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Seznam pougitlch

Seznam pougitich zkratek

ABC AATP bi ndi-nrgsprrats@yéyct2ve§A T P

BCRP ABreast canceritrreasnsspoarntc& pr ot ei nhf

BSEP ABi | e s anii terxapnosrpto rpt ®r

CAR AConstitutive amdklbs8mamz receptor i

CYP Isoformy cytochromu P450

FXR AFar senoi di nXikrl esSeptortz o r i

GST GlutathionSt r a n sifeenrz8znyy |1 I . f 8ze biotransf or ma

IL-1 b I nterl eukin 16b

IL-6 Interleukin 6

MDR AMul tidrug r eisposdrandciena r/oBQ@ itnrsainsport ®r T

MRP AMul ti dru-gssesi at dgodrpdinaABE&iamsgofi ® r T

NTCP A N'aaurochoh t e cotransportiipglypelpypeptt dafis:;
organi &tk ® ani on

OAT AOrganic aniiomansaosp®rtiyeofigani cklch ani

OATP AOrganic anion trapopygpeipngdpoltympappiod ¢ i
aniorty

OCT AOrganic catiitamntsrpoomrsgpRaryt édrrigani ckl ch kat

OSTU/ b AOrganic solutferansapspo®teroillgédfi ckT ch a

PBC Pri m8rn2 bili8rn2 <cirh-za

P-gp P-glykoprotein (MDR1)

PSC Pi m§rn2 skl eraaizuj2c2 cholangiti

PXR APregnane iXukée&pnériieceptor

RT-PCR AReverse eipahgmeipsaschain reactionh

SLC ASol ut eiroalr miaentf ansportn2ch proteinT

SULT Sul f ot yiaenrszfyemyg zl | . f 8ze Dbiotransfor mace

TNF-U ATumor neclfiosis factor

UGT Uridind i f egd fu&tur ono yyenzyamy flelr.8zf 8ze bi otr an

Pozn8mka

V. textu mohou bTlt proteiny oznaleny vel kT mi n

doporul en?, kter8 poug?2vaj? vel8kS8p2p2memeanau uz vl2i

ekvivalent T
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1. Mor fol ogick8 struktura a funkce | at

J8tra patS2 mezi ¢iwnweiwDtdImedpirg@®nemg§
kterl caajimS80Ntamb®N®st i| |[dowIpedd ®#60 g u (e
ala00180gumugT) . KromD tvorby a sekrze&seo bgn 2udh
a endokrinBt BDfe futuanjitec e vychyt 8vgn2 det oxi k
endogerrdgknazch iv&undzkE. and KerttzrHD., 2008H).

1.1. Mor f ol omgkturaka®r st

Jatern?2 t k&R njcd tjvad S@ mg athalchyutaTd k jsout r § mc e
obvykle tvoSeny dvhma Sadami tRsnhD k sobh g
sb2haght k8§l. n2Mew®n N r § mc i prob?dataeg Pn2kreivmi s &
kterT mi prot ®k 8 sm2gen8 krev z vDtv2 port &
Port§l pSi v®ha 70 jkmed ys 6T m obsahem ¢givin
obsahem kysj atkear ndbad§pvaiRrk cev bbb @Wbdpo SHdEN?
hepatocytT v tr8mc2ch je takov®, ge kagdl
sinuoidu p S ®isseho prostor St Dwy ¢sgufremse st r cwdn®@8§ viznar
transpolr&stl 8hteepka tnoecny?t uy, d®sselioghiett 0w r e m, t voS?
glulov® kapil 8ry a na @l ulne(@odi)uuatzB Bnd it r a

Kuntz H-D . , 2008b; Mareg J., 2003) .
vétev
portalni vény Zluc¢ovod zlucovy kanalek sinusoidy
= SGmAn S |2
—— e 4
y Fe) ot /_/-/( E
R s N
/ s e . 3
[ e - ; W4 - ¢
Vil : ‘/‘/ /’ A
vétev hepatocyt centralni véna

jaterni artérie

Obr.1.Sch®mar uktury J aoé&r kz v §zadrelinjd Imi Ipa loTsiGsckdy Kr e v
zvldt ve p®®myS | men®ritglzn2per i ferie do centracerdtral Tl ku)
l al T ku do ¢l utrdwdckd Tarrt & jpacBreinfheskioovke ®&zeine- parzt &Kirnvze z
veOnyt ok sm?2 getoky) | kuARSey zat o ¥&anbDeGraaff (2001). z

Mezi endotelovIimi buRkami jatern2ch sin
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KupfferovyetpwuRleywnwchymov® buRXYy %vosSHkKawed Sh b
popul ace jatern2 tK&rntnB) mohytna kd LRk y 2jhoo U aga
kterT p&hlkguijse pot enici Wing8Shikwe dtDnx® cdkol mj at er

atakbr §n2 jejich pSenos uDisseho postsuts®ab & ®dhjg2% r k u |
hvRDzdicovit® buRitagin 50 58adlap?af® tjukklkavyl i pocy
b u R KOpr. 2)

Hepatocyty

Endotelové
. bunky
Kupfferovy

culilcy Jaterni sinusoid

Obr.22Sch®mati ck® zn8zornhDn?2 | at e mwiénmedspasd.canusoi du. P

Z8kl adn? mor fologickou jpeenat k(ul a]J 31 ek
cent r §llobélus ve®ae gentraljs, kterT je tvoSengt2rc®mdi |
sekcentr 81 n23) veh®dt € O .1 al Tl ek m8 tvase nepr a
zaobl enT mi st Dnamij.s oNla upregrsitfndxniyi valarivTel kjuat

interlobularis) , p ovr®n@enaniAteriobulariy a i nterl obul §rn2z gl u
j at er fp2orttroiba 4 i) Kuntz2E. and Kustz HDr. |, 2008b; Gv2glerc
Slav2zkovsg§ J., 2008).

Z&8kl adn2 funk]| n2prjient8nront2kcinusajt&brent2 Bay o Skt e
uspoS8§d§gn pod®j atesyn?2 tawofem®ol ou, port 8l n
al ymfatickou c®vou. Jatern? acinus joe rozdl
lal Tl ku:

A z-napelr,i potlt 8k aPR i zcoevn§tnrau \solwenak u v ¢ yz¢g 2 m
obsahem kysl 2ku a ohriajactn alps§ s&«masdt i o u
glukoneogendz ureajenet, seht ®kovi n, cholesterol u e
aznegk addkMre2o’xdé mT k e af agamienferms e
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Az - nint@rmedpSeoahodn8 z-na mezi prvn2 a t S
Az nape3,icentoBhh?zov8&na na merkirhve2g g¢ mac i
obsahem akmag 2R u k| 2 |roevdouskhl 4k e, avigd yckép | T z

lipogenez, oxidaci cytochromem P450 a konjag sglutathionem a ¥selinou

glukuronovou; tato z-na.m8 nejnigg?2 rege

Jelikog rnantzrmedn&msr yB8mepnSedpk kh8dg§ se,
polovina t® o z-ny by mohla blt pSiSazena
jatern2 acinus pSiblignn tsvoabrN dzv8okul aBirmnajniizh e

(KuntzE.and KuntzHD. , 2008b; Gv2glerovs8 J. and Sl av?2
2003).

T ————

Obr.3.Sch®ma jatern2ho | al Td kpr i( m§tmetzieinh gp Saecriunguo v @ n
pl nou | 8irpoour)t.obHBH 8§r n2 priocsd mtrr §lj gdteavi@ptartt rilil an) ,z - C
inter mediiSlenr2i czeennt® $d2atzo n@veapgt atéme 2 X20088 J .

1.1.1. Hepatocyty

Hepatocyy j sou pol ari zovan® ep4dQe&Zm8ljAMmapaR
80% objemujatera 606 5 % chep klotv® bunNkR pawvwechu hepatc
smNRSuje do Disseho prostoru, j e vV ywiamutio
zvNRDtguj2o0 pil mcdmwziipvPnij gR 8§t ek me z i Krv?2 a hi
obsahuog Rt €r8& r o tytodlannp 8 ] elt miribbozomy, endoplazmati€kmi
retikuly, Go | g i émpmiteclpoadried it , ale tak® | mysRPorradhmy a
hepat ocyt u mentorS®ktetoul el rSozdNl it na dvhND morf
odl i gifkentZE§ad KuntzHD. , 2008b). PSiblignhD 85 %
buRKky pSsidsttsaoviud &l n2 ( b a z 9a bast cerapsl kne2e)|l nrde niburng
Je pSivr8cheom8§prdoostDirausea zaji gSuje pS2mi Kk«
jatern2ch sinusoid (pSes f enebBissehapastorggndot el
Vjiatern2ch sinusoidech vzni k8 kloéntdkeyatjg>a| n 2
dohepatm$@jchlban| at er §l nU | Géesmlgkg§A u.r oz pucs?tcrho st

1C
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amen g2 mol ekulou je tento procesatr2eradad zov §
svhNt g2 molekulou, jmebpr 6§t 8&dkoviEmngpbhst &é ¢
proteinuKanal i kul §rn2 ( atpi k$2 nBH IYneanblrk€mwa®ho po
PSedstavuje exkreln2z p-| hepatocytu a vytyv
prolwt bt opmdst Dvysok®mu koncentral n2mu gr ad

H,0

1. Gap-junctions

2. Tight-junctions

3. Perikanalikularni sit
aktin-myosin

4. Transcelularni transport

H,0

Obr. 4.BunhNl ng komepakacetjeunhc.t i A@a@mH usnadRuj2 inter
(napS. pSes dif%zi sekund8rn2ch posl T, modr® gip
brg&n2 tak n8vratu slogek ¢gluli do atazwmuwdykainal i
elektrolytT (lerven® g¢gipky) pSes hepatocyty a t
vytvoSenl aktivn2zmi transportnimjiossys tz@pmyost Bedk
kanal i kul 8r n?2 kontrakce, plktréerc@nuisslanRud 2 do ol e i
Transcel ul 8rn2 na mi krotubul ech z8visll vezi kul

rozpugthDnTch | 8§t ek (| erTnaBnerget g. KL99B). PSevzato a upr é

Hr ani ce mezi kabalkd c8lrant2e rr8d mer Ssnou tvoS2 m
typu Aight-junctionsii (t Dsn® spoj e), kter® wuzav?2raj? |
n8vratu slogek gl uli do -Pl,azm@0gKudezglE.r o
Slav2kovsg§ J., 200Hepabcguiye d.§ Agpjunditnsih uf 8 6 8 P .
usnadRuj 2 intercel ude@i hs¥ezkkuonnuu§nrink?acchi p(onsa pTS .
potenci 8l u). Oba typy smheman o bhkepdt kd etbBr v
spol etlrnam sspor t whenpiatporcoycteescyh S$2d2 tvorbu ¢l ul
spoje regwlnpddyapohygpugt Pat ab e |l pidstdrk mézim
hepatocytya pr ot o pSi jak®mkol i v transportu | ®|
funkl nostrydPomz®hbdwagmn® struktur 8l n?2 a funk]
bari ® 'y peei B@ahali k Biygsinn 2kzgerEsa Steidk ovEVv E ka
kontrakceau s n aedtRaulj gl ul e z pericentr 8l RSbnogdo

11



Pbvod

makromolekula oz pugh Dn8t ek je v heptaaonsgygeleouh8§ezmpi o
(Obr. 4) (Crawford, 1996;Trauner, et al., 1998).

1.2. Funkce jater

Mezi z8kladn2 funkce jater patS2?2 metabol
asekrece gluli, i muniftwdakcendo&dkronsnfa®@zg seo
hemokoagul aJ]ntobrbakaorzBEni k | ervenlch Kkrvi

krevn2m rezervo8rem, jelikog jaternz c®vy o

1.21.PSehl ed z8kladn2ch funkc?2 jater

Metabolizmus sachar d J 8§t ra jsou vIiznamnim org8nem
sachari dT. Udr guj 2 plazmatickou kom&2epadIaci
pot Seby javguwhgtBuoph ag 87 % glukudygeam2an
gluk-zov® homeost§8zy zajigSuj?2:

A glukoneogenezi,

A glykplTzu
A skladovg&§n2 glykogenu
A
A

glykogenezi
gl ykogédrGalalhaun, 2009; Raddatz and Ramador
J.G., 1995)
Met abol i znwustlaibpild Zmu | i pi dT zast8vaj?z |

vychyt ®wx§ n2a,c ebwao lpSleandnmas,t nTch kyselin
synt ®za ketol 8tek jako,zdroje energie p8§
syntp®ma mati ckiTch | i poprotein

pSemNDna fli poprotei

D> > > D>

katabolizmus LDL (Aow density lipoproteif), VLDL (Avery low density
lipoproteifla chyl omi krognovlich zbytkT

A syn®za a odbour §vgn2 cholesterolu
Aliponeogeneze (Canbay, et al., 2007; Voet
Met abol i zmus ami n.oAkn sneolkiyrs ed i mryo tj esioruT di st r
(80 %), jater (15 %) a plazmy (5%.%) 8t Pedh
doch8%z2grkdaci vihe ami emo&rysied li mélacmwandlinu, e uci n
kter® jsou r ozKkjl8tdr8encyh vper osbv2ahl8e:c h. V

A deaminace aminokyselin

12
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Atvorba m&O,0avi dyouz mol ekul amoni aku vzn
aminokyselin,

Avzgjemng pSemRDna aminokyselin

A tvorba plazmaticklch b2l kovin vyjma in
p r o tiealbumin, ceruloplasmin, haptoglobin gl obul i n gldhaimj 2 c2 1

v 8 z aj 2 c, 2trangkabalamim,o transferimj. (Kuntz E. and Kuntz HD.,

2008a; Voet D. and Voetovs§ J. G., 1995)

Met abolizmus ¢glRdiom§rccm2 kylselloawm® kyselin
achenodeoxycholhoevp8a)t oxymiekdj 2) ak o degradal n?2

| i nnost 2 mi kr ozom8lan?2 emh t o cpheornodxriiz8ol M8l cnk? ¢ b n z
konjugoa8mynem a gl ycinem. Li nnoleug Caecanaer ol
acol on jsou prim8rn? glulov® kyseliny konyv

(kyselina deoxychol ov8holloiN8i)salcehdon D v § e a Kk ke
|l ithocbonktym8ti cky konvertov§8na na 8kyseh i n
akysd i na ket ol it h ona haklyselwegurspdeoxyphSlevanjdétdr e c h i \
st SevDh. VDt gina glulovTch kKkylazie(bca M0 o d | ®h
secer ndaysaimdioc hg.l uP®y)ze tMxckh§ PEEsh s& en esvt sSteSed
aj e vyl orgahimmsat aqHafnecahn, 1990;Kuntz E. and Kuntz-B., 2008a;Voet

D. and Voetovs§§ J.G., 1995).

Metabolizmus bilirubinu.  Bilirubin v z ni k § degr ardoazcpra d h e el
erytrgadytrecnhn (hepatocyty, Kupfferovy buRky
Jodn8 nseepod 8§r n2 v eou, v oldiDp od ¢ rl dij perorl sfiyankzmus
potenci §l(MMAartegxiJck8§8 280B) az vMat ivakibRDalnbumi n
pSes sinusoid§l n? me mb r § nu *-zdSov i ht dr @amtsopcoyrttTn 2 g
proteinu WNTaCwlPr otANhate <cotransporetzi§vg s Iplodh
transport ®r T z rganio drion yrans@afgl polypéptid®). \wl ad k ® m
endopl az mat ihepat®ynd o0 @ tk gelkolohjugacis kyselinou glukuronovou
za aulk i enzymu glyu N@s o ewimtdrke8n s ver 8zod D ro
bilirubindiglukuronid, kterT j u\y resisjahce | ov 8 n
associated protei ni) transport®r T pSes k a
(Konr8dovsg§ V., et al., 2000).

Metabolizmus porfyrinu. Porfyriny jsou prostetickouskug nou hemopr ot e
kt er ® malprSnuj® e myogldbio,bdytachromy ox yge rk&zap! §z
Ksynt ®ze heoeddédkophghzn?? 8598 avits8( 80h (15 %), p

13
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dvhD tSetiny hemut oveyht ovrodSrein2®hho jvat er jsou Vvyu
P450 (Kuntz E. and Kuntz FD., 2008a).

Endokrined g§fuake$ids ggewndj 2hok mon 8lé n@2 h o me
druhou stranu | s o Mezijtytonhbrmonyp a v § % nv Blakagln y
katecholaminy, glukokortikoidy, androgeny, estrogeny a progestdrdht r a mi mo | |
za s a ht wjki®metabolizmu itaminu Dpr ost Sedni ct ¢hofekakiferdr o x y | a
(vitamin Ds).

Z8sobn2 JB8umlkc ¢ sou r ez eraBbd2§ roemhii § amena /
k t ese @&yskytujev e formnD feritinu a hemosiDder i nu
2008a; Gv2gl erkwy¥ 8JJ.an@®0bI8a .

122. El i mi nace | ® iv v j8trech

J&8tra jsou c eznatjri§yl Snejtrd bcorigi §znneuns endogenn?2
g | ull cokyselin, bilirubiru) a xenobiotik (alkohal, | ®| iTvaj.), tak D jejichn
ng§sl ednou exkreci doohgltu§l ee n zTyomop S0 tpimbvas\sids
gi rhogpéktra r ansportn2ch protei nklas klgydthhoytt!8ivve& 2
do jateri metabolizmusi eflux zj at er ( Funk, Aojated p Si VLEd Iknyy |
pSedevg2m prost SednkcetrBwdpOp/Bt Bt avn2 ho z §s ¢
tohoto org8nu.

P Slii f,iésp.transportuv nt racel ul §do3 ;g p whkprtalitu u s e
senzymovIimi syst®my, kter ® sam®jtarmajl 3d tj/ ej.i d
met abol i z8mes dpoabf¥Bz2ch.

A Fsgzpelzalogena na SadhD reakc? (oxidace,

mal 8§ zZvreD nst rmol tekkSid y | ® i va ( dexadck& y | ac e,
deami nace, |heylderfclhitzoa)zebified? | kg dnebof i | i t
ochal en2 nukl e-OH,iNHN-B5H, € OOKHY pipmo( n8sl edn® |
dNje. Z8&8kladn2m enzymovim syst®mem t ®to
Na | . f8&zi bi osermonhospfoodt?maetaek @bs@|eirvezy ( na

pseudochol i Beyt dm&p&), xaxnitdnoxi d§za), ne
redukt 8§z a)
A F§zespodl| kwshjugaci mateSsk® | §tploduktynebo ]

i ntermedi 8rnz2ho metabolizmu: kyselinou
aniontem, Kkyselinou octovou, neba Dkt er T mi ami noénysel i nce
glutamirem) . Tomu odpov2d§8 bohat§ enzymov§g vl
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UGT (UDP-glukuronosyltransfé& y), GST (glutathiorS-transfeg y), SULT

(sulfotransfe§ ¥) a NAT (N-acethyltransf&§ g) vj 8§t r(Evan® and Réhg,

1999;Strolin and Baltes, 2003;Zaméiiszczynski, et al., 2006).

N§s | edn N®loippapiho?methieolity hepatocytb uN pr ost Sedni
zphNDtn®ho transportu do Kkrve, kterl prob2hts
vyl ul ov &8nwhDtdgpi ngdw | pr ot i k a n cTeemtt roa |prr2omuwe sg rj aed
prost Sednictv2mBg etdma s MDR biideghdasse pr ot ei ns i
kt er ® | ebhalniaz kwdmmy i kulaBep? chhkgmBuB B8 na doo
ener gi e AMEFurik2008)1)

2. Transport | ® iv v J8trech

J8tra s e mgiabdiZnl mgbd exkreemnolee ndogenn2ch a exo
| S&tlei pofi |l n?2 ool pphyhovay p Is@z nimy do | atpestom?2 ho ¢
nebo facilzi¥taadwa pou §diokEbholt §aaek stejnh jak:«
enicm®nBAnsportovsgna prostSednictv2m transj
bazol ater§ln2 mBPmbt&hdt hepatpBegte Ve mz & p @jnisj
ze skupiny SLQObr.5) J e dn o somlbrbno® snefllr n® bazol ater 8l n:

pSens&g® s udjsattredmpyt bsol u do krve, zat 2mco Kk
syst®my zajigSuj? bil i 8rn?2 exkreci endogen

upl at Ruj 2 pSedevyy2 mk tABrC® teaxamosrptoujt2®r sv ® s u
koncentral n2mul sqgadiijentkonceah r atwepbtecytr §t T
apSi pravuj 2 koncentral n2 ngXx a(dH aebnetr ,n ae tb aazlo.l,z¢
transport®ry | oaktaelriS8zlme amb® 8§ mlA ItheapgaotlBée-yt T (N
AMul t i dr u@ssociated ipoteith, 156 @ ) Zvyguj 2 SVoji expr e
jatern2ch onemocnhn? vedouakpBv | @uasexporic h®t ekt §z
zhepatocytT do krve, | p®BgdjedrnakkEmr §htvami
se | §teadlnak pPBepmMDEPYE&KA® |jatern? exkrece
(Trauner and Boyer, 2003).

15
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Hepatocyt

OSTalB
MRP1
MRP3
MRP4
MRP5
MRP6

OATP Faze |
Faze ll

Obr. 5. Tr an s pporrottne2i ny na membr 8®Echahgpatowytchyt §v 8n
NTCP (tdiNaic hol ate cotr antsrporgp argts@nogryrppept OAETR) (A
anion transporting polypeptidef) transport®r T na
vychyt8vgn2 | 8§tek chtdr akt@CTl olr§taenk ic & b e & Wkatkie oun o «
smeng?2 mol ekul ou. Transport do glule je zprost Se
pumpif), MRP2 (AMabktobdiatgedepr s tBaehsh earér yesistanceB CRP |
proteim) pr ot ei nem. MDR3 (0AMiInt i3dinu @ Sreensgiget drosd apgri dy
gluli sm2gen® micely spolelnhN se ¢glulovimi kysel:
protetimansiportuj e or@lainva kdkcar &latt é owmt T. MRP 1, MR P ¢
( AMulugtrésistance s soci ated protein 1, 3, 4, 5 a 6fA) a
| okal inzaoviaanz®o | at er §1 n2 pBlethba lBwmd| thaetpiatmc yt @st u e x k
kyselin a dalg2ch | 8tek chmowu®terR&eolrmateo ckl cphr a

ze Zollner a Traune(2006).

21. Bazol ater8l n2 transportn?2 proteiny
Transportn?2 Ssyst ®my | okali zovan® na b ¢

hepatocytTolsodwos@mBr ndr opohyb | ®| i v me z i kr

bazd at er 81 n2 c lseznamagiachz Pt a®nFch subabtlr 8t T zn§8z

2.1.1. NTCP
NTCP “thAaNuar ochol ate cotransporting polype
transporptS@rr,p gkt &d In®n jkurggobvual no® ® a kryisded 2i nayf i ni |
inekonjugovan®. Hn ac®2st aul oemhp d @ Rrb(Meiea, ets por t
al., 1997)Substr NTGPj ppa pSedevg2mavydg ak ov@®prk yslet m:
kinetijgemall i®| i v
16
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2.1.2. OATP

OATP (AOrganic ani on trand®)p @rSteinag e | peo |
reprezentuje vbrnnamnopuw o¥%eohmhdu spro transpor
transport®r T je neZlgaproeinyg pnasp Sjeétbkopurs8nsidrin TN
transportl 8t e k , kdy hnac?2 si bo#&amhiggtet§abule/bebopr ot i t

glutathionSk onj  H&atgenbuch and Mei er , 2004; LI, et
identifikov8no v2ce rka@rbheh|l jenexp®i mosgnop
Me z i nejdTl egitnjg?2 z8st upcePlA2 @LCO1IA2p di ny

OATP1B1 (SLCO1B1), OATP1B3 (SLCO1B3) a OATP2B1 (SLCO2B1). OATP1BL1 je
hl avn2m transportn2m pr ot8etirneecnn.p rvVoj excyhamlyy tvel
transport ®ry kromhD OATP2B1 s e Yal ast n? pSe
(Kullak-Ub I i ¢ k, et al ., 2001) . Substr8tovg spec
spektra organickich aniontvyRtz@hrmoljekul duwt |
l.typuunap$S. chini di n) Tah. 1 (HagertbuclgdnahGui, 2008 r oi dy

2.1.3. OAT

Rodina SLC22A (AOrganic anion transport
poprv® killedov &8} hy OAT1 (SLC22A6) a OAT3 (.

pro transpoRk&§dmW| pvoxwi m§&§l n2ch |l edvinnlch t
vexkrecie | ® Sady endogenn2ch | §tek i | ®] i v, n
urikosurik a diuretik (Koepsell and Endou, 2004).jV8t rech j e | okal i zo"

OAT2t r an s p o r (SLC22AP (vantMentfaort, et al., 2003;Zair, et al., 2008). Tyto

transport®ry jsou schopn® pSemi sSovat organi

2.1.4. OCT

Skupi na OCT (AOrgani c cation transp
zprost Sedkovs8vsg obousmhDr nme npgSe nnoosl eokrug aonui. ¢ kH
transportu OCT j#t omt o p&Sapad®Bl ektrochemi cklTtugradi e
HI avn2m z8stupcem t ®todskliuph ny8§ttremspjpet O
OCT2 (SLC22A2) I edwixmp&chmoar s@ANV3 (SLC22A3) |
tk8n2ch (Koepsell, et al., 2003).

2.1.5. MRP1, MRP3i 6
Tyto transport®ry (MRP1, zABBRRrmdrodiniseus , MR F

17
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lokalizovd ny na bazol ater 8l n?2 memb .6 bPBohepat oecfy
endogenn2ch | 8hefkatao cxyetnJo bz pNti kdae kr ve. MR P ]
associatd protein 1fd;1 i ABECtLh hepavt ocy8éerch uc
vintracelul 8hnackhkygadijkgdb em@bjyeh &t &ybhbstr §ty,
k o nj sglBathipnem, kyselinoglukuroro v o u n e b (dedlisséhkypev ab.,lL997).

Expre® MRP 3 ( AMul t i-adsrsuogc i a £ e d s tparnoctee i n 3 f; ;
( AMul t i dr uvags sroecs iastteadn cper ot ei n 41 ; ABCC4) | e
ast oup§ p S irespcdefwitudRP28ejichz v T §exprtesea n8§sl ednD zv i
efl ux st rdpoSTkdrseavuj e kompenzal m3 | m&@chan
exkrece intracelul 8rnD se kumuluj2c2ch | 8t
bilirubinu (Zollner and Trauner , -asddiaied) . MR
protein b5mMgj 2ABLCHgpnost transportovat cykl
adenosil3 6 smod<h of osf 8t ) a cGMBOModmbioskBt pud Res i
2003) . Mr p6 ( A Masbotiatedly ruayt eri ens i 6t ;a n A brc wab ) j e
bazol ater &l 83 n? khemblrB8kND potkarn2adlermépaetxka
| ® iv se zdBebikodimeri amgpor tTuj(eMaldSotnk,y ecth
2000). AuUKOblett?elkypolvyeny vysok® higadieecy BRP&dm

jehorolepra¢ r ansport | ® iv zTst8v8 neobjasnhDng (|

2.16.0STU/ b

OSTU/ b (AOrganic solute transporter U/Db
jateriteak®a vl edvingch. Jej i ch , &tdroidpao ud ajleg 2p S
organi ck®s blaSztoklyat pS&1 e i tneelnb&I8nfucht obupbPig §n
V cholangiocytectab u Rk 8§ ch pr oxi m81l n2 c funk¢iASBT T( ARplivé a
sodiumdepe nden't bil e salt ,thrlaanvsnp?ohrot epgealgsorpti rnaun s mp!
glulovichdkyseebunhNk (Boyer, et al., 2006).

18
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Tab.1.Baz ol alt@kt8d @&rPs p o r thre?p ap. d@ trigodfymonin, T, T tyroxin, LTC47
leukotrien G, cAMP - cy k1l i ckT-3 Ga;miin@fso 1f §4 ¢y kd GMFK T -3 @susam osi n
mo n o f o s-¥28-{cyklo I rp-D-Asp-L-Pro-D-Val-L-Leu}]

Symbol genu Protein Substr 8ty
SLCAAL NTCP glulov® ky-8=ulifn§t, esalriomd
SLCO1A2 OATP1A2 | 9 l ul ov® ky-8=lUl 3§44 fexaddddin,o n

oubain, chinin

gl ul o Viny, bikrybim,estror3-s u | f;, 4 quabdin,
statiny, sartany, rifampicin

glulov® kysel i-B&yyl gl i T4uT
SLCO1B3 OATP1B3 |di goxi n, rifampicin, me t (
olmesartan, digoxin

SLCO1B1 OATP1B1

SLCO2B1 OATP2B1 estra-3-sul f §t , benzyl penicil
digoxin

SLC22A7 OAT?2 prostaglandiny,fa mi nohi pur 8t , s al
zidovudin

SLC22A1 OCT1 acetylcholin, kortikosteron, progesteron, metformin,
chinidin, verapamil, acyklovir, ritonaviranitidin

ABCC1 MRP1 daunorubicin, doxorubicin, etoposid, vinkristin

ABCC3 MRP3 sulfatovan® ¢glulov® kysel

ABCC4 MRP4 konjugovan® ¢glulov® kysel

ABCC5 MRP5 cAMP, cGMP

ABCC6 MRP6 BQ-123

OSTU/ b OSTU/EQIU!OV@ ky8eUlihyt, ept ootna
digoxin

22. Kanali kul 8rn2 einy ansportn?2 prot
Transportn?2 syst®my | okalizovan® na kana

sloug?2 pro eflux (exkreci) enmMdogem®Bedeh eds§t
kanal ¢ kthrla8nrspp car ts@rznam | ej i csumanzgj@aba®2d n2 ch sub

2.2.1. MRP2
MRP2 @Multidrug resistanceassociated protei2fi ABCC2) jeznej v Dt ¢ 2 g 2

studovanl api kgbd?Pnyt r MRBpdmrta®rspart ®r T, k't
organiankrdlgjhako jsou sol.i g1 ul oglukathibnemk y s e | i
glukuronidem a u lofv®t ko,nglueg8iy nekonjugovans | ®| i v

pravastatin, azitromycin) (Fuksa L, et al., 2006;Jedlitschky, et al., 2006;Nies and Keppler,
19
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2007).Vj §trech MRP2 =zajigSuje jeden ,zektze§rk8 ajde
nez8y¥niaslsekreci osmoticky aktivn?2 ahkcedbg!| 2 ¢l
dokumentovgn vitrvamdyn ¢inklge nd mMr p2 deficit
1997; Paul us ma, et al ., 1996) . U |l ovhDka by
kterlT se projevuje konjugovanou -hgpesbonTvVvr
syndrom (Konig, et al., 1999. U tNDcht o pliadiny 8RR3protsimel jakovy guj
kompenzal n? mechani zmus i 8irar 2o egdxaksrteactifeclhn o an |
(Traurer, et al., 1999;Zollner and Trauner, 2006).

2.2.2. MDR1

P-gp (RglykoproteinABCB1) je vTbec prvn2m objevenl
(Juliano and Ling, 19763 je sledog@ p Sedev g2 m pmoaobolbet abaosi ®k
rezistenc? n8dor T iwRlpiS. c pearkd ti @ raakped wt, i kahn r a
avinblastinu. Pgp transportuje prim8rnhN hwdrzadboabn?
efektivitou transportoviantap®ni omettyots e x §i | K
2004) . jekep i k o g amadkiaznoavl 8 nknuel ngbrrn&nc8hc h lkuhkBDle | Nk §r
funkkképatocyty, enterocyty,  rbeusRk y bparroi x& rnosvlont
(pl acent a, h eana ttoeesntcilekh uali ncnndy viznamnou r
farmakok net i ce Sady eho®luibws,t KEbed§ nj§sou otgk® r e z i
hraje kIl 2|odowawn NDamalrigpaSreid %l i n k e rhepatoeytio b i ot i
abuBkproxi m8l nteavhnamudm8 8 exkreci svich su
tenk®ho stSeva b §®doinvesztugeeb §dvi§snt2r itbouxciin Tx e n ¢
dTlegitich a citlivich orgg&8nT a tk8&n2 (nap¢

2.2.3. MDR3

MDR 3 ( ABCB4) sl oug? pSedevg2m jako t
fosfatidylcholiu) do , g I & g hkSvzy?t v § Se ni# § snli ecddnimMa akN opcSe d
gkobimi det empJesmoth@int] ovich kyselin na okoln?2
vel i mi naci | ®l i v pzkmomoafitntomi cem®abBhaeper

kationty typu digoxinu, paklitaxelu nebo vinblastig@&mith, et al., 2000).

2.2.4. BSEP
BSEP (ABCB11) jeh | av n?2 k atnraal niskpuolr8tr@&r2 pr o exkrec

anekonjugovanich dlplacovicyh ukywelgilnul 2z, | 2 mg
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zodpovRdnTim za samotnou ¢tvorbu gl ul e a s\
bazol altek &llin2Jovan®ho NTCP (Byrne, et al ., y
jeho funkce je jedn2zm ze z8kl adodghljiede2ahan
spojenosv 1 s k yptreong r e s ii \Bm2n2 f a mitlr a h e p.ayp@§ (PRIC2). chol e
Ut Dcmaoijesnad koncentrace ¢glulovich kyselin
hl adi Wdgml|l eedku genov® mut acesp. abhdec®d BIEP aa def |
kanalikul 8rn2 mé&lbr,gn®akepht ot grRuace BBEPT z na m
VytvgSej 2 kepmikudihop @esit @it i ct ki@ ol leonuwsttevrek y( By r n e,

Al kol i tento proteg¢ianenem8ekkilkocvoxenobi ovi
viiv na Sadu | ®k ovHepatotoxicitut er akc2 a n§sl ednou
2.2.5. BCRP

BCRP (ABreasmneecanoéei n@si gpatransport ®r
vhng§dorovlich buRk§&ch. Tentpd azmaovi ek ® die mi
azprost Sedkov§gvs n 8 d®ol ri ovwJToru jraekzoi s tmé m o ix a nkt r C
daunorubicin, irinotekan aj. (Staud and Pavek, 2005 RBC j e | o kmmdha z ov § n
tk§&§n2ch: placenta, tenk® a t | us(Vaiepatd®tev o, h
al., 2001). Vhepatocytecf e | okal i zov8&8n na kdmadgipkoul 8r n?2
efl uxn? cesta pro Sajdiuc hs tkeornojiudglo, v axnd b invetti
aglukuronidl) (Enokizono, et al., 2007;Zam&Xiszczynski, et al., 2006).

Tab.2.Kanal i k@K @Br&rts por hed ap biCyidelkotyien C4

Symbol genu Protein |[Substr 8ty

bilirubin, cisgatina, doxorubicin, indinavir, indometaci
ABCC2 MRP2 |gl i benkl ami d, LTC4, me t o tjajioh
metabol ity konj ugovan ®lutathiokeyng

antracykliny, digoxin, fexofenadin, imunosupresiva, losar

ABCBI MDR1 rhodamh n 12 3, steroidn2 hor mon)

ABCB4 MDR3 | fosfolipidy

ABCB11 BSEP kqnjugovan® a nekonjugovan
sulindak

ABCG? BCRP daunorubicin, doxorubicin, estrédis ul f §t |, irin

| i st ov§, ,topotekanxajant r on
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3. Chol esjtatzeaanspdrtn 2 syst ®my pro | ®| i va

Chol est §zaholgz §9¢tasik ®k b8§za, zastavenz2) |je
gluli do st SevahepatdirlTiz&8nimath@birpSek 8Hg&h ve vel
gl ul ovtavdexthr,ahepat 8§, n2doch &k e &ik§ irgorzngitadoe n2 r a |
pSek&8§gkou. Vyskytuje se pSedevg2gr ogeamélcel
tumor T obturuj2c2ch,stemmizn&| numo§ gt Valt ©lr @wc
T.,2007) Pokud je pS2|ina icrhtorl ®elsda Baty§ loe€oui a ISo |j es
glulovody dilatovg8&ny. PS2]ina intrahepat §lI
glulovodech (nagS.ciphi-m&nin? tmklpi$.rhafat oy
hepatitida S chol estati ckl-Garay, 2003.yAkt N2Boy e
intrahepats8l n?2 <cholest8za provsg8§z2 virov® h
alkoholick® onemocnhNn2 jater a tRDhotjenskIl
znakem pri m8rn?2 bili8rn?2 cirh-zygy (PSERBC) , p
pol ®kovTlch pogkozen? a chronick® rejekce
jednoznal nhD dominuj 2 cholest8zy extrahepat
mai gn2 onemocnin?, na druh®m m2sthD je chol
j sou septa ph®®ksotva® ychotiess h 8z g | TpsodvillreoV2@®
aautoi muni tsb?7%(eMaarteltekdyz. , 2007) .

Me z i klinick® prgjl euy enkal epr8zytpat &2 a
steatoreou. PSi del g2m tr vihA2D BaK.r d&v ¥jaejjs
pal pal enflB zav Nt @h®.r avVoSi dominuje zvigen2 s®
bilirubinu, ALP (alkalick®fosfa 2),y G M-glutgmyl transpept@ 2y, ¢l ul ovi ch k
a cholesterol ug8§y ABat(Rarsnp?ar t § b aSa moADTr gSnsf er

alaninaminotransféra ) se zvyguod i pgadI2atownl- bilir
Garay, 2003;VaR8sekR $e, gPO00dVv® Kymel unyyc j
mTgou zapS2]linit struktur 8l n?2 [ funk] n?2 p C

zadr gen® ¢l 8hogenovksyysretl@mw gl ul ov] c-Garag,ysel ir
2003).

3. Transport®ry a e@at®fZwyzi ol ogi e chol
Z8kladn2m patofyziologickjatedhgl edkenn§s
isyst&mulaet oxi ckTch | 8§tek tvypu uTtaunkroevd.ch ky .
1997). Tytol §tmoyhou v z8vi sl osti na intenzin®N a d
pogkozen? organi zmu. Ve snaze kompenzovat
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anticholestatick® obrann® mechani zmy, j eji
| §stel n®ho pSesmndDr ov §ate? do edvik (Leecaad Boyerm 1080h | §t
Podstatou tohoto procesu j e zmiDna expres
transportn?2gil8t rpeecont eianTl edvi n8ch. ZmNDnNDn§

transportn2ch systk®nlgena T%r cprnim8p @t epiSred i n
sekunmd8Ths?l edkem adapti vn?2 c.h(RomanBtral,, 2008b)x e s e

ZmDny exprese transport®r T jako prim8rn? p
forem onemocniDn2 (nap§. progresi vanutadceami | i !
BSEP ta ns por t ®Johnson §ndiomi mut ace MRP2) . Ve vDtgi
doch8z2 keex pzmiB3re§m r ans pjoarkto® ro[d psoevkiuNn dngal erle t e
bili 8rn2ch |k§selis, koiliroigu). L8 tokvgihcadl e st ati ckIm ef el
| ®| i wveo,nyhorpr oz §n IDnohoubvu®N csyrtiogka wayt) epngbo e s i t
pS2mo inhibovat jejich fohbtiest dtimigseuk mmief e
rifamycin, cyklosporin Anebog | i benkl ami d. Tyto | 8§tky pS2mo
kyselini nhi BE®2 (Bti eger, et al ., 2000) . VDt gin
vdiTsl edku obstrukce (naps§. extrahepat 8l n2 L
nebo destrukce ¢glSnPgeoduegkPBEse PBEptnB@lotrd n
onemo ¢ n Nn 2 valserddp d R j pea8sktoezd en®Pn 2 t faimkge@r,t c o

N8sl eldgpk odbautb@eIinéNet Swgyechny zmDny exprese tr
maj 2-ctpaloest ati ckl nebo negativn2chbheakgee,
vlDgina zmDn expjr®&tseedh aaseotrt ®ndgpat 8l n2ch t
funguj e j ako kompenzajé att enrencahbai exknegm pwe s tk t e

Kumul uj2c?2 se toxick® | 8tky (Zoll ner, et al

32.Spont @tninchal estatick8 obrann8 reakce

Pro nDkter ® zv2Sec? model vy experi ment
chol estatick®ho onemocnin? u [ i d?2 exXi stuj
zahrnuj2c? zmDny tzexporets®n 2 aasdpieneol @dkd st at i C
Tato odpovRAN chrgadr havwhaZakytcyh p Segsklik, (gl ul

bilrubinual ®| i v) . Adaptivn2 zmDny zahrnuj?2 sn2ge
dTI egpirtol cihmport | 8§tek doprovgg&lemdauh zyygHgr@mT
jejich eflux (Obr. 6) Sn2genou expresi bazol ater 8l n2ch

u chronicklich cholestaticklch oneéesmmx®mdmdéu u
expresi na Yarhoovineis t mrt a tceki®n udyl(dolnér,oet a.v2@801)h ep at i
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pozdn2ch stg&gdi?2 PBC (Zollner, et al ., 200
intrahepat8&8l n2 cholest8za typu 2 a 3) (Kei
aextrahepat 8l n2 bili8rn2 TRABBeZziee.s nPrgoetnesi n
(progresivn? famili 8rn?2 intrahepat$8l n? c hc

OATP2B1, OCT1 a OAT2 transportn2zch protein
| i dskTch pri m8r némrdv ahnelptint a-B Nyokiny fVeeeet al.,

2009). Zvigenou expresi NRPY MRR3MRPEIMRPSc h e f
aMRP6 (Multidrug resistancassociated protein 1, 3, 4, 586 na Yr ovni prot
pozorovatyyozdn?2 ch st 8di 2ch PBC I, B083Zolees et alg t al
2007) Zv8l gemipr ese MRP3 a MRP4 | ¢Keitpboepal.sov §n §
2005; Scheffer, et @b ky ol2i0l029 h 2t §pdai cicehnt HB
zvigeng§ exprese OSTU a OSTHh na wWrMRPhje mRNA
sn2gen8 u mnoha cholestaticklch @tpeun®dcnin?
vpozdn2ch st&8§di2chadbnempre®fez MRRAapERkk eni ga
paci entst 8dei,dlIMBBZ Tst 8vgl-lber §(&ulakDligk, et al.,

2002) . PodobnhD je exprese BBBER dom¢kait nach
z8nNtem indukovanouy ¢®bi gat §add @dlmuda.h a2 he
2001; Zol Il ner , et ®#BC, by 0 @B8Yp.rzowdi Sgpeanc§i eerx Plr ess
efluxn2ho proteinu (Barnes, et gelz.a,chd¥@h)a.
u PBC, alue pacio@snFuk| n2 cholest8§8zou (Lee a
al., 1999).

Adaptal n2 zmNDny exprese trsam>spopai®R®zZ] | S
gl ul ovich kyselin (i soGYBAAInw CYPgB1) @ magpak mu P4

navozeeattoxi fi kace ¢glulovich kyselin (indukec
glulovich kyselin). Mezi enzymy f8ze | pa
zahrnuj22A1SyYlkkide SULT Pp)lea UST2B4 ((deWGH nes UDRr § z

glukuronosyltras f ear)8 z( Boyer , 2007) . Hydroxyl ac? gl

intracelul 8rn2 koncentrace m®nhD toxickTlch
VNt gina tNRchto transformac2 usnadRuje exkr
nebo do krve, at 2 m umogRuj e ngsl ednou exkreci m

aglukuronidace) (Roma, et al., 2008b).
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Hepatocyt

¥ Syntéza ZK

+0STa/B

4 MDR1 + MRP1
4+ MRP3

+ BCRP + MRP4
4+ MRP5

$ MDR3 + MRP6

$MRP2

AFizel $BSEP
vocT1 4Fazell

Obr. 6. Mol ekul 8r n?2 me ¢ hiaanni tzintyh od ket east ti £ A8 n 2odbernadn n & x prr
bazol atterraglsnidoCtP® r-fRuMbehelate cotansport i ngOpApDPYypAPt gdeiiY

anion transporting polypeptiden), OWOr2ganhA®r geaantiic
transpoemtidrejpmwii)ocel ul 8rn2 retenkoiBSE®Pt d ABi Eeprsas e
pumpf), MRIRGresfstAfdassoci ated protein 2f) a MDR3 (A

3f) trw@nskptoerrti®rzaji gSujne,j pSemah ol 8§shat ibiidug @ls@l iMD
resistance proteinfil a B CRaBt cafhckBresshce proteimfmpl ¢t HAYhemv T g

I ndukce bazol ater8l n2ch efluxn2ch proteinT MRP1

resistanceas soci ated protein 1, 3, 4, 5 a j&ail)t ear nCaSt Ti Uv/ nb?
cesbuel i minace pro | ®li(sali ghdbogehPBekgakbia, ubih

ze Zollner a Traune(2006).

4. Prekl inick® modely studia viIiivu cho

Pro studium choinegisofigstyainsvigomey w@? v ainZ2at 2 mc
vitro a in situ st udi e poskytuj P odtolgun o &b n ksrt@tdn 2ac h
ajednotlivich modul uj Fcz2achglvuliow Tl cfn akpySs.el ¢
transmembr §nov®ho pSenois vivo st@iemn a b kbaPhpel me xmk o |

pohled na farmakokinetiku sledcanT ch | ® i v a jejich elimina
vgech regulaln2ch .patofyziologicklich vIivT
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4.1. Metody in vitro

| z ol onveanmb® § fnakce ®epatocyf j s ou met odou umo g Ru
metabolt mu a transperiuhl @8veR vihaklg2 tpat §2 zP @
nensgr onetodg stmognost pS2pravy mikrosomg§ln2 ja
dr uhT, repradmodgwnatel mMoedttgarkit o  spkSli apd caw&m2® mi
nebo jkdeiZBugd, etal.,, 2004L i mi t uj 2 c2 yjsamkt 8t k § meuokl| n

absence enzymT 11 . f8ze meetjaibcoh iakmui vai tpd t(Sk
al ., 2006). Dal g¥tm®tro gjmd Imp §ESPirsaS8uagnem h hepat
Vzhledem kg pat n® dostupnost. Ljdsk]eh pBedavgew
hepatocyty. Tento model umogRuye pStudmuast
rTznTch medi §tor T v et nNaddllpredikivn vivei¥zdkayjsTe | i n
omet abolick® nebo hepatobi 10i48r.n 2H ecplaetaorcaynt cye

zj ater pomoc? kol agen§8§zy mohou bTt pougity
zmr azenyc hao viB§ilye pww 0 g e tddeenn?. oNcehvriahnondionut nm@ h ot
rychl 8 ztr8ta aktivity ©biotrarsftgyr nhael pna2tcohc
pokles mnogsaakt i vity cytochr omu P450 a rychil e
transportn2ho proteinu (Chandra and -Brouwe
Garay, 2003).

4.2. Metody in situ

Giroce poug2vanou metmadel sp atdbdmoaccholl el
perfundovanktlker ] azarc hov$gruk@iru jaterosper zoi zbmudr hloruT mi
kontakty,t vor bou a sekrec? gl ul e. Tento model
gi v ®ugamzmu.Vt omt o pSap @ad @ nlee i depsat ukdoozveart2 bjeaz o v

jinTmi org8&ny. Thddn ovoyecrnzy 4 §ud®jatgrjRjichibei | i §r n 2
exkreci a si pruostooi dj§8d nl? a setfd uerp stug@gnvia@koauv Tneent o
at oxi ckTch pogkozen? a Vp i ukijreet ine & ®o smo de
definovsg&§n2 podm2nek, tj. skl adbNevdeédrofdwaam 2 |
tohoto modelugounaopak vgg&sbl(aoassg v §, person8l n2z,
arychl T poklkes vfiun k(IKru?l celr aa Oz-Garag 2003x | . 2006 ;

4.3. Metody in vivo
Prostudiumvlivuc hol est 8zy na metabolizmus a exk

poug2vaj?2 zv2Sec? modely. Al kopodognivzorzxr?
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alid2, nelze nal®zt "rulnivyermlg8nm?2si mwl2dSweal2 m
organizmu. Mezi zv2Sata poug2vang pro vizkt

ipot kan a myg.

431. Extrahepat 8l n2 cholest&g8za

Pro studium(ebst ahé&pagdd ath|oad sensots§tziy poug?2
podwzu ¢l wl| cevxopdeur i ment §l n2ch zv2Sat (potkan,
vede k | 8steln® nebo d4psIineRd kai§ sa basvtlr utkckeu ¢d
Vrychl ®m s| e | ®¢ cklwnmuzd ake ® t o(xz ecjkth®uha d v8It cehk
kyselin a k rozvoji spont 8§nn?2 ant i c hreakce Ntaath azko® aodler &
membr 8nlD hdpahdavirt ggul aci (sn2gen2 exprese)
kyseliny (Ntcp, Oatplal, Oatplad a O&atplb2)
(Leeand Boyer, 2000) . N&§sl ednhD kles8 expres
(Bsep a Mrp2) (Lee and Boyer, 2000; Trauner
bazol ater§8ln2ch proteinT (pSeoddwnwdgnepMdrp3 | &
zhepa ocyt T do krve a jejich zwvekgeho@meikxdkhec
requlacéi zvi geng teamrseoe) ®r T |(eMrvpi2n nd cMr pgu)b uv ec
and Keppler, 2001; Soroka, et apint r20Will;iT&mn

tlaku viraznhD naruguje hematobili&rn2 bari
vdTsl edku refluxu osmoticky aktivn2ch | 8t ek
tak® zmBDna permeability bari ®ry pejuo¥%négnda
smodely intrahept 81 n2  caplikaceethiny8e syt r(adi ol u, smpse at

virazwlDiparBre |l ul §rn2 transiaray)] §26K3) Ro deizg
mol ekuly zapojen® do regul ace e&mpm2eseedemtin
(transkripln2z fakTbNDhy, chal s8Ry se8ydy za
(naps§. gl ul ov® kysel iny)Mar(nzoet al.e2006;Lie €¢talal . ,

2001; Plebani, et al ., 199 %jtcholeKklhti ck®Pmobe a
reakce je FXRAFarnesoid X receptly , kter 1T je zodpovRdnl za r
transportn2ch proteinT zapojenlch do homec
| ogicky jeho z8kladn2 fyeivbDbgi vk@el pgast$p
FXR ke sn2gen?2 jejich synt®zy a urychlen?2
nNukl e8r nz2 mi receptory,nosiediuki§ g e hil v nzlDanp?o j
det oxi kace a transpor tnusobRXR fPregnane X teceptdy g | ul o\

a CAR (Constitutive androstane recegior, j ej i chg | i gandy jsou X
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al., 2005).

432.l ntrahepat 88l n2 cholest§8za

Pro si mul aci i nt rtashzeyp aps &lknvi nich bl els studi
nej | anedelRdplikae endotoxinu nebo eihylestradiolu]l ij i nTch | &.i v po-
SoulasnhN narTst ®Siviemnam mzvieeSsmd rmavozeni m
ztransport ®refndoRroxx®mpawlgéivg | i popol ysachar.i
Salmonella TyphimuriumeboEscherichiacoliCh ol esa§pa en8 avedei k ac?
kpodobnTm zmPRn8&m expresej Sttrraencshpoj akdchexpr
chol estg8za. Tyto zmhRDny jsou zprostSedkov§gn:
jako TNFU A @imor necrosis fat o ), ILAfin{ er | e u k i-6 (intdrlbukin & | L
produkovah mKupffer ovi mi baXRikdenin, d29nat U jhepatdcytye r T pr
a Kupferow bu Rkako n§stpde&t SlRidoeNFan BAN(clear factor
9 B) (Aoki, et al.,, 2008). Hepatoy t y reaguj 2 na zvligenou p I
cytokinT zmRDnou genov® exprese pSedevg2m na

Dal g?2 mjalg mavoditti 2n,t r ahepat 81 2 poje dapikasEt § z
ethinylestradiolu. Vt o mt o  poSc2hp&gzddly) k@ z e n 2 toku ¢glul e a
transportn2ch proteinT na kanal i kul 8rnz |
kesn2gen2 biligrn2 exkrece ¢glulovich kyseli:
exprese transportnédchmopgebteijnsfouu stowoat e
pozorovahbmimiemsavaozyen ® LAS.E®RR ethimh est radi ol u se
endogenn2mu estrogeno-t ®Mg | urkeuradroild u,u ketserria
sn2gen?2 toku ¢l ul e a tslke&n yesidajhoometbbolt ky s e
estradioll 7-D-gl ukur oni d vedou soul asnib k e zvige
bari &mB8, zao n8sl edek paracel ul Brver{Rodriguzvr at ¢
Garay, 2003;Roma, et al., 2008a).

Mezid al ¢ 3 vkle®vedouknavozen? pato$esngpg$. cykl c
rifampicin, rifamycin, glibenklamid a troglitazon Tyt o i nl h8itbkuyj 2 tran
zprost Sedkovanl Bsep proteinem (Fattinger,
pr ok 8z §ncae ienxhpirbeis e Oatplal a OCatplai4 zpr
ari famycinem (Fattinger, et al., 2000). Cyk
transport ®r u. Bsep a Mr p2 ppategenezicthod et z i
navok®&h®v yan( Bogeh 2002).

Mezi ¢giroce poug2van® modely p8itrahemilam !
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nebo z2skanim deficiteln lkontkDjRit nPhau g p kg ip
kmery s kongenit 81 n? dhlyspllessabiigp2itran s piom ® ®ir iu . U k
Wi star se jedn8 o Gr oni n g-gpotkagylb wkméné $prague s por t
Dawley jsou oznal ovan? j ako pd&kard aiPoldymer bni

model em chol estg§8zy j e pot kan? k men Gun
hyperbilivubizeamiuz UGELAT (UDPgri awwk ur on o aylAL),r ans f ¢
enzymu konjuguj tcrédoh b(iBuahilbem, vet al ., 199
L, et al ., 2006) . Pro vysvDtlen?2 mapdhani sm’

popis funkc? transportn2ch syst®mT bDhem
sc2l enou inaktivac? ,(nfakpnSo.c kMdirt1ig, ud\dijti®hd k
myghapsS. Md#-laéMdr dtbr oj i t D  knorm&p$.t gBaxmipch
/Mdrla/1k/- (Marchetti, et al., 2008;Rodriguézaray, 2003).

433. Farmakokinetick8 anallza

Pro hodnocen? f anrvinosko kui meotdiek yT Ic@loilve st §z
nonk ompartmentov® pS2stupy. Pr vn?2 je zaloge
dosé&dgeunst §l en®ho stavu plazmat ijcekd ncohr §k v ®e
pod8§n2 | ® iva a n8sledn®ho dostatelnhD dl ou
z2sk8néojeejikompref nDugi{NdbetnnD el i minaln?2 f
pol 2hto®dnzot nam®dSehiahlTeh vzorc2ch glule.

Farmakokinetick® parametry Ip®laizweat pokIldao
koncenthb&de2 vihodu kratg2ho trvgn?2 exper i m
n8razov® d8vky anin8sé@idn®2 kiomft une §Il né navod
des2tek minut oH®rovziapho8ljeetn 2] ppondogsdsi mpfakh pou g2 \
n8§sleduj2c2 rovnice:

BE = X xC,

RE = X,, XC,

kde BE je bl ®I Kotacdku e@bkro@€cceent r ace RE¢i va v

rens8l n2 ®dxKgtaek emuyke®na e@t r acoel il,®| i va v
CL =R/C
CL; =BE/C
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CL, =RE /C,

kde CL je cel kovs8 cl gkaonacnecret,r aRs & 8ylc@hl ®usat s vi anuf
Clgbi I i 8rn2 <cl earancer,eB&ElI m? ldlg§aarrarx&r ra ckRE
Pod2odmeglul §rn2 raidlxtije pake v j( BFS e ns t paonmoovee?n 2

clearance kreatininu (Gk) :

kde Clkr je clearance fleatininu, Xyt 0 k  mg koecentraCe kreatininumo | iCkr @
koncentrace kreatininuy | a z mn.

Farmakokinetick® parametry | ®kiowmp| panf e
analTzy |l asov®ho prTbhRhu pl azmak $Sickligjhai k on
nejvygg2 namhRSen§ plazmatachS2&bongerbtdabda
koncentrace (fay - AnallTza termingl n?2 f8ze | asov®
konstantu (k) , kter§8 pSedstavujne g mhDrpna kecoi giod®tito§ nk
pol ol as @i i miarkaoc ep @(dt2 N8 dIn€2dnal ki e pol 2t 8na |
plazmaticklch (pinalkot rsoawd,etf{ LWDECN® | oegaritr
line8§rn2m lichobRgn2kovim pravidlem 2mezi |
mNSen® kKonesg)adad aBBC (dxtrapol oV ap® i@, knteekrod e
se urluje jako pod2]| p 0 & @alnie o i) SellpgRserkaomocee |
ur|l uje vztahem:

CL,,, =davkd AUC, ,,

Paral el nid §rel ipioh 2tk ng8nVdgzb j e m  (
de =CI—Tot/kel
Distribul kdnockpémapi ovVdyjez 3¢ B@Et@&em:st avu

AUMC

vd X
AU CTposIednin

=CL,

Ss

kde AUMCjemoment ov8 plocha pod kSivkou.
Bi |l i(@g)cd earance | ze pSi towmitbd pzmMmeobdu h
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CLB =M B / AUCO—TposIedr

kdeMgjemn o gk ® vPwlaou | eni®NiWe®m g$ lué d o vWal nh@&hdoo uo bt doohbo?t
pS2stupu je vygg? citlivost model u na p ot
okinetice (napS.zadésevitbadmd jodjerm)nost do.
sl edov8n? pro z2sk8n? co néjalsempl etnhDjg?ho
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C2l e pr8ce

C2le dizertaln?2 pr8ce

Hl avn2m c2lem pSedkl §dan® pr&ce byl o st

jater na eliminaciatranpor t | ®| i v.

1. St udi um crhaol esalvdiul | §rn2 ail ®¢n §jow?r ®e x k r
subgtr@8nhsportn2ch proteinT odpovRdnlch

u potkana.

2.Studium exprese a funkce | ®kmeldkehvingus
bNDhem c¢ haalveosatedkana.

3.Studium funkce h eAMgatjuoctorsf) jalrd T2 efjat P®oy p ¢

pr o tvor bu glul e bNDhem obstparkd 2 C

rhamn- z o/ mepleirbme-dzbdest® ht on 2
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Experi meSptt&lcre2 j e souhrnem tS$S2 publikac?:

I. Micuda S,Brcakova E, Fksa L, Cermanova J, Osterreicher J, Hroch M, Mokry
J, Pejchal J, Martinkova J and Staud F (20B&)lycoprotein function and expression
during obstructivecholestasis in rat€ur J Gastroenterol Hepatol 20:4042

Il. Tomsik P, Sispera L, Rezacova M, Niang M, Stoklasova A, Cerman J, Knizek J,
Brcakova E, Cemanova J and Micuda S (200Bicreased melibiose/rhamnose ratio in
bile of rats with acute cholestasJ Gastroenterol Hepatol 23:193840.

lll. Brcakova E,Fuksal, Cermanoval, KolouchovaG, Hroch M, HirsovaP,
MartinkovaJ, StaudF and MicudaS (2009)Alteration of methotrexate biliary and renal
elimination during extrahepatic and intrahepatic ctsibesis in ratsBiol Pharm Bull 32
(v tisku)

Ul | §hilkjepSedk! adateerltkaal nt2®t pr §kiez pr vn? au
| 1 8 hall $poluautorkou.

V prdgaut or ka mowéxpedmest crha kt er®hizahnr giow lad
operace,orkdb,Nrijejvizc h m Ponawcio vABanwetadhe Waktemn| 1 z
blot analyzovala expresi-g§lykoproteinuyy 8t r ech a | edvi n8ch.

Ve studiill se aut or k ain pvo épdrimdntachvrea st ej n® g2 Si
upSedegle uveden® pr §ce

Ve studii lll autorkakoordinovalav gec hny ex peodmemitigp s e n:
studiamal yzoval a expresi t ragpmoteipuonetbdegRT-PCRa  Yar o v
aWestern blat

Autorka dizetr acell.¥Yegudiadllas er upkoodp?ilse | par 8ncae
| §st 2c2tclThkhagy@met od a wpr av§clhd &t @x tnTa, sveep sEn4
tTkaj2c2ch se metody Western blot.

HPLC anallzu rhodaminu 123 a metotrex§gt
provs8dnDI|l HiochgbstMdaMwgf ar meWko |l ogi e LF H

HPLC anellbu-my elralzann - aznod v § dadl g llunlgi. pLri
Gi gpCSec.zDst avu | ®k a SBHK®K.bi ochemi e

| munohi st ochemi ckopr odnalNM@r . prloavr8adsilav
zbstavu histol ogi e aMUBrmlarosiawRjchatpiRef. MUBr. JANK UK,
¥sterreicher Ph.D.zKat edry radiobi ol ogi e, Faldkadcl t y Vv o
Kr 8l ov®, Uni BenBity obrany v
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P-glycoprotein function and expression during obstructive

cholestasis in rats

Stanislav Micuda® Eva Brcakova® Leos Fuksa®, Jolana Cermanova?,
Jan Osterreicher®, Milos Hroch?, Jaroslav Mokryb, Jaroslav Pejchald,

Jirina Martinkova® and Frantisek Staud®

Objectives The present study was aimed at evaluation of
in vivo biliary and renal excretion of rhodamine 123
(Rho123), a P-glycoprotein (P-gp) substrate, in rats during
either acute or chronic cholestasis induced by bile duct
obstruction (BDO).

Methods The Rho123 clearance study was performed
either one (BDO1) or seven (BDO7) days after BDO.
Bile flow was reconstituted, and bile and urine were
collected after steady-state plasma concentration of
Rho123 was attained. Tissue expression of P-gp was
evaluated by guantitative immunohistochemistry, and
immunoblotting.

Results Significant up-regulation of the liver P-gp protein
was observed in acute and chronic cholestasis. Primary
periportal location of P-gp was enlarged also to pericentral
areas. In the kidneys, immunohistochemistry showed
pancellular increase in P-gp after 1 day of BDO, which
subsided after 7 days of BDO. Nevertheless, biliary and
renal clearances (CLg;. and CLg) of Rho123 did not reflect
the induction of P-gp expression. While CLg;,, was reduced
one day after cholestasis and restored on the seventh day,
the CLr was preserved in BDO1 group and reduced in
BDOT group without change in glomerular filtration rate. In
parallel, biliary and renal clearances of conjugated bilirubin

Introduction

P-glycoprotein (P-gp), encoded by MDRY gene in humans
and mdrla/ld genes in rodents, functions as an ATP-
dependent efflux transporter identfied on apical mem-
branes of various tissues including the intestine, liver,
kidney, adrenal gland, brain, eye and testis. In these
organs, P-gp mediates the cellular efflx of many
structurally and pharmacologically unrelated hydrophobic
compounds, such as some anticancer agents, IMMUNO-
suppressants, steroid hormones, calcium channel blockers,
HIV protease inhibitors and cardiac glycosides [1]. As a
consequence, changes in expression and actvity of P-gp
are commonly associated with substantial interindividual
variability in the pharmacokinetics of these drugs,
producing unpredictable changes in patients’ response
to therapy. Besides genetic ‘polymorphism’ and drug—
drug interactions that have been most commonly
described as a cause of modified P-gp acuvity, some

0854-681X (@ 2008 Wolters Kluwer Health | Lippincott Wilkama & Wilkine

were significantly reduced in both cholestatic groups
compared with controls.

Conclusion These findings suggest that extrahepatic
cholestasis causes time-dependent changes in elimination
of Rho123 which do not exactly reflect alteration of P-agp
expression in the rat liver and kidney. These data may help
to explain impaired elimination of P-gp substrates after
short-term cholestasis that may commonly occur in
clinical practice. Eur J Gastroenterol Hepatol 20:404-412
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disease states such as endotoxemia, primary biliary
cirrhosis, hepatocellular carcinomas, chronic hepatitis C
virus infection and submassive cell necrosis are also
associated with changes in the expression of P-gp [2-5].
Pharmacokinetics of P-gp substrates is consequently
altered with subsequent impairment of clinical efficiency
of these compounds. This situation could be exemplified
by a significant 50% reduction in doxorubicin biliary
clearance during endotoxin-induced down-regulation of
hepatic P-gp protein expression [6,7]. The identification
and characterization of disease-induced changes of the
P-gp function could be, therefore, of clinical importance.

Extrahepatic or obstructive cholestasis is a pathological
condition caused by biliary obstruction leading to hepatic
and systemic accumulation of potentially toxic biliary
compounds, such as bile acids and bilirubin, with
consequent liver damage and jaundice [8]. Intensive

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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research In recent vears revealed that obstructive
cholestasis implicates profound changes in the expression
of many he patic transporters. Spontaneous anticholestatic
defense mechanisms of hepatocytes against anionic
compounds comprise downregulation of sinusoidal uptake
(Nrep, QOatpl, Qatp4) and canalicular efflux (mrp2)

transporters, together with an adaptive inducuon of

basolateral alternative export pumps (e.g. mrpd) [9,10].
In addition, renal uptake and efflux transporters for
organic anions are upregulated (e.g. mrp2 and mrpd),
thus facilitating the excretion of toxic substrates through
unne [11]. Taken together, all these changes serve as
adaptive mechanisms that may reduce the dangerous
accumulation of bile acids and bilirubin within the
organism. In contrast, little is known about the function
of P-gp during obstructive cholestasis. It has been
demonstrated that hepatc expression of P-gp protein
and mBNA was several-fold upregulated starting from
the first day of cholestasis, and persisted at least for the
following 14 days [12-14]. In additon, immunohisto-
chemistry of rat livers showed that during obstructive
cholestasis, an increased P-gp remained localized at the
canalicular domain of hepatocyres [15] suggesting a
momphological basis for the potentially increased function.
Nevertheless, exact proof of this hypothesis is still
missing.

In this study, we determined the functional conse-
quences of increased hepatic P-gp expression dunng
acute and chronic obstructive cholestasis induced in rats
by bile duct obstruction (BDO) lasting for 1 (BDO1) or
7 days (BDO7). wltaneously, because the kidney
offers an alternative route for elimination of xenobiotics

in cholestatic liver disease, we examined the effects of

BDO on the expression and function of P-gp in the
kidney as well. Therefore, rhodamine-123 (Rhol23), a
model substrate for P-gp, was applied to bile duct-
obstructed rats after reconstitution of bile flow to study
its biliary and renal clearances as markers of P-gp
function. Immunohistochemistry and westem blot were
used to describe the expression of P-gp in the liver and
kidney. Verification of the present cholestatic in-vivo
model was performed by evaluation of plasma concentra-
tons and renal and biliary clearances of hilirubin, a
sensitive in-vivo marker of cholestatic liver impairment.

Methods

Materials

Rhol23 was purchased from Sigma Chemical Co.
(St Louis, Missouri, USA). Mouse monoclonal antibody
(219, directed to the mdriafh, was purchased from Signet
Laboratories, Inc. (Dedham, Massachusers, USA).
Horseradish peroxidase-conjugated goat antimouse im-
munoglobulin G was obtained from GE Healthecare
(Prague, Czech Republic). All other reagents were
obtained from Sigma Chemical Co. (St Louis, Missouri,

P-glycoprotein, cholestasis and rhodamine-123 Micuda et al. 405

USA) and SERVA Electrophoresis GmbH (Heidelberg,
Germany), respectively, and were of the highest purity
available.

Animal model

Male Wistar rats (#= 6 in each group) weighing 280-320 g
were subjected o BDO or sham-operation (controls)
under general anesthesia (pentobarbital sodium 50 mg'kg
of body weight intrapentoneally). The abdominal cavity
was opened and the common bile duct exposed and
cannulated. The open end of the cannula was sealed and
stitched to the abdominal wall just under the skin. In
sham-operated rats, the common bile duct was exposed,
but not cannulated. All the rats received humane care
according to the criteria outlined in the Guide for the
Care and Use of Laboratory Animals (revised 1996
ferp: ffwwenap. edulbooks| 03090537 T3 emli8 1 htmd). The study
protocol was approved by the animal welfare committee of
the Charles University in Prague, Faculty of Medicine in
Hradec Kralove.

For Rho123 clearance experiments, control rats and rats
with B were anesthetized by pentobarbital (50 mg/kg)
1 or 7 days after an earlier surgical procedure, and the bile
duct was either cannulated in sham-operated animals or
its obstruction was released (BDO animals) by curting
the free tip of the biliary canmula following a small
abdominal incision, and bile was consequently collected
in 20-min intervals. In addition, all the rats were
cannulated with polyethylene tubes in the right jugular
vein for drug administration, the left carotd artery for
blood sampling and the wrinary bladder for urine
collection. The body temperature of the animals was
maintained at 37°C with a heat lamp.

To elucidate the effect of BDO on steady-state biliary
excretion and renal handling of Rho123, the rats received
a bolus intravenous injection of Rhol23 in a loading
dose of 80pgkg followed by constant-rate infusion
(Perfusor Compact; Braun, Prague, Czech Republic) of
a 4% mannitol solution delivering a dose of 400pg of
Rhol23/h at a rate of Zml/h until the end of the study
A 60-min infusion was found to result in a steady-state
concentration of Rhol23. These dosages were calculated
using pharmacokinetic parameters obtained from an
earlier study [16]. Mannitol was used to obtain a suffi-
cient and constant urine flow rate. After a steady-state
concentration of Rho123 was reached, bile and urine were
collected in preweighed tubes at 20-min intervals for
60 min for pharmacokinetic analysis. Blood samples
were taken at the midpoint of the bile and urine
collection periods. Plasma samples were obtained by
centrifugation of the blood samples at 3000 x g for 10 min.
The volume of bile and urine samples was measured
gravimetrically, with the specific gravity assumed to be
1.0. All plasma, bile and urine samples were stored at

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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—80°C until analysis. At the end of the experiments, the
animals were killed by exsanguination and the livers and
kidneys were immediately removed and stored at - 80°C
until analysis.

Analytical procedures

The concentrations of Rhol23 in plasma, urine and bile
were determined by the high-pressure liquid chromato-
graphy method described previously [16]. Briefly, the
apparatus used for high-pressure liquid chromatography
was a4 Shimadzu LO system (Ryoto, Japan) equipped with
a fMuorescence detector (REF-10A; Shimadzu) (excitaton,
480nm; emission, 520nm) consisting of an LOC-10AS
liquid pump and SIL-10A autoinjector. The conditons
were as follows: column, TSKgel ODS-80TM (Tosoh;
Tokyo, Japan); mobile phase, acetonitrile and 1% aceuc
acid (40:60, v/v); column temperature (LCO  100;
ECOM s.ro., Prague, Czech Republic), 50°C; and flow
rate, 0.7ml/min. The calibration curve of Rhol23 was
prepared each time in a concentration mange from 0 to
5.0pumol/l. The correlation coefficient (linearity) was
always more than 0.999, and the detection limit was
approximately 1 nmoll. The within-day coefficient of
variaton was below 5.6%, whereas the berween-day
coefficient of variation was found to be below 6.8%.
The concentrations of creatinine, total and conjugated
bilirubin in plasma and urnne were measured on Cobas
Integra 800 (Roche Iagnostics, Mannheim, Germany)
according to the manufacturer’s instructions.

Pharmacokinetic analysis

Total plasma clearance (Cluy, ) of Rhol23 was estimated
by dividing the constant infusion rate of Rhol23 by
the steady-state concentration in plasma (Cg). Bilary
and renal clearances (Clg;, and CLg) of Rhol23 and
bilirubin during each collection period were calculated by
dividing the respective excretion rate by C,; determined
for that collection period. Glomerular filtration rate
(GFR) was evaluated as clearance of endogenous
creatinine (Clcg). The renal clearance ratio of Rhol23
was calculated as CLg/GFR.

Western blotting analysis

Crude plasma membrane was prepared from rat liver and
kidney homogenates as described previously [16]. Fifty
micrograms of liver or kidney crude plasma membrane
were separated on a 6.25% polvacrylamide gel. After the
proteins were transferred to a nitrocellulose membrane
(GE Healtheare, Prague, Czech Republic), it was blocked
for 1h at room temperature with 5% nonfat dry milk in
Tris-buffered saline containing 0.053% Tween 20. The
membrane was then incubated with G219 (1:3500)
antibody for 1h, washed and incubated for 1h with a
peroxidase-conjugated goat antimouse lglG anubody
(1:1000). After the membrane was washed four times
with Tween 20 buffer, chemiluminescence development
was performed using ECL reagents (GE Healtheare).

The immunoreactive bands on the autoradiography films
were scanned with GS-800 Calibrated Densitometer
(Bio-Rad Laboratories, Hercules, California, USA) and
semiquantified using the QuanuwyOne imaging software
(Bio-Rad).

CQuantitative immunohistochemistry

Liver samples were frozen in hexane precooled in liquid
nitrogen and stored at - 80°C. Cryosections (5-6pm
thick) were prepared with a cryotome Minitome (Prague,
Czech Republic). Immunostaining was carried out using
€219 and horseradish peroxidase-conjugated rabbit
antimouse antibodies diluted in phosphate-buffered
saline containing 5% fetal calf serum at 1: 100, Visualiza-
tion was achieved by incubating with 3,3 diaminobenzi-
dine tetrachloride as the peroxidase substrate. Stained
samples were evaluated using the BX-31 microscope
(Olympus, Prague, Czech Republic) and computer
image analysis was done by ImagePro 411 (Media
Cyberneucs, Maryland, USA). Six microscopic fields at
a 600-fold oAginal magnification were randomly selected
from each rat sample. The immunoreactive structures
were detected in the inverted gray scale. Subsequently,
integral opucal densities of positive stained areas were
measured.

Statistical analysis

Data are presented as means and SEMs. Significant
differences between means were evaluated by analysis of
variance. Post-hoc comparisons between the different
groups were done by Tukey's test (Instat 3.0; Graphpad
Software, Inc., San Diego, California, USA). A difference
was considered significant when £ was less than 0.05
(P <0.05).

Results

Effect of bile duct obstruction on the steady-state
pharmacokinetics of rhodamine-123

Time-dependent influence of cholestasis on the pharma-
cokinetics of Rhol23, a model P-gp cauonic substrate,
under steady-state conditions in rats 1 or 7 days after
BDO, 15 presented in Table 1. In the rats 24 h after BDO,
bile flow rates, Rhol23 biliary excretion rate and Clgj,
were significantly reduced without marked changes in
either CLyg or Clep,. In contrast, 7 days of extrahe patic
cholestasis resulted in full restoration of hile flow rate
with a tendency to be higher than in the control group.
Plasma C,; rose significantly in BDO7Y group, which
corresponds with decreased renal and consequently total
clearance. The Clgg remained unchanged in both BDO
groups. The CLp/Clgp ratio of Rhol23 showed a
tendency to decrease, which was more prominent in the
BDO7 group (significant when compared with controls
using unpaired f~test), although the differences failed two
reach the 5% level of statistical significance.
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Table 1 Steady-state pharmacokinetics of Rho123 in control, and Table 3 Selected serum liver biochemical tests in control and bile
bile duct obstructed rats (n=6 in each group) duct obstructed rats
Rho123 Cantrols BDON BDO7
Cortrals BOO1 BDOY ALT (U 0.6+0. 1202344+ 15103
AST (1L 1.7t02 150+ 2.3%# 5714
Urine fiow rate (ul'min) 130106 15.0+141 13.0+£1.0 GMT (U 0.02+0.003 0.7 £ 0.04%* 0.07 £ 0.02
Bile flow rate {ulimin} 250+0.9 16.0% 1.8%* 26.0+18
Urinary excration rats 4.1+0.6 3.7+ 05 3.0+04 BDO1, BDOY, abstructive chalsstasiz indussd by bile dust abstruction lasting
{nmol/minfkg) for one or seven days.
Biliary excration rata 12+0.1 0.35+ 0.05%* 1.3+02 Valuas are means = SEM (n =E).
[nmal/minfkg) ALT, alsnine aminotransterase; AST, aspartate aminotransferase; BDO, bile duct
Plasma G (1moll) 05+0.02 0.6+ 0.02 0.8+0044 abstruction; GMT, gamma-glutamyftransferase.
CLz, (miimin/kg) TE+1.9 BE+D8 3.5+ 04% Significantly differant from control valus (P</0.08, **P<0.01, ***F<0.001).
Cls (mUmintkg) 2.1+0.3 0,810,144+ 1.5+02
CLs,, (mliminskg) 320+0.8 32.0+08 21.0% 1244+
Cles (mlfmin/kg) a1x14 10,110 B.6x20
Cla/Cles 08+0.2 0.7+0.1 0.5+0.05

BDO1, BDOT, obstructive cholestasie induced by bile duct obstrustion lasting
for one or seven days.

Values are means TSEM (n=g).

BDO, bile duct abstruction; Claw, bilsry clesrance; Clo, clearance of
endogenous creatining; Clg, renal cearance; C,,, steady-state concentration in
plasma; Clye, total plasma clearancs; Rho123, rhodamine-123.

Significantly different fram control value (*P<00.05, **FP<0.01, ***P<0.001).

Table 2 Kinetics of endogenous total (A) and conjugated bilirubin
(B)in rats (n=86 in each group) after bile duct obstruction or sham
operation

Caontrols BDOA BDO7
(&) Total bilirubin
Urinary excretion rate 0.3+ 005 0.6 0.07* 0.410.07
{nmal!mindtkg)
Biliary excration rats 4.6106 1720+2.7 25.0+5.6%*
[nmall minfkg)
Serum Cys (pmol/l) 431041 25.01 8.0* 28.0L6.3*
Clg (mUminfkg) 0.08+0.01 0.03+0.008* 0.02+0.002%*
Claie (ml'min'kg) 1.1t02 08103 0.6+£02
Cla/Cles 000810002 0.00320.001* 0.0021+0.0003%*
The totaliconugatad bilirubin ratio (fold changs)
Urinary excration 3.4105 1.8x02% 1.8 0.1%*
Biliary excration 2.5+08 1.2+002 1.2+0.07
Serum C,, 30.0t69 2.0 04% 2103+
(B} Conjugated bilirubin
Urinary excretion rate 0.1+0001 0.3+ 0.05%* 0.2+0.05
(nmal minfkg)
Biliary excration rats 3.0t08 15.0x24 2.0 5.4%*
{nmal/ min'kg)
Plasma G,, [umol'l 0.2+ 005 14.2+ 45 15,6+ 4.4
Cls (mlminfkg) 0.7£02 0.03L0.01*%* 0,021 0.004++*
Clais (ml'min'kg) 20.5+85 1.6+ 05* 1.6E04%
Cla/Cles 0.08+0.03 0.00410.001** 0.002+0.001**

Data on wine and flow ratez are listed in Table 1 - zamples from the zame
animals wers analyzed. Pharmacokinetic analysiz was performed on the base of
the assumption that bilirubin sarum concentrations were in steady state.

BDO1, BDOT, obstructive cholestasie induced by bile duct obstrustion lasting
for 1 or 7 days.

Values are means TSEM (nw=B).

BDO, bile duct obstruction; Clg, bilay clearance; Clos, clearance of
andogenous creatining; Clg, renal claarancs; Cas stesdy-state concantration
in plasma.

Significantly differant from control valus (*P<0.05, **F<0.01, ***F<0.001).

Serum, biliary and renal bilirubin kinetics after bile
duct obstruction

Io verify the efficacy of the model of cholestasis used, we
evaluated endogenous bilirubin (total and conjugated)
kinetics in sham-operated and BDO1/7 rars (Table 2),

assuming steady-state plasma concentrations. Both dura-
tions of extrahepatic cholestasis were associated with
an increase in both the determined serum bilirubin
levels. Most of elevated serum biliubin was of the
conjugated type as exemplified by decreased ratios of
total to conjugated serum bilimbin  concentrations
("Table 2). Biliary excretions of the total and conjugated
bilirubin were found increased in both groups of BDO
rats. Biliary clearances of total bilirubin remained un-
changed, however, whereas those of conjugated type were
profoundly reduced after both durations of cholestasis.
Urinary excretion of both types of bilirubin was found
increased after 1 dav of cholestasis and recovered after
7 days of operation. Renal clearance of both analytes was
markedly reduced by BDO1/7 with the tendency to be
worsened ‘with progression’ of cholestasis. Ratos of
bilirubin renal clearances to creatinine clearances were
reduced by both durations of cholestasis suggesting either
a fall in active tubular secretion or increased reabsorption,
which was much more prominent in conjugated bilirubin.
Changes in the serum biochemical tests of liver function
are demonstrated in Table 3. Significant increase in
serum alanine aminotransferase, aspartat aminotransfer-
ase and gama gluramyltransferase activities was observed,
especially 1 day after BDDO.

Immunochistochemistry of P-glycoprotein

Qualitative and quanttative aspects of P-gp tissue
distribution in the liver and kidney were assessed in
sham-operated and BDO rats. Fig. 1a shows the normal
staining pattern seen in the lwer of a control animal.
Weak labeling was restricted to the hepatocyte apical
membrane delineating the bile canaliculi preferentially
in the periportal arcas of the liver lobe. Livers from
BDO1/7 rats showed a markedly increased labeling of the
canalicular membrane with an extension of staining also
to pericentral hepatocytes (Fig. 1b and ¢). In the kidney
of control animals, P-gp vielded a weak signal on the
apical surface of the epithelial cells of the proximal
tubules (Fig. 1d). Quanuficavon of P-gp by densitometry
of the immunostained protein in controls and BIDO1/7
rat liver and kidney i1s shown in Fig. Zc. In the liver,
comparison of overall integral optical densities of stained
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