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i
ABSTRAC
The ai mof thi s investigatio nwast odefin eth ei_nvitr o conditon s
necessar y t o suppor t cytochrom e P450-mediate d metabolism i n rat
culture d hepatocytes , suc htha t thi s syste mcoul dthe nbeusedas an

invitrt_ _omodel i nth estud yof cytochrom e P450-mediate d cytotoxicity

Maintenanc e of P450-dependen t enzym e activitie sincultur ewas not
affecte d by supplementato n of culturemediu mwit h haem, but was

markedl y influence d by the ageandsexof th e hepatocyt e donor

animal.
Inductio n in primar 'y cultur e by phenobarbiton e and
beta-naphthoflavone was investigated , andfoun dt o b e quantitativel y

and qualitatively differen t t o th einductio n observe d i n vivb ,
hepatocyte s i n cultur e bein g particularl y refractiv etoinducto nby
phenobarbitone . The maintenanc e i nprimar ycultur eof a rang e of
enzyme activitie s was determine d followin g treatmen t of rat si nviv o
wit h isoniazi d an d dexamethasone , i n additio nt o phenobarbiton e and
beta-naphthoflavone, and i ngeneral , ther ewas goo d maintenanc e o f
the induce d activities . Th e actiitie swer e chose n as possibl e
selectv e substrate s fo r th e differen t induce disozymes , wit h a vie w
to usin gth e activit y profile st o characteris e differen t classe s of
inducer ; however , althoug h selectiv. e inductio nwas observe d wit h
isoniazid , beta-naphthoflavone and dexamethasone , a | th e chose n

activitie s wer e induce d by phenobarbitone

The fina | part of thi swor k involve d determinin g cytotoxicit y in

vitro , followin g inducto nof P450i nviv owit hphenobarbiton e and



iid
beta-naphthoflavone : Seve n know n hepatotoxin s wer e investigated ,
and th eresult s obtaine dagree dwel | wit havailabl ei nvitr oand i n

viv o literaturedata .

In summary , a rang e of constitutiv eandinduce d enzym e activitie S

were maintaine d at hig h level s i n hepatocyte s culture d for

4

twenty-four hour s fro madul t male rats , and an inductio n jn_i[/’
vivo/hepatocyt e cultur e protoco | shownt obea viabl ei nvitr o model
for th estud yof metabolism-mediated toxicity , as an alternativ eto

inducto n and detecto n of toxicit yi nvitro .
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ABBREVIATIONS

Al abbreviation sar edefine dth efirs t tim etha t the yappear i nth e

text , wit hth eexceptio nof th efollowing , deemed acceptabl eby th e

Biochemica | Journa | (257 @ 1-21,1989 ) whic h ar e used withou t

definition

AMP adenosin e monophospat e

ATP adenosin e triphosphat e

CoA coenzym e A

DMNA deoxyribonucleicaci d

EDTA ethylenediaminetetraaceticaci d

EGTA ethyleneglycol-bis (B-aminoethylether )
N1 N1 N' N'-tetraaceti caci d

FAD flavi  n adenin e dinucleotid e

FMWN flavi n mononucleotid e

HEPES N-(2-hydroxyethyl) piperazine-N' -
(2-ethanesulphonicacid )

NAD(H) nicotinamid e adenin e dinucleotid e

NADP(H nicotinamid e adenin e dinucleotid e phosphat e

mRM messenge r ribonuclei caci d

Tri s tris(hydroxymethyl) aminomethane

upp uridin e diphosphat e
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CHAPTR 1
GENERA INTRODUCTION

The cytochrom e P45 0 mixed-functio n oxygenase s ar einvolve d i n the
metabolis m of a wvariet y of endogenou s substrates . However , a

considerabl e number of thes e enzymes als ohave th e capacit y to

metabolis e a wid e rang e of structurall y divers e xenobiotic s
includin g dietar vy constituents : environmenta | pollutants ,
insecticide s an d therapeuticall y administere  d drugs . Some of thes e

xenobiotic s ar e noxiou s to man per se, but many other s ar e

biotransforme d t o reactiv e highl vy toxi c intermediates , predominantl vy
by th e actio n of cytochrom e P450 enzymes . Thi s can lea d to
cellula r dysfunction , carcinogenesi sanddeath . The functo n of

thes e enzyme s i s probabl yt o activat e compound s suc htha t the y can

be detoxifie d by th eactio nof conjugatv e enzymes,- however , th e

balanc e of thes e reaction s canbedisrupte dbymany factors . The
potenta | fo r P450 t o generat etoxi ¢ metabolte s has importan t
ramification s i nmanyarea sof stud yeg . occupationa | or accidenta |
exposur e t o industia | chemical s or environmenta | pollutants , and

dru g development an d therapy

The cytochrom e P450s hav e bee nfoun di nmost of th e organism s i n
whic h the y hav e bee n sought . Theyar e alsofoun di nmost mammalian
tissues henc e th e literatur e avallabl e on thes e enzymes i s
enormous, and thi s revie wecanno t adequatel ycove r ever y aspect of
P450 metabolism. The wor k presente d her e i s concerne dwit h hepati ¢

P450 metabolis m and toxicity , and therefor e most of thi s
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introductio n i s confine dtoth erol eof cytochrom e P450i n hepati ¢
biotransformation , and th e developmen t of toxicit yi n thi s organ .
Where possible , referenc e i s made t o dru g metabolis m i n Man;
however, much of our wunderstandn gof P450 metabolis m has been
obtaine d fro m roden t studies , particularl yth e rabbit , rat and
mouse. Thi s introductio ni sdvide dint ofou r mai nsections ; th e
latte r part s deal wit h regulaio nof P450 expressio n and wit h
methods of studyin g hepati c dru g metabolism ; th efirs t part of thi s
revie w deal s wit h th e integrate d rol e of P450 i n metabolism,

particularl y i nth e liver

1.1 CYTOCHROM P45 0

1.1. 1 Backgroun d an d histor vy

Cytochrome s ar e elecro n carie r protein s tha t contai n
iron-porphyri n prostheti ¢ groups . Electro ntransfe r i s effected by
reversibl e valenc e change sof th eiro ndurin g th e catalyti c cycle
The iro n i s complexe dt oth eporphyri nrin gby co-ordinat e bond s
(th e number of whic hdetermin eth e spinstat eof th e cytochrome)
Most cytochromes includin g th e mitochondria | respirator y
cytochrome s an d cytochrom e P450 contai n a hae m(ro n protoporphyri n

IX) prostheti ¢ grou p (Lehninger , 1975) .

In 1958 a membrane-boun d cytochrom ewas describe d that had an
unusual absorpto n maximu mat 450n mo n bindin g carbo n monoxid e i n
live r microsome s reduce d wit h dithionit e (Garfinkle, 1958 ;
Klingenberg , 1958) ; thi s cytochrom ewas late r characterize d as a

haemoprotei n an d designate d cytochrom e P450 (Omur a and Sato , 1962) .



6
P450 was late r shownt obe reduce dbybot h NADHan d NADPH and was
rapidl 'y re-oxidise d in the presenc eof oxyge n (Omura and Sato ,
1964) . 't i snowknowntha t ther e ar emultipl e isozymi ¢ form s of
P450; t odate , ove r 50 mammalia n gen e product s hav e bee n identifie d
(Neber t et al., 1989) . P450 s hav e bee nfoun di nbacteria , plant s
and most anima | phyla ; mammalian P450s are locate d in the
endoplasmi ¢ reticuu =~ m(ER) of most tissue s (Fevold , 1983 ; Neber t and
Gonzalez , 1987) , andar eals opresen t i nth e adrena | mitochondri a
(Neber t and Gonzalez , 1987) . Recent wor konth etopolog y of P450s
suggest s that th e amino-terminal amin o acids , whic h are
predominantl y hydrophobi ¢ residues , ancho r th e cytochrom ei nth e ER
membrane, th e bul k of th e molecul e sitin gonth e cytoplasmi ¢ sid e
possibl 'y wit hothe r region s of th e molecul e traversin g th e membrane ,
and th e hae mgrou pparalle | to , or at a sligh t angl et oth e membrane

surfac e (Nelso nand Strobel, 1988 ; Vergert set al., 1989) .

P450 i s th etermina | oxidas e component of th e microsoma | electro n
transpor t syste m (Coope r et al., 1965) whic h catalyse s mixe d
functio n oxidato n (MFO) of anextensiv evariet y of structurall y
divers e endogenou s an d xenobioti ¢ compound s (Tabl e 1.1) . Thes e MFO
reacton s serv et o make lipophili ¢ compound s mor e hydrophilicbhyth e
addiio n of a pola r functiona | group . Thi si s essenta | in the
detoxificatio n process sinc e th e resultin g water-solubl e
derivatve s can the n be metabolise d by conjugatv e enzymes t o
readil y excretabl e compounds . Metabolis mof xenobiotic s fall s int o

two mai n categories : Phas el , (oxidativ eor reductive ) whic hadds a



functiona | goup , and Phase Il whic h are general y the tru e

detoxificatio n reactions

1.1. 2 Chemistr y an d enzymolog y of MFO reaction s

There ar e thre e essenta | component sof th e MFO system : P450,
NADPH-cytochrom e P45 0 reductas eandlipi d (L uandCoon, 1968 ; Lu et
al., 1969) .  NADPH-cytochrom e P45 0 reductas e (P45 Oreductase ) i s a
flavoprotei  n containin g bot h FADan d FMN prostheti ¢ groups . P45 0
reductas e i s als o ER-membrane-boun d an d passe s reducin g equivalent s
fro m NADPH t o P450. P450 reductas e appear st obe a ‘transducer
protein , i n tha t th ereductas ei sa twoelectro n accepto r wherea s
P450 i s a on e electro n acceptor . Electron s ar e passe d sequentiall y

¥ to FADtoFMNto P450. A heat-stable lipid

fro m NADPH + H
component i s als o requre d fo r MFOactivit y and appear s to be
phosphatidylcholine. Reconstitutio n studie s indicat etha t th e fatt y
aci d composito n i s als ovita | fo r activity , suggestn g that th e

compositio n of th e lipidenvironmen t of P450i s a determinin g facto r

for MFOactivit vy (Rieen set al., 1989) .

The rol e of PA50i nMFOi st obin dbot h molecula r oxyge n (Op_) and
th e substrate , cycli ¢ oxidation/reductio nof P450 an d P45 0 reductas e
resulin - g i nth ecatalyti cconversio nof th e substrate . Substrat e
bindin g t o th eferri ¢ for mof P450 change s th e absorbanc e spectru m
of th e cytochrome . Thi s i s due t o alteration s in the spin

equilibrium.
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The spi nstat e i s determine d by 1igandco-ordination : [ n additio n
to th e fou r equatoria | iron-pyrrol e nitroge nbonds ther e are 1
(penta-co-ordinate ) or 2 (hexa-co-ordinate ) axa | bonds t o amino
acid sid e chains . Most P450 s exis t wit h th e spi n equilibriu m
predominantt 'y in the lowspi n stat e (hexa-co-ordinate) : and
substrat e binding , wusuall y toth eprotei npart of th e molecule |,

alter s th e conformato n of th e protei nand therefor e it s 1ligand
interacton s wit h th e hae mgroup . Thi s cause s a spin-stat e shif t
to predominantl y high-spi n configuration s (producin g a Type |
bindin g spectrum) . Substrat e bindin gt oa high-spi nfor mi s though t

to be via the haem iro n itsel f producin g a hexa-co-ordinate d

low-spi n haemoprotei n and a Typel | bindin g spectru m (Gibso n and
Skett , 1986) . Substrate s wer e originall y classifie das to thei r
abilit y to elici tTypel or Il bindin g spectr a (Schenkma n et al.,

1967) , befor e th e existenc e of multipl e isozyme s was full y realised.

The overal | stoichiometr y of MFOreaction s is :

NADRI+ HY + 0, + sH— P20 _naDp* + H,0 + SOH

where SH i s th e substrate . A simplifie dversio nof th e catalyti ¢

cycl ei s showni n Figur e 1.1 . Briefly —;

(i) Substrat e bind s toP450causin ga shif tin spin-stat e and a

change i n redox potentia | whic h facilitate s electro n acceptance
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(i ) Twoelectron s ar etransferre  dfro m NADPH+H® t 0 P45 0 reductase ,

and on e electro n transferre d fro mP450 reductas et o P450.

(i ) Bindn gof 0, toth ereduice dP450t o produc e a highl vy unstabl e

oxy-ferrous-substrat e complex .

(v ) Secon d electro nreductic nbyP450 reductas e or cytochrom e b5,

oxyge ninsertio n (vi aa peroxy-intermediate?) an d produc t release

These latte r step sar enot wel | characterized , alon gwit hth e rol e
of cytochrom eb5i nth ecatalytiir ccycle . Cytochrom eb5canfor m a
covalen t comple x wit h P450tha t seems t o enhanc e bindn g of selecte d
substrates , and als o th e shif t i n spin-stat e equilibrium , for

certai nisozyme s (Jansso net al., 1985) .

Also, th e secon delectro nmaybedonate deithe r byth ereductas e or

by b5, whic hcan alsobereduce dby cytochrom ebb5 reductase , wit h
NAH as th e electro ndonor . Thes eelectron s ar e transferre d to
steary | CoA desaturase , but it nowseemstha ttey can as o be

passed fro m b5t o P450, explainin g th e observe d NADH synergis m on

NADPH-supporte d metabolism (Schenkma net al., 1976) .

It has als obee nsuggeste dtha t b5 increase s th e ‘coupling of the

cycle . Durin gth ecatalyti ccycle , ther ei sanincreas e i n hydroge n
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peroxid e (H?OZ) formation , sinc eP450als ohas anoxidas e activit y

concomitan t wit h monooxygenationo f substrates

NADRI+ HT + 0, NADPT + H,0,

This activi y has been viewe d as an ‘uncoupling of electro n

transfe r fro m substrat e oxidaton . Thebindn gof b5t oP450 may
resul t i n tighte r couplin gduet omore efficient/faste r electro n
transfer . 't shoul d benote dtha t PA50isozyme s that exis t as

predominantl 'y hig h—spinform sie . P450nEl , have hig h endogenou s
oxidas e activt 'y (Gorsk y et al., 1984 ; Ingelman-Sundber g and

Johansson , 1984) .

11 3 lIsozymi c form sof P450

P450 exist s as a superfamil yof isozymi c forms , whic haccount s fo r
the observe d broa d andoverlappin g substrat e specificity : The
isozyme s hav e bee n organise dint othitee n familiesbased on th e
divergen t evolutio n of th e P450 gene s derive dfro mprotei n primar y
sequenc e alignmen t dat a (Neber t et al., 1988 ; 1989) . Familie s I-IV
contai n most of th emammalia n hepati c cataboli ¢ P450s ; familie s
XVII,  XIX, XXI and XXl | compris eth e mammalia n extrahepati ¢ P450 s
involve d i n steroi d biosynthesi s whil e famil y XI contain s th e
mitochondria | P450 s tha t us e adrenodoxi nfo r electro n transfer . I'n
addio n ther ear eth eyeas t (L | and LII) bacteria | (C1 and CII) and

insec t (VI ) familie s (Gonzalez , 1989) .
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The isozyme s hav e bee n classifie dint o famiie s and subfamilie s

based onth e percentag e similarit yof thei r primar y sequences . [ n
general , ther e i s les s tha n 40% similarit y betwee n isozyme s of
differen t families . Sequence s withi na famil yare take n to be
greate r tha n 40%Zsimilar , andgreate r tha n 59 %simila r fo r mammalian
subfamilies . Also , sequence s tha t ar emoretha n 97 % simila r ar e
assumed t o b e alleli c variants , unles s demonstrate dt obe differen t
gene  products . Thi s classificatio n has enable d a standar d
nomenclatur e fo r PA50st obedevised . Tabl el 2give s th e standar d

nomenclatur e fo r th e main hepati c P450s fro mfamiie s | - |l
This nomenclatur e fo r P450 protein s (eg . P450l1A1 ) and gene s
QIAI)W“ | beuse dher ethroughout , wher e possible

Althoug h th e sequenc e similarit y betwee n isozyme s fro mbacteri a and
mammas i s les s tha n25%, ther e i s sufficien t localise d sequenc e
identit y t o classif ythes e isozyme s as members of one superfamil vy
eg. ther e i s a highl yconserve d 2l-residue cysteiny | fragmen t
associate d wit h th e haem-bindin g pocke ttha ti s presen t in al
eukaryoti ¢ P450s andth e prokaryoti ¢ P450 C1 (Neber t and Gonzalez |,

1987) .

There i smuch speculatico nast owhyther ear esomany P45 0 isozymes

Diversificatio n of P450 form s probabl y occurre das specie s adapte d
to ne wenvironments . |t has beensuggeste dtha t change s i n dietar y
flor a necessitate d th e developmen t of enzyme system s tha t coul d

detoxif y and/o r utlis emanyof th e plan t products . I norde rtobe



12
an evolutionar  y success , anorganis mmust beabl et oprotec t itsel f
fro m environmenta | poison s and survivi e Oon new energ y source S

(Gonzalez , 1989) .

The P450 | famil vy

There ar e two protein sinthi sfamily : P450IA 1i s foun d i n most
phyla fro minsect s upward st oth e mammals, wherea s IA 2 appear st obe
expresse d onl yi nth elive r (Gonzalez , 1989) . However , despit e th e
ubiquitou s natur e of IAl, no endogenou s substrat e has been
identifie d for thi s P450. IAl metabolise s planar aromati ¢
compounds eg .  benzo-[a]-pyren e and 7-ethoxyresorufin; 1A 2
metabolises predominantt y arylamines. Bot hgene s ar e inducibl e by
polycycli ¢ aromati c hydrocarbon s e.g . tetrachlorodibenzo-(p)-dioxi n

(TCDD), 3-methylcholanthrene (3-MC ) and beta-naphtheflavone (BNF;

Haugenet al., 1976 ; Thomaset al., 1983) .

The P4501 | famil vy

The P4501 | famil y has fiv e mai n subfamiie sAtoE. Thereare at

leas t thre e rat gene si nth e ITAsubfamily : CYP2Al and CYP2A2 ar e

expresse d i n th e liver , and althoug hthe yexhibi t 93 % nucleotid e
sequenc e similarity , the y ar e differentiall y and developmentally
regulated . IIAli sa testosterone-7& -hydroxylase, andllA 2a 154
-hydroxylase. A thir dgenei sexpresse di nrat lung , althoug h it s

orthologu e i n th e mouse i s expresse din the lve r and kidne y

(Matsunag a et al., 1988 ; Gonzalez , 1989) .
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There are at leas t ten genes in the IIB subfamily , the rat
phenobarbiton e (PB)-inducible gene s bein g CYP2B1 and 2, th e
protein s havin g simila r substrat e  specificitie s eg . for
benzphetamin e and testosteron e (Rya net al., 1979) . Thes e gene s
seem t 0 hav ediverge dfro meac hothe r recentt yinth erat , as most
rodent s do not hav e orthologue s fo r bot hthes e gene s (Adesni k and

Atchison , 1986) .

The IIC subfamil y contain s mostl y constitutiv e P450s , many of whic h

are developmentally/sex regulated , althoug h some ar e inducibl e by
PB. The rat hasatleas t fiv egene sand one pseudogene . Thes e
includ e th e male-specifi c IIC1land 13 and th e female-specifi c lIC 7

and 12 isozyme s involve di nsteroi d hydroxylations (Waxmanet al.,

1983; Adesni k an d Atchison , 1986) . Thi s subfamil y als o contain s
thre e gene s (CYP2C8-10 ) responsibl e fo r mephenytoi n metabolis m

(Neber t an d Gonzalez , 1988 ; Gonzalez , 1989) .

The TIID subfamil vy i s highl y polymorphi cinth erat and th e human,
bein g involve d i n debrisoquin e metabolism. Thi s subfamil y appear s
to have a uniqu e lineage , bein g les s simla r to the othe r

subfamilie s (Gonzale zet al. , 1988 ; Gonzalez , 1989) .

The HE subfamil y contain s tw o genes , although , t o dat e onl y rabbit s
have bee n‘show nt oposses s bot h genes , howeve r ther e i s differentia I
tissu e expressio n (Porte ret al., 1989) . P450lE 1i s inducibl e by

ethano I (Rya netal. , 1986) , diabete sandfastn g (Maetal. , 1989)
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and aceton e (Johansso n et al., 1988) , and substrate s includ e
acetone , acetoacetate , halothan eandpyridne . Thi sP450may pla y

arol ei n gluconeogenesis durin gfastn g (Gonzalez , 1989) .

The P450111 family

There ar e t 0 dat esi xgene si nthi sfamily : 2 rat , 3 human and 1
rabbit . Of th e ra t genes , CYP3Ali sinducbl e by pregnenolone-16x
-carbonitril e an ddexamethason e (Dex ; Heumane _ta_]. , 1982) , wherea s
CYP3R i s constitutiv ei nmal erats . Macrolid e antibiotic s as o
induc e P450ll A protein s (Wrighto net al., 1978) . However , it has
been difficul tt oreconcl e interlaboratorydat awit hrespec tt oth e
mulipl e isozyme s i n thi s famly , and thu s comespondenc e of
differen t isozyme s fro m differen t groups . | t may be therefore ,
that ther e ar e several , wver yclosel y relale d isozyme s i n thi s

family , a | of whic hhavenotyet bee nresove d (Halpert , 1988) .

(0]

Both gen e product s appea r t o posses s testosterone-G/a -hydroxylas

activit  y (Neber t an dGonzalez , 1988 ; Gonzalez , 1989) .

The P4501 V family

These constitutiv e P450 s catalys eth e -w-hydroxylation of laui c
acid andarachidoni caci dandar einducbl eby hypolipidaemic drug s
that ar e als oroden t peroxisom e proliferator seg . clofibric ad d

(Tamburin i et al., 1984 ; Hardwic k et al., 1987) .
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1. 2 REGULATIONOF P45 0 EXPRESSION
P450 expressio n i s reguate d attw o levels .  Physiologica | and
environmenta | factor s alte r th eisozym ecomplemen t of an orga n by

influencn g th e molecula r mechanism s responsibl e for gene

expression , whil e regulatio n at th emolecua rleve | can be vi a
conto | o f gen e transcription , MRNAand/o r apoprotei  n stabilit y and
haem  biosynthesis/degradation . Thes e will be discusse d belo w
(1.23) . Many factor s hav ebee nshownt oaffec t P45 0 expression

ther e ar e compound s tha t induc e thei r own biotransformatio n ando r
the metabolis m of othe r substances , i naddiio n t o physiologica I
condition s tha t affec t primarl vy constiutiv e P450s . I n bot h

cases , alteration s i nisozym e complementca nhav e profoun d effect s

on metabolism/toxicity of P450 substrates , bot h endogenou s and
xenobiotic . Inducio n andcontro | of constitutiv eexpressio n ar e
discusse d i n th e folown g sectons , and athoug h deal t wit h

separately , ar enot completel ydiscret e processes

12. 1 Constitutiv e P45 0 expressio n
There ar e many factor stha t ar eknown t o infuenc e constitutiv e
expressio n of P450, includn  ggenotype , hormone san dlive r disease ,

aswel | a s infection , Starvatio nan dstres s (Vesell , 1988) .

Genotyp e Specie s and strai n difference sin P450 metabolis m i n
experimenta | animal s hav e bee nrecognise dfo r a lon g tm e (Kato |,
1979) , buti ti snowknowntha t ther ear esevera | example sof geneti c

polymorphism s fo r du g metabolis m i n Man, some wit h racia |
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difference s i n distributio n frequency . One of the best
characterize d i s th e polymorphi ¢ metabolis mof th e anti-hypertensiv e
drug, debrisoquin e (DB) . The 4-hydroxylationof DBshows a bimoda I
distributio n betwee n th e extensv e metabolisers and th e poor
metabolisers (wh o excret e n o 4-hydroxydebrisoquine) , wit h a low

incidenc e of poor metabolisers. The deficien t hydroxylationof DBi s

an autosoma | recessiv e trait , andi s associate d wit h deficien t
metabolis m of severa | othe r drug seg . sparteine , phenytoi n and
phenacetin , and i s duet oth eabsenc eof a singl e P450 isozyme :

P450IID 1 (Maghou b et  al., 1977 ; Gonzae z et al., 1988) .
Mephenytoi n metabolis mi s als o polymorphi ¢ i nhumans, aswel | asth e
non-P450-mediate  d N-acetylation of many drug s e.g . isoniazi d (Lev i

et al. , 1968 ; Gonzalez , 1989) .

Tissue-specifi c regulatio n Many P450s exhibi t  tissue-specifi c

regulation althoug h th e molecula r mechanism s responsibl e ar e

unknown. P450IIB 1 i s constitutively expresse d in the lun g and

tests , butnotinth elive rof untreate drats , wherea slIB 2i sonl y
detectabl e i nth elive r of untreate danimals . P450lA 2 als o appear s
to be liver-specific as are IlAl , IIA 2 and IClI | (Neber t and
Gonzalez , 1988 ; Gonzalez , 1989) . Recently , an olfactory-specifi c
P450 was identifie d whic h appear st obe a member of the Il gene
famil y (Ne f et al., 1989) ; th e P450 Vfamily , i ncontrast , may be
more ubiquitous , havin gbee nfoun di nliver , lung , kidney , placenta |

intestin e an d leukocyte s (Gonzalez , 1989) .
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Hormonal regulatio n Hormona | influence s on P450 expressio ncove r a

wide rang e of conditon s includin g pregnanc Yy an d lactation , diabete s
and fasting , and isals oth ebasi sof age and se x difference s in
drug metabolism , eg . 7-propoxycoumarin O-dealkylation (Kamatak i et
al., 1980) , hexachlorobenzene metabolis m (Rizzardin i and Smith ,
1982) , phenytoi n  metabolis m (Billings , 1983) . Age and sex
difference s i ndru g metabolismar e relate dt o P450-mediate d steroi d
metabolis m whic h i s regulate dbygrowt h hormone ; th e secreto n and
effect s of growt h hormon e ar e discusse di ndetai | i nChapte r Four
and wil | onl'y be outine d here . Briefy , most P450s ar e not
expresse d prenatally : birth , weanin g an d pubert yeac hinfluenc e th e
P450 profil e (Waxmanet al., 1985) i n particular , heonatal , gonada |
androge n productio n imprint s th e adul t patter n of pituitar y growt h
hormone secretion , whic hi s differen t i nmale s andfemale s an dwhic h

the n influence s hepati c P450 expression , primaril yvi a suppressio n

of P45 0 synthesi s (extensivel y reviewe dby Skett , 1987 ; 1988) .

Thyroi d hormone s affec t P45 0 expression , althoug hthei r exac t mode
of acto n i s unclear . Thyroxin e appear st omarkedl y affec t th e
level s of P450 reductas e (Kato , 1977 ; Waxman g_ﬂ., 1989) , and
thyroidectom y has been shownt ohave substat e and sex-specifi c
effect s on P450 metabolism , whic hcanbereverse dor enhance d by
subsequen t  administratio n of thyroxin e (Skett , 1987) . The
confusin g pictur e of thyroi deffect s on P450 metabolis mmay be a
resul t of th efaillur ei nearl ystudie st o discriminat e th e action s

of thyroxin e an d tri-iodothyronin e and/o r th e compoundin g influenc e
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of age, sinc ethyroi dsuppressio nof P450 appear st o b e particularl y

marked fo r neonatallyexpresse dP450s (Yamazo eet al., 1989) .

There i s a genera | decreas ei ndu g metabolismi nth epregnan t rat ,
thought t o be associate dwit h increase d progestage n level s (Gibso n
and Skett |, 1986) , Decrease s i n anilin e hydroxylation and
ethylmorphin e N-demethylation wer e parallele dbychange s i n P450
conten t (Kato , 1977) . Thes e change s als ocorrelat ewit hth e reporte d
decrease s i n tota | microsoma | phospholipi d conten t and th e

phosphatidylcholine: phosphotidylethanolamine rati o i n pregnancy |,

D

alon g wit hth e decrease dproportico nof P450i nth e high - spi n stat
(Turca n et al., 1981 ; Symonset al., 1982) . Thelpi d compositio n
of reconstitute d system s i s knownt omarkedl vy affec t P450 activit vy
(Yamazoe et  at., 1988) . I't has been suggeste d tha t
sex-differentiate d activitie s aswel |l as th e pregnancy-associate d

inhibitio  n of dru g metabolis mar e duet o specifi clipi drequirement s

of differen t isozyme s (Skett , 1987) .

Diabetes , althoug ha diseas estate , i sa hormonally-based disorder |,
and it s effect s on P450 wi | thu s be discusse d here .
Chemically-induced or spontaneou s diabete s mellitu s dramaticall vy

alter s dru g metabolis mi nth emal erat , effect si nth efemal e bein g

les s marke d (Kat o an d Gillette , 1965a ; Skett , 1987) . | n acut e
chemically-induced diabetes , ther e i s suppressio nof male-specifi c
and increase s i n female-specifi C activitie sinth emal erat , whic h

can bereverse dbyinsuli nreplacemen t treatmen t (Kat o an d Gillette ,
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1965a) . Thi s i sals osee ni ngeneticall y diabeti crats , where it
was als o shown tha t diabeti cmale s had lowe r seru m testosteron e
level s tha nth econtro | male s (Warre net al., 1983). Castratio n and
diabete s appear t o have simila reffect son male rats , in that
androgens , lik e insulin , can partall y revers e th e effect s of
diabetes. However , th etime-course sof change si n dru g metabolis m
and seru m testosteron e level s donot correlat e wit h eac h othe r
(Skett , 1987) . Despit ethis , i t hasbeenpropose dtha t insuli n and
androgen s may act throug ha common mediato r ie . growt h hormone ,
thi s bein g a feminisin gfactor , andinsui na masculinising facto r

wit hrespec t t o P450 metabolism (Skett , 1987) .

In addito n t oeffect s on sex-differentiate d metabolism , diabete s
induce s a specifi ¢ P450 isozyme , P450IlE 1 (Bellward et al., 1988) .
This isozym e i s als o induce d byethano | and isoniazi d and i s
associate d wit h anilin e hydroxylas e activii 'y (Ryanet al., 1986) .

Fastin g andobesit yals oinduc e IIEl (Hon get al., 1987 ; Salaza r et

al., 1988) . Fastin gappear st oexaggerat e se x difference si n P450
metabolism , wit h male-type metabolism bein g depressed , as in
diabete s (Kat o an d Gillette , 1965b ; Maet al., 1989) . Fastn g and
diabetes , however , do not hav e identica | effect son P450 isozym e
expression althoug h IICl | and A | were decrease d by bot h
conditions , fastin g decrease d and diabete s increase d th e PCN-E

isozym e ( a male-specifi c steroi d 6"3 -hydroxylase); fastn g als o
increase d tota | P450 wherea s diabete s hadnoeffec t on th e tota |

microsoma | P450 conten t Maet al., 1989) , Theinductio nof IE |
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in diabete s and fastin g i s associate dwit hketosi s (Honn et al.,

1977; Bellwardet al.,1988) ; IE | i sals oinducibl ebyaceton e and

acetoacetat e andit hasbeensuggeste dtha t IE | i sinvolve din th e
gluconeogeni ¢ respons e t o glucos e deficienc y (Gonzalez , 1989) .
However, ther e ar e molecula r difference s in lE | inducto n by

aceton e andfastin g- thes e will be discusse di nsecto n 123

Diseas e Many live r disorder s ca n adversel vy affec t dru g metabolism ;
cirrhosi s and chroni ¢ vira |  hepatiti scanreduc e th e number of
functona | hepatocyte s and any diseas etha t affect s bloo d flow
throug h th elive r can affec t extracio nandclearanc e (Kato , 1977) .
In general , th e imparmen t of dru g metabolism i n chroni c live r

diseas e correlate s wit hth e severit yof dysfunction

Relatively 1ittle i s knownabout th eeffect sof th e porphyria s on
drug metabolism, althoug h clearl vy deficiencie s i n hae m biosynthesi s
or increase d degradatio nwil | reduc eth e amount of P450-holoenzyme

Regulato n of hae mbiosynthesi s and degradato ni nrelaio nt o P450
activii 'y i s discusse di n Chapte r Three . However , i t i s known tha t
TCDD oestrogen s and hexachlorobenzene ca ninduc e hepati c porphyria s
in Man andexperimenta | animal s (Rizzardin i andSmith , 1982) , and
that acut e intermitten t porphyri a selectivel y impar s dru g

metabolis m(Anderso net al., 1976) .
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12. 2 Inductio nof P450

Conney et al. (1956 ) firs t reporte dth e induco nof aminoaz o dye
metabolism by 3-methylcholanthrene (3-MC) . Theenzyme induce d was
benzpyren e hydroxylas e or ary | hydrocarbo n hydroxylas e (AHH) , now
known t o be associate dwit h P450IA1 . P450IA1 , and t o a lesse r
extent , A2 have been shownt obe inducibi e by th e polycycli ¢
aromati ¢ hydrocarbon s (PAH) , eg . 3-MC, BNFand TCDD, isosafrole
bein g more selectv e fo r P450IA 2 inductic n (Conne yet al., 1967 ;
Thomas et al., 1983) . Theearl ywor konPAH-inducto nof P450 was
facilitate d byth ediscover yof a polymorphis mi nmic ewit h respec t
to responsivenes s t o PAH-inductio nof AHH. PBand PCNwer e shown
to induc e differen 't protein st oBNFandTCDD i n responsiv e mic e
strains ; i nnon-responsiv. e strain sther ewasnoinducto nof AHH by
BNF or TCDD (Hauge net al., 1976) . TCDDwas shownt obea poten t
tigand for a recepto r whose bindn g affnt y segregate d wit h
AHH-responsivenes s in mice , and subsequentl vy cytosoli ¢
receptor-boun d TCDD was shownt obeth efacto r responsibl efo r AHH
induction ; thi srecepto r i s encode dbyth e Ahlocu s (Polan d e_tTﬂ.,
1976; Gonzalez , 1989) . The TCDD-recepto r comple x appear s t o
translocat e int o th e nucleu s where it act s as a positv e

transcriptiona | activatio n element , possibl ybindin gt o regulator vy

D

element s tha t hav e bee n identifie dupstrea mof th e CYP1Al gen

(Gonzalez , 1989) .

Autoregulation of th e Alcu s by an endogenou s represso r has been

postulate d fro mwor k usin g cel | line swit hnormal recepto r level s but
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no AHH induction . I n thes ecel | line s however ther e i s hig h
constitutiv e expressio nof IALmRNA ie . i nth eabsenc eof inducer.
These mMRNAs code d fo r defectv e proteins , andi t was suggeste d tha t

the 1Al enzyme metabolises an endogenou s compoundt o a represso r o f

the Ahlocu s (Hankinso net al., 1985) .

Severa | othe r enzyme s ar e associate dwit hth e Ah locu s includn g a
glutathion e transferase ,  NAD(P)H:menadion e oxidoreductase , a
UDP-glucuronyl transferas e an d P450IA 2 (Neber t an d Gonzalez , 1988 ;
Gonzalez , 1989) , suggestin g tha t ther ei s co-ordinat e regulato nof

certai n component sof Phasel and| | metabolism.

In contras t t o PAH-inductio nof P450, very littl ei s knownabout th e
mechanis m of PB induction , othe r tha ntha t PBstimulate s de nov o
synthesi s of P450, andther ei snoevidenc efo r th einvolvemen t of a
recepto r (Adesni k et al., 1981) . PBinduce s proliferationof th e
ER and inaddito ntoinducto noftota | PAG0andP450s IIBl1 and
B2 , level s of P450 reductase , epoxid e hydrolas e and a

UDP-glucuronyl] transferas e ar e als oincrease d (Hardwic k et al.

1983a) . Th e P450IIIAL/ 2 protein s and als o some membersof th e IIC
subfamil y ar eals oinducibl ebyPB(Gonzalez , 1989) . Inducto n of
IBI and 2 i s co-ordinate , but th e transcriptio nrat ei s differen t

to that of th ereductas e andepoxid e hydrolas e (Hardwic k et al.

1983a) . Othe r inducer s of IIB1/2 includ e SKF-525A , isoniazid

chlordan e an d Arochlo r 125 4 (Gonzalez , 1989) .
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Isoniazid , aceton e andethano | a | induc e P450IIE1 , whic h i s as o
inducibl e by fastin g anddiabete s (se esectio nl121 . above) . The
mechanis m of inductio nappear st obe primarl y post-transcriptional

and i s discusse d below .

P450s i nth e IIIAfamil y ar e inducbl eby synthei ¢ glucocorticoids
(eg . DEX) andsyntheti csterod s (e.g . PCNand betamethasone ) as
well as hydrocorison e and corticosterone : Progesterones
oestrogens , androgen s and mineralocorticoidsdonot induc e thes e
P450s (Schuet z et al., 1984) . DEXandPCNbot hinduc e th e same
P450, IIIA1, DEX bein gth ebette rinduce r (Heuman et_ al., 1982 ;
Hardwic k et al., 1983b) . DEXIPCNinduc e th e same protei n in
culture d hepatocyte sasi nviv o (Schuet zet al. , 1984) . Inductio n
of P450 does not appear tobe mediate d by th e glucocorticoid
receptor : concentrations , time-course sandran korde r of potenc y of
the sterod s are differen t forinducio n of P450 and tyrosin e
aminotransferas e (Schuet z and Guzelian , 1984) . PB and
organochlorin e pesticide s als o induc e oneof the Il A protein s

(Heumanet al. , 1982 ; Schuet zet al., 1986) .

Clofiorat e and othe r hypolipidaemic agent s induc e peroxisoma | and
microsoma | protein s involve di nfatt vy aci d/'3-oxidation , includin g
P450IVAL: thi s P450 ha s n o immunocrossreactivit ywit hth e PAH-, PCN-
or PB-inducible P450s (Tamburin i et al., 1984 ; Hardwic k et al.,
1987) .
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12. 3 Molecula r mechanism s of regulatioc n

Transcriptiona | activatio  n  Thi si sth emajo r regulator y mechanis m

durin g developmenta | inducio n of P450 activities , and most

xenobioti ¢ inducer s increas e gen e transcriptio nto a greate r or

lesse r extent . Inducto nof P450IA 1 byPAHs and IIB1/2by PB is
almost exclusivel y transcriptiona | (Adesni k and Atchison , 1986 ;
Gonzalez , 1989) . PCNan d DEX bot h transcriptionall y activat e the

CYPAgene s (Hardwic ket ai., 1983b; Simmonset al., 1987) .

Post-transcriptiona |  regulation Thi scaninvolv e stabilisation of

mRM or of protein .  Transcripo  nof P450IA 2i nviv oi s activate d
twofol d by 3MC but ther ei sa 30fol daccumulato n of protein ;
simila r result s wer e obtaine di nhepatocyt e cultures , suggestn g a
considerabl e post-transcriptiona | component i nlA 2regulato n (Pasc o
et al., 1988, Sive r andKrauter , 1988) . DEX, i n addtio n to
transcripona | actvatio nof th e CYP3Agenes , induce s P450s 1IB1/2
and P450 reductas evi a mRNA stabilisatio n(@Smmonset al., 1987) .
Macrolid e antibiotic s eg . triacetyloleandomyci n (TAO) have been
shown t o induc e a protei n in vitro , indistinguishabl e fro ma
PCN-inducible protein , i nth eabsenc eof anincreas e i nmRNA | t
was propose dtha t TAOboun dt oth e P450 inhibiin g it s degradation
thu s stabilisin g (an d inactivating ) th e P450 (Watkin set al., 1986) .

IEI expressico n is as o induce d in the absence of any
transcriptiona | activation . | n untreate drat s IIE | degradatio n

appear s t o be hiphasic , wherea s degradatio n i s monophasi ¢ in
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pyrazole-treated rats . Dimethy | sulphoxid e andethano | increase d
IE| protei n 2-to7fold , althoug hther ewasnoincreas e i n mRNA
level s (Eliassonet al., 1988) ; i ncontrast , fastin gincrease d bot h
protei n andmRNAlevel s (Honnet al., 1987) . |t has bee n suggeste d

that ligan d bindn g by smal | organi ¢ molecule s stabilise s lE |
protei n by inhibitin g degradatio n wherea s fastin g and diabete s

inhibi  t RNAcatabolis m (Eliassonet al., 1988 ; Gonzalez , 1989) .

124 . Inhibitio n of P450 Inducto n and inactivatio n of
steroid-inducible P450s by TAO was mentione d above. Othe r
compounds, particularl y inhibitor s of P45 0 metabolism , interac t wit h

the protei n t o inactivat e jt. Inhibitor s suc h as SKF-525A , safrol e

and piperony | butoxid e for mstable , inactiv. e complexe s wit h P450 :
th e inactivatio n i susuall y reversible , andthes e compound sdo not
destro y th e haemoprotein . Thi s typ e of inactivatio n require s
metabolism of th einhibito r byP450 (Netter , 1980) , Safrol e and

alpha-naphthoflavone selectivel y inhibi t th e PAH-inducible P450 s

(Delaforg e et al., 1985) , SKF-525 Aand metyrapon e preferentially

inactivat e PB-inducibl e P450s (Netter , 1980 ; Parkinso n _g_gl .y
1982) . Metyrapon e i s a pyridin e derivative ,andbind sat (o r near )
the hae miro ncentre , lik ecarbo nmonoxide , sotha t th e haemoprotei n
cannot bin d oxyge n (Netter , 1980) . Ther e ar e als o suicid e

substrate s of P450 tha t ar e metabolised t o intermediate s tha t
irreversibl y akylat e th e P450 haem group , resultn g i n haem
degradato n and accumulation of porphyrin s eg . many olefn s and

acetylene s lik e allylisopropylacetamide and ethinyloestradiol.
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Nitrosamine s canals o alkylat e hae mgroup s (Orti z d e Montellan o and
Correia , 1983) . Meta | ion s als o inhibi ~ t P450 :
cobalt-protoporphyrins decreas e tota | P450andtota | hae mand als o
induc e hae m oxygenas e (Galbraithand Jellinck, 1989) ; zinc , i n th e
form of a zinc-protoporphyrin, inhibit s P450 metabolism and
decrease s P45 0 conten t (Matsuur aet___a]_., 1988 ) and may decreas e th e
abilit 'y of P450 to interac t wit h substrat e and/o r reductas e

(Jeffery , 1982) .

Recentl y it has been shown that P450 is a substrat e for
cyclic-AMP-dependent kinas e (Pyeri n et al. , 1984) and tha t
phosphorylation inhibit s P450 activty : 1IB1/2 ar e marked vy
phosphorylated, leadin g t o inactivatio n (Koc hand Waxman, 1989) .
Phosphorylation i s als o associate d wit h an increas e in P420
(Taniguch i et al., 1985) . Phosphorylation als o inhibite d th e
b5-induce d spin-stat e transitio n and b5 interactio n wit h P450

(Epstei net al., 1989) .

1. 3 P45 0 AND XENOBIOTI C METABOLISM

The P450/MF 0 i s th e majo r contributor y component t o Phase |
xenobioti ¢ metabolism, however , ther e ar e othe r oxidatv e enzyme
system s includin g th e alcoho | an d aldehyd e dehydrogenases , xanthin e
oxidas e an d monoamin e oxidase . | naddition , th ereductases , P450
reductas e and menadione:NAD(P) H oxidoreductas e can contribut e t o
Phase | metabolis m(Gibso nand Skett , 1986 ; Ziegler , 1988) . Ther e

is als o a flavi n monooxygenase. Thi s flavoprotei nisan integra |
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microsoma | membrane protei n wit ha broa d substrat e specificity ,
activ. e toward s sulphur , phosphoru s and nitroge n centre s eg .

thioureas , hydrazine s (Ziegler , 1988) ,

Phase | metabolis mproduce s intermediate s whic har e not necessaril vy

less toxi ¢ tha n th e paren t compound, and hav e severa | possibl e
fates . ‘They caninterac t wit hcellula r component s whic hmay caus e
toxicty , or the y may be furthe r metabolised by th e Phase 11
conjugato n  enzymes . Thi s usuall y result s i n a hydrophilic ,
readil y excretabl e metabolite . Thes e reaction s involv e conjugato n

of reactiv e intermediate swit ha variet yof molecue seg . sugars ,

sulphat e and amin o acids , thes e cofactor s wusuall y requirin g
activato n prio r t o reactio n (Gibso nand Skett , 1986) . As wit h
Phase | activities , many endogenou s compound s ar e substrate s fo r

Phase | | metabolis m(Tabl e 1.3)

The majo r conjugatio n reactio n fo r detoxificatio nof a rang e of
xenobioti ¢ compound s i s glucuronidation . UDP-D-glucuronic aci d ca n
be transferre d to a wvaret y of functona | group s by the

UDP-glucuronyltransferases (UDPGTs) t o for m a glucuroni ¢ aci d
conjugate . Thes e molecule s ar ever ypola r andeasil y excretable

The UDPGTs hav e recentl vy bee nreviewe d (Burchell and Coughtrie

1989) . Thelive r i sth emost importan t sit e of glucuronidatio nfor
mary compound s e.g . clofibrat eandvalproi caci d (Howel | et al.,

1986) an d paracetamo | (Prescot tet al., 1981) . The UDPGTsexis t as a

famil y of microsoma | isozymes , 1ike th e P450s, and ther e i s
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differentia | inductio n of th eisozymes , i nManand rats , by th e
commm MFO inducer s includin g PB, 3-M Can d clofibrat e (Thompso n et
al., 1982) . Ofte n ther e i s simultaneou s inducto n of MFO and

conjugatio nenzyme s (Hardwic ket al., 1983a) .

The sulphotransferases ar e solubl e eniymes tha t als o exis t in
multipl e forms , but i ngeneral , sulphato ni sles s importan t tha n
glucuronidatio n inManandrats , duet oth elmite d availabilit y of
activate d sulphat e (phosphoadenosine-5'-phosphosulphate ; Gibso n and
Skett , 1986) . Paracetamo | and2 -acetylaminofluorenear etw oof th e
mary drug s wher e sulphatio ni s involve di nth e metabolis m (Prescot t

et al., 1981 ; Meermanet al., 1987).

The glutathion e transferase s ar e anothe r famil y of solubl e isozymes |,
that are als o inducbl e by MFO inducers . They catalys e
glutathione-conjugatio n eg. of  paracetamol , bu t
glutathion e (GSH)ca n als o spontaneousl y bin d to dug s eg,
tetracyclin e (Gibso n and Skett , 1988) . GSH-conjugate s can be
furthe r metabolise d by th e intestha | flor a and th e kidne y
C-S-lyases, t o mercapturi ¢ acid s (Jakoby , 1988) . Glycin e
conjugation methylation and hydrolysi s ar e othe r Phase ||
reactions , but thes e ar e relativel ymino r pathway s of metabolis m

(Jakoby , 1988) .

Althoug h Phas e | metabolis mi s ofte nrefere dt oasth e activatio n

phase, an dPhas e | | metabolis ma s detoxification , i tismorea cas e
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of Phase | and ]| | metabolis mtogethe r resulin gi n detoxification.
The interaction s betwee n th etwo , especial yunder condition s of
enzyme inductio n or limte d cofacto r availability . wil | determin e

th e eventua | fat e an d intracellula r effect sof a potenta | toxin

13. 1 Factor s affectin g dru g metabolism

The mai n biochemica | factor s tha t influenc e P450 activiti y ar e oxyge n
suppl y and substrat e availability. Oxygeni sessenta | for MFO
activity , and under nomal circumstance s i s readil y available
However i nth ecentr eof anorga n 1iketh e liver, andunde r certai n
pathologica | condition s oxyge n suppl y may b e limitin g resultin  gina
predominanc e of reductiv e metabolism , whic h may markedl y alte r th e
metabolic profi e of a drug , eg . halothan ecanbe metabolised by
oxidatvn. e and reductv e P450 pathways , whic h yiel d differen t
metabolite s wit h differen t toxi c potental s (Timbrel, 1983) .
Intra-tissue gradient s i n oxyge n tensio n may als o influenc e
hepatocyt e heterogeneit 'y wit h respec t t o isozym e activii y (se e

below) .

Substrat e availability i s als o importan t i n determinin g P450
activity : th e lipophilicityof a compoundwil | affec t it sacces s to
the membrane-boun d P450s and plasm a bindin g wil | affec t it s
availabilit y t o th e hepatocytes . Biliar 'y excreto n and
enterohepati ¢ recirculation , eg . of glucuronides, canals o affec t

bioavailability (Gibso nan dSkett , 1986) .
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Cofacto r suppl y canlimi t P450 reactions : NADPHi s produce dby th e
pentos e phosphat e pathway , but i sals orequre d for fatt y aci d
biosynthesi s andth e reducto n of oxidize d glutathion e (Thurma n and
Kauffman , 1980) . Thus NADPHconten t i s determine d by prevailin g
metaboli ¢ conditon s andmay be limtn g durin g oxidativ e stress

Cofacto r suppl y als o infuence s Phase |1 metabolis m eg .
UDP-glucuronic aci d forme d fro m glucose-1-phosphate , Whic h is
derive d fro m NADtdependen t glycogeni c pathways , may be deplete d

durin g glucuronidatio n of xenobiotic s eg . paracetamo | (Howel | et

al., 1986 ; Hiell e et al., 1986) . Maintenanc e of adequat e GSH
levels i s alsoimportan t i npreventn goxidatv e stress . The factor s
that influenc e dru g metabolismhav e a | bee n extensivel y reviewed |,
especiall 'y wit h respec tt oth e liver (Thurma n and Kauffman , 1980 ;

Gibso n an d Skett , 1986) .

The majo r determinant o f th e metaboli c profi eof a compoundi s th e

P450 isozym e complement of th eorgan/cel | (an dt oa lesse r extent |,
th e distributio n of Phas el | enzymes) .  Differentia | P450 isozym e
expressio n i s probabl y one of the main explanaton s for

organ-specifi c toxicit vy althoug h extra-hepati c toxict ymayals o be
strongl y influenced by othe r factor seg . solute concentratio n i n
the kidne y and oxyge n tensio n in the lung ; tissue-specifi c
difference s i nisozym e expressio nwer e discusse di n 121 . Althoug h
the 1liver i sth emainsit eof MFO metabolismanda primar y targe t
for MFO-generate d toxins , ther e ar ewel | documente d example s of

non-hepati ¢ MFO-activate d toxin s eg . th e pulmonar y  toxin,
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4-ipomeanol (Boy dandBurka , 1978) ; rena | toxicit yof chlorofor mand

benzen e toxicit yt obon emarro w(Gra met al., 1986) ,

With respec tt oth elive ritself , it has beenpropose dtha t ther ei s
metaboli ¢ heterogeneit ywithi nth efunctona | uni t of th e liver. The
acinu s as th efunctona | uni t of th elive rwasfirs t describe d in
1954(Rappapor t et al,) , andrepresent sth e cellula r organisatio n
around th e hepati ¢ bloo d vessel s (Figur e 1.2) , Bloo d flo w i s
unidirectiona | and sequenta | acros sth eacinu sfro m th e hepati c

porta | venule s t o th ehepati cvenules , andth eacinu s i s diide d

int o thre e zones. Zonel i sth eperiporta | regio nandzone3 th e
perivenou s region. Functiona | difference s betwee n th e two ar e
thought t orelat et ocompositico nof th eperfusin g blood ; periporta |

hepatocyte s ar e expose d t o highe r concentration s of solute s and
oxyge n (Gumucio , 1989) , Many metabolic processe s appear t o be
regulate d by bloo d composito n eg . th ezonal site s of maximal

oxygen consumptio n and carbohydrat e metabolis m chang e as th e
direcio n of perfusio ni schanged . Althoug hth e oxyge ntensio n of
the sinusoida | bloo dmigh t beexpecte dt oaffec t MFO activity , in
fact activiti yseemst obeunaffecte dbyth edrectio nofbloo d flo w

and instea d appear s t obe associate dwit h perivenou s hepatocyte s

suggestin g a heterogeneou s distributio nof P45 0 isozyme s (Gumucio |,
1989) . Many hepatotoxin s e.g . paracetamol , carbo n tetrachloride ,
cause predominantt 'y zon e 3 necrosi s ie . perivenous , whic h als o

suggest s tha t P450 s may not b e evenl Yy distribute d withi n th e acinus

Alternatively, zon e 3 hepatocyte s may b e mor e susceptibl et o damage
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fro m P450-generate  d metabolte s eg . lo w level s of glutathion e
peroxidas e i n perivenou s hepatocyte s hav e bee nreporte d (Ker a et
a_]., 1987) , Fro mth ewor ktha t has bee ndon et o date , P450IIE1 |,
IIB1/2 and IAl appear to be predominantt y expresse d in the
centrilobula r rego n or zone 3 (Gumuci o and Chianale 1988

Ingelman-Sundber g et al, , 1988) .
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1.4 METHOL OF STUDYINGHEPATI C DRUGMETABOLISMAND TOXICIT Y

14. 1 | nviv oand perfuse dorga n studie s
There ar e many differen t technique s availabl e fo r studyin ¢

P450-mediate d metabolis m and toxicit y includn g whol e anima |

studies , intac t cells , useof subcellula r fraction s and purfie d
isozymes . I n viv 0 metabolis mstudie s involv e samplin g of urine |,

serum or expire d ai r afte r administratio nofa drug , followe d by
analysi s of metabolite s or biochemica | indicator s of tissu e damage.
Thus, th e differen t metabolite s of a radiolabelled dose of
antipyrin e can berecovere dfro msamples , providin g informato n on
the exten t of metabolism, th erelatv e proportion sof th e variou s
metabolite s andthei r rat eof productio nand clearanc e (Poulsen and
Loft , 1988) , whils t th epresenc eof liver-specificenzyme ssuc h as
aspartat e and alanin e aminotransferase S in seru msample s are
sensitiv. e indicator s of th eexten t andseverit yof hepati ¢ damage
(dependin g on whethe r th e enzymei s cytoplasmi ¢ or organellar ;
Animal Clinica | Association , 1988) . However , whol e anima | studie s
are slo w and costl y andunsuitabl e fo r mechanisti ¢ studie s or
investigation s int o dru geffect satth ecellula rlevel . For thes e
reason s investigator s havetune dtoi nvir omethod s of studyin ¢

metabolism.

The perfuse d live r has beenusedas an alternativ e to in viv o
studie s of dru gmetabolism . Thelive r i sperfuse dvi a th e porta |

vein , but thi s must b e initiate dinsit utoreduc eth e perio d of
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potentiall  y deleteriou s anoxi a (Thurma n an d Kaufmann , 1980) . The
advantage s of thi s syste mare thatit is easy to sampl e th e
perfusate , th etissu ecanbe freeze~-clampedprio r t ofutur e analysi s
and conditon s ca n be carefull y controlled , wit hhig hdose sof dru g
bein g administere d withou t th e complicaio nof toxicit yi na whol e
animal . Thi s approac h has bee nuse dt o investigat emany aspect s of
drug metabolis m includin g measurement of bindin g spectr aand redo x
state s of P450 (Sie s andBrauser , 1970 ) an dth e biotransformatio nof

drugs (e.g . valproi cacid , Rettenmeie ret al., 1985) . However , th e

viabilit y of thes eperfuse dorgan si slimte dt oa fe whours , hig h
flo w rate s must beusedfo r haemoglobin-free perfusate s (whic h i s
necessar y sinc e th e presenc e of haemoglobi n decrease s MFO activity ,
interfere s wit h fluorescenc e measurement s andresult s i n progressiv e
haemolysis ) and larg e volume s of perfusat e ar e requre d i n

non-circulatin g system s (Thurma n an d Kauffman , 1980) .

14. 2 | nyvitr o technique s

Since th e P450 syste mi slocate di nth e ER, microsoma | fraction S
have been used to stud y dru g metabolis m and toxicit y at th e
subcellula r level . The studie s includ e measurement of spectra |
changes on bindn g of substrat et oP450 (Schenkma n et al., 1967)
determinatio n of P450-dependen t enzyme kinetic s (Boobi s et al.,
1981) ; th e metaboli c activatio nof hepatotoxi ¢ compound s (Boy d et
al. , 1978 ; Ravindranat handBoyd, 1985) ; th edeteco nof reactv e

metabolite s (Garl e and Fry , 1989) . However , althoug h microsoma |

fracion s can generat e actv e metabolites ., Nho informatio n is
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obtaine d abou t possibl e cytotoxicit y of thes e metabolites .  Ther e
have been attempt s t o combin e roden t S-9 fracton s (9000 g
supernatant : microsome s and cytosol) wit hculture dcell st o detec t
cytotoxi ¢ metabolite s eg . th e activatio nof bromobenzen e by S-9
fracton s t o metabolite s cytotoxi ct o culture d Chines e hamste r
fioroblas t cell s (Homne r el__&, 1987) ; however , th euse of thi s
approac h i s not widesprea d i n cytotoxicit y studies althoug h
microsomes/S- 9 fraction s ar e routinel y use d as th e activatio n syste m

ini nvitr o mutagenesisassay s (Maro nandAmes, 1983) .

It i s nowpossibl et oisolat eandpurif yindividua | P450 enzymes ,
fro m solubilised microsome s andexamin e thei r catalyti ¢ propertie s

i n reconstitute d system s (L uandWest, 1980) . P450s, Ik e othe r

proteins , can be purifie d by gel electrophoresis , althoug h
resolutio n of individua | isozyme s by differentia | mobilit y due to
molecula r weigh t i s difficult , sinc eth emolecula r weigh t of most

P450s i s i nth e 45,000-60,00 0 daltonweigh t range . Purificatio nan d

characterizatio n of isozymi c form s ha s bee n facilitate dbyth e use
of  antibodies althoug h crossreactivit y wit h closel y relate d
isozyme s i s alway s possible , even wit h monoclona | antibodie s

(Gonzalez , 1989) .

However, th e us eof antibodies , i ncombinato nwit h microsome s and
purifie d P450s i n reconstituted system s has allowe d bot h

qguantitato n of differen t isozyme s and estimaton s of isozymi c
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contribution S t ometabolis mt obemadeeg . anantbod yt o P4501A 1
that inhibte d more tha n 98 % of microsoma | testosteron e -
-hydroxylase activii ywasuse dt oprob eth eeffect sof age, sex and
xenobiotic s on P450lIA 1 expressio n (Arott oand Parkinson , 1989) ;
antibodie s have been used i n conunctio n wit h microsome s and
reconstitute  d system s t oidentif y P4501IC6 , IICI | andIlB | as th e
isozyme s tha t ar e primarl y responsibl e fo r th e actvatio n of
cyclophosphamide (Clark e an dWaxman, 1989) . Ther e ar e disadvantage s
to th e useof thes e systems : incorporatio nof differen t lipid s in
the reconsitute d system s canaffec t th e measure d catalyti c rat e

(Yamazoe et al., 1988) ; purifie d P450 s may exhibi t activitie s on

reconstitutio n that canno t be inhibte dby specifi ¢ antibodie s to

the isozym e and vic evers a (Waxmanet al., 1985 ; Yamazoe et al.

1988) ; ther e i s als oth eproble mof crossreactivit y of antibod vy

preparation s wit h mor e tha n on e isozyme

Ther e ar e othe r difficultie s associate  d wit h biochemica | technique s
for isolato  n an d purificatio nof P450 isozymes , i ntha t intrinsi c
membrane protein s ar e difficul t t opurify , particularl y th e minor

forms expresse dat veryo wlevel s (e.g . extrahepati ¢ P450s) . Ther e

is as o th e proble mof homogeneity , sinc e verysimila r P450s can

have identica | SDS-gel mobilities , amino-termina | primar y sequence s
and reaction s wit h antibodies . Thes e problem s can be largel y
overcome by th e use of molecula r biologica | techniques . It is

possibl e t o generat e cDNA (compiementaryDNA) librarie s fro m mRNAs

isolate d fro m untreate dor induce d animals. Clone s of thes e cDNAs



37
can the n be screene dwit h cDNAprobe s synthesize dfro m th e mRNAS,
This metho d canals obeuse dfo r lo wabundanc e mRNAs, by screenin g
wit h antibodies . The developmen t of cDNAexpressio n vector s has

furthe r aide dth eisolaioc nof mino r P45 0 isozyme s (Gonzalez , 1989) .

Purifie d P450 s ar e particularl y usefu | fo r investigatin g substrat e
specificit y and catalyti c activii yof individua | isozyme s (assumin g
that th e preparatio n i s homogeneou s fo r a singl e isozyme) . [ n
addition , purifie d P450s and cDNAscanbe used to analys e th e

primar y amin o aci d an d nucleotid e sequence s of th e P450s . Thi s has
alowe d th e evolutonar y and structura | relationships betwee n

differen t isozyme st obeexplore d (Neber t an d Gonzalez , 1987) .

The majo r limitatio n to theuse of subcellula r fractions and
purifie d isozyme s i si nth eeffect sof P450-metabolismon th e intac t
cell , and th eassessmen t of toxi c potental . Intac t cel | system s
posses s th e Phasel | enzyme system s i naddito nt oth e MFO system ,
and sinc e th e balanc e betwee nthes etw osystem s i s cruca | for
determinin g th e toxicit y of many compound s th e development of intac t
cel | system s fo r metabolis mstudie s has receive dmuch attento n i n

the lasttwent yyears

14. 3 Intac t cel | system s

The wuse of intac t cels , ie . isolate d hepatocytes , culture d
hepatocyte s and cel | lines , has severa | advantage s over the

sub-cellula  r preparation s discusse dabove , includin gth e presenc eof
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intac t intracellula r organisation, Phasel andPhase !l | metabolis m
and physiologica | level sof co-factor s (Fry , 1982) . | n addition
hepatocyte s canbeisolate dfro mothe r live r cell s andmaintaine di n
a define denvironmen t fre efro mnervou s and hormona | influences . A
preparato n of phenotypically simila rcell scanbe obtained , and
mary parameter s of cellula r function/metabolism can be examine d
concurrently . Isolate d hepatocyte s havebeenuse dt o stud y many
aspect s of du g metabolis meg . th emetabolis mof menadion e (Tho r et
a_]., 1982) ; th eeffec t of tert-butyl hydroperoxid e metabolis month e
pentos e phospat e pathwa y (Rus handAlberts , 1985) ; th e effec t of
ascorbi ¢ aci donconjugato nof 4-hydroxybiphenyl (Paterso nand Fry ,
1983) ; specie s difference s i nparacetamo | toxict y (Te e et al.,
1987) ; th e effec t of inducio nonth ecovalen t bindn gof valproi c
aci d (Porube ket al., 1989b) . Althoug hth ecel sar eintact , ther e
i s disruption of th espatia | heterogeneit yof th elive r (Thurma nand
Kauffman , 1980) ; however , th emajo r drawbac kt oth euseof isolate d
hepatocyte s i s thei r limte d life.spa n i n suspensio n (severa |
hours) . I norde rt oprolon gth eusefu | lif espanof hepatocyte s fo r

in vitr ostudies , method s of primar ycultur ewer e devised , an dthes e

are discusse di nth e followin g section



1.4. 4 Hepatocyte s i nprimar y culture

In th eearl yseventies , i twasreporte dtha t a hig hyiel dof viabl e
hepatocyte s coul d be isolate d fro m adul t rat s by collagenase-
hyaluronidase perfusio nof th eliver , andtha t thes ecell scoul d be
readii y culture d (Iype, 1971 ; Wiliam sandGunn, 1974) . Afte r an
ina | burs t of proliferative activit yth e culture s became stati ¢
and many of the cell sdied . Sinc eth ereport s of thes e earl vy
studie s tha t establishe dtha t hepatocyte s coul dsurviv ei n primar y
culture , a larg e volum e of researc hhas ensue d t o enhanc e th e
longevit y and improv e th e maintenanc e of th e phenotyp e of

hepatocyte s i n culture

Sone of th e earlies t work investigate d th e effect s of med a
composition , especiall yth e presenc eor absenc eof hormones , oncel |
surviva | and biochemistry . I't wasreporte d tha t inclusio n of
foeta | cal f seru m(FCS) i nth e mediu mgav e maxima | attachmen t of ra t

hepatocyte s at a concentratio n of 10%; th e presenc e of 1insulin

(2mUmI"1) i n addito nt oth e FCSincrease d attachmen t furthe r wit h
the formato n of confluen t cultures , althoug h ther e was no
improvement in cel | suviva | in the presenc e of insulin: 75 %
surviva | at 24hours , aroun d 30 %surviva | at 48hour s (Laishe s and

Williams , 1976a) . Inclusio nof DEX (1uM)maintaine dth e morpholog y
of th e hepatocyte s andincrease dlongevit yof th e cultures: more
than 80 %of th ecell s survive dfo r thre e day s (Laishe s and Williams |,
1976b) . | t was late r reporte dtha t DEXinhibite  dth e productio nof

a neutra | protease , and.itwas suggeste dtha t thi s contribute d t o
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the increase d cel | suviva | (Williamset al., 1978) . Othe r worker s

reporte d tha t more tha n 80 %o f hepatocyte s culture d in Williams'

Medium E (WE) containin g 10 %FCS, insuli n (10-6M) and DEX (10'5M)
survive d fo r si xday si nculture , andthat , i ncontras tt o freshl y
isolate d cells , protei nsynthesi s coul dbe stimulate dby hormones |,

the inducto n of tyrosin e aminotransferas e (TAT) and ornithin e

decarboxylase coul d be demonstrate dandther ewas an increas e i n

protei n secretio n int o th e medium . I twasals o shown tha t th e
polysomes,which disaggregate d i n freshl y isolate d cells |, ha d
reaggregate d afte r fiv eday si ncultur e (Tanak aet al., 1978) . In
th e presenc e of glucocorticoid , insuli  nandglucagon , th e activitie S
of glucokinase , pyruvat e kinas e an d hexokinas e wer e maintaine d fo r
2-3 weeks in rat hepatocyt e cultures , i n addito n to albumi n

secretio nandure asynthesi s (Dic het al., 1988) .

However, an increas ei nfoeta | hepati c protei nexpression , wit h a
concomitan t decreas e i n adult-specifi c protein s has bee nreporte di n
primar y cultures . Asearl yas 1975, Guguenet al. observe d tha t

afte r seve nday si noprimar ycultur e th e predominant for mof pyruvat e
kinas e i nth e cellsisolate dfro madul t rat swas th e K-type . Thi s
for m i spresen ti nfoeta | liver , placent aandhepatom acells , buti s
a minor for min adul t parenchyma | cells , where the Lty e
predominates . Thi s for mwas detectabl efo r fiv eday si n culture
but the n decreased . Gamma-glutamyl transpeptidas e (GGT) and
dl-foetoprotein (whic h ar e not normall yexpresse di n adults ) als o

increas e i n rat hepatocyte s culturedfo r more tha n thre e day s
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(Siic a ft al., 1979) . GGTlevel sar enormall yver ylo wi n adul t
liver and i nearl yhepatocyt ecultures , but level sar emuch highe r
in foeta | andneonata | liver , andi nra t hepatom a cell s (Edwards |,
1982) . Althoug h th epresenc eof FCSi nth e mediu msuppresse d th e
increas e i n GGT, DEXactuall yinduce d GGTi n primar y cultures , th e
effec t bein g particularl y marke dat highe r pH level s (ie . 78 ;
Edwards, 1982) . l'tisnot knownwhythi sreversio nt oth e foeta |
phenotyp e occur s i nculture , althoug hth e observe dchange s appeart o
be associate d wit h les s differentiated I proliferativ e cellula r
states ; however , thes e alteration s i nphenotyp ewoul dsee mt o limi t

the us e of hepatocyt e primar y cultur et o short-ter  mstudies

In 197 7 it was reporte dtha t th e drug-metabolizingcapacit yof rat
culture d hepatocyte s was markedl y reduced , compare dt oth e liver in
Vviv_ 0 (Guzelia n ft__ al., 1977) , The P450 conten t of
non-proliferating primar yculture swas 20 %of th eina | fres hcel |
vaue at 24 hours , wit h 63% of th e P450-reductas e remaining.
Althoug h ther e wasthi srapi ddecreas ei nP450levels , no increas e
in P420 was detected . Themaintenanc e of P450-dependen t enzyme
activitie s afte r 24 hour si ncultur ewas variable : aminopyrine-N-
demethylas e and anilin e hydroxylas e activitie S bot h decrease d by
more tha n70%, andary | hydrocarbo n hydroxylas e (AHH) activit y fel |
by mor e tha n50%, wherea s nitroanisole demethylas ewas maintaine dat
85% of th eintia | activity . Therefore , it appeare dtha t ther ewas
selectv. e los s of P450 activitie S (an d therefor e isozymes ) i n

cul ture. The genera | declinei ntota | P4A50hasbeen reporte d by
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marny worker s andi s not restricte dt ora t hepatocyte s i n culture
P450 decline s i nculture s fro mothe r roden t specie s (Maslansk y and
Williams , 1982) , andi nhuman culture d hepatocyte s (Gran t et al.,
1985) , Thi s seriou s phenotypi c alteratio nisamajor obstacl e in
the use of hepatocyte s fo r metabolism/toxicity studies. For thi s
reason , many differen t way s of improvin gth e maintenanc eof P450 i n

cultur e hav e bee n investigated

14. 5 Maintenanc e of P450 i n primar y cultur e

Media compositio n hasreceive da lot of attentio nwit h respec t to
maintenanc e of P450i nculture d hepatocytes , Decadet al. (1977 )
reporte d tha t mediu m supplemente dwit hfatt y acids , delta-amino-

laevulinat e (ALA) , alpha-tocopherol andvariou s hormone s (includin g

insulin ,  hydrocortison e andthyroxine ) maintaine dP450 conten t oOf
rat culture d hepatocyte sat 100 %of th einta | leve | fo r 24 hours .
A simila r mediu mwas show n t o significantl y improv e th e maintenanc e

of 7-ethoxycoumari  n an d 7-ethoxyresorufi n 0-dealkylases (ECOD, EROD)
and biphenyl-4-hydroxylase activitie s (Dickin s an d Peterson , 1980) ,
A more recen t repor t suggest s tha t hormone - supplementatic n alon e
cannot attenuat eth elos sof P450i nculture , althoug hth e presenc e
of DEX (1pM) stabilise dth etota | P450conten t at 65 % of inta |

level sfo r thre eweeks (Dic het al., 1988) .

Ascorbat e (4x 10 4M) supplementatio  n partiall y attenuate dth eearl y
declin e i n P450 content , aswel | as improvin gth e maintenanc e of

cytochrom e b5 an d P45 0 reductas e (Bisselland Guzelian, 1979) . Pain e
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et al. (1979 ) demonstrate d tha t th e NADconten t (NAD* " and NADH

together ) of ra t hepatocyte s afte r 24 hour si ncultur ewas 40 % of

the fres h cel | value , andtha t nicotinamid e supplementatio n coul d

preven t th e los s of NAD. I n addition , unphysiologica | level s of
nicotinamid e ie . 25mMcoul dpreven t th elos sof P450 i n culture

Isonicotinamid e was mor e effectiv e i nmaintainin g P450 levels , but
had no effec t on NADcontent . A substitute  d pyridine , metyrapon e

(0.6mM) was als oeffectv.  ei npreventin gth elos softota | P450 i n

rat hepatocyt e cultures: moretha n95 %of th etota | P450 remaine d
afte r seve n day s i nculture , compare dt oonl y48 %at 24 hour s i n
medium lackin g metyrapon e (Paineet al., 1982) . Thi s mediu m als o

maintaine d  ethylmorphine-N-demethylase activit y for fou r days ,
togethe r wit h a gradua | increas e i n benzphetamine-N - demethylase t o
84% of th einiia | valu eover th e same time-period . Ther ewas als o

inductio n of bot h ECODan d EROD activitie soverthefour days in

cultur e (Lak e and Paine , 1982) . Therefore , th e maintenanc e of
activitie S observe d i ncultur ewasnot away satth esameleve | as
in vivo . A cystine/cysteine-fre e mediu mcontainin - g ALA maintaine d

tota | P450at 96 %fo r 24 hours , however , a | enzym e activitie S wer e

veryo w(Lak e and Paine , 1982) .

Nicotinamide , at a lowe r concentratio n (mM) tha n tha t reporte d by
Pane et al. (1979 ) was shown to stabilise ECOD and
7-propoxycoumari  n O-dealkylase (PCOD) activitie sin rat cultue d
hepatocyte s (aroun d 50-60% of fres hcel | values ) simila r t o DEX

alone , wherea s nicotinamid e and DEX (1uM) togethe r resulte di nlarg e
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increase s i n thes e activities ) However , thi s effec t was stl |
selectv. e fo r cetai nP450form si ntha t ther ewas noeffec t on th e
declin e of 7-methoxycoumarinO-dealkylas e (MCOD) activit y i ncultur e

(Warre nand Fry , 1988) .

Steward ft al. (1985 ) reporte d th e differentia | declin e of
immunoreactiv. e P450 isozyme s i n primar y culture . I't was als o
observe d tha t wherea s th etota | immunoreactv. e P450 fel | to 76 %

afte r 72hours , th etota | spectrall vy activ e haemoprotei nwas 68 % of
initia | levels , and it was suggeste d that los s of haem was
responsibl e for a los sof holocytochromei n culture . The same
repor t showe d tha t metyrapon e attenuate dth elos s of immunoreactv e
P450 over 72 hours , an dtha t nicotinamid ehada selectv e effec t

wit h respec t t o maintenanc e of immunospecifi ¢ P450 s i n culture

Inclusio n of exogenou s haem, ALAan d seleniu mhas als o bee n reporte d
to maintai n tota | P450fo r 72 hour s i ncultur e (Engelman n et al.,
1985) and 3mMPB ha s bee n shownt omarkedl yenhanc e th e longter m
surviva | of hepatocyte s i nculture , wit hattenuato nof th e declin e

intota | P450 (Miyazak i et al. , 1985) .

Vind et al. (1988 ) reporte dtha t hormonal-supplementationof cultur e

(72}

media diminishe dth elos sof P450over 72 hour sonl yi n hepatocyte
fro m adul t femal e rats ; ther ewas noeffec t on hepatocyte s fro m

adult males . Croc i and Willam s (1985 ) observe d littl e differenc e

D

in th e % maintenanc e of P450, AHH an d benzphetamine- N -demethylas



45
activitie S i nhepatocyte sculture dfo r 24 hour si nhepatocyte s fro m

male an dfemal erats , wit h se x difference S i nbasa | activitie S bein g

maintaine d i n culture . However , glutathion e conjugatio n of
,2-dichloro-4-nitrobenzen e decline d rapid y i n hepatocyte s fro m
male rat s t oaroun d20 %of th efres hcel | value ; hepatocyte s fro m

femal erat sonl ylos t 66 %o f thi s activity.

Thus, medi a supplementationca n profoundl vy affec t th e maintenanc e o f

P450 and it s associate d activities . Many supplement s appear t o
exert selectv e effect s on particula r isozymes , whic h ar e not
reflecte d i n measurement s of tota | P450, but ar e unmaske d on

immunochemica | detectio n or determinatic n of enzyme activities

Differen t effect s ar e als o observe ddependin gonth e concentratio n
(@an d possibl e interaction swit hothe r supplements ) used. Thi s i s
particularl y tru e for hormona | supplementation : Many differen t

media ar e employed , dependin g greatl y onpersona | preferenc eandth e

amofth estudy . However , nomediu mhasyet beenformulate d tha t
maintain s in viv o P450 level s i n culture , qualitatively or
quantitatively

Earl y wor k involve d platn gof isolate d hepatocyte s directt y ont o

plasti ¢ cultur evessel s (e.g . Laishe sandWiliams , 1976 aandb) , or

onto plastt ¢ coate d wit ha thi nlaye rofratta | collage n (eg
Bissel | and Guzelian , 1980 ; Dickin s an d Peterson , 1980 ) t o improv e
attachmen t and spreadin gof th e hepatocytes .  Othe r worker s hav e

investigate d th e effect s of extracellular matri x component s on
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hepatocyt e functo n and maintenanc e of phenotype . Hepatocyte s
culture d on floatin g collagen gelshavebeenreporte dto have a
superio r inductio n respons eof TATt o hydrocortison e (1 0'fM) afte r
eight days in cultur e relaivi e to culture s on th e usual
collagen-coated plate s (Michalopoulo s andPitot , 1975) ; P450 and
cytochrom e b5 wer e maintaine dat detectabl e levelsafte rte ndaysof
cultur e onfloatin g collage ngel s (Michalopoulo set al. , 1976) . I na
compariso n of differen t extracellula r matri x component s (Sawad a et
al., 1987 ) ther e wer eno difference s i n attachment , longevit y or
inducto n of TAT; however , afte r tw oweek s i ncultur e GGT activit y
was highes t in cell s culture doncollage n and lowes t in cell s
culture d o n fibronectin . Matrige | i s a mouse tumou r cel | extract
whic h has beenshownt obesuperio rt ocollage nasa substratu m fo r
hepatocyt e cultur e (Schuet zet al., 1988) . Morecell s survive dfo r

eight days on Matrige | tha noncollage nand ther e was increase d

secretio n of albumin , transferrin ,  haemopexi n and glutathion e
peroxidas e on Matrigel . Haem oxygenas e and P450 reductas e
graduall y decline dover th eeigh t daycultur e period . However , it i s
sl I not clea r whethe r th e observe dchange s i n gene expressio n

(many of th e studie s onsubstrat eeffect s onhepati cfunctio n hav e
not involve d P450 activities ) ar e sufficientl y advantageou s t o
routinel 'y supplan t th e wuse of collagen-coated plates , or

electrostatically-treated plate s (Primaria plates , obtainabl e fro m
Falco n Plastics ) whic h appear t obeequivalen t wit h respec t to

maintenanc e o f hepatocyt e cultures
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Anothe r method fo r maintenanc e of P450 i n culture , whic h has

receive d a lot of aftenio n inrecen t year s i s co-cultur e of

hepatocyte s wit h othe r hepati c cells . Begue et al. (1984 )
demonstrate d tha t i n hepatocyte s co-culture d wit h rat live r
epithelial cells P450 wasmaintaine dat inia | levels for nin e

days, togethe r wit haminopyrin e N-demethylase activity. The P450
conten t and demethylas e activi y of conventiona | culture s decline d

t 0 negligibl elevel s afte r fou r day s i n culture

Overall , manipulato nof cultur e medi acomposito nappear st obeth e
most successfu | (an d als oth e simplest ) metho d o f maintaining P45 0
and it s associate d activitie s i nshort-ter  mprimar y culture s (les s
than 72 hours ) of  hepatocytes , althoug h th e effect s of
supplementatio n ar e selectv e fo r particula r isozymi ¢ forms .
Althoug h differen t substrat aandth e presenc eof othe r cel | type s
can affec t hepati ¢ gen e expressio n and biochemistry , relativel y
1ittle i s known about th eeffect sof thes ecultur e component sonth e

drug-metabolizing syste mof culture d hepatocytes

14. 6 Inducto nof P450i n culture

It was mentione dabov etha t 3mMPB attenuate dth elos sof P450 i n
primar y culture s of ra t hepatocytes ; however , P4501IB1 , th e majo r
PB-inducibl e isozym e was not immunochemicallydetectabl e i n thes e
cell s (Miyazak i et al., 1985) . Othe r worker s hav e als oreporte d a
reduce d or negligible respons e of PA50t o inducer s i n culture

especiall 'y th e respons e t o barbiturates : Forste r et al. (1986 )
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reporte d tha t th e aldrin epoxidas e activit y of rat hepatocyte s

decline d t o055 %and8 %of inia | level sat 1l and5 day si n cultur e
respectively and that PB and PCN treatmen t resulte d in
statisticall y insignifican t increase s i nthi s activity , I n contras t
to th esituatio ni nvivo . Benzanthracen e and PBbot hinduce d EROD
activit 'y i n cultur e (12 - and 8fol d respectively) , thi s inductio n

bein g markedl y reduce d i n th e absenc eof DEX (presen t i n the
medium) . 't was als o showntha t th e time-cours e of inductio n
depended on th e medi aused , andtha t P4A50IA 1 increase d over fiv e
days i n contro | cultures . Thi s anomalou s increas e i n
3-MC-~inducible, alpha-naphthoflavone-inhibitible P450s.i n untreate d
culture s has als obeenobserve dbyother s (Fr yet al., 1980 ; Turne r
and Pitot , 1989) , althoug h th ereaso ni s unknown . PB and BNF
inductio n of ECODactivit yi smuchreduce di ncultur e compare dt oi_n
vivo , eveninth epresenc eof DEX(Warre nandFry , 1988) , asi s th e
inductio n of pentoxyresorufin O-dealkylas e by PB in
chemically-define d media (Tume r and Pitot , 1989) . Culture d

hepatocyte s have als o been used to stud y th e metabolism of

2-AAF(McManus et al., 1987) , | ncontro | cultures , 3-hydroxylation
remaine d constan t fo r 24 hour si nculture , wherea sth el-, 5, 7-,
9- and N-hydroxylations declinedrapidy . DEX (0.1uM) did not
preven t th e initia | declin e i n activity , but afte r 72 hour s in

cultur e th e 5- and 3-hydroxylations activitie s hadincrease d over
inta |1 level s and th e 7-hydroxylationactivit yhad increase d to
inita | level s (afte r a declin eat 24hours) . Ther ewas als o some

recover y of N-hydroxylation. PCNonl yinduce d 7-hydroxylation in
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vitro_. | t wasnote dtha t th einducto nrespons ei nvir owas much
smalle r tha ntha t see ni nvivo , andals o qualitatively different , 3-

and 5-hydroxylation bein ginduce dbyDEXi nvir obutnotin vivo.
Therefore , medi a compositio n als o affect s inductio n response s i n
vitro, althoug h i n general , P450inducto ni nvir oi s poor , and
qualitatively as well as quantitativel y differen ttothat seen i

vivo. Thi swil | bediscusse dfurthe r i nChapte r Five .



14. 7 Metabolism/toxicity studie s i nculture dra t hepatocyte s

In 1977 , Decad ft_ al. demonstrate d tha t aflatoxi n Bl coul d be
metabolise d by culture d hepatocyte st oaflatoxi n Ml and variou s
conjugates. It was als o shown tha t a significan t amount of
radioactivit y (afte r exposur e t o radioactvn. e aflatoxin ) was

non-extractab]e i.e . remaine dboun dt oth e hepatocytes.

Rat hepatocyt e culture s haveals obeenused t o demonstrat e tha t

substantia | acetaminophe n covalen t bindn g in th e cell s occur s
- befor e any observabl e toxicity , andtha t th ecovalen t bindn g i s
mostl y i n th e microsoma | fractio n (37% ) andi nth e cytoso | (25% ;
Acosta et al., 1987) . |t hasals obeenshowntha t cyclophosphamid e
can be activate dt oa metabolit e stabl eenoug ht okl | fibroblast S
co-culture d wit h th e hepatocytes , andtha t th e toxict y can be

inhibite  d by SKF-525 A (Fr y an d Bridges , 1977) .

Cultured hepatocyte s have alsobeenusedt o discriminat e betwee n
hepatotoxi ¢ an d non-toxi ¢ substances , especial yof a relate d grou p
of compound s e.g . non-steroida | anti-inflammatory drug s (Sorense n
and Acosta , 1985) . | t was demonstrate dtha t indomethaci nwas th e

most toxi ¢ of th efiv e compound s tested , followe dby benoxaprofen

and ibuprofen , and aspii n andorpanoxi nwer e nontoxi ¢ at th e
concentration s tested , as judge d by viability , lactat e dehydrogenas e
leakag e and ure a synthesi s of th e cultures , A more detale d

discussio n of th e parameter s use dt oasses stoxict yi s gve n in

Chapte r Seven .
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1.4. 8 Human hepatocyte s i n primar y culture

Less wor k has been done ondmu g metabolism i n human cultured
hepatocyte s sinc e adul t sample s ar e difficul ttoobtai nand it is
much harde rt oget hig hyield sof cell s sutabl efo r culture , mainl y
due t oth enatur eof th e samples . However , fro mth ewor ktha t has
been done , it appear s tha t human hepatocyte s i n cultur e
de-differentiat e slowe r tha nthei r roden t counterparts , and also ,
that th e P450 conten t decline s moreslowly : 60 %of th e spectrall vy

determine d P450 remain s afte r fou r day si n culture(Sto m et al.

1987) . Grant ft al. (1987 ) demonstrate d tha t P450-dependen t
activitie s an d glucuronidatio nwer ewel | maintaine dfo r 72 hour s in
human culture d hepatocytes ; sulphato n howeve r decrease dwithi n th e

firs t 24 hours , andth e P450 reductas e had decline dt o32 %afte r 72
hours i nculture . Begueet al. (1983 ) investigate dth e metabolis m
of an anti-anaphylactic, ketotifen , i n human culture d hepatocytes

the mai n metabolte s produce di nvitr ocorrelate dwit h th e known

metabolic pathway s i nvivo . Also , th erat e of metabolis mdi d not
alte r  significantl y over the firs t four days of conventiona |
culture , or seve nday s fo r human hepatocyte s co-cultured wit h rat
epithelial cells. Thus , human hepatocyte s wouldappear t o have
severa | advantage s over roden t hepatocyte s wit h respec t to

maintenanc e o f dru g metabolismi nyvitro .

14. 9Useof hepatom acel | Tines
It is stl | not possibl et oobtai n substanta | (an d reproducible )

level s of mitoti ¢ activii yi nadul t culture d hepatocytes . Some
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work has bee ndoneondmu gmetabolis mi n hepatom acel | lines , bot h
human androden t i norigin , sinc ea dividn gcel | lin ewoul dprovid e
a continuou s suppl yof hepatocytes , obviatn gth eneed t o isolat e
and cultur e cell sfo r ever y study . Wiebel et al. (1984 ) examine d
the P450activit yof si x differentiate dra t hepatom acel | Tines and

foun d tha t th e constitutiv e activitie swer ever ylow , and some wer e
undetectable . The expressio n of MFOsensitivn et o antibodie s to
PB-inducibl e P450s was presen t i nwidel vy differin »g amount s i n the
differentiate d lines Benzanthrancene, PBand DEX inducto n of

P450 IAl and AHHactivit yandPBandDEXinducto nof P4501B1/ 2 and

aldi n epoxidas e have als obeenobserve d i n differentiate d cel |
line s (Wiebe | f t__a_]_., 1984 ; Corco s an dWeiss , 1988) . The human
hepatoma, HepG2 ha s bee nshownt o hav elevel s of glucuronidatio nand

cytochrom e reductas e simila r t othos eof freshh y isolate d human

hepatocyte s althoug hlevel s of O-dealkylationwer e reduce d (Gran t f t

al., 1988). Althoug hHepG2 cell s remai n differentiate di nculture
thei r P450 conten t was 10-20 %tha t of fres h human hepatocytes , and
thei r P450 activitie s wer e 10fol d lower . However mediu m

compositio n altere d dru g metabolis mactivitie s (Doodstda r et al.

1988) . HepG2 cell s als osynthesiz eandsecret eth e major plasm a
proteins , an d morphologicallyresembl e hepatocytes , althoug hthe ydo
posses s an abnorma | chromosom e number (50-56 ) wit h a distinctiv e

rearrangemen t o f chromosom e 1 (Knowleset al., 1980) .
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14.1 0 Specie s difference s i nmetabolis m

The precedin g section s referre dprimarl  ytoth euseof roden t in

vitro systems , principall y ra t hepatocytes , i nth estud y of dru g
metabolis m and mechanism s o f toxicity : Increasingl y thes e cell s
are bein g use di nth edevelopmen t of predictv e toxicit ytests . I n

additio n t o th e limitation s impose dbyth edeclin e of P450 and
metaboli ¢ capacit y i n vir o discusse d above , ther e are als o
problems , particularl y wit h toxicit y testhg , associate d wit h

extrapolationbot hfro mi nvir ot oi nviv oandfro mrodent st oMan.

Correlation s betwee n dru g metabolis mstudie di nviv oand i n vir o
have bee ndiscusse di nth e previou s section s (1,3.1-5 ) andth e same
advantage s of i nvitr o technigue swit hrespec tt oth estud yof dru g
metabolis m als o exten d t otoxict vy studies . Many compounds e.g .
heavy metals , minera | fiore s andarseni cusuall ytes t negatv e in
short-ter ~ m mammalia ncel | cultur e assays , despit eth efac t tha t the y
are know n human carcinogen s (Lav e andOmenn, 1988) . | n additon
volati e and particulat e compound s presen t specia | problems . Ther e
is also th eproble mof detectio nof pro-toxin  sie . th etes t syste m
must be abl e t o actvat e known nontoxi ¢ precursor s t o thei r
reactiv. e intermediates . The most successfu | i n vitr o toxicit vy
assay s t o dat e hav e bee nthos e tha t detec t genotoxin s by assessin ¢
DM\ damage e.g . unschedule d DNAsynthesi s (UDS) and siste r chromati d
exchang e (Grisha m and Smith , 1984) .  Th e sensitivit yof th e UDS
assay has been improve dbyuseofrat hepatocyte s culture d fro m

animal s pre-treated wit h MFOinducer sie . Arochlo r 1254 and PB
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(Shaddoc k f t al., 1989) . Hepatocyte s fro m inducer-treate d animal s
have als o bee nuse d as an activatio n syste mfo r th e mouse lymphom a
cel | mutagenicit yassa y (0Oglesbyet al., 1989)
Even when i nvitr o toxicit y informatio n ha s bee nobtained , ther e i s
stl | th eproble mof correlatio nwit hth ei nviv odata , ast o whic h

measure of acut etoxicit yi sth emost suitabl e compariso n (Fry ft

al., 1988) . Thei nviv odat aexist si nmanyform swit h variation s
in route s of administration , Specie s teste d and assessmen t of
toxicity . I t i sals odifficul t t omake sensibl e extrapolations of

toxi ¢ concentration s fro mstati c cultur e system st oorganism s wit h

dynami ¢ elimination systems

There ar e als omany know n specie s difference s i n P450 metabolism |,
reviewe d byKat o (1979) , whic h hav e importan t implication sfor (but
do not necessarii ypreclude ) th euseof experimenta | animal si n th e
assessment of human metabolis man d toxicity . Ther e ar e specie s
difference s wit h respec t t orat eof metabolism e.g.hexobarbitone
slee p tim e (Quin n et al. , 1958 ) andth e patter n of metabolite s
produce d fro ma give nsubstrat ee.g . 7-hydroxycoumarini sth e majo r
metabolit e of coumari ni nMan, wherea si nth e rat 3-hydroxylation
predominates , wit h very littl e 7-hydroxycoumari n bein g produce d
(Cohen, 1979) . Specie s difference s i nP450compositio ncan resul t
in difference s ntoxicit yduet o differin g metabolit e profile seg .
the guine a pig , unlk e th e rat , mouse and rabbit , i s

resistan t t o 2-AAF-induce d hepatomas . Theguine api g form s ver y
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ittt e N-hydroxylated-AAF, wit hrin g hydroxylations predominating.
In contrast , N-hydroxylaseactivit yi nth eothe r specie s correlate d
well wit h susceptibilityt o 2-AAF-induce d carcinoma , wit h hamster s
being th e leas t resistant , wit h th e highes t N- and lowes t
ring-hydroxylase activitie s (Mille ret=a1_., 1960 ; Kato , 1979) . Thus ,
difference s i nmetabolit e profile s coul dbeuse dt opredic t toxicit vy
in susceptibl e species . I't hasals o been shown tha t specie s
difference s i n  susceptibility t o paracetamol-induced necrosi s
correlat e wit h th e exten t of tissu e covalen t bindn g and GSH

depleto n (Davie s et al., 1974) . Ther ear eals o difference s i n

inducto n an d inhibitio n (Kato , 1979) . Anothe r proble m i s tha t
experimenta | animal s ar e highl y inbre d and kept wunder wunifor m
conditon s eg . diet , and therefore , unlk e humans, ar e very

homogeneous wit h respec t t orespons e on exposur e t o xenobiotic s

(Gregory , 1988) . However , th erati sstl | th emost popula r model
for studyin g P450 metabolismand toxicity , not leas t becaus eof th e
larg e accessibl e dat abase , andth e read y availabilit yof animals

Despit e th e difference s i n metabolism , vast improvement s i n

predictiv. e toxicolog ycoul d bemadeby increase d understandin g of
mechanisms o f toxicity , androute s of metabolis mi nsusceptbl e and

resistan t specie s (Grisha man d Smith , 1984) .
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1.5 RATIONALE AND AIM SOF THI S STUDY
The ams of thi sstud ywer et odevelo pani nvitr osyste m for the
investigatio n of hepati c cytochrom e P450-mediate d toxicity. Culture d
rat hepatocyte s hav eth epotentia | fo ruseas a prim e i nvitr o model

of hepati c dru g metabolis man dtoxicit y as has been discusse d abov e

(4. 3 - 144) . However , i n orde r t o investigat e hepati c
metabolism-mediated toxicity , th efu | rang e of biotransformatio n
and detoxificatio n enzymes must be presen t and actv e in the
culture d cells . I n thi s respect , th e inabilit yto mantai n th e

P450 isozyme s i n culture d hepatocyte s hasprove dto be a major
drawbac k t o thei r usei n activation/toxicity studies . The larg e
body of wor k concerne dwit hth emaintenanc eof PA50i ncultur e was
reviewe d i n sectio n 145 , Include di nthi swasth e effect s of
media supplementatio nof P450 activii y i nvitro . | t has bee n show n
that DEX i n particula r coul dmaintai n P45 0 activitie S i n primar vy
culture , andtha t DEX (1pM) and nicotinamid e (5mM) togethe r improve d
the maintenanc e of P450-dependen t alkoxycoumarin O-dealkylas e
activitie S i_n vir o (Ware net al., 1985 ; Warre nand Fry , 1988) .
However, thi s maintenanc ewas selectv. ei ntha t th e ECOD and PCOD
activitie s wer e wel | maintaine dfo 'r 7 2 hours , whils t MCCD activit y
was rapidl y los t i ncultur e (Warre nandFry , 1988) . | n th e same
study , reduce dinductic nbyPBandBNFi nvitr ocompare dt oi n viv 0

was reported

Most of th ewor k presente d her e was concerne dwit h developin g th e
cultur e condition s describe d above t o suppor t bot h th e stabl e
maintenanc e of a wide r rang e of P45 0 activitie sandals o inductio n
of P450s i n vitro . Theeffect sofinducto n in viv o on P450

activit 'y an d P450-mediate d toxicit y i n vitrower e als o investigated
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TABLE 1.1 .ENDOGENOUS AND XENOBIOTIC SUBSTRATES OF

CYTOCHROME Pg4s501.

SUBSTRATE

steroids
prostaglandins
leukotrienes
arachidonic acid
vitamin D

lauric acid
phenobarbitione

arachidonic acid
benzo-pyrene
bromobenzene

thyroid hormones
halothane

uroporphyrinogen 2
valproic acid3

benzphetamine
codeine
6-methyipurire
amphetamine
2-acetylaminofluorene

ethanol

azo, nitro compounds
halogenated hydrocarbons

REACTION

HYDROXYLATION
(aryl or aliphatic)

EPOXIDATION

DEHALOGENATION

DESATURATION

N-,0- and S-
DEALKYLATION
OXIDATIVE DEAMINATION
N-OXIDATION
ALCOHOL OXIDATION

REDUCTION

' information from Gibson and Skett (1986), except where indicated.

Endogenous substrates are in italics, and xenobiotic substrates in plain print.

2 Jacobs et al., 1988
3 Rettie et al., 1988



TABLE 1.2, P45 NOMENCLATURE. P45 nomenclature has now been
standardized by Nebert et a/.(1987,1989), and this is shown in the first
column below. Isozyme designations from different laboratories are shown
in subsequent columns, and are based on the summaries by Waxman (1988)
and Ryan and Levin (1990).

LEVIN GUENGERICH SCHENKMAN WAXMAN KAMATAKI

1AL c BNF-B
IA2 d ISF-G

A1  a UT-F RLM2b 3

A2 m*

IBL b PB-B PB RLMS5 PB-4

B2 e PB-D PB RLM6 PB-5

ice Kk PB-C RLM52/PBRLM4 PB-1

ncr  f RLMS5h

icCll h UT-A RLMS5 2c male
He12 Ut fRLM4 2d female
IC13 ¢ RLM3(g)

NET RLM6

WAL

A2 PCN-E" 2a**

*  Arlotto and Parkinson, 1989.

** |t is not entirely clear which of the isozymes isolated in the different
laboratories are equivalent to P4gglllA1, and which to P45qlitA2; also,
there have been changes in nomenclature of these isozymes within
laboratories; the multiplicity of this particular gene family has been
discussed by Halpert (1988).



TABLE 1.3. ENDOGENOUS AND XENOBIOTIC SUBSTRATES OF
PHASE I METABOLISM!

SUBSTRATE REACTION
steroid hormones GLUCURONIDATION
bilirubin

thyroxine

catecholamines
acetaminophen
salicylic acid
morphine

steroids SULPHATION
heparin

acetaminophen

2-acetylaminofluorene

salicylamide

histamine N-METHYLATION
catecholamines
thiouracil

serotonin ACETYLATION
Isoniazid

bile acids AMINO ACID CONJUGATION
benzoic acids

bilirubin GLUTATHIONE
steroids CONJUGATION
leukotrienes

vitamin K

bromobenzene

acetaminophen

urethane

1 information from Gibson and Skett (1986) and Ziegler(1988).
Endogenous substrates in italics, xenobiotics In plain print.
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(1985) and Gibson and Skett (1986).
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Arrows show the direction of blood flow.
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CHAPTR 2

MATERIALS AN D METHOD®

MATERIALS
2.1 ANIMAL S

The Wista r albin orat suse di nthes e studie s wer eobtane dfro m th e

Universit 'y of Nottingha mAnima | Breedin g Unit . Mal eandfemal erat s
(70 - 180g) wer eallowe dfre eacces st ofoo dand wate r and wer e
housed at 22°C, wit ha 12 hour light/dar kcycl e (light : 08.0 O -
20.00) , The animal s wer e bedde dfro m bit h on th e syntheti ¢

bedding , Lablit (WP . Usher, London, U.K.) , t o minimis e enzyme

inductio nfro mwoodshaving s (Vesell , 1982 ; Tofftne net al., 1989) .

2. 2 CHEMICALS AN D EQUIPMENT

The supplier s of th e chemical s usedi n thes e stude s were as
follows : de]ta—amino]aevu]inate hydrochloride ,  7-methoxycoumarin
2-methylfuran, resorufi n and seleniou s aci d wer e obtane d fro m
Aldric h Chemica | Co. (Dorset , U.K.) ; foeta | cal f serum , glutamine
trypa n blueand Williams' mediu mE, celluloseacetat e filters (por e
size 0.2um) andplat e sealer s wer eobtaine dfro mFlo w Laboratorie s
(Irvine ,  Scotland) ; collage n typ e I was obtaine d fro m B.CL .

(Sussex , U.K.) ; phenobarbiton eandacety |aceton ewer eobtaine d fro m

D

B.D.H. (Dorset , U.K.) ; fungizon ewas obtaine dfro mSquib b Surgicar
Ltd . (Hounslow , U.K.) , dexamethason e (Decadron ) fro m Merck , Shar p

and Dohme Ltd . (Hoddesdon , U.K.) , insuli n
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(Actrapi d MC) fro mNov o Industr i A/ S (Denmark) ; andgentamici n fro m
Roussel Laboratorie s Ltd . (Uxbridge , U.K.) . Ammoniu m acetate
benzalkoniu m chloride , benzphetamine , beta-glucuronidase H~-I (E.C .
3.2.1.31), beta-naphthoflavone, beta-NADP , bovin e seru m albumin |,
butylatet d  hydroxytoluene, collagenase typ e |V (EC, 34243 )
Coomassi e  Brillian t Blue G, dicoumarol 3-(4,5-dimethyl -
thiazol-2-y1)-2,5-diphenyltetrazolium bromid e (MTT) , EDTA,EGTA,
erythromycin glucose-6-phosphate, glucose~6-phosphate

dehydrogenas e typ e XI (EC . 1.1.1.49) , glutathione , hemin typ e 1,

HEPES hyaluronidas e typ e Il (EC . 3.2.1,35) , 7-hydroxycoumarin ,
isoamylalcohol, isoniazi d (isonicotini c aci d hydrazide)
nicotinamid e (niacinamide) , 4-nitrocatechol, 4-nitrophenol,
N,N-dimethylformamide , o-phthalaldehyde, Percoll , precocene s | and
[l , Rhodamin e B, semicarbazide , 6-thiopurin e (6-mercaptopurine ) and

valproi ¢ aci d wer e a | obtaine dfro mSigm a Chemical Co. (Dorset |,

U.K.) . 4-Ipomeanol wasa gif tfro mDr. MR. Boyd, Nationa | Cancer

Institute , Bethesda , MD, USA . 7-Ethoxycoumarin, 7-propoxycoumari n
and 7-ethoxyresorufi n had bee n synthesize dbyth emetho dof Proug h
et al. (1978) . "Primaria " cultur e dishe swer e obtaine dfro m Falco n

(Becto n Dickinso n Ltd. , Oxford , UK. ) and 24-well plasti c cultur e
dishe s fro m Nunc (Denmark) . Al l othe r reagent s and organi c
solvent s wer e of analytca | reagen t grad e and obtane d fro m loca |

suppliers.

Low-spee d centrifugatio nwas carrie dout usin g an MSE Centau r benc h

centrifug e or an MSEMistra | 600 O refrigerate d centrifuge
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A Stuar t Tub e Rotato r TR- 2was use d fo r extractio  n procedures . Cel |
suspension s wer e homogenise d usin g an MSE Soniprep . Spectrophoto -
metri ¢ analysi s was carie dout usih ga Perkin-Elmer 550 S UV-Vi s
spectrophotomete r or a Dynatec h plat e reade r and fluorometri c

analysi s was performe dusin g a Barr d RC200 Ratiometri ¢ fluorimeter

METHOB

2. 3 STERILIZATIO N PROCEDURE

Standar d sterilization procedure s and asepti ¢ technique s wer e
practise d throughou t thes e studies , asoutine dbyPaul (1970 ) in
addiio n t o supplementation of cultur e medi awit h antibiotic s to
reduc e th e ris k of microbiologica | contaminatio nof cel | cultures
Water bath s andth ewate r tra yinsid eth eincubato r a | containe d

benzalkoniu mchlorid e (0.1%) , andth ewate r was change d frequently.

Dry hea t
Al glasswar e (opening s covere d wit haluminiu m foil ) and glas s
pipette s (bunge d wit h cotto nwool andplace di n metal canisters )

wer e sterilize di na Gallenkam poven, set at 160-180° Cfo r 2 hours.

Moist hea t
Plasti ¢ an drubbe r items , wrappe di n aluminiu mfoil , andheat stabl e

solution s wer e autoclave di na Cabbur nautoclav eset at 121° Cfo r a

25 minut e cycle
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Filtration
Non-heat  stable solutions and small volumes of liquid were
sterilized by filtration through cellulose acetate filters with a

0.2um pore size.

Asepti ¢ techniqu e

Al sterii e procedure s wer e perfome d i n a lamina r flo w hood
(Intermed , Microflow , Hants. , UK. ) regularl y swabbe d wit h 70 %
alcohol . Bottl e and glasswar e opening s and pipette s were a |

regularl y flame d durin g use .

2. 4 ISOLATIO NOF HEPATOCYTES
Hepatocyte s wer e isolate deithe r byth e slicemetho d of Paterso nand

Fry (1983 ) or byth elob e perfusio nmetho dof Rees e andByar d (1981)

Slice metho d
The was h solutic nwas a calcium- , magnesium-fre e Hank s buffe r pH7. 4

(140mM NaC1, 5mM KC1, 04m M KH2PO4, 0.3m M NazHPO4, 20mMHEPES,  50uM

phenol red , 20 ml 1'1 05 N NaOH), t o whic h NaHC03, glucose
methionin e and gentamicin , at 148 , 55 , 2mMand 50ugm1'1 (fina 1
concentrations) , were added onth edayof isolation. The wash

solutio n was pre-gasse dwit h air/C0, (95%/5%) , byplacin gi na LEEC

incubato r throughou t th e isolation

The ra t was kile dbycerica | dislocation , th elive r lobe s remove d

and place d i n 10mlwas hsoluton . Thelive rwashblotte d dry and
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weighed ; 30 gwas used . Subsequen t manipulation s wer e carrie  d ou't
in a flo wecabinet . Individua | lobe s wer eplace dona fite r paper
on a Perspe x sheet andthinl yslice dusin g a degrease drazo r blad e
(Wilkinso  n Sword) . Slice s i n 10ml was h solutio nwer eplace di n a
steri e 250ml| conica | flas k seale dwit ha steri erubbe rbungi n a
shakin g wate r bat h at 37°C, for 10 minute s at 90
oscillations/minute. Th e soluio nwas the nremove dandth e slice s
washed twic emore. Thecell swerethe nwashe dtwic ewit h 10ml wash
soluto n containin g 05m M EGTA. Thi s chelatn g solutio n was
removed and replace d wit h enzyme soluio n (1Om| wash soluto n
containin g 1000 unit s (U) of collagenas e Type IV, 4250 U of

hyaluronidas e and 5mM CaC1?). The flas kwas the nshake nfo r 457 0

minute s unti | th e slice s had disintegrated. The resultn g
suspensio n was filtere dthroug ha piec eof steri e surgica | gauz e
int o 20ml was hsolutio ni na steri ebeaker . The suspensio n was

centrifuge d fo r 90 second sat 509, andth e pelle t washe dtwic e wit h
fres h  wash solution . The fina | pelle t was resuspende d i n

incubatio nor cultur e mediu m(se e section s 2 6and?2.7)

Lobe perfusio n metho d

The apparatu s was set up as i n Figur e 21 , perfusate s bein g
circulate  d usin g a Watson-Marlo w peristalti c pump. Thewate r bat h
was kept at 40°Ct oallo wfo rth e 3°Cdro pi n temperatur e betwee n
water bat h and lob e (Chener yet al., 1987) . Alcoho | (70 % viv

50ml) , followedby 100ml sterl ewate r was ru nthroug hth e apparatu s

1)

prio r t o perfusio n ofth e lobes . The calcium- , magnesium-fre
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Hanks buffe r containin g NaHCO%, glucose , methionin e and gentamici n
as describe d above wasuse dt omake upth e perfusates , whic h wer e
gasse d continuousl y wit h 027/C027(95%/5%) . On changin g solutions
perfusat e was ru n throug hth esyste mfo r 30 second s befor e bein g
re-circulated , to flus h th e previou s solutio n fro m th e system .
Durin g perfusio n th e lobe s were.coveredwit ha piec e of steril e

gauze, soake di n Hank s buffer

The rat was kille dbycerica | dislocation ,and the live r lobe s
removed andrinse dwit h Hanks buffer . Car ewastake nnot t o damage
the lobes , whic h wer e cannulate dwit ha 21 Gx 14"needl ethroug h a
vein on an expose dcut surface . The same lobe s wer e routinel vy
used. The lobe s were perfuse d for severa | minute s wit h
non-circulatin g Hank s buffe r containin g 0.5m MEGTA, t oflus hout th e
blood . When th e lobe s wer e evenl y blanched , fres h buffe r wit h EGTA
was recirculate dfo r 152 Ominutes . Theflo wrat ewasset at 10-1 5
m perfusat e minut e " 1 cannu]a-l. Th e lobe swer e the n perfuse d
wit h  re-circulatingbuffe r containin g 100 Uml'1 of collagenas e Type
IV and 5mM CaC]Z, fo r 30 minutes . The lobe s were careful vy
transferre  d t o a beake r containin  ga smal | volum eof Hanks buffe r
and mince d gentl y wit h a pai r of scissors . Afte r filtratio n
throug h a piec eof steri e gauz eth ecel | suspensio nwas centrifuge d
at 50gfo r 90second sandth e pelle t washe dwit h Hanks buffer . The
cell s wer e the nresuspende di nb5ml cultur emediu m(se e 2.6 ) whic h
was added t o 5ml Percol | soluto n (Percol | dilute d 1.1 0 wit h

concentrate d Hank s sal t soluton : 14 MNaCl, 50mMKCl , 4mM KH2P04,
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3V NaZHP04, 55mM glucose) . Centrifugatio nat 50gfor 10 minute s
resulte d i na separatio nof th eviabl e andnon-viabl ecell s (Kreame r
et al.,1986) . Thepelle tof viabl ecell swaswashedwit h cultur e
medium, followe d by centrifugatio n at5g for 90 seconds , and

finall y resuspende di n cultur e medium.

The viabilit y of the fina | cel | suspensio n obtane d fro m bot h
isolatio n method s was assesse dusin gtrypa nblu eexclusio n (2,5,1)

Suspension s of  viabilit y les s tha n 85% were rejected . The
concentratio n of th ecel | suspensio nwas the nadjuste d (usuall y to
2,0 X 1 O6ceII S m]‘% andth ecell seithe r usedfresh , place d int o

cultur eor sonicate dt ogiv eanhomogenat e (2,6-2.8)

a

For th einita | kineti c studie s (210 ) hepatocyte swer eisolate d by
the slic e method . I na | subsequen t experiment s lob e perfusio nwas
preferred , since , i ncombinato nwit hth euseof large r rats , th e

yiel d of hepatocyte s per anima | was consistentl y increase d whils t
the isolaio n tim ewas decreased . Tabl e 2 1 shows th e cytochrom e

P450-dependen t alkoxycoumarin O-dealkylas e activitie S measure d in

fres h hepatocyte s isolate d byslicin gor lob e perfusion , and th e
maintenanc e i n cullur e for 24 hour sof thes e activities . The
fres h cel | activitie s ar esimilar , as ar eth e maintenanc e values |,

indicatn g tha t th emetho dof isolato ndoes not influenc eth e P450

activitie s measure di nfres hor culture d hepatocytes
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2.5 ASSESSMEN OF CELL VIABILIT 'Y

25. 1 Trypa n blu e exclusio n

Viabilit y of hepatocyt e suspension s was determine dusin gth e trypa n
blue dy e exclusio ntest , whic hhashbeenshownt obeassensitv. e a
paramete r o f viabilit y as lactat e dehydrogenas e leakag e (Jauregu i et
al., 1981) . I't i sals oquicke randsimple rt o perform , and it
enable s a quic k estimat eof th enumber of viabl ecell st obe made.
Cells wit h an intac t plasmamembrane willexclud eth e dye: thes e
cell s are judge d to be viable. Wher e membrane integrit y i s
compromise d th e cell stak eupth edyeandappear blu e when viewe d
under a ligh t microscope. Thenumber of viabl e and non-viabl e
cell s were counte d by mixin g 0.25m1cel | suspensio n wit h 01ml
trypa n blu e (0.5 % dye soluio ni n85 % saline ) and placin g th e

mixtur e ont o an improve d Neubaue r haemocytomete r (dept h 0.1mm) .

The percentag e viabilitywas the n calculated

25. 2 Reductio nof MTT
In experiment s wher e compound s wer e screene d fo r toxict y to
culture d hepatocyte s th e number of viabl e cell s remanin g afte r

treatmen t was determine dby assessmen t of mitochondrial function

The mitochondria | enzyme , succinat e dehydrogenase , can reduc e th e
yello w tetrazoliu m salt , MTT, toa blu e formaza n produc t whic h
absorb s at 560-570nm . Onl y cell swit h viable mitochondri a can

reduc e th e MTTandth e amount of formaza n produce di s proportiona |
to th enumber of viabl ecell s (Figur e2.2) . Themetho dwas modifie d

fro mthat of Denizo t andlang (1986) , for use wit h hepatocyt e
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cultures . WEC containin g 0.2mgm1_1 MTTwas place don th e cells
Afte r a 3 hour incubatio nat 37°C, th e mediu mwas remove d and th e
formaza n tha t precipitate di nth ecell s solubilise di n isopropanol
Absorbanc e was determine d spectrophotometricallyat 560n m or at

570nmusin g a Dynatec h plat e reader

2.6 USE OF FRESH CELLS

For a | enzyme assay s i nfreshl vy isolate d hepatocytes , cell s were
resuspende d at 2 0 X 106 cell s ml 1 i ncultur e mediu m or Hanks
buffe r (2.4 ) containin g 20mMHEPES. Incubation s wer e performe d i n
25m  conica | glas s flask s shake n continuousl yi na 37° Cwate r bath .
Incubatio n tme s of 20-3 Ominute s wer e routinel yused , th e cel s

bein g use d immediatel y afte r isolation . Ther ewas no los s of

viabilityof th e cellsove r thes e tim e periods

2.7 PRIMARY CULTURE OF HEPATOCYTES

2.7. 1 Culture mediu m

Hepatocyte s wer e culture di n Wiliams ' mediu mE, th e composito n of
which i sshowni nTabl e22 . To445ml singl e strengt hWiliams ' E
was added : glutamin e 2mM, fungizon e 2.5pgm'|_1, gentamici n 50pgm1'1,
foeta | cal f seru ml10 %viv , insuli n 10mU m]’l, nicotinamid e 5mM an d
dexamethason e 1uM. Al | concentration sar e fina | concentrations
This mediu m i srefere dt oas WEC andhas beenshown t o maintai n

certai n P450-dependen t activitie© s (Warre nandFry , 1988) .
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2.7. 2 Procedur e
Hepatocyte s wer e culturedeithe r on 60mmdiamete r "Primaria " petr i
dishe s at 2 5 x 106ceII S dish'l, or on collagen-coated plast ¢

24-wel | plate s at 2 5x 1050eII s wel I'l. Collage n was diute d

down t o 250ugm1"1 wit hsteri e 0.1Maceti caci dandsprea dove r eac h

wel | to gv e a coatin g of 5ugcm'2. "Primaria " dishe s are
electrostaticall y ftreate d t o promot e attachmen t and surviva | of
cells. Bot h th e "Primaria " dishe s andth emultwel | plates wer e

pre-incubate d wit h WEC befor e hepatocyte s wer e plate d onto them .
Afte r allowin g 1- 2 hour s fo r attachment , monolayer s wer e rinse dwit h
Hanks buffe r andfres hWECwas added . Mediu mwas replace dever y24

hours .

2. 8 PREPARATION OF CELL HOMOGENATE
Fresh cel | suspension s wer e centrifuge dat 50gfo r 90seconds , and

the pelle t resuspende di nice-col d Tris-sucrose-EDTAbuffer , pH 7, 4

(20mM - 025m M - 54m M fina | concentration S respectively ) at
approximatel y 10 x 1 Oﬂ cell s ml ""1. Culture d hepatocyte s wer e
scrape d fro mth e cultur e dishes , th econtent sof 5 "Primaria " plate s
bein g poole d int o a fina | volumeof 15m | ice-col d buffer . The

resultin g suspension S wer e sonicate dusin g a Sonipre pprob e at an
amplitud e of 15fo rtwol5secon d pulses. Thi s achieve d maximu m
disruptio  n wit h minimu m enzym e damage . Homogenate s wer e eithe r
used fresh , or froze ni nliqgui dnitroge nandstore dunti | require d

(away sles stha nl week fro mpreparation)
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2.9 DETERMINATION OF PROTEIN

The protei nconten t of fres hcel | samples , culture s and homogenate s
was determine dusin gth e Bradfor dassa y (Bradford , 1976) . Sample s
were dissolve di n05 NNaOHand dilute dt o approximatel vy 100ugm1'1.
NaCH extrac t (100ul) was mixe d wit h 1.0m1 dye reagen t (100mg
Brilian 't Blu e G i n 50ml absolut eethano | added t o 100mi 85 %
orthophosphori ¢ acid , made upt ol litr ewit hwater ) and lef t to
stand fo r 5 minutes . Absorbanc e at 595n mwas determine d and th e
protei n conten t derive d by interpolatio nfro ma standar d curve |,
constructe  d wit h bovin e seru m albumin . Protei n conten t of
hepatocyte s was shown t o belinea rwit hrespec t t o cel | number

(Figur e2.3)

2.1 0 ALKOXYCOUMARI O-DEALKYLASE ACTIVITIE S

2.10. 1 Kinetic s

The O-dealkylationof alkoxycoumarins ar e P450-dependen t activitie S
that have been shown t o have biphasi c kinetic s in rat live r
microsome s (Boobi set al., 1981 ; Paterso net al., 1984) , preliminar vy
experiment s i n isolate  d hepatocyte s confirmin gthes e observations.
The kinetc s of 7-methoxy - and 7-ethoxycoumari n O0-dealkylation

(MCOD ECOD), determine di nfreshl yisolate dhepatocyte s ar e shown

in Figure s 2. 4and 2 5 respectively . Thekinetc s wer e analyse d
usin g Hanes plot s (se e Appendix:A2.1) . The tw o activitie s are
clearl y biphasi ¢ i nth efreshl vy isolate dcells . Simila r kineti ¢

studie s i n hepatocyte s culture dfo r 24 hour s showe d tha t wherea s

EC@® remaine d biphasi ¢ i n cultur e (Figur e 2.7) , MCOD became
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monophasi ¢ (Figur e 2.6)

Estimation s of th e kineti ¢ parameters, Kmand Vmax, ar e presente di n
Table 2.3 . The Km of MCDactivit 'y measure d i n th e culture d
hepatocyte s i s simila rtotha tofth etota | activi yin the fres h
cells. Thi s suggest s that it isthelo w affinit y for mof the
activii 'y tha t i sretained , albei t at a reduce dleve | (reduce dVmax) ,
whereas th e hig h affinit y for mi s los t completely . Bot h component s
of ECOD activit y wer e presen t i nculture d hepatocyte s (simﬂar Km

values) , althoug hth eactivii ywas reduce d (lowe r Vmax values)

This informatio n suggest s tha t differen t populaton sof P450 ar e
Invove d in the hig h and lo w affinit y component s of thes e
activities , @ suggesto n whic hi s reinforce dby th e differentia I
respons e of th e substrate st oP450 inducer s (Matsubar ae _t_y__ ., 1983 ;
Okuno et al., 1989). Therefore , th e alkoxycoumarins provid e a
serie s of substrate s fo r th e investigatio nofa rang e of P450s ,
sinc e multipl e isozyme s appear t obeinvolve di n th e O-deakylas e
activities : I nth e studie s reporte dhere , O-dealkylas e activitie S

have been use di nthi swayas marker s fo r differen t populaton s of

P450 isozymes , thos e responsibl e fo r the.high and lo w affinit vy
component s of eac h activity : For thi s reason , activitie S are
measured at tw o substrat e concentrations : 10o0r 20uMfo r th e hig h

affint 'y for m (MCOD activit y coul d not be accuratel y and
reproducibl y determine d at substrat e concentration s lowe r tha n 20uM)

and 500uMfo r th e tota | activity . Thi s tw o substrat e concentratio n
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approac h ha s bee n suggeste d previousl ybyBoobi set al. (1986)

2.10. 2 Determinatio nof activiti vy

Alkoxycoumarin O-dealkylas e activitie s wer e determine  dbyth e wel |

characterise d method of Fry and Bridge s (1980 ) i n whic h th e
7-hydroxycoumari n  (7-HC ) produce d by O-dealkylation i s assaye d
fluorometrically. Substrat e th e alkyl ether ) i n
N,N-dimethylformamid e (DMF) at Zulml_l mediu mwas adde dt o freshl vy
isolated or culture d hepatocytes .  Fres h hepatocyte s wer e incubate d
wit h substrat e fo r 20 minute sat 37° Ci na shakih g wate r bath ;
culture d hepatocyte s wer e Incubate dwit hsubstrat efo r 4 hour s at
37°C. No toxicit yof th esubstrate st oth ecell s was observabl e
afte r thes e Incubations . Thereactio nwas stoppe dby addin g th e
incubat e (mediu m+ fres hcell sor mediu malon efro mth ecultures ) to
4ml ice-col d water/0.2 M acetat e buffe r (3 1 v/iv) . 320 U of
beta-glucuronidase H-1 (i niml acetat e buffer ) was added t o eac h
sample t o deconjugat e th e glucuronid e and sulphat e derivative s of
7HC prio rt oextracio nandassay ; Incubatio nwit henzymewasfo r 2

hours or overnight at 37°C. Under thes e conditon smoretha n 97 %
of th e conjugate s wer erelease dwit hnohydrolysi sof th e sulphat e
(Paterso n ft al., 1984) . The7-H Cwasthe n extracte d int o 4ml

diethylether (containin g isocamylalcohol 1.5 %v/v) . Organi ¢ phas e
(Iml') was the n extracte dint o4ml 005 M glycine-NaOH buffer , pH
10.4 , andth e fluorescenc e determine dat an excitatio nwavelengt hof
370nm (e x 370nm) andanemissio nwavelengt hof 450n m (e m 450nm) .

The 7-H C conten t was the nderive dby interpolationfro ma standar d
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curve . Theproducio nof 7H Cunde r thes e conditon swas shown t o

be linearwit hrespec tt otm eandcel | number .

2.1 1 DETERMINATION OF CYTOCHROREIP45 0 CONTEN

The P450conten t of hepatocyt e homogenate swas determine dusin g th e
method of Estabroo ket a . (1972) . Homogenate swer e dilutedi n 0.1M
Tri s buffe r (p H7.4) , containin g20 % vglycerol , t oth eequivalen t

6 cellsml " 1. Carbo nmonoxid ewas bubble dthroug h th e

of -2 X 10
suspensio n fo r 1 minute , at 1- 2 bubble s second " 1. The sampl e was
spli t equall ybetwee n2 cuvette s andscanne dbetwee n39 0and 510ma .
Sodiu m dithionit e wasadde dt oon ecuvette , whic hwas mixe d well ,
and re-scanned . The P450 conten t was calculated , usin g th e

absorbanc e differenc e betwee n 45 0and490nm, and th e extnctio n

coeficien t of 91mM' 1 em™1

2.1 2 ANALYSI SOF ENZYMEACTIVITIE S| NCELL HOMOGENATE

Enzyme activitie s i n cel | homogenate swer e determine d usin g an
Incubatio n mi xsimla rt otha t descibe dbyPaterso nandFry (1983 )
for microsoma | Incubations . Determinato  nof enzym e activitie s in
homogenate s ha s als o bee ndescribe dpreviousl y (Gran tet al., 1985) .
The 1ml incubatio n mi x containe d5mM magnesiu m sulphate, 1Um1'1
glucose-6-phosphate dehydrogenase , an dcofactor s (0.5m MNADP an d 5mM
glucose-6-phosphate, fna | concentrations ) i n02 Mphosphat e buffer
pH 74 . Cel | homogenate swer e routinel y use dat concentration s of

0.5-1.0mgprotei  nmi o1 incubatio  nmix .
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Activite s wer e determine d fro mstandar dcurve s of th e amount of
product . Substrat e was als o include d i n blan k and standar d
samples . Reaction s wer e determine d t obe linear at th e chose n
substrat e concentration sover th eincubatio nperio dat th e require d
homogenat e protei n concentration , 1 nhomogenate s fro m contro | and

Inducer-treate d animals

2.1 3 DETERMINATION OF 7-ETHOXYRESORUFN O-DEALKYLASE ACTIVIT Y
7-Ethoxyresorufin i s dealkylated i nmicrosome s t o a fluorescent
product , resorufi n (PohlandFouts , 1980) . Theincubato nmi x use d

was a sligh t modificatio n of tha t describe d in 212 , in tha't

wl

homogenat e was use d at 0. 1 mg protei n ml an d bovin e seru m albumi n

1

(Img ml "% wasinclude di nth ephosphat e buffer , t o preven t produc t
inhibition , and maintai n linearit yofth e reacto n respectively..
Prio r t o assa ywit h substrate , dicoumaro | (fina | concentratio n 10uM)

was adde d t oth e incubatio nmix , whic hwas the nincubate d at 37° C
for 10 minutes. The dicoumaro | inhibit s microsoma | reductase s tha t
can reduc e th e unstabl e resorufi n (Lube t et al |, 1985) .
7-Ethoxyresorufl ~ n (fina | concentratio n 1.7uM in DMSQ was the n
Incubate d wit h th e sample s fo r 3 0minutes . When homogenate s fro m

BNF-treate d rat s wer e assayed , th e incubato n perio dwas reduce d t o

10 minutes . The reactio n was terminate dbyth e additio n of 2ml
methanol . The fluorescenc e of th e resorufi  n in the cleare d
supernatan t was the n determined . The product , resorufin , i s
relativel y unstable , therefor e Rhodamin e B was use das a standard

The fluorescenc e of Rhodamin e 8 at ex 550n mand em 585n m was
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determine dt obetwic etha t of resorufin

2.1 4 DETERMINATION OF NITROPHENQ. HYDROXYLAE ACTIVIT 'Y

4-Nitrophenol hydroxylas e activii ywas assaye d by determinatio n of
the amount of 4-nltrocatecho | produced . The metho d use d was
essentiall 'y tha t of Reink e and Moyer (1985) . Nitropheno | (100uM
fina | concentration ) was Incubate di nIml standar d incubatio n mix

(212 ) for 30minute sat 37°C. TCA(15%, 0.Im ) wasuse dt o sto p

the reaction . Afte r centrifugatio nto remove th e preciptate  d
protein ,  0Im| 10N NaOH was added t o th e supermnatant . The
absorbanc e o f th e nitrocatecho | was determine dat 546nm.

2.1 5 DETERMINATION OF N-DEMETHYLAE ACTIVIT 'Y

N-Demethylase activit y was measure d by determinin gth e amount of
formaldehyd e produce d fro m benzphetamine or erythromyci n (fina |
concentratio  n 50uM) . The formaldehyd e was trappe d wit h
semicarbazid e (10mMfina | concentratio  ni nincubato nmix) . Sample s
were incubate d fo r 30minute sat 37°C, andthe nstoppe d wit h 15 %
TCA Fres h Nash reagen t (30 g ammonium acetat e + 04ml
acety laceton e i n 100ml water , Iml ) was adde dt o Iml proteinfre e
supernatant , andincubate dat 37° Cfo r 45-5 Ominutes .  Sample s wer e
centrifuge  d 1 f necessar y to clea r th e supernatant . The
formaldenyd e was the nmeasure d spectrophotometricaliyat 412nm or
fluorometrically at ex 410nm em510n m (Nash , 1953 ; Belman,

1963) .

Structure s o f P450-dependen t enzym e substrate s and product s ar e show n

inFigur e2.8 .
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2.1 6 DETERMINATION OF CELLULAR GLUTATHIONE
Cellula r glutathion ewas determine dby a modificaio nof th e metho d
of Hissin and Hilf (1976) , i n whic h o-phtha]a]dehyde form s a
fluorescen 't  derivativn. e wit h reduce d glutathione . Hepatocyt e
suspension s wer e treate dwit h 15 %TCA, and 0.lm | supernatan t adde d

to 3ml 04 MK3P04 buffer , pH8.2 . o-Phthaladehyde soluto n (0,1ml ;

1mg ml 1 I n methanol ) was adde dt o eac h sample , wit h thoroug h
mixing . The fluorescenc e was the nmeasure d exactl y 15 minute s
late r at ex 350nm, e m420nm. Th e glutathion e conten t was

determine d fro ma standar d curve .
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APPENDIX
A2.1 Kineti ¢ analysi s of enzym e activit y
The kinetic s of enzyme-catalyse dreaction scanbedescribe dby th e

Michaelis-Menten equation

V=VmaxS!l. = . . [1]
Km+ [S]

where v i sth erat eof reactio nat substrat e concentratio n [S1, Vmax
is th emaximu mrat e at saturatin g substrat e concentration sandKmi s
the Michae |i s constant commonl y definre d as th e substrat e

concentratio n at whic hv= Vmax, TheKmi sthu sa measur eof th e
2.

enzyme' s affinit y for th e substrate , and th e Vmax give s an
indicato n of th e amount of actv e enzyme present. Equatio n [1 1
describe s a rectangula r hyperbol awhic hcanbelinearl y transforme d
in severa | wayst oenabl egraphica | estimaton sof KmandVmaxtobe

mace (Roberts , 1977) ,

The kinetc s of MCCDan d ECOD activitie swer e describe din21 0 by
use of a Hanes plot , in preferenc e t o th e double-reciproca I
Lineweaver-Burk plot . For a Hanesplo t (Hanes , 1932 ) [S]/v is

plotte dagains t [S] , re-arrangemen t of equatio n [l 1 giving

[S] = 1 [S]1+ Km . .[21
v Vmax Vmax
A plot of [S) vagans t[S] of a biphasi c activii ywl | gv e two

components , eac h describe dbyequatio n[2] , fro mwhic hth e Km and

Vma can be calculated. Thecomponent wit hth e lowerKm 1is th e
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hig h  affinit y for mandth e component wit hth e highe r Km represent s
the tota | activity . Subtracto nof th e hig h affinit y for mfro mth e

tota | wil | giv e th e contributio nof th elo waffinit y component .

With regar d t oestimaton sof th ekineti c parameter s Vmax and Km,
statistica I consideration s indicat e that of th e graphica |
determinaton s of Vmax an d Kmmor e accurat e subjectiv. e estimate s can
be obtaine dfro mHanes plot s tha nfro mth e Lineweaver-Burk , assumin g

a homogeneou s varianc eo f v (Wilkinson , 1961)

The Lineweaver-Burk plo t become s vastl yinferio rt oth e Hanes when
applie d t o unweighte d linea r regressio nlines , sinc e th e smalle r
(@and les s accurate ) determination s of v become inordinatel y
importan t i ndeterminin gth eposio nofth elne . | ftheerro rin
V i s assumedt obesmall , th eHanes plo t give s reasonabl vy reliabl e
estimate s of Kmand Vmax fo r unweighte dlines . Thi smeanstha t Km
and Vmax value s cén b e graphicall ~ y estimated , especiall y ifth e a m
is t ocompar evalue sfro mtw o similarexperiment swher eth ebia s of
the unweighte d dat awil | besimilar , rathe rtha nt o obtai n value s
for th e tru e Vmax andKm(Dowd an dRiggs , 1965) . Thus, in the
kineti c experiment s presente d i n 210 , Kmand Vmax value s wer e
estimate d fro mth e unweighte dlinea r regressio nline s obtained fro m
Hanes plot sof th edata . The Kmand Vmax value s obtaine dfro m th e
graph s wer e use d t ocompar e th e isozymi ¢ populations presen t i n
fres h andculture d hepatocytes , andshoul dnot betake nas accurat e

measures of th etru evalue sof th ekineti ¢ parameters
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A2. 2 Statistica | analyse s

Standar d statistica | test s wereapplie dtoth edat a presente d in
thi s thesis , whic h ar edescribe di ndetai | i n genera | statistic S
text s (Bailey , 1959) . Briefly , linea r regressio n analysi s was
applie d t o linear , graphica | data , t oobtai nth elin eof best fi

Student' s ttes t was use dt o compar e tw 0 grou p means wher eonl y one
variabl e was bein g studied ; fo r multipf e comparison s analysi s of
varianc e (ANOVA) was employed . | f th e ANOVA detecte d difference s
betwee n group s Dunnett’ stes t (Winer , 1971 ) wasuse dt o compar e th e
treate d group st oth econtro | group . The importan t poin t regardin g
thi s tes t i stha t th e significanc eleve | applie st oth e collectiv e
data - the tes t i snot Independen t fo r eac hgrou pv contro | tes t
(e . group sx andy but not grou pz are significantl y differen 't to
the contro | grou pat a leve | of p<0,05) . The Mann-Whitne y U-tes t
(Campbell , 1967 ) i s a distribution-fre etes t whic hcanbe used on
transforme d data , e.g . cultur e maintenanc e dat awhic hi s expresse d
as a percentag e of , or relaiv. eto , a fres h cel | value. |t
assesse s th e overla pof tw o populato n distributions , differin g in

the locatico n of thei r media nvalu e by rankin gth e data .
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TABLE 2.1a. ALKOXYCOUMARIN O-DEALKYLAS E ACTIVITIES
IN HEPATOCYTES ISOLATED BY THE SLICE AND LOBE
PERFUSION METHODS,

SUBSTRATE ACTIVITY (pmol min"tmg-1)
CONCENTRATION (uM)  SLICE PERFUSION
7-MC 20 18+2 17+ 4
7-MC 500 106+10 91+ 9
7-EC 10 15+2 19+ 4
7-EC 500 293+ 309 9
VIABILITY 89+ 1% 91+ 1%

Values are the mean + SEM activity where n = 6 (slice) and n = 4
(perfusion).

TABLE 2.1b.MAINTENANCE OF ACTIVITIES AFTER 24 HOURS
IN CULTURE.

SUBSTRATE MAINTENANCE
CONCENTRATION (uM) SLICE PERFUSION
7-MC 20 0.17 0.21
7-MC 500 0.27 0.54
7-EC 10 0.35 0.49
7-EC 500 0.22 0.40

Activities in the fresh and cultured cells were determined in separate
experiments, therefore each value is the mean activity at 24 hours
relative to the mean fresh cell activity, which = 1.0. Slice: n = 4;
perfusion: n = 4.



TABLE 2.2. COMPOSITION OF WILLIAMS' MEDIUM '

Componen t mg L" 1

INORGANIC SALTS

CaCl, (anhydrous) 200.0000
CuS0 4 .5H,0 0.0001
Fe(NOg3)3.9H,0 0.001
KCI 400.0000
MaSO 4 400.00®
MgSO4.7H,0 200.00®
MnCl,.4H,0 0.0001
NaCl 6800.0000
NaHCO4 2200.0000
NeH,PO4HL O 140.00®
ZnSO4.7H20 0.00®@
AMINO ACIDS

L-Alanine 90.0000
L-Arginine 50.0000
L-Asparagine.H20 20.0000
L-Aspartic acid 30.0000
L-Cysteine 40.0000
L-Cystine 20.0000
L-Glutamic acid 50.0000
Glycine 50.0000
L-Histidine 15.0000
L-Isoleucine 50.0000
L-Leucine 75.0000
L-Lysine HCI2 87.5000
L-Methionine 15.0000
L-Phenylalanine 25.0000
L-Proline 30.0000
L-Serine 10.0000
L-Threonine 40.0000
L-Tryptophan 10.0000
L-Tyrosine 35.0000
L-Valine 50.0000

(continued over)

1 From Williams and Gunn (21974)
2 The original formula lists lysine at 70.00 mg L-1



TABLE 2.2.(continued)

VITAMINS

Ascorbic acid

Biotin
D-Ca2+pantothenate
Choline chloride
Ergocalciferol

Folic acid

i-Inositol

Menadione sodium bisulphate
Nicotinamide
Pyridoxal HCI
Riboflavin

ot Tocopherol phosphate, disodium
Thiamine HCI

Vitamin A acetate
Vitamin Bqo

OTHER COMPONENTS
D-Glucose
Glutathione

Methyl linoleate
Phenol red

Sodium pyruvate

2.00
0.50

1.00
1.50
0.10
1.00
2.00
0.01
1.00
1.00
0.10
0.01
1.00
0.10
0.20

2000.00
0.05
0.03

10.00
25.00



TABLE 2.3. ESTIMATED KINETIC PARAMETERS OF MCOD
AND ECOD ACTIVITIES,

ENZYME HIGH AFFINITY TOTAL
ACTIVITY Km! Vmax! Km2  Vmax2
MCOD  fresh 33 53 270 167
24 h - - 210 42
ECOD  fresh 35 77 160 200
24h 36 33 135 77

Kinetic parameters were graphically determined (see Appendix 2.1).
1 Units of Ky are uM

2 Units of Vmax are pmol min~! mg™".
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FIGURE 2.1._ APPARATUS FOR THE PERFUSION OF

INDIVIDUAL HEPATIC LOBES.Method modified from
Reese and Byard, (1981); for details, see section 2.4.
A peristaltic pump

B 21Gx1.5" needle inserted into an exposed vein

C lobe of liver

D wire mesh, to support lobe

E 95% O2 : 5% CO»

F water bath maintained at 40°C

G re-circulated perfusate



r=0.99

miilion cells/ml

FIGURE 2.2, RELATIONSHIP OF FORMAZAN ABSORBANC E
TO HEPATOCYTE NUMBER, The absorbance of the reduced MTT at
560nm was determined in hepatocyte suspensions (n=4; SE<0.01),
as described in section 2.5.2. '
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FIGURE 2.3._RELATIONSHIP OF CELL PROTEIN TO CELL
NUMBER. Protein content of hepatocyte suspensions was
determined as described in section 2.9. (X * SEM, n=5),



FIGURES 2,4-2,7, These figures show the data obtained for ECOD and
MCOD activities measured in freshly isolated and cultured hepatocytes as
Hanes plots.The details of this kinetic analysis are given in Appendix A2.1.
For all figures, [S]/v was determined using the mean activity at each
substrate concentration of 7 separate preparations, each from a different
animal.
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FIGURE 2.4. HANES PLOT OF MCOD ACTIVITY MEASURED
IN FRESHLY ISOLATED HEPATOCYTES.
See Appendix 2.1 for details of kinetic analysis.
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EIGURE 2.5, HANES PLOT OF ECOD ACTIVITY MEASURED
IN FRESHLY ISOLATED HEPATOCYTES,
See Appendix 2.1 for details of kinetic analysis.
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FIGURE 2.6, HANES PLOT OF MCOD ACTIVITY MEASURED
IN HEPATOCYTES CULTURED FOR 24 HOURS,
See Appendix 2.1 for details of kinetic analysis.
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FIGURE 2.7. HANES PLOT OF ECOD ACTIVITY MEASURED
IN HEPATOCYTES CULTURED FOR 24 HOURS.
See Appendix 2.1 for details of kinetic analysis.



A. O-DEALKYLATION OF ALKOXYCOUMARINS . Method: 2.10.

ALKOXYCOUMARIN 7-HYDROXYCOUMARIN

RO O O HO (o)
- —_—
L Z

R= methyl, ethyl or propyl group

B, O-DEETHYLATION OF 7-ETHOXYRESORUFIN.Method: 2.13

7-ETHOXYRESORUFIN RESORUFIN

O A OC,Hs O O\ OH
— L
N" N~

CHYDROXYLATION OF P-NITROPHENOL,Method: 2.14

P-NITROPHENOL P-NITROCATECHOL
NO, NG,
—_—
CH
CH H

FIGURE 2.8, SUBSTRATES AND METABOLIC PRODUCTS
OF THE P450-DEPENDENT ASSAYS USED IN THIS
INVESTIGATION, For details of the relevant methods see
pages 70-75.



D, N-DEMETHYLATION OF BENZPHETAMINE AND ERYTHROMYCIN,
Method ; 2,15.

BENZPHETAMINE

7 o
o 28 |
" NCH,CH,{CH WCH2 o.M X~ “CH,CHA{CHNCH;
> N ,_;

+ formaldehyde
ERYTHROMYCIN

23
f%
E

CH, |
\ reaction as above; arrow
CH;CH, HO oCHs CH3>< denotes site of action.

HO (CHa)z

OCH,4
HO H,C

FIGURE 2.8._CONTINUED. SUBSTRATES AND METABOLIC
PRODUCTS OF P450-DEPENDENT ACTIVITIES.
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SUPPLEMENTATI® OF CULTURE MEDIUMWIT H
EXOGENCGRHAEM INFLUENCE ONTHE MAINTENANCE
OF P450-DEPENDENT ENZYME ACTIVITIE S
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CHAPTR 3

3.1 INTRODUCTION

A variet yof method s hav e bee n employe di nattempt st oattenuat eth e
loss of cytochrom e P450 tha t occur s i n hepatocyt e cultures
includin g manipulatio n of cultur e mediu mcompositio n (reviewe d i n
Chapter One) . 1 n1985Engelman net al. reporte dtha t addio n of
exogenou s hae mt o cultur e mediu mmaintaine dth e PA50conten t of rat
culture d hepatocyte s at more tha n 80%Zof the leve | in freshl y
isolate  d cell sfor 72hours ; ther ewasnoeffec t onth e hae mconten t
of th e hepatocytes . Therational eof thi s supplementato n centre s

on hae mas th e prostheti ¢ grou p o f mammalia n haemoproteins.

Haem (o r iro n (II)-protoporphyrin IX) i s synthesize d in the
hepatocyt e fo r  incorporatio n int o mitochondria | cytochromes
catalase and tryptopha n pyrrolase as wel |l as th e microsoma |
cytochromes ; however , oninducto nupt o70 %of new y synthesize d
haem ca n b e incorporate  d int o cytochrom e P450 s (Muller-Eberhar d and
Vincent , 1985) . |t i sknowntha t deficiencie s i n hae mbiosynthesi s
can resul t i nselectiv e deficiencie s i ndmu g metabolis m(Anderso n et
al., 1976) . Also , Stewar det al. (1985 ) showe dtha t althoug htota |

P450 decline d i n cullur e over 72hours , ther e was a selectv e

maintenanc e of certai n apoproteins . They concludedtha t los sof th e
haem moiet y was responsibl efo r th eoveral | los sof holoenzym e i n
culture . This , couple dwit hth e shorte r turnove r of hae m relatv e

to apoprotei n (Sadan o and Omura, 1983) , suggest s that some

deficiency , bloc k or inhibitio nof hae mbiosynthesi s i s responsibl e
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forth elos sof P450 i n culture

[t i sthough t tha t hae mi s extracte dfro man Intracellula r hae mpoo |

(or pools) , fe dbot hexogenousl vy andendogenously , fo r synthesi s of

microsoma | haemoprotein s (Muller-Eberhard and Vincent | 1985)
althoug h th e mechanis m of regulato nof thi s pool i s uncertain
Haem itsel f exert s feedbac k repressio n on th e mitochondria | enzyme

delta-aminolaevulinate synthas e (ALAS) , whic hi sth erat e lmitn g
enzyme i n hae mbiosynthesi s (Granick , 1966) , outine di nFigur e3.1 .
Haem aiso Induce s hae moxygenas e whic h degrade s fre e hae mfro mP450 s
to biliverdin (Kut y et al., 1988) . The administratio n of
delta-aminolaevulinate (ALA) i nviv ocan alsoinduc e hae m oxygenas e
in th e rat , presumabl y by stimulatin g hae msynthesis , resultn g i n
an expansio n of th e hae mpoo| (Anderso net al., 1981) . However |,
Paine and Leg g (1978 ) coul dfin dn o correlatio n betwee ninducto nof
haem oxygenas e activi y andlos sof P450i n hepatocyt e cultures
making increase d degradatio n of hae munlikel yasa cause of P450
loss . Evart s et al. (1984 ) reporte dtha t althoug hth e P450 conten t
fel 1 rapidl y withi n th e firs t 24 hours , hepati ¢ ALAS remaine d
elevate d throughou t fou r day s of culture ; therefor e th e biosynthet c
pathway does not appear t oberepresse d athoug h th e sustane d
Increas e i n ALAS suggest s a demand fo r haem i n th e cultue d

hepatocyte

Addito n of exogenou s haem, bot hi nviv oandi n vitro , has been

shown t o havea sparin geffec t on allylisopropylacetamide-induced
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destructo n of P450, presumabl y by promotin g incorporatio nof haem

int o newl y synthesize d apoprotein s (Liemet al., 1983) . Thi s

protectio n agains t degradato n followin g allylisopropylacetamide
administratio n appear s to be specfi ¢ for certai n isozymes |,
favourin g thos e predominatin g at th etim eof treatmen t (D e Mattei s

et al., 1983 ; Bornhei met al., 1984) , Exogenou s hae mals oseems t o

act directy , as a positv. emodulato r of P45 0 gen e transcription ,

vi ath enuclea r hae mpoo| (Bha t an d Padmanaban, 1988) .

Seleniu m i s anessentia | trac eelemen t tha t i saninduce r of bot h
ALAS and hae m oxygenas e (Maine s and Kappas , 1976) . It is not
porphyrinogenic , thu s th e Inducto n of bot h enzyme s appear s t o
maintai n a stead y state . At concentration s greate rtha n 0.5uM th e

element i s an Inhibito rof ALAS,

In thi s experiment , th eeffec t of cultur e mediu msupplemente d wit h
haem, ALA and selenu m on th e maintenanc e of  P450-dependen t
dealkylas e activitie s was investigated , thes e conditon s bein g

simila r t othos e describe dbyEngelman net al. (1985)

3. 2 METHO®

Hepatocyte s wer e isolate d fro m150 gmal erat s by lob e perfusion
MCD and ECOD (bot h tota | and hig h affinit y components ) wer e
measured i n hepatocyte s culture d for 24 hour s and i n freshl vy
Isolate d cell s fro mth e same animals; hepatocyte s wer eculture d on

"Primaria " dishe s i nethe r WECor i n WEC supplemente d furthe r wit h
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haem (1uM), ALA (200uM) an d seleniou s aci d (Se ; 0.1uM). Haem was

1 0.1NNaOH) to

dissolve d i na bovin eseru mabumi nsolutio n (lmgml~
enabl e diluto  nint ocultur emediu mas describe dbyEngelman net al.
(1985) . This mediu mi s designate d WEC+H Protei nconten t of fres h
cell s and culture swas determine dandal | activitie S expresse d as

" 1mg protein ' 1 Maintenanc e o f activitie sin

pmd 7-H Cproduce dmin
cultur e i sexpresse dasa percentag eof th efres hcel | activity , and

calculate d fo r eac h animal

3. 3 RESULTS

3.3. 1 Maintenanc e o f activitie Si ncultur e

Figur e 3. 2 show s th e activitie s measure di nfres hcells |, and in
hepatocyte s culture d fo r 24 hour si nWECor WEC+H |t is clea r
that th e activitie s in th e culture d hepatocyte s ar e simila r
regardles s of th e medium . Th e WECH conferre d no advantag e ove r
the unsupplemente d WEC However , th e WEC (an d als o WEC+H
appeare d t o be adequat e fo r maintenanc eof thre eof th e activitie S

measured . However , tota | MCCDwas not maintained , fallin gt o 46 %

of th e fres hcel | activity

Tabl e 3. 1 present s th emaintenanc e dat afo r a | fou r activitie s as
percentage s of th e fres h cel | data , fo r bot h media . The mean
value s andrange s wer e verysimila r fo r th e tw omedia , and althoug h
only thre e animal s wer eused , th emaintenanc eof tota | and hig h
affint 'y ECOD and hig h affinit y MCOD i s Indisputable . Thi s

maintenanc e of activity , however , i sincontras tto that of the
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kinetc s experiment s (Chapte r 210 , Tabl e 24 ) wher enone of th e
fou r activitie s wer e maintained , usin gth e same WEC medium. The
maintenanc e dat afro mth e tw o experiment s ar e presente dtogethe r i n
Table 3. 2 for comparison , andit is necessar y t o conside r th e
possibl e reason s fo r th e inconsistenc yof thes eresults . The most
obviou s cause s of discrepancie s i nmaintenanc e dat a ar e difference s
in th e viabilitie s and/o r fres hcel | activitie sof th einta | fres h

cel | suspensions

3.3. 2 Compariso n of dealkylas e activitie s an d viabilitie S
The activitie s an dinita | viabilitie sof th ecel | preparation s use d

in thi s and th e forme r experiment s (take nfro m Tabl e 21a ) are

presente d i nTabl e 33 . The viabilities wer e l1dentcal® 1 +
1%), an dth e ECOD activitie s wer e very similar . However , th e MCCD
activitie s wer e ver y different : Tota | MCOD activit 'y i n thi s

experimen t was twic e tha t measure d previousl y wherea s th e hig h
affinit 'y for m hadaroun d hal f th e activi yofth e forme r deter -
mination . Thes e difference s i n MCCD activity , Whils t requiin g an
explanation do not account fo r th e observe d difference S in

maintenanc e betwee n th e tw o experiments

Thus supplementatio n of WECwit h haem, ALAand Sedi d not improv e
maintenanc e of dealkylas e activitie s ove r thos e obtaine d wit h WEC
alone , but thismaintenanc ei nWECof thre eof th e fou r activitie S
over th e 24 hour cultur e perio dwas completel vy unexpecte d give nth e
previou s maintenanc e dat afo r th e same activitie s i nsimila r cultur e

conditions
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3.4 DISCUSSION
The us e of WEC supplemente dwit h hae mdi d not improv e maintenanc e of
P450-dependen t enzym e  activitie S i n hepatocyt e cultures , but the n
agai n ther e was good maintenanc eover twent yfou r hour s in the
unsupplemented medium. Ther ewas a selectv elos s of MCQODactivit vy
in thi s experiment , and supplementatio nof WECwit h haem, ALAand Se

did not preven t thi sloss . Engelman net al. (1985 ) reporte d an

overal | maintenanc eof P450conten t i ncontras ttoa 25%los sat 24
hour s i nmediu mminu s haem. The y use d adul t femal erats , fo r whic h
haem supplementatio n of medi amay hav e bee n mor e effective , sinc e
hepatocyte s fro m femal erat s appear t obemore susceptbl et o haem

los s (Evart setal. , 1984) .

Total MCQD activiti yof hepatocyte sfel | by50 %durin g24 hour s 1in
cultur e and wherea s thi s i s consisten t wit h dat a fro m th e
preliminar y kineti ¢ experiments , th e maintenanc e of th e othe r thre e
activities , atmoretha n90 %o f th efres hcel | vau ei nWEC i s not .
Also , th e MCQOD activitie sinth efres hcell sweredifferen tt othos e
measure d previously . Thos e experiment s ha d ascertaine dtha t cel |

preparation s isolate d by slic eor perfusio nwer e equivalen t wit h

respec t t o dealkylas e activii y an d maintenance . A majo r differenc e
betwee n th e experiments , however , i sth esize , and therefor e age,
of th e hepatocyt e donor animal . Forth e inia | kinetc s and

perfusio n experiment s 70g mal erat swereused, but i n thi s stud y
large r 150g rat s wer e used . Thi s made cannulation of th e lobe s

easier , as wel |l asincreasin gth eyiel dof hepatocyte s per rat
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The mal e Wista r rat s use das donor s ar e sexuall ymatur eat 1509 ( 6 -

8week sold ) unlk eth e70grat s ( 4weeks old)

It i s known tha t change s i n some P450-dependen t activitie S occu r
durin g post-nata | developmen t i nth erat , especial yatth eonsetof
pubert y (Gra m et al., 1969) . | t i spossibl etha t MCOD activit vy
is dependen t ona developmentallyregulate d P450(s ) whic h account s
for th e observe d difference s i n MCCD activity : It i sals opossibl e
that th e age of th eanimal Influence s th e maintenanc e of P450

activitie S i n culture

It has beenreporte dtha t th e hae mmoiet y of P45 0 undergoe s biphasi ¢
turnove r (Levi n et al., 1975) , wit h bot h a fast and a slo w
component. The rati oof fas t : slo wturnove r form s decrease d wit h
increasin g age inth emalerat (fair oof 4 4 i nimmatur emale s and
19 in adul t males) . Parkinso n et al. (1983 ) investigate d
turnove r of bot hth e hae man d apoprotei n moietie s fo r specifi ¢ P450
Isozyme s and reporte d biphasi c turnove r fo r th e tota | apoprotein

However, onl y on e purifie  d isozym e showe d biphasi c turnove r of hae m
(@and of apoprotein) . Thi swas P450lIA , nowknownt oexis t as at
least two very simila r isozyme s IIA | and IIA2 whic h are
differentiall y regulated . P4A50IIA 2 i s adul t male-specific ;
P450IIA 1 is expresse d onl y i n female s and pre-pubertal male s
(Matsunag a et al., 1988) . 't i s possibl e that the rat s of
Parkinso n e_'g_a]_., use dat 4 6weeks of age, containe dbot hform s of

P450IIA , and that one i safas tandone a slo w turnove r form .
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Other worker s hav e onl yfoun dmonophasi c tumove r kinetic s for a
number of purfie dP450s (Shirak i and Guengerich, 1984 ) but it is
possibl e tha t change sinrat eof tunove r ar e associate d wit h th e
developmentally regulate d P450s lk e P450lIA1 , whic hi s a steroi d
hydroxylase , unde r hormona | contro | (Arlott o and Parkinson , 1989) .
Also, adul t females , Ik e immatur e males , appear to have
predominantl y fas t turnove r P450s (Levi ne t al., 1975) . Thus, an
Increas e i n slo wtunove rform sof P450at pubert yinth emale rat
coul d explai n th e improve d maintenanc e of P450-dependen t activ

e s i nthi sexperimen trelatv et oth ekinetc sexperiment , dueto

the difference s in age of th e animals use d fo r th e hepatocyt e

isolations . 't coul d as o exptainwhy hae m supplementation Of
medium had noeffec t onmaintenance , i ncontras ttoth eresut s of
Engelmann et al. (1985) , whouse d hepatocyte sfro mfemal erats , in

whic h fas t turnove r P450 form s predominat e (Levi net al., 1975) .

In summary, thes eresut sar enot consisten twit h hepatocyt e hae m
deficienc 'y bein g responsibl e fo rth elos sof P450 activte s in
culture . They do Indicat etha t hepatocyte s isolate d fro m adul t
males may sho w bette r maintenanc e of selecte d activite s in our
chosen mediu m tha nthos e fro mimmatur e males . Theeffect sof age
and se x of donor anima | on P450-dependen t activite s i s examine d i n

more detai | i nth e followingchapter
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TABLE 3.1. MAINTENANCE OF ALKOXYCOUMARIN O-DEALKYLAS E
ACTIVITIES IN CULTURE FOR 24 HOURS: EFFECT OF MEDIUM
SUPPLEMENTED WITH HAEM.

SUBSTRATE MAINTENANCE (% fresh cell value)
CONCENTRATION (M) WEC WEC+H

7-MC 10 9 (57-150) 93 (91-113)

7-MC 500 46 (36-50) 51 (48-53)

7-EC 10 101 (63-126) 84 (66-111)

7-EC 500 91 (85-104) 69 (59-79)

Values are means with ranges in brackets, for 3 animals.

TABLE 3.2. MAINTENANCE OF ALKOXYCOUMARIN O-DEALKYLAS E
ACTIVITIES IN CULTURE FOR 24 HOURS: COMPARISON OF DATA
FROM TWO DIFFERENT EXPERIMENTS.

SUBSTRATE MAINTENANCE IN WEC (% fresh cell value)

CONCENTRATION (pM) I I

7-MC 20 96 21
7-MC 500 46 54
7-EC 10 101 49
7-EC 500 91 40

| data from Table 3.1.
Il data from Table 2.1b.



TABLE 3.3. ALKOXYCOUMARIN O-DEALKYLAS E ACTIVITIES IN
FRESHLY ISOLATED HEPATOCYTES FROM TWO DIFFERENT
EXPERIMENTS.

SUBSTRATE ACTIVITY (pmol min"1m g protein™" )
CONCENTRATION (uM) 1 M

7- MC 20 10+1 1714

7-MC 500 195443 9149

7-EC 10 19+1 19+9

7-EC 500 277+45 309+92

Viability of 91+1% 91+1%
preparation

Values are means + SEM for 3(1) or 4(ll) animals.
| data from Figure 3.1.
Il data from Table 2.1a.



FIGURE 3.1._ HAEM BIOSYNTHESIS
(adapted from Maines and Kappas, 1977)
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FIGURE 3.2. MCOD AND ECOD ACTIVITIES IN FRESHLY
ISOLATED HEPATOCYTES AND IN CELLS CULTURED
FOR 24 HOURS IN THE PRESENCE OR ABSENCE OF
EXOGENOUS HAEM. Hepatocytes were cultured for 24 hours
in either WEC medium (see 2.7.1.) or in WEC+H (see 3.2.).
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CHAPTR 4

INFLUENCE OF DONCRAGE ANDSEXONTHEACTIVITY , ANDMAINTENANCGE | N
CULTURE OF CYTOCHROR P450-DEPENDENT ENZYME ACTIVITIE S

4.1 INTRODUCTION

To date , at leas t fourtee n differen t Isozyme s of cytochrom e P450 ar e
known t o exis t in ratlive r (Neber t and Gonzalez , 1987) . The
isozym e profi e change s wit h agei nbot hmale and femal e rats ,
althoug h th e tota | P450 conten t remain s relativel y constant . Thes e

changes i n Isozym e profl e ar ereflecte d i n change s i n enzyme

activit 'y (Gra m e_t_i., 1969 ;  Waxman et:_al., 1985) . Majo r
alteraton s occu r durin g post-nata | developmen t and sexua |
maturation , and agai n atth eonset of ol dage, th e change s bein g
particularl y marke d i nmalerats . Thi si sduet oth e developmen t

of a distinc t se x differenc e i n P45 0 activitie s at pubert y (Waxman

et al., 1985) , whic h disappear si nolde r rat s (Kamatak i et al.,

1985) , Thi s i s probabl ycause dbychange si nth elevel s of th e
sex-specifi c P450 form s (Kamatak i et al., 1982 ; Maeda et al
1984) . Thes e ag e an d se x difference  si nP450form s ar erelate d t o

change s i n constitutiv e steroi d hydroxylas e activitie s (Waxman et

al., 1985) .

A summary of th e variou s sex-specifi c P450 form s and thei r

associate d activitie Si spresente di nTabl e4l .

It i snowknowntha t thes e hepati c se x difference s ar e initiate dand
maintaine d by androgen s an d pituitar y growt h hormon e (extensivel y

reviewe d by Skett , 1987 ; 1988) . The patter nof secreio nof growt h
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hormone i s differen t i nmal eandfemal erats , althoug h th e mean
leve | i s similar . | nmale sther ei s a pulsatl e secreto n wit h
high peak value sever y3- 4hour sanda ver ylo w basal secreto n
durin g th e intervenin g periods, whils t i nfemale sther ei s a more
continuou s secreton , but at a highe r baselin eleve | (Ederf, 1979) .
Hypophysectom y or continuou s growt h hormon e (GH) infusio n i n mal e
rat s  essentiall y feminise s hepati ¢ P450 metabolism ,  wherea s
intermitten  t infusio n of GHi n hypophysectomise d animal s restore s
the mal e patter nof metabolis m(Waxman, 1988) , Neonata | exposur e
to androgen s imprint s or programme s th e patter nof adul t mal e P450
steroi d metabolism by imprintin g th e pulsatilepatter n of growt h
hormone secreto n (Jansso n et al. , 1985; Waxman _gt_g]_ ., 1985 :
Waxman 1988) . Thi s imprintn g appear st ofuncto nvi ath eoestroge n
recepto r (Reye s andVirgo , 1988) . Androgen s ar eals orequire d in
adul't Ilif e to mantai na mal epatter nof activit y (Skett , 1988 ;
Waxman 1988) ; interruptio nof th e hypothalamic-pituitary axi s by
cisplatin in adul t male rat sreduce sth e amount of circulatin g
androgen , resultin  gi na feminisationof P450 metabolis m (LeBlan c

and Waxman, 1988) .

The male-specifi clICl | (Neber t et al., 1989 ; namedas P450-2 ¢ by
Waxma et al. , 1985) i s dependen t on pulsatl e secreto nof GH for
it s expression , whils t th e female-specifi cliICl 2for m(hamedas 2d
by Waxman et al., 1985) require s a mor e constan t secretor y patter n
(Waxman, 1988) . Th e male-specifi c 2afor mdoes not depend on

pulsati e GH secreton , as it i s constitutivel yexpresse d in mal e
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rats , and i n immatur efemale s (Waxmanet al., 1985) . However |,
P450-2a appear s t o be represse dbyhig hlevel sof GH (Waxman et

al., 1988) , andthi saccount sfo rth esuppressio nofthi s for min

adul t females , when GH i ssecrete dat a higher , althoug h stl |
continuous , baseline leve | tha ni nth eimmatur e male and femal e
animals . I't i s possibl etha t synthesi sof P450-2 ai n th e adul t
male i s continuall y suppresse d and derepresse d as the GH

concentratio  n fluctuate s (Waxmanet al., 1988) .

In additio nt osex difference s i nmetabolis mduet odrec t hormona I
influence s onP450 levels , it has bee nreporte dtha t hypophysectom vy
and/or continuou s GH supplementato nlowe r th e amount of hepati c
P450 reductase , (whic hi slowe r i nfemal etha nmal erats) , but tha t
thi s (an d steroi d hydroxylas e activities ) canberase d agai n by

additio nof thyroxin e (Waxmanet al., 1989) .

Result s presente di nth e previou s chapte r suggeste dtha t hepatocyte s
culture d fro m adul t mal e rat s may maintai n P450-dependen t enzyme
activitie s bette r tha n hepatocyte s fro myounge r immatur e males , and
that difference s i n P450 turnove r may b e th e reason . Adult females
also have a greate r proportio n of rapi d tunove r P450s, Ik e
Immatur e male s (Levi net al., 1975) , andtherefor ei f tunove r is
affectin g maintenance , hepatocyte s fro mfemal e rat s shoul d maintai n
activitie s at a simila rleve | t oth eyounge r mal e rats . However ,

Vind et al. (1988 ) reporte dtha t P450and demethylas e activitie S

were maintaine d bette r i n hepatocyt e culture s fro mfemal e rats . It
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is likel 'y tha tth ei nviv ohomona | regulato nof P450 expression

whic h change s wit hageandsexinth erat , i sdisrupte dorlos t in
vitro, and it i sthi stha t affect s th e differentia | maintenanc e of
P450 i n hepatocyte s fro mmal e andfemal erat s of differen t ages .
The maintenanc e of alkoxycoumarin O-dealkylas e activitie S was
therefor e investigate di n hepatocyte s fro mimmatur e and adul t males ,
and adul t female s to asses s th e relaiv e stabilitie s of

P450-dependen t activitie S i n hepatocyt e cultures

4.2 METHO®

The rat suse di nthi sstud ywer eimmatur emale s (IM)andyoun g adul t
male (AM) andfemal erat s (AF) . The adul t animal swer e 8 weeks ol d
and th e immatur e male swer e 4 week s old . Pubert yoccur s 4 6 weeks
afte r bit hinth emalerat (Gra met al., 1969 ; Levi net al., 1975) .
Dealkylas e activitie s wer e determine d i nfres hcell s and hepatocyte s
culture d for 24 and72hour sfro meac h animal . Hepatocyte s wer e
culture d on "Primaria " dishe si nWEC | naddito nt oMCOandECOD
7-propoxycoumari n 0O-depropylase (PCOD), whic h isknown t o be a
male-specifi ¢ activit y (Kamatak i et al., 1983 ; 1985) , was als o
measured at tw o substrat e concentration sinth esamemanner as ECOD
and MCQD (Chapte r 2.10) . Protei nconten t of fres h cell s and
culture s was als odetermine danda | activitie s expresse d as pmol
7-HC produce d min " }ng protein'l. Statistica | analysi s on mean
fres h cel | activitie swas by unpaire dttests . Maintenanc eat 24 and

72 hour swas calculate das a percentag eof th efres hcel | valu e for
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each anima | an dexpresse d as mean +_range ; statistica | analysi s was

by th e Mann-Whitne y U-test

4. 3 RESULTS
Viabilitie sof inta | cel | preparaton s wer ever ysimilar @ AM

93+ 1%, AF93+ 1%, | M96 + 1%.

43. 1 Dealkylase activitie s i nhepatocyte s fro mmalerat s

Dealkylas e activitie s measure d i n freshl vy isolate dcell s fro mAMand
IM rat s ar epresente d i n Tabl e4.2 . Previou s studie s confime d
the biphasi ¢ natur eof MCODand ECODi nl Mcell s (2.10) , th e hig h
affinit 'y componen t representn g les stha n25 %of th etota | activity

The dat a i nTabl e4. 2i s consisten t wit h thes e activities , as wel |

as PCOD, bein g biphasi ci ncell sfro mAMrats

EC® activitie s of | Mand AMcell swer ever ysimilar . Tota | PCOD
activii 'y was significantl y les' s in AM cell s togethe r wit h a
numerica | but non-significan t decreas ei nth eactivi yofth e hig h
affinit 'y component relaiv. e to I M cells . Tota | MCOD was
significantl y greate r and th e hig h affinit y activit  y significantl y

less in AMcell s compare dt ol Mcell s (a s observe di nth e previou s
chapter). Therefore , tota | PCOD and bot h component s of MCQOD
activii 'y appear t ochang ewit hagei nth emal erat , implyin g some

develapmental regulation
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4.3. 2 Dealkylas e activitie s i n hepatocyte s fro mmal e an d femal erat s
The dealkylas e activitie sinfres hcell sfro mfemalerats , togethe r
wit h thos e fro m AM rat s ar epresente di nTabl e 43 . The hig h

affinit y component s of bot h MCODan d ECOD represente  dles s tha n 25 %

of th etota | activity , indicatin g tha t thes e activitie S ar e probabl y
als o biphasi ¢ i nhepatocyte sfro mAFrats . However , PCOD activiti vy
measured at 10uM accounte dfo r 60 %of th etota | activi y i n AF
cells ; fro mthis , andth e know ninvolvemen t of a male-specifi ¢ for m

of P450 i nPCODactivit y (Kamatak i et al. , 1985) , it i s suggeste d
that PCODi s a monophasi cactivit yi nAFcells , existn gonl yas a
hig h  affinit y form . Consequently , dat aonth emaintenanc eof PCOD
in culture s fro m AFrat s ar ereporte donl yfo r th e hig h affinit y

form .

Total MCQD activit ywas significantl yles sinAFcell srelaiv. e to

AM cell sandwasver ysimla rtotha t measure di nl Mcell s (AF71 +

-1 -1 -1 -1
5 pmol min mg ; [ M88+_ 17pmol min mg ). Hig h affinit y
MCD i n AF cell s was not significantl y differen tto that in AM
cells. Tota | ECODwas markedl y an d significantl yles si nAFcells

whereas hig h affint y ECOD was slightt 'y increased. The hig h
affinit 'y PCOD activi yi nAFcell swas not significantl y differen t
to that of AMcell sand, lk etota | MCOD was gerysimila r to th e
activig 'y iin I M cell s (AF24+_5 pmol min~ mg" ; | M25 +_ 6 pmol

min mg" ) . Therefore , ther eappear t obe sex difference s as

well as ag e difference s i nsevera | of thes e activities
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4.3.3 Maintenance of activities in culture
(a) MCOD
Maintenanc e of MCQD activitie sin culturei sshowni n Figur e 4.1 .
Both component s of MCMDactivt yi nl Mcell s declinedt 050- 60 %o f
the fres h cel | wvalu e at 24 hours . Kineti ¢ studie s (210 )
demonstrate d tha t MCCD become s monophasi ¢ i n | Mculture swit h los s
of th e hig h affinit y-component ; thi s explain s th e similarit yin the

magnitude s of the los s of actvi y at the +two substrat e

concentrations . Ther e was a simila r declinei nculture s fro m AF
rats , suggestin g th e los sof th ehig h affinit y form . The MCOD
activii 'y decline d furthe r by 72hour sinl Mand AF cells . I n

contrast , MCCD remaine d biphasi ¢ i n AMcultures , th e hig h affinit y

for m bein g maintaine d (83 %fres h activity ) alongsid ea declin e in

the tota | activii y (44 %o f fres h activity) . Theseresult sfor the
AM rat s ar esimila rtothos ereporte di nth e previou s chapter . Bot h
components fel | t o les stha n20 %of th efres h activii y afte r 72

hour s i n culture

(b) ECOD

Figur e 4. 2 shows th emaintenanc e of ECOD activii y i n hepatocyt e
cultures . ECOD appeare d t o remai n biphasi ¢ over the 72 hour
cultur e perio d i na |l tre edonor cel | types .  Hig h affinit y ECOD
activii 'y was maintaine dfo r 72 hour s i n hepatocyte s fro ml Mand AM
rats , whils t th e activit yfel | toaroun d50 %of fres h i n culture s

fro mAF rats
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Total ECODwas significantl yreduce dat 24 hour si nculture sfro ml M
rat s but was retaine di nAMcells . By72hour sth e activi y had
decline d to th esameleve | asi ncell sfro ml Mrats . I n culture s

fro m AF rat sth eactivii yfel | t oaroun d80 %at 24 hour s and fel |

slightlyfurthe r by 72 hours .

(c) PCOD

Maintenanc e of PCODactivit yi ncultur ei s showni nFigur e43 , Hig h
affint 'y PCOD was maintaine d at hig hlevel s over 72 hour s in
culture s fro ml Mand AMrats ; th e equivalen t activii yfel | t oaroun d
50% i nAFcells , PCOD als o remaine d biphasi c¢ i nculture s fro mmal e
rats , although , i ncontras tt oth e hig h affinit y form , tota | PCOD
fell rapidl ywithi n24hour si n culture, and declinedfurthe r by 72

hours .

Overall , thes e dealkylas e activitie s wer e maintaine d at highe r
levels in cells fro mAMrat stha ni n cellsfro meithe r | M or AF
animals . Thi s maintenanc e was significantl ygreate rforfou rout of
th e si x activities , Wit ha futhe r activit y bein gmaintaine di nbot h
AM and | Mcells . Al thre e enzyme s remaine d biphasi ¢ i n culture s
fro m AMrats .  Althoug htota | MCODandtota | PCODfel | t oles s tha n
70% of th efres hactivii yafte r24hour si ncultur eth eothe r fou r
activitie s wer e maintaine dat hig hlevels , wit hth e hig h affini y

form s o f ECOD an d PCOD bein g maintaine dfo r 7 2 hours .
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4. 4 DISCUSSION
The result s of thi s stud y hav e demonstrate dtha t th e maintenanc e i n

cultur e of rat hepati c P450-dependen t alkoxycoumarin O-dealkylas e

activitie S i s dependent wupon th e choic e of coumari n used as
substrate , it s concentratio nandth eageandsexof th e hepatocyt e
donor animal . 't i s highl ylikel ytha t selectv.z. e maintenanc e of

particula r P450 enzyme s account s fo r thes e variabilities, but th e
exact natur eof thes eform s remain st obeestablished . The genera |
conclusio n i soneof bette r maintenanc eof activi yover 24 hour sin
cultur e i n hepatocyte s Isolate d fro m AM rats , but tha t suc h
selectivit y for AMcell sislos tby72hour sinculture . This is
consisten t wit hth eide atha t maintenanc ei s linke dt o differentia I
turnove r of P450, as discusse d i n th e previou s chapter . To
recapitulat e briefy : AMrat s havea lowe r fastslo wturnove r rati o
for haemoprotein s tha nl Mor AFrats , whic himplie sa more stabl e
populato n of P450 foom s in the AMrat , and as o improve d
maintenanc e i n culture . Thelac k of selectivit yfo r AMcell s afte r
72 hour si ncultur ei sals oconsisten t wit hthis , give nth ereporte d
half-lif e of 41-4 4hour sforth eslo wturnove r component (Levi n et

al., 1975) . | f change s inturnove r do influenc e P450 maintenanc e
in culture , thi s woul d sugges t tha t tota | MCOD and tota | PCOD
activitie s are fas t turnove r forms , sinc ethe yar eth e leas t wel |
maintaine d (@t 40-60 % of fres hactivi yat 24hours) , even in AM

cells.
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Total MCCD activt 'y i s50 %greate ri nAMcellstha nin I Mor AF
cells , indicatin g a possibl e adul t male-specifi c component i n thi s
activity . PCOD activit  y ha s alread y bee n describe d a s male-specifi c

(Kamatak i et _al., 1983 ; 1985) , andth eresult s fro mthi s stud yimpl y

that i ti sth elo waffinit y form(s ) tha t i s male-specific , and tha t
thi s i sabsent i nAFcells . Thi sagree swit hth ewor k of Kamatak i

et al., who als o measure d PCODactivit y at a 500uM substrat e

concentration . However , th e P450-mal e isozym e reporte d to be
responsibl e fo r PCOD activii y (Kamatak i et al., 1983) , and
equivalen t t oWaxman's P450-2 ¢ (1985) , i s sharpl y Induce d (20-fold )
at pubert y inth emal erat , and th e PCOD activitie S presente d her e
do not fi twit hthi s patter nof expression . Thetota | PCOD activit vy
measured i nthi s stud y doe s agre ewit hth e expressio nof P450-PB-2 a
(as o knownas?2a, Waxmanet al., 1985 ; 1988) , whic hi ssimila r in
both AM and | Mrat shbut suppresse di nAFrats . Thi s Isozym e has
als 0 bee nshownt ocatalys emoretha n85 %o f microsoma | testosteron e
6l@-hydroxylas e activt y i nth emal e (Waxman et al., 1985) , and
recentt y Yamazoe et al. (1988 ) demonstratt d tha t male-specifi c
PC® activit y correlatedwit h 6B8-hydroxylaseactivit y i n microsomes

They als o showe d tha t wherea s antibbodie s t o P450-mal e (P450-2¢c )
inhibite d PCOD activit y i n a reconstitute dsystem , the y di d not
inhibi t PCOD activit 'y ata | i n microsoma | preparations . Wit h
regar d t 0o th e maintenanc e of thi s P450, th e conten t of P450-2 a
(measure d immunochemically) was not reduce ddurin gcultur eof AMra t
hepatocyte s fo r 72 hour s i nmediu mcontainin g glucocorticoi d and

nicotinamid e (Stewar d etal. , 1985) , wherea s th e lo w affinit y
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(fotal ) PCOD activii y measure d here , i smarkedl yreduce d by thi s
tme i n culture . Thes e worker s als o propose dtha t los s of haem
rathe r tha n apoprotei n accounte dfo r muchof th elos sof actv e P450
in culture. Supplementato  n of medi awit h haem, repote d i n the
previou s chapter , had no effec t on maintenanc e of activities )
nevertheless , it seemstha t th e apparen t anomal y i nmaintenanc e of
PC@ activit yandth e putatv e isozyme s involve d ca n b e rationalize d

interm s of selectv e maintenanc e of apoprotein , but not holoenzyme

It appear s the ntha t th e male-specifi c PCODactivit yi s mediate d by
the P450 involve d i n constitutiv e 6ﬂ-stero1'd hydroxylation. Thi s
isozyme/activity i sregulate d by growt hhormon e (GH, Waxmanet al.,
1988; Yamazoe et_ﬂ., 1988) , continuou s hig hleve | secreto nof GH
suppressin g it s synthesis . | t was als osuggeste d (Waxmanet al.,
1988) tha t th e Isozym emay b e suppresse di n pre-puberta | males , as
well as i nadul t females , th esameor a verysimila r Isozym e bein g
subsequentl y re-introduce d at puberty . Thi s situaio n woul d be
analogou s t otha t reporte dfo r P450IIA 1 and IIA2 , wher e PA50IIA 1 i s
exprésse d in I Mrat sandIllA 2 ( a veryclosel yrelate d Isozyme ) i n
adul t male s (Matsunag aet=__a]., 1988) . Thi swoul dals o explai n th e

significantl y lowe r tota | PCODactivi yinth eAMcel s in thi s

study .

It coul d als obeargue dfro mthi s Investigatio ntha t th e develop
mentally regulated P450s ar eth emost susceptbl e t o decline in

culture , bein g dependen t fo r expressio nonGHand androge n level s



* -103-
(Skett , 1988) . Theaddto nof GHt o hormone-fre e cultur e mediu m
cause s a feminisatio nof th e P450 phenotype , simila rtotha t seeni n
hypophysectomised mal e rat s (Guzeh’ane_g=ql_., 1988) , and recen t
report s have implicate d th e thyroi d hormones , thyroxin e and
tri-iodothyronine , I naddito ntoth eeffect sof GH, i n suppressio n
of Tliver-specific P4501IA2 , th e male-specifi ¢ 63-hydroxylaseand
the female-specifi c 7a-hydroxylase (Arlott oand Parkinson , 1989 ;

Yamazoe et al., 1989) . Bot hGHand thyroxin e ar e presen t at

significan 't level s in cal fseru mHonnet al., 1975) , and it is

possibl e tha t thes e seru m constituent s suppres s liver-specific

functon s in vir o (Enatet al., 1984 ; Sive r andKrauter , 1988) ,

The WEC use dals o contain s insulin , whic hcanmimi cth eeffect s of
GH on th e hepatocyte , but is als o essenta | for cultur e of

hepatocyte s under mostconditon s (Guzelianet al., 1988) .

Pulsatli e secreto nof GH, wit h peak s every 3- 4 hour s tha t suppres s
selectiv. e P450 synthesis , coul dbeenvisage dt omaintai n relativel y
constan t level s of rapi dtumnove r P450s (t i 67h , Levi n et al.,
1975) , wherea s slo wturnove r P450 s (regulate dby GH) woul dten d t o
accumulate . It i s plausibl e (i f speculave ) tha t  GH/thyroid
hormones regulat e rapi dturnove r P450 st omaintai n constan t level s

of constitutiv e P450s, inth eadul t at least

It has been demonstrate d i nthi sstud ythat donor age and sex
Influenc e bot h th e activit y andmaintenanc e incultur e of hepati c

P450-dependen t alkoxycoumarin O-dealkylas e activities : The best
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maintenanc e of a rang e of activitie swas achieve d i n hepatocyte s

fro mAMrats , culture dfo r 24 hour s i nWEC
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TABLE 4.1. SEX-SPECIFIC CYTOCHROME P450 ISOZYMES AND
THEIR ASSOCIATED STEROID HYDROXYLASE ACTIVITIES.

P450 FORM 1 ACTIVITY SPECIFICITY

P45011A1 testosterone 7 &~hydroxylase? female,
immature male

P45011A2 testosterone 15 -hydroxylase3 adult male
P4501I1C11 testosterone 16 ex-hydroxylase? adult male
P4501C12 steroid 15B-hydroxylase® female,

immature male

P45011C13 progesterone 16&-68- adult male
hydroxylase®

P450I111A2 testosterone 6B-hydroxylase’ adult male,
immature male,
female

1 Nebert et al.,(1989)

2 Arott o and Parkinson , (1989)

3 Matsunag a et al., (1988)

4 Waxman et al., (1985)

5 Waxman et al., (1985)

6 Swinney et al.,(1988)

7 \Waxman -et al,, (1985); Yamazoe et al.,(1988).



TABLE 4.2. ALKOXYCOUMARIN O-DEALKYLAS E ACTIVIES IN
HEPATOCYTES ISOLATED FROM IMMATURE (IM) AND ADULT
(AM) MALE RATS.

SUBSTRATE ACTIVITY (pmol min"'mg™1)
CONCENTRATION (uM) IM AM
7-MC 500 88+17 157+16* *
7-MC 20 19+2 11+ 2*
(21.6) (7.0)
7-EC 500 247+34 228+17
7-EC 10 19+4 13+ 1
(7.7) (5.7)
7-PC 500 297+ 216+ B8**
7-PC 10 25+6 15+ 1
(8.4) (7.0)

Values are meant SEM (n=4).

Figures in brackets are the mean activities at 10 or 20uM (the
high affinity form) expressed as a percentage of the mean activity
at 500uM (the total activity).

AM values significantly different to IM values at *p < 0.05 or

**p < 0.01.



TABLE 4.3. ALKOXYCOUMARIN O-DELAKYLAS E ACTIVITIES
IN HEPATOCYTES ISOLATED FROM ADULT MALE (AM) AND
ADULT FEMALE (AF) RATS.

SUBSTRATE ACTIVITY
CONCENTRATION (pmol min1 mg-1)
(LM) AM AF
7-MC 500 157416 71+ 5 **
7MC 20 11+2 16+ 2
(7.0) (22.5)
7-EC 500 228417 67+12* * *
7EC 10 13+1 16+ 1 *
(5.7) (23.9)
7-PC 500 215+ 8 40+ 6 ***
7PC 10 15+1 24+ 6
(7.0) (60.0)

Values are mean + SEM (n+4).

Figures in brackets are the mean activities at 10 or 20 pM (the high
affinity form) expressed as a percentage of the mean activity at 500 pM
(the total activity).

AF values significantly different to AM values at *p < 0.05; * *p < 0.01;
* ** p < 0.001.
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* AM significantly different to to IM, and AF significantly
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*  AM significantly different to to IM, and AF significantly
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CHAPTR 5

INDUCTION OF ALKOXYCOUMARN O-DEALKYLASE ACTIVITIE S NVIV OAND | N
VITRO _—

5.1 INTRODUCTION

Mary xenobiotic s tha t ar e metabolisedby cytochrom e P450 Induc e
thei r own Dbiotransformatio n and/o r th e metabolis m of othe r
compounds, endogenou s and exogenous . Thi s inductic n of P450
activiti 'y can hav ea profoun deffec t onth e metabolismand toxicit vy
of xenobiotics , Sinc e increase d activatio nas wel |l as increase d
detoxificatio n can occur . The differen t dasse s of induce r hav e

alread y bee n discusse di n Chapte r One.

Inductio n of hepati ¢ P450s can be stude d i n microsome s and
hepatocyte s isolate d fro m animal s tha t have been treate d wit h
inducers . Thechange si nP450andit s associate d activitie scanbe
easil y measure di nthes esystems . The alkoxycoumarin O-dealkylases
have been use dt olnvestigat elnductio ni nviv osinc e th e enzyme s
have differen t inducto n profiles . Microsoma | MCCD activit vy
(measure d at 500pM) i s Induce dbyPB, andECOD(a t 500uM) by PB and
BN- (Matsubar aet al. , 1983 ; Paterso net al. . 1984) . Thi s patter n
of inductc n has as o been repote d for tota | MCOD and ECOD
activitie s measure di n hepatocyte s Isolate dfro manimal s Induce d in

viv o wit hPBandBNF (Warre nandFry , 1988) . Boobi set al. (1986 )

showed tha t th e tota | and high affinit y component s of microsoma |
EC@® activit y wer e differentially Induce d by 3-MC, tota | ECOD

activit y bein ginduce d9fol dmoretha nth e hig h affinit y form. PB
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induce d th e tota | and hig h affinit y fooms 5- and 2fol d
respectively . Th e differentia | Inducto nof th ecomponent sof thi s
biphasi ¢ activii y i s furthe r evidlenc e for th e Involvemen t of
multipl e P450 forms , makin g th e alkoxycoumarins good substrat e

marker s fo r a rang e of hepati ¢ P45 0 isozymes

More recently , researcher s havetrie dt oInduc e P45 0 activitie s 1in
culture d hepatocytes , wit h littl e succes s i n reproducin g th e
observe d in viv o inductio n in the in vir o situation . The

inductio n in vir o of tota | ECODactivi yby3MC (an d 3-MC-1ike
compounds) has been demonstrate d tobesimla rto that seen in
vivo(ry et al.,1980; Edward set al., 1984) , and th e Inductioc n
and expressio n of P450IA 1 andIA 2mRNAs i nrespons e to 3MC in
culture d hepatocyte s has als obeenreporte d (Sive r and Krauter
1988) . However , th e anomalou s expressio nof P450IA 1i n untreate d
and i nPB-treate dculture s hasbeennote dbysevera | worker s (Fr yet
ﬂ., 1980 ; Stewar d et al. , 1985 ; Turme r and Pitot , 1989) . I n
contras t t o th e situatio n i nvivo , tota | MCOD activit y i's not
induce d by PBi n hepatocyt eculture s (Warre nandFry , 1988) , andth e
poor (an d altered ) respons eof P450i ncultur et oPBi snowa wel |
recognise d phenomeno n (Edward set al., 1984 ; Forste ret al., 1986) .
Interestingly , it is known tha t seleniu mdeficienc y lead s to a
reduce d inducto nrespons et o barbiturate S (Bur k an d Masters , 1975) ,
althoug h th ereaso nfo rthi si snot known; i t has als o bee nreporte d
that seleniu m 1is necessar yfo r PBinducio nof P450 i n culture d

hepatocyte s (Engelman net al., 1985) .
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Althoug h th e tw o component s of microsoma | ECOD activit y wer e show n

to be differentiallyinduce dby3MCandPB (Boobi set al., 1986) ,

only th e inducto n of tota I MCOD actvit y has been reported |,
(Matsubar a e=t=_al.=, 1983 ; Warre nandFry , 1988) . Also , th e previou s
Inducto n in vir o stud y on MCODand ECOD was performe d wit h
substrat e concentration s of 500uM, representativ eonl yof th e tota |
activii 'y (Warre nandFry , 1988) . Therefore , i nthi sstudy , th e ﬂ

vitro inductio nof bot h component s of MCCD an d ECOD activitie sbhyPB

and BNF was determined , andcompare dt otha t measure d i n fres h
hepatocyte s isolate d fro manimal s Induce di nvivo . Theeffec t of

SeonPBinducto nof MCODactivit yi nvitr owas als o investigated
5.2 METHOD5

52. 1 Inductio ni nviv o

Adult mal eWista r rat s (1509 ) wer e injecte dip . wit hPB(@8 0 mgkg'l,
saline), BNF (8 0 mgkg 1 o | of arachis) , salineoroi | of arachis |,
once a day for 3 days. Hepatocyte swer ethe n isolate d by lob e
perfusion , and alkoxycoumarin O-dealkylas e activitie s determine d i n
the freshl y Isolate d cells , asdescribe d in 210 , except that
incubatio n wit h substrat ewas fo r 5 minute sonl y (ove r whic h perio d

the productio n of 7-H Cwaslinea rin cell s fro m inducer-treate d

animals)
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52. 2 Inductio ni nvitr o
Hepatocyte s fro muntreate d adultmal erat s (150g ) wer e culture d fo r
72 hours , i nWEC i nth epresenc eor absenc eof inducer , whic h was
added afte r th e 2 hour attachmen t period. Fres h mediu m containin g
induce r was place donth ecell safte r24and48hour s i n culture
Afte r 72 hours , O-dealkylas e activitie s wer e determine d a s describe d
in 21 0 excep t tha t incubato nof Inducer-treate d culture s wit h
500pM 7-E C wasfo r 1 houronly . MCODactivit y (@t 500uM substrat e
concentration ) was als o determine d i n PB-treate d hepatocyte s
cultured i n WECan dWEC containin g hae m (1uM), ALA (200mM) and Se
(0.1uyM) as describe d in 3.2. PBwasusedat 30mM (dissove d in
saline ) and BNFat 50uM (dissove di nDMF). Thes e concentration S
were ascertained fro m inta | experiments , t o gv e maxima l
Inducto n in th e absenc eof any observabl e toxicit y (befor e and
afte r incubato n of th einduce dcell swit h substrate) . Culture d
hepatocyte s wer e expose dt oinduce r fo r 3 day st o compar e directl vy

theinductio ni nvitr owit htha t i nvivo .

5.2. 3 Expressio nof Results

0-Dealkylase activitie s are expresse d as pmol 7HC min" 1mg
protein " 1, and inductio nof activi yi sexpresse drelaiv. e to th e

contro | activit y (whic h 1is give nth e valu e 1.0) . Statistica I

analysi swasbyuseof ttest s andANOVA as appropriate
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5. 3 RESULTS

53. 1 Inductio ninviv o

The viabilitiesandyield s of th ecel | preparaton s fro mth e group s

of treate d rat s were compared . Thesevalue s fro m a grou p of
untreate d rat s wer eals oinclude di nth ecomparison . The result s
are presente di nTabl e51 . Ther ewer e n o significan t difference s

in yiel d (a sjudge dbyANOVA), athoug hth eyiel dfro m BNF-treate d

rat s was lowe r tha n i nth eothe r groups . Ther e were als o no
difference s i n viability . The O-dealkylas e activitie softhe two
contro | groups , salin e andoi | of arachi s treated , wer e compare d

wit h thos e obtaine dfro muntreate d animal s (dat afro m Tabl e 4.3)

Again , ther e wer e no significan t difference s betwee n th e thre e
groups .  Thus , treatmen t of animal s wit h Injeco  nvehicl e does not
affec t thes e activities , th ecell s fro m vehicle-treate d animal s

bein g equivalen t t ountreate dcontro | animal s (Tabl e 5.2)

Inductio n of activitie S

The activitie s determine di nfres hcell sisolate dfro mth e contro |
and inducer-treate d group s are shown in Tabl e 53. PB
significantl y induce d a | fou r O-dealkylas e activities . Bot h
component s of MCCDactivit  ywer e Induce dt oth e sameexten t i n viv o
(6.8-an d 6.0fol d relativet oth e saline controls). Hig h affinit vy
and tota | ECOD activitie S were induce d 129 - and 53fol d
respectivel y relatv e t o salin e controls . BNF-treatment

resulte d in a non-significan t Increas ei nMCODactivt y (34 - and
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18fol d Increase s relatv e t o oil-treate d controls) . However
ther e was a significan t inducto n of bot h component s of ECOD
activity : 84 - and@87fol dincrease s ove r control . I 't shoul d be
note d tha t someof th e standar derror s i nthes e activitie s ar equit e

large , especiall yamongst th e PBandBNF-treate dgroups . Thi s degre e

of variabilit y probabl y reflect s difference s in th e succes s of
administratio n of th e ip . injection S i n addtio n to
Inter-individua | variatio ni nrespons et oth e Inducers

5.3. 2 Inductio n in vitro

The activitie s determine d i n hepatocyte s culture dfo r 72 hour s in

the presenc e or absenc eof induce r ar e showni nTabl e 54 , Afte r
72 hour s i nculture , a | th e activitie sinthecontro | culture s ar e
low, as expecte dfro mth e dat apresente di n Chapte r Four , I n th e

PB-treate d culture sther ei sa sligh t increas ei nMCODactivit y but
thi s is only 15 -to25fol drelaivi et o th e contro | cultures

There was a significan t inductic nof ECODactiviti yi nculture , the
Inducto n of tota | ECODactivt yrelavn et ocontro | bein g6.7 , and
of th e hig h affinit y for m3.6 . | n BNF treate d culture s ther ewas a
sligh t Increas e in MCCD activii y (15 -to 26l d relaivi e to
control ) an d a significant inducto nof ECOD. Inductio nof th e hig h

affint 'y and tota | activii yfor mwas 7.2 - and 20-fol d respectivel y

relatvn. e t o control . Thei nvitr olInducto ndat a is summarise di n
Table 55 . Aswasobserve dwit hth ei nviv o induction , ther e isa
wide rang e of respons e t o th e Inducers . Sinc e th e cultur e

condition s wer e uniform , thi s must reflec t eithe r inter-individua [
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variatio n i nrespons ewhic hi sretane di nvitro , or differences in

th e cel | population s obtaine dfro mth e isolato  n process

5.3. 3 Comparisonof inducio ninviv oandi nvitr o

The inducto n of activii yrelatv et ocontro | i nviv oandin vir o
by PBand BNFi sshowni nFigure s5 land52 . Itcanbeseen fro m

Figur e 5 1tha t PBlinducto ni sblunte d1nvitro , wit h MCCD activit vy

bein g almos t totall vy refractor yt oth elInducer , i ncontras tto the
situatio n invivo . Onl ytota | ECODactivii yi sinduce di nvitr ot o
the same exten t asinvivo . BNFdi dnot Induc e MCODi nviv oor in
vitro (Figur e 5.2) . Inducto nof hig haffint yECODi n vir o was

simila r to tha t seeni nviv owhils tth einduco nof tota | ECOD i n

vitro was muchgreate r tha ntha t see ni nvivo . Therefore , ther e

are not onl y differences betwee ninductico ni ncultur eand in viv o
wit h respec t t o th emagnitud eof th eeffect , but th e patter n of

Increas e of th e fou r chose n activitie S i s als o altered

53. 4 Effec t of seleniu monPBinducto ni nvitr o

Table 5 6 showsth eeffect s of haem, ALAand Se supplementatic n of
WE (.e . WEC+H onPBinducto nof tota | MCCD activity . WEC+was
used asth esol econtro | mediu msinc e MCCD activit y i n WEC an d WEC+H

has alread y bee n demonstrate dt obeequivalen t (3.3.1) . Tota | MCCD

was chose n sinc e it is the leas t well maintained , and most
refractor 'y t oPBinductio ni n culture. Ther ewas a numerical , but
non-significant , inducto n (3.0fol drelatv et ocontrol ) of MCCOD

activii 'y in PBtreate dcultures . Themagnitud eof inducto n was
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greate r tha n i n th epreviou s experimen t (5.3.2),but wherea s th e
inducto n in 53 2 represent s th e meanof 5 animals , in th s
experimen t a | th eculture s use dwer e derive dfro mth e same animal .
This resul t confirm s th e observation s on heterogeneit yof respons e
to Induce r i_n_vitro .  Nevertheless , th eincreas eisonl y 50% of
that seeni_nvivo , PBinducio nof MCOactivit yi nWECHwas not
significantl y differen t to that in WEC (3,0 - and 35fo d
respectively).  Therefore , th epresenc eof Se (hae mandALA) i nth e

mediumdi dnot Improv e PBinducto nof MCCDi nvitro

5.4 DISCUSSION

The patter n of MCCDand ECODinductio nwas as expected : PB Induce d
both MCOD and ECOD, BNFinduce donl y ECODactivity .  Whereas bot h
component s of MCODactivit  ywer e induce dt oth e sameexten t i_nvivo |
PB induce d hig haffint yECODmoretha nth etota | activit yand BNF
Induce d th e tota | more tha nth ehig h affint y foom . BNF als o
induce d onl y ECODactivit yinvito . PBfale dt oinduc e MCOD in
vitr_o althoug hther ewas goodinducio nof tota | ECODactivity , and
a modest inducto nof th ehig haffint ycomponent . Thelnclusio n of
haem, ALAandSeinth e culturemediu mdi dnot improv e PBinducto n
of MCCDactivt yi nvitro . Thi scontrast swit hth ewor k of Engelman n
et al. (1985 ) i n whic hinduco nof P450conten t by PB was onl y
observe d i n mediu m containin g exogenou s haem and Se. However ,
thes e worker s used PB at a concentrao nof 1mM, whic h di d not
Induc e O-dealkylas e actvit 'y i nintia | experiment s performe d i n

thi s study . TheSemaypossibl ybepotentiatin  ganeffec t at thi s
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lowe r concentratio nofinducer . | tisals opossibl etha tth eSei s
increasin g th e tota | P450 Induce dbyPB, but tha t thes eP450s ar e
not PB-specificlsozymes . Thi swoul dexplai nth elac kof effec t of
Se on PBlnductio nof MCQD activity , andwoul dbe consisten t wit h

othe r wor Kk on PBinductio ni nvitro .

PB-inducibl e P450 s hav e bee n reporte d previousl yt oberefractor yto
inductio n i n hepatocyt ecultur e (Forste ret al., 1986 ; Warre n and
Fry, 1988) , but it als oappear stha t th e isozyme s induce d by th e

compound i nviv oandi nyvitr o ar e different . Edward set al. (1984 )

determine d tha t th e proporto n of PB-inducibl e P450stha t coul d be

inhibite d by metyrapon e afte r i nvitr oinductio nwas differen t to

that afte r i n viv olnduction , suggestn gtha t th e populaton s of
P450 Induce d i nth e tw o conditon s wer e not identical ) | n 1985 ,
Miyazak i et al. observe dtha t althoug h P B effectivel y arreste  d th e

rat e of declineof tota | P450 i n hepatocyt e culture s and preserve d
the cel | morphology , th emai nlsozym e induce dbyPB, P450lIB1 , was

not detectabl e immunochemicallyi nth e cultures

Thus, th e poor inductio nbyPBi nvitr oi sprobabl ya functio n of
altere d regulation . I 't i s knowntha t th e transcriptio n rate s of
othe r PB-inducibl e protein s ar e differen t to that of P450IB 1
(Hardwic k et al., 1983a) , however ther ehavebeennorepot sonth e
inducto n i n vitr oof non-P45 0 PB-inducibl e proteins . I't may be

that change s i nth eregulato nof PBinductio nreflec t alteration S

in othe r factor s necessar y fo r PB-inducibl e gene expression
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Althoug h no recepto r fo r PB has bee n identified , it appear s tha t

protei n synthesi s i sessentia | fo r Induce dexpressio nof th e CYP2B1

and CYP2B2 gene s (Chianal eet al., 1988) , andth e Involvemen t of
trans-actin -~ g regulator y factor s has bee n suggested . Alteration s in
turnover/requlation of transcriptio nfactor s i nvitr ocoul d resul t

i n reduce d gen e expression

Althoug h PBdi dnot induc e MCCDi nvitro , ECOD activit y was induced
EC@ activii ymust involv e a differen t populato nof isozymes , sinc e
the activit yi sals oinduce dbyBNF, Thelnducto n of ECODby PB
ma Involv e PB Inducto nof BNF-inducible P450s , Th e anomalou s
expressio n of P450IA 1 i nuntreate dand PB-treate dculture s has been
reporte d previousl y and seemst obemore marke d i n hormone-fre e
cultur e mediu m (Fr ye_t_l]_., 1980 ; Turne r an d Pitot , 1989) . Also
good expressio nof bot hP4A50IA 1 andIA 2 seems t o requir e serum-fre e
medium. I't is therefor e possibl etha t thes e PA50s ar e normall vy
represse d (e.g . bya hormone ) but tha t thi s repressio ni s disrupte d
in vitro . Despit eth eunusua | expressio nof P450IA 1 i ncontro | and

PB-treate d cultures , th einducto nof BNF-inducibl e form s by BNF i

vitroi ssimila rtotha t see ni nvivo .

It was suggeste dtha t th e vanabilityi nrespons et olInduce r was a

resul t of inter-individua [ variatio n and/o r variatio n in
administratio n of inducer , thes e variation S bein g retaine d on
placin g hepatocyte s int oculture . However , i ti sals oknown tha t

hepatocyt e heterogeneit y exist s wit hrespec t t o distributio nof P450
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isozymes , as wel | ascarbohydrat e metabolis m(Gumucio , 1989) . The
perivenou S hepatocyte s (i n th edsta | part of the lve r acnus )

contai n mor e PB-and 3-MC-inducibleisozyme s i nth e uninduced state

w

and wherea s PB Inductio n predominate s i n perivenou S hepatocyte
Baon et al., 1981) , 3MClnductio nseemst opredominat e in the
periporta | region s (Tazaw aet al., 1988) . |t hasbee nshowntha t th e

direcio n of live r perfusio ndurin g hepatocyt e Isolato n influence s

the relatv. e proportion sof proxma | anddista | acina r hepatocyte s
obtaine d i n th efina | preparato n (Gumuci oet al., 1986) . It is
possibl e then , tha t selectv e isolatio  nandio r selectiv esuviva | in

cutur e of hepatocyte s wit hdifferen t P450 isozym e profle s and
differen t metaboli c activtie s may als obea facto r in altere d

inducibilityof P450 s i nvitro

In summary, th einductioc nof alkoxycoumarinO-dealkylas e activitie S
in vir o by PB andBNFwasnot representav. e of th e inducto n
observe d in vivo . Itislkel ytha tP450inductio nin viv o wil |
only be successfull yreproduce di ncultur ewhenth e mechanism s of
inducto n ar e ful y understood . However , i n th e meantime , an
alternatv. e approac h fo r studyin g induce d P450s i n hepatocyt e
culture s woul d bet oinduc eth eisozyme si nvivo , andthe n cultur e
hepatocyte s fro m th etreate danimals .  The feasibilit yofth s is

investigate  d i nth e followin g chapter
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TABLE 5.1. YIELD AND VIABILITY OF CELL PREPARATIONS FROM
UNTREATED AND INDUCER-TREATED ADULT MALE RATS.

GROUP YIELD PERCENTAGE
(millio n cells) VIABILITY

UNTREATED 44+ 3 92+ 1

SALINE 40+ 1 91+1

PB 46+ 4 91+ 2

OIL OF ARACHIS 45+16 9141

BNF 18+2 92+ 2

Values are mean = SEM (n=4).
ANOVA : no significant differences between the five groups.



TABLE 5.2. ALKOXYCOUMARIN O-DEALKYLAS E ACTIVITIES
IN FRESHLY ISOLATED HEPATOCYTES FROM CONTROL GROUPS
OF ADULT MALE RATS.

SUBSTRATE ACTIVITY ( pmol min"Tmg-1)
CONCENTRATION UNTREATED SALINE OIL OF ARACHIS
(M)
7- MC 20 1142 8+2 13+ 1
7-MC 500 157+16 138+16 125+ 6
7-EC 10 13+1 9+2 17+ 1
7-EC 500 228+17 294437 314+19

Values are mean + SEM (n=4).
ANOVA : no significant differences between the three groups.
Untreated group: data taken from Table 4.3.



TABLE 5.3. ALKOXYCOUMARIN O-DEALKYLAS E ACTIVITIES IN
HEPATOCYTES ISOLATED FROM CONTROL AND INDUCER-
TREATED ADULT MALE RATS: INDUCTION IN VIVO.

SUBSTRATE ACTIVITY (pmol min"'mg-T1)
CONCENTRATION SALINE PB OlL OF BNF

(LM) ARACHIS

7-MC 20 8+3 54+ 11* 13+ 1 44+ 7

7-MC 500 138+16 834+169* 125+ 6 219+ 34

7-EC 10 9+2 116+ 26 17+ 1 143+ 21**

7-EC500 294437 1554+296* 314419 2740+£208* *

Values are mean + SEM (n=4).

* PB significantly different to saline control p < 0.05;

* * BNF significantly different to oil of arachis control p < 0.05;
unpaired t-tests.



TABLE 5.4._ ALKOXYCOUMARIN O-DEALKYLAS E ACTIVITIES
IN HEPATOCYTES CULTURED IN THE PRESENCE OF INDUCER:
INDUCTION IN VITRO.

SUBSTRATE ACTIVITY (pmol min“tmg-1)
CONCENTRATION PB CONTROL BNF
(LM)
7-MC 20 1.710.3 0.710.2 1.810.6
7-MC 500 11.012.0 7.311.0 12.013.0
7-EC 10 7.512.0 2.110.5* 14.013.0*
7-EC 500 110138 21.0+3.0* 3641112*

Values are mean +SEM (n=5, 7-MC; n=4, 7-EC).
* control significantly different to PB and BNF significantly different
to control p< 0.05; paired t-test.



TABLE 5.5. ACTIVITY AFTER INDUCTION IN VITRO RELATIVE
TO CONTROL.

SUBSTRATE RELATIVE INDUCTION
CONCENTRATION PB BNF

(uM)

7-MC 20 2.5(1.9-3.3) 26 (1.0-5.2)

7-MC 500 1.5(1.1-1.9) 15 (0.8-2.3)

7-EC 10 3.6(2.8-5.2) 7.2 (3.9-11.0)

7-EC 500 6.7(1.8-13.0) 20.0 (5.6-37.0)

Induced activity relative to control was determined for each animal and
the values above are the mean induced activities relative to control,
with ranges (n=4 or 5).

TABLE 5.6. EFFECT OF MEDIUM SUPPLEMENTATION ON PB
INDUCTION OF TOTAL MCOD ACTIVITY,

MEDIUM
WEC+H WEC PB WEC+H PB
pmol min"tmg1  12¢1 36+ 7 4213
relative inductio n 10 3.0 35

Values are mean + SEM (n=4 plates).
WEC PB not significantly different to WEC+H; WEC+H PB not significantly
different to WEC PB; paired t-test.
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FIGURE 5.1. INDUCTION OF MCOD AND ECOD ACTIVITIES BY PB
IN VIVO AND IN VITRO.Activities were determined in freshly isolated
cells from inducer-treated animals, or in hepatocytes cultured for 72
hours in the presence of inducer. Activities are expressed relative to the
control activity,i.e. from the untreated cells or animals.



RELATIVE INDUCTION - IN VIVO
25 4 A IN VITRO
20 -

R
R
M.

5 %

- | 1

20uM 500puM 10puM 500puM
7-MC 7-EC

SUBSTRATE

EIGURE 5.2. INDUCTION OF MCOD AND ECOD ACTIVITIES BY
BNF /N VIVO AND \N VITRO. Activities were determined in freshly
isolated cells from inducer-treated animals, or in hepatocytes cultured
for 72 hours in the presence of inducer. Activities are expressed relative
to the control activity,i.e. from the untreated cells or animals.
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CHAPTIR 6
INDUCTION OF P45 0 AND ENZYME ACTIVITIE S| NVIV OANDMAINTENANCE | N
RAT HEPATOCYE CULTURES
6.1 INTRODUCTION
Exposur e t o Inducer s of P450 ca n profoundl vy alte r th e metabolis mand
toxicit 'y of xenobiotic s by alterin g th e isozym e population
Differen t Isozyme s hav e differen t substrat e specificies, whic h i s
reflecte d by th e differentia [ inducto nof anactivit yon exposur e
to a rang e of Inducer s (Okun o et al., 1989) . I t shoul dv be
possible , therefore , t o measur e enzym e activitie s selectv e for
differen 't isozymes , resulin g i nan activity/isozyme profi e fo r
each  inducer . Thi s has been attempte d usin g stereospecific
hydroxylation product s of testosteron e (Darb yet al., 1986) , andth e

dealkylato n of a serie sof alkoxyresorufins Buk eet al., 1985) ,

measure d i n microsome s fro manimal s treate dwit h P45 0 inducers

It was therefor e decide dt omeasur e severa | enzym e activitie s whic h
it was hope dwoul dprov et o be selectiv e fo r differen t Induce d P450
Isozymes . Thi s was done i nhepatocyte s Isolate d fro m animal s
treate d in viv o wit h prototypicinducer sof th e main P450 gene
families . The inducer s chose n wer e [3-naphthoflavone (BNF) ,
phenobarbiton e (PB) , isoniazi d (ISO ) an d dexamethason e (DEX) whic h
induc e P450s in the IA, IIB , IIEandll A familié S respectively

Prospectiv. e selectiv e substrate s fo r th e differen t induce d isozyme s
were chosen .  Microsoma | 7-ethoxyresorufi n 0-deethylation (EROD) i s

selectivel 'y induce d by 3MC and BNF (Buk e et al. , 1985) ;
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benzphetamin e demethylation (BZDM) has bee nreporte dt obe catalyse d
by P450IIB 1 (Rya net al. , 1979) ; p-nitrophenol hydroxylas e (PNPH) i s
induce d i n microsome s fro m ethanol-fedrat s (Reink e and Moyer ,
1985) , ethano | and isoniazi d bot h inducin g th e same isozym e
(P450IIEL1 ) inth erat (Ryanetal , 1986) , DEXandPCNbot hinduc e

the same microsoma | P450 (Heumanet al., 1982) , DEXbein ga bette r

Inducer . Th e macrolid e antibiotic sals oinduc e thi s famil y of
isozymes , inducin g thei r own metabolismat th e sametim e (Dana n et
at., 1981 ; Watkin s et al. . 1986) , and therefor e erythromyci n

N-demethylation (EMDM) was chose nas th efout h enzyme activity
The enzyme/activit y profi efo r eac hinduce r was the nexamine d and

th e maintenanc e of th e activii  y profl e i ncultur e determined

6. 2 METHOD®

6.2. 1 Animal s

Adult mal erat s (6- 8weeksold ) wer etreate dip . wit h dexamethason e
sodiu m phosphat e (10 0 mgkg" 1i n saline) fo r 4 day sor BNF (8 Omgkg'1
in arachi soil ) for3days. PBandlIS O(0.1% ) wer e administere di n

v

drinkin gwate r fo r 5 an d 1 0 day s respectively

6.2. 2 Procedure s

Hepatocyte s wer e isolate dby lob e perfusion , andhal f of th e fina |
cel I suspensio n was sonicate dt ogiv eanhomogenat eof fres h cell s
as describe d inChapte r 28 . Theothe r hal f of th e suspensio n was

plate d out on "Primaria " dishe si nWEC Afte r24hour si n cultur e
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the monolayer s wer e washe dwit h salineand homogenate s prepared
P450, protei n conten t and enzyme activitie s wer e determine d i n

th e cel | homogenate s as describe di nChapte r 21 1- 213 .

6.2. 3 Presentatio nof results

Enzyme activitie s wer e calculate das nmol or pmol produc t min'1 mg
protein 1 (th e "activity" ) andas nmol or pmol produc t min'1 nmol
P450"1 (th e "specifi ¢ activity"). Inducto nof activit y relatv e
to contro | indicate dth e actua | chang e i n activity , wherea s change s
in specifi ¢ activit yrelaivn et ocontro | indicate dth e involvemen t
of induce d P450 Isozyme s i nth e activity . Statistica | analysi s was

by ANOVA and Dunnett stest sfo rth einducto nof fres h activii vy
relativv: e to control , and by use of pare d ttest s for the

maintenanc e data .

6. 3 RESULTS

6.3. 1 Inductic n of enzym e activitie S

Table 6. 1 shows th e P450 conten t an d enzym e activitie s measure d i n
homogenate s fro m hepatocyte s isolate dfro muntreate d and treate d
adul't mal e rats . P450 conten t and BZDM activii y wer e bot h
significantl y Induce dbyPB, DEXandBNFbut not byISO. EMDM was
Increase d by PBandDEX; PNPHwas induce dby PB, DEXand ISO. EROD
was significantl y Induce donl ybyBNF. The56fo dinducto n by
PB was not significant ; thiswas probabl y becaus e th e 320-fol d

inducto n of ERODby BNF, bein gs omuch greate r tha ntha t by PB (an d
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the othe r Inducers) , weighte dth e Dunnett stest (by vyieldn g a

very hig hestimat eof th eresidua | meansquar evalu ei nth e ANOVA).

Table 5 2 shows th e specifi ¢ enzyme activities . PB did not
significantl y increas e anyof th e specifi c activities , Wherea s DEX
significantl y induce d EMDM IS O significantl y induce d PNPHand BNF

significantl y Induce d EROD.

6.3. 2 Inductio n relativet o contro |
Figure s 6. 1 - 6. 4showth echange si nP450 content , activi y and

specifi ¢ activit y relaivi e t o thos emeasure d i n untreate d rat s

(control s = 1.0)

PB (Figur e 6.la ) induce d BzZDM, EMDMan d ERQOD activitie stoth e same
extent as t e P450 conten t (74- , 59- , 56 - and 66fd d
respectively) , and accordingl y th e relatv. e specifi ¢ activitie S
(RSA; Figur e 6.1b ) of thes e enzyme s approximate dtol 0 (1.3 , 0.8
and 0.8) , I n contrast , PNPHactiviti ywas Induce d 24fol d byPB
althoug h th e RSAwasonl y03 . The demethylas eresult s agre e wit h
microsoma | dat a fo r th e PB-inducibl e aminopyrin e demethylase , i n
that th eactivii ywasInduce dt oth e sameexten t as th e P450 conten t
(Fry , 1981) . Also, th einductio nof PNPHand EROD determine d her e
fro m whol e cel | homogenate s wer e simila r t oth e Induction s of th e
same activitie s determine d inmicrosome s (1.7-fol d inducto n of
PNPH Reink e and Moyer , 1985 ; 6fol dinducto nof EROD, Burk e et

al. , 1985) .
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DEX (Figur e 6.2 ) induce d P450 and BZDMactivit vy 5.6-fold , th e RSAof
BZCM bein g 1.1 , as see nwit hPB Induction . EMDM activit y was
induce d 11.8-fold , wherea sth e RSAwas 20 . Thus, onl yhal fofth e
observe d inducto n of activii y coul db e attribute dt oth e increas e
in tota | P450. However , thi swasth eonl yactivi ymeasure d tha t
was selectivel y induce dbyDEX; th e RSAof PNPHan d ERODwer e les s

than 0.6 .

Only PNPH activt y was increase dby IS Oas seen in Figur e 6. 3
(74-fol d increase , simila r toth e6lfol dincreas e observe d in

microsome s fro m ethanol-fedrats , Reink e an dMoyer , 1985) . The RSA

was 3.9 , indicatin g selectiv. e inductio nof thi s activity , althoug h
the tota | P450 conten t di dnot increas e significantl y afte r IS O
treatment

ERM@ was selectivel y Induce dbyBNF (Figur e6.4 ; RA320, RSA 32) ,
and again , thi swas much greate r tha nth e observe dinducto nof P450

(9-fold) . The RSAs of th e othe r enzyme swer eles stha n0.6 .

It woul d appea r tha t BNF selectivel y Induce d EROD, IS O selectivel y
induce d PNPH an d DEX selectivel y induce d EMDM whereas. PB induce d

al thre e demethylas e activitie s tomoreor les sth e same level

6.3. 3 Maintenanc e of activitie Si ncultur e
The maintenanc e of th e activitie safte r24hour s in culture , in

hepatocyte s fro m untreate dand treate danimal si s showni n Figure s
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6.5-6.9 . Activit 'y at 24 hour srelatv. etothat of the fres h
cell s (RA24) and relatv e specifi cactivi yat 24 hour s (RSA24) ar e
bot h  shown . AnRA240f 1. 0andanRSA24 greate r tha nor equal to
1.0 fo r a particula r enzym e indicate s maintenanc e of tha t particula r
activit 'y andlos sof tota | P450; an RAZdandan RSA24les stha nl 0
indicate s a specifi clos sof activii ywhils tth ebul kofth eP450i s

maintained

In culture s fro muntreate drat s (Figur e65 ) P450conten t fel | by
31% ther e was a selectv. elos sof BZDM(RSA24046 ) anda los s of
ERM® activity . The los s of ERODi ncultur e has been reporte d
previousl y (Gran t et al., 1985) , ashasth elos sof P450 and of

certai n PB-inducibl e activitie S (Ware net al., 1985) .

In culture s fro m PB-induce d rat s (Figur e 66 ) ther e was a
significan t los s of P450; ther ewas a selecv. elos sof EMDM and

maintenanc e of BZDM, i ncontras t t oth econtro | cultures

In culture s fro mDEX-induce drat s (Figur e 6.7 ) th e P450 conten t fel |
by 43 % and unlik eth econtro | culture s BZDMwas maintained , wit h
tota | los sof PNPHand some los s of EMDM activity , athoug hth e RSA

was maintained

In culture s fro mISO-treate  d animal s (Figur e 6.8 ) bot h P450 an d EROD
were maintained , aswel | as EMDMan d PNPH activities . ther e was a

los sof BZDM, simila r t otha t see ni ncontro | cultures
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In culture s fro mBNF-treate danimal s (Figur e 69 ) th e P450 conten t

fel | by47 %an d EROD activit  ywas selectivel ylost . (However , EROD
activii 'y in thes e culture s wasstl | 7fol d greate r tha n tha t
measured i n contro | cultures) . The othe r activitie S were
maintained

In general , P450 declinedby 30-50 %i n hepatocyte s afte r 24 hour sin
cultur e and EROD activi ywas th eleas t stable . Th e activitie S
selectivel 'y induce d (a s determine d inth efres h cel | homogenates )
were maintaine di ncultur eover 24hours , athoug hsomeof th eothe r

form s wer e lost

6. 4 DISCUSSION

The selectiv. e inductio n of enzym e activitie swas demonstrate d i n

thi s study , wusin gfou r of th eprototypi ¢ P450inducers . IS O onl y
Induce d PNPH activit  y an d specifi ¢ activity ; BNF selectivel y induce d
ER® (i.e . increas ei nRAandRSA) an d DEX selectivel y induce d

EMDM The Tlattertw oinducer s als oincrease dat leas t one othe r
enzyme activity , but notth erelevan t specifi ¢ activity . PB, in
contrast induce d a | th e activitie s but was completel y

non-selectiv. e (fo r th e activitie smeasure di nthi s study)

The fold-inductio n of specifi c activitie s byBNF, IS Oand DEX was
greate r tha n th e fold-inductio noftota | PA50i n each case, and
ther e ar e severa | explanation s fo r thes e apparen t discrepancies

Firsty , a smal | increas ei nanisozym ewit ha hig h affinit yforith e
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substrat e woul d increas e th e observe d activii vy (especiall y at low
substrat e concentrations) , but ifthetta | PA50O was induce d or
remaine d unchange d a verylo wRSAvalu ewoul d be obtained. Thi s
coul d explai nPBinducto nof PNPH, wher eth e RAwas 2, 4 andth e RSA
only 0,3, Secondly , a constitutiv e isozym epresen t at lo w level s
could b e dramaticall y Increase d o n inducton , but sl | accoun t fo r
a smal | proportio nofth etota | P450: thi scoul dresul tin an RSA
valu e much highe r tha nth eincreas ei ntota | P450, Thi s probabl y
account s fo r th einducto nof PNPHbyISO, TheRAandRSA of thi s
Induce d activit ywer e 7, 4 and 3, 9 respectively , but , incontras t to
th e othe r Inducers , ther ewasnoincreas ei nth etota | P450 content.
Other worker s hav e reporte d 6ol d inducton s of P450IlE 1 and PNPH

in th eabsenc eof anyincreas ei nth etota | microsoma | P450 (Rya net

al., 1985) .

With respec t t o substrat e specificity/affinit y ther e wer e problem s
associate d wit h choic e of substat ei nthi sstudy . Ther e was a
proble m of specificity : PBdi dnot significantl y induc e any RSA
value . However , thi s mayreflec t th elimte d number of enzyme
activitie S studie d andlo r th e choic e of actvitie s eg . th e
inductio n of pentoxyresorufi n O-dealkylas e (PROD), as oppose d t o

BZDM may b e mor e specificall yinduce dbyPB@Buk eet al., 1985) .

In addito n t oth echoic eof substrate , i t has bee nshown recentl vy
that DEX but not PCN (pregnenolone-16a-carbonitrile ) induce s th e

main PB-inducibl e form s i naddito nt oth e P450IIIprotein s (Namkun g
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et al., 1988) , andals otha t PBca nInduc e th e CYP3Al gen e (Neber t
and Gonzalez , 1987) . Also , PCNdoe snot induc e th e PB-inducibl e
PR® activit y (Burk e et al., 1985) . Thi s probabl y explain s th e
similar induction s of EMDMan d BZDMby PBan d DEX. | nthi s stud y DEX

was chose n ove r PCNbecaus eof it s greate r magnitud e of induction

However, i n th e ligh tofth eworkbyNamkunget al. (1988 ) PCN

would appeartobea moreselectv elnduce r of th e P450II | family
It i s als o difficul ttofin dselectiv. esubstrate s for thi s gene
famil y tha t ar e relativel y easy t o assay . The macrolid e

antibiotic s suc h as triacetyloleandomyci n and erythromyci n can
presen t problems , sinc e the y ar e capabl e of bindn g to the
cytochrom e formin g anlInactv ecomple x (Dana net al., 1981) . For

thi s reaso n Namkung et al. (1988 ) attempte dt o fin d alternativ e

substrates ; separatio nof differen t testosteron e metabolte sbyHPLC
was th e most successfu | assa ytha t the ytried , wit h respec t to
selectivity

In general , th e selectivel y Induce d enzyme activitie S were

maintaine d fo r 24 hour s i n hepatocyte s cullure dfro m th e treate d

rats , althoug h th etota | P450 conten t decline dby30-50 %ove r thi s

tim e period . Thi s agai n demonstrate d selectiv e stabilit y of
isozymi ¢ forms , i naddito nt oselectv e induction

In hepatocyte s culture d fro m ISO-treate d animals , ther e was a
genera | maintenanc e of bot h P450 an d enzym e activities , althoug h

ther e was selectv. elos sof BZDM(RA2 4 and RSA240f les stha n 0.5) ,
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simla r to that seeni nculture s fro muntreate drats . | n thes e
contro | culture s BZDMactivit y decline dbymoretha n 70%, wherea s
the tota | P450 fel | by onl y31%. The othe r actvie s were
maintaine d incontro | culture s althoug hther ewas somelos sof EROD
activity. Thi s actviit y decline d to some exten t in a |l the
culture s studie d (excep t thos efro miISO-treate d animals) , however ,
constitutv. e BZDM appeare dt o b e particularl y labil e i n hepatocyt e

culture , unlik eth einduce d activity.

It therefor e appear stha t th einduce d form of BZDM, andals o induce d
EMDM ar enot identica | t oth e constitutiv e form s presen t i ncontro |
cultures. The induce d EMDM was los t more rapidl y tha n the
constitutivnv=-'e form. Thi si s consisten twit hth erapi ddegradatio nof
P450s Induce dbyDEX (Watkn set al.,1986) , | ncontrast , th e BZDM
Induce d by PB and DEXwas maintaine din cultur e for 24 hours ,
wherea s th e constitutiv eactivit  ywaslost . |t hasheen reporte d
that th e mai nPB-inducibl eP450i nth eliver , P450IB 1has a hig h
specifict y fo r BZDMand th e 16x-hydroxylationof testosteron e (Rya n
et al., 1979) . Thi slatte ractivit yi scatalyse dbyP450lC1 1 in
untreate d rat lve r (Waxmanet al., 1985) . Itis als o possibl e
that th e poor maintenanc e of constitutiv e BZDMreflect s th e poor
maintenanc e of  Tiver-specific Isozymes , especial y i n medium
containin g seru m(Enat , 1984) . Thi shasbeendiscusse di ndetai | in
previou S chapters . | t woul dappea r then , tha t induce d P4501Bl/ 2
Isozyme s can bemantane di ncultur efor24hours , and thi s also

suggest s tha t th einabilit yt odetec t PB-inducto nof P450IIB/ 2 in
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vitr _0i s aninduction - mechanis mdefect , not a maintenanc e problem

This stud y has showntha t it i spossibl et ouse selectv. e marke r
activitie S to monito r change s i nlsozym e profi e on induction

Induce d activitie s canbemaintaine di nculture d hepatocyte sfor 24

hours . I't shoul d bepossibl et oexten dthi s approac h t o othe r
Inducin g agents , and alsot o compar e profle s fro m compound s tha t
induc e th e same P450 Isozymes .  Thes e diagnosti ¢ profle s coul d

then be used t o investigat e newcompounds fo r thei r abilit y to

induc e P450s .

SUMMAR

In th epreviou s fou r chapter s an hepatocyt e cultur e syste mhas been
define d and characterise dwit hrespec t t omaintenanc eof P450 and
it s associate d enzym e activitie s and th e inducio n of thes e
activities . The conditon sresuln gi nth ebest maintenanc e of a
rang e of activitie s see mt o Involv e hepatocyte s fro m youn g adul t
male rats , culture d for 24 hour si nWECmedium . At thi s tim e
point , th e P450 conten t i s50-70 %tha t of th e freshl y isolate d
cells , wit ha rang e of enzym e activitie S bein g maintaine dat 70 % or
more of th e fres h activity . Thelve r specifi cform sappearto be
les s wel | maintained , s other e ar e furthe r modification stha t coul d
be made t o thi s system , includn greappraisa | of the use of
serum-containin -~ g medium . It i sals opossibl et oinduc e activitie S

in viv oandmaintai nthe mfo r 24 hour si nth eculture d hepatocytes ;
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thi s approac hwas mor e successfu | tha ninducto ni nvitro . The nex't
chapte r report s o n investigation s int o P450-mediate d toxicit y usin g

thi s cultur e system .
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EIGURE 6.1, INDUCTION IN VIVO OF P450 AND ENZYME ACTIVITIES
BY PB. Each value is the mean activity (A), or mean specific activity (B)
measured in freshly isolated hepatocytes from treated animals relative

to that of the untreated animals.
A: P450 content B: BZDM C: EMDM D:PNPH E:EROD
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FIGURE 6.2. INDUCTION IN VIVO OF P450 AND ENZYME ACTIVITIES
BY DEX. Each value is the mean activity (A), or mean specific activity (B)
measured in freshly isolated hepatocytes from treated animals relative

to that of the untreated animals.

A: P450 content B: BZDM C:EMDM D:PNPH E:EROD
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EIGURE 6.3. INDUCTION IN VIVO OF P450 AND ENZYME ACTIVITIES
BY ISO. Each value is the meanactivity (A), or mean specific activity (B)
measured in freshly isolated hepatocytes from treated animals relative

to that of the untreated animals.

A: P450 content B: BZDM C: EMDM D:PNPH E:EROD
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EIGURE 6.4. INDUCTIONIN VIVO OF P450 AND ENZYME ACTIVITIES
BY BNF. Each value is the mean activity (A), or mean specific activity (B)
measured in freshly isolated hepatocytes from treated animals relative to
that of the untreated animals.

A: P450 content B: BZDM C: EMDM D:PNPH E:EROD
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FIGURE 6.5. MAINTENANCE OF P450 AND ENZYME ACTIVITIES
AT 24 HOURS IN HEPATOCYTES CULTURED FROM UNTREATED ‘
RATS. Each value is the mean activity (A), or mean specific activity (B),
with range, relative to the fresh cell value. * p<0.05, {paired t-test).

A; P450 content B: BZDM C:EMDM D:PNPH E:EROD
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FIGURE 6.6. MAINTENANCE OF P450 AND ENZYME ACTIVITIES
IN HEPATOCYTES CULTURED FROM PB-TREATED
activity (A),

AT 24 HOURS
RATS. Each value is the mean
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with range, relative to the fresh cell value. *

A: P450 content

or mean specific activity (B),
p<0.05, (paired t-test).
B: BZDM C: EMDM D:PNPH E:EROD
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FIGURE 6.7. MAINTENANCE OF P450 AND ENZYME ACTIVITIES
AT 24 HOURS IN HEPATOCYTES CULTURED FROM DEX-TREATED
RATS. Each value is the mean activity (A), or mean specific activity (B),
with range, relative to the fresh cell value. * p<0.05, (paired t-test).

A: P450 content B: BZDM C: EMDM D:PNPH E:EROD
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EIGURE 6.8. MAINTENANCE OF P450 AND ENZYME ACTIVITIES

AT 24 HOURS

IN HEPATOCYTES CULTURED FROM

ISO-TREATED

RATS. Each value is the mean

with range, relative to the fresh cell value. *
B: BZDM C: EMDM D:PNPH E:EROD

A: P450 conten t

activity (A), or mean specific activity (B),
p<0.05, (paired t-test).
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FIGURE 6.9. MAINTENANCE OF P450 AND ENZYME ACTIVITIES
AT 24 HOURS IN HEPATOCYTES CULTURED FROM BNF-TREATED
RATS. Each value is the mean activity (A), or mean specific activity (B),
with range, relative to the fresh cell value. * p<0.05, (paired t-test).
A: P450 content B: BZDM C: EMDM D:PNPH E:EROD
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CHAPTR 7
TOXICITY STUDIES | N CULTURED HEPATOCYTES

7.1 INTRODUCTION

The use of i nvir osystem s fo r toxicit ytestn ghas been reviewe d
in Chapte r One. I nrecen t years , increasin g us e has bee nmade of
hepatocyt e culture s i n th e investigatio n of mechanism s of toxicity

As outine d i n Chapte r One, culture d hepatocyte s offe r severa |
advantage s ove r othe r cellula r and subcellula r preparaton s fo r thi s
kihd of study : the yar eintac t cell s containin ghbot hPhasel and I 1
biotransformatio n enzymes that can be mantane d in a define d
environmen t fre e fro mhormona | an d othe r physiologica | influences ;
they surviv. e longe r tha n hepatocyt e suspension s and compris e a
metabolically stabl ecel | population , als ounlik e suspensions . Ther e
is evidenc e tha t freshl yisolate dcell s and hepatocyte s tha t ar e
Initiall y place dint ocultur earei na stat eof metaboli c flux , wit h
increase d catabolism , but tha t by24 hour si ncultur eth ecell s have
recovere d fro malteration S i n metabolis msustaine ddurin g isolatio n

and hav e reache da mor e stabl e stat e (Tanak aet al., 1978 ; Loﬁe z et

al., 1988) . I 't has als obeenreporte dtha t th etoxicit y observe d
when hepatocytes ar e expose dt o a toxi ¢ compound durin gth efirs t 18
hours of cultur e i s greate r tha nwhenexposur ei s afte r 24 hour s in
culture; ther e i s alsogreate r variabilityi nth e observe d toxi c

respons e (Tolmanet al., 1989) . Thi si s probabl y a reflectio nof a

heterogeneou s cel | populatic nwit hrespec t t o metaboli ¢ stabilityi n

addito n t o changin g P450 levels . Therefore , althoug h th e P450
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content has decline d to 50-70 %of th efres h leve | at 24 hour s

D

(Chapte r  Six) , i n th e stude s describe d i n thi s chapte r th

hepatocyte s wer e culture d fo r 24 hour sprio rt o exposur e to the

xenobiotic
Culture d hepatocyte s have been used i n severa | differen t
toxicological investigations . The y havebeenusedt o asses s th e

rol e of metaboli c activatio ninth etoxict yof xenobiotic s (eg

Acost a et al., 1987) ; t oelucidat eth etempora | relationships of
biochemica | alteration s (g . LongandMoore, 1988 ; Berge ret al.,
1989) ; t ocompar e th e patter nof metabolite s produce di nviv oand in
vitr o (&g . McManus et al., 1987) , andt o investigat e carcinoge n

activatio n(e.g . Butterwort het al., 1989) .

There ar eals oa number of method s availabl e fo r assessin gth etoxi c
effect s of xenobiotics . Determinatio n of plasm a membrane

permeabilit 'y i softe nusedas anindicato rof cel | viability, sinc e

damaged membranes wil | allo w accesslegres s of bulky , charge d
particles . Thes e assay s Includ e trypa n blu e exclusion , fluorescei n
diacetat e inclusion , io n leakag e andenzyme leakag e (Tyso n and
Green, 1987 ; Cook an d Mitchell , 1989) . However , membran e damagei s
not alway s the Intia | lesio n andearl y toxicti y can thus be
underestimated . Also , los s of membrane integrit vy i s disastrou s fo r
the cel | andtherefor e not particularl y sensitve .  Enzyme leakag e
assay s ar e particularl y vulnerabl e i nthi srespec t duet o problem s

of compartmentalisation, hig h leakag e i n contro | sample s and
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inactivatio n of the enzymebyth etoxi n (Tyso nand Green, 1987)
Also, leakag e does not accoun t fo r cells that detac h fro m th e
monolaye r (Cha o et al., 1988) , unles sther ei s some assessmen t of

latency.

Other indicator s of toxicit y ar e base d on determinato nof cellula r

funco n e.g . DNAor protei n synthesis ; ure asynthesis ; ATP conten t
or mitochondria | functo n (Tyso nand Green , 1987 ; Cook an d Mitchell
1989) . However , not al | of thes e ar esuitabl efo r routin e us ewit h
larg e number s of samples , and althoug h th e assay may involv e
measurement of an intrinsi c cellula r activity , ther emay sl | be
wid e inter-individua | variation S i n activity ) | n addition , ther e
are cel | proliferation assay s tha t asses s colon y formatio n and
platin g efficenc y (Coo k an d Mitchell , 1989 ) but thes e cannot be

used i n stati ¢ monolaye r cultures

There are als o non-specifi C Indicator s of cel | injur y whic h can
demonstrat e a potenta | fo r toxicity . Thes e includ e cellula r
glutathion e conten t andcovalen t bindin g (Tyso nand Green , 1987)

The depletio nof reduce dglutathon ei snot cytotoxi ci nitsel f and
is usual vy reversible . However , a sustaine d depleto n suggest s
that norma | cellula r regeneration/synthesi S mechanism s hav e bee n

inhibited/overwhelmed . Cel | protein s can bin dactivate dmolecules

=

and thi s covalen t bindn gi suse das a measur eof toxicit y althoug
the exac t relationshi pofcel | deat ht ocovalen t bindin gremain s t o

be established . I t maybetha t th ereactiv. e metabolite s bin d to
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critica | cel | protein s ie . enzymes , inhibitin g thei r function

The above area | use dasindicator s or measure s of cytotoxicity :

but do not distinguis h per s e betwee n directly-actin g toxin s and
thos e tha t requir e metaboli c activatio nbyP450. Thelatte rcanbe
demonstrate d wusin g P45 0 inducer s an d inhibitor s (Mitchel | et al.,

1973) and by showin g a dependenc eonth epresenc eof cofactor s in

microsoma | incubation s (Garl eandFry , 1989) .

In thi s study , th e effec t of seve n hepatotoxin s (though t to be
activate d to toxi c¢c specie s by cytochrom e P450) on hepatocyt e
viabilit 'y was determined , usin g mitochondria | funcio n (MTT
reduction ) as th e paramete r of viabilit y(252) . The effec t of
inductio n of P450-mediate d activit y onth e toxict yof th e compound s
was als o determined , by culturin g hepatocyte s fro m inducer-treate d
animals , as for th estud yreporte di nth e previou s chapter . A
repor t on acetaminophe n toxict y i nculture d hepatocyte s (Kyl e et
a_]., 1989 ) utilise d a simila r inducto n approach . The seve n
compounds used , wit h summarie s of th e availabl e informatio nonthei r
hepatotoxicity ar epresente dinTabl e71 . | nChapte r Fiv ei t was
shown tha t treatmen t of hepatocyt e culture s wit h P450 inducer s
resulted i n reduce d and alteredInduco n of enzyme activities ,
relaivv: e t o i nviv otreatmen t wit hinducers . Thi s suggeste d tha t
in vitr oinducto nwoul dalte r th e observe d toxicit yof xenobiotic s
to culturedhepatocytes , andso toxicity/viabilityassessment s wer e

made afte r inducto ni nvitr oandcompare dt oth eresult s obtaine d

afte r inductio ni nvivo .
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7.2 METHO®

72. 1 | nviv o Induction , an d toxicit y

Hepatocyte s wer e isolate d fro muntreated , and PB or BNF-treate d
young adul t mal erat s and place dint o culture . Hepatocyte s wer e
culture d on 24-wel | plate s coate dwit hcollage n (a s describe d in
Chapter 272 ) for 24 hours . Culture swer ethe nexpose d t o WEC
containin g th e tes t chemical , at variou s concentrations , for a
futhe r 24 hours . Thenumber of viabl ecell sremanin g was the n
determine d usin g th e MTTassa y (2.5.2) . | nsome experiment s an
inhibito r o f P450-medlate d activity , SKF525-A , was adde dat th e same

tmeasth etes t chemical.

7.2. 2 | nvitr oinduction , an d toxicit y

Hepatocyte s wer e isolatedfro muntreate dmal erat s andculture d on
collagen-coated 24-wel | plate s for 72hour sin the presenc e or
absence of induce r BmMPBor 50uMBNF, as describe d i n Chapte r
5.2.2) . Exposur e t o th etes t chemica | wasfo r a futhe r 24 hour s

folowe dbyassayof viabilityby MTT.

7.2. 3 Addito n of compound s an d inhibitor S

Test chemical s wer e diute dint oWECfro m IM stoc k soluton s in

methano | (DMSO fo r  6-thiopurln e and SKF525-A) . Solven t
concentration dd not excee d 0.1% . Inita | dos e respons e
experiment s wer e performe dwit h 0.1-10mM concentrations . However ,

wit h th e exceptio nof 4-pomeano | (4-IP)and 2-methylfura n (2-MF) ,
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ImM was foun d to be th emaximum workih g concentratio n due to
increase d acidit yof th e mediu m(VPA, 5-TP ) or precipitatio nout of
th e mediu m(precocenes , BHT). Plat e sealer swereusedwit h2-MFt o
preven t possibl e los s duet o volatility . However , simila r result s
were obtaine d wit h plate s incubate dwit h or withou t th e plat e
sealers , s o volatilit ywas probabl ynot animportan t consideration

In some experiment s SKF525- Awas adde dt oth ecultures ; th e maximum,

non-toxi ¢ concentratio nwas foun dt obe 10uM,

7.2. 4 Cellular glutathione an d toxicit vy

Cellula r glutathion e (GSH) was determine d (a s describe di n216 ) in
hepatocyte s culture d on "Primaria " dishes . GSH conten t at
differen 't time-point s afte r exposur e of 24 hour hepatocyte s t o
precocen e | |  (PII) was determined , togethe r wit h th e viability ,

measure d b y MTT reduction

72. 5 Analysi sof result s

Dose-respons e curve s for eac h compound wer e derive d fro m th e

viabilit y data . The percentag esurviva | ateachdose (or tm e
point ) was plotted , and th e concentratio nat whic h50 %of th e cell s
survived , th e ID50 , was determine dfro mth e curve . The ID5 0 was

determine d fo r eac h compoundi nculture sfro mat leas t fou r animals |,
and th e mean + rang equote di nth eresuts . The rang e of ID50
value s give s an indicatio n of inter-individua | variabilit y in
response , whic hi s animportan t consideratio ni nassessin g toxicit vy

of xenobiotics
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7.3 RESULTS

Figure s 7.1-7. 7 sho w representativ e dose-respons ecurve s for each

compound, as determine di nculture d hepatocyte s fro m control , PB-
and BNF-treate drats . Tabl e 7. 2 present sth emean ID5 Ovalu e wit h
therang e fo r eac h compound , i n eac h condition

7.3. 1 Toxicit yt o hepatocyte s fro mcontro | rat s

VPA BHT, PIl andPIl wer ea | moderatel ytoxi ct ohepatocyte s fro m
untreate d rat s (Figure s 7.1-7. 4 respectively ) wit hmean ID5 0 value s
betwee n  516-643uM. The ID5 Orang e determine dfo r BHT was very
narro w (les s tha n 100uM), wit hrespec t t oth e othe r thre e compound s
(ID5 0 range s aroun d 300uM). Also , itcanbeseenfro mth e dos e
respons e curve s tha t ther ewas a shar p decreas e i n viabilit yfro m80
to 20%, a differenc e of aroun d 450uMwit h BHT, wherea swit hVPA and

th e precocene s th e same los s occurre dove r a differenc e of 600-800uM.

6TP and 2M Fwer eles stoxi ct ocontro | hepatocyte s (Figure s 7.5
and 7.6) , th e viabilit y at 1mMbein g aroun d40%, th e mean ID5 0
value s bein g720and 800uM. 4-IPwastoxi ct ocontro | hepatocyte s

onl y at hig h concentration s (ID5 0 3.4mM) .

7.3. 2 Toxicit yt o culture s fro minducer-treate drat s
The seve n compounds fal | int othre egroup swit h respec t to th e

effect s of inductio n on toxicity
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BHT and VPA

PB treatmen t enhance d th e toxict yof VPA and BHT t o culture d
hepatocyte s (Figure s 7. 1and7.2) , th emeanID5 Ovalue s bein g 232
and 106pM respectively , Wit hsimila r ID50range sof aroun d 200uM
(Tabl e 7.2) . However , th elos s of viabilit yfro m80t 020 %i s much
steepe r wit h BHT, a differenc eof onl y 150uM, a s oppose dt o aroun d
900uMwit h VPA. BNF di dnot significantl yate rth e toxiciti y of
eithe r  compound (a s judge d by ID50 ) relatv. e t o th e contro |
cultures th e dose-respons e curve s bein g very simla r in the

hepatocyte s fro mcontro | an d BNF-treate d rats

Precocene s| andl |

Both PBandBNF treatmen t induce dth e toxicit yof th e precocene s to
culture d hepatocytes , PBhavin gth emost marke deffec t (Figure s 7. 3
and 7.4 , Tabl e 7.2) . BNF produce da five-fol dandPB a 14-fol d
increas e i n toxict 'y of precocen el |l anda 29fol d Increas e of

precocen e | toxicity , wit hsimila r ID5 0 ranges .

6-TP, 2-M Fand 4-1 P

These thre e compounds , tha t had minima | toxicit 'y i n contro |
cultures , were a | toxi ¢ toculture s fro m PB- and BNF-treate d
animals . 6T P and 2MF wer eth emost toxi ¢ to culture s fro m
PB-treate d rat s (Figure s 7. 5and 76 ) wit h 10 - and 25-fol d Increase s
in respons e respectively . BNFandPBhadsimla r effect s on 41 P

toxicity : 13t o 14-fol dIncrease swit hID5 Ovalue s aroun d 250uM.



- 142-

Tabl e 7. 3 summarise s thes e results . Inducto nof P450 had th e
leas t effec t o n VPA toxicity ; BHT toxicit ywas potentate d by PB,
whic h markedl y increase d th e toxicitie sof th e precocenes , 2-MF,

41 P and 6-TP . BNF hadth e greates t effec t on 41 Ptoxicit y wit h

moderat e effect s on 2-MF, 6-T Pandth e precocenes

7.3. 3 Variability i n observe d toxicit vy

In addiio ntoth ewd erang e of ID5 0 value s obtaine dfo r VPA, 6T P
and 2-MF, ther e was als o variabilit yinrespons eofthe cell s to
thes e compounds , i n tha t concentration supto 1lmMdi d not alway s
elici t a sufficien t los s of viabilit yforaniID50t obe determined

In th econtro | culture s thi s maybe simpl ybecaus e th e compound s ar e

onl y moderatel vy toxic , th eupperrang eof th e ID5 O bein g aroun d 1mM.

However, thi s variabilit y (e . toxi ¢ or not toxic ) was als o
observe d i n hepatocyte s fro m inducer-treate d animals . The
practica | consideration s that coul d be responsibl e includ e
instabilit y of th e compound/stoc k solution , volatilit yof 2MF and
intrinsi ¢ inter-anima |  differences . Useof fres h dilution s of
fres h stoc k solution s hadnoeffec t onth e observe d variability , and

the plat e sealer s use dwit h 2-M Fwer e judge dt o functio n adequatel y

sinc e th egradato nof anyeffec t was unifor macros s th e plate . I n
any case , volatilit y was probabl ynot crucia | here , sinc e incubatio n
withou t plat e sealer s gav e simila r result st oseale d plates . [t

has alread y been observe d tha t ther e ar e inter-individua I
difference s i n respons e t o Inducer s (Chapte r Five) , and thi s can

affec t th e exten t of anytoxicit ytha ti sduet o metabolism . For
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thi s reaso n it i s Importan tt o use hepatocyte s fro m differen t
animals , andnot replicat edishe sfro msingl eanimals , i n assessin ¢
the exten t of a compound' s effects . However , VPA, 6T Pand2-MF ar e
al more markedl ytoxi ct olnduce danimals , anda complet elac k of
effec t i n someculture si ssomewhat unexpected , andi s unlikely t o
be due t opoor induction , i nwhic hcas ea reduce deffec t woul d be
more probable . Therefor e th e possibl erole s of othe r intrinsi c

factor s hav et o b e considered

7.3. 4 Inductioc n dinvitr o0 andtoxicit vy

Tabl e 7. 4 compare s ID5 Odat afro mth ei nviv oinducto n experiment s
wit h thos e observe d afte rinductio ninvitro , for PIl and 4-IP
These compound s wer e chose n sinc e ther ewer e marke d (an d easil y
reproducible ) change s i n toxicit yoninducto nin vivo . However ,
afte r treatmen t of hepatocyte s i nvitr owit hPBandBNFther ewasno
toxict y of 41 P followin gPB, andonl ya slgh tincreas e due to
BNFE PB andBNFi nvitr ohad similareffect sonPl | toxicit y (mean
ID50 value s of 46 3 and 459uMrespectively) , but thi s respons e was
much reduce d compare d t o tha t obtaine dwit h inducto n in_ vivo.
Also, notoxict yof Pll tocontro | hepatocyte swas observed . Thi s
is probabl y due toth e declinei nP4500verth e 72 hour culture
period , andsuggest stha t th etoxicit yt o24hour hepatocyte si s (i n
part ) P-45 0O mediated . Thi sfailur et olInduc etoxicit yi n vitroi sat
leas t consisten t wit hth efailur et olInduc e P450 enzym e activitie S
in vitro (Chapte r Five ) andth eobserve d declin e i n some P450

activitie sin72hour culture s (Chapte r Four)
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7.3. 5 Furthe r studie s wit hth e precocene s

Figure s 7.8 and 7. 9 showth eeffect sof SKF525- A i n vir o upon

precocene-induce d toxicit 'y i n hepatocyte s fro m contro | and
PB-treate d rats . SKF 525- Adi dnot inhibi t precocen e | | toxicit vy
in contro | cultures , althoug h ther ewasa sligh t shif t in the
precocen e | ID5 Orange : Tabl e 75 . However , i n hepatocyte s fro m

PB-treate d rat s ther e was a marke d inhibitio nof Pl I toxict vy (a

4fol d Increas e i nID50- Tabl e7.5) , butnot of PI toxicity . Thi s
was rathe r wunusual , i n tha tth ereporte d effect s of thes e two
compounds ar e very Similar . A futhe r preliminary experimen t

showed tha t exposur e of hepatocyte s culture dfro mPB-treate d animal s
to PI'l resulte d ina depleto nof cellua r glutathon e that was
sustaine d over 24 hours , andwhic hprecede dth elos s of cellula r

viability , asjudge d by MTT reducto n (Figur e 7.10)

7. 4 DISCUSSION

The result s presente d i nthi s chapte r demonstrat e tha t inductico n of
P450 i n viv ocanpotentiat eth etoxict yof compounds i n culture d
hepatocytes . A certai namount of Informatio nonth e exten t and

degre e of toxicit y can bedetermine dfro mth e data .

BHT was moderatel ytoxi ct o hepatocyte s fro mcontro | an d BNF-treate d
rat s and P B significantl y increase d th e toxicity . I n a | -cases |,
th e dose-respons e curve s fel | steepl y betwee n 80 and s 20 %viability

This suggest stha t BHTmay haveoneor a fe w very specifi c site s of

toxi ¢ assaul t withi n the cell , and that once a critica [
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concentrato n i s achieve dcel | deat hoccur s rapidly . I't has been
reporte d tha t th e cytotoxicit yof BHTi n contro | hepatocyte s at
concentration s upt o 750uMi s not P450-mediated , but a direc t effec t
upon th e mitochondria . Ther ei sa rapi dlos sof ATP, followe d by
dissipato n of th e membran e potenta | (Thompso n an d Mo]déﬁs, 1988) .
This woul d accoun t fo r th enarro wiD5 Orang ei ncontrol s and th e
stee p dose-respons e curv e (sinc e mitochondria | functio ni svita | for
cel I survival) : 't woul dals o Indicat etha t BHT toxict y has a
direc t effec t i nhepatocyte soninducto nwit hBNF. PB increase d
BHT toxicit y i n hepatocytes . Thi s agree swit hreporte ddat aon BHT:
that PB, but not 3-MC, increase dth eformato n of a microsoma |

BHT-GSH conjugat e (Tajimaet al., 1985) andtha t PBincrease d seru m

transaminas elevel si nvivo , i nBHT-fe drat s (Nakagawa , 1987) .

VPA 1like BHT, was als otoxi ct ohepatocyte s fro mPB-treate d rats |,
the toxicit y i n hepatocyte s fro mcontro | and BNF-treate drat s bein g
very similar. However , i ncontras t t o BHT, th e VPA dose-respons e
curve s wer e muc h flatter , th etoxi ceffect s bein gmanifes t over a
much wide r rang e of concentrations . Thi s probabl y reflect s more
variabilit y i ninter-cellula r response , and/o r moretha nonesit eof
actio n of VPA. It i sthough t tha t ther ear etw omajor , competin g
pathway s of VPA metabolismi nth e hepatocyte . VPAi s metabolised
by P450 t o an unsaturate d metabolite,A L}VPA, andthi sreacto n 1s
Increase d by PBinvir o (Reti eet al., 1988) . A4-VP Acan exis t
as 2 enantiomers : th e (R) for mi s metabolisedfurthe r by P450 t o

4,5-dihydroxy-VPA- X-Iactone , andth e (S) for mi s metabolise d by
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mitochondria |  /3-oxidatio n to a 3ox oderivavn e whic h can the n
inhibi  t i?—oxldation , productc n of the (R) enantome r bein g
favoure d (Porube k et al., 1989a) .  The Inhibitio nof ﬁ-oxidation
woul d eventuall y betoxi ct oth ehepatocyte , andwoul dexplai n th e
observe d steatosi s i nVPA-treate drat s (Kesterso net al., 1984) . VPA
and A—Q/P A hav e bot h bee n reporte dt obe hepatotoxic , but th e dat a
are confusing . PB-treatmen t increase s th e overal | rat e of
metabolis m but not th erati oof enantome r producto n (Porube k et
51_., 1989a) ; PBdoesnot Increas e VPAorA 4—VP Acovalen t bindin gi n
hepatocytes ,  althoug h clofibrate , an Induce r of fatt y aci d
oxidaton , does (Porube ket al., 1989b) ; th ereporte d toxicit y of
VPA and A-Q/P At o hepatocyt e culture s i s unconvincin g on critca |
evaluaio n of th epresente ddat a (Kingsleyet al., 1983) . Thus, it
appear s tha t th e P450 syste mi snot solel y responsibl e for VPA
toxicit y (an dmay alsobe Involve d i n detoxificatio n reactons ) and
overall it is probabl y th e balanc e of th e effect s of VPA
metabolite s produce d by /§-oxidatio nandP450tha t determin e th e
toxicity and that thi s dual effec t account s for th e broa d
concentrato n rang eof th etoxi ceffect s andth eresistanc eof some
animals/cel | culture st o VPA. I nanycase , th emixe di nvitr odat a
obtaine d wit h VPA mirror sth e in vitrosituatio nwit h respec t to
incidenc e of VPAtoxicit yandseverit yof effect , whic hwoul d als o
be consisten t wit h the ide a that some individual s may be

physiologically more pron e to VPA toxicity , especial y in

conjunctio nwit h othe r drugs .
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6-TP als o gav e some conflictin gresults . Bot hPBandBNF increase d
6-T P toxicity , althoug h toxicit ywasnot alway s observed . PB (but
not 3-MC) has bee nreporte dt olIncreas e th ecovalen t bindn gof6-T P
to microsoma | protein , althoug h PBtreatmen t decrease s 6-T Pcovalen t
bindin g i n viv o (Hyslo pandJardine , 198la ; 1981b) . Th e author s

suggest tha t thi s discrepanc yi sduet oPBinducto nof conjugatio n

enzymes, whic h result s i nlIncrease d detoxificatio nin vivo , whic h
are absen t i nmicrosoma | preparatons . | fthi s iscorrect , the nit
implie s tha t th e Phas el | reaction s ar e inhibited/les s activ e in
hepatocyt e cultures . 1t hasbeen reporte  d tha t UDP-glucuronyl

transferase s and some of th e glutathion e transferase s ar e reasonabl vy
stabl e ove r 24-7 2 hour s of hepatocyt e culture , althoug hther ewas a
rapi d depletco n of UDP-glucuroni ¢ aci d (UDPGA) durin g isolatic n
(Croci and Wiliams , 1985 ; Grant an d Hawksworth , 1986) . Thi s may

account fo rth ei nvivoi nvitr odiscrepanc yi nPBlinducto nof 6T P

hepatotoxicit y wit h regar dt oth e variabilit yinth e 6T P results

It i sals opossibl etha t PA50i snot th eonl yenzyme syste minvolve d
in 6T P metabolism . A major rout eof 6T P transformatio n is via
xanthin e oxidas e t o thiouric acid ; however , a xanthin e oxidas e
inhibitor ~, allopurinol, di dnot inhibi t th e covalen t bindn gof 6T P
(Hyslo p an dJardine , 1981a) . Also , 6T Pcontain s severa | nitroge n
atoms an da sulphur group , whic hwoul dmakei t a goo d substrat e fo r
the flavi n monoxygenas e syste m(FMO) , whic h predominantl yform s N, S
and P-oxide s (Gibso n and Skett , 1986) . The FMO appear s t o be
fairl y stabl e i nhepatocyt e culture s (Sherrat t and Damani, 1989) ,

but compare dt oth e MMQ 1ittlewor k has bee nperforme donth e rol e
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of th e FMOi ndru g metabolis mandthi s makes i t difficul tto asses s

th e relativ e contribution sof th etw o systems .

41 P and 2-M Fbot h contai n a fura ngroup , whic hhas been implicate d
in 41 P toxict y(Boy det al. , 1983) . Bot hPBand BNF Increase d
the toxicit y of thes e furan st o culture d hepatocytes . 41 P i s
analogou s t 06T Pintha t PBincrease s th ecovalen t bindn gof 44 P
in microsomes , but i nviv oiti sreduce d(Boy dandBurka , 1978 ; Boyd
et al., 1978) . Statha man d Boy d (1982 ) reporte d th e increase d
urinar y excretio nof a 4-IP-glucuronideonPBinductio ni nvivo , and
therefore , as suggeste d above , it maybea depleto nof UDPGA i n

culture d hepatocyte s tha t account s fo r th e discrepancie sinth e in

vivo andi n vitrodata . Theincrease dtoxicit yi nvir oof 41 Pon
inducto n wit h BNF i sconsisten twit hth ei nviv o data . PB has

been shown t oincreas eth ecovalen t bindn gof 22MFi n microsomes |,
whereas 3-MC di dnot (Ravindranat het al., 1985) . Thi s does not
agree wit h th eresult s presente d her e althoug h2-MF has bee n shown

to deplet e GSHi nmicrosome s fro mBNF-treate drat s (Garl eand Fry |,

1989) .
Both of th e precocene swer etoxi ci ncontro | hepatocytes , inductio n
markedl y increasin g thei r toxicity : The bigge r increas e i n

toxicit 'y was wit hPB. Precocen e | has beenshownt odeplet e GSH
in viv oandlea dt oanincreas e i nseru mtransaminas e level s (Halpi n
et _al., 1984 ; Ravindranat h et al., 1987) . Bot h precocene s can

deplet e GSH, 80-90 %o f th e dos e bein g rapidl y conjugate d wit h GSH
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(Fourema n et al., 1989) . PBhasbeen shown t o Increase , and

SKF525-A t o decrease , covalen t hindn gof PI | (Hsiaet al., 1981) .

This agree s wit hth edat apresente d here , tha t SKF525- Aca n inhibi t
PIl  toxicity , andtha t a sustaine ddepletio nof GSHprecede s los s of

cellua r viability. That GSHdepleto nandlos sof viability do

not occu r concurrently , suggest s tha t GSHdepleto ni sone of the
firs t step si nth epatholog yof PI I toxicity . Depletio nof GSH i s
not in ltsel f toxic th e inabilit y of the cell to
synthesize/regenerat e GSH however woul d be more serious

Maintenanc e of GSH level s i slinke dt o GSSG NADPH NADH and ATP

levels . 't would appear tha t whils ta toxi ¢ dose produce s a
sustaine d GSH depleton , a non-toxi cdoseresult sin a transien t
depletion , whic h suggest s tha t GSHdepleto ni sanearl y reversibl e
event , not th ecaus eof toxicity , andtha t some othe r bhiochemica |

chang e ca n precipitat e a sustane dlos sof GSHe.g . NADPH depletion

inhibitio  n o f glutathion e reductase

Overall , th e approac hof inviv o Inducto n followe d by hepatocyt e
cultur e was successfu | inthi s stud yi ndetecto nof hepatotoxicity :

the result s agreein g or complementin gth ei nviv oand th e microsoma |

data . P450 Inducto n has been shown t o increas e toxicit 'y in
culture , and inhibitio nof P450was als o demonstrated . Thi s metho d
of investigatin g th erol eof P450-mediate d toxicit y of xenobiotic s

Is probabl y more applicablet o interactio nand mechanis m studie s
rathe r tha nt o screenin g of compound s of unknow n toxicity , Sinc e at
presen t th e syste m need s constan t evaluato nwit hrespec t t o th e

toxicity invivo .
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TABLE 7.1, REPORTED TOXIC EFFECTS OF THE COMPOUNDS USED
IN THIS STuDY1.

VALPROATE (VPA) anticonvulsant
in vivo steatosis * necrosis; inhibition of mitochondrial B—oxidationz;

increased covalent binding‘?’.
in vitro PB increases rate of metabolism; covalent binding of VPA
4

and A4-VPA to protein in cultured hepatocytes™.
BUTYLATED HYDROXYTOLUENE (BHT) antioxidant

in vivo necrosis; PB increases serum transaminase levelss.
in vitro PB increases formation of BHT-GSH conjugate;conjugate

formation inhibited by CO,metyrapone and SKF 525-AS.

PRECOCENE II (PIl) insecticide, from Ageratum houstonianum

in vivo centrilobular necrosis;
7

in vitro PB increases covalent binding; SKF 525-A inhibits covalent binding *
PRECOCENE 1| (Pl) insecticide, from A. houstonianum
.. y
in VIVO necrosis; GSH depletion; increases in serum transaminase levels .
in vitro PB increases rate of metabolism®.
6-THIOPURINE (6-TP) antineoplastic anqoimmunosuppressive
in vivo PB increases the covalent binding

in vitro PB increases, GSH and SKF 525-A inhibit, covalent binding

11

2-METHYLFURAN {2-MF) constituent of coffee and cigarette smoke
in vitro PB increases, piperonyl butoxide inhibits, covalent binding;

metabolism to acetylacrolein12.

4-IPOMEANOL (4-IP) from Ipomea batatas infected with Fusarium solanae

in vivo PB decreases covalent binding and Iethality13;

-

in vitro PB increases the covalent binding' ~.

1 in vivo: rat liver;in vitrorat hepatic microsomes, unless stated.

2 Kesterson et al., 1984

3 Porubek et al., 1989a 9 Halpin ef al,1984

4 porubek et al., 1989b 10 Hyslop and Jardine, 1981b

S Nakagawa,1987 1 Hyslop and Jardine, 1981a

6 Tajima et al.,, 1985 12 Ravindranath and Boyd, 1985
7 Hsia et a/.,1981 13 Boyd and Burka, 1978

8 Ravindranath et al., 1987 14 Boyd et a/., 1978



TABLE 7.2.
IN VITRO.

compound

VPA

BHT

Pl

Pl

6-TP

2-MF

4-1P

EFFECT OF INDUCTION IN VIVO ON TOXICITY

mean IDgqg value with range (uM)

CON

643
447-708

516
468-537

550
437-794

546
447-708

720
501-794

800
668-944

3400
1400-6300

PB

232
100-281*

106
33-224*

40
16-60*

19
7.5-38*

76
10-251*

32
10-45*

243

178-316*

BNF

704
501-1000

447
422-473

124
56-300*

114
56-168*

134
30-141*

84
10-211*

259
96-335*

Values are mean 1Dggps, with ranges, determined from dose-response

curves for 4-7 animals.
* significantly different to control, Mann-Whitney U-test, p < 0.05.



TABLE 7.3. SUMMARY TABLE OF THE EFFECTS OF INDUCTION
IN VIVO ON TOXICITY IN VITRO.

compoun d CONTROL" pB2 BNF2
VPA | + 3 0.9
BHT + 5 1.2
PIl + 14 5.0
Pl + 29 - 5.0
6-TP - 10 5.0
2-MF - 25 9.0
4-1P - 13 14

1 indicates toxic (+) or non-toxic () to control cells.

2 fold-induction of toxicity over control (control value = 1.0).
Values greater than 1.0 represent an induction of toxicity,
which is a decrease in IDgg.



TABLE 7.4. THE EFFECTS OF IN VIVO AND IN VITRO
INDUCTION ON THE TOXICITY OF PRECOCENE II AND
4-IPOMEANOL TO CULTURED RAT HEPATOCYTES.

condition

4-IPOMEANOL
CON

PB

BNF

PRECOCENEII
CON

PB

BNF

mean IDggq and range (uM)

in Vivo

3400

1400-6300

243
178-316

259

96-335

550

237-794

40
16-60

124
56-300

in vitre?

>1000

>1000

848
708-944

>1000

463
355-562

459
300-562

Each value is the mean 1Dgq and range of 3-5 animals.



TABLE 7.5. EFFECT OF SKF 525-A ON THE TOXICITY OF
PRECOCENE | AND Il IN HEPATOCYTES FROM CONTROL
AND PB-TREATED RATS.

conditio n mean IDgqg and range (uM)
-SKF 525-A . +SKF 525-A
Pl Q0N 546 767
447-708 708-841
PB 39 69
4-71 56-89
Pl CON 550 701
237-794 525-708
PB 57 234
33-75 178-300*

* range is significantly different to control, p<0.05 Mann-Whitney
U-test.The values are the mean IDgq values determined for 4

animals,the toxicity in the presence and absence of inhibitor
being determined in cells from each animal.



FIGURES 7.1-7.7.Hepatocvtes were isolated from control and

inducer-treated animals and maintained in culture for 24 hours
prior to exposure to the test compound. In the following figures
the data presented are from individual, but representative rats.
The mean IDsq values are shown in Table 7.2.
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FIGURES 7.8 AND 7.9. Hepatocytes were cultured from control
and PB-treated rats. After 24 hours the cells were exposed to PII
+ SKF-525A (10uM). The curves shown are from individual, but
representative rats. Mean 1Dgq values are presented in

Table 7.5.
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FIGURE 7.8. EFFECT OF SKF-525A ON THE TOXICITY
OF PRECOCENE Il TO CULTURED HEPATOCYTES.
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CHAPTR 8
GENERA DISCUSSIO N

The aims of thi s Investigatio nwer et odevelo pand characteris e a

syste m for the use of rat cultue d hepatocyte s in
metabolism-mediated toxicit y studies .  Thi s necessitate s conditon s
i n whic h constitutiv e P450 levels/activitiesca nbemaintained , and

in whic h th einviv oinductio nof P450 isozyme s canbe reproduced
Inita | studie s wer e performe donth ekinetc s of alkoxycoumarin

O-dealkylas e activitie s t o confr mth e biphasi ¢ natur e of thes e

activiie s and to determin e thei r maintenanc e i n culure d
hepatocytes . Thes e enzyme s wer e chose nas indicator s of P450
activii 'y becaus e the y ar e biphasic , th e separat e component s

representin g differen t population s of P450 isozyme s (Chapte r 2.10)

The result s of thes e preliminary experiment s indicate dtha t althoug h
both MCOD and ECOD activitie s wer e biphasi ¢ in freshl y isolate d
hepatocytes , MCOD activit  y becam e monophasi ¢ i n hepatocyte s culture d
for 24 hours , wit hcomplet elos sof th e hig h affnt y form ; th e
maintenanc e of th e othe r activitie swas poor : 55 %orles s of the
fres h cel | activities . Th e mediu muse d was Wililams ' Mediu m E,
develope d speciall y fo r hepatocyt e cultur e (Wiliam s and Gunn,
1974) , supplemente d furthe r wit h insulin , dexamethason e and
nicotinamide . Thi s mediu m(WEC) has bee nshownt o attenuat e th e

los s o f P45 0 activitie Ssi noprimar ycultur e (Warre nandFry , 1985) .

The studie s comprisin g thi s investigatio n wer e concerne d initiall y

wit h improvin g th e maintenanc e of P45 0 activities c th e effect s of



-153-
furthe r supplementatio n of cultur e mediu mandth e influenc eof th e
age and sex of th e hepatocyt e donor anima | wer e determined
Subsequent experiment s compare dinducto ni nvir ototha t seen in
viv_o , and th e maintenanc e of induce denzym e activitie s was als o
ascertained . Finally , th e metaboli c activatio n of seve n known
hepatotoxin s was investigate di nth erat hepatocyt e cultures , under

th e previousl vy define d conditions

8.1 AGE ANDSEXOF HEPATOCYE DONOR P450-DEPENDENT ACTIVITIE S AND
MAINTENANE

It was suggeste di n Chapte r Thre e tha t th e maintenanc eof thre e of
the fou r alkoxycoumarinO-dealkylas e activitie sat 708o0r more of
thei r fres h activitie s ncontras ttoth eresut sof th e inta |
kineti ¢  experiments i n whic h none of th e actiite S were
maintained ) was duet oth eincrease dageof th edonor animals . The

result s presente d i n Chapte r Four confiirme dthi s suggestion

Ther e wer e difference sinfres hcel | activitie S betwee n immatur e and
adul t mal e rat_s and betwee nmal e and femal erats , wit h respec t t o
MCD an d PCOD activities , indicatin g that ther e ar e

developmental/gender difference s i n th e P450-isozyme complemen t

and/or th e regulato nof thes e activities . Thelo waffinit y for m
of PCOD activity , Whic hi sabsent i nadul tfemal erats , appear s t o
correspon d t o th e male-specific , steroi d Gﬁ-hydroxylase activity

wit h tota | MCODactivit y displayingan adul t male-specific componen t
(Chapte r Four) . I t i sthough t tha t thes e age and se x difference s

in P450 metabolismar eduet oth eeffect sof hormones , especially
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growt h  hormon e (an d possibl y th e thyroi d hormones) , on the
hepatocyte . Thes e differentia | hormona | effect smayals obelinke d
wit h th e lower P450-reductas e level s i n femal e rats |, whic h

Influence sth erat eof metabolis m(Skett , 1988 ; Waxmanet al., 1989) .

The difference s i n metabolism exten dt o maintenanc e i n primar vy
culture. A1l th e activitie s measure d wer e maintaine d at highe r
Tevels i n hepatocyte s culture dfo r24hour s fro madult male rat s
wit h a | 3 alkoxycoumarin O-dealkylas e activitie s remainin g biphasi ¢
in culture . Overall , thi s selectivit yfo r adul t mal erat swas los t
by 72 hour s i nculture ; onl yth e hig h affinit y foom sof ECOD and
PC@® wer e maintaine dat thi stim epoint . Thi si sconsisten t wit h
th e proposa | tha t P45 0 activitie s ar e maintaine d i n hepatocyte s fro m
adul t male s becaus e of th e reporte d predominanc e of slo w turnove r

P450s, compare dt ofemale s andImmatur emale s (Levi net al., 1975) .

It was als oobserve dtha t th e leas t wel | maintaine d activitie S wer e
thos e fo r whic h developmenta | regulaton , and therefor e hormona |
regulation , was indicated , whic himplie stha t thes eP450s ar e th e

rapi d turnove r form s describe d previousl y (Chapte r 4.4)

Thus, althoug ha rang e of P450-dependen t activitie S wer e maintaine d
bette r i n hepatocyte s fro m adul t mal erats , th e difference s i n
hepati ¢ P450 metabolis m and maintenanc edue t o age and gende r
demonstrate d her e ar e importan t per se, not only in makn g
inter-laboratory dat a comparison s but als o in assessin ¢

inter-individua | susceptibility t oiatrogeni ¢ hepati c injury . It
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is ofte n assumed that th e observe d sex difference s in drug

metabolis m i nth e laborator yra t hav e littl e relevanc et o Man, wher e

sex difference s ar eles smarked . |t i spossibl ethoug htha t it is
jus't mor e difficul t t o demonstrat e any difference  si nMan, due to
the Influence s of manyvarie dexogenou s factors . However , it is

well-know n tha t neonate s andyoun gchildre n(a swel | asth eelderly )
are mor e susceptibl et odrug-induce dtoxicit ytha nadult s (Hurwitz,

1969; Mirkin, 1970) .

8. 2 DIFFERENTIA L MAINTENANCE OF P45 0 ACTIVITIE S| NCULTURE

As describe d above , ther ewas a selectv elos s of P450-dependen t
O-dealkylas e activitie S i n hepatocyte s culture dfo r 24 hours . I n
Chapter Si x it was showntha t thi s selectivit y 1 n maintenanc e
extend s t o othe r enzym e activities . Incontro | culture sth e tota |
P450 fel | by 31 %but EMDMan d PNPH activitie swer ewel | maintaine d
over 24 hours , and EROD activit vy decline d slightly . However , ther e
was a 54 %los s of BZDMactivity . I'nthi srespec t BZDMi s simila r
to tota | MCQDan d PCOD activitie sinthatitispoorl ymaintained i n
culture . Induce d enzym e activities , however , wer ewel | maintained

for 2 4 hours .

It was suggeste di nth e precedin g section , andi nChapte r Four , tha t
it i s th e developmentally/hormonallyregulate dP450stha t are th e
most susceptibl e t o declinei n culture, possibl vy becaus e the y ar e
fast turnove r form s of P450 . | t was als osuggeste d tha t th e los s

of thes e foom s i n cultur ecoul dbea resul t of suppressio n of
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synthesi s duet oth epresenc eof hormone si nth e seru mtha t i s adde d

to th e medium (Chapte r 4.4) . Foeta | cal f seru m contain s
significant , but als o variabl e amounts , of growt h hormon e and
thyroi d hormone s (an d als o androgen s an d oestrogens ) whic h ar e know n
to hav e importan t regulator yeffect sonhepati cP450, eg . growt h
hormone and tri-iodothyronin e hav e bot h bee nshownt o suppres s th e
male-specifi ¢ 6[:3-hydroxy1ase (Yamazo eet al., 1989) . Othe r worker s
have reporte  dth eexpressio nof 1iver-specificP450si nvitro , onl y

in mediu m lackin g seru me.g . P450IA 2 (Sive r and Krauter , 1988) .

The presenc e of seru m coul d effectivel y ‘feminise ' th e P450
metabolism of th e hepatocytes , i na manner simila rt otha t see nwit h
growt h hormon e supplementation (Guzelianet al., 1988) . Seru m i s

routinel y Incorporate  d int o cel | cultur emediu m sinc e most cel |

types , includinghepatocyte s donot attac hand/o r gro wwell withou t
it . However , i t no wappear s tha t 'blanket ' addito nof hormone st o
cultur e medium, i n th efor mof serum, maybe responsibl e for at

leas t some of th e alteration s i nphenotyp e observe donplacin gcell s
int o culture . I n orde rt omaintai n constitutiv e expressio n in
vitro it may be necessar y t oreplac e serum-containin g medi a wit h
hormonally-defined media . Th e developmen t of appropriat e medi a wil |
be facilitatedby furthe r researc hint oth e hormona | regulato n of

th e differen  t P45 0 isozymes

8. 3 EFFECT OF EXOGENOS HAEMON MAINTENANCE OF P45 0
Addito n of exogenou s haem, ALA and Se did not affec t the

maintenanc e of alkoxycoumarin O-dealkylas e activitie S i n primar vy
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cultur e (Chapte r Three) . Engelman n et al. (1985 ) reporte d a

maintenanc e of tota | P450 i n mediu msupplemente dwit h haem, ALA and
Se, but the ydi dnot measur e any P450-dependen t activities . I nthei r
unsupplemente d cultures , th eP450conten t fel | t 075 %of th e fres h
cel | wvalue , equivalen tt oth eP4501leve | reporte di nChapte r Si x of
thi s stud y (70 %o f Inita | level si ncontro | culture sat 24 hours)

However, althoug h th eeffec t of haem-supplementedmediu m on tota |

P450 level swasnot determine di n Chapte r Three , i t d dnot preven t
the seleciv. elos sof MCODactivit yi nculture .  Thi s suggest s tha t
exogenou s haem may boos t tota | P4501levels , but that thi s masks

alteration s i nth e isozym e population

Engelmann et al. als oreporte dtha t haem, ALAand particularl y Se
were essenta | fo rinductio nof PA50byPBi nviro . Again , the y
measured tota | P450content . | nanexperimen t reporte di n Chapte r

Five , no inducto n of tota | MCODactivit ybyPB was observe d in
vitro, i nmediu mcontainin g haem, ALAand Se, wherea s thi s activit y
is induce d6fol dbyPBinvivo . Thelnduco noftota | PASObyPB
in vir owas not measured . Therefore , it seems tha t althoug h haem,

ALA and Semayincreas ePBinductio noftota | PA50i nvitro |, thi si s

not necessarii 'y an Increas e i n PB-specifi ¢ isozymes . Thi s als o
Infer s tha t determinatio noftota | PA50levels , i nth e absenc e of
any activit y and/o r immunochemica | data , i s not particularl y
informative . The result s presente di nChapter s Thre e and Fiv e

suggest that a reduce d hae msuppl ydoes not contibut e to th e
selectiv. e los s of P450 activii y an d Inducibilit yseen in primar y

culture.
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8. 4 INDUCTIO NOF P450 : METABOLISMAND TOXICIT Y

a. Inductio n inviv o

In Chapter s Five , Six andSeventh einducio n of P450 and it s
effect s o n metabolis man d toxicit vy wer e investigated : Inducto nof
the differen t famiie s and subfamiliesof P450 was demonstrate d
usin g fou r enzym e activitie S (Chapte r Six) . DEX, IS OandBNF eac h
produce d a characteristicallydifferen t profi e of enzym e activitie S
in hepatocyte s isolate d fro mrat streate di nvivo , wit h specifi c
Inducto n of EMDM PNPH and EROD respectively . PB, however ,
induce d al | th e chose n activitie S to some extent . The
non-selectivity of PB i nthi sstud ywas probabl y related to the
choice of substrate s and/o r inducers , as discusse di nChapte r 6.4 .
This approac h shoul dberefine dandextende dt oothe r inducer s (an d
in th e cas e of PB, othe r enzym e activities ) t o obtai n diagnosti ¢

profle s for th e differen t classe s of induce r (an d possibl vy

differen t inhibitors ) whic h cou d be a wusefu | tool in dug
developmen t fo r th e predicio nof possibl e dru g interactions , as
wel | a s identificatio nof nove | inducers/inhibitors.

The selectiv. e inducto n of P45 0 activitie s by differen t inducer s
indicate s th e involvemen t of specifi ¢ isozymes . Thes e Induce d

Isozyme s may be responsibl e for change s in toxict y due to

metabolism . The potentia | i nvitr otoxict yof seve n compounds ,
reporte d t o be hepatotoxic , afte rinducio ni nviv owit hPBand BNF
was als o investigate d (Chapte r Seven) . Of th efou r compound s tha t

were toxi ¢ t o hepatocyte s culture dfro muntreate drats , two were



-159-
more toxi ¢ t o hepatocyte s fro mPB-treate drat sandtw o wer e .more
toxi ¢ t o hepatocyte s fro mPB- an d BNF-treate drats . Treatmen t wit h
each induce r produce d significan t toxicit y in vitrowit hth e thre e
remainin g compounds , whic hwer e judge dt o b e relativel ynontoxi cto
culture s fro m untreate drats . Overall , th eresult sof th e stud vy
reporte d i n Chapte r Seve n agree d wellwit h available literaturedat a
on th e seve n compounds , althoug hther e wer e some discrepancies ,
particularl y wit h respec tt oth ei nviv odat awher e involvemen t of
non P450-mediate d metabolism, Includn gPhasel | metabolism, has
been implicate das a determinin gfacto r i nth etoxi c response . It
was observe d i n Chapte r Seve ntha t fo r some compound s ther e wer e

larg e variaton s i n respons e of th e culture d hepatocyte s fro m

individua | animal s (e.g . VPA), and fo r othe r compound s ther e was
very littl e variatio n (e.g . BHT, i n hepatocyte sfro m contro | and
BNF-treate d animals) . Thi s i snot necessarl ya problem , sinc e
inter-individua | variabilit yinrespons et oinducer sanddrug si san
importan t consideratio n i nmetabolis man d toxicit ystudies . I f the
variability can be reproduce d i n viro , the souc e of the
variability can be elucidated , whethe ritbedueto P450 isozym e

conten t (whic h varie swit hage, sex, Inducto netc. ) or competin g
P450 and intermediar y metabolic pathway s (VPA) . Inducto ncan als o

affec t Phas e | | metabolism , whic hcan Influenc eth efat eof product s

of P450 metabolis m (e.g . th eeffec t of glucuronidation on 41 P
toxicity) : Thi s stud y has showntha t toxicit yobserve d i n viv o

can bereproduce di nan inviv o induction-hepatocytecultur e system |,

and indicate s that , despit eth e problem stha t remai nt obe resolved,
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hepatocyt e culture s do have an importan t rol e i n toxicologica I
studies particularl y i n mechanisti ¢ studie s whic h ar e very

difficul ~ t t o perfor mi nvivo .

b. Inducto n in vitro

Unfortunately , attempt st oinduc e bot h P450-dependen t activitie sand
P450-medlate d toxicit y i nculture , wer e unsuccessful .  Ther e wer e
qualitativ. e an d quantitativ e difference s o n administratio nof PBand
BNF i n vitro . BNF di d Induc e ECOD activit yinvitro , but the
inductio n of tota | ECODactivit ywas greate r tha ntha t observe d in
viv o (Chapte r Five) . | ncontrast , wit hth eexcepto nof tota | ECOD
activity, Inductio n of activitie SsbyPBinvitr o was very poor.
Thi s suggest s tha t wherea s th e hig h affinit y componen t comprise s PB-
and BNF-inducibl e form s th e isozyme s Involve di ntota | ECOD activit vy
may be BNF-inducibleform stha t canals obelnduice dbyPBi n vitro .
This woul d explai n whytota | ECODactivi ywasth e onl y activit vy
induce d byPBi_nvitro . | nChapte r Si x i t was show ntha t BZDM an d
ERM® activitie s were induce d byPBinviv o to th e same exten t
(@oun d 7- and6-fold ) but BNFonl yinduce d EROD activity . Thisis
also consisten t wit hth eexistenc eof PB- and BNF-specific isozymes |,

in additio n t o BNF-inducibl e Isozyme s tha t als orespon dt o PB in
vitro. | t has bee nreporte dtha t P450IA1 , th e majo r BNF-inducibl e
Isozyme , increase d inuntreate d hepatocyt e primar y cultures and tha t
PB Induce d thi s for mfurthe r (Tume r et al., 1988 ; Chapte r 5.4)

Therefore anincreas ei nP450lIA 1 basa | level s couple dwit h P450IA 1

responsivenes s t o PBi nculture , coul d accoun t fo r PBInductio n
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of tota | ECODactivit yi_nvitr oi nth eabsenc eof MCODinductio n by
PB, and als o for th e increas ei nBNF inducto n of tota | ECOD
activit 'y i nvir oovertha t seeni nvivo . Also , constitutiv e EROD

activii 'y may beinducibl e by PBwherea s P450lA 1 induce d i n viv 0

isnot .

In addito nt oth eanomalou sinducto nof P450IA 1i nculture , it is

now know nthat , althoug htota | PASO0Ocanbeinduce di ncultur ebyPB,

ther e i snospecifi cinducto nof P4501IB1/2 . Thus, th eregulatio n
of PB inducto ni nvir oappear st ofal . Newevidenc e i s bein g
accumulate d on regulaio n of PBinducton : th ehepati ¢ level s of

P450IIB 1 and 2 can be suppresse d by growt h hormone and by
tri-iodothyronin e (Yamazoe et al., 1989) ; phosphorylation of
PB-inducibl e P450 s inhibit s thei r activity , and phosphorylation vi a
CAMP  isunde r hormona | contro | (Bartlomowiczet al., 1989 ; Koch and
Waxman 1989) . I't maybethat , lik eth e reduce d expressio n of
constitutive , liver-specific P450 s i n serum-containin g medium, th e
inducto n of P450s IIB | and2 i s suppresse d by serum . Anothe r
facto r coul dbe altere dregulatio nof transcriptio ninvitro . The
inia | decreas e of protei nsynthesi s i nvir o (Tanak aet al., 1978 )
ma affec t synthesi s of transcriptio nfactor s necessar y for PB
induction . Also , asdiscusse di nChapte r Five , ther eappeart o be
intrinsi ¢ difference s withi n th e hepatocyt e populato nwit h respec t
to induction , and thes e difference S are retane d in cultur e

(Gumucio , 1989 ; Bar s etal. , 1989) .
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Anothe r proble m wit h inducto ni nvitr oi stha t culture s must be

exposed t o induce r fo r severa | days , ove r whic h tim e perio d th e

tota | P450 i sdeclining . Thi slead st oreduce d metabolic , toxi ¢
and Inductio nresponses . | nChapte r Seven, Inductio ni nvitr o was
Investigate d fo r precocen e |1 and 4-lpomeanol . However in
contras t t 024 hour contro | hepatocytes , Pl | wasnottoxi ctoth e72
hour contro | cells.

8.5 TOXICIT Y STUDIES | NVITR O
Some of th e problem s associate dwit hth euseof culture d hepatocyte s

for metabolis m studie s have been discusse d i n the precedin g

sections . I tisclear , then , tha t carefu | though t must begive nt o
the developmen t of protocol s fo r th e investigatio nof toxicit 'y 1in
vitro.

The choic e of tim ei ncultur eprio rt oexposur et oxenobioti ci s a
crucia | decision , sinc e th e metaboli c stabilit yofth ecell smust be
balance d agains t th edeclin ei nP450. | nthi sstudy , hepatocyte s
were culture d for 24 hour sprio rt oexposur et oallo wfo r recover y
fro m th e isolatio  n procedur e andth e establishmentof a homogeneou s
cel I populaton . By24hours , a | th eviabl ecell shave flattene d
onto th e dish , and othe r worker s hav e suggeste dtha t th ecell s ar e
in a metabolicallystabl estat e (Tanaw aet al., 1978 ; Loﬁe z et al.,

1988) .
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It was als oclea r fro mth eresult s presente di n Chapter s Five , Si x
and Seve n tha t inter-individua | difference s i ntoxicit y and respons e
to inducer s persis t i nprimar yculture . Thi simplie stha t cell s
fro m a number of animal s shoul dbeused , rathe r tha nmany culture s
fro m th e same animal , t oasses sth etoxi ceffect s of xenohiotic sand
particularl y th e effect s of Inducto n o n toxicity . Thi s is les s
Important , however , i nmor e mechanisti c studies . |tisals o more
Informativ. e t o presen t th eresult sasarang eof ID50 value s or

ID30-50-7 O value s rathe r tha na singl e numerica | value

The toxicit 'y result s presente di n Chapte r Seve n agre e wel | wit h

othe r literatur e dat a onth e seve ncompound suse di n thi s study |,

whic h suggest s tha t ani nviv o Induction-hepatocyt e cultur e approac h
i s potentiall yver yusefu | fo r th e Investigatio nofth erol eof P450
i n hepatotoxicity , particularl y sinc emany aspect sof cel I functio n

can b e assesse d concurrentl ye.g . viabilit y and cellula r glutathione

8. 6 GENERA. CONCLUSIONS

This stud yhasshowntha titi spossibl et ouseculture dhepatocyte s
i n metabolis man d toxicit  y studies . |t has bee n show n that

- a rang eof P45 0 activitie s, bot h constitutiv eand induced |,

can bemaintaine dat hig h Tevelsi n hepatocyte s culture dfo r 24

hour s .

- difference s in P450 activi yandi nmaintenanc e of thes e

activitie swit hageandsexof hepatocyt e dono r exist
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- P45 0 activitie s ar e maintaine d bette r i n hepatocyte s culturedfro m
adul t mal e rats
- P450 activitie scanbeusedt oprofl eth edifferen t classe s of
Inducer
- inductio n i n viv ocouple dwit hhepatocyt ecultur e i s a usefu |
approac h fo r investigatin g metabolism-mediated toxicity

- toxicit yinviv ocanbereproduce di nanhepatocyt e cultur e system .

The mai n problem s tha t wer e identifie dinvov e th e behaviou r of
hepatocyte s i nculture , andth e alteration s i nphenotyp etha t occur

One of th e most importan t issue s tha t must be addresse d i s th e
effec t of th e variabl e (an d ofte n unphysiological ) level s of
hormones tha t ar eadde dt ocultur emediu minth efor mof serum. A
more  rationa | use of hormonally-defined medi a may enhanc e
maintenanc € of developmentally regulate d forms , i n addio n to

improvin g bot h th e overal | maintenanc e of th e constitutiv e P450

populatio n i_n vitr o andinductico nof P450s i n vivo. Also , P450
metabolism i n vir o cannot be investigate d i n isolation ,
particularl y wit h respec t toit srol e i n toxiciy : Thi s became
clear fro mth eresult s presente di n Chapte r Seven , i nwhic h some of

th e discrepancie swit hth ei nviv odat amaybe duet o alteration sin
Phase | | metabolismi nvitro . Les s i s know n abou t th e behaviou r
of non-MF O enzyme system s i n hepatocyt e cultur e eg . Phase ||
metabolism , FMO. The balanc e of th e actiitie s of a | thes e
systems i s crucia | i ndeterminin gwhethe r a compoun di s detoxifie d

or activated
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Overall , culture d hepatocyte swoul d see mt ohavea usefu | rol e to
play i n th e investigatio nof metabolism-mediatedtoxicty , in the
evaluatio n of potenta | an dactua | toxicity , and , particularly, in
elucidatio n of mechanism s o f hepatotoxicity . Furthe r researc hint o

the regulato n of P450 Inducto nand of hepati ¢ metabolis m i n
genera | shoul d greatl yenhanc eth e developmen t of a cultur e syste m
whic h mirror s th e situatio ni nvivo . Meanwhile ; much informatio n
can be obtaine d byth euseof careful yplanne dstudie s wit h due
considerato n of th e presen t limitation s governin g th e use of

primar y hepatocyt e cultures.
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