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ABSTRACT 

The ai m o f  thi s investigatio n wa s t o defin e th e i n vitr o condition s 

necessar y t o suppor t  cytochrom e P450-mediate d metabolis m i n ra t 

culture d hepatocytes ,  suc h tha t  thi s syste m coul d the n b e use d a s a n 

i n vitr o mode l  i n th e stud y o f  cytochrom e P450-mediate d cytotoxicity . 

Maintenanc e o f  P450-dependen t  enzym e activitie s i n cultur e wa s no t 

affecte d b y supplementatio n o f  cultur e mediu m wit h haem ,  bu t  wa s 

markedl y influence d b y th e ag e an d se x o f  th e hepatocyt e dono r 

animal . 

Inductio n i n primar y cultur e b y phenobarbiton e an d 

beta-naphthoflavon e wa s investigated ,  an d foun d t o b e quantitativel y 

and qualitativel y differen t  t o th e inductio n observe d i n vivo , 

hepatocyte s i n cultur e bein g particularl y refractiv e t o inductio n b y 

phenobarbitone .  Th e maintenanc e i n primar y cultur e o f  a  rang e o f 

enzyme activitie s wa s determine d followin g treatmen t  o f  rat s i n viv o 

wit h isoniazi d an d dexamethasone ,  i n additio n t o phenobarbiton e an d 

beta-naphthoflavone ,  an d i n general ,  ther e wa s goo d maintenanc e o f 

th e induce d activities .  Th e activitie s wer e chose n a s possibl e 

selectiv e substrate s fo r  th e differen t  induce d isozymes ,  wit h a  vie w 

t o usin g th e activit y profile s t o characteris e differen t  classe s o f 

inducer ;  however ,  althoug h selectiv e inductio n wa s observe d wit h 

isoniazid ,  beta-naphthoflavon e an d dexamethasone ,  al l  th e chose n 

activitie s wer e induce d b y phenobarbitone . 

The fina l  par t  o f  thi s wor k involve d determinin g cytotoxicit y i n 

vitro ,  followin g inductio n o f  P45 0 i n viv o wit h phenobarbiton e an d 



i i i 

beta-naphthoflavone .  Seve n know n hepatotoxin s wer e investigated , 

and th e result s obtaine d agree d wel l  wit h availabl e i n vitr o an d i n 

viv o literatur e data . 

I n summary ,  a  rang e o f  constitutiv e an d induce d enzym e activitie s 

wer e maintaine d a t  hig h level s i n hepatocyte s culture d fo r 

twenty-fou r  hour s fro m adul t  mal e rats ,  an d a n inductio n i n i / 

vivo/hepatocyt e cultur e protoco l  show n t o b e a  viabl e i n vitr o mode l 

fo r  th e stud y o f  metabolism-mediated  toxicity ,  a s a n alternativ e t o 

inductio n an d detectio n o f  toxicit y i n vitro . 
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ABBREVIATIONS 

Al l  abbreviation s ar e define d th e firs t  tim e tha t  the y appea r  i n th e 
text ,  wit h th e exceptio n o f  th e following ,  deeme d acceptabl e b y th e 
Biochemica l  Journa l  (257 :  1-21,1989 )  whic h ar e use d withou t 
definition : 

AMP adenosin e monophospat e 

ATP adenosin e triphosphat e 

CoA coenzym e A 

DNA deoxyribonuclei c aci d 

EDTA ethylenediaminetetraaceti c aci d 

EGTA ethyleneglycol-bi s (B-aminoethy l  ether ) 
N-̂  N j  N '  N'-tetraaceti c aci d 

FAD flavi n adenin e dinucleotid e 

FMN flavi n mononucleotid e 

HEPES N-(2-hydroxyethyl )  piperazine-N' -
(2-ethanesulphoni c acid ) 

NAD(H)  nicotinamid e adenin e dinucleotid e 

NADP(H)  nicotinamid e adenin e dinucleotid e phosphat e 

mRNA messenge r  ribonuclei c aci d 

Tri s tris(hydroxymethyl )  aminomethan e 

UDP uridin e diphosphat e 
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CHAPTER 1 

GENERAL INTRODUCTION 

The cytochrom e P45 0 mixed-functio n oxygenase s ar e involve d i n th e 

metabolis m o f  a  variet y o f  endogenou s substrates .  However ,  a 

considerabl e numbe r  o f  thes e enzyme s als o hav e th e capacit y t o 

metabolis e a  wid e rang e o f  structurall y divers e xenobiotic s 

includin g dietar y constituents ,  environmenta l  pollutants , 

insecticide s an d therapeuticall y administere d drugs .  Some o f  thes e 

xenobiotic s ar e noxiou s t o man pe r  se ,  bu t  man y other s ar e 

biotransforme d t o reactiv e highl y toxi c intermediates ,  predominantl y 

by th e actio n o f  cytochrom e P45 0 enzymes .  Thi s ca n lea d t o 

cellula r  dysfunction ,  carcinogenesi s an d death .  Th e functio n o f 

thes e enzyme s i s probabl y t o activat e compound s suc h tha t  the y ca n 

be detoxifie d b y th e actio n o f  conjugativ e enzymes ,  however ,  th e 

balanc e o f  thes e reaction s ca n b e disrupte d b y man y factors .  Th e 

potentia l  fo r  P45 0 t o generat e toxi c metabolite s ha s importan t 

ramification s i n man y area s o f  stud y e.g .  occupationa l  o r  accidenta l 

exposur e t o industria l  chemical s o r  environmenta l  pollutants ,  an d 

dru g development  an d therapy . 

The cytochrom e P450 s hav e bee n foun d i n mos t  o f  th e organism s i n 

whic h the y hav e bee n sought .  The y ar e als o foun d i n mos t  mammalia n 

tissues ,  henc e th e literatur e availabl e o n thes e enzyme s i s 

enormous ,  an d thi s revie w canno t  adequatel y cove r  ever y aspec t  o f 

P450 metabolism .  The  wor k presente d her e i s concerne d wit h hepati c 

P450 metabolis m an d toxicity ,  an d therefor e mos t  o f  thi s 
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introductio n i s confine d t o th e rol e o f  cytochrom e P45 0 i n hepati c 

biotransformation ,  an d th e developmen t  o f  toxicit y i n thi s organ . 

Where possible ,  referenc e i s mad e t o dru g metabolis m i n Man ; 

however ,  muc h o f  ou r  understandin g o f  P45 0 metabolis m ha s bee n 

obtaine d fro m roden t  studies ,  particularl y th e rabbit ,  ra t  an d 

mouse.  Thi s introductio n i s divide d int o fou r  mai n sections ;  th e 

latte r  part s dea l  wit h regulatio n o f  P45 0 expressio n an d wit h 

method s o f  studyin g hepati c dru g metabolism ;  th e firs t  par t  o f  thi s 

revie w deal s wit h th e integrate d rol e o f  P45 0 i n metabolism , 

particularl y i n th e liver . 

1. 1 CYTOCHROME P45 0 

1.1. 1 Backgroun d an d histor y 

Cytochrome s ar e electro n carrie r  protein s tha t  contai n 

iron-porphyri n prostheti c groups .  Electro n transfe r  i s effected  b y 

reversibl e valenc e change s o f  th e iro n durin g th e catalyti c cycle . 

The iro n i s complexe d t o th e porphyri n rin g b y co-ordinat e bond s 

(th e numbe r  o f  whic h determin e th e spin-stat e o f  th e cytochrome) . 

Most  cytochromes ,  includin g th e mitochondria l  respirator y 

cytochrome s an d cytochrom e P45 0 contai n a  hae m (iro n protoporphyri n 

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

I n 195 8 a  membrane-boun d cytochrom e wa s describe d tha t  ha d a n 

unusua l  absorptio n maximu m a t  450n m o 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 e wa s late r  characterize d a s a 

haemoprotei n an d designate d cytochrom e P45 0 (Omur a an d Sato ,  1962) . 
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P450 wa s late r  show n t o b e reduce d b y bot h NADH an d NADPH,  an d wa s 

rapidl y re-oxidise d i n th e presenc e o f  oxyge n (Omur a an d Sato , 

1964) .  I t  i s  no w know n tha t  ther e ar e multipl e isozymi c form s o f 

P450;  t o date ,  ove r  5 0 mammalia n gen e product s hav e bee n identifie d 

(Neber t  e t  al_. ,  1989) .  P450 s hav e bee n foun d i n bacteria ,  plant s 

and mos t  anima l  phyla ;  mammalia n P450 s ar e locate d i n th e 

endoplasmi c reticulu m (ER )  o f  mos t  tissue s (Fevold ,  1983 ;  Neber t  an d 

Gonzalez ,  1987) ,  an d ar e als o presen t  i n th e adrena l  mitochondri a 

(Neber t  an d Gonzalez ,  1987) .  Recen t  wor k o n th e topolog y o f  P450 s 

suggest s tha t  th e amino-termina l  amin o acids ,  whic h ar e 

predominantl y hydrophobi c residues ,  ancho r  th e cytochrom e i n th e E R 

membrane,  th e bul k o f  th e molecul e sittin g o n th e cytoplasmi c sid e 

possibl y wit h othe r  region s o f  th e molecul e traversin g th e membrane , 

and th e hae m grou p paralle l  to ,  o r  a t  a  sligh t  angl e t o th e membran e 

surfac e (Nelso n an d Strobel ,  1988 ;  Vergere s e t  al. ,  1989) . 

P450 i s th e termina l  oxidas e componen t  o f  th e microsoma l  electro n 

transpor t  syste m (Coope r  e t  al. ,  1965 )  whic h catalyse s mixe d 

functio n oxidatio n (MFO )  o f  a n extensiv e variet y o f  structurall y 

divers e endogenou s an d xenobioti c compound s (Tabl e 1.1) .  Thes e MFO 

reaction s serv e t o mak e lipophili c  compound s mor e hydrophili c  b y th e 

additio n o f  a  pola r  functiona l  group .  Thi s i s essentia l  i n th e 

detoxificatio n process ,  sinc e th e resultin g water-solubl e 

derivative s ca n the n b e metabolise d b y conjugativ e enzyme s t o 

readil y excretabl e compounds .  Metabolis m o f  xenobiotic s fall s  int o 

tw o mai n categories :  Phas e I ,  (oxidativ e o r  reductive )  whic h add s a 
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functiona l  group ,  an d Phas e I I  whic h ar e generall y th e tru e 

detoxificatio n reactions . 

1.1. 2 Chemistr y an d enzymolog y o f  MFO reaction s 

Ther e ar e thre e essentia l  component s o f  th e MFO system :  P450 , 

NADPH-cytochrom e P45 0 reductas e an d lipi d (L u an d Coon ,  1968 ;  L u £ t 

al. ,  1969) .  NADPH-cytochrom e P45 0 reductas e (P45 0 reductase )  i s a 

flavoprotei n containin g bot h FA D an d FMN prostheti c 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 .  P45 0 reductas e appear s t o b e a  'transducer ' 

protein ,  i n tha t  th e reductas e i s a  tw o electro n accepto r  wherea s 

P450 i s a  on e electro n acceptor .  Electron s ar e passe d sequentiall y 

fro m NADPH +  H" ^  t o FA D t o FMN t o P450 .  A  heat-stabl e lipi d 

component  i s als o require d fo r  MFO activit y an d appear s t o b e 

phosphatidylcholine .  Reconstitutio n studie s indicat e tha t  th e fatt y 

aci d compositio n i s als o vita l  fo r  activity ,  suggestin g tha t  th e 

compositio n o f  th e lipi d environmen t  o f  P45 0 i s a  determinin g facto r 

fo r  MFO activit y (Rietjen s e t  al. ,  1989) . 

The rol e o f  P45 0 i n MFO i s t o bin d bot h molecula r  oxyge n (Op )  an d 

th e substrate ,  cycli c oxidation/reductio n o f  P45 0 an d P45 0 reductas e 

resultin g i n th e catalyti c conversio n o f  th e substrate .  Substrat e 

bindin g t o th e ferri c for m o f  P45 0 change s th e absorbanc e spectru m 

of  th e cytochrome .  Thi s i s du e t o alteration s i n th e spi n 

equilibrium . 
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The spi n stat e i s determine d b y ligan d co-ordination .  I n additio n 

t o th e fou r  equatoria l  iron-pyrrol e nitroge n bond s ther e ar e 1 

(penta-co-ordinate )  o r  2  (hexa-co-ordinate )  axia l  bond s t o amin o 

aci d sid e chains .  Mos t  P450 s exis t  wit h th e spi n equilibriu m 

predominantl y i n th e low-spi n stat e (hexa-co-ordinate) ,  an d 

substrat e binding ,  usuall y t o th e protei n par t  o f  th e molecule , 

alter s th e conformatio n o f  th e protei n an d therefor e it s ligan d 

interaction s wit h th e hae m group .  Thi s cause s a  spin-stat e shif t 

t o predominantl y high-spi n configuration s (producin g a  Typ e I 

bindin g spectrum) .  Substrat e bindin g t o a  high-spi n for m i s though t 

t o b e vi a th e hae m iro n itsel f  producin g a  hexa-co-ordinate d 

low-spi n haemoprotei n an d a  Typ e I I  bindin g spectru m (Gibso n an d 

Skett ,  1986) .  Substrate s wer e originall y classifie d a s t o thei r 

abilit y  t o elici t  Typ e I  o r  I I  bindin g spectr a (Schenkma n e t  al. , 

1967) ,  befor e th e existenc e o f  multipl e isozyme s wa s full y realised . 

The overal l  stoichiometr y o f  MFO reaction s is : 

NADPH +  H" ^  +  O 2 +  S H ^^ —> NADP"^  +  H2 O +  SOH 

wher e S H i s th e substrate .  A  simplifie d versio n o f  th e catalyti c 

cycl e i s show n i n Figur e 1.1 .  Briefly ; 

(i )  Substrat e bind s t o P45 0 causin g a  shif t  i n spin-stat e an d a 

chang e i n redox  potentia l  whic h facilitate s electro n acceptance . 
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(ii )  Tw o electron s ar e transferre d fro m NADPH+H'* '  t o P45 0 reductase , 

and on e electro n transferre d fro m P45 0 reductas e t o P450 . 

(iii )  Bindin g o f  0- ^  t o th e reduce d P45 0 t o produc e a  highl y unstabl e 

oxy-ferrous-substrat e complex . 

(iv )  Secon d electro n reductio n b y P45 0 reductas e o r  cytochrom e b5 , 

oxyge n insertio n (vi a a  peroxy-intermediate? )  an d produc t  release . 

Thes e latte r  step s ar e no t  wel l  characterized ,  alon g wit h th e rol e 

of  cytochrom e b 5 i n th e catalyti c cycle .  Cytochrom e b 5 ca n for m a 

covalen t  comple x wit h P45 0 tha t  seem s t o enhanc e bindin g o f  selecte d 

substrates ,  an d als o th e shif t  i n spin-stat e equilibrium ,  fo r 

certai n isozyme s (Jansso n e t  al. ,  1985) . 

Also ,  th e secon d electro n may b e donate d eithe r  b y th e reductas e o r 

by b5 ,  whic h ca n als o b e reduce d b y cytochrom e b 5 reductase ,  wit h 

NADH a s th e electro n donor .  Thes e electron s ar e transferre d t o 

steary l  Co A desaturase ,  bu t  i t  no w seem s tha t  the y ca n als o b e 

passe d fro m b 5 t o P450 ,  explainin g th e observe d NADH synergis m o n 

NADPH-supporte d metabolis m (Schenkma n e t  al. ,  1976) . 

I t  ha s als o bee n suggeste d tha t  b 5 increase s th e 'coupling '  o f  th e 

cycle .  Durin g th e catalyti c cycle ,  ther e i s a n increas e i n hydroge n 
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peroxid e (HpOo )  formation ,  sinc e P45 0 als o ha s a n oxidas e activit y 

concomitan t  wit h monooxygenatio n o f  substrates : 

NADPH +  H" ^  +  O2 >  NADP"^  +  H2O2 

Thi s activit y ha s bee n viewe d a s a n 'uncoupling '  o f  electro n 

transfe r  fro m substrat e oxidation .  Th e bindin g o f  b 5 t o P45 0 may 

resul t  i n tighte r  couplin g du e t o mor e efficient/faste r  electro n 

transfer .  I t  shoul d b e note d tha t  P45 0 isozyme s tha t  exis t  a s 

predominantl y hig h —spi n form s i.e .  P450nEl ,  hav e hig h endogenou s 

oxidas e activit y (Gorsk y e t  al_. ,  1984 ;  Ingelman-Sundber g an d 

Johansson ,  1984) . 

1.1. 3 Isozymi c form s o f  P45 0 

P450 exist s a s a  superfamil y o f  isozymi c forms ,  whic h account s fo r 

th e observe d broa d an d overlappin g substrat e specificity .  Th e 

isozyme s hav e bee n organise d int o thirtee n familie s base d o n th e 

divergen t  evolutio n o f  th e P45 0 gene s derive d fro m protei n primar y 

sequenc e alignmen t  dat a (Neber t  e t  al. ,  1988 ;  1989) .  Familie s I-I V 

contai n mos t  o f  th e mammalia n hepati c cataboli c P450s ;  familie s 

XVII ,  XIX ,  XX I  an d XXI I  compris e th e mammalia n extrahepati c P450 s 

involve d i n steroi d biosynthesi s whil e famil y X I  contain s th e 

mitochondria l  P450 s tha t  us e adrenodoxi n fo r  electro n transfer .  I n 

additio n ther e ar e th e yeas t  (L I  an d LII )  bacteria l  (C I  an d CII )  an d 

insec t  (VI )  familie s (Gonzalez ,  1989) . 
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The isozyme s hav e bee n classifie d int o familie s an d subfamilie s 

base d o n th e percentag e similarit y o f  thei r  primar y sequences .  I n 

general ,  ther e i s les s tha n 40 % similarit y betwee n isozyme s o f 

differen t  families .  Sequence s withi n a  famil y ar e take n t o b e 

greate r  tha n 40 % similar ,  an d greate r  tha n 59 % simila r  fo r  mammalia n 

subfamilies .  Also ,  sequence s tha t  ar e mor e tha n 97 % simila r  ar e 

assumed t o b e alleli c  variants ,  unles s demonstrate d t o b e differen t 

gene products .  Thi s classificatio n ha s enable d a  standar d 

nomenclatur e fo r  P450 s t o b e devised .  Tabl e 1. 2 give s th e standar d 

nomenclatur e fo r  th e mai n hepati c P450 s fro m familie s I  -  III . 

Thi s nomenclatur e fo r  P45 0 protein s (e.g .  P450IA1 )  an d gene s 

(CYPlAl )  wil l  b e use d her e throughout ,  wher e possible . 

Althoug h th e sequenc e similarit y betwee n isozyme s fro m bacteri a an d 

mammals i s les s tha n 25% ,  ther e i s sufficien t  localise d sequenc e 

identit y t o classif y thes e isozyme s a s member s o f  on e superfamil y 

e.g .  ther e i s a  highl y conserve d 21-residu e cysteiny l  fragmen t 

associate d wit h th e haem-bindin g pocke t  tha t  i s  presen t  i n al l 

eukaryoti c P450 s an d th e prokaryoti c P45 0 C I  (Neber t  an d Gonzalez , 

1987) . 

Ther e i s muc h speculatio n a s t o wh y ther e ar e s o man y P45 0 isozymes . 

Diversificatio n o f  P45 0 form s probabl y occurre d a s specie s adapte d 

t o ne w environments .  I t  ha s bee n suggeste d tha t  change s i n dietar y 

flor a necessitate d th e developmen t  o f  enzym e system s tha t  coul d 

detoxif y and/o r  utilis e man y o f  th e plan t  products .  I n orde r  t o b e 
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an evolutionar y success ,  a n organis m mus t  b e abl e t o protec t  itsel f 

fro m environmenta l  poison s an d surviv e o n ne w energ y source s 

(Gonzalez ,  1989) . 

The P450 I  famil y 

Ther e ar e tw o protein s i n thi s family :  P450IA 1 i s foun d i n mos t 

phyl a fro m insect s upward s t o th e mammals ,  wherea s IA 2 appear s t o b e 

expresse d onl y i n th e live r  (Gonzalez ,  1989) .  However ,  despit e th e 

ubiquitou s natur e o f  lAl ,  n o endogenou s substrat e ha s bee n 

identifie d fo r  thi s P450 .  lA l  metabolise s planar ,  aromati c 

compounds e.g .  benzo-[a]-pyren e an d 7-ethoxyresorufin ;  IA 2 

metabolise s predominantl y arylamines .  Bot h gene s ar e inducibl e b y 

polycycli c aromati c hydrocarbon s e.g .  tetrachlorodibenzo-(p)-dioxi n 

(TCDD) ,  3-methylcholanthren e (3-MC )  an d beta-naphthoflavon e (BNF ; 

Haugen e t  al. ,  1976 ;  Thoma s e t  al. ,  1983) . 

The P450I I  famil y 

The P450I I  famil y ha s fiv e mai n subfamilie s A  t o E .  Ther e ar e a t 

leas t  thre e ra t  gene s i n th e II A subfamily :  CYP2A1 an d CYP2A2 ar e 

expresse d i n th e liver ,  an d althoug h the y exhibi t  93 % nucleotid e 

sequenc e similarity ,  the y ar e differentiall y  an d developmentall y 

regulated .  IIA l  i s  a  testosterone-7o k -hydroxylase ,  an d IIA 2 a  l5o ( 

-hydroxylase .  A  thir d gen e i s expresse d i n ra t  lung ,  althoug h it s 

orthologu e i n th e mous e i s expresse d i n th e live r  an d kidne y 

(Matsunag a e ta l . ,  1988 ;  Gonzalez ,  1989) . 
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Ther e ar e a t  leas t  te n gene s i n th e II B subfamily ,  th e ra t 

phenobarbiton e (PB)-inducibl e gene s bein g CYP2B1 an d 2 ,  th e 

protein s havin g simila r  substrat e specificitie s e.g .  fo r 

benzphetamin e an d testosteron e (Rya n e t  al. ,  1979) .  Thes e gene s 

see m t o hav e diverge d fro m eac h othe r  recentl y i n th e rat ,  a s mos t 

rodent s d o no t  hav e orthologue s fo r  bot h thes e gene s (Adesni k an d 

Atchison ,  1986) . 

The li e subfamil y contain s mostl y constitutiv e P450s ,  man y o f  whic h 

ar e developmentally/se x regulated ,  althoug h som e ar e inducibl e b y 

PB.  Th e ra t  ha s a t  leas t  fiv e gene s an d on e pseudogene .  Thes e 

includ e th e male-specifi c IICl l  an d 1 3 an d th e female-specifi c  IIC 7 

and 1 2 isozyme s involve d i n steroi d hydroxylation s (Waxma n e t  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 II D subfamil y i s highl y polymorphi c i n th e ra t  an d th e human , 

bein g involve d i n debrisoquin e metabolism .  Thi s subfamil y appear s 

t o hav e a  uniqu e lineage ,  bein g les s simila r  t o th e othe r 

subfamilie s (Gonzale z e t  al. ,  1988 ;  Gonzalez ,  1989) . 

The H E subfamil y contain s tw o genes ,  although ,  t o dat e onl y rabbit s 

hav e bee n show n t o posses s bot h genes ,  howeve r  ther e i s differentia l 

tissu e expressio n (Porte r  e t  a1. ,  1989) .  P450IIE 1 i s inducibl e b y 

ethano l  (Rya n e ta l . ,  1986) ,  diabete s an d fastin g (M a e ta l . ,  1989 ) 
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and aceton e (Johansso n e t  al_. ,  1988) ,  an d substrate s includ e 

acetone ,  acetoacetate ,  halothan e an d pyridine .  Thi s P45 0 may pla y 

a rol e i n gluconeogenesi s durin g fastin g (Gonzalez ,  1989) . 

The P450II I  family . 

Ther e ar e t o dat e si x gene s i n thi s family :  2  rat ,  3  huma n an d 1 

rabbit .  Of  th e ra t  genes ,  CYP3A1 i s inducibl e b y pregnenolone-16« . 

-carbonitril e an d dexamethason e (Dex ;  Heuman e t  al. ,  1982) ,  wherea s 

CYP3A2 i s constitutiv e i n mal e rats .  Macrolid e antibiotic s als o 

induc e P450III A protein s (Wrighto n e t  al. ,  1978) .  However ,  i t  ha s 

been difficul t  t o reconcil e interlaborator y dat a wit h respec t  t o th e 

multipl e isozyme s i n thi s family ,  an d thu s correspondenc e o f 

differen t  isozyme s fro m differen t  groups .  I t  may b e therefore , 

tha t  ther e ar e several ,  ver y closel y relate d isozyme s i n thi s 

family ,  al l  o f  whic h hav e no t  ye t  bee n resolve d (Halpert ,  1988) . 

Bot h gen e product s appea r  t o posses s testosterone-6 p -hydroxylas e 

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

The P450I V family . 

These constitutiv e P450 s catalys e th e -v-hydroxylatio n o f  1  auri c 

aci d an d arachidoni c aci d an d ar e inducibl e b y hypolipidaemi c drug s 

tha t  ar e als o roden t  peroxisom e proliferator s e.g .  clofibri c aci d 

(Tamburin i  etal. ,  1984 ;  Hardwic k etal. ,  1987) . 
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1. 2 REGULATION OF P45 0 EXPRESSION 

P450 expressio n i s regulate d a t  tw o levels .  Physiologica l  an d 

environmenta l  factor s alte r  th e isozym e complemen t  o f  a n orga n b y 

influencin g th e molecula r  mechanism s responsibl e fo r  gen e 

expression ,  whil e regulatio n a t  th e molecula r  leve l  ca n b e vi a 

contro l  o f  gen e transcription ,  mRNA and/o r  apoprotei n stabilit y  an d 

haem biosynthesis/degradation .  Thes e wil l  b e discusse d belo w 

(1.2.3) .  Many factor s hav e bee n show n t o affec t  P45 0 expression : 

ther e ar e compound s tha t  induc e thei r  ow n biotransformatio n and/o r 

th e metabolis m o f  othe r  substances ,  i n additio n t o physiologica l 

condition s tha t  affec t  primaril y constitutiv e P450s .  I n bot h 

cases ,  alteration s i n isozym e complemen t  ca n hav e profoun d effect s 

on metabolism/toxicit y o f  P45 0 substrates ,  bot h endogenou s an d 

xenobiotic .  Inductio n an d contro l  o f  constitutiv e expressio n ar e 

discusse d i n th e followin g sections ,  an d althoug h deal t  wit h 

separately ,  ar e no t  completel y discret e processes . 

1.2. 1 Constitutiv e P45 0 expressio n 

Ther e ar e many factor s tha t  ar e know n t o influenc e constitutiv e 

expressio n o f  P450 ,  includin g genotype ,  hormone s an d live r  disease , 

as wel l  a s infection ,  starvatio n an d stres s (Vesell ,  1988) . 

Genotyp e Specie s an d strai n difference s i n P45 0 metabolis m i n 

experimenta l  animal s hav e bee n recognise d fo r  a  lon g tim e (Kato , 

1979) ,  bu t  i t  i s  no w know n tha t  ther e ar e severa l  example s o f  geneti c 

polymorphism s fo r  dru g metabolis m i n Man ,  som e wit h racia l 
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difference s i n distributio n frequency .  On e o f  th e bes t 

characterize d i s th e polymorphi c metabolis m o f  th e anti-hypertensiv e 

drug ,  debrisoquin e (DB) .  Th e 4-hydroxylatio n o f  D B show s a  bimoda l 

distributio n betwee n th e extensiv e metaboliser s an d th e poo r 

metaboliser s (wh o excret e n o 4-hydroxydebrisoquine) ,  wit h a  lo w 

incidenc e o f  poo r  metabolisers .  Th e deficien t  hydroxylatio n o f  D B i s 

an autosoma l  recessiv e trait ,  an d i s associate d wit h deficien t 

metabolis m o f  severa l  othe r  drug s e.g .  sparteine ,  phenytoi n an d 

phenacetin ,  an d i s du e t o th e absenc e o f  a  singl e P45 0 isozyme : 

P450IID 1 (Maghou b e t  al_. ,  1977 ;  Gonzale z e t  al_. ,  1988) . 

Mephenytoi n metabolis m i s als o polymorphi c i n humans ,  a s wel l  a s th e 

non-P450-mediate d N-acetylatio n o f  man y drug s e.g .  isoniazi d (Lev i 

et  a1. ,  1968 ;  Gonzalez ,  1989) . 

Tissue-specifi c  regulatio n Man y P450 s exhibi t  tissue-specifi c 

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

unknown .  P450IIB 1 i s constitutivel y expresse d i n th e lun g an d 

testis ,  bu t  no t  i n th e live r  o f  untreate d rats ,  wherea s IIB 2 i s onl y 

detectabl e i n th e live r  o f  untreate d animals .  P450IA 2 als o appear s 

t o b e liver-specifi c  a s ar e IIAl ,  IIA 2 an d IICl l  (Neber t  an d 

Gonzalez ,  1988 ;  Gonzalez ,  1989) .  Recently ,  a n olfactory-specifi c 

P450 wa s identifie d whic h appear s t o b e a  member  o f  th e I I  gen e 

famil y (Ne f  e t  a1. ,  1989) ;  th e P450I V family ,  i n contrast ,  may b e 

more ubiquitous ,  havin g bee n foun d i n liver ,  lung ,  kidney ,  placenta , 

intestin e an d leukocyte s (Gonzalez ,  1989) . 
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Hormonal  regulatio n Hormona l  influence s o n P45 0 expressio n cove r  a 

wid e rang e o f  condition s includin g pregnanc y an d lactation ,  diabete s 

and fasting ,  an d i s als o th e basi s o f  ag e an d se x difference s i n 

dru g metabolism ,  e.g .  7-propoxycoumari n 0-dealkylatio n (Kamatak i  et^ 

al. ,  1980) ,  hexachlorobenzen e metabolis m (Rizzardin i  an d Smith , 

1982) ,  phenytoi n metabolis m (Billings ,  1983) .  Ag e an d se x 

difference s i n dru g metabolis m ar e relate d t o P450-mediate d steroi d 

metabolis m whic h i s regulate d b y growt h hormone ;  th e secretio n an d 

effect s o f  growt h hormon e ar e discusse d i n detai l  i n Chapte r  Fou r 

and wil l  onl y b e outline d here .  Briefly ,  mos t  P450 s ar e no t 

expresse d prenatally :  birth ,  weanin g an d pubert y eac h influenc e th e 

P450 profil e (Waxma n e t  al. ,  1985 )  i n particular ,  neonatal ,  gonada l 

androge n productio n imprint s th e adul t  patter n o f  pituitar y growt h 

hormon e secretion ,  whic h i s differen t  i n male s an d female s an d whic h 

the n influence s hepati c P45 0 expression ,  primaril y vi a suppressio n 

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

Thyroi d hormone s affec t  P45 0 expression ,  althoug h thei r  exac t  mod e 

of  actio n i s unclear .  Thyroxin e appear s t o markedl y affec t  th e 

level s o f  P45 0 reductas e (Kato ,  1977 ;  Waxman e t  al_. ,  1989) ,  an d 

thyroidectom y ha s bee n show n t o hav e substrat e an d sex-specifi c 

effect s o n P45 0 metabolism ,  whic h ca n b e reverse d o r  enhance d b y 

subsequen t  administratio n o f  thyroxin e (Skett ,  1987) .  Th e 

confusin g pictur e o f  thyroi d effect s o n P45 0 metabolis m ma y b e a 

resul t  o f  th e failur e i n earl y studie s t 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 e thyroi d suppressio n o f  P45 0 appear s t o b e particularl y 

marke d fo r  neonatall y expresse d P450 s (Yamazo e e t  al. ,  1989) . 

Ther e i s a  genera l  decreas e i n dru g metabolis m i n th e pregnan t  rat , 

though t  t o b e associate d wit h increase d progestage n level s (Gibso n 

and Skett ,  1986) ,  Decrease s i n anilin e hydroxylatio n an d 

ethylmorphin e N-demethylatio n wer e parallele d b y change s i n P45 0 

conten t  (Kato ,  1977) .  Thes e change s als o correlat e wit h th e reporte d 

decrease s i n tota l  microsoma l  phospholipi d conten t  an d th e 

phosphatidylcholine :  phosphotidylethanolamin e rati o i n pregnancy , 

alon g wit h th e decrease d proportio n o f  P45 0 i n th e high -  spi n stat e 

(Turca n e t  al. ,  1981 ;  Symon s e t  al. ,  1982) .  Th e lipi d compositio n 

of  reconstitute d system s i s know n t o markedl y affec t  P45 0 activit y 

(Yamazo e e t  al_. ,  1988) .  I t  ha s bee n suggeste d tha t 

sex-differentiate d activitie s a s wel l  a s th e pregnancy-associate d 

inhibitio n o f  dru g metabolis m ar e du e t o specifi c  lipi d requirement s 

of  differen t  isozyme s (Skett ,  1987) . 

Diabetes ,  althoug h a  diseas e state ,  i s  a  hormonally-base d disorder , 

and it s effect s o n P45 0 wil l  thu s b e discusse d here . 

Chemically-induce d o r  spontaneou s diabete s mellitu s dramaticall y 

alter s dru g metabolis m i n th e mal e rat ,  effect s i n th e femal e bein g 

les s marke d (Kat o an d Gillette ,  1965a ;  Skett ,  1987) .  I n acut e 

chemically-induce d diabetes ,  ther e i s suppressio n o f  male-specifi c 

and increase s i n female-specifi c  activitie s i n th e mal e rat ,  whic h 

can b e reverse d b y insuli n replacemen t  treatmen t  (Kat o an d Gillette , 
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1965a) .  Thi s i s als o see n i n geneticall y diabeti c rats ,  wher e i t 

was als o show n tha t  diabeti c male s ha d lowe r  seru m testosteron e 

level s tha n th e contro l  male s (Warre n e t  al. ,  1983) .  Castratio n an d 

diabete s appea r  t o hav e simila r  effect s o n mal e rats ,  i n tha t 

androgens ,  lik e insulin ,  ca n partiall y  revers e th e effect s o f 

diabetes .  However ,  th e time-course s o f  change s i n dru g metabolis m 

and seru m testosteron e level s d o no t  correlat e wit h eac h othe r 

(Skett ,  1987) .  Despit e this ,  i t  ha s bee n propose d tha t  insuli n an d 

androgen s may ac t  throug h a  common mediato r  i.e .  growt h hormone , 

thi s bein g a  feminisin g factor ,  an d insuli n a  masculinisin g facto r 

wit h respec t  t o P45 0 metabolis m (Skett ,  1987) . 

I n additio n t o effect s o n sex-differentiate d metabolism ,  diabete s 

induce s a  specifi c  P45 0 isozyme ,  P450IIE 1 (Bellwar d f t  al̂ . ,  1988) . 

Thi s isozym e i s als o induce d b y ethano l  an d isoniazi d an d i s 

associate d wit h anilin e hydroxylas e activit y (Rya n e t  al_. ,  1986) . 

Fastin g an d obesit y als o induc e IIE l  (Hon g e t  al. ,  1987 ;  Salaza r  et ^ 

al, ,  1988) .  Fastin g appear s t o exaggerat e se x difference s i n P45 0 

metabolism ,  wit h male-typ e metabolis m bein g depressed ,  a s i n 

diabete s (Kat o an d Gillette ,  1965b ;  Ma e t  al, ,  1989) .  Fastin g an d 

diabetes ,  however ,  d o no t  hav e identica l  effect s o n P45 0 isozym e 

expression ;  althoug h IICl l  an d IIA l  wer e decrease d b y bot h 

conditions ,  fastin g decrease d an d diabete s increase d th e PCN- E 

isozym e ( a male-specifi c  steroi d 6/ 3 -hydroxylase) ;  fastin g als o 

increase d tota l  P45 0 wherea s diabete s ha d n o effec t  o n th e tota l 

microsoma l  P45 0 conten t  (M a e t  al, ,  1989) ,  Th e inductio n o f  IIE l 
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i n diabete s an d fastin g i s associate d wit h ketosi s (Hon n e t  al. , 

1977 ;  Bellwar d e t  al. ,  1988) ;  IIE l  i s  als o inducibl e b y aceton e an d 

acetoacetat e an d i t  ha s bee n suggeste d tha t  IIE l  i s  involve d i n th e 

gluconeogeni c respons e t o glucos e deficienc y (Gonzalez ,  1989) . 

However ,  ther e ar e molecula r  difference s i n IIE l  inductio n b y 

aceton e an d fastin g -  thes e wil l  b e discusse d i n sectio n 1.2.3 . 

Diseas e Man y live r  disorder s ca n adversel y affec t  dru g metabolism ; 

cirrhosi s an d chroni c vira l  hepatiti s  ca n reduc e th e numbe r  o f 

functiona l  hepatocyte s an d an y diseas e tha t  affect s bloo d flo w 

throug h th e live r  ca n affec t  extractio n an d clearanc e (Kato ,  1977) . 

I n general ,  th e impairmen t  o f  dru g metabolis m i n chroni c live r 

diseas e correlate s wit h th e severit y o f  dysfunction . 

Relativel y littl e i s know n abou t  th e effect s o f  th e porphyria s o n 

dru g metabolism ,  althoug h clearl y deficiencie s i n hae m biosynthesi s 

or  increase d degradatio n wil l  reduc e th e amoun t  o f  P450-holoenzyme . 

Regulatio n o f  hae m biosynthesi s an d degradatio n i n relatio n t o P45 0 

activit y i s discusse d i n Chapte r  Three .  However ,  i t  i s  know n tha t 

TCDD,  oestrogen s an d hexachlorobenzen e ca n induc e hepati c porphyria s 

i n Man an d experimenta l  animal s (Rizzardin i  an d Smith ,  1982) ,  an d 

tha t  acut e intermitten t  porphyri a selectivel y impair s dru g 

metabolis m (Anderso n e t  al. ,  1976) . 
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1.2. 2 Inductio n o f  P45 0 

Conney e t  al .  (1956 )  firs t  reporte d th e inductio n o f  aminoaz o dy e 

metabolis m b y 3-methylcholanthren e (3-MC) .  Th e enzym e induce d wa s 

benzpyren e hydroxylas e o r  ary l  hydrocarbo n hydroxylas e (AHH) ,  no w 

known t o b e associate d wit h P450IA1 .  P450IA1 ,  an d t o a  lesse r 

extent ,  IA 2 hav e bee n show n t o b e inducibl e b y th e polycycli c 

aromati c hydrocarbon s (PAH) ,  e.g .  3-MC ,  BNF an d TCDD,  isosafrol e 

bein g mor e selectiv e fo r  P450IA 2 inductio n (Conne y e t  al. ,  1967 ; 

Thomas e t  al. ,  1983) .  Th e earl y wor k o n PAH-inductio n o f  P45 0 wa s 

facilitate d b y th e discover y o f  a  polymorphis m i n mic e wit h respec t 

t o responsivenes s t o PAH-inductio n o f  AHH.  P B an d PCN wer e show n 

t o induc e differen t  protein s t o BNF an d TCDD i n responsiv e mic e 

strains ;  i n non-responsiv e strain s ther e wa s n o inductio n o f  AHH b y 

BNF o r  TCDD (Hauge n e t  al. ,  1976) .  TCDD wa s show n t o b e a  poten t 

ligan d fo r  a  recepto r  whos e bindin g affinit y segregate d wit h 

AHH-responsivenes s i n mice ,  an d subsequentl y cytosoli c 

receptor-boun d TCDD wa s show n t o b e th e facto r  responsibl e fo r  AHH 

induction ;  thi s recepto r  i s encode d b y th e £ h locu s (Polan d e t  al. , 

1976 ;  Gonzalez ,  1989) .  Th e TCDD-recepto r  comple x appear s t o 

translocat e int o th e nucleu s wher e i t  act s a s a  positiv e 

transcriptiona l  activatio n element ,  possibl y bindin g t o regulator y 

element s tha t  hav e bee n identifie d upstrea m o f  th e CYPlA l  gen e 

(Gonzalez ,  1989) . 

Autoregulatio n o f  th e ̂  locu s b y a n endogenou s represso r  ha s bee n 

postulate d fro m wor k usin g cel l  line s wit h norma l  recepto r  level s bu t 
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no AHH induction .  I n thes e cel l  line s howeve r  ther e i s hig h 

constitutiv e expressio n o f  lA l  mRNA,  i.e .  i n th e absenc e o f  inducer . 

Thes e mRNAs code d fo r  defectiv e proteins ,  an d i t  wa s suggeste d tha t 

th e lA l  enzym e metabolise s a n endogenou s compoun d t o a  represso r  o f 

th e Al l  locu s (Hankinso n e t  al. ,  1985) . 

Severa l  othe r  enzyme s ar e associate d wit h th e jftl i  locu s includin g a 

glutathion e transferase ,  NAD(P)H:menadion e oxidoreductase ,  a 

UDP-glucurony l  transferas e an d P450IA 2 (Neber t  an d Gonzalez ,  1988 ; 

Gonzalez ,  1989) ,  suggestin g tha t  ther e i s co-ordinat e regulatio n o f 

certai n component s o f  Phas e I  an d I I  metabolism . 

I n contras t  t o PAH-inductio n o f  P450 ,  very littl e i s know n abou t  th e 

mechanis m o f  P B induction ,  othe r  tha n tha t  P B stimulate s d e nov o 

synthesi s o f  P450 ,  an d ther e i s n o evidenc e fo r  th e involvemen t  o f  a 

recepto r  (Adesni k e t  al. ,  1981) .  P B induce s proliferatio n o f  th e 

ER,  an d i n additio n t o inductio n o f  tota l  P45 0 an d P450 s IIB l  an d 

IIB2 ,  level s o f  P45 0 reductase ,  epoxid e hydrolas e an d a 

UDP-glucurony l  transferas e ar e als o increase d (Hardwic k e t  al. , 

1983a) .  Th e P450IIIA1/ 2 protein s an d als o som e member s o f  th e II C 

subfamil y ar e als o inducibl e b y P B (Gonzalez ,  1989) .  Inductio n o f 

IIB l  an d 2  i s co-ordinate ,  bu t  th e transcriptio n rat e i s differen t 

t o tha t  o f  th e reductas e an d epoxid e hydrolas e (Hardwic k e t  al. , 

1983a) .  Othe r  inducer s o f  IIBl/ 2 includ e SKF-525A ,  isoniazid , 

chlordan e an d Arochlo r  125 4 (Gonzalez ,  1989) . 
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Isoniazid ,  aceton e an d ethano l  al l  induc e P450IIE1 ,  whic h i s als o 

inducibl e b y fastin g an d diabete s (se e sectio n 1.2.1 .  above) .  Th e 

mechanis m o f  inductio n appear s t o b e primaril y post-transcriptiona l 

and i s discusse d below . 

P450s i n th e III A famil y ar e inducibl e b y syntheti c glucocorticoid s 

(e.g .  DEX)  an d syntheti c steroid s (e.g .  PCN an d betamethasone )  a s 

wel l  a s hydrocortison e an d corticosterone ,  Progesterones , 

oestrogens ,  androgen s an d mineralocorticold s d o no t  induc e thes e 

P450s (Schuet z e t  al_. ,  1984) .  DEX an d PCN bot h induc e th e sam e 

P450,  IIIAl ,  DEX bein g th e bette r  induce r  (Heuma n e t  &]_., 1982 ; 

Hardwic k e t  al. ,  1983b) .  DEX/PC N induc e th e sam e protei n i n 

culture d hepatocyte s a s i n viv o (Schuet z e t  al. ,  1984) .  Inductio n 

of  P45 0 doe s no t  appea r  t o b e mediate d b y th e glucocorticoi d 

receptor :  concentrations ,  time-course s an d ran k orde r  o f  potenc y o f 

th e steroid s ar e differen t  fo r  inductio n o f  P45 0 an d tyrosin e 

aminotransferas e (Schuet z an d Guzelian ,  1984) .  P B an d 

organochlorin e pesticide s als o induc e on e o f  th e III A protein s 

(Heuman e t  al. ,  1982 ;  Schuet z e t  al. ,  1986) . 

Clofibrat e an d othe r  hypolipidaemi c agent s induc e peroxisoma l  an d 

microsoma l  protein s involve d i n fatt y aci d /3-oxidation ,  includin g 

P450IVA1 ;  thi s P45 0 ha s n o immunocrossreactivit y wit h th e PAH- ,  PCN-

or  PB-inducibl e P450 s (Tamburin i  e t  al. ,  1984 ;  Hardwic k  et al_. , 

1987) . 
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1.2. 3 Molecula r  mechanism s o f  regulatio n 

Transcriptiona l  activatio n Thi s i s th e majo r  regulator y mechanis m 

durin g developmenta l  inductio n o f  P45 0 activities ,  an d mos t 

xenobioti c inducer s increas e gen e transcriptio n t o a  greate r  o r 

lesse r  extent .  Inductio n o f  P450IA 1 b y PAHs an d IIBl/ 2 b y P B i s 

almos t  exclusivel y transcriptiona l  (Adesni k an d Atchison ,  1986 ; 

Gonzalez ,  1989) .  PCN an d DEX bot h transcriptionall y activat e th e 

CYP3A gene s (Hardwic k e t  al. ,  1983b ;  Simmon s e t  al. ,  1987) . 

Post-transcriptiona l  regulatio n Thi s ca n involv e stabilisatio n o f 

mRNA o r  o f  protein .  Transcriptio n o f  P450IA 2 i n viv o i s activate d 

two-fol d b y 3-M C bu t  ther e i s a  30-fol d accumulatio n o f  protein ; 

simila r  result s wer e obtaine d i n hepatocyt e cultures ,  suggestin g a 

considerabl e post-transcriptiona l  componen t  i n IA 2 regulatio n (Pasc o 

et al_. ,  1988 ;  Silve r  an d Krauter ,  1988) .  DEX,  i n additio n t o 

transcriptiona l  activatio n o f  th e CYP3A genes ,  induce s P450 s IIBl/ 2 

and P45 0 reductas e vi a mRNA stabilisatio n (Simmon s e t  al, ,  1987) . 

Macrolid e antibiotic s e.g .  triacety l  oleandomyci n (TAO )  hav e bee n 

shown t o induc e a  protei n i n vitro ,  indistinguishabl e fro m a 

PCN-inducibl e protein ,  i n th e absenc e o f  a n increas e i n mRNA.  I t 

was propose d tha t  TA O boun d t o th e P45 0 inhibitin g it s degradation , 

thu s stabilisin g (an d inactivating )  th e P45 0 (Watkin s e t  al. ,  1986) . 

IIE l  expressio n i s als o induce d i n th e absenc e o f  an y 

transcriptiona l  activation .  I n untreate d rat s IIE l  degradatio n 

appear s t o b e biphasic ,  wherea s degradatio n i s monophasi c i n 
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pyrazole-treate d rats .  Dimethy l  sulphoxid e an d ethano l  increase d 

IIE l  protei n 2 -  t o 7-fold ,  althoug h ther e wa s n o increas e i n mRNA 

level s (Eliasso n e t  al. ,  1988) ;  i n contrast ,  fastin g increase d bot h 

protei n an d mRNA level s (Hon n e t  al, ,  1987) .  I t  ha s bee n suggeste d 

tha t  ligan d bindin g b y smal l  organi c molecule s stabilise s IIE l 

protei n b y inhibitin g degradatio n wherea s fastin g an d diabete s 

inhibi t  RNA catabolis m (Eliasso n e t  al. ,  1988 ;  Gonzalez ,  1989) . 

1.2.4 .  Inhibitio n o f  P45 0 Inductio n an d inactivatio n o f 

steroid-inducibl e P450 s b y TA O wa s mentione d above .  Othe r 

compounds ,  particularl y inhibitor s o f  P45 0 metabolism ,  interac t  wit h 

th e protei n t o inactivat e it .  Inhibitor s suc h a s SKF-525A ,  safrol e 

and piperony l  butoxid e for m stable ,  inactiv e complexe s wit h P450 : 

th e inactivatio n i s usuall y reversible ,  an d thes e compound s d o no t 

destro y th e haemoprotein .  Thi s typ e o f  inactivatio n require s 

metabolis m o f  th e inhibito r  b y P45 0 (Netter ,  1980) ,  Safrol e an d 

alpha-naphthoflavon e selectivel y inhibi t  th e PAH-inducibl e P450 s 

(Delaforg e e t  al. ,  1985) ,  SKF-525 A an d metyrapon e preferentiall y 

inactivat e PB-inducibl e P450 s (Netter ,  1980 ;  Parkinso n et al̂ , , 

1982) .  Metyrapon e i s a  pyridin e derivative ,  an d bind s a t  (o r  near ) 

th e hae m iro n centre ,  lik e carbo n monoxide ,  s o tha t  th e haemoprotei n 

canno t  bin d oxyge n (Netter ,  1980) .  Ther e ar e als o suicid e 

substrate s o f  P45 0 tha t  ar e metabolise d t o intermediate s tha t 

irreversibl y alkylat e th e P45 0 hae m group ,  resultin g i n hae m 

degradatio n an d accumulatio n o f  porphyrin s e.g .  man y olefin s an d 

acetylene s lik e allylisopropylacetamid e an d ethinyloestradiol . 
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Nitrosamine s ca n als o alkylat e hae m group s (Orti z d e Montellan o an d 

Correia ,  1983) .  Meta l  ion s als o inhibi t  P450 : 

cobalt-protoporphyrin s decreas e tota l  P45 0 an d tota l  hae m an d als o 

induc e hae m oxygenas e (Galbrait h an d Jellinck ,  1989) ;  zinc ,  i n th e 

for m o f  a  zinc-protoporphyrin ,  inhibit s P45 0 metabolis m an d 

decrease s P45 0 conten t  (Matsuur a e t  al. ,  1988 )  an d ma y decreas e th e 

abilit y  o f  P45 0 t o interac t  wit h substrat e and/o r  reductas e 

(Jeffery ,  1982) . 

Recentl y i t  ha s bee n show n tha t  P45 0 i s a  substrat e fo r 

cyclic-AMP-dependen t  kinas e (Pyeri n e t  al. ,  1984 )  an d tha t 

phosphorylatio n inhibit s P45 0 activity :  IIBl/ 2 ar e markedl y 

phosphorylated ,  leadin g t o inactivatio n (Koc h an d Waxman,  1989) . 

Phosphorylatio n i s als o associate d wit h a n increas e i n P42 0 

(Taniguch i  e t  al. ,  1985) .  Phosphorylatio n als o inhibite d th e 

b5-induce d spin-stat e transitio n an d b 5 interactio n wit h P45 0 

(Epstei n e t  al. ,  1989) . 

1. 3 P45 0 AND XENOBIOTI C METABOLISM 

The P450/MF 0 i s th e majo r  contributor y componen t  t o Phas e I 

xenobioti c metabolism ,  however ,  ther e ar e othe r  oxidativ e enzym e 

system s includin g th e alcoho l  an d aldehyd e dehydrogenases ,  xanthin e 

oxidas e an d monoamin e oxidase .  I n addition ,  th e reductases ,  P45 0 

reductas e an d menadione:NAD(P) H oxidoreductas e ca n contribut e t o 

Phase I  metabolis m (Gibso n an d Skett ,  1986 ;  Ziegler ,  1988) .  Ther e 

i s als o a  flavi n monooxygenase .  Thi s flavoprotei n i s a n integra l 
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microsoma l  membran e protei n wit h a  broa d substrat e specificity , 

activ e toward s sulphur ,  phosphoru s an d nitroge n centre s e.g . 

thioureas ,  hydrazine s (Ziegler ,  1988) , 

Phase I  metabolis m produce s intermediate s whic h ar e no t  necessaril y 

les s toxi c tha n th e paren t  compound ,  an d hav e severa l  possibl e 

fates .  The y ca n interac t  wit h cellula r  component s whic h ma y caus e 

toxicity ,  o r  the y may b e furthe r  metabolise d b y th e Phas e I I 

conjugatio n enzymes .  Thi s usuall y result s i n a  hydrophilic , 

readil y excretabl e metabolite .  Thes e reaction s involv e conjugatio n 

of  reactiv e intermediate s wit h a  variet y o f  molecule s e.g .  sugars , 

sulphat e an d amin o acids ,  thes e cofactor s usuall y requirin g 

activatio n prio r  t o reactio n (Gibso n an d Skett ,  1986) .  A s wit h 

Phase I  activities ,  man y endogenou s compound s ar e substrate s fo r 

Phase I I  metabolis m (Tabl e 1.3) . 

The majo r  conjugatio n reactio n fo r  detoxificatio n o f  a  rang e o f 

xenobioti c compound s i s glucuronidation .  UDP-D-glucuroni c aci d ca n 

be transferre d t o a  variet y o f  functiona l  group s b y th e 

UDP-glucuronyltransferase s (UDPGTs )  t o for m a  glucuroni c aci d 

conjugate .  Thes e molecule s ar e ver y pola r  an d easil y excretable . 

The UDPGTs hav e recentl y bee n reviewe d (Burchel l  an d Coughtrie , 

1989) .  Th e live r  i s th e mos t  importan t  sit e o f  glucuronidatio n fo r 

many compound s e.g .  clofibrat e an d valproi c aci d (Howel l  e t  al. , 

1986 )  an d paracetamo l  (Prescot t  e t  al, ,  1981) .  Th e UDPGTs exis t  a s a 

famil y o f  microsoma l  isozymes ,  lik e th e P450s ,  an d ther e i s 
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differentia l  inductio n o f  th e isozymes ,  i n Man an d rats ,  b y th e 

common MFO inducer s includin g PB ,  3-M C an d clofibrat e (Thompso n ej t 

al. ,  1982) .  Ofte n ther e i s simultaneou s inductio n o f  MFO an d 

conjugatio n enzyme s (Hardwic k e t  al. ,  1983a) . 

The sulphotransferase s ar e solubl e enzyme s tha t  als o exis t  i n 

multipl e forms ,  bu t  i n general ,  sulphatio n i s les s importan t  tha n 

glucuronidatio n i n Man an d rats ,  du e t o th e limite d availabilit y  o f 

activate d sulphat e (phosphoadenosine-5'-phosphosulphate ;  Gibso n an d 

Skett ,  1986) .  Paracetamo l  an d 2  -acetylaminofluoren e ar e tw o o f  th e 

many drug s wher e sulphatio n i s involve d i n th e metabolis m (Prescot t 

et  al. ,  1981 ;  Meerma n e t  al. ,  1987) . 

The glutathion e transferase s ar e anothe r  famil y o f  solubl e isozymes , 

tha t  ar e als o inducibl e b y MFO inducers .  The y catalys e 

glutathione-conjugatio n e.g .  o f  paracetamol ,  bu t 

glutathion e (GSH)ca n als o spontaneousl y bin d t o drug s e,g , 

tetracyclin e (Gibso n an d Skett ,  1988) .  GSH-conjugate s ca n b e 

furthe r  metabolise d b y th e intestina l  flor a an d th e kidne y 

C-S-lyases ,  t o mercapturi c acid s (Jakoby ,  1988) .  Glycin e 

conjugation ,  methylatio n an d hydrolysi s ar e othe r  Phas e I I 

reactions ,  bu t  thes e ar e relativel y mino r  pathway s o f  metabolis m 

(Jakoby ,  1988) . 

Althoug h Phas e I  metabolis m i s ofte n referre d t o a s th e activatio n 

phase ,  an d Phas e I I  metabolis m a s detoxification ,  i t  i s  mor e a  cas e 
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of  Phas e I  an d I I  metabolis m togethe r  resultin g i n detoxification . 

The interaction s betwee n th e two ,  especiall y unde r  condition s o f 

enzyme inductio n o r  limite d cofacto r  availability ,  wil l  determin e 

th e eventua l  fat e an d intracellula r  effect s o f  a  potentia l  toxin , 

1.3. 1 Factor s affectin g dru g metabolis m 

The mai n biochemica l  factor s tha t  influenc e P45 0 activit y ar e oxyge n 

suppl y an d substrat e availability .  Oxyge n i s essentia l  fo r  MFO 

activity ,  an d unde r  norma l  circumstance s i s readil y available . 

However  i n th e centr e o f  a n orga n lik e th e liver ,  an d unde r  certai n 

pathologica l  condition s oxyge n suppl y ma y b e limitin g resultin g i n a 

predominanc e o f  reductiv e metabolism ,  whic h may markedl y alte r  th e 

metaboli c profil e o f  a  drug ,  e.g .  halothan e ca n b e metabolise d b y 

oxidativ e an d reductiv e P45 0 pathways ,  whic h yiel d differen t 

metabolite s wit h differen t  toxi c potential s (Timbre l  1 ,  1983) . 

Intra-tissu e 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 activit y (se e 

below) . 

Substrat e availabilit y  i s  als o importan t  i n determinin g P45 0 

activity :  th e lipophilicit y o f  a  compoun d wil l  affec t  it s  acces s t o 

th e membrane-boun d P450 s an d plasm a bindin g wil l  affec t  it s 

availabilit y  t o th e hepatocytes .  Biliar y excretio n an d 

enterohepati c recirculation ,  e.g .  o f  glucuronides ,  ca n als o affec t 

bioavailabilit y  (Gibso n an d Skett ,  1986) . 
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Cofacto r  suppl y ca n limi t  P45 0 reactions :  NADPH i s produce d b y th e 

pentos e phosphat e pathway ,  bu t  i s als o require d fo r  fatt y aci d 

biosynthesi s an d th e reductio n o f  oxidize d glutathion e (Thurma n an d 

Kauffman ,  1980) .  Thu s NADPH conten t  i s determine d b y prevailin g 

metaboli c condition s an d ma y b e limitin g durin g oxidativ e stress . 

Cofacto r  suppl y als o influence s Phas e I I  metabolis m e.g . 

UDP-glucuroni c aci d forme d fro m glucose-1-phosphate ,  whic h i s 

derive d fro m NAD -dependen t  glycogeni c pathways ,  may b e deplete d 

durin g glucuronidatio n o f  xenobiotic s e.g .  paracetamo l  (Howel l  £ t 

al. ,  1986 ;  Hjell e et al_, ,  1986) .  Maintenanc e o f  adequat e GSH 

level s i s als o importan t  i n preventin g oxidativ e stress .  The  factor s 

tha t  influenc e dru g metabolis m hav e al l  bee n extensivel y reviewed , 

especiall y wit h respec t  t o th e live r  (Thurma n an d Kauffman ,  1980 ; 

Gibso n an d Skett ,  1986) . 

The majo r  determinant  o f  th e metaboli c profil e o f  a  compoun d i s th e 

P450 isozym e complemen t  o f  th e organ/cel l  (an d t o a  lesse r  extent , 

th e distributio n o f  Phas e I I  enzymes) .  Differentia l  P45 0 isozym e 

expressio n i s probabl y on e o f  th e mai n explanation s fo r 

organ-specifi c  toxicit y althoug h extra-hepati c toxicit y may als o b e 

strongl y influence d b y othe r  factor s e.g .  solut e concentratio n i n 

th e kidne y an d oxyge n tensio n i n th e lung ;  tissue-specifi c 

difference s i n isozym e expressio n wer e discusse d i n 1.2.1 .  Althoug h 

th e live r  i s th e mai n sit e o f  MFO metabolis m an d a  primar y targe t 

fo r  MFO-generate d toxins ,  ther e ar e wel l  documente d example s o f 

non-hepati c MFO-activate d toxin s e.g .  th e pulmonar y toxin . 
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4-ipomeano l  (Boy d an d Burka ,  1978) ;  rena l  toxicit y o f  chlorofor m an d 

benzen e toxicit y t o bon e marro w (Gra m e t  al. ,  1986) , 

Wit h respec t  t o th e live r  itself ,  i t  ha s bee n propose d tha t  ther e i s 

metaboli c heterogeneit y withi n th e functiona l  uni t  o f  th e liver .  Th e 

acinu s a s th e functiona l  uni t  o f  th e live r  wa s firs t  describe d i n 

1954(Rappapor t  e t  al ,) ,  an d represent s th e cellula r  organisatio n 

aroun d th e hepati c bloo d vessel s (Figur e 1.2) ,  Bloo d flo w i s 

unidirectiona l  an d sequentia l  acros s th e acinu s fro m th e hepati c 

porta l  venule s t o th e hepati c venules ,  an d th e acinu s i s divide d 

int o thre e zones .  Zon e 1  i s th e periporta l  regio n an d zon e 3  th e 

perivenou s region .  Functiona l  difference s betwee n th e tw o ar e 

though t  t o relat e t o compositio n o f  th e perfusin g blood ;  periporta l 

hepatocyte s ar e expose d t o highe r  concentration s o f  solute s an d 

oxyge n (Gumucio ,  1989) ,  Man y metaboli c processe s appea r  t o b e 

regulate d b y bloo d compositio n e.g .  th e zona l  site s o f  maxima l 

oxyge n consumptio n an d carbohydrat e metabolis m chang e a s th e 

directio n o f  perfusio n i s changed .  Althoug h th e oxyge n tensio n o f 

th e sinusoida l  bloo d migh t  b e expecte d t o affec t  MFO activity ,  i n 

fac t  activit y seem s t o b e unaffecte d b y th e directio n o f  bloo d flo w 

and instea d appear s t o b e associate d wit h perivenou s hepatocyte s 

suggestin g a  heterogeneou s distributio n o f  P45 0 isozyme s (Gumucio , 

1989) .  Man y hepatotoxin s e.g .  paracetamol ,  carbo n tetrachloride , 

caus e predominantl y zon e 3  necrosi s i.e .  perivenous ,  whic h als o 

suggest s tha t  P450 s may no t  b e evenl y distribute d withi n th e acinus . 

Alternatively ,  zon e 3  hepatocyte s ma y b e mor e susceptibl e t o damage 
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fro m P450-generate d metabolite s e.g .  lo w level s o f  glutathion e 

peroxidas e i n perivenou s hepatocyte s hav e bee n reporte d (Ker a et_ 

al. ,  1987) ,  Fro m th e wor k tha t  ha s bee n don e t o date ,  P450IIE1 , 

IIBl/ 2 an d lA l  appea r  t o b e predominantl y expresse d i n th e 

centrilobula r  regio n o r  zon e 3  (Gumuci o an d Chianale ,  1988 ; 

Ingelman-Sundber g e t  al, ,  1988) . 
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1. 4 METHODS OF STUDYING HEPATI C DRUG METABOLISM AND TOXICIT Y 

1.4. 1 I n viv o an d perfuse d orga n studie s 

Ther e ar e man y differen t  technique s availabl e fo r  studyin g 

P450-mediate d metabolis m an d toxicit y includin g whol e anima l 

studies ,  intac t  cells ,  us e o f  subcellula r  fraction s an d purifie d 

isozymes .  I n viv o metabolis m studie s involv e samplin g o f  urine , 

seru m o r  expire d ai r  afte r  administratio n o f  a  drug ,  followe d b y 

analysi s o f  metabolite s o r  biochemica l  indicator s o f  tissu e damage . 

Thus ,  th e differen t  metabolite s o f  a  radiolabelle d dos e o f 

antipyrin e ca n b e recovere d fro m samples ,  providin g informatio n o n 

th e exten t  o f  metabolism ,  th e relativ e proportion s o f  th e variou s 

metabolite s an d thei r  rat e o f  productio n an d clearanc e (Poulse n an d 

Loft ,  1988) ,  whils t  th e presenc e o f  liver-specifi c  enzyme s suc h a s 

aspartat e an d alanin e aminotransferase s i n seru m sample s ar e 

sensitiv e indicator s o f  th e exten t  an d severit y o f  hepati c damag e 

(dependin g o n whethe r  th e enzym e i s cytoplasmi c o r  organellar ; 

Anima l  Clinica l  Association ,  1988) .  However ,  whol e anima l  studie s 

ar e slo w an d costl y an d unsuitabl e fo r  mechanisti c studie s o r 

investigation s int o dru g effect s a t  th e cellula r  level .  Fo r  thes e 

reason s investigator s hav e turne d t o i n vitr o method s o f  studyin g 

metabolism . 

The perfuse d live r  ha s bee n use d a s a n alternativ e t o i n viv o 

studie s o f  dru g metabolism .  Th e live r  i s perfuse d vi a th e porta l 

vein ,  bu t  thi s mus t  b e initiate d i n sit u t o reduc e th e perio d o f 
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potentiall y  deleteriou s anoxi a (Thurma n an d Kaufmann ,  1980) .  Th e 

advantage s o f  thi s syste m ar e tha t  i t  i s  eas y t o sampl e th e 

perfusate ,  th e tissu e ca n b e freeze-clampe d prio r  t o futur e analysi s 

and condition s ca n b e carefull y controlled ,  wit h hig h dose s o f  dru g 

bein g administere d withou t  th e complicatio n o f  toxicit y i n a  whol e 

animal .  Thi s approac h ha s bee n use d t o investigat e man y aspect s o f 

dru g metabolis m includin g measuremen t  o f  bindin g spectr a an d redo x 

state s o f  P45 0 (Sie s an d Brauser ,  1970 )  an d th e biotransformatio n o f 

drug s (e.g .  valproi c acid ,  Rettenmeie r  e t  al. ,  1985) .  However ,  th e 

viabilit y  o f  thes e perfuse d organ s i s limite d t o a  fe w hours ,  hig h 

flo w rate s mus t  b e use d fo r  haemoglobin-fre e perfusate s (whic h i s 

necessar y sinc e th e presenc e o f  haemoglobi n decrease s MFO activity , 

interfere s wit h fluorescenc e measurement s an d result s i n progressiv e 

haemolysis )  an d larg e volume s o f  perfusat e ar e require d i n 

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

1.4. 2 I n vitr o technique s 

Sinc e th e P45 0 syste m i s locate d i n th e ER,  microsoma l  fraction s 

hav e bee n use d t o stud y dru g metabolis m an d toxicit y a t  th e 

subcellula r  level .  Th e studie s includ e measuremen t  o f  spectra l 

change s o n bindin g o f  substrat e t o P45 0 (Schenkma n f t  al̂ . ,  1967 ) 

determinatio n o f  P450-dependen t  enzym e kinetic s (Boobi s  et al_. , 

1981) ;  th e metaboli c activatio n o f  hepatotoxi c compound s (Boy d £ t 

a ] . ,  1978 ;  Ravindranat h an d Boyd ,  1985) ;  th e detectio n o f  reactiv e 

metabolite s (Garl e an d Fry ,  1989) .  However ,  althoug h microsoma l 

fraction s ca n generat e activ e metabolites ,  n o informatio n i s 
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obtaine d abou t  possibl e cytotoxicit y o f  thes e metabolites .  Ther e 

hav e bee n attempt s t o combin e roden t  S- 9 fraction s (9000 g 

supernatant :  microsome s an d cytosol )  wit h culture d cell s t o detec t 

cytotoxi c metabolite s e.g .  th e activatio n o f  bromobenzen e b y S- 9 

fraction s t o metabolite s cytotoxi c t o culture d Chines e hamste r 

fibroblas t  cell s (Horne r  e t  al. ,  1987) ;  however ,  th e us e o f  thi s 

approac h i s no t  widesprea d i n cytotoxicit y studies ,  althoug h 

microsomes/S- 9 fraction s ar e routinel y use d a s th e activatio n syste m 

i n i n vitr o mutagenesi s assay s (Maro n an d Ames ,  1983) . 

I t  i s  no w possibl e t o isolat e an d purif y individua l  P45 0 enzymes , 

fro m solubilise d microsome s an d examin e thei r  catalyti c propertie s 

i n reconstitute d system s (L u an d West ,  1980) .  P450s ,  lik e othe r 

proteins ,  ca n b e purifie d b y ge l  electrophoresis ,  althoug h 

resolutio n o f  individua l  isozyme s b y differentia l  mobilit y  du e t o 

molecula r  weigh t  i s difficult ,  sinc e th e molecula r  weigh t  o f  mos t 

P450s i s i n th e 45,000-60,00 0 dalto n weigh t  range .  Purificatio n an d 

characterizatio n o f  isozymi c form s ha s bee n facilitate d b y th e us e 

of  antibodies ,  althoug h crossreactivit y wit h closel y relate d 

isozyme s i s alway s possible ,  eve n wit h monoclona l  antibodie s 

(Gonzalez ,  1989) . 

However ,  th e us e o f  antibodies ,  i n combinatio n wit h microsome s an d 

purifie d P450 s i n reconstitute d system s ha s allowe d bot h 

quantitatio n o f  differen t  isozyme s an d estimation s o f  isozymi c 
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contribution s t o metabolis m t o b e mad e e.g .  a n antibod y t o P450IIA 1 

tha t  inhibite d mor e tha n 98 % o f  microsoma l  testosteron e -  7D ( 

-hydroxylas e activit y wa s use d t o prob e th e effect s o f  age ,  se x an d 

xenobiotic s o n P450IIA 1 expressio n (Arlott o an d Parkinson ,  1989) ; 

antibodie s hav e bee n use d i n conjunctio n wit h microsome s an d 

reconstitute d system s t o identif y P450IIC6 ,  IICl l  an d IIB l  a s th e 

isozyme s tha t  ar e primaril y responsibl e fo r  th e activatio n o f 

cyclophosphamid e (Clark e an d Waxman,  1989) .  Ther e ar e disadvantage s 

t o th e us e o f  thes e systems :  incorporatio n o f  differen t  lipid s i n 

th e reconsitute d system s ca n affec t  th e measure d catalyti c rat e 

(Yamazo e e t  al. ,  1988) ;  purifie d P450 s may exhibi t  activitie s o n 

reconstitutio n tha t  canno t  b e inhibite d b y specifi c  antibodie s t o 

th e isozym e an d vic e vers a (Waxma n e t  al. ,  1985 ;  Yamazo e e t  al. , 

1988) ;  ther e i s als o th e proble m o f  crossreactivit y o f  antibod y 

preparation s wit h mor e tha n on e isozyme . 

Ther e ar e othe r  difficultie s associate d wit h biochemica l  technique s 

fo r  isolatio n an d purificatio n o f  P45 0 isozymes ,  i n tha t  intrinsi c 

membrane protein s ar e difficul t  t o purify ,  particularl y th e mino r 

form s expresse d a t  "jery lo w level s (e.g .  extrahepati c P450s) .  Ther e 

i s als o th e proble m o f  homogeneity ,  sinc e wery simila r  P450 s ca n 

hav e identica l  SDS-ge l  mobilities ,  amino-termina l  primar y sequence s 

and reaction s wit h antibodies .  Thes e problem s ca n b e largel y 

overcom e b y th e us e o f  molecula r  biologica l  techniques .  I t  i s 

possibl e t o generat e cDN A (complementar y DNA)  librarie s fro m mRNAs 

isolate d fro m untreate d o r  induce d animals .  Clone s o f  thes e cDNAs 
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can the n b e screene d wit h cDN A probe s synthesize d fro m th e mRNAs, 

Thi s metho d ca n als o b e use d fo r  lo w abundanc e mRNAs,  b y screenin g 

wit h antibodies .  The  developmen t  o f  cDN A expressio n vector s ha s 

furthe r  aide d th e isolatio n o f  mino r  P45 0 isozyme s (Gonzalez ,  1989) . 

Purifie d P450 s ar e particularl y usefu l  fo r  investigatin g substrat e 

specificit y an d catalyti c activit y o f  individua l  isozyme s (assumin g 

tha t  th e preparatio n i s homogeneou s fo r  a  singl e isozyme) .  I n 

addition ,  purifie d P450 s an d cDNAs ca n b e use d t o analys e th e 

primar y amin o aci d an d nucleotid e sequence s o f  th e P450s .  Thi s ha s 

allowe d th e evolutionar y an d structura l  relationship s betwee n 

differen t  isozyme s t o b e explore d (Neber t  an d Gonzalez ,  1987) . 

The majo r  limitatio n t o th e us e o f  subcellula r  -fraction s an d 

purifie d isozyme s i s i n th e effect s o f  P450-metabolis m o n th e intac t 

cell ,  an d th e assessmen t  o f  toxi c potential .  Intac t  cel l  system s 

posses s th e Phas e I I  enzym e system s i n additio n t o th e MFO system , 

and sinc e th e balanc e betwee n thes e tw o system s i s crucia l  fo r 

determinin g th e toxicit y o f  man y compound s th e development  o f  intac t 

cel l  system s fo r  metabolis m studie s ha s receive d muc h attentio n i n 

th e las t  twent y years . 

1.4. 3 Intac t  cel l  system s 

The us e o f  intac t  cells ,  i.e .  isolate d hepatocytes ,  culture d 

hepatocyte s an d cel l  lines ,  ha s severa l  advantage s ove r  th e 

sub-cellula r  preparation s discusse d above ,  includin g th e presenc e o f 
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intac t  intracellula r  organisation .  Phas e I  an d Phas e I I  metabolis m 

and physiologica l  level s o f  co-factor s (Fry ,  1982) .  I n addition , 

hepatocyte s ca n b e isolate d fro m othe r  live r  cell s an d maintaine d i n 

a define d environmen t  fre e fro m nervou s an d hormona l  influences .  A 

preparatio n o f  phenotypicall y simila r  cell s ca n b e obtained ,  an d 

many parameter s o f  cellula r  function/metabolis m ca n b e examine d 

concurrently .  Isolate d hepatocyte s hav e bee n use d t o stud y man y 

aspect s o f  dru g metabolis m e.g .  th e metabolis m o f  menadion e (Tho r  f t 

al. ,  1982) ;  th e effec t  o f  tert-buty l  hydroperoxid e metabolis m o n th e 

pentos e phospat e pathwa y (Rus h an d Alberts ,  1985) ;  th e effec t  o f 

ascorbi c aci d o n conjugatio n o f  4-hydroxybipheny l  (Paterso n an d Fry , 

1983) ;  specie s difference s i n paracetamo l  toxicit y (Te e f t  al_. , 

1987) ;  th e effec t  o f  inductio n o n th e covalen t  bindin g o f  valproi c 

aci d (Porube k e t  al. ,  1989b) .  Althoug h th e cell s ar e intact ,  ther e 

i s disruption  o f  th e spatia l  heterogeneit y o f  th e live r  (Thurma n an d 

Kauffman ,  1980) ;  however ,  th e majo r  drawbac k t o th e us e o f  isolate d 

hepatocyte s i s thei r  limite d life-spa n i n suspensio n (severa l 

hours) .  I n orde r  t o prolon g th e usefu l  lif e spa n o f  hepatocyte s fo r 

i n vitr o studies ,  method s o f  primar y cultur e wer e devised ,  an d thes e 

ar e discusse d i n th e followin g section . 
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1.4. 4 Hepatocyte s i n primar y cultur e 

I n th e earl y seventies ,  i t  wa s reporte d tha t  a  hig h yiel d o f  viabl e 

hepatocyte s coul d b e isolate d fro m adul t  rat s b y collagenase -

hyaluronidas e perfusio n o f  th e liver ,  an d tha t  thes e cell s coul d b e 

readil y culture d (lype ,  1971 ;  William s an d Gunn ,  1974) .  Afte r  a n 

initia l  burs t  o f  proliferativ e activit y th e culture s becam e stati c 

and man y o f  th e cell s died .  Sinc e th e report s o f  thes e earl y 

studie s tha t  establishe d tha t  hepatocyte s coul d surviv e i n primar y 

culture ,  a  larg e volum e o f  researc h ha s ensue d t o enhanc e th e 

longevit y an d improv e th e maintenanc e o f  th e phenotyp e o f 

hepatocyte s i n culture . 

Some o f  th e earlies t  wor k investigate d th e effect s o f  medi a 

composition ,  especiall y th e presenc e o r  absenc e o f  hormones ,  o n cel l 

surviva l  an d biochemistry .  I t  wa s reporte d tha t  inclusio n o f 

foeta l  cal f  seru m (FCS )  i n th e mediu m gav e maxima l  attachmen t  o f  ra t 

hepatocyte s a t  a  concentratio n o f  10% ;  th e presenc e o f  insuli n 

(2mUml"  )  i n additio n t o th e FC S increase d attachmen t  furthe r  wit h 

th e formatio n o f  confluen t  cultures ,  althoug h ther e wa s n o 

improvemen t  i n cel l  surviva l  i n th e presenc e o f  insulin :  75 % 

surviva l  a t  2 4 hours ,  aroun d 30 % surviva l  a t  4 8 hour s (Laishe s an d 

Williams ,  1976a) .  Inclusio n o f  DEX (IpM )  maintaine d th e morpholog y 

of  th e hepatocyte s an d increase d longevit y o f  th e cultures :  mor e 

tha n 80 % o f  th e cell s survive d fo r  thre e day s (Laishe s an d Williams , 

1976b) .  I t  wa s late r  reporte d tha t  DEX inhibite d th e productio n o f 

a neutra l  protease ,  andsi t  wa s suggeste d tha t  thi s contribute d t o 
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th e increase d cel l  surviva l  (William s e t  al. ,  1978) .  Othe r  worker s 

reporte d tha t  mor e tha n 80 % o f  hepatocyte s culture d i n Williams ' 

Mediu m E  (WE )  containin g 10 % FCS ,  insuli n (lO'^M )  an d DEX (10"^M ) 

survive d fo r  si x day s i n culture ,  an d that ,  i n contras t  t o freshl y 

isolate d cells ,  protei n synthesi s coul d b e stimulate d b y hormones , 

th e inductio n o f  tyrosin e aminotransferas e (TAT )  an d ornithin e 

decarboxylas e coul d b e demonstrate d an d ther e wa s a n increas e i n 

protei n secretio n int o th e medium .  I t  wa s als o show n tha t  th e 

polysomes,whic h disaggregate d i n freshl y isolate d cells ,  ha d 

reaggregate d afte r  fiv e day s i n cultur e (Tanak a e t  al. ,  1978) .  I n 

th e presenc e o f  glucocorticoid ,  insuli n an d glucagon ,  th e activitie s 

of  glucokinase ,  pyruvat e kinas e an d hexokinas e wer e maintaine d fo r 

2- 3 week s i n ra t  hepatocyt e cultures ,  i n additio n t o albumi n 

secretio n an d ure a synthesi s (Dic h e t  al. ,  1988) . 

However ,  a n increas e i n foeta l  hepati c protei n expression ,  wit h a 

concomitan t  decreas e i n adult-specifi c  protein s ha s bee n reporte d i n 

primar y cultures .  A s earl y a s 1975 ,  Gugue n e t  al .  observe d tha t 

afte r  seve n day s i n primar y cultur e th e predominant  for m o f  pyruvat e 

kinas e i n th e cell s isolate d fro m adul t  rat s wa s th e K-type .  Thi s 

for m i s presen t  i n foeta l  liver ,  placent a an d hepatom a cells ,  bu t  i s 

a mino r  for m i n adul t  parenchyma l  cells ,  wher e th e L-typ e 

predominates .  Thi s for m wa s detectabl e fo r  fiv e day s i n culture , 

but  the n decreased .  Gamma-glutamy l  transpeptidas e (GGT )  an d 

otl-foetoprotei n (whic h ar e no t  normall y expresse d i n adults )  als o 

increas e i n ra t  hepatocyte s culture d fo r  mor e tha n thre e day s 
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(Siric a f t  al_. ,  1979) .  GGT level s ar e normall y ver y lo w i n adul t 

live r  an d i n earl y hepatocyt e cultures ,  bu t  level s ar e muc h highe r 

i n foeta l  an d neonata l  liver ,  an d i n ra t  hepatom a cell s (Edwards , 

1982) .  Althoug h th e presenc e o f  FC S i n th e mediu m suppresse d th e 

increas e i n GGT,  DEX actuall y induce d GGT i n primar y cultures ,  th e 

effec t  bein g particularl y marke d a t  highe r  p H level s (i.e .  7.8 ; 

Edwards ,  1982) .  I t  i s  no t  know n wh y thi s reversio n t o th e foeta l 

phenotyp e occur s i n culture ,  althoug h th e observe d change s appea r  t o 

be associate d wit h les s differentiated /  proliferativ e cellula r 

states ;  however ,  thes e alteration s i n phenotyp e woul d see m t o limi t 

th e us e o f  hepatocyt e primar y cultur e t o short-ter m studies . 

I n 197 7 i t  wa s reporte d tha t  th e drug-metabolizin g capacit y o f  ra t 

culture d hepatocyte s wa s markedl y reduced ,  compare d t o th e live r  i n 

viv o (Guzelia n f t  a\_., 1977) ,  Th e P45 0 conten t  o f 

non-proliferatin g primar y culture s wa s 20 % o f  th e initia l  fres h cel l 

valu e a t  2 4 hours ,  wit h 63 % o f  th e P450-reductas e remaining . 

Althoug h ther e wa s thi s rapi d decreas e i n P45 0 levels ,  n o increas e 

i n P42 0 wa s detected .  Th e maintenanc e o f  P450-dependen t  enzym e 

activitie s afte r  2 4 hour s i n cultur e wa s variable :  aminopyrine-N -

demethylas e an d anilin e hydroxylas e activitie s bot h decrease d b y 

more tha n 70% ,  an d ary l  hydrocarbo n hydroxylas e (AHH )  activit y fel l 

by mor e tha n 50% ,  wherea s nitroanisol e demethylas e wa s maintaine d a t 

85 % o f  th e initia l  activity .  Therefore ,  i t  appeare d tha t  ther e wa s 

selectiv e los s o f  P45 0 activitie s (an d therefor e isozymes )  i n 

culture .  Th e genera l  declin e i n tota l  P45 0 ha s bee n reporte d b y 
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many worker s an d i s no t  restricte d t o ra t  hepatocyte s i n culture : 

P450 decline s i n culture s fro m othe r  roden t  specie s (Maslansk y an d 

Williams ,  1982) ,  an d i n huma n culture d hepatocyte s (Gran t  e t  al_. , 

1985) ,  Thi s seriou s phenotypi c alteratio n i s a  majo r  obstacl e i n 

th e us e o f  hepatocyte s fo r  metabolism/toxicit y studies .  Fo r  thi s 

reason ,  man y differen t  way s o f  improvin g th e maintenanc e o f  P45 0 i n 

cultur e hav e bee n investigated . 

1.4. 5 Maintenanc e o f  P45 0 i n primar y cultur e 

Medi a compositio n ha s receive d a  lo t  o f  attentio n wit h respec t  t o 

maintenanc e o f  P45 0 i n culture d hepatocytes ,  Deca d e t  al .  (1977 ) 

reporte d tha t  mediu m supplemente d wit h fatt y acids ,  delta-amino -

laevulinat e (ALA) ,  alpha-tocophero l  an d variou s hormone s (includin g 

insulin ,  hydrocortison e an d thyroxine )  maintaine d P45 0 conten t  o f 

ra t  culture d hepatocyte s a t  100 % o f  th e initia l  leve l  fo r  2 4 hours . 

A simila r  mediu m wa s show n t o significantl y improv e th e maintenanc e 

of  7-ethoxycoumari n an d 7-ethoxyresorufi n 0-dealkylase s (ECOD,  EROD) 

and biphenyl-4-hydroxylas e activitie s (Dickin s an d Peterson ,  1980) , 

A mor e recen t  repor t  suggest s tha t  hormone -  supplementatio n alon e 

canno t  attenuat e th e los s o f  P45 0 i n culture ,  althoug h th e presenc e 

of  DEX (IpM )  stabilise d th e tota l  P45 0 conten t  a t  65 % o f  initia l 

level s fo r  thre e week s (Dic h e t  al. ,  1988) . 

- 4 
Ascorbat e ( 4 x  1 0 M)  supplementatio n partiall y  attenuate d th e earl y 

declin e i n P45 0 content ,  a s wel l  a s improvin g th e maintenanc e o f 

cytochrom e b S an d P45 0 reductas e (Bissel l  an d Guzelian ,  1979) .  Pain e 
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et  al .  (1979 )  demonstrate d tha t  th e NAD conten t  (NAD"* "  an d NADH 

together )  o f  ra t  hepatocyte s afte r  2 4 hour s i n cultur e wa s 40 % o f 

th e fres h cel l  value ,  an d tha t  nicotinamid e supplementatio n coul d 

preven t  th e los s o f  NAD.  I n addition ,  unphysiologica l  level s o f 

nicotinamid e i.e .  25m M coul d preven t  th e los s o f  P45 0 i n culture . 

Isonicotinamid e wa s mor e effectiv e i n maintainin g P45 0 levels ,  bu t 

had n o effec t  o n NAD content .  A  substitute d pyridine ,  metyrapon e 

(0.5mM )  wa s als o effectiv e i n preventin g th e los s o f  tota l  P45 0 i n 

ra t  hepatocyt e cultures :  mor e tha n 95 % o f  th e tota l  P45 0 remaine d 

afte r  seve n day s i n culture ,  compare d t o onl y 48 % a t  2 4 hour s i n 

mediu m lackin g metyrapon e (Pain e e t  al. ,  1982) .  Thi s mediu m als o 

maintaine d ethylmorphine-N-demethylas e activit y fo r  fou r  days , 

togethe r  wit h a  gradua l  increas e i n benzphetamine-N -  demethylas e t o 

84 % o f  th e initia l  valu e ove r  th e sam e time-period .  Ther e wa s als o 

inductio n o f  bot h ECOD an d EROD activitie s ove r  th e fou r  day s i n 

cultur e (Lak e an d Paine ,  1982) .  Therefore ,  th e maintenanc e o f 

activitie s observe d i n cultur e wa s no t  alway s a t  th e sam e leve l  a s 

i n vivo .  A  cystine/cysteine-fre e mediu m containin g AL A maintaine d 

tota l  P45 0 a t  96 % fo r  2 4 hours ,  however ,  al l  enzym e activitie s wer e 

very lo w (Lak e an d Paine ,  1982) . 

Nicotinamide ,  a t  a  lowe r  concentratio n (5mM )  tha n tha t  reporte d b y 

Pain e e t  al_ .  (1979 )  wa s show n t o stabilis e ECOD an d 

7-propoxycoumari n O-dealkylas e (PCOD)  activitie s i n ra t  culture d 

hepatocyte s (aroun d 50-50 % o f  fres h cel l  values )  simila r  t o DEX 

alone ,  wherea s nicotinamid e an d DEX (IpiM )  togethe r  resulte d i n larg e 
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increase s i n thes e activities .  However ,  thi s effec t  wa s stil l 

selectiv e fo r  certai n P45 0 form s i n tha t  ther e wa s n o effec t  o n th e 

declin e o f  7-methoxycoumari n O-dealkylas e (MCOD)  activit y i n cultur e 

(Warre n an d Fry ,  1988) . 

Stewar d f t  a/[ .  (1985 )  reporte d th e differentia l  declin e o f 

immunoreactiv e P45 0 isozyme s i n primar y culture .  I t  wa s als o 

observe d tha t  wherea s th e tota l  immunoreactiv e P45 0 fel l  t o 76 % 

afte r  7 2 hours ,  th e tota l  spectrall y activ e haemoprotei n wa s 68 % o f 

initia l  levels ,  an d i t  wa s suggeste d tha t  los s o f  hae m wa s 

responsibl e fo r  a  los s o f  holocytochrom e i n culture .  Th e sam e 

repor t  showe d tha t  metyrapon e attenuate d th e los s o f  immunoreactiv e 

P450 ove r  7 2 hours ,  an d tha t  nicotinamid e ha d a  selectiv e effec t 

wit h respec t  t o maintenanc e o f  immunospecifi c  P450 s i n culture . 

Inclusio n o f  exogenou s haem ,  AL A an d seleniu m ha s als o bee n reporte d 

t o maintai n tota l  P45 0 fo r  7 2 hour s i n cultur e (Engelman n e t  al. , 

1985 )  an d 3mM P B ha s bee n show n t o markedl y enhanc e th e long-ter m 

surviva l  o f  hepatocyte s i n culture ,  wit h attenuatio n o f  th e declin e 

i n tota l  P45 0 (Miyazak i  e t  al. ,  1985) . 

Vin d e t  al .  (1988 )  reporte d tha t  hormonal-supplementatio n o f  cultur e 

medi a diminishe d th e los s o f  P45 0 ove r  7 2 hour s onl y i n hepatocyte s 

fro m adul t  femal e rats ;  ther e wa s n o effec t  o n hepatocyte s fro m 

adul t  males .  Croc i  an d William s (1985 )  observe d littl e differenc e 

i n th e % maintenanc e o f  P450 ,  AHH an d benzphetamine- N -demethylas e 
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activitie s i n hepatocyte s culture d fo r  2 4 hour s i n hepatocyte s fro m 

mal e an d femal e rats ,  wit h se x difference s i n basa l  activitie s bein g 

maintaine d i n culture .  However ,  glutathion e conjugatio n o f 

l,2-dichloro-4-nitrobenzen e decline d rapidl y i n hepatocyte s fro m 

mal e rat s t o aroun d 20 % o f  th e fres h cel l  value ;  hepatocyte s fro m 

femal e rat s onl y los t  66 % o f  thi s activity . 

Thus ,  medi a supplementatio n ca n profoundl y affec t  th e maintenanc e o f 

P450 an d it s associate d activities .  Man y supplement s appea r  t o 

exer t  selectiv e effect s o n particula r  isozymes ,  whic h ar e no t 

reflecte d i n measurement s o f  tota l  P450 ,  bu t  ar e unmaske d o n 

immunochemica l  detectio n o r  determinatio n o f  enzym e activities . 

Differen t  effect s ar e als o observe d dependin g o n th e concentratio n 

(an d possibl e interaction s wit h othe r  supplements )  used .  Thi s i s 

particularl y tru e fo r  hormona l  supplementation .  Man y differen t 

medi a ar e employed ,  dependin g greatl y o n persona l  preferenc e an d th e 

ai m o f  th e study .  However ,  n o mediu m ha s ye t  bee n formulate d tha t 

maintain s i n viv o P45 0 level s i n culture ,  qualitativel y o r 

quantitatively . 

Earl y wor k involve d platin g o f  isolate d hepatocyte s directl y ont o 

plasti c cultur e vessel s (e.g .  Laishe s an d Williams ,  1976 a an d b ) ,  o r 

ont o plasti c coate d wit h a  thi n laye r  o f  ra t  tai l  collage n (e.g . 

Bissel l  an d Guzelian ,  1980 ;  Dickin s an d Peterson ,  1980 )  t o improv e 

attachmen t  an d spreadin g o f  th e hepatocytes .  Othe r  worker s hav e 

investigate d th e effect s o f  extracellula r  matri x component s o n 
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hepatocyt e functio n an d maintenanc e o f  phenotype .  Hepatocyte s 

culture d o n floatin g collage n gel s hav e bee n reporte d t o hav e a 

superio r  inductio n respons e o f  TA T t o hydrocortison e (1 0 M)  afte r 

eigh t  day s i n cultur e relativ e t o culture s o n th e usua l 

collagen-coate d plate s (Michalopoulo s an d Pitot ,  1975) ;  P45 0 an d 

cytochrom e b 5 wer e maintaine d a t  detectabl e level s afte r  te n day s o f 

cultur e o n floatin g collage n gel s (Michalopoulo s e t  al. ,  1976) .  I n a 

compariso n o f  differen t  extracellula r  matri x component s (Sawad a ft ^ 

al. ,  1987 )  ther e wer e n o difference s i n attachment ,  longevit y o r 

inductio n o f  TAT ;  however ,  afte r  tw o week s i n cultur e GGT activit y 

was highes t  i n cell s culture d o n collage n an d lowes t  i n cell s 

culture d o n fibronectin .  Matrige l  i s  a  mous e tumou r  cel l  extract , 

whic h ha s bee n show n t o b e superio r  t o collage n a s a  substratu m fo r 

hepatocyt e cultur e (Schuet z e t  al. ,  1988) .  Mor e cell s survive d fo r 

eigh t  day s o n Matrige l  tha n o n collage n an d ther e wa s increase d 

secretio n o f  albumin ,  transferrin ,  haemopexi n an d glutathion e 

peroxidas e o n Matrigel .  Hae m oxygenas e an d P45 0 reductas e 

graduall y decline d ove r  th e eigh t  da y cultur e period .  However ,  i t  i s 

stil l  no t  clea r  whethe r  th e observe d change s i n gen e expressio n 

(many o f  th e studie s o n substrat e effect s o n hepati c functio n hav e 

not  involve d P45 0 activities )  ar e sufficientl y advantageou s t o 

routinel y supplan t  th e us e o f  collagen-coate d plates ,  o r 

electrostatically-treate d plate s ('Primaria '  plates ,  obtainabl e fro m 

Falco n Plastics )  whic h appea r  t o b e equivalen t  wit h respec t  t o 

maintenanc e o f  hepatocyt e cultures . 
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Anothe r  method  fo r  maintenanc e o f  P45 0 i n culture ,  whic h ha s 

receive d a  lo t  o f  attentio n i n recen t  year s i s co-cultur e o f 

hepatocyte s wit h othe r  hepati c cells .  Begu e e t  al_ .  (1984 ) 

demonstrate d tha t  i n hepatocyte s co-culture d wit h ra t  live r 

epithelia l  cell s P45 0 wa s maintaine d a t  initia l  level s fo r  nin e 

days ,  togethe r  wit h aminopyrin e N-demethylas e activity .  Th e P45 0 

conten t  an d demethylas e activit y o f  conventiona l  culture s decline d 

t o negligibl e level s afte r  fou r  day s i n culture . 

Overall ,  manipulatio n o f  cultur e medi a compositio n appear s t o b e th e 

most  successfu l  (an d als o th e simplest )  metho d o f  maintaining  P45 0 

and it s associate d activitie s i n short-ter m primar y culture s (les s 

tha n 7 2 hours )  o f  hepatocytes ,  althoug h th e effect s o f 

supplementatio n ar e selectiv e fo r  particula r  isozymi c forms . 

Althoug h differen t  substrat a an d th e presenc e o f  othe r  cel l  type s 

can affec t  hepati c gen e expressio n an d biochemistry ,  relativel y 

littl e i s know n abou t  th e effect s o f  thes e cultur e component s o n th e 

drug-metabolizin g syste m o f  culture d hepatocytes . 

1.4. 6 Inductio n o f  P45 0 i n cultur e 

I t  wa s mentione d abov e tha t  3mM P B attenuate d th e los s o f  P45 0 i n 

primar y culture s o f  ra t  hepatocytes ;  however ,  P450IIB1 ,  th e majo r 

PB-inducibl e isozym e wa s no t  immunochemicall y detectabl e i n thes e 

cell s (Miyazak i  e t  al. ,  1985) .  Othe r  worker s hav e als o reporte d a 

reduce d o r  negligibl e respons e o f  P45 0 t o inducer s i n culture , 

especiall y th e respons e t o barbiturates .  Forste r  f t a l .  (1986 ) 
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reporte d tha t  th e aldri n epoxidas e activit y o f  ra t  hepatocyte s 

decline d t o 55 % an d 8 % o f  initia l  level s a t  1  an d 5  day s i n cultur e 

respectively ,  an d tha t  P B an d PCN treatmen t  resulte d i n 

statisticall y insignifican t  increase s i n thi s activity ,  i n contras t 

t o th e situatio n i n vivo .  Benzanthracen e an d P B bot h induce d EROD 

activit y i n cultur e (12 -  an d 8-fol d respectively) ,  thi s inductio n 

bein g markedl y reduce d i n th e absenc e o f  DEX (presen t  i n th e 

medium) .  I t  wa s als o show n tha t  th e time-cours e o f  inductio n 

depende d o n th e medi a used ,  an d tha t  P450IA 1 increase d ove r  fiv e 

day s i n contro l  cultures .  Thi s anomalou s increas e i n 

3-MC-inducible ,  alpha-naphthoflavone-inhibitibl e P450 s i n untreate d 

culture s ha s als o bee n observe d b y other s (Fr y e t  al. ,  1980 ;  Turne r 

and Pitot ,  1989) ,  althoug h th e reaso n i s unknown .  P B an d BNF 

inductio n o f  ECOD activit y i s muc h reduce d i n cultur e compare d t o i n 

vivo ,  eve n i n th e presenc e o f  DEX (Warre n an d Fry ,  1988) ,  a s i s th e 

inductio n o f  pentoxyresorufi n O-dealkylas e b y P B i n 

chemically-define d medi a (Turne r  an d Pitot ,  1989) .  Culture d 

hepatocyte s hav e als o bee n use d t o stud y th e metabolis m o f 

2-AAF(McManu s e t  al, ,  1987) ,  I n contro l  cultures ,  3-hydroxylatio n 

remaine d constan t  fo r  2 4 hour s i n culture ,  wherea s th e 1- ,  5- ,  7- , 

9-  an d N-hydroxylation s decline d rapidly .  DEX (0.1|JM )  di d no t 

preven t  th e initia l  declin e i n activity ,  bu t  afte r  7 2 hour s i n 

cultur e th e 5 -  an d 3-hydroxylation s activitie s ha d increase d ove r 

initia l  level s an d th e 7-hydroxylatio n activit y ha d increase d t o 

initia l  level s (afte r  a  declin e a t  2 4 hours) .  Ther e wa s als o som e 

recover y o f  N-hydroxylation .  PCN onl y induce d 7-hydroxylatio n jj i 
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vitro .  I t  wa s note d tha t  th e inductio n respons e i n vitr o wa s muc h 

smalle r  tha n tha t  see n i n vivo ,  an d als o qualitativel y different ,  3 -

and 5-hydroxylatio n bein g induce d b y DEX i n vitr o bu t  no t  i n vivo . 

Therefore ,  medi a compositio n als o affect s inductio n response s i n 

vitro ,  althoug h i n general ,  P45 0 inductio n i n vitr o i s poor ,  an d 

qualitativel y a s wel l  a s quantitativel y differen t  t o tha t  see n i n 

vivo .  Thi s wil l  b e discusse d furthe r  i n Chapte r  Five . 
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1.4. 7 Metabolism/toxicit y studie s i n culture d ra t  hepatocyte s 

I n 1977 ,  Deca d f t  al_ ,  demonstrate d tha t  aflatoxi n B l  coul d b e 

metabolise d b y culture d hepatocyte s t o aflatoxi n Ml  an d variou s 

conjugates .  I t  wa s als o show n tha t  a  significan t  amoun t  o f 

radioactivit y (afte r  exposur e t o radioactiv e aflatoxin )  wa s 

non-extractabl e i.e .  remaine d boun d t o th e hepatocytes . 

Rat  hepatocyt e culture s hav e als o bee n use d t o demonstrat e tha t 

substantia l  acetaminophe n covalen t  bindin g i n th e cell s occur s 

befor e an y observabl e toxicity ,  an d tha t  th e covalen t  bindin g i s 

mostl y i n th e microsoma l  fractio n (37% )  an d i n th e cytoso l  (25% ; 

Acost a e t  al. ,  1987) .  I t  ha s als o bee n show n tha t  cyclophosphamid e 

can b e activate d t o a  metabolit e stabl e enoug h t o kil l  fibroblast s 

co-culture d wit h th e hepatocytes ,  an d tha t  th e toxicit y ca n b e 

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

Culture d hepatocyte s hav e als o bee n use d t o discriminat e betwee n 

hepatotoxi c an d non-toxi c substances ,  especiall y o f  a  relate d grou p 

of  compound s e.g .  non-steroida l  anti-inflammator y drug s (Sorense n 

and Acosta ,  1985) .  I t  wa s demonstrate d tha t  indomethaci n wa s th e 

most  toxi c o f  th e fiv e compound s tested ,  followe d b y benoxaprofe n 

and ibuprofen ,  an d aspiri n an d orpanoxi n wer e non-toxi c a t  th e 

concentration s tested ,  a s judge d b y viability ,  lactat e dehydrogenas e 

leakag e an d ure a synthesi s o f  th e cultures ,  A  mor e detaile d 

discussio n o f  th e parameter s use d t o asses s toxicit y i s give n i n 

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

Les s wor k ha s bee n don e o n dru g metabolis m i n huma n culture d 

hepatocyte s sinc e adul t  sample s ar e difficul t  t o obtai n an d i t  i s 

much harde r  t o ge t  hig h yield s o f  cell s suitabl e fo r  culture ,  mainl y 

due t o th e natur e o f  th e samples .  However ,  fro m th e wor k tha t  ha s 

been done ,  i t  appear s tha t  huma n hepatocyte s i n cultur e 

de-differentiat e slowe r  tha n thei r  roden t  counterparts ,  an d also , 

tha t  th e P45 0 conten t  decline s mor e slowly :  60 % o f  th e spectrall y 

determine d P45 0 remain s afte r  fou r  day s i n cultur e (Stro m e t  al. , 

1987) .  Gran t  f t  al_ .  (1987 )  demonstrate d tha t  P450-dependen t 

activitie s an d glucuronidatio n wer e wel l  maintaine d fo r  7 2 hour s i n 

human culture d hepatocytes ;  sulphatio n howeve r  decrease d withi n th e 

firs t  2 4 hours ,  an d th e P45 0 reductas e ha d decline d t o 32 % afte r  7 2 

hour s i n culture .  Begu e e t  al .  (1983 )  investigate d th e metabolis m 

of  a n anti-anaphylactio,  ketotifen ,  i n huma n culture d hepatocytes : 

th e mai n metabolite s produce d i n vitr o correlate d wit h th e know n 

metaboli c pathway s i n vivo .  Also ,  th e rat e o f  metabolis m di d no t 

alte r  significantl y ove r  th e firs t  fou r  day s o f  conventiona l 

culture ,  o r  seve n day s fo r  huma n hepatocyte s co-culture d wit h ra t 

epithelia l  cells .  Thus ,  huma n hepatocyte s woul d appea r  t o hav e 

severa l  advantage s ove r  roden t  hepatocyte s wit h respec t  t o 

maintenanc e o f  dru g metabolis m i n vitro . 

1.4. 9 Us e o f  hepatom a cel l  line s 

I t  i s  stil l  no t  possibl e t o obtai n substantia l  (an d reproducible ) 

level s o f  mitoti c activit y i n adul t  culture d hepatocytes .  Some 
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wor k ha s bee n don e o n dru g metabolis m i n hepatom a cel l  lines ,  bot h 

human an d roden t  i n origin ,  sinc e a  dividin g cel l  lin e woul d provid e 

a continuou s suppl y o f  hepatocytes ,  obviatin g th e nee d t o isolat e 

and cultur e cell s fo r  ever y study .  Wi&be l  e t  al ,  (1984 )  examine d 

th e P45 0 activit y o f  si x differentiate d ra t  hepatom a cel l  line s an d 

foun d tha t  th e constitutiv e activitie s wer e ver y low ,  an d som e wer e 

undetectable .  Th e expressio n o f  MFO sensitiv e t o antibodie s t o 

PB-inducibl e P450 s wa s presen t  i n widel y differin g amount s i n th e 

differentiate d lines ,  Benzanthrancene,  P B an d DEX inductio n o f 

P450 lA l  an d AHH activit y an d P B an d DEX inductio n o f  P450IIB1/ 2 an d 

aldri n epoxidas e hav e als o bee n observe d i n differentiate d cel l 

line s (Wiebe l  f t  al_. ,  1984 ;  Corco s an d Weiss ,  1988) .  The  huma n 

hepatoma ,  HepG2 ha s bee n show n t o hav e level s o f  glucuronidatio n an d 

cytochrom e reductas e simila r  t o thos e o f  freshl y isolate d huma n 

hepatocyte s althoug h level s o f  0-dealkylatio n wer e reduce d (Gran t  f t 

al. ,  1988) ,  Althoug h HepG2 cell s remai n differentiate d i n culture , 

thei r  P45 0 conten t  wa s 10-20 % tha t  o f  fres h huma n hepatocytes ,  an d 

thei r  P45 0 activitie s wer e 10-fol d lower .  However ,  mediu m 

compositio n altere d dru g metabolis m activitie s (Doodstda r  e t  al. , 

1988) .  HepG2 cell s als o synthesiz e an d secret e th e majo r  plasm a 

proteins ,  an d morphologicall y resembl e hepatocytes ,  althoug h the y d o 

posses s a n abnorma l  chromosom e numbe r  (50-56 )  wit h a  distinctiv e 

rearrangemen t  o f  chromosom e 1  (Knowle s e t  al. ,  1980) . 



53 

1.4.1 0 Specie s difference s i n metabolis m 

The precedin g section s referre d primaril y t o th e us e o f  roden t  i n 

vitr o systems ,  principall y ra t  hepatocytes ,  i n th e stud y o f  dru g 

metabolis m an d mechanism s o f  toxicity .  Increasingl y thes e cell s 

ar e bein g use d i n th e developmen t  o f  predictiv e toxicit y tests .  I n 

additio n t o th e limitation s impose d b y th e declin e o f  P45 0 an d 

metaboli c capacit y i n vitr o discusse d above ,  ther e ar e als o 

problems ,  particularl y wit h toxicit y testing ,  associate d wit h 

extrapolation  bot h fro m i n vitr o t o i n viv o an d fro m rodent s t o Man . 

Correlation s betwee n dru g metabolis m studie d i n viv o an d i n vitr o 

hav e bee n discusse d i n th e previou s section s (1,3.1-5 )  an d th e sam e 

advantage s o f  i n vitr o technique s wit h respec t  t o th e stud y o f  dru g 

metabolis m als o exten d t o toxicit y studies .  Man y compound s e.g . 

heav y metals ,  minera l  fibre s an d arseni c usuall y tes t  negativ e i n 

short-ter m mammalia n cel l  cultur e assays ,  despit e th e fac t  tha t  the y 

ar e know n huma n carcinogen s (Lav e an d Omenn,  1988) .  I n addition , 

volatil e an d particulat e compound s presen t  specia l  problems .  Ther e 

i s also  th e proble m o f  detectio n o f  pro-toxin s i.e .  th e tes t  syste m 

must  b e abl e t o activat e know n non-toxi c precursor s t o thei r 

reactiv e intermediates .  The  mos t  successfu l  i n vitr o toxicit y 

assay s t o dat e hav e bee n thos e tha t  detec t  genotoxin s b y assessin g 

DNA damag e e.g .  unschedule d DNA synthesi s (UDS )  an d siste r  chromati d 

exchang e (Grisha m an d Smith ,  1984) .  Th e sensitivit y o f  th e UDS 

assa y ha s bee n improve d b y us e o f  ra t  hepatocyte s culture d fro m 

animal s pre-treate d wit h MFO inducer s i.e .  Arochlo r  125 4 an d P B 
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(Shaddoc k f t  al_. ,  1989) .  Hepatocyte s fro m inducer-treate d animal s 

hav e als o bee n use d a s a n activatio n syste m fo r  th e mous e lymphom a 

cel l  mutagenicit y assa y (Oglesb y et  al. ,  1989) . 

Even whe n i n vitr o toxicit y informatio n ha s bee n obtained ,  ther e i s 

stil l  th e proble m o f  correlatio n wit h th e i n viv o data ,  a s t o whic h 

measur e o f  acut e toxicit y i s th e mos t  suitabl e compariso n (Fr y f t 

al. ,  1988) .  Th e i n viv o dat a exist s i n man y form s wit h variation s 

i n route s o f  administration ,  specie s teste d an d assessmen t  o f 

toxicity .  I t  i s  als o difficul t  t o mak e sensibl e extrapolation s o f 

toxi c concentration s fro m stati c cultur e system s t o organism s wit h 

dynami c eliminatio n systems . 

Ther e ar e als o man y know n specie s difference s i n P45 0 metabolism , 

reviewe d b y Kat o (1979) ,  whic h hav e importan t  implication s fo r  (bu t 

do no t  necessaril y  preclude )  th e us e o f  experimenta l  animal s i n th e 

assessmen t  o f  huma n metabolis m an d toxicity .  Ther e ar e specie s 

difference s wit h respec t  t o rat e o f  metabolis m e.g.hexobarbiton e 

slee p tim e (Quin n e t  al. ,  1958 )  an d th e patter n o f  metabolite s 

produce d fro m a  give n substrat e e.g .  7-hydroxycoumari n i s th e majo r 

metabolit e o f  coumari n i n Man ,  wherea s i n th e ra t  3-hydroxylatio n 

predominates ,  wit h siery littl e 7-hydroxycoumari n bein g produce d 

(Cohen ,  1979) .  Specie s difference s i n P45 0 compositio n ca n resul t 

i n difference s i n toxicit y du e t o differin g metabolit e profile s e.g . 

th e guine a pig ,  unlik e th e rat ,  mous e an d rabbit ,  i s 

resistan t  t o 2-AAF-induce d hepatomas .  Th e guine a pi g form s ver y 
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littl e N-hydroxylated-AAF ,  wit h rin g hydroxylation s predominating . 

I n contrast ,  N-hydroxylas e activit y i n th e othe r  specie s correlate d 

wel l  wit h susceptibilit y  t o 2-AAF-induce d carcinoma ,  wit h hamster s 

bein g th e leas t  resistant ,  wit h th e highes t  N -  an d lowes t 

ring-hydroxylas e activitie s (Mille r  e t  al. ,  1960 ;  Kato ,  1979) .  Thus , 

difference s i n metabolit e profile s coul d b e use d t o predic t  toxicit y 

i n susceptibl e species .  I t  ha s als o bee n show n tha t  specie s 

difference s i n susceptibilit y  t o paracetamol-induce d necrosi s 

correlat e wit h th e exten t  o f  tissu e covalen t  bindin g an d GSH 

depletio n (Davie s e t  al. ,  1974) .  Ther e ar e als o difference s i n 

inductio n an d inhibitio n (Kato ,  1979) .  Anothe r  proble m i s tha t 

experimenta l  animal s ar e highl y inbre d an d kep t  unde r  unifor m 

condition s e.g .  diet ,  an d therefore ,  unlik e humans ,  ar e very 

homogeneou s wit h respec t  t o respons e o n exposur e t o xenobiotic s 

(Gregory ,  1988) .  However ,  th e ra t  i s  stil l  th e mos t  popula r  mode l 

fo r  studyin g P45 0 metabolis m an d toxicity ,  no t  leas t  becaus e o f  th e 

larg e accessibl e dat a base ,  an d th e read y availabilit y  o f  animals . 

Despit e th e difference s i n metabolism ,  vas t  improvement s i n 

predictiv e toxicolog y coul d b e mad e b y increase d understandin g o f 

mechanism s o f  toxicity ,  an d route s o f  metabolis m i n susceptibl e an d 

resistan t  specie s (Grisha m an d Smith ,  1984) . 
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1. 5 RATIONALE AND AIM S OF THI S STUDY 

The aim s o f  thi s stud y wer e t o develo p a n i n vitr o syste m fo r  th e 

investigatio n o f  hepati c cytochrom e P450-mediate d toxicity .  Culture d 

ra t  hepatocyte s hav e th e potentia l  fo r  us e a s a  prim e i n vitr o mode l 

of  hepati c dru g metabolis m an d toxicit y a s ha s bee n discusse d abov e 

(1.4. 3 -  1.4.4) .  However ,  i n orde r  t o investigat e hepati c 

metabolism-mediate d toxicity ,  th e ful l  rang e o f  biotransformatio n 

and detoxificatio n enzyme s mus t  b e presen t  an d activ e i n th e 

culture d cells .  I n thi s respect ,  th e inabilit y  t o maintai n th e 

P450 isozyme s i n culture d hepatocyte s ha s prove d t o b e a  majo r 

drawbac k t o thei r  us e i n activation/toxicit y studies .  Th e larg e 

body o f  wor k concerne d wit h th e maintenanc e o f  P45 0 i n cultur e wa s 

reviewe d i n sectio n 1.4.5 ,  Include d i n thi s wa s th e effect s o f 

medi a supplementatio n o f  P45 0 activit y i n vitro .  I t  ha s bee n show n 

tha t  DEX i n particula r  coul d maintai n P45 0 activitie s i n primar y 

culture ,  an d tha t  DEX (IpM )  an d nicotinamid e (5mM )  togethe r  improve d 

th e maintenanc e o f  P450-dependen t  alkoxycoumari n O-dealkylas e 

activitie s i n vitr o (Warre n e t  al. ,  1985 ;  Warre n an d Fry ,  1988) . 

However ,  thi s maintenanc e wa s selectiv e i n tha t  th e ECOD an d PCOD 

activitie s wer e wel l  maintaine d fo r  7 2 hours ,  whils t  MCOD activit y 

was rapidl y los t  i n cultur e (Warre n an d Fry ,  1988) .  I n th e sam e 

study ,  reduce d inductio n b y P B an d BNF i n vitr o compare d t o i n viv o 

was reported . 

Most  o f  th e wor k presente d her e wa s concerne d wit h developin g th e 

cultur e condition s describe d abov e t o suppor t  bot h th e stabl e 

maintenanc e o f  a  wide r  rang e o f  P45 0 activitie s an d als o inductio n 

of  P450 s i n vitro .  Th e effect s o f  inductio n i n viv o o n P45 0 

activit y an d P450-mediate d toxicit y i n vitr o wer e als o investigated . 
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TABL E 1.1 .ENDOGENOUS AND XENOBIOTIC SUBSTRATES OF 

CYTOCHROME P 4 5 0 ^ 

SUBSTRATE REACTION 

steroids 
prostaglandins 
leukotrienes 
arachidonic acid 
vitamin D 
lauric acid 
phenobarbitione 

HYDROXYLATION 

(aryl or aliphatic) 

aractiidonic acid 

benzo-pyrene 
bromobenzene 

EPOXIDATION 

thyroid hormones 
halothane 

DEHALOGENATION 

uroporphyrinogen 2 

valproic acid"^ 

DESATURATiON 

benzphetamine 
codeine 

6-methyipurine 

N-,0- and 8-
DEALKYLATION 

amphetamine OXIDATIVE DEAMINATION 

2-acetylaminofluorene N-OXIDATION 

ethanol ALCOHOL OXIDATION 

azo, nitro compounds REDUCTION 

halogenated hydrocarbons 

"• 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 



TABL E 1.2. P450 NOMENCLATURE. P450 nomenclature has now been 

standardized by Nebert ef 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 

IA1 
IA2 
IIAl 
IIA2 
IIB1 
IIB2 
IIC6 
IIC7 
iiC11 
IIC12 
IIC13 
IIEl 
IIIAl 
IIIA2 

c 
d 
a 

m* 
b 
e 
k 
f 

h 
i 

g 

j 

p 

BNF-B 
ISF-G 
UT-F 

PB-B 

PB-D 

PB-C 

UT-A 
UT-I 

RLM2b 

PB RLM5 

PB RLM6 
RLM5a/PBRLM4 

RLM5b 

RLM5 
fRLM4 
RLM3(g) 

RLM6 

PCN-E" 

3 

PB-4 

PB-5 
PB-1 

2c 
2d 

2 a * * 

male 

female 

Arlotto and Parkinson, 1989. 

** It is not entirely clear which of the isozymes isolated in the different 

laboratories are equivalent to P450IIIAI, and which to P450IIIA2; 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). 



TABL E 1,3. ENDOGENOUS AND XENOBIOTIC SUBSTRATES OF 

PHASE II METABOLISM ^ 

SUBSTRATE REACTION 

steroid hormones 
bilirubin 
thyroxine 
catecholamines 
acetaminophen 
salicylic acid 
morphine 

GLUCURONIDATION 

steroids 
heparin 
acetaminophen 

2-acetylaminofluorene 
salicylamide 

SULPHATION 

histamine 
catecholamines 
thiouracil 

N-METHYLATION 

serotonin 

Isoniazid 

ACETYLATION 

bile acids 

benzoic acids 

AMINO ACID CONJUGATION 

bilirubin 

steroids 

leukotrienes 

vitamin K 

bromobenzene 

acetaminophen 

urethane 

GLUTATHIONE 

CONJUGATION 

•• information from Gibson and Skett (1986) and Ziegler(1988). 

Endogenous substrates in italics, xenobiotics In plain print. 



SH 

P450(Fe2+) P450(Fe3+)..SH 

H2O, SOH, 

b 5 ( F e 3 + ) ^ 

O2-~P450(Fe2+).SH 

b5(Fe3+) 

R 

R 
I 

O2-~P450(Fe3+)~SH 

b5(Fe2+) 

O2 

b5(Fe3+) 

P450(Fe3+)~SH 

b5(Fe3+) 

NADPHr 
R2 

NADP+ P45o(Fe3+)~SH 

b5(Fe3+) 

R-
P450(Pe3+)~SH 

b5(Fe2+) 

R-
P450(Fe2+)..SH 

b5(Fe3+) 

FIGURE 1,1. THE CYTOCHROME P450 CATALYTI C CYCLE, 

Based on information from several sources, including Jansson et al., 

(1985) and Gibson and Skett (1986). 



FIGURE 1.2. DIAGRAMMATIC REPRESENTATION OF THE 

LIVER ACINUS. Adapted from Gumucio and Chianale (1988). 

The concept of the acinus as the functional unit of the liver was 

first proposed by Rappaport ef a/.(1954). 

A terminal hepatic venule 

B bile ductule 

C hepatic arteriole 

D terminal portal venule 

E zone 1, periportal region 

F zone 2, midzonal region 

G zone 3, pericentral or perivenous region 

Arrows show the direction of blood flow. 
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CHAPTER 2 

MATERIALS AND METHODS 

MATERIALS 

2. 1 ANIMAL S 

The Wista r  albin o rat s use d i n thes e studie s wer e obtaine d fro m th e 

Universit y o f  Nottingha m Anima l  Breedin g Unit .  Mal e an d femal e rat s 

(7 0 -  180g )  wer e allowe d fre e acces s t o foo d an d wate r  an d wer e 

house d a t  22°C ,  wit h a  1 2 hou r  light/dar k cycl e (light :  08.0 0 -

20.00) ,  Th e animal s wer e bedde d fro m birt h o n th e syntheti c 

bedding ,  Lab i  i t  (W.P .  Usher,  London ,  U.K.) ,  t o minimis e enzym e 

inductio n fro m woo d shaving s (Vesell ,  1982 ;  Torrb'ne n e t  al. ,  1989) . 

2. 2 CHEMICALS AND EQUIPMENT 

The supplier s o f  th e chemical s use d i n thes e studie s wer e a s 

follows :  delta-aminolaevulinat e hydrochloride ,  7-methoxycoumarin , 

2-methylfuran ,  resorufi n an d seleniou s aci d wer e obtaine d fro m 

Aldric h Chemica l  Co .  (Dorset ,  U.K.) ;  foeta l  cal f  serum ,  glutamine , 

trypa n blu e an d Williams '  mediu m E ,  cellulos e acetat e filter s (por e 

siz e 0.2|jm )  an d plat e sealer s wer e obtaine d fro m Flo w Laboratorie s 

(Irvine ,  Scotland) ;  collage n typ e I  wa s obtaine d fro m B.C.L . 

(Sussex ,  U.K.) ;  phenobarbiton e an d acety l  aceton e wer e obtaine d fro m 

B.D.H .  (Dorset ,  U.K.) ;  fungizon e wa s obtaine d fro m Squib b Surgicar e 

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 m Nov o Industr i  A/ S (Denmark) ;  an d gentamici n fro m 

Rousse l  Laboratorie s Ltd .  (Uxbridge ,  U.K.) .  Ammoniu m acetate , 

benzalkoniu m chloride ,  benzphetamine ,  beta-glucuronidas e H- I  (E.C . 

3.2.1,31) ,  beta-naphthoflavone ,  beta-NADP ,  bovin e seru m albumin , 

butylate d hydroxytoluene ,  collagenas e typ e I V (E,C ,  3,4,24,3 ) 

Coomassi e Brillian t  Blu e G ,  dicoumarol ,  3-(4,5-dimethyl -

thiazol-2-yl)-2,5-diphenyltetrazoliu m bromid e (MTT) ,  EDTA,EGTA, 

erythromycin ,  glucose-6-phosphate ,  glucose-6-phosphat e 

dehydrogenas e typ e X I  (E,C .  1.1.1.49) ,  glutathione ,  hemi n typ e 1 , 

HEPES,  hyaluronidas e typ e I I  (E.C .  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 I  an d 

II ,  Rhodamin e B ,  semicarbazide ,  6-thiopurin e (6-mercaptopurine )  an d 

valproi c aci d wer e al l  obtaine d fro m Sigm a Chemica l  Co .  (Dorset , 

U.K.) .  4-Ipomeano l  wa s a  gif t  fro m Dr .  M.R .  Boyd ,  Nationa l  Cance r 

Institute ,  Bethesda ,  MD,  U.S.A .  7-Ethoxycoumarin ,  7-propoxycoumari n 

and 7-ethoxyresorufi n ha d bee n synthesize d b y th e metho d o f  Proug h 

et  al .  (1978) .  "Primaria "  cultur e dishe s wer e obtaine d fro m Falco n 

(Becto n Dickinso n Ltd. ,  Oxford ,  U.K. )  an d 24-wel l  plasti c cultur e 

dishe s fro m Nun c (Denmark) .  Al l  othe r  reagent s an d organi c 

solvent s wer e o f  analytica l  reagen t  grad e an d obtaine d fro m loca l 

suppliers . 

Low-spee d centrifugatio n wa s carrie d ou t  usin g a n MSE Centau r  benc h 

centrifug e o r  a n MSE Mistra l  600 0 refrigerate d centrifuge . 
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A Stuar t  Tub e Rotato r  TR- 2 wa s use d fo r  extractio n procedures .  Cel l 

suspension s wer e homogenise d usin g a n MSE Soniprep .  Spectrophoto -

metri c analysi s wa s carrie d ou t  usin g a  Perkin-Elme r  550 S UV-Vi s 

spectrophotomete r  o r  a  Dynatec h plat e reade r  an d fluorometri c 

analysi s wa s performe d usin g a  Bair d RC20 0 Ratiometri c fluorimeter . 

METHODS 

2. 3 STERILIZATIO N PROCEDURES 

Standar d sterilizatio n procedure s an d asepti c technique s wer e 

practise d throughou t  thes e studies ,  a s outline d b y Pau l  (1970 )  i n 

additio n t o supplementatio n o f  cultur e medi a wit h antibiotic s t o 

reduc e th e ris k o f  microbiologica l  contaminatio n o f  cel l  cultures . 

Water  bath s an d th e wate r  tra y insid e th e incubato r  al l  containe d 

benzalkoniu m chlorid e (0.1%) ,  an d th e wate r  wa s change d frequently . 

Dr y hea t 

Al l  glasswar e (opening s covere d wit h aluminiu m foil )  an d glas s 

pipette s (bunge d wit h cotto n woo l  an d place d i n meta l  canisters ) 

wer e sterilize d i n a  Gallenkam p oven ,  se t  a t  160-180° C fo r  2  hours . 

Mois t  hea t 

Plasti c an d rubbe r  items ,  wrappe d i n aluminiu m foil ,  an d hea t  stabl e 

solution s wer e autoclave d i n a  Cabbur n autoclav e se t  a t  121° C fo r  a 

25 minut e cycle . 
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F i l t ra t io n 

Non-heat stable solutions and small volumes of l i q u i d were 

s t e r i l i z e d by f i l t r a t i o n through cel lulose acetate f i l t e r s wi th a 

0.2nm pore s ize. 

Asepti c techniqu e 

Al l  steril e procedure s wer e performe d i n a  lamina r  flo w hoo d 

(Intermed ,  Microflow ,  Hants. ,  U.K. )  regularl y swabbe d wit h 70 % 

alcohol .  Bottl e an d glasswar e opening s an d pipette s wer e al l 

regularl y flame d durin g use . 

2. 4 ISOLATIO N OF HEPATOCYTES 

Hepatocyte s wer e isolate d eithe r  b y th e slic e metho d o f  Paterso n an d 

Fr y (1983 )  o r  b y th e lob e perfusio n metho d o f  Rees e an d Byar d (1981) . 

Slic e metho d 

The was h solutio n wa s a  calcium- ,  magnesium-fre e Hank s buffe r  p H 7. 4 

(140m M NaCl ,  5mM KCl ,  0.4m M KH2PO4,  0.3m M Na2HP04 ,  20m M HEPES,  50\iM 

pheno l  red ,  2 0 ml  1 "  0.5 N NaOH) ,  t o whic h NaHCOg,  glucose , 

methionin e an d gentamicin ,  a t  14.8 ,  5.5 ,  2mM an d 50[jgml ~ (fina l 

concentrations) ,  wer e adde d o n th e da y o f  isolation .  Th e was h 

solutio n wa s pre-gasse d wit h air/CO p (95%/5%) ,  b y placin g i n a  LEE C 

incubato r  throughou t  th e isolation . 

The ra t  wa s kille d b y cervica l  dislocation ,  th e live r  lobe s remove d 

and place d i n lOm l  was h solution .  Th e live r  wa s blotte d dr y an d 
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weighed ;  3.0 g wa s used .  Subsequen t  manipulation s wer e carrie d ou t 

i n a  flo w cabinet .  Individua l  lobe s wer e place d o n a  filte r  pape r 

on a  Perspe x shee t  an d thinl y slice d usin g a  degrease d razo r  blad e 

(Wilkinso n Sword) .  Slice s i n 10ml  was h solutio n wer e place d i n a 

steril e 250m l  conica l  flas k seale d wit h a  steril e rubbe r  bun g i n a 

shakin g wate r  bat h a t  37°C ,  fo r  1 0 minute s a t  9 0 

oscillations/minute .  Th e solutio n wa s the n remove d an d th e slice s 

washed twic e more .  Th e cell s wer e the n washe d twic e wit h 10ml  was h 

solutio n containin g 0.5m M EGTA.  Thi s chelatin g solutio n wa s 

remove d an d replace d wit h enzym e solutio n (10m l  was h solutio n 

containin g 100 0 unit s (U )  o f  collagenas e Typ e IV ,  425 0 U  o f 

hyaluronidas e an d 5mM CaCl^) .  Th e flas k wa s the n shake n fo r  45-7 0 

minute s unti l  th e slice s ha d disintegrated .  Th e resultin g 

suspensio n wa s filtere d throug h a  piec e o f  steril e surgica l  gauz e 

int o 20m l  was h solutio n i n a  steril e beaker .  Th e suspensio n wa s 

centrifuge d fo r  9 0 second s a t  50g ,  an d th e pelle t  washe d twic e wit h 

fres h was h solution .  Th e fina l  pelle t  wa s resuspende d i n 

incubatio n o r  cultur e mediu m (se e section s 2. 6 an d 2.7) . 

Lobe perfusio n metho d 

The apparatu s wa s se t  u p a s i n Figur e 2.1 ,  perfusate s bein g 

circulate d usin g a  Watson-Marlo w peristalti c  pump .  Th e wate r  bat h 

was kep t  a t  40° C t o allo w fo r  th e 3° C dro p i n temperatur e betwee n 

wate r  bat h an d lob e (Chener y e t  al. ,  1987) .  Alcoho l  (70 % v/v , 

50ml) ,  followe d b y 100m l  steril e wate r  wa s ru n throug h th e apparatu s 

prio r  t o perfusio n o f  th e lobes .  Th e calcium- ,  magnesium-fre e 
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Hanks buffe r  containin g NaHCO, ,  glucose ,  methionin e an d gentamici n 

as describe d abov e wa s use d t o mak e u p th e perfusates ,  whic h wer e 

gasse d continuousl y wit h Op/CO ^  (95%/5%) .  On changin g solutions , 

perfusat e wa s ru n throug h th e syste m fo r  3 0 second s befor e bein g 

re-circulated ,  t o flus h th e previou s solutio n fro m th e system . 

Durin g perfusio n th e lobe s were.covere d wit h a  piec e o f  steril e 

gauze ,  soake d i n Hank s buffer . 

The ra t  wa s kille d b y cervica l  dislocation ,  an d th e live r  lobe s 

remove d an d rinse d wit h Hank s buffer .  Car e wa s take n no t  t o damag e 

th e lobes ,  whic h wer e cannulate d wit h a  21 G x  U "  needl e throug h a 

vei n o n a n expose d cu t  surface .  Th e sam e lobe s wer e routinel y 

used .  Th e lobe s wer e perfuse d fo r  severa l  minute s wit h 

non-circulatin g Hank s buffe r  containin g 0.5m M EGTA,  t o flus h ou t  th e 

blood .  When th e lobe s wer e evenl y blanched ,  fres h buffe r  wit h EGTA 

was recirculate d fo r  15-2 0 minutes .  Th e flo w rat e wa s se t  a t  10-1 5 

ml  perfusat e minut e "  cannula "  .  Th e lobe s wer e the n perfuse d 

wit h re-circulatin g buffe r  containin g 10 0 Uml "  o f  collagenas e Typ e 

I V an d 5mM CaCl2 ,  fo r  3 0 minutes .  Th e lobe s wer e carefull y 

transferre d t o a  beake r  containin g a  smal l  volum e o f  Hank s buffe r 

and mince d gentl y wit h a  pai r  o f  scissors .  Afte r  filtratio n 

throug h a  piec e o f  steril e gauz e th e cel l  suspensio n wa s centrifuge d 

at  50 g fo r  9 0 second s an d th e pelle t  washe d wit h Hank s buffer .  Th e 

cell s wer e the n resuspende d i n 5ml  cultur e mediu m (se e 2.6 )  whic h 

was adde d t o 5ml  Percol l  solutio n (Percol l  dilute d 1:1 0 wit h 

concentrate d Hank s sal t  solution :  1.4 M NaCl ,  50m M KCl ,  4mM KH2P0^ , 
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3mM NapHPO- ,  55m M glucose) .  Centrifugatio n a t  50 g fo r  1 0 minute s 

resulte d i n a  separatio n o f  th e viabl e an d non-viabl e cell s (Kreame r 

et  al. ,  1986) .  Th e pelle t  o f  viabl e cell s wa s washe d wit h cultur e 

medium,  followe d b y centrifugatio n a t  50 g fo r  9 0 seconds ,  an d 

finall y resuspende d i n cultur e medium . 

The viabilit y  o f  th e fina l  cel l  suspensio n obtaine d fro m bot h 

isolatio n method s wa s assesse d usin g trypa n blu e exclusio n (2,5,1) . 

Suspension s o f  viabilit y  les s tha n 85 % wer e rejected .  Th e 

concentratio n o f  th e cel l  suspensio n wa s the n adjuste d (usuall y t o 

2, 0 X  1 0 cell s  ml "  )  an d th e cell s eithe r  use d fresh ,  place d int o 

cultur e o r  sonicate d t o giv e a n homogenat e (2,6-2.8) . 

For  th e initia l  kineti c studie s (2.10 )  hepatocyte s wer e isolate d b y 

th e slic e method .  I n al l  subsequen t  experiment s lob e perfusio n wa s 

preferred ,  since ,  i n combinatio n wit h th e us e o f  large r  rats ,  th e 

yiel d o f  hepatocyte s pe r  anima l  wa s consistentl y increase d whils t 

th e isolatio n tim e wa s decreased .  Tabl e 2. 1 show s th e cytochrom e 

P450-dependen t  alkoxycoumari n O-dealkylas e activitie s measure d i n 

fres h hepatocyte s isolate d b y slicin g o r  lob e perfusion ,  an d th e 

maintenanc e i n cultur e fo r  2 4 hour s o f  thes e activities .  Th e 

fres h cel l  activitie s ar e similar ,  a s ar e th e maintenanc e values , 

indicatin g tha t  th e metho d o f  isolatio n doe s no t  influenc e th e P45 0 

activitie s measure d i n fres h o r  culture d hepatocytes . 
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2. 5 ASSESSMENT OF CEL L VIABILIT Y 

2.5. 1 Trypa n blu e exclusio n 

Viabilit y  o f  hepatocyt e suspension s wa s determine d usin g th e trypa n 

blu e dy e exclusio n test ,  whic h ha s bee n show n t o b e a s sensitiv e a 

paramete r  o f  viabilit y  a s lactat e dehydrogenas e leakag e (Jauregu i  ft ^ 

al. ,  1981) .  I t  i s  als o quicke r  an d simple r  t o perform ,  an d i t 

enable s a  quic k estimat e o f  th e numbe r  o f  viabl e cell s t o b e made . 

Cell s wit h a n intac t  plasm a membran e wil l  exclud e th e dye :  thes e 

cell s ar e judge d t o b e viable .  Wher e membran e integrit y i s 

compromise d th e cell s tak e u p th e dy e an d appea r  blu e whe n viewe d 

unde r  a  ligh t  microscope .  Th e numbe r  o f  viabl e an d non-viabl e 

cell s wer e counte d b y mixin g 0.25m l  cel l  suspensio n wit h 0.1m l 

trypa n blu e (0.5 % dy e solutio n i n 85 % saline )  an d placin g th e 

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

The percentag e viabilit y  wa s the n calculated . 

2.5. 2 Reductio n o f  MTT 

I n experiment s wher e compound s wer e screene d fo r  toxicit y t o 

culture d hepatocyte s th e numbe r  o f  viabl e cell s remainin g afte r 

treatmen t  wa s determine d b y assessmen t  o f  mitochondria l  function . 

The mitochondria l  enzyme ,  succinat e dehydrogenase ,  ca n reduc e th e 

yello w tetrazoliu m salt ,  MTT,  t o a  blu e formaza n produc t  whic h 

absorb s a t  560-570nm .  Onl y cell s wit h viable  mitochondri a ca n 

reduc e th e MTT an d th e amoun t  o f  formaza n produce d i s proportiona l 

t o th e numbe r  o f  viabl e cell s (Figur e 2.2) .  Th e metho d wa s modifie d 

fro m tha t  o f  Denizo t  an d Lan g (1986) ,  fo r  us e wit h hepatocyt e 
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cultures .  WEC containin g 0,2mgml ~ MTT wa s place d o n th e cells . 

Afte r  a  3  hou r  incubatio n a t  37°C ,  th e mediu m wa s remove d an d th e 

formaza n tha t  precipitate d i n th e cell s solubilise d i n isopropanol . 

Absorbanc e wa s determine d spectrophotometricall y a t  560n m o r  a t 

570n m usin g a  Dynatec h plat e reader . 

2. 6 USE O F FRESH CELLS 

For  al l  enzyme  assay s i n freshl y isolate d hepatocytes ,  cell s wer e 

resuspende d a t  2. 0 x  1 0 cell s ml "  i n cultur e mediu m o r  Hank s 

buffe r  (2.4 )  containin g 20m M HEPES.  Incubation s wer e performe d i n 

25ml  conica l  glas s flask s shake n continuousl y i n a  37° C wate r  bath . 

Incubatio n time s o f  20-3 0 minute s wer e routinel y used ,  th e cell s 

bein g use d immediatel y afte r  isolation .  Ther e wa s n o los s o f 

viabilit y  o f  th e cell s ove r  thes e tim e periods . 

2. 7 PRIMARY CULTURE OF HEPATOCYTES 

2.7. 1 Cultur e mediu m 

Hepatocyte s wer e culture d i n Williams '  mediu m E ,  th e compositio n o f 

whic h i s show n i n Tabl e 2.2 .  T o 445m l  singl e strengt h Williams '  E 

was added :  glutamin e 2mM,  fungizon e 2.5pgml "  ,  gentamici n 50pgml ~ , 

foeta l  cal f  seru m 10 % v/v ,  insuli n lOm U ml "  ,  nicotinamid e 5mM an d 

dexamethason e IpM .  Al l  concentration s ar e fina l  concentrations . 

Thi s mediu m i s referre d t o a s WEC,  an d ha s bee n show n t o maintai n 

certai n P450-dependen t  activitie s (Warre n an d Fry ,  1988) . 
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2.7. 2 Procedur e 

Hepatocyte s wer e culture d eithe r  o n 60m m diamete r  "Primaria "  petr i 

dishe s a t  2. 5 x  1 0 cell s dish "  ,  o r  o n collagen-coate d plasti c 

5 - 1 
24-wel l  plate s a t  2. 5 x  1 0 cell s wel l  .  Collage n wa s dilute d 

down t o 250pgml "  wit h steril e O.I M aceti c aci d an d sprea d ove r  eac h 

wel l  t o giv e a  coatin g o f  b\igcm . "Primaria "  dishe s ar e 

electrostaticall y treate d t o promot e attachmen t  an d surviva l  o f 

cells .  Bot h th e "Primaria "  dishe s an d th e multiwel l  plate s 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 d wit h 

Hanks buffe r  an d fres h WEC wa s added .  Mediu m wa s replace d ever y 2 4 

hours . 

2. 8 PREPARATION OF CEL L HOMOGENATES 

Fres h cel l  suspension s wer e centrifuge d a t  50 g fo r  9 0 seconds ,  an d 

th e pelle t  resuspende d i n ice-col d Tris-sucrose-EDT A buffer ,  p H 7, 4 

(20mM -  0.25m M -  5.4m M fina l  concentration s respectively )  a t 

fi  - 1 
approximatel y 1 0 x  1 0 cell s ml "  .  Culture d hepatocyte s wer e 

scrape d fro m th e cultur e dishes ,  th e content s o f  5  "Primaria "  plate s 

bein g poole d int o a  fina l  volum e o f  1.5m l  ice-col d buffer .  The 

resultin g suspension s wer e sonicate d usin g a  Sonipre p prob e a t  a n 

amplitud e o f  1 5 fo r  tw o 1 5 secon d pulses .  Thi s achieve d maximu m 

disruptio n wit h minimu m enzym e damage .  Homogenate s wer e eithe r 

use d fresh ,  o r  froze n i n liqui d nitroge n an d store d unti l  require d 

(alway s les s tha n 1  wee k fro m preparation) . 
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2. 9 DETERMINATION OF PROTEI N 

The protei n conten t  o f  fres h cel l  samples ,  culture s an d homogenate s 

was determine d usin g th e Bradfor d assa y (Bradford ,  1976) .  Sample s 

wer e dissolve d i n 0,5 N NaOH an d dilute d t o approximatel y lOOpgml "  . 

NaOH extrac t  (lOOpl )  wa s mixe d wit h l.Om l  dy e reagen t  (lOOm g 

Brillian t  Blu e G  i n 50ml  absolut e ethano l  adde d t o lOOml  85 % 

orthophosphori c acid ,  mad e u p t o 1  litr e wit h water )  an d lef t  t o 

stan d fo r  5  minutes .  Absorbanc e a t  595n m wa s determine d an d th e 

protei n conten t  derive d b y interpolatio n fro m a  standar d curve , 

constructe d wit h bovin e seru m albumin .  Protei n conten t  o f 

hepatocyte s wa s show n t o b e linea r  wit h respec t  t o cel l  numbe r 

(Figur e 2.3) . 

2.1 0 ALKOXYCOUMARIN O-DEALKYLASE ACTIVITIE S 

2.10. 1 Kinetic s 

The O-dealkylatio n o f  alkoxycoumarin s ar e P450-dependen t  activitie s 

tha t  hav e bee n show n t o hav e biphasi c kinetic s i n ra t  live r 

microsome s (Boobi s e t  al, ,  1981 ;  Paterso n e t  al, ,  1984) ,  preliminar y 

experiment s i n isolate d hepatocyte s confirmin g thes e observations . 

The kinetic s o f  7-methoxy -  an d 7-ethoxycoumari n 0-dealkylatio n 

(MCOD,  ECOD) ,  determine d i n freshl y isolate d hepatocyte s ar e show n 

i n Figure s 2. 4 an d 2. 5 respectively .  Th e kinetic s wer e analyse d 

usin g Hane s plot s (se e Appendix:A2.1) .  Th e tw o activitie s ar e 

clearl y biphasi c i n th e freshl y isolate d cells .  Simila r  kineti c 

studie s i n hepatocyte s culture d fo r  2 4 hour s showe d tha t  wherea s 

ECOD remaine d biphasi c i n cultur e (Figur e 2.7) ,  MCOD becam e 
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monophasi c (Figur e 2.6) . 

Estimation s o f  th e kineti c parameters .  K m an d Vmax ,  ar e presente d i n 

Tabl e 2.3 .  Th e K m o f  MCOD activit y measure d i n th e culture d 

hepatocyte s i s simila r  t o tha t  o f  th e tota l  activit y i n th e fres h 

cells .  Thi s suggest s tha t  i t  i s  th e lo w affinit y for m o f  th e 

activit y tha t  i s  retained ,  albei t  a t  a  reduce d leve l  (reduce d Vmax) , 

wherea s th e hig h affinit y for m i s los t  completely .  Bot h component s 

of  ECOD activit y wer e presen t  i n culture d hepatocyte s (simila r  K m 

values) ,  althoug h th e activit y wa s reduce d (lowe r  Vmax values) . 

Thi s informatio n suggest s tha t  differen t  population s o f  P45 0 ar e 

Involve d i n th e hig h an d lo w affinit y component s o f  thes e 

activities ,  a  suggestio n whic h i s reinforce d b y th e differentia l 

respons e o f  th e substrate s t o P45 0 inducer s (Matsubar a e t  al. ,  1983 ; 

Okuno e t  al. ,  1989) .  Therefore ,  th e alkoxycoumarin s provid e a 

serie s o f  substrate s fo r  th e investigatio n o f  a  rang e o f  P450s , 

sinc e multipl e isozyme s appea r  t o b e involve d i n th e O-dealkylas e 

activities .  I n th e studie s reporte d here ,  O-dealkylas e activitie s 

hav e bee n use d i n thi s wa y a s marker s fo r  differen t  population s o f 

P450 isozymes ,  thos e responsibl e fo r  the.hig h an d lo w affinit y 

component s o f  eac h activity .  Fo r  thi s reason ,  activitie s ar e 

measure d a t  tw o substrat e concentrations :  1 0 o r  20p M fo r  th e hig h 

affinit y for m (MCOD activit y coul d no t  b e accuratel y an d 

reproducibl y determine d a t  substrat e concentration s lowe r  tha n 20pM ) 

and 500p M fo r  th e tota l  activity .  Thi s tw o substrat e concentratio n 



-  7 2 -

approac h ha s bee n suggeste d previousl y b y Boobi s e t  al .  (1986) . 

2.10. 2 Determinatio n o f  activit y 

Alkoxycoumari n O-dealkylas e activitie s wer e determine d b y th e wel l 

characterise d metho d o f  Fr y an d Bridge s (1980 )  i n whic h th e 

7-hydroxycoumari n (7-HC )  produce d b y O-dealkylatio n i s assaye d 

fluorometrically .  Substrat e (th e alky l  ether )  i n 

N,N-dimethylformamid e (DMF )  a t  2iilml "  mediu m wa s adde d t o freshl y 

Isolate d o r  culture d hepatocytes .  Fres h hepatocyte s wer e incubate d 

wit h substrat e fo r  2 0 minute s a t  37° C i n a  shakin g wate r  bath ; 

culture d hepatocyte s wer e Incubate d wit h substrat e fo r  4  hour s a t 

37°C .  N o toxicit y o f  th e substrate s t o th e cell s wa s observabl e 

afte r  thes e Incubations .  Th e reactio n wa s stoppe d b y addin g th e 

incubat e (mediu m +  fres h cell s o r  mediu m alon e fro m th e cultures )  t o 

4ml  ice-col d water/0.2 M acetat e buffe r  (3: 1 v/v) .  32 0 U  o f 

beta-glucuronidas e H- 1 (i n 1ml  acetat e buffer )  wa s adde d t o eac h 

sampl e t o deconjugat e th e glucuronid e an d sulphat e derivative s o f 

7-HC prio r  t o extractio n an d assay ;  Incubatio n wit h enzym e wa s fo r  2 

hour s o r  overnight  a t  37°C .  Unde r  thes e condition s mor e tha n 97 % 

of  th e conjugate s wer e release d wit h n o hydrolysi s o f  th e sulphat e 

(Paterso n f t  al̂ . ,  1984) .  Th e 7-H C wa s the n extracte d int o 4ml 

diethylethe r  (containin g isoamylalcoho l  1.5 % v/v) .  Organi c phas e 

(1ml )  wa s the n extracte d int o 4ml  0.05 M glycine-NaO H buffer ,  p H 

10.4 ,  an d th e fluorescenc e determine d a t  a n excitatio n wavelengt h o f 

370n m (e x 370nm )  an d a n emissio n wavelengt h o f  450n m (e m 450nm) . 

The 7-H C conten t  wa s the n derive d b y interpolatio n fro m a  standar d 
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curve .  Th e productio n o f  7-H C unde r  thes e condition s wa s show n t o 

be linea r  wit h respec t  t o tim e an d cel l  number . 

2.1 1 DETERMINATION OF CYTOCHROME P45 0 CONTENT 

The P45 0 conten t  o f  hepatocyt e homogenate s wa s determine d usin g th e 

metho d o f  Estabroo k e t  al .  (1972) .  Homogenate s wer e dilute d i n O.I M 

Tri s buffe r  (p H 7.4) ,  containin g 20 % v/ v glycerol ,  t o th e equivalen t 

of  1- 2 X  1 0 cell s ml "  .  Carbo n monoxid e wa s bubble d throug h th e 

suspensio n fo r  1  minute ,  a t  1- 2 bubble s second "  .  Th e sampl e wa s 

spli t  equall y betwee n 2  cuvette s an d scanne d betwee n 39 0 an d 510nra . 

Sodiu m dithionit e wa s adde d t o on e cuvette ,  whic h wa s mixe d well , 

and re-scanned .  Th e P45 0 conten t  wa s calculated ,  usin g th e 

absorbanc e differenc e betwee n 45 0 an d 490nm ,  an d th e extinctio n 

coefficien t  o f  91mM"  cm"  . 

2.1 2 ANALYSI S OF ENZYME ACTIVITIE S I N CELL HOMOGENATES 

Enzyme activitie s i n cel l  homogenate s wer e determine d usin g a n 

Incubatio n mi x simila r  t o tha t  describe d b y Paterso n an d Fr y (1983 ) 

fo r  microsoma l  Incubations .  Determinatio n o f  enzym e activitie s i n 

homogenate s ha s als o bee n describe d previousl y (Gran t  e t  al. ,  1985) . 

The 1ml  incubatio n mi x containe d 5mM magnesiu m sulphate ,  lUml " 

glucose-6-phosphat e dehydrogenase ,  an d cofactor s (0.5m M NADP an d 5mM 

glucose-6-phosphate ,  fina l  concentrations )  i n 0.2 M phosphat e buffer , 

pH 7.4 .  Cel l  homogenate s wer e routinel y use d a t  concentration s o f 

0.5-l.Om g protei n ml "  incubatio n mix . 
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Activitie s wer e determine d fro m standar d curve s o f  th e amoun t  o f 

product .  Substrat e wa s als o include d i n blan k an d standar d 

samples .  Reaction s wer e determine d t o b e linea r  a t  th e chose n 

substrat e concentration s ove r  th e incubatio n perio d a t  th e require d 

homogenat e protei n concentration ,  i n homogenate s fro m contro l  an d 

Inducer-treate d animals . 

2.1 3 DETERMINATION O F 7-ETHOXYRESORUFIN 0-DEALKYUS E ACTIVIT Y 

7-Ethoxyresorufi n i s dealkylate d i n microsome s t o a  fluorescen t 

product ,  resorufi n (Poh l  an d Fouts ,  1980) .  Th e incubatio n mi x use d 

was a  sligh t  modificatio n o f  tha t  describe d i n 2.12 ,  i n tha t 

homogenat e wa s use d a t  0. 1 mg protei n ml "  an d bovin e seru m albumi n 

(Im g ml "  )  wa s include d i n th e phosphat e buffer ,  t o preven t  produc t 

inhibition ,  an d maintai n linearit y o f  th e reactio n respectively . 

Prio r  t o assa y wit h substrate ,  dicoumaro l  (fina l  concentratio n 10|JM ) 

was adde d t o th e incubatio n mix ,  whic h wa s the n incubate d a t  37° C 

fo r  1 0 minutes .  Th e dicoumaro l  inhibit s microsoma l  reductase s tha t 

can reduc e th e unstabl e resorufi n (Lube t  e t  al. ,  1985) . 

7-Ethoxyresoruf1 n (fina l  concentratio n 1.7|J M i n DMSO)  wa s the n 

Incubate d wit h th e sample s fo r  3 0 minutes .  When homogenate s fro m 

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

10 minutes .  Th e reactio n wa s terminate d b y th e additio n o f  2ml 

methanol .  Th e fluorescenc e o f  th e resorufi n i n th e cleare d 

supernatan t  wa s the n determined .  Th e product ,  resorufin ,  i s 

relativel y unstable ,  therefor e Rhodamin e B  wa s use d a s a  standard . 

The fluorescenc e o f  Rhodamin e 8  a t  e x 550n m an d e m 585n m wa s 
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determine d t o b e twic e tha t  o f  resorufin . 

2.1 4 DETERMINATION OF NITROPHENOL HYDROXYLASE ACTIVIT Y 

4-Nitropheno l  hydroxylas e activit y wa s assaye d b y determinatio n o f 

th e amoun t  o f  4-n1trocatecho l  produced .  Th e metho d use d wa s 

essentiall y  tha t  o f  Reink e an d Moye r  (1985) .  Nitropheno l  (lOOp M 

fina l  concentration )  wa s Incubate d i n 1ml  standar d incubatio n mi x 

(2.12 )  fo r  3 0 minute s a t  37°C .  TC A (15% ,  0.1ml )  wa s use d t o sto p 

th e reaction .  Afte r  centrifugatio n t o remov e th e precipitate d 

protein ,  0.1m l  IO N NaOH wa s adde d t o th e supernatant .  Th e 

absorbanc e o f  th e nitrocatecho l  wa s determine d a t  546nm . 

2.1 5 DETERMINATION OF N-DEMETHYLASE ACTIVIT Y 

N-Demethylas e activit y wa s measure d b y determinin g th e amoun t  o f 

formaldehyd e produce d fro m benzphetamin e o r  erythromyci n (fina l 

concentratio n 50\iM). Th e formaldehyd e wa s trappe d wit h 

semicarbazid e (lOm M fina l  concentratio n i n incubatio n mix) .  Sample s 

wer e incubate d fo r  3 0 minute s a t  37°C ,  an d the n stoppe d wit h 15 % 

TCA.  Fres h Nas h reagen t  (30 g ammoniu m acetat e +  0.4m l 

acety l  aceton e i n 100m l  water ,  1ml )  wa s adde d t o 1ml  protein-fre e 

supernatant ,  an d incubate d a t  37° C fo r  45-5 0 minutes .  Sample s wer e 

centrifuge d i f  necessar y t o clea r  th e supernatant .  Th e 

formaldehyd e wa s the n measure d spectrophotometricall y a t  412n m o r 

fluorometricall y a t  e x 410n m e m 510n m (Nash ,  1953 ;  Belman , 

1963) . 

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

i n Figur e 2.8 . 
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2.1 6 DETERMINATION OF CELLULAR GLUTATHIONE 

Cellula r  glutathion e wa s determine d b y a  modificatio n o f  th e metho d 

of  Hissi n an d Hil f  (1976) ,  i n whic h o-phthalaldehyd e form s a 

fluorescen t  derivativ e wit h reduce d glutathione .  Hepatocyt e 

suspension s wer e treate d wit h 15 % TCA,  an d 0.1m l  supernatan t  adde d 

t o 3ml  0.4 M K3PO4 buffer ,  p H 8.2 .  o-Phthaladehyd e solutio n (0,1ml ; 

Img ml "  i n methanol )  wa s adde d t o eac h sample ,  wit h thoroug h 

mixing .  Th e fluorescenc e wa s the n measure d exactl y 1 5 minute s 

late r  a t  e x 350nm ,  e m 420nm .  Th e glutathion e conten t  wa s 

determine d fro m a  standar d curve . 
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APPENDIX 

A2. 1 Kineti c analysi s o f  enzym e activit y 

The kinetic s o f  enzyme-catalyse d reaction s ca n b e describe d b y th e 

Michaelis-Mente n equation : 

V =  Vmax[S l  fl l 
Km +  LS ] 

wher e v  i s th e rat e o f  reactio n a t  substrat e concentratio n [SI ,  Vmax 

i s th e maximu m rat e a t  saturatin g substrat e concentration s an d K m i s 

th e Michae l  i s  constant ,  commonl y define d a s th e substrat e 

concentratio n a t  whic h v =  Vmax ,  Th e K m i s thu s a  measur e o f  th e 

2. 

enzyme' s affinit y fo r  th e substrate ,  an d th e Vmax give s a n 

indicatio n o f  th e amoun t  o f  activ e enzym e present .  Equatio n [1 1 

describe s a  rectangula r  hyperbol a whic h ca n b e linearl y transforme d 

i n severa l  way s t o enabl e graphica l  estimation s o f  K m an d Vmax t o b e 

made (Roberts ,  1977) , 

The kinetic s o f  MCOD an d ECOD activitie s wer e describe d i n 2.1 0 b y 

use o f  a  Hane s plot ,  i n preferenc e t o th e double-reciproca l 

Lineweaver-Bur k plot .  Fo r  a  Hane s plo t  (Hanes ,  1932 )  [Sl/ v I s 

plotte d agains t  [S] ,  re-arrangemen t  o f  equatio n [1 1 giving : 

[S ]  =  1  .[S ]  +  K m ... .  [2 1 
V Vmax Vmax 

A plo t  o f  [S]/ v agains t  [S ]  o f  a  biphasi c activit y wil l  giv e tw o 

components ,  eac h describe d b y equatio n [2] ,  fro m whic h th e K m an d 

Vmax ca n b e calculated .  Th e componen t  wit h th e lowe r  K m I s th e 
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hig h affinit y for m an d th e componen t  wit h th e highe r  K m represent s 

th e tota l  activity .  Subtractio n o f  th e hig h affinit y for m fro m th e 

tota l  wil l  giv e th e contributio n o f  th e lo w affinit y component . 

Wit h regar d t o estimation s o f  th e kineti c parameter s Vmax an d Km, 

statistica l  consideration s indicat e tha t  o f  th e graphica l 

determination s o f  Vmax an d K m mor e accurat e subjectiv e estimate s ca n 

be obtaine d fro m Hane s plot s tha n fro m th e Lineweaver-Burk ,  assumin g 

a homogeneou s varianc e o f  v  (Wilkinson ,  1961) . 

The Lineweaver-Bur k plo t  become s vastl y inferio r  t o th e Hane s whe n 

applie d t o unweighte d linea r  regressio n lines ,  sinc e th e smalle r 

(an d les s accurate )  determination s o f  v  becom e inordinatel y 

importan t  i n determinin g th e positio n o f  th e line .  I f  th e erro r  i n 

V i s assume d t o b e small ,  th e Hane s plo t  give s reasonabl y reliabl e 

estimate s o f  K m an d Vmax fo r  unweighte d lines .  Thi s mean s tha t  K m 

and Vmax value s ca n b e graphicall y estimated ,  especiall y I f  th e ai m 

i s t o compar e value s fro m tw o simila r  experiment s wher e th e bia s o f 

th e unweighte d dat a wil l  b e similar ,  rathe r  tha n t o obtai n value s 

fo r  th e tru e Vmax an d K m (Dow d an d Riggs ,  1965) .  Thus ,  i n th e 

kineti c experiment s presente d i n 2.10 ,  K m an d Vmax value s wer e 

estimate d fro m th e unweighte d linea r  regressio n line s obtaine d fro m 

Hanes plot s o f  th e data .  Th e K m an d Vmax value s obtaine d fro m th e 

graph s wer e use d t o compar e th e isozymi c population s presen t  i n 

fres h an d culture d hepatocytes ,  an d shoul d no t  b e take n a s accurat e 

measure s o f  th e tru e value s o f  th e kineti c parameters . 
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A2. 2 Statistica l  analyse s 

Standar d statistica l  test s wer e applie d t o th e dat a presente d i n 

thi s thesis ,  whic h ar e describe d i n detai l  i n genera l  statistic s 

text s (Bailey ,  1959) .  Briefly ,  linea r  regressio n analysi s wa s 

applie d t o linear ,  graphica l  data ,  t o obtai n th e lin e o f  bes t  fit . 

Student' s t-tes t  wa s use d t o compar e tw o grou p mean s wher e onl y on e 

variabl e wa s bein g studied ;  fo r  multipl e comparison s analysi s o f 

varianc e (ANOVA)  wa s employed .  I f  th e ANOVA detecte d difference s 

betwee n group s Dunnett' s  tes t  (Winer ,  1971 )  wa s use d t o compar e th e 

treate d group s t o th e contro l  group .  Th e importan t  poin t  regardin g 

thi s tes t  i s  tha t  th e significanc e leve l  applie s t o th e collectiv e 

dat a -  th e tes t  i s  no t  Independen t  fo r  eac h grou p v  contro l  tes t 

(i.e .  group s x  an d y  bu t  no t  grou p z  are significantl y differen t  t o 

th e contro l  grou p a t  a  leve l  o f  p<0,05) .  Th e Mann-Whitne y U-tes t 

(Campbell ,  1967 )  i s a  distribution-fre e tes t  whic h ca n b e use d o n 

transforme d data ,  e.g .  cultur e maintenanc e dat a whic h i s expresse d 

as a  percentag e of ,  o r  relativ e to ,  a  fres h cel l  value .  I t 

assesse s th e overla p o f  tw o populatio n distributions ,  differin g i n 

th e locatio n o f  thei r  media n valu e b y rankin g th e data . 
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TABL E 2,1a. ALKOXYCOUMARI N O-DEALKYLAS E ACTIVITIES 
IN HEPATOCYTES ISOLATED BY THE SLICE AND LOBE 
PERFUSION METHODS, 

SUBSTRATE 
CONCENTRATION (jiM) 

ACTIVITY (pmo l min-' 'mg-'' ) 
SLICE PERFUSION 

7-MC 20 18±2 17± 4 

7-MC 500 

7-EC 10 

106±10 

15±2 

91± 9 

19± 4 

7-EC 500 

VIABILITY 

293±44 

89± 1% 

309± 9 

91± 1% 

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

TABL E 2.1b.MAINTENANC E OF ACTIVITIES AFTER 24 HOURS 
IN CULTURE. 

SUBSTRATE 
CONCENTRATION (̂ .M) 

MAINTENANCE 
SLICE PERFUSION 

7-MC 20 0.17 0.21 

7-MC 500 

7-EC 10 

0.27 

0.35 

0.54 

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. 



TABL E 2.2. COMPOSITION OF WILLIAMS ' MEDIUM E"" 

Componen t mg L" 

INORGANIC SALTS 

CaCl2 (anhydrous) 

CuS04.5H20 

Fe(N03)3.9H20 

KCl 

MgS04 

MgS04.7H20 

MnCl2.4H20 

NaCl 

NaHCOg 

NaH2P04H20 

ZnS04.7H20 

AMINO ACIDS 

L-Alanine 

L-Arginine 

L-Asparagine.H20 

L-Aspartic acid 

L-Cysteine 

L-Cystine 

L-Glutamic acid 

Glycine 

L-Histidine 

L-lsoleucine 

L-Leucine 

L-Lysine HCl2 

L-Methionine 

L-Phenylalanine 

L-Proline 

L-Serine 

L-Threonine 

L-Tryptophan 

L-Tyrosine 

L-Valine 

200.0000 

0.0001 

0.0001 

400.0000 

400.0000 

200.0000 

0.0001 

6800.0000 

2200.0000 

140.0000 

0.0002 

90.0000 

50.0000 

20.0000 

30.0000 

40.0000 

20.0000 

50.0000 

50.0000 

15.0000 

50.0000 

75.0000 

87.5000 

15.0000 

25.0000 

30.0000 

10.0000 

40.0000 

10.0000 

35.0000 

50.0000 

(continued over) 

1 From Williams and Gunn (1974) 

2 The original formula lists lysine at 70.00 mg L'"" 



TABL E 2 .2 . ( con t inued) 

VITAMINS 

Ascorbic acid 

Biotin 

D-Ca2+pantothenate 

Choline chloride 

Ergocalciferol 

Folic acid 

i-lnositol 

Menadione sodium bisulphate 

Nicotinamide 

Pyridoxal HCI 

Riboflavin 

oGTocopherol phosphate, disodium 

Thiamine HCI 

Vitamin A acetate 

Vitamin B.|2 

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 



TABL E 2,3, ESTIMATED KINETIC PARAMETERS OF MCOD 
AND ECOD ACTIVITIES, 

ENZYME 
ACTIVITY 

MCOD fresh 

HIGH AFFINITY 

Km1 

33 

V 1 *max ' 

53 

TOTAL 

• ^m̂  ^max 2 

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 Km are nM 

2 Units of Vf^ax si's pmol min"'' mg'"'. 



FIGURE 2.1. APPARATUS FOR JHE 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% ©2 : 5% CO2 

F water bath maintained at 40°C 

G re-circulated perfusate 



r=0.99 

2 3 
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. 



mg protein/m l 

r=0.99 

2 3 4 
millio n ceils/m l 

FIGURE 2.3. RELATIONSHIP OF CELL PROTEIN TO CELL 
NUMBER. Protein content of hepatocyte suspensions was 
determined as described in section 2.9. (5.-'SE/v\,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. 

5-1 

[SJ/v 
MM.min.nn a 4 -

• high r=0.95 
° total r=1.00 

100 20 0 30 0 40 0 50 0 60 0 
[S] 

FIGURE 2.4. HANES PLOT OF MCOD ACTIVITY MEASURED 
IN FRESHLY ISOLATED HEPATOCYTES. 
See Appendix 2.1 for details of kinetic analysis. 



high r=0.95 
total r=1.00 

100 200 300 

[S]pM 

FIGURE 2.5, HANES PLOT OF ECOD ACTIVITY MEASURED 
IN FRESHLY ISOLATED HEPATOCYTES, 
See Appendix 2.1 for details of kinetic analysis. 



V\V\. min. m j 

r=0.98 

FIGURE 2,6, HANES PLOT OF MCOD ACTIVITY MEASURED 

IN HEPATOCYTES CULTURED FOR 24 HOURS, 

See Appendix 2.1 for details of kinetic analysis. 



10-1 

IS]/v 
MM.min.w ^ 8 -

6 -

4 -

2 -

• high r=0.97 
a total r= 1.00 

100 20 0 30 0 40 0 50 0 60 0 
[S]vM If ' 

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. 0-DEALKYLATIO N OF ALKOXYCOUMARINS . Method: 2.10. 

ALKOXYCOUMARIN 7-HYDROXYCOUMARlN 

RO.^.^:^^s/0\. 0 ^ O 

R= methyl, ethyl or propyl group 

B, O-DEETHYLATiO N OF 7-ETHOXYRESORUFIN.Method: 2.13 

7-ETHOXYRESORUFlN RESORUFIN 

CHYDROXYLATION OF P-NITROPHENOL,Method: 2.14 

P-NITROPHENOL P-NITROCATECHOL 

NOb ^ 

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 

^ ^CH2CH2(CH3)NCH2 L j j " ^ ^ ^ ^CW^C^C\^^^CW. 

CH3 ^ ^  H 

-̂  formaldehyde 

ERYTHROMYCIN 

OH N 1/ 

P ^ reaction as above; arrow 
C l ^ C H z — ( H O O ^ ^ C H ^ X C ^ denotes site o f action. 

HO N(a%)2 

H O H ,C 

FIGURE 2.8. CONTINUED. SUBSTRATES AND METABOLI C 
PRODUCTS OF P450-DEPENDENT ACTIVITIES. 
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SUPPLEMENTATION OF CULTURE MEDIUM WIT H 
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CHAPTER 3 

3. 1 INTRODUCTION 

A variet y o f  method s hav e bee n employe d i n attempt s t o attenuat e th e 

los s o f  cytochrom e P45 0 tha t  occur s i n hepatocyt e cultures , 

includin g manipulatio n o f  cultur e mediu m compositio n (reviewe d i n 

Chapte r  One) .  I n 198 5 Engelman n e t  al .  reporte d tha t  additio n o f 

exogenou s hae m t o cultur e mediu m maintaine d th e P45 0 conten t  o f  ra t 

culture d hepatocyte s a t  mor e tha n 80 % o f  th e leve l  i n freshl y 

isolate d cell s fo r  7 2 hours ;  ther e wa s n o effec t  o n th e hae m conten t 

of  th e hepatocytes .  Th e rational e o f  thi s supplementatio n centre s 

on hae m a s th e prostheti c grou p o f  mammalia n haemoproteins . 

Haem (o r  iro n (Il)-protoporphyrl n IX )  i s synthesize d i n th e 

hepatocyt e fo r  incorporatio n int o mitochondria l  cytochromes , 

catalas e an d tryptopha n pyrrolas e a s wel l  a s th e microsoma l 

cytochromes ;  however ,  o n inductio n u p t o 70 % o f  newl y synthesize d 

haem ca n b e incorporate d int o cytochrom e P450 s (Muller-Eberhar d an d 

Vincent ,  1985) .  I t  i s  know n tha t  deficiencie s i n hae m biosynthesi s 

can resul t  i n selectiv e deficiencie s i n dru g metabolis m (Anderso n et_ 

al. ,  1976) .  Also ,  Stewar d e t  al .  (1985 )  showe d tha t  althoug h tota l 

P450 decline d i n cultur e ove r  7 2 hours ,  ther e wa s a  selectiv e 

maintenanc e o f  certai n apoproteins .  The y conclude d tha t  los s o f  th e 

haem moiet y wa s responsibl e fo r  th e overal l  los s o f  holoenzym e i n 

culture .  This ,  couple d wit h th e shorte r  turnove r  o f  hae m relativ e 

t o apoprotei n (Sadan o an d Omura ,  1983) ,  suggest s tha t  som e 

deficiency ,  bloc k o r  inhibitio n o f  hae m biosynthesi s i s responsibl e 
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fo r  th e los s o f  P45 0 i n culture . 

I t  i s  though t  tha t  hae m i s extracte d fro m a n Intracellula r  hae m poo l 

(o r  pools) ,  fe d bot h exogenousl y an d endogenously ,  fo r  synthesi s o f 

microsoma l  haemoprotein s (Muller-Eberhar d an d Vincent ,  1985) , 

althoug h th e mechanis m o f  regulatio n o f  thi s poo l  i s  uncertain . 

Haem itsel f  exert s feedbac k repressio n o n th e mitochondria l  enzym e 

delta-aminolaevulinat e synthas e (ALAS) ,  whic h i s th e rat e limitin g 

enzyme i n hae m biosynthesi s (Granick ,  1966) ,  outline d i n Figur e 3.1 . 

Haem als o Induce s hae m oxygenas e whic h degrade s fre e hae m fro m P450 s 

t o biliverdi n (Kutt y  et al_. ,  1988) .  Th e administratio n o f 

delta-aminolaevulinat e (ALA )  i n viv o ca n als o induc e hae m oxygenas e 

i n th e rat ,  presumabl y b y stimulatin g hae m synthesis ,  resultin g i n 

an expansio n o f  th e hae m poo l  (Anderso n e t  al. ,  1981) .  However , 

Pain e an d Leg g (1978 )  coul d fin d n o correlatio n betwee n inductio n o f 

haem oxygenas e activit y an d los s o f  P45 0 i n hepatocyt e cultures , 

makin g increase d degradatio n o f  hae m unlikel y a s a  caus e o f  P45 0 

loss .  Evart s e t  al .  (1984 )  reporte d tha t  althoug h th e P45 0 conten t 

fel l  rapidl y withi n th e firs t  2 4 hours ,  hepati c ALA S remaine d 

elevate d throughou t  fou r  day s o f  culture ;  therefor e th e biosyntheti c 

pathwa y doe s no t  appea r  t o b e represse d althoug h th e sustaine d 

Increas e i n ALA S suggest s a  deman d fo r  hae m i n th e culture d 

hepatocyte . 

Additio n o f  exogenou s haem ,  bot h i n viv o an d i n vitro ,  ha s bee n 

shown t o hav e a  sparin g effec t  o n allylisopropylacetamide-induce d 
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destructio n o f  P450 ,  presumabl y b y promotin g incorporatio n o f  hae m 

int o newl y synthesize d apoprotein s (Lie m e t  al. ,  1983) .  Thi s 

protectio n agains t  degradatio n followin g allylisopropylacetamid e 

administratio n appear s t o b e specifi c  fo r  certai n isozymes , 

favourin g thos e predominatin g a t  th e tim e o f  treatmen t  (D e Mattei s 

et  al. ,  1983 ;  Bornhei m e t  al. ,  1984) ,  Exogenou s hae m als o seem s t o 

ac t  directly ,  a s a  positiv e modulato r  o f  P45 0 gen e transcription , 

vi a th e nuclea r  hae m poo l  (Bha t  an d Padmanaban ,  1988) . 

Seleniu m i s a n essentia l  trac e elemen t  tha t  i s  a n induce r  o f  bot h 

ALAS an d hae m oxygenas e (Maine s an d Kappas ,  1976) .  I t  i s  no t 

porphyrinogenic ,  thu s th e Inductio n o f  bot h enzyme s appear s t o 

maintai n a  stead y state .  A t  concentration s greate r  tha n 0.5|J M th e 

elemen t  i s a n Inhibito r  o f  ALAS , 

I n thi s experiment ,  th e effec t  o f  cultur e mediu m supplemente d wit h 

haem,  AL A an d seleniu m o n th e maintenanc e o f  P450-dependen t 

dealkylas e activitie s wa s investigated ,  thes e condition s bein g 

simila r  t o thos e describe d b y Engelman n e t  al .  (1985) . 

3. 2 METHODS 

Hepatocyte s wer e isolate d fro m 150 g mal e rat s b y lob e perfusion . 

MCOD an d ECOD (bot h tota l  an d hig h affinit y components )  wer e 

measure d i n hepatocyte s culture d fo r  2 4 hour s an d i n freshl y 

Isolate d cell s fro m th e sam e animals ;  hepatocyte s wer e culture d o n 

"Primaria "  dishe s i n eithe r  WEC o r  i n WEC supplemente d furthe r  wit h 
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haem (IIJM) ,  AL A (200|JM )  an d seleniou s aci d (Se ;  0.1[JM) .  Hae m wa s 

dissolve d i n a  bovin e seru m albumi n solutio n (Imgml "  O.I N NaOH)  t o 

enabl e dilutio n int o cultur e mediu m a s describe d b y Engelman n e t  al . 

(1985) .  Thi s mediu m i s designate d WEC+H.  Protei n conten t  o f  fres h 

cell s an d culture s wa s determine d an d al l  activitie s expresse d a s 

pmol  7-H C produce d min "  mg protein '  .  Maintenanc e o f  activitie s i n 

cultur e i s expresse d a s a  percentag e o f  th e fres h cel l  activity ,  an d 

calculate d fo r  eac h animal . 

3. 3 RESULTS 

3.3. 1 Maintenanc e o f  activitie s i n cultur e 

Figur e 3. 2 show s th e activitie s measure d i n fres h cells ,  an d i n 

hepatocyte s culture d fo r  2 4 hour s i n WEC o r  WEC+H.  I t  i s  clea r 

tha t  th e activitie s i n th e culture d hepatocyte s ar e simila r 

regardles s o f  th e medium .  Th e WEC+H conferre d n o advantag e ove r 

th e unsupplemente d WEC.  However ,  th e WEC (an d als o WEC+H) 

appeare d t o b e adequat e fo r  maintenanc e o f  thre e o f  th e activitie s 

measured .  However ,  tota l  MCOD wa s no t  maintained ,  fallin g t o 46 % 

of  th e fres h cel l  activity . 

Tabl e 3. 1 present s th e maintenanc e dat a fo r  al l  fou r  activitie s a s 

percentage s o f  th e fres h cel l  data ,  fo r  bot h media .  Th e mea n 

value s an d range s wer e very simila r  fo r  th e tw o media ,  an d althoug h 

onl y thre e animal s wer e used ,  th e maintenanc e o f  tota l  an d hig h 

affinit y ECOD an d hig h affinit y MCOD i s Indisputable .  Thi s 

maintenanc e o f  activity ,  however ,  i s  i n contras t  t o tha t  o f  th e 
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kinetic s experiment s (Chapte r  2.10 ,  Tabl e 2.4 )  wher e non e o f  th e 

fou r  activitie s wer e maintained ,  usin g th e sam e WEC medium .  Th e 

maintenanc e dat a fro m th e tw o experiment s ar e presente d togethe r  i n 

Tabl e 3. 2 fo r  comparison ,  an d i t  I s  necessar y t o conside r  th e 

possibl e reason s fo r  th e inconsistenc y o f  thes e results .  Th e mos t 

obviou s cause s o f  discrepancie s i n maintenanc e dat a ar e difference s 

i n th e viabilitie s and/o r  fres h cel l  activitie s o f  th e initia l  fres h 

cel l  suspensions . 

3.3. 2 Compariso n o f  dealkylas e activitie s an d viabilitie s 

The activitie s an d initia l  viabilitie s o f  th e cel l  preparation s use d 

i n thi s an d th e forme r  experiment s (take n fro m Tabl e 2.1a )  ar e 

presente d i n Tabl e 3.3 .  Th e viabilitie s wer e 1dentical(9 1 + 

1%),  an d th e ECOD activitie s wer e very similar .  However ,  th e MCOD 

activitie s wer e ver y different .  Tota l  MCOD activit y i n thi s 

experimen t  wa s twic e tha t  measure d previousl y wherea s th e hig h 

affinit y for m ha d aroun d hal f  th e activit y o f  th e forme r  deter -

mination .  Thes e difference s i n MCOD activity ,  whils t  requirin g a n 

explanation ,  d o no t  accoun t  fo r  th e observe d difference s i n 

maintenanc e betwee n th e tw o experiments . 

Thus supplementatio n o f  WEC wit h haem ,  AL A an d S e di d no t  improv e 

maintenanc e o f  dealkylas e activitie s ove r  thos e obtaine d wit h WEC 

alone ,  bu t  thi s maintenanc e i n WEC o f  thre e o f  th e fou r  activitie s 

over th e 2 4 hou r  cultur e perio d wa s completel y unexpecte d give n th e 

previou s maintenanc e dat a fo r  th e sam e activitie s i n simila r  cultur e 

conditions . 
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3. 4 DISCUSSIO N 

The us e o f  WEC supplemente d wit h hae m di d no t  improv e maintenanc e o f 

P450-dependen t  enzym e activitie s i n hepatocyt e cultures ,  bu t  the n 

agai n ther e wa s goo d maintenanc e ove r  twent y fou r  hour s i n th e 

unsupplemente d medium .  Ther e wa s a  selectiv e los s o f  MCOD activit y 

i n thi s experiment ,  an d supplementatio n o f  WEC wit h haem ,  AL A an d S e 

di d no t  preven t  thi s loss .  Engelman n e t  al .  (1985 )  reporte d a n 

overal l  maintenanc e o f  P45 0 conten t  i n contras t  t o a  25 % los s a t  2 4 

hour s i n mediu m minu s haem .  The y use d adul t  femal e rats ,  fo r  whic h 

haem supplementatio n o f  medi a may hav e bee n mor e effective ,  sinc e 

hepatocyte s fro m femal e rat s appea r  t o b e mor e susceptibl e t o hae m 

los s (Evart s e t  al. ,  1984) . 

Tota l  MCOD activit y o f  hepatocyte s fel l  b y 50 % durin g 2 4 hour s I n 

cultur e an d wherea s thi s i s consisten t  wit h dat a fro m th e 

preliminar y kineti c experiments ,  th e maintenanc e o f  th e othe r  thre e 

activities ,  a t  mor e tha n 90 % o f  th e fres h cel l  valu e i n WEC,  i s not . 

Also ,  th e MCOD activitie s i n th e fres h cell s wer e differen t  t o thos e 

measure d previously .  Thos e experiment s ha d ascertaine d tha t  cel l 

preparation s isolate d b y slic e o r  perfusio n wer e equivalen t  wit h 

respec t  t o dealkylas e activit y an d maintenance .  A  majo r  differenc e 

betwee n th e experiments ,  however ,  i s  th e size ,  an d therefor e age , 

of  th e hepatocyt e dono r  animal .  Fo r  th e initia l  kinetic s an d 

perfusio n experiment s 70 g mal e rat s wer e used ,  bu t  i n thi s stud y 

large r  ISO g rat s wer e used .  Thi s mad e cannulatio n o f  th e lobe s 

easier ,  a s wel l  a s increasin g th e yiel d o f  hepatocyte s pe r  rat . 
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The mal e Wista r  rat s use d a s donor s ar e sexuall y matur e a t  150 g ( 6 -

8 week s old )  unlik e th e 70 g rat s ( 4 week s old) . 

I t  i s  know n tha t  change s i n som e P450-dependen t  activitie s occu r 

durin g post-nata l  developmen t  i n th e rat ,  especiall y a t  th e onse t  o f 

pubert y (Gra m e t  al. ,  1969) .  I t  i s  possibl e tha t  MCOD activit y 

i s dependen t  o n a  developmentall y regulate d P450(s )  whic h account s 

fo r  th e observe d difference s i n MCOD activity .  I t  i s  als o possibl e 

tha t  th e ag e o f  th e anima l  Influence s th e maintenanc e o f  P45 0 

activitie s i n culture . 

I t  ha s bee n reporte d tha t  th e hae m moiet y o f  P45 0 undergoe s biphasi c 

turnove r  (Levi n e t  al. ,  1975) ,  wit h bot h a  fas t  an d a  slo w 

component .  Th e rati o o f  fas t  :  slo w turnove r  form s decrease d wit h 

increasin g ag e i n th e mal e ra t  (rati o o f  4. 4 i n immatur e male s an d 

1. 9 i n adul t  males) .  Parkinso n e t  al_ .  (1983 )  investigate d 

turnove r  o f  bot h th e hae m an d apoprotei n moietie s fo r  specifi c  P45 0 

Isozyme s an d reporte d biphasi c turnove r  fo r  th e tota l  apoprotein . 

However ,  onl y on e purifie d isozym e showe d biphasi c turnove r  o f  hae m 

(an d o f  apoprotein) .  Thi s wa s P450IIA ,  no w know n t o exis t  a s a t 

leas t  tw o ver y simila r  isozyme s IIA l  an d IIA 2 whic h ar e 

differentiall y  regulated .  P450IIA 2 i s adul t  male-specific ; 

P450IIA 1 I s expresse d onl y i n female s an d pre-puberta l  male s 

(Matsunag a e t  al_. ,  1988) .  I t  i s  possibl e tha t  th e rat s o f 

Parkinso n e t  al. .  use d a t  4- 6 week s o f  age ,  containe d bot h form s o f 

P450IIA ,  an d tha t  on e i s a  fas t  an d on e a  slo w turnove r  form . 
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Othe r  worker s hav e onl y foun d monophasi c turnove r  kinetic s fo r  a 

number  o f  purifie d P450 s (Shirak i  an d Guengerich ,  1984 )  bu t  i t  i s 

possibl e tha t  change s i n rat e o f  turnove r  ar e associate d wit h th e 

developmentall y regulate d P450 s lik e P450IIA1 ,  whic h i s a  steroi d 

hydroxylase ,  unde r  hormona l  contro l  (Arlott o an d Parkinson ,  1989) . 

Also ,  adul t  females ,  lik e immatur e males ,  appea r  t o hav e 

predominantl y fas t  turnove r  P450 s (Levi n e t  al. ,  1975) .  Thus ,  a n 

Increas e i n slo w turnove r  form s o f  P45 0 a t  pubert y i n th e mal e ra t 

coul d explai n th e improve d maintenanc e o f  P450-dependen t  activ -

itie s i n thi s experimen t  relativ e t o th e kinetic s experiment ,  du e t o 

th e difference s i n ag e o f  th e animal s use d fo r  th e hepatocyt e 

isolations .  I t  coul d als o explai n wh y hae m supplementatio n o f 

mediu m ha d n o effec t  o n maintenance ,  i n contras t  t o th e result s o f 

Engelman n et a]_. (1985) ,  wh o use d hepatocyte s fro m femal e rats ,  i n 

whic h fas t  turnove r  P45 0 form s predominat e (Levi n e t  al. ,  1975) . 

I n summary ,  thes e result s ar e no t  consisten t  wit h hepatocyt e hae m 

deficienc y bein g responsibl e fo r  th e los s o f  P45 0 activitie s i n 

culture .  The y d o Indicat e tha t  hepatocyte s isolate d fro m adul t 

male s ma y sho w bette r  maintenanc e o f  selecte d activitie s i n ou r 

chose n mediu m tha n thos e fro m immatur e males .  Th e effect s o f  ag e 

and se x o f  dono r  anima l  o n P450-dependen t  activitie s i s examine d i n 

more detai l  i n th e followin g chapter . 
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TABL E 3.1. MAINTENANCE OF ALKOXYCOUMARI N O-DEALKYLAS E 
ACTIVITIES IN CULTURE FOR 24 HOURS: EFFECT OF MEDIUM 
SUPPLEMENTED WITH HAEM. 

SUBSTRATE MAINTENANCE (% fres h cel l value ) 

CONCENTRATION (̂ M) WEC WEC+H 

7-MC 10 96 (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. 

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

SUBSTRATE MAINTENANCE IN WEC (% fres h cel l value ) 

CONCENTRATION (nM) I II 

7-MC 20 96 21 

7-MC 500 46 54 

7-EC 10 101 49 

7-EC 500 91 40 

I data from Table 3.1. 

II data from Table 2.1b. 



TABL E 3.3. ALKOXYCOUMARI N O-DEALKYLAS E ACTIVITIES IN 
FRESHLY ISOLATED HEPATOCYTES FROM TWO DIFFERENT 
EXPERIMENTS. 

SUBSTRATE ACTIVITY (pmo l min-''m g protein"' ' ) 
CONCENTRATION (̂ iM) 1 II 

7- MC 20 10±1 17±4 

7-MC 500 195±43 91±9 

7-EC 10 19±1 19±9 

7-EC 500 277±45 309±92 

Viability of 
preparation 

91 ±1% 91 ±1% 

Values are means ± SEM for 3(1) or 4(11) animals. 

I data from Figure 3.1. 
II data from Table 2.1a. 



FIGURE 3.1. HAEM BIOSYNTHESIS 
(adapted from Maines and Kappas, 1977) 
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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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CHAPTER 4 

INFLUENCE OF DONOR AGE AND SE X ON TH E ACTIVITY ,  AND MAINTENANCE I N 
CULTURE OF CYTOCHROME P450-DEPENDENT ENZYME ACTIVITIE S 

4. 1 INTRODUCTION 

To date ,  a t  leas t  fourtee n differen t  Isozyme s o f  cytochrom e P45 0 ar e 

known t o exis t  i n ra t  live r  (Neber t  an d Gonzalez ,  1987) .  Th e 

isozym e profil e change s wit h ag e i n bot h mal e an d femal e rats , 

althoug h th e tota l  P45 0 conten t  remain s relativel y constant .  Thes e 

change s i n Isozym e profil e ar e reflecte d i n change s i n enzym e 

activit y (Gra m e t  al. ,  1969 ;  Waxman e t  al. ,  1985) .  Majo r 

alteration s occu r  durin g post-nata l  developmen t  an d sexua l 

maturation ,  an d agai n a t  th e onse t  o f  ol d age ,  th e change s bein g 

particularl y marke d i n mal e rats .  Thi s i s du e t o th e developmen t 

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

et  al. ,  1985) ,  whic h disappear s i n olde r  rat s (Kamatak i  e t  al. , 

1985) ,  Thi s i s probabl y cause d b y change s i n th e level s o f  th e 

sex-specifi c  P45 0 form s (Kamatak i  e t  al. ,  1982 ;  Maed a e t  al. , 

1984) .  Thes e ag e an d se x difference s i n P45 0 form s ar e relate d t o 

change s i n constitutiv e steroi d hydroxylas e activitie s (Waxma n ej t 

a]_., 1985) . 

A summar y o f  th e variou s sex-specifi c  P45 0 form s an d thei r 

associate d activitie s i s presente d i n Tabl e 4.1 . 

I t  i s  no w know n tha t  thes e hepati c se x difference s ar e initiate d an d 

maintaine d b y androgen s an d pituitar y growt h hormon e (extensivel y 

reviewe d b y Skett ,  1987 ;  1988) .  The  patter n o f  secretio n o f  growt h 
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hormon e i s differen t  i n mal e an d femal e rats ,  althoug h th e mea n 

leve l  i s  similar .  I n male s ther e i s a  pulsatil e secretio n wit h 

hig h pea k value s ever y 3 - 4 hour s an d a  ver y lo w basa l  secretio n 

durin g th e intervenin g periods,  whils t  i n female s ther e i s a  mor e 

continuou s secretion ,  bu t  a t  a  highe r  baselin e leve l  (Eden ,  1979) . 

Hypophysectom y o r  continuou s growt h hormon e (GH )  infusio n i n mal e 

rat s essentiall y  feminise s hepati c P45 0 metabolism ,  wherea s 

intermitten t  infusio n o f  GH i n hypophysectomise d animal s restore s 

th e mal e patter n o f  metabolis m (Waxman ,  1988) ,  Neonata l  exposur e 

t o androgen s imprint s o r  programme s th e patter n o f  adul t  mal e P45 0 

steroi d metabolis m b y imprintin g th e pulsatil e patter n o f  growt h 

hormon e secretio n (Jansso n e t  al. ,  1985 ;  Waxman et al_. ,  1985 ; 

Waxman,  1988) .  Thi s imprintin g appear s t o functio n vi a th e oestroge n 

recepto r  (Reye s an d Virgo ,  1988) .  Androgen s ar e als o require d i n 

adul t  lif e t o maintai n a  mal e patter n o f  activit y (Skett ,  1988 ; 

Waxman,  1988) ;  interruptio n o f  th e hypothalamic-pituitar y axi s b y 

cisplati n i n adul t  mal e rat s reduce s th e amoun t  o f  circulatin g 

androgen ,  resultin g i n a  feminisatio n o f  P45 0 metabolis m (LeBlan c 

and Waxman,  1988) . 

The male-specifi c  IICl l  (Neber t  e t  al. ,  1989 ;  name d a s P450-2 c b y 

Waxman e t  al. ,  1985 )  i s dependen t  o n pulsatil e secretio n o f  GH fo r 

it s expression ,  whils t  th e female-specifi c  IIC1 2 for m (name d a s 2 d 

by Waxman e t  al. ,  1985 )  require s a  mor e constan t  secretor y patter n 

(Waxman,  1988) .  Th e male-specifi c  2 a for m doe s no t  depen d o n 

pulsatil e GH secretion ,  a s i t  i s  constitutivel y expresse d I n mal e 
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rats ,  an d i n immatur e female s (Waxma n e t  al. ,  1985) .  However , 

P450-2 a appear s t o b e represse d b y hig h level s o f  GH (Waxma n et^ 

al. ,  1988) ,  an d thi s account s fo r  th e suppressio n o f  thi s for m i n 

adul t  females ,  whe n GH i s secrete d a t  a  higher ,  althoug h stil l 

continuous ,  baselin e leve l  tha n i n th e immatur e mal e an d femal e 

animals .  I t  i s  possibl e tha t  synthesi s o f  P450-2 a i n th e adul t 

mal e i s continuall y suppresse d an d de-represse d a s th e GH 

concentratio n fluctuate s (Waxma n e t  al. ,  1988) . 

I n additio n t o se x difference s i n metabolis m du e t o direc t  hormona l 

influence s o n P45 0 levels ,  i t  ha s bee n reporte d tha t  hypophysectom y 

and/o r  continuou s GH supplementatio n lowe r  th e amoun t  o f  hepati c 

P450 reductase ,  (whic h i s lowe r  i n femal e tha n mal e rats) ,  bu t  tha t 

thi s (an d steroi d hydroxylas e activities )  ca n b e raise d agai n b y 

additio n o f  thyroxin e (Waxma n e t  al. ,  1989) . 

Result s presente d i n th e previou s chapte r  suggeste d tha t  hepatocyte s 

culture d fro m adul t  mal e rat s ma y maintai n P450-dependen t  enzym e 

activitie s bette r  tha n hepatocyte s fro m younge r  immatur e males ,  an d 

tha t  difference s i n P45 0 turnove r  may b e th e reason .  Adul t  female s 

als o hav e a  greate r  proportio n o f  rapi d turnove r  P450s ,  lik e 

Immatur e male s (Levi n e t  al. ,  1975) ,  an d therefor e i f  turnove r  is^ 

affectin g maintenance ,  hepatocyte s fro m femal e rat s shoul d maintai n 

activitie s a t  a  simila r  leve l  t o th e younge r  mal e rats .  However , 

Vin d e t  al̂ ,  (1988 )  reporte d tha t  P45 0 an d demethylas e activitie s 

wer e maintaine d bette r  i n hepatocyt e culture s fro m femal e rats .  I t 
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i s likel y tha t  th e i n viv o hormona l  regulatio n o f  P45 0 expression , 

whic h change s wit h ag e an d se x i n th e rat ,  i s  disrupte d o r  los t  i n 

vitro ,  an d i t  i s  thi s tha t  affect s th e differentia l  maintenanc e o f 

P450 i n hepatocyte s fro m mal e an d femal e rat s o f  differen t  ages . 

The maintenanc e o f  alkoxycoumari n O-dealkylas e activitie s wa s 

therefor e investigate d i n hepatocyte s fro m immatur e an d adul t  males , 

and adul t  female s t o asses s th e relativ e stabilitie s o f 

P450-dependen t  activitie s i n hepatocyt e cultures . 

4. 2 METHODS 

The rat s use d i n thi s stud y wer e immatur e male s (IM )  an d youn g adul t 

mal e (AM )  an d femal e rat s (AF) .  The  adul t  animal s wer e 8  week s ol d 

and th e immatur e male s wer e 4  week s old .  Pubert y occur s 4- 6 week s 

afte r  birt h i n th e mal e ra t  (Gra m e t  al. ,  1969 ;  Levi n e t  al. ,  1975) . 

Dealkylas e activitie s wer e determine d i n fres h cell s an d hepatocyte s 

culture d fo r  2 4 an d 7 2 hour s fro m eac h animal .  Hepatocyte s wer e 

culture d o n "Primaria "  dishe s i n WEC.  I n additio n t o MCOD an d ECOD, 

7-propoxycoumari n O-depropylas e (PCOD) ,  whic h I s know n t o b e a 

male-specifi c  activit y (Kamatak i  e t  al. ,  1983 ;  1985) ,  wa s als o 

measure d a t  tw o substrat e concentration s i n th e sam e manne r  a s ECOD 

and MCOD (Chapte r  2.10) .  Protei n conten t  o f  fres h cell s an d 

culture s wa s als o determine d an d al l  activitie s expresse d a s pmo l 

7-H C produce d min "  mg protein "  .  Statistica l  analysi s o n mea n 

fres h cel l  activitie s wa s b y unpaire d t-tests .  Maintenanc e a t  2 4 an d 

72 hour s wa s calculate d a s a  percentag e o f  th e fres h cel l  valu e fo r 



-  9 6 -

eac h anima l  an d expresse d a s mea n +  range ;  statistica l  analysi s wa s 

by th e Mann-Whitne y U-test . 

4. 3 RESULTS 

Viabilitie s o f  initia l  cel l  preparation s wer e ver y similar :  A M 

93 +  1%,  A F 9 3 +  1%,  I M 9 6 +  1%. 

4.3. 1 Dealkylas e activitie s i n hepatocyte s fro m mal e rat s 

Dealkylas e activitie s measure d i n freshl y isolate d cell s fro m A M an d 

I M rat s ar e presente d i n Tabl e 4.2 .  Previou s studie s confirme d 

th e biphasi c natur e o f  MCOD an d ECOD i n I M cell s (2.10) ,  th e hig h 

affinit y componen t  representin g les s tha n 25 % o f  th e tota l  activity . 

The dat a i n Tabl e 4. 2 i s consisten t  wit h thes e activities ,  a s wel l 

as PCOD,  bein g biphasi c i n cell s fro m A M rats . 

ECOD activitie s o f  I M an d A M cell s wer e ver y similar .  Tota l  PCOD 

activit y wa s significantl y les s i n A M cell s togethe r  wit h a 

numerica l  bu t  non-significan t  decreas e i n th e activit y o f  th e hig h 

affinit y componen t  relativ e t o I M cells .  Tota l  MCOD wa s 

significantl y greate r  an d th e hig h affinit y activit y significantl y 

les s I n A M cell s compare d t o I M cell s (a s observe d i n th e previou s 

chapter) .  Therefore ,  tota l  PCOD an d bot h component s o f  MCOD 

activit y appea r  t o chang e wit h ag e i n th e mal e rat ,  implyin g som e 

developmenta l  regulation . 
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4.3. 2 Dealkylas e activitie s i n hepatocyte s fro m mal e an d femal e rat s 

The dealkylas e activitie s i n fres h cell s fro m femal e rats ,  togethe r 

wit h thos e fro m A M rat s ar e presente d i n Tabl e 4.3 .  Th e hig h 

affinit y component s o f  bot h MCOD an d ECOD represente d les s tha n 25 % 

of  th e tota l  activity ,  indicatin g tha t  thes e activitie s ar e probabl y 

als o biphasi c i n hepatocyte s fro m A F rats .  However ,  PCOD activit y 

measure d a t  lOp M accounte d fo r  60 % o f  th e tota l  activit y i n A F 

cells ;  fro m this ,  an d th e know n involvemen t  o f  a  male-specifi c  for m 

of  P45 0 i n PCOD activit y (Kamatak i  e t  al. ,  1985) ,  i t  i s  suggeste d 

tha t  PCOD i s a  monophasi c activit y i n A F cells ,  existin g onl y a s a 

hig h affinit y form .  Consequently ,  dat a o n th e maintenanc e o f  PCOD 

i n culture s fro m A F rat s ar e reporte d onl y fo r  th e hig h affinit y 

form . 

Tota l  MCOD activit y wa s significantl y les s i n A F cell s relativ e t o 

AM cell s an d wa s ver y simila r  t o tha t  measure d i n I M cell s (A F 7 1 + 

- 1 - 1 - 1 - 1 

5 pmo l  mi n mg ;  I M 8 8 +  1 7 pmol  mi n mg ) .  Hig h affinit y 

MCOD i n A F cell s wa s no t  significantl y differen t  t o tha t  i n A M 

cells .  Tota l  ECOD wa s markedl y an d significantl y les s i n A F cells , 

wherea s hig h affinit y ECOD wa s slightl y increased .  Th e hig h 

affinit y PCOD activit y i n A F cell s wa s no t  significantl y differen t 

t o tha t  o f  A M cell s and ,  lik e tota l  MCOD,  wa s  very simila r  t o th e 

activit y i n I M cell s (A F 2 4 + 5 pmol  min "  mg "  ;  I M 2 5 +  6  pmo l 

min "  mg "  ) .  Therefore ,  ther e appea r  t o b e se x difference s a s 

wel l  a s ag e difference s i n severa l  o f  thes e activities . 
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4.3.3 Maintenance of a c t i v i t i e s in cu l ture 

(a )  MCOD 

Maintenanc e o f  MCOD activitie s i n cultur e i s show n i n Figur e 4.1 . 

Bot h component s o f  MCOD activit y i n I M cell s decline d t o 5 0 -  60 % o f 

th e fres h cel l  valu e a t  2 4 hours .  Kineti c studie s (2.10 ) 

demonstrate d tha t  MCOD become s monophasi c i n I M culture s wit h los s 

of  th e hig h affinit y component ;  thi s explain s th e similarit y i n th e 

magnitude s o f  th e los s o f  activit y a t  th e tw o substrat e 

concentrations .  Ther e wa s a  simila r  declin e i n culture s fro m A F 

rats ,  suggestin g th e los s o f  th e hig h affinit y form .  Th e MCOD 

activit y decline d furthe r  b y 7 2 hour s i n I M an d A F cells .  I n 

contrast ,  MCOD remaine d biphasi c i n A M cultures ,  th e hig h affinit y 

for m bein g maintaine d (83 % fres h activity )  alongsid e a  declin e i n 

th e tota l  activit y (44 % o f  fres h activity) .  Thes e result s fo r  th e 

AM rat s ar e simila r  t o thos e reporte d i n th e previou s chapter .  Bot h 

component s fel l  t o les s tha n 20 % o f  th e fres h activit y afte r  7 2 

hour s i n culture . 

(b )  ECOD 

Figur e 4. 2 show s th e maintenanc e o f  ECOD activit y i n hepatocyt e 

cultures .  ECOD appeare d t o remai n biphasi c ove r  th e 7 2 hou r 

cultur e perio d i n al l  thre e dono r  cel l  types .  Hig h affinit y ECOD 

activit y wa s maintaine d fo r  7 2 hour s i n hepatocyte s fro m I M an d A M 

rats ,  whils t  th e activit y fel l  t o aroun d 50 % o f  fres h i n culture s 

fro m A F rats . 
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Tota l  ECOD wa s significantl y reduce d a t  2 4 hour s i n culture s fro m I M 

rat s bu t  wa s retaine d i n A M cells .  B y 7 2 hour s th e activit y ha d 

decline d t o th e sam e leve l  a s i n cell s fro m I M rats .  I n culture s 

fro m A F rat s th e activit y fel l  t o aroun d 80 % a t  2 4 hour s an d fel l 

slightl y furthe r  b y 7 2 hours . 

(c )  PCOD 

Maintenanc e o f  PCOD activit y i n cultur e i s show n i n Figur e 4,3 ,  Hig h 

affinit y PCOD wa s maintaine d a t  hig h level s ove r  7 2 hour s i n 

culture s fro m I M an d A M rats ;  th e equivalen t  activit y fel l  t o aroun d 

50% i n A F cells ,  PCOD als o remaine d biphasi c i n culture s fro m mal e 

rats ,  although ,  i n contras t  t o th e hig h affinit y form ,  tota l  PCOD 

fel l  rapidl y withi n 2 4 hour s i n culture ,  an d decline d furthe r  b y 7 2 

hours . 

Overall ,  thes e dealkylas e activitie s wer e maintaine d a t  highe r 

level s i n cell s fro m A M rat s tha n i n cell s fro m eithe r  I M o r  A F 

animals .  Thi s maintenanc e wa s significantl y greate r  fo r  fou r  ou t  o f 

th e si x activities ,  wit h a  furthe r  activit y bein g maintaine d i n bot h 

AM an d I M cells .  Al l  thre e enzyme s remaine d biphasi c i n culture s 

fro m A M rats .  Althoug h tota l  MCOD an d tota l  PCOD fel l  t o les s tha n 

70% o f  th e fres h activit y afte r  2 4 hour s i n cultur e th e othe r  fou r 

activitie s wer e maintaine d a t  hig h levels ,  wit h th e hig h affinit y 

form s o f  ECOD an d PCOD bein g maintaine d fo r  7 2 hours . 
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4. 4 DISCUSSIO N 

The result s o f  thi s stud y hav e demonstrate d tha t  th e maintenanc e i n 

cultur e o f  ra t  hepati c P450-dependen t  alkoxycoumari n O-dealkylas e 

activitie s i s dependen t  upo n th e choic e o f  coumari n use d a s 

substrate ,  it s  concentratio n an d th e ag e an d se x o f  th e hepatocyt e 

dono r  animal .  I t  i s  highl y likel y tha t  selectiv e maintenanc e o f 

particula r  P45 0 enzyme s account s fo r  thes e variabilities ,  bu t  th e 

exac t  natur e o f  thes e form s remain s t o b e established .  Th e genera l 

conclusio n i s on e o f  bette r  maintenanc e o f  activit y ove r  2 4 hour s i n 

cultur e i n hepatocyte s Isolate d fro m A M rats ,  bu t  tha t  suc h 

selectivit y fo r  A M cell s i s los t  b y 7 2 hour s i n culture .  Thi s i s 

consisten t  wit h th e ide a tha t  maintenanc e i s linke d t o differentia l 

turnove r  o f  P450 ,  a s discusse d i n th e previou s chapter .  T o 

recapitulat e briefly :  A M rat s hav e a  lowe r  fast:slo w turnove r  rati o 

fo r  haemoprotein s tha n I M o r  A F rats ,  whic h implie s a  mor e stabl e 

populatio n o f  P45 0 form s i n th e A M rat ,  an d als o improve d 

maintenanc e i n culture .  Th e lac k o f  selectivit y fo r  A M cell s afte r 

72 hour s i n cultur e i s als o consisten t  wit h this ,  give n th e reporte d 

half-lif e o f  41-4 4 hour s fo r  th e slo w turnove r  componen t  (Levi n et_ 

£l. ,  1975) .  I f  change s I n turnove r  d o influenc e P45 0 maintenanc e 

I n culture ,  thi s woul d sugges t  tha t  tota l  MCOD an d tota l  PCOD 

activitie s ar e fas t  turnove r  forms ,  sinc e the y ar e th e leas t  wel l 

maintaine d (a t  40-60 % o f  fres h activit y a t  2 4 hours) ,  eve n i n A M 

cells . 
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Tota l  MCOD activit y i s 50 % greate r  i n A M cell s tha n i n I M o r  A F 

cells ,  indicatin g a  possibl e adul t  male-specifi c  componen t  i n thi s 

activity .  PCOD activit y ha s alread y bee n describe d a s male-specifi c 

(Kamatak i  e t  al. ,  1983 ;  1985) ,  an d th e result s fro m thi s stud y impl y 

tha t  i t  i s  th e lo w affinit y form(s )  tha t  i s  male-specific ,  an d tha t 

thi s i s absen t  i n A F cells .  Thi s agree s wit h th e wor k o f  Kamatak i 

et  al. ,  wh o als o measure d PCOD activit y a t  a  500[J M substrat e 

concentration .  However ,  th e P450-mal e isozym e reporte d t o b e 

responsibl e fo r  PCOD activit y (Kamatak i  e t  al_. ,  1983) ,  an d 

equivalen t  t o Waxman' s P450-2 c (1985) ,  i s  sharpl y Induce d (20-fold ) 

at  pubert y I n th e mal e rat ,  an d th e PCOD activitie s presente d her e 

do no t  fi t  wit h thi s patter n o f  expression .  Th e tota l  PCOD activit y 

measured  i n thi s stud y doe s agre e wit h th e expressio n o f  P450-PB-2 a 

(als o know n a s 2a ,  Waxman e t  al. ,  1985 ;  1988) ,  whic h i s simila r  i n 

bot h A M an d I M rat s bu t  suppresse d i n A F rats .  Thi s Isozym e ha s 

als o bee n show n t o catalys e mor e tha n 85 % o f  microsoma l  testosteron e 

6 A -hydroxylas e activit y i n th e mal e (Waxma n ^ t  al̂ . ,  1985) ,  an d 

recentl y Yamazo e e t  al .  (1988 )  demonstrate d tha t  male-specifi c 

PCOD activit y correlate d wit h ^-hydroxylas e activit y i n microsomes . 

They als o showe d tha t  wherea s antibodie s t o P450-mal e (P450-2c ) 

inhibite d PCOD activit y i n a  reconstitute d system ,  the y di d no t 

inhibi t  PCOD activit y a t  al l  i n microsoma l  preparations .  Wit h 

regar d t o th e maintenanc e o f  thi s P450 ,  th e conten t  o f  P450-2 a 

(measure d immunochemlcally )  wa s no t  reduce d durin g cultur e o f  A M ra t 

hepatocyte s fo r  7 2 hour s i n mediu m containin g glucocorticoi d an d 

nicotinamid e (Stewar d e t a l . ,  1985) ,  wherea s th e lo w affinit y 
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(total )  PCOD activit y measure d here ,  i s  markedl y reduce d b y thi s 

tim e i n culture .  Thes e worker s als o propose d tha t  los s o f  hae m 

rathe r  tha n apoprotei n accounte d fo r  muc h o f  th e los s o f  activ e P45 0 

i n culture .  Supplementatio n o f  medi a wit h haem ,  reporte d i n th e 

previou s chapter ,  ha d n o effec t  o n maintenanc e o f  activities ; 

nevertheless ,  i t  seem s tha t  th e apparen t  anomal y i n maintenanc e o f 

PCOD activit y an d th e putativ e isozyme s involve d ca n b e rationalize d 

i n term s o f  selectiv e maintenanc e o f  apoprotein ,  bu t  no t  holoenzyme . 

I t  appear s the n tha t  th e male-specifi c  PCOD activit y i s mediate d b y 

th e P45 0 involve d i n constitutiv e 6^-stero1 d hydroxylation .  Thi s 

Isozyme/activit y i s regulate d b y growt h hormon e (GH ,  Waxman e t  al. , 

1988 ;  Yamazo e e t  al. ,  1988) ,  continuou s hig h leve l  secretio n o f  GH 

suppressin g it s synthesis .  I t  wa s als o suggeste d (Waxma n e t  al. , 

1988 )  tha t  th e Isozym e may b e suppresse d i n pre-puberta l  males ,  a s 

wel l  a s i n adul t  females ,  th e sam e o r  a  very simila r  Isozym e bein g 

subsequentl y re-introduce d a t  puberty .  Thi s situatio n woul d b e 

analogou s t o tha t  reporte d fo r  P450IIA 1 an d IIA2 ,  wher e P450IIA 1 i s 

expresse d i n I M rat s an d IIA 2 ( a very closel y relate d Isozyme )  i n 

adul t  male s (Matsunag a e t  al. ,  1988) .  Thi s woul d als o explai n th e 

significantl y lowe r  tota l  PCOD activit y i n th e A M cell s i n thi s 

study . 

I t  coul d als o b e argue d fro m thi s Investigatio n tha t  th e develop -

mentall y regulate d P450 s ar e th e mos t  susceptibl e t o declin e i n 

culture ,  bein g dependen t  fo r  expressio n o n GH an d androge n level s 
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(Skett ,  1988) .  Th e additio n o f  GH t o hormone-fre e cultur e mediu m 

cause s a  feminisatio n o f  th e P45 0 phenotype ,  simila r  t o tha t  see n i n 

hypophysectomise d mal e rat s (Guzelia n e t  al. ,  1988) ,  an d recen t 

report s hav e implicate d th e thyroi d hormones ,  thyroxin e an d 

tri-iodothyronine ,  i n additio n t o th e effect s o f  GH,  i n suppressio n 

of  liver-specifi c  P450IIA2 ,  th e male-specifi c 6/3-hydroxylas e an d 

th e female-specifi c 7o(-hydroxylas e (Arlott o an d Parkinson ,  1989 ; 

Yamazoe e t  al. ,  1989) .  Bot h GH an d thyroxin e ar e presen t  a t 

significan t  level s i n cal f  seru m (Hon n e t  al, ,  1975) ,  an d i t  i s 

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

function s i n vitr o (Ena t  e t  al, ,  1984 ;  Silve r  an d Krauter ,  1988) , 

The WEC use d als o contain s insulin ,  whic h ca n mimi c th e effect s o f 

GH o n th e hepatocyte ,  bu t  i s als o essentia l  fo r  cultur e o f 

hepatocyte s undermos t  condition s (Guzelia n e t  al. ,  1988) . 

Pulsatil e secretio n o f  GH,  wit h peak s  every 3- 4 hour s tha t  suppres s 

selectiv e P45 0 synthesis ,  coul d b e envisage d t o maintai n relativel y 

constan t  level s o f  rapi d turnove r  P450 s (t i  6-7h ,  Levi n e t  al. , 

1975) ,  wherea s slo w turnove r  P450 s (regulate d b y GH)  woul d ten d t o 

accumulate .  I t  i s  plausibl e (i f  speculative )  tha t  GH/thyroi d 

hormone s regulat e rapi d turnove r  P450 s t o maintai n constan t  level s 

of  constitutiv e P450s ,  I n th e adul t  a t  least . 

I t  ha s bee n demonstrate d i n thi s stud y tha t  dono r  ag e an d se x 

Influenc e bot h th e activit y an d maintenanc e I n cultur e o f  hepati c 

P450-dependen t  alkoxycoumari n O-dealkylas e activities .  Th e bes t 
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maintenanc e o f  a  rang e o f  activitie s wa s achieve d i n hepatocyte s 

fro m A M rats ,  culture d fo r  2 4 hour s i n WEC, 
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TABL E 4.1. SEX-SPECIFIC CYTOCHROME P450 ISOZYMES AND 
THEIR ASSOCIATED STEROID HYDROXYLASE ACTIVITIES. 

P450 FORM ••  

P450IIA1 

P450IIA2 

P4501IC11 

P450IIC12 

P450IIC13 

P450IIIA2 

ACTIVITY 

testosterone 7 c<-hydroxylase2 

testosterone 15o<.-hydroxylase'3 

testosterone 16 ©(-hydroxylase"* 

steroid ISB-hydroxylase^ 

progesterone 16ot-,68-

hydroxyiase^ 

testosterone 66-hydroxylase' 

SPECIFICITY 

female, 

immature male 

adult male 

adult male 

female, 

immature male 

adult male 

adult male, 
immature male, 
female 

1 Nebert et al.,(1989) 

2 Arlott o and Parkinson , (1989) 

3 Matsunag a et al., (1988) 

4 Waxman et al., (1985) 

5 Waxman et al., (1985) 

6 Swinne y et al.,(1988) 

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



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

SUBSTRATE 
NCENTRATION 

7-MC 500 

7-MC 20 

7-EC 500 

7-EC 10 

(̂ M) 
ACTIVITY 
IM 

88±17 

19±2 

(21.6) 

247±34 

19±4 

(P mol min"'m 

AM 

157±16* * 

11± 2* 

(7.0) 

228±17 

13± 1 

(7.7) (5.7) 

7-PC 500 

7-PC 10 

297±32 

25±6 

215± 8* 

15± 1 

(8.4) (7.0) 

Values are mean± SEM (n=4). 

Figures in brackets are the mean activities at 10 or 20|iM (the 
high affinity form) expressed as a percentage of the mean activity 

at 500jiM (the total activity). 

AM values significantly different to IM values at *p < 0.05 or 
" p < 0.01. 



TABL E 4.3. ALKOXYCOUMARI N 0-DELAKYLAS E ACTIVITIES 
IN HEPATOCYTES ISOLATED FROM ADULT MALE (AM) AND 
ADULT FEMALE (AF) RATS. 

SUBSTRATE 

CONCENTRATION 
(RM) 

ACTIVITY 

(pmo l min" ^  mg'^ ) 
AM AF 

7-MC 500 157±16 71± 5 

7-MC 20 

7-EC 500 

7-EC 10 

7-PC 500 

7-PC 10 

11±2 

(7.0) 

228±17 

13±1 

(5.7) 

215±8 

15±1 

16± 2 

(22.5) 

67±12* * * 

16± 1 * 

(23.9) 

40± 6 * * * 

24± 6 

(7.0) (60.0) 

Values are mean ± SEM (n+4). 

Figures in brackets are the mean activities at 10 or 20 )xM (the high 

affinity form) expressed as a percentage of the mean activity at 500 nM 

(the total activity). 

AF values significantly different to AM values at *p < 0.05; * *p < 0.01; 

* ** p < 0.001. 
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CHAPTER 5 

INDUCTION OF ALKOXYCOUMARIN O-DEALKYLASE ACTIVITIE S I N VIV O AND I N 
VITRO ~ ~ 

5. 1 INTRODUCTION 

Many xenobiotic s tha t  ar e metabolise d b y cytochrom e P45 0 Induc e 

thei r  ow n biotransformatio n and/o r  th e metabolis m o f  othe r 

compounds ,  endogenou s an d exogenous .  Thi s inductio n o f  P45 0 

activit y ca n hav e a  profoun d effec t  o n th e metabolis m an d toxicit y 

of  xenobiotics ,  sinc e increase d activatio n a s wel l  a s increase d 

detoxificatio n ca n occur .  Th e differen t  classe s o f  induce r  hav e 

alread y bee n discusse d i n Chapte r  One . 

Inductio n o f  hepati c P450 s ca n b e studie d i n microsome s an d 

hepatocyte s isolate d fro m animal s tha t  hav e bee n treate d wit h 

inducers .  Th e change s i n P45 0 an d it s associate d activitie s ca n b e 

easil y measure d i n thes e systems .  Th e alkoxycoumari n 0-dealkylase s 

hav e bee n use d t o Investigat e Inductio n i n viv o sinc e th e enzyme s 

hav e differen t  inductio n profiles .  Microsoma l  MCOD activit y 

(measure d a t  500pM )  i s Induce d b y PB ,  an d ECOD (a t  500pM )  b y P B an d 

BNF (Matsubar a e t  al. ,  1983 ;  Paterso n e t  al. .  1984) .  Thi s patter n 

of  inductio n ha s als o bee n reporte d fo r  tota l  MCOD an d ECOD 

activitie s measure d i n hepatocyte s Isolate d fro m animal s Induce d i n 

viv o wit h P B an d BNF (Warre n an d Fry ,  1988) .  Boobi s e t  al .  (1986 ) 

showed tha t  th e tota l  an d hig h affinit y component s o f  microsoma l 

ECOD activit y wer e differentiall y  Induce d b y 3-MC ,  tota l  ECOD 

activit y bein g induce d 9-fol d mor e tha n th e hig h affinit y form.  P B 
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induce d th e tota l  an d hig h affinit y form s 5 -  an d 2-fol d 

respectively .  Th e differentia l  Inductio n o f  th e component s o f  thi s 

biphasi c activit y i s furthe r  evidenc e fo r  th e Involvemen t  o f 

multipl e P45 0 forms ,  makin g th e alkoxycoumarin s goo d substrat e 

marker s fo r  a  rang e o f  hepati c P45 0 isozymes . 

More recently ,  researcher s hav e trie d t o Induc e P45 0 activitie s I n 

culture d hepatocytes ,  wit h littl e succes s i n reproducin g th e 

observe d i n viv o inductio n i n th e i n vitr o situation .  Th e 

inductio n i n vitr o o f  tota l  ECOD activit y b y 3-M C (an d 3-MC-lik e 

compounds )  ha s bee n demonstrate d t o b e simila r  t o tha t  see n i n 

viv o (Fr y ^ t  al_. ,  1980 ;  Edward s e t  al. ,  1984) ,  an d th e Inductio n 

and expressio n o f  P450IA 1 an d IA 2 mRNAs i n respons e t o 3-M C i n 

culture d hepatocyte s ha s als o bee n reporte d (Silve r  an d Krauter , 

1988) .  However ,  th e anomalou s expressio n o f  P450IA 1 i n untreate d 

and i n PB-treate d culture s ha s bee n note d b y severa l  worker s (Fr y e t 

_al_. ,  1980 ;  Stewar d e t  al. ,  1985 ;  Turne r  an d Pitot ,  1989) .  I n 

contras t  t o th e situatio n i n vivo ,  tota l  MCOD activit y i s no t 

induce d b y P B i n hepatocyt e culture s (Warre n an d Fry ,  1988) ,  an d th e 

poor  (an d altered )  respons e o f  P45 0 i n cultur e t o P B i s no w a  wel l 

recognise d phenomeno n (Edward s e t  al. ,  1984 ;  Forste r  e t  al. ,  1986) . 

Interestingly ,  I t  i s  know n tha t  seleniu m deficienc y lead s t o a 

reduce d inductio n respons e t o barbiturate s (Bur k an d Masters ,  1975) , 

althoug h th e reaso n fo r  thi s i s no t  known ;  i t  ha s als o bee n reporte d 

tha t  seleniu m I s necessar y fo r  P B inductio n o f  P45 0 i n culture d 

hepatocyte s (Engelman n e t  al. ,  1985) . 



-  10 9 -

Althoug h th e tw o component s o f  microsoma l  ECOD activit y wer e show n 

t o b e differentiall y  induce d b y 3-M C an d P B (Boobi s e t  al. ,  1986) , 

onl y th e inductio n o f  tota l  MCOD activit y ha s bee n reported , 

(Matsubar a e t  al. ,  1983 ;  Warre n an d Fry ,  1988) .  Also ,  th e previou s 

Inductio n i n vitr o stud y o n MCOD an d ECOD wa s performe d wit h 

substrat e concentration s o f  500pM ,  representativ e onl y o f  th e tota l 

activit y (Warre n an d Fry ,  1988) .  Therefore ,  i n thi s study ,  th e i n 

vitr o inductio n o f  bot h component s o f  MCOD an d ECOD activitie s b y P B 

and BNF wa s determined ,  an d compare d t o tha t  measure d i n fres h 

hepatocyte s isolate d fro m animal s Induce d i n vivo .  Th e effec t  o f 

Se o n P B inductio n o f  MCOD activit y i n vitr o wa s als o investigated . 

5. 2 METHODS 

5.2. 1 Inductio n i n viv o 

Adul t  mal e Wista r  rat s (150g )  wer e injecte d i.p .  wit h P B (8 0 mgkg "  , 

saline) ,  BNF (8 0 mgkg "  ,  oi l  o f  arachis) ,  salin e o r  oi l  o f  arachis , 

onc e a  da y fo r  3  days .  Hepatocyte s wer e the n isolate d b y lob e 

perfusion ,  an d alkoxycoumari n O-dealkylas e activitie s determine d i n 

th e freshl y Isolate d cells ,  a s describe d i n 2.10 ,  excep t  tha t 

incubatio n wit h substrat e wa s fo r  5  minute s onl y (ove r  whic h perio d 

th e productio n o f  7-H C wa s linea r  i n cell s fro m inducer-treate d 

animals) . 
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5.2. 2 Inductio n i n vitr o 

Hepatocyte s fro m untreate d adul t  mal e rat s (150g )  wer e culture d fo r 

72 hours ,  i n WEC,  i n th e presenc e o r  absenc e o f  inducer ,  whic h wa s 

adde d afte r  th e 2  hou r  attachmen t  period .  Fres h mediu m containin g 

induce r  wa s place d o n th e cell s afte r  2 4 an d 4 8 hour s i n culture . 

Afte r  7 2 hours ,  O-dealkylas e activitie s wer e determine d a s describe d 

i n 2.1 0 excep t  tha t  incubatio n o f  Inducer-treate d culture s wit h 

500p M 7-E C wa s fo r  1  hou r  only .  MCOD activit y (a t  500|J M S U bstrat e 

concentration )  wa s als o determine d i n PB-treate d hepatocyte s 

culture d i n WEC an d WEC containin g hae m (IpM) ,  AL A (200mM )  an d S e 

(O.lpM )  a s describe d i n 3.2 ,  P B wa s use d a t  3.0m M (dissolve d i n 

saline )  an d BNF a t  50̂ j M (dissolve d i n DMF) .  Thes e concentration s 

wer e ascertained ,  fro m initia l  experiments ,  t o giv e maxima l 

Inductio n i n th e absenc e o f  an y observabl e toxicit y (befor e an d 

afte r  incubatio n o f  th e induce d cell s wit h substrate) .  Culture d 

hepatocyte s wer e expose d t o induce r  fo r  3  day s t o compar e directl y 

th e inductio n i n vitr o wit h tha t  i n vivo . 

5.2. 3 Expressio n o f  Result s 

0-Dealkylas e activitie s ar e expresse d a s pmo l  7-H C min "  mg 

protein "  ,  an d inductio n o f  activit y i s expresse d relativ e t o th e 

contro l  activit y (whic h I s give n th e valu e 1.0) .  Statistica l 

analysi s wa s b y us e o f  t-test s an d ANOVA,  a s appropriate . 



-  Il l  -

5. 3 RESULTS 

5.3. 1 Inductio n i n viv o 

The viabilitie s an d yield s o f  th e cel l  preparation s fro m th e group s 

of  treate d rat s wer e compared .  Thes e value s fro m a  grou p o f 

untreate d rat s wer e als o include d i n th e comparison .  Th e result s 

ar e presente d i n Tabl e 5.1 .  Ther e wer e n o significan t  difference s 

i n yiel d (a s judge d b y ANOVA) ,  althoug h th e yiel d fro m BNF-treate d 

rat s wa s lowe r  tha n i n th e othe r  groups .  Ther e wer e als o n o 

difference s i n viability .  Th e O-dealkylas e activitie s o f  th e tw o 

contro l  groups ,  salin e an d oi l  o f  arachi s treated ,  wer e compare d 

wit h thos e obtaine d fro m untreate d animal s (dat a fro m Tabl e 4.3) . 

Again ,  ther e wer e n o significan t  difference s betwee n th e thre e 

groups .  Thus ,  treatmen t  o f  animal s wit h Injectio n vehicl e doe s no t 

affec t  thes e activities ,  th e cell s fro m vehicle-treate d animal s 

bein g equivalen t  t o untreate d contro l  animal s (Tabl e 5.2) . 

Inductio n o f  activitie s 

The activitie s determine d i n fres h cell s isolate d fro m th e contro l 

and inducer-treate d group s ar e show n i n Tabl e 5.3 .  P B 

significantl y induce d al l  fou r  O-dealkylas e activities .  Bot h 

component s o f  MCOD activit y wer e Induce d t o th e sam e exten t  i n viv o 

(6.8-an d 6.0-fol d relativ e t o th e salin e controls) .  Hig h affinit y 

and tota l  ECOD activitie s wer e induce d 12.9 -  an d 5.3-fol d 

respectivel y relativ e t o salin e controls .  BNF-treatmen t 

resulte d I n a  non-significan t  Increas e i n MCOD activit y (3.4 -  an d 
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1.8-fol d Increase s relativ e t o oil-treate d controls) .  However , 

ther e wa s a  significan t  inductio n o f  bot h component s o f  ECOD 

activity :  8.4 -  an d 8.7-fol d increase s ove r  control .  I t  shoul d b e 

note d tha t  som e o f  th e standar d error s i n thes e activitie s ar e quit e 

large ,  especiall y amongs t  th e P B an d BNF-treate d groups .  Thi s degre e 

of  variabilit y  probabl y reflect s difference s I n th e succes s o f 

administratio n o f  th e i.p .  injection s i n additio n t o 

Inter-individua l  variatio n i n respons e t o th e Inducers . 

5.3. 2 Inductio n i n vitr o 

The activitie s determine d i n hepatocyte s culture d fo r  7 2 hour s I n 

th e presenc e o r  absenc e o f  induce r  ar e show n i n Tabl e 5.4 ,  Afte r 

72 hour s i n culture ,  al l  th e activitie s i n th e contro l  culture s ar e 

low ,  a s expecte d fro m th e dat a presente d i n Chapte r  Four ,  I n th e 

PB-treate d culture s ther e i s a  sligh t  increas e i n MCOD activit y bu t 

thi s i s onl y 1,5 -  t o 2,5-fol d relativ e t o th e contro l  cultures . 

Ther e wa s a  significan t  inductio n o f  ECOD activit y i n culture ,  th e 

Inductio n o f  tota l  ECOD activit y relativ e t o contro l  bein g 6.7 ,  an d 

of  th e hig h affinit y for m 3.6 .  I n BNF treate d culture s ther e wa s a 

sligh t  Increas e I n MCOD activit y (1.5 -  t o 2.6-fol d relativ e t o 

control )  an d a significant  inductio n o f  ECOD.  Inductio n o f  th e hig h 

affinit y an d tota l  activit y for m wa s 7.2 -  an d 20-fol d respectivel y 

relativ e t o control .  Th e i n vitr o Inductio n dat a I s summarise d i n 

Tabl e 5.5 .  A s wa s observe d wit h th e i n viv o induction ,  ther e I s a 

wid e rang e o f  respons e t o th e Inducers .  Sinc e th e cultur e 

condition s wer e uniform ,  thi s mus t  reflec t  eithe r  inter-individua l 
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variatio n i n respons e whic h i s retaine d i n vitro ,  o r  differences  i n 

th e cel l  population s obtaine d fro m th e isolatio n process . 

5.3. 3 Compariso n o f  inductio n i n viv o an d i n vitr o 

The inductio n o f  activit y relativ e t o contro l  i n viv o an d i n vitr o 

by P B an d BNF i s show n i n Figure s 5. 1 an d 5.2 .  I t  ca n b e see n fro m 

Figur e 5. 1 tha t  P B Inductio n i s blunte d 1 n vitro ,  wit h MCOD activit y 

bein g almos t  totall y refractor y t o th e Inducer ,  i n contras t  t o th e 

situatio n I n vivo .  Onl y tota l  ECOD activit y i s induce d i n vitr o t o 

th e sam e exten t  a s i n vivo .  BNF di d no t  Induc e MCOD i n viv o o r  i n 

vitr o (Figur e 5.2) .  Inductio n o f  hig h affinit y ECOD i n vitr o wa s 

simila r  t o tha t  see n i n viv o whils t  th e inductio n o f  tota l  ECOD i n 

vitr o wa s muc h greate r  tha n tha t  see n i n vivo .  Therefore ,  ther e 

ar e no t  onl y differences  betwee n inductio n i n cultur e an d i n viv o 

wit h respec t  t o th e magnitud e o f  th e effect ,  bu t  th e patter n o f 

Increas e o f  th e fou r  chose n activitie s i s als o altered . 

5.3. 4 Effec t  o f  seleniu m o n P B inductio n i n vitr o 

Tabl e 5. 6 show s th e effect s o f  haem ,  AL A an d S e supplementatio n o f 

WEC (i.e .  WEC+H)  o n P B Inductio n o f  tota l  MCOD activity .  WEC+H wa s 

use d a s th e sol e contro l  mediu m sinc e MCOD activit y i n WEC an d WEC+H 

has alread y bee n demonstrate d t o b e equivalen t  (3.3.1) .  Tota l  MCOD 

was chose n sinc e i t  i s  th e leas t  wel l  maintained ,  an d mos t 

refractor y t o P B inductio n i n culture .  Ther e wa s a  numerical ,  bu t 

non-significant ,  inductio n (3.0-fol d relativ e t o control )  o f  MCOD 

activit y i n P B treate d cultures .  Th e magnitud e o f  inductio n wa s 
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greate r  tha n i n th e previou s experimen t  (5.3.2) ,  bu t  wherea s th e 

inductio n i n 5.3. 2 represent s th e mea n o f  5  animals ,  i n thi s 

experimen t  al l  th e culture s use d wer e derive d fro m th e sam e animal . 

Thi s resul t  confirm s th e observation s o n heterogeneit y o f  respons e 

t o Induce r  i n vitro .  Nevertheless ,  th e increas e i s onl y 50 % o f 

tha t  see n i n vivo ,  P B inductio n o f  MCOD activit y i n WEC+H wa s no t 

significantl y differen t  t o tha t  i n WEC (3,0 -  an d 3,5-fol d 

respectively) .  Therefore ,  th e presenc e o f  S e (hae m an d ALA )  i n th e 

mediu m di d no t  Improv e P B inductio n o f  MCOD i n vitro , 

5. 4 DISCUSSIO N 

The patter n o f  MCOD an d ECOD inductio n wa s a s expected :  P B Induce d 

bot h MCOD an d ECOD;  BNF induce d onl y ECOD activity .  Wherea s bot h 

component s o f  MCOD activit y wer e induce d t o th e sam e exten t  i n vivo , 

PB induce d hig h affinit y ECOD mor e tha n th e tota l  activit y an d BNF 

Induce d th e tota l  mor e tha n th e hig h affinit y form .  BNF als o 

induce d onl y ECOD activit y i n vitro .  P B faile d t o induc e MCOD i n 

vitr o althoug h ther e wa s goo d inductio n o f  tota l  ECOD activity ,  an d 

a modes t  inductio n o f  th e hig h affinit y component .  Th e Inclusio n o f 

haem,  AL A an d S e i n th e cultur e mediu m di d no t  improv e P B inductio n 

of  MCOD activit y i n vitro .  Thi s contrast s wit h th e wor k o f  Engelman n 

et al̂ .  (1985 )  i n whic h inductio n o f  P45 0 conten t  b y P B wa s onl y 

observe d i n mediu m containin g exogenou s hae m an d Se .  However , 

thes e worker s use d P B a t  a  concentratio n o f  ImM ,  whic h di d no t 

Induc e O-dealkylas e activit y i n initia l  experiment s performe d i n 

thi s study .  Th e S e may possibl y b e potentiatin g a n effec t  a t  thi s 



-  11 5 -

lowe r  concentratio n o f  inducer .  I t  i s  als o possibl e tha t  th e S e i s 

increasin g th e tota l  P45 0 Induce d b y PB ,  bu t  tha t  thes e P450 s ar e 

not  PB-speclfi c  Isozymes .  Thi s woul d explai n th e lac k o f  effec t  o f 

Se o n P B Inductio n o f  MCOD activity ,  an d woul d b e consisten t  wit h 

othe r  wor k o n P B inductio n i n vitro . 

PB-inducibl e P450 s hav e bee n reporte d previousl y t o b e refractor y t o 

inductio n i n hepatocyt e cultur e (Forste r  e t  al. ,  1986 ;  Warre n an d 

Fry ,  1988) ,  bu t  i t  als o appear s tha t  th e isozyme s Induce d b y th e 

compound i n viv o an d i n vitr o ar e different .  Edward s e t  al .  (1984 ) 

determine d tha t  th e proportio n o f  PB-inducibl e P450 s tha t  coul d b e 

inhibite d b y metyrapon e afte r  i n vitr o inductio n wa s differen t  t o 

tha t  afte r  i n viv o Induction ,  suggestin g tha t  th e population s o f 

P450 Induce d i n th e tw o condition s wer e no t  identical .  I n 1985 , 

Miyazak i  e t  al ,  observe d tha t  althoug h P B effectivel y arreste d th e 

rat e o f  declin e o f  tota l  P45 0 i n hepatocyt e culture s an d preserve d 

th e cel l  morphology ,  th e mai n Isozym e induce d b y PB ,  P450IIB1 ,  wa s 

not  detectabl e immunochemlcall y i n th e cultures . 

Thus ,  th e poo r  inductio n b y P B i n vitr o i s probabl y a  functio n o f 

altere d regulation .  I t  i s  know n tha t  th e transcriptio n rate s o f 

othe r  PB-inducibl e protein s ar e differen t  t o tha t  o f  P450IIB 1 

(Hardwic k e t  al. ,  1983a) ,  howeve r  ther e hav e bee n n o report s o n th e 

inductio n i n vitr o o f  non-P45 0 PB-inducibl e proteins .  I t  may b e 

tha t  change s i n th e regulatio n o f  P B inductio n reflec t  alteration s 

i n othe r  factor s necessar y fo r  PB-inducibl e gen e expression . 
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Althoug h n o recepto r  fo r  P B ha s bee n identified ,  i t  appear s tha t 

protei n synthesi s i s essentia l  fo r  Induce d expressio n o f  th e CYP2B1 

and CYP2B2 gene s (Chianal e e t  al. ,  1988) ,  an d th e Involvemen t  o f 

trans-actin g regulator y factor s ha s bee n suggested .  Alteration s i n 

turnover/regulatio n o f  transcriptio n factor s i n vitr o coul d resul t 

i n reduce d gen e expression . 

Althoug h P B di d no t  induc e MCOD i n vitro ,  ECOD activit y wa s induced , 

ECOD activit y mus t  involv e a  differen t  populatio n o f  isozymes ,  sinc e 

th e activit y i s als o induce d b y BNF,  Th e Inductio n o f  ECOD b y P B 

may Involv e P B Inductio n o f  BNF-inducibl e P450s ,  Th e anomalou s 

expressio n o f  P450IA 1 i n untreate d an d PB-treate d culture s ha s bee n 

reporte d previousl y an d seem s t o b e mor e marke d i n hormone-fre e 

cultur e mediu m (Fr y e t  al. ,  1980 ;  Turne r  an d Pitot ,  1989) .  Also , 

good expressio n o f  bot h P450IA 1 an d IA 2 seem s t o requir e serum-fre e 

medium.  I t  i s  therefor e possibl e tha t  thes e P450 s ar e normall y 

represse d (e.g .  b y a  hormone )  bu t  tha t  thi s repressio n i s disrupte d 

i n vitro .  Despit e th e unusua l  expressio n o f  P450IA 1 i n contro l  an d 

PB-treate d cultures ,  th e inductio n o f  BNF-inducibl e form s b y BNF I n 

vitr o i s simila r  t o tha t  see n i n vivo . 

I t  wa s suggeste d tha t  th e van'obilit y  i n respons e t o Induce r  wa s a 

resul t  o f  inter-individua l  variatio n and/o r  variatio n i n 

administratio n o f  inducer ,  thes e variation s bein g retaine d o n 

placin g hepatocyte s int o culture .  However ,  i t  i s  als o know n tha t 

hepatocyt e heterogeneit y exist s wit h respec t  t o distributio n o f  P45 0 
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isozymes ,  a s wel l  a s carbohydrat e metabolis m (Gumucio ,  1989) .  Th e 

perivenou s hepatocyte s (i n th e dista l  par t  o f  th e live r  acinus ) 

contai n mor e PB-an d 3-MC-induc1bl e isozyme s i n th e unlnduce d state , 

and wherea s P B Inductio n predominate s i n perivenou s hepatocyte s 

(Baro n et al_. ,  1981) ,  3-M C Inductio n seem s t o predominat e i n th e 

periporta l  region s (Tazaw a e t  al. ,  1988) .  I t  ha s bee n show n tha t  th e 

directio n o f  live r  perfusio n durin g hepatocyt e Isolatio n influence s 

th e relativ e proportion s o f  proxima l  an d dista l  acina r  hepatocyte s 

obtaine d i n th e fina l  preparatio n (Gumuci o e t  al. ,  1986) .  I t  i s 

possibl e then ,  tha t  selectiv e isolatio n and/o r  selectiv e surviva l  i n 

cultur e o f  hepatocyte s wit h differen t  P45 0 isozym e profile s an d 

differen t  metaboli c activitie s ma y als o b e a  facto r  i n altere d 

inducibilit y  o f  P450 s i n vitro . 

I n summary ,  th e inductio n o f  alkoxycoumari n O-dealkylas e activitie s 

i n vitr o b y P B an d BNF wa s no t  representativ e o f  th e inductio n 

observe d i n vivo .  I t  i s  likel y tha t  P45 0 inductio n i n viv o wil l 

onl y b e successfull y reproduce d i n cultur e whe n th e mechanism s o f 

inductio n ar e full y  understood .  However ,  i n th e meantime ,  a n 

alternativ e approac h fo r  studyin g induce d P450 s i n hepatocyt e 

culture s woul d b e t o induc e th e isozyme s i n vivo ,  an d the n cultur e 

hepatocyte s fro m th e treate d animals .  Th e feasibilit y  o f  thi s i s 

investigate d i n th e followin g chapter . 
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TABL E 5.1. YIELD AND VIABILIT Y OF CELL PREPARATIONS FROM 
UNTREATED AND INDUCER-TREATED ADULT MALE RATS. 

GROUP YIELD PERCENTAGE 

(millio n cells ) VIABILIT Y 

UNTREATED 44± 3 92± 1 

SALINE 40± 1 91 ± 1 

PB 46± 4 91± 2 

OIL OF ARACHIS 45±16 91 ±1 

BNF 18±2 92± 2 

Values are mean ± SEM (n=4). 

ANOVA : no significant differences between the five groups. 



TABL E 5.2. ALKOXYCOUMARI N O-DEALKYLAS E ACTIVITIES 
IN FRESHLY ISOLATED HEPATOCYTES FROM CONTROL GROUPS 
OF ADULT MALE RATS. 

SUBSTRATE ACTIVITY ( pmo l min-' 'mg-' ' ) 
CONCENTRATION UNTREATED SALINE OIL OF ARACHIS 

(HM) 

7- MC 20 11±2 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±17 294±37 314±19 

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



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

SUBSTRATE ACTIVITY (pmo l min"' ' m g"  • ") 
CONCENTRATION SALINE PB OIL OF BNF 

([iM) ARACHI S 

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± 2 1 * * 

7-EC500 294±37 1554±296* 314119 27401208** 

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. 



TABL E 5.4. ALKOXYCOUMARI N O-DEALKYLAS E ACTIVITIES 
IN HEPATOCYTES CULTURED IN THE PRESENCE OF INDUCER: 
INDUCTION IN VITRO. 

SUBSTRATE ACTIVITY (pmo l min-''mg-'' ) 
CONCENTRATION PB CONTROL BNF 

(liM ) 

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 l 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. 



TABL E 5.5. ACTIVITY AFTER INDUCTION IN VITRO RELATIVE 
TO CONTROL. 

SUBSTRATE RELATIVE INDUCTION 
CONCENTRATION PB BNF 

(jiM ) 

7-MC 20 2.5(1.9-3.3) 2.6 (1.0-5.2) 

7-MC 500 1.5(1.1-1.9) 1.5 (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). 

TABL E 5.6, EFFECT OF MEDIUM SUPPLEMENTATION ON PB 
INDUCTION OF TOTAL MCOD ACTIVITY, 

pmo l min"^mg" ^ 
relativ e inductio n 

WEC+H 

1211 
1.0 

MEDIUM 
WEC PB 

3617 

3.0 

WEC+H PB 

421 3 

3.5 

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 W7/?0.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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FIGURE 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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CHAPTER 6 

INDUCTION OF P45 0 AND ENZYME 
ACTIVITIE S I N VIV O AND MAINTENANCE 

I N RAT HEPATOCYTE CULTURES 
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CHAPTER 6 

INDUCTION OF P45 0 AND ENZYME ACTIVITIE S I N VIV O AND MAINTENANCE I N 
RAT HEPATOCYTE CULTURES 

6. 1 INTRODUCTION 

Exposur e t o Inducer s o f  P45 0 ca n profoundl y alte r  th e metabolis m an d 

toxicit y o f  xenobiotic s b y alterin g th e isozym e population . 

Differen t  Isozyme s hav e differen t  substrat e specificies ,  whic h i s 

reflecte d b y th e differentia l  inductio n o f  a n activit y o n exposur e 

t o a  rang e o f  Inducer s (Okun o e t  al_. ,  1989) .  I t  shoul d b e 

possible ,  therefore ,  t o measur e enzym e activitie s selectiv e fo r 

differen t  isozymes ,  resultin g i n a n activity/1sozym e profil e fo r 

eac h inducer .  Thi s ha s bee n attempte d usin g stereospecifi c 

hydroxylatio n product s o f  testosteron e (Darb y e t  al. ,  1986) ,  an d th e 

dealkylatio n o f  a  serie s o f  alkoxyresorufin s (Burk e e t  al. ,  1985) , 

measure d i n microsome s fro m animal s treate d wit h P45 0 inducers . 

I t  wa s therefor e decide d t o measur e severa l  enzym e activitie s whic h 

i t  wa s hope d woul d prov e t o b e selectiv e fo r  differen t  Induce d P45 0 

Isozymes .  Thi s wa s don e i n hepatocyte s Isolate d fro m animal s 

treate d I n viv o wit h prototypi c inducer s o f  th e mai n P45 0 gen e 

families .  Th e inducer s chose n wer e /S-naphthoflavon e (BNF) , 

phenobarbiton e (PB) ,  isoniazi d (ISO )  an d dexamethason e (DEX )  whic h 

induc e P450 s i n th e lA ,  IIB ,  II E an d III A familie s respectively . 

Prospectiv e selectiv e substrate s fo r  th e differen t  induce d isozyme s 

wer e chosen .  Microsoma l  7-ethoxyresorufi n 0-deethylatio n (EROD)  i s 

selectivel y induce d b y 3-M C an d BNF (Burk e e t  al. ,  1985) ; 
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benzphetamin e demethylatio n (BZDM)  ha s bee n reporte d t o b e catalyse d 

by P450IIB 1 (Rya n e t  al. ,  1979) ;  p-nitropheno l  hydroxylas e (PNPH )  i s 

induce d i n microsome s fro m ethanol-fe d rat s (Reink e an d Moyer , 

1985) ,  ethano l  an d isoniazi d bot h inducin g th e sam e isozym e 

(P450IIE1 )  i n th e ra t  (Rya n e t  al. ,  1986) ,  DEX an d PCN bot h induc e 

th e sam e microsoma l  P45 0 (Heuma n e t  al. ,  1982) ,  DEX bein g a  bette r 

Inducer .  Th e macrolid e antibiotic s als o induc e thi s famil y o f 

isozymes ,  inducin g thei r  ow n metabolis m a t  th e sam e tim e (Dana n et_ 

al. ,  1981 ;  Watkin s e t  al. .  1986) ,  an d therefor e erythromyci n 

N-demethylatio n (EMDM)  wa s chose n a s th e fourt h enzym e activity . 

The enzyme/activit y profil e fo r  eac h induce r  wa s the n examine d an d 

th e maintenanc e o f  th e activit y profil e i n cultur e determined . 

6. 2 METHODS 

6.2. 1 Animal s 

Adul t  mal e rat s (6- 8 week s old )  wer e treate d i.p .  wit h dexamethason e 

sodiu m phosphat e (10 0 mgkg "  i n saline )  fo r  4  day s o r  BNF (8 0 mgkg ' 

i n arachi s oil )  fo r  3  days .  P B an d IS O (0.1% )  wer e administere d i n 

drinkin g wate r  fo r  5  an d 1 0 day s respectively . 

6.2. 2 Procedure s 

Hepatocyte s wer e isolate d b y lob e perfusion ,  an d hal f  o f  th e fina l 

cel l  suspensio n wa s sonicate d t o giv e a n homogenat e o f  fres h cell s 

as describe d I n Chapte r  2.8 .  Th e othe r  hal f  o f  th e suspensio n wa s 

plate d ou t  o n "Primaria "  dishe s i n WEC.  Afte r  2 4 hour s i n cultur e 
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th e monolayer s wer e washe d wit h salin e an d homogenate s prepared . 

P450,  protei n conten t  an d enzym e activitie s wer e determine d i n 

th e cel l  homogenate s a s describe d i n Chapte r  2.1 1 -  2.13 . 

6.2. 3 Presentatio n o f  result s 

Enzyme activitie s wer e calculate d a s nmol  o r  pmol  produc t  min "  mg 

protein "  (th e "activity" )  an d a s nmol  o r  pmo l  produc t  min"- ^  nmol 

P450"  (th e "specifi c  activity") .  Inductio n o f  activit y relativ e 

t o contro l  indicate d th e actua l  chang e i n activity ,  wherea s change s 

i n specifi c  activit y relativ e t o contro l  indicate d th e involvemen t 

of  induce d P45 0 Isozyme s i n th e activity .  Statistica l  analysi s wa s 

by ANOVA an d Dunnett' s  test s fo r  th e inductio n o f  fres h activit y 

relativ e t o control ,  an d b y us e o f  paire d t-test s fo r  th e 

maintenanc e data . 

6. 3 RESULTS 

6.3. 1 Inductio n o f  enzym e activitie s 

Tabl e 6. 1 show s th e P45 0 conten t  an d enzym e activitie s measure d i n 

homogenate s fro m hepatocyte s isolate d fro m untreate d an d treate d 

adul t  mal e rats .  P45 0 conten t  an d BZDM activit y wer e bot h 

significantl y Induce d b y PB ,  DEX an d BNF bu t  no t  b y ISO .  EMDM wa s 

Increase d b y P B an d DEX;  PNPH wa s induce d b y PB ,  DEX an d ISO .  EROD 

was significantl y Induce d onl y b y BNF.  Th e 5,6-fol d inductio n b y 

PB wa s no t  significant ;  thi s wa s probabl y becaus e th e 320-fol d 

inductio n o f  EROD b y BNF,  bein g s o muc h greate r  tha n tha t  b y P B (an d 
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th e othe r  Inducers) ,  weighte d th e Dunnett' s  tes t  (b y yieldin g a 

ver y hig h estimat e o f  th e residua l  mea n squar e valu e i n th e ANOVA) . 

Tabl e 5. 2 show s th e specifi c  enzym e activities .  P B di d no t 

significantl y increas e an y o f  th e specifi c  activities ,  wherea s DEX 

significantl y induce d EMDM,  IS O significantl y induce d PNPH an d BNF 

significantl y Induce d EROD. 

6.3. 2 Inductio n relativ e t o contro l 

Figure s 6. 1 -  6. 4 sho w th e change s i n P45 0 content ,  activit y an d 

specifi c  activit y relativ e t o thos e measure d i n untreate d rat s 

(control s =  1.0) . 

PB (Figur e 6.1a )  induce d BZDM,  EMDM an d EROD activitie s t o th e sam e 

exten t  a s th e P45 0 conten t  (7.4- ,  5.9- ,  5.6 -  an d 6.6-fol d 

respectively) ,  an d accordingl y th e relativ e specifi c  activitie s 

(RSA;  Figur e 6.1b )  o f  thes e enzyme s approximate d t o 1. 0 (1.3 ,  0. 8 

and 0.8) ,  I n contrast ,  PNPH activit y wa s Induce d 2.4-fol d byP B 

althoug h th e RSA wa s onl y 0.3 .  Th e demethylas e result s agre e wit h 

microsoma l  dat a fo r  th e PB-inducibl e aminopyrin e demethylase ,  i n 

tha t  th e activit y wa s Induce d t o th e sam e exten t  a s th e P45 0 conten t 

(Fry ,  1981) .  Also ,  th e inductio n o f  PNPH an d EROD determine d her e 

fro m whol e cel l  homogenate s wer e simila r  t o th e Induction s o f  th e 

same activitie s determine d I n microsome s (1.7-fol d inductio n o f 

PNPH,  Reink e an d Moyer ,  1985 ;  6-fol d inductio n o f  EROD,  Burk e e t 

al. ,  1985) . 
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DEX (Figur e 6.2 )  induce d P45 0 an d BZDM activit y 5.6-fold ,  th e RSA o f 

BZDM bein g 1.1 ,  a s see n wit h P B Induction .  EMDM activit y wa s 

induce d 11.8-fold ,  wherea s th e RSA wa s 2.0 .  Thus ,  onl y hal f  o f  th e 

observe d inductio n o f  activit y coul d b e attribute d t o th e increas e 

i n tota l  P450 .  However ,  thi s wa s th e onl y activit y measure d tha t 

was selectivel y induce d b y DEX;  th e RSA o f  PNPH an d EROD wer e les s 

tha n 0.6 . 

Onl y PNPH activit y wa s increase d b y IS O a s see n i n Figur e 6. 3 

(7.4-fol d increase ,  simila r  t o th e 6.1-fol d increas e observe d i n 

microsome s fro m ethanol-fe d rats ,  Reink e an d Moyer ,  1985) .  Th e RSA 

was 3.9 ,  indicatin g selectiv e inductio n o f  thi s activity ,  althoug h 

th e tota l  P45 0 conten t  di d no t  increas e significantl y afte r  IS O 

treatment . 

EROD wa s selectivel y Induce d b y BNF (Figur e 6.4 ;  R A 320 ,  RSA 32) , 

and again ,  thi s wa s muc h greate r  tha n th e observe d inductio n o f  P45 0 

(9-fold) .  The  RSAs o f  th e othe r  enzyme s wer e les s tha n 0.6 . 

I t  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,  wherea s P B induce d 

al l  thre e demethylas e activitie s t o mor e o r  les s th e sam e level . 

6.3. 3 Maintenanc e o f  activitie s i n cultur e 

The maintenanc e o f  th e activitie s afte r  2 4 hour s i n culture ,  i n 

hepatocyte s fro m untreate d an d treate d animal s i s show n i n Figure s 
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6.5-6.9 .  Activit y a t  2 4 hour s relativ e t o tha t  o f  th e fres h 

cell s (RA24 )  an d relativ e specifi c  activit y a t  2 4 hour s (RSA24 )  ar e 

bot h shown .  A n RA2 4 o f  1. 0 an d a n RSA24 greate r  tha n o r  equa l  t o 

1. 0 fo r  a  particula r  enzym e indicate s maintenanc e o f  tha t  particula r 

activit y an d los s o f  tota l  P450 ;  a n RA2 4 an d a n RSA24 les s tha n 1. 0 

indicate s a  specifi c  los s o f  activit y whils t  th e bul k o f  th e P45 0 i s 

maintained . 

I n culture s fro m untreate d rat s (Figur e 6.5 )  P45 0 conten t  fel l  b y 

31%;  ther e wa s a  selectiv e los s o f  BZDM (RSA2 4 0.46 )  an d a  los s o f 

EROD activity .  Th e los s o f  EROD i n cultur e ha s bee n reporte d 

previousl y (Gran t  et al_. ,  1985) ,  a s ha s th e los s o f  P45 0 an d o f 

certai n PB-inducibl e activitie s (Warre n e t  al. ,  1985) . 

I n culture s fro m PB-induce d rat s (Figur e 6.6 )  ther e wa s a 

significan t  los s o f  P450 ;  ther e wa s a  selectiv e los s o f  EMDM an d 

maintenanc e o f  BZDM,  i n contras t  t o th e contro l  cultures . 

I n culture s fro m DEX-induce d rat s (Figur e 6.7 )  th e P45 0 conten t  fel l 

by 43 % an d unlik e th e contro l  culture s BZDM wa s maintained ,  wit h 

tota l  los s o f  PNPH an d som e los s o f  EMDM activity ,  althoug h th e RSA 

was maintained . 

I n culture s fro m ISO-treate d animal s (Figur e 6.8 )  bot h P45 0 an d EROD 

wer e maintained ,  a s wel l  a s EMDM an d PNPH activities ;  ther e wa s a 

los s o f  BZDM,  simila r  t o tha t  see n i n contro l  cultures . 
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I n culture s fro m BNF-treate d animal s (Figur e 6.9 )  th e P45 0 conten t 

fel l  b y 47 % an d EROD activit y wa s selectivel y lost .  (However ,  EROD 

activit y i n thes e culture s wa s stil l  7-fol d greate r  tha n tha t 

measure d i n contro l  cultures) .  Th e othe r  activitie s wer e 

maintained . 

I n general ,  P45 0 decline d b y 30-50 % i n hepatocyte s afte r  2 4 hour s i n 

cultur e an d EROD activit y wa s th e leas t  stable .  Th e activitie s 

selectivel y induce d (a s determine d I n th e fres h cel l  homogenates ) 

wer e maintaine d i n cultur e ove r  2 4 hours ,  althoug h som e o f  th e othe r 

form s wer e lost . 

6. 4 DISCUSSIO N 

The selectiv e inductio n o f  enzym e activitie s wa s demonstrate d i n 

thi s study ,  usin g fou r  o f  th e prototypi c P45 0 inducers .  IS O onl y 

Induce d PNPH activit y an d specifi c  activity ;  BNF selectivel y induce d 

EROD (i.e .  increas e i n R A an d RSA)  an d DEX selectivel y induce d 

EMDM.  Th e latte r  tw o inducer s als o increase d a t  leas t  on e othe r 

enzyme activity ,  bu t  no t  th e relevan t  specifi c  activity .  PB ,  I n 

contrast ,  induce d al l  th e activitie s bu t  wa s completel y 

non-selectiv e (fo r  th e activitie s measure d i n thi s study) . 

The fold-inductio n o f  specifi c  activitie s b y BNF,  IS O an d DEX wa s 

greate r  tha n th e fold-inductio n o f  tota l  P45 0 i n eac h case ,  an d 

ther e ar e severa l  explanation s fo r  thes e apparen t  discrepancies . 

Firstly ,  a  smal l  increas e i n a n isozym e wit h a  hig h affinit y fo r  th e 
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substrat e woul d increas e th e observe d activit y (especiall y a t  lo w 

substrat e concentrations) ,  bu t  i f  th e tota l  P45 0 wa s induce d o r 

remaine d unchange d a  very lo w RSA valu e woul d b e obtained .  Thi s 

coul d explai n P B inductio n o f  PNPH,  wher e th e R A wa s 2, 4 an d th e RSA 

onl y 0,3 ,  Secondly ,  a  constitutiv e isozym e presen t  a t  lo w level s 

coul d b e dramaticall y Increase d o n induction ,  bu t  stil l  accoun t  fo r 

a smal l  proportio n o f  th e tota l  P450 :  thi s coul d resul t  i n a n RSA 

valu e muc h highe r  tha n th e increas e i n tota l  P450 ,  Thi s probabl y 

account s fo r  th e inductio n o f  PNPH b y ISO ,  Th e R A an d RSA o f  thi s 

Induce d activit y wer e 7, 4 an d 3, 9 respectively ,  but ,  i n contras t  t o 

th e othe r  Inducers ,  ther e wa s n o increas e i n th e tota l  P45 0 content . 

Othe r  worker s hav e reporte d 6-fol d induction s o f  P450IIE 1 an d PNPH 

i n th e absenc e o f  an y increas e i n th e tota l  microsoma l  P45 0 (Rya n e t 

£]_. ,  1985) . 

Wit h respec t  t o substrat e specificity/affinit y ther e wer e problem s 

associate d wit h choic e o f  substrat e i n thi s study .  Ther e wa s a 

proble m o f  specificity :  P B di d no t  significantl y induc e an y RSA 

value .  However ,  thi s may reflec t  th e limite d numbe r  o f  enzyme 

activitie s studie d and/o r  th e choic e o f  activitie s e.g .  th e 

inductio n o f  pentoxyresorufi n O-dealkylas e (PROD) ,  a s oppose d t o 

BZDM,  may b e mor e specificall y induce d b y P B (Burk e e t  al. ,  1985) . 

I n additio n t o th e choic e o f  substrate ,  i t  ha s bee n show n recentl y 

tha t  DEX bu t  no t  PCN (pregnenolone-16(X -  carbonitrile )  induce s th e 

mai n PB-inducibl e form s i n additio n t o th e P450i n protein s (Namkun g 
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et  al_. ,  1988) ,  an d als o tha t  P B ca n Induc e th e CYP3A1 gen e (Neber t 

and Gonzalez ,  1987) .  Also ,  PCN doe s no t  induc e th e PB-inducibl e 

PROD activit y (Burk e et al_. ,  1985) .  Thi s probabl y explain s th e 

similar  induction s o f  EMDM an d BZDM b y P B an d DEX.  I n thi s stud y DEX 

was chose n ove r  PCN becaus e o f  it s  greate r  magnitud e o f  induction . 

However ,  i n th e ligh t  o f  th e wor k b y Namkun g e t  al_ .  (1988 )  PCN 

woul d appea r  t o b e a  mor e selectiv e Induce r  o f  th e P450II I  family . 

I t  i s  als o difficul t  t o fin d selectiv e substrate s fo r  thi s gen e 

famil y tha t  ar e relativel y eas y t o assay .  Th e macrolid e 

antibiotic s suc h a s triacety l  oleandomyci n an d erythromyci n ca n 

presen t  problems ,  sinc e the y ar e capabl e o f  bindin g t o th e 

cytochrom e formin g a n Inactiv e comple x (Dana n e t  al. ,  1981) .  Fo r 

thi s reaso n Namkun g e t  al .  (1988 )  attempte d t o fin d alternativ e 

substrates ;  separatio n o f  differen t  testosteron e metabolite s b y HPL C 

was th e mos t  successfu l  assa y tha t  the y tried ,  wit h respec t  t o 

selectivity . 

I n general ,  th e selectivel y Induce d enzym e activitie s wer e 

maintaine d fo r  2 4 hour s i n hepatocyte s culture d fro m th e treate d 

rats ,  althoug h th e tota l  P45 0 conten t  decline d b y 30-50 % ove r  thi s 

tim e period .  Thi s agai n demonstrate d selectiv e stabilit y  o f 

isozymi c forms ,  i n additio n t o selectiv e induction . 

I n hepatocyte s culture d fro m ISO-treate d animals ,  ther e wa s a 

genera l  maintenanc e o f  bot h P45 0 an d enzym e activities ,  althoug h 

ther e wa s selectiv e los s o f  BZDM (RA2 4 an d RSA24 o f  les s tha n 0.5) , 
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simila r  t o tha t  see n i n culture s fro m untreate d rats .  I n thes e 

contro l  culture s BZDM activit y decline d b y mor e tha n 70% ,  wherea s 

th e tota l  P45 0 fel l  b y onl y 31% .  Th e othe r  activitie s wer e 

maintaine d I n contro l  culture s althoug h ther e wa s som e los s o f  EROD 

activity .  Thi s activit y decline d t o som e exten t  i n al l  th e 

culture s studie d (excep t  thos e fro m ISO-treate d animals) ,  however , 

constitutiv e BZDM appeare d t o b e particularl y labil e i n hepatocyt e 

culture ,  unlik e th e induce d activity . 

I t  therefor e appear s tha t  th e induce d form ,  o f  BZDM,  an d als o induce d 

EMDM,  ar e no t  identica l  t o th e constitutiv e form s presen t  i n contro l 

cultures .  Th e induce d EMDM wa s los t  mor e rapidl y tha n th e 

constitutiv e form .  Thi s i s consisten t  wit h th e rapi d degradatio n o f 

P450s Induce d b y DEX (Watkin s e t  al, ,  1986) ,  I n contrast ,  th e BZDM 

Induce d b y P B an d DEX wa s maintaine d i n cultur e fo r  2 4 hours , 

wherea s th e constitutiv e activit y wa s lost .  I t  ha s bee n reporte d 

tha t  th e mai n PB-inducibl e P45 0 i n th e liver ,  P450IIB 1 ha s a  hig h 

specificit y fo r  BZDM an d th e 16oc-hydroxylatio n o f  testosteron e (Rya n 

et al_. ,  1979) .  Thi s latte r  activit y i s catalyse d b y P450IIC1 1 i n 

untreate d ra t  live r  (Waxma n e t  al. ,  1985) .  I t  i s  als o possibl e 

tha t  th e poo r  maintenanc e o f  constitutiv e BZDM reflect s th e poo r 

maintenanc e o f  liver-specifi c  Isozymes ,  especiall y i n mediu m 

containin g seru m (Enat ,  1984) .  Thi s ha s bee n discusse d i n detai l  i n 

previou s chapters .  I t  woul d appea r  then ,  tha t  induce d P450IIB1/ 2 

Isozyme s ca n b e maintaine d i n cultur e fo r  2 4 hours ,  an d thi s als o 

suggest s tha t  th e inabilit y  t o detec t  PB-inductio n o f  P450IIB1/ 2 j_ n 
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vitr o i s a n induction -  mechanis m defect ,  no t  a  maintenanc e problem . 

Thi s stud y ha s show n tha t  i t  i s  possibl e t o us e selectiv e marke r 

activitie s t o monito r  change s i n Isozym e profil e o n induction . 

Induce d activitie s ca n b e maintaine d i n culture d hepatocyte s fo r  2 4 

hours .  I t  shoul d b e possibl e t o exten d thi s approac h t o othe r 

Inducin g agents ,  an d als o t o compar e profile s fro m compound s tha t 

induc e th e sam e P45 0 Isozymes .  Thes e diagnosti c profile s coul d 

the n b e use d t o investigat e ne w compound s fo r  thei r  abilit y  t o 

induc e P450s . 

SUMMARY 

I n th e previou s fou r  chapter s a n hepatocyt e cultur e syste m ha s bee n 

define d an d characterise d wit h respec t  t o maintenanc e o f  P45 0 an d 

it s associate d enzym e activitie s an d th e inductio n o f  thes e 

activities .  Th e condition s resultin g i n th e bes t  maintenanc e o f  a 

rang e o f  activitie s see m t o Involv e hepatocyte s fro m youn g adul t 

mal e rats ,  culture d fo r  2 4 hour s i n WEC medium .  A t  thi s tim e 

point ,  th e P45 0 conten t  i s 50-70 % tha t  o f  th e freshl y isolate d 

cells ,  wit h a  rang e o f  enzym e activitie s bein g maintaine d a t  70 % o r 

more o f  th e fres h activity .  Th e live r  specifi c  form s appea r  t o b e 

les s wel l  maintained ,  s o ther e ar e furthe r  modification s tha t  coul d 

be mad e t o thi s system ,  includin g re-appraisa l  o f  th e us e o f 

serum-containin g medium .  I t  i s  als o possibl e t o induc e activitie s 

i n viv o an d maintai n the m fo r  2 4 hour s i n th e culture d hepatocytes ; 
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thi s approac h wa s mor e successfu l  tha n Inductio n i n vitro .  Th e 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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FIGURE 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 0: EMDM D:PNPH E:EROD 
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FIGURE 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. 
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FIGURE 6.4. I N D U C T I O N S 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. 
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FIGURE 6.6. MAINTENANC E OF P450 AND ENZYME ACTIVITIES 

AT 24 HOURS IN HEPATOCYTES CULTURED FROM PB-TREATE D 

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). 
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FIGURE 6.7. MAINTENANC E 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). 
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FIGURE 6.8. MAINTENANC E OF P450 AND ENZYME ACTIVITIES 

AT 24 HOURS IN HEPATOCYTES CULTURED FROM ISO-TREATED 

RATS . Each value is the mean activity (A), or mean specific activity (B), 

wit h range , relativ e to the fres h cel l value . * p<0.05, (paired t-test). 
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AT 24 HOURS IN HEPATOCYTES CULTURED FROM BNF-TREATE D 

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). 
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CHAPTER 7 

TOXICIT Y STUDIE S I N CULTURED HEPATOCYTES 

7. 1 INTRODUCTION 

The us e o f  i n vitr o system s fo r  toxicit y testin g ha s bee n reviewe d 

i n Chapte r  One .  I n recen t  years ,  increasin g us e ha s bee n mad e o f 

hepatocyt e culture s i n th e investigatio n o f  mechanism s o f  toxicity . 

As outline d i n Chapte r  One ,  culture d hepatocyte s offe r  severa l 

advantage s ove r  othe r  cellula r  an d subcellula r  preparation s fo r  thi s 

kin d o f  study :  the y ar e intac t  cell s containin g bot h Phas e I  an d I I 

biotransformatio n enzyme s tha t  ca n b e maintaine d i n a  define d 

environmen t  fre e fro m hormona l  an d othe r  physiologica l  influences ; 

the y surviv e longe r  tha n hepatocyt e suspension s an d compris e a 

metabolicall y stabl e cel l  population ,  als o unlik e suspensions .  Ther e 

i s evidenc e tha t  freshl y isolate d cell s an d hepatocyte s tha t  ar e 

Initiall y  place d int o cultur e ar e i n a  stat e o f  metaboli c flux ,  wit h 

increase d catabolism ,  bu t  tha t  b y 2 4 hour s i n cultur e th e cell s hav e 

recovere d fro m alteration s i n metabolis m sustaine d durin g isolatio n 

and hav e reache d a  mor e stabl e stat e (Tanak a e t  al. ,  1978 ;  Lope z  et^ 

al. ,  1988) .  I t  ha s als o bee n reporte d tha t  th e toxicit y observe d 

when hepatocytes  ar e expose d t o a  toxi c compoun d durin g th e firs t  1 8 

hour s o f  cultur e i s greate r  tha n whe n exposur e i s afte r  2 4 hour s i n 

culture ;  ther e i s als o greate r  variabilit y  i n th e observe d toxi c 

respons e (Tolma n e t  al. ,  1989) .  Thi s i s probabl y a  reflectio n o f  a 

heterogeneou s cel l  populatio n wit h respec t  t o metaboli c stabilit y  i n 

additio n t o changin g P45 0 levels .  Therefore ,  althoug h th e P45 0 
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conten t  ha s decline d t o 50-70 % o f  th e fres h leve l  a t  2 4 hour s 

(Chapte r  Six) ,  i n th e studie s describe d i n thi s chapte r  th e 

hepatocyte s wer e culture d fo r  2 4 hour s prio r  t o exposur e t o th e 

xenobiotic . 

Culture d hepatocyte s hav e bee n use d i n severa l  differen t 

toxicologica l  investigations .  The y hav e bee n use d t o asses s th e 

rol e o f  metaboli c activatio n i n th e toxicit y o f  xenobiotic s (e.g . 

Acost a e t  al. ,  1987) ;  t o elucidat e th e tempora l  relationship s o f 

biochemica l  alteration s (e.g .  Lon g an d Moore ,  1988 ;  Berge r  e t  al. , 

1989) ;  t o compar e th e patter n o f  metabolite s produce d i n viv o an d i n 

vitr o (e.g .  McManus e t  al. ,  1987) ,  an d t o investigat e carcinoge n 

activatio n (e.g .  Butterwort h e t  al. ,  1989) . 

Ther e ar e als o a  numbe r  o f  method s availabl e fo r  assessin g th e toxi c 

effect s o f  xenobiotics .  Determinatio n o f  plasm a membran e 

permeabilit y  i s  ofte n use d a s a n indicato r  o f  cel l  viability ,  sinc e 

damaged membrane s wil l  allo w access/egres s o f  bulky ,  charge d 

particles .  Thes e assay s Includ e trypa n blu e exclusion ,  fluorescei n 

diacetat e inclusion ,  io n leakag e an d enzym e leakag e (Tyso n an d 

Green ,  1987 ;  Coo k an d Mitchell ,  1989) .  However ,  membran e damag e i s 

not  alway s th e Initia l  lesio n an d earl y toxicit y ca n thu s b e 

underestimated .  Also ,  los s o f  membran e integrit y i s disastrou s fo r 

th e cel l  an d therefor e no t  particularl y sensitive .  Enzym e leakag e 

assay s ar e particularl y vulnerabl e i n thi s respec t  du e t o problem s 

of  compartmentalisation ,  hig h leakag e i n contro l  sample s an d 
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inactivatio n o f  th e enzym e b y th e toxi n (Tyso n an d Green ,  1987) . 

Also ,  leakag e doe s no t  accoun t  fo r  cell s tha t  detac h fro m th e 

monolaye r  (Cha o e t  al. ,  1988) ,  unles s ther e i s som e assessmen t  o f 

latency . 

Othe r  indicator s o f  toxicit y ar e base d o n determinatio n o f  cellula r 

functio n e.g .  DNA o r  protei n synthesis ;  ure a synthesis ;  AT P conten t 

or  mitochondria l  functio n (Tyso n an d Green ,  1987 ;  Coo k an d Mitchell , 

1989) .  However ,  no t  al l  o f  thes e ar e suitabl e fo r  routin e us e wit h 

larg e number s o f  samples ,  an d althoug h th e assa y may involv e 

measuremen t  o f  a n intrinsi c cellula r  activity ,  ther e may stil l  b e 

wid e inter-individua l  variation s i n activity .  I n addition ,  ther e 

ar e cel l  proliferatio n assay s tha t  asses s colon y formatio n an d 

platin g efficienc y (Coo k an d Mitchell ,  1989 )  bu t  thes e canno t  b e 

use d i n stati c monolaye r  cultures . 

Ther e are als o non-specifi c  Indicator s o f  cel l  injur y whic h ca n 

demonstrat e a  potentia l  fo r  toxicity .  Thes e includ e cellula r 

glutathion e conten t  an d covalen t  bindin g (Tyso n an d Green ,  1987) . 

The depletio n o f  reduce d glutathion e i s no t  cytotoxi c i n itsel f  an d 

i s usuall y reversible .  However ,  a  sustaine d depletio n suggest s 

tha t  norma l  cellula r  regeneration/synthesi s mechanism s hav e bee n 

inhibited/overwhelmed .  Cel l  protein s ca n bin d activate d molecules , 

and thi s covalen t  bindin g i s use d a s a  measur e o f  toxicit y althoug h 

th e exac t  relationshi p o f  cel l  deat h t o covalen t  bindin g remain s t o 

be established .  I t  ma y b e tha t  th e reactiv e metabolite s bin d t o 
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critica l  cel l  protein s i.e .  enzymes ,  inhibitin g thei r  function . 

The abov e ar e al l  use d a s indicator s o r  measure s o f  cytotoxicity , 

but  d o no t  distinguis h pe r  s e betwee n directly-actin g toxin s an d 

thos e tha t  requir e metaboli c activatio n b y P450 .  Th e latte r  ca n b e 

demonstrate d usin g P45 0 inducer s an d inhibitor s (Mitchel l  e t  al. , 

1973 )  an d b y showin g a  dependenc e o n th e presenc e o f  cofactor s i n 

microsoma l  incubation s (Garl e an d Fry ,  1989) . 

I n thi s study ,  th e effec t  o f  seve n hepatotoxin s (though t  t o b e 

activate d t o toxi c specie s b y cytochrom e P450 )  o n hepatocyt e 

viabilit y  wa s determined ,  usin g mitochondria l  functio n (MT T 

reduction )  a s th e paramete r  o f  viabilit y  (2.5.2) .  Th e effec t  o f 

inductio n o f  P450-mediate d activit y o n th e toxicit y o f  th e compound s 

was als o determined ,  b y culturin g hepatocyte s fro m inducer-treate d 

animals ,  a s fo r  th e stud y reporte d i n th e previou s chapter .  A 

repor t  o n acetaminophe n toxicit y i n culture d hepatocyte s (Kyl e £ t 

al. ,  1989 )  utilise d a  simila r  inductio n approach .  Th e seve n 

compounds used ,  wit h summarie s o f  th e availabl e informatio n o n thei r 

hepatotoxicit y ar e presente d i n Tabl e 7.1 .  I n Chapte r  Fiv e i t  wa s 

shown tha t  treatmen t  o f  hepatocyt e culture s wit h P45 0 inducer s 

resulte d i n reduce d an d altere d Inductio n o f  enzym e activities , 

relativ e t o i n viv o treatmen t  wit h inducers .  Thi s suggeste d tha t 

i n vitr o inductio n woul d alte r  th e observe d toxicit y o f  xenobiotic s 

t o culture d hepatocytes ,  an d s o toxlcity/viabilit y  assessment s wer e 

made afte r  inductio n i n vitr o an d compare d t o th e result s obtaine d 

afte r  inductio n i n vivo . 
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7. 2 METHODS 

7.2. 1 I n viv o Induction ,  an d toxicit y 

Hepatocyte s wer e isolate d fro m untreated ,  an d P B o r  BNF-treate d 

youn g adul t  mal e rat s an d place d int o culture .  Hepatocyte s wer e 

culture d o n 24-wel l  plate s coate d wit h collage n (a s describe d i n 

Chapte r  2.7.2 )  fo r  2 4 hours .  Culture s wer e the n expose d t o WEC 

containin g th e tes t  chemical ,  a t  variou s concentrations ,  fo r  a 

furthe r  2 4 hours .  Th e numbe r  o f  viabl e cell s remainin g wa s the n 

determine d usin g th e MTT assa y (2.5.2) .  I n som e experiment s a n 

inhibito r  o f  P450-med1ate d activity ,  SKF525-A ,  wa s adde d a t  th e sam e 

tim e a s th e tes t  chemical . 

7.2. 2 I n vitr o induction ,  an d toxicit y 

Hepatocyte s wer e isolate d fro m untreate d mal e rat s an d culture d o n 

collagen-coate d 24-wel l  plate s fo r  7 2 hour s i n th e presenc e o r 

absenc e o f  induce r  (3m M P B o r  50p M BNF,  a s describe d i n Chapte r 

5.2.2) .  Exposur e t o th e tes t  chemica l  wa s fo r  a  furthe r  2 4 hour s 

followe d b y assa y o f  viabilit y  b y MTT. 

7.2. 3 Additio n o f  compound s an d inhibitor s 

Tes t  chemical s wer e dilute d int o WEC fro m I M stoc k solution s I n 

methano l  (DMSO fo r  6-thiopur1n e an d SKF525-A) .  Solven t 

concentration  di d no t  excee d 0.1% .  Initia l  dos e respons e 

experiment s wer e performe d wit h 0.1-lOm M concentrations .  However , 

wit h th e exceptio n o f  4-ipomeano l  (4-IP )  an d 2-methylfura n (2-MF) , 
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ImM wa s foun d t o b e th e maximu m workin g concentratio n du e t o 

increase d acidit y o f  th e mediu m (VPA ,  5-TP )  o r  precipitatio n ou t  o f 

th e mediu m (precocenes ,  BHT) .  Plat e sealer s wer e use d wit h 2-M F t o 

preven t  possibl e los s du e t o volatility .  However ,  simila r  result s 

wer e obtaine d wit h plate s incubate d wit h o r  withou t  th e plat e 

sealers ,  s o volatilit y  wa s probabl y no t  a n importan t  consideration . 

I n som e experiment s SKF525- A wa s adde d t o th e cultures ;  th e maximum , 

non-toxi c concentratio n wa s foun d t o b e 10[JM . 

7.2. 4 Cellula r  glutathion e an d toxicit y 

Cellula r  glutathion e (GSH )  wa s determine d (a s describe d i n 2.16 )  i n 

hepatocyte s culture d o n "Primaria "  dishes .  GSH conten t  a t 

differen t  time-point s afte r  exposur e o f  2 4 hou r  hepatocyte s t o 

precocen e I I  (PII )  wa s determined ,  togethe r  wit h th e viability , 

measure d b y MTT reduction . 

7.2. 5 Analysi s o f  result s 

Dose-respons e curve s fo r  eac h compoun d wer e derive d fro m th e 

viabilit y  data .  The  percentag e surviva l  a t  eac h dos e (o r  tim e 

point )  wa s plotted ,  an d th e concentratio n a t  whic h 50 % o f  th e cell s 

survived ,  th e ID50 ,  wa s determine d fro m th e curve .  The  ID5 0 wa s 

determine d fo r  eac h compoun d i n culture s fro m a t  leas t  fou r  animals , 

and th e mea n +  rang e quote d i n th e results .  Th e rang e o f  ID5 0 

value s give s a n indicatio n o f  inter-individua l  variabilit y  i n 

response ,  whic h i s a n importan t  consideratio n i n assessin g toxicit y 

of  xenobiotics . 
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7. 3 RESULTS 

Figure s 7.1-7. 7 sho w representativ e dose-respons e curve s fo r  eac h 

compound ,  a s determine d i n culture d hepatocyte s fro m control ,  PB -

and BNF-treate d rats .  Tabl e 7. 2 present s th e mea n ID5 0 valu e wit h 

th e rang e fo r  eac h compound ,  i n eac h condition . 

7.3. 1 Toxicit y t o hepatocyte s fro m contro l  rat s 

VPA,  BHT,  PI I  an d P I  wer e al l  moderatel y toxi c t o hepatocyte s fro m 

untreate d rat s (Figure s 7.1-7. 4 respectively )  wit h mea n ID5 0 value s 

betwee n 516-643pM .  Th e ID5 0 rang e determine d fo r  BHT wa s ver y 

narro w (les s tha n lOOpiM) ,  wit h respec t  t o th e othe r  thre e compound s 

(ID5 0 range s aroun d 300piM) .  Also ,  i t  ca n b e see n fro m th e dos e 

respons e curve s tha t  ther e wa s a  shar p decreas e i n viabilit y  fro m 8 0 

t o 20% ,  a  differenc e o f  aroun d 450|J M wit h BHT,  wherea s wit h VP A an d 

th e precocene s th e sam e los s occurre d ove r  a  differenc e o f  600-800piM . 

6-T P an d 2-M F wer e les s toxi c t o contro l  hepatocyte s (Figure s 7. 5 

and 7.6) ,  th e viabilit y  a t  Im M bein g aroun d 40% ,  th e mea n ID5 0 

value s bein g 72 0 an d 800[JM .  4 - I P wa s toxi c t o contro l  hepatocyte s 

onl y a t  hig h concentration s (ID5 0 3.4mM) . 

7.3. 2 Toxicit y t o culture s fro m inducer-treate d rat s 

The seve n compound s fal l  int o thre e group s wit h respec t  t o th e 

effect s o f  inductio n o n toxicity . 



-  141 -

BHT an d VP A 

PB treatmen t  enhance d th e toxicit y o f  VP A an d BHT t o culture d 

hepatocyte s (Figure s 7. 1 an d 7.2) ,  th e mea n ID5 0 value s bein g 23 2 

and 106IJ M respectively ,  wit h simila r  ID5 0 range s o f  aroun d 200p M 

(Tabl e 7.2) .  However ,  th e los s o f  viabilit y  fro m 8 0 t o 20 % i s muc h 

steepe r  wit h BHT ,  a  differenc e o f  onl y 150pM ,  a s oppose d t o aroun d 

9m\in wit h VPA.  BNF di d no t  significantl y alte r  th e toxicit y o f 

eithe r  compoun d (a s judge d b y ID50 )  relativ e t o th e contro l 

cultures ,  th e dose-respons e curve s bein g very simila r  i n th e 

hepatocyte s fro m contro l  an d BNF-treate d rats . 

Precocene s I  an d I I 

Bot h P B an d BNF treatmen t  induce d th e toxicit y o f  th e precocene s t o 

culture d hepatocytes ,  P B havin g th e mos t  marke d effec t  (Figure s 7. 3 

and 7.4 ,  Tabl e 7.2) .  BNF produce d a  five-fol d an d P B a  14-fol d 

increas e i n toxicit y o f  precocen e I I  an d a  29-fol d Increas e o f 

precocen e I  toxicity ,  wit h simila r  ID5 0 ranges . 

6-TP ,  2-M F an d 4-I P 

Thes e thre e compounds ,  tha t  ha d minima l  toxicit y i n contro l 

cultures ,  wer e al l  toxi c t o culture s fro m PB -  an d BNF-treate d 

animals .  6-T P an d 2-M F wer e th e mos t  toxi c t o culture s fro m 

PB-treate d rat s (Figure s 7. 5 an d 7.6 )  wit h 10 -  an d 25-fol d Increase s 

i n respons e respectively .  BNF an d P B ha d simila r  effect s o n 4-I P 

toxicity :  1 3 t o 14-fol d Increase s wit h ID5 0 value s aroun d 250pM . 
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Tabl e 7. 3 summarise s thes e results .  Inductio n o f  P45 0 ha d th e 

leas t  effec t  o n VP A toxicity ;  BHT toxicit y wa s potentiate d b y PB , 

whic h markedl y increase d th e toxicitie s o f  th e precocenes ,  2-MF , 

4-I P an d 6-TP .  BNF ha d th e greates t  effec t  o n 4-I P toxicit y wit h 

moderat e effect s o n 2-MF ,  6-T P an d th e precocenes . 

7.3. 3 Variabilit y  i n observe d toxicit y 

I n additio n t o th e wid e rang e o f  ID5 0 value s obtaine d fo r  VPA ,  6-T P 

and 2-MF ,  ther e wa s als o variabilit y  i n respons e o f  th e cell s t o 

thes e compounds ,  i n tha t  concentration s u p t o Im M di d no t  alway s 

elici t  a  sufficien t  los s o f  viabilit y  fo r  a n ID5 0 t o b e determined . 

I n th e contro l  culture s thi s ma y b e simpl y becaus e th e compound s ar e 

onl y moderatel y toxic ,  th e uppe r  rang e o f  th e ID5 0 bein g aroun d ImM . 

However ,  thi s variabilit y  (i.e .  toxi c o r  no t  toxic )  wa s als o 

observe d i n hepatocyte s fro m inducer-treate d animals .  Th e 

practica l  consideration s tha t  coul d b e responsibl e includ e 

instabilit y  o f  th e compound/stoc k solution ,  volatilit y  o f  2-M F an d 

intrinsi c inter-anima l  differences .  Us e o f  fres h dilution s o f 

fres h stoc k solution s ha d n o effec t  o n th e observe d variability ,  an d 

th e plat e sealer s use d wit h 2-M F wer e judge d t o functio n adequatel y 

sinc e th e gradatio n o f  an y effec t  wa s unifor m acros s th e plate .  I n 

any case ,  volatilit y  wa s probabl y no t  crucia l  here ,  sinc e incubatio n 

withou t  plat e sealer s gav e simila r  result s t o seale d plates .  I t 

has alread y bee n observe d tha t  ther e ar e inter-individua l 

difference s i n respons e t o Inducer s (Chapte r  Five) ,  an d thi s ca n 

affec t  th e exten t  o f  an y toxicit y tha t  i s  du e t o metabolism .  Fo r 
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thi s reaso n i t  i s  Importan t  t o us e hepatocyte s fro m differen t 

animals ,  an d no t  replicat e dishe s fro m singl e animals ,  i n assessin g 

th e exten t  o f  a  compound' s effects .  However ,  VPA,  6-T P an d 2-M F ar e 

al l  mor e markedl y toxi c t o Induce d animals ,  an d a  complet e lac k o f 

effec t  i n som e culture s i s somewha t  unexpected ,  an d i s unlikel y t o 

be du e t o poo r  induction ,  i n whic h cas e a  reduce d effec t  woul d b e 

more probable .  Therefor e th e possibl e role s o f  othe r  intrinsi c 

factor s hav e t o b e considered . 

7.3. 4 Inductio n i n vitr o an d toxicit y 

Tabl e 7. 4 compare s ID5 0 dat a fro m th e i n viv o inductio n experiment s 

wit h thos e observe d afte r  inductio n i n vitro ,  fo r  PI I  an d 4-IP . 

Thes e compound s wer e chose n sinc e ther e wer e marke d (an d easil y 

reproducible )  change s i n toxicit y o n inductio n i n vivo .  However , 

afte r  treatmen t  o f  hepatocyte s i n vitr o wit h P B an d BNF ther e wa s n o 

toxicit y o f  4-I P followin g PB ,  an d onl y a  sligh t  increas e du e t o 

BNF.  P B an d BNF i n vitr o ha d simila r  effect s o n PI I  toxicit y (mea n 

ID5 0 value s o f  46 3 an d 459p M respectively) ,  bu t  thi s respons e wa s 

much reduce d compare d t o tha t  obtaine d wit h inductio n i n vivo . 

Also ,  n o toxicit y o f  PI I  t o contro l  hepatocyte s wa s observed .  Thi s 

i s probabl y du e t o th e declin e i n P45 0 ove r  th e 7 2 hou r  cultur e 

period ,  an d suggest s tha t  th e toxicit y t o 2 4 hou r  hepatocyte s i s (i n 

part )  P-45 0 mediated .  Thi s failur e t o Induc e toxicit y i n vitr o i s a t 

leas t  consisten t  wit h th e failur e t o Induc e P45 0 enzym e activitie s 

i n vitr o (Chapte r  Five )  an d th e observe d declin e i n som e P45 0 

activitie s i n 7 2 hou r  culture s (Chapte r  Four) . 
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7.3. 5 Furthe r  studie s wit h th e precocene s 

Figure s 7. 8 an d 7. 9 sho w th e effect s o f  SK F 525- A i n vitr o upo n 

precocene-induce d toxicit y i n hepatocyte s fro m contro l  an d 

PB-treate d rats .  SK F 525- A di d no t  inhibi t  precocen e I I  toxicit y 

i n contro l  cultures ,  althoug h ther e wa s a  sligh t  shif t  i n th e 

precocen e I  ID5 0 range :  Tabl e 7.5 .  However ,  i n hepatocyte s fro m 

PB-treate d rat s ther e wa s a  marke d inhibitio n o f  PI I  toxicit y ( a 

4-fol d Increas e i n ID5 0 -  Tabl e 7.5) ,  bu t  no t  o f  P I  toxicity .  Thi s 

was rathe r  unusual ,  i n tha t  th e reporte d effect s o f  thes e tw o 

compounds ar e very similar .  A  furthe r  preliminar y experimen t 

showed tha t  exposur e o f  hepatocyte s culture d fro m PB-treate d animal s 

t o PI I  resulte d i n a  depletio n o f  cellula r  glutathion e tha t  wa s 

sustaine d ove r  2 4 hours ,  an d whic h precede d th e los s o f  cellula r 

viability ,  a s judge d b y MTT reductio n (Figur e 7.10) . 

7. 4 DISCUSSIO N 

The result s presente d i n thi s chapte r  demonstrat e tha t  inductio n o f 

P450 i n viv o ca n potentiat e th e toxicit y o f  compound s i n culture d 

hepatocytes .  A  certai n amoun t  o f  Informatio n o n th e exten t  an d 

degre e o f  toxicit y ca n b e determine d fro m th e data . 

BHT wa s moderatel y toxi c t o hepatocyte s fro m contro l  an d BNF-treate d 

rat s an d P B significantl y increase d th e toxicity .  I n al l  cases , 

th e dose-respons e curve s fel l  steepl y betwee n 8 0 and s 20 % viability . 

Thi s suggest s tha t  BHT may hav e on e o r  a  fe w very specifi c  site s o f 

toxi c assaul t  withi n th e cell ,  an d tha t  onc e a  critica l 



-  14 5 -

concentratio n i s achieve d cel l  deat h occur s rapidly .  I t  ha s bee n 

reporte d tha t  th e cytotoxicit y o f  BHT i n contro l  hepatocyte s a t 

concentration s u p t o 750p M i s no t  P450-mediated ,  bu t  a  direc t  effec t 

upon th e mitochondria .  Ther e i s a  rapi d los s o f  ATP ,  followe d b y 

dissipatio n o f  th e membran e potentia l  (Thompso n an d Moldeus ,  1988) . 

Thi s woul d accoun t  fo r  th e narro w ID5 0 rang e i n control s an d th e 

stee p dose-respons e curv e (sinc e mitochondria l  functio n i s vita l  fo r 

cel l  survival) .  I t  woul d als o Indicat e tha t  BHT toxicit y ha s a 

direc t  effec t  i n hepatocyte s o n inductio n wit h BNF.  P B increase d 

BHT toxicit y i n hepatocytes .  Thi s agree s wit h reporte d dat a o n BHT: 

tha t  PB ,  bu t  no t  3-MC ,  increase d th e formatio n o f  a  microsoma l 

BHT-GSH conjugat e (Tajim a e t  al. ,  1985 )  an d tha t  P B increase d seru m 

transaminas e level s i n vivo ,  i n BHT-fe d rat s (Nakagawa ,  1987) . 

VPA,  lik e BHT ,  wa s als o toxi c t o hepatocyte s fro m PB-treate d rats , 

th e toxicit y i n hepatocyte s fro m contro l  an d BNF-treate d rat s bein g 

very similar.  However ,  i n contras t  t o BHT,  th e VP A dose-respons e 

curve s wer e muc h flatter ,  th e toxi c effect s bein g manifes t  ove r  a 

much wide r  rang e o f  concentrations .  Thi s probabl y reflect s mor e 

variabilit y  i n inter-cellula r  response ,  and/o r  mor e tha n on e sit e o f 

actio n o f  VPA.  I t  i s  though t  tha t  ther e ar e tw o major ,  competin g 

pathway s o f  VP A metabolis m i n th e hepatocyte .  VP A i s metabolise d 

by P45 0 t o a n unsaturate d metabolite, A -VPA ,  an d thi s reactio n 1 s 

Increase d b y P B i n vitr o (Retti e e t  al. ,  1988) .  A  -VP A ca n exis t 

as 2  enantiomers :  th e (R )  for m i s metabolise d furthe r  b y P45 0 t o 

4,5-dlhydroxy-VPA -  % -lactone ,  an d th e (S )  for m i s metabolise d b y 
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mitochondria l  /3-oxidatio n t o a  3-ox o derivativ e whic h ca n the n 

inhibi t  i3-ox1dation ,  productio n o f  th e (R )  enantiome r  bein g 

favoure d (Porube k e t  al. ,  1989a) .  Th e Inhibitio n o f  ^-oxidatio n 

woul d eventuall y b e toxi c t o th e hepatocyte ,  an d woul d explai n th e 

observe d steatosi s i n VPA-treate d rat s (Kesterso n e t  al. ,  1984) .  VP A 

and A  -VP A hav e bot h bee n reporte d t o b e hepatotoxic ,  bu t  th e dat a 

ar e confusing .  PB-treatmen t  increase s th e overal l  rat e o f 

metabolis m bu t  no t  th e rati o o f  enantiome r  productio n (Porube k et ^ 

al. ,  1989a) ;  P B doe s no t  Increas e VP A o r  A  -VP A covalen t  bindin g i n 

hepatocytes ,  althoug h clofibrate ,  a n Induce r  o f  fatt y aci d 

oxidation ,  doe s (Porube k e t  al. ,  1989b) ;  th e reporte d toxicit y o f 
4 

VPA an d A  -VP A t o hepatocyt e culture s i s unconvincin g o n critica l 

evaluatio n o f  th e presente d dat a (Kingsle y e t  al. ,  1983) .  Thus ,  i t 

appear s tha t  th e P45 0 syste m i s no t  solel y responsibl e fo r  VP A 

toxicit y (an d ma y als o b e Involve d i n detoxificatio n reactions )  an d 

overall ,  i t  i s  probabl y th e balanc e o f  th e effect s o f  VP A 

metabolite s produce d b y /3-oxidatio n an d P45 0 tha t  determin e th e 

toxicity ,  an d tha t  thi s dua l  effec t  account s fo r  th e broa d 

concentratio n rang e o f  th e toxi c effect s an d th e resistanc e o f  som e 

animals/cel l  culture s t o VPA.  I n an y case ,  th e mixe d i n vitr o dat a 

obtaine d wit h VP A mirror s th e i n vitr o situatio n wit h respec t  t o 

incidenc e o f  VP A toxicit y an d severit y o f  effect ,  whic h woul d als o 

be consisten t  wit h th e ide a tha t  som e individual s ma y b e 

physiologicall y mor e pron e t o VP A toxicity ,  especiall y i n 

conjunctio n wit h othe r  drugs . 
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6-T P als o gav e som e conflictin g results .  Bot h P B an d BNF increase d 

6-T P toxicity ,  althoug h toxicit y wa s no t  alway s observed .  P B (bu t 

not  3-MC )  ha s bee n reporte d t o Increas e th e covalen t  bindin g o f  6-T P 

t o microsoma l  protein ,  althoug h P B treatmen t  decrease s 6-T P covalen t 

bindin g i n viv o (Hyslo p an d Jardine ,  1981a ;  1981b) .  Th e author s 

sugges t  tha t  thi s discrepanc y i s du e t o P B inductio n o f  conjugatio n 

enzymes ,  whic h result s i n Increase d detoxificatio n i n vivo ,  whic h 

ar e absen t  i n microsoma l  preparations .  I f  thi s I s correct ,  the n i t 

implie s tha t  th e Phas e I I  reaction s ar e inhibited/les s activ e i n 

hepatocyt e cultures .  I t  ha s bee n reporte d tha t  UDP-glucurony l 

transferase s an d som e o f  th e glutathion e transferase s ar e reasonabl y 

stabl e ove r  24-7 2 hour s o f  hepatocyt e culture ,  althoug h ther e wa s a 

rapi d depletio n o f  UDP-glucuroni c aci d (UDPGA)  durin g isolatio n 

(Croc i  an d Williams ,  1985 ;  Gran t  an d Hawksworth ,  1986) .  Thi s may 

accoun t  fo r  th e i n vivo/i n vitr o discrepanc y i n P B Inductio n o f  6-T P 

hepatotoxicit y wit h regar d t o th e variabilit y  i n th e 6-T P results . 

I t  i s  als o possibl e tha t  P45 0 i s no t  th e onl y enzym e syste m Involve d 

i n 6-T P metabolism .  A  majo r  rout e o f  6-T P transformatio n i s vi a 

xanthin e oxidas e t o thiouri c acid ;  however ,  a  xanthin e oxidas e 

inhibitor ,  allopurinol ,  di d no t  inhibi t  th e covalen t  bindin g o f  6-T P 

(Hyslo p an d Jardine ,  1981a) .  Also ,  6-T P contain s severa l  nitroge n 

atom s an d a  sulphur  group ,  whic h woul d mak e i t  a  goo d substrat e fo r 

th e flavi n monoxygenas e syste m (FMO) ,  whic h predominantl y form s N, S 

and P-oxide s (Gibso n an d Skett ,  1986) .  Th e FMO appear s t o b e 

fairl y stabl e i n hepatocyt e culture s (Sherrat t  an d Damani ,  1989) , 

but  compare d t o th e MMO,  littl e wor k ha s bee n performe d o n th e rol e 
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of  th e FMO i n dru g metabolis m an d thi s make s i t  difficul t  t o asses s 

th e relativ e contribution s o f  th e tw o systems . 

4-I P an d 2-M F bot h contai n a  fura n group ,  whic h ha s bee n implicate d 

i n 4-I P toxicit y (Boy d e t  al. ,  1983) .  Bot h P B an d BNF Increase d 

th e toxicit y o f  thes e furan s t o culture d hepatocytes .  4-I P i s 

analogou s t o 6-T P i n tha t  P B increase s th e covalen t  bindin g o f  4-I P 

i n microsomes ,  bu t  i n viv o i t  i s  reduce d (Boy d an d Burka ,  1978 ;  Boy d 

et  al_. ,  1978) .  Statha m an d Boy d (1982 )  reporte d th e increase d 

urinar y excretio n o f  a  4-IP-glucuronid e o n P B inductio n i n vivo ,  an d 

therefore ,  a s suggeste d above ,  i t  may b e a  depletio n o f  UDPGA i n 

culture d hepatocyte s tha t  account s fo r  th e discrepancie s i n th e i n 

viv o an d i n vitr o data .  Th e increase d toxicit y i n vitr o o f  4-I P o n 

inductio n wit h BNF i s consisten t  wit h th e i n viv o data .  P B ha s 

been show n t o increas e th e covalen t  bindin g o f  2-M F i n microsomes , 

wherea s 3-M C di d no t  (Ravindranat h e t  al. ,  1985) .  Thi s doe s no t 

agre e wit h th e result s presente d her e althoug h 2-M F ha s bee n show n 

t o deplet e GSH i n microsome s fro m BNF-treate d rat s (Garl e an d Fry , 

1989) . 

Bot h o f  th e precocene s wer e toxi c i n contro l  hepatocytes ,  inductio n 

markedl y increasin g thei r  toxicity .  Th e bigge r  increas e i n 

toxicit y wa s wit h PB .  Precocen e I  ha s bee n show n t o deplet e GSH 

i n viv o an d lea d t o a n increas e i n seru m transaminas e level s (Halpi n 

et  al_. ,  1984 ;  Ravindranat h e t  al. ,  1987) .  Bot h precocene s ca n 

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 e t  al. ,  1989) .  P B ha s bee n show n t o Increase ,  an d 

SKF525- A t o decrease ,  covalen t  bindin g o f  PI I  (Hsi a e t  al. ,  1981) . 

Thi s agree s wit h th e dat a presente d here ,  tha t  SKF525- A ca n inhibi t 

PI I  toxicity ,  an d tha t  a  sustaine d depletio n o f  GSH precede s los s o f 

cellula r  viability .  Tha t  GSH depletio n an d los s o f  viabilit y  d o 

not  occu r  concurrently ,  suggest s tha t  GSH depletio n i s on e o f  th e 

firs t  step s i n th e patholog y o f  PI I  toxicity .  Depletio n o f  GSH i s 

not  i n Itsel f  toxic ;  th e inabilit y  o f  th e cel l  t o 

synthesize/regenerat e GSH howeve r  woul d b e mor e serious . 

Maintenanc e o f  GSH level s i s linke d t o GSSG,  NADPH,  NADH an d AT P 

levels .  I t  would  appea r  tha t  whils t  a  toxi c dos e produce s a 

sustaine d GSH depletion ,  a  non-toxi c dos e result s i n a  transien t 

depletion ,  whic h suggest s tha t  GSH depletio n i s a n earl y reversibl e 

event ,  no t  th e caus e o f  toxicity ,  an d tha t  som e othe r  biochemica l 

chang e ca n precipitat e a  sustaine d los s o f  GSH e.g .  NADPH depletion , 

inhibitio n o f  glutathion e reductase . 

Overall ,  th e approac h o f  I n viv o Inductio n followe d b y hepatocyt e 

cultur e wa s successfu l  I n thi s stud y i n detectio n o f  hepatotoxicity , 

th e result s agreein g o r  complementin g th e i n viv o an d th e microsoma l 

data .  P45 0 Inductio n ha s bee n show n t o increas e toxicit y i n 

culture ,  an d inhibitio n o f  P45 0 wa s als o demonstrated .  Thi s metho d 

of  investigatin g th e rol e o f  P450-mediate d toxicit y o f  xenobiotic s 

i s probabl y mor e applicabl e t o interactio n an d mechanis m studie s 

rathe r  tha n t o screenin g o f  compound s o f  unknow n toxicity ,  sinc e a t 

presen t  th e syste m need s constan t  evaluatio n wit h respec t  t o th e 

toxicit y invivo . 
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TABL E 7.1 REPORTED TOXIC EFFECTS OF THE COMPOUNDS USED 

IN THIS S T U D y l . 

VALPROAT E (VPA) anticonvulsant 

in vivo steatosis ± necrosis; inhibition of mitochondrial B-oxidation^; 

increased covalent binding"^. 
in vitro PB increases rate of metabolism; covalent binding of VPA 

and A -VPA to protein in cultured hepatocytes . 

BUTYLATE D HYDROXYTOLUENE (BHT) antioxidant 

in vivo necrosis; PB increases serum transaminase levels^. 
in vitro PB increases formation of BHT-GSH conjugate;conjugate 

formation inhibited by CO.metyrapone and SKF 525-A^. 

PRECOCENE II (PII) insecticide, from Ageratum houstonianum 
in vivo centrilobular necrosis; 

in vitro PB increases covalent binding; SKF 525-A inhibits covalent binding 

PRECOCENE I (PI) insecticide, from A. houstonianum 
Q 

in VIVO necrosis; GSH depletion; increases in serum transaminase levels . 

in vitro PB increases rate of metabolism^. 

6-THIOPURINE (6-TP) antineoplastic and immunosuppressive 

in vivo PB increases the covalent binding . 

in vitro PB increases, GSH and SKF 525-A inhibit, covalent binding . 

2-METHYLFURA N {2-MF) constituent of coffee and cigarette smoke 
in vitro PB increases, piperonyl butoxide inhibits, covalent binding; 

metabolism to acetylacrolein^^. 

7 

4-IPOMEANOL (4-IP) from Ipomea batatas infected with Fusarium solanae 

in vivo PB decreases covalent binding and lethality ; 

in vitro PB increases the covalent binding' . 

1 in vivo: rat liver;/n v/f/'o.Tat hepatic microsomes, unless stated. 

2 Kesterson et a/.,1984 

3 Porubek et al., 1989a ^ Halpin ef a/.,1984 

^ Porubek et a/., 1989b 1° Hyslop and Jardine, 1981b 

5 Nakagawa,1987 '• '' Hyslop and Jardine, 1981a 

6 Tajima et al., 1985 12 Ravindranath and Boyd, 1985 

'' Hsia et a/.,1981 ^^ goyd and Burka, 1978 

8 Ravindranath et a/.,1987 '• '* Boyd et a/., 1978 



TABL E 7.2. EFFECT OF INDUCTION IN VIVO ON TOXICITY 
IN VITRO. 

mean ID5Q valu e wit h rang e (p.M) 

compound 

VPA 

BHT 

PII 

PI 

6-TP 

2-MF 

4-IP 

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 

3 0 - 1 4 1 * 

84 

1 0 - 2 1 1 * 

259 

96-335* 

Values are mean ID50S, with ranges, determined from dose-response 

curves for 4-7 animals. 
* significantly different to control, Mann-Whitney U-test, p < 0.05. 



TABL E 7.3. SUMMARY TABL E OF THE EFFECTS OF INDUCTION 
IN VIVO ON TOXICITY IN VITRO. 

compoun d CONTROL'' PB^ BNF^ 

VPA + 3 0.9 

BHT -f- 5 1.2 

PII + 14 5.0 

PI -I- 29 5.0 

6-TP - 10 5.0 

2-MF - 25 9.0 

4-IP - 13 14 

^ 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 IDgQ. 



TABL E 7.4. THE EFFECTS OF IN VIVO AND IN VITRO 
INDUCTION ON THE TOXICITY OF PRECOCENE II AND 
4-IPOMEANOL TO CULTURED RAT HEPATOCYTES. 

condit ion 

4-IPOMEANOL 
CON 

PB 

BNF 

PRECOCENE II 
CON 

PB 

BNF 

mean ID5 g and range (|iM) 

in vivo 

3400 
1400-6300 

243 
178-316 

259 
96-335 

550 
237-794 

40 
16-60 

124 
56-300 

in vitrc 

>1000 

>1000 

848 
708-944 

>1000 

463 
355-562 

459 
300-562 

Each value is the mean ID5Q and range of 3-5 animals. 



TABL E 7.5. EFFECT OF SKF 525-A ON THE TOXICITY OF 
PRECOCENE I AND II IN HEPATOCYTES FROM CONTROL 
AND PB-TREATED RATS. 

conditio n mean IDgQ and range (jiM) 

-SKF 525-A +SKF 525-A 

PI OCN 

PB 

PII CON 

PB 

546 
447-708 

39 
4-71 

550 
237-794 

57 
33-75 

767 
708-841 

69 
56-89 

701 
525-708 

234 
178-300 

* range is significantly different to control, p<0.05 Mann-Whitney 
U-test.The values are the mean ID^Q 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 ID50 values are shown in Table 7.2. 
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FIGURE 7.1. REPRESENTATIVE DOSE-RESPONSE 
CURVES FOR VALPROIC ACID. 
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FIGURE 7.2. REPRESENTATIVE DOSE-RESPONSE 
CURVES FOR BUTYLATED HYDROXYTOLUENE. 
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FIGURE 7.3. REPRESENTATIVE DOSE-RESPONSE 
CURVES FOR PRECOCENE II. 
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FIGURE 7.4. REPRESENTATIVE DOSE-RESPONSE 
CURVES FOR PRECOCENE I. 
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FIGURE 7.5. REPRESENTATIVE DOSE-RESPONSE 

CURVES FOR 6-THIOPURINE. 
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FIGURE 7.6. REPRESENTATIVE DOSE-RESPONSE 
CURVES FOR 2-METHYLFURAN. 
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FIGURE 7.7. REPRESENTATIVE DOSE-RESPONSE 
CURVES FOR 4-IPOMEANOL. 



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 (10 î̂ vl). The curves shown are from individual, but 
representative rats. Mean ID50 values are presented in 
Table 7.5. 
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FIGURE 7.8. EFFECT OF SKF-525A ON THE TOXICITY 
OF PRECOCENE II TO CULTURED HEPATOCYTES. 
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FIGURE 7.9. EFFECT OF SKF-525A ON THE TOXICITY 
OF PRECOCENE I TO CULTURED HEPATOCYTES. 
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FIGURE 7.10. TIME COURSE OF GLUTATHIONE 
DEPLETION AND LOSS OF VIABILITY ON EXPOSURE 
TO PRECOCENE II. Hepatocytes were cultured from 
PB-treated rats and exposed to 100p.M precocene II. 
Values are mean ±range of 4 animals. 
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CHAPTER 8 

GENERAL DISCUSSIO N 

The alm s o f  thi s Investigatio n wer e t o develo p an d characteris e a 

syste m fo r  th e us e o f  ra t  culture d hepatocyte s i n 

metabolism-mediate d toxicit y studies .  Thi s necessitate s condition s 

i n whic h constitutiv e P45 0 levels/activitie s ca n b e maintained ,  an d 

i n whic h th e i n viv o inductio n o f  P45 0 isozyme s ca n b e reproduced . 

Initia l  studie s wer e performe d o n th e kinetic s o f  alkoxycoumari n 

O-dealkylas e activitie s t o confir m th e biphasi c natur e o f  thes e 

activitie s an d t o determin e thei r  maintenanc e i n culture d 

hepatocytes .  Thes e enzyme s wer e chose n a s indicator s o f  P45 0 

activit y becaus e the y ar e biphasic ,  th e separat e component s 

representin g differen t  population s o f  P45 0 isozyme s (Chapte r  2.10) . 

The result s o f  thes e preliminar y experiment s indicate d tha t  althoug h 

bot h MCOD an d ECOD activitie s wer e biphasi c i n freshl y isolate d 

hepatocytes ,  MCOD activit y becam e monophasi c i n hepatocyte s culture d 

fo r  2 4 hours ,  wit h complet e los s o f  th e hig h affinit y form ;  th e 

maintenanc e o f  th e othe r  activitie s wa s poor :  55 % o r  les s o f  th e 

fres h cel l  activities .  Th e mediu m use d wa s Williams '  Mediu m E , 

develope d speciall y fo r  hepatocyt e cultur e (William s an d Gunn , 

1974) ,  supplemente d furthe r  wit h insulin ,  dexamethason e an d 

nicotinamide .  Thi s mediu m (WEC)  ha s bee n show n t o attenuat e th e 

los s o f  P45 0 activitie s i n primar y cultur e (Warre n an d Fry ,  1985) . 

The studie s comprisin g thi s investigatio n wer e concerne d initiall y 

wit h improvin g th e maintenanc e o f  P45 0 activities :  th e effect s o f 
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furthe r  supplementatio n o f  cultur e mediu m an d th e influenc e o f  th e 

age an d se x o f  th e hepatocyt e dono r  anima l  wer e determined . 

Subsequen t  experiment s compare d inductio n i n vitr o t o tha t  see n i n 

vivo ,  an d th e maintenanc e o f  induce d enzym e activitie s wa s als o 

ascertained .  Finally ,  th e metaboli c activatio n o f  seve n know n 

hepatotoxin s wa s investigate d i n th e ra t  hepatocyt e cultures ,  unde r 

th e previousl y define d conditions . 

8. 1 AGE AND SE X OF HEPATOCYTE DONOR:  P450-DEPENDENT ACTIVITIE S AND 
MAINTENANCE 

I t  wa s suggeste d i n Chapte r  Thre e tha t  th e maintenanc e o f  thre e o f 

th e fou r  alkoxycoumari n O-dealkylas e activitie s a t  70 % o r  mor e o f 

thei r  fres h activitie s (i n contras t  t o th e result s o f  th e initia l 

kineti c experiments ,  i n whic h non e o f  th e activitie s wer e 

maintained )  wa s du e t o th e increase d ag e o f  th e dono r  animals .  Th e 

result s presente d i n Chapte r  Fou r  confirme d thi s suggestion . 

Ther e wer e difference s i n fres h cel l  activitie s betwee n immatur e an d 

adul t  mal e rat s an d betwee n mal e an d femal e rats ,  wit h respec t  t o 

MCOD an d PCOD activities ,  indicatin g tha t  ther e ar e 

developmental/gende r  difference s i n th e P450-isozym e complemen t 

and/o r  th e regulatio n o f  thes e activities .  Th e lo w affinit y for m 

of  PCOD activity ,  whic h i s absen t  i n adul t  femal e rats ,  appear s t o 

correspon d t o th e male-specific ,  steroi d 6/3-hydroxylas e activity , 

wit h tota l  MCOD activit y displayin g a n adul t  male-specifi c  componen t 

(Chapte r  Four) .  I t  i s  though t  tha t  thes e ag e an d se x difference s 

i n P45 0 metabolis m ar e du e t o th e effect s o f  hormones ,  especiall y 
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growt h hormon e (an d possibl y th e thyroi d hormones) ,  o n th e 

hepatocyte .  Thes e differentia l  hormona l  effect s may als o b e linke d 

wit h th e lowe r  P450-reductas e level s i n femal e rats ,  whic h 

Influence s th e rat e o f  metabolis m (Skett ,  1988 ;  Waxman e t  al. ,  1989) . 

The difference s i n metabolis m exten d t o maintenanc e i n primar y 

culture .  Al l  th e activitie s measure d wer e maintaine d a t  highe r 

level s i n hepatocyte s culture d fo r  2 4 hour s fro m adul t  mal e rat s 

wit h al l  3  alkoxycoumari n O-dealkylas e activitie s remainin g biphasi c 

i n culture .  Overall ,  thi s selectivit y fo r  adul t  mal e rat s wa s los t 

by 7 2 hour s i n culture ;  onl y th e hig h affinit y form s o f  ECOD an d 

PCOD wer e maintaine d a t  thi s tim e point .  Thi s i s consisten t  wit h 

th e proposa l  tha t  P45 0 activitie s ar e maintaine d i n hepatocyte s fro m 

adul t  male s becaus e o f  th e reporte d predominanc e o f  slo w turnove r 

P450s ,  compare d t o female s an d Immatur e male s (Levi n e t  al. ,  1975) . 

I t  wa s als o observe d tha t  th e leas t  wel l  maintaine d activitie s wer e 

thos e fo r  whic h developmenta l  regulation ,  an d therefor e hormona l 

regulation ,  wa s indicated ,  whic h implie s tha t  thes e P450 s ar e th e 

rapi d turnove r  form s describe d previousl y (Chapte r  4.4) . 

Thus ,  althoug h a  rang e o f  P450-dependen t  activitie s wer e maintaine d 

bette r  i n hepatocyte s fro m adul t  mal e rats ,  th e difference s i n 

hepati c P45 0 metabolis m an d maintenanc e du e t o ag e an d gende r 

demonstrate d her e ar e importan t  pe r  se ,  no t  onl y i n makin g 

inter-laborator y dat a comparison s bu t  als o i n assessin g 

inter-individua l  susceptibilit y  t o iatrogeni c hepati c injury .  I t 



-  15 5 -

i s ofte n assume d tha t  th e observe d se x difference s i n dru g 

metabolis m i n th e laborator y ra t  hav e littl e relevanc e t o Man ,  wher e 

sex difference s ar e les s marked .  I t  i s  possibl e thoug h tha t  i t  i s 

jus t  mor e difficul t  t o demonstrat e an y difference s i n Man ,  du e t o 

th e Influence s o f  man y varie d exogenou s factors .  However ,  i t  i s 

well-know n tha t  neonate s an d youn g childre n (a s wel l  a s th e elderly ) 

ar e mor e susceptibl e t o drug-induce d toxicit y tha n adult s (Hurwitz , 

1969 ;  Mirkin ,  1970) . 

8. 2 DIFFERENTIA L MAINTENANCE OF P45 0 ACTIVITIE S I N CULTURE 

As describe d above ,  ther e wa s a  selectiv e los s o f  P450-dependen t 

O-dealkylas e activitie s i n hepatocyte s culture d fo r  2 4 hours .  I n 

Chapte r  Si x i t  wa s show n tha t  thi s selectivit y i n maintenanc e 

extend s t o othe r  enzym e activities .  I n contro l  culture s th e tota l 

P450 fel l  b y 31 % bu t  EMDM an d PNPH activitie s wer e wel l  maintaine d 

ove r  2 4 hours ,  an d EROD activit y decline d slightly .  However ,  ther e 

was a  54 % los s o f  BZDM activity .  I n thi s respec t  BZDM i s simila r 

t o tota l  MCOD an d PCOD activitie s i n tha t  i t  i s  poorl y maintained  i n 

culture .  Induce d enzym e activities ,  however ,  wer e wel l  maintained 

fo r  2 4 hours . 

I t  wa s suggeste d i n th e precedin g section ,  an d i n Chapte r  Four ,  tha t 

i t  i s  th e developmentally/hormonall y regulate d P450 s tha t  ar e th e 

most  susceptibl e t o declin e i n culture ,  possibl y becaus e the y ar e 

fas t  turnove r  form s o f  P450 .  I t  wa s als o suggeste d tha t  th e los s 

of  thes e form s i n cultur e coul d b e a  resul t  o f  suppressio n o f 
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synthesi s du e t o th e presenc e o f  hormone s i n th e seru m tha t  i s adde d 

t o th e mediu m (Chapte r  4.4) .  Foeta l  cal f  seru m contain s 

significant ,  bu t  als o variabl e amounts ,  o f  growt h hormon e an d 

thyroi d hormone s (an d als o androgen s an d oestrogens )  whic h ar e know n 

t o hav e importan t  regulator y effect s o n hepati c P450 ,  e.g .  growt h 

hormon e an d tri-iodothyronin e hav e bot h bee n show n t o suppres s th e 

male-specifi c 6/9-hydroxylas e (Yamazo e e t  al. ,  1989) .  Othe r  worker s 

hav e reporte d th e expressio n o f  liver-specifi c  P450 s i n vitro ,  onl y 

i n mediu m lackin g seru m e.g .  P450IA 2 (Silve r  an d Krauter ,  1988) . 

The presenc e o f  seru m coul d effectivel y 'feminise '  th e P45 0 

metabolis m o f  th e hepatocytes ,  i n a  manne r  simila r  t o tha t  see n wit h 

growt h hormon e supplementatio n (Guzelia n e t  al. ,  1988) .  Seru m i s 

routinel y Incorporate d int o cel l  cultur e mediu m sinc e mos t  cel l 

types ,  includin g hepatocyte s d o no t  attac h and/o r  gro w wel l  withou t 

it .  However ,  i t  no w appear s tha t  'blanket '  additio n o f  hormone s t o 

cultur e medium ,  i n th e for m o f  serum ,  may b e responsibl e fo r  a t 

leas t  som e o f  th e alteration s i n phenotyp e observe d o n placin g cell s 

int o culture .  I n orde r  t o maintai n constitutiv e expressio n i n 

vitr o i t  ma y b e necessar y t o replac e serum-containin g medi a wit h 

hormonally-define d media .  Th e developmen t  o f  appropriat e medi a wil l 

be facilitate d b y furthe r  researc h int o th e hormona l  regulatio n o f 

th e differen t  P45 0 isozymes . 

8. 3 EFFECT OF EXOGENOUS HAEM ON MAINTENANCE OF P45 0 

Additio n o f  exogenou s haem ,  AL A an d S e di d no t  affec t  th e 

maintenanc e o f  alkoxycoumari n O-dealkylas e activitie s i n primar y 
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cultur e (Chapte r  Three) .  Engelman n e t  al .  (1985 )  reporte d a 

maintenanc e o f  tota l  P45 0 i n mediu m supplemente d wit h haem ,  AL A an d 

Se,  bu t  the y di d no t  measur e an y P450-dependen t  activities .  I n thei r 

unsupplemente d cultures ,  th e P45 0 conten t  fel l  t o 75 % o f  th e fres h 

cel l  value ,  equivalen t  t o th e P45 0 leve l  reporte d i n Chapte r  Si x o f 

thi s stud y (70 % o f  Initia l  level s i n contro l  culture s a t  2 4 hours) . 

However ,  althoug h th e effec t  o f  haem-supplemente d mediu m o n tota l 

P450 level s wa s no t  determine d i n Chapte r  Three ,  i t  di d no t  preven t 

th e selectiv e los s o f  MCOD activit y i n culture .  Thi s suggest s tha t 

exogenou s hae m may boos t  tota l  P45 0 levels ,  bu t  tha t  thi s mask s 

alteration s i n th e isozym e population . 

Engelman n e t  al .  als o reporte d tha t  haem ,  AL A an d particularl y S e 

wer e essentia l  fo r  inductio n o f  P45 0 b y P B i n vitro .  Again ,  the y 

measure d tota l  P45 0 content .  I n a n experimen t  reporte d i n Chapte r 

Five ,  n o inductio n o f  tota l  MCOD activit y b y P B wa s observe d i n 

vitro ,  i n mediu m containin g haem ,  AL A an d Se ,  wherea s thi s activit y 

i s induce d 6-fol d b y P B i n vivo .  Th e Inductio n o f  tota l  P45 0 b y P B 

i n vitr o wa s no t  measured .  Therefore ,  i t  seem s tha t  althoug h haem , 

ALA an d S e ma y increas e P B inductio n o f  tota l  P45 0 i n vitro ,  thi s i s 

not  necessaril y  a n Increas e i n PB-specifi c  isozymes .  Thi s als o 

Infer s tha t  determinatio n o f  tota l  P45 0 levels ,  i n th e absenc e o f 

any activit y and/o r  immunochemica l  data ,  i s  no t  particularl y 

informative .  Th e result s presente d i n Chapter s Thre e an d Fiv e 

sugges t  tha t  a  reduce d hae m suppl y doe s no t  contribut e t o th e 

selectiv e los s o f  P45 0 activit y an d Inducibilit y  see n i n primar y 

culture . 
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8. 4 INDUCTIO N OF P450 :  METABOLISM AND TOXICIT Y 

a.  Inductio n I n viv o 

I n Chapter s Five ,  Si x an d Seve n th e inductio n o f  P45 0 an d it s 

effect s o n metabolis m an d toxicit y wer e investigated .  Inductio n o f 

th e differen t  familie s an d subfamllie s o f  P45 0 wa s demonstrate d 

usin g fou r  enzym e activitie s (Chapte r  Six) .  DEX,  IS O an d BNF eac h 

produce d a  characteristicall y differen t  profil e o f  enzym e activitie s 

i n hepatocyte s isolate d fro m rat s treate d i n vivo ,  wit h specifi c 

Inductio n o f  EMDM,  PNPH an d EROD respectively .  PB ,  however , 

induce d al l  th e chose n activitie s t o som e extent .  Th e 

non-selectivit y o f  P B i n thi s stud y wa s probabl y relate d t o th e 

choice  o f  substrate s and/o r  inducers ,  a s discusse d i n Chapte r  6.4 . 

Thi s approac h shoul d b e refine d an d extende d t o othe r  inducer s (an d 

i n th e cas e o f  PB ,  othe r  enzym e activities )  t o obtai n diagnosti c 

profile s fo r  th e differen t  classe s o f  induce r  (an d possibl y 

differen t  inhibitors )  whic h coul d b e a  usefu l  too l  i n dru g 

developmen t  fo r  th e predictio n o f  possibl e dru g interactions ,  a s 

wel l  a s identificatio n o f  nove l  inducers/inhibitors . 

The selectiv e inductio n o f  P45 0 activitie s b y differen t  inducer s 

indicate s th e involvemen t  o f  specifi c  isozymes .  Thes e Induce d 

Isozyme s may b e responsibl e fo r  change s i n toxicit y du e t o 

metabolism .  Th e potentia l  i n vitr o toxicit y o f  seve n compounds , 

reporte d t o b e hepatotoxic ,  afte r  inductio n i n viv o wit h P B an d BNF 

was als o investigate d (Chapte r  Seven) .  O f  th e fou r  compound s tha t 

wer e toxi c t o hepatocyte s culture d fro m untreate d rats ,  tw o wer e 
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more toxi c t o hepatocyte s fro m PB-treate d rat s an d tw o wer e .mor e 

toxi c t o hepatocyte s fro m PB -  an d BNF-treate d rats .  Treatmen t  wit h 

eac h induce r  produce d significan t  toxicit y i n vitr o wit h th e thre e 

remainin g compounds ,  whic h wer e judge d t o b e relativel y non-toxi c t o 

culture s fro m untreate d rats .  Overall ,  th e result s o f  th e stud y 

reporte d i n Chapte r  Seve n agree d wel l  wit h availabl e literatur e dat a 

on th e seve n compounds ,  althoug h ther e wer e som e discrepancies , 

particularl y wit h respec t  t o th e i n viv o dat a wher e involvemen t  o f 

non P450-mediate d metabolism .  Includin g Phas e I I  metabolism ,  ha s 

been implicate d a s a  determinin g facto r  i n th e toxi c response .  I t 

was observe d i n Chapte r  Seve n tha t  fo r  som e compound s ther e wer e 

larg e variation s i n respons e o f  th e culture d hepatocyte s fro m 

individua l  animal s (e.g .  VPA) ,  an d fo r  othe r  compound s ther e wa s 

ver y littl e variatio n (e.g .  BHT ,  i n hepatocyte s fro m contro l  an d 

BNF-treate d animals) .  Thi s i s no t  necessaril y  a  problem ,  sinc e 

inter-individua l  variabilit y  i n respons e t o inducer s an d drug s i s a n 

importan t  consideratio n i n metabolis m an d toxicit y studies .  I f  th e 

variabilit y  ca n b e reproduce d i n vitro ,  th e sourc e o f  th e 

variabilit y  ca n b e elucidated ,  whethe r  i t  b e du e t o P45 0 isozym e 

conten t  (whic h varie s wit h age ,  sex .  Inductio n etc. )  o r  competin g 

P450 an d intermediar y metaboli c pathway s (VPA) .  Inductio n ca n als o 

affec t  Phas e I I  metabolism ,  whic h ca n Influenc e th e fat e o f  product s 

of  P45 0 metabolis m (e.g .  th e effec t  o f  glucuronidatio n o n 4-I P 

toxicity) .  Thi s stud y ha s show n tha t  toxicit y observe d i n viv o 

can b e reproduce d i n a n I n viv o induction-hepatocyt e cultur e system , 

and indicate s that ,  despit e th e problem s tha t  remai n t o b e resolved . 
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hepatocyt e culture s d o hav e a n importan t  rol e i n toxicologica l 

studies ,  particularl y i n mechanisti c studie s whic h ar e very 

difficul t  t o perfor m i n vivo . 

b.  Inductio n i n vitr o 

Unfortunately ,  attempt s t o induc e bot h P450-dependen t  activitie s an d 

P450-med1ate d toxicit y i n culture ,  wer e unsuccessful .  Ther e wer e 

qualitativ e an d quantitativ e difference s o n administratio n o f  P B an d 

BNF i n vitro .  BNF di d Induc e ECOD activit y i n vitro ,  bu t  th e 

inductio n o f  tota l  ECOD activit y wa s greate r  tha n tha t  observe d i n 

viv o (Chapte r  Five) .  I n contrast ,  wit h th e exceptio n o f  tota l  ECOD 

activity .  Inductio n o f  activitie s b y P B i n vitr o wa s  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 d i n tota l  ECOD activit y 

may b e BNF-inducibl e form s tha t  ca n als o b e Induce d b y P B i n vitro . 

Thi s woul d explai n wh y tota l  ECOD activit y wa s th e onl y activit y 

induce d b y P B i n vitro .  I n Chapte r  Si x i t  wa s show n tha t  BZDM an d 

EROD activitie s wer e induce d b y P B i n viv o t o th e sam e exten t 

(aroun d 7 -  an d 6-fold )  bu t  BNF onl y induce d EROD activity .  Thi s i s 

als o consisten t  wit h th e existenc e o f  PB -  an d BNF-specifI c isozymes , 

i n additio n t o BNF-inducibl e Isozyme s tha t  als o respon d t o P B i n 

vitro .  I t  ha s bee n reporte d tha t  P450IA1 ,  th e majo r  BNF-inducibl e 

Isozyme ,  increase d I n untreate d hepatocyt e primar y culture s an d tha t 

PB Induce d thi s for m furthe r  (Turne r  et  al. ,  1988 ;  Chapte r  5.4) . 

Therefore ,  a n increas e i n P450IA 1 basa l  level s couple d wit h P450IA 1 

responsivenes s t o P B i n culture ,  coul d accoun t  fo r  P B Inductio n 
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of  tota l  ECOD activit y i n vitr o i n th e absenc e o f  MCOD inductio n b y 

PB,  an d als o fo r  th e increas e i n BNF inductio n o f  tota l  ECOD 

activit y i n vitr o ove r  tha t  see n i n vivo .  Also ,  constitutiv e EROD 

activit y may b e inducibl e b y P B wherea s P450IA 1 induce d i n viv o 

i s not . 

I n additio n t o th e anomalou s inductio n o f  P450IA 1 i n culture ,  i t  i s 

now know n that ,  althoug h tota l  P45 0 ca n b e induce d i n cultur e b y PB , 

ther e i s n o specifi c  inductio n o f  P450IIB1/2 .  Thus ,  th e regulatio n 

of  P B inductio n i n vitr o appear s t o fail .  Ne w evidenc e i s bein g 

accumulate d o n regulatio n o f  P B induction :  th e hepati c level s o f 

P450IIB 1 an d 2  ca n b e suppresse d b y growt h hormon e an d b y 

tri-iodothyronin e (Yamazo e le t  al_. ,  1989) ;  phosphorylatio n o f 

PB-inducibl e P450 s inhibit s thei r  activity ,  an d phosphorylatio n vi a 

cAMP I s unde r  hormona l  contro l  (Bartlomowic z e t  al. ,  1989 ;  Koc h an d 

Waxman,  1989) .  I t  may b e that ,  lik e th e reduce d expressio n o f 

constitutive ,  liver-specifi c  P450 s i n serum-containin g medium ,  th e 

inductio n o f  P450 s IIB l  an d 2  i s suppresse d b y serum .  Anothe r 

facto r  coul d b e altere d regulatio n o f  transcriptio n i n vitro .  Th e 

initia l  decreas e o f  protei n synthesi s i n vitr o (Tanak a e t  al. ,  1978 ) 

may affec t  synthesi s o f  transcriptio n factor s necessar y fo r  P B 

induction .  Also ,  a s discusse d i n Chapte r  Five ,  ther e appea r  t o b e 

intrinsi c difference s withi n th e hepatocyt e populatio n wit h respec t 

t o induction ,  an d thes e difference s ar e retaine d i n cultur e 

(Gumucio ,  1989 ;  Bar s e ta l . ,  1989) . 
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Anothe r  proble m wit h inductio n i n vitr o i s tha t  culture s mus t  b e 

expose d t o induce r  fo r  severa l  days ,  ove r  whic h tim e perio d th e 

tota l  P45 0 i s declining .  Thi s lead s t o reduce d metabolic ,  toxi c 

and Inductio n responses .  I n Chapte r  Seven ,  Inductio n i n vitr o wa s 

Investigate d fo r  precocen e I I  an d 4-1pomeanol .  However ,  i n 

contras t  t o 2 4 hou r  contro l  hepatocytes ,  PI I  wa s no t  toxi c t o th e 7 2 

hour  contro l  cells . 

8. 5 TOXICIT Y STUDIE S I N VITR O 

Some o f  th e problem s associate d wit h th e us e o f  culture d hepatocyte s 

fo r  metabolis m studie s hav e bee n discusse d i n th e precedin g 

sections .  I t  i s  clear ,  then ,  tha t  carefu l  though t  mus t  b e give n t o 

th e developmen t  o f  protocol s fo r  th e investigatio n o f  toxicit y i n 

vitro . 

The choic e o f  tim e i n cultur e prio r  t o exposur e t o xenobioti c i s a 

crucia l  decision ,  sinc e th e metaboli c stabilit y  o f  th e cell s mus t  b e 

balance d agains t  th e declin e i n P450 .  I n thi s study ,  hepatocyte s 

wer e culture d fo r  2 4 hour s prio r  t o exposur e t o allo w fo r  recover y 

fro m th e isolatio n procedur e an d th e establishmen t  o f  a  homogeneou s 

cel l  population .  B y 2 4 hours ,  al l  th e viabl e cell s hav e flattene d 

ont o th e dish ,  an d othe r  worker s hav e suggeste d tha t  th e cell s ar e 

i n a  metabolicall y stabl e stat e (Tanaw a e t  al. ,  1978 ;  Lope z  ̂ t  al_. , 

1988) . 



-  16 3 -

I t  wa s als o clea r  fro m th e result s presente d i n Chapter s Five ,  Si x 

and Seve n tha t  inter-individua l  difference s i n toxicit y an d respons e 

t o inducer s persis t  i n primar y culture .  Thi s implie s tha t  cell s 

fro m a  numbe r  o f  animal s shoul d b e used ,  rathe r  tha n man y culture s 

fro m th e sam e animal ,  t o asses s th e toxi c effect s o f  xenobiotic s an d 

particularl y th e effect s o f  Inductio n o n toxicity .  Thi s i s les s 

Important ,  however ,  i n mor e mechanisti c studies .  I t  i s  als o mor e 

Informativ e t o presen t  th e result s a s a  rang e o f  ID5 0 value s o r 

ID30-50-7 0 value s rathe r  tha n a  singl e numerica l  value . 

The toxicit y result s presente d i n Chapte r  Seve n agre e wel l  wit h 

othe r  literatur e dat a o n th e seve n compound s use d i n thi s study , 

whic h suggest s tha t  a n i n viv o Induction-hepatocyt e cultur e approac h 

i s potentiall y  ver y usefu l  fo r  th e Investigatio n o f  th e rol e o f  P45 0 

i n hepatotoxicity ,  particularl y sinc e man y aspect s o f  cel l  functio n 

can b e assesse d concurrentl y e.g .  viabilit y  an d cellula r  glutathione . 

8. 6 GENERAL CONCLUSIONS 

Thi s stud y ha s show n tha t  i t  i s  possibl e t o us e culture d hepatocyte s 

i n metabolis m an d toxicit y studies .  I t  ha s bee n show n that : 

-  a  rang e o f  P45 0 activitie s ,  bot h constitutiv e an d induced , 

can b e maintaine d a t  hig h level s i n hepatocyte s culture d fo r  2 4 

hour s . 

-  difference s i n P45 0 activit y an d i n maintenanc e o f  thes e 

activitie s wit h ag e an d se x o f  hepatocyt e dono r  exist . 
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-  P45 0 activitie s ar e maintaine d bette r  i n hepatocyte s culture d fro m 

adul t  mal e rats . 

-  P45 0 activitie s ca n b e use d t o profil e th e differen t  classe s o f 

Inducer . 

-  inductio n i n viv o couple d wit h hepatocyt e cultur e i s a  usefu l 

approac h fo r  investigatin g metabolism-mediate d toxicity . 

-  toxicit y i n viv o ca n b e reproduce d i n a n hepatocyt e cultur e system . 

The mai n problem s tha t  wer e identifie d Involv e th e behaviou r  o f 

hepatocyte s i n culture ,  an d th e alteration s i n phenotyp e tha t  occur . 

One o f  th e mos t  importan t  issue s tha t  mus t  b e addresse d i s th e 

effec t  o f  th e variabl e (an d ofte n unphysiological )  level s o f 

hormone s tha t  ar e adde d t o cultur e mediu m I n th e for m o f  serum .  A 

more rationa l  us e o f  hormonally-define d medi a may enhanc e 

maintenanc e o f  developmentall y regulate d forms ,  i n additio n t o 

improvin g bot h th e overal l  maintenanc e o f  th e constitutiv e P45 0 

populatio n i n vitr o an d inductio n o f  P450 s i n vivo.  Also ,  P45 0 

metabolis m i n vitr o canno t  b e investigate d i n isolation , 

particularl y wit h respec t  t o it s rol e i n toxicity .  Thi s becam e 

clea r  fro m th e result s presente d i n Chapte r  Seven ,  i n whic h som e o f 

th e discrepancie s wit h th e i n viv o dat a may b e du e t o alteration s i n 

Phase I I  metabolis m i n vitro .  Les s i s know n abou t  th e behaviou r 

of  non-MF O enzym e system s i n hepatocyt e cultur e e.g .  Phas e I I 

metabolism ,  FMO.  Th e balanc e o f  th e activitie s o f  al l  thes e 

system s i s crucia l  i n determinin g whethe r  a  compoun d i s detoxifie d 

or  activated . 
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Overall ,  culture d hepatocyte s woul d see m t o hav e a  usefu l  rol e t o 

pla y i n th e investigatio n o f  metabolism-mediate d toxicity ,  i n th e 

evaluatio n o f  potentia l  an d actua l  toxicity ,  and ,  particularly ,  i n 

elucidatio n o f  mechanism s o f  hepatotoxicity .  Furthe r  researc h int o 

th e regulatio n o f  P45 0 Inductio n an d o f  hepati c metabolis m i n 

genera l  shoul d greatl y enhanc e th e developmen t  o f  a  cultur e syste m 

whic h mirror s th e situatio n i n vivo .  Meanwhile ,  muc h informatio n 

can b e obtaine d b y th e us e o f  carefull y planne d studie s wit h du e 

consideratio n o f  th e presen t  limitation s governin g th e us e o f 

primar y hepatocyt e cultures . 
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