointestinal tract of the rat has been examined.
The second part of this work has been focussed on the studies of possible changes in
pharmacokinetic parameters of the model drugs (amiodarone, diclofenac) induced by
premedication of animals by both E. coli Nissle 1917 and L. casei.

In the preliminary study on the distribution of CYP enzymes along the rat intestine it
has been found that the relative contribution of the individual selected CYP forms is changed
along the rat gastrointestinal tract. Whereas in the small intestine there are the CYP1ALl and
CYP2B1/2 present, the CYP2E1 form has been detected in high level both in the small
intestine and in the caecum. On the contrary, the CYP2C6 was detected mainly in the caecum
and in the colon. The CYP3AL enzyme has been detected in all areas of the rat intestine.
Application of the E.coli Nissle 1917 has led to a decrease of the expression of the CYP3Al
protein along the gastrointestinal tract; on the other hand, the premedication of animals with
L. casei was reflected in a significant lowering or a clear trend (depending on the respective
part of the rat intestine) to lower values of the CYP1A protein as well as mRNA expression.
In other word, the administration of E. coli Nissle 1917 could affect the intestinal metabolism
of drugs by CYP3A enzyme(s); the L. casei might be able to influence the biotransformation
of drugs by CYPL1A proteins present in the intestine. On the contrary, the content of the CYP

enzymes in the liver has not been affected by administration either of E. coli nor L. casei.
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Regarding the pharmacokinetics of the drugs studied, the administration of probiotic
E. coli Nissle 1917 did not affect the pharmacokinetic parameters of concomitantly taken drug
diclofenac; however, there were detected significant changes in pharmacokinetics of other
drug amiodarone. An increase of the AUC.30n for amiodarone and for its main metabolite
N-desethylamiodarone after application of E. coli Nissle 1917 by one half has been observed
(whereas the non-probiotic strain was not able to produce a comparable effect). In fact, the
results indicate that administration of a probiotic could, at least in predisposed patients, alter
pharmacokinetic parameters of concomitantly taken drugs. On the other hand, the
pharmacokinetics of amiodarone was not affected by probiotic L. casei.

Results presented in this thesis show that probiotics can exhibit an effect on
pharmacokinetics of concomitantly taken drugs; however, this effect is apparently not
a general, same or similar one. Most probably, it is because it depends on many factors as the
properties of the administered probiotics, properties of the interacting drug and least but not

least on the current state of the organism.
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Abstract OBJECTIVES: The aim of the study was to find, whether probiotic Escherichia coli
Nissle 1917 O6:K5:H1 (EcN) influence the amount and activity of cytochromes
P450 (CYP) in rat liver.

DESIGN: Live bacterial suspension of EcN was applied to the female Wistar rats
in single dose or for 14 days consecutively. The bacterial lipopolysaccharide (LPS)
isolated by phenol extraction from the EcN was given to the rats for 14 days as
well. Control rats were treated with the saline solution daily for 14 days. Relative
amount of CYP2C6, CYP2C9 (corresponding to rat CYP2C11), CYP3A1l and
CYP1A2 protein expression in rat liver microsomes was determined by Western
blotting. For the determination of six CYP activities (corresponding to human
CYP1A2, CYP2A6, CYP2B6, CYP3A4, CYP2C9 and CYP2D6) fluorescence,
luminescence or absorbance detection was used.

RESULTS: The data presented show that the changes of the total content of the
CYP enzymes in rat liver are not significant after administration of the probiotic
for 1 or 14 days as well as of the LPS. Western blots revealed a slight increase in
CYP2C6 protein expression; level of another rat CYP2C protein (readings with
anti-human CYP2C9 antibody corresponding to the rat CYP2C11) as well as of
CYP1A2 was elevated after administration of LPS; a small decrease was observed
with CYP3A1 protein. Changes in activities of CYP forms are not significant, only
the activity of rat CYP2C forms in liver microsomal samples of rats given free LPS
appeared to exhibit a small, but significant tendency to increase.

CONCLUSION: The results show that the p.o. administration of probiotics to rat
does not markedly influence the rat hepatic CYP enzymes.

..................................................................................................
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Abbreviations & Units:

CYP - cytochrome P450

EcN - probiotic E. coli Nissle 1917 06:K5:H1
EFC - 7-ethoxy-4-(trifluoromethyl)-coumarin
ETR - 7-ethoxyresorufin

HPLC - high performance liquid chromatography
LPS - bacterial lipopolysaccharide
INTRODUCTION

The processes of absorption in the digestive tract are a
key step in the oral delivery of a drug. Orally admin-
istered drugs have to pass epithelial cell layer consist-
ing of enterocytes (in the case of small intestine) or
colonocytes (in the colon). Intestinal cells have a vari-
ety of specific features as tight junctions, influencing
paracellular permeability, or a presence of a variety of
drug transporters or enzymes metabolizing xenobiotics
which can effectively affect the entry of drugs into the
bloodstream (Krizkova et al. 2008).

Another factor which can affect the absorption of
drug from gastrointestinal tract is bacterial composi-
tion of the gut. Gut bacterial (commensal) microflora
consists of about hundred trillions of cells of more than
five hundred different bacterial species which can be
divided as being either beneficial or potentially patho-
genic due to their metabolic activities and fermentation
end-products (Guarner & Malagelada, 2003). On the
other hand, probiotics - contrary to the commensal
microorganisms — can be defined as “live microorgan-
isms which, when administered in adequate amounts,
confer a health benefit on the host” (www.fao.org/es/
ESN/Probio/probio.htm). The effects of probiotics
should be hence beneficial including e.g. prevention
of antibiotic-associated diarrhea, eradication of C. dif-
ficile infection and enhancement of intestinal immunity
(Preidis & Versalovic, 2009). However, being present
in the intestine, the probiotics could in principle also
interfere with processes determining bioavailability of
orally administered drugs, namely, with drug biotrans-
formation by enzymes acting in the gastrointestinal
tract and in the liver.

Among enzymes involved in drug metabolism, cyto-
chromes P450 are the most important being responsible
for more than three quarters of known biotransforma-
tion pathways during the first phase of drug metabo-
lism (Evans & Relling, 1999). The aim of this work
was to prove whether the presence of probiotic bacte-
ria (Escherichia coli strain Nissle 1917) in the gut may
influence the amount and activity of cytochrome P450
(abbrev. CYP) enzymes. The probiotic E. coli strain
Nissle 1917 has been reported to maintain remission
of ulcerative colitis and pouchitis or to prevent colitis
in different murine models of colitis (Rembacken et al.
1999; Schultz et al. 2004). To date, several reports on the
influence of probiotic bacteria and of the lipopolysac-
charide endotoxin derived from them on activities of
liver CYP enzymes were published (reviewed in Yang
& Lee, 2008). However, the doses applied as well as the

route of administration did not correspond to the usual
route in the man being intravenous or intraperitoneal
instead of oral. Hence, there is a need of obtaining the
data on possible effect of probiotics on drug metaboliz-
ing enzyme activities which will help in evaluating the
possibility of probiotic-drug interaction in the man.

MATERIAL AND METHODS

Material. All reagents and chemicals were obtained
from Sigma-Aldrich (Prague, Czech Republic) if not
stated otherwise. The CYP3A1 and CYP2C6 antibod-
ies were purchased from Abcam (Cambridge, UK).
Anti-rat CYP1A2 antibody was obtained from Daichi
Pure Chemicals (Tokyo, Japan). Anti-human CYP2C9
antibody was acquired from BD Gentest (Woburn,
MA). The chemiluminiscence kit for Western blotting
(Immun Star) was purchased from Bio-Rad (Hercules,
CA), and the nitrocellulose membrane was obtained
from Amersham Biosciences UK, Ltd. (Little Chal-
font, Buckinghamshire, UK). Luciferin-ME EGE was
obtained from Promega (through East Port Scientific,
Prague, CZ), Miniprotean electrophoresis and Western
blotting apparatus was purchased from Bio-Rad (Her-
cules, CA). The TECAN Infinity absorbance/fluores-
cence/luminescence reader (Tecan, Vienna, Austria)
was used for detection of the respective spectral data.
HPLC-UV analyses were performed on Shimadzu
LC-20A Prominence (Kyoto, Japan).

Methods
Preparation of samples. Live bacterial suspension of E.
coli Nissle 1917 06:K5:H1 (abbrev. EcN) was applied
to female Wistar rats (101! CFU/dose, orally). Four rats
were stressed by oral application of the saline solution
daily for 14 days. This group was used as control. The
probiotic was applied daily to four animals for 14 days;
four rats were given the probiotic only once, the last
day of the experiment. To evaluate the effect of bacte-
rial lipopolysaccharide (abbrev. LPS), the LPS isolated
by phenol extraction from the same E. coli strain Nissle
was given orally to fourth group of animals as an EcN-
free supernatant containing 150 ug of free LPS per mL.
The LPS was applied to three rats daily for 14 days.
After 14 days the rats were sacrificed and livers were
removed and weighted. The liver samples were frozen
in liquid nitrogen and stored at -70 °C until used. The
protocol of the experiment was approved by the insti-
tutional Ethics Committee. For preparation of liver
microsomes, the liver samples were rinsed in cold 0.25
M sucrose in 1 mM EDTA (pH 7.4). The tissue was then
homogenized and subjected to differential centrifuga-
tion to obtain the microsomal fraction according to
standard procedures (Bruyere et al. 2009).
Determination of total protein and cytochrome P450.
Total protein content was determined by bicinchoninic
acid method with a standard BCA Protein Assay kit
(Pierce, Rockford, IL). Determination was done in three
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parallels using a calibration curve using bovine serum
albumin as a standard. Differences between determina-
tions were below 15%. Cytochrome P450 content was
determined by the method described by Omura & Sato,
(1964).

Western blotting. Microsomal proteins from liver (10
ug) were separated on 8%-SDS (w/v) polyacrylamide gel
electrophoresis and then transferred electrophoretically
onto nitrocellulose membranes according to the method
of Towbin et al. (1979). Immunodetection of CYP was
achieved by anti-rat CYP1A2, anti-rat CYP2C6 and
anti-rat CYP3A1 as the primary antibodies. For detec-
tion of CYP2Cl11, the anti-human CYP2C9 antibody
was used. The bands were visualized with respective
peroxidase-conjugated secondary antibodies and their
relative intensity was evaluated with Elfoman (Semecky
Inc., Prague, Czech Republic) software.

Determination of activities of individual CYP forms.
The activities and relative amounts of selected CYP
enzymes were followed by established enzymological
techniques based on analogy between human and rat
forms and their respective substrates: 7-ethoxyreso-
rufin O-deethylation (substrate of CYP1A2) (Chang
& Waxman, 1998, Sistkova et al., 2008); 7-ethoxy-4
-(trifluoromethyl)-coumarin ~ O-deethylation (sub-
strate of CYP2B6) (Donato et al. 2004); diclofenac
4’-hydroxylation (substrate of CYP2C9) (Crespi et al.
1998), coumarin 7-hydroxylation (substrate of CYP2A6)
(Soucek, 1999); luciferin-ME EGE 6 -dealkylation
(substrate of CYP2D6) (Promega Technical Bulletin
No. 325, http://www.promega.com); and testosterone
6B-hydroxylation (substrate of CYP3A4) (Guengerich
et al. 1986). Tecan Infinite reader was used for fluo-
rescence detection of products of 7-ethoxyresorufin
O-deethylation (excitation at 535 nm, emission at 585
nm), 7-ethoxy-4-(trifluoromethyl)-coumarin O-deeth-
ylation (excitation at 410 nm, emission at 510 nm), cou-
marin 7-hydroxylation (excitation at 360 nm, emission
at 465 nm) and for luminescence detection of product
of luciferin-ME EGE 6°-dealkylation. The metabo-
lites of diclofenac 4'-hydroxylation and testosterone
6pB-hydroxylation were measured by an HPLC with UV
detection using C-18 analytical reversed phase column
(250 x 4 mm id., 5 um particle size, Merck, Darm-
stadt, Germany). To the determination of metabolite
of diclofenac 4’-hydroxylation was used mobile phase
consisted of two solvents, A (2 mM perchloric acid in
an acetonitril in a ratio 7:3 (v/v)) and B (methanol) with
the following gradients: 0 min, 30% B; 20 min, 100% B;
22 min, 100 % B; 23 min, 30% B; 33 min, 30% B. The
flow rate was set at 1 ml/min. The temperature of oven
was set at 50°C and absorbance was monitored at 280
nm. Testosterone 6B-hydroxylation was measured in an
isocratic mode. Mobile phase contained 64% methanol
and the flow rate was set at 1 ml/min. The temperature
of oven was set at 30°C and absorbance was monitored
at 245 nm; 50 pl of samples were injected. Enzyme
activities were expressed both as nmol product/min/mg

Influence of probiotics on rat cytochromes P450

microsomal protein and as nmol product/min/nmol
total CYP, i.e. as specific CYP activity.

RESULTS AND DISCUSSION

Total content of protein and of the CYP enzymes; West-
ern blot analyses of protein expression of individual CYP
forms. Application of probiotic Escherichia coli Nissle
1917 either once, or for 14 consecutive days as well as
application of LPS-containing supernatant did not lead
to significant changes in the protein content in livers
of experimental animals (Tab. 1). Similarly, also the
total content of the CYP enzymes did not change mark-
edly; the specific content of cytochrome P450 enzymes
expressed as ratio of total CYP to total protein content
shows only a tendency to decrease in samples from rats
given E. coli for 14 days or from rats to which the LPS
was administered (Fig. I). Hence, the main functional
parameters of the liver microsomal drug metabolizing
CYP system do not indicate any significant influence of
probiotic which could alter the ability of these systems
to metabolize concomitantly administered drugs.
Western blots have shown minor, however detect-
able changes in expression of CYP proteins (Fig. 2A, B,
C). The expression of rat CYP2C forms, CYP2C6 and
human CYP2C9-like rat protein, according to literature
data (Wang et al. 2009) and according to BLAST (www.

Table 1. The protein content in rat liver microsomes obtained after
treatment with bacterial lipopolysaccharide daily for 14 days (Free
LPS) and E. coli Nissle 1917 in single dose (1xEcN) or daily for 14
days (14xEcN). Control rats were treated with the saline solution
daily for 14 days.

Protein [mg/ml]

Average S.D.

Saline solution 33.30 433

Free LPS 33.89 3.44

1xEcN 33.37 5.36

14xEcN 30.60 4.1
0,6

nmol CYP/mg protein

0,5

0,4

0,3

0,2

0,1

0,0 5 T T T

Saline solution Free LPS 1xEcN 14xEcN

Figure 1. The total content of the cytochrome P450 (CYP) is
expressed as nmol CYP/mg protein. The rats were treated with
bacterial lipopolysaccharide daily for 14 days (Free LPS) and
E. coli Nissle 1917 in single dose (1xEcN) or daily for 14 days
(14xEcN). Control rats were treated with the saline solution for
14 days. The bars express the + S.D. (N=4).
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Figure 2. Western blots of expression of cytochromes P450
(CYP) from rat liver. Expression of CYP2C6 and human
CYP2C9-like rat protein CYP2C11 (A), CYP3A1 (B) and
CYP1A2 protein (C) are shown. The rats were treated
with bacterial lipopolysaccharide daily for 14 days (Free
LPS), and E. coli Nissle 1917 in 1 dose (1xEcN) or daily
for 14 days (14xEcN). Control rats were treated with the
saline solution for 14 days.

ncbi.nlm.nih.gov/BLAST) structurally corre-
sponding to CYP2C11 (Fig. 2A), exhibits a slight
increase in expression in samples obtained after
administration of the LPS, and, in the case of
CYP2C6, a slight increase in protein expression
also after administration of the probiotic strain
in comparison to control.

For the CYP3AL1 protein (Fig. 2B), a small
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0
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(CYP2D6)
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(CYP1A2)  (CYP2A6)  (CYP2B6)  (CYP3A4)  (CYP2C9) EGE

(CYP2D6)

Figure 3. Specific activities of CYP enzymes in rat liver microsomes
after treatment with bacterial lipopolysaccharide daily for
14 days (Free LPS; A) and E. coli Nissle 1917 in a single dose
(1xEcN; B) or daily for 14 days (14xEcN; C). Control samples were
obtained by treatment with the saline solution for 14 days. The
activity of rat CYP2C form (corresponding to human CYP2C9)
significantly increased vs. control (“*" p < 0.05) after application
free LPS (A). The results presented as means + S.D., N = 4; ETR,
7-ethoxyresorufin; EFC, 7-ethoxy-4-(trifluoromethyl)-coumarin.

degree of decrease is observed for all samples
(after treatment with LPS, the probiotic for 1
or 14 days). On the contrary, an apparent increase of
CYP1A2 protein (Fig. 2C) can be traced after adminis-
tration of LPS; application of probiotic for 1 or 14 days
caused only minor changes relatively to the controls.
In a summary, the differences in expression of CYP
proteins after administration of probiotic or LPS are
not uniform, some forms exhibit a slight increase in
expression (CYP2C proteins, CYP1A2), other a minor
decrease (CYP3A1).

Enzyme activities of liver microsomal CYP forms. Fig.
3A shows all six activities determined (using substrates
prototypic of the corresponding human CYP forms)
in liver microsomal samples obtained after treatment
of experimental animals with bacterial LPS. A rela-
tively significant increase (p < 0.05) of activity has been
observed with diclofenac, substrate of human CYP2C
(2C8, 2C9, 2C10, 2C18, 2C19) as well as of rat CYP2C
forms (2C6, 2C11) (Masubuchi ef al. 2001; Bruyere et
al. 2009). The increase in this CYP2C activity is in line
with an observed increase in CYP2C protein expres-
sion (Fig. 2A). Similarly, also a decrease in the CYP3A4
prototypic activity (testosterone 6p-hydroxylation) is in
line with the results of Western blots (expression of rat
CYP3Al, Fig. 2B); a slight but nonsignificant increase
in the CYP1A2 prototypic activity (7-ethoxyresorufin
O-deethylation) most probably reflects a correspond-
ing increase in expression of the CYP1A2 protein (Fig.
20).

Fig. 3B shows all six activities determined in liver
microsomal samples again, but obtained after treat-
ment of experimental animals with only single dose
of EcN. Changes of CYP activities are not significant
even in the case of diclofenac (the substrate of human
CYP2C8, CYP2C9, CYP2C10, CYP2C18 and CYP2C19
as well as of rat CYP2C6 and CYP2C11) (Masubuchi et
al. 2001; Bruyere et al. 2009). A tendency of a decrease
of the CYP3A4 prototypic activity (testosterone
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6B-hydroxylation) is in line with the results of West-
ern blots (Fig. 2B). A slight increase in the CYP1A2
prototypic activity (7-ethoxyresorufin O-deethylation)
is correspondent with an increase in expression of the
CYP1A2 protein (Fig. 2C).

Fig. 3C represents similar changes of activities of CYP
enzymes as described in the former cases. These samples
were obtained after application of EcN to experimental
animals daily for 14 days. The greatest change of CYP
activity is with diclofenac 4’-hydroxylation (substrate
of rat CYP2C6 and CYP2Cl11 protein); however, this
change is statistically not significant. The figure shows
also a decrease of the CYP3A4 prototypic activity (tes-
tosterone 63-hydroxylation) and a very slight increase
of the CYP1A2 prototypic activity (7-ethoxyresorufin
O-deethylation) which is in line with an observed
increase of levels of expressed CYP1A2 protein (Fig.
2C).

In a summary, six substrates of CYP enzymes was
used to find changes of specific rat CYP activities after
administration of bacterial LPS for 14 days, and EcN in
only single dose or daily for 14 days consecutively. The
activity of rat CYP2C forms (CYP2C6 and CYP2C11)
in liver microsomal samples of rats given LPS contain-
ing supernatant appeared to exhibit an increase. A
tendency of a decrease in the CYP3A4 activity and of
the CYP3AL1 protein expression is apparent for testos-
terone 6B-hydroxylation. This conclusion is important
for evaluation of possible changes in drug metabolism
after intake of the probiotics in human food showing
that there is most likely either little or no influence of
probiotics to liver drug metabolism by CYP enzymes.
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Abstract

OBJECTIVES: The aim of the study was to find whether probiotic Escherichia
coli Nissle 1917 06:K5:H1 (EcN) influences the expression of cytochromes P450
(CYP) in the rat intestine. DESIGN: Live bacterial suspension of EcN was admin-
istered to healthy male Wistar rats daily for 7 days. Control group of rats was
stressed by oral application of the saline solution daily for 7 days as well. Sections
of the duodenum, jejunum, ileum, caecum and colon have been taken from each
experimental animal. With all individual samples, microsomal fraction has been
prepared and expression of selected CYPs was determined by Western blotting.
The levels of expression of CYPs were also evaluated by mRNA using real-time
PCR. RESULTS: It was found that there are changes in expression of CYP enzymes
studied along the intestine. CYP1A1, 2B1/2 and 2E1 are present mainly in the
duodenum and jejunum; on the other hand, CYP2C6 is expressed mainly in the
caecum and colon. CYP3A was found all over the rat intestine. The results show
that there are no prominent differences between control samples and samples
with EcN, only the expression of CYP3A protein in the duodenum appears to
exhibit a clear tendency to decrease. In the case of the colon, a significant increase
in the expression of CYP3A (most likely CYP3A1) after treatment of rats with
EcN was found. CONCLUSION: This in vivo study revealed that the levels of colon
CYP3A could be significantly increased in rats treated with probiotic EcN. On
the contrary, the expression of CYP3A in the duodenum decreased. However, the
changes in the expression of CYP enzymes are probably not as extensive to be
clinically important in man; hence, most likely the probiotic EcN has little influ-
ence on the intestinal drug metabolism by CYP enzymes.

..................................................................................................
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Effects of probiotic Escherichia coli Nissle 1917 on expression of cytochromes P450

Abbreviations:

CYP - Cytochrome P450

EcN - Probiotic E. coli Nissle 1917 06:K5:H1
LPS - Bacterial lipopolysaccharide
INTRODUCTION

The epithelial lining of the intestine is a complex and
dynamic tissue that is responsible for maintaining the
barrier and absorptive functions of the gastrointesti-
nal tract (Kojima et al. 2004). Probiotics are microbial
organisms which, when they are administered in ade-
quate amounts, have beneficial effects on the gastroin-
testinal tract (Schlee et al. 2007).

Escherichia coli are microorganisms which can be
pathogenic (causing a wide range of gastrointestinal
infections) and nonpathogenic (used as a probiotic
against a variety of intestinal disorders) (Hancock et
al. 2010). Both nonpathogenic and pathogenic E. coli
strains are able to colonize the gut and are well adapted
to the conditions found in the large intestine. Esche-
richia coli Nissle 1917 with serotype O6:K5:H1 (abbrev.
EcN) is a typical example of a nonpathogenic strain
which is marketed under the name Mutaflor (Groz-
danov et al. 2004). These gramnegative bacteria possess
a lipopolysaccharide (LPS) which is a key component
of their outer membrane. LPS chemical structure com-
prises three regions: a lipid (called lipid A), an internal
oligosaccharide bound to lipid A by 3-deoxy-D-manno-
octulosonic acid, and specific O-chain bound to the
internal oligosaccharide (Brabetz et al. 2000; Pupo &
Hardy 2009). However, the EcN has a special O6 anti-
gen oligosaccharide corresponding to the so-called
biological repeating unit which is assembled on a lipid
carrier and then polymerized in the O-antigen. A
defect in the O-antigen polymerase gene may result in
the inability of the enzyme to produce a polysaccharide
and thus give rise to a semirough-type LPS, like LPS of
EcN. (Grozdanov et al. 2002).

According to the literature data, probiotics can ame-
liorate the function of liver in humans with hepatic
cirrhosis (Lata et al. 2006), they can assist in a therapy
of a habitual constipation and diverticular illness of
colon and in a therapy of a mycotic infection, nonspe-
cific intestinal inflammation and they are suitable to a
regeneration of an inestinal microflora after therapy by
antibiotics (Stibtirek et al. 2009). Probiotics have a wide
spectrum of the use; however, they could, in principle,
also interfere with processes determining bioavailabil-
ity of orally administered drugs, namely, with drug bio-
transformation by cytochrome P450 (CYP) enzymes.
These enzymes are monooxygenases metabolizing
xenobiotics and endogenous substrates (Anzenbacher
& Anzenbacherova 2001; Hodek et al. 2009) and they
in fact comprise the major drug-metabolizing enzyme
system in humans, accounting for the metabolism of
many clinically useful medications (Bai & Liu 2005).
The CYP enzymes are localized mainly in the liver as

well as in the other tissues and organs such as the intes-
tine (Paine et al 2006; Kfizkova et al. 2008). Therefore
the aim of this work was to prove whether the presence
of probiotic bacteria EcN in the rat gut may influence
the expression of intestinal CYP enzymes.

MATERIAL & METHODS

Material

All reagents and chemicals were obtained from Sigma-
Aldrich CZ (Prague, Czech Republic) if not stated
otherwise. Other chemicals as sodium chloride, potas-
sium chloride, hydrochloric acid, potassium hydroxide,
EDTA, sucrose and methanol, which were used for
isolation of microsomal fraction and Western blotting,
were purchased from Lach-Ner (Neratovice, Czech
Republic). Glycerol that was used as a cryoprotectant
was obtained from Merck (Prague, Czech Repub-
lic). Protease inhibitor cocktail tablets were obtained
from Roche (Mannheim, Germany). Mouse anti-rat
CYP3Al, 2B1/2 and 2C6 monoclonal antibodies were
purchased from Abcam (Cambridge, UK). Goat anti-
rat CYP1A1 polyclonal and rabbit anti-human CYP2E1
monoclonal antibodies were obtained from Daiichi
Pure Chemicals (Tokyo, Japan). Rabbit anti-rat Villin
polyclonal antibody was purchased from Santa Cruz
Biotechnology (Heidelberg, Germany). The chemilu-
miniscence kit for Western blotting (Immun Star) was
purchased from Bio-Rad (Hercules, CA) and the nitro-
cellulose membrane was obtained from Amersham
Biosciences UK, Ltd. (Little Chalfont, Buckingham-
shire, UK) and Miniprotean electrophoresis and West-
ern blotting apparatus was purchased from Bio-Rad
(Hercules, CA). The TECAN Infinity absorbance/fluo-
rescence/luminescence reader (Tecan, Vienna, Austria)
was used for detection of the respective spectral data.

Preparation of samples

Live bacterial suspension of probiotic E. coli Nissle
1917 O6:K5:H1 (abbrev. EcN) was administered (1010
CFU/dose, orally) to male Wistar rats (body weight
400-580g). Four rats were stressed by oral application
of the saline solution daily for 7 days. This group was
used as the control one. The probiotic was applied daily
to six animals for 7 days as well.

After 7 days the rats were sacrificed. The duodenum,
jejunum, ileum, caecum and colon were removed and
weighted. The intestinal samples were frozen on the
dry ice and stored at -70°C until used. The protocol
of the experiment was approved by the institutional
Ethics Committee. For preparation of intestinal micro-
somes, the intestinal samples were rinsed in cold 0.25 M
sucrose in 1 mM EDTA (pH?7.4) with a phenylmeth-
anesulfonyl fluoride and a protease inhibitor cocktail.
The tissue was then homogenized and subjected to dif-
ferential centrifugation to obtain the microsomal frac-
tion according to standard procedures (Lake 1990).
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Determination of total protein

Total protein content was determined by bicinchoninic
acid method with a standard BCA Protein Assay kit
(Pierce, Rockford, IL). Determination was done in three
parallels using a calibration curve with human serum
albumin as a standard. Differences between determina-
tions were below 15%. Content of CYP was determined
by the method described by Omura and Sato (1964).

Western blotting

Microsomal proteins from all various parts of the
intestine (35 pg) obtained from all experimental rats
were separated on 8%-SDS (w/v) polyacrylamide gel
electrophoresis and then transferred electrophoreti-
cally onto nitrocellulose membranes according to the
method of Towbin et al. (1979). Immunodetection
of CYP was achieved by anti-rat CYP1A1l, anti-rat
CYP2C6, anti-human CYP2E1, anti-rat CYP2B1/2 and
anti-rat CYP3A1 as the primary antibodies. For refer-
ence, a villin was detected using a polyclonal antibody
(1:500). The bands were visualized with respective
peroxidase-conjugated secondary antibodies and their
relative intensity evaluated with Elfoman (Semecky
Inc., Prague, Czech Republic) software.

RNA isolation and real-time PCR procedures

A sample of about 30 mg of each rat intestinal tissue
was stabilized in RNA later® (Quiagen, Germantown,
MD, USA) and subsequently homogenized with
homogenizer Diax 900, Heidolph, Kelheim, Germany).
The sample was then applied onto the QIAshredder
columns to eliminate tissue microparticles. RNA was
isolated with use of RNeasy® Plus Minikit (Quiagen,
Germantown, MD, USA) enabling degradation of con-
taminating genomic DNA. One microgram of each iso-
lated RNA was subjected to reverse-transcription using
Transcriptor High Fidelity cDNA Synthesis Kit (Roche,
Mannheim, Germany) with random hexamer primers.

New synthesized cDNA was applied for real-time PCR
using Light Cycler® 480 SYBR Green Master I mix in
a Light Cycler 480 (Roche, Mannheim, Germany) with
the following thermal cycling conditions: preincubation
for 10 min at 95°C, followed by 45 cycles of 95°C for
10s, 58°C for 15s and 72°C for 15s for denaturation,
annealing and elongation. All samples for real-time
PCR were prepared in triplicates. Rat primers were
designed in our laboratory and synthesized by Invitro-
gen (LifeTechnologies, division Prague, Czech Repub-
lic). Absolute quantification method was applied for
obtaining gene expression data. The following primer
sequences were used:

CYP2B1/2 Fw: 5"-TCC CAG GGA GCC CCA CTG GAT CCC A-3”
CYP2B1/2 Rev: 5'-GAA CCC AGA GAA GAA CTC AAA CACCTG G-3°
CYP2C6 Fw: 5"-GCC TTG TGG AGG AAC TGA GG-3°

CYP2C6 Rev: 5'-GCA CAG CCC AGG ATA AAC GT-3"

CYP2E1 Fw: 5"-CCA AGG GTA CAG TTG TGA TTC CAA C-3’
CYP2E1 Rev:5'-CAA CAC ACA CAC GCT TTC CTG CAG A-3°
CYP3A1 Fw: 5'-GTG CTC CTC TAC GGA TTT GGG A-3”

CYP3A1 Rev: 5'- TCC ACA TCG AAT TTC CAT AAA CCC-3°

RESULTS AND DISCUSSION

Application of probiotic EcN to rats for 7 consecutive
days led to a result showing no changes in the protein
content in all parts of the intestine of experimental ani-
mals (Figure 1).

Representative Western blots have shown that the
expression of CYP enzymes differed through individual
parts of the intestine (Figure 2). The expression of rat
CYP3A was found all over the intestine (from duode-
num to colon) of all experimental animals. The relative
content of imunoreactive CYP3A protein in the duo-
denum of rats after treatment with EcN was lowered to
approximately 60 % compared with control samples.
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Fig. 1. The protein content in the intestinal microsomes in rats
after treatment with probiotic Escherichia coli Nissle 1917 (EcN).
Control rats were treated with the saline solution. The results are
presented as means £ S.D.; N > 4.

Fig. 2. Representative Western blots of all analyzed P450 enzymes.
CYP3A: two immunoreactive bands were detected after
incubation with CYP3A1 antibody used. The double band was
detected in all samples as well as in the liver (data not shown),
suggesting cross-reactivity with other isoforms of the CYP3A
family. For data evaluation, the density of both bands was taken
and named CYP3A. For reference, a villin was detected using a
polyclonal antibody (data not shown).

Copyright © 2010 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu



Effects of probiotic Escherichia coli Nissle 1917 on expression of cytochromes P450

This result has not been confirmed by real-time PCR
method, because the whole duodenum (very small part
of the intestine) was used for Western blotting experi-
ment. The changes in the expression of CYP3A in the
jejunum (the longest part of intestine, therefore it was
divided into two parts, A and B), ileum and caecum
after administration of probiotic EcN were not mark-
edly changed and these findings were also supported by
results obtained by real-time PCR method (Figure 3).
On the other hand, a statistically significant change
in protein expression was found in the case of the
CYP3A enzyme in the colon of rats pretreated with
EcN (Figure 2). The CYP3A form level was increased
on average by about 50 % in comparison to the CYP3A
protein level in control samples. Also, real-time PCR
analysis detected significantly higher levels of CYP3A1
mRNA in these samples (Figure 3).

The expression of cytochrome P450 2B1/2 was
detected by Western blotting mainly in the duodenum,
jejunum and ileum; its presence in the caecum and
colon was not detected (Figure 2). The expression of
CYP2B1/2 in rats after treatment with probiotic EcN
was slightly increased compared with control samples.
This statistically nonsignificant change was however

not proved by real-time PCR method, where no promi-
nent changes were detected (Figure 4).

Similarly, the CYP2E1 enzyme is present mainly in
the duodenum and jejunum. It was also detected in the
ileum, but in the lower extent (Figure 2). No significant
changes in the expression of CYP2E1 were found in the
duodenum, jejunum and ileum in rats after adminis-
tration of EcN in comparison to control samples. The
same results were obtained by Western blotting as well
as by real-time PCR method (Figure 5).

In case of the CYP2C6, a small decrease in protein
level was observed only in the caecum (after treat-
ment with probiotic EcN) (Figure 2). The caecum is
the major site of expression of the CYP2C6 enzyme,
however, the change in the expression of CYP2C6 was
detectable, but not significant. A nonsignificant change
in the expression of CYP2C6 was also confirmed in the
real-time PCR experiment (Figure 6).

Expression of the CYP1A1 enzyme was also studied
in all parts of the intestine. The CYP1A1 protein was
detected in the duodenum, jejunum, ileum, and colon
by Western blotting (Figure 2). No significant changes
in the expression of CYP1A1 were found after treat-
ment of rats with probiotic EcN. Changes in the expres-
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Fig. 3. The CYP3A1T mRNA level in the rat jejunum, caecum and
colon after treatment of probiotic Escherichia coli Nissle 1917
(EcN) daily for 7 days. Control rats were treated with the saline
solution for 7 days as well. The CYP3A1 mRNA level in the colon
in rats after administration of EcN significantly increased vs.
control (* p<0.05). The results are presented as means + S.D.; N
>4,

Fig. 5. The CYP2E1 mRNA level in the rat jejunum and ileum after
treatment of probiotic Escherichia coli Nissle 1917 (EcN) daily for
7 days. Control rats were treated with the saline solution for 7
days as well. The results are presented as means + S.D.; N > 4.
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Fig. 4. The CYP2B1/2 mRNA level in the rat jejunum and ileum after
administration of Escherichia coli Nissle 1917 (EcN) daily for 7
days. Control rats were treated with the saline solution for 7
days as well. The results are presented as means + S.D.; N > 4.

Fig. 6. The CYP2C6 mRNA level in the rat caecum after
administration of probiotic Escherichia coli Nissle 1917 (EcN)
daily for 7 days. Control rats were treated with the saline
solution for 7 days as well. The results are presented as means +
S.D;N=4.
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sion of CYP1A1 were not measured by real-time PCR
method either.

It should be noted here that the experiments were
performed in vivo with rat experimental model and
this is why the results have shown in principle a great
variability. The greatest differences among the biologi-
cal samples within one group were with expression of
the CYP1AL1. Despite the variability among the biologi-
cal samples, the tendencies and statistical significance
are clear. For example, a measurable decrease in the
expression of CYP3A in the duodenum and as well
as an increase in CYP3A expression in the colon after
treatment of rats with probiotic EcN could be seen. In
fact the rat CYP3A forms (3A1, 3A2, 3A9, 3A18 and
3A23) are similar to human CYP3A4 and CYP3A5
(Matsubara et al. 2004). The human CYP3A4 is known
as the most important CYP enzyme of drug metabolism
in humans (Anzenbacher & Anzenbacherova 2001).
The human CYP3A4 is a major CYP enzyme present
in critical tissues such as the liver, gastrointestinal tract,
brain (Tanaka 1999). Therefore, there could be a risk of
potential drug interaction of probiotic with concomi-
tantly administered drugs metabolized by this enzyme.
However, the changes in the expression of CYP3A form
(most likely CYP3A1) in the duodenum and colon
found in this work will have probably no relevance in
clinical practice. In addition, the question whether any
other factors (such as age or sex) influence an action of
probiotic EcN in the gut (for example by change in the
expression of CYP enzymes) has not been answered yet.
These questions are very important, because nowadays
the consumption of probiotics became more popular
among people of all age.

In conclusion, in this work, the influence of pro-
biotic EcN on the expression of intestinal CYP1AI,
2B1/2, 2C6, 2E1 and 3A was studied. This in vivo study
revealed that treatment of rats with EcN did not have
a prominent influence on the expression of intestinal
CYP enzymes. However, the results indicate that the
levels of colon CYP3A1 could be significantly increased
in rats treated with probiotic ECN. On the contrary,
the expression of CYP3A in the duodenum apparently
decreased. This conclusion is important for evaluation
of possible changes in the intestinal drug metabolism
after administration of the probiotics in human food.
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Abstract OBJECTIVES: The aim of the study was to find whether probiotic Lactobacillus
casei influences the expression or the activity of cytochromes P450 (CYP) and
whether it has an influence on the level of CYP mRNA in male rats.

DESIGN: Live bacterial suspension of L. casei was administered orally (gavage)
to healthy male Wistar rats daily for 7 days. Control group of rats was treated
with the saline solution. Sections of the duodenum, jejunum, ileum, caecurn and
colon were dissected from each experimental animal. In all individual samples,
the expression of selected CYPs was determined by Western blotting. The levels
of expression of CYPs were also evaluated by mRNA using the real-time PCR
method.

RESULTS: There were changes observed in the expression of CYP enzymes and in
the CYP mRNA levels along the intestine after application of L. casei. The expres-
sion of CYP1A1 enzyme was found to be decreased in the proximal part of the
jejunum and colon, CYP1A1 mRNA level was decreased in the distal part of the
jejunum, ileum and caecum. Thus, the changes in CYP1AI protein or mRNA
were observed along the intestine of male rats. Similarly, a decreased expression
of the caecal CYP2E1 mRNA and of the duodenal CYP3A9 mRNA after treatment
of rats with L. casei was found.

CONCLUSION: Probiotic L. casei might be able to contribute to prevention against
colorectal cancer by decreasing levels of certain forms of xenobiotic-metabolizing
enzymes; moreover, in general, there is a possibility of interactions with concomi-
tantly taken pharmacotherapeutic agents.




Effects of Lactobacillus casei on rat intestinal and hepatic cytochromes P450

Abbreviations:
cDNA complementary deoxyribonucleic acid
CYp cytochrome P450

EDTA ethylenediaminetetraacetic acid
mRNA messenger ribonucleic acid

L. casei probiotic Lactobacillus casei

PAHs polycyclic aromatic hydrocarbons
INTRODUCTION

The whole gastrointestinal tract represents an ecosys-
tem of high complexity (Holzapfel et al 2002). The
intestine is important for the metabolism of xenobiot-
"~ ics such as dietary toxins and orally absorbed drugs due
. to its extremely large surface area and the presence of
* xenobiotic metabolism enzymes and transport systems
- (Ito et al. 2007). The complex communities of micro-
- organisms that colonize the gastrointestinal tract play
¢ an important role in human or animal health. Probiot-
~ics are viable microbes frequently administered from
- food or feed supplements which favourably influence
-:the microbial balance of the host (Fuller 1989) and are
- believed to temporarily colonize the intestine by adher-
:ing to intestinal surfaces. The adhesive ability of bacte-

‘- ria to intestinal cells has been considered as one of the

~selection criteria for probiotic strains (Taomola et al.
- 1998). Specific probiotic microorganisms can modulate
o “inflammation, produce inhibitory compounds, which
“down-regulate virulence factor expression by patho-
.. “gens, or which directly kill or impede pathogens in the
“gastrointestinal tract. Probiotics are capable of induc-
- ing mucous production by enterocytes and can compete
- with pathogens for binding sites on the gastrointestinal
enterocytes (Forssten ef al. 2011).
% The lactic acid bacteria are the major representa-
. tives of probiotics, both in the food and marketed food
.- supplements (Holzapfel et al. 2002), Lactic acid bacteria
. ate gram-positive organisms that ferment hexose sugars
~.to produce primarily lactic acid (Makarova ef al. 2006).
. In addition, they play an important role in the spoilage
~ of processed and fermented foods, and beverages (the
- spoilage of wine, beers and fruit juices as evidenced by
cloudiness and off-flavours). However, these organisms
_are particularly suitable as antagonistic microorgan-
_isms in foods, because they are capable of inhibiting
- other food-borne bacteria by a variety of means includ-
- ‘ing production of organic acids, hydrogen peroxide or
bacteriocins (Aguirre et al. 1993). Lactic acid bacte-
. ria include a variety of industrially important genera,
_involving Lactococcus, Enterococcus, Qenococcus, Pedio-
“icoceus, Streptococcus, Leuconostoc, and Lactobacillus

speCIes (Makarova et al. 2006). The most widely used
- probiotic Lactobacillus genus is known to colonize the
‘human gastrointestinal tract, to protect the intestines
. ‘against enteropathogenic infection (Won ef al. 2011)
. and to protect against colon cancer (Liong 2008). The
~aim of this work was to prove whether the presence
- of probiotic bacteria Lactobacillus casei in the rat gut

may influence the expression and the activity of cyto-
chromes P450, i.e. monooxygenases metabolizing both
endo- and xenobiotics (Hodek et al. 2009}, including
a plethora of widely prescribed drugs. These enzymes
constitute a superfamily of heme enzymes, involved
in a variety of metabolic and biosynthetic processes
(Anzenbacher & Anzenbacherova 2001). In humans,
approximately 80% of oxidative metabolism and almost
50% of the overall elimination of commonly used drugs
can be attributed to one or more of the various CYP
enzymes (Paine ef al. 2006). Hernce, the studies on pos-
sible interactions of drugs with these enzymes are of
considerable importance,

MATERIAL AND METHODS

Chemicals and enzymes

All reagents and chemicals were purchased from Sigma-
Aldrich CZ (Prague, Czech Republic) if not stated
otherwise. Other chemicals as sodium chloride, potas-
sium chioride, hydrochloric acid, potassium hydroxide,
EDTA, sucrose and methanol, which were used for
isolation of microsomal fraction and Western blot-
ting, were obtained from Lach-Ner (Neratovice, Czech
Republic). Glycerol that was used as a cryoprotectant
was obtained from Merck (Prague, Czech Republic).
Protease inhibitor cocktajl tablets were purchased from
Roche (Mannheim, Germany). The RNA stabilization
reagent, RNA later®, was purchased from Quiagen (Ger-
mantown, MD, USA). Mouse anti-rat CYP3AI, 2B1/2
and 2C6 monoclonal antibodies were purchased from
Abcam (Cambridge, UK). Goat anti-rat CYPIAI poly-
clonal and goat anti-rat CYP2E1 monoclonal antibod-
ies were obtained from Daiichi Pure Chemicals {Tokyo,
Japan). The chemiluminiscence kit for Western blotting
(Immun Star) was purchased from Bio-Rad (Hercules,
CA) and the nitrocellulose membrane was obtained
from Amersham Biosciences UK, Ltd. (Little Chalfont,
Buckinghamshire, UK). Miniprotean electrophoresis
and Western blotting apparatus were purchased from
Bio-Rad (Hercules, CA). The UV-Vis spectrophotom-
eter Cary 4000 (Varian, Palo Alte, USA) was used for
determination of the content of cytochromes P450.
The TECAN Infinity absorbance/fluorescence/lumi-
nescence reader (Tecan, Vienna, Austria) was used for
detection of the respective spectral data. HPLC-UV
analyses were performed on Shimadzu LC-20A Promi-
nence system (Kyoto, Japan).

Preparation of biological samples

Live bacterial suspension of probiotic Lactobacillus
casei was applied intragastrically {1 x 10° CFU/dose) to
male Wistar rats (body weight 300-360 g). The probi-
otic suspension was administered daily to six animals
for 7 days. Other six rats were stressed by oral applica-
tion of the saline solution daily for 7 days as well. This
group was used as the control one. After 7 days the rats
were sacrificed. The protocol of the experiment was
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approved by the institutional Ethics Committee. The
liver and all parts of the intestine (duodenum, proximal
part of jejunum (A}, distal part of jejunum (B), ileum,
caecurn and colon) were removed and weighted. The
whole duodenum as well as small samples of the liver,
jejunum (A}, jejunum (B), caecum and colon were used
for determination of CYP mRNA levels. These samples
were inserted into RNA stabilization reagent. The
rest of intestinal samples (without duodenum) were
washed by cold saline solution; the liver was washed
by cold 0.25M sucrose in 1 mM EDTA (pH7.4). All
samples were stored at -70°C until used. For prepara-
tion of intestinal and hepatic microsomes, the samples
were rinsed in cold 0.25M sucrose in 1 mM EDTA
{pH 7.4) with 0.2mM phenylmethanesulfonyl fluoride
and a protease inhibitor cocktail. The tissue was then
homogenized and subjected to differential centrifuga-
tion to obtain the microsomal fraction according to
standard procedures (Lake 1990).

Determination of toial protein and specific content of

cytochrome P450

Total protein content was determined by bicincho-
ninic acid method with a standard BCA Protein Assay
kit (Pierce, Rockford, IL). Determination was done in
three parallel samples using a calibration curve. S.D.
differences from the respective means between deter-
minations were below 15%. Cytochrome P450 content
in liver microsomes was determined by the method
described by Omura and Sata (1964). Specific content
of liver cytochrome P450 was obtained as a ratio of the
cytochrome P450 content (in nmol) to the amount of
the total protein {in mg).

Determination of activities of individual CYP forms in
liver microsomes

The activities and relative amounts of selected CYP
enzymes were determined by established enzymologi-
cal techniques based on analogy between human and
rat forms and their respective substrates: 7-ethoxyreso-
rufin O-deethylation (substrate of CYP1A2) (Chang
& Waxman 1998); bufuralol 1°-hydroxylation (sub-
strate of CYP2D6) {Crespi ef al. 1998b); testosterone
6p-hydroxylation {(substrate of CYP3A4) (Guengerich
et al,, 1986); chlorzoxazone 6 -hydroxylation (substrate
of CYP2EL) (Lucas et al. 1996); diclofenac 4’-hydrox-
ylation {substrate of CYP2C9) (Crespi et al. 1998a).
The metabolites of testosterone 6p-hydroxylation (at
245nm), chlorzoxazone 6 -hydroxylation (at 287 nm}
and diclofenac 4'-hydroxylation (at 280nm) were
measured by an HPLC with UV detection. The HPLC
with fluorescence detection was used for determination
of metabolites of 7-ethoxyresorufin O-deethylation
(excitation at 535nm, emission at 585nm) and bufu-
ralol 17-hydroxylation (excitation at 252 nm, emission
at 302 nm). Activities of individual CYP forms in the
presence of probiotic were compared relatively to the
activities of the control sample in percentage.

Western blotting. Microsomal proteins from liver (10
pg) and from all various parts of the intestine (35 ug)
obtained from each experimental rat were separated
on 8%-SDS (w/v) polyacrylamide gel electrophoresis
and then transferred onto nitrocellulose membranes
according to the method of Towbin ef al (1979).
Immunodetection of CYP was carried out using anti-
rat CYP1AIl, anti-rat CYP2B1/2, anti-rat CYP2Ce,
anti-rat CYP2E] and anti-rat CYP3A1 as the primary
antibodies. The bands were visualized with respective
horseradisch peroxidase-conjugated secondary anti-
bodies using a Luminol reagent kit {Santa Cruz, CA)
and their relative intensity evaluated with Elfoman soft-
ware (Semecky Inc., Prague, Czech Republic).

RNA isolation and real-time PCR procedures

Samples of intestinal and hepatic tissue (about 30 mg)
of each rat was stabilized in RNA stabilization reagent
and subsequently homogenized with homogenizer Diax
900 (Heidolph, Kelheim, Germany). The sample was
then applied onto the QlAshredder columns to elimi-
nate tissue microparticles. RNA was isolated with use
of RNeasy” Plus Minikit (Quiagen, Germantown, MD,
USA) enabling degradation of contaminating genomic
DNA. One microgram of each isolated RNA was sub-
jected to reverse-transcription using Transcriptor High
Fidelity cDNA Synthesis Kit {Roche, Mannheim, Ger-
many) with random hexamer primers. New synthe-
sized cDNA was applied for real-time PCR using Light
Cycler” 480 SYBR Green Master I mix in a Light Cycler
480 (Roche, Mannheim, Germany) with the following
thermal cycling conditions: preincubation for 10 min at
95 °C, followed by 45 cycles at 95°C for 105, at 58 °C for
15s and at 72°C for 155 for denaturation, annealing and
elongation respectively. All samples for real-time PCR
were prepared in triplicates. Rat primers were designed
in our laboratory and synthesized by Invitrogen (Life
Technologies, division Prague, Czech Republic). Abso-
lute quantification method was applied for obtaining
gene expression data. The following primer sequences
were used:

CYP2B1/2 Fw:5"-TCC CAG GGA GCCCCA CTG GAT CCCA-3”
CYP2B1/2 Rev: 5'-GAA CCC AGA GAA GAA CTC AAA CAC
CTGG-37

CYP2C6 Fw: 5°-GCC TTG TGG AGG AAC TGA GG-3”

CYP2C6 Rev: 5°-GCA CAG CCC AGG ATA AACGT-37

CYP2E] Fw: 57-CCA AGG GTA CAGTTG TGA TTC CAA C-37
CYP2E1 Rev:5'-CAA CAC ACA CAC GCT TTC CTG CAG A-37
CYP3AI Fw: 5°-GTG CTC CTC TAC GGA TTT GGG A-3”
CYP3A1 Rev: 5°-TCC ACA TCG AAT TTC CAT AAA CCC-3°
HPRT Fw: 5"-GAAGAGCTACTGTAATGACCAGTC-3"

HPRT Rev: 5°-CGT TCT TTC CAG TTA AAG TTG AGA GA-37

For determination of mRNA levels of the CYPIAL,
CYP3A% and CYP2El, the universal hybridization
probes with recommended primers were used (www.
universalprobelibrary.com) (Roche, Germany).

10 Copyright©2011 Neuroendocrinology Letters ISSN0172-780X - www.nel.edu
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RESULTS

Application of probiotic L. casei to rats for 7 consecutive
-days resulted in no significant changes in the specific
- content of the cytochrome P450 in the liver of experi-

mental animals (Figure 1). Only a small increase of the
-specific content of cytochrome P450 in the liver was

found. Figure 2 shows no significant changes in activi-
“ties of liver CYP enzymes, namely of the CYP1A1/2,
©2D6, 3A4, 2E1 and 2C9 prototypic activity after admin-
istration of L. casei. While not statistically significant,

the largest change of CYP activity was with chlor-
~zoxazone 6 -hydroxylation (substrate of rat CYP2E1
‘' protein).
. Protein expression of rat liver CYP1A2, 34, 2E1, 2C6
“and 2C11 enzymes in samples from rats without and
~with L. casei applied was detected by Western blotting
- (Figure 3A). Two immunoreactive bands were detected
after incubation with CYP3A1 antibody due to known
.cross-reactivity with other isoforms of the CYP3A
 family. The density of both bands was taken collectively
as CYP3A showing no change after administration of
L casei. A slight decrease of the expression of the liver

Specific content of the cytochrome P450

in the rat liver
0f =
a5
o4 4

03 4

02 4

[ninel/mg proteln]

a1

30 e

Liver

£ Saling solution

W Loctobacillus cosei

ig.1. The specific content of the cytochrome P450 in the hepatic
microsomes in rats after treatment with probiotic L. casej.
Control rats were treated with the saline solution. The specific
content of the CYP is expressed as nmol CYP/mg protein. Results
are presented as means £ 5.0, N= 6.

CYP2ZEI protein corresponded to a decrease of CYP2E1
prototypic activity (chlorzoxazone 6'-hydroxylation)
(Figure 2). Expression of rat CYP2C forms, CYP2C6
and CYP2C11 (being a human CYP2C9-like rat protein
according to Wang et al (2009), moreover, according
to BLAST (www.ncbi.nlm.nih.gov/BLAST)), exhibited
a slight increase in expression in samples obtained after
administration of L. casei in comparison to control
(Figure 3A). These changes were not statistically signif-
icant again. The real-time PCR method did not reveal
significant changes as well (Figure 3B).

Cytochromes P450 are localized in the liver as well as
in the gastrointestinal tract; however, their localization
along the intestine is variable (Mitschke et al. 2008). In
other words, the data for each CYP from each part of the
intestine could not be, in principle, obtained since not
all CYP forms are present in all parts of the intestine.
In addition, the jejunum is the longest part of the intes-
tine; therefore, it was divided into two parts, A and B.

Activities of cytochrome P450 in the intestinal sam-
ples were not measured due to limited sample amount.

The expression of cytochrome P450 2B1/2 was
detected by Western blotting in the small intestine; its
presence in the caecum and colon was not detected.
The expression of CYP2B1/2 protein among experi-
mental animals was very variable; however, no signifi-
cant changes were found after treatment with L. casef
compared to control samples {Figure 4A). A slightly
non-significant decrease of the level of CYP2B1/2
mRNA was detected in the duodenum (the sample of
this smallest part of the intestine was enough only for
the real-time PCR method) (Figure 4F). The level of
CYP2B1/2 mRNA in the jejunum and ileum was not
changed after application of probiotic L. casei.

Similarly, the expression of c¢ytochrome P450 2E1
was detected by Western blotting mainly in the small
intestine. No significant changes in the expression of
CYP2E1 protein were found; only slight decrease at the
beginning and at the end of the small intestine after
administration of L. casei in comparison to control sam-
ples was observed (Figure 4B). A significant decrease of

. Relative activities

of CYP enzymes in rat
hver microsomes after
eatment with probiotic
L-casei daily for 7 days.
Coritrol samples were O e

Production of metabolites
by cytochromes P450 [%]
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the CYP2E]1 mRNA level was found in the caecum after
application of L. casei by real-time PCR method (Figure
4G). In the other parts of the rat intestine {duodenum,
whole jejunum, ileum, celon), no changes of CYP2E1
mRNA level were detected.

The expression of rat CYP3A form was found by
Western blotting all over the intestine of all experi-
mental animals. A slight decrease in the expression
of CYP3A was detected at the beginning of the jeju-
num (sample “jejunum A’) after treatment of L. casei
(Figure 4C). This change was confirmed by real-time
PCR method (Figure 4H). A significant decrease of the
Jevel of CYP3A9 mRNA after application of L. casei was
found in the duodenum (the smallest part of the intes-
tine, enough only for real-time PCR method).

The CYP2C6 protein has been shown to be present
mainly in the caecum and the colon (Matuskova et al.
2010). A small increase in the expression of CYP2C6
protein was observed in these parts of the intestine
(after treatment with probiotic L. casei) (Figure 4D).
These changes were not significant and real-time PCR
method confirmed this observation (Figure 41).

Expression of cytochrome P450 1A1 was also stud-
ied by Western blotting in all parts of the intestine.
The CYP1A1 protein was detected mainly in the small
intestine; it was also localized in a smaller extent in the
caecum and colon (as described also in Matuskova et al.

2010). A decrease in the expression of CYP1AI enzyme
was observed in the jejunum (part A) as well as in the
colon (after application of probiotic L. casei) (Figure
4E}. The decrease of the CYPIAT mRNA level in the
jejunum (part A} and colon was found also by real-time
PCR method (Figure 4]); however, this change was not
significant. On the other hand, a significant decrease of
CYP1A1 mRNA was observed in the jejunum B, ileum
as well as in the caecum.

DISCUSSION

The experiments discussed here were performed in vivo
with rat experimental model; for this reason, the results
show, in principle, a great variability. Despite the vari-
ability among the biological samples within one group,
the tendencies and statistical significance of differences
between the data for samples with or without L. casei
administered can be seen.

In this study, a marked decrease of CYP1A1 mRNA
level was found in the distal jejunum (part B), ileun and
caecumn; a decrease in the CYP1A1 protein expression
was found in the jejunum (part A) and colon; as for the
CYP2E1, a decrease of CYP2E] mRNA level was found
in the caecum. Cytochrome P450 1Al is one of the well-
characterized xenobiotic-metabolizing enzymes regu-
lated by the arylhydrocarbon receptor. The CYPIAL

Copyright © 2011 Neuroendocrinology Letters [SSN 0172~780X www.nel.edy
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enzyme has an important role in metabolic activation
of polycyclic aromatic hydrocarbons {PAHs), a group
of stable and ubiquitous organic contaminants released
in'the environment (Khan et al. 2008). These PAHs are
converted to highly reactive electrophilic metabolites
that can form DNA adducts and lead to gene muta-
tions and cellular transformation. The CYP2E1 enzyme
mietabolizes a large number of low-molecular-weight
compounds including compounds of toxicological and
catcinogenic significance (Guengerich 2005). The inhi-
bition of these two carcinogen-activating CYP enzymes
is.considered to be one of the major health promoting
effects of chemopreventive compounds (Krizkova et al.
2008). Hence, the results presented here indicate that
the probiotic strain L. casei might help in the defence of

Fig. 4. Expression of rat CYP2B1/2 (A), CYP2E1 {B), CYP3A (C), CYP2C6 (D), CYP1AT1 (E) protein and the fevel of the CYP281/2 (F), CYP2ET (G),
CYP3A9 {H), CYP2C6 (1), CYPTAT (J) mRNA along the intestine after treatment by probiotic Lactobacillus casei daily for 7 days. Control rats
were treated with the saline solution for 7 days as well. Un-reported values in different parts of the intestine were under detection limit

7 of the used method. Results are presented as means  5.0.; N = 6; *p<0.05, **p=0.0011, ***p=0.000125, **¥%p=0.000049.

the organism against formation of reactive metabolites
in the gastrointestinal tract by CYP2E1 and CYP1A1.
In rats, the CYP3A subfamily consists of five related
genes, CYP3A1, CYP3AZ, CYP3A9, CYP3A18, and
CYP3A23 (Anakk ef al. 2003). In fact, the rat CYP3A
forms (3A1, 3A2, 3A9, 3A18 and 3A23) are similar
to human CYP3A4 (the most important CYP form
in human liver} and CYP3A5 (Matsubara et al. 2004).
While CYP3AL and CYP3A2 mRNA were detected by
real-time PCR only in the liver, CYP3A9 mRNA was
detected in both, in the liver and in the intestinal tract
(Matsubara ef al. 2004) and this was why the CYF3A9
mRNA probe for the real-time PCR method was used
in this study. It was found here that the CYP3A9 mRNA
level was reduced in duodenum by approximately 50%
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after application of probiotic L. casei. In other words,
a potential decrease in the CYP3A level in duodenum
could lead to a less effective metabolism of drugs by
CYP3A in this first part of the intestine.

In conclusion, in this work, the influence of pro-
biotic Lactobacillus casei on the level of intestinal
CYP1A1, 2E1 and 3A9 mRNA was found. This in vive
study revealed that treatment of rats with L. casei could
exhibit, in defined parts of the intestine, an influence
on the level of CYP enzymes. Probiotic L. casei can
possibly contribute to prevention against colorectal
cancer by decreasing levels of certain forms of xeno-
biotic-metabolizing enzymes. The results obtained in
this study, however, cannot be easily extrapolated to the
man; on the other hand, they document the complexity
of effects associated with the intestinal microbiome.
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Abstract

The growing interest in the composition and effects of microbiota raised the question how drug pharmacokinetics could be
influenced by concomitant application of probiotics. The aim of this study was to find whether probiotic E. coli strain Nissle
1917 (EcN) influences the pharmacokinetics of concomitantly taken antiarrhythmic drug amiodarone (AMI). Live bacterial
suspension of probiotic EcN (or non-probiotic E. coli strain ATCC 25922) was applied orally to male Wistar rats for seven
days, while a control group of rats was treated with a saline solution. On the eighth day, the amiodarone hydrochloride was
administered as one single oral dose (50 mg/kg) to all rats (N=60). After 0, 1, 2, 3, 4, 5.5, 7, 9, 14, 22, and 30 hours, blood
samples were taken from the rat abdominal aorta. The plasma level of AMI and its metabolite N-desethylamiodarone (DEA)
was determined using the HPLC with UV detection. Administration of EcN led to a 43% increase of AMI AUCy 3 in
comparison with control samples. However, this effect was not observed if ECN was replaced by a reference non-probiotic E.
coli strain. Thus, EcN administration was most probably responsible for better drug absorption from the gastrointestinal
tract. Plasma levels of DEA were also increased in plasma samples from animals treated with EcN. This change was again not
found in the experiment with the reference non-probiotic strain. Higher DEA levels in samples from EcN-treated rats may be
explained either by better absorption of AMI and/or by an increased activity of CYP2C forms, known to participate in
metabolism of this drug, after ECN administration. In this paper, it is documented that concomitantly taken probiotic EcN
may modulate pharmacokinetics of a drug; in this case, it led to an increased bioavailability of AMI.
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Introduction microbiota. The largest number of bacteria resides in the digestive
tract, with the highest density in the colon. Bacteria present in the

Most of epithelial surfaces of human body such as the skin and intestine participate in nutrition and metabolism processes. The

the mucosa are colonized by a vast number of microorganisms, effect of the microbiota on the macroorganism started to be
which are collectively known as microbiota or microbiome. Our elucidated in a number of functional studies [1]. The role of
microbiota contains trillions of bacterial cells and most of them microbiota and the function of mucosal barrier in maintaining
never cultivated by classical methods, and represents a complex human health were recently appreciated. There is a growing
ecosystem with enormous microbiota diversity. Molecular biolog- interest concerning the role of microbiota in etiopathogenesis of
ical methods had allowed revolutionary advance in microbiolog- inflammatory and neoplastic discases [2]. However, the studies
ical research: the components of the human microbiota started to concentrated on the microbiota influence on drug pharmacoki-
be analysed and identified. Our microbiome is producing netics are still very sparse.

enormous quantity of molecules able to interact with the host; Based on the growing evidence of the importance of microbiota
however, the role of these molecules remains to be elucidated. for health, the efforts to affect the composition of microbiota in an
Molecular analytical methods bring every day new pieces of optimal direction are gathering momentum. In recent years, there
knowledge about the major bacterial groups present in various has been considerable progress in understanding the mechanisms
body compartments, their changes during ontogeny, and their of probiotic action and in the future this should help to select
alterations in patients with organ and systemic disease when suitable bacterial strains which could beneficially affect mucosal
compared with healthy subjects, as well as other features of the barrier function, immune responses, and suppression of inflammation
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[3]. The knowledge of the effects of simultaneous administration of
drugs and probiotics on drug pharmacokinetics is still very limited.
The complexity of mechanisms by which the fate of orally
administered drugs could be affected by probiotics is discussed in
recently published comprehensive review Stojancevic et al., 2013 [4].
The importance of both, human and commensal microbiota
components in drug efficacy and toxicity was recently documented
and pointed out Haiser et al., 2013 [5].

The aim of our study was to analyse the effect of probiotic
bacteria applied orally on a drug (amidarone) pharmacokinetics in
a rat model. The gram-negative bacterium of Escherichia coli Nissle
1917 of serotype O6:K5:H1 (EcN) is a fecal isolate with a
lipopolysaccharide (LPS) consisting of a bisphosphorylated hex-
aacyl lipid A and a tetradecasaccharide containing one F. coli O6
antigen repeating unit. EcN was shown to have immunomodulat-
ing properties without showing immunotoxic effects [6,7]. It has
been used as a probiotic agent in medicine for the treatment or
prevention of intestinal disorders and diseases since the early 1920s
[8] and is commercially available [9]. For example, EcN can be
used in treatment of diverticulosis, non-ulcer dyspepsia, antibiotic
— associated colitis, intestinal mycoses, chronic constipation,
inflammatory bowel disease, protracted or chronic recurrent
diarrhea, or, primarily, in the treatment of irritable bowel
syndrome [10]. The administration of EcN is safe and well
tolerated [11].

On the other hand, the unlimited use of probiotics may lead to
unwanted side-effects [12]. Thus, a question arises whether these
microorganisms are safe when a drug is taken. For example, it is
not known if the probiotic EcN (and other probiotics as well) can
affect the pharmacokinetics of concomitantly taken drugs. In this
paper, the antiarrhythmic drug amiodarone (AMI) was used to
study whether the probiotic EcN can affect AMI pharmacokinet-
ics. AMI is a drug used for treatment of ventricular tachycardia
and ventricular fibrillation [13,14] and is metabolized by
cytochrome P450 enzymes (CYPs) [15,16]. N-desethylamiodarone
(DEA) is its main, less active metabolite. Because of its long half-
life (on an average 58 day) [17], AMI organ toxicity is potentially
more severe and difficult to manage than toxic reactions of other
drugs with shorter half-lives [18]. The combination of AMI with
probiotics like EcN could, in principle, influence its pharmacoki-
netics and hence become another factor influencing bioavailability
of AMI.

The current work belongs to first studies dealing with the
potential influence of probiotic bacteria on pharmacokinetics of a
drug. In 2008, studies were published showing changes of
gliclazide pharmacokinetics in diabetic rats pre-treated by a
mixture of three probiotics (L. acidophilus, L. rhamnosus and
Bifidobacterium lactis) in suspension prepared from freeze-dried
probiotic powders mixed with HPLC water (Al Salami et al. [19]).
They have found that in presence of probiotics, the biodistribution
of gliclazide in rats was suppressed; however, in the diabetic
animals, the effect was just the opposite [19]. The authors
suggested an alteration of regulation of the mucosal transporting
systems [20]. In the most recent literature, there is only a note on
increased azoreductase activity during concomitant administration
of sulfasalazine (SSZ) and mixture of three probiotic bacteria [21];
however, pharmacokinetic parameters of the drug as well as of its
metabolite were not significantly different from control rats given
SSZ alone. Also, according to Kunes et al. [22], the pharmaco-
kinetics of 5-aminosalicylic acid in rat was not significantly
changed by EcN medication compared to control animals. Our
current studies demonstrate an increase in bioavailability of a drug
(AMI) after premedication of rats with probiotic EcN bacteria,
documented here for the first time.

PLOS ONE | www.plosone.org
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Materials and Methods

Chemicals

All reagents and chemicals were purchased from Sigma-Aldrich
CZ (Prague, Czech Republic), except for sodium chloride and
EDTA used for preparation of the saline solution or for sampling,
respectively, which were obtained from Lach-Ner (Neratovice,

Czech Republic).

Ethics Statement

The experiment was carried out in accordance with the Act
No. 359/2012 Coll. on the protection of animals against abuse.
All procedures with animals were approved by the Ethics
Committee, Ministry of Education, Czech Republic.

Study design and sampling

Live bacterial suspension of probiotic Escherichia coli Nissle 1917
in a phosphate buffered saline was applied intragastrically
(0.7x10° CFU/dose) to male Wistar rats (body weight 230
258 g, average weight 254 g, nine weeks old). The probiotic
suspension was administered daily to thirty animals for seven days.
Another group of thirty rats (body weight 222-258 g, average
weight 250 g, nine weeks old) were stressed by oral application of a
saline solution daily for seven days as well. This group was used as
the control. On the eighth day, the suspension of amiodarone
hydrochloride in water was applied as one single oral dose
(50 mg/kg) to all rats (N =60). After 0, 1, 2, 3,4, 5.5,7,9, 14, 22,
and 30 hours, blood samples were taken from the rat abdominal
aorta. The reference, non-pathogenic but non-probiotic strain of
E. coli ATCC 25922, was also used in this study. This strain of E.
coli was administered also intragastrically (0.7 x10? CFU/dosc) to
thirty male Wistar rats (body weight 314-354 g, average weight
320 g, ten weeks old). This group was compared with another
group of thirty rats (body weight 296-360 g, average weight 312 g,
ten weeks old) stressed by oral application of the saline solution.
The experiment with this reference strain was performed using the
same protocol as described above for the E. coli Nissle 1917 strain.
Subsequently, 7 ml blood samples with 0.2 mol/L. EDTA were
centrifuged and the plasma samples were frozen at —70°C.

Preparation of biological samples

In a 1.5 ml Eppendorf tube (Sarstedt, Niimbrecht, Germany),
100 pL of the plasma sample was mixed with 5 uL. of an internal
standard solution of 0.02 mmol/L trifluoperazine dihydrochlo-
ride. After deproteinization by the addition of 300 pl acetonitrile,
the mixture was centrifuged at 18 400x g at 4°C for 5 min. The
supernatant was carefully transferred to a clean test tube and
evaporated under nitrogen at 40°C. The residue in the test tube
was dissolved in a 100 pL of the methanol: water (1:1) mixture.
Thirty pL of this prepared sample was then analyzed by HPLC.

Preparation of standards

AMI and DEA were dissolved in the mixture of acetonitrile:
water (1:1). Plasma standards were prepared by the addition of an
appropriate volume of AMI and DEA to drug-free plasma to
obtain final concentrations of 0.1 to 1.6 pg/mL of AMI, and 0.02
to 0.4 pg/mL of DEA. The stock solution of the internal standard
trifluoperazine dihydrochloride was prepared by dissolving in
water to a final concentration of 0.02 mmol/L; 5 pL of this
solution was added to each sample. Control samples for
determination of the intra-day and inter-day determinations of
precision and accuracy were prepared by the addition of AMI and
DEA to drug-free plasma to obtain concentrations of 0.1, 0.4, and
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0.8 ug/mL of AMI and 0.05, 0.1, and 0.4 ug/mL of DEA,
respectively. All samples were stored at —70°C.

HPLC conditions

HPLC-UV analyses were performed on the Ultimate 3000
system (Dionex, Sunnyvale, California, USA). The plasma levels of
AMI and DEA were obtained using a Kinetex PFP column
(150x4.6 mm ID) with a 2.6 um particle size (Phenomenex,
Torrance, California, USA) protected by a Security Guard
(4x2 mm ID) precolumn with a C18 reverse phase of the same
origin. The mobile phase for separation of AMI, DEA, and
internal standard (trifluoperazine) consisted of 24 mmol/L acetic
acid with 8.2 mmol/L triethylamine: methanol: acetonitrile
(3:6:16 (v/v)) delivered at a flow-rate of 1 mL/min at 40°C. The
typical run time was 12 min. The separated components were
detected by UV detector at 242 nm [23]. The internal standard
was used for the construction of AMI and DEA calibration curves.
For calibration, the following ranges of concentration levels were
chosen: AMI, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.8 and 1.6 pg/mlL, and
DEA, 0.02, 0.05, 0.07, 0.10, 0.2, 0.3 and 0.40 pg/mL. Linear
regression gave the values of the coeflicient of determination
r’=0.9961 for AMI, and r°=0.9990 for DEA. The average
recovery for AMI and for its metabolite DEA was 75% and 82%,
respectively. The coefficient of variation of the precision and the
accuracy determination (intraday and interday) was less than 15%.
The limit of AMI and DEA quantitation was determined as
0.050 ug/mL and 0.018 pg/mL, respectively, established as a
peak signal to noise of baseline ratio equivalent to 10:1. Data
collection, integration, and calibration were accomplished using
the Chromeleon Chromatography Data System Version 6.80
(Dionex, Sunnyvale, California, USA).

Results

Figure 1 shows a typical HPLC chromatogram to document the
separation of AMI, DEA, and trifluoperazine (an internal
standard). Amiodarone pharmacokinetics was obtained from both
EcN probiotic-premedicated experimental animals as well as
animals with the administration of the non-probiotic E. coli strain.
Results of both of these experiments, i.e. two types of AMI
pharmacokinetics, were compared to data obtained in a control
experiment when no bacteria were administered to experimental
animals, just the AMI. Fig. 2A shows the experimental data for
AMI and Fig. 2B for its main metabolite DEA after EcN
premedication, while Figs. 3A and 3B document the time course of
the AMI and DEA pharmacokinetics obtained with a non-
probiotic strain administration. Based on these pharmacokinetics
data, it can be seen that the administration of probiotic EcN
bacteria has led to increased bioavailability of the drug.

The pharmacokinetic parameters (i.e. the time required to
reduce the maximal level of a drug (c,.x) to one half, t;,o; time
needed to reach the maximal level of the respective drug t,..; area
under the curve for 30 hours, 1.e. time of the experiment, AUC.
30; or the AUC extrapolated to infinity, AUC(..) were derived
from the plasma level vs. time curve for AMI and DEA and are
shown in Table SI and Table S2. The increased plasma levels
of AMI were observed after EcN administration to rats
(AUCg.30=9.31%0.65 h.ug/mL) in comparison with samples
from the control rats (AUCq.30=6.5220.60 h.ug/mL). On the
other hand, the administration of reference non-probiotic strain of
E. coli ATCC 25922 did not markedly affect the pharmacokinetics
of AMI in the rat (AUCy.5p =7.37%0.53 h.ug/mL) in comparison
with the application of saline solution to the control rats
(AUC(.30=6.74£0.56 h.ug/mlL).
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Figure 1. Chromatographic profile of three compounds in
biological sample: trifluoperazine (an internal), amiodarone, N-
desethylamiodarone. Legend Fig. 1: is.. an internal standard
trifluoperazine (8.32 min); amiodarone (9.31 min); N-desethylamiodar-
one (10.11 min). The HPLC chromatogram was obtained from the rat
blood plasma sample taken 3 hours after amiodarone application.
doi:10.1371/journal.pone.0087150.9001

In the case of amiodarone metabolite DEA, the peak
concentration of DEA after application of EcN to rats (Fig. 2B)
was higher (¢, =0.09£0.01 pg/mL) and shifted by more than
2.5 hours in comparison with control samples
(Cmax =0.06£0.01 pg/mL). Its peak concentration, as well as the
pharmacokinetic plasma level vs. time course, was not markedly
changed after the administration of reference strain of E. coli
ATCC 25922 in comparison with control samples, as documented
in Fig. 3B.

Discussion

The experiments discussed here were performed i viwo with
experimental animals as models to assess the influence of probiotic
bacteria on the drug pharmacokinetics. As demonstrated by our
results (Figs. 2A, 2B), the pharmacokinetics of AMI and its
metabolite DEA in animals treated with probiotic F.coli bacteria
markedly differ from the data obtained from control animals. The
AUC 39 of AMI was 1.4 times higher in the rat plasma from EcN-
treated animals in comparison with the treatment using saline
solution (a control). Also, the pharmacokinetics of its main
metabolite DEA exhibited a different time course, with maximum
levels shifted by more than 2.5 hours to a longer time interval;
moreover, the AUCg.3, was 1.6 times higher in EcN-treated
animals.

Interestingly, these changes in drug pharmacokinetics were not
observed with the non-probiotic strain of the E. coli bacteria
(ATCC 25922). In this case, the pharmacokinetics of both the
AMI as well as its main metabolite did not markedly differ
(Figs. 3A, 3B).

The reasons for increased bioavailability of orally applied AMI
due to administration of the probiotic EcN are difficult to explain
as there are several simultaneously occurring phenomena which
are based on the properties and local effects of the probiotic as well
as the drug. Moreover, the current knowledge about the detailed
mechanisms of EcN action and effects as well as about the
regulation of expression and function of the corresponding
proteins is scattered and obtained usually # witro and under
various conditions being thus only an approximation of processes
occurring i vivo. Hence, the attempts to elucidate the effects
obtained in this work remain to a great extent speculative.
Nevertheless, on the basis of data known from the literature it is
possible to delineate two ways which may suggest an explanation.
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Figure 2. Influence of E. coliNissle 1917 on the pharmacokinetics of amiodarone (A) and N-desethylamiodarone (B). Legend Fig. 2A:
Pharmacokinetics of amiodarone with or without (control group) probiotic E. coli Nissle 1917 pre-treatment. Each point is presented as means = S.D.;
N = 3. Legend Fig. 2B: Pharmacokinetics of N-desethylamiodarone (metabolite of amiodarone) with or without (control group) probiotic E. coli Nissle

1917 pre-treatment. Each point is presented as means = S.D,; N=3.
doi:10.1371/journal.pone.0087150.g002

First, there is a decrease of local pH in the intestine due to the
presence of EcN [24]. This effect has been attributed to
production of short chain fatty acids. Amiodarone, a weak base
(pKa of AMI is 8.7 at 37°C [25,26]), is then better ionized in lower
pH which may facilitate its movement across the mucosal layer
and finally its disposition. Intestinal mucosal layer is known to be a
barrier to lipophilic drugs and the ionization of a drug may have a
positive effect on its diffusion through mucus [27]. Another
attempt to explain better disposition of amiodarone may be based
on an increased expression of the Oatp2B1 (Slco2B1) transporter
known to mediate the influx of amiodarone in the intestinal cells
[28]. The expression of this transporter was shown to be regulated
by levels of proinflammatory cytokine TNF-alpha [29]. It may be
speculated that in response to lowered levels of this cytokine in
presence of EcN (for a review, see [30]), the expression of the
Oatp2B1 transporter may be in turn higher leading to better
bioavailability of this drug. In fact, also the changes in gliclazide
permeation in diabetic and normal rats after premedication with
probiotics were ascribed to changes in regulation of mucosal
transporting systems [20].
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AMI is metabolized to the main active metabolite DEA by
CYPIAI1, 1A2, 2C8, 2C19, 2D6, and 3A4 enzymes in humans
and by CYPIAIL, 1A2, 2C6, 2C11, 2D1, 2D2, and 3A1 enzymes
in rats [15,16]. Following the administration of AMI in the
presence of EcN, increased plasma levels of DEA were observed in
comparison with control samples. The higher ¢, value and its
shift to longer time intervals (approximately by 3 h) are probably
caused by a better disposition of AMI, which is discussed above.
Moreover, moderately increased activity of the liver CYP2C forms
after administration of EcN found in our earlier study [31] may
contribute to increased levels of the DEA. These changes were
observed again only in the experiment with EcN administration
while no changes were found in the experiment with the reference
non-probiotic £. coli strain ATCC 25922 application.

In conclusion, this study shows an effect of administration of a
probiotic strain, here the Escherichia coli Nissle 1917, on the
pharmacokinetics of amiodarone in rats. Increased drug absorp-
tion caused by this probiotic can be the result of the interplay of
various factors influencing regulation of transport systems in the
intestine including metabolic reactions and changes in intestinal
microbiota composition [4,32]. Interestingly, on the contrary, the
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Figure 3. Influence of a non-probiotic bacteria on the pharmacokinetics of amiodarone (A) and N-desethylamiodarone (B). Legend
Fig. 3A: Pharmacokinetics of amiodarone with or without (control group) non-probiotic E. coli ATCC 25922 pre-treatment. Each point is presented as
means * S.D.; N=3. Legend Fig. 3B: Pharmacokinetics of N-desethylamiodarone (metabolite of amiodarone) with or without (control group) non-
probiotic E. coli ATCC 25922 pre-treatment. Each point is presented as means = S.D.; N=3.

doi:10.1371/journal.pone.0087150.9003
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non-probiotic  strain of these bacteria does not possess the
properties leading to a better bioavailability of amiodarone. In
conclusion, concomitantly taken probiotic EcN may modulate the
pharmacokinetics of AMI as well as its metabolite DEA by
increasing the bioavailability of this drug. The changes caused by
the probiotic are probably not so prominent that they are likely to
be important in clinical use except perhaps for the time delay in
reaching the concentration maximum. It should be mentioned
here that the results obtained cannot be directly extrapolated to
other drugs or probiotic bacteria due to apparent complexity of
the processes in the intestine. In other words, there may be similar
or even greater effects observed with other drugs and microbiota
or, in other cases, no influence of probiotics on pharmacokinetics
of a drug may be seen. In the case of AMI and EcN, on the basis of
results described here it can be reasonably expected that the
simultaneous uptake of the EcN strain and this drug would most
probably pose no harm to the patient.

Supporting Information

Table S1 Pharmacokinetic (PK) parameters in rats
after oral administration of amiodarone (50 mg/kg)
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Table S1. Pharmacokinetic (PK) parameters in rats after oral administration of amiodarone (50 mg/kg) with or without

(control group) probiotic E. coli Nissle 1917 pre-treatment.

Determined compound AMI DEA

Application E. coli Nissle 1917  Saline solution E. coli Nissle 1917 Saline solution
ty2 [h] 11.19+ 1.34 8.63 + 0.91 6.92 + 1.93 11.38 £ 2.76
Cmax [MQ/mL] 0.82 +0.02 0.78+0.16 0.09 £ 0.01 0.06 + 0.01

tmax [N] 3.83+1.18 3.50 + 1.47 8.33+0.94 550+ 1.22
AUC.30n [h'pg/mL] 9.31 £ 0.65 6.52 + 0.60 0.97 £0.10 0.60 +0.03
AUC..h [h'ug/mL] 10.47 + 0.67 7.06 £ 0.50 1.03 £ 0.08 0.72+0.05

AMI: amiodarone; DEA: N-desethylamiodarone; ty,: half-life; cmax: maximum drug concentration; tmax: time to reach cmax; AUC: area

under the curve. Results are expressed as mean + S.D., N = 3. Values of parameters significantly differing from controls are in bold.



Table S2. Pharmacokinetic parameters in rats after oral administration of amiodarone (50 mg/kg) with or without (control

group) non-probiotic E. coli ATCC 25922 pre-treatment.

Determined compound AMI DEA

Application E. coli ATCC 25922  Saline solution E. coli ATCC 25922  Saline solution
t12 [h] 11.00 £ 2.71 7.08 £ 0.69 7.86 + 0.33 7.32+1.31

Cmax [MQ/mML] 0.66 £ 0.16 0.84+0.18 0.05 + 0.01 0.04 £ 0.01

tmax [] 3.17+£1.65 3.67 £2.36 6.50 £ 0.70 6.00 £ 1.40
AUC.30n [h'pg/mL] 7.37 £0.53 6.74 + 0.56 0.60 +0.09 0.54 £ 0.01
AUC..h ['ug/mL] 8.70 £ 0.23 7.27 £0.50 0.66 + 0.11 0.59+0.02

AMI: amiodarone; DEA: N-desethylamiodarone; t1,: half-life; cmax: maximum drug concentration; tmax: time to reach cnax; AUC: area

under the curve. Results are expressed as mean £ S.D., N = 3.
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Cytochromy P450: Role v metabolizmu cholesterolu
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Cytochromy P450 (CYPs) jsou enzymy, které se podili nejen na metabolizmu Ié¢iv, ale také na pfeméné fady endogennich latek, mj.
cholesterolu, ktery hraje v lidském organizmu vyznamnou roli. V pfipadé dysfunkce téchto enzym mohou nastat zavazna onemocné-
ni, pfipadné komplikace pf¥i Ié¢bé. Tento ¢lanek se zabyva nejen samotnym cholesterolem, ale predevsim pfehledem poruch enzymu
metabolizujicich cholesterol, a rovnéz terapii nasledki enzymovych insuficienci. Lé¢ba onemocnéni tohoto typu spociva predevsim
v substitu¢ni terapii, nicméné, i bez véasného vysetieni jednotlivych markert nemusi byt samotna Iécba dostatecna.

Kli¢ova slova: cholesterol, cytochromy P450, enzymova insuficience, lécba.

Cytochromes P450 in the main role in a metabolism of cholesterol

Cytochrome P450 (CYPs) are enzymes which are involved in drug metabolism and also in biotransformation of a variety of endogenous
compounds incl. cholesterol, which plays an important role in human body. In the case of malfunction of these CYP enzymes, complica-
tions in the treatment of diseases can take place and/or enzymes can also cause various diseases itself. This paper deals with cholesterol,
disorders of enzymes metabolizing cholesterol and consequences of therapies of enzyme insufficiency. Treatment of diseases of this type
consists mainly in replacement therapy; however, without the early testing of the individual markers, the treatment may not be sufficient.

Key words: cholesterol, cytochromes P450, enzyme insufficiency, therapy.

Seznam zkratek

ABC transportéry — transportni proteiny (adeno-
sin triphosphate-binding cassette transporters)
ABS — Antley-Bixleriv syndrom

BSEP — exportni pumpa soli Zlu¢ovych kyselin
CAH - kongenitaIni adrenaini hyperplazie

CAR - konstitutivni androstanovy receptor
CETP - cholesterol-ester transfer protein

CYPs — cytochromy P450

HMG-CoA - 3-hydroxy-3-methylglutarylkoen-
zym A

OATP1B1 — transportni polypeptid organickych
aniontl 1B1

PCSK 9 - protein konvertdza subtilisin/kexin typ 9
POR - gen kédujici NADPH-cytochrom P450-
reduktdzu

PPAR — nuklearni receptory, které jsou obecné
aktivované proliferatory peroxizomu

PXR - pregnanovy receptor X

Cholesterol a jeho diilezité funkce
v lidském téle

Cholesterol je steroidni Iatka, kterd se v orga-
nizmu Ucastni rliznych biochemickych cest (1).
Podili se na stavbé bunécnych membrén, a to
zejména na jeji fluidité (2), dale je substratem pro
syntézu biologicky vyznamnych latek, jako jsou
oxysteroly, Zlu¢ové kyseliny nebo steroidni hor-
mony (3, 4). Cholesterol je reguldtorem genové
transkripce, degradace proteint, enzymovych
aktivit a byva zapojeny do programované bu-
nécné smrti a transdukce signalu (5). Cholesterol

je tedy pro lidsky organizmus nesmirné dllezi-
ty. Je syntetizovan de novo (600-900 mg/den)
z acetylkoenzymu A a jeho biosyntéza probiha
u lidf prakticky ve viech tkanich, pficemz nejvice
v jatrech a mozku (5, 6). Cholesterol se do organi-
zmu dostava také z pfijimané potravy. Mnozstvi
pfijimaného cholesterolu by mélo dosahovat
300-500mg/den (5). Zvyseny pfijem choleste-
rolu, a tim zvysené hladiny cholesterolu v or-
ganizmu, ma za nasledek zvysenf rizika vzniku
aterosklerdzy a dalsich kardiovaskularnich one-
mocnén.

Enzymy metabolizujici cholesterol
Cytochromy P450 (CYPs) jsou hemové pro-
teiny, které jsou odpovédné za pfeménu ne-
malého mnozstvi latek v téle. Vyskytuiji se pre-
devdim v jatrech, ale nachazejf se také v dalsich
tkanich, jakou jsou napt. plice, ledviny, gastro-
intestinalnf trakt, klze, mozek nebo nadledviny
(7). V lidském téle je dosud zndmo 57 aktivnich
gen(, které jsou rozdéleny do 18 rodin. Aby mezi
oznacenim téchto enzymd nevzniklo nedorozu-
méni, oznacuji se Ciselné podle rodiny. V kazdé
rodiné jsou enzymy, které maji minimaliné 40%
podobnost v sekvenci aminokyselin. Pokud je
mezi enzymy podobnost vétsi nez 55 %, fadi
se spole¢né do podrodiny, kterd se oznacuje
pismenem. Konec¢né cislo pak oznacuje indivi-
dudlni gen, napf. CYP3A4 (8). CYPs metabolizujf
exogenni latky, jako jsou Iéc¢iva nebo necistoty
Zivotniho prostredi, ale také endogennf latky.
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Mezi né patff napf. cholesterol, ktery je témito
hemovymi proteiny metabolizovan na steroidnf
hormony a Zlu¢ové kyseliny. Tvorby Zlu¢ovych
kyselin se Ucastni pfedevsim CYP7AT1, déle pak
CYP27A1, 8B1, 39A1, 3A4 a 46A1. Naopak enzy-
my CYP11AT a CYP17A1 se podileji na tvorbé
gestagend, estrogend, glukokortikoid¥ i mi-
neralokortikoidd. Biosyntéza glukokortikoidd
a mineralokortikoid probiha dale za pfitom-
nosti CYP21A2 a CYP11B, zatimco biosyntézu
pohlavnich hormon@ umozriuje CYP19A1. Jiz
samotny cholesterol vznikd plsobenim enzy-
mu CYP51 ajeho prekurzor 7-dehydrochole-
sterol se postupné pfeménuje za Ucasti CYP2RT,
CYP27A1 a CYP27B1 na kalcitriol, tedy aktivni
formu vitaminu D (9, 10). Metabolizmus chole-
sterolu zahrnuje tedy nékolik biochemickych
cest, ve kterych hraji ddlezitou roli cytochromy
P450 (obrazek 1).

Lécba zvysSené plazmatické hladiny
cholesterolu

Cholesterol je pro lidsky organizmus nezbyt-
nou latkou, nicméné pokud jsou jeho hladiny
v krevni plazmé vysoké, zvysuje se riziko vzniku
kardiovaskularniho onemocnéni. Biosyntéza
cholesterolu je fizena jeho pfijmem v potrave,
proto jedna z lé¢ebnych metod snizeni plaz-
matické hladiny cholesterolu je dodrzovani
spravné zivotospravy. Mezi registrovana 1éciva,
vhodna pro |é¢bu hypercholesterolémie, patfi
statiny (atorvastatin, fluvastatin, lovastatin,
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Obrdzek 1. Schématické zndzornéni biosyntézy cholesterolu a jeho metabolizmu: biochemické cesty za Ucasti cytochrom@ P450 sméfujici k syntéze
Zlu€ovych kyselin, mineralokortikoid( a glukokortikoidd, gestagend, androgen(, estrogen( a vitaminu D.
Acetyl-CoA — acetylkoenzym A; HMG-CoA - 3-hydroxy-3-methylglutarylkoenzym A; CYP — cytochrom P450
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rosuvastatin, simvastatin). Jejich mechaniz-
mus Ucinku spociva v inhibici aktivity 3-hydroxy-
-3-methylglutarylkoenzym A (HMG-CoA) reduk-
tazy, kterd se podili na biosyntéze cholesterolu
(5, 11). Dalsimi pouzivanymi hypolipidemiky jsou
fioraty (ciprofibrat, fenofibrdt), coz jsou ago-
nisté receptort PPARa. Nukledrni receptory PPAR
maji funkci transkrip&nich faktord, které regulujf
expresi gend. Obecné jsou tyto receptory akti-
vované proliferdtory peroxizomd, jako jsou napr.
préavé fibraty (11). U¢innéa je také kyselina nikoti-
novd, nicméné jeji pfinos nepfevazil rizika lécby,
a proto byla jeji registrace pozastavena. Pro sni-
Zen{ plazmatické hladiny cholesterolu by mohlo
byt U¢inné sniZzeni absorpce cholesterolu nebo
zvyseni jeho eliminace. Kli¢ovou roli v absorp-
ci cholesterolu zaujima specificky transportnf
protein Niemann-Pick C1-Like 1. Mezi inhibitory
tohoto transportniho proteinu se fadi ezetimib.
Jeho pUsobenim dochdzi ke snizeni absorpce
cholesterolu v tenkém stfevé a zérover k blokaci
zpétné reabsorpce cholesterolu vylou¢eného
z hepatocytl do Zluce (12). Ezetimib sice nemd
vyznamny pozitivni vliv na kardiovaskularni one-
mocnéni, nicméné jeho hypolipidemicky dcinek
se vyuziva pri dysfunkci ABCG5/8 transportérd.

Tyto ABC transportnf proteiny (Adenosin triphos-
phate-binding cassette transporters) se starajf
0 zpétnou exkreci absorbovaného cholesterolu.
Plsobf tedy jako effluxni pumpy, které snizujf
absorpci cholesterolu z lumen stfeva, zatimco
v jatrech naopak zvysuji jeho exkreci do zluce
(13). Pfipadna mutace a nasledna deplece ex-
prese ABCG5/8 transportérl ma za nasledek au-
tozomalné recesivni onemocnéni zvané sitoste-
rolémie, u niz pacienti vykazuji zvysené plazma-
tické hladiny sterol(, a predevsim jsou ohrozeni
pfedcasnym rozvojem aterosklerézy a zvysenym
rizikem vzniku kardiovaskuldrnfho onemocnént.
Toto onemocneént je sice velmi vzacné a na ce-
[ém svété je asi 100 pfipadd, nicméné podavani
vyssich davek fytosterol(, tedy pfirodnich stero-
&, by mohlo mit pfi nerozpoznané sitosterolémii
nepriznivé Ucinky (14). V soucasné dobé jsou
testovany latky, které inhibuji cholesterol-ester
transfer protein (CETP), a tim v organizmu zpU-
sobi zvyseni hladiny HDL cholesterolu a snizeni
hladiny LDL cholesterolu. Tuto strategii ke snize-
ni rizika vzniku kardiovaskularniho onemocnéni
vyuzivaji ldtky anacetrapib a evacetrapib, které
jsou stale ve treti fazi klinického testovani (15).
Stejné tak jsou ve treti fazi klinického testovani

latky, které inhibuji protein konvertazu subtilisin/
kexin typ 9 (PCSK 9). Tyto inhibitory snizuji de-
gradaci LDL-receptor(, a tim dochdzi ke snizeni
plazmatické hladiny LDL cholesterolu (16). Mezi
doplnky zdkladni farmakoterapie Ize zahrnout
silymarin, coz je smés prirodnich flavonoidd
z ostropestice maridnského, jez ma antisklero-
tické a hepatoprotektivni Ucinky (17). Je také
mozné podat probiotické mikroorganizmy rodu
Lactobacillus nebo Bifidobacterium, u nichz
se ukazuje, ze maji hypocholesterolemicky uci-
nek (18, 19). Tyto ucinky silymarinu i probiotik
se opiraji o experimentalni data; nicméné, co
se tyce klinického hodnoceni, v pfipadé sily-
marinu nenf dostatek dtikazd, zda mé tato latka
opravdu takovy efekt u lidi. Naproti tomu ur¢ita
probiotika se zdajf byt vhodnd jako dopInék z3-
kladni farmakoterapie hypercholesterolémie (19).
Jedna z moznosti snizenf hladiny cholesterolu by
mohla byt také kompetitivni inhibice CYP51, kte-
ry se podili na biosyntéze cholesterolu. Bohuzel,
u latek, ovliviujicich aktivitu tohoto enzymu,
prevazovaly nezddouci Ucinky, a proto se tyto
latky nepouzivaji ke snizenf hladiny cholesterolu
u ¢lovéka, nybrz pfedevsim k lé¢bé mykotickych
onemocnéni (5).
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Enzymova insuficience p¥i tvorbé
zlucovych kyselin a jeji lécba

Jedna z mozZnych cest degradace chole-
sterolu probihd v jatrech za vzniku zlu¢ovych
kyselin (5). | pfi biosyntéze Zlucovych kyselin jsou
nezbytné cytochromy P450.V pfipadé jejich dys-
funkce by mohlo dojit k akumulaci cholesterolu
v jatrech, a tim ke zvysenému riziku vzniku kar-
diovaskuldrniho onemocnéni. Prvni krok v bio-
syntéze zlu¢ovych kyselin je zprostfedkovan ja-
ternim mikrozomalnim enzymem CYP7A1. Jednd
se 0 neutralni, nebo tzv. klasickou, cestu syntézy
Zlu€ovych kyselin, ve které dochazf k hydroxylaci
cholesterolu v poloze 7a (20). CYP7A1 je rychlost
limitujicl a pfedevsim inicia¢né regulacni enzym
v syntéze 7lu¢ové kyseliny cholové a chenode-
oxycholové (21). Porucha funkce CYP7A1 nent
u lidi smrtelna, nicméné jeho nefunkénost vede
ke zvyseni plazmatické hladiny celkového a LDL
cholesterolu, k nahromadéni cholesterolu v ja-
trech (5, 20), k akumulaci hepatotoxickych ne-
nasycenych monohydroxylovanych Zlu¢ovych
kyselin (22) a ke zvyseni progrese aterosklerézy
(23). Je tfeba brdt v Uvahu, ze lidé se snizenou
aktivitou CYP7A1 maji nizsi odpovéd na podani
atorvastatinu, ktery snizuje hladinu cholesterolu
v krvi. Pro stimulaci funkce a aktivity enzymu
CYP7A1 mohou pomoci latky se schopnosti
snizovat absorpci Zlucovych kyselin v ileu, jako
jsou cholestyramin a kolestipol. Tato hypo-
lipidemika ze skupiny pryskyfic jsou schopna
ve stfeveé vazat Zlu¢ové kyseliny, a tim branit
jejich zpétnému vstiebavani. Nicméné, kromé
zpétného vstiebavani Zlucovych kyselin mohou
také stejnym mechanizmem zabrénit vstrebd-
vani lipofilnich latek, jako jsou napf. vitaminy
rozpustné v tucich, a tim vést k jejich nedostatku.

Zlucové kyseliny mohou byt také tvoreny
cestou alternativni, neboli tzv. kyselou, kterd je
katalyzovdna enzymem CYP27A1, a ndsledné pak
CYP7BI. Inaktivace enzymu CYP27A1 vede ke sni-
zenfi produkce Zlu¢ovych kyselin (pfedevsim
kyseliny chenodeoxycholové), ke zvyseni tvorby
cholestanolu v mozku a Slachéch, a také ke zvy-
Senitvorby Zlu¢ovych alkoholt. Dlsledkem toho
se u této populace mize rozvinout onemocnéni
zvané cerebrotendindlni xantomatdza, tedy one-
mocnéni, které se klinicky projevuje pfed¢asnou
demenci, ataxif, sSedym zdkalem a vznikem xan-
tomd (20). V takovém pripadé se pfilécbé poda-
va samotnd kyselina chenodeoxycholovd nebo
v kombinaci se statiny. Aby byla lé¢ba Ucinng, je
zapotiebi tuto nemoc vcas diagnostikovat (24).

CYP7B1 je na rozdil od pfedchazejiciho en-
zymu CYP27A1 obsazen v endoplazmatickém
retikulu bunék v mnoha tkanich, pficemz je nej-

vice exprimovan v mozku a ledvinach (20). Jedna
se 0 7a-hydroxylazu, kterd oxiduje 25- a 27-hyd-
roxycholesterol na pfislusné metabolity. CYP7B1
hraje roli nejen v syntéze Zlucovych kyselin, ale
také v metabolizmu steroidnich hormond, re-
ceptorovych ligandl estrogenu, a také v produk-
ciimunoglobulinu. Diky tomu ma tento enzym
siroké spektrum substratl a v kazdé obsazené
tkdni vykonava rdzné fyziologické funkce (25).
Pfi ztraté funkce CYP7B1 dochdzi v séru i modi
k akumulaci celkovych oxysteroll (20). Defekt
v genu CYP7B1 vede u novorozenych déti k sel-
hénf jater, a to z dlvodu zvysené koncentrace
kyseliny 33-hydroxychol-5-en-24-ové, u déti
a dospélych dochézi k progresivni neuropatii
az spastické paraplegii. Pro toto onemocnéni
neni dosud zndmé specifickd |é¢ba (25).

CYP8BT1 je dalsim enzymem, ktery se podili
na vzniku Zlu¢ovych kyselin. Polymorfizmus jeho
genu nenf dosud spojovan s zadnou nemocf
(20), nicméné porucha aktivity CYP8B1 by moh-
la vést k modifikaci syntézy zlucovych kyselin
a zméné ve vylucovani cholesterolu. Aktivitu
tohoto enzymu je mozné zvysit cholestyrami-
nem nebo kolestipolem (jako v pfipadé u nizké
aktivity CYP7A1).

Prestup cholesterolu pres hematoencefalic-
kou bariéru z CNS do krevni plazmy umoziuje
CYP46A1, ktery je lokalizovén predevsim v mozku,
kde hydroxyluje cholesterol na 24-hydroxycho-
lesterol (26). Samotny cholesterol pfes hemato-
encefalickou bariéru projit nedokéze, nicnéné
jeho oxidovana forma projit mdze. Zajimavé je,
Ze transkripcni aktivita CYP46A1 neniregulovana
cholesterolem, oxysteroly, Zlu¢ovymi kyselinami
ani daldimi latkami hrajicimi roli v rovnovéze cho-
lesterolu. Bylo zjisténo, Ze up-regulaci transkrip-
ce CYP46A1 zpUlsobuje pouze oxidativni stres
(27). Polymorfizmus genu CYP46AT je spojeny
s Alzheimerovou chorobou (20), kterd je v sou-
Casnostilécena predevsim kognitivy — inhibitory
acetylcholinesterazy a butyrylcholinesterdzy (do-
nezepil, galantamin, rivastigmin) nebo se po-
dava antagonista N-methyl-D-aspartatového
receptoru (memantin).

CYP3A4 je nejvice zastoupenym enzymem
zfady cytochrom( P450 v jatrech a je také odpo-
védny za pfeménu vétsiny léciv. CYP3A4 metabo-
lizuje cholesterol na 43-hydroxycholesterol, ktery
je dale pravdépodobné metabolizovan na Zluco-
vé kyseliny pfes CYP7A1, CYP27A1 nebo CYP46. Jak
se ukazuje, 4B3-hydroxycholesterol by mohl byt
endogennim markerem aktivity CYP3A4. Studie
totiz ukazuji, Ze pacienti s vyssi aktivitou CYP3A4
maji vyssi plazmatické hladiny 43-hydroxychole-
sterolu (28). Stejné tak se pouziva i kortizol, jehoz
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metabolit 63-hydroxykortizol se stanovuje v mo-
¢i pacienta spolecné s parentni latkou. CYP3A4
premeénuje dalsi steroidnf 1atky, jako je napf. tes-
tosteron, jehoz metabolit 63-hydroxytestosteron
se pouzivé ke stanovenienzymové aktivity CYP3A
in vitro. Informace o aktivité tohoto enzymu je
pro farmakologa i lékafe velmi ddlezita, protoze
muze pomoci predejit pfeddvkovani pacienta,
ptipadné usnadni Upravu davkovani podavaného
|é¢iva béhem Iécby.

Enzymova insuficience pii tvorbé
steroidnich hormonii a jeji lécba
Cholesterol je také metabolicky prekurzor
vSech steroidnich hormonU. Metabolizmus
v tomto pfipadé probiha odlisnym zplsobem
nezv pfipadé vzniku Zlucovych kyselin, nicméné
i zde hraji vyznamnou roli cytochromy P450.
Mezi né patf napt. CYP11AI1, ktery se nachazf
pfedevsim v nadledvinach, vajec¢nicich, var-
latech, placenté a mozku. Zajistuje prvni krok
v biosyntéze steroidnich pohlavnich hormont
a hormon kéry nadledvin (29). Jeho Ukolem je
odstépeni postranniho fetézce z molekuly cho-
lesterolu za vzniku pregnenolonu, ktery podléha
dalsim reakcim za vzniku androgen(, estrogend,
gestagenl nebo kortikosteroidd. Tyto hormony
jsou velmi ddlezité pfi zvladani stresu a zatéze,
v krvi udrzuji normaini hladinu cukru nebo udr-
2ujf rovnovéhu minerélnich latek, zajistuji sprav-
ny vyvoj pohlavnich orgdnd a jsou nezbytné pro
reprodukci. Mutace v genu CYPTTAT by mohla
vést k naruseni biosyntézy téchto duleZitych
hormon(. Onemocnéni, jehoz hlavnim rysem
je porucha biosyntézy steroidnich hormont
klry nadledvin, tedy glukokortikoid( i minera-
lokortikoidd, se nazyva kongenitdlni adrenalnf
hyperplazie (CAH) (30). Jedna se o autozomalné
recesivni onemocnent, které vznikd predevsim
mutaci v genu CYP2IA2 nebo CYP11B a prevalen-
ce tohoto onemocnéni je v Evropé 1:15000—
20000 zivé narozenych détf (31). Vice nez 90%
pacientd tohoto onemocnéni méa poruchu funk-
ce 21-hydroxylazy, tedy CYP21A2, a v pfipadé
této pficiny onemocnéni dochazi ke zvyseni
hladiny 17-hydroxyprogesteronu, androsten-
dionu a testosteronu, snizenf hladiny kortizolu
a ve vaznych pfipadech k nedostatku aldostero-
nu. 5-8% pacientl onemocnéni CAH ma poru-
chu funkce 113-hydroxyldzy, tedy CYP11B, kterd
zpUsobuje nedostate¢nou pfeménu 11-deoxy-
kortizolu na kortizol a 11-deoxykortikosteronu
na kortikosteron. Dochdzi tak opét ke snizeni
produkce kortizolu a ostatnich glukokortikoidd
(32). Nedostatek aldosteronu zpUsobuje ztratu
sodiku z ledvin, dochazf k hypovolemiia hyper-



kalemii. Nedostatek kortizolu ma za nésledek
slabou srde¢ni kontraktilitu a cévni tonus. Diky
hormonu melanokortinu se objevuje hyper-
pigmentace pokozky, pfedevsim na genitaliich.
V ddsledku negativni zpétné vazby se zvysuje
produkce kortikoliberinu, a tedy i kortikotropi-
nu, jehoz vysledkem je akumulace steroidnich
prekurzord. Pacienti s CAH se neobejdou bez
hormondlni substitu¢ni terapie. Bézné se podava
glukokortikoid hydrokortizon, pfipadné mine-
ralokortikoid fludrokortizon. Kojenci s nemoci
CAH se diky fyziologické mineralokortikoidnf
rezistenci [é¢i vysokymi davkami fludrokorti-
zonu, nicméné mezi 12. a 18. mésicem zivota
by méla byt davka bezpecné snizovana, aby
se predeslo hypertenzi. Je tedy dulezité sledovat
krevnitlak, mnozstvi elektrolytd v krevni plazmé
a plazmatickou aktivitu reninu. Pacientlim se sol-
nou poruchou CAH je také potieba dodat sodik
ve formé solnych tobolek.

CYP17A1 je klicovym enzymem v biosyn-
téze kortizolu, ale také pohlavnich steroidnich
hormon(. M3 totiz funkci 17a-hydroxylazy
i 17,20-lyazy. Porucha funkce 17a-hydroxylazy
je pficinou onemocnéni CAH, nicméné tato
pficina je vzacna. Viyskytuje se pouze u 1% pa-
cientl s CAH. Nizkd nebo 7adnd aktivita CYP17A1
ma za nasledek snizené nebo neméfitelné hla-
diny pohlavnich hormont. Divky s poruchou
CYP17A1 se rodf s normalnimi genitaliemi, nic-
méné nedochdzi u nich k vyvoji délohy a vej-
covodU. Chlapci se rodi s Zenskymi genitaliemi
zddvodu nekompletniho nebo zadného vyvoje
muzskych genitdlii (32). Zensky pohlavni hormon
se doplnuje ve formé 17a-ethinylestradiolu ne-
bo jeho prekurzoru mestranolu. Pfi nedostatku
muzského pohlavniho hormonu se perordlné
podavé testosteron undekanodt.

Aktivita CYPs je také déna piftomnosti genu
NADPH-cytochrom P450-reduktazy (POR), jehoz
deficit by mohl zpGsobit inhibici cytochromd
P450 nebo také vznik Antley-Bixlerova syndro-
mu (ABS) (33). ABS je neobvyklé onemocnénf
novorozencl projevujici se kraniosynostézou
s hypoplazif stfedové &asti obli¢eje a dysplazif
usi a nosu. Deformace postihuji i kosti konce-
tin. MUZe byt také narusena tvorba steroidnich
hormond, zejména pohlavnich, jejimz ddsled-
kem je naruseny vyvoj pohlavnich organt (34).
Prevence proti tomuto geneticky podminénému
onemocnéni v soucasné dobé nenf, nicméné je
tfeba se vyvarovat podavani flukonazolu béhem
téhotensvi. Flukonazol mize totiz vyvolat ABS
u détf, jejichz matky tento Ik uzivaly ve vyssich
davkéch v raném stadiu téhotenstvi. Lé¢ba ABS
se fesi chirurgickymi a ortopedickymi zakroky (20).

Vliv lé€iv na metabolizmus
cholesterolu a lékové interakce

Ovlivnéni funkce cytochrom( P450 nemusf
byt jen geneticky podminéné, ale mUze byt
vyvolané podanymi lécivy. Pfikladem mUze
byt inhibice CYP11B, tedy enzymu, dllezitého
pro tvorbu kortikosteroidl. Mize byt selek-
tivné inhibovéan celkovym anestetikem eto-
middtem nebo jinymi lécivy, jako jsou me-
tyrapon ¢i aminoglutetimid. Nékterd 1éc¢iva
mohou inhibovat vylu¢ovani soli Zlu¢ovych
kyselin z jater do Zluce prostfednictvim ex-
portni pumpy soli Zlu¢ovych kyselin (BSEP).
Léky, jako cyklosporin A, glibenklamid nebo
bosentan, mohou tuto pumpu inhibovat pfi-
mo v hepatocytu, ¢imz mohou sniZit sekreci
solf Zlu¢ovych kyselin do stieva a zpUsobit tak
vznik cholestatického onemocnéni (35). K [é¢bé
cholestazy se pak pouzivé cholestyramin, ale
muUZe se také pouZit antibiotikum rifampicin,
které je silnym agonistou pregnanového re-
ceptoru X (PXR) a zpUsobuje inhibici genové
transkripce CYP7A1, ¢imz dojde ke sniZeni bio-
syntézy zluc¢ovych kyselin (36, 37).

Podané Ié¢ivo mlze mit nezddouci Ucinek
na metabolizmus cholesterolu, oviem Ucinek
|ékl podavanych s cilem ovlivnit hladinu chole-
sterolu nebo jeho metabolitl v lidském téle mize
byt ovlivnén také jinym, soucasné podavanym,
léc¢ivem. Aktivace nuklearnich receptord, vyvola-
na podanymi lécivy, mize byt pfi¢inou indukce
transportnich proteind a enzymd metabolizuji-
cich léciva a zpUsobit tak farmakokinetické léko-
vé interakce. Mezi priklady klinicky vyznamnych
interakcf rifampicinu prostfednictvim kompetice
ve vazbé na PXR patfi cyklosporin A, fenobar-
bital, midazolam, verapamil nebo warfarin.
Vlysokou aktivitu k PXR receptoru mé i pfirodnf
sedativum hyperforin, ktery je obsazeny v ex-
traktu tfezalky te¢kované (Hypericum perforatum).
Jiz v nizkych koncentracich vyznamné indukuje
jaternf i sttevni CYP3A4 a CYP2C9, a tim muize
ovlivnit biotransformaci jinych Ié¢iv (napf. nékterd
kontraceptiva, digoxin, warfarin) (38). Statiny,
které se pouZivaji k terapii hypercholesterolé-
mie, jsou ligandy PXR, ale také konstitutivniho
androstanového receptoru (CAR) a metabolizujf
se pfes CYP3A4. Pacienti by se tedy méli vyhnout
latkam, které pdsobi pfes tyto nukledrni recep-
tory anebo inhibujf aktivitu CYP3A4 (antibiotika
klarithromycin a erythromycin, azolovd an-
timykotika). Inhibice CYP3A4 mUze zplsobit
akumulaci statinG v téle a zvysit tak vyskyt jejich
nezadoucich Ucinkd, predevsim na kosterni sval.
Navic vSechny statiny jsou substraty transportni-
ho proteinu OATP1B1, tedy i na této Urovni mdze

Prehledové éldnky

dojit k 1ékovym interakcim (39, 40). Je tedy nutno
brat v Uvahu moznost vzniku interakce vyvolané
jak soucasné podanym lécivem, tak i podanou
piirodni latkou, a snazit se tak zamezit vzniku
nezidoucich ucinkd.

Zavér

Metabolizmus cholesterolu zahrnuje rlizné
biochemické cesty, v nichZ hraji vyznamnou
roli enzymy z rodiny cytochromd P450 (CYPs).
Aktivita CYPs mUze byt ovlivnéna rdznymi fak-
tory, mj. lékovymi interakcemi a genetickymi
vlivy. Mdze tak dojit ke vzniku geneticky determi-
novanych onemocnéni, a rovnéz k manifestaci
nezadoucich ucinkd.

Tato prdce vznikla na zdkladé zahrani¢ni std-
Ze Zuzany Matuskové v laboratofi prof. Zangera
(Institut klinické farmakologie Dr. Margarete-
Fischer-Bosch, Stuttgart, Némecko). Autofi dékujf
za podporu projektiim CZ.1.07/2.4.00/17.0015, GACR
13-10813S a IGA UPOL LF_2014_008.
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